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ABSTRACT 

Cattle dung and some associated insects cause problems in the 

rangelands of the Southern Interior of British Columbia. Three of these 

problems were investigated: (i) the production of a pest species, the 

horn fly, Haematobia irritans (Linnaeus), which breeds in fresh dung; 

(ii) nitrogen loss from dung; and (iii) immobilization of potential plant 

nutrients in undecomposed dung pads. These problems are intensified by 

the lack of an effective coprophagous beetle fauna in the area. 

The field research was done at Kamloops, British Columbia, 

during 1971 and 1972. Horn fly production from dung was measured in the 

presence and absence of other insects. Adult female flies were trapped at 

dung pads after oviposition during the day and at night. The pads were 

then either exposed to field insects for 24 hours or covered with frames 

excluding insects for the same period, after which they were removed to 

a greenhouse where all fauna emerged. The number of adult horn fly progeny 

produced per ovipositing female was obtained for each pad. The effect of 

other insects on horn fly was measured by comparing the progeny produced 

per female for both exposed and covered pads that were deposited about 

the same time. 

Horn fly females did not show a definite diurnal rhythm in 

oviposition. Numbers of progeny produced per female fly showed an apparent 

peak from 0300-0600, while lowest numbers were produced in the early 

evening. ~~~roximately half the common insect species in cattle dung at 

Kamloops are known or thought to be exotic. The overall effect of these 

insects was to suppress horn fly production from dung pads mainly by 

predation. 



Nitrogen (N) loss from dung was measured by exposing dishes 

of fresh feces outdoors in a screened cage. House fly larvae (Musca 

domestica Linnaeus) were used to measure the contribution of coprophagous 

Diptera to this loss. Little N was lost from pads when insects were 

absent. Nitrogen loss from artificial 960-g dung pads exposed to other 

insects in the field did not exceed 13.5% after 16 days. Nitrogen content 

of dung 10 days after being seeded with increasing numbers of fly larvae 

bore an inverse relationship to the original number of larvae used. Heavy 

infestations of dipterous larvae caused the loss of more N than was removed 

in insect tissues. Volatilization of ammonia by microorganisms together 

with excretion of ammonia by larvae may be responsible for this. 

Only two species of dung-burying beetles are present at Kamloops. 

The dung burial efficiency of Onthophagus nuchicornis (Linnaeus), originally 

introduced accidentally, was measured in greenhouse experiments. This 

species was also used to assess the effect of dung burial on the development 

of fly larvae and on the growth of range grass. When fly larvae were present 

in dung at certain densities, their survival was inversely related to the 

number of brood balls constructed by the beetles. Beetles do not bury dung 

in midsummer, which is the time of greatest horn fly activity in the field, 

and they do not have any useful effect in removing dung from pastures. 

The nutrient value of fresh dung for range plants was evaluated 

over two seasons in a pot experiment using depleted range soil and beardless 

wheatgrass, Agropyron spicatum (Pursh) Scribn. & Smith. Dung treatments 

included one in which 200 g of fresh feces were fully mixed with the pot 

soil (330 lblacre N) and another where a portion of the same quantity of 

dung was buried in the soil by 0 .  nuchicornis (120 lb/acre N). Total - 



i nco rpora t ion  of t h e  f r e s h  dung i n t o  t h e  s o i l  i nc reased  t h e  t o t a l  crude 

p r o t e i n  product ion  of t h e  wheatgrass  over  t h a t  of t h e  un t r ea t ed  c o n t r o l  by 

100% over two y e a r s ,  and a l s o  increased  t h e  p o t e n t i a l  seed product ion  and 

v igo r  of t h e  g r a s s .  B u r i a l  of an average of 37% of t h e  a v a i l a b l e  dung by 

b e e t l e s  caused a 38% i n c r e a s e  i n  crude p r o t e i n  over  t h a t  of t h e  c o n t r o l  

dur ing  t h e  same per iod .  

The n a t u r e  of problems caused by c a t t l e  dung i n  B r i t i s h  

Columbia sugges t s  t h a t  i n t r o d u c t i o n  of a d d i t i o n a l  s p e c i e s  of e x o t i c  dung 

b e e t l e s  should b e  considered.  The o r i g i n a l  n u t r i e n t  c y c l e s  were a l t e r e d  

when c a t t l e  were in t roduced  i n t o  B r i t i s h  Columbia and allowed t o  overgraze 

range p a s t u r e s  wi thout  i n t r o d u c t i o n  of any Old World i n s e c t s  t h a t  a r e  

s p e c i a l i z e d  i n  t h e  removal of t h e i r  dung. Addit ion of e f f i c i e n t  c a t t l e  

dung b e e t l e s  should f u r n i s h  a  u s e f u l  e c o l o g i c a l  component t h a t  has  h i t h e r t o  

been absen t  from t h i s  p a s t o r a l  system. 
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pads dropped i n  s i x  succes s ive  sampling pe r iods  
du r ing  1971. For each sampling per iod  t h e  range  
of t o t a l  numbers of s t a p h y l i n i d s  found i n  pads 
is compared w i t h  t h e  corresponding numbers of 
Phi lonthus  c r u e n t a t u s .  Means were c a l c u l a t e d  by 
d i v i d i n g  t h e  t o t a l s  by t h e  number of pads. The 
d u r a t i o n  of each sampling per iod  i s  i n d i c a t e d  by 
s h o r t  arrows and v e r t i c a l  l i n e s  above t h e  
a b s c i s s a ,  and t h e  number of obse rva t ions  i s  
g iven  above each p a i r  of ranges.  

F igure  20 Diurna l  a c t i v i t y  p a t t e r n s  of some predaceous 
i n s e c t s  a t  Kamloops a s  measured by t h e  c a t c h  of 
s t i c k y  t r a p s  on f r e s h  dung pads. Data shown a r e  
t h e  means of t h e  ca t ches  a t  two pads i n  each time 
i n t e r v a l .  

F igure  21 Dung b u r i a l  a c t i v i t y  by v a r i o u s  numbers of 105 
Onthophagus nuch ico rn i s  b e e t l e  p a i r s  provided wi th  
200 g of f r e s h  dung. Values i n d i c a t e d  a r e  means 
of 5 r e p l i c a t e s  and v e r t i c a l  l i n e s  r e p r e s e n t  
s t anda rd  e r r o r s .  

F igure  22 Regression of number of house f l y  l a r v a e  t h a t  109 
reached t h e  a d u l t  s t a g e  on t h e  number of brood b a l l s  
bur ied  by Onthophagus nuch ico rn i s  i n  each po t .  Each 
pad contained 100 l a r v a e  a t  t h e  s t a r t  of t h e  
experiment.  Pads from which no brood b a l l s  were 
bu r i ed  contained no b e e t l e s .  

F igure  23 Regression of f i n a l  percent  t o t a l  N conten t  of 960-g 133 
dung pads on t h e  number of house f l y  l a r v a e  t h a t  
developed i n  them. Values given a r e  t h e  means 2 SD 
of d u p l i c a t e  N de t e rmina t ions  on samples from s i n g l e  
pads. 

F igure  24 Root mass of b e a r d l e s s  wheatgrass  con ta in ing  t h e  15  7 
remains of brood b a l l s  t h a t  were made by Onthophagus 
nuchicorn is  be fo re  t h e  g r a s s  was p l an ted .  

x i i  
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GENERAL INTRODUCTION 

The Problems. 

Cattle dung does not decompose quickly in the semi-arid range- 

lands of the Southern Interior of British Columbia. Dried dung pads 

remain on the soil surface for long periods of time, possibly for years 

in some situations. The continuing addition of cattle dung to the pas- 

toral system in this area appears to have created problems basically similar 

to those that occur in Australia, and which were documented by Bornemissza 

(1960), Gillard (1967), and Bornemissza and Williams (1970): 

- utilization of fresh dung pads as a food medium by larvae of 

some pest flies; 

- slow nutrient turnover with substantial losses of nitrogen 

from dung pads; 

- the cluttering of rangeland and pastures with dry dung pads 

that reduce grazing area and at the same time cause rank grass 

powth around their perimeter that is usually rejected by 

cattle; 

- encouragement of weed growth. 

In British Columbia, the most noticeable problems are the breeding 

of two fly pests of cattle (the horn fly, Haematobia irritans (Linnaeus) and 

the face fly, Musca autumnalis DeGeer) in fresh dung, the cluttering of 

pasture land with dry dung pads, and the patches of rank grass growth that 

appear in the vicinity of pads deposited in moister situations. 



Coprophagous I n s e c t s .  

One group of i n s e c t s  t h a t  i s  both economically and e c o l o g i c a l l y  

important  u t i l i z e s  animal excrement. The dung of v e r t e b r a t e s ,  p a r t i c u l a r l y  

t h a t  of t h e  l a r g e r  mammals, p rovides  a  source of food f o r  many i n s e c t s .  

Some of t h e s e  a r e  p e s t s  of domest ic  animals  and man; o t h e r s  p l ay  a n  a c t i v e  

r o l e  i n  dung removal and decomposition. I n s e c t  l a r v a e ,  a d u l t s  o r  bo th  

s t a g e s  may depend d i r e c t l y  upon f e c e s  f o r  t h e i r  food. These coprophagous 

forms may be  a t t a c k e d  by p a r a s i t e s  and p r e d a t o r s  which thus  depend i n d i r e c t l y  

upon t h e  f e c e s  f o r  t h e i r  nourishment.  

Of a l l  animals ,  i n s e c t s  have been t h e  most s u c c e s s f u l  i n  e x p l o i t i n g  

t h i s  b io tope .  They are rep resen ted  p r i m a r i l y  by c e r t a i n  f a m i l i e s  w i t h i n  t h e  

o r d e r s  Coleoptera ,  D ip t e ra  and Hymenoptera, and i n  some warmer a r e a s  of t h e  

world, a l s o  by I s o p t e r a  (Fe r r a r  and Watson, 1970).  The Coleoptera  and 

Dip te ra  i nc lude  both  coprophagous and entomophagous s p e c i e s .  The Hymenoptera 

a r e  r ep re sen ted  only  by entoriophagous s p e c i e s ,  wh i l e  t h e  I s o p t e r a  a r e  cop- 

rophagous bu t  feed  on o l d e r  dung a f t e r  i t  h a s  most ly d r i e d  ou t  and t h e  

m a j o r i t y  of o t h e r  s p e c i e s  have depar ted .  

Most i n s e c t  a c t i v i t y ,  feeding  and i n t e r a c t i o n s  occur  i n  r e l a t i v e l y  

f r e s h  dung w i t h i n  a  week o r  two a f t e r  i t  has  been depos i ted .  During t h i s  

t ime t h e  dung changes q u i t e  r a p i d l y  i n  i t s  p h y s i c a l ,  chemical and presumably 

mic rob io log ica l  c h a r a c t e r i s t i c s .  Fresh  dung wi th  i t s  h igh  mois ture  and 

n u t r i e n t  conten t  i s  u t i l i z e d  by a  wide range of coprophagous i n s e c t s ,  whereas 

t h e  same dung mass when a i r - d r i e d  suppor t s  a  much sma l l e r  number of spec i e s .  

Coprophagous i n s e c t s  may be  d iv ided  a r b i t r a r i l y  i n t o  two c a t e g o r i e s  

on t h e  b a s i s  of t h e i r  feeding  h a b i t s .  I n  t h e  f i r s t  ca tegory  belong c e r t a i n  

d i p t e r o u s  and co leopterous  l a r v a e  and a d u l t s  t h a t  feed on t h e  dung I n  s i t u ,  

u t i l i z i n g  some of t h e  n u t r i e n t s  b u t  l eav ing  t h e  dung mass appa ren t ly  



undis turbed  except  f o r  t unne l s  i n  t h e  i n t e r i o r .  These forms I term 

11 passenger" s p e c i e s  because t h e i r  a c t i v i t y  r e s u l t s  i n  a  n e t  export  of 

n u t r i e n t s  from t h e  pad i n  t h e  form of i n s e c t  t i s s u e  wi th  l i t t l e  o r  no 

d i r e c t  i nco rpora t ion  of dung i n t o  t h e  under ly ing  s o i l .  

I n  t h e  second ca tegory  a r e  t hose  i n s e c t s  which p h y s i c a l l y  

manipulate  t h e  dung mass a s  p a r t  of t h e i r  f eed ing  o r  r ep roduc t ive  

behavior. The Scarabaeinae and some Geotrupinae of t h e  co leopterous  

fami ly  Scarabaeidae a r e  renowned f o r  t h i s  t ype  of a c t i v i t y .  They a r e  

commonly known a s  dung b e e t l e s .  

Dung b e e t l e s  p l ay  an extremely important  r o l e  i n  t h e  b i o l o g i c a l  

c y c l e  of t h e  biomes t o  which they  belong ( H a l f f t e r  and Matthews, 1966).  

Thei r  gene ra l  h a b i t  of burying dung i n  t h e  s o i l  t o  p rov i s ion  themselves 

and t h e i r  l a r v a e  l e a d s  t o  removal of q u a n t i t i e s  of excrement from t h e  s o i l  

s u r f a c e .  When t h e  dung is  bur ied  i n  t h e  s o i l ,  i t  is  placed i n  c l o s e  con tac t  

w i th  o t h e r  decomposer organisms and thus  breakdown and r e c y c l i n g  of dung 

n u t r i e n t s  may occur  q u i t e  r a p i d l y .  Some of t h e  bur ied  dung i s  used t o  pro- 

duce i n s e c t  ( i . e . ,  b e e t l e )  t i s s u e  b u t  t h e r e  i s  a l s o  an  apprec i ab le  r e t u r n  of 

n u t r i e n t s  t o  t h e  s o i l .  

Coprophagous Aphodiinae (Scarabae idae) ,  though o f t e n  r e f e r r e d  t o  

a s  "dung bee t l e s " ,  do not  bury dung a f t e r  t h e  f a sh ion  of t h e  Scarabaeinae 

and Geotrupinae mentioned above. Aphodiine b e e t l e s  when p re sen t  i n  l a r g e  

numbers i n  dung masses may fragment and d i s p e r s e  them, and i n  t h i s  way speed 

up t h e  decomposition process .  

Some dung b e e t l e  s p e c i e s  a r e  a t t r a c t e d  only  t o  dung of p a r t i c u l a r  

animal s p e c i e s  wh l l e  a l a r g e r  number feed  i n d i s c r i m i n a t e l y ,  o r  w i t h  a low 

degree  of p re fe rence ,  on t h e  v a r i o u s  types  of dung a v a i l a b l e  o r  even on 

cadavers  o r  decaying f r u i t s  ( ~ a l f f t e r  and Matthews, 1966).  The v a r i e t y  and 



abundance of dung b e e t l e  s p e c i e s  i n  any a r e a  i s  d i r e c t l y  c o r r e l a t e d  wi th  

t h a t  of t h e  n a t i v e  mammalian fauna (Bornemissza, 1960).  

There a l s o  appears  t o  be a  marked degree of s p e c i a l i z a t i o n  i n  

regard t o  t h e  form of dung u t i l i z e d .  Bee t l e s  t h a t  can d i spose  of p e l l e t -  

t ype  dung a r e  g e n e r a l l y  unable t o  u t i l i z e  any dung which i s  i n  t he  form of 

a  pad,  wh i l e  t h o s e  adapted t o  pads may f i n d  dung p e l l e t s  t o t a l l y  u n s u i t a b l e .  

This  was c l e a r l y  demonstrated i n  A u s t r a l i a  (Bornemissza, 1960),  where 

indigenous he rb ivo res  t h a t  produce a pad-type dropping are l ack ing  though 

a n  abundant marsupia l  fauna i s  p r e s e n t .  The herb ivorous  marsupia ls  produce 

p e l l e t - t y p e  droppings and t h e  A u s t r a l i a n  n a t i v e  dung b e e t l e  fauna i s  adapted 

t o  u t i l i z e  t hese .  Consequently c a t t l e  dung i s  n o t  used by t h e  indigenous 

b e e t l e s  t o  any e x t e n t ,  a l though many of t h e  s p e c i e s  may be  a t t r a c t e d  t o  i t .  

The Spread of Domestic C a t t l e .  

I n  Europe, t h e  a r e a  of o r i g i n  of t h e  domestic bovid Bos t a u r u s  - 
Linnaeus (Darl ington,  1957; Walker, 1968) ,  t h e r e  i s  an  e x t e n s i v e  b e e t l e  

fauna adapted t o  d e a l  w i t h  this and o t h e r  types  of dung. Moreover, 

e s p e c i a l l y  i n  t h e  warmer p a r t s  of t h e  world,  i t  i s  apparent  t h a t  each 

a r e a  of o r i g i n  f o r  a  p a r t i c u l a r  bovine s p e c i e s  has  dung b e e t l e s  which 

evolved wi th  i t  and a r e  s p e c i a l i z e d  i n  t h e  removal of i t s  dung a t  c e r t a i n  

t i m e s  of t h e  year  (Bornemissza, 1960; H a l f f t e r  and Matthews, 1966).  

Man h a s  been r e s p o n s i b l e  f o r  i n t roduc ing  Bos t a u r u s  i n t o  a l l  - 
c o n t i n e n t s  and most i s l a n d s  of t h e  world and more r e c e n t l y  Bas i n d i c u s  

Linnaeus (Brahman c a t t l e )  and Bubalus b u b a l i s  (Linnaeus) (Asian water  

b u f f a l o )  have been e s t a b l i s h e d  i n  new a r e a s .  I n  every c a s e  t h e  

animals  were in t roduced  wi thout  any conscious e f f o r t  t o  import t h e  

dung-burying b e e t l e s  t h a t  a t t ended  t o  t h e i r  f e c e s  i n  t h e i r  n a t i v e  

count ry ,  because a t  t h e  t i m e  of i n t r o d u c t i o n  t h e  s i g n i f i c a n c e  



of t h e s e  b e e t l e s  was not  app rec i a t ed .  I f  new c a t t l e  s p e c i e s  a r e  i n t r o -  

duced i n t o  a r e a s  t h a t  a l r eady  have o t h e r  l a r g e  indigenous Bovidae ( e . g . ,  

A f r i c a ,  Asia) then  n a t i v e  b e e t l e s  may d i spose  of t h e  a d d i t i o n a l  dung. 

Where l a r g e  indigenous bovids have never  been p re sen t  t h e r e  i s  no chance 

of t r u e  pad -u t i l i z ing  b e e t l e s  having evolved,  s o  t h a t  dung of e x o t i c  

bovids would remain most ly unburied.  

The l a r g e  bovid Bison b ison  (Linnaeus),  t h e  only  indigenous -- 
animal t h a t  produces a  dung pad s u p e r f i c i a l l y  ve ry  s i m i l a r  t o  t h a t  of 

c a t t l e ,  once ranged over most of North America except  t h e  n o r t h e a s t  p o r t i o n  

above the Great  Lakes (Roe, 1970).  Its t e r r i t o r y  thus  extended from t h e  

p l a i n s  and some woodlands of Canada t o  t h e  Mexican p l a t e a u ,  and from t h e  

i n n e r  edge of Oregon a t  l e a s t  t o  western New York and Georgia (Dar l ing ton ,  

1957).  However, r e c e n t  b i son  d i d  n o t  r each  t h e  c o a s t a l  P a c i f i c  Northwest. 

There i s  s o  f a r  on ly  one recorded d iscovery  of f o s s i l  b i son  bones i n  

British Columbia, i n  P l e i s t o c e n e  s t r a t a  a t  Kelowna (Roe, 1970).  Osborne 

(1953) showed t h a t  a t  l e a s t  small numbers of b i son  were p r e s e n t  i n  e a s t e r n  

Washington dur ing  p r e h i s t o r i c  and ve ry  e a r l y  h i s t o r i c  t i m e s ,  b u t  t h e r e  i s  

no evidence t h a t  t h e s e  r e c e n t l y  ranged n o r t h  over  t h e  I n t e r n a t i o n a l  Boundary 

i n t o  t h e  Southern I n t e r i o r  of t h e  Province.  Bison once l i v e d  i n  t h e  extreme 

no r the rn  p o r t i o n s  of B r i t i s h  Columbia (Cowan and Guige t ,  1965) b u t  aga in  

t h e i r  range was r e s t r i c t e d  t o  t h i s  a r e a .  C e r t a i n l y  t h e  I n t e r i o r  of t h e  

Province has seen no r e c e n t  b i son  f o r  a  long and inde termina te  l eng th  of 

t i m e ,  i f  ever .  Hence t h e  i n t r o d u c t i o n  of c a t t l e  i n t o  t h i s  a r e a  meant t h e  

a r r i v a l  of no t  on ly  an e x o t i c  animal b u t  a l s o  q u a n t i t i e s  of pad-type dung. 

Animal e x c r e t a  s e r v e s  a s  a  source  of n u t r i e n t s  t h a t  may be  

exp lo i t ed  by i n s e c t s  i n  va r ious  ways. I n s e c t s  have had ample oppor tun i ty  

f o r  evo lu t ion  of forms t h a t  can u t i l i z e  c a t t l e  dung i n  Europe, s o  t h a t  now 



r e l a t i v e  s t a b i l i t y  can be  expected t h e r e  i n  t h e  s p e c i e s  occupying t h e  

d i v e r s e  n i ches  provided by t h e  dung. This  does  not  prec lude  f u r t h e r  

s p e c i a t i o n  amongst t h e  fauna a l r e a d y  p r e s e n t ,  g iven  s u f f i c i e n  t i m e  

wi thout  human i n t e r f e r e n c e ,  o r  t h e  replacement of s p e c i e s  by more 

s u c c e s s f u l  e c o l o g i c a l l y  homologous s p e c i e s  which a r e  f o r t u i t o u s l y  i n t r o -  

duced from o t h e r  a r e a s .  

I n  c o n t r a s t ,  c a t t l e  dung i n  an  a r e a  t h a t  p rev ious ly  supported no 

n a t i v e  c a t t l e ,  and consequent ly had no i n s e c t  fauna s p e c i f i c a l l y  adapted 

t o  t h e i r  dung, is  a v a i l a b l e  f o r  e x p l o i t a t i o n  p r i m a r i l y  by only  t h e  oppor- 

t u n i s t s  amongst t h e  n a t i v e  i n s e c t s .  The n a t u r e  of t h e  u t i l i z a t i o n  w i l l  

depend upon what t ypes  of o p p o r t u n i s t s  a r e  p re sen t .  An i n s e c t  t h a t  can  

u t i l i z e  t h e  new dung s a t i s f a c t o r i l y  i s  l i k e l y  t o  i n c r e a s e  g r e a t l y  i n  

numbers, a  s i t u a t i o n  which could prove troublesome from t h e  human p o i n t  of 

view i f  any of t h e s e  has  p e s t  p o t e n t i a l .  When coprophagous c a t t l e  dung 

i n s e c t s  a r e  a c c i d e n t a l l y  introduced i n t o  t h i s  system, t hey  g e n e r a l l y  f i n d  

cond i t i ons  p a r t i c u l a r l y  s u i t a b l e  f o r  r a p i d  m u l t i p l i c a t i o n ,  due t o  an  

abundance of food and a  l a c k  of t h e i r  normal n a t u r a l  enemies. For example, 

t h e  horn f l y  and t h e  f a c e  f l y ,  which breed i n  f r e s h  c a t t l e  dung, have 

understandably prospered i n  North America a f t e r  be ing  in t roduced  s e p a r a t e l y  

from Europe. A s i m i l a r  c a s e  i s  t h a t  of t h e  b u f f a l o  f l y ,  which i n  t h e  1820's  

was brought t o  A u s t r a l i a  from Timor wi th  i t s  normal h o s t ,  t h e  Asian water  

b u f f a l o  (CSIRO, 1969).  The a d u l t  f l y  then  t r a n s f e r r e d  i ts a t t e n t i o n s  t o  

t h e  va r ious  domestic c a t t l e  b reeds ,  and i t s  l a r v a e  were a b l e  t o  develop 

s u c c e s s f u l l y  i n  t h e i r  dung pads. 

Previous B io log ica l  Control  Attempts.  

The appearance of c a t t l e  dung i n  a  new a r e a  fo l lowing  t h e  i n t r o -  

duc t ion  of t h e s e  animals  t hus  may cause  problems because of t h e  i n a b i l i t y  



of t h e  system t o  cope wi th  It .  A t  t h e  same t ime,  a  unique oppor tun i ty  

appears  i n  each count ry  of i n t r o d u c t i o n  f o r  t h e  d e l i b e r a t e  s e l e c t i o n  by 

man of e x o t i c  i n s e c t s  t o  e f f e c t  dung d i s p o s a l .  I n  t h e  f i r s t  a t tempt  known 

t o  t h e  w r i t e r ,  t h r e e  s p e c i e s  of Scarabaeinae were in t roduced  i n t o  Puer to  

Rico from Texas toge the r  wi th  one s p e c i e s  each from Santo Domingo and 

I l l i n o i s ,  i n  an  unsuccessfu l  e f f o r t  t o  c o n t r o l  t h e  horn f l y  (Wolcott ,  

1922, c i t e d  by H a l f f t e r  and Matthews, 1966).  

I n  1921 t h r e e  sca rabae ine  s p e c i e s  from t h e  P h i l i p p i n e s  were 

imported and r e l e a s e d  i n t o  Hawaii f o r  t h e  express  purpose of competing 

w i t h  horn f l y  l a r v a e  f o r  t h e i r  food (Fullaway, 1921).  These e a r l y  impor- 

t a t i o n s  appear  t o  have been q u i t e  haphazard and on no occas ion  was t h i s  

more ev ident  t han  i n  t h e  a t t empt s  be fo re  and du r ing  1921 (Fullaway, 1921) 

t o  e s t a b l i s h  A u s t r a l i a n  dung b e e t l e s  ( i . e . ,  marsupia l  dung f e e d e r s )  on 

c a t t l e  dung i n  Hawaii. These i n t r o d u c t i o n s  f a i l e d  and then  t h e  Hawaiian 

a u t h o r i t i e s  began a  s ea rch  f o r  dung b e e t l e s  i n  t h e  southwestern United 

S t a t e s .  According t o  Fullaway, be fo re  t h e  end of 1921 fou r  more s p e c i e s  

of dung b e e t l e s  were taken t o  Hawaii from C a l i f o r n i a  and Arizona. Shor t ly  

t h e r e a f t e r  (1923) t h r e e  s p e c i e s  of Mexican dung b e e t l e s  were in t roduced  

i n t o  p a r t s  of t h e  Hawaiian I s l a n d s  and became e s t a b l i s h e d  wi th  vary ing  

degrees  of success  (Pemberton, 1935; Howden and Car twr ight ,  1963; H a l f f t e r  

and Matthews, 1966).  

Bornemissza (1960) was t h e  f i r s t  t o  propose such a  course  of 

a c t i o n  f o r  t h e  A u s t r a l i a n  s i t u a t i o n .  H e  descr ibed  t h e  prolonged presence 

of dung on a  p a s t u r e  a s  be ing  something a k i n  t o  t h e  presence of a  noxious 

weed. A s  wi th  an  introduced weed o r  animal ,  an  e x o t i c  dung pad r e p r e s e n t s  

a p o t e n t i a l  food source  f o r  one o r  more s p e c i e s  of s p e c i a l i z e d  b e e t l e s  t h a t  

may be  sought i n  o t h e r  a r e a s .  Se lec ted  b e e t l e  s p e c i e s  can be imported 



without  t h e i r  pathogens o r  o t h e r  n a t u r a l  enemies and t h u s  have an  excel-  

l e n t  chance of co lon iz ing  a  new a r e a  s u c c e s s f u l l y .  

The n a t u r e  of t h e  i n t i m a t e  a s s o c i a t i o n  between c e r t a i n  i n s e c t s ,  

c a t t l e  dung, and t h e  p a s t o r a l  ecosystem means t h a t  a l l  t h e  problems can 

be  r e l a t e d  t o  two sources :  

- t h e  presence  of c e r t a i n  i n s e c t s  t h a t  breed i n  dung and whose 

a d u l t s  c r e a t e  a  nu isance ;  

- t h e  apparent  absence of o t h e r  i n s e c t s  t h a t  a r e  capable  of 

removing t h e  dung from t h e  s o i l  s u r f a c e .  

I f  c a t t l e  dung could be  bur ied  s u f f i c i e n t l y  qu ick ly  most o r  a l l  

of t h e  problems could be  reduced i n  magnitude. Natura l  removal of dung 

could only  be  accomplished by i n t r o d u c t i o n  of e f f i c i e n t  e x o t i c  dung 

b e e t l e s .  To enhance t h e  chances of a  succes s fu l  i n t r o d u c t i o n  t h e  n a t u r e  

of t h e  i n s e c t  complex a l r e a d y  a s s o c i a t e d  wi th  t h e  dung should be a s se s sed .  

Information on t h e  most important  problems should be  used t o  p r e d i c t  t h e  

p o t e n t i a l  b e n e f i t s  t h a t  might b e  der ived  from a n  i n t r o d u c t i o n  of t h i s  type.  

An e s t ima t ion  of t h e  p o s s i b l e  consequences of b e e t l e  a c t i v i t y  on t h e  graz- 

i n g  system should be  made i n  advance be fo re  any b e e t l e s  a r e  l i b e r a t e d .  

Many r e g i o n s  of North America have a  s e r i o u s  f i e l d  dung d i s p o s a l  

problem; t h e  i n t e r i o r  of B r i t i s h  Columbia i s  only  one of them. None of t h e  

a c t u a l  o r  apparent  problems a s s o c i a t e d  w i t h  c a t t l e  dung i n  B r i t i s h  Columbia 

had been def ined  p rev ious ly ,  and t h e  l o c a l  dung i n s e c t  fauna had not  been 

examined. 

For t h e  i n v e s t i g a t i o n  r epor t ed  h e r e  t h r e e  a r e a s  were chosen 

r e p r e s e n t i n g  t h e  most s e r i o u s  apparent  problems involv ing  c a t t l e  dung i n  

t h e  rangelands.  These a r e  t h e  product ion  of horn f l y  and f a c e  f l y ,  t h e  

p o t e n t i a l  f o r  dung n i t r o g e n  l o s s ,  and t h e  n u t r i e n t  d e p r i v a t i o n  of range 

p l a n t s  caused by immobil izat ion of e lements  i n  undecomposed c a t t l e  f e c e s .  



Objec t ives .  

The o b j e c t i v e s  of t h e  i n v e s t i g a t i o n  were:- 

a )  To d e f i n e  

1) t h e  e x t e n t  of f l y  p e s t  p roduct ion  from f r e s h  dung and 

some of t h e  r e l a t i o n s h i p s  of t h e s e  f l i e s  w i th  o t h e r  

i n s e c t s  i n  dung pads; 

2) t h e  e x t e n t  of  n i t r o g e n  l o s s  from dung pads a s  they  

dehydra te ;  and 

3)  t h e  e f f e c t s  of dung n u t r i e n t s  on range  vege ta t ion .  

b)  To a s s e s s  t h e  e f f e c t s  of dung b u r i a l  on 

1) development of t h e  coprophagous l a r v a e  of f l y  p e s t s ;  

2)  r e t u r n  of n i t r o g e n  and o t h e r  n u t r i e n t s  t o  t h e  p a s t o r a l  

ecosystem; and 

3) growth of range  v e g e t a t i o n .  

c )  From t h e  above, 

t o  p r e d i c t  some l i k e l y  b i o t i c  consequences of i n t r o d u c t i o n s  of 

a d d i t i o n a l  dung-burying b e e t l e  s p e c i e s  i n t o  t h i s  a r e a .  

The d e s c r i p t i o n  of t h e  i n v e s t i g a t i o n  of t h e s e  problems has  been 

d iv ided  i n t o  fou r  chap te r s  : 

Chapter I d e s c r i b e s  an assessment of t h e  breed'ng of t h e  horn 

f l y  i n  dung i n  t h e  Southern I n t e r i o r  of B r i t i s h  Columbia, i d e n t i f i c a t i o n  

of t h e  o t h e r  i n s e c t s  p re sen t  i n  dung pads,  and t h e i r  e f f e c t  on t h i s  f l y .  

Chapter I1 d e s c r i b e s  i n v e s t i g a t i o n s  of t h e  performance of a  

European dung-burying b e e t l e  t h a t  has  been i n  B r i t i s h  Columbia f o r  some 

yea r s ,  and t h a t  was subjec ted  t o  f i e l d  s c r u t i n y  and used a s  a  l a b o r a t o r y  

animal f o r  dung b u r i a l  work. 



Examination of n i t r o g e n  l o s s  from c a t t l e  dung i n  t h e  I n t e r i o r  

of B r i t i s h  Columbia forms t h e  m a t e r i a l  f o r  Chapter 111. 

Chapter I V  d e s c r i b e s  work undertaken t o  examine t h e  e f f e c t  of 

dung n u t r i e n t s  on range p l a n t  growth. 



CHAPTER I - PEST FLY PRODUCTION AND INSECT INTERACTIONS I N  THE DUNG PAD 

INTRODUCTION 

A t  t h e  s t a r t  of t h i s  i n v e s t i g a t i o n  t h e  r o l e  of c a t t l e  dung i n  

producing both f a c e  f l y  and horn f l y  was considered.  

The Face F ly .  

The f a c e  f l y  i s  a r e c e n t  immigrant i n  B r i t i s h  Columbia. It i s  

a European s p e c i e s  t h a t  was f i r s t  recorded i n  North America from Nova 

S c o t i a  i n  1952 (Vockeroth, 1953),  and by 1966 had become e s t a b l i s h e d  i n  t h e  

s o u t h e a s t  p o r t i o n  of B r i t i s h  Columbia, having en te red  from Washington 

a c r o s s  t h e  I n t e r n a t i o n a l  ~ o u n d a r ~  (Depner, 1969).  I n  1967 t h e  f l y  was 

found i n  n e a r l y  a l l  a r e a s  of t h e  province south  of Williams Lake (Depner, 

1969) and e v i d e n t l y  formed ve ry  heavy i n f e s t a t i o n s  (Creelman, 1967).  

Considered t o  be  one of t h e  major l i v e s t o c k  p e s t s  over  much of 

i t s  range  i n  North America, t h e  f a c e  f l y  a t t a c k s  c a t t l e  and t o  a l e s s e r  

e x t e n t  ho r ses  (Teskey, 1969).  Adult  f l i e s  feed on body s e c r e t i o n s  and 

blood from wounds of t h e  h o s t s ,  and t h e  l a r v a e  r e q u i r e  f r e s h  c a t t l e  f e c e s  

f o r  t h e i r  development. The p r o t e c t i v e  and evas ive  a c t i o n s  of c a t t l e  i n  

response t o  t h e  i r r i t a t i o n  caused by feeding  f l i e s  r e s u l t  i n  l o s t  g raz ing  

t ime t h a t  may reduce mi lk  flow o r  weight ga in  (Teskey, 1969).  

The f u t u r e  p e s t  p o t e n t i a l  f o r  t h e  f a c e  f l y  i n  B r i t i s h  Columbia 

i s  no t  known. Its numbers were low i n  t h e  I n t e r i o r  of t h e  Province i n  1970 

through 1972 and i t s  appearance a t  dung was e r r a t i c ,  t h i s  be ing  a no t i ce -  

a b l e  change from t h e  heavy i n f e s t a t i o n s  t h a t  had been observed i n  prev ious  

y e a r s ,  p a r t i c u l a r l y  i n  1967 and 1968 (G. B. Rich, personal  communication). 



Face f l i e s  c o l l e c t e d  a t  Kamloops i n  1971 were examined f o r  me by M r .  C.  M. 

Jones ,  USDA Entomology Research Div is ion  then  a t  t h e  Un ive r s i t y  of 

Nebraska, who found ( i n  l i t t . )  t h a t  they  were very  heav i ly  i n f e s t e d  wi th  

t h e  p a r a s i t i c  nematode Heterotylenchus autumnalis  Nickle .  The nematode 

may be  r e spons ib l e  f o r  t h e  d e c l i n e  i n  f a c e  f l y  numbers. It was considered 

t o  be  a  p o s s i b l e  f a c t o r  i n  suppress ing  f a c e  f l i e s  i n  Missouri  i n  1968 

(Thomas and P u t t l e r ,  1970) and an  important  n a t u r a l  c o n t r o l  agent  of t h i s  

s p e c i e s  i n  1970 (Thomas, P u t t l e r ,  and Morgan, 1972).  The f a c e  f l y  could 

no t  be  considered a  s i g n i f i c a n t  p e s t  a t  t h e  s t a r t  of t h i s  i n v e s t i g a t i o n .  

Added t o  t h i s  was t h e  i m p o s s i b i l i t y  of fo l lowing  t h e  popula t ion  p r&esses  

of immature f a c e  f l i e s  and horn f l i e s  w i th  t h e  same f i e l d  experimental  

technique.  The f a c e  f l y  was t h e r e f o r e  no t  i n v e s t i g a t e d  f u r t h e r ,  and a t t e n  

t i o n  was focused on t h e  horn f l y ,  which remains a  p e r s i s t e n t  p e s t  i n  t h e  

I n t e r i o r  of t h e  Province.  

The Horn Fly.  

The horn f l y  is  g e n e r a l l y  considered t o  be one of t h e  most 

s e r i o u s  p e s t s  of c a t t l e  wherever i t  occurs  (McLintock and Depner, 1954).  

Both a d u l t  s exes  a r e  haematophagous, mainly on c a t t l e  bu t  occas iona l ly  on 

o t h e r  domestic animals  (Bruce, 1964).  Adults  o b t a i n  food by l a c e r a t i n g  

t h e  h o s t  t i s s u e s  w i t h  t h e  prestomal  t e e t h  a t  t h e  end of t h e  probosc is .  

Feeding by horn f l i e s  i r r i t a t e s  c a t t l e  even when only  smal l  

i n f e s t a t i o n s  a r e  p r e s e n t .  Bruce (1964) es t imated  t h a t  an i n f e s t a t i o n  of 

less than  400 f l i e s  per  animal was no t  p a r t i c u l a r l y  harmful ,  bu t  noted 

t h a t  4,000 f l i e s  a r e  commonly p re sen t  on animals i n  t h e  southern  USA, and 

i n f e s t a t i o n s  on i n d i v i d u a l  animals may f r e q u e n t l y  reach  10,000 f l i e s .  



Depner (1961) a l s o  recorded up t o  10,000 f l i e s  on c a t t l e  i n  sou the rn  

Alber ta .  H a r r i s  and Frazar  (1970) c a l c u l a t e d  t h a t  500 horn f l i e s  would 

remove only  about 7 m l  of blood from t h e  h o s t  pe r  day, and a t t r i b u t e d  t h e  

economic l o s s e s  caused by horn f l i e s  c h i e f l y  t o  i r r i t a t i o n .  Heavy 

i n f e s t a t i o n s  reduce  mi lk  product ion and weight g a i n  and l e s s e n  t h e  t h r i f t  

and v igo r  of  t h e  animals  (Hoelscher and Combs, 1971).  Annual economic 

l o s s e s  due t o  horn f l y  a t t a c k  a r e  d i f f i c u l t  t o  e s t i m a t e  (Bruce, 1964) bu t  

have been placed a t  $179 m i l l i o n  f o r  r educ t ion  i n  weight ga in  and mi lk  

product ion  i n  t h e  United S t a t e s  (USDA, 1965).  

When l a r g e  numbers of horn f l i e s  a r e  p r e s e n t ,  c a t t l e  f l i c k  

t h e i r  f l a n k s  and backs almost c o n s t a n t l y  wi th  t h e i r  t a i l s  and spend much 

t ime l i c k i n g  themselveS, stamping, and rubbing a g a i n s t  convenient  o b j e c t s .  

Repeated rubbing o f t e n  l e a d s  t o  t h e  formation of s o r e s ,  which then  become 

a source  of a t t r a c t i o n  f o r  o t h e r  f l i e s ,  no t ab ly  f a c e  f l y .  Horn f l i e s  

appear  t o  remain on c a t t l e  almost cont inuous ly ,  b u t  t h i s  was quest ioned by 

Harge t t  and Goulding (1962). Ovipos i t ion  occurs  e x c l u s i v e l y  on f r e s h l y  

passed f e c e s  w i t h i n  t h e  f i r s t  few minutes  a f t e r  t h e i r  d e p o s i t i o n  a t  any 

t ime of t h e  day o r  n i g h t  (Bruce, 1964),  and t h e  l a r v a e  develop w i t h i n  t h e  

dung pads. The b io logy  of t h e  horn f l y  has  been descr ibed  i n  some d e t a i l  

by McLintock and Depner (1954) and Bruce (1964). E s s e n t i a l  f e a t u r e s  of i t s  

l i f e  c y c l e  and seasonal  h i s t o r y  a t  Kamloops a r e  shown i n  Fig.  1. 

The horn f l y  was in t roduced  i n t o  North America on c a t t l e  

imported from Europe between 1884 and 1886, and was f i r s t  r epo r t ed  i n  

Canada from Ontar io  i n  1892 (McLintock and Depner, 1954).  It i s  now 

found i n  a l l  Canadian provinces.  The f l i e s  a r e  present  throughout B r i t i s h  

Columbia (Neilson,  1955) being most important  a s  p e s t s  a t  lower e l e v a t i o n s  



Figure  1 L i f e  c y c l e  and seasona l  h i s t o r y  of t h e  horn f l y  a t  
Kamloops. T i m e s  g iven  f o r  t h e  d u r a t i o n  of l i f e  
c y c l e  s t a g e s  and t h e  seasonal  occurrence  a r e  only  
approximate,  because they  a r e  g r e a t l y  inf luenced  by 
c l i m a t i c  cond i t i ons .  
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in the Southern Interior, as well as in the adjacent Cariboo and as far 

north as the Peace River area (e.g., MacNay, 1959) (see Fig. 2). Because 

the species has a relatively high developmental temperature threshold 

(Larsen and Thomsen, 1940, cited by Messenger, 1959) its rapid development 

is favoured in warm environments. 

Emphasis in research on the horn fly in North America has 

until recently centered on aspect" of its bionomics, physiology, diapause, 

and control by chemicals. Poorbaugh (1966) noted that up to that time 

there had been little consideration of the interrelationships of the horn 

fly and the face fly with the other members of the dung insect community, 

and of basic factors determining their distribution and abundance. It is 

perhaps surprising, considering the amount of research resources that have 

been directed into chemical control of coprophagous fly larvae as reviewed 

by Miller (1970), and of their adults, that more attention has not been 

paid to insect interrelationships in cattle dung pads. 

The first comprehensive investigation of a cattle dung insect 

fauna anywhere in North America was published by Mohr (1943). This work, 

together with that of Hammer (1941) on coprophagous flies in Denmark and 

Laurence (1954) on larval inhabitants of cattle dung in England, showed 

in some detail that dung pads provide a fast-changing environment colon- 

ized by a succession of insect species that may differ according to the 

season and nature of the habitat surrounding the dropping. 

Depner (1968) found parasitism to be unimportant in suppres- 

sing horn flies over most of their range in Alberta, with the possible 

exception of northern and western parkland areas. The reports of 

Lindquist (1936), Bruce (19641, Combs and Hoelscher (1969), and Thomas 







and Morgan (1972a) i n d i c a t e  t h a t  p a r a s i t e s  a r e  no t  important  a s  n a t u r a l  

c o n t r o l  agen t s  of t h e  horn f l y  i n  t h e  United S t a t e s .  

Sanders and Dobson (1966) gathered informat ion  on i n s e c t  

i n t e r r e l a t i o n s h i p s  w i t h i n  c a t t l e  droppings i n  Indiana ,  i nc lud ing  t h e  

e f f e c t  of o t h e r  i n s e c t s  on horn f l y .  They found (Sanders and Dobson, 

1969) t h a t  more horn f l i e s  emerged from dung samples t h a t  had been 

exposed i n  t h e  f i e l d  f o r  on ly  two hours  than  from those  exposed f o r  up 

t o  12  hours .  They a t t r i b u t e d  this t o  t h e  reduced compet i t ion  and pre-  

d a t i o n  from o t h e r  s p e c i e s  occu r r ing  i n  pads exposed f o r  t h e  s h o r t e r  t ime.  

Blume, Kunz, Hogan, and Mat te r  (1970) and Kunz, Hogan, Blume, 

and Eschle  (1972) demonstrated t h a t  t h e  presence  of o t h e r  a r thropods  i n  

c a t t l e  droppings markedly reduced t h e  product ion  of horn f l i e s  from dung 

i n  Texas. Es t imates  of horn f l y  m o r t a l i t y  caused by t h e  presence  of o t h e r  

fauna were i n  t h e  v i c i n i t y  of 90%, l eav ing  no doubt t h a t  t h e  o t h e r  a r t h r o -  

pods a r e  a  po ten t  f o r c e  i n  n a t u r a l  r e g u l a t i o n  of t h i s  s p e c i e s ,  even though 

t h e i r  t o t a l  e f f e c t  i s  no t  s u f f i c i e n t  t o  prevent  horn f l i e s  from becoming 

numerous. These au tho r s  secured t h e i r  in format ion  by al lowing horn f l y  

females t o  o v i p o s i t  on f ie ld-dropped dung and then  excluding a l l  o t h e r  

fauna from some pads wh i l e  a l lowing  o t h e r  a r thropods  acces s  t o  o t h e r s .  No 

a t tempt  was made i n  t h e s e  i n v e s t i g a t i o n s  t o  a s s e s s  e i t h e r  t h e  number of 

horn f l y  females o v i p o s i t i n g  on t h e  pads ,  o r  t h e  number of eggs depos i t ed ,  

and thus  t o  o b t a i n  a n  i n d i c a t i o n  of t h e  a c t u a l  suppress ion  occu r r ing .  

Thomas and Morgan (1972b) found t h a t  p r e d a t o r s  caused up t o  

95% m o r t a l i t y  of horn f l y  immature s t a g e s  i n  Missour i ,  measured i n  dung 

pads t h a t  were a r t i f i c i a l l y  i n f e s t e d  w i t h  eggs of t h e  p e s t .  

I n  B r i t i s h  Columbia t h e  horn f l y  has  no t  been subjec ted  t o  any 



intensive study and the other insect fauna of cattle dung has not been 

examined. Western Canadian work on this pest has hitherto been performed 

by scientists of the Canada Department of Agriculture at Lethbridge, 

Alberta. The investigation described in this chapter examined the diurnal 

activity, seasonal activity, and the abundance of the horn fly at Kamloops, 

as well as its potential for progeny production and the effect of other 

insects in reducing that production. 

MATERIALS AND METHODS 

The Research Area. 

Apart from some preliminary collecting in 1970, all field work 

was conducted at the Research Station, Canada Department of Agriculture at 

Kamloops, between May 1 and August 30 in 1971 and 1972. 

Kamloops is situated in the bottom of the Thompson River 

Valley at an elevation of about 1200 feet above sea level (Fig. 2). The 

land rises rapidly on both sides away from the Thompson Valley to form 

undulating plateaux lying up to 5000 feet above sea level. This type of 

topography, where irregular high plateaux are separated from each other by 

broad deep valleys, is characteristic of mucb of the grazing land in the 

Southern Interior of the Province (Tisdale, 1947). The rapid increase in 

elevation of land above the valley floors causes a marked vertical zona- 

tion in climate, soils, and vegetation (Tisdale, 1947). 

The climate of the Kamloops area at lower elevations is char- 

acterized by warm summers and cold winters that are without continuous 

snow cover. The frost-free season varies from 160-176 days (Tisdale, 1947). 



Some c l i m a t i c  d a t a  a r e  given i n  Table I f o r  Kamloops A i r p o r t ,  which i s  

very  c l o s e  t o  t h e  Research S t a t i o n .  

Surrounding Kamloops i s  open grass land  range which grades  wi th  

Inc reas ing  a l t i t u d e  i n t o  open f o r e s t s  of ponderosa p ine  a t  e l e v a t i o n s  

gene ra l ly  between 2000-3000 f e e t .  Above t h i s  zone occurs  Douglas-f i r  

f o r e s t ,  and a t  t h e  h ighes t  e l e v a t i o n s  t h e  Douglas-f i r  i s  rep laced  by a n  

Engelmann spruce-subalpine f i r  zone. 

The g ra s s l ands  can b e  d iv ided  convenient ly  i n t o  t h r e e  zones 

based on a l t i t u d e ,  a v a i l a b l e  mois ture ,  s o i l ,  and p l a n t  a s s o c i a t i o n s  (Tis- 

d a l e ,  1947).  These a r e  known a s  t h e  lower,  middle,  and upper grass land  

zones. The h ighe r  a r e a s  of g ra s s l and  and f o r e s t e d  zones r e c e i v e  more 

p r e c i p i t a t i o n  than  t h e  lower g ra s s l and ,  and a t  t h e  same t ime mois ture  

e f f e c t i v e n e s s  i n c r e a s e s  w i t h  a l t i t u d e  due t o  reduced evapora t ion  (T i sda l e ,  

1947).  Grassland i s  t h e  most product ive  range ,  b u t  makes up on ly  about  a  

s i x t h  of t h e  t o t a l  range a r e a  (Mason and Mil t imore,  1969).  It l i m i t s  t h e  

c a r r y i n g  c a p a c i t y  of t h e  whole range a r e a  because i t  i s  used f o r  s p r i n g ,  

f a l l  and win te r  graz ing ,  wh i l e  t h e  f o r e s t e d  range ,  though much more exten- 

s i v e  i n  a r e a ,  can  only  be  used f o r  summer graz ing  (T i sda l e ,  McLean, and 

Clarke ,  1954).  

C a t t l e  overwinter  a t  t h e  lower e l e v a t i o n s .  They a r e  r e l e a s e d  

from t h e i r  w in te r ing  paddocks i n  mid-April, and a s  s p r i n g  p rog res ses  t hey  

a r e  herded up i n t o  t h e  h ighe r  r eg ions  of t h e  g ra s s l and ,  and f i n a l l y  i n t o  

t h e  f o r e s t e d  zones where they  spend t h e  whole summer. Some d a i r y  and beef 

c a t t l e  a r e  maintained on i r r i g a t e d  p a s t u r e s  i n  t h e  v a l l e y  f l o o r s ,  where 

t h e r e  a r e  some f e e d l o t s  f o r  beef c a t t l e  a l s o .  

C a t t l e  l e f t  i n  t h e  v a l l e y s  s u f f e r  t h e  most i r r i t a t i o n  from 

horn f l y ,  which a long  wi th  o t h e r  f l y  p e s t s  i s  u s u a l l y  c o n t r o l l e d  w i t h  
b 



Table I 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Mean monthly temperatures and precipitation for 
Kamloops Airport, B.C. (50•‹43'N; 120•‹25'w) .+ 

Mean maximum 
temperature (OC) 

Normal 1971" 1972* 

Mean minimum Mean precipitation 
temperature ( "C)  

Normal 1971* 1972* 

-9.7 

-5.8 

-2.1 

0.8 

6.8 7.2 7.5 

10.8 10.4 11.5 

12.7 12.7 12.4 

11.8 14.4 13.1 

7.6 

3.0 

-2.0 

-5.8 

(md 

Normal 1971* 1972* 

28.6 

+ From the records of the Kamloops Weather Office, Atmospheric 
Environment Service, Canada Department of the Environment. 

* Normal values (adjusted to the period 1941-1970) are compared 
with actual figures only for the months during which field 
investigations were conducted. 



i n s e c t i c i d e s .  Range c a t t l e  may not  be a t t acked  s o  h e a v i l y ,  poss ib ly  due 

t o  t h e i r  cont inued movement over  a l a r g e  a r e a  throughout t h e  summer and 

a l s o  because of t h e  coo le r  temperatures  a t  t h e  h ighe r  a l t i t u d e s  which slow 

down f l y  development. Moreover, t h e  horn f l y  favours  a n  open sunny h a b i t a t  

(Hammer, 1941) s o  t h a t  c a t t l e  which spend a  l o t  of t ime feeding  i n  heav i ly  

t imbered range may no t  be  bothered by them t o  any e x t e n t .  

There a r e  d i f f i c u l t i e s  i nhe ren t  i n  i n v e s t i g a t i n g  t h e  dung 

i n s e c t  fauna a s s o c i a t e d  wi th  c a t t l e  feeding  on open range.  To fo l low t h e  

l i f e  processes  of t h e  horn f l y  i t  was necessary  t o  u t i l i z e  i n d i v i d u a l  dung 

pads from t h e  moment of d e p o s i t i o n  onwards, and t h i s  can  b e  done only  wi th  

extreme d i f f i c u l t y  i n  open rangeland.  

Because of t h i s ,  a  herd of c a t t l e  on i r r i g a t e d  p a s t u r e  a t  t h e  

Research S t a t i o n  was used a s  a  source  of b a s i c  informat ion  on product ion  

and a c t i v i t y  of horn f l i e s  and o t h e r  i n s e c t s .  I n  1971, 29 f u l l y  grown 

Hereford h e i f e r s  and one b u l l  were used i n  t h e  i n v e s t i g a t i o n ,  and i n  1972 

t h i s  number was reduced t o  14 of  t h e  o r i g i n a l  animals ,  p l u s  ca lves .  The 

c a t t l e  grazed p a s t u r e s  c o n s i s t i n g  of a mixture  of bromegrass,  o rchardgrass ,  

and Ladino c love r .  They were removed t o  f r e s h  p a s t u r e  every two o r  t h r e e  

weeks. Af t e r  each change of p a s t u r e ,  no i n s e c t  sampling was performed f o r  

a t  l e a s t  a  week t o  a l low dung i n s e c t s  t o  move i n t o  t h e  new p a s t u r e  from 

surrounding a r e a s ,  and t o  avoid t h e  worst  of t h e  scour ing  which occurs  i n  

c a t t l e  when they  e a t  f r e s h  r i c h  fo rage .  



Sampling Procedures .  

a )  Horn f l y  product ion .  

A s i n g l e  sampling technique was used t o  measure t h e  product ion  

of horn f l i e s  from dung pads i n  both  t h e  presence and t h e  absence of o t h e r  

i n s e c t s .  Because t h e  horn f l y  is  a c t i v e  day and n i g h t ,  t h e  sampling work 

had t o  quan t i fy  f l y  product ion dur ing  a l l  hours  of t h e  day ( i . e . ,  a t ime 

span of 24 hour s ) .  This  was thus  taken a s  t h e  s tandard  l e n g t h  of sampling 

per iod  ( h e r e a f t e r  known a s  "sampling period") .  However, 24 cont inuous 

hours  of sampling work were never  undertaken.  I n s t e a d ,  each 24-hour 

sampling per iod  was completed i n  a s e r i e s  of s e s s i o n s :  i n i t i a l l y ,  f o u r  6-  

hour s e s s i o n s ,  and l a t e r  i n  t h e  season,  two 12-hour s e s s ions .  These were 

always completed wi th  a pause of 24 hours  between t h e  end of one s e s s i o n  

and t h e  beginning of t h e  nex t .  For example, u s ing  12-hour sampling 

s e s s i o n s ,  a sampling per iod  which began w i t h  a s e s s i o n  from 0600-1800 

would end w i t h  another  12-hour s e s s i o n  beginning on t h e  next  day a t  1800 

and ending a t  0600 on t h e  day fo l lowing  t h a t .  Each sampling per iod  was 

a r b i t r a r i l y  d iv ided  i n t o  e i g h t  3-hour t ime i n t e r v a l s  f o r  r eco rd ing  i n s e c t  

a c t i v i t y ,  e .g . ,  0000-0300, 0300-0600, and s o  on. Thus a sampling s e s s i o n  

of 12 hours  contained f o u r  3-hour t ime i n t e r v a l s .  

S i x  sampling pe r iods  were completed between 9 June and 23 

August, 1971. Two more were completed i n  June and J u l y  i n  1972, bu t  

t h e s e ,  f o r  reasons  explained l a t e r ,  were only  of 18  h o u r s r  d u r a t i o n .  

Gravid female horn f l i e s  a r r i v e  a t  a f r e s h  dung pad j u s t  a f t e r  

a cow has  f i n i s h e d  d e f e c a t i n g ,  though a few may land on t h e  dung even 

b e f o r e  t h e  completion of t h e  a c t .  The f l i e s  m i l l  about  b r i e f l y  on t h e  

s u r f a c e  of t h e  dung, and then  most move beneath t h e  pad w i t h i n  30 seconds. 



Some r e t u r n  t o  t h e  top  s u r f a c e  b e f o r e  moving a g a i n  t o  t h e  unders ide  of 

t h e  pad, wh i l e  o t h e r s  f l y  d i r e c t l y  from t h e  unders ide  and sea rch  f o r  a 

h o s t .  When t h e  weather is  warm, a l l  f l i e s  l eave  w i t h i n  f i v e  minutes of 

t h e i r  a r r i v a l .  Some eggs a r e  depos i ted  on t h e  upper s u r f a c e  of t h e  pad, 

b u t  most a r e  placed underneath,  e i t h e r  on t h e  dung o r  on p l a n t  m a t e r i a l  

c l o s e  t o  it (Bruce, 1964). It i s  obvious ly  imprac t i cab le  t o  count t h e  

eggs t h a t  have been l a i d .  Fo r tuna te ly ,  t h e  synchronous o v i p o s i t i o n a l  

behavior  of t h e  a d u l t s  enabled them t o  be  t rapped a s  t hey  l e f t  t h e  drop- 

ping.  The number of a d u l t s  cap tured  a t  each dropping could then  be  used 

as a n  index of p o t e n t i a l  progeny product ion.  

The sampling procedure (Fig. 3) c o n s i s t e d  of fo l lowing  t h e  

c a t t l e  about t h e  p a s t u r e  and observ ing  d e f e c a t i o n .  S ix ty  seconds (timed 

by a  stopwatch) a f t e r  a  s u i t a b l e  pad was dropped, i t  was covered w i t h  a  n e t .  

This  i n t e r v a l  of 60 seconds allowed female horn f l i e s  i n  t h e  v i c i n i t y  t o  

a r r i v e ,  b u t  they  were then  prevented from escaping  a f t e r  t hey  t a d  ov ipos i t ed .  

The n e t  (Fig.  4 )  was l i n e d  on t h e  i n s i d e  wi th  f i n e  wh i t e  nylon 

mesh which r o s e  w i t h i n  t h e  frame t o  j o i n  an inve r t ed  funnel  f i x e d  i n t o  t h e  

meta l  l i d  of a  c l e a r  20 oz po lys ty rene  con ta ine r  ( t r a p ) .  The n e t  was 

covered wi th  heavy b lack  c o t t o n  c l o t h  on t h e  o u t s i d e ,  so  t h a t  when viewed 

from w i t h i n ,  on ly  t h e  e x i t  a t  t h e  t o p  showed d a y l i g h t .  A s  horn f l i e s  a r e  

s t r o n g l y  p h o t o t a c t i c  they  qu ick ly  moved upwards through t h e  funnel  and i n t o  

t h e  t r a p .  

Ten minutes  a f t e r  t h e  pad had been depos i t ed ,  t h e  n e t  w a s  

removed, a f t e r  shaking t o  encourage any remaining horn f l i e s  t o  move up i n t o  

t h e  t r a p .  Pads were then  e i t h e r  covered t o  exclude o t h e r  i n s e c t s  (covered 

pads)  o r  l e f t  exposed t o  a l l ow n a t u r a l  c o l o n i z a t i o n  by o t h e r  a r thropods  





Pad voided 

r 

Net removed a f t e r  
9 minutes  

Covered immediately t o  Le f t  uncovered : 
exclude o t h e r  i n s e c t s :  OR 

COVERED PADS EXPOSED PADS 
I 

a f t e r  24 hours  

Ind iv idua l  emergence 
cages 

l a t e r  

Adult i n s e c t s  A 
captured  

I n s e c t  progeny 
captured  a s  a d u l t s  



Figure  4 Net and t r a p  used f o r  c o l l e c t i o n  
of o v i p o s i t i n g  horn f l i e s .  

F igure  5 Wire mesh cage w i t h - i n n e r  nylon 
mesh cone used t o  exclude o t h e r  
i n s e c t s  from covered pads.  





(exposed pads) .  Covered pads had a s t o u t  c o n i c a l  40-cm diameter  meta l  and 

mesh cage placed over  them, which was spiked t o  t h e  ground. A f i n e  nylon 

mesh cone was f i t t e d  t o  t h e  i n t e r i o r  of t h e  w i r e  mesh cage (Fig.  5) .  The 

junc t ion  of t h e  cage w i t h  t h e  ground was covered w i t h  a l i t t l e  s o f t  e a r t h  

t h a t  was tamped t o  reduce  t h e  chances of i n s e c t s  i n t e r f e r i n g  wi th  t h e  

covered samples.  A l l  pads were then  enclosed by a l a r g e r  heavy meta l  wide- 

mesh cage (base was 120 cm square ;  F ig .  6 ) .  The process ing  of each sample 

took  15-20 minutes .  

A t  t h e  t ime each dropping was be ing  processed a record  was made 

of t h e  i d e n t i f i c a t i o n  number of t h e  animal ( a l l  were equipped wi th  numbered 

neck c h a i n s ) ,  t h e  t i m e ,  pad cons i s t ency ,  wind speed,  and amount of c loud.  

These f a c t o r s  were noted t o  a s s i s t  i n  a n  understanding of horn f l y  bionomics 

and f o r  a p o s s i b l e  guide  i n  accounting f o r  any a b e r r a n t  r e s u l t s  i n  t h e  sam- 

p l i n g .  Pad cons i s t ency  was v i s u a l l y  es t imated  and g iven  one of t h e  follow- 

i n g  gradings :  v e r y  t h i n ,  t h i n ,  average ,  t h i c k ,  ve ry  t h i c k  ( a f t e r  Sanders 

and Dobson, 1969).  Pads c l a s s i f i e d  under t h e  two extremes were never  used 

i n  ca se  they  a r e  i n i m i c a l  t o  horn f l y  development, a s  suggested by t h e s e  

au tho r s .  Most pads taken  were of average cons is tency .  Wind speed was 

roughly es t imated  by t h e  method o u t l i n e d  i n  Pe terson  (1964). Temperature 

and r e l a t i v e  humidity were recorded on a thermohygrograph p ro t ec t ed  by a 

weather box placed on p a s t u r e  j u s t  o u t s i d e  t h e  paddock be ing  grazed.  The 

senso r s  i n  t h e  thermohygrograph were about  s i x  i nches  above t h e  ground. 

Horn f l i e s  t rapped a t  each dung pad were anaes the t i zed  wi th  

carbon d iox ide  and t r a n s f e r r e d  t o  i n d i v i d u a l  k i l l i n g  b o t t l e s  f o r  subse- 

quent examination and counting.  

Pads were removed from t h e  f i e l d  a f t e r  24 hours .  A sharpened 

spade was used t o  c u t  1-3 cm v e r t i c a l l y  i n t o  t h e  s o i l  j u s t  o u t s i d e  t h e  

per imeter  of t h e  dropping. Th i s  allowed a smal l  d i v o t  t o  be  l i f t e d  wi th  



Figure 6 Two types of large-mesh frame used during the dung 
insect investigations to prevent interference from 
cattle and birds. The frame on the right was used 
for all sampling work that measured horn fly 
production. The frame on the left was used in 
some other field experiments. 

Figure 7 Greenhouse emergence cages. 





t h e  pad. Most of t h e  i n s e c t s  s i t u a t e d  beneath t h e  pad were thus  r e t a i n e d .  

Each pad on i t s  s o i l  base  was placed on a cardboard t r a y  i n  a l a r g e r  

squa re  c a r r y i n g  t i n  whose l i d  had l a r g e ,  mesh-covered h o l e s  f o r  a e r a t i o n .  

T ins  were t r anspor t ed  s e v e r a l  m i l e s  t o  a greenhouse and t h e  pads were 

t r a n s f e r r e d  t o  i n d i v i d u a l  mesh cages ,  which used t h e  same p r i n c i p l e  f o r  

t r app ing  emergent fauna a s  t hose  descr ibed  by Poorbaugh (1966), a l though 

they  were cons t ruc t ed  of d i f f e r e n t  m a t e r i a l s .  I n  t h i s  work, heavy 30 x 30 

x 3 cm cardboard t r a y s  were used i n s t e a d  of Poorbaugh's meta l  t i n s ,  and 

t h e  nylon mesh was a f f i x e d  t o  t h e  cardboard wi th  masking t a p e  (Fig. 7 ) .  

A shal low l a y e r  of v e r m i c u l i t e  was spread on t h e  bottom of t h e  card-  

board t r a y  be fo re  a pad was in t roduced .  A t  t h e  t op  of t h e  cage,  t h e  

nylon mesh was a t t ached  t o  a rough cardboard tube  p r o j e c t i n g  through t h e  

c e n t r e  of t h e  l i d  of an  i n v e r t e d  20 oz polys tyrene  j a r .  I n s e c t s  appeared 

t o  have no t r o u b l e  making t h e i r  way up through t h e  cardboard t u b e  i n t o  

t h e  t r a p ,  and he re  t h e  a d u l t  i n s e c t s  o r i g i n a l l y  contained i n  each pad 

assembled and were removed f o r  i d e n t i f i c a t i o n  and count ing .  The l a r v a e  

de r ived  from t h e s e  and from o t h e r  a d u l t s  (e .g . ,  t h e  v a r i o u s  f l i e s  which 

had v i s i t e d  t h e  pad wh i l e  i t  was i n  t he  f i e l d )  were a b l e  t o  complete 

t h e i r  development and f i n d  t h e i r  way up i n t o  t h e  t r a p .  I n s e c t s  which had 

been unable  t o  reach  t h e  t r a p  and t h e r e f o r e  d ied  i n  t h e  enc losu re  wi th  

t h e  dung pad were c o l l e c t e d  and t h e i r  numbers were added t o  t h e  t o t a l s  

of t hose  t rapped .  

A hand-drawn c a r t  w i th  l a r g e  wheels were s p e c i a l l y  con- 

s t r u c t e d  f o r  t h e  sampling work. On i t  was c a r r i e d  a l l  t h e  equipment 

r equ i r ed  f o r  t h e  sampling ope ra t ion  (Fig.  8 ) ,  and between samplings i t  

was used when c o l l e c t i n g  dung pads from t h e  f i e l d .  



Figure 8 Hand-drawn cart used in the field sampling work. 





Ideally, equal numbers of pads were covered or exposed during 

each 3-hour time interval, up to a maximum of three of each treatment per 

interval. This made a theoretical maximum number of 48 pads attainable 

during a sampling period of 24 hours. A number of factors such as poor 

dung quality, unavailability of pads, and darkness, were responsible for 

preventing this number of pads from ever being taken in any single period. 

Night sampling was difficult. A spotlight and flashlight 

were used when locating and processing each pad. It is essential to be 

able to hear droppings fall at night to find them, and the continuous 

noise produced by an oil refinery close to the Research Station undoubtedly 

caused the loss of some acceptable pads. 

A total of 186 pads were processed in 1971, of which 177 were 

usable, and 61 were taken in 1972. The raw data on horn fly production 

from each pad consisted of the number of females that originally were 

trapped after oviposition, and the number of adult progeny derived from 

them. To facilitate comparisons of progeny production between pads, the 

number of ovipositing females was divided into the number of progeny 

produced to give the mean number of adult progeny produced by each female 

trapped (hereafter known as progeny per female). 

The number of progeny per female in the case of both covered 

and exposed pads fitted a Poisson distribution. Consequently, prior to 

statistical analysis, a square root transformation (a) was applied 

to the data (Sokal and Rohlf, 1969). The data for number of females 

trapped at pads approximated a normal distribution (skewed to the right) 

and were transformed logarithmically before statistical analysis (Sokal 

and Rohlf, 1969). 



An a n a l y s i s  of va r i ance  (anova) was then  performed on t h e  

horn f l y  d a t a  (progeny per  female) t o  determine whether s i g n i f i c a n t  

d i f f e r e n c e s  e x i s t e d  between t r ea tmen t s  (covered and exposed pads ) ,  

sampling pe r iods  and t ime i n t e r v a l s  u s ing  t h e  computer program (SFU 

AVAR 23) f o r  unequal sample s i z e s .  

The sampling schedule  and anova model a r e  o u t l i n e d  i n  Fig. 9. 

A s  t h e  between-treatment anova showed high l e v e l s  of s i g n i f i c a n c e  f o r  

t r ea tmen t ,  sampling per iod  and time i n t e r v a l ,  o t h e r  s e p a r a t e  anovas were 

employed t o  examine t h e  d i f f e r e n c e s  i n  progeny produced per  female w i t h i n  

each t r ea tmen t ,  and t o  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  between and 

w i t h i n  sampling pe r iods  and t ime i n t e r v a l s .  A s i m i l a r  model was employed 

f o r  d a t a  on t h e  number of o v i p o s i t i n g  females ,  except  t h a t  allowance was 

made f o r  a maximum of  s i x  r e p l i c a t e s  i n s t e a d  of t h r e e  ( i . e . ,  i n  t h i s  c a s e  

v a l u e s  were con t r ibu ted  by a l l  pads sampled, i r r e s p e c t i v e  of t h e i r  sub- 

sequent  t r ea tmen t ) .  

b )  Diurna l  a c t i v i t y  p a t t e r n s  of i n s e c t s  o t h e r  t han  horn f l y .  

The sampling technique  descr ibed  i n  ( a )  y i e lded  t h e  a b s o l u t e  

number of a d u l t  i n s e c t s  t h a t  exposed pads contained a f t e r  t hey  were l e f t  

i n  t h e  f i e l d  f o r  24 hours .  Diurna l  a c t i v i t y  p a t t e r n s  of t h e  i n s e c t s  

could not  be  determined by t h i s  method. To ga the r  in format ion  on t h e s e ,  

t r a p  sampling of i n s e c t s  o t h e r  than  horn f l y  was conducted on June 19 

and J u l y  1 9 ,  1972. S t i cky  t r a p s  were made from 10  x 10-cm squa res  of 

t h i n  plywood which were l i b e r a l l y  smeared wi th  "Stikem Specia l"  adhes ive  

(Michel and Pe l ton  Co., C a l i f o r n i a ) .  These were sunk 

i 1,000-g a r t i f i c i a l  dung pads,  so  t h a t  t h e  t o p  s u r f a c e  

i n t o  t h e  tops  of 

of t h e  dung was 

t h e  c e n t r e  of each 



Figure  9 Horn f l y  sampling schedule f o r  1971. Th i s  a l s o  
formed t h e  anova model f o r  comparison of t h e  
progeny produced per  female between and w i t h i n  
t r ea tmen t s .  The b a s i c  model was aga in  used when 
examining d a t a  on t h e  number of female f l i e s  
t rapped  a t  pads. 





square  f a c i l i t a t e d  i t s  placement and removal (Fig.  1 0 ) .  

I n s e c t s  walking over t h e  dung s u r f a c e  o f t e n  came i n  con tac t  

w i th  t h e  Stikem; o t h e r s  l a n d  d i r e c t l y  on i t ,  and many of t h e s e  became 

mired i n  i t  a f t e r  t h e  i n i t i a l  c o n t a c t .  This  provided a  s imple method of 

a s s e s s i n g  t h e  r e l a t i v e  abundance of most i n s e c t s  a t t r a c t e d  t o  f r e s h  dung a t  

v a r i o u s  t imes of t h e  day. 

Except f o r  t h e  horn f l y  a c t i v i t y ,  dung i n s e c t  movement i s  

markedly reduced a t  n i g h t .  The a c t i v i t y  sampling was t h e r e f o r e  conducted 

only i n  d a y l i g h t  and near-dayl ight  hours .  Two f r e s h  pads bear ing  s t i c k y  

t r a p s  were s e t  out  about 50 ya rds  a p a r t  i n  t h e  p a s t u r e  a t  0300 hours  and 

covered wi th  l a r g e  open mesh frames t o  prevent  i n t e r f e r e n c e  from c a t t l e  o r  

b i r d s  (Fig.  6 ) .  The t r a p s  were removed every t h r e e  hours  and t h e i r  pads 

covered w i t h  s o i l  t o  e l i m i n a t e  any a t t r a c t i o n  f o r  i n s e c t s .  Another p a i r  of 

f r e s h  dung pads and t r a p s  was then  put  ou t .  The l a s t  p a i r  of s t i c k y  t r a p s  

was c o l l e c t e d  a t  2100 hours.  I n s e c t s  were i d e n t i f i e d  and counted i n  s i t u  -- - 

i n  t h e  l abo ra to ry .  

c )  Coloniza t ion  of dung by i n s e c t s  o t h e r  than  horn f l y .  

One experiment i n  1971 was t o  determine i f  24 hours  i n  t h e  

f i e l d  were s u f f i c i e n t  t o  a l l ow adequate  c o l o n i z a t i o n  of exposed pads by 

o t h e r  s p e c i e s  of i n s e c t s ,  e s p e c i a l l y  t hose  t h a t  a r e  p o t e n t i a l l y  harmful 

t o  t h e  horn f l y .  Mohr (1943) s t a t e d  t h a t  t h e  major c o l o n i z a t i o n  of f r e s h  

dung pads by i n s e c t s  ( i . e . , s p e c i e s  t h a t  u t i l i z e  dung of t h i s  p a r t i c u l a r  

age)  occurred dur ing  t h i s  t ime. This  f i n d i n g  was i n d i r e c t l y  supported 

by t h a t  of Blume e t  a l .  (1970) who found no s i g n i f i c a n t  d i f f e r e n c e  

between t h e  numbers of horn f l i e s  produced by pads exposed t o  o t h e r  

i n s e c t s  (some i n i m i c a l  t o  horn f l y )  f o r  e i t h e r  6 o r  24 hours .  The 
I 



Figure 10 Sticky trap used for assessment of 
insect activity patterns. 
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show t h a t  some coprophilous Coleoptera  reach  t h e i r  peak popula t ions  

w i t h i n  24 hours  a f t e r  t h e  pad i s  voided. 

S ix  a r t i f i c i a l  dung pads weighing 1500 g were placed i n  a  

c a t t l e  p a s t u r e  i n  J u l y  1971, arranged i n  l i n e  and 25 paces a p a r t .  The 

ca t t le -proof  l a r g e  mesh frames covered each pad. Three pads were 

removed a f t e r  24 hours  by s e l e c t i n g  a l t e r n a t e  pads a long  t h e  l i n e .  

These were placed i n  Berlese funne l s  and t h e i r  i n s e c t s  were e x t r a c t e d  

i n t o  a l coho l .  The remaining t h r e e  pads were removed a f t e r  48 hours '  

exposure i n  t h e  f i e l d  and t h e i r  fauna w a s  e x t r a c t e d  i n  t h e  same way. 

d )  P a r a s i t i s m  of horn f l y .  

P a r a s i t i c  Hymenoptera were not  commonly seen  i n  t h e  green- 

house emergence cages t h a t  housed pads taken dur ing  t h e  horn f l y  sampling 

work. The pads were removed from t h e  f i e l d  a f t e r  24 hours ,  and q u i t e  

p o s s i b l y  t h i s  d i d  no t  a l low t ime f o r  c o l o n i z a t i o n  by a l l  p o t e n t i a l  para- 

s i t e s .  Some of t h e  very  smal l  s p e c i e s  may have been a b l e  t o  pas s  

through t h e  0.8-mm mesh on t h e  emergence cages .  Moreover, t h e  method of 

breeding out  t h e  fauna i n  pads made i t  impossible  t o  relate emerged para- 

sites t o  t h e i r  t r u e  h o s t s .  

I n  1972 a t t empt s  were made t o  e s t i m a t e  t h e  degree  of p a r a s i t -  

i s m  on horn f l y .  A b a i t  t r app ing  method was used. On two occas ions  

f o u r  aluminum f o i l  d i s h e s  con ta in ing  1000-g a r t i f i c i a l  dung pads which 

contained 300 horn f l y  eggs near  ha t ch ing  (5 J u l y )  o r  300 young l a r v a e  

(14 J u l y )  were placed ou t  i n  t h e  p a s t u r e ,  and p ro t ec t ed  by l a r g e  mesh 

frames from c a t t l e  and b i r d s .  The eggs were counted onto  smal l  squares  

of f i l t e r  paper (Depner, 1961),  placed on t h e  c e n t r e  of t h e  top  of t h e  

pads, and were p ro t ec t ed  by smal l  i n v e r t e d  funne l s  of f i l t e r  paper w i th  

t h e i r  edges d ipp ing  i n t o  t h e  dung. The f i l t e r  paper squares  were 
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r e t r i e v e d  l a t e r  f o r  record ing  of percentage  ha tch .  When l a r v a e  were used 

they  were counted onto  t h e  dung s u r f a c e .  The pads were c o l l e c t e d  a f t e r  

seven days i n  t h e  f i e l d .  

e )  P reda to r s  of t h e  horn f l y .  

The sampling work i n  ( a )  t h a t  i n v e s t i g a t e d  horn f l y  product ion 

a l s o  provided informat ion  a s  t o  i t s  l i k e l y  i n s e c t  p reda to r s .  The two 

most prominent of t h e s e  were then  used i n  f i e l d  and greenhouse experiments 

i n  an endeavour t o  d e f i n e  t h e i r  i n d i v i d u a l  and combined e f f e c t s  on horn 

f l y  product ion .  

Both s p e c i e s  a r e  b e e t l e s ,  of which one i s  predaceous i n  e i t h e r  

t h e  a d u l t  o r  l a r v a l  s t a g e  whereas t h e  o t h e r  i s  predaceous only  a s  a  l a r v a .  

They were c o l l e c t e d  from dung pads taken  i n  t h e  open rangeland w i t h i n  two 

o r  t h r e e  days of depos i t i on .  The pads were he ld  i n  greenhouse emergence 

cages and p reda to r s  emerged i n t o  t h e  t r a p s .  Bee t l e s  were sepa ra t ed  

according t o  s p e c i e s  and he ld  a t  20•‹C i n  p i n t  c a r t o n s  con ta in ing  damp 

f a c i a l  t i s s u e s  u n t i l  r equ i r ed .  C o l l e c t i o n  of pads con ta in ing  p reda to r s  

was made about 36 hours  be fo re  t h e  s t a r t  of t h e  experiment.  

Ea r ly  i n  t h e  day of t h e  f i e l d  experiments ,  t h e  p reda to r s  were 

anaes the t i zed  wi th  moist  carbon d iox ide ,  s o r t e d ,  and ass igned  t o  t h e  

v a r i o u s  r e p l i c a t e s .  The e f f e c t  of t h e  s h o r t  per iod  of anaes thes i a  on 

t h e  b e e t l e s  was examined and no harmful consequences were noted.  Equal 

numbers of males and females were used where p o s s i b l e ,  P reda to r s  were 

placed i n  v e n t i l a t e d  p l a s t i c  p e t r i  d i s h e s  f i l l e d  wi th  damp f a c i a l  t i s s u e  

and having s h o r t  cork  l e g s  a f f i x e d  t o  t h e  unders ide .  

Experiments s t a r t e d  a t  0900 hours .  When a  s u i t a b l e  pad was 

depos i ted  t h e  female horn f l i e s  were n e t t e d  from i t  i n  e x a c t l y  t h e  same 

f a sh ion  a s  i n  t h e  e a r l i e r  sampling work. A d i s h  con ta in ing  p r e d a t o r s  was 



t hen  placed on t h e  dung be fo re  i t  was covered w i t h  t h e  s tandard  c o n i c a l  

i n s e c t  excluding frame (Fig.  5 ) .  P reda to r s  were then  l i b e r a t e d  i n t o  t h e  

enclosed space by l i f t i n g  t h e  l i d  of t h e i r  p e t r i  d i s h  from t h e  o u t s i d e  

by means of a  l e n g t h  of fusewire .  

Some of t h e  pads s e l e c t e d ,  i n  a  r e g u l a r  sequence, were 

covered i n  t h e  normal way bu t  l e f t  un t r ea t ed  t o  e s t i m a t e  p o t e n t i a l  horn 

f l y  product ion.  These c o n s t i t u t e d  c o n t r o l s .  

The s i n g l e  greenhouse experiment employed three-quar t  mi lk  

c a r t o n s  c u t  down t o  make p o t s  t h a t  were f i l l e d  t o  4 cm depth  wi th  moist  

s o i l ,  which w a s  covered wi th  a  s tandard  q u a n t i t y  of chopped d r y  g r a s s  

s t a l k s .  Th i s  s imula ted  f i e l d  cond i t i ons  where dung i s  u s u a l l y  dropped 

on g r a s s  and i s  supported by t h i s  above t h e  s o i l  s u r f a c e  t o  some e x t e n t ;  

p reda to r s  were t h u s  a f fo rded  e a s i e r  acces s  t o  t h e  unders ide  of t h e  pads 

where they  had a d d i t i o n a l  cover .  Fresh  dung was c o l l e c t e d  and formed 

i n t o  250-g pads i n  t h e  c o n t a i n e r s ,  and 100 horn f l y  eggs were placed on 

a l l  of t hese .  P reda to r s  were confined w i t h i n  t h e  p o t s  wi th  gauze covers .  

RESULTS 

I n s e c t s  Associated w i t h  Fresh C a t t l e  Dung a t  Kamloops. 

A l a r g e  number of dung i n s e c t  s p e c i e s  emerged from t h e  samples 

c o l l e c t e d  i n  t h e  f i e l d .  A few s p e c i e s  i n  a d d i t i o n  t o  t h e s e  were taken  

o c c a s i o n a l l y  dur ing  o t h e r  f i e l d  work. Appendix I l i s t s  t h e s e  i n s e c t s .  The 

l i s t  is  not  exhaus t ive  because t h i s  i n v e s t i g a t i o n  was mainly concerned w i t h  

c e r t a i n  types  of i n s e c t s  which breed i n  t h e  dung, namely: 

- preva len t  coprophagous s p e c i e s  t h a t  might be  important  b a s i c  

u n i t s  i n  food cha ins  w i t h i n  t h e  pads, and which, a long  wi th  

t h e  horn f l y ,  a r e  probably exc lus ive  i n h a b i t a n t s  of f r e s h  dung; 



- predaceous and p a r a s i t i c  i n s e c t s  t h a t  u t i l i z e  t h e  

coprophagous s p e c i e s ;  

- s p e c i e s  t h a t  manipulate  t h e  dung mass. 

Coffey (1966) and Poorbaugh, Anderson, and Burger (1968) gave 

ex tens ive  l i s t s  of f l i e s  a s s o c i a t e d  w i t h  c a t t l e  dung i n  sou theas t e rn  

Washington and i n  C a l i f o r n i a ,  r e s p e c t i v e l y .  These a u t h o r s  c o l l e c t e d  

f l i e s  t h a t  were a t t r a c t e d  t o  dung, a s  w e l l  as those  r e a r e d  from i t ,  and i t  

i s  l i k e l y  t h a t  some of t h e  s p e c i e s  t hey  mention a r e  p re sen t  a t  Kamloops 

b u t  a r e  no t  l i s t e d  i n  Appendix I because they  do no t  breed i n  c a t t l e  dung. 

Some s p e c i e s  t h a t  a c t u a l l y  breed i n  dung may have been omit ted because of 

t h e i r  e r r a t i c  occurrence  o r  low numbers b u t  i t  i s  h i g h l y  u n l i k e l y  t h a t  any 

moderately p reva len t  dung-breeding s p e c i e s  a r e  not  included.  Nearly a l l  

t h e  s p e c i e s  p re sen t  a t  h ighe r  e l e v a t i o n s  i n  t h e  g ra s s l and  and t imber  zones 

were taken a t  dung i n  t h e  i r r i g a t e d  p a s t u r e ,  though sometimes t h e r e  were 

d i f f e r e n c e s  i n  t h e  r e l a t i v e  numbers of a s p e c i e s  co lon iz ing  dung i n  t h e  two 

s i t u a t i o n s .  

Where p o s s i b l e  t h e  geographical  o r i g i n  of each s p e c i e s  was 

determined,  e i t h e r  from t h e  l i t e r a t u r e  o r  by communication wi th  t h e  

a u t h o r i t y  r e s p o n s i b l e  f o r  t h e  i d e n t i f i c a t i o n .  Species  a r e  des igna ted  

e x o t i c  i f  t h e r e  is  documentation t h a t  t hey  were in t roduced  i n t o  North 

America s i n c e  t h e  a r r i v a l  of t h e  Europeans and n a t i v e  i f  i t  i s  consid-  

e red  t h a t  they  have a n a t u r a l  Nea rc t i c  d i s t r i b u t i o n .  For many s p e c i e s  

t h a t  c u r r e n t l y  have a H o l a r c t i c  d i s t r i b u t i o n ,  i t  i s  impossible  t o  d e t e r -  

mine an  a r e a  of o r i g i n  wi th  c e r t a i n t y .  These have a ques t ion  mark (?) 

i n  t h e  column des igna t ing  t h e i r  o r i g i n  (Appendix I) .  I f  f o r  t h e s e  

H o l a r c t i c  spec i e s  t h e r e  i s  some b u t  no t  d e f i n i t i v e  evidence f o r  a c e r t a i n  

o r i g i n ,  t h e  ques t ion  mark appears  a f t e r  t h e  p o s s i b l e  o r i g i n ,  e . g . ,  Native? 



An assessment by fami ly  of t h e  o r i g i n s  of t h e  i n s e c t s  l i s t e d  

i n  Appendix I fo l lows:  

ORDER NUMl3ER OF IDENTIFIED SPECIES 

Known o r  thought Known o r  thought 
t o  be  n a t i v e  t o  be e x o t i c  

COLEOPTERA 1 3  15 

DIPTERA 9 10 

HYMENOPTERA 5 - 

Horn Fly  Product ion i n  t h e  Absence of Other I n s e c t s  

The d i u r n a l  and seasonal  o v i p o s i t i o n  p a t t e r n  of t h e  horn f l y  

w a s  a s se s sed  from t h e  counts  of a d u l t  females  t h a t  were t rapped  a s  t hey  

l e f t  t h e  f r e s h  dung du r ing  1971. Addi t iona l  in format ion  was obta ined  dur-  

i n g  t h e  two supplementary sampling pe r iods  c a r r i e d  ou t  i n  1972. It was 

assumed t h a t  a l l  females  t rapped a t  ?lads had been o v i p o s i t i n g .  

P o t e n t i a l  horn f l y  product ion  i n  t h e  f i e l d  was es t imated  by 

horn f l y  progeny t h a t  emerged from t h e  covered pads. Usual ly few, i f  any 

o t h e r  i n s e c t s  managed t o  ga in  acces s  t o  t h e s e .  Occas iona l ly  Phi lonthus  

c r u e n t a t u s  and Sphaeridium scarabaeoides  b e e t l e s  were taken from covered 

pads,  having u s u a l l y  reached them whi l e  t hey  were be ing  processed.  

The number of horn f l y  females  t rapped a t  each covered pad t o -  

ge the r  wi th  t h a t  of t h e i r  progeny was used t o  measure t h e  number of o f f -  

s p r i n g  per  female t h a t  grew t o  ma tu r i t y  i n  any time i n t e r v a l .  Regression 

of t h e  number of a d u l t  progeny produced per  pad on t h e  number of parent  

females  t rapped showed a  h igh ly  s i g n i f i c a n t  r e l a t i o n s h i p  (P<0.001) f o r  s i x  

ou t  of t h e  e i g h t  3-hour t ime i n t e r v a l s  ( t h e  o t h e r  two were s i g n i f i c a n t  a t  



P<0.01 and P<0.05) ,  and f o r  a l l  e i g h t  i n t e r v a l s  combined (N=86; Y=2.11 f 

5.15X; r=0.825).  Use of t h e  l a t t e r  r e l a t i o n s h i p  a s  an index of the  number 

of eggs l a i d  would assume t h a t  t h e r e  was no d i f f e r e n c e  i n  n a t u r a l  m o r t a l i t y  

of immature s t a g e s  a r i s i n g  from eggs l a i d  i n  each t i m e  i n t e r v a l .  It i s  

not  known a t  t h i s  t ime i f  n a t u r a l  m o r t a l i t y  (used h e r e  t o  mean a l l  causes  

of m o r t a l i t y  o t h e r  t han  by ar thropods)  v a r i e s  w i th  t ime of o v i p o s i t i o n .  

a )  Diurnal  and seasonal  o v i p o s i t i o n  p a t t e r n  of  females .  

The d i u r n a l  o v i p o s i t i o n  p a t t e r n  of horn f l y  females  i s  rep- 

r e sen ted  i n  Fig.  11 f o r  t h e  sampling pe r iods  i n  1971 and 1972. There i s  

no cons t an t  p a t t e r n  ev iden t  i n  t h e  number of female f l i e s  t h a t  v i s i t e d  

f r e s h  pads throughout t h e  day. I n  some sampling pe r iods  (e .g . ,  11, 111, 

I V  i n  1971 and e s p e c i a l l y  I i n  1972) t h e r e  i s  a  t r end  of  g radua l ly  

i nc reas ing  numbers of o v i p o s i t i n g  females from e a r l y  morning u n t i l  t h e  

1800-2100 i n t e r v a l ,  a f t e r  which ( i . e . ,  i n  darkness)  t h e r e  was a n  apparent  

d e c l i n e .  I n  t h e  o t h e r s  t h i s  t r end  was not  ev iden t .  Occas iona l ly  some 

male horn f l i e s  were t rapped a long  wi th  t h e  females ,  bu t  i n  no c a s e  d i d  

t h e  number ever  exceed t h r e e  per  pad. 

Anovas of t h e  female horn f l y  d a t a  showed h i g h l y  s i g n i f i c a n t  

d i f f e r e n c e s  between sampling pe r iods  and between t i m e  i n t e r v a l s  i n  t h e  

number of f l i e s  t rapped a t  pads;  t h e r e  were a l s o  s i g n i f i c a n t  d i f f e r e n c e s  

i n  t h e  number of f l i e s  t rapped w i t h i n  most sampling pe r iods  and t ime 

i n t e r v a l s  (Appendix 11, Table 1 ) .  Data t h e r e f o r e  could not  b e  pooled 

f o r  t h e  season i n  e i t h e r  case .  

Seasonal v a r i a t i o n  i n  t h e  numbers of female horn f l i e s  

t rapped a t  f r e s h  dung pads i n  1971 i s  shown i n  F ig .  12.  Large ranges  

i n  t h e  numbers t rapped were encountered i n  a l l  sampling pe r iods .  R e s u l t s  



Figure  11 Diurnal  v a r i a t i o n  i n  t h e  number of female horn f l i e s  
t rapped a t  f r e s h  dung pads du r ing  1971 and 1972. For 
each t ime i n t e r v a l  t h e  range  and mean a r e  presented .  
The number of obse rva t ions  i s  g iven  bes ide  each mean. 
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Figure  1 2  Seasonal v a r i a t i o n  i n  t h e  number of female horn f l i e s  
t rapped a t  f r e s h  dung pads du r ing  1971. For each 
sampling per iod  t h e  range and mean a r e  presented  w i t h  
t h e  number of obse rva t ions  above each range. The 
d u r a t i o n  of each sampling per iod  i s  i n d i c a t e d  by s h o r t  
arrows and v e r t i c a l  l i n e s  above t h e  a b s c i s s a .  
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show a  t r end  of  i n c r e a s i n g  average number of f l i e s  t rapped  as t h e  season 

progressed.  Peak numbers of f l i e s  were t rapped  i n  l a t e  J u l y  and e a r l y  

August, presumably corresponding t o  a  peak i n  horn f l y  numbers on c a t t l e  

dur ing  t h i s  pe r iod .  From t h a t  t ime onwards, replacement of f l i e s  s u f f e r i n g  

n a t u r a l  m o r t a l i t y  decreased  due t o  a n  i n c r e a s i n g  p ropor t ion  of t h e  popula- 

t i o n  becoming immobilized a s  d iapaus ing  pupae. 

Some horn  f l i e s  ov ipos i t ed  whenever f r e s h  dung was passed,  

except  when numbers on c a t t l e  were ve ry  low (e .g. ,  e a r l y  i n  t h e  season)  o r  

when low tempera tures  i n h i b i t e d  t h e i r  a c t i v i t y .  

Horn f l y  a c t i v i t y  i s  dependent on ambient tempera tures  (Bruce, 

1964).  A s  soon a s  sunshine  reached t h e  p a s t u r e  and a i r  temperature r o s e  

i n  t h e  e a r l y  mornings, a  n o t i c e a b l e  i n c r e a s e  i n  f l y  a c t i v i t y  occurred.  The 

f l i e s  were s l u g g i s h  a t  dung on coo l  mornings. Allowance was made f o r  t h i s  

when n e t t i n g  t h e  a d u l t s  which a t  such t imes  d i d  no t  ascend qu ick ly  i n t o  

t h e  t r a p .  The n e t  t h e r e f o r e  was kept  i n  p l a c e  f o r  another  f i v e  minutes  

( t o t a l  n e t t i n g  t i m e  was then  14 minutes) .  Af t e r  t h i s  t ime any f l i e s  no t  i n  

t h e  t r a p  were on t h e  n e t  o r  t h e  dung s u r f a c e  and were e a s i l y  counted,  and 

t h e i r  number was added t o  t h a t  of t h e  t rapped  f l i e s .  Very h igh  temper- 

a t u r e s  a l s o  appeared t o  reduce t h e  number of f l i e s  a t t r a c t e d  t o  pads. 

When tempera tures  were warm, t h e  f i r s t  horn f l i e s  g e n e r a l l y  

appeared i n  t h e  t r a p  w i t h i n  30 seconds of p l ac ing  t h e  n e t  over  a pad. 

The f a c t  t h a t  g e n e r a l l y  s e v e r a l  minutes  were r equ i r ed  f o r  a l l  n e t t e d  horn 

f l i e s  t o  e n t e r  t h e  t r a p  was evidence t h a t  o v i p o s i t i o n  was no t  unduly 

d i s t u r b e d  by t h e  b l ack  n e t ;  o therwise ,  i t  would be  expected t h a t  most of 

t h e  f l i e s  would have en tered  t h e  t r a p  s imul taneous ly  a s  soon a s  t h e  n e t  
& - 

was placed over  t h e  dropping.  Most o r  a l l  of t h e  f l i e s  o f t e n  were i n  t h e  



t r a p  w i t h i n  f i v e  minutes  a f t e r  t h e  d e p o s i t i o n  of t h e  pad. T e s t s  made by 

s u b s t i t u t i n g  a  second n e t  f o r  t h e  o r i g i n a l  a f t e r  t h e  f i r s t  t e n  minutes 

showed t h a t  on a l l  b u t  t h e  c o l d e s t  mornings a l l  f l i e s  were i n  t h e  t r a p  

w i t h i n  10  minutes .  

Because of t h e i r  coordinated response  t o  d e f e c a t i o n  of t h e  

h o s t ,  t h e  m a j o r i t y  of horn f l i e s  t h a t  o v i p o s i t  on a  pad probably come from 

i t s  producer ,  e s p e c i a l l y  when t h i s  animal i s  some d i s t a n c e  away from o t h e r  

c a t t l e .  When o t h e r  c a t t l e  a r e  i n  c l o s e  proximity t o  a  d e f e c a t i n g  b e a s t ,  

some of t h e i r  own horn f l i e s  a r e  probably a t t r a c t e d  t o  t h e  f r e s h  pad. 

Marked d i f f e r e n c e s  were noted i n  s i z e  of horn f l y  i n f e s t a t i o n s  on i n d i v i d u a l  

c a t t l e  and t h e s e  g e n e r a l l y  p e r s i s t e d  throughout t h e  season.  No c o r r e l a t i o n  

was de t ec t ed  between t h e  horn f l y  i n f e s t a t i o n  of a n  animal and t h e  number 

of horn f l i e s  a t t r a c t e d  t o  i t s  pads. Because of t h e  g r e a t  v a r i a b i l i t y  

encountered i n  numbers of f l i e s  o v i p o s i t i n g  on covered pads i n  any sampling 

pe r iod ,  and t h e  low number of pads observed f o r  individual .  animals  (range 

0-8 f o r  a  t o t a l  of 86 pads from 30 c a t t l e )  t h e  p o s s i b i l i t y  t h a t  t h e r e  i s  a  

c o r r e l a t i o n  between t h e  two v a r i a b l e s  should not  be d iscounted .  

b) Diurnal and seasonal  progeny product ion.  

The number of progeny produced pe r  female horn f l y  when o t h e r  

i n s e c t s  d i d  not  have acces s  t o  pads (covered pads) i s  shown i n  F ig .  13 ,  

r e p r e s e n t i n g  a l l  sampling pe r iods  i n  1971. A s  obse rva t ions  a r e  completely 

miss ing  f o r  covered pads i n  t h e  0000-0300 i n t e r v a l  i n  I, and a l s o  f o r  t h e  

2100-2400 i n t e r v a l  i n  V I ,  t h e  method of Yates  ( S t e e l  and T o r r i e ,  1960) was 

used t o  e s t ima te  one v a l u e  f o r  each i n t e r v a l ,  a f t e r  which t h e  anovas were 

completed and ad jus tments  made t o  t o t a l  and e r r o r  degrees  of freedom where 

necessary .  



Figure  1 3  Number of horn f l y  progeny t h a t  emerged from 
covered and exposed pads dur ing  1971. The 
range of e s t i m a t e s  of t h e  mean number of progeny 
produced pe r  female horn f l y  and t h e  o v e r a l l  mean 
a r e  presented  f o r  each t ime i n t e r v a l .  The number 
of obse rva t ions  i s  i n d i c a t e d  by a  f i g u r e  c l o s e  t o  
each mean. Absence of a  f i g u r e  bes ide  a mean 
i n d i c a t e s  a  s i n g l e  observa t ion .  An a s t e r i s k  
i n d i c a t e s  t h a t  no obse rva t ion  was made. 



2 -- 

I I 10 
27 June- 

1July 5 -  

0 

- 
SAMPLING l5 
PERIOD 1 2 

10 
I I I 

14-19 July 5 

0 

9-14 June 

5 

- 2 

20 

15 

TIME INTERVAL 

0 

r- 2 - 

2 

10 ' 
v 

r 2 

- 
3 

I I I I I  

- I- 

- 

- 

9-12 Aug 5 - 
7 =1 

r- 

* b  I 2 

2 3 
2 

- 
IV 10 - 
31 July- 

4 Aug 
- 

0 I 

- 

3 2 

I 

-. 

d 

0 n I 1 I I I 

r 

I 

1 

2 
1 

3 

7 I I 

- - 2 
3 

C 

I I I 

T I 

2 2 
I r L l  Ti I 

2 2 
I  I I  I I I 

3 
3 I 1 I 

3 
I 



Anovas of t h e  d a t a  f o r  progeny product ion  of  covered pads 

showed s i g n i f i c a n t  d i f f e r e n c e s  between sampling pe r iods  and t ime i n t e r -  

v a l s ,  and w i t h i n  sampling pe r iods ,  bu t  no t  w i t h i n  t ime i n t e r v a l s  (Appendix 

11, Table 3 ,  covered pads) .  The d a t a  f o r  each t ime i n t e r v a l  could 

t h e r e f o r e  be pooled f o r  t h e  s i x  sampling pe r iods ,  and a r e  presented i n  

Fig.  14 (covered pads) .  There was a  t r end  toward g r e a t e s t  progeny 

product ion  per  female i n  t h e  e a r l y  morning, and l e a s t  i n  t h e  e a r l y  evening. 

S i g n i f i c a n t  d i f f e r e n c e s  between means i n  t ime i n t e r v a l s  ( a s  i nd ica t ed  by 

t h e  anova above) were loca t ed  by use  of t h e  t - t e s t .  It was found t h a t  i n  

t h e  0300-0600 t ime i n t e r v a l ,  s i g n i f i c a n t l y  more progeny per  female were 

produced than  i n  t h e  fo l lowing  i n t e r v a l s :  0900-1200, 1500-1800, and 1800- 

2100, Also, progeny product ion  i n  t h e  1800-2100 i n t e r v a l  was s i g n i f i c a n t l y  

lower than  i n  t h e  0900-1200 and 2100-2400 i n t e r v a l s  (and t h e  0300-0600 

i n t e r v a l  a l r e a d y  mentioned).  

The t r end  of g r e a t e r  progeny product ion  per  female f l y  i n  t h e  

e a r l y  morning was confirmed i n  two more sampling pe r iods  i n  1972. Sampling 

w a s  conducted from 0300-2100 ( i . e . ,  1 8  hours  only)  because t h i s  per iod  

included both  t h e  0300-0600 and 1800-2100 i n t e r v a l s ,  t h a t  had shown t h e  

g r e a t e s t  apparent  d i f f e r e n c e  i n  number of progeny per  female throughout 

1971. Progeny per  female i n  t h e  0300-0600 i n t e r v a l  was s i g n i f i c a n t l y  

h ighe r  than  t h a t  i n  any o t h e r  i n t e r v a l  f o r  bo th  sampling pe r iods  

(Appendix 11, Table 4 ) .  I n  a l l  o t h e r  i n t e r v a l s  progeny product ion  was 

remarkably uniform. I n  t h e  0300-0600 i n t e r v a l  of t h e  f i r s t  sampling 

per iod  i n  1972, 20 progeny were produced per  female.  Th i s  i s  approximately 

twice  t h e  number produced i n  t h e  corresponding i n t e r v a l  i n  t h e  second 

sampling p e r i o d ,  1972, and 2.4 t imes  t h e  mean va lue  obta ined  f o r  t h i s  



FTgure 14 Number of horn fly progeny that emerged from 
covered and exposed pads during each time 
interval in 1971. Data were pooled for the 
six sampling periods and the values presented 
are means and their confidence intervals 
(retransformed to original scale of measure- 
ment), with number of observations near each 
mean. 
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time i n t e r v a l  i n  1971 (Fig.  1 4 ) .  

There a r e  s e v e r a l  p o s s i b l e  explana t ions  f o r  t h e  observed 

d i f f e r e n c e s  i n  number of progeny p e r  female developing from eggs l a i d  

a t  va r ious  t imes of t h e  day. One of t h e  most l i k e l y  i s  t h a t  t h e r e  i s  

i n  f a c t  a d i u r n a l  rhythm i n  o v i p o s i t i o n ,  w i th  g r e a t e s t  numbers of eggs 

being l a i d  by females  dur ing  t h e  0300-0600 i n t e r v a l .  

The progeny produced per  female f o r  each sampling per iod  when 

o t h e r  i n s e c t s  d i d  no t  have acces s  t o  pads i s  shown i n  F ig .  1 5  (covered 

pads) .  S i g n i f i c a n t  d i f f e r e n c e s  w i t h i n  one sampling pe r iod  (Appendix 11, 

Table 3) prevented pool ing of t h e  d a t a  f o r  each. Progeny product ion  

ranged between s i m i l a r  wide l i m i t s  f o r  sampling pe r iods  I ,  11, and I V .  

A f t e r  t h i s  t h e r e  occurred a narrowing t r end  i n  t h e  range of V and V I  a s  

t h e  horn f l y  a c t i v i t y  season  was drawing t o  a c l o s e .  Many d iapaus ing  

pupae were encountered i n  t h e  f i n a l  sampling per iod  (VI). The pads taken 

dur ing  t h i s  per iod  were placed i n  a co ld  room a t  1.6'C f o r  four  months t o  

break  d iapause ,  t hen  he ld  a t  27'C and 70% r e l a t i v e  humidity u n t i l  i n s e c t s  

ceased t o  emerge. The imp l i ca t ions  of t h i s  w i l l  be  considered l a t e r  when 

reviewing t h e  e f f e c t  of o t h e r  i n s e c t s  on horn f l y  product ion .  

The g r e a t e s t  number of progeny r ea red  from a s i n g l e  l a r g e  

covered pad was 658 f l i e s  der ived  from 79 o v i p o s i t i n g  females  i n  mid- 

August, 1971. Yie lds  of over  400 f l i e s  per  pad were uncommon. 

It i s  no t  known how many eggs a r e  normally l a i d  by a female 

horn f l y  pe r  o v i p o s i t i o n ,  bu t  i t  i s  probable t h a t  they  never  d e p o s i t  

t h e i r  f u l l  complement on one pad. Bruce (1964) recorded t h e  normal f u l l  

complement of eggs i n  n u l l i p a r o u s  f l i e s  as 24. On two occas ions  i n  t h i s  

i n v e s t i g a t i o n ,  t h e  remaining eggs were d i s s e c t e d  from 20 horn f l i e s  

caught  during t h e  sampling ( i . e . ,  a f t e r  a t  l e a s t  one o v i p o s i t i o n  



Figure  1 5  Number of horn f l y  progeny t h a t  emerged from 
covered and exposed pads dur ing  each sampling 
per iod  i n  1971. The ranges of progeny produced 
p e r  female f l y  a r e  given toge the r  wi th  o v e r a l l  
means. Numbers of obse rva t ions  appear a t  t h e  
top  of each range. 
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oppor tuni ty) .  The number of eggs remaining ranged from 0 t o  32. 

Horn Fly  Product ion i n  t h e  Presence of Other I n s e c t s .  

a )  The g ros s  e f f e c t  of o t h e r  i n s e c t s  on horn f l y  product ion .  

Coloniza t ion  of f r e s h  dung commenced t h e  moment a  new pad was 

dropped. Horn f l i e s  a r r i v e d  f i r s t  and s h o r t l y  t h e r e a f t e r  many s p e c i e s  of 

f l i e s  and b e e t l e s  found t h e  pad and remained f o r  vary ing  pe r iods  of t ime. 

Female horn f l i e s  o f t e n  l a i d  one o r  more eggs on t h e  t o p  s u r f a c e  of t h e  

pad be fo re  moving t o  t h e  underside.  A s  many a s  s ix  eggs were l a i d  i n  t h i s  

l o c a t i o n  by i n d i v i d u a l  females .  Other p reva len t  coprophagous muscoid f l i e s  

(e.g. ,  Ravinia  spp. ,  and O r t h e l l i a  caesa r ion )  l a r v i p o s i t e d  o r  ov ipos i t ed  

on t h e  dung i n  t h e  few hours  be fo re  a  f i r m  c r u s t  formed, a s  d i d  many o t h e r  

d i p t e r o u s  s p e c i e s .  The b e e t l e s  remained i n  o r  beneath t h e  dung, t h e i r  

numbers r i s i n g  and f a l l i n g  a t  a  much slower r a t e  t han  was ev iden t  f o r  t h e  

f l i e s .  With c e r t a i n  of t h e s e  s p e c i e s  t h e r e  may b e  f r equen t  i n t e rchange  of 

i n d i v i d u a l s  between f r e s h  pads. However, i n  each pad t h e r e  is  f o r  each 

b e e t l e  s p e c i e s  a n e t  g a i n  i n  numbers followed by a  n e t  d e c l i n e  a s  t h e  pad 

ages .  

Table I1 shows t h e  number of b e e t l e s  t h a t  were p resen t  i n  

a r t i f i c i a l  dung pads a f t e r  be ing  exposed when f r e s h  t o  n a t u r a l  c o l o n i z a t i o n  

i n  t h e  f i e l d  f o r  two d i f f e r e n t  t ime pe r iods .  Many of t h e s e  b e e t l e s  a r e  

p reda to r s  of t h e  horn f l y ,  o r  i n  compet i t ion  wi th  i t .  I n  a l l  b u t  one c a s e  

t h e r e  were more i n d i v i d u a l s  p re sen t  a f t e r  48 hours '  exposure than  a f t e r  

24;  however, most of t h e  p o t e n t i a l l y  important  s p e c i e s  were w e l l  represented  

a f t e r  24 hour s ,  e s p e c i a l l y  Sphaeridium. The e f f e c t  on horn  f l y  of t h e  

groups o r  s p e c i e s  l i s t e d  i n  Table I1 is d iscussed  l a t e r  i n  t h i s  chap te r .  



Table I1 Number of  i n d i v i d u a l s  of  va r ious  b e e t l e  s p e c i e s  t h a t  were p r e s e n t  
i n  a r t i f i c i a l  dung pads exposed when f r e s h  f o r  two d i f f e r e n t  t imes 
t o  n a t u r a l  c o l o n i z a t i o n  by i n s e c t s  i n  i r r i g a t e d  p a s t u r e  a t  
Kamloops, J u l y ,  1971. Three r e p l i c a t e s  of  each exposure time 
were used. 

Species  o r  group 

9haer id ium sca rabaeo ides  

9haer id ium lunatum 

lphaeridium bipus tu la tum 

' h i lon thus  c r u e n t a t u s  

: o t a l  S t aphy l in idae  

hthophagus nuch ico rn i s  

~phodius  f o s s o r  

,phodius f i m e t a r i u s  

h a l l  Aphodiinae 

Number of  Bee t l e s  

Exposed 24 hours  
Range Mean 

66 

24 

5 

14 

17 

5 9 

- 
1 5  

27 

Exposed 48 hours  
Mean Range 



1 )  Diurna l  v a r i a t i o n  i n  t h e  e f f e c t  of o t h e r  i n s e c t s :  The 

e f f e c t  of o t h e r  i n s e c t s  on horn f l y  product ion  was measured by comparing 

t h e  mean number of progeny produced per  female f o r  t h e  covered pads ( i . e . ,  

without  o t h e r  i n s e c t s )  w i th  t h a t  produced by exposed pads ( i . e . ,  w i t h  

o t h e r  i n s e c t s )  i n  each t ime i n t e r v a l .  F igure  1 3  shows t h e  e f f e c t  of t h e  

presence  of o t h e r  i n s e c t s  on horn f l y  product ion  f o r  each of  t h e  s i x  

sampling pe r iods  i n  1971. Covered pads tended t o  produce more progeny pe r  

female than  exposed pads. Horn f l i e s  u s u a l l y  emerged 1-2 days earlier 

from exposed pads than  from covered pads taken  a t  t h e  same t i m e .  I n  t h e  

fo l lowing  evening t i m e  i n t e r v a l s  t h e  number of a d u l t  progeny produced per  

female f l y  f o r  t h e  covered pads was ze ro ,  and t h e r e f o r e  less than  o r  equal  

t o  t h e  number of progeny produced by t h e  exposed pads: ( i )  0000-0300, 

sampling per iod  I; ( i i )  0000-0300 and 2100-2400, sampling per iod  11; and 

( i i i )  2100-2400, sampling per iod  V I .  

These anomalous r e s u l t s  were caused e i t h e r  by t o t a l  l a c k  of 

o v i p o s i t i n g  females ,  by females  which f o r  some reason  produced no progeny, 

o r  by t o t a l  absence of covered pads du r ing  one time i n t e r v a l .  

S u b s t a n t i a l  suppress ion  of  horn f l i e s  occurred due t o  t h e  

presence  of o t h e r  i n s e c t s .  There was a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  number of progeny produced pe r  female between covered and exposed pads 

(Appendix 11, Table 2 ) .  There were a l s o  s i g n i f i c a n t  d i f f e r e n c e s  i n  

progeny per  female f o r  t rea tment  between sampling pe r iods  and between 

t ime i n t e r v a l s .  

A s  p r ev ious ly  desc r ibed ,  s e p a r a t e  anovas were then  employed 

f o r  covered and exposed pads,  comparing progeny per  female between and 

w i t h i n  sampling pe r iods  and t ime i n t e r v a l s  (Appendix 11, Table 3) .  No 



s i g n i f i c a n t  d i f f e r e n c e s  i n  progeny pe r  female were d e t e c t e d  w i t h i n  t ime 

i n t e r v a l s  f o r  covered pads;  however, t h e r e  were d i f f e r e n c e s  w i t h i n  2 ou t  

of t h e  8  t ime i n t e r v a l s  f o r  exposed pads. These d i f f e r e n c e s  were p re sen t  

i n  t h e  1500-1800 and 2100-2400 t ime i n t e r v a l s  (Appendix 11, Table 3 ( c ) ) .  

Fu r the r  examination of t h e  d a t a  i n  t h e s e  two i n t e r v a l s  showed t h a t  t h e  

s i g n i f i c a n t  d i f f e r e n c e s  were due t o  two s i n g l e  v a l u e s  and one p a i r  of 

v a l u e s  t h a t  were unusual ly  h ighe r  o r  lower t han  t h e  o t h e r s  i n  t h e  i n t e r v a l .  

A s  t h e  r eco rds  showed good b i o l o g i c a l  reasons  f o r  suspec t ing  t h a t  t h e s e  

were a b e r r a n t  r e s u l t s ,  t o  accept  t h e  s i g n i f i c a n t  d i f f e r e n c e s  p re sen t  i n  

t h e  two i n t e r v a l s  would thereby  cause a  t ype  I e r r o r  (Sokal and Rohlf ,  

1969).  The a b e r r a n t  r e s u l t s  were d iscarded  and t h e  remaining d a t a  pooled 

f o r  exposed pads i n  each t ime i n t e r v a l  f o r  1971 (Fig.  14 ) .  

D i f f e rences  between t h e  means f o r  exposed pads i n  F ig .  14 

were t e s t e d  by t h e  t - t e s t .  More progeny per  female were produced by 

exposed pads i n  t h e  0900-1200 i n t e r v a l  t han  i n  t h e  0600-0900, 1200-1500, 

1500-1800, and 1800-2100 i n t e r v a l s ,  b u t  no t  i n  t h e  0000-0300, 0300-0600 o r  

2100-2400 i n t e r v a l s .  There were however no g r o s s  f l u c t u a t i o n s  i n  t h e  

number of progeny produced per  female by exposed pads throughout t h e  day. 

The s i g n i f i c a n c e  of d i f f e r e n c e s  between p a i r s  of means i n  

each t ime i n t e r v a l  (Fig.  14)  was found by u s e  of t h e  t - t e s t  (Appendix 11, 

Table 5) .  I n  a l l  i n t e r v a l s ,  t h e  mean number of progeny per  female produced 

by exposed pads was s i g n i f i c a n t l y  lower than  t h e  corresponding number f o r  

covered pads. Per  cen t  suppress ion  of horn f l y  v a r i e d  from 60 i n  t h e  0900- 

1200 i n t e r v a l  t o  83  i n  both  t h e  0300-0600 and 1500-1800 i n t e r v a l s  1% sup- 

p r e s s i o n  = 100 (covered progeny - exposed progeny) / covered progeny]. 

Suppression of horn f l y  caused by t h e  presence of o t h e r  i n s e c t s  t hus  was 

s u b s t a n t i a l  a t  a l l  t imes  of t h e  day. 



A comparison of suppress ion  v a l u e s  does not  r e v e a l  t h e  

complete d e t a i l s  of insect-cansed m o r t a l i t y .  F i g u r e  1 4  shows t h a t  t h e r e  

were b i g  d i f f e r e n c e s  i n  t h e  a c t u a l  r educ t ion  of progeny per  female a t  

v a r i o u s  t imes of t h e  day when o t h e r  i n s e c t s  were p re sen t .  Values ranged 

from 2 .3  progeny per  female i n  t h e  1800-2100 i n t e r v a l  t o  6.8 progeny per  

female i n  t h e  0300-0600 i n t e r v a l .  It remained t o  b e  determined a s  t o  

which s p e c i e s  were r e s p o n s i b l e  f o r  t h e  g r e a t e s t  r educ t ion  i n  horn f l y  

numbers. 

2)  Seasonal v a r i a t i o n  i n  t h e  e f f e c t  of o t h e r  i n s e c t s :  

S i g n i f i c a n t  d i f f e r e n c e s  were found w i t h i n  sampling pe r iods  f o r  progeny per  

female from covered and exposed pads (Appendix 11, Table 3 ( b ) ) .  While 

only  one sampling per iod  was involved i n  each c a s e ,  examination of t h e  

o r i g i n a l  d a t a  showed no reason  t o  suspec t  t h a t  any va lues  should be 

r e j e c t e d .  Therefore  t h e  d a t a  could n o t  b e  pooled f o r  t h e  season i n  t h e  

same f a sh ion  a s  was done f o r  t ime i n t e r v a l s .  

Seasonal v a r i a t i o n  i n  t h e  mean number of  progeny produced pe r  

female horn f l y  i n  1971 is  shown i n  F ig .  15. The covered pads have been 

d e a l t  w i th  a l r eady .  In spec t ion  of Fig.  15  sugges t s  t h a t  a r e l a t i v e l y  

cons t an t  and lower number of progeny per  female emerged from exposed pads . 

throughout t h e  season,  so  t h a t  suppress ion  of horn f l y  by o t h e r  . i n s e c t s  

was always s u b g t a n t i a l .  

There i s  a  t r end  of dec reas ing  number of progeny per  female 

ev iden t  f o r  covered p a d s ' i n  t h e  l a s t  two sampling pe r iods  (V and VI) .  A 

s i m i l a r  t rend  is  no t  apparent  f o r  exposed pads i n  V and V I .  It has  been 

mentioned t h a t  many d iapaus ing  pupae were encountered i n  t h e  pads taken  

du r ing  V I  and t h a t  t h e s e  pads were kep t  over t h e  win te r  and sub jec t ed  t o  

co ld  t rea tment  t o  break  d iapause .  Emergence of d iapaus ing  i n d i v i d u a l s  was 



t hus  obta ined  a r t i f i c i a l l y  e a r l y  i n  t h e  1972 s p r i n g .  Th i s  t rea tment  may 

have caused e x t r a  horn f l y  m o r t a l i t y  i n  V I  as compared t o  t h e  o t h e r  f i v e  

pe r iods ;  i t  would have decreased t h e  number of progeny produced per  f l y .  

Any s e v e r e  m o r t a l i t y  i n  V I  caused by co ld  t rea tment  would, however, have 

occurred i n  bo th  t h e  covered and exposed pads i n s t e a d  of i n  t h e  covered 

pads only .  Because t h e r e  was no apparent  d e c l i n e  i n  t h e  number of progeny 

pe r  female produced by exposed pads,  t h i s  may be  evidence t h a t  t h e  co ld  

t rea tment  d i d  no t  a f f e c t  s u r v i v a l  i n  V I  s i g n i f i c a n t l y .  A l t e r n a t i v e l y ,  i f  

t h e  e f f e c t  of o t h e r  i n s e c t s  on horn f l y  was reduced i n  l a t e  August, i t  

would cause  a r e l a t i v e  i n c r e a s e  i n  t h e  number of progeny per  female pro- 

duced by exposed pads. This  would coun te rac t  t o  some e x t e n t  any dec rease  

i n  progeny product ion  of exposed pads t h a t  was caused by t h e  cold t r e a t -  

ment. Counts of o t h e r  i n s e c t s  from exposed pads taken  i n  V I  showed 

s l i g h t l y  more S taphy l in idae  bu t  on ly  one t h i r d  a s  many Sphaeridium 

b e e t l e s  i n  comparison wi th  V.  These two groups a r e  thought t o  be  major 

p r e d a t o r s  on horn f l y ;  t h e  r educ t ion  i n  numbers of Sphaeridium may have 

eased p reda t ion  p re s su re  i n  V I .  

Diapausing horn f l i e s  may have been p re sen t  i n  V , , b u t  were 

no t  recorded.  It i s  u n l i k e l y  t h a t  t h e r e  were many. Some of t h e  l a r v a e  

would have been predisposed t o  e n t e r  d iapause  a t  t h a t  t ime,  b u t  t hey  

probably would no t  have done so  because of ve ry  h igh  ambient temperatures  

(Depner, 1961) t h a t  p reva i l ed  then  (up t o  38OC maximum). Sampling per iod  

V I  was completed under much c o o l e r  cond i t i ons .  



b)  The i n d i v i d u a l  e f f e c t s  of o t h e r  i n s e c t s  on horn f l y  product ion.  

1 )  Pa ra s i t i sm:  Recovery of pupar ia  du r ing  t h e  two f i e l d  

t r app ing  experiments i n  1972 was always ve ry  low (maximum 22 puparial300 

l a r v a e ) .  This  caused susp ic ion  t h a t  t h e  method used f o r  e s t a b l i s h i n g  eggs 

o r  l a r v a e  was i n v i t i n g  added a t t e n t i o n  from p r e d a t o r s .  Per  c e n t  p a r a s i t i s m  

of pupa r i a  recovered ranged from 0 t o  19. P a r a s i t e s  recovered were 

Spalangia haematobiae and Muscidifurax r a p t o r .  It thus  appears  t h a t  

p a r a s i t i s m  of t h e  horn f l y  i s  r e l a t i v e l y  unimportant a t  Kamloop: i n  

comparison w i t h  o t h e r  i n s e c t - r e l a t e d  m o r t a l i t y  f a c t o r s .  

2) Preda t ion:  The i n s e c t s  t h a t  were c o l l e c t e d  wi th  exposed 

pads taken  du r ing  each sampling per iod  emerged i n  two d i s t i n c t  groups: 

i )  t h e  a d u l t s  (mainly Coleoptera)  t h a t  were w i t h i n  o r  beneath 

t h e  pad when it  was removed from t h e  f i e l d  a f t e r  24 hours ,  

and which emerged i n  t h e  ensuing 7-10 days;  

i i )  a d u l t s  of Coleoptera ,  D ip t e ra ,  and Hymenoptera which 

developed i n  t h e  pad a s  t h e  progeny of ( i ) .  

The horn f l y  suppress ion  was caused by t h e  combined a c t i o n  of 

bo th  t h e  a d u l t s  i n  ( i )  and t h e  l a r v a e  i n  ( i i ) ,  because each group con ta ins  

known n a t u r a l  enemies of f l y  l a r v a e .  

P reva len t  i n s e c t s  i n  ( i )  were: 

Scarabaeidae:  Onthophagus nuch ico rn i s ;  s e v e r a l  s p e c i e s  of smal l  

Aphodiinae; and a few of t h e  much l a r g e r  Aphodius 

f i m e t a r i u s  and - A. f o s s o r .  

Hydrophil idae:  Sphaeridium scarabaeoides ;  - S. lunatum; - S. bipustulatum; 

and Cercyon spp. 



Staphyl indae :  Phi lonthus  c r u e n t a t u s ;  Aleochara bimaculata;  and 

o t h e r  l e s s  common spec i e s .  

The dung-burying sca rab  0 .  nuch ico rn i s  was o f t e n  p re sen t  i n  - 

apprec i ab le  numbers. This  s p e c i e s  d i d  no t  bury dung i n  t h e  greenhouse 

emergence cages ,  where t h e  b e e t l e s  had s o i l  on ly  about  2-3 cm deep i n  

which t o  work. Normally t h e i r  brood b a l l s  a r e  bur ied  a t  depths  from 5- 

20 cm (Burrrreister, 1930).  Therefore  t h e  b e e t l e  could n o t  have a f f e c t e d  

horn f l y  popula t ions  by removing dung from pads i n  t h e  greenhouse. The 

remaining sca rabs  (Aphodiinae) probably d i d  no t  a f f e c t  horn f l y  product ion  

because they  a r e  no t  entomophagous and were never  r e a l l y  abundant i n  pads 

taken  from t h e  pas tu re .  Large numbers of Aphodiinae were observed only  i n  

t h e  f a l l ,  a t  a  t ime when t h e r e  were very  few o t h e r  i n s e c t s  p re sen t  i n  t h e  

dung. Aphodius f o s s o r  and A.  f i m e t a r i u s  occas iona l ly  a t t a i n  h igh  numbers - 

i n  t h e  range  du r ing  summer, bu t  r e l a t i v e l y  few of t h e s e  b e e t l e s  occur  i n  

dung on ly  24 hours  o ld .  

Sphaeridium lunatum and - S. scarabaeoides  were by f a r  t h e  most 

p reva len t  s p e c i e s  of l a r g e  Hydrophil idae,  bo th  d i u r n a l l y  and seasona l ly  

(Figs.  1 6 ,  17 ) .  They a r e  both of s i m i l a r  s i z e ,  and cons iderably  l a r g e r  

than  - S. bipustulatum. Thei r  d i u r n a l  a c t i v i t y  p a t t e r n s  a r e  shown i n  F ig .  

20. The Sphaeridium b e e t l e s  feed on dung but  have predaceous l a r v a e  

(Mohr, 1943; Poorbaugh, 1966; Sanders and Dobson, 1966; V a l i e l a ,  1969) 

and i t  seemed l i k e l y  t h a t  a t  l e a s t  t h e  two l a r g e r  s p e c i e s  may prey 

e x t e n s i v e l y  upon horn f l y  l a r v a e .  - S. scarabaeoides  a d u l t s  r e fused  t o  feed 

on horn f l y  eggs o r  l a r v a e  i n  l a b o r a t o r y  t e s t s  made i n  1972. Hafez (1939) 

has  r epo r t ed  r e a r i n g  smal l  2. scarabaeoides  l a r v a e  through t o  a d u l t s  on 

dung a lone .  This  i s  a cu r ious  s i t u a t i o n  because t h e  s t r u c t u r e  of mouth- 

p a r t s  sugges t  t h a t  t h e  l a r v a  i s  a p reda to r .  Mohr (1943) recognized 



Figure  16  T o t a l  number of  Sphaeridium b e e t l e s  taken  
from exposed pads i n  each time i n t e r v a l  
dur ing  1971. The number of pads upon which 
t h e  t o t a l s  a r e  based is given a t  t h e  top of 
each t r i p l e t .  

F igure  17 Number of Sphaeridium b e e t l e s  taken from 
exposed pads i n  s i x  succes s ive  sampling 
pe r iods  du r ing  1971. For each sampling 
per iod  t h e  range of  b e e t l e  numbers t rapped  
f o r  t h e  t h r e e  s p e c i e s  i s  presented  to- 
g e t h e r  w i th  a mean obta ined  by d i v i d i n g  
t h e  s p e c i e s  t o t a l s  by t h e  number of pads. 
The d u r a t i o n  of  each sampling per iod  i s  
i n d i c a t e d  by s h o r t  arrows and v e r t i c a l  
l i n e s  above t h e  a b s c i s s a ,  and t h e  number 
of  obse rva t ions  is  given above each group 
of ranges.  
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S. b ipus tu la tum a s  belonging t o  a  l a t e r  s t a g e  i n  t h e  success ion;  t h a t  is, - 

t h e  l a r v a e  a r e  s t i l l  q u i t e  young when they  a r e  l e f t  i s o l a t e d  by t h e  

pupat ion of t h e  fas t -matur ing  muscoid f l i e s .  This  obse rva t ion  coupled 

wi th  t h e  low numbers of S,  b ipus tu la tum encountered sugges t s  t h a t  t h e  - 

s p e c i e s  could no t  have had an important  e f f e c t  as a p reda to r  of horn f l y .  

Phi lonthus  c r u e n t a t u s ,  a vorac ious  p reda to r  on f l y  eggs and 

l a r v a e ,  was t h e  most abundant s p e c i e s  of S taphyl in idae .  It was p re sen t  i n  

92 out  of 93 exposed samples i n  1971, and was a  conspicuous i n h a b i t a n t  of 

pads dropped a t  any time of t h e  day,  when t h e s e  were c o l l e c t e d  and caged 

24 hours  l a t e r  (Fig.  1 8 ) .  During 1971 t h i s  s p e c i e s  comprised an  average of 

86.2% (range 73-95%) of t h e  S taphyl indae  taken dur ing  t h e  s i x  sampling 

pe r iods  (Fig.  1 9 ) .  The s p e c i e s  was a c t i v e  throughout a l l  d a y l i g h t  hours  

except  f o r  a  per iod  i n  t h e  e a r l y  mornings a f t e r  daybreak (Fig.  20 ) ,  when 

tempera tures  were low. R e l a t i v e  seasona l  f l u c t u a t i o n s  i n  i t s  numbers (Fig.  

19)  were not  a s  wide a s  t hose  of t h e  Sphaeridium s p e c i e s  (Fig.  1 7 ) .  More- 

over ,  t h e  numbers of P. c r u e n t a t u s  d id  no t  show a marked dec reas ing  t r e n d  - 

a f t e r  t h e  end of J u l y  when t h e  t h r e e  Sphaeridium spec ie s  had almost 

d i sappeared .  Considerable  m o r t a l i t y  of horn f l y  progeny was s t i l l  ev ident  

i n  August a f t e r  t h e  numbers of Sphaeridium had dec l ined  (F igs .  1 5 ,  17 ,  

sampling pe r iods  V and VI) .  This  sugges ted ,  a t  l e a s t  c i r c u m s t a n t i a l l y ,  

t h a t  - P. c r u e n t a t u s  was r e s p o n s i b l e  f o r  much of t h e  horn f l y  suppress ion .  

Also, because - P. c r u e n t a t u s  i s  unable t o  burrow i n  dung and t h e r e f o r e  

depends on t h e  a c t i v i t i e s  of burrowing b e e t l e s  (Hydrophil idae o r  

Scarabaeidae)  f o r  acces s  t o  t h e  i n t e r i o r  of pads (Mohr, 1943; V a l i e l a ,  

1969) wherein l a r v a e  congrega te ,  t h e  a d u l t  s t a p h y l i n i d s  probably were a b l e  

t o  feed  only  upon t h e  horn f l y  eggs and f r e s h l y  hatched l a r v a e .  



.Figure 18 To ta l  number of s t a p h y l i n i d  b e e t l e s  taken 
from exposed pads i n  each time i n t e r v a l  
dur ing  1971 compared wi th  t h e  corresponding 
numbers of  t h e  most p r e v a l e n t  s p e c i e s ,  
Phi lonthus  c r u e n t a t u s .  The number of  pads 
upon which t h e  t o t a l s  are based i s  given 
a t  t h e  top of each p a i r  o f  b a r s .  

F igure  1 9  Number of s t a p h y l i n i d  b e e t l e s  taken from 
exposed pads dropped i n  s i x  succes s ive  
sampling pe r iods  du r ing  1971. For each 
sampling per iod  t h e  range of  t o t a l  numbers 
of s t a p h y l i n i d s  found i n  pads is  compared 
wi th  t h e  corresponding numbers of  Phi lonthus  
c ruen ta tus .  Means were c a l c u l a t e d  by 
d i v i d i n g  t h e  t o t a l s  by t h e  number of  pads. 
The d u r a t i o n  of  each sampling per iod  i s  in-  
d i c a t e d  by s h o r t  arrows and v e r t i c a l  l i n e s  
above t h e  a b s c i s s a ,  and t h e  number o f  ob- 
s e r v a t i o n s  i s  g iven  above each p a i r  of 
ranges.  
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Figure  20 Diurna l  a c t i v i t y  p a t t e r n s  of some predaceous 
i n s e c t s  a t  Kamloops a s  measured by t h e  ca t ch  
of  s t i c k y  t r a p s  on f r e s h  dung pads. Data 
shown a r e  t h e  means of t h e  ca t ches  a t  two 
pads i n  each time i n t e r v a l .  
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The most common s t a p h y l i n i d  b e e t l e  a f t e r  P. c r u e n t a t u s  was - 

Aleochara bimaculata .  The a d u l t  of t h i s  s p e c i e s  r e a d i l y  consumed eggs and 

sma l l  l a r v a e  of horn  f l y  and house f l y  i n  t h e  l abo ra to ry .  A. b imaculata  - 
l a r v a e  a r e  p a r a s i t o i d s ,  developing s i n g l y  w i t h i n  pupar ia  of c e r t a i n  f l i e s .  

L indqu i s t  (1936) found one horn f l y  puparium p a r a s i t i z e d  by A.  bimacula ta ,  - 

bu t  i t  was presumed not  t o  a t t a c k  horn f l y  normally because t h e  a d u l t  

b e e t l e s  a r e  l a r g e r  than  t h e  f l y  and thus  t h e i r  l a r v a e  would be  u n l i k e l y  t o  

complete normal f eed ing  w i t h i n  horn f l y  pupar ia .  Severa l  A. b imaculata  - 

a d u l t s  were bred from t h e  much l a r g e r  Ravinia  pupar ia .  

Myospila meditabunda i s  a muscid f l y  t h a t  i s  known t o  have 

predaceous l a r v a e .  Adults  were bred from pads occar;ionally,  bu t  they  were 

no t  common about t h e  i r r i g a t e d  p a s t u r e ,  o r  i n  t h e  open range ,  and i t  seems 

u n l i k e l y  t h a t  t h e  s p e c i e s  was having a dep res san t  e f f e c t  on horn f l y  numbers. 

Hammer (1941) and Poorbaugh e t  a l .  (1968) observed t h a t  M. meditabunda - 

cannot t o l e r a t e  high tempera tures  and p r e f e r s  droppings i n  shaded s i t u a t i o n s  

f o r  o v i p o s i t i o n .  No o t h e r  p reda to r  was p r e s e n t  t h a t  could have taken  a 

s i g n i f i c a n t  t o l l  of horn f l y .  

The a c t i v i t y  p a t t e r n  of t h e  predaceous b e e t l e s  (Fig.  20) 

showed t h a t  i r r e s p e c t i v e  of t h e  t ime of pad d e p o s i t i o n ,  t h e r e  were always 

a t  least a few hours  of exposure of unhatched horn f l y  eggs t o  P. c r u e n t a t u s .  

For example, i f  a pad were dropped a t  2100, by which time p reda to r  movement 

has  normally ceased ,  horn f l y  eggs would be  p re sen t  on i t  a t  l e a s t  u n t i l  

noon on t h e  fo l lowing  day ,  a l lowing  p l e n t y  of t ime f o r  p reda to r  a c t i v i t y  

i n  and around t h e  pad. S i m i l a r l y ,  pads dropped a t  n i g h t  a r e  s t i l l  

s u f f i c i e n t l y  f r e s h  on t h e  fo l lowing  morning t o  be  colonized and tunne l l ed  

by Sphaeridium a d u l t s .  It i s  not  known whether t h i s  s p e c i e s  o v i p o s i t s  i n  

dung t h a t  h a s  cooled and consequent ly  i f  t h e  l a r v a e  develop i n  pads voided 



dur ing  t h e  n i g h t .  

F i e l d  obse rva t ions  on P. c r u e n t a t u s  a l s o  l e n t  weight t o  t h e  - 

view t h a t  i t  might be  a  major p reda to r  of t h e  horn f l y .  When t h e  weather 

i s  warm, P. c r u e n t a t u s  is amongst t h e  f i r s t  i n s e c t s  t o  a r r i v e  a t  t h e  - 

dropping. The b e e t l e s  a r e  ve ry  a c t i v e  and i t  was noted t h a t  o f t e n  s e v e r a l  

a r r i v e d  a t  a  f r e s h  pad be fo re  most of t h e  o v i p o s i t i n g  horn f l i e s  had l e f t .  

On one occasion two P. c r u e n t a t u s  a d u l t s  were observed k i l l i n g  and p a r t i a l l y  - 

e a t i n g  a gravid  female horn f l y  beneath a  f r e s h  dung pad. Voris  (1936) 

observed t h e  b e e t l e s  making s i m i l a r  a t t a c k s  on o t h e r  s p e c i e s  of Dip tera .  

Because t h e  b e e t l e s  a r e  a g i l e  and some a r r i v e  as soon a s  a dropping i s  

depos i t ed ,  they  a r e  o f t e n  i n  a  p o s i t i o n  t o  a t t a c k  o v i p o s i t i n g  h o r n - f l i e s  

b e f o r e  t h e s e  l e a v e  t h e  pad. Even i f  t h i s  i s  a  common occurrence ,  i t s  

a c t u a l  e f f e c t  on horn f l y  a d u l t  popula t ions  would b e  s l i g h t  because most 

horn f l i e s  have l e f t  be fo re  - P. c r u e n t a t u s  a r r i v e s  i n  l a r g e  numbers. 

However, t h e  f i r s t  of t h e s e  b e e t l e s  t o  a r r i v e  may d i s t u r b  t h e  horn f l y  

females  on t h e  dung and t h u s  i n t e r f e r e  w i t h  o v i p o s i t i o n .  

P.  c r u e n t a t u s  f e d  i n  t h e  l a b o r a t o r y  upon t h e  eggs and l a r v a e  - 

of house f l i e s  and horn  f l i e s .  Fresh dung pads i n  summertime a t  Kamloops 

always supported a number of t h e  b e e t l e s  moving c o n s t a n t l y  over  t h e  s u r f a c e ,  

p lucking  out  f l y  eggs o r  dash ing  i n t o  and out  of t u n n e l s  made by Sphaeridium 

b e e t l e s .  - P. c r u e n t a t u s  a l s o  ranged over  t h e  lower s i d e  of dung pads a s  w e l l  

a s  beneath them. The presence of t unne l s  made by burrowing b e e t l e s  a t  

Kamloops meant t h a t  - P. c r u e n t a t u s  b e e t l e s  had a n  oppor tun i ty  t o  a t t a c k  horn 

f l y  l a r v a e  i n  a d d i t i o n  t o  feeding  upon t h e  eggs and a d u l t s .  

The r e l a t i o n s h i p  between t h e  predaceous - P. c r u e n t a t u s  l a r v a e  and 

muscoid f l y  l a r v a e  is  not  known a t  t h i s  t ime.  The s t a p h y l i n i d  l a r v a e  were 

found i n  dung pads r e c e n t l y  vaca ted  by t h e  muscoids, sugges t ing  t h a t  o t h e r  



s p e c i e s  coming l a t e r  i n  t he  success ion  form t h e  bu lk  of t h e i r  food. 

F i e l d  experiment w i th  Phi lonthus  c ruen ta tus :  The above obse rva t ions  

suggested t h a t  - P. c r u e n t a t u s  may t a k e  a heavy t o l l  of horn f l y  eggs 

i n  t h e  15-18 hours  be fo re  they  ha tch .  To s e e  i f  t h i s  occurred ,  a 

smal l  f i e l d  experiment was conducted from 0900-1300 i n  J u l y  1972 

invo lv ing  t h e  caging  of - P. c r u e n t a t u s  a d u l t s  w i th  f r e s h l y  voided dung 

upon which a known humher of horn f l i e s  had ov ipos i t ed .  The staphy- 

l i n i d s  i n  t h e  absence of burrowing b e e t l e s  were probably a b l e  t o  prey 

only  upon t h e  eggs o r  ve ry  e a r l y  l a r v a l  s t a g e s  of horn f l y ,  because 

once t h e  hatched l a r v a e  en te red  t h e  dung t h e  b e e t l e s  would be  unable 

t o  r each  them. 

Four pads were each covered a f t e r  horn f l y  o v i p o s i t i o n  and 

then  t r e a t e d  wi th  20 p a i r s  of - P. c r u e n t a t u s  b e e t l e s ,  a s  descr ibed  i n  

M a t e r i a l s  and Methods ( e ) .  This  number of b e e t l e s  was chosen on t h e  

b a s i s  of average numbers of t h i s  s p e c i e s  found i n  pads 24 hours  o l d  

a t  t h a t  t ime of yea r .  Four pads were covered b u t  l e f t  un t r ea t ed  t o  

e s t i m a t e  t h e i r  horn f l y  product ion  ( c o n t r o l s ) .  Pads were l e f t  i n  

t h e  f i e l d  f o r  48 hours .  

Horn f l y  product ion  from t h e  pads (mean number of progeny per  

female and range)  was 2.5 (0.3-3.6) f o r  t hose  con ta in ing  - P. c r u e n t a t u s  and 

3.0 (2.1-4.5) f o r  t h e  c o n t r o l s .  No suppress ion  of horn f l y  occurred.  The 

y i e l d  of horn f l y  progeny from t h e  c o n t r o l  pads was uniformly v e r y  low. 

F igures  obta ined  p rev ious ly  f o r  progeny product ion  per  female between 

0900-1500 hours  showed t h a t  a t  l e a s t  4 .0 and p o s s i b l y  5.0 o r  more progeny 

pe r  female could have been expected from covered pads. 



F i e l d  experiment w i t h  Phi lonthus  c r u e n t a t u s  and Sphaeridium scarabaeoides:  

Fur ther  evidence of t h e  e f f e c t  of P. c r u e n t a t u s  on horn f l y  product ion was - 

sought i n  ano the r  f i e l d  experiment conducted i n  e a r l y  August 1972, from 

0900-1500 hours .  This  a l s o  was designed t o  a s s e s s  t h e  e f f e c t  of Sphaeridium 

scarabaeoides  and t h e  combined e f f e c t  of S. scarabaeoides  and P. c r u e n t a t u s  - - 

on t h e  horn f l y ,  a f t e r  t h e  f a s h i o n  of a n  experiment descr ibed  by V a l i e l a  

(1969) w i th  Musca autumnalis  i n  New York S t a t e .  

The Herefords were not  a v a i l a b l e  f o r  t h i s  experiment so  a  herd 

of about  25 J e r s e y  cows and h e i f e r s  was used.  Methods of t h e  previous  P. - 

c r u e n t a t u s  experiment were used aga in .  The fo l lowing  t r ea tmen t s  were 

app l i ed  i n  success ion  t o  f r e s h  dung pads a f t e r  female horn f l i e s  had 

completed o v i p o s i t i o n .  

1. 20 Phi lonthus  c r u e n t a t u s  (8 males ,  12  females)  

2. 20 Sphaeridium scarabaeoides  (10 males ,  1 0  females)  

3 .  20 P. c r u e n t a t u s  p l u s  20 S. scarabaeoides  - - 

4.  No p reda to r s  ( con t ro l )  

Three r e p l i c a t e s  of each t rea tment  were used.  I n s u f f i c i e n t  

P. c ruen ta tus  males were a v a i l a b l e  t o  ba lance  t h e  sexes  equa l ly .  Pads were - 

l e f t  i n  t h e  f i e l d  f o r  s i x  days be fo re  removal t o  t h e  greenhouse t o  await  . 

horn f l y  emergence, t o  a l low t ime f o r  both types  of p r e d a t o r s  t o  i n t e r a c t  

w i t h  t h e  horn f l y .  

Table I11 shows t h e  e f f e c t  of t h e  v a r i o u s  p reda t ion  t r ea tmen t s  

on horn f l y  p r o d u c t i o n . '  An anova was performed on number of progeny per  

female.  S i g n i f i c a n t  d i f f e r e n c e s  between means were found by Tukey's method 

of m u l t i p l e  comparisons (Scheffe ,  1959).  The number of progeny produced 

per  female was excep t iona l ly  h igh  i n  t h e  c o n t r o l  t rea tment  f o r  t h i s  t ime of 

t h e  day. - P. c r u e n t a t u s  a lone  ( t rea tment  1 )  caused an  apparent  r educ t ion  i n  



Table 111 The e f f e c t  of va r ious  p reda t ion  t r ea tmen t s  on t h e  product ion  of 
horn  f l y  progeny from na tura l ly-voided  dung pads i n  t h e  f i e l d .  
Three r e p l i c a t e s  of each t rea tment  were used. 

Nunber of progeny Progeny product ion  
Treatment produced p e r  female a s  % of  c o n t r o l  

Mean* Range 

c r u e n t a t u s  6.7 a 0.8-11.2 5 1 

scarabaeoides  

c r u e n t a t u s  + 
scarabaeoides  

4)  No p reda to r s  ( c o n t r o l )  13.1 a  7.6-17.7 

* 
Treatments s h a r i n g  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  5% l e v e l .  

Table I V  The e f f e c t  of v a r i o u s  p reda t ion  t r ea tmen t s  on t h e  product ion 
of horn f l y  progeny from 250-g a r t i f i c i a l  dung pads i n  t h e  
greenhouse. Four r e p l i c a t e s  of  each t rea tment  were used. 
Each r e p l i c a t e  i n i t i a l l y  rece ived  100 eggs. 

Number of  horn  f l i e s  Progeny product ion  
Treatment emerged from 100 eggs a s  % of c o n t r o l  

Mean* Range 

1 )  20 P. c r u e n t a t u s  - 
2) 20 - S. scarabaeoides  50.0 a  11-74 72 

3) 20 P. c r u e n t a t u s  + 
20 F. - scarabaeoides  10.5 b 0-33 

4) No p reda to r s  ( con t ro l )  69.8 a  65-74 

* 
Treatments s h a r i n g  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  5% l e v e l .  



horn f l y  product ion  i n  only  one r e p l i c a t e  of t h r e e .  This  e f f e c t  may also 

have been caused by a  low degree  of horn f l y  o v i p o s i t i o n  i n  t h i s  r e p l i c a t e .  

S. scarabaeoides  ( t rea tment  2) caused t h e  g r e a t e s t  and most uniform - 

r educ t ion ,  bu t  t h i s  was n o t  d i f f e r e n t  from t rea tment  3 i n  which t h e  two 

s p e c i e s  of p reda to r  were combined. The r e s u l t s  showed t h a t  - P. c r u e n t a t u s  

was having an e r r a t i c  e f f e c t  o r  no e f f e c t  a t  a l l  on horn f l y  under t h e  

cond i t i ons  of t h e  experiment.  No i n t e r a c t i o n  was observed between t h e  two 

s p e c i e s  i n  t h e i r  e f f e c t  on horn f l y .  

Greenhouse experiment w i t h  Phi lonthus  c r u e n t a t u s  and Sphaeridium 

scarabaeoides :  No d e f i n i t e  evidence of p reda t ion  by - P. c r u e n t a t u s  on 

immature horn f l y  s t a g e s  was obta ined  i n  t h e  two f i e l d  p reda t ion  exper i -  

ments.  There was a  p o s s i b i l i t y  t h a t  t h i s  p reda to r  may have been unduly 

inf luenced  by crowding o r  by o t h e r  cond i t i ons  under t h e  mesh covers  

i nc lud ing  t h e  n a t u r e  of t h e  ground upon which t h e  dung r e s t e d .  It was 

imposs ib le  t o  keep t h e  l a t t e r  uniform; i t  ranged i n  both  experiments  from 

almost b a r e  s o i l  t o  a f u l l  g r a s s  c o v e r , d e p n d i n g  on d e f e c a t i o n  s i t e .  F i e l d  

obse rva t ions  a t  Kamloops sugges t  t h a t  dung depos i ted  i n  g ra s sy  l o c a t i o n s  

a f f o r d s  a  more favourable  h a b i t a t  f o r  i n s e c t s .  

Another p reda t ion  experiment i n  which t h e r e  was g r e a t e r  c o n t r o l  

of such f a c t o r s  was e s t a b l i s h e d  i n  t h e  greenhouse l a t e r  i n  August 1972. 

The same t r ea tmen t s  were used a s  i n  t h e  previous  experiment ,  u t i l i z i n g  250-g 

a r t i f i c i a l  dung pads. Ten p a i r s  of each b e e t l e  s p e c i e s  were used.  Each 

t rea tment  was r e p l i c a t e d  fou r  t imes .  One hundred f r e s h l y  l a i d  horn f l y  

eggs obta ined  by t h e  method of Depner (1962) were placed on each dung pad 

w i t h  a  camel h a i r  brush.  It was imposs ib le  t o  p l ace  eggs underneath t h e  

pads,  i n  t h e  manner of normal horn f l y  o v i p o s i t i o n .  I n s t e a d ,  20 eggs were 

d i s t r i b u t e d  on t h e  top  s u r f a c e  of t h e  pad and 80 around t h e  s i d e s .  



The r e s u l t s  a r e  g iven  i n  Table I V .  I n  t rea tment  1 

P. c r u e n t a t u s  caused a  v e r y  low emergence (and hence almost t o t a l  - 

m o r t a l i t y )  of t h e  horn f l y ,  presumably by egg p reda t ion .  Th i s  is  

double t h e  m o r t a l i t y  recorded f o r  t h e  same t rea tment  i n  t h e  previous  

f i e l d  experiment ,  and r e p r e s e n t s  a  g r e a t e r  degree  of m o r t a l i t y  than  

normally occurs  i n  t h e  f i e l d  when a l l  o t h e r  i n s e c t s  a r e  p r e s e n t .  

S. scarabaeoides  ( t rea tment  2) d i d  no t  cause t h e  same amount of horn f l y  - 

m o r t a l i t y  i n  t h i s  experiment a s  i t  d i d  i n  t h e  f i e l d  ( s e e  Table 111) .  An 

examination of emergence f i g u r e s  showed t h a t  horn f l y  product ion  i n  t h i s  

t rea tment  was lower than  t h a t  of t h e  c o n t r o l s  i n  only  two of t h e  f o u r  

r e p l i c a t e s .  When t h e  two s p e c i e s  of p reda to r  were allowed t o  a c t  t oge the r  

( t rea tment  3)  i n  t h e  greenhouse, horn f l y  m o r t a l i t y  was g e n e r a l l y  h igh  b u t  

t h e  r e l i a b i l i t y  of t h e  r e s u l t s  i s  i n  ques t ion  because of lower m o r t a l i t y  

i n  one r e p l i c a t e .  Opposing evidence was t h u s  provided by t h e  f i e l d  and 

l a b o r a t o r y  experiments:  i n  t h e  f i e l d ,  - S. scarabaeoides  appeared t o  b e  t h e  

most important  p reda to r  wh i l e  - P. c r u e n t a t u s  had a n  inde termina te  e f f e c t ,  and 

i n  t h e  greenhouse t h e  p o s i t i o n  was r eve r sed .  No t ime w a s  a v a i l a b l e  t o  

i n v e s t i g a t e  t h e s e  r e l a t i o n s h i p s  f u r t h e r .  

DISCUSSION 

Appendix I l is ts  t h e  most prominent i n s e c t s  a s s o c i a t e d  w i t h  

c a t t l e  dung a t  Kamloops. Many of t h e s e  s p e c i e s  were o r i g i n a l l y  in t roduced  

a c c i d e n t a l l y  from e i t h e r  Europe o r  Asia .  L indro th  (1957) recognized t h e  

European o r i g i n  of a  number of i n s e c t s  a s s o c i a t e d  w i t h  c a t t l e  dung on t h e  

e a s t  c o a s t  of North America. Most have spread p rog res s ive ly  a c r o s s  t o  t h e  

west c o a s t  a f t e r  i n t r o d u c t i o n  (Poorbaugh e t  a l . ,  1968) ,  a l though t h e r e  have 



been occas iona l  s e p a r a t e  western i n t r o d u c t i o n s  a s  i n  t h e  case  of 

Onthophagus nuch ico rn i s  (Howden and Car twr ight ,  1963; Howden, 1966). 

Poorbaugh e t  a l .  (1968) l i s t e d  t h e  i n s e c t  s p e c i e s  a s s o c i a t e d  wi th  

r e l a t i v e l y  f r e s h  c a t t l e  dung i n  c o a s t a l  C a l i f o r n i a .  The Ca l i fo rn i an  and 

B r i t i s h  Columbian dung- faunas  a r e  appa ren t ly  q u i t e  s i m i l a r .  Comparison 

of t h e  west c o a s t  fauna w i t h  t h a t  a s s o c i a t e d  wi th  c a t t l e  dung i n  Indiana 

(Sanders and Dobson, 1966) and Texas (Blume, 1970) shows d i f f e r e n c e s  

a s s o c i a t e d  mainly w i t h  t h e  Coleoptera .  

A t  Kamloops many of t h e  conspicuous dung i n s e c t s  have been 

in t roduced .  The t h r e e  Sphaeridium s p e c i e s  and Onthophagus nuch ico rn i s  

(Brown, 1940; Hatch, 1953),  Aphodius f i m e t a r i u s ,  A. f o s s o r ,  and some of t h e  

sma l l e r  Aphodiinae (Hatch, 1953; R i t c h e r ,  1966),  Aleochara bimaculata  and 

Ph i lon thus  c r u e n t a t u s  (Hatch, 1953) a r e  a l l  e x o t i c .  The most p reva len t  

coprophagous muscoid Dip tera  a t  Kamloops inc lude  Haematobia i r r i t a n s ,  

Musca au tumnal i s ,  O r t h e l l i a  caesa r ion ,  Ravina l ' h e r m i n i e r i ,  and - R. queru la .  

The f i r s t  two are d e f i n i t e l y  e x o t i c ,  - 0. c a e s a r i o n  is  almost c e r t a i n l y  

e x o t i c  (J.R. Vockeroth, pe r sona l  communication) and t h e  two Ravinia  s p e c i e s  

a r e  n a t i v e .  

The gene ra l  spread of c a t t l e  throughout much of North America . 

has a f fo rded  a  means f o r  es tab l i shment  of many introduced bucoprophilous 

i n s e c t  s p e c i e s ;  i . e . ,  t hose  a t t r a c t e d  t o  c a t t l e  dung. S i m i l a r l y ,  some 

indigenous s p e c i e s  may have been a b l e  t o  expand t h e i r  o r i g i n a l  ranges .  I n  

t h e  Southern I n t e r i o r  of B r i t i s h  Columbia, t h e  assessment of i n s e c t  

o r i g i n s  l i s t e d  i n  Appendix I shows t h a t  about 50% of t h e  Coleoptera  and 

Diptera  a r e  known o r  thought t o  b e  e x o t i c .  



The r e s u l t  is t h a t  a t  Kamloops t h e r e  is  now q u i t e  a  d i v e r s e  

dung fauna and because many of t h e  s p e c i e s  a r e  not  indigenous,  i t  seems 

t h a t  t h e  o r i g i n a l  coprophilous fauna i n  t h e  a r e a  cons i s t ed  of r e l a t i v e l y  

few s p e c i e s .  Many of  t h e  introduced i n s e c t s  t h a t  undoubtedly coexis ted  i n  

Europe a r e  now r e u n i t e d  under somewhat d i f f e r e n t  c ircumstances.  It i s  

f o r t u n a t e  t h a t  t h e  same l a c k  of qua ran t ine  p recau t ions  which permi t ted  

t h e  horn f l y  and t h e  f a c e  f l y  t o  e n t e r  t h i s  con t inen t  has  a l s o  tempered 

t h e i r  p e s t  s t a t u s  by a l lowing  i n t r o d u c t i o n  of some of t h e i r  n a t u r a l  enemies. 

The southern  p o r t i o n  of Canada r e p r e s e n t s  t h e  no r the rn  l i m i t s  

f o r  development of prolonged and seve re  i n f e s t a t i o n s  of horn f l y  on t h i s  

c o n t i n e n t .  The p e s t  i s  thermophi l ic  t o  t h e  e x t e n t  t h a t  t h e  Canadian 

c l i m a t e  can  provide  i t  wi th  only  a  r e l a t i v e l y  s h o r t  a c t i v i t y  season.  A t  

Kamloops, t h e  mean number of horn f l y  females  a t t r a c t e d  t o  pads i n  

succes s ive  sampling i n t e r v a l s  i n  1971 (F ig .  12)  provided a  r e l a t i v e  

e s t i m a t e  of f l y  abundance dur ing  t h e  season.  The main f e a t u r e  of Fig.  12  

i s  t h e  s i n g l e  peak i n  f l y  abundance i n  l a t e  J u l y  and e a r l y  August, u n l i k e  

t h e  double peaks ( l a t e  May and l a t e  September) desc r ibed  by Bruce (1964) 

f o r  t h e  horn f l y  i n  Texas, between which t h e  popula t ion  decreased du r ing  

t h e  d r i e s t  and h o t t e s t  months. 

The horn f l y  showed no c l e a r  d i u r n a l  p a t t e r n  i n  t h e  numbers of 

females  o v i p o s i t i n g  on pads (F ig .  1 1 ) .  I n  many sampling pe r iods  i n  1971, 

t h e r e  was a  tendency f o r  t h e  number of f l i e s  v i s i t i n g  pads t o  b e  lowest  

du r ing  t h e  hours  of darkness .  It may be s i g n i f i c a n t  t h a t  du r ing  sampling 

per iod  V ,  i n  which t h e r e  i s  no such t r end  appa ren t ,  evening tempera tures  

were encountered t h a t  were h ighe r  than  t h o s e  i n  any o t h e r  pe r iod .  During 

t h e  da rk  per iod  a t  Kamloops, progeny product ion  of horn f l i e s  may the re -  

f o r e  c o n s t i t u t e  a  r e l a t i v e l y  smal l  p ropor t ion  of t h e  d a i l y  t o t a l .  Ambient 



t empera ture  a f f e c t s  horn f l y  a c t i v i t y  and i n  t h e  warmer p a r t s  of i t s  range,  

e . g . ,  southern  USA, where evening temperatures  a r e  h igh  du r ing  t h e  summer 

f o r  longer  pe r iods  than  occur  a t  Kamloops, t h e  f l i e s  may be  more a c t i v e  a t  

n i g h t .  Kunz e t  a l .  (1970) i n  Texas found t h a t  more horn  f l i e s  were 

produced a t  n i g h t  from i n d i v i d u a l  covered dung pads than  dur ing  t h e  day. 

However, they  d id  n o t  t r a p  o v i p o s i t i n g  females  and thus  i t  is  no t  known 

i f  t h e  i n c r e a s e  was due t o  more females o v i p o s i t i n g ,  more progeny per  

female,  o r  a combination of t h e  two. They suggested t h a t  more eggs may b e  

depos i ted  a t  n i g h t  dur ing  t h e  h o t  midsummer weather  i n  t h i s  r eg ion ,  when 

r e l a t i v e l y  lower tempera tures  and h ighe r  humid i t i e s  favoured g r e a t e r  f l y  

a c t i v i t y .  

Sampling showed t h a t  suppress ion  of horn f l y  caused by o t h e r  

i n s e c t s  was s u b s t a n t i a l  dur ing  t h e  three-month per iod  of i t s  g r e a t e s t  

abundance a t  Kamloops. P reda to r s  were a l s o  abundant and t h e r e  i s  l i t t l e  

doubt t h a t  t hey  were t h e  dominant f o r c e  i n  reducing  numbers of immature 

horn f l i e s .  They were common b e f o r e  t h e  h o r n , f l y  became a c t i v e  i n  June,  and 

one (P. - c r u e n t a t u s )  was s t i l l  p re sen t  and horn f l y  suppress ion  s t i l l  

remained h i g h  towards t h e  end of t h e  horn  f l y  a c t i v i t y  season.  I n  a d d i t i o n ,  

t h e  main predaceous i n s e c t s  were a c t i v e  du r ing  a l l  d a y l i g h t  hours  except  

t h o s e  of t h e  ve ry  e a r l y  morning, a f f o r d i n g  even t h e  egg s t a g e  of t h e  horn 

f l y  no chance t o  escape some p reda t ion .  

The suppress ion  of horn f l y  measured dur ing  t h i s  i n v e s t i g a t i o n  

is  probably lower than  t h a t  occu r r ing  under t r u e  f i e l d  cond i t i ons .  Dung 

pads i n  t h i s  work were removed from t h e  f i e l d  a f t e r  24 hours .  It w a s  shown 

(Table 11)  t h a t  t h e  number of - P. c r u e n t a t u s  a d u l t s  and o t h e r  S t aphy l in idae  

i n  a  pad cont inued t o  i n c r e a s e  f o r  a t  l e a s t  48 hours  a f t e r  i t s  depos i t i on .  

Numbers of most o t h e r  b e e t l e s  increased  a f t e r  24 hours ,  making f u r t h e r  



horn f l y  m o r t a l i t y  a v i r t u a l  c e r t a i n t y  f o r  pads exposed i n  t h e  f i e l d  u n t i l  

t h e  horn f l y  l a r v a e  pupate .  The c o l o n i z a t i o n  of a pad by i n c r e a s i n g  

numbers of S t aphy l in idae  may r e q u i r e  t h e  formation of a d d i t i o n a l  g a l l e r i e s  

by burrowing i n s e c t s ,  because t h e  s t a p h y l i n i d s  spend r e l a t i v e l y  l i t t l e  

t ime i n  t he  open, p r e f e r r i n g  t h e  tunne l s  and unde r s ides  of pads. 

The f i e l d  and l a b o r a t o r y  experiments  w i t h  P. c r u e n t a t u s  and - 

S .  scarabaeoides  showed t h a t  bo th  s p e c i e s  prey  e x t e n s i v e l y  on horn f l y  - 

under c e r t a i n  cond i t i ons .  The extreme v a r i a b i l i t y  i n  number of horn f l y  

progeny produced w i t h i n  some p reda to r  t r ea tmen t s  i n d i c a t e d  t h a t  n o t  a l l  

t h e  important  f a c t o r s  i n f l u e n c i n g  p reda to ry  behavior  were taken  i n t o  

account .  

The e r r a t i c  r e s u l t s  t h a t  were obta ined  wi th  P. c r u e n t a t u s  i n  - 

t h e  two f i e l d  p reda t ion  t r i a l s  may have been caused by t h e  experimental  

technique.  For example, t h e  mesh enc losu res  o r  t h e  d e n s i t y  of b e e t l e s  

used may have d i s t u r b e d  them s u f f i c i e n t l y  t o  prevent  normal a c t i v i t y .  When 

used a t  a r e l a t i v e l y  h igh  d e n s i t y  i n  t$e greenhouse, however, t h e  b e e t l e s  

demolished n e a r l y  a l l  t h e  hand-placed horn f l y  eggs; t h e  method of egg 

placement may have increased  t h e i r  a c c e s s i b i l i t y  t o  t h e  p reda to r .  Since 

t h i s  f i e l d  work was completed, Thomas and Morgan (1972b) publ i shed  a s tudy  

which ind ica t ed  t h a t  - P. c r u e n t a t u s  is  a major p reda to r  of horn  f l y  i n  

Missour i ,  e s p e c i a l l y  of t h e  egg s t a g e .  

S. scarabaeoides  g r e a t l y  reduced horn f l y  numbers i n  t h e  f i e l d  - 

experiment (Table 111) b u t  d i d  n o t  have a s i m i l a r  e f f e c t  i n  t h e  greenhouse 

t e s t  (Table IV). Only t h e  l a r v a e  of t h i s  s p e c i e s  a r e  predaceous. Hence 

experiments  of t h i s  t ype  w i l l  be  a f f e c t e d  d i r e c t l y  by t h e  number of grav id  

female b e e t l e s  t h a t  a r e  included i n  each r e p l i c a t e .  It was n o t  p o s s i b l e  t o  



determine whether such females  were p re sen t  a t  t h e  s t a p t  of t h e s e  

exp e r  imcnt s . 
The p reda t ion  experiments  f a i l e d  t o  e s t a b l i s h  whether o r  not  an 

i n t e r a c t i o n  occurs  between P. c r u e n t a t u s ,  - S. scarabaeoides  and horn f l y  

l a r v a e .  No increased  horn f l y  m o r t a l i t y  occurred when bo th  s p e c i e s  were 

p re sen t  i n  comparison wi th  each preda tor  a c t i n g  s i n g l y .  V a l i e l a  (1969) 

used A S. scarabaeoides  i n  a n  a t tempt  t o  demonstrate  t h e  e f f e c t  of a 

burrowing b e e t l e  i n  improving t h e  p r e d a t o r y  e f f i c i e n c y  of P. c r u e n t a t u s  

on f a c e  f l y  l a r v a e .  He found t h a t  t h e  hydroph i l i d  by i t s e l f  had no 

s i g n i f i c a n t  e f f e c t  on s u r v i v a l  of f a c e  f l y  l a r v a e .  However, m o r t a l i t y  of 

f a c e  f l y  was h ighe r  when bo th  s p e c i e s  were p re sen t  t han  when - P. c r u e n t a t u s  

was used a lone .  V a l i e l a  s t a t e d  t h a t  - S. scarabaeoides  l a r v a e  a r e  not  

p r e d a t o r s  of f a c e  f l y  l a r v a e  and t h e r e f o r e  a t t r i b u t e d  t h e  increased  

m o r t a l i t y  s o l e l y  t o  t h e  a c t i o n  of t h e  burrowing Sphaeridium a d u l t s  i n  

making f l y  l a r v a e  more a c c e s s i b l e  t o  - P. c r u e n t a t u s .  H i s  r e s u l t s  a r e  

based on few r e p l i c a t e s  and do no t  provide  i r r e f u t a b l e  evidence t h a t  a t  

l e a s t  some of t h i s a d d i t i o n a l m o r t a l i t y  was n o t  caused by p reda t ion  of 

S. scarabaeoides  l a r v a e  on t h e  f a c e  f l y  l a r v a e .  - 

If t h e  s l u g g i s h  - S. scarabaeoides  l a r v a e  are incapable  of 

f eed ing  upon even f i r s t  i n s t a r  f a c e  f l y  l a r v a e  ( V a l i e l a ,  1969),  t h e  

reason  i s  more l i k e l y  t o  l i e  i n  t h e  b o d i l y  s t r e n g t h  and c u t i c u l a r  

toughness of t h e  f l y  l a r v a e  r a t h e r  t han  t h e  slowness of t h e  p r e d a t o r .  

Both types  of l a r v a e  can move w i t h i n  t h e  a c t u a l  dung mass i n s t e a d  of 

depending on tunne l s .  It h a r d l y  seems necessary  f o r  speed of locomotion 

t o  b e  a p r e r e q u i s i t e  f o r  a n  e f f i c i e n t  p reda to r  i n  t h i s  t y p e  of medium. 

The - S.  scarabaeoides  l a r v a e  need only  b e  capable  of o r i e n t a t i n g  them- 

s e l v e s  i n t o  t h e  pa th  of moving f l y  l a r v a e  i n  o r d e r  t o  a t t a c k  them when 



they  come w i t h i n  range.  - S. scarabaeoides  l a r v a e  have been observed 

preying on many d i f f e r e n t  s p e c i e s  of f l y  l a r v a e  (Poorbaugh e t  a:[., 1968) ,  

some l a r g e r  than  themselves,  e . g . ,  C r y p t o l u c i l i a  (now O r t h e l l i a )  caesa r ion  

(Hammer, 1941) - about t h e  s i z e  of a house f l y  - and even half-grown 

Sarcophaga (now Ravinia)  l ' h e r m i n i e r i  (Mohr, 1943).  The l a t t e r  i s  one of t h e  

l a r g e s t  muscoid s p e c i e s  p re sen t  i n  dung. Horn f l y  l a r v a e  a t  m a t u r i t y  

a t t a i n  about h a l f  t h e  s i z e  of house f l y  l a r v a e .  - S. scarabaeoides  preyed 

on horn f l y  l a r v a e  i n  t h e  s t u d i e s  of Mohr (1943), and a l s o  dur ing  t h i s  

i n v e s t i g a t i o n .  Thomas and Morgan (1972b) cons idered  i t  a n  important  p reda to r  

of horn f l y .  It can  probably overpower a l l  i n s t a r s  of t h e  ve ry  a c t i v e  horn 

f l y  l a r v a e ,  i n  v i ew of i ts  a b i l i t y  t o  cope w i t h  l a r v a e  of some l a r g e r  

spec i e s .  

No mention has  been made s o  f a r  of Sphaeridium lunatum, a 

s p e c i e s  t h a t  was p re sen t  i n  lower numbers t han  - S. scarabaeoides  dur ing  

most of t h e  summer bu t  t h a t  became more nume~ous  .as  t h e  numbers of t h e  

l a t t e r  dec l ined  (Fig.  1 7 ) .  Larvae of - S. lunatum a r e  predaceous (Poorbaugh 

e t  a l . ,  1968) bu t  no th ing  i s  known of t h e i r  a c t i v i t y  i n  dung a t  Kamloops. 

Cur ren t ly  t h e r e  i s  no r eason  t o  suppose t h a t  t hey  a r e  no t  gene ra l  p r e d a t o r s  

l i k e  - S .  scarabaeoides  l a r v a e ,  s o  t h a t  t h e  horn f l y  l a r v a e  may form a p a r t  

of t h e i r  n a t u r a l  d i e t .  

Numbers of a l l  t h r e e  s p e c i e s  of Sphaeridium s t a r t e d  t o  d e c l i n e  

e a r l y  i n  August. Hammer (1941) a l s o  observed t h i s  i n  Denmark, and noted a 

corresponding i n c r e a s e  i n  numbers of t h e  coprophagous l a r v a e  of Cryptolu- 

c i l i a  (now O r t h e l l i a )  caesa r ion .  Were i t  n o t  f o r  t h e  presence  of 

P. c r u e n t a t u s  a t  Kamloops, t h e  dec rease  i n  Sphaeridium might r e s u l t  i n  an  - 

i n c r e a s e  i n  coprophagous f l y  breeding  i n  t h e  l a t e  summer. 

J u s t  a s  t h e  horn f l y  s u f f e r s  heavy m o r t a l i t y  dur ing  i t s  

immature s t a g e s  i n  dung, so  a l s o  do t h e  o t h e r  f l i e s  a s s o c i a t e d  w i t h  i t .  



Very seldom were l a r g e  numbers of coprophagous f l i e s  bred  from t h e  exposed 

pads taken  dur ing  t h e  f i e l d  sampling. S imi l a r  low y i e l d s  of f l i e s  were 

obta ined  from pads dropped i n  t h e  open range  and brought t o  t h e  l a b o r a t o r y  

f o r  e x t r a c t i o n  of p reda to r s .  It seems u n l i k e l y  t h a t  coprophagous Dip te ra  

eve r  met l i m i t a t i o n s  i n  t h e  form of food s c a r c i t y  i n  t h i s  a r e a .  Poorbaugh 

et a l .  (1968) regarded compet i t ion  f o r  food o r  space  among coprophagous 

Dip te ra  a s  be ing  r a r e l y ,  i f  e v e r ,  an  important  m o r t a l i t y  f a c t o r .  Bay, 

P i t t s ,  and Ward (1970) have shown t h a t  a f a c e  f l y  l a r v a  r e q u i r e s  2.0 g 

of f r e s h  f e c e s  f o r  normal l a r v a l  development. No equ iva l en t  f i g u r e s  a r e  

a v a i l a b l e  f o r  t h e  horn f l y  b u t  it i s  l i k e l y  t o  b e  approximately 

1 . 0  - 1.5  g ;  f o r  - 0. caesa r ion ,  about 2 .0 g and f o r  t h e  l a r g e  Sarcophagidae, 

p o s s i b l y  4.0 g. Comparison of t h e s e  f i g u r e s  w i t h  t h e  mean a d u l t  emergence 

f i g u r e s  showed t h a t  on ly  a s m a l l  amount of t h e  food a v a i l a b l e  f o r  

coprophagous f l i e s  was a c t u a l l y  converted i n t o  a d u l t  t i s s u e s ,  because an  

average  pad (2,000 g) would have t h e  p o t e n t i a l  t o  produce s e v e r a l  hundred 

f l i e s .  Some of t h e  n u t r i e n t s  i n  t h e  pad a r e  converted i n t o  p reda to r  

t i s s u e ,  b u t  l e s s  l o s s  would occur  from t h i s  than  i f  t h e  f l i e s  were a b l e  t o  

develop f r e e  of p reda t ion .  V a l i e l a  (1969) considered t h a t  most of t h e  

p r e d a t i o n  probably occurs  i n  t h e  egg and e a r l y  l a r v a l  s t a g e s  f o r  t h e  l a r g e r  

d i p t e r o u s  s p e c i e s ,  because a s  t h e s e  develop they  even tua l ly  become too  

l a r g e  f o r  most p reda to r s  t o  handle.  The p r e d a t o r s  t hus  may be  performing 

ano the r  s e r v i c e  i n  a d d i t i o n  t o  t h e  d e s t r u c t i o n  of p e s t  f l i e s :  i n  

d e s t r o y i n g  o t h e r  immature Dip te ra  t hey  a r e  a l s o  prevent ing  some l o s s  of 

dung n u t r i e n t s  i n  t h e  form of i n s e c t  t i s s u e ,  a s  w e l l  as any o t h e r  n u t r i e n t  

l o s s e s  ( e . g . ,  n i t rogen)  t h a t  may r e s u l t  from concent ra ted  i n s e c t  a c t i v i t y  

i n  dung pads. 



It was mentioned e a r l i e r  t h a t  exposed pads had t o  be  

p ro t ec t ed  wi th  frames a g a i n s t  b i r d  a t t a c k .  Bird a c t i v i t y  was sporadic  

dur ing  most of t h e  summer, bu t  a s  V a l i e l a  (1969) has  observed,  t h e  

s c a t t e r i n g  of a  dung pad by b i r d  a c t i o n  has  a  c a t a s t r o p h i c  e f f e c t  on 

t h e  i n s e c t  i n h a b i t a n t s  of any one dropping,  It was t h e r e f o r e  necessary  

t o  p r o t e c t  a l l  t h e  experimental  pads t o  avoid  l o s i n g  any of them. Many 

unpro tec ted  pads were t o r n  t o  p i e c e s  by b i r d s  (mainly s t a r l i n g s  and 

cowbirds) i n  l a t e  summer and it i s  l i k e l y  t h a t  numbers of  overwinter ing  

horn  f l y  pupar ia  were thereby  reduced. 

Anderson (1966), no t ing  t h a t  i n s e c t s  a r e  e s p e c i a l l y  important  

i n  conver t ing  f e c e s  t o  a r thropod biomass, considered t h a t  t h e  a c t i o n  of 

coprophagous f l i e s  i n  p a s t u r e  i s  b e n e f i c i a l  i n  t h e  sense  t h a t  t hey  

a c t u a l l y  remove much of t h e  energy and o rgan ic  l oad  from c a t t l e  droppings.  

I n  summer p a s t u r e  c o n d i t i o n s  i n  C a l i f o r n i a ,  he noted t h a t  most of a  cow 

pad can " f l y  away" i n  2-3 weeks. Papp (1970) a l s o  found t h a t  t h e  presence 

of many f l y  l a r v a e  i n  cow dung f a c i l i t a t e s  t h e  breakdown process .  Although 

t h e  t r a n s f e r  and uptake of dung n u t r i e n t s  and d i s i n t e g r a t i o n  of pads 

dur ing  t h e  presence of t h e s e  i n s e c t s  may appear t o  be  b e n e f i c i a l  from t h e  

s t andpo in t  of anyone i n t e r e s t e d  i n  dung removal per - s e ,  t h e  f a c t  remains 

t h a t  under such c o n d i t i o n s  n u t r i e n t s  a r e  be ing  l o s t  o r  t i e d  up i n  i n s e c t  

t i s s u e  unnecessa r i l y .  B e t t e r  economy of n u t r i e n t s  could b e  achieved by 

u t i l i z i n g  t h e  a c t i v i t y  of dung b e e t l e s .  

It i s  evident  t h a t  t h e  s t a g e s  of t h e  horn f l y  most v u l n e r a b l e  

t o  n a t u r a l  enemies a r e  t h e  immature ones.  These a r e  concent ra ted  i n  o r  

n e a r  a  r e l a t i v e l y  smal l  volume of food medium which is  a l s o  a t t r a c t i v e  t o  

a l a r g e  number of o t h e r  i n s e c t s .  Through i n t r o d u c t i o n  of dung b e e t l e s  and 

perhaps p r e d a t o r s  from o t h e r  a r e a s  i t  may be  p o s s i b l e  t o  c r e a t e  c o n d i t i o n s  



f o r  immature horn f l i e s  t h a t  are l e s s  favourable  t han  they  a r e  now. More- 

ove r ,  b e t t e r  dung d i s p o s a l  might b e  e f f e c t e d  than  occurs  a t  p re sen t .  The 

horn fly and i ts  h o s t  have Old World o r i g i n s  and moreover t h e r e  i s  a 

marked d i s c o n t i n u i t y  i n  indigenous dung i n s e c t  faunas  t h a t  i s  apparent  

between t h e  New and Old Worlds. It is my op in ion  t h a t  r e s e a r c h  w i t h  

b i o l o g i c a l  manipulat ion of c a t t l e  dung and i t s  i n s e c t  fauna a s  t h e  o b j e c t i v e  

w i l l  u l t i m a t e l y  y i e l d  t h e  most s a t i s f a c t o r y  s o l u t i o n  t o  t h e  problems t h a t  

have been c rea t ed .  



CHAPTER I1 - DUNG BURIAL ACTIVITY OF ONTHOPHAGUS NUCHICORNIS 

INTRODUCTION 

Cur ren t ly  t h e r e  a r e  only  two s p e c i e s  of dung-burying b e e t l e s  

i n  t h e  rangelands  of t h e  Southern I n t e r i o r  of B r i t i s h  Columbia. One of 

t h e s e ,  Boreocanthon simplex LeConte, i s  n a t i v e  and was r a r e l y  taken dur ing  

t h i s  i n v e s t i g a t i o n .  The o t h e r  b e e t l e  i s  Onthophagus nuch ico rn i s  (Linnaeus) ,  

in t roduced  s e p a r a t e l y  from Europe t o  both t h e  e a s t  (Brown, 1940) and west 

c o a s t s  of North America (Howden, 1966).  The f i r s t  record  of t h i s  s p e c i e s  

i n  B r i t i s h  Columbia was from Creston i n  1945 (Hatch, 1971).  Since t h a t  

t ime i t  has  e f f e c t i v e l y  colonized t h e  southern  p o r t i o n  of t h e  Province,  

be ing  p re sen t  i n  t h e  I n t e r i o r  and a l s o  i n  t h e  humid lower mainland a r e a  

surrounding Vancouver. According t o  Ba l thasa r  (1963b), - 0.  nuch ico rn i s  

i s  found i n  every  p a r t  of Europe wi th  t h e  except ion  of t h e  most n o r t h e r l y  

r e g i o n s ,  and a l s o  i n  Asia  Minor, t h e  Caucasus, Turkestan,  S i b e r i a ,  and 

Mongolia. It thus  may have t h e  p o t e n t i a l  t o  co lon ize  a  g r e a t e r  a r e a  of 

western North America than  i t  occupied i n  1966, which was southern  B r i t i s h  

Columbia, Washington, Idaho, and wes tern  Montana (Howden, 1966).  

Its bio logy  i n  Europe was descr ibed  by Burmeister (1930), 

and a d d i t i o n a l  in format ion  was provided by von Lengerken (1954). During 

t h e  summers of 1971 and 1972, some obse rva t ions  were made on t h e  b io logy  of 

t h e  b e e t l e  a t  Kamloops. 

0 .  nuchicorn is  i s  v e r y  common i n  t h e  I n t e r i o r .  The over- - 

win te r ing  b e e t l e s  emerged i n  A p r i l  and e a r l y  May and began a per iod  of 

f eed ing  and dung b u r i a l  which l a s t e d  u n t i l  about mid-July, when t h e  summer 

drought  commenced. Bee t l e s  c o l l e c t e d  i n  l a t e  J u l y  and August f a i l e d  t o  



bury dung even i f  s o i l  was q u i t e  mois t .  Fresh c a t t l e  pads and a l s o  ho r se  

dung i n  t h e  range  o f t e n  contained enormous numbers of - 0 .  nuch ico rn i s  i n  

August, which were e v i d e n t l y  feeding .  It was no t  uncommon a t  t h i s  t ime 

f o r  even l a r g e  pads t o  be  completely shredded and d i spe r sed  by t h e  b e e t l e s .  

While l i t t l e  o r  none of t h e  dung was b u r i e d ,  t h e  churning a c t i o n  of t h e  

b e e t l e s  should have f a c i l i t a t e d  i t s  breakdown. The f a t e  of f l y  l a r v a e  

a t tempt ing  t o  develop i n  such pads i s  no t  known f o r  c e r t a i n .  Nothing i s  

known of t h e  h a b i t s  of t h e  b e e t l e s  from t h e  t ime c o o l e r  weather  comes t o  

t h e  I n t e r i o r  (u sua l ly  l a t e  August) u n t i l  w in t e r  a r r i v e s ,  except  t h a t  they  

d iapause  i n  t h e  a d u l t  s t a g e .  The a c t i v e  per iod  i n  s p r i n g  and e a r l y  summer 

would t h e o r e t i c a l l y  a l l ow t ime f o r  two g e n e r a t i o n s t o d e v e l o p , b e c a u s e  

t h e  t ime r equ i r ed  f o r  an  egg 3 I a brood b a l l  t o  mature i n t o  an  a d u l t  

v a r i e d  from about f i v e  t o  n e a r l y  e i g h t  weeks. Probably no f u r t h e r  

gene ra t ions  occur  i n  t h e  f a l l  and t h e  s p e c i e s  may i n  f a c t  b e  u n i v o l t i n e .  

The l a r g e  numbers of b e e t l e s  p re sen t  i n  August may r e p r e s e n t  a  peak i n  

emergence of t h e  gene ra t ion  der ived  from t h e  o r i g i n a l  overwinter ing  

p a r e n t s ,  and t h e s e  progeny then become concent ra ted  i n  t h e  r e l a t i v e l y  

few a v a i l a b l e  dung pads. 

The horn f l y  f i e l d  sampling procedures  descr ibed  i n  Chapter I 

d id  no t  y i e l d  any information about 9. nuch ico rn i s  a p a r t  from t h e  numbers 

p re sen t  i n  each pad, which l e d  t o  an  e s t i m a t e  of seasonal  abundance. 

During t h e  sampling i t  proved imposs ib le  t o  o b t a i n  any e s t i m a t e  of t h e  

p o t e n t i a l  of t h e  b e e t l e s  f o r  dung b u r i a l .  F i e ld  obse rva t ions  suggested 

t h a t  dung removal occurred t o  t h e  e x t e n t  where i t  could i n t e r f e r e  w i th  

f l y  breeding  only  i f  t h e  pads were smal l  and f a i r l y  shal low.  Therefore  

t h e  a c t i v i t i e s  and e f f e c t i v e n e s s  of t h i s  b e e t l e  were i n v e s t i g a t e d  i n  t h e  



greenhouse and t h e  r e s u l t s  were supported by f i e l d  obse rva t ions ,  t h e  b e t t e r  

t o  judge i f  impor ta t ion  of o t h e r  b e e t l e  s p e c i e s  would be  worthwhile t o  

i n c r e a s e  t h e  amount of dung d i s p o s a l  i n  t h e  f i e l d .  The b e e t l e  was a l s o  

employed a s  a dung-burying animal i n  v a r i o u s  l a b o r a t o r y  experiments.  

Bornemissza (1970) demonstrated t h e  e f f e c t  of t h e  a c t i v i t y  of 

dung-burying b e e t l e s  on coprophagous f l y  l a r v a e  s h a r i n g  t h e  same dung mass. 

I n  experiments w i t h  t h e  horn f l y  i n  Hawaii and wi th  t h e  bush f l y  (Musca 

v e t u s t i s s i m a  walker)  i n  A u s t r a l i a ,  he  showed t h a t  when moderate numbers of 

v e r y  e f f i c i e n t  dung b e e t l e s  co lonized  a pad, emergence of  a d u l t  f l i e s  from 

i t  was d r a s t i c a l l y  reduced o r  even e l imina ted .  Moreover, t h e  few f l i e s  

emerging from experimental  pads t h a t  had been sub jec t ed  t o  a lower degree  

of b e e t l e  a c t i v i t y  were sma l l ,  s t u n t e d ,  and had l i t t l e  o r  no r ep roduc t ive  

a b i l i t y .  Thus dung b u r i a l  can have a pronounced harmful e f f e c t  on f l y  

popu la t ions  even i f  i t  does no t  completely prevent  development of t h e i r  

l a r v a e .  

Experimentat ion i n  1971 and 1972 t h e r e f o r e  sought t o  d e f i n e  

t h e  p o t e n t i a l  of - 0. nuch ico rn i s  f o r  dung b u r i a l  and t h e  e f f e c t  of such 

b u r i a l  by t h i s  s p e c i e s  on development of coprophagous f l y  l a r v a e ,  

p a r t i c u l a r l y  t hose  of t h e  horn f l y .  

MATERIALS AND METHODS 

Assessment of t h e  P o t e n t i a l  o f  0 .  nuch ico rn i s  f o r  Dung B u r i a l .  

Bur i a l  t e s t s  were made w i t h  a r t i f i c i a l  dung pads r e s t i n g  on 

10  cm of s o i l  i n  p o t s  made ou t  of cut-down three-quar t  mi lk  c a r t o n s .  The 

s o i l  was a f i n e  sandy loam taken  from t h e  lower g ra s s l and  and dampened 

g a f t e r  p o t t i n g  t o  a mois ture  con ten t  of  about 25%. 
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A herd of Hereford cows was always a v a i l a b l e  a t  t h e  Research 

S t a t i o n ,  but  t h e i r  dung was seldom used f o r  l a b o r a t o r y  and greenhouse 

experiments ,  because t h e  q u a n t i t i e s  of f r e s h  dung sometimes r equ i r ed  made 

f i e l d  dung c o l l e c t i o n  imprac t i cab le .  Dung f o r  experiments was t h e r e f o r e  

c o l l e c t e d  from t h e  T r a n q u i l l e  School d a i r y  farm near  Kamloops. Large 

q u a n t i t i e s  of dung were a v a i l a b l e  a t  0400 and 1500 hours  dur ing  the  day. 

The d a i r y  cows were normally moved t o  f r e s h  i r r i g a t e d  p a s t u r e  

every  t h r e e  days.  This  ensured a degree  of s t a n d a r d i z a t i o n  i n  t h e  

mois ture  con ten t  and q u a l i t y  of t h e  dung throughout t h e  summer. A l l  

animals  were f ed  a supplementary r a t i o n  of  a l f a l f a  hay a t  each mi lk ing  

t ime . 
A f t e r  c o l l e c t i o n  t h e  dung was thoroughly mixed. The s tandard  

f r e s h  weight of pads f o r  many experiments was 200 o r  250 g. An open- 

ended meta l  t rough served a s  a r e c e p t a c l e  f o r  weighing t h e  dung, from 

which t h e  mass was t r a n s f e r r e d  i n t o  a c y l i n d r i c a l  aluminum mold 9 cm i n  

d iameter  t h a t  r e s t e d  on s o i l  i n  one of t h e  po t s .  Dung was tamped i n t o  t h e  

mold b e f o r e  t h e  l a t t e r  was removed, l eav ing  a nea t  pad 3 cm high  (200 g)  o r  

4 cm high  (250 g ) .  Two i d e n t i c a l  c o n t r o l  pads were always prepared on 

smal l  aluminum d i s h e s  and oven-dried a t  100•‹C f o r  mo i s tu re  and d r y  ma t t e r  

de te rmina t ions .  

Bee t l e s  were captured  i n  range  o r  p a s t u r e  by ove r tu rn ing  f r e s h  

pads and sea rch ing  through t h e  dung. Surface  s o i l  beneath t h e  pad was 

searched a l s o .  I n  t h e  l a b o r a t o r y  t h e  b e e t l e s  were sexed and t h e  sexes  

were sepa ra t ed .  They were h e l d  f o r  48 hours  without  food i n  waxed 

c a r t o n s  con ta in ing  damp f a c i a l  t i s s u e s  t o  a l low f o r  appearance of m o r t a l i t y  

caused dur ing  c o l l e c t i o n .  P r i o r  t o  u s e  i n  a n  experiment they  w e r e  checked 

f o r  damage and given a t e s t  t o  make s u r e  they  were capable  of normal 



a c t i v i t y .  They were then  s o r t e d  t o  a s s u r e  a  uniform s i z e  of b e e t l e  i n  

each r e p l i c a t e .  Males and females  were combined and he ld  i n  j a r s  ass igned  

t o  each r e p l i c a t e  wh i l e  t h e  r e s t  of t h e  experiment was prepared .  Equal 

numbers of males and females  were always used.  

A f t e r  dung was placed on t h e  s o i l  i n  p o t s ,  t h e  b e e t l e s  were 

in t roduced  and confined w i t h  nylon mesh sc reen  secured wi th  rubber  bands. 

Bur i a l  a c t i v i t y  was i n d i c a t e d  by t h e  appearance of excavated s o i l  bes ide  

and w i t h i n  pads. Bee t l e s  coming t o  t h e  s u r f a c e  of p o t s  a f t e r  about f i v e  

days were r e l e a s e d .  

S o i l  p o t s  were dismantled a t  t h e  end of the experiment.  

F i r s t l y  t h e  dung remaining on t h e  s o i l  s u r f a c e  was c o l l e c t e d .  This  

cons i s t ed  of t h e  d r y  o r i g i n a l  dung mass, u s u a l l y  honeycombed wi th  t u n n e l s ,  

some of which conta ined  s o i l  excavated by t h e  b e e t l e s .  It was no t  f e a s i b l e  

t o  e x t r a c t  a l l  t h e  s o i l  from w i t h i n  t h e  dung pad. I n s t e a d ,  t h e  pads 

con ta in ing  s o i l  a s  we l l  a s  a l l  dung fragments on t h e  s o i l  s u r f a c e  were 

removed and d r i e d  a t  100•‹C t o  s t o p  mold growth. The remains were he ld  i n  

i n d i v i d u a l  p l a s t i c  bags f o r  subsequent de te rmina t ion  of amount of dung 

b u r i a l .  

The s o i l  was then  thoroughly searched f o r  dung b a l l s .  Only 

completed o r  n e a r l y  completed brood b a l l s  were counted. Small caches of 

dung probably r e p r e s e n t i n g  a d u l t  food s t o r e s  were i n f r e q u e n t l y  found. 

The dung pads were processed by an a sh ing  technique  t o  d e t e r -  

mine t h e  amount of d r y  dung remaining. The water  f l o t a t i o n  technique  

descr ibed  by Bornemissza (1970) f o r  s e p a r a t i n g  s o i l  from kangaroo dung 

was not  used because i n  t h e s e  experiments t h e  s o i l  was o f t e n  packed too  

f i r m l y  i n t o  tunne l s  i n  t h e  dung. 



The remains of each pad p l u s  adher ing  s o i l  were placed i n  a 

c r u c i b l e ,  d r i e d  a t  100•‹C and then  weighed. Ashing was c a r r i e d  ou t  i n  a 

muff le  furnace  a t  600•‹C f o r  24 hours .  Cruc ib l e s  were then  brought  t o  

1 0 0 ' ~  and weighed aga in .  Separa te  de te rmina t ions  showed t h a t  oven-dry 

dung from t h e  Tranqu i l l e  d a i r y  l o s t  81% of i t s  d r y  weight on ash ing ,  whi le  

range  s o i l  underwent a l o s s  of 4%. Using t h e s e  f i g u r e s  a s imple formula 

was cons t ruc t ed  (Appendix 111) f o r  c a l c u l a t i n g  t h e  amount of dung remaining, 

and hence unburied,  on t h e  s o i l  sur face :  

Dry weight of unburied dung = (0.96 DW - AW)/0.77, 

where DW i s  t h e  weight of d r y  dung p l u s  s o i l  be fo re  a sh ing ,  and AW i s  t h e  

weight of a s h  p l u s  s o i l .  

The percentage b u r i a l  on a d r y  weight b a s i s  f o r  any pad was 

then  c a l c u l a t e d  us ing  t h e  formula 

% dung bur ied  = 100 (weight c o n t r o l  pads - weight unburied dung) 
weight c o n t r o l  pads 

The formulae overest imated t h e  amount of dung b u r i e d ,  because 

f r e s h  dung i n v a r i a b l y  l o s t  d ry  ma t t e r  when it  was exposed on a damp o r  

d r y  s o i l  su r f ace .  Drainage of dung l i q u i d  and v o l a t i l i z a t i o n  of some 

c o n s t i t u e n t s  were probably r e spons ib l e .  Cor rec t ion  f a c t o r s  were found by 

u s e  of c o n t r o l  pads, and t h e s e  were sub t r ac t ed  from t h e  apparent  per  cen t  

b u r i a l  f i g u r e s  t o  g ive  t h e  a c t u a l  amount bu r i ed .  

E f f e c t  of Dung Bur i a l  by 0. nuch ico rn i s  on Development of Coprophagous 
J 

Flv  Larvae. 

0. nuchicorn is  i s  now known t o  bury dung u n t i l  about t h e  - 

middle of Ju ly .  

about  mid-June. 

when s u f f i c i e n t  

The horn f l y  does no t  become numerous i n  t h e  f i e l d  u n t i l  

Thus only about fou r  t o  s i x  weeks were a v a i l a b l e  per  year  

numbers of horn f l y  a d u l t s  could be  c o l l e c t e d  from c a t t l e  



t o  f u r n i s h  an  adequate  supply of eggs f o r  experiments ,  wh i l e  a t  t h e  same 

t i m e  - 0. nuch ico rn i s  was s t i l l  a c t i v e l y  burying dung. Such a  s h o r t  t ime 

f o r  a  s imultaneous experimentat ion wi th  t h e s e  two s p e c i e s  o f f e r e d  only  a  

p reca r ious  chance of ob ta in ing  u s e f u l  r e s u l t s  because o f t e n  about  t h r e e  

weeks were r equ i r ed  a f t e r  t h e  beginning of an  experiment u n t i l  a l l  a d u l t  

f l i e s  had emerged. To count horn f l y  pupar ia  i n s t e a d  of emerged a d u l t s  

would have reduced t h e  t ime l a g ,  bu t  t h i s  was not  done because a  l o t  of 

t ime would have been r equ i r ed  t o  recover  them. A s  on ly  one summer was 

a v a i l a b l e  f o r  t h i s  work, i t  was decided t h a t  a s  a  sa feguard ,  u s e  would 

be  made of Musca domestica l a r v a e  as coprophagous animals  f o r  t h e s e  

experiments  e a r l y  i n  t h e  season be fo re  horn f l y  became a c t i v e .  Coprophagous 

Dip tera  i n  t h e  same fami ly  w i l l  have b a s i c a l l y  t h e  same food requirements ,  

so  t h a t  an  animal ( i . e . ,  dung b e e t l e )  t h a t  is  competing f o r  t h i s  food 

should have t h e  same e f f e c t  on a l l  such s p e c i e s  w i t h i n  t h e  fami ly .  

House f l i e s  were r ea red  cont inuous ly  i n  t h e  l a b o r a t o r y  a t  

Kamloops dur ing  t h e  1972 summer. For a b e e t l e  v e r s u s  f l y  experiment ,  

p r e p a r a t i o n s  were made e x a c t l y  a s  desc r ibed  f o r  n normal dung b u r i a l  

experiment.  House f l y  eggs were c o l l e c t e d  be fo re  t h e  experiment began, 

timed so  t h a t  ha tch ing  i n t o  smal l  l a r v a e  had occurred on ly  a  few hours  

be fo re  t h e  s t a r t  of t h e  experiment.  A f t e r  pads had been prepared,  100 

f i r s t  i n s t a r  house f l y  l a r v a e  were counted and t r a n s f e r r e d  onto  t h e  top  

of t h e  a r t i f i c i a l  pad. When a l l  pads inc lud ing  c o n t r o l s  had rece ived  

l a r v a e ,  b e e t l e s  were r e l e a s e d  i n t o  t h e i r  t r ea tmen t s .  D i f f e r e n t  numbers 

of b e e t l e s  were employed t o  provide  a  graded i n c r e a s e  i n  t h e  amount of 

dung bur ied  without  u s ing  t h e  h ighe r  l e v e l s  of b e e t l e  i n f e s t a t i o n  t h a t  

l e a d  t o  i n e f f i c i e n t  b u r i a l .  I n  t h e  s i n g l e  experiment w i th  house f l y ,  

f o u r  b e e t l e  t r ea tmen t s  (1 ,  2 ,  4 ,  and 8 p a i r s )  were planned, r e p l i c a t e d  



f i v e  t imes.  J u s t  b e f o r e  t h e  experiment was e s t a b l i s h e d  i t  w a s  found t h a t  

h a l f  t h e  f l y  l a r v a e  intended f o r  i n f e s t a t i o n  of pads had been asphyxia ted ,  

due t o  t h e  formation of an a i r t i g h t  s e a l  by condensed mois ture  a t  t h e  

junc t ion  of t h e  l i d  and bottom of t h e i r  p e t r i  d i s h .  The number of 

r e p l i c a t e s  was then  reduced t o  t h r e e .  

Horn f l i e s  were c o l l e c t e d  when r equ i r ed  by running t h e  Hereford 

c a t t l e  i n t o  a  s tockyard and sweeping t h e i r  backs w i t h  a  n e t .  F l i e s  were 
< 

induced t o  o v i p o s i t  by us ing  a  s l i g h t  mod i f i ca t ion  of t h e  method of Depner 

(1962). The mod i f i ca t ion  involved t h e  u s e  of f i l t e r  papers  dampened wi th  

a mixture  of f r e s h  dung and water .  These were placed a t  t h e  bottom of 500 

m l  Erlenmeyer f l a s k s  con ta in ing  200-300 horn f l i e s .  F l i e s  l a i d  many eggs 

on t h e  f i l t e r  paper dur ing  exposure t o  30•‹C f o r  4-5 hours  i n  a  darkened 

incuba to r ,  and a f t e rwards  were r e tu rned  t o  t h e  c a t t l e .  Eggs were r in sed  

ou t  of t h e  f l a s k s  w i t h  smal l  p o r t i o n s  of t a p  water  i n t o  a  Buchner funnel  

(Depner, 1962).  Horn f l y  l a r v a e  a r e  much more a c t i v e  than  those  of t h e  

house f l y ,  and are d i f f i c u l t  t o  t r a n s f e r  i n d i v i d u a l l y  from p l a c e  t o  p l ace .  

Because of t h i s ,  dung was i n f e s t e d  wi th  horn f l y  eggs i n s t e a d  of l a r v a e .  

Horn f l y  eggs were counted onto  moistened one-inch squares  

of f i l t e r  paper (Depner, 1961),  which were then  placed on t h e  top  of t h e  

pad and covered l i g h t l y  wi th  t h e  shal low l i d  of a  9  cm p l a s t i c  p e t r i  d i s h  

t o  i n c r e a s e  humidity i n  t h e  a i r  surrounding t h e  eggs. The experiments 

w i t h  horn f l i e s  were e s t a b l i s h e d  only  a  few hours  p r i o r  t o  t h e  expected 

t ime of f i r s t  ha t ch ing  of t h e  eggs.  A s  soon a s  t h e  horn f l y  eggs had 

been placed i n  p o s i t i o n ,  b e e t l e s  were l i b e r a t e d  i n t o  t h e i r  r e s p e c t i v e  

p o t s ,  where i n i t i a l l y  they  remained beneath t h e  pads and d i d  no t  bo the r  

t h e  ha t ch ing  horn f l y  l a r v a e .  Po t s  were kep t  ou t  of t h e  sun u n t i l  about  

1 2  hours  a f t e r  t h e  s t a r t  of t h e  experiment t o  a l low s u f f i c i e n t  t ime f o r  



hatching  of horn f l y  eggs,  and then  they  were placed i n  a  greenhouse. The 

squares  of f i l t e r  paper were r e t r i e v e d  from t h e  dung s u r f a c e  l a t e r  so  t h a t  

t h e  number of non-viable eggs could be  counted. 

Bee t l e s  t h a t  l e f t  t h e  dung and appeared i n  t h e  enc losu re  a t  

t h e  top  of t h e  p o t s  v e r e  removed p e r i o d i c a l l y .  Po t s  remained i n  t h e  

greenhouse u n t i l  a l l  f l i e s  had emerged and d i ed .  The same procedure was 

used f o r  d i smant l ing  p o t s  i n  t h e s e  f l y  experiments a s  f o r  t h e  b u r i a l e x p e r -  

iment . Emerged f l i e s  were c o l l e c t e d ,  counted and weighed. Remains 

of pads were r e t a i n e d  f o r  e s t i m a t i o n  of pe r  cen t  b u r i a l ,  and s o i l  i n  p o t s  

was thoroughly searched f o r  brood b a l l s .  

RESULTS 

The B u r i a l  P o t e n t i a l  of 0. nuch ico rn i s .  

Severa l  smal l  p re l imina ry  experiments were conducted i n  1971 

t o  measure t h e  amount of dung t h a t  was removed by v a r i o u s  numbers of 

a c t i v e  - 0. nuchicorn is .  This  in format ion  was r equ i r ed  p r i o r  t o  t h e  

es tab l i shment  of c e r t a i n  o t h e r  experiments.  

The f i r s t  experiments suggested t h a t  maximum b u r i a l  of a  

200-g pad was obta ined  when f o u r  o r  f i v e  p a i r s  of b e e t l e s  were p re sen t .  

Below t h a t  number, fewer brood b a l l s  were recovered from t h e  s o i l ,  wh i l e  

t h e  number of brood b a l l s  decreased aga in  a s  t h e  number of p a i r s  of 

b e e t l e s  increased  above f i v e ,  implying t h a t  i n t e r f e r e n c e  wi th  b u r i a l  was 

occu r r ing  a t  what were probably u n n a t u r a l l y  h igh  b e e t l e  d e n s i t i e s .  I n  

one e a r l y  experiment,  5 p a i r s  of b e e t l e s  (10 r e p l i c a t e s )  bur ied  an  average 

of 27.5 dung b a l l s  per  pot  and i n  doing  so  removed 37.4% of t h e  o r i g i n a l  

200 g  of f r e s h  dung, f o r  a  c a l c u l a t e d  d r y  ma t t e r  weight per  dung b a l l  of 



A s i m i l a r  b u t  l a r g e r  experiment was conducted i n  mid-July 1971 

t o  e s t a b l i s h  f i r m e r  g u i d e l i n e s  f o r  greenhouse eva lua t ion  of t h e  e f f e c t  of 

b e e t l e s  on t h e  breeding  of coprophagous f l i e s .  I n  t h i s  experiment,  t r e a t -  

ments cons i s t ed  of 2 ,  4 ,  8 ,  o r  16 p a i r s  of b e e t l e s  pe r  200-g pad, r e p l i c a t e d  

fou r  t imes.  I n  some r e p l i c a t e s  no dung w a s  b u r i e d ,  and i n  most of t h e  

o t h e r s  b u r i a l  a c t i v i t y  was much reduced. T e s t s  throughout t h e  remainder of 

t h e  1971 summer u n t i l  t h e  end of August showed a  complete l a c k  of b u r i a l  

a c t i v i t y .  It was thus  imposs ib le  e i t h e r  t o  examine b e e t l e  b u r i a l  a c t i v i t y  

f u r t h e r  f o r  t h e  remainder of t h e  1971 r e s e a r c h  season,  o r  t o  conduct any 

experiments w i th  b e e t l e s  and coprophagous f l y  l a r v a e .  

I n  May 1972 a  d e f i n i t i v e  experiment was e s t a b l i s h e d  t o  eva lua t e  

b u r i a l  of dung by - 0. nuch ico rn i s ,  which i s  ve ry  a c t i v e  a t  t h i s  t ime of year .  

Treatments of 2 ,  4 ,  8 ,  o r  16 p a i r s  of b e e t l e s  were used as i n  1971, wi th  

f i v e  r e p l i c a t i o n s .  The r e s u l t s  a r e  shown i n  Fig.  21. 

The number of brood b a l l s  recovered pe r  po t  r o s e  from 23.6 a t  

a  d e n s i t y  of 2  p a i r s  of b e e t l e s  t o  40.2 f o r  4 p a i r s  (a  70% i n c r e a s e ) .  

The rea f t e r  t h e  number of b a l l s  dec l ined  a s  t h e  number of b e e t l e s  in -  

c r eased ,  i n d i c a t i n g  t h a t  a t  h igh  d e n s i t i e s  mutual i n t e r f e r e n c e  p reven t s  

some breeding  p a i r s  from i n i t i a t i n g  brood b a l l  c o n s t r u c t i o n ,  o r  reduces 

t h e  number of brood b a l l s  produced per  breeding  p a i r .  Bee t l e s  a r e  no t  found 

i n  f i e l d  pads dur ing  the  breeding  season i n  numbers r e p r e s e n t i n g  t h e  two 

h ighe r  d e n s i t i e s  used,  though, a s  has  a l r eady  been mentioned, tremendous 

numbers of non-breeding b e e t l e s  occur  i n  pads l a t e r  i n  t h e  summer. 

Four p a i r s  of b e e t l e s  removed about 60% more dung from t h e  

s u r f a c e  than  two p a i r s  ( i . e . ,  47.6% b u r i a l  compared wi th  29.6%),  which 

i s  f a i r l y  c o n s i s t e n t  w i th  t h e  70% i n c r e a s e  i n  number of brood b a l l s  
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mentioned above. However, i n  t h e  t rea tment  u s ing  8 p a i r s ,  even though the  

number of dung b a l l s  dec l ined  t o  31, t h e  amount of dung removed was 

approximately t h e  same as f o r  4 p a i r s .  S ix t een  p a i r s  of b e e t l e s  bur ied  

only  26.2 brood b a l l s  bu t  i n  s p i t e  of t h i s  they  removed a t  l e a s t  a s  much 

dung as d i d  4 o r  8 p a i r s .  

Ca lcu la t ion  of t h e  amount of d r y  dung removed pe r  brood b a l l  

recovered showed no s i g n i f i c a n t  d i f f e r e n c e  (by a  t - t e s t )  between t h e  means 

f o r  2  and 4 p a i r s  of b e e t l e s  (0.32g and 0.30 g  r e s p e c t i v e l y ) .  Regression 

of pe r  cen t  dung removed on number of brood b a l l s  bur ied  by 2  o r  4  p a i r s  of 

b e e t l e s  showed a h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p  ( ~ = 1 0 ;  ~ ~ 4 . 1 4  + 1 . 0 8 ~ ;  

r=0.961; P<0.001). The number of brood b a l l s  recovered t h e r e f o r e  w a s  a  

d i r e c t  i n d i c a t i o n  of t h e  amount of b u r i a l  a c t i v i t y  i n  each pot .  For t h e s e  

t r ea tmen t s ,  t h e  mean amount of dung removed per  brood b a l l  probably 

i n d i c a t e s  t h e  b a s i c  dung u t i l i z a t i o n  per  breeding  p a i r  and inc ludes  t h e  

dung consumed by b e e t l e s  a s  w e l l  a s  t h a t  incorpora ted  i n t o  brood b a l l s .  

The f i g u r e s  of 0.30 and 0.32 g d r y  dung per  brood b a l l  recovered ag ree  

c l o s e l y  w i t h  t h e  e s t i m a t e  of 0.37 g  mentioned f o r  an  e a r l i e r  experiment,  

and r e p r e s e n t  a  t o t a l  removal of approximately 2 .5  g  of f r e s h  dung f o r  

each brood b a l l .  

Dung removed pe r  brood b a l l  bur ied  by 8 p a i r s  of b e e t l e s  was 

g r e a t e r  (P<0.05) than  t h a t  removed by 4  p a i r s  bu t  no t  s i g n i f i c a n t l y  

d i f f e r e n t  from t h a t  removed by 2  p a i r s .  Dung removed per  brood b a l l  

bur ied  by 16  p a i r s  of b e e t l e s  was s i g n i f i c a n t l y  g r e a t e r  (P<0.01) than  t h e  

amount removed by 2 o r  4  p a i r s ,  b u t  no t  by 8 p a i r s .  These f i g u r e s  show 

t h a t  a t  t h e  two h igher  b e e t l e  d e n s i t i e s ,  t h e  i n s e c t s  removed cons iderably  

more dung from t h e  pad than  was a c t u a l l y  packed i n t o  brood b a l l s .  The 

miss ing  dung presumably was e i t h e r  consumed by b e e t l e s  o r  taken  by them 

i n t o  t h e  s o i l  i n  smal l  q u a n t i t i e s  which were n o t  n o t i c e a b l e  when t h e  s o i l  

was searched f o r  brood b a l l s .  These extraneous l o s s e s  tended t o  i n c r e a s e  



i n  r e l a t i o n  t o  t h e  number of b e e t l e s  p re sen t  and appeared t o  be  h ighes t  

i n  t h e  t rea tment  u s ing  16  p a i r s  of b e e t l e s .  

E f f ec t  of Dung B u r i a l  on Developnent of Coprophagous F ly  Larvae. 

The f i r s t  test  t o  examine t h e  e f f e c t  of dung b u r i a l  by 

0. nuchicorn is  on f l y  development commenced on 1 June,  1972, u s ing  house - 

f l y  l a r v a e .  Treatments used involved a  c o n t r o l  and 2 ,  4 ,  and 6 p a i r s  of 

b e e t l e s  r e s p e c t i v e l y .  

Dung removal a t  t h e s e  b e e t l e  d e n s i t i e s  a g a i n  bo re  a h i g h l y  

s i g n i f i c a n t  r e l a t i o n s h i p  t o  t h e  number of brood b a l l s  formed (N=12; Yu14.02 

+ 0.88X; r=0.985; P<0.001). The r e g r e s s i o n  of number of house f l i e s  

su rv iv ing  on number of brood b a l l s  formed showed a h i g h l y  s i g n i f j c a n t  

i n v e r s e  r e l a t i o n s h i p  between t h e  two (Fig. 22) .  Under t h e  cond i t i ons  of 

t h i s  experiment,  f l y  s u r v i v a l  f e l l  a s  dung removal by b e e t l e s  increased .  

Su rv iva l  of house f l i e s  i n  t h e  t h r e e  r e p l i c a t e s  of t h e  c o n t r o l  

t rea tment  was uniformly low; a  mean number of 51  a d u l t s  w a s  produced from 

t h e  o r i g i n a l  100 f i r s t  i n s t a r  l a r v a e .  Subsequent smal l  t r i a l s  wi th  

d i f f e r e n t  numbers of house f l y  l a r v a e  i n  t h e  same q u a n t i t y  OF  dung 

suggested t h a t  even though each l a r v a  i n  t h e  experiment i n i t i a l l y  had 

2.5 g of dung, t h e  r a p i d  dry ing  of  such smal l  pads soon in t roduced  

compet i t ion  f o r  food and lowered s u r v i v a l .  Bay, P i t t s ,  and Ward (1970) 

showed t h a t  t h e  l a r v a e  of a s imi l a r - s i zed  f l y ,  Musca au tumnal i s ,  r e q u i r e  

about  2.0 g of f r e s h  dung f o r  optimum development, bu t  i t  appears  t h a t  

t h e  dung i n  t h e i r  experiments  was not  sub jec t ed  t o  dehydra t ing  c o n d i t i o n s  

caused by sun i n  t h e  greenhouse and l i q u i d  abso rp t ion  by s o i l .  

It has  been shown t h a t  dung b u r i a l  by - 0. nuch ico rn i s  reduced 

s u r v i v a l  of  house f l y  l a r v a e  i f  t h e s e  were s u f f i c i e n t l y  numerous t o  be 
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competing f o r  food and space  even i n  t h e  absence of b e e t l e s .  I n  t h i s  

work t h e  a c t u a l  performance of t h e  b e e t l e  was a s  much under s c r u t i n y  a s  

i ts  a b i l i t y  t o  i n f l u e n c e  t h e  s u r v i v a l  of coprophagous Dip te ra .  Therefore 

i t  was of  i n t e r e s t  t o  measure t h e  e f f e c t  of i ts  dung b u r i a l  e f f o r t s  on 

development of f l y  l a r v a e  when t h e s e  were p re sen t  i n  numbers approximating 

some f i e l d  i n f e s t a t i o n s .  

When horn f l y  a d u l t s  became p l e n t i f u l  i n  t h e  f i e l d ,  two 

experiments were e s t a b l i s h e d  t h a t  were s i m i l a r  t o  t h e  one j u s t  descr ibed .  

Each employed b e e t l e s  i n  f o u r  t r ea tmen t s  i nc lud ing  a  c o n t r o l  and was 

r e p l i c a t e d  f i v e  t imes .  F i f t y - f i v e  eggs were placed on dung i n  each po t .  

Based on l a b o r a t o r y  measurements of per  cen t  ha t ch  a t  t h a t  t ime,  t h i s  

number of eggs was c a l c u l a t e d  t o  y i e l d  approximately 50 l a r v a e ,  which i n  

250 g dung pads r ep re sen ted  a  d e n s i t y  of horn f l y  l a r v a e  t h a t  would seldom 

be exceeded i n  t h e  f i e l d .  

No c o r r e l a t i o n  was found between number of horn f l i e s  t h a t  

emerged and t h e  number of brood b a l l s  bur ied  i n  each p o t .  The r e s u l t s  of 

t h e  two experiments  were then  subjec ted  t o  anovas and a r e  presented  i n  

Table V.  Dung b u r i a l  by b e e t l e s  had no ev ident  e f f e c t  on t h e  s u r v i v a l  of 

t h e  horn  f l y  l a r v a e .  Absence of compet i t ion  f o r  food between l a r v a e  i n  

t 

t h e  b e e t l e  t r ea tmen t s  w a s  i n d i c a t e d  by t h e  mean body weight of a d u l t  f l i e s ,  

which was equal  t o  o r  g r e a t e r  than  t h a t  of f l i e s  i n  t h e  c o n t r o l s .  These 

r e s u l t s  suggest  t h a t  when horn f l y  l a r v a e  a r e  p re sen t  i n  t h e  d e n s i t y  t h a t  

was used,  a  l a r g e  p ropor t ion  of t h e  dung mass con ta in ing  them would have 

t o  be  removed i n  o rde r  t o  a f f e c t  t h e i r  s u r v i v a l  s e r i o u s l y .  

During August - 0 .  nuch ico rn i s  a d u l t s  a r e  most ly found tunnel-  

l i n g  w i t h i n  dung but  no t  burying i t .  This  per iod co inc ides  w i t h  t h a t  of 

g r e a t e s t  horn f l y  abundance (Fig.  1 ) .  Another experiment was e s t a b l i s h e d  

t o  o b t a i n  informat ion  on t h e  e f f e c t  of t u n n e l l i n g  and f eed ing  by t h e  non- 

burying b e e t l e s  on t h e  development of horri f l y .  
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The same procedures  were used a s  i n  t h e  previous  experiments.  

Four b e e t l e  t r ea tmen t s  were used (0 ,  4 ,  8,  16  p a i r s ) ,  each r e p l i c a t e d  

t h r e e  t imes.  High numbers of horn f l i e s  were used (200 eggs/250 g   ad). 

NO brood b a l l s  were bur ied  (Table V I ) .  An anova showed no 

d i f f e r e n c e  between t r ea tmen t s  f o r  e i t h e r  pe r  cent  s u r v i v a l  o r  mean weight 

of horn f l y  a d u l t s .  A t r end  of i nc reas ing  l o s s  of dung d r y  weight i s  

ev ident  a s  t h e  number of b e e t l e s  was increased .  Dung a t  b e e t l e  d e n s i t i e s  

of 8 and 16  p a i r s  was thoroughly tunne l l ed  and pads w e r e  more f l a t t e n e d  i n  

comparison w i t h  those  t h a t  contained lower d e n s i t i e s .  R e l a t i v e l y  h igh  

numbers of non-burying 0. nuchicorn is  t h e r e f o r e  d i d  not  a f f e c t  horn f l y  - 

s u r v i v a l  i n  pads even when t h e  l a t t e r  were abundant ( i . e . ,  181 l a r v a e  i n  

250 g dung). This  i n d i c a t e s  t h a t  i t  i s  only  t h e  dung b u r i a l  a c t i v i t y  of 

b e e t l e s  which may have d e t r i m e n t a l  e f f e c t s  on development of coprophagous 

f l y  l a r v a e .  

DISCUSSION 

The experiment w i t h  house f l y  l a r v a e  (Fig. 22) showed t h a t  

under c e r t a i n  c o n d i t i o n s ,  s u r v i v a l  of f l y  l a r v a e  i n  dung decreased a s  t h e  

amount of dung bur ied  increased .  The amount bur ied  and t h e  speed a t  which 

i t  i s  bur ied  a r e  important  i n  prevent ing  t h e  development of f l y  l a r v a e .  

Bornemissza (1970) working wi th  t h e  ve ry  e f f i c i e n t  dung b e e t l e  2. g a z e l l a  

F a b r i c i u s  and t h e  bush f l y  showed t h a t  when dung pads were colonized by 

b e e t l e s  t h a t  were capable  of u t i l i z i n g  a l l  t h e  f e c e s ,  s u r v i v a l  of t h e  

coprophagous f l y  l a r v a e  was r e l a t e d  t o  t h e  speed of b u r i a l .  0. g a z e l l a ,  - 

$ even a t  t h e  lowest  d e n s i t y  used ( 1  pair1100 cm 3 of dung),  removed most o r  
i 

a l l  of t h e  dung w i t h i n  48 hours .  Inc reas ing  t h e  number of b e e t l e s  i n  a pad 

t h u s  d i r e c t l y  increased  t h e  speed of b u r i a l ,  pe rmi t t i ng  an examination of 



Table V I  The e f f e c t  of var ious  numbers of non-burying Onthophagus 
nuchicornis  on t h e  s u r v i v a l  of  horn f l y  l a rvae .  Figures 
given a r e  means o r  means + SE. - 

P a i r s  of b e e t l e s  % l o s s  i n  dung % s u r v i v a l  of Weight of horn 
( t rea tments )*  d ry  weight horn fly** f l y  a d u l t  (mg) ** 

* 
3 r e p l i c a t e s  p e r  t rea tment ;  200 eggs p e r  r e p l i c a t e ;  mean ha tch  
was 90.4%. 

* * 
No s i g n i f i c a n t  d i f f e r e n c e s  between t rea tments ;  percentages  transformed - - - 
t o  a r c s i n e  f o r  s t a t i s t i c a l  t rea tment .  



t h i s  e f f e c t  a lone .  

I n  t h e  house f1.y experiment,  0. nuch ico rn i s  was not  capable of - 

u t i l i z i n g  t h e  whole pad. Bee t l e  d e n s i t y  i n  dung ranged from 1 pai r /125  cm 3 

t o  1 pa i r141  cm3 and b u r i a l  ranged from about 7 t o  40% r e s p e c t i v e l y .  Thus 

an i n c r e a s e  i n  b e e t l e  number increased  both t h e  t o t a l  amount of dung bur ied  

and t h e  speed of removal, producing an i n t e r a c t i o n  i n  which i t  is  impossible  

t o  s e p a r a t e  t h e  two component e f f e c t s .  

While t h e  experiments  involv ing  b e e t l e s  and horn f l y  d i d  not  

support  t h e  demonstrated t r end  of  suppress ion  by b e e t l e s  on house f l y ,  

r e s u l t s  ob ta ined  helped t o  e v a l u a t e  t h e  performance of - 0. nuchicorn is .  I n  

t h e  f i r s t  two experiments w i th  horn f l y  l a r v a l  d e n s i t y  r e p r e s e n t i n g  a  

h igh  l e v e l  of f i e l d  i n f e s t a t i o n  ( i . e . ,  55 eggs1250 g d u n g ) , i t  i s  

apparent  t h a t  t h e r e  was s t i l l  p l e n t y  of food a v a i l a b l e  f o r  t h e  l a r v a e ,  

even a f t e r  b u r i a l  of 34% of t h e  dung mass (Table V ,  experiment 1, 8 p a i r s  

of b e e t l e s ) .  

There a r e  two p o s s i b l e  a l t e r n a t i v e s  t o  b e  a s se s sed  when 

cons ide r ing  t h e  f i e l d  imp l i ca t ions  of t h e s e  r e s u l t s :  

- t h a t  f l y  l a r v a e  a r e  p re sen t  i n  f i e l d  pads i n  s u f f i c i e n t  

numbers t o  be  forced  au toma t i ca l ly  i n t o  compet i t ion  f o r  

food, i n  which case  any dung b u r i a l  i s  l i k e l y  t o  a f f e c t  

t h e i r  s u r v i v a l ,  o r  

- t h a t  - 0. nuch ico rn i s  b u r i e s  s u f f i c i e n t  dung i n  t h e  f i e l d  t o  

f o r c e  t h e  coprophagous l a r v a e  i n t o  seve re  compet i t ion  wi th  

each o t h e r .  

Nei ther  a l t e r n a t i v e  appears  t o  be l i k e l y .  F i r s t l y ,  i n  

Chapter I ,  I concluded t h a t  dung pads on Kamloops range appa ren t ly  a r e  



unde r -u t i l i zed  by coprophagous Dip te ra ,  on t h e  b a s i s  of t h e  small  numbers 

of normal-sized f l i e s  which u s u a l l y  emerged from pads i n  r e l a t i o n  t o  t h e  

amount of food a c t u a l l y  p re sen t .  Poorbaugh e t  a l .  (1968) made a  s i m i l a r  

deduct ion  i n  C a l i f o r n i a .  R e s p o n s i b i l i t y  f o r  t h i s  can b e  a t t r i b u t e d  t o  

t h e  e f f e c t i v e  complex of p reda to r s ,  which c rop  t h e  immature coprophages, 

i nc lud ing  horn f l y ,  reducing t h e i r  numbers and t h e  chances of e s t a b l i s h i n g  

compet i t ion  between them f o r  food. 

Secondly, t h e  r e s u l t s  of t h e  foregoing  experiments show t h a t  

0 .  nuch ico rn i s  i s  a dung b u r i e r  of l i m i t e d  worth. Observat ions i n  t h e  - 

f i e l d  i n d i c a t e d  t h a t  t h e  b e e t l e  has  ve ry  l i t t l e  impact on l a r g e  pads 

except  dur ing  i t s  midsummer per iod  of i n t e n s i v e  b u t  non-burying co loni -  

z a t i o n  of dung. However, i n  s p r i n g  and e a r l y  summer any s m a l l  (250-500 g) 

t h i n  pads, such a s  a r e  made by c a t t l e  d e f e c a t i n g  whi le  walking s lowly,  

may b e  almost e n t i r e l y  removed except f o r  t h e i r  hardened c r u s t .  This  

a c t i v i t y  i s  very  n o t i c e a b l e  a f t e r  showers of r a i n .  F i e l d  evidence i s  - 
obvious ly  t h e  b e s t  i n d i c a t i o n  of t h e  t r u e  p o t e n t i a l  f o r  dung b u r i a l .  

This  degree  of dung b u r i a l  from small  pads was no t  corroborated 

i n  t h e  l a b o r a t o r y  s t u d i e s  descr ibed  he re in .  While f i e l d  obse rva t ions  a t  

t h e  peak of e a r l y  season b u r i a l  a c t i v i t y  i n  small  pads suggest  t h a t  up t o  

90% of dung of t h i s  type  may b e  removed, seldom dur ing  t h e  greenhouse 

exper imenta t ion  was a  b u r i a l  l e v e l  of 50% exceeded. The reason  f o r  t h i s  

d i screpancy  may be r e l a t e d  t o  t h e  q u a l i t y  of t h e  dung obta ined  from t h e  

d a i r y .  The d a i r y  c a t t l e  were f ed  a  supplementary r a t i o n  of a l f a l f a  hay, 

s o  t h a t  s h o r t  tough s t a l k  r e s i d u e s  were always p re sen t  i n  t h e  dung. These 

r e s i d u e s  may have i n t e r f e r e d  w i t h  c o l l e c t i o n  of dung by b e e t l e s  du r ing  

t h e  p roces s  of brood b a l l  format ion .  Bee t l e s  e v i d e n t l y  s o r t e d  t h e  l a r g e r  
P 

a l f a l f a  fragments from t h e  o t h e r  dung components and l e f t  them above 



ground. I n  c o n t r a s t ,  t h e  dung of c a t t l e  t h a t  g raze  t h e  e a r l y  season 

green range g r a s s  i s  probably almost devoid of hard s t a l k  fragments and 

would be a  more homogeneous m a t e r i a l  f o r  manipula t ion  by b e e t l e s .  

The small  f i e l d  pads t h a t  0. nuch ico rn i s  may remove almost - 

completely r ep re sen t  on ly  a  f r a c t i o n  of t h e  t o t a l  dung be ing  passed by 

c a t t l e  i n  e a r l y  summer. The b e e t l e s  do not  have any pronounced e f f e c t  on 

t h e  more numerous l a r g e r  pads. I n  a d d i t i o n ,  t h e  per iod  of g r e a t e s t  dung 

b u r i a l  a c t i v i t y  by - 0. nuch ico rn i s  does not  co inc ide  w i t h  t h a t  of maximum 

horn f l y  abundance. A s  b e e t l e s  may be  considered t o  be  out  of a c t i o n  from 

t h e  middle of J u l y  through August, wh i l e  t h e  horn f l y  a t  t h i s  t i m e  is  

abundant,  t h e r e  i s  no chance of t h e  b e e t l e  e x e r t i n g  any c o n t r o l l i n g  e f f e c t ,  

p a r t i c u l a r l y  i n  view of  i t s  poor performance w i t h  l a r g e  pads which may 

y i e l d  many horn f l i e s .  Table V I  showed t h a t  non-burying 0. nuch ico rn i s ,  - 
even i n  comparat ively l a r g e  numbers, normally a r e  not  harmful t o  horn 

f l i e s .  The only  except ion  t o  t h i s  might be dur ing  t h e  midsummer dung- 

shredding  pe r iod ,  though not  a l l  pads a r e  f u l l y  shredded a t  t h i s  t ime so 

t h a t  t h e r e  appears  t o  be  ample oppor tun i ty  f o r  some coprophagous f l i e s  t o  

breed.  

The e f f i c i e n c y  of - 0 .  nuch ico rn i s  a s  a  dung b u r i e r  does  no t  

compare favourably  wi th  r e p o r t s  on t h e  a c t i v i t i e s  of two o t h e r  s p e c i e s .  

Both a r e  l a r g e r  b e e t l e s  capable  of co lon iz ing  bovine dung pads i n  numbers 

s u f f i c i e n t  t o  cause  t h e i r  r a p i d  removal. Bornemissza (1970) found t h a t  

3 
30 p a i r s  of t h e  Afro-Asian - 0 .  g a z e l l a  removed an  e n t i r e  1 ,000 cm dung pad 

w i t h i n  36 hours .  When t h e  b e e t l e  was introduced i n t o  A u s t r a l i a ,  s t u d i e s  

i n  one r e l e a s e  a r e a  a t  t h e  he igh t  of  b e e t l e  a c t i v i t y  showed t o t a l  

d e s t r u c t i o n  of  c a t t l e  dung pads w i t h i n  48 hours  of d e p o s i t i o n  (CSIRO, 1970).  



One of t he  l a r g e s t  members of t h e  genus, 2. quinquedens Bates ,  

b u r i e s  c a t t l e  dung pads i n  as 1 i t t l . e  as  3-4 hours  i n  t h e  h ighlands  of 

e a s t e r n  A f r i c a ,  throughout an a c t i v i t y  season of about s i x  months (CSIRO, 

1972) .  These f i g u r e s  show t h e  h igh  dung removal p o t e n t i a l  of ve ry  

e f f i c i e n t  t r o p i c a l  s p e c i e s  of Onthophagus and may r ep resen t  a n  extreme of 

a c t i v i t y  t h a t  temperate  s p e c i e s  a r e  unable t o  meet on a d a i l y  of seasonal  

b a s i s .  

Speed of  dung b u r i a l  by b e e t l e s  i n  t h e  f i e l d  must be  a func t ion  

of  t h e  i n t r i n s i c  b u r i a l  capac i ty  of a p a r t i c u l a r  s p e c i e s  w i t h  dung of a 

c e r t a i n  q u a l i t y ,  and of t h e  numbers of t h i s  s p e c i e s  t h a t  normally co lonize  

a g iven  m a s s  of dung i n  t h i s  s i t u a t i o n .  The f i r s t  can b e  determined by 

i n s e c t a r y  experiments;  t h e  second, w i th  e x o t i c  b e e t l e s  des t ined  f o r  

i n t r o d u c t i o n ,  cannot b e  ~ r e d i c t e d  wi th  c e r t a i n t y .  



CHAPTER I11 - NITROGEN I N  CATTLE DUNG 

INTRODUCTION 

Animal f e c e s  c o n s t i t u t e  a  r i c h  source  of p l a n t  n u t r i e n t s .  I n  

n a t u r a l  systems t h e s e  are re tu rned  t o  t h e  same gene ra l  a r e a  from which 

they  o r i g i n a t e d .  The mere d e p o s i t i o n  of f r e s h  dung on t h e  s o i l  s u r f a c e ,  

however, i n  no way gua ran tees  t h a t  i t s  n u t r i e n t s  w i l l  b e  a s s i m i l a t e d  

r a p i d l y  i n t o  t h e  system. Depending on such f a c t o r s  a s  tempera ture ,  

p r e c i p i t a t i o n ,  and t h e  n a t u r e  of t h e  dung fauna,  t h e  inco rpora t ion  of 

dung i n t o  s o i l  may range from r a p i d  and almost complete t o  v e r y  slow and 

incomplete.  I n  t h e  la t ter  c a s e  t h e r e  i s  a t i e -up  of t h e  n u t r i e n t s  

conta ined  i n  t h e  dung m a t e r i a l .  

The major components of  c a t t l e  dung a p a r t  from water  a r e  

undiges ted  and f i n e l y  d iv ided  p l a n t  remains,  endogenous s e c r e t o r y  and 

exc re to ry  products ,  b a c t e r i a ,  y e a s t s ,  molds and o t h e r  microorganisms and 

products  of t h e i r  metabolism, and c e l l u l a r  d e b r i s  from t h e  gut  mucosa 

( M i l l e r ,  1961; Marsh and Campling, 1970; Greenham, 1972).  Severa l  workers 

have publ ished d a t a  f o r  some of t h e  major n u t r i e n t s  contained i n  c a t t l e  

dung, and t h e  p ropor t ion  of each n u t r i e n t  i n  dung and u r i n e .  This  

p a r t i t i o n i n g  of exc re to ry  n u t r i e n t s  by t h e  graz ing  animal is  of g r e a t  

importance i n  n u t r i e n t  r e c y c l i n g ;  i n  gene ra l ,  t hose  n u t r i e n t s  contained i n  

t h e  u r i n e  w i l l  be  made a v a i l a b l e  t o  p l a n t s  much more qu ick ly  than  those  

i n  t h e  f e c e s  (Barrow, 1967),  where they  a r e  he ld  mainly w i t h i n  t h e  organic  

ma t t e r .  

Pe t e r sen ,  Woodhouse, and Lucas (1956) es t imated  t h a t  f r e s h  

c a t t l e  f e c e s  i n  North Caro l ina  contained 0.38% n i t r o g e n  (N) on a  wet 

weight b a s i s ,  whi le  t h e  f r e s h  u r i n e  contained 1.10% N ,  o r  about  t h r e e  



t imes a s  much N a s  was present  i n  dung. These workers a l s o  found t h a t  

mature c a t t l e  produced about t h r e e  t imes a s  much dung pe r  day a s  they  d i d  

u r i n e ,  s o  t h a t  t o t a l  N exc re t ed  d a i l y  was about  e q u a l l y  d iv ided  between 

f e c e s  and u r i n e .  The 1:l r a t i o  of f e c a l  t o  u r i n e  N i n  t h i s  a r e a  was 

confirmed by Lotero ,  Woodhouse, and Pe te r sen  (1966). However, G i l l a r d  

(1967) i n  South A f r i c a  es t imated  t h a t  up t o  80% of e x c r e t a l  N of c a t t l e  

was p re sen t  i n  t h e  f e c e s .  

The composi t ion of c a t t l e  dung and t h e  p a r t i t i o n i n g  of 

n u t r i e n t s  between dung and u r i n e  w i l l  vary  under t h e  i n f l u e n c e  of many 

f a c t o r s ,  among them t h e  season ,  t h e  fo rage  q u a l i t y  ( d i g e s t i b i l i t y ) ,  and 

t h e  age  of c a t t l e .  It appears  t h a t  above a  c e r t a i n  t h re sho ld  N l e v e l  t h e  

amount of N p re sen t  i n  f e c e s  remains f a i r l y  cons t an t  pe r  u n i t  of d r y  

ma t t e r  ea t en .  The average va lue  i s  about  0.8 g of  N per  100 g of d r y  

ma t t e r  consumed, and t h e  e x c r e t a l  N i n  excess  of t h i s  va lue  appears  i n  

t h e  u r i n e  (Barrow, 1967).  Therefore ,  a s  t h e  N conten t  of feed  i n c r e a s e s  

above t h e  th re sho ld  l e v e l ,  t h e  p ropor t ion  of N i n  f e c e s  dec reases .  C a t t l e  

g raz ing  on low-qual i ty  n a t i v e  p a s t u r e ,  a s  i n  G i l l a r d ' s  (1967) s tudy ,  would 

be expected t o  have a  lower N con ten t  i n  t h e i r  fo rage  and hence a  g r e a t e r  

p ropor t ion  of N i n  t h e i r  f e c e s  t han  t h e  c a t t l e  of Pe t e r sen  et  a l .  (1956) 

and Lotero e t  a l .  (1966) t h a t  grazed on improved temperate  p a s t u r e s .  

Nitrogen i n  dung i s  of  s p e c i a l  i n t e r e s t  because i t  is  s u b j e c t  

t o  l o s s  whi le  t h e  dung pad is  d ry ing  o u t  on t h e  s o i l  su r f ace .  G i l l a r d  

(1967) measured a  t o t a l  N l o s s  of about  80% from dung pads wh i l e  t hey  

d r i e d  on p a s t u r e  i n  both South Af r i ca  and no r the rn  Queensland. This  i s  

a s e r i o u s  s i t u a t i o n  i n  a  n a t i v e  p a s t u r e  t h a t  i s  r e c e i v i n g  no a r t i f i c i a l  

f e r t i l i z a t i o n  because t h e  dung i n  such c a s e s  con ta ins  t h e  major p o r t i o n  

of e x c r e t a l  N.  G i l l a r d ' s  f i g u r e  i n d i c a t e s  t h a t  t h e o r e t i c a l l y  up t o  64% 



of t o t a l  e x c r e t a l  N could b e  l o s t  i n  t h i s  way i f  t h e  system were being 

grazed ve ry  h e a v i l y .  I n  t h e  long term t h i s  could l ead  t o  p a s t u r e  

d e t e r i o r a t i o n  from N d e p l e t i o n  depending on t h e  a c t u a l  g raz ing  use.  

The amount of N l o s s  determined by G i l l a r d  (1967) was no t  

matched i n  an  experiment conducted i n  New Zealand by MacDiarmid and 

Watkin (1972). T o t a l  N l o s s  a f t e r  1 3  days  was only  about  11% and t h e  r a t e  of 

l o s s  had slowed apprec i ab ly  a t  t h i s  t i m e .  No N f i g u r e s  were g iven  f o r  

dung which had been t o t a l l y  a i r - d r i e d  under New Zealand cond i t i ons .  It 

was ev ident  t h a t  N l o s s  i s  most r a p i d  dur ing  t h e  f i r s t . f e w  days a f t e r  t h e  

dung is  voided. 

According t o  G i l l a r d  (1967) most of t h e  N p re sen t  i n  f e c e s  

is  conta ined  i n  undigested p r o t e i n  t h a t  i s  u t i l i z e d  by b a c t e r i a .  Following 

t h e  r e p o r t s  of M i l l e r  (1961) and Mason (1969) it seems l i k e l y  t h a t  much 

of  t h e  N i n  c a t t l e  dung spends some t ime a s  a  c o n s t i t u e n t  of  microbia l  

t i s s u e .  Bac te r i a  m i n e r a l i z e  some of t h e  o rgan ic  N t o  t h e  ammonium form. 

Ammonia i s  t h e  t y p i c a l  e x c r e t i o n  product  of many groups of microorganisms 

when they  a r e  l i v i n g  i n  N-rich o rgan ic  ma t t e r  (Russe l l ,  1961).  

The ammonium l i b e r a t e d  by b a c t e r i a  may be  immobilized i n  t u r n  

by f u r t h e r  i nco rpora t ion  i n t o  mic rob ia l  t i s s u e .  A l t e r n a t i v e l y ,  i t  may be  . 

l o s t  by v o l a t i l i z a t i o n  of ammonia ( G i l l a r d ,  1967).  A t h i r d  p o s s i b l e  

avenue i s  u t i l i z a t i o n  by n i t r i f y i n g  b a c t e r i a  which u l t i m a t e l y  conver t  it 

t o  n i t r a t e ,  bu t  t h i s  i s  probably no t  an  important  process  i n  f r e s h  dung. 

I n s e c t s  p re sen t  i n  dung may i n f l u e n c e  ammonia l o s s .  The 

l a r v a e  of muscoid f l i e s  a r e  c h a r a c t e r i s t i c a l l y  t h e  most p reva len t  

coprophagous c o l o n i s t s  of dung wh i l e  i t  is r e l a t i v e l y  f r e s h .  They 

B u t i l i z e  t h e  dung when i t s  n u t r i e n t  con ten t  i s  a t  a  maximum. The maggots 

develop qu ick ly  and tunne l  a c t i v e l y  through t h e  dung mass. During t h e i r  
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development t hey  i n f l u e n c e  t h e  phys i ca l ,  chemical ,  and mic rob io log ica l  

n a t u r e  o f  t h e  dung i n  t h e  fo l lowing  f a sh ion :  

1 )  Continuous l a r v a l  movement churns t h e  dung mass and 

r e s u l t s  i n  a n o t i c e a b l e  i n c r e a s e  i n  i t s  f l u i d i t y  ( V a l i e l a ,  1969).  This  

normally r e s u l t s  i n  s u f f i c i e n t  mois ture  be ing  a v a i l a b l e  f o r  l a r v a l  

development i n  a t  l e a s t  t h e  c e n t r a l  p o r t i o n  of pads even when t h e r e  is  a 

t h i c k  d r y  c r u s t  p r e s e n t .  The repea ted  churning probably a l s o  i n c r e a s e s  

a e r a t i o n  throughout t h e  pad. 

2) MacFayden (1964) considered t h a t  d e t r i t u s  f e e d e r s  g r e a t l y  

a c c e l e r a t e  t h e  a c t i v i t i e s  of microorganisms i n  s o i l  o rgan ic  ma t t e r  i n  a t  

l e a s t  two ways, namely by spreading  spo res  and by breaking  down mic rob ia l  

antagonisms. Larva l  D ip te ra  probably have t h e  same e f f e c t  i n  dung, t h e i r  

movements s e r v i n g  t o  mix and r e d i s t r i b u t e  microorganisms w i t h i n  t h e  dung 

mass. Furthermore, t h e s e  l a r v a e  a r e  considered t o  b e  l a r g e l y  microphsgous 

(Mi l l e r ,  1961; Dowding, 1967),  so  t h a t  t hey  consume microorganisms and 

t h e i r  p roduc t s  cont inuous ly  whi le  moving through t h e  dung. Feces t hus  

c o n s t i t u t e  a medium f o r  growing t h e  microorganisms upon which t h e  l a r v a l  

D ip te ra  feed  (Baumberger, 1919).  S u b s t a n t i a l  and r epea t ed  removal of 

m i c r o b i a l  popula t ions  by f l y  l a r v a e  w i l l  s t i m u l a t e  t h e i r  regrowth and 

tend  t o  maximize t h e i r  metabol ic  a c t i v i t y ,  i n  t h e  same way as MacFadyen 

(1961) desc r ibed  f o r  a r thropods  "browsing" microorganisms i n  t h e  s o i l .  

The r e s u l t a n t  mic rob ia l  h e a t  of fe rmenta t ion  toge the r  w i t h  t h e  metabol ic  

h e a t  of  t h e  l a r v a e  should provide  favourable  cond i t i ons  f o r  e v o l u t i o n  of 

ammonia gas.  

3 )  The l a r v a e  add t h e i r  own was te  products  t o  t h e  dung mass. 

Brown (1936, 1938) showed t h a t  l a r v a e  of a sarcophagid and two c a l l i p h o r i d  

f l y  s p e c i e s  produced t h e  bu lk  of t h e i r  e x c r e t a  a s  ammonia r a t h e r  t han  as 



u r i c  a c i d  and t h a t  t h e  ammonia appeared i n  t h e  food r e s i d u e  a s  ammonium 

. b ica rbona te .  These sarcophagous l a r v a e  p r i m a r i l y  i n g e s t  p r o t e i n  and i t s  

breakdown products ,  a s  w e l l  as microorganisms, thereby  having a d i e t  r i c h  

i n  N t h a t  c r e a t e s  s p e c i a l  exc re to ry  needs.  Experiments have shown t h a t  

house f l y  l a r v a e  a l s o  produce ammonia i n  l a r g e  amounts, under c e r t a i n  

c o n d i t i o n s  approaching t h e  output  of ' l a rvae  of a c a l l i p h o r i d  s p e c i e s  

(Aksinin,  1929, c i t e d  by West, 1951). It thus  seems p o s s i b l e  t h a t  l a r v a e  

of a l l  coprophagous D i p t e r a  f eed ing  i n  k e s h  dung may emulate  t h e i r  

ammonotelic r e l a t i v e s  by a l s o  e x c r e t i n g  q u a n t i t i e s  of ammonia i n t o  t h e  

dung mass. I f  t h i s  occurs ,  t h e  ammonium b ica rbona te  may be  decomposed by 

s o l a r  h e a t  o r  mic rob ia l  a c t i o n  t o  form gaseous ammonia, t hus  c o n t r i b u t i n g  

f u r t h e r  t o  n i t rogenous  l o s s e s  from dung. G i l l a r d  ( i n  l i t t . )  advised t h a t  

du r ing  h i s  i n v e s t i g a t i o n s  on N l o s s  from dung i n  t h e  absence of dung-burying 

b e e t l e s ,  d i p t e r o u s  l a r v a e  were observed i n  some of t h e  pads. These 

i n s e c t s  were n a t u r a l  c o l o n i s t s  and would have removed some N i n  

t h e i r  bodies  when they  matured bu t  t h e r e  i s  t h e  p o s s i b i l i t y ,  e s p e c i a l l y  

i n v i e w o f t h e 8 0 % l o s s  of N observed ( G i l l a r d ,  1967),  t h a t  they  

may have a l s o  promoted a d d i t i o n a l  gaseous l o s s e s  of N. 

Some experiments were conducted du r ing  1972 t o  a s s e s s  t h e  

a c t u a l  N l o s s  from dung pads i n  Kamloops and t o  e s t a b l i s h  whether o r  no t  

coprophagous muscoid l a r v a e  a r e  i n s t rumen ta l  i n  i nc reas ing  t h i s  l o s s  

beyond t h e  amount of N t hey  remove i n  t h e i r  t i s s u e s .  

MATERIALS AND METHODS 

Fresh dung was obta ined  from t h e  T r a n q u i l l e  School d a i r y  farm 

and thoroughly mixed. Samples of dung (usua l ly  200 o r  250 g) were 

weighed and then  formed i n t o  pads a s  p rev ious ly  descr ibed .  



Larger  pads up t o  960 g were made by weighing t h e  r e q u i s i t e  

amount of  dung i n t o  a waxed food ca r ton .  The dung then  was poured out  

and formed i n t o  a round f l a t t e n e d  symmetrical pad. 

To measure t h e  t o t a l  N l o s s  and r a t e  of l o s s  from dung pads 

a s  t hey  d r i e d  ou t  i n  t h e  sun,  t e n  250-g dung pads were weighed onto f l a t  

l i g h t  aluminum d i s h e s  and placed outdoors  i n  a screened cage t o  exclude 

i n s e c t s .  A c l e a r  p l & t i c  roof  above t h e  cage. kep t  p r e c i p i t a t i o n  from 

reaching  t h e  dung. Two similar pads were prepared a s  c o n t r o l s  and d r i e d  

immediately. P a i r s  of pads were removed from t h e  cage a t  i n t e r v a l s  of 

2 ,  4 ,  8 ,  16 ,  and 32 days and oven-dried b e f o r e  N a n a l y s i s .  A s i m i l a r  

experiment was performed l a t e r  t o  check t h e  o r i g i n a l  r e s u l t s ;  t h e  2-day 

and 32-day exposures  were omit ted from t h i s .  

A sma l l e r  experiment was performed t o  i n v e s t i g a t e  t o t a l  N 

l o s s  and r a t e  of l o s s  from 960-g pads i n  t h e  absence of i n s e c t s ,  because 

t h e s e  d r y  out  more s lowly than  pads weighing 250 g.  Hence t h e r e  may be  

more oppor tun i ty  f o r  N l o s s  from t h e  l a r g e r  pads. Pads were prepared on 

aluminum d i s h e s  con ta in ing  a l i t t l e  c o a r s e  v e r m i c u l i t e  and exposed 

outdoors  i n  a screened cage f o r  pe r iods  up t o  16  days be fo re  be ing  oven- 

d r i e d  f o r  a n a l y s i s .  

A l l  t h e  p reva len t  muscoid s p e c i e s  a t  Kamloops were considered 

f o r  u s e  a s  coprophagous l a r v a e  i n  t h i s  work. Adults  of t h e s e  s p e c i e s  wi th  

t h e  except ion  of t h e  horn f l y  a r e  d i f f i c u l t  t o  o b t a i n  i n  t h e  f i e l d  i n  

numbers necessary  t o  provide  a good supply of eggs o r  l a r v a e .  House f l y  

l a r v a e  were used i n s t e a d  because they  can b e  obta ined  e a s i l y .  A colony 

of t h e  f l i e s  was maintained a t  Kamloops dur ing  1972. 

A smal l  exp lo ra to ry  experiment t o  i n v e s t i g a t e  t h e  c o n t r i b u t i o n  

1 
of d i p t e r o u s  l a r v a e  t o  N l o s s  from dung was s t a r t e d  i n  e a r l y  August 1972. 



Sing le  pads of 960 g f r e s h  weight were used wi th  two exposure t imes  (10 and 

16  days)  and a s i n g l e  l e v e l  of l a r v a l  i n f e s t a t i o n  (450 f i r s t  i n s t a r  house . 
f l y  l a r v a e ) .  Two more pads served a s  c o n t r o l s ,  one f o r  each t ime of 

exposure, whi le  ano the r  f r e s h  pad was exposed i n  a c a t t l e  p a s t u r e ,  t o  g ive  

an  e s t i m a t e  of a c t u a l  N l o s s e s  under cond i t i ons  of n a t u r a l  c o l o n i z a t i o n  by 

i n s e c t s  i n  t h e  f i e l d .  Pads r e s t e d  on i d e n t i c a l  q u a n t i t i e s  of coa r se  

v e r m i c u l i t e  i n  aluminum pans, and a l l  except  t h e  pad d e s t i n e d  f o r  t h e  c a t t l e  

p a s t u r e  were placed i n  a screened cage b e f o r e  be ing  exposed outdoors .  House 

f l y  l a r v a e  l e f t  t h e  dung and pupated w i t h i n  10  days.  A t  t h i s  t ime t h e  f i r s t  

p a i r  of pads was removed and oven-dried. Also, t h e  o r i g i n a l  aluminum pan 

beneath t h e  o t h e r  ( i . e . ,  16-day exposure) pad con ta in ing  f l y  l a r v a e  was 

rep laced  a f t e r  10  days by an  i d e n t i c a l  pan of mois t  v e r m i c u l i t e ,  s o  t h a t  

t h e  f l y  pupar ia  could b e  d r i e d .  Puparia  were recovered a f t e r  dry ing  so  

t h a t  t hey  could be  weighed and analyzed f o r  N con ten t .  No a t tempt  was 

made t o  c o l l e c t  f l y  pupar ia  from t h e  pad exposed i n  t h e  c a t t l e  pas tu re .  

The second experiment of t h i s  type  used i n c r e a s i n g  numbers of 

house f l y  l a r v a e  i n  a s e r i e s  of s i m i l a r  dung pads. Dung was prepared i n  

s i x  960-g pads a s  be fo re  and one pad was d r i e d  immediately. The o t h e r  

pads had e i t h e r  0 ,  100, 200, 400, o r  800 f r e s h l y  hatched house f l y  l a r v a e  

added t o  them, and they  were exposed i n  t h e  outdoor cage f o r  1 0  days.  

Af t e r  d ry ing ,  pupar ia  were recovered from t h e  v e r m i c u l i t e  and weighed. 

I Pads i n  e a r l y  experiments  were d r i e d  a t  100•‹C. It then  

became apparent  t h a t  t h i s  tempera ture  might b e  caus ing  e x t r a  N l o s s e s .  
h, 
@ 

Drying temperatures  were reduced t o  70•‹C, which extended t h e  d ry ing  t ime 

by 3-4 t imes  t h e  o r i g i n a l  per iod .  

Pads a f t e r  dry ing  were ground a t  h igh  speed t o  pass  a 1-mm 

sc reen  i n  a l a r g e  Wiley m i l l .  Each sample was then  throughly  mixed, 



qua r t e red ,  and a  subsample was taken.  T o t a l  N a n a l y s i s  was performed 

mainly on a  Perkin-Elmer Model 240 e lementa l  ana lyze r  l o c a t e d  a t  Simon 

F rase r  Un ive r s i t y .  Exploratory experiments were conducted dur ing  1972 a t  

Kamloops and f o r  t h i s  work, e s p e c i a l l y  f o r  a n a l y s i s  of f r e s h  dung, t h e  

ana lyze r  could not  be  used. Nitrogen a n a l y s i s  a t  Kamloops was t h e r e f o r e  

performed by a  micro-Kjeldahl method ( P e r r i n ,  1953).  The d i f f i c u l t y  of 

weighing f r e s h  dung and manipulat ing i t  i n t o  Kje ldahl  d i g e s t i o n  f l a s k s  

was overcome by t h e  use  of smal l  s p e c i a l l y  cons t ruc t ed  hollow g l a s s  

bubbles .  

The e lementa l  ana lyzer  i s  normally ve ry  a c c u r a t e  bu t  i n  

p r a c t i c e  i t s  p r e c i s i o n  i s  l i m i t e d  by t h e  q u a l i t y  of t h e  sample used. I n  

t h e  c u r r e n t  work, every reasonable  e f f o r t  was made t o  o b t a i n  homogeneous 

ground dung samples. However, because t h e  ana lyze r  used 3 mg samples a s  

opposed t o  50 mg samples f o r  t h e  Kje ldahl  method, t h e  l a t t e r  was considered 

t o  o f f e r  b e t t e r  e s t i m a t e s  of t o t a l  N i n  t h e  dung. 

Many dung samples were analyzed by bo th  t h e  micro-Kjeldahl 

method and a l s o  by t h e  e lementa l  ana lyze r  dur ing  t h e  cou r se  of t h i s  work. 

The ana lyze r  r e s u l t s  were used a s  a  s tandard  t o  a s s e s s  t h e  recovery of N 

by t h e  Kje ldahl  method. 

Ace tan i l i de  was used f o r  s t anda rd iz ing  t h e  ana lyze r  and i t  

normally showed g r e a t e r  than  99% recovery  of N. The Kje ldahl  method gave 

a recovery  of 86.7% N f o r  pure a c e t a n i l i d e  (mean of 10  samples) .  It 

recovered 86.0% of N i n  dung samples a s  compared wi th  t h a t  recovered by 

t h e  ana lyze r  (mean of 29 samples) .  The l a t t e r  recovery  f i g u r e  was used t o  

c o n s t r u c t  a c o r r e c t i o n  f a c t o r  (1.163),  which, when m u l t i p l i e d  by t h e  

observed per  cen t  N determined by t h e  micro-Kjeldahl method, gave an  

e s t i m a t e  of t h e  a b s o l u t e  N percentage .  
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The reason  f o r  t h e  c o n s i s t e n t l y  lower v a l u e s  obta ined  by t h e  

micro-Kjeldahl method i s  not  known. The gene ra l  method used was designed 

f o r  t h e  de te rmina t ion  of reduced N a s  found i n  most b i o l o g i c a l  samples,  

and normally g ives  a good recovery of t h e  element from r e f r a c t o r y  

m a t e r i a l s  ( H i l l e r ,  P l a z i n ,  and van Slyke,  1948; Lake, McCutchan, van 

Meter,  and Neel,  1951; P e r r i n ,  1953).  

RESULTS 

Loss of Dung Nitrogen During Oven-Drying. 

Four s e p a r a t e  de t e rmina t ions  were made of  N l o s s  from f r e s h  

dung when i t  was d r i e d  a t  v a r i o u s  temperatures .  A l l  f i g u r e s  were obta ined  

by Kje ldahl  a n a l y s i s .  The r e s u l t s  a r e  shown i n  Appendix I V .  

I n  a l l  c a s e s  t h e  dung l o s t  N,  i n  one c a s e  up t o  10.1% 

of  t h e  t o t a l  f r e s h  N. The l o s s  is  l a r g e  enough t o  warran t  r e c o g n i t i o n  i n  

c e r t a i n  experimental  work. I n  s p i t e  of  e a r l y  i n d i c a t i o n s ,  no evidence was 

found t h a t  dry ing  dung a t  50•‹C, 70•‹C o r  100•‹C caused d i f f e r i n g  N l o s s e s .  

Nitrogen Loss from Dung Dried Na tu ra l ly .  

The f i r s t  i n d i c a t i o n  of amount of  N l o s s  from dung exposed t o  

n a t u r a l  d ry ing  cond i t i ons  suggested t h a t  l i t t l e  occurred .  I n  an  experiment 

no t  d i r e c t l y  r e l a t e d  t o  t h i s  s u b j e c t ,  t h r e e  200-g pads were exposed t o  

s u n l i g h t  on damp s o i l  i n  a greenhouse f o r  s i x  days and t h r e e  s i m i l a r  pads 

were d r i e d  immediately f o r  subsequent mo i s tu re  de te rmina t ion .  Nitrogen 

a n a l y s i s  on t h e  d r i e d  pads gave t h e  fo l lowing  r e s u l t s  (mean %N and range) :  

Dung d r i e d  immediately: 2.45 (2.34-2.52) 

Dung exposed f o r  6 days: 2.62 (2.45-2.86) 

There i s  no s i g n i f i c a n t  d i f f e r e n c e  between t h e s e  means. Taking i n t o  



account t h e  l o s s  of  N t h a t  occurs  dur ing  oven-drying of f r e s h  dung, no 

g r e a t e r  l o s s  was incur red  i n  l eav ing  pads t o  i ncuba te  i n  warm temperatures  

f o r  s i x  days.  

When 250-g pads were exposed outdoors  f o r  v a r i o u s  pe r iods ,  

no l o s s  of t o t a l  N was observed. I n s t e a d ,  a s  t h e  rime of exposure 

increased  t h e  per  cen t  t o t a l  N r o s e  i n  bo th  experiments (Table VII ) .  

Regression a n a l y s i s  showed t h a t  t h e r e  was a h i g h l y  s i g n i f i c a n t  r e l a t i o n -  

s h i p  between t h e  time of exposure be fo re  oven-drying and observed per  cen t  

N f o r  t h e  f i r s t  16  days i n  t h e  May experiment (N=10; Y=2.33 + 0.02X; 

r=0.941; P<0.001). Dung moi s tu re  f i g u r e s  showed t h a t  w i t h i n  16  days t h e  

pads had become a i r -d ry .  Af t e r  t h i s  t i m e  they  can be  considered r e l a t i v e l y  

i n e r t  i n s o f a r  a s  N t r ans fo rma t ions  a r e  concerned. A s i g n i f i c a n t  r e g r e s s i o n  

was a l s o  p re sen t  i n  t h e  August experiment ( ~ < 0 . 0 1 ) .  

I n  t h e  May experiment ,  dung contained 10.5% more N a f t e r  

being exposed f o r  16  days be fo re  oven-drying than  i t  contained a f t e r  

be ing  oven-dried when f r e s h .  

Table V I I I  shows t h e  N con ten t  of 960-g pads a f t e r  v a r i o u s  

pe r iods  of outdoor exposure. A t r end  of i n c r e a s e  i n  mean per  c e n t  N i s  

ev iden t  w i th  l e n g t h  of exposure be fo re  oven-d ry ing , . a f t e r  t h e  f a s h i o n  of 

t h a t  observed i n  Table V I I .  Even i n  t h e s e  l a r g e r  dung pads no l o s s  of N 

was demonstrated wi th  i n c r e a s i n g  t ime of  outdoor  exposure. 

Nitrogen Loss from Dung I n f e s t e d  wi th  Muscoid F ly  Larvae. 

Resu l t s  of t h e  f i r s t  exp lo ra to ry  experiment t h a t  u t i l i z e d  

house f l y  l a r v a e  a r e  given i n  Table I X .  Pads i n  t r ea tmen t s  t h a t  contained 

house f l y  l a r v a e  appeared t o  have lower N con ten t s  than  t r ea tmen t s  exposed 

f o r  t h e  same t ime bu t  wi thout  l a r v a e .  The amount of N recovered i n  pupar ia  



Table VII Nitrogen and moisture contents of 250-g dung pads exposed 
outdoors for different times on two occasions in 1972. 

Exposure 

a 
Mean per cent N Per cent moisture 
Mayb August c May August 

Nil: oven-dried immediately 2.34 2.07 86.4 86.2 

2 days 2.35 --- 76.1 --- 
4 days 2.37 2.05 57.1 48.0 

8 days 2.52 2.15 38.1 31.4 

16 days 2.62 2.19 13.8 13.9 

32 days 2.55 --- 13.8 --- 

a Dry weight basis. 

Means of micro-Kjeldahl determinations on samples from duplicate pads. 

C Means of analyzer determinations on samples from duplicate pads. 



Table VIII Nitrogen content of 960-g dung pads exposed outdoors 
for various periods in the absence of other insects. 

Exposure Mean per cent N a ,b Range 

Nil: Fresh dung 
(analyzed immediately) 

Nil: oven-dried 
immediately 

4 days 

10 days 

16 days 

a 
Dry weight basis 

b 
Means of duplicate determinations on samples from single pads, 
except for the fresh dung (6 determinations). 
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from t h e  two i n f e s t e d  pads was s i m i l a r .  However, t h e r e  was some N l o s s  

t h a t  could no t  b e  accounted f o r  i n  terms of i n s e c t  biomass, and t h i s  

seemed t o  be  g r e a t e r  i n  t h e  pad t h a t  was exposed f o r  16 days.  This  i s  

almost  c e r t a i n l y  caused by d i f f e r e n c e  i n  t ime of exposure be fo re  dry ing .  

The 10-day pads gave lower r ead ings  f o r  unaccountab1.e N l o s s  than  t h e  

16-day pads, because t h e  10-day c o n t r o l  pad can  be  expected t o  have a 

/ 

lower N content  a f t e r  dry ing  than  t h e  16-day c o n t r o l  pad. Apparent t o t a l  

N l o s s  from pads i n f e s t e d  wi th  f l y  l a r v a e  was s i m i l a r .  Grea t e s t  l o s s  of 

N was i n d i c a t e d  i n  t h e  pad t h a t  was exposed t o  o t h e r  i n s e c t s  i n  t h e  c a t t l e  

p a s t u r e .  

When 960-g dung pads were colonized by d i f f e r e n t  numbers of 

house f l y  l a r v a e  du r ing  1 0  days i n  a n  outdoor cage,  t h e i r  N con ten t  a f t e r  

oven-drying bo re  a n  i n v e r s e  r e l a t i o n s h i p  t o  t h e  o r i g i n a l  number of l a r v a e  

used (Fig.  23) .  Ca lcu la t ions  showed t h a t  on ly  i n  t h e  pad t h a t  contained 

800 l a r v a e  w a s  t h e r e  an  apprec i ab le  l o s s  t h a t  could n o t  b e  accounted f o r  by 

N removed i n  i n s e c t  t i s s u e .  Here, t h e  pupar ia  contained 42% of t h e  missing 

N,  and t h e  ba lance  (58%) was l o s t  d i r e c t l y  o r  i n d i r e c t l y  a s  a r e s u l t  o f  

l a r v a l  a c t i v i t y .  Thus h igh  numbers of muscoid l a r v a e  appear  t o  promote 

l o s s  of  more N t han  they  a c t u a l l y  remove from dung i n  t h e i r  t i s s u e s .  

DISCUSSION 

Some N i s  l o s t  from f r e s h l y  passed dung when i t  is sub jec t ed  

t o  50•‹C o r  more f o r  a n  extended per iod  (Appendix IV). For a g iven  sample 

of  f r e s h  dung, lowest  N v a l u e s  were measured on p o r t i o n s  t h a t  were d r i e d  

immediately.  Table V I I  showed t h a t  t h e  N con ten t  t hen  increased  r e l a t i v e  

t o  t h e s e  v a l u e s  a s  t h e  i n t e r v a l  between dung d e p o s i t i o n  and oven-drying 



Figure  23 Regression of f i n a l  pe rcen t  t o t a l  N con ten t  
of 960-g dung pads on t h e  number of house 
f l y  l a r v a e  t h a t  developed i n  them. Values 
given a r e  t h e  means + SD of d u p l i c a t e  N 
de te rmina t ions  on samples from s i n g l e  pads. 
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was extended. There is  no ques t ion  h e r e  of an  a b s o l u t e  i n c r e a s e  i n  dung 

N c o n t e n t  a f t e r  i t  i s  voided;  i n  no c a s e  d id  t h e  maximum N content  of dung 

t h a t  was l e f t  undried f o r  v a r i o u s  pe r iods  exceed t h a t  determined f o r  t h e  

s a m e  dung wh i l e  f r e s h  and undr ied .  

It seems probable  t h a t  i n  f r e s h  dung used i n  t h i s  s tudy ,  up 

t o  about  10% of t h e  N was p re sen t  i n  t h e  form of h e a t - l a b i l e  compounds. 

If f r e s h  dung is  d r i e d  immediately a l l  t h i s  N i s  l o s t .  I f  l e f t  i n  t h e  

mois t  s t a t e ,  a c t i o n  of microorganisms o r  o t h e r  processes  may " f ix"  t h e  

l a b i l e  compounds p rog res s ive ly ,  s o  t h a t  l i t t l e  remains t o  b e  v o l a t i l i z e d  

when t h e  pad is  approaching t h e  a i r -d ry  s t a t e .  Table V I I  (May) r e v e a l s  t h a t  

N c o n t e n t  of t h e  dung d r i e d  immediately was about 90% of t h a t  d r i e d  a t  16  

days.  A s  up t o  10% N may be  l o s t  by oven-drying wh i l e  i t  i s  f r e s h ,  t h e  

v a l u e  obta ined  f o r  t h e  dung d r i e d  a f t e r  s t and ing  f o r  16  days probably 

approximates  t h e  o r i g i n a l  N con ten t  of t h i s  dung be fo re  i t  was d r i e d .  

These f i g u r e s  a l s o  sugges t  t h a t  t h e  undis turbed  250-g pads 

a c t u a l l y  l o s t  ve ry  l i t t l e  N whi le  t hey  a i r - d r i e d .  With l a r g e r  pads (960 g,  

Table V I I I )  t h e  evidence i s  t h e  same. Even wi th  i n s e c t s  p re sen t  i n  t h e  

pads,  heavy u s e  by coprophagous l a r v a e  ( i . e . ,  house f l y )  caused a l o s s  of 

up t o  o n l y  8.5% N wh i l e  l o s s  a f t e r  16  days  i n  a c a t t l e  p a s t u r e  amounted t o  

13.5% (Table IX). These l o s s e s  were q u i t e  smal l ,  bu t  must s e r v e  only  a s  

a n  i n d i c a t i o n  because they  were measured under r a t h e r  r e s t r i c t e d  cond i t i ons .  

The extra l o s s e s  caused by i n s e c t s  may be due mainly t o  ammonia e x c r e t i o n  

by f l y  l a r v a e  and i t s  subsequent v o l a t i l i z a t i o n ,  whi le  b e t t e r  a e r a t i o n  

due t o  l a r v a l  a c t i v i t y  might encourage more mic rob ia l  a c t i o n  l ead ing  t o  

i nc reased  N conversion and r e l e a s e .  

It can  be  assumed t h a t  t h e  major N l o s s  occurs  dur ing  t h e  

f i r s t  couple  of weeks a f t e r  d e p o s i t i o n  when r a p i d  changes i n  mo i s tu re  , 



and mic rob ia l  con ten t  a r e  occu r r ing  i n  pads. MacDiarmid and Watkin (1972) 

demonstrated a l o s s  of about  11% N (5% a s  ammonia) from dung pads over  13 

days i n  New Zealand. Included i n  t h i s  l o s s  would have been some dra inage  

of dung f l u i d s  i n t o  t h e  s o i l ,  thereby  removing some d i s so lved  and 

p a r t i c u l a t e  o rgan ic  ma t t e r  from t h e  pads. Therefore  t h e  measured N l o s s  

from dung pads does  n o t  n e c e s s a r i l y  r e p r e s e n t  t o t a l  l o s s  t o  t h e  system. 

The r e s u l t  of G i l l a r d  (1967), who observed a n  80% l o s s  of N 

from dung pads wh i l e  t hey  a i r - d r y ,  has  t h u s  no t  been confirmed e i t h e r  i n  

t h e  p re sen t  experiments ,  o r  by MacDiarmid and Watkin (1972). G i l l a r d ' s  

work was done i n  t h e  t r o p i c s  and s u b t r o p i c s  where mean d i u r n a l  temperatures  

a r e  uniformly h ighe r  than  those  of temperate  r eg ions .  Maximum d a i l y  

tempera tures  a t  Kamloops u s u a l l y  ranged from 27OC t o  35OC dur ing  August 

1972,  w i th  minima a t  l e a s t  15OC o r  even 20•‹c lower.  Such d a i l y  f l u c t u a -  

t i o n s  would not  a l low h igh  tempera tures  t o  develop w i t h i n  dung pads. The 

e f f e c t  of increased  mean d a i l y  tempera tures  on dung i n  t h e  t r o p i c s  might 

independent ly promote increased  g a s e m s  l o s s  of N from pads. 

Higher ambient tempera tures  i n  warm c l ima te s  a l s o  mean f a s t e r  

developmental t imes  f o r  f l y  l a r v a e .  Larvae t h a t  develop completely dur ing  

t h e  f i r s t  3-4 days whi le  t h e  dung s t i l l  r e t a i n s  much of i t s  mois ture  may 

promote f a s t e r  N l o s s  v i a  t h e i r  metabolism than  l a r v a e  whose development 

is  r e t a r d e d  by lower temperatures .  When low o r  moderate mean d a i l y  

tempera tures  p r e v a i l ,  a s  o f t e n  seems t o  be t h e  c a s e  a t  Kamloops, muscoid 

l a r v a e  have t o  complete t h e i r  development i n  dung from 6-8 days o l d ,  which 

may have l o s t  a cons ide rab le  p ropor t ion  of i t s  o r i g i n a l  mois ture .  Here 

t h e  churning a c t i o n  of t h e  l a r v a e  h e l p s  t o  main ta in  s u f f i c i e n t  mo i s tu re  

f o r  t h e i r  development (Va l i e l a ,  1969) bu t  lower tempera tures  may reduce 
h 
rr 

m i c r o b i a l  a c t i v i t y  and t h e  tendency f o r  n i t rogenous  products  t o  v o l a t i l i z e .  



The major mic rob io log ica l  t r ans fo rma t ions  of N occu r r ing  i n  dung appa ren t ly  

have not  been i n v e s t i g a t e d  i n  any d e t a i l .  

Qua l i t y  of t h e  dung a l s o  w i l l  l i k e l y  a f f e c t  t h e  amount of N 

l o s s .  Feces produced by animals  graz ing  on f r e s h  young p a s t u r e s  u s u a l l y  

a r e  h igh  i n  mois ture  and N wi th  low f i b r e  and hence low o rgan ic  carbon 

con ten t .  Th i s  is  probably a  more favourable  s u b s t r a t e  f o r  mic rob ia l  

growth l ead ing  t o  v o l a t i l i z a t i o n  of ammonia than  dung from c a t t l e  graz ing  

mature p a s t u r e s  t h a t  a r e  low i n  N and much h ighe r  i n  f i b r e .  The 
J 

i n v e s t i g a t i o n s  descr ibed  h e r e i n  always used dung from t h e  T r a n q u i l l e  School 

d a i r y  where a n  a l f a l f a  supplement w a s  f ed  t o  t h e  c a t t l e .  A l f a l f a  helped 

t o  s t a b i l i z e  t h e  cons i s t ency  of t h e  dung throughout t h e  summer, bu t  i n  so  

doing may have masked n a t u r a l  v a r i a t i o n s  i n  dung N l o s s  a s  p a s t u r e  q u a l i t y  

f l u c t u a t e d .  Hence t h e r e  i s  no guarantee  t h a t  N l o s s  i n  range  and 

p a s t u r e  p a r a l l e l s  t h a t  observed f o r  t h e  dung from t h e  d a i r y .  A s  t h e  

number of b a c t e r i a  per  gram of dung has  been shown t o  va ry  cons iderably  

between i n d i v i d u a l  cows and between d i e t s  ( P e r c i v a l ,  1910),  t h e  amount of 

N t h a t  i s  l o s t  by c a t t l e  dung may vary  g r e a t l y  even under cons t an t  

experimental  cond i t i ons .  

Assuming t h a t  N l o s s  occu r r ing  i n  dung dropped i n  rangeland i s  

of t h e  same low o rde r  a s  t h a t  observed f o r  t h e  d a i r y  c a t t l e  dung i n  t h i s  

s tudy ,  t h e r e  i s  s t i l l  a problem involv ing  t h e  l a c k  of an  e f f i c i e n t  

r e c i r c u l a t i o n  mechanism. The t o t a l  q u a n t i t i e s  of n u t r i e n t s  r e tu rned  by 

c a t t l e  t o  t h e  n a t i v e  range a r e  smal l .  For example, t h e  upper grass land  

i n  good cond i t i on  a t  Kamloops has  a  c a r r y i n g  c a p a c i t y  of 1.1 a c r e s  pe r  

animal  u n i t  month (T i sda l e  e t  a l . ,  1954).  A s i n g l e  beef animal du r ing  t h e  

course  of one month w i l l  then  g raze  and void dung over  1.1 a c r e s ,  a t  t h e  

r a t e  (Marsh and Campling, 1970) of twelve 4-pound pads per  day. Each dung 



pad w i l l  con ta in  a maximum of 7.5 g N of which a t  l e a s t  10% w i l l  be  l o s t  

through i n s e c t  up take ,  ammonia v o l a t i l i z a t i o n ,  and maybe o t h e r  avenues. 

The n e t  c r e d i t  i n  terms of o rgan ic  N might approximate 5 l b / a c r e  per  month 

of u se ,  most of which remains on t h e  s u r f a c e  i n  d i s c r e t e  p i l e s  f o r  

prolonged per iods .  I n  t h e  lower range,  wi th  a g raz ing  c a p a c i t y  of 

approximately 3 a c r e s  pe r  animal u n i t  month (T i sda l e  e t  a l . ,  1954), N i n  

dung be ing  r e tu rned  t o  t h e  s o i l  would b e  roughly 1 .8  l b / a c r e  f o r  each 

month of  u se .  I n  s p i t e  of t h e  smal l  q u a n t i t y  of N involved,  p l a n t s  

should d e r i v e  b e n e f i t  i n  t h e  long  term from i t s  inco rpora t ion  i n t o  t h e  

s o i l  by dung b e e t l e s .  



CHAPTER I V  - CATTLE DUNG I N  RELATION TO RANGE PLANT GROWTH 

INTRODUCTION 

The s i g h t  of d ry  undecomposed c a t t l e  dung pads i n  t h e  Kamloops 

rangeland f i r s t  sugges ted  t o  m e  t h a t  t h e  a r e a  i s  d e f i c i e n t  i n  dung-burying 

i n s e c t s .  The pads a r e  n o t  p a r t i c u l a r l y  conspicuous on t h e  open range 

because t hey  a r e  o f t e n  hidden by sagebrush o r  o t h e r  p l a n t s .  Moreover, 

t h e  s tock ing  r a t e  of  t h e s e  n a t i v e  p a s t u r e s  i s  r e l a t i v e l y  low (T i sda l e  e t  

a l . ,  1954) ,  and t h i s  causes  pads t o  be  w e l l  s c a t t e r e d .  Dried dung pads 

a r e  most n o t i c e a b l e  around water ing  p l a c e s ,  s i tes  provid ing  mine ra l  l i c k s ,  

and c a t t l e  "camps". 

There i s  good reason  t o  b e l i e v e  t h a t  t h e  range  p a s t u r e s  evolved 

under r e l a t i v e l y  l i g h t  and s t r i c t l y  s ea sona l  g r az ing  p r e s s u r e  from t h e  

p r e s e n t  indigenous ungu la t e s ,  which a r e  t h e  mule dee r  (Odocoileus hemionus 

hemionus (Raf inesque) ,  and t h e  C a l i f o r n i a  b ighorn  sheep (Ovis canadens is  - 
ca l i fo rn i an , :  Douglas).  Bighorn sheep today occur  n a t u r a l l y  on ly  i n  a  few 

s c a t t e r e d  groups i n  t h e  Southern I n t e r i o r  of  B r i t i s h  Columbia. They 

appa ren t ly  once ranged over  a  much wider  a r e a  (Cowan, 1940; C . J .  Guige t ,  

pe r sona l  communication). 

The dee r  have probably always grazed i n  t h e  same manner a s  they  

do now where und i s tu rbed ,  u t i l i z i n g  t h e  f o r a g e  of t h e  f o r e s t  a r e a s  i n  summer 

and f a l l  and t h a t  of  t h e  g r a s s l a n d s  i n  w i n t e r  and s p r i n g  (T i sda l e ,  1947) .  

Other he rb ivo re s  i n  t h e  a r e a  i n c l u d e  t h e  snowshoe o r  vary ing  h a r e  (Lepus 

americanus p a l l i d u s  Cowan), t h e  pocket  gopher (Thomomys t a l p o i d e s  incensus  

Goldman), t h e  mountain v o l e  (Microtus montanus canescens B a i l e y ) ,  and t h e  

ye l low-be l l ied  marmot (Marmota f l a v i v e n t r i s  ava ra  (Bangs)).  Many s p e c i e s  of 
k 



grasshopper  a r e  p re sen t  a l s o  (Treherne and Buckel l ,  1924).  While l i t t l e  

i s  known of t h e  numbers of animals t h a t  o r i g i n a l l y  e x i s t e d  i n  t h i s  r eg ion ,  

i t  i s  be l i eved  t h a t  they  were no t  s u f f i c i e n t  t o  cause  overgraz ing ,  except  

perhaps l o c a l l y  du r ing  drought yea r s  (T i sda l e ,  1947).  

When domestic c a t t l e  were in t roduced  i n  l a r g e  numbers t o  t h e  

a r e a  a f t e r  1860, t h e i r  g raz ing  p a t t e r n  was superimposed on t h a t  of t h e  

n a t i v e  animals .  The rangelands thus  came under cons t an t  heavy graz ing  

p re s su re  from an animal w i th  which they  d i d  no t  evolve ,  and t o  which no 

adjustment  could be made quick ly .  Eas t  of t h e  Rocky Mountains, where 

l a r g e  he rds  of n a t i v e  ungula tes  roamed wi thout  i n t e r r u p t i o n  from Oligocene 

t ime u n t i l  r e c e n t l y ,  rangelands recover  q u i t e  r a p i d l y  when given a r e s p i t e  

from g raz ing  (Daubenmire, 1970).  I n  c o n t r a s t ,  t h e  pe renn ia l  n a t i v e  g r a s s e s  

i n  t h e  rangelands of B r i t i s h  Columbia a r e  unable t o  endure heavy graz ing ,  

and r egene ra t ion  t ime a f t e r  prolonged misuse may r e q u i r e  from one t o  two 

gene ra t ions  (McLean and Marchand, 1968; McLean and T i s d a l e ,  1972).  This  

phenomenon a t  l e a s t  p a r t l y  r e f l e c t s  a  long h i s t o r y  of freedom from g raz ing  

p re s su re  (Daubenmire, 1970).  

The g ra s s l ands  bore  t h e  b run t  of t h e  g raz ing  onslaught  u n t i l  

t h e  e a r l y  1900's  (T i sda l e ,  1947),  by which t ime r e d u c t i o n  i n  ca r ry ing  

c a p a c i t y  had occurred .  Ranchers were then  forced  i n t o  u t i l i z a t i o n  of 

t h e  f o r e s t  a r e a s .  The major problem of g ra s s l and  ranges i n  B r i t i s h  

Columbia i s  s t i l l  poor cond i t i on  and consequent r educ t ion  i n  c a r r y i n g  

c a p a c i t y  (T i sda l e  e t  a l . ,  1954; Mason and Mil t imore,  1959).  While t h e r e  

a r e  c u r r e n t l y  a  few l a r g e  a r e a s  of good grass land  i n  t h e  r eg ion ,  range 

improvement s t i l l  has  p r i o r i t y  a s  a  management o b j e c t i v e .  The need f o r  
i 

methods of i n c r e a s i n g  t h e  p r o d u c t i v i t y  of s p r i n g  and f a l l  ranges  i s  



c r i t i c a l  (Mason and Mil t imore,  1969).  

The major i n d i c a t o r  of range d e t e r i o r a t i o n  i s  a  change i n  

b o t a n i c a l  composition. The o r i g i n a l l y  dominant and pe renn ia l  wheatgrass  

A- spicatum (Pursh) Scribn.and Smith inc lud ing  v a r .  inerme He l l e r  

is rep laced  by l e s s  p a l a t a b l e  s p e c i e s ,  o f t e n  annuals ,  and t h e  p ropor t ion  

of b i g  sagebrush (Artemisia  t r i d e n t a t a  Nut t . )  and weeds i n c r e a s e s  (McLean 

and Marchand, 1968). Considerable  s o i l  e ros ion  may occur  (Spi l sbury  and 

T i s d a l e ,  1944).  The d e c l i n e  i n  cond i t i on  of t h e  range i s  p a r t i c u l a r l y  

s e r i o u s  because t h e  g ra s s l ands  a r e  l i m i t e d  i n  e x t e n t  and a r e  of v i t a l  

importance f o r  s p r i n g ,  f a l l ,  and win te r  graz ing .  

C a t t l e  a r e  r e s p o n s i b l e  f o r  t h i s  d e c l i n e ,  through a  complex 

of a c t i v i t i e s  whose i n d i v i d u a l  c o n t r i b u t i o n s  t o  o v e r a l l  d e t e r i o r a t i o n  

would be hard t o  de f ine .  Foremost amongst t h e s e  i s  graz ing  f o r  prolonged 

pe r iods  i n  t h e  l a t e  s p r i n g  when wheatgrasses  a r e  i n  a  c r i t i c a l  s t a g e  of 

t h e i r  growth. There i s  a  t rampl ing  e f f e c t ,  caus ing  increased  mechanical 

damage and weakening, and a l s o  a  d i s r u p t i o n  of t h e  o r i g i n a l  n u t r i e n t  

cyc l e s .  

Deer a r e  s t i l l  p re sen t  i n  t h e  a r e a ,  so  i t  i s  u n l i k e l y  t h a t  

any i n s e c t s  o r i g i n a l l y  a s s o c i a t e d  wi th  t h e i r  dung have d ied  ou t .  Casual 

obse rva t ion  of t h e i r  droppings sugges t s  t h a t  i n s e c t s  do n o t  p l ay  an  

important  p a r t . i n  t h e  breakdown of t h e  p e l l e t s ,  and r a t h e r  t h a t  t h e s e  

d e t e r i o r a t e  ve ry  slowly under t h e  i n f l u e n c e  of weather  and t h e  a c t i o n  of 

microorganisms. This  is. an i n d i c a t i o n  t h a t  i n  t h e  n a t u r a l  s t a t e  of t h i s  

ecosystem, under t h e  presumed r e l a t i v e l y  l i g h t  graz ing  p r e s s u r e ,  t h e  

immediate r e t u r n  of dung n u t r i e n t s  t o  t h e  s o i l  was not  important  i n  

main ta in ing  p r o d u c t i v i t y .  A t  t h e  same t ime,  q u a n t i t i e s  of p l a n t  l i t t e r  
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were produced that probably decomposed fairly rapidly on contact with the 

soil surface. Total annual turnover of nutrients was relatively small. 

For example, Power (1972) mentioned that under the natural environment, 

the quantity of N being cycled annually in temperate grasslands is too 

small to measure accurately with the research tools available. 

The situation has now changed. Often a large proportion of 

the forage produced annually by the rangelands is consumed by cattle and 

subsequently converted into bovine feces. Up to 80% may be taken in some 

cases although the recommended maximum consumption is 55% (A. McLean, 

personal communication). As a result there is little plant litter left 

on the soil surface. Originally the litter may have been spread 

relatively evenly over the range, helping to maintain roughly uniform 

soil organic matter levels throughout. The dung pads of cattle have now 

largely replaced the general litter layer, resulting in concentration of 

undecomposed organic matter in discrete heaps. Moreover, the pads are 

more numerous in certain areas than in others, indicating some transport 

of nutrients away from parts of the range. A given area of range soil 

now apparently receives little organic matter return under the current 

grazing system until it is covered with a dung pad, when it acquires a 

heavy dressing of plant remains whose nutrients are released to the system 

very slowly. The return of organic matter from aerial portions of plants 

is thus very haphazard. 

Ecosystems that have a large residue of nutrients immobilized 

in organic matter (feces or plant litter) are not as productive as those 

that are relatively more efficient in the recirculation of nutrients 

(Gillard, 1967). Turnover of nutrients in an ecosystem may be limited 



by t h e  r a t e  of decomposition of organic  ma t t e r  (MacFadyen, 1961). The 

main apparent  l i m i t a t i o n  t o  decomposition of dung pads i n  t h e  semi-arid 

I n t e r i o r  i s  t h a t  t h e  major p o r t i o n  of each i s  removed from e f f e c t i v e  

decomposer a c t i v i t y .  

The n a t i v e  rangelands i n  B r i t i s h  Columbia a r e  r e c e i v i n g  l i t t l e  

o r  no a r t i f i c i a l  f e r t i l i z e r .  Although n a t i v e  N-fixing legumes a r e  p re sen t  

i n  t h e  h igher  g ra s s l and  and f o r e s t  range ,  t h e i r  numbers are gene ra l ly  low. 

The p r o d u c t i v i t y  of t h e  n a t i v e  p a s t u r e s  t h e r e f o r e  now depends l a r g e l y  upon 

t h e  r e t u r n  of n u t r i e n t s  contained i n  c a t t l e  dung and dead r o o t s ,  and t h e  

e f f i c i e n c y  wi th  which decomposition processes  r e l e a s e  n u t r i e n t s  from t h e s e  

m a t e r i a l s  f o r  p l a n t  use .  

It i s  now known t h a t  t h e  rangeland p a s t u r e s  s u f f e r  from a 

gene ra l  N de f i c i ency .  Experiments have been conducted i n  t h e  g ra s s l ands  

s i n c e  1957 t o  determine t h e  p r a c t i c a b i l i t y  of  a r t i f i c i a l  N f e r t i l i z a t i o n  

(Mason and Mil t imore,  1959, 1964, 1969, 1972; Mil t imore,  Mason, and 

Rogers, 1962; Hubbard and Mason, 1967).  Resu l t s  ranged from almost no 

i n c r e a s e  i n  y i e l d  a t  some s i t e s  t o  more than  doubling of y i e l d  on o t h e r s .  

Crude p r o t e i n  content  of wheatgrass  was increased  (Mason and Mil t imore,  

1959),  a s  we l l  a s  i t s  seed product ion  (Miltimore e t  a l . ,  1962).  

F e r t i l i z a t i o n  of g r a s s  rangelands  is  not  g e n e r a l l y  recommended because of 

t h e  complex n a t u r e  of t h e  response t h a t  has  been obta ined  s o  f a r .  Ranchers 

a r e  t h e r e f o r e  advised t o  f e r t i l i z e  on a  t r i a l  b a s i s  (Canada D e p a r t ~ ~ s n t  of 

A g r i c u l t u r e ,  1971) b u t  they  make v i r t u a l l y  no u s e  of t h i s  p r a c t i c e  a t  

p re sen t  (Mason and Mil t imore,  1972).  C a t t l e  dung i s  r i c h  i n  N and o t h e r  

n u t r i e n t s ,  and s e v e r a l  au tho r s  have mentioned t h e  l i k e l y  b e n e f i c i a l  

e f f e c t s  on p l a n t s  of dung bur ied  by b e e t l e s  (Lindquis t ,  1933, 1935; 



Mohr, 1943; T e i c h e r t ,  1959; F incher ,  Davis,  and Stewar t ,  1971).  G i l l a r d  

(1967) found t h a t  a c t i v e  dung b e e t l e s  i n  South A f r i c a  r e tu rned  85-95% of 

c a t t l e  dung N t o  t h e  s o i l .  More r e c e n t l y ,  Bornemissza and Williams (1970) 

demonstrated t h e  b e n e f i c i a l  e f f e c t  of dung b u r i a l  by b e e t l e s  on Japanese 

m i l l e t  grown i n  po t s .  

Since range p a s t u r e  normally w i l l  respond t o  added N ,  i t  

should b e n e f i t  from t h e  a c t i v i t i e s  of e f f i c i e n t  dung b e e t l e s .  The e f f e c t  

of t h e  immediate r e t u r n  of bovine dung on range p l a n t  growth has  not  been 

a s ses sed .  Because Onthophagus nuch ico rn i s  i s  t h e  only  common sca rabae ine  

b e e t l e  i n  B r i t i s h  Columbia, i t  w a s  used i n  1971 i n  an  experiment t o  

i n v e s t i g a t e  t h e  e f f e c t s  on wheatgrass  of i nco rpora t ion  of dung i n t o  t h e  

s o i l .  

Wheatgrasses o r i g i n a l l y  formed t h e  major component of grass -  

land  fo rage  be fo re  overgrazing caused t h e i r  d e c l i n e .  One of t h e  goa l s  of 

range r e h a b i l i t a t i o n  i s  t o  promote t h e i r  rees tab l i shment  and s u r v i v a l .  

It t h e r e f o r e  would b e  u s e f u l  t o  know whether r e t u r n  of dung n u t r i e n t s  by 

b e e t l e s  w i l l  a s s i s t  t h i s  process .  

MATERIALS AND METHODS 

Beardless  wheatgrass  (Agropyron spicatum v a r .  inerme, Whitmar 

s e l e c t i o n )  was used i n  a po t  experiment .  This  p a l a t a b l e  g r a s s  makes f a s t  

growth e a r l y  i n  t h e  season,  mainly i n  A p r i l ,  May, and e a r l y  June i n  t h e  

lower g ra s s l and .  Seed s e t  occurs  be fo re  t he  summer drought becomes a c u t e  

i n  t h i s  zone and t h e  g r a s s  becomes dormant i n  J u l y  and August (T i sda l e ,  

1947).  If f a l l  r a i n s  a r e  adequate ,  growth may s t a r t  aga in  a t  t h i s  t i m e .  



A t  t h e  h ighes t  g ra s s l and  e l e v a t i o n s  t h e  s p e c i e s  may remain green v i r t u a l l y  

throughout t h e  summer (T i sda l e ,  1947). 

S o i l  used f o r j t h e  pot  experiment w a s  a t y p i c a l  Brown Chernozemic 

sandy loam from a s e v e r e l y  overgrazed p o r t i o n  of range i n  t h e  lower grass -  

land  zone near  T ranqu i l l e .  The o rgan ic  ma t t e r  con ten t  was 2.3% and pH was 

7.3. Ava i l ab l e  major elements i n  l b / a c r e  were: P, 50; K ,  580; Ca, 4,500; 

Mg, l,OOO+(determination by cour t e sy  of J. H. Neufeld, S o i l  Tes t ing  

Se rv i ce ,  BCDA, Kelowna). No a n a l y s i s  was made f o r  n i t ra te -N,  b u t  t h e r e  i s  

l i t t l e  doubt t h a t  t h e  s o i l  was N-deficient  (A. L.  van Ryswyk, personal  

communication). 

S o i l  was c o l l e c t e d  from t h e  s u r f a c e  15  cm and s ieved  t o  pass  

a 5-mm screen .  Po t s  were made from new three-quar t  waxed cardboard milk 

c a r t o n s  wi th  tops  removed. S o i l  depth i n  t h e  c a r t o n s  was approximately 

L 16  cm and t h e  s u r f a c e  a r e a  was 196 cm . Pot s  were then  placed i n  a 

greenhouse and t h e  fo l lowing  t r ea tmen t s  were a p p l i e d ,  r e p l i c a t e d  t e n  t imes:  

(1) 200 g f r e s h  dung hand-mixed wi th  s o i l ;  (2) 200 g f r e s h  dung p l u s  5 

p a i r s  dung b e e t l e s ;  (3) 200 g f r e s h  dung unburied;  (4) Untreated c o n t r o l ;  

(5) 60 l b f a c r e  N a s  NH4N03; (6)  240 l b / a c r e  N a s  Wd4NO3. 

Treatment 1 simulated t o t a l  dung b u r i a l  by b e e t l e s .  

Onthophagus nuchicorn is  was used i n  t rea tment  2 t o  bury p o r t i o n  of a 

dung mass, and t h e  remaining dung was removed a f t e r  b e e t l e  a c t i v i t y  

ceased.  Treatment 3 simulated t h e  c u r r e n t  range s i t u a t i o n ,  where dung 

remains unburied but  some dung l i q u i d  is  soaked up by t h e  s o i l  d i r e c t l y  

beneath t h e  pad; pads were removed from t h e  s o i l  a t  t h e  same t i m e  a s  t hose  

i n  t rea tment  2 .  Treatment 4 was a con t ro l , r ece iv ing  n e i t h e r  dung nor  N 

d r e s s i n g .  Treatments 5 and 6 were included i n  p a r t i c u l a r  f o r  comparison 



w i t h  t rea tment  1, because they  r ep resen t  r e s p e c t i v e l y  "low" and "high" 

l e v e l s  of N f e r t i l i z e r  c u r r e n t l y  being used i n  r e s t o r a t i v e  range 

f e r t i l i z a t i o n  experiments (Mason and Mil t imore,  1969). 

It was no t  p o s s i b l e  t o  have dung analyzed f o r  N be fo re  t h i s  

experiment was e s t a b l i s h e d .  However, Whitehead (1970),  summarizing t h e  

e s t i m a t e s  of s e v e r a l  workers ,  showed an  average range i n  c a t t l e  f e c a l  N 

con ten t  of 2.0-2.8% on a  d ry  weight b a s i s .  The lower f i g u r e  of 2.0% was 

used t o  c a l c u l a t e  a s tandard  amount of dung t o  apply  t o  p o t s  i n  t rea tment  

1, so  t h a t  each i n i t i a l l y  would r e c e i v e  a t  l e a s t  a s  much N a s  d i d  

t rea tment  6 (240 l b / a c r e ) .  The a d d i t i o n a l  e lements  i n  t h e  dung bes ides  

N a c t u a l l y  made t rea tment  1 n u t r i t i o n a l l y  s u p e r i o r  t o  t rea tment  6. I n  

view of t h e  a n t i c i p a t e d  temporary immobil izat ion of dung 

n u t r i e n t s  i n  t rea tment  1, con t r a s t ed  wi th  t h e  immediate a v a i l a b i l i t y  of N 

i n  t rea tment  6 ,  in format ion  was d e s i r e d  on t h e  r e l a t i v e  r a p i d i t y  and 

d u r a t i o n  of p l a n t  response  from both  t h e s e  t r ea tmen t s .  

The dung t r ea tmen t s  w e r e  app l i ed  i n  e a r l y  May 1971. Two days 

p r i o r  t o  t h i s ,  water  was added c a r e f u l l y  t o  a l l  p o t s  except  t hose  i n  

t rea tment  1, which were kept  d r y  t o  f a c i l i t a t e  uniform mixing of s o i l  

w i th  dung. During t h e  water ing  t h e  N was added t o  t r ea tmen t s  5 and 6. 

F i r s t l y  300 m l  of water  were app l i ed  t o  each p o t ,  t hus  e s t a b l i s h i n g  a  

we t t i ng  f r o n t  i n  t h e  s o i l .  The r equ i r ed  amount of ammonium n i t r a t e  was 

app l i ed  i n  100 m l  of s o l u t i o n  t o  each p o t ,  followed by more water .  

Fresh dung was obta ined  from t h e  Tranqu i l l e  School d a i r y  and 

thoroughly mixed. Samples of 200 g were prepared i n  t h e  normal manner. 

I n  t rea tment  1, t h e  s o i l  i n  each pot  was thoroughly mixed w i t h  200 g of 

dung and then  water  was added. 



Onthophagus nuchicorn is  b e e t l e s  were c o l l e c t e d  from c a t t l e  

p a s t u r e s  f o r  u se  i n  t rea tment  2 ,  and handled a s  p rev ious ly  descr ibed .  

Five p a i r s  were placed i n  each pot of t rea tment  2 a f t e r  t h e  dung pad had 

been added. These p o t s  were covered wi th  f i n e  mesh nylon screen .  S imi la r  

dung pads were placed i n  each pot  i n  t rea tment  3 .  

Bee t l e s  were kept  i n  t he  p o t s  f o r  about 130 hours .  Then t h e  

remains of t h e  dung pads i n  t rea tment  2 were c o l l e c t e d  toge the r  w i th  a s  

much of t h e  shredded dung m a t e r i a l  on t h e  s u r f a c e  a s  could be sa lvaged ,  

and r e t a i n e d  a f t e r  oven-drying f o r  an e s t ima t ion  of per  cen t  b u r i a l  by t h e  

ash ing  method ( see  Chapter 11, M a t e r i a l s  and Methods). Another index of 

b u r i a l  a c t i v i t y  was obta ined  by a  count of dung b a l l s  i n  t h e  r o o t  masses 

a t  f i n a l  ha rves t  i n  August 1972. 

Pads i n  t rea tment  3 (unburied dung) were removed from t h e  s o i l  

a t  t h e  same t ime a s  t hose  i n  t rea tment  2 ,  and were d r i e d  and r e t a i n e d  f o r  

e s t i m a t i o n s  of N ,  l o s s  of d ry  ma t t e r  on s t and ing ,  and l o s s  of weight on 

a sh ing .  Dung i n  t r ea tmen t s  2 and 3 had become no t i ceab ly  hardened a t  t h i s  

s t a g e ;  pads i n  t rea tment  3 a t  t ime of removal (130 hours '  exposure) had 

l o s t  about 100 g of water .  

The s u r f a c e  s o i l  of a l l  p o t s  was s c a r i f i e d  and each was p lan ted  

w i t h  fou r  wheatgrass  s eed l ings .  The p o t s  were watered up t o  t h e  

approximate f i e l d  c a p a c i t y  of t h e  s o i l  (32% mois ture  - determina t ion  by 

cour t e sy  of  D.  S. Stevenson, CDA Research S t a t i o n ,  Summerland). The 

experiment was arranged on benches i n  a  greenhouse t h a t  had v e n t i l a t i o n  

bu t  no temperature c o n t r o l  and t h a t  a f fo rded  cont inuous and uniform 

exposure t o  s u n l i g h t .  Pot p o s i t i o n s  were f u l l y  randomized. Severa l  

dead o r  ve ry  weak g r a s s  s eed l ings  were rep laced  and t h e  g r a s s  was c l ipped  

t h r e e  t imes  i n  t h e  f i r s t  weeks t o  encourage t i l l e r i n g .  Water was 



added about tw ice  per  week, depending on weather  cond i t i ons .  

A t  t h e  end of August 1 9 7 1  t h e  p o t s  were f i n a l l y  wet up t o  

cons t an t  weight and were then  l e f t  wi thout  a d d i t i o n a l  water  f o r  a  month. 

The f i r s t  ha rves t  was completed a t  t h e  end of September. 

The g r a s s  a t  t h i s  s t a g e  was w e l l  grown and had cured t o  a  

l a r g e  e x t e n t .  The number of culms and s p i k e s  was counted a t  h a r v e s t ,  

t hen  t h e  culms were c l ipped  5 cm above t h e  s o i l  su r f ace .  They were 

allowed t o  a i r -d ry ,  then  oven-dry a t  100•‹C. Yie lds  were taken  and t h e  

p l a n t  m a t e r i a l  from eacli po t  was ground f o r  N a n a l y s i s  and thoroughly 

mixed t o  ensure  t h e  homogeneity of samples. 

The experiment was loca t ed  i n  t h e  greenhouse du r ing  t h e  f i r s t  

season t o  promote maximum g r a s s  growth and s u r v i v a l .  A f t e r  succes s fu l  

e s t ab l i shmen t ,  in format ion  was r equ i r ed  on t h e  e f f e c t  of each t rea tment  

o n  t h e  a b i l i t y  of thi .  g r a s s  t o  overwinter .  Af t e r  t h e  1971 ha rves t  t h e  

p o t s  were taken outdoors  and moistened almost t o  f i e l d  capac i ty .  The 

experiment was housed du r ing  t h e  1971-1972 win te r  i n  a  sha l low 

r e c t a n g u l a r  wooden frame s i t u a t e d  i n  a  s h e l t e r e d  p o s i t i o n  a t  t h e  Research 

S t a t i o n .  The aim was t o  provide  same p r o t e c t i o n  from extreme cold  wh i l e  

a t  t h e  same t ime al lowing exposure t o  snow, i c e ,  and f r e e z i n g  cond i t i ons .  

I n  e a r l y  May 1972, t h e  p o t s  were removed from t h e  s h e l t e r  and 

i n s t a l l e d  outdoors ,  where they  remained a l l  summer. Winter k i l l  of 

p l a n t s  was recorded.  Spikes were harves ted  when n e a r l y  a l l  were mature 

on 28 June. 

The f i n a l  h a r v e s t  was made i n  l a t e  August 1972. Counts were 

made of t h e  number of culms and a l s o  t h e  new f a l l  shoots  growing from t h e  

base  of each p l a n t .  Spike l e n g t h s  were measured and t h e  number of 



s p i k e l e t s  was counted. Grass p l a n t s  were c u t  a t  ground l e v e l  and 

processed a s  be fo re  f o r  y i e l d  and N de t e rmina t ions .  S o i l  was then  washed 

from t h e  r o o t s .  Remains of b e e t l e  brood b a l l s  i n  t rea tment  2 were not  

damaged by t h e  washing process  and t h e s e  were recovered.  Roots were oven- 

d r i e d  and weighed. T o t a l  y i e l d  of t ops  included t h e  weight of d r y  

ma t t e r  ob ta ined  i n  t h e  August ha rves t  and t h e  weight of s p i k e s  obtained 

from each pot  e a r l i e r  i n  t he  season.  

T o t a l  N de t e rmina t ions  were made on t h e  e lementa l  ana lyze r ,  

and t h e  c rude  p r o t e i n  content  of t h e  g r a s s  was c a l c u l a t e d  a s  (% t o t a l  N) 

x 6.25. An a n a l y s i s  of variar,n_e was performed on t h e  p l a n t  product ion  

d a t a  obta ined  dur ing  bo th  h a r v e s t s ,  u s ing  t h e  loga r i thmic  t ransformat ion  

where necessary  t o  e q u a l i z e  t rea tment  va r i ances .  Treatment means were 

compared us ing  ~ u k e y ' s  method of m u l t i p l e  comparisons (Schef fe ,  1959).  

RESULTS 

No chemical a n a l y s i s  was performed on t h e  f r e s h  undried dung 

(86.4% mois ture)  a t  t h e  s t a r t  of t h e  experiment.  The dung a f t e r  oven- 

dry ing  contained 2.45% N. Taking i n t o  account t h e  mean N l o s s  du r ing  

oven-drying of approximately 8.3% (Appendix I V ) ,  t h i s  would make t h e  N 

con ten t  of t h e  f r e s h  dung roughly 2.67%. 

Po t s  i n  t rea tment  1, where dung was f u l l y  b u r i e d ,  t hus  

rece ived  dung N a t  t h e  r a t e  of 330 l b / a c r e .  Dung b u r i a l  by - 0. nuch ico rn i s  

i n  t rea tment  2 averaged 27.5 brood b a l l s ,  r e p r e s e n t i n g  37.4% of t h e  pad 

placed i n  each po t .  The r e s u l t  of b e e t l e  a c t i v i t y  was an  inco rpora t ion  

i n t o  t h e  s o i l  of 120 l b / a c r e  of N.  An unknown p ropor t ion  of t h i s  was 

used by t h e  developing - 0 .  nuchicorn is  l a r v a e ,  because they  consumed 



va ry ing  amounts of t h e  dung food m a t e r i a l  provided by t h e  pa ren t  b e e t l e .  

1971 h a r v e s t .  

The t o t a l  crude p r o t e i n  content  of a  q u a n t i t y  of fo rage  

( y i e l d  x % crude  protein1100) i s  a d i r e c t  measure of i t s  a b i l i t y  t o  

nour i sh  graz ing  animals  and t h e r e f o r e  i t  provided t h e  most u s e f u l  b a s i s  

f o r  e v a l u a t i n g  fo rage  product ion i n  t h i s  experiment.  

T o t a l  crude p r o t e i n  produced i n  t h e  wheatgrass  t ops  (excluding 

s p i k e s )  dur ing  1971 i s  shown i n  Table X. A l l  t r ea tmen t s  except  3 

(unburied dung) produced s i g n i f i c a n t l y  more c rude  p r o t e i n  than  t h e  c o n t r o l .  

Treatment 2 (bee t le -bur ied  dung) produced 40% more, t rea tment  1 (hand- 

bu r i ed  dung) over 100% more, wh i l e  w i th  f e r t i l i z e r  N ,  i n c r e a s e s  over  

product ion  i n  t h e  c o n t r o l  of 260% ( t rea tment  5) and 320% ( t rea tment  6) 

occurred .  P l a n t s  i n  t rea tment  6 (240 l b l a c r e  N) gave a  h ighe r  y i e l d  and 

a l s o  had a  h ighe r  t o t a l  N conten t  t han  those  i n  t rea tment  1 (330 l b l a c r e  

N ) ;  t rea tment  1 was s u p e r i o r  t o  t h e  c o n t r o l  i n  both  t h e s e  v a r i a b l e s .  

Treatment 2 (120 l b l a c r e  N) had a  h ighe r  y i e l d  than  t h e  c o n t r o l  b u t  i t s  

t o t a l  N conten t  was not  s i g n i f i c a n t l y  h ighe r .  

There was l i t t l e  d i f f e r e n c e  i n  t h e  mean numbers of culms 

produced per  p l a n t  (Table XI).  The f e r t i l i z e r  t r ea tmen t s  tended t o  be 

most s u c c e s s f u l  i n  producing s p i k e s ,  a l though i n  t h i s  f i r s t  season of 

growth ve ry  l i t t l e  seeding occurred ,  and then  only  i n  l a t e  summer. 

1972 h a r v e s t .  

Eighteen g r a s s  p l a n t s  (out  of 240) d ied  du r ing  t h e  1971-1972 

win te r  (Table XI).  I n  a d d i t i o n ,  e leven  o t h e r  p l a n t s  overwintered poor ly  

and d i d  no t  grow vigorous ly  du r ing  1972. Grass m o r t a l i t y  was h i g h e s t  i n  
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t h e  t rea tments  t h a t  rece ived  t h e  heav ie s t  d r e s s i n g s  of a d d i t i o n a l  

n u t r i e n t s .  G r e a t e s t  m o r t a l i t y  i n  any po t  was 2 p l a n t s .  Most (40%) of 

t h e  p l a n t s  t h a t  overwintered poor ly  were i n  t rea tment  6.  No allowance 

was made f o r  t h e  dead o r  weakened p l a n t s  when ana lyz ing  t h e  r e s u l t s  f o r  

y i e l d  and p r o t e i n  product ion  pe r  po t .  

Yield i n  1972 was more than  tw ice  t h a t  of 1971 i n  most 

t r ea tmen t s  (Table X). Treatment 6 (240 l b l a c r e  N) ou ty i e lded  t rea tment  1 

(dung: 330 l b l a c r e  N) i n  1971 bu t  no t  i n  1972. Yield of tre:::ment 5 

(60 l b l a c r e  N) l a y  between t h a t  of t r ea tmen t s  1 and 6 i n  1971, b u t  was 

s i g n i f i c a n t l y  lower than  e i t h e r  of t h e s e  i n  1972. 

T o t a l  N conten t  of t h e  g r a s s  f o r  a l l  t r ea tmen t s  i n  1972 was 

roughly one-third of t h a t  measured i n  1971 (Table X ) .  I n  a d d i t i o n ,  t h e  

range of N con ten t s  between t r ea tmen t s  was much reduced. Per  cen t  N i n  

t rea tment  6 i n  1971 was double t h a t  of t h e  c o n t r o l ,  bu t  i n  1972 was only  

20% g r e a t e r .  

T o t a l  crude p r o t e i n  was lower i n  1972 than  i n  1971 f o r  a l l  

t r ea tmen t s  (Table X). Treatment 1 produced l e s s  crude p r o t e i n  than  

t rea tment  6 i n  1971 but  i n  t h e  fo l lowing  year  t h e r e  was no d i f f e r e n c e  

between them i n  t h e  amount of p r o t e i n  produced. P r o t e i n  product ion i n  

t rea tment  2 was l e s s  than  t h a t  i n  t rea tment  5 i n  1971. There was no 

measurable d i f f e r e n c e  i n  t h e i r  p r o t e i n  product ion  dur ing  1972. 

F e r t i l i z e r  N a t  240 l b l a c r e  ( t rea tment  6) caused t h e  product ion  

of t h e  g r e a t e s t  amount o f ' c r u d e  p r o t e i n  over  two seasons (Table X I I ) .  Dung 

(330 l b l a c r e  N) and f e r t i l i z e r  a t  60 l b l a c r e  N induced approximately equal  

i n c r e a s e s  i n  p r o t e i n  product ion .  



Table XI1 Ranked o v e r a l l  crude p r o t e i n  product ion  i n  t ops  (excluding 
s p i k e s ) ,  and corresponding recovery of bo th  dung and 
f e r t i l i z e r  N by b e a r d l e s s  wheatgrass .  T o t a l s  f o r  1971 and 
1972 a r e  combined. 

Treatment 

240 l b l a c r e  N 

Dung: hand-buried 
(330 l b / a c r e  N) 

60 l b / a c r e  N 

Dung: bee t le -bur ied  
(120 l b l a c r e  N) 

Dung: unburied 

Cont ro l  

Mean product ion  
i n  t o p s  (mg)* 

D t e i n  

% i n c r e a s e  
over c o n t r o l  

Crude rl 

1_ 
T o t a l  N 

% recovered of 
amount added 

t o  s o i l  

* Treatments sha r ing  t h e  same l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  5% l e v e l .  



Var ia t ion  occurred i n  t h e  p ropor t ion  of dung o r  f e r t i l i z e r  

N recovered i n  t o p s  (excluding t h a t  i n  sp ikes )  (Table XII ) .  Recovery 

( t rea tment  N - c o n t r o l  N) appeared t o  be h igher  f o r  f e r t i l i z e r  N than  

f o r  dung N dur ing  t h e  per iod  of t h e  experiment.  The most e f f i c i e n t  u s e  

of added f e r t i l i z e r  N occurred i n  t rea tment  5. Recovery of N from 

bur ied  dung was uniformly low bu t  i n  view of t h e  slow r e l e a s e  of o rgan ic  

N t h a t  is  known t o  occur ,  t h i s  may cont inue  f o r  s e v e r a l  yea r s .  The 

recovery  f i g u r e s  show t h a t  t h e  bulk  of t h e  appl ied  N was s t i l l  i n  t h e  

s o i l  when t h e  1972 ha rves t  took p l ace .  Some more N was removed i n  sp ikes ,  

p a r t i c u l a r l y  i n  1972, bu t  t h i s  was no t  measured. Mean s p i k e  weight per  

po t  i n  a l l  t r ea tmen t s  r ep re sen ted  a  r e l a t i v e l y  cons t an t  7-9% of t o t a l  t o p  

weight i n  1972 [range 0.317 g ( t rea tment  3) t o  0.580 g  ( t rea tment  I ) ] .  

The N i n  s p i k e s  probably c o n s t i t u t e d  a  r e l a t i v e l y  low p ropor t ion  of t h e  

t o t a l  N removed. Much of t h e  f e r t i l i z e r  N may have become immobilized 

below ground i n  t h e  same f a sh ion  a s  has  been descr ibed  by Power (1970, 

1972) f o r  another  semi-arid g ra s s l and  s o i l .  

Even i f  m o r t a l i t y  had no t  occurred i n  some t r ea tmen t s ,  i t  is  

u n l i k e l y  t h a t  t h e i r  mean crude  p r o t e i n  product ion  per  po t  would have been 

h ighe r .  When p r o t e i n  product ion  was c a l c u l a t e d  on a  per  p l a n t  b a s i s ,  

i n s t e a d  of per  p o t ,  t h e  same r e l a t i v e  performance between t r ea tmen t s  was 

noted a s  appears  i n  Table X .  Th i s  i n d i c a t e s  t h a t  compensatory growth was 

made by su rv ivo r s  i n  t h e  p o t s  t h a t  l o s t  p l a n t s .  

When crude  p r o t e i n  product ion  f o r  each year  was p l o t t e d  a g a i n s t  

t h e  amount of f e r t i l i z e r  N added ( i . e . ,  f o r  c o n t r o l ,  60 l b / a c r e  and 240 lb /  

a c r e ) ,  t h e  response  curve  was approximately p a r a l l e l  t o  t h e  a b s c i s s a  a t  

240 l b / a c r e  N.  This  suggested t h a t  240 l b / a c r e  N may have been about  



optimal  f o r  t h e  cond i t i ons  of t h i s  experiment.  

A g r e a t e r  y i e l d  of r o o t s  was measured i n  t rea tment  1 than  i n  

t rea tment  6 dur ing  1972, bu t  no o t h e r  d i f f e r e n c e s  were d e t e c t e d .  Because 

wheatgrasses  normally produce a  very  ex tens ive  r o o t  system, any t rea tment  

which promotes r o o t  growth i s  l i k e l y  t o  ensure  s a t i s f a c t o r y  es tab l i shment  

of t h e  g r a s s  p l a n t s .  ~ o o t / s h o o t  r a t i o s  were appa ren t ly  lowest  i n  t h e  two 

N f e r t i l i z e r  t r ea tmen t s ,  i n d i c a t i n g  t h a t  t op  growth was encouraged by 

minera l  N a t  t h e  expense of t h e  r o o t i n g  system. The arrangement of b e e t l e  

brood b a l l s  amongst t h e  r o o t  mass of g r a s s  from a pot  i n  t rea tment  2 i s  

shown i n  F ig .  24 .  Each b a l l  was pene t r a t ed  by a  l a r g e  number of haZr 

r o o t s .  

The mean number of s p i k e s  produced per  p l a n t  was much h igher  

f o r  a l l  t r ea tmen t s  i n  t h e  second season (Table X I ) .  The amount of v i a b l e  

seed produced by each p l a n t  was no t  determined,  owing t o  l a c k  of t ime. 

I n s t e a d ,  t h e  mean number of s p i k e l e t s  produced per  p l a n t  was used t o  

i n d i c a t e  p o t e n t i a l  seed product ion .  Treatment 1 produced s i g n i f i c a n t l y  

more s p i k e l e t s  per  p l a n t ,  and hence p o t e n t i a l l y  more seed ,  than  d i d  

t r ea tmen t s  2 ,  3 ,  o r  4 .  There was an  i n d i c a t i o n  t h a t  t h e  i n c r e a s e  i n  

p o t e n t i a l  seed product ion (= s p i k e l e t s  per  p l a n t )  of t rea tment  1 was due 

p r i m a r i l y  t o  an  i n c r e a s e  i n  t h e  number of s p i k e s  per  p l a n t  r a t h e r  than  t o  

an i n c r e a s e  i n  s p i k e l e t s  per  sp ike .  

From e a r l y  August onwards i n  1972, new f a l l  shoo t s  commenced 

t o  grow from t h e  bases  of many g r a s s  p l a n t s .  These were used a s  a n  

i n d i c a t i o n  of r e l a t i v e  v igo r  between t r ea tmen t s .  Those t r ea tmen t s  

r e c e i v i n g  t h e  most a d d i t i o n a l  N a l s o  produced t h e  g r e a t e s t  number of new 

f a l l  shoots .  



Figure  24 Root mass of b e a r d l e s s  wheatgrass  c o n t a i n i n g  
the remains of brood b a l l s  t h a t  were made by 
Onthophagus nuchicorn is  b e f o r e  t h e  g r a s s  w a s  
p l an t ed .  





DISCUSSION 

I n  t h i s  experiment b e a r d l e s s  wheatgrass  showed i n c r e a s e s  i n  

y i e l d  and crude  p r o t e i n  product ion  when c a t t l e  dung was incorpora ted  i n t o  

t h e  s o i l .  P o t e n t i a l  seed product ion  and apparent  v i g o r  of t h e  g r a s s  

p l a n t s  a l s o  increased  i n  t h e  second year  of growth. Grea t e s t  response was 

obta ined  when smal l  dung pads provid ing  330 l b / a c r e  N were f u l l y  mixed 

wi th  t h e  s o i l  by hand, r e p r e s e n t i n g  complete b u r i a l  of t h e  dung by 

e f f i c i e n t  coprophagous b e e t l e s .  When dung b e e t l e s  bur ied  s l i g h t l y  more 

than  one t h i r d  of t h e  same q u a n t i t y  of dung, c rude  p r o t e i n  product ion  of  

t h e  g r a s s  a l s o  was c o n s i s t e n t l y  h ighe r  t han  t h a t  of t h e  c o n t r o l  t rea tment .  

P l a n t s  der ived  l i t t l e  b e n e f i t ,  and t h e n  only  du r ing  t h e  f i r s t  growing 

season ,  from t h e  abso rp t ion  of f r e s h  dung f l u i d  by s o i l  ( t rea tment  3 ) .  

Dung b u r i a l  compared very  favourably  wi th  t h e  two l e v e l s  of 

N f e r t i l i z e r  i n  i t s  b e n e f i c i a l  e f f e c t  on wheatgrass .  Mineral  N, being 

r e a d i l y  a v a i l a b l e ,  provided s t imu lus  f o r  a  f l u s h  of growth i n  t h e  f i r s t  

y e a r ,  which was sha rp ly  reduced i n  t h e  second season.  Response t o  dung 

was more c o n s i s t e n t .  The dung and f e r t i l i z e r  t r ea tmen t s  a r e  not  

d i r e c t l y  comparable i n  terms of t o t a l  added n u t r i e n t s .  Dung is r i c h  

i n  N ,  and a l s o  con ta ins  cons ide rab le  amounts of P and Ca b u t  i s  low i n  K 

(Hutton, J u r y ,  and Davies,  1967).  S o i l  used i n  t h e  experiment was 

adequate ly  suppl ied  wi th  P t o  t h e  e x t e n t  t h a t  Hubbard and Mason (1967) 

f a i l e d  t o  o b t a i n  a  response t o  P f e r t i l i z e r  i n  t h e  lower g ra s s l and .  

Because t h e r e  i s  a l s o  abundant Ca i n  t h e  s o i l  ( s ee  a n a l y s i s  - M a t e r i a l s  

and Methods), t h e  primary response of t h e  g r a s s  i n  t h e  dung t r ea tmen t s  

probably was t o  t h e  N i n  t h e  f e c e s .  The amount of N i n i t i a l l y  

incorpora ted  i n t o  t h e  s o i l  i n  t r ea tmen t s  1 and 2 i s  known, bu t  i n  



t rea tment  2  an  unknown p ropor t ion  of t h e  120 l b / a c r e  N was used by 

0. nuchicorn is  l a r v a e  f o r  t h e i r  development. Pe t e r sen  e t  a l .  (1956) - 

es t imated  t h a t  c a t t l e  dung suppl ied  t h e  equ iva l en t  of 760 l b l a c r e  N t o  

t h e  a r e a  a c t u a l l y  covered by pads i n  North Caro l ina .  The l o c a l i z e d  N 

r e t u r n  t o  such a n  a r e a  would be  cons ide rab le  i f  e f f i c i e n t  dung b e e t l e s  

were p r e s e n t .  

Treatment 1 d i d  n o t  f u l l y  d u p l i c a t e  t h e  a c t i o n  of b e e t l e s .  

Bee t l e s  bury dung i n  d i s c r e t e  p o r t i o n s  i n s t e a d  of  mixing i t  uniformly 

w i t h  t h e  s o i l ,  and i n  a d d i t i o n ,  most of t h e  dung bur ied  a s  brood b a l l s  

subsequent ly pas ses  through t h e  d i g e s t i v e  t r a c t  of t h e  l a r v a e  be fo re  

o t h e r  s o i l  decomposers have a  chance t o  a c t  upon i t .  Some of t h e  

n u t r i e n t s  i n  each brood b a l l  a r e  removed by t h e  developing l a r v a e  and 

p l a n t s  a r e  thereby  deprived of them. The progeny l e a v e  behind a l l  t h e i r  

f e c a l  m a t e r i a l  when they  emerge from t h e  b a l l  a s  a d u l t s ,  and t h i s  organic  

ma t t e r  i s  rendered more homogeneous i n  pas s ing  through t h e  l a r v a l  

d i g e s t i v e  t r a c t .  Dung b e e t l e s  a s  used i n  t rea tment  2  could thus  b e  

expected t o  a c c e l e r a t e  t h e  r e l e a s e  of a v a i l a b l e  N and o t h e r  n u t r i e n t s  

from dung. The d i r e c t  r e t u r n  of organic  ma t t e r  w i l l  be  b e n e f i c i a l  no t  

on ly  because of t h e  n u t r i e n t s  i t  s u p p l i e s ;  s o i l  phys i ca l  c h a r a c t e r i s t i c s  

(e .g . ,  s t r u c t u r e  and water-holding c a p a c i t y )  w i l l  a l s o  be  maintained o r  

improved by such a d d i t i o n s .  

It might be hazardous t o  e x t r a p o l a t e  t h e  r e s u l t s  of t h i s  

experiment d i r e c t l y  t o  t h e  rangeland.  The g r a s s  was grown under 

c o n d i t i o n s  of good s o i l  mo i s tu re ,  and informat ion  is  r equ i r ed  from f i e l d  

and pot  t r i a l s  where g r e a t e r  mo i s tu re  s t r e s s  e x i s t s .  Lower and middle 

grass land  zones have adequate  s o i l  mois ture  only  up t o  e a r l y  summer, when 

t h e  seasonal  drought commences and presumably most mic rob ia l  a c t i v i t y  i n  



s o i l  ceases .  Nothing i s  known of t h e  r a t e  a t  which dung might decompose 

i n  range s o i l ,  o r  t h e  e x t e n t  t o  which i t s  N might become a v a i l a b l e  i n  t h e  

f i e l d  s i t u a t i o n .  R e s t r i c t i o n s  imposed by growing t h e  g r a s s  i n  p o t s  may 

have caused r e s u l t s  t h a t  a r e  not  d i r e c t l y  r e p r e s e n t a t i v e  of  t h e  f i e l d  

s i t u a t i o n  ( e .g . ,  t h e  appa ren t ly  lower v a l u e s  f o r  roo t / shoo t  r a t i o  i n  

t h e  f e r t i l i z e r  t r ea tmen t s ) .  

The m o r t a l i t y  t h a t  occurred p r i n c i p a l l y  i n  t hose  t r ea tmen t s  

w i t h  t h e  h i g h e s t  N d r e s s i n g s  may be  a n  a r t e f a c t  of t h e  experimental  

c o n d i t i o n s ,  bu t  a l s o  might be taken  a s  an  i n d i c a t i o n  t h a t  t h e  e f f e c t s  

of range  f e r t i l i z a t i o n  and dung b u r i a l  on g r a s s  s u r v i v a l  r e q u i r e  f i e l d  

i n v e s t i g a t i o n .  I n  each p o t ,  fou r  g r a s s  p l a n t s  t h a t  normally produce 

ex tens ive  r o o t  systems were crowded t o g e t h e r ,  so  t h a t  induced compet i t ion  

must have been i n t e n s e .  It i s  not  known i f  t h e  observed m o r t a l i t y  has  

s e r i o u s  p r a c t i c a l i m p l i c a t i o n s  f o r  t h e  f i e l d .  Nitrogen f e r t i l i z a t i o n ,  

p a r t i c u l a r l y  a t  t h e  h igh  l e v e l s  which would be e s s e n t i a l  t o  produce a  

response  l a s t i n g  s e v e r a l  yea r s  from a  s i n g l e  a p p l i c a t i o n  (Miltimore and 

Mason, 1972),  may cause  some g r a s s  m o r t a l i t y .  The added N ,  by promoting 

a d d i t i o n a l  growth i n  t h e  f a l l ,  may a f f e c t  t h e  a b i l i t y  of g r a s s  t o  "harden 

o f f "  normally be fo re  w i n t e r ,  t hus  i n c r e a s i n g  i t s  v u l n e r a b i l i t y  t o  co ld .  

None of t h e  r e p o r t s  of range  f e r t i l i z a t i o n  work conducted i n  

t h e  I n t e r i o r  of B r i t i s h  Columbia has  considered n u t r i e n t  r e c y c l i n g  i n  

t h i s  graz ing  ecosystem. I n  South Af r i ca ,  Davidson (1964) showed i n  

f e r t i l i z e r  experiments t h a t  N de r ived  from c a t t l e  dung t h a t  w a s  r e tu rned  

t o  t h e  s o i l  by dung b e e t l e s  made a  major c o n t r i b u t i o n  t o  t h e  maintenance 

of p a s t u r e  p roduc t iv i ty .  Proper  i n t e r p r e t a t i o n  of h i s  r e s u l t s  would have 

been imposs ib le  wi thout  a c o n s i d e r a t i o n  of t h e  n u t r i e n t  r e c y c l i n g  

occu r r ing  a t  t h e  same t ime.  Although Davidson s t r e s s e d  t h a t  h i s  r e s u l t s  
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might have l i m i t e d  a p p l i c a b i l i t y ,  they  a r e  probably v a l i d  f o r  most a r e a s .  

t h a t  have an  a c t i v e  dung-burying fauna and t h a t  i n  a d d i t i o n  a r e  i n t e n s i v e l y  

grazed.  They a l s o  s e r v e  t o  unde r l ine  a b a s i c  d e f i c i e n c y  i n  systems l ack ing  

t h i s  fauna.  

I n  B r i t i s h  Columbia a t  p r e s e n t ,  t h e r e  is  a bot t le -neck  i n  a l l  

p l a n t  n u t r i e n t  c y c l e s  t h a t  i s  caused by t h e  slow decomposition of dung 

pads on t h e  s o i l  su r f ace .  Acce le ra t ion  of t h e  r a t e  of  dung decomposition 

w i l l  occur  only  i f  f e c e s  a r e  incorpora ted  i n t o  t h e  s o i l .  I n  t h e  rangeland,  

t h e r e  might be  f u r t h e r  l i m i t a t i o n s  t o  r a p i d  l i b e r a t i o n  of a v a i l a b l e  

n u t r i e n t s  from dung a f t e r  it is bur ied  (e .g. ,  s ea sona l  pe r iods  of mic rob ia l  

i n a c t i v i t y  due t o  drought o r  c o l d ) .  

I n  t h e  absence of f a s t e r  dung removal i n t o  t h e  s o i l ,  and 

assuming t h a t  t h e  c u r r e n t  g raz ing  p r e s s u r e  i s  main ta ined ,  t h e  a d d i t i o n  of 

N f e r t i l i z e r  cannot promote a long-term i n c r e a s e  i n  p r o d u c t i v i t y  of 

dep le t ed  range.  Range f e r t i l i z a t i o n  would have t h e  oppos i t e  e f f e c t  i f  

t h e  s h o r t  term y i e l d  i n c r e a s e s  encouraged r anche r s  t o  i n c r e a s e  t h e i r  

s tock ing  r a t e s ,  thereby  s t o c k p i l i n g  more n u t r i e n t s  i n  d r i e d  dung pads. 

One p o s s i b i l i t y  t h a t  does n o t  appear t o  have rece ived  any 

s e r i o u s  a t t e n t i o n  i s  t h e  u t i l i z a t i o n  of  introduced legumes t o  supply  N 

t o  range  p a s t u r e s  and a l s o  animals .  P a s t o r a l  a g r i c u l t u r e  i n  many a r e a s  

of t h e  world now depends on grass-legume a s s o c i a t i o n s .  It must be  

admit ted t h a t  t h e  semi-arid rangelands  of  t h e  I n t e r i o r  have a c l i m a t e  

t h a t  most legumes might f i n d  hard t o  t o l e r a t e .  There i s  however an  

unexplored prospect  he re  f o r  o b t a i n i n g  ano the r  u s e f u l  range  component 

t h a t  could provide  a s u i t a b l e  and cont inuous supply of t h e  element t h a t  

most s e r i o u s l y  l i m i t s  range p a s t u r e  product ion.  I n  c o n t r a s t ,  repea ted  

range f e r t i l i z a t i o n ,  even i f  economical, may no t  prove t o  be e c o l o g i c a l l y  

accep tab le .  



F e r t i l i z e r s  may neve r the l e s s  c o n s t i t u t e  a v e r y  u s e f u l  

management t o o l  f o r  r e h a b i l i t a t i o n  of impoverished range.  Dung b e e t l e s ,  

i f  s u i t a b l e  s p e c i e s  can b e  found, might b e  used a s  a  s e l f -pe rpe tua t ing  

t o o l  t o  main ta in  range  p r o d u c t i v i t y  by he lp ing  t o  r e c i r c u l a t e  n u t r i e n t s .  

Nei ther  agent  would b e  u s e f u l  u n l e s s  t h e  amount of g raz ing  by c a t t l e  i s  

b e t t e r  coordinated wi th  t h e  recognized needs of t h e  n a t i v e  pas tu re s .  

I f  e f f i c i e n t  new b e e t l e  s p e c i e s  were s u c c e s s f u l  i n  removing 

c a t t l e  dung from t h e s e  rangelands ,  t h e  b e n e f i c i a l  e f f e c t s  of t h e i r  

a c t i v i t i e s  might no t  become apparent  f o r  some t ime because of t h e  wel l -  

s c a t t e r e d  d i s t r i b u t i o n  of dung pads,  t h e  inhe ren t  l a g  which occurs  be fo re  

most dung n u t r i e n t s  become a v a i l a b l e ,  and t h e  dep le t ed  c o n d i t i o n  of some 

a r e a s  of range.  On well-managed range ,  and a l s o  on i r r i g a t e d  p a s t u r e s ,  

response  of p l a n t  growth t o  dung b e e t l e  a c t i v i t y  might be  measured i n  t h e  

s h o r t  term. On dep le t ed  range ,  covered wi th  sagebrush and wi th  few 

v e s t i g e s  of t he  o r i g i n a l  n a t i v e  g r a s s ,  no l i k e l y  measurable e f f e c t  would 

occur  u n l e s s  management p r a c t i c e s  were a l s o  changed. R e h a b i l i t a t i o n  of 

t h e s e  a r e a s  involves  exc lus ion  of c a t t l e ,  t h inn ing  of sagebrush,  and 

r e seed ing  t o  wheatgrass ,  poss ib ly  wi th  t h e  a d d i t i o n  of a  l i t t l e  a r t i f i c i a l  

f e r t i l i z e r  t o  promote es tab l i shment  and growth of new g r a s s  s eed l ings .  

Grazing p re s su re  must be  reduced a f t e r  es tab l i shment .  

The c l i m a t e  i n  t h e  I n t e r i o r  would undoubtedly prec lude  any 

b e e t l e  a c t i v i t y  be fo re  t h e  middle of A p r i l  ( t ime of c a t t l e  r e l e a s e  from 

overwinter ing  ~ a d d o c k s ) .  L i t t l e ,  i f  any, a c t i v i t y  could be  expected a f t e r  

e a r l y  f a l l  when p a s t u r e s  a r e  mature,  dung N conten t  is  low, and coo l  

weather p r e v a i l s .  The summer drought t h a t  i s  e s p e c i a l l y  pronounced a t  

lower e l e v a t i o n s  i n  t h e  I n t e r i o r  could m i l i t a t e  a g a i n s t  dung b u r i a l  by 

b e e t l e s  t h a t  r e q u i r e  a  c e r t a i n  degree  of s o i l  mois ture  f o r  t h i s  a c t i v i t y  



( H a l f f t e r  and Matthews, 1966; Bornemissza, 1969).  I n  p rope r ly  managed 

g raz ing ,  c a t t l e  have i n  any c a s e  l e f t  t h e  d r y  lower range  w e l l  be fo re  

t h e  onse t  of t h e  r e a l l y  d ry  per iod .  Bee t l e s  should fo l low t h e  he rds  of 

c a t t l e  as they  move h ighe r  i n t o  t h e  range  du r ing  t h e  summer. It may b e  

p o s s i b l e  t o  e f f e c t  dung b u r i a l  f o r  most of t h e  growing season  by c a r e f u l l y  

monitor ing t h e  seasonal  a c t i v i t y  p a t t e r n s  of candida te  b e e t l e  s p e c i e s  

p r i o r  t o  t h e i r  i n t r o d u c t i o n .  



CONCLUDING DISCUSSION 

C a t t l e  dung causes  p e r s i s t e n t  problems i n  rangelands  i n  t h e  

Southern I n t e r i o r  of B r i t i s h  Columbia. These problems occur  t o  some 

degree  wherever c a t t l e  a r e  grazed i n  t h e  Province.  They a r e  most s e r i o u s  

i n  t h e  rangelands  i n  t h e  I n t e r i o r  because t h e s e  a r e  d r i e r  throughout t h e  

year  and warmer du r ing  t h e  growing season than  any o t h e r  p r o v i n c i a l  

r eg ion .  Consequently t h e  horn f l y  o f t e n  is  a b l e  t o  b u i l d  up h igh  

i n f e s t a t i o n s  due  t o  t h e  favourable  tempera tures ,  wh i l e  t h e  a r i d i t y  

encourages p r e s e r v a t i o n  of dung pads r a t h e r  t han  t h e i r  decomposition. 

The problems involv ing  breeding of  coprophagous f l i e s  and 

immobil izat ion of n u t r i e n t s  t h a t  a r e  a s s o c i a t e d  wi th  dung i n  B r i t i s h  

Columbia a r e  b a s i c a l l y  s i m i l a r  t o  t hose  t h a t  occur  i n  A u s t r a l i a ,  except  

t h a t  h e r e  t h e  N l o s s  from f r e s h  dung wh i l e  i t  d r i e s  does not  appear  t o  be  

a s  g r e a t .  The c l u t t e r i n g  of  g raz ing  l a n d s  wi th  dung pads was mentioned 

b r i e f l y  i n  t h e  General In t roduc t ion .  These pads a r e  a l s o  a  problem i n  

a r e a s  of  h igh  c a r r y i n g  c a p a c i t y  t h a t  a r e  i n t e n s i v e l y  grazed ,  e . g . ,  

i r r i g a t e d  p a s t u r e s  and d a i r y  c a t t l e  p a s t u r e s  i n  t h e  F ra se r  Val ley and 

Lower Mainland. I n  such a r e a s  t h e  humidity and p r e c i p i t a t i o n  ( n a t u r a l  o r  

a r t i f i c i a l )  causes  dung t o  become fragmented much more qu ick ly  than  i t  

does i n  dry land  p a s t u r e  and t h i s  o f t e n  a l lows  p a s t u r e  g r a s s  t o  grow up 

through t h e  a r e a  o r i g i n a l l y  covered by t h e  dropping a l though much dung 

m a t e r i a l  may s t i l l  remain on t o p  of t h e  s o i l .  Avai lab le  n u t r i e n t s  from 

t h e  dung then  produce a f l u s h  of growth, which c a t t l e  u s u a l l y  tend t o  

avoid u n l e s s  they  a r e  forced  t o  e a t  i t .  Norman and ~ r e e n ' ( 1 9 5 8 )  suggested 

t h a t  herbage fouled  by dung i s  i n i t i a l l y  r e p e l l e n t  t o  c a t t l e  'because of 

t h e  smel l ;  t h e  herbage,  being ungrazed, then  becomes'mature, coa r se  and 



unpa la t ab le ,  and l a t e r  neglec t  of i t  by c a t t l e  i s  due t o  i t s  lowered 

p a l a t a b i l i t y  r a t h e r  than  proximity of dung. An i n s i g n i f i c a n t  amount of 

rank growth normally occurs  around pads i n  a r e a s  t h a t  r e c e i v e  ve ry  l i t t l e  , 

p r e c i p i t a t i o n ,  such a s  t h e  lower grass land  a t  Kamloops. Rank growth 

becomes more n o t i c e a b l e  i n  t h i s  rangeland a s  a l t i t u d e ,  and consequent ly 

p r e c i p i t a t i o n  and a v a i l a b l e  mo i s tu re ,  i n c r e a s e .  

Weed growth may be  encouraged by dung pads (Bornemissza, 1960),  

bu t  t h i s  a spec t  was examined only  c u r s o r i l y  du r ing  t h e  p re sen t  i n v e s t i g a t i o n .  

Sometimes dung pads i n  i r r i g a t e d  p a s t u r e s  a t  Kamloops had more common weeds 

i n  t h e i r  v i c i n i t y  than  were p re sen t  i n  t h e  surrounding pas tu re .  In  t h e  

open range no such e f f e c t  was noted.  Depos i t ion  of  a dung pad on p a s t u r e  

e f f e c t i v e l y  lowers  fo rage  product ion i n  t h e  a r e a  covered i f  t h e  f e c e s  a r e  

not  qu ick ly  d i spe r sed  (Bornemissza, 1960).  Some weed seeds ,  brought i n  by 

wind o r  i n  t h e  d i g e s t i v e  t r a c t s  of c a t t l e  from o t h e r  a r e a s ,  may f i n d  t h e s e  

d i s tu rbed  a r e a s  s u i t a b l e  f o r  es tab l i shment .  Growth of t h e  weed p l a n t s  

might be  f a c i l i t a t e d  by temporary r e d u c t i o n i n  compet i t ion  from t h e  g r a s s  

t h a t  has  been covered by dung. 

The P r a c t j c a i  So lu t ion .  

Knowledge of t h e  problems invo lv ing  c a t t l e  dung and i t s  

a s s o c i a t e d  i n s e c t s  i n  B r i t i s h  Columbia, t oge the r  wi th  a r e c o g n i t i o n  of 

t h e  b a s i c  reasons  f o r  t h e i r  occurrence ,  i n d i c a t e s  t h a t  cons ide ra t ion  

should be given t o  i n t r o d u c t i o n  of a d d i t i o n a l  dung b e e t l e  s p e c i e s  i n t o  

t h e  Province.  A b e e t l e  i n t r o d u c t i o n  program could be  j u s t i f i e d  s o l e l y  

i n  terms of a d e s i r e  t o  reduce t h e  popula t ions  of f l y  p e s t s  a s  much a s  

p o s s i b l e .  There i s  a d d i t i o n a l  j u s t i f i c a t i o n  ev ident  i n  t h e  o t h e r  

problems t h a t  r e s u l t  from t h e  mere presence  of undecomposed dung pads on 

t h e  ground. The o r i g i n a l  n u t r i e n t  c y c l e s  i n  t h e  rangelands were a l t e r e d  

C 



when c a t t l e  were in t roduced  and allowed t o  overgraze  range  p a s t u r e s  

without  i n t r o d u c t i o n  of any of t h e  coprophagous b e e t l e s  which remove 

t h e i r  dung. A t  p r e s e n t ,  an ou t s t and ing  miss ing  e c 6 l o g i c a l  component of 

t h i s  graz ing  system i s  a  b e e t l e  fauna t h a t  b u r i e s  c a t t l e  dung e f f i c i e n t l y .  

H a l f f t e r  and Matthews (1966) recommended t h e  i n t r o d u c t i o n  of 

Scarabaeinae i n t o  any a r e a s  obviously d e f i c i e n t  i n  b u r i e r s  of domestic 

animal dung and provided some b a s i c  c r i t e r i a  t o  b e  observed when planning 

such impor t a t ions .  They advised a g a i n s t  i n t r o d u c t i o n s  of dung b e e t l e s  

wi thout  thorough p re l imina ry  s t u d i e s ,  e s p e c i a l l y  s t u d i e s  t o  determine what 

i n f l u e n c e  t h e  i n t r o d u c t i o n s  may have on t h e  l o c a l  s ca rabae ine  fauna.  To 

t h i s  should be added a n  e x t r a  p recau t ion ,  namely t o  de te rmine  t h e  p o s s i b l e  

e f f e c t  of t h e  l o c a l  fauna on b e e t l e s  des t ined  f o r  i n t r o d u c t i o n .  

H a l f f t e r  and Matthews (1966) a l s o  noted t h a t  most s ca rabae ine  

faunas i n  a r e a s  w i th  abundant excrement where bo th  t h e  b e e t l e s  and t h e  

he rb ivo res  a r e  indigenous c o n t a i n  s e v e r a l  s p e c i e s  of d i v e r s e  h a b i t s .  

Because of t h i s  t hey  a r e  seldom i n  d i r e c t  compet i t ion  w i t h  one another  f o r  

dung. H a l f f t e r  and Matthews recognized t h a t  t h e  fo l lowing  forms could 

c o e x i s t  n a t u r a l l y  i n  t h e  same a r e a ,  and moreover, were a l l  needed i n  a  

program of d e l i b e r a t e  i n t r o d u c t i o n s  aimed a t  b r ing ing  about  t h e  most 

r a p i d  removal of excrement: one o r  two s p e c i e s  of d i u r n a l  l a r g e  Coprini  

( t h e  paracopr ids  of Bornemissza (1969) t h a t  c o n s t r u c t  t h e i r  n e s t s  i n  t h e  

s o i l  beneath o r  near  a  dung pad and connected wi th  i t  by a  t unne l  dur ing  

c o n s t r u c t i o n ) ;  one d i u r n a l  s p e c i e s  of Sca rabae in i  ( t h e  t e l e c o p r i d s  of 

Bornemissza (1969),  known a s  "tumblebugs" i n  North America, t h a t  make b a l l s  

of dung from t h e  dropping and r o l l  t h e s e  some d i s t a n c e  away b e f o r e  burying 

them); p l u s  an  equ iva l en t  number of  noc tu rna l  s p e c i e s  belonging t o  t h e s e  

t r i b e s .  They f u r t h e r  recommended t h a t  t h e s e  s p e c i e s  b e  supplemented by 



two o r  t h r e e  s p e c i e s  of sma l l e r  s i z e ,  e . g . ,  Onthophagus (pa racopr ids ) .  An 

example of n a t u r a l  co loni .za t ion  of c a t t l e  dung was provided by G i l l a r d  

(1967) who gave t h e  fo l lowing  average numbers of t r u e  dung b e e t l e s  of 

v a r i o u s  genera t h a t  n a t u r a l l y  and t y p i c a l l y  i nhab i t ed  c a t t l e  dung i n  South 

Af r i ca  dur ing  midsummer: 50 Onthophagus spp . ;  50 O n i t i c e l l u s  spp . ;  40 

O n i t i s  spp . ;  2 Copr is  spp . ;  l e s s  t han  1 He l iocopr i s  s p . ;  5 Sysiphus sp .  

The exac t  numbers of s p e c i e s  were no t  g iven ,  bu t  G i l l a r d ' s  t a b l e  shows 

t h a t  a t  l e a s t  n i n e  d i f f e r e n t  paracopr ids  and one t e l e c o p r i d  (Sysiphus sp . )  

were p re sen t .  

It i s  impera t ive  t h e r e f o r e  t o  i n v e s t i g a t e  thoroughly t h e  d i u r n a l  

and seasona l  a c t i v i t y  p a t t e r n s  of p rospec t ive  b e e t l e  s p e c i e s  i n  t h e i r  n a t i v e  

h a b i t a t ,  and t h e n  by i n t r o d u c t i o n  t o  make t h e  b e s t  combination of s p e c i e s  

p o s s i b l e  on a  b a s i s  of knowledge of b e e t l e  behavior .  I n t r o d u c t i o n  of 

s p e c i e s  t h a t  have s i m i l a r  h a b i t s  and a c t i v i t y  p a t t e r n s  would be  counter -  

product ive  because such s p e c i e s  would be forced  i n t o  compet i t ion  w i t h  each 

o t h e r .  

Obviously t h e  f i r s t  t a s k  must be t o  s ea rch  f o r  e f f i c i e n t  

Copr in i  and Sca rabae in i  t o  c r e a t e  a  major d i v i s i o n  of l abour  and s o  avoid 

exces s ive  conges t ion  of s o i l  beneath t h e  pad wi th  brood b a l l s  and t u n n e l s  

of t h e  pa racopr ids  a lone .  It i s  a l s o  p r e f e r a b l e  from an  e c o l o g i c a l  view- 

po in t  t o  have dung m a t e r i a l  from a pad spread over  a s  wide an a r e a  a s  

p o s s i b l e  i n s t e a d  of be ing  concent ra ted  only  i n  t h e  a r e a  covered by t h e  

o r i g i n a l  dropping.  

Prospec ts  f o r  Bee t l e  In t roduc t ions  i n t o  B r i t i s h  Columbia. 

Only a  few s p e c i e s  of  indigenous Scarabaeinae a r e  p re sen t  i n  

Canada e a s t  of t h e  Rocky Mountains. A l l  of t h e s e  bury some dung but 

normally no t  i n  s u f f i c i e n t  q u a n t i t i e s  t o  have any u s e f u l  e f f e c t  on removal 



of dung from p a s t u r e s  (H. F. Howden, pe r sona l  communication). These 

b e e t l e s  were probably a s soc i a t ed  a t  one t ime wi th  the dung of t h e  p l a i n s  

b i son  which was exterminated i n  Canada w e l l  be fo re  t h e  end of t h e  1 9 t h  

century .  When t h e  Canadian Government passed a  law confe r r ing  t o t a l  

p r o t e c t i o n  on t h e  b i s o n  i n  1891, t h e  few hundred s u r v i v o r s  were wood 

b i son  and t h e s e  l i v e d  i n  a  no r the rn  wi lderness  a r e a  which i s  now con- 

t a i n e d  w i t h i n  Wood Buffa lo  Nat iona l  Park (Banf ie ld  and Novakowski, 1960).  

It i s  n o t  known i f  b e e t l e s  r e c e n t l y  played a  s i g n i f i c a n t  p a r t  i n  removal 

of p l a i n s  b i son  dung i n  Canada o r  i f  any t r u e  dung-burying b e e t l e s  were 

a s soc i a t ed  wi th  t h e  no r the rn  wood b i son .  Fragmentary evidence sugges ts  

t h a t  n e i t h e r  occurred.  

A t  t h e  s t a r t  of t h i s  i n v e s t i g a t i o n ,  i t  was no t  known i f  t h e  

dung b e e t l e s  now r e s i d e n t  i n  southern  Canada r ep resen ted  a l l  members of 

t h e  fauna t h a t  were p re sen t  be fo re  t h e  b i son  disappeared.  I f  o t h e r  

s p e c i e s  once e x i s t e d  h e r e ,  and r e t r e a t e d  w i t h  t h e  b i son ,  they might s t i l l  

be p r e s e n t  i n  t h e  a r e a  which has  supported b i son  wi thout  i n t e r r u p t i o n  s i n c e  

Europeans colonized North America. 

~ c c o r d i n g l y ,  I made a  survey  of  dung b e e t l e s  a s s o c i a t e d  wi th  

b i son  excrement i n  Wood Buffalo Nat iona l  Park i n  August 1970. There a r e  

now s e v e r a l  thousand b ison  i n  t h e  Park.  No r e p r e s e n t a t i v e s  of t h e  

Scarabaeinae were found i n  t h i s  survey and only  t h r e e  s p e c i e s  of Aphodiinae 

were c o l l e c t e d .  

There does no t  appear  t o  be  any p o i n t  i n  looking f u r t h e r  i n  

Canada o r  t h e  no r the rn  United S t a t e s  f o r  dung b e e t l e  s p e c i e s  t o  i n t roduce  

i n t o  B r i t i s h  Columbia. While a  survey of t h e  l i t e r a t u r e  r e v e a l s  t h a t  more 

s p e c i e s  of Scarabaeinae a r e  p r e s e n t  i n  t h e  southern  p a r t  of t h e  United 

S t a t e s  than  i n  Canada, d i f f e r e n c e s  i n  c l i m a t e  between t h e  two r eg ions  



r u l e  out  t h e  p o s s i b i l i t y  of us ing  southern  s p e c i e s  i n  B r i t i s h  Columbia 

except  perhaps t h o s e  normally l i v i n g  a t  h igh  a l t i t u d e s .  

A more ex tens ive  dung b e e t l e  fauna i s  p re sen t  i n  a r e a s  of 

equiva len t  l a t i t u d e  (approximately 5 0 • ‹ ) i n  t h e  Old World. I n  t h e  

P a l a e a r c t i c  Region a lone  t h e r e  a r e  s e v e r a l  hundred s p e c i e s  of Onthophagus, 

w i th  t h e  range  of  t h e  genus extending up t o  about 65O n o r t h  l a t i t u d e  

( ~ a l t h a s a r ,  1963b).  I n  t h i s  r eg ion  many o t h e r  dung b e e t l e  genera a r e  

found a l s o  (Ba l thasa r ,  1963a).  Only a smal l  p ropor t ion  of t h e s e  might 

f i n d  c l i m a t i c  c o n d i t i o n s  s u i t a b l e  i n  t h e  I n t e r i o r  of B r i t i s h  Columbia. 

Many genera do not  reach  50' n o r t h  l a t i t u d e .  Hence, w i t h  t h e  except ion  of 

Onthophagus, which has  s p e c i e s  w i th  ranges  extending w e l l  i n t o  t h e  co ld  

temperate  zones ( H a l f f t e r  and Matthews, 1966),  t h e  number of s p e c i e s  

p o t e n t i a l l y  s u i t a b l e  f o r  co lon iza t ion  i n  Canada may prove t o  be  q u i t e  

l i m i t e d .  

I f  i n  t h e  f u t u r e  dung-burying b e e t l e s  a r e  r equ i r ed  f o r  

i n t r o d u c t i o n ,  t hen  t h e  P a l a e r c t i c  Region should be  t h e  p l ace  t o  i n i t i a t e  

t h e  sea rch  f o r  s u i t a b l e  forms, f o r  two reasons :  

- a r e a s  t h a t  a r e  c l i m a t i c a l l y  s i m i l a r  t o  t h e  Southern 

I n t e r i o r  of B r i t i s h  Columbia occur  t h e r e  (Walter and 

L i e t h ,  1964, 1967);  

- a t  l e a s t  one of t h e s e  a r e a s  i s  known t o  have indigenous 

'dung-burying b e e t l e s  t h a t  can u t i l i z e  dung of domestic 

Bovidae, e .g . ,  t h e  Kirg iz  t e r r i t o r y  of t h e  USSR (Protsenko,  

1968), and i s  w i t h i n  t h e  gene ra l  a r e a  of bovid o r i g i n .  

No o t h e r  land mass i n  t h e  world can provide  coprophagous 

b e e t l e s  t h a t  meet both t h e s e  c o n d i t i o n s ,  and s p e c i e s  may e x i s t  t h e r e  t h a t  

a r e  capable  of co lon iz ing  t h e  Southern I n t e r i o r  of B r i t i s h  Columbia and 



o t h e r  p a r t s  of Canada. However, t h e  s u i t a b i l i t y  of any European b e e t l e s  

would have t o  be  c a r e f u l l y  a s se s sed .  It cannot  be  p red i c t ed  w i th  

c e r t a i n t y  t h a t  t h e r e  a r e  s p e c i e s  i n  e x i s t e n c e  which i n  combination can 

perform t h e  t a s k  e f f i c i e n t l y  o r  f o r  t h e  l e n g t h  of t i m e  r equ i r ed  i n  t h e  

f i e l d  s i t u a t i o n .  

The P o t e n t i a l  Bene f i t s .  

The major b e n e f i t s  t h a t  could be  de r ived  from a  s u c c e s s f u l  

dung b e e t l e  i n t r o d u c t i o n  program i n  B r i t i s h  Columbia have been o u t l i n e d  

i n  each chap te r .  Some p r o j e c t i o n s  can be  made about t h e  p o s s i b l e  e f f e c t s  

of e f f i c i e n t  b e e t l e s  on t h e  t h r e e  problems t h a t  were i n v e s t i g a t e d .  

a )  F ly  p e s t s .  

The breeding  of horn f l i e s ,  f a c e  f l i e s ,  and o t h e r  coprophagous 

D ip t e r a  should be  g r e a t l y  reduced.  I n i t i a l l y ,  r educ t ion  i n  s i z e  of dung 

masses by b e e t l e s  would c o n c e n t r a t e  f l y  l a r v a e  and make them more 

a c c e s s i b l e  t o  p r e d a t o r s  (Bornemissza, 1968).  However, dung b e e t l e  

a c t i v i t y  should e v e n t u a l l y  reduce t h e  numbers of important  p r e d a t o r s  of 

f l i e s  i n  dung p r i m a r i l y  by removing t h e i r  food supply ;  t h e s e  n a t u r a l  

enemies depend upon dung t o  provide  t h e  coprophagous f l y  l a r v a e  t h a t  form 

t h e i r  p rey .  Onthophagus nuch ico rn i s  may s u f f e r  compet i t ion  from 

in t roduced  b e e t l e s  and i n  t h a t  c a s e  would p e r s i s t  a t  lower d e n s i t i e s .  The 

breeding  of Aphodius f o s s o r ,  - A. f i m e t a r i u s ,  and sma l l e r  Aphodiinae would 

almost  c e r t a i n l y  be  c u r t a i l e d ,  because t h e s e  s p e c i e s  r e q u i r e  whole dung 

masses w i t h i n  which t o  complete t h e i r  r e l a t i v e l y  long p e r i o d s  of l a r v a l  

development. I can f o r s e e  no r ea son  why - 0. nuch ico rn i s  o r  any o t h e r  

components of t h e  e x i s t i n g  dung fauna should adve r se ly  a f f e c t  c o l o n i z a t i o n  

of in t roduced  b e e t l e s ,  bu t  t h e  p o s s i b i l i t y  of t h i s  happening should be  

i n v e s t i g a t e d .  



I f  t h e  new b e e t l e s  perform s a t i s f a c t o r i l y  throughout t h e  

summer then  t h e  r educ t ion  i n  entomophagous dung organisms w i l l  be of no 

consequence. I n  t h e  event  t h a t  t h e  dung b e e t l e s  were found t o  be  unable 

t o  o p e r a t e  f o r  a  c e r t a i n  per iod  ( e .g . ,  dur ing  t h e  summer d rough t ) ,  horn 

f l i e s  might a t t a i n  h igh  popula t ions  be fo re  t h e  end of summer i f  t h e i r  

p reda to r s  were unable  t o  m u l t i p l y  s u f f i c i e n t l y  quick ly  t o  provide any 

s i g n i f i c a n t  degree  of c o n t r o l .  It was shown i n  t h i s  i n v e s t i g a t i o n  t h a t  

Sphaeridium s p e c i e s  d e c l i n e  i n  number dur ing  August; i f  introduced dung 

b e e t l e s  have p rev ious ly  succeeded I n  reducing  o t h e r  entomophages 

( e s p e c i a l l y  Phi lonthus  c r u e n t a t u s )  s u f f i c i e n t l y ,  t h e  horn f l y  may then  

breed wi th  l i t t l e  i n t e r f e r e n c e .  Kunz e t  a l .  (1972) showed t h a t  t h e  

popula t ions  of horn f l y  p re sen t  i n  l a t e  f a l l  a r e  r e s p o n s i b l e  f o r  t h e  s p r i n g  

bui ldup  of f l i e s  on c a t t l e  a f t e r  t h e  win te r  d iapause  per iod .  Therefore an  

i n c r e a s e  i n  horn f l y  popula t ions  i n  l a t e  summer could cause increased  

annoyance t o  c a t t l e  both a t  t h e  end of t h a t  season and i n  t h e  e a r l y  p a r t  

of t h e  nex t .  

b )  Nitrogen conserva t ion  and n u t r i e n t  r e c i r c u l a t i o n .  

Nitrogen l o s s  from dung pads exposed t o  i n s e c t s  i s  appa ren t ly  

no t  h igh  i n  Kamloops, bu t  dung b u r i a l  w i l l  reduce any l o s s  t h a t  does 

occur .  The dung l o s e s  much of i t s  mois ture  when i t  i s  incorpora ted  i n t o  

brood b a l l s  i n  t h e  s o i l  and, moreover, i t  i s  he ld  a t  a  r e l a t i v e l y  cons t an t  

b u t  lower temperature than  on t h e  s o i l  s u r f a c e .  B a c t e r i a l  a c t i o n  l ead ing  

t o  v o l a t i l i z a t i o n  of ammonia would be  reduced but  any ammonia t h a t  IS 

evolved probably would be adsorbed on s o i l  c o l l o i d s  ( G i l l a r d ,  1967).  Dung 

pads a f t e r  d e p o s i t i o n  undergo i n t e n s e  mic rob ia l  a c t i v i t y  wh i l e  t hey  a r e  

f r e s h ,  b u t  a s  t h e  dung d r i e s  t h i s  a c t i v i t y  is  reduced p rog res s ive ly  t o  an 

extremely slow r a t e  f o r  a  very  long per iod  of t ime.  Rapid b u r i a l  of dung 



would promote abso rp t ion  of dung f l u i d s  i n  t h e  s o i l  and a s  a  consequence 

t h e  i n i t i a l  f l u s h  of mic rob ia l  a c t i v i t y  should be impeded. Once below 

ground, t h e  g e n e r a l l y  improved cond i t i ons  ( e s p e c i a l l y  increased  mois ture  

a t  c e r t a i n  t imes and l a r g e  numbers of s o i l  organisms) f o r  decomposition 

of organic  m a t e r i a l s  would al low breakdown of t h e  p a r t i a l l y  dehydrated 

dung t o  proceed a t  a  much f a s t e r  r a t e  than  would occur  on t h e  su r f ace .  

Nothing i s  known about t h e  r a t e  of decomposition of dung i n  t h e  range 

s o i l .  It i s  no t  known i f  t h e  cold win te r  and p e r i o d i c  d r y  condf t ions  

a t  Kamloops w i l l  b e  s e r i o u s  l i m i t i n g  f a c t o r s  t o  t h e  inco rpora t ion  of dung 

m a t e r i a l  i n t o  s o i l  o rganic  ma t t e r ,  and hence t o  t h e  r e c i r c u l a t i o n  of 

n u t r i e n t s .  There i s  no doubt however t h a t  i t  would be  more p r e f e r a b l e  t o  

have f r e s h  dung removed i n t o  t h e  s o i l  immediately than  t o  cont inue  under 

t h e  p re sen t  cond i t i ons .  

c )  Range p l a n t  growth. 

Mention has  been made a l r eady  (Chapter 111) of t h e  r e l a t i v e l y  

smal l  amounts of N and of o the r  n u t r i e n t s  t h a t  a r e  r e tu rned  by c a t t l e  per  

u n i t  a r e a  of range  pas tu re  dur ing  t h e  g raz ing  season.  These q u a n t i t i e s  

n e v e r t h e l e s s  r ep re sen t  a  l a r g e  propor t ion  of t h e  annual  fo rage  product ion 

when graz ing  i s  i n t e n s i v e .  Therefore they  should be  r e tu rned  i n t o  t h e  

s o i l  i f  i t  i s  d e s i r e d  t o  main ta in  t h e  p r o d u c t i v i t y  of t h e  system. It was 

shown i n  Chapter I V  t h a t  bea rd l e s s  wheatgrass  responded ve ry  favourably  

t o  i nco rpora t ion  of dung I n t o  t h e  s o i l  when mois ture  was no t  a  l i m i t i n g  

f a c t o r  t o  growth. Other g r a s s e s  and •’orbs can be expected t o  behave 

s i m i l a r l y .  It has  taken many yea r s  f o r  t h e  rangelands t o  become degraded 

t o  t h e  e x t e n t  observable  i n  some a r e a s ;  i t  would t a k e  many more y e a r s  t o  

r e h a b i l i t a t e  them. E f f i c i e n t  dung b e e t l e s  i n  t h e  long term could p l ay  a  



very  u s e f u l ,  i f  inconspicuous,  p a r t  i n  t h i s  r e s t o r a t i o n  process .  

Dung b u r i a l  n o t  on ly  would be b e n e f i c i a l  i n  rangelands  bu t  

a l s o  i n  i r r i g a t e d  p a s t u r e s  and i n  p a s t u r e s  i n  h ighe r  r a i n f a l l  a r e a s  ( e .g . ,  

F ra se r  Valley and Vancouver I s l a n d ) .  It i s  not be ing  t o o  o p t i m i s t i c  t o  

envisage  t h a t  b e e t l e s  s e l e c t e d  p r i m a r i l y  f o r  t h e  Southern I n t e r i o r  might 

be  a b l e  t o  co lon ize  those  o t h e r  a r e a s .  I f  they  do n o t ,  o t h e r  b e e t l e  

s p e c i e s  could be  sought s p e c i f i c a l l y  f o r  them. The h igh  s tock ing  r a t e s  

p o s s i b l e  i n  such improved p a s t u r e s  a r e  accompanied by t h e  problems of 

was te  and r e j e c t i o n  of fo rage  by c a t t l e  due t o  dung contaminat ion.  

Breakdown of pads is  s t i l l  i n e f f i c i e n t ,  though much f a s t e r  than  i n  t h e  

rangelands .  Dung b e e t l e s  should minimize those  problems. However, t h e  

p o s s i b i l i t y  should no t  be  overlooked t h a t  a r e a s  where dung b e e t l e s  were 

a c t i v e  may be e s p e c i a l l y  favourable  f o r  weed growth. 

Cooperat ive In t roduc t ions .  

The l i t e r a t u r e  r e v e a l s  t h a t  an  i n c r e a s i n g  amount of r e s e a r c h  

work i s  be ing  c a r r i e d  out  on dung and t h e  a r thropods  a s s o c i a t e d  w i t h  i t .  

Some a r e a s  of t h e  world,  i nc lud ing  much of North America, appa ren t ly  have 

an impoverished n a t i v e  dung b e e t l e  fauna i n  t h e  f a c e  of new demands being 

made on t h e i r  g ra s s l and  systems by domestic animals  and modern p a s t u r e  

technology. An a p p r e c i a t i o n  of t h e  e c o l o g i c a l  r o l e  of dung b e e t l e s  and 

t h e i r  n a t u r a l  r e l a t i o n s h i p s  w i tn  v a r i o u s  mammals means t h a t  a  number of 

proposa ls  f o r  i n t r o d u c t i o n  of a d d i t i o n a l  b e e t l e  s p e c i e s  i n t o  t h e s e  

r eg ions  w i l l  probably be made i n  t h e  f u t u r e .  

The g r e a t e s t  danger t o  i n d i v i d u a l  i n t r o d u c t i o n  programs on 

l a r g e  land  masses l i e s  i n  t h e  impor ta t ion  by s e p a r a t e  agenc ie s  of t oo  

many b e e t l e  s p e c i e s ,  each des t ined  f o r  a  s p e c i f i c  a r e a ,  bu t  which then  

co lon ize  more t e r r i t o r y  than  was expected of them o r i g i n a l l y .  It i s  t o  

3 



be hoped that a close cooperation can be maintained between the 

entomologists in any country that undertakes the importation of 

additional beetles and entomologists in adjoining countries to avoid 

the unwitting introduction of species that eventually meet and then 

interact unfavourably. 

Unfortunately, the introduction of exotic beetles into new 

areas is not without its potential hazards. Some beetles are vectors of 

parasites of domestic and wild animals and are also potential vectors of 

animal diseases (Fincher et al., 1971). Strictest precautions are there- 

fore necessary when implementing such programs, because release of a 

parasite or pathogen of any domestic animals could have really disastrous 

consequences. Moreover, introduced beetles have the potential to carry 

pathogens affecting themselves or other insects. 



APPENDIX I 

I n s e c t s  a s s o c i a t e d  wi th  f r e s h  c a t t l e  dung on range and 

i r r i g a t e d  p a s t u r e  a t  Kamloops, B.C.  

SPECIES AUTHORITY* O R I G I N  

ORDER COLEOPTERA 

H i s  t e r i d a e  

HISTER ABBREVIATUS Fabr i c ius  

SAPRINUS LUBRICUS Le Conte 

SAPRINUS OREGONENSIS Hatch 

MARGARINOTUS UMBROSUS Casey 

Hydrophil idae 

CERCYON spp. 

SPHAERIDIUM BIPUSTULATUM Fabr i c ius  

SPHAERIDIUM LUNATUM Fabr i c ius  

SPHAERIDIUM SCARABAEOIDES Linnaeus 

Scarabaeidae 

BOREOCANTHON SIMPLEX (Le Conte) 

Native? 

Native? 

Native 

Native 

Exotic  

Exotic  

Exotic  

2 Nat ive 

ONTHOPHAGUS NUCHICORNIS (Linnaeus) 2 Exotic  

* 
I n s e c t s  were i d e n t i f i e d  by. (1)  H.F. Howden, Department of  Biology, Ca r l e ton  
Un ive r s i t y ,  Ottawa; and the  fo l lowing  members of t h e  Taxonomy Sec t ion ,  
Entomology Research I n s t i t u t e ,  Canada Department of Agr i cu l tu re ,  Ottawa: 
(2)  E.C. Becker; (3)  J . M .  Campbell; (4)  B.  Cooper; (5) L. F o r s t e r ;  (6) J .F .  
McAlpine; (7)  E.E. L indqu i s t ;  (8) L. Masner; (9) W.R. Mason; (10) B.V. 
Pe te rson;  (11) R. de  Ruet te ;  (12) G.E. Shewell;  (13) H . J .  Teskey; 
(14) J . R .  Vockeroth; (15) C.M. Yoshimoto; and (16) t h e  au thor .  



APPENDIX I (continued) 

SPECIES AUTHOR1 TY ORIGIN 

COLEOPTERA (continued) 

Scarabaeidae (continued) 

APHODIUS FOSSOR (~innaeus) 

APHODIUS FIMETARUIS (Linnaeus) 

APHODIUS CONGREGATUS Mannerheim 

APHODIUS DISTINCTUS (Mueller) 

APHODIUS GRANARIUS (Linnaeus) 

APHODIUS HAEMORRHOIDALIS (Linnaeus) 

APHODIUS PECTORALIS Le Conte 

APHODIUS TENELLUS Say 

APHODIUS VITTATUS Say 

Staphylinidae 

ALEOCHARA BIMACULATA Gravenhorst 

HYPONYGRUS OBSIDIANUS Melsheimer 

ONTHOLESTES CINGULATUS Gravenhorst 

PHILONTHUS CRUENTATUS Gmelin 

PHILONTHUS DEBILIS Gravenhorst 

PHILONTHUS FUSCIPENNIS Mannerheim 

PHILONTHUS RECTANGULUS Sharp 

**PHILONTHUS SANGUINOLENTUS Gravenhorst 

Exotic 

Exotic 

Native 

Exotic 

Exotic 

Exotic 

Native 

Native 

Native 

Exotic 

Native? 

Native 

Exotic 

3 Exotic 

3 Exotic 

3 Exotic 

3 Exotic 

** 
First record of this species in Canada. 
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APPENDIX I (continued) 

SPECIES AUTHORITY ORIGIN 

COLEOPTERA (continued) 

Staphylinidae (continued) 

PLATYSTETHUS AMERICANUS Erichson 3 Native 

TACHINUS NIGRICORNIS Mannerheim 3 Native 

ORDER DIPTERA 

Ceratopogonidae 

FORCIPOMYIA EREVIPENNIS (Macquart) 

Stratiomyidae 

SARGUS CUPRARIUS (Linnaeus) 

MICROCHRYSA, FLAVICORNIS (Meigen) 

Otitidae 

PHYSIPHORA DEMANDATA (Fabricius) 

Sphaeroceridae 

COPROMYZA ATRA (Meigen) 

LEPTOCERA spp. 

Sepsidae 

SEPSIS NEOCYNIPSEA Melander & Spuler 

SALTELLA SPHONDYLII (Schrank) 

Anthomyiidae 

CALYTHEA MICROPTERYX (Thornson) 

Exotic 

Native 

Native 



APPENDIX I (cont inued)  

SPECIES AUTHORITY O R I G I N  

DIPTERA (cont inued)  

Scatophagidae 

SCATOPHAGA FURCATA (Say) 

SCATOPHAGA STERCORARIA (Linnaeus) 

Muscidae 

HAEMATOBIA IRRITANS (Linnaeus) 

HELINA DUPLICATA (Meigen) 

HYDROTAEA AIWIPES (Fa l l en )  

MORELLIA MICANS (Macquar t )  

MYOSPILA MEDITABUNDA (Fabr i c ius )  

MUSCA AUTUMNALIS DeGeer 

MUSCA DOMESTICA Linnaeus 

ORTHELLIA CAESARION (Meigen) 

PYRELLIA CYANICOLOR ( Z e t t e r s t e d t )  

PEGOMYA spp. 

Ca l l i phor idae  

EUCALLIPHORA LILAEA (Walker) 

PHORMIA REGINA (Meigen) 

Sarcophagidae 

R A V I N I A  L'HERMINIERI (Robineau-Desvoidy) 

R A V I N I A  PLANIFRONS (Aldr ich)  

RAVINIA QUERULA (Walker) 

Nat ive 

Exot ic?  

Exot ic  

Exot ic  

Exotic? 

Native 

Exot ic  

Exot ic  

Exot ic?  

Exotic? 

Native? 

Native 

Exot ic?  

Native 

Nat ive  

Native 



APPENDIX I ( c o n t i n u e d )  

SPECIES AUTHOR1 TY ORIGIN 

ORDER HYMENOPTERA 

Bracon idae  

APHAERETA PALLIPES (Say) 

TRICHOPRIA (subg. PWNOPRIA): 2 spp .  

ASOBARA n . s p .  

C y n i p i d a e  

KLEIDOTOMA FOSSA K i e f f e r  

F i g i t  i d a e  

FIGITES n . s p ?  

XYALOPHORA QUIMQUELINEATA (Say) 

MELANIPS ? BILINEATUS ( K i e f f e r )  

P t e r o m a l i d a e  

MUSCIDImTRAX RAPTOR G i r a u l t  & Saunders  

MUSCIDIFURAX ZARAPTOR Kogan & Legner 

SPALANGIA HAEMATOBIAE Ashmead 

ORDER ACARINA 

Pyemo t i d a e  ( ~ ~ g m e p h o r i n i )  

PEDICULASTER MESEMBRINAE (R. Can.) 
( a s s o c i a t e d  w i t h  HAEMATOBIA 
IRRITANS (Linnaeus ) )  

P a r a s i t i d a e  

PARASITUS s p .  
( a s s o c i a t e d  w i t h  APHODIUS FOSSOR 

(Linnaeus))  

N a t i v e  

Na t ive?  

Nat ive?  

? 

N a t i v e  

N a t i v e  



APPENDIX I (cont inued)  

SPECIES AUTHORITY O R I G I N  

ACARINA (cont inued)  

Macrochelidae 

MACROCHELES GLABER group: s p .  
n e a r  PERGLABER Fil, & Peg. 
( a s s o c i a t e d  with APHODIUS FOSSOR (Linnaeus)) 
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Table 5 S i g n i f i c a n c e  of d i f f e r e n c e s  between mean number of  horn 
f l y  progeny t h a t  emerged from covered and exposed pads 
i n  each t i m e  i n t e r v a l  i n  1971, a s  i n d i c a t e d  by t - t e s t s .  
Data ( t ransformed t o  J x m  as f o r  t h e  previous  anovas) 
were pooled f o r  a l l  sampling pe r iods  a f t e r  r e j e c t i o n  of  
f o u r  a b e r r a n t  va lues  a s  desc r ibed  i n  Chapter I. Data 
of Fig.  14. 

TIME INTERVAL 
DEGREES OF 

FREEDOM PROBABILITY 



APPENDIX I11 

Der iva t ion  of t h e  formula used i n  e s t i m a t i n g  t h e  amount 
of  dung remaining unburied a f t e r  c o l o n i z a t i o n  of dung pads 
by Onthophagus nuch ico rn i s .  

Le t  DW = d r y  weight  o f  dung p l u s  s o i l  b e f o r e  a sh ing ,  of  which 

x = d r y  weight of  dung 

and y = d r y  weight of  s o i l ;  

l e t  AW = d r y  weight of ashed dung p l u s  s o i l .  

Then f o r  any exper imenta l  pad, 

(1) x + y = DW 

dry  dung l o s t  81% of  i t s  d r y  weight on a sh ing ,  w h i l e  s o i l  l o s t  4%; 

t h e r e f o r e ,  

(2) 0 . 1 9 ~  + 0 . 9 6 ~  = AW 

mul t ip ly ing  (1) by 0.96 g ives  

(3 )  0 . 9 6 ~  + 0 . 9 6 ~  = 0.96DW 

s u b t r a c t i n g  (2) from ( 3 ) ,  
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