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ABSTRACT

A study o f  the  seasonal abundance o f  Fann ia can i .c u la r? s 

(Linnaeus) and £ .  femora 1 is (S te in )  pupal and la r v a l  populat ions  was 

conducted from mid-March through l a t e  August,  1976, a t  the  U n iv e r s i ty  

of  Arizona Pou l t ry  Research Center ,  Tucsoh, Ar izona .  Larvae,  sampled 

by Ber lese  funnel  e x t r a c t i o n , and pupae, sampled by w ater  f l o t a t i o n ,  

were c o l le c te d  from fo u r  lay ing  houses, each being o f  a d i f f e r e n t  

design.  Data were compared and re s u l ts  ind ica ted  s i g n i f i c a n t l y  lower  

populat ions  in one of  the four  houses, demonstrat ing a const ruct io n  

design which suppresses Fann?a p o pu la t ions .  Factors such as 

com pet i t ion ,  moisture  content o f  manure and te m p e ra tu re , and t h e i r  

e f f e c t s  of  Fannja populat ions are  discussed..

In a d d i t i o n ,  data on percent pupal pa ra s i t is m  and the  

i d e n t i f i c a t i o n  o f  pupal p a r a s i te  species are  presented and discussed.



INTRODUCTION

High humidity  and chemical s t im u l i  produced by amassed p o u l t r y  

manure a t t r a c t  females o f  both Fannie c a n i c u l a r i s  (Linnaeus) and 

Farm?a fe m o ra l?s ( S t e i n ) „ This  is e s p e c i a l l y  t ru e  in s e m i -a r id  areas  

such as southern A r iz o n a ,  where there  are  few acceptab le  o v ip o s i t io n  

s i t e s .  £„ c a n i c u l a r i s  and F, femoral  i s , as w e l l  as Musea domestica  

Linnaeus, have been i d e n t i f i e d  as the  major d ip te ran  pests breeding  

in p o u l t r y  manure (Peck and Anderson 1969a; Wicht and Rodriguez 1970; 

Legner and Brydon 1966).  Although both species o f  Fannia are  most 

f r e q u e n t l y  reported as being associated w i t h  p o u l t r y  manure, they are  

not r e s t r i c t e d  to  t h i s  s u b s t r a t e .  These species have been reared from 

a wide v a r i e t y  o f  p la n t  and animal organic  m a t te r ,  inc lud ing  dog feces  

(Poorbaugh and L insdale  1971),  c a t t l e  manure (Ogden and K i l p a t r i c k  

1958)> lawn c l ip p in g s  (S t .  Germaine 1956) ,  decaying tomatoes (Nelson 

1938),  decaying plums, peas, corn and onions ( C h i l l c o t t  I 9 6 0 ) ,  h ig h ly  

f e r t i l i z e d  s o i l  (Eastwood and T u f f  1957),  mammalian corpses  

( 111ingsworth 1926),  and from the nests o f  a number o f  b i r d  species  

(Nordberg 1936).

I t  is in amassed p o u l t ry  manure, however, t h a t  populat ions  of  

Fanhia species reach extremely  high numbers. Smith (1954) reports  a 

chicken farm w i th  1.7,560 F. c a n i c u l a r i s  larvae  per square fo o t  o f  

surface  under cages.  When populat ions o f  these f l i e s  b u i l d ,  adu l ts  

of ten  invade homes o f  nearby r e s i d e n t i a l  a reas ,  causing annoyance and

. • ,  ' ' '



posing a possib le  t h r e a t  to  human h e a l t h .  Cases of  i n t e s t i n a l  and 

u r in a ry  myiasis in man have been a t t r i b u t e d  t o  £ .  c a n ic u la r  is (Hewitt  

1912; James 1947),  and Greenberg (1971) provides long l i s t s  of  

pathogens associated w i th  both F. c a n ic u la r ! s  and £ .  femoral  i s . Both 

species have been reported t o  c a r ry  the  v i ru s  of  Newcastle 's  d isease,  

and thereby  pose a t h r e a t  t o  the chickens w i th  which they are  

assoc iated  (Rogoff e t  a l .  1975).  In a d d i t i o n ,  £_. c a n i c u l a r  is serves as 

the in te rm ed ia te  host o f  the nematode p a r a s i t e  T h e la z ja  c a l i f o r n i e n s i s  

Pr ic e ,  which in fe c ts  the  eyes o f  a number o f  w i ld  and domestic mammals, 

inc lud ing  man (Burnett  e t  a l .  1957).

Much work has been done in the  area of  f l y  co n tro l  in p o u l t ry  

manure. Natura l  con tro l  is responsib le  f o r  90% m o r t a l i t y  o f  Fannjua 

la rvae  in p o u l t r y  manure (Legner,  Bay and White 1967).  Legner and 

Brydon (1966) repor t  t h a t ,  as ide  from physical  f a c t o r s ,  p redatory  

arthropods appear to  have the  g re a t e s t  impact on t o t a l  numbers of  

d u n g - in h a b i t in g  f l i e s .  These predators  a t t a c k  the  egg and la rv a l  

stages of  the  f l i e s ,  but r a r e l y  a t t a c k  the pupal stage (Legner 1971) .  

Since predators  are  u l t i m a t e l y  responsib le  f o r  such a s i g n i f i c a n t  

reduct ion in the  f l y  p o p u la t io n ,  t re a tm ent  o f  manure w i th  in s e c t i c id e  

is g e n e r a l l y  discouraged ( A x t e l 1 1970; Anderson and Poorbaugh 1964).  

However, Stone and Brydon (1965) report  s a t i s f a c t o r y  (99«^% m o r t a l i t y )  

contro l  of  immature Fann ia by s t i  r r i n g  Diazinon (0 -0 -D  i e t h y l - 0 -  (2-  

i s o p r o p y l - 6 - m e t h y l - 5 - p y r i m i d i n y l ) phosphorothioate)  and gypsum dust 

in to  manure. In la b o ra to ry  studies  using f i r s t  i n s t a r  larvae  of  _F. 

c a n i c u l a r i s , Eyerso le ,  Li 1jy and Shaw (1965a) report  g r e a t e r  than 90%
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contro l  using D iaz inon ,  Dimethoate (0 ,0 -D im ethy l  S-(N-methylcarbamomyl-  

methyl)  phosphorodi th ioate )  and Coumaphos ( 0 , 0 - D i e t h y l  0 - ( 3 - c h l o r o - 4 -  

m e th y l - 2 - o x o - 2 H - l - B e n z a p y r a n - 7 - y l ) p h o sp h o ro th io a te ) , a pp l ied  in 

separate  t e s t s  t o  p o u l t ry  manure. When Coumaphos was a pp l ied  as a feed  

a d d i t i v e ,  however, i t s  e f fe c t i v e n e s s  decreased by about s e v e n ty - fo ld  

(Eversole ,  L i l l y  and Shaw 1965b).

V a r ia b le  outcomes have re s u l te d  from trea tm ent  o f  manure w i th  

B a c i l 1 us th u r in g ie n s is  B e r l i n e r .  Dose lev e ls  found to  be most 

e f f e c t i v e  when fed t o  caged layers  re s u l te d  in some reduct ion  of  feed  

consumption and egg production (Briggs 1959).  This  was an 

unacceptable s ide e f f e c t .  H a l l ,  Dulmage and Arakawa (1972) could 

achieve only  40-60% m o r t a l i t y  of  F. c a n ic u la r  is larvae  using B.. 

t h u r i n g i e n s i s , in an in teg ra ted  program in conjunct ion  w i th  two species  

of  pre da tor  m i tes ,  Macrocheies muscaedomest icae (Scopo.l i ) and 

Fuscuropoda vegetans (DeGeer) . T h e i r  r e s u l t  was a s i g n i f i c a n t  decrease  

in d ip te ra n  la r v a l  popu la t io n s .  Rodriguez,  Singh and T a y lo r  (1970)  

l a t e r  found t h a t  using these acar ine  species a lo ne ,  th e y  could achieve  

86-99% contro l  o f  house f l i e s ,  under s e m i - f i e l d  c o n d i t io n s .

Laboratory  t e s t s  on the  poss ib le  ro le  of  the  fungus Beauveria  

bassiana (Balsamo) V u i l le m in  as a b io l o g i c a l  contro l  agent f o r  Fannia 

species have shown promise,  g iv in g  up to  87% m o r t a l i t y  in the larvae  

of  £ .  femora 1?s (Hal l  e t  a 1. 1972).

Considerable  research has been conducted on the  arthropod  

predators  of  f l y  species in p o u l t r y . f e c e s .  F ie ld  s tud ies  t o  i d e n t i f y  

species and determine seasonal abundance of  predators have been
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conducted by Peck and Anderson (1969a ) ,  Legner e t  a 1„ (1975) and 

Steve (1 959 ) .

Laboratory s tud ies  on the feed in g  behavior  and predatory  

p o t e n t i a l  o f  c e r t a i n  la r v a l  and pupal predator  species have been 

conducted by Peck and Anderson (1969b).  Legner e t  a 1. (1975) concluded 

from t h e i r  s tudies  t h a t  d i f f e r e n t  p re da tor  species are  important in 

d i f f e r e n t  seasons, and t h a t  n a tu ra l  enemy complexes, r a th e r  than 

in d iv id u a l  spec ies ,  a re  required  f o r  optimal c o n t r o l .

In a d d i t io n  to  p re d a to rs ,  p a r a s i t e s ,  which i n f e c t  the  pupae,  

are important in  the suppression of  f l y  popu la t ions .  Arthropod  

p a ra s i te s  are  the only organisms th a t  seem t o  be important in 

destroy ing  f i n a 1 - i n s t a r  larvae  and pupae (Legner and Brydon 1966).

Studies to  i d e n t i f y  species and determine seasonal abundance o f  pupal 

p a ra s i te s  have been conducted by Legner (1 9 66 ) ,  Legner and 01ton 

(1 971 ) ,  and Legner et  a 1. (1975 ) .  Pupating larvbe o f  Fannia species  

represent only 10% o f  the  t o t a l  number o f  deposited eggs (Legner e t  a 1. 

I 967) . This  s u rv iv in g  10% is respons ib le  f o r  the  t o t a l  a d u l t  popu la t io n .  

A reduct ion in numbers o f  in d iv id u a ls  a t  t h i s  po int  in the  l i f e  cyc le  

would,  t h e r e f o r e ,  have the  most d i r e c t  impact on a d u l t  popula t ions .

Attempts to  u t i l i z e  pupa 1 p a ra s i te s  as a b i o l o g i c a l  contro l  

agent have resu l ted  in on ly  marginal success (Legner and Brydon 1966;

01 ton and Legner 1975).  Legner and D ie t  r i c k  (1972) mass-released  

p a ra s i te s  and achieved an almost twofo ld  increase in the percent  

p a r a s r t i z a t i o n  o f  f l y  pupae.
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The c o n st ru c t io n  o f  lay ing  houses and management o f  manure p lay  

a s i g n i f i c a n t  ro le  in the  suppression o f  f l y  p o pu la t ions .  Eastwood 

et  a 1. (1967) report  t h a t , by composting,  manure can be rendered 

u n s a t is fa c to r y  f o r  the development o f  d ip terous  la r v a e .  Rodriguez  

e t  a 1. (1970) repor t  t h a t  dry manure does not produce f l i e s ,  and they  

mention other  c u l t u r a l  methods, such as the  r e p a i r  of  f a u l t y  w ater ing  

systems, as a means of  c o n t r o l l i n g  f l y  popu la t ions .  Legner and 

Brydon (1966) suggest t h a t  c e r t a i n  m o d i f ic a t io n s  o f  housing s t r u c tu r e  

might improve the  environment t o  favor  p a r a s i te  a c t i v i t y .

This study was i n i t i a t e d  t o  in v e s t ig a te  the e f f e c t s  of  lay ing  

house design on the  production o f  l a r v a l  and pupal populat ions of  

Fannia c a n i c u l a r i s  and F. femoral  i s .



METHODS AND MATERIALS

Location and D e s cr ip t io n  o f  Study Area 

The study was conducted a t  the  Pou l t ry  Research Center ,  a t  the  

U n iv e r s i t y  o f  Ar izona Casa Grande Highway Farm (F ig .  1 ) .  The c en ter  

is located 7 km northwest o f  the  U. of  A„ main campus on I n t e r s t a t e  

Highway 10, a t  111° 0 0 1 10" east lo n g i tu d e ,  32°  151 30" north  l a t i t u d e ,  

a t  an e le v a t io n  of  698 meters .  The e n t i r e  f a c i l i t y  occupies 4 2 .8  

hectares and, in a d d i t i o n  to  the  p o u l t r y  c e n t e r ,  i t  houses a c a t t l e  

feed l o t ,  a small a l f a l f a  f i e l d  and an i n s t a l l a t i o n  operated by the  

Water Resources Department.

The Pou l t ry  Resource Center was bordered t o  the  north  by 

I n t e r s t a t e  Highway 10, to  the  east and south by a la rge  undeveloped 

area c o n s is t in g  o f  deser t  v e g e t a t io n ,  and to  the west by a small pecan 

orchard.  Tota l  r a i n f a l l  dur ing the sampling period (mid-March to  l a t e  

August) was 12.8  cm. The mean high temperature  was 3 1°  C, the mean 

low temperature  1 3 .2 2 °  C (F ig .  2 ) .

Of the twe lve  p o u l t r y  houses a t  the research c e n t e r ,  four  

were se lected  f o r  sampling,  each being o f  a d i f f e r e n t  design (F ig .  3 ) .  

House 1 had a t o t a l  area o f  836 .1 m^, and an I T , 004 b i rd  c a p a c i ty .

One h a l f  o f  the house consisted o f  f l o o r  pens, which were not sampled.  

The other  h a l f  consisted o f  suspended cages arranged in th re e  rows, 

w ith  concrete a i s l e s  sepa ra t ing  each. Birds were held in 4 5 .7  cm x 

61 cm cages, four  b i rds  per cage,  suspended 1 .37  m above a



1 S T U D Y  H O U S E  NO 1

2  S T U D Y  H O U S E  NO.  2

3  S T U D Y  H O US E  N O . 3

4  S T U D Y  H O U S E  NO. 4

A  L A B O R A T O R Y ,  STO RAG E  A A D M I N I S T R A T I O N  

B -  S U P E R I N T E N D E N T ' S  HOUS E  

C & D  C L I M A T E  C O N T R O L  H O U S E S  

E -  G R E E N H O U S E  

F & G - C H I C K E N  H O U S E S  

H ~ BR O O D E R  H O U S E  

I  S T O R A G E  

J ~ C H I C K E N  HOUS E  

K  S HO P

L &AA C H I C K E N  H O U S E S

E  q CEl I

: 0  0

Figure 1. Overall  layout of  the Casa Grande Highway Farm, Poultry Research Center 
showing r e l a t i v e  posit ions of the four study houses.
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Farm during the 1976 study period (beginning w i th  the week of March 12).
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HOUSE N O .l

i m z m m

HOUSE NO. 2 HOUSE NO. 3

MANURE DROPPING AREA

AISLE

CONCRETE

DIRT
iS 4 m.

HOUSE NO.4

Figure 3. Floor plans of the four poul try  houses sampled.
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d i r t -b o t to m e d  manure dropping a rea .  This  dropping area was 5 cm deep,  

1.35 m wide and 28 m long.

House 2 had an area o f  193=2 m^, w i th  a 544 b i rd  c a p a c i ty .

This house contained suspended cages arranged in two rows, separated  

by concrete  a i s l e s .  Cages were o f  the same dimensions as those in 

House 1, and a ls o  housed fo ur  b i rds  each. Each cage was held 86 .6  cm 

above a manure dropping a re a .  The dropping area was 8 .9  cm deep, 1.03 

m wide and 20 .7 8  m long. Unl ike  House 1, the dropping area in House 2 

had a concrete  bottom.

House 3 had the ca p a c i ty  o f  ho ld ing  520 b i r d s ,  w i th  a t o t a l  

area of  223 .5  m . The b irds  were housed in cages measuring 22 .9  cm x 

4 5 . 7  cm, w i th  one b i rd  per cage.  The cages were arranged in th ree  rows 

separated by concrete  a is l e s  and suspneded 81.3 cm above the  d i r t  

f l o o r .  The manure dropping area was 11 .4  cm deep, 1.05 m wide and 

29=87 m long.

House 4 was a constant temperature  cage house. This house was 

constructed w i th  corrugated sheet meta 1 so t h a t  i t  was complete ly  

c losed ,  in c o n tra s t  w i th  Houses 1, 2 and 3 ,  which had open sides  

p e rm i t t in g  f resh  a i r  and s u n l ig h t  t o  e n t e r .  House 4 was a ls o  equipped 

w ith  an evapora t ive  c oo l ing  system, w h i le  the  other  houses were not.  

House 4 was the sm al les t  of  the four  study houses, w i th  a t o t a l  area o f

30.1 m̂  and a c ap a c i ty  o f  240 b i r d s .  The cages,  measuring 61 cm x 

45=7 cm, each held 4 b i rds  and were suspended 82 .6  cm above a d i r t  . 

f l o o r  manure dropping a rea ,  which measured 12.7 cm deep, 91=4 cm wide,  

and 6 .2  m long.



Samp]inq Methods .

Sampling was conducted between mid-March and l a t e  August, 1976 

Larval samples were taken once a week and pupal samples on a l t e r n a t e  

weeks. Two sampling methods were employed, Berlese funnel  e x t r a c t io n  

fo r  la r v a e ,  and water  f l o t a t i o n  f o r  pupae.

Berlese Funnel E x t ra c t io n

Five o n e - l i t e r  manure samples were taken from each o f  the four  

study houses. Each o n e - l i t e r  sample was c o l le c te d  using a sheet metal  

trough,  measuring 55 x 13 x 8 cm, and a t r o w e l . The trough was 

inser ted  in to  the  manure a t  a 4 5 °  ang le ,  and each sample was obtained  

by "back hoeing" the  manure in to  a one l i t e r  c o n ta in e r .  The sample 

was then placed in a brown paper bag. When a l l  the  samples had been 

c o l l e c t e d ,  they were placed in In d iv id u a l  Berlese funnels  and larvae  

ex t rac te d  w i th  f o r t y  wat t  Incandescent l i g h t s  fo r  f o r t y - e i g h t  hours.  

Larvae were c o l le c t e d  in v i a l s  con ta in in g  70% e th a n o l ,  placed at  the  

bottom of  each f u n n e l , and returned t o  the lab o ra to ry  f o r  processing.  

The content o f  each v i a l  was placed in a large  p e t r i  dish which was 

manipulated t o  evenly  d i s t r i b u t e  the  m a te r ia l  over i t s  bottom s ur face .  

The bottom sur face was d iv ided  in to  four ths  and counts o f  a l l  Fannla 

spp. larvae  in one quadrant were made. This  number was m u l t i p l i e d  by 

four  and recorded f o r  each sample. The samples were then placed in 

coded v i a l s  and preserved in 70% e t h a n o l .

Species composit ion of  the  samples was determined as fo l low s:  

Twenty Fannia larvae  were subsampled from each v i a l  and the  number ■
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o f  F. c a n ic u la r  is and F\ femora 1? s specimens in each subsample was 

recorded. This provided a r a t i o  on which the t o t a l  number o f  each 

species was e s t im a te d .  I d e n t i f i c a t i o n  o f  larvae  was made using the  

characters  descr ibed by Chi 1I c o t t  ( I 9 6 0 ) .

Water F l o t a t i o n

Five o n e - l i t e r  manure samples were taken randomly from each 

of  the fo u r  houses in the same manner as descr ibed f o r  the  la rva  1 

samples. The samples were placed in p l a s t i c  buckets (9 .4  l i t e r )  which 

were then f i l l e d  to  approximate ly  o n e - h a l f  c ap ac i ty  w i th  w a te r .  The 

contents were s t i r r e d ,  causing pupae and debr is  to  be f lo a t e d  t o  the  

s u r fa ce .  This  f l o a t i n g  m a te r ia l  was placed through a s e r ie s  o f  sieves  

and r insed u n t i l  only  the  pupae remained. The pupae thus c o l le c te d  

were then t r a n s f e r r e d  t o  bags made o f  p l a s t i c  screen (6 .6  msh/cm) and 

t ranspor ted  t o  the lab o ra to ry  f o r  processing.  .

At the la b o r a to ry ,  the pupae were placed in to  a candl ing  device  

t o  separa te  the v ia b l e  in d iv id u a ls  from empty pupal cases.  The device  

consisted o f  a glass p e t r i  dish set  atop an overturned t ra n s lu c e n t  

p l a s t i c  c o n ta in e r ,  w i th  a f o r t y  w at t  Incandescent l i g h t  bulb in s id e .

The device  provided b a c k l ig h t in g  In such a way t h a t  v i a b l e  pupae would 

appear dark  whereas empty pupal cases appeared b r i g h t .  The v ia b le  

pupae were then placed in in d iv id u a l  g e l a t i n  capsules (s i z e  000) and 

held a t  25°  C f o r  a d u l t  and p a r a s i te  emergence.

Fol lowing emergence, adu l ts  were pinned, labe led  and i d e n t i f i e d .  

Numbers o f  F. c a n ic u la r  Is and F. femoral  Is adu l ts  were recorded and the  

specimens placed in Schmitt  boxes f o r  s torage .  Each capsule observed
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to  conta in  an emerged paras i t e ( s )  was set as id e .  The p a r a s i t i z e d  

pupae were removed and i d e n t i f i e d .  Data f o r  t o t a l  numbers and percent  

p a r a s i t i z a t i o n  were thus obta ined.

Moisture Content o f  Manure

Manure samples were taken on March 15, A p r i l  17 and May 17,

1977, to  determine moisture  c o n te n t . On each date f i v e  small samples 

(approximate ly  10 grams) were taken from each house. These were 

returned t o  the l a b o r a to ry ,  weighed, and then d r ied  in a vacuum oven 

to  constant w e igh t .  This provided data on percent moisture by weight  

f o r  manure in each o f  the study houses.



RESULTS AND D I S C U S S I O N

Seasonal Abundance o f  Larvae 

Seasonal abundance data are  presented in Figures 4 through 1 , 

each f ig u r e  re pres ent ing  the popula t ion  in one of  the  fo u r  t e s t  houses.  

Houses 1 and 2 had s i m i l a r  manure management systems and y ie ld e d  the  

l a rg e s t  l a r v a l  p o pu la t ions .  In these houses, manure accumulated in a 

mass o f  uni form height below the  cages. Each cage contained four  b i rds  

and the cages were suspended about 1 m.above the manure dropping a re a .  

This arrangement provided an ideal  l a r v a l  h a b i t a t  in t h a t  the manure 

accumulated r a p i d l y ,  evenly  and re ta in ed  a high moisture  conten t .

In House 1, the f l o o r  of  the dropping area was composed of  

d i r t ,  whereas in House 2 ,  the dropping area was composed o f  concre te .  

This d i f f e r e n c e  seems to  have l i t t l e  a f f e c t e d  the populat ions of  Fannia 

l a r v a e .  In both houses the  larvae of  F. c a n ic u la r  is f a r  outnumbered 

those o f  F. femoral  i s . In House 1 (F ig .  4) the mean popula t ion  d e n s i ty  

of  £ .  c a n ic u la r  is peaked on A p r i l  14 (House 1 X = 583 .5  l a r v a e / l i t e r ;  

House 2 X = 5 91 .8  l a r v a e / l i t e r ) ,  fo l lowed by a fa t h e r  d r a s t i c  d e c l in e  

on the next sample d a t e , A p r i l  20 (House 1 X = 379 .5  l a r v a e / l i t e r ;

House 2 X = 299 .3  l a r v a e / 1 i t e r ) . Th is  d e c l in e  was a p p are n t ly  due to  a 

drop in temperature dur ing t h a t  week.

The mean low temperature  fo r  the  week o f  A p r i l  8 was 8 .1 6 °  C. 

This dropped to  a mean low of  2 . 8 8 °  C f o r  the week o f  A p r i l  15. 

Nieschulz (1935) repor ts  t h a t  F. c a n ic u la r ! s  is in a c t i v e  below the

14
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temperature  of  4 . 5 °  C. The f o l lo w in g  week (Apr i l  2 2 - 2 8 ) ,  the mean low 

temperature  rose to  1 3 .9 2 °  C. This r i s e  in temperature was accompanied 

by a r i s e  in the populat ions  of  F .  c a n i c u l a r  i s | n House 1 , the  

populat ion  rose t o  a mean o f  490.1 l a r v a e / l i t e r ,  somewhat lower than 

the  peak of  A p r i l  14„ In House 2,  the  populat ion  rose t o  5 97 .4  l a r v a e /  

l i t e r ,  s l i g h t l y  h ighe r  than the  peak of  A p r i l  14. The £„ c a n ic u la r i s  

popula t ion  in House 1 dec l ined  again on May 10 to  a mean of  202 .0  

l a r v a e / l i t e r .  A much less severe de c l in e  o f  the £ .  can icu lar?s  

populat ion  of  House 2 was observed, to  a mean o f  496 .5  l a r v a e / l i t e r .

The £ .  femora 1is populat ions  in these two houses were,  as 

prev io u s ly  mentioned, considerab ly  s m a l le r  throughout the  study.  The 

decrease in temperature dur ing the  week o f  A p r i l  15 had a much sm al le r  

e f f e c t  on £ .  f e m o r a l i s . The popula t ion  in House 1 dropped from 72.9  

l a r v a e / 1 i t e r  on A p r i l  14 to  60 .0  la rv a e /1  i t e r  on A p r i l  20.  In House 2 

th e re  was a c t u a l l y  a s l i g h t  increase from 157.0 l a r v a e / l i t e r  on A p r i l  

14 to  161.5 la rv a e /1  i t e r  on A p r i l  20,  i n d ic a t in g  a g r e a t e r  cold 

to le ra n c e  in t h i s  spec ies .  The £ .  femoral  is populat ions  peaked on 

May 10, fo u r  weeks a f t e r  the i n i t i a l  popula t ion  peaks o f  £ .  c a n i c u l a r i s .

In comparing the  populat ion  curves of  both species w i t h in  each 

house, th e re  is some in d ic a t io n  o f  compet it ion  between the two spec ies .  

In House 1 th e re  is a d e c l in e  of  £ .  can?c u l a r i s  from a mean of  490.1  

l a r v a e / l i t e r  on A p r i l ' 27 to  202 .0  l a r v a e / l i t e r  on May 10, accompanied 

by a sharp increase in the F. femora 1 is populat ion  from a mean of  2 50 .7  

l a r v a e / l i t e r  (A p r i l  27) t o  a mean of 176 .4  l a r v a e / l i t e r  (May 10) .  On 

the  fo l lo w in g  sample d a te ,  May 17, the  £ .  can icu1 a r i s popu1 a t  ion
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increased t o  a mean o f  3^5.2  l a r v a e / l i t e r  and the F, .femora 1is 

populat ion dropped t o  2 2 .8  l a r v a e / l i t e r .  In House 2 ,  the  £„ 

c a n ic u la r  is popula t ion  decl ined  from a 5 97 A  la rv a e /1  i t e r  mean on A p r i l  

2 /  t o  a mean of  496 .5  l a r v a e / l i t e r  on May 10 and continued to  d ec l in e  

t o  a mean o f  4 0 .3  l a r v a e / 1 i t e r  on May 31.  The F. femora 11s populat ion  

in House 2 increased between A p r i l  27 and May 10 from a mean of 252 .6  

l a r v a e / l i t e r  t o  3 17 .9  l a r v a e / l i t e r  and then r a p id ly  decreased to  a 

mean of 3 4 .6  la rv a e /1  i t e r  on May 24.  Competit ion in t h i s  case is 

probably  f o r  s u i t a b le  m i c r o h a b i t a t , s p e c i f i c a l l y  areas o f  high moisture  

content in the  manure, r a th e r  than f o r  food. V a l i e l a  (1974) reports  

th a t  compet it ion  f o r  food does not appear to  be a l i m i t i n g  f a c t o r  

among dung- feeding a r thropods.  -

A f t e r  May 17, the Fannia populat ions in both Houses 1 and 2

crashed, and did not re a c h .ap p rec ia b le  le v e ls  aga in .  This  event was

app aren t ly  a response t o  summer temperature  ext remes, The mean high

temperature ,  from May 17 to  the la s t  sample date (August 3 0 ) ,  was

3 5 , 6 °  C; Nieschulz (1935) reports  t h a t  £ .  c a n ic u la r  is exper iences heat, 

stress  a t  3 4 . 3 °  C.

The o v e r a l l  mean la r v a l  d e n s i ty  of  Fannia spp. in House 3,

17.15 l a r v a e / l i t e r ,  was f a r  below the o v e r a l l  means produced in e i t h e r  

House 1 (206 .24  l a r v a e / 1 i t e r )  or House 2 (164.76 l a r v a e / l i t e r ) .  The 

system u t i l i z e d  in House 3 was d r a s t i c a l l y  d i f f e r e n t  from th a t  employed 

in Houses 1 and 2 .  in House 3 b irds  were held in in d iv id u a l  cages.

This resu l ted  in a slower accumulation o f  manure, and thereby provided  

t ime f o r  the manure t o  d ry .  In a d d i t i o n ,  the manure formed in d iv id u a l
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iso la te d  cones beneath each cage. This a ls o  f a c i l i t a t e d  d ry in g .  In 

c o n tra s t  w i th  manure samples taken from Houses 1 and 2 ,  which contained  

49.0% (SO = 14.76) and 52.37% (SD = 8 .9 4 )  water  by w e ig h t ,  samples 

from House 3 were found to  conta in  15.97% (SD = 18.34)  w ater  by w e ig h t .

The f i r s t  popula t ion  peak o f  £ .  c a n ic u la r  is in House 3 (X =

55.1 l a r v a e / l i t e r )  occurred two weeks e a r l i e r  (F ig .  6 ) ,  March 31,  than  

the  peaks observed in Houses 1 and 2 .  A possib le  exp la n a t io n  fo r  t h i s  

is t h a t  the  coned manure absorbed heat more r a p id ly  because of  i t s  

r e l a t i v e l y  l a r g e r  surface /volume r a t i o .  The manure received d i r e c t  

su n l ig h t  f o r  a t  leas t  par t  o f  each day.  The same depression o f  the  

£ .  c a n ic u la r  is popula t ion  on A p r i l  20 was observed. This  d e c l in e  f i r s t  

became ev iden t  on A p r i l  14, when the de n s i ty  dropped from 69 .08  l a r v a e /  

l i t e r  on A p r i l  7 t o  3 7 .6  l a r v a e / l i t e r  on A p r i l  14 and continued to  

drop to  a d en s i ty  of  14.8  l a r v a e / l i t e r  by A p r i l  20.  Th is  event was due 

t o  the p re v io u s ly  mentioned drop in temperature  which occurred a t  t h i s  

t im e .  The popula t ion  d e c l in e  was f a r  more d r a s t i c  in House 3 than in 

Houses 1 an d .2; again t h i s  was probably the  r e s u l t  of  the  l a r g e r  

surface /volume r a t i o  o f  the manure in t h i s  house, a l lo w in g  a g re a te r  

heat loss from the  manure.

The second peak in House 3 occurred on A p r i l  27 (X = 62 l a r v a e /  

l i t e r ) ;  t h i s  coincides both w i th  the.  increase  in temperature  and w i th  

peaks, observed in Houses 1 and 2.  By May 10, the F. c a n ic u la r i s  

popula t ion  dropped t o  a mean o f  1.6 la rv a e /1  i t e r  and, w i th  the  

exception  o f  small increases on May 31,  t o  a mean of 22.1 l a r v a e / l i t e r ,  

and on June 21,  to  a mean o f  9 .6  la rv a e /1  i t e r ,  remained near zero fo r
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the  remainder o f  the  s tudy .  The popula t ion  of  F.  femora 1is was, as in 

Houses 1 and 2 ,  considerab ly  sm al le r  than th a t  of  £ .  c a n ic u la r  i s . The 

peaks and troughs o f  the  F. femoral  is populat ion  p a r a l l e l e d  those 

observed f o r  F. c a n ic u la r  is in t h i s  house. Peaks occurred on A p r i l  7 

(X = 18.9 la rv a e /1  i t e r ) , A p r i l  27 (X = 24 .5  l a r v a e / l i t e r ) ,  May 31 

(X *= 14.7 la rv ae /1  i t e r )  and June 21 (X = 6 . 4  l a r v a e / l i t e r ) .  The 

populat ion  data f o r  House 3 show no in d ic a t io n  of  compet it ion  between 

the two species o f  Fanh ia . I t  is possib le  th a t  a t  the  lower l a rv a l  

d e n s i t i e s  found in t h i s  house, resources ( e . g .  , l a r v a l  m ic ro h a b i ta ts )  

were not l i m i t e d .

House 4 was a temperature  con tro l  house. Temperature in t h i s  

house was regulated  by heat ing  and e vap o ra t ive  coo l ing  systems. The 

manure was almost in a l i q u id  s t a t e ;  samples taken had a mean water  

content of  77.51% by weight (SO = 2 . 9 6 ) .  This was, a t  l e a s t  in p a r t ,  

the  r e s u l t  of  a lack  of  exposure to  s u n l ig h t  and a i r ,  since t h i s  house 

was enclosed.

The mean popula t ion  de n s i ty  of  F. c a n ic u la r i s  in House 4 was 

48 .6 9  l a r v a e / l i t e r ,  t h i s  being s i g n i f i c a n t l y  lower than the  means 

reported f o r  Houses 1 and 2; however, t h i s  dens i ty  is h ighe r  than th a t  

reported fo r  House 3 .  Unl ike  the  s i t u a t i o n s  found in Houses 1, 2 and 

3,  the  £_. femora 11s popula t ion  in House 4 (F ig .  7) was l a r g e r  (o v e ra l l  

X = 68 .22  la rv a e /1  i t e r )  than the  T .  c a n ic u la r  is p o p u la t io n .  In f a c t ,  

the popula t ion  de n s i ty  o f  £ .  femora 1is was h igher  in House 4 than in 

any o f  the  other  houses sampled, i n d ic a t in g  tha t  F. femora 11s can 

t o l e r a t e ,  and even p r e f e r s ,  a subst ra te  w i th  high moisture content .
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The f i r s t  popula t ion  peak in House 4 occurred on March 24,  

much e a r l i e r  than in the o ther  houses. This  was ap p a re n t ly  due to  the  

f a c t  th a t  a h igher  temperature  was maintained in t h i s  house. The 

outs ide  temperature  f o r  the two-week p e r io d ,  from March 11 to  March 24,  

had a mean low o f  3 .1 6  0,  whereas ins ide  House 4 f o r  the same p er io d ,

the  mean low was 1 6 .52°  C, In a d d i t i o n ,  the populat ions remained a t  

t h e i r  h ighest  le v e ls  fo r  a much longer pe r io d ,  from A p r i l  27 to  June 7.  

Again,  t h is  is probably a t t r i b u t a b l e  t o  temperature maintenance in t h i s  

house. The populat ions dropped on June 14 and remained a t  zero  (except  

f o r  an increase in £ .  femora 1 is on June 12) fo r  the rem ainder .o f  the  

study.  The reason f o r  t h is  popula t ion  crash appears t o  be the fa c t  

t h a t  the  populat ions  in ne ighbor ing houses ( in c lu d in g  Houses 1 , 2  and 

3 o f  t h i s  study) crashed a t  t h is  t im e .  Although House 4 produced a 

s u b s ta n t ia l  number o f  l a r v a e ,  th e re  were e s s e n t i a l l y  no a d u l t  f l i e s  

being produced in t h i s  house (as is ind ica ted  by data on pupal popula­

t i o n s ,  discussed s e p a r a t e l y ) „ T h e re fo re ,  la rv a l  populat ions in House 4  

were being produced by a d u l t  f l i e s  immigrating in to  t h i s  house from 

surrounding houses. When the  popula t ions in these houses crashed, the  

populat ions in House 4 l ike w is e  crashed.

Seasonal Abundance o f  Pupae

Figures 8 through 11 i l l u s t r a t e  the seasonal abundance of pupae 

in Houses 1, 2 ,  3 and 4 ,  r e s p e c t i v e l y .  Houses 1 and 2 ,  which produced 

the la rg e s t  number o f  la rv a e ,  not s u r p r i s i n g l y  a lso  y ie ld e d  the la rg e s t  

pupa 1 p o p u la t ions .
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F i g u r e  9 .  Seasonal abundance o f  Fann i a femora 1i s and _Fe c a n i c u l a r i s  pupae in  House
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No. 3.
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House 1 produced an o v e r a l l  mean o f  3.243 £ .  femora 1 is pupae/  

l i t e r  and an almost equal number of  £ .  c a n ic u 1 a r iS  pupae, 3 .586  pupae/  

l i t e r .  The F. fem ora l is  popula t ion  shows one peak, on May 5 ,  w i th  a 

d en s i ty  o f  2 7 .6  pupae /1 i t e r  (F ig .  8 ) .  The F .  can?c u l a r i s  p o p u ia t?on 

shows two peaks,  the  f i r s t  a ls o  occurr ing  on May 5 ,  w i th  a d en s i ty  of  

8 .8  pupae/1 i t e r ;  and a second, l a r g e r  peak,  occurr ing on June 1, w i th  

a d e n s i ty  o f  19,4 p u p a e /1 i t e r .  This second peak appears t o  be in 

response t o  the d e c l in e  in the  F. femoral  is pupal popu la t ion  (from 2 7 .6  

p u p a e / l i t e r  on May 5 t o  9 .0  and 0 . 8  pupae/1 i t e r  on May 17 and June 1 ) .  

This may represent  compet it ion  f o r  s u i t a b le  pupation s i t e s ,  which were 

probably a t  a premium. Brydon, Kada and F u l l e r  (1967) repor t  th a t  

Fannia pupae p r e f e r  a subst ra te  w i th  a 40.5% moisture c o n t e n t . Samples 

taken from t h i s  house revealed t h a t  the  manure contained 49.0% (SD = 

14.76) water  by w e igh t .

Both F .  femora 1is and JF„ c a n ic u la r  is populat ions  in House 1 

began to  d e c l in e  by June 14 and were down t o  near zero  on July  12, 

t h i s  probably  in response to  temperature  extremes (mean high  

temperature f o r  the  period o f  June 10 to  July  16 was 3 7 . 2 °  C ) .

House 2 produced the la rg e s t  pupal populat ions  (F ig .  9) of  the  

fo u r  houses, w i t h  an o v e r a l l  mean o f  13.89 £ .  femora 1?s pupae /1?t e r  and 

4 .8 6  £ .  c a n i c u l a r i s  pupae /1i t e r .  Both populat ions  reached one peak 

dur ing  the  study,  which occurred,  as in House 1, on May 5 .  The 

F. fe m o ra l?s popula t ion  reached a d e n s i ty  o f  118.8 pupae/1 i t e r  on t h i s  

d a te ,  whereas the £ .  c a n ic u 1 a r i s  d e n s i t y  was a much lower 2 1 .4  pupae/  ' 

l i t e r .  The £ .  femora 1is populat ion  dec l ined  t o  a d e n s i ty  o f  25 .0
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p u p a e / l i t e r  on May 17, and continued t o  de c l in e  to  near ze ro .  The 

populat ion  remained a t  ze ro ,  w i th  the  exception of  a small peak on 

July  26 (7 .6  p u p a e / 1 i t e r ) , f o r  the  remainder of  the  s tudy .  The 

JF. c a n ic u la r i s  popu la t ion  dropped t o  a dens i ty  of  12.4  pupae/1 i t e r  on 

May 17, but then had a small increase to  13.4 p u p a e /1 i t e r  on June 1, 

fo l lowed by a d e c l in e  t o  7 .2  pupae /1 i t e r  on June 14. The £ .  c a n ic u la r  is 

popula t ion  was below the leve l  of  the £ .  femora 1 is popu la t ion  f o r  the  

e n t i r e  study p e r io d ,  except f o r  the  two sample dates a f t e r  May 17, the  

t ime a t  which the F.  femora 1is popula t ion  crashed. This may be the  

r e s u l t  o f  the  same type o f  compet it ion  f o r  pupation s i t e s  as was 

observed in House 1.

Houses 3 and 4 produced very  small populat ions  o f  pupae; 

however, c e r t a i n  popula t ion  peaks are  ev iden t  and are  worthy of  

c o n s id e ra t io n .  House 3 was the  only house in which the  number of  

£ .  c a n ic u la r  is pupae ( o v e r a i 1 X = 1.1 p u p a e / l i t e r )  outnumbered the  

£ .  femora I ? s pupae ( o v e r a l l  X = 0 .6  pupae/1 i t e r ) . As p rev io u s ly  

mentioned, the  manure in House 3 was the lowest in moisture  content  

(15.97% by w e i g h t ) . Th is  fa c t  is a p p are n t ly  responsib le  f o r  the lower 

numbers o f  £„ femora 1 is pupae, which seem to  have h igher  moisture  

requirements than £ .  c a n i c u l a r i s . The populat ion o f  £ .  femoral  Is 

pupae in House 3 (F ig .  10) shows two major peaks of  equal  magnitude.

The f i r s t  of  these occurred on A p r i l  20,  when the d e n s i ty  rose to  2 .4  

p u p a e / l i t e r .  The popula t ion  then f e l l  t o  zero  on May 5 and remained 

a t  zero  on the fo l lo w in g  sample d a te .  May 17. : On June 1 the  popula t ion  

rose a g a in ,  t o  a d e n s i ty  o f  2 .2  pupae/1 i t e r ,  dropped s l i g h t l y  on
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June 14, t o  1 .8  p u p a e /1 i t e r ,  and then f e l l  to  a d en s i ty  o f  0 . 4  pupae/  

l i t e r  on June 29.  A small increase to  1 p u p a / l i t e r  was observed on 

July  12, fo l lowed by a drop to  zero  on the  next sample date  (July 2 6 ) .  

The pupal popula t ion  o f  £ .  c a n ic u la r  is in House 3 peaked only once, on 

A p r i l  20,  to  a d e n s i ty  of  7 .2  p u p a e / l i t e r .  The popula t ion  then 

d e c l in e d ,  over the  next th re e  sample d a tes ,  to  near ze ro ,  where,  with,  

the exception o f  a small increase on Ju ly  12, i t  remained. The Fannia 

pupal populat ions in House .3 showed t h e i r  f i r s t  peaks two weeks e a r l i e r  

than the  populat ions in Houses 1 and 2; t h i s  was probably due to  the  way 

in which the  manure in t h i s  house accumulated.  As descr ibed e a r l i e r ,  

the manure formed cones, and as mentioned, the la rg e r  surface /volume  

r a t i o  probably re su l ted  in heat ing  o f  the  manure, f a v o r in g  an 

increase in developmental  fa tes  o f  the  f l i e s .

House 4 produced the  fewest Fannja pupae, w i th  o v e r a l l  means of  

0 .8  F. femoral  is p u p a e / l i t e r  and 0 .03  £ .  c a n ic u la r ! s  p u p a e / l i t e r .  The 

£ .  femora 1is popula t ion  f i r s t  appeared on May 5 (F ig .  11 ) ,  w i th  a 

dens i ty  o f  1■p u p a / 1 i t e r ;  the  same d en s i ty  was present on the fo l lo w in g  

sample date (May 17) .  The la rg e s t  peak occurred l a t e ,  on June 29,  w i th  

a d e n s i ty  o f  7 .4  pupae/ l  i t e r .  £ .  can i c u l a r i s  pupae were recovered on 

only one sample day from House 4 ,  June 29,  a t  a d e n s i ty  o f  0 . 4  pupa/  

l i t e r .  The apparent reason f o r  the  small pupal popu la t ion  in House 4 

was the very  high moisture content,  o f  the  manure, 77.5% (SD = 2 . 9 6 ) .

Pupal P a r a s i t i z a t i o n

P a r a s i t i z e d  pupae f i r s t  began t o  appear on A p r i l  20; on t h i s  

date p a r a s i t i z e d  £ .  c a n I c u l a r i s  pupae were recovered from Houses 2 and
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3= Table 1 summarizes pupa 1 paras i t  i z a t  ion data f o r  both Fann ? a

species in each house. O v e r a l l ,  F. can?cu1 a r ?s were more h e a v i ly  '

p a r a s i t i z e d  (40% of  recovered pupae) than F . femora 1 is (27.8% of

recovered pupae). Legner and Brydon (1966) report  th a t  Fannia spp.

pupae are  more h e a v i ly  p a r a s i t i z e d  than those of  Husca domestica

Linnaeus because they do not pupate as deeply  in the  manure. Perhaps

t h i s  same behav iora l  d i f f e r e n c e  e x is t s  between F. femoral  is and

£ .  c a n S c u la r is , r e s u l t i n g  in the  l a t t e r  being more h e a v i l y  p a r a s i t i z e d .

House 2 had the  highest percent paras i t i z a t i o n  of  Fannia spp. pupae,

a t  37.57%, poss ib ly  due t o  the  f a c t  t h a t  the  f lo o r s  o f  the  dropping

areas were composed o f  concre te .  Concrete prevents the larvae  from

pupating in the s o i l  and t h e r e f o r e  exposes them t o  paras i t i z a t i o n

(Legner and Brydon 1966).  ...s r  -

House 1 had the  lowest combined percent o f  Fannia pupal 

p a r a s i t  i z a t i o n , 23.1%. House 1 was q u i te  s imi l a r  in c onstruct  ion t o  : 

House 2; a p p are n t ly  the  c r i t i c a l  d i f f e r e n c e  was t h a t  the  f lo o r s  of  the  

dropping areas in House 1 were composed o f  d i r t .

Three species o f  pupal pa ra s i te s  were i d e n t i f i e d  from the f o u r  

study houses: Spalanqia endius Walker ,  Musc id ifurax  ra p to r  Geraul t  and

Sanders, and a Eurytoma species.  The percent o f  the  t o t a l  p a r a s i t i z e d  

pupae a t t r i b u t a b l e  t o  each o f  these spec ies ,  in each house, is 

presented in Table 2 .  _S. end?us and M. ra p to r  were responsib le  f o r  the  

m a jo r i t y  of  the  observed pupal paras i t i z a t i o n .  M. r a p to r  showed a 

marked pre fe rence  f o r  the pupae of f . c a n ic u 1 a r i s , havlng been 

responsib le  f o r  p a r a s i t i z i n g  71.38% o f  a i l  the  p a r a s i t i z e d  £ .
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Table 1. Mean percent paras i t i z a t i o n  o f  F. femoral  is and
_F0 can icu lar?s  pupae in each o f  the  t e s t  houses f o r  the  
study period (March 18 -  August 23,  1976).

X % JF. c a n i c u l a r i s  X % F,  femora 1 is
House NOo. p a r a s i t i z e d  p a r a s i t i z e d  , Combined X %

1 35 .86  10,39 23.13

2 37.83  37 .30  37 .57

3 46 .35  4 .1 7  25.26

4 -  59.21 -
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Table 2„ Percent o f  t o t a l  
p a r a s i te  species

p a r a s i t i z e d
» - .. ■ ■ ■

pupae a t t r i b u t a b l e to  each

% P a r a s i t i z e d  by

House No. Host Pupa S. end?us M., rap tor  Eurytoma spp.

1 F. femora 1 is 55 .72 4 4 .2 8 0

F. c a n i c u l a r i s 2 0 .8 4 76.50 2 .6 4

2 F. femoral  is 6 7 .14 24.39 8 .47

F. c a n i c u l a r i s 39.52 60.00 0 .4 8

3 F. femoral  is 6 6 .67 33.33 0

F. c a n ic u l a r i s 22 .36 77.64 0

4 F. femora 1is 83.35 16.65 .0

F. c a n ic u la r i s 0 0 0
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c a n ic u la r  is pupae. £ .  end i u s on the o ther  hand, appeared to  p r e f e r  

F. fe m o ra ]?s pupae, having p a r a s i t i z e d  68.22% of  a l l  the  p a r a s i t i z e d  

F. femoral  is pupae.

The highest lev e ls  of  paras i t i z a t i o n  occurred in mid-June f o r  

F. c a n ic u la r  is and in l a t e  Ju ly  f o r  £ .  femoral  is (Table 3 ) .  

U n f o r tu n a te ly ,  these peaks o f  p a r a s i t i z a t i o n  did not c o in c id e ,  

te m p o ra l ly ,  w i th  the  popula t ion  peaks o f  the two Fannia species,  

decreasing the  impact o f  paras i t i z a t i o n  on na tura l  c o n t r o l .  The 

p a r a s i te  species seem t o  req u i re  h igher  temperatures than the  f l y  

species can t o l e r a t e .

Results of  S t a t i s t i c a l  Analys is  

The mean numbers o f  £ .  femora 1 is and F_. c an icu la r? s  larvae  

produced in each study house were compared using Duncan1 s M u l t ip le  

Range Test  (LeClerg e t  a l .  1962) to  i d e n t i f y  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s .  . Results are  presented in Table 4 and in Appendix,  Table I . 

S i g n i f i c a n t  d i f f e r e n c e s  in the  numbers o f  JF. fem ora l is  la rvae  produced 

were found between Houses 2 and 3 and Houses 4 and 3 ,  w i th  House 3 

producing the  fe w e s t . The numbers o f  _F. c a n ic u la r i s  la rvae  produced 

were found to  be s i g n i f i c a n t l y  d i f f e r e n t  between Houses 1 and 3,

Houses 2 and 3 ,  Houses 1 and 4 ,  and Houses 2 and 4 .

Data bn the  mean number of  F. femoral  is and F. can . icu lar is  

pupae were l ik e w is e  compared using Duncan's M u l t ip le  Range T e s t .

Results are  presented in Table 4 and in Appendix,  Table  I I „

S i g n i f i c a n t  d i f f e r e n c e s  in the  numbers o f  F. femoral  is pupae produced 

were found between Houses 2 and 3 and Houses 2 and 4 .  No s i g n i f i c a n t



Table 3.  Seasonal occurrence of  pupal p a r a s i t i z a t i o n  in the four study houses, beginning on A pr i l .  20 
(no pupae were c o l le c te d  p r i o r  t o  A p r i l  2 0 ) .

% £ .  femoral is p a r a s i t i z e d  % £ .  c a n ic u la r  is p a r a s i t i z e d
by _S. endius by M. rap tor  by S. endius by H. raptor

in in in in
House House House House

Date 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

4 /2 0  ' - - - - - -  , - - 20 .0 11.8 - - 80.0 88.2 “

5 /5 100 100 - 100 0 0 - - 6 6 .7 0 0 . - 33.3 100 100 . „

5 /1 7 100 93.3 100 ■ 0 6 .7 0 - 0 37 .9 0 . « 100 62.1 100

6/1 0 59.5 0 -  ' 100 40 .5 100 4 .5 49.1 - 95 0 5 50 .9 - -

6 /1 4 28.6 76.5 100 - 71 .4 23.5 - - 15.8 4 1 .2 100 71 el 55 .9 0

6 /29 20.0 "" 100 50.0 - - 0 38 .9 ■ « - 100 55.6 - - ‘ -

7/12 - 33.3 “ . 66 .7 - 66 .7 33.3 20 .0 88.9 0 - 80.0 11.1 100 -

7/26 - 7 .4 - 66 ,7 - 33.3 -  ■ 33.3 - - - - - - , -  • -

8 /9 , - - ” - ' - - -• - 0 - - 100 - - -

8/23 — ■ 100 - 0 - - . • —• "" ea ■ - — - / -

X = 55.72
67 .14

6 6 .67
0

4 4 .28
24.39

33o33
16.65

20 .84
39.52

22.36
100

76.50
60.00

77.64
0

in
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Table  4 ,  Mean values f o r  numbers o f  la r v a e ,  pupae and percent pupal 
paras i t i z a t i o n  f o r  femora 1 is and F, c a n i c u l a r i s  in the  
fo ur  study houses, w i th  s t a t i s t i c a l  d i f f e r e n c e s  between 
values in d ic a te d .

£ .  femora 1is £ .  c a n ic u l a r i s
% Pupa 1 . % Pupa 1

House Paras i t  i z a -  Paras i t i z a -
No. Larvae Pupae t io n  Larvae Pupae t  ion

1 2 4 . 76AB 3.42AB 10.39A 140.00A 3.59A 35.86A

2 5 9 .4 4 a 13.89A 37.30B 1 46 .80A 4.86A 37.83A

3 3.79B 0.57B 4 i  17A 13 .36 b 1.14a 4 6 .3 5 A

4 68.22A 0 . 7 6 b 5 9 . 2 1 B 48 .696 0 .03 -

Any two means, w i t h i n  houses f o r  each l i f e  s tage,  fo l lowed by d i f f e r ­
ent l e t t e r s  are  s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0 .05 l e v e l s .  Duncan's 
M u l t i p l e  Range T e s t .
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d i f fe r e n c e s  were found in the populat ions o f  c a n ic u la r  is between 

any of  the houses„

Percent pupal paras i t i z a t  ion was l ike w ise  analyzed by Duncan's 

M u l t i p l e  Range T e s t ,  and r e s u l ts  are  presented in Table  4  and in 

Appendix,  Table I I I .  D i f fe re n c es  in percent pa ras ?t  i z a t  ion of  

£ ,  femoral  is pupae were found t o  be s i g n i f i c a n t  between Houses 2 and 3 ,  

Houses 4 and 3 ,  Houses 2 and 1, and Houses 4 and 1. The d i f fe r e n c e s  

between percent paras i t i z a t i o n  o f  £ .  c a n ic u la r  is pupae were not 

s i g n i f i c a n t  in any o f  the  houses. Because the number o f  F. c a n ic u la r  is 

pupae recovered in House 4 was so sm a l l ,  data on percent paras i t  i z a t  i on 

could not be analyzed.

Conclusions

The c o n st ru c t io n  design employed in House 3 re su l te d  in the  

sm al lest  l a r v a l  populat ions  o f  both Fannia species (8 .6  l a r v a e / l i t e r ) ,  

and the smal lest  populat ion  of  £ .  femoral  is pupae ( 0 . 4  p u p a e / 1 i t e r ) .

House 4 produced s m al le r  numbers of  £ .  c a n ic u la r  is pupae (0.1 pupae/  

l i t e r ) ;  however,  the  d i f f e r e n c e  between the  means of F. c a n ic u la r  is 

pupae in Houses 4 and 3 were not found to  be s i g n i f i c a n t .

Paras i t i z a t i o n  o f  F. c a n i c u l a r i s  pupae was highest in House 3 (46.35%);  

however,  p a r a s i t i z a t i o n  of  £ .  femora 1 is pupae was lowest (4 .17%).

O v e r a l l ,  the  design of the  type e x e m p l i f ie d  by House 3 is the  most 

successful  in suppressing populat ions  o f  £ .  femora 1is and £ .  c a n i c u l a r i s .

The manure in House 3 was the d r i e s t  (15.97% w ater  by w e ig h t ) .

I t  is t h i s  fa c t  which seems to  be responsib le  fo r  the  low production of  

Fannia in t h i s  house. The f a c t  t h a t  House 3 was found, t o  produce the
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fewest larvae  ind ica tes  t h a t  the manure w i t h in  i t  was lea s t  a t t r a c t i v e  

as an o v ip o s i t  ion s i t e .  K1iewer and Boreham (1964) r e p o r t  th a t  a 

subst ra te  w i th  a moisture content  o f  33.3% had l i t t l e  or no a t t r a c t a n c y  

to  o v ip o s i t in g  females of  F. c a n i c u i a r i s . In a d d i t i o n ,  the  low 

moisture content, leads to  high la r v a l  m o r t a l i t y ,  as ind ica ted  by the  

small numbers o f  pupae recovered.  Pupal p a r a s i t i z a t i o n  in t h i s  house 

could have been enhanced by c o nst ruc t in g  the  bottom o f  the  manure 

dropping areas' out o f  concrete  r a th e r  than d i r t .

In conclus ion,  the c o nst ruc t io n  design of House 3,  which  

re su l te d  in the  formation o f  manure cones having a low moisture  

conten t ,  is the  most e f f e c t i v e  in suppressing populat ions o f  

F. c a n i c u i a r i s  and F. femora 1 i s .
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39



40

Table I .  Results o f  Duncan's M u l t i p l e  Range Test  f o r  larvae  of
£_= can i c u la r  i s and F. femoral  is in the  four  s t u d y , houses.

Mean D i f fe re n c es  0 .05  Confidence Level 0.01 Confidence Level,
( l a r v a e / l i t e r )  rp Rp rp Rp

femora 1 is

H1“ H3 — 20.97 2 .772 47 .063 3 .643 61.851

H2-H3 = 5 5 . 6 5 * • 2 .918 4 9 .5 4 2 3 .796 64.448

H4-H3 = 6 4 . 4 3 * 3 .017 51.223 3 .900 66 .2 14

H2-H1 = 34 .68 2 .772 47 .063 3.643 61.851

H4-H1 = 4 3 .46 2 .918 49 .542 3 .796 64 .448

H4-H2 = 8 .7 8 2 .772 47.063 3.643 61.851

c a n ic u la r  is

H4-H3 = 35.33 2 .772 69 .114 3 .643 90.831

H1-H3 = 126.64-'’>* . 2 .918 , 72.755 3 .796 94.646

H2-H3 = 133.44-'-* 3 .017 75.223 3 .900 97.239

Hi -H4 = 9 1 . 3 1 * ’ 2 .772 69 .1 14 3.643 90.831

H2-H4 = 98.11 *- 2 .9 18 72.755 3 .796 . 94.646

H2-H1 = 6 .8 2 .772 69 .1 14 3 .643 90.831

rp = s i g n i f i c a n t s t u d e n t ? zed range, Rp = shor tes t  s i g n i f i c a n t range.

Hi = mean number of  larvae  in House 1, H2 = mean number 0f  larvae in
House 2,  e t c .

*  s i g n i f i c a n t  a t  0 .05  leve l  of  conf idence ,  

^ ^ s ig n i f i c a n t  a t  0.01 leve l  o f  conf idence .

s i g n i f i c a n t  i f  mean d i f f e r e n c e  Rp.
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T a b l e  I I .  R e s u l t s  o f  D u n c a n ' s  M u l t i p l e  Range T e s t  f o r  pupae o f
£ ,  c a n i c u l a r  i s  and F. fem ora  1 i s  i n  t h e  f o u r  s t u d y  h o u s e s .

Mean D i f fe ren ces  
(pupae /1 i t e r )

0 .05  Confidence
rp

Level.
Rp

0.01 Confidence Level 
rp Rp

femoral  is

H4-H3 = 0 .13 2 .772 10.925 3.643 14.358

H1-H3 = 3.05 2 .9 18 11.501 3 .796 14.961

H2-H3 = 1 2 .3 6 * 3 .017 11.891 . 3 .900 15.371

Hi-H4 - 2 .917 2.772 10.925 3.643 14.358

H2-H4 = 1 2 .2 3 * 2 .9 18 11.501 3 .796 14.961

H2-H1 - 9.31 2 .772 10.925 3.643 14.358

c a n ic u la r  is

H3-H4 = .467 , 2 .772 3.745 3,643 4 .922

H1-H4 = 1.40 2 .918 3.943 3 .796 5 .129

H2-H4 — 3 .50 3 .017 4 .0 7 6 3.900 5 .269

H1-H3 = .933 2 .772 3.745 3.643 4 .9 22

H2-H3 = 3 .03 2 .918 3 .943 3 .79 6 5 .129

H 2—H1 — 2 .10 2 .772 3.745 3.643 4 .922

rp -  s i g n i f i c a n t  s tudent ized  range,  Rp = s h o r te s t  s i g n i f i c a n t  range.

H4 = mean number o f  pupae in. House 4 ,  H3 = mean number o f  pupae in 
House 3,  e t c .

*  s i g n i f i c a n t  a t  0 .05  leve l  o f  confidence ( s i g n i f i c a n t  i f  mean d i f f e r ­
ence Rp.
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T a b l e  I I I .  R e s u l t s  o f  D u n c a n ' s  M u l t i p l e  Range T e s t  f o r  p e r c e n t
p a r a s i t l z a t i o n  o f  F a n n ia  pupae in  t h e  f o u r  s t u d y  h o u s e s .

Mean D i f fe re n c es  0 .05  Confidence Level 0.01 Confidence Level
(% p a r a s i t l z a t i o n )  rp Rp rp Rp

femora 11s

H1-H3 6.223 2 .858 26.210 3.825 35.079

H2-H3 3,3.133* 3 .006 26.250 3 .988 34.825

H4-H3 5 5 . 0 4 3 * * 3 .102 35.462 4 .0 9 8 46 .8 49

H2-H1 2 6 . 9 1 * 2 .858 22.555 3.825 30 .186

H4-H1 4 8 . 8 2 * * 3 .006 32.475 3 .9 88 4 3 .0 84

H4-H2 = 21.91 2 .858 29.820 3.825 39.910

c a n i c u l a r i s

H2-H1 1.97 2 .858 22.276 3 .825 29.813

H3~H 1 10.49 3 .006 27.226 3 .988 36.121

H3-H2 8.52 2 .858 24.487  " 3 .825 33.515

rp = s i g n i f i c a n t  s tudent ized range, Rp = shor tes t s i g n i f i c a n t range.

Hi = mean percent  p a r a s i t i z e d  pupae in House 1, H2 = mean percent  
p a r a s i t i z e d  pupae in House 2 ,  e t c .

*  s i g n i f i c a n t  a t  0 .05  leve l  of  conf idence .

* * s i g n i f i c a n t  a t  0,01 leve l  of  conf idence .

s i g n i f i c a n t  i f  mean d i f fe r e n c e s  Rp.
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