
STUDIES ON THE SUCCESSION OF SAPROPHAGOUS DIPTERA 

ON MAMMAL CARCASSES IN SOUTHERN ARIZONA

by

John F. Burger

A T hesis Subm itted to the Faculty of the

DEPARTMENT OF ENTOMOLOGY

In Partial Fulfillm ent of the Requirements 
For the Degree of

MASTER OF SCIENCE

In the G raduate C ollege

THE UNIVERSITY OF ARIZONA

1 9 6 5



STATEMENT BY AUTHOR

This th e s is  has been subm itted in partia l fulfillm ent of the 
requirem ents for an advanced degree a t The U niversity  of Arizona and 
is  deposited  in the U niversity  Library to be made ava ilab le  to borrowers 
under ru les of the Library.

Brief quotations from th is  th e s is  are allow able w ithout specia l 
perm ission, provided th a t accu ra te  acknowledgm ent of source is  made. 
R equests for perm ission for extended quotation from or reproduction of 
th is  m anuscript in whole or in part may be granted by the head of the 
major departm ent or by the Dean of the Graduate C ollege when in his 
judgment the proposed use of the m aterial is  in the in te re s ts  of sch o la r­
ship . In a ll other in s tan c es , however, perm ission must be obtained 
from the author.

SIGNED:

APPROVAL BY THESIS DIRECTOR

This th e s is  has been approved on the date shown below:

Professor of Entomology
Date



ACKNOWLEDGMENTS

The author w ishes to express his thanks to Dr. F. G. W erner, 

Departm ent of Entomology, U niversity  of Arizona, Tucson, whose sug ­

gestions led  to the in itia tio n  and com pletion of th is  study, to Dr. L. A. 

Carruth, Head, Departm ent of Entomology, for providing financial 

support, w ithout which th is  study could not have been carried  out,

Dr. W. L. Nutting, Departm ent of Entomology, for many helpful 

suggestions, Dr. A. L. P icchioni, Departm ent of Pharmacy, for 

supplying the c a rc a sse s  used  in April, Pima County Rabies Control 

Unit for supplying the c a rca ss  used  in  February and to  Mr. H. L. 

Versteeg for the use  of h is property during th is  study.

\

i i i



TABLE OF CONTENTS

Page

LIST OF TABLES........................................................................................................... v ii

LIST OF ILLUSTRATIONS........................................................................................v iii

ABSTRACT.................................................................................................................  x

I. INTRODUCTION........................................................................  1

II. METHODS AND MATERIALS.............................................................. 4

III. SUCCESSION OF CARCASS-BREEDING FLIES IN WINTER . . .  8

A. D ecom position of the C a r c a s s ..............................................  8

B. A ctivity of Adult C arcass-B reed ing  F l i e s ......................... 12

C. Invasion  of the C arcass by C arcass-B reed ing  Fly
L a r v a e .........................................................................................  19

D. Sequence, Activity and Abundance of Immature
C arcass-B reeding  F l i e s .......................................................  24

IV. SUCCESSION OF CARCASS-BREEDING FLIES IN SPRING . . .  30

A. D ecom position of the C a rca sse s  ........................................  30

B. A ctivity of Adult C arcass-B reed ing  F l i e s .........................  30

C. Invasion  of the C arcass  by C arcass-B reed ing  Fly
L a r v a e ........................................................................................   32

D. Sequence, Activity and Abundance of Immature
C arcass-B reeding  F l i e s ........................................................ 32

E. Effect of Temperature on the Invasion of C a rcasse s  • • 33

iv



V

V. SEASONAL CHANGES IN SPECIES ABUNDANCE AND
ACTIVITY OF ADULTS AND LARVAE...........................................  38

A. Species D iversity  ...................................................................  38

B. Seasonal Changes in the Abundance of C a rc a ss -
Breeding Fly L a r v a e .............................................................  38

C. Seasonal Changes in the Abundance and Activity
of the C arcass-B reed ing  Sarcophagidae ...................... 39

D. Seasonal Changes in the Abundance and Activity
of the C arcass-B reed ing  C a ll ip h o r id a e ......................... 43

E. Com parison of Larval Sequence in Southern Arizona
with South Africa and Northern Q u e e n s la n d ................ 45

VI. INTERSPECIFIC AND INTRASPECIFIC COMPETITION............. 48

A. I n tro d u c t io n .........................................................................  • • 48

B. A vailability  of C a rca sse s  ....................................................  48

C. C a n n ib a lis m ................................................................................ 49

D. The Work of U llyett and N i c h o l s o n ..................................  5p

E. Total Number of Adult F lies Produced from C arcasse s
in W inter and Spring ..........................................................  52

F. Com petition Between E stab lished  S p e c i e s ...................... 52

G. S u m m a ry .....................   55

VII. LABORATORY REARING....................................................................... 57

VIII. SUMMARY AND CONCLUSIONS...........................................   60

IX. APPENDICES..........................................................................................  63

A. Taxonomy of D iptera A ssociated  w ith C a rca sse s  . . . .  64

P age



vi

1. In tro d u c tio n ....................................................................... 64

2. M anipulation of Adults and Larvae ......................... 65

B. Key to Adult D iptera M ost Commonly A ssociated  w ith
C a rca sse s  in  Southern A r iz o n a ........................................  69

C. Key to Third In s ta r Larvae A ssociated  w ith C a rca sse s
in  Southern Arizona; Based on Posterior Spiracles
and C e p h a lo s k e le to n ..........................................................  74

D. Species D e s c r ip t io n s .............................................................  77

E. Predators and P a ras ite s  .............................................   86

1. P re d a to rs ............................................................................. 86

a. H is te r id a e .....................  86

b. S ta p h y lin id a e ..........................................................  86

c. Form icidae .............................................................  87

2. P a ras ite s  . ....................................    88

a. M ormoniella v i t r i p e n n i s .....................................  88

b. Alysia r id ib u n d a ....................................................  89

F. Other In sec ts  A ssociated  with D ecay ............................  91

1. D e rm e s tid a e ....................................................................... 91

2. M iscellaneous D ip t e r a ...................................................  91

X. LITERATURE C ITED .............................................................................  102

P age



LIST OF TABLES

1 Maximum and minimum tem peratures and mean maximum
and minimum tem peratures in °F December, 1963 to
May, 1964 in the Tucson M ountains, A rizona........................  7

2 T otals and percen tages of larvae co llec ted  from c a rc a sse s
in February and April, 1964.............................................................  40

3 Total adu lt flie s  produced from c a rc a sse s  in February and
April, 1964 ........................  51

4 Length of life  cycle  in  days for three sp ec ies  of c a rc a s s ­
breeding f lie s  in April, 1964 .............................................. ... .• 58

T ab le  P age

v i i



1

2

3

4

5

6

7

8

9

10

11

12

LIST OF ILLUSTRATIONS

Page

W eather conditions and adu lt ca rcass-b reed in g  fly 
a c t iv i ty ............................................................................................ 15

Percent larval com position of three sp ec ie s  of c a rc a s s - 
breeding flie s  co llec ted  from a dog c a rca ss  February 1 
to March 5, 1964 ......................................................................  28

Percent larval com position of three sp ec ies  of ca rca ss  
breeding flie s  co llec ted  from two ca t c a rc a sse s ,
April 13 to  April 16, 1964 .......................................................  35

G eneralized  posterio r sp irac le  of Sarcophaga. Third 
instar, le ft posterio r sp irac le  ................................................  93

G eneralized  cephaloskele ton  of C alliphora . Lateral 
view . Third i n s t a r ...................................................................  93

Sarcophaga c e ssa to r  Aldrich. Left posterio r sp irac le .
Third in sta r. x200 ...................................................................  94

Sarcophaga c e ssa to r  Aldrich. C ephaloskeleton . Third 
in sta r. x200 ................................................................................ 94

H ystricocnem ina plinthbpyga (W iedemann). Left p o s te r­
ior sp irac le . x200. Third i n s t a r ........................................  95

H ystricocnem ina plinthopyga (Wiedemann) cephaloskeleton . 
x200. Third in s ta r .......................................................................  95

Cochliom yia m acellaria  (Fabricius). Left posterior 
sp irac le . Third in s ta r. x200 .................................................  96

Cochliom yia m acellaria  (Fabric ius).cephaloskeleton .
Third in s ta r. x200 .................................................................... 96

Paralucilia  w heeler! (Hough). Left posterio r sp irac le .
Third in s ta r. x200 .................................................................... 97

v i i i



Figure Page

13 Paralucilia  w heeleri (Hough). C ephaloskeleton . Third
in sta r. x200 ................................................................................  97

14 Phormia regina (M eigen). Left posterio r sp irac le . Third
in sta r. x200 ................................................................................  98

15 Phormia regina (M eigen). C ephaloskeleton . Third
in sta r. x200 .............................................   98

16 Phaenlcia se rica ta  (M eigen). Left posterio r sp irac le .
Third in sta r. x 2 0 0 .....................................................................  99

17 Phaenlcia  se rica ta  (M eigen). C ephaloskeleton . Third
in sta r. x200 ..............................................  99

18 Eucalliphora lila ea  (W alker). Left posterior sp irac le .
Third iristar. x200 .....................................................................  100

19 Eucalliphora lila e a  (Walker)* C ephaloskeleton . Third
instar. x200 ................................................................................  100

20 C alliphora co lo radensis  Hough. Left posterio r sp irac le .
Third in s ta r. x200   101

21 C alliphora co lo radensis Hough. C ephaloskeleton .
Third in s ta r. x200    101

ix



ABSTRACT

O bservations on c a rc a sse s  exposed in  the fie ld  were made from 

December, 1963 to May, 1964 in  the Tucson M ountains of Southern 

Arizona. Adults and larvae of saprophagous sp ec ie s  were co llec ted  

throughout the study period and iden tified  in the laboratory.

Prelim inary re su lts  in d ica te  tha t there is  a defin ite  su ccess io n  

of sp ec ies  invading c a rc a sse s  which is  controlled  by seaso n a l changes 

in  tem perature and by chance fac to rs which a ffec t invasion  by sap ro ­

phagous sp e c ie s .

During the w inter m onths, c a rca ss  decom position occurs slowly 

because  larvae are ac tive  only during the day w hile in  spring decom posi­

tion  occurs very rapidly and larvae  are  ac tive ly  feeding throughout the  

day and night.

Phormia reglna (Meigen) w as the dominant blowfly sp ec ies  

throughout the w inter months, Cochliom yia m acellaria  (Fabricius) during 

the summer months, and Phaenicia  se rica ta  (Meigen) during the spring. 

H ystricocnem ina plinthopyga (Wiedemann) was the dom inant f lesh  fly 

throughout the study.

Com petition for food and space  w as the main factor w hich 

lim ited the numbers of adu lts produced from exposed c a rc a ss e s . The 

o n se t of warm spring w eather in ten sified  the com petition betw een



larval sp e c ie s . C a rca sse s  in  April produced only one-fourth  as many 

adult f lie s  a s  the c a rca ss  exposed in  February.

Predators and p a ra s ite s  played only a minor role in affecting  

the number of adu lts  produced by a c a rc a ss .



I. INTRODUCTION

In the  la s t  th irty  years, the increasing  severity  of blowfly 

depredations in  the sheep ra is ing  a reas  of A ustralia, New Zealand, and 

South Africa have led  to d e ta iled  queries into the nature of su ccess io n  

of blow flies on c a rc a sse s  and the factors controlling blowfly abundance. 

Much of the work done on blowfly ac tiv ity  in North America has d ea lt 

only w ith certa in  sp ec ie s . L ittle  work has been done on the blow flies 

and flesh  f lie s  p resen t in  Arizona.

The p resen t th e s is  d ea ls  w ith life  cy c les , seaso n al varia tion  

and population dynamics of saprophagous D iptera in Southern Arizona. 

The p resen t work a lso  d ea ls  w ith the developm ent of m ethods and 

techn iques, descrip tion  and keys for species p resent, e ffec ts  of larval 

invasion  upon c a rca ss  com position, seaso n al varia tion  in adult and 

larval ac tiv ity  and spec ies decom position. Although the study a t 

p resen t has been of short duration, many in te resting  fac ts  help to 

com plete a p icture of fly ac tiv ity  in  Arizona.

This study is  not intended to be of particu lar econom ic value 

other than as  a com pilation of inform ation on sp ec ies  which may be of 

econom ic im portance to  the liv esto ck  industry or concerning a sp ec ts  

of determ ining time of death  in  cadavers a s  may be encountered in 

Forensic M edicine.
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Of particu lar im portance is the role of the Sarcophagidae in 

c a rca ss  invasion, an a sp ec t heretofore generally  ignored. As pioneer 

invaders of a fresh c a rca ss , the sarcophagids play an im portant role 

in  the in itia l breakdown of c a rca ss  t is su e  and indirectly  a ffec t the 

subsequent invasion  by various calliphorids.

Much of the work concentra ted  on saprophagous D iptera since 

the turn of the century has em phasized the unraveling of the complex 

taxonomy of the groups involved. This is  particu larly  true in the 

fam ilies C alliphoridae and Sarcophagidae. W ithin the la s t  fifteen  

years works have been published  by Roback (1954) on the evolution 

and taxonomy of adu lt Sarcophagidae based  on aedeagal morphology, 

Sanjean (1957) on the taxonomy of sarcophagid larvae, and Hall (1947) 

on the C alliphoridae. Name changes for sarcophagids formerly in  the 

genus Sarcophaga are those  proposed by Roback (1954).

Papers dealing with the ecology of the C alliphoridae and 

Sarcophagidae and including such a sp ec ts  as com petition for food and 

the gamut of b io tic  factors affecting fly populations co n stitu te  only a 

sm all part of a ll the papers dealing  w ith th e se  groups. The majority of 

the stud ies concerned w ith the ecology of the calliphorids have been 

carried  out in a reas  where sheep are an im portant bulwark in the 

economy, notably South Africa, New Zealand, A ustralia and, to some 

extent, the W estern  U nited S ta te s . T hese stud ies have d ea lt w ith the
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sp ec ies  which cau se  strike  in sheep, rendering great lo sse s  to "the 

economy. Three such stud ies are outstanding for the ir exhaustive  

treatm ent. Fuller (1934) d ea ls  with sp ec ies  causing  sheep strike in 

Northern Q ueensland. Smit (1931) p resen ts ex tensive  data on spec ies  

in  South Africa. U llyett (1950) summ arizes Sm it's work and p resen ts 

valuab le  inform ation on the nature of in te rsp ec ific  and in traspec ific  

com petition for food and space  among blowfly populations. Virtually 

no com parable work has been done on the Sarcophagidae, which are of 

somewhat le s s  im portance econom ically . M ost sarcophagids are not 

known to be primary invaders of healthy  anim als, but James (1947) 

records c a se s  of cu taneous, wound and in te s tin a l m yiasis by larvae 

of th is  fam ily. Some sarcophagids are p a ra s itic  on injurious in se c ts  

such as grasshoppers and b ee tle s  and may therefore be considered

benefic ia l.



II . METHODS AND MATERIALS

In la te  January, 1964, a dog c a rca ss  w as p laced  w ithin a 

screened enclosure in the fie ld . D aily observations were carried  out 

on th is  c a rca ss  from January 29 to March 15. On April 10 two ca t 

c a rc a sse s  were placed in the enclosure  and observed daily  until 

April 30. After the larvae had le ft the c a rc a sse s , the rem ains were 

p laced  by a nearby Palo Verde tree  to allow  tertia ry  invaders such as 

derm estid b ee tles  to com plete developm ent.

The enclosure w as constructed  of 1/2" mesh rabb it w ire. 

Openings in the screen  allow ed f lie s  and most b ee tles  to pass through 

read ily  but kept out coyotes, dogs, rodents and other an im als. Addi­

tiona l screening w as la id  ou tside  the enclosure and secured  by heavy 

rocks to prevent anim als from burrowing under the fencing. The in side  

diam eter of the enclosure w as four fee t square, allow ing ample room 

for the c a rc a sse s  and for co llec tion  and observation .

It w as necessa ry  to build a sp ec ia l con tainer to hold c a rc a sse s  

so th a t maggots, after leaving  the c a rc a ss , would not be able to escape  

to the so il and pupate. A wooden platform was constructed  and ra ised  

10 ^nches off the ground on four leg s . E scapage w as prevented by 

tw o-inch -h igh  plywood sid e s  on the platform. Some of the maggots 

were able  to escape  by crawling up the sides of the platform or by

4
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forcing their way through cracks in  the wood. This can  be rem edied by 

constructing  s id es  out of m etal and bending the m etal inward so tha t 

the larvae cannot gain purchase on the m etal.

C a rca sse s  were p laced  w ithin th is  container, on a layer of 

dry, loose so il about two inches deep in which the larvae burrowed 

following the term ination of feeding. Sarcophagid larvae in particu lar 

have a tendency to wander for some d is tance  before se ttling  down to 

pupate. By putting barriers around the edges of the enclosure, many 

of th ese  larvae were captured. Some maggots, notably those  of Phormia 

regina (M eigen), tended to burrow into the hair of the ca rca ss  prior to 

pupation. As many as  p o ss ib le  were picked out and the re s t counted 

in order to estim ate  the to ta l number of f lie s  produced from a c a rc a ss .

The study w as conducted in two a reas  about five m iles so u th ­

w est of Tucson, Arizona. The e a r lie s t  investiga tion  w as carried  out on 

a coyote c a rca ss  found in the d esert. In February, a fresh ly -k illed  dog 

w as used; in April, two ca t c a rc a sse s  were put together in the enclosure . 

Subsequent investiga tions were undertaken in an area e sp ec ia lly  chosen  

for th is  study. This area is  in  the sou theaste rn  edge of the Tucson 

M ountains a t  an e levation  of about 2700 fee t. The study area  can  be 

c la ss if ie d  a s  Sonoran D esert and supports a stand  of Palo Verde trees , 

various sp ec ies  of cholla  cac tu s , prickly pear and Saguaro C actus.

The pen in which the c a rc a ss e s  were kept is  loca ted  in  a shallow
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valley  bounded on the north, w est and south by steep , low m ountains and 

on the e a s t  by a gradual slope which descends to the City of Tucson.

O riginally, a recording thermograph w as used  to record tem ­

peratures continuously  but due to m echanical troubles and the difficulty  

of finding a secure p lace where i t  would not be damaged, th is  w as d iscarded  

in favor of a maximum-minimum thermometer which w as placed a t a nearby 

ranch. Tem peratures were recorded from m id-February and previous 

records were obtained from the U. S. W eather Bureau's monthly p u b lica ­

tion of w eather data  for Arizona. Wind and general c lim atic  conditions 

were recorded daily . Humidity w as not recorded.

Daytime tem peratures in c rease  stead ily  from March to July, 

reaching a maximum of about 105°F. Nighttime tem peratures are usually  

cool, around 65-75 °F. There is  a s lig h t decrease  in the mean tem perature 

for the months of July and August during the summer ra ins and a r ise  again  

in September, follow ed by a steady  decline  until February. Daytime tem ­

peratures in  January are generally  in the s ix tie s  and sev en ties , while 

nighttim e tem peratures som etim es dip below 20°F.

Compared w ith o ffic ia l readings for Tucson, tem peratures in 

the study area averaged three degrees Fahrenheit cooler a t  night and 

four degrees Fahrenheit warmer during the day, b ecause  the sun s trik es  

the e as te rn  side  of the Tucson M ountains early  in  the morning and the 

study area is  in  the shadow of the m ountains some time before su n se t. 

Warming begins very early  in the day and cooling begins before sunset.
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During the six-m onth period of the p resen t study, it w as cooler 

and drier than what is  considered  normal. The month of April w as 

esp ec ia lly  cold, dry and windy. In May there w as a sharp increase  

in tem perature. The maximum and minimum tem peratures and mean 

maximum and minimum tem peratures are presen ted  in Table 1.

TABLE 1. - -Maximum and minimum tem peratures and mean maximum and 
minimum tem peratures in °F. December 1963 to May 1964 in the Tucson

M ountains, Arizona.

Month Max. Min. Mean Max. Mean Min.

Decem ber3 - - 69 .9 29 .2

January3 79 14 64. 9 25 .2

February 74 24 67. 1 28 .5

March 88 28 77. 0 4 0 .4

April 97 37 84 .0 49 .9

May 104 38 94. 0 56. 0

^Tem peratures obtained from U. S. W eather Bureau Monthly 
Records for Arizona.



III. SUCCESSION OF CARCASS-BREEDING

FLIES IN WINTER

A. Decom position of the C arcass

Except for o ccasiona l observations, l it t le  work has been done 

on the decom position of c a rc a s s e s , e sp ec ia lly  a s  re la ted  to in se c t 

a ttac k . Megnin (1894) g ives a d e ta iled  account of the progressive 

decay in cadavers and Evans (1963) d isc u sse s  chem ical even ts tha t 

occur a fte r death under varying cond itions.

Organic decom position is  tem pered by many factors, including 

clim ate and severity  of a ttack  by bacteria  and in se c ts . In general, 

under warm, humid conditions w ith an abundance of a ttack ing  in se c ts  

a c a rca ss  is  reduced to dry, hard parts w ithin a w eek. Under cold, 

dry conditions, b ac te ria l and in se c t a ttack  is  considerab ly  retarded 

or com pletely abated  and autochem ical reac tions w ithin c a rca ss  

t is su e s  are protracted over lengthy periods.

The clim ate of Southern Arizona greatly  in fluences the rapidity  

of decay. During the summer, humidity is  low excep t during the summer 

ra in s but the tem perature is  high in the daytim e and m oderately so during 

the night. D ecom position occurs extrem ely rapidly  under th ese  conditions,

8



particu larly  because  the ac tiv ity  of C alliphoridae and Sarcophagidae. 

Decom position would be more rapid were the atm osphere not. so  dry.

In the w inter, i t  is  cold enough during the night to force the in se c t 

fauna of the c a rc a ss  deep in to  the t is s u e s , where some heat is  m ain­

ta ined  from the day. M aggots are extrem ely sluggish  under these  

conditions and appear to  feed very slow ly or not a t a ll. During the 

day, however, tem peratures u sually  r is e  to 70°F. or more and feeding 

ac tiv ity  w ithin the ca rca ss  in c re a se s . Because of th ese  a lterna te  cold 

and warm periods, the period of maximum maggot ac tiv ity  is  extended, 

and the decom position is  spread  over a longer period of tim e.

Under w inter conditions during the month of February, w ith a 

mean maximum tem perature of 67 .1  °F. and mean minimum tem perature 

of 2 8 .5 ° F ., transform ation of a dog from a freshly  k illed  s ta te  to the 

d isappearance  of a ll soft parts took 50 days. Under spring conditions 

during April, w ith  a mean maximum tem perature of 84. 0°F. and a mean 

minimum tem perature of 49. 9 ° F ., decom position and destruction  of a ll 

soft parts took p lace in 11 days. Abnormally high tem peratures, a s 

high as 9 7 °F ., produced conditions approaching those of summer and 

increased  the ra te  of decom position.

P rogressive decom position follow s a p red ic tab le  pattern  and 

has been described  in  d e ta il by Meghin (1894), and m entioned by



Fuller (1934). Here, I w ill p resen t only the major fea tu res of th is 

progressive decay w ithout mention of the m aggots which are largely  

responsib le  for it.

To follow the movements of larvae w ith in  the c a rc a sse s , a 

longitudinal in c is io n  w as made in  the ventral surface, from the c h es t 

to the hind quarters. This in c is io n  exposed layers  of m uscle and fatty  

t is s u e  but did not in itia lly  extend into the v isc e ra l or pericard ial 

c a v itie s . This inc ision  hastened  the d esicca tio n  of t is su e s  and 

invasion  of m aggots.

The f irs t  notable sign  of decay  other than  the rancid  odor of 

fatty  t is su e  w as the production of gas w ithin the body cav ity . This 

began on the second day and in creased  to a maximum on the fourth day, 

rapidly decreasing  to d isappearance  on the seventh  day. Evans (1963) 

s ta te s  th a t th is  gas is  u sua lly  p resen t in  the in te s tin e s  and expands 

a fte r death, causing  a b loated  appearance. The warm sun during the 

day hastened  the expansion and escap e  of gaseous products.

The odor of rancid fa t w as particu larly  no ticeab le  during the 

firs t week but gradually  d ecreased  thereafter. After the second w eek it  

w as p e rs is ten t but not strong.

By the seventh  day, the tee th  and gums had begun to separa te  

from the roof of the mouth due to maggot a ttack ; cheek t is su e  had 

d e s icca ted  and the tongue had decom posed to a je lly -lik e  m ass of

10



t is su e . T issu es surrounding the inc ision  in the abdomen showed no 

sign of d e s icca tio n  and much fluid exuded from the exposed tis s u e s .

The v isc e ra l cav ity  w as filled  w ith body flu ids .

On the ninth day, m aggots had converted the fatty  tis su e  

around the in c is io n  to a sem i-liqu id  m ass. On the tw elfth  day the 

skin had so dried tha t the hair began to peel away in  large tu fts . By 

the fourteenth day, the mouth region had thoroughly d e s icca ted  excep t 

for a g reen ish  v isco u s fluid which dripped from the throat. The tee th  

had separated  from the skull and tunnels of larvae honeycombed the 

gums and throat. By the seven teen th  day, there w as a strong ammoniacal 

odor in the v isce ra l region of the c a rca ss  due to  the accum ulation of 

w aste  products from the feeding m aggots.

From the ten th  day, m aggots progressively  invaded larger a reas  

of the c a rc a ss . After they liquefied  and devoured the ca rca ss  tis su e , 

the residue  d esicca ted  quickly. When the larvae were m ature, they 

bored through the sk in  of the ca rca ss  and entered the so il to pupate.

By the fiftie th  day, the. c a rca ss  w as com pletely d e s icc a ted  and presen ted  

a ragged appearance. In some parts of the  c a rc a ss  a gluey green ish  

fluid p e rs is ted  during a ttack  by derm estid  b e e tle s . The rem ains of the 

c a rca ss  co n s is ted  m ainly of skin, hair, bones and dried portions of 

organs, which were soon a ttacked  by derm estid b e e tle s .

11
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The decom position of c a rc a ss e s  thus follow s a p redictable  

pattern  of chem ical and m echanical breakdown of t is s u e s . In colder 

c lim ates, decom position may be g reatly  retarded for long periods, but 

in a mild clim ate such a s  tha t of Southern Arizona, the in itia l s tep s  of 

organic decay progress rapid ly . By the time au to ly s is  of t is s u e s  and 

gas production is  advanced, the larvae of various c a rca ss -fee d in g  

D iptera have invaded necro tic  t is su e s  and liquefaction  of t is su e s  is  

greatly  acce le ra ted . Maggot a ttack  is  follow ed by an accum ulation of 

amm oniacal w aste  products, even tual d esicca tio n  of t is su e s  and su b se ­

quent invasion  by derm estid  b e e tle s .

B. Activity of Adult C arcass-B reed ing  F lies

Numerous papers concerned w ith ca rca ss-b reed in g  flie s  have 

d isc u sse d  various a sp e c ts  which influence adu lt a c tiv ity . D eonier (1940) 

c ite s  the tem peratures a t  which various fly sp ec ies  in  the Southw est 

become ac tiv e . These include 50-55°F . for Phaenicia  (= Lucllia) se rica ta  

(Meigen), 50-60°F. for Sarcophaga s p p . , 41-50°F . for Phormla regina 

(Meigen) and 5 5 -60eF. for Cochliom yia m acellaria  (Fabricius). As 

maximum daytim e tem peratures were rarely  below 6 0°F ., there w as 

u sua lly  some ac tiv ity  throughout the w in ter m onths. C ushing and 

Parish  (1938), working in  Texas, found th a t blowfly sp e c ie s  follow 

defin ite  seaso n al trends of abundance. T hese trends, which were borne
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out by th is  study, w ill be de ta iled  below. Smit (1931), in South Africa, 

and Fuller (1934), in  Northern Q ueensland, a lso  s tre ss  the seaso n al 

nature of blowfly abundance. M ost of the observations were made w ith 

the use  of baited  trap s . U llyett (1950) correctly  points out th a t the bait 

w ithin  a trap  ages rapidly, e sp ec ia lly  in  a warmer c lim ate. Thus d iffer­

en t sp ec ie s  are  preferen tially  a ttrac ted , giving a d isto rted  view  of 

seaso n a l abundance. N icholson (1933) found th a t tem perature governed 

the presence  or absence  of a sp ec ie s  a t a given time of year but tha t 

abundance w as influenced by av a ilab ility  of food and com petition.

Fuller (1934) found th a t the p resence  or absence  of blowfly sp ec ies  

w as re la ted  to  soil tem perature. The p resen t study does not attem pt 

to  analyze sp ec ies  abundance, but ra ther the p resence  or ab sence  of 

various sp ec ie s  during d ifferent tim es of the year.

O bservations on ad u lt f lie s  on c a rc a sse s  w ere in itia ted  in 

December, 1963. The f irs t observations were on a coyote which had 

been dead for approxim ately three w eeks. The mean maximum tem pera­

ture in Decem ber w as 69. 9°F. and the mean minimum 2 9 .2 °F. It must 

be s tre sse d  tha t m ost sp ec ie s  were secondary invaders a s  th ese  o b se rv a ­

tions were begun a t a la te  stage  in c a rca ss  decom position.

Cochliom yia m acellaria  (Fabricius) was the dom inant sp ec ies  

p resen t, with sm all numbers of P araluc ilia  w heeler! (Hough), Phaenicia

se rica ta  (Meigen) and H ystricocnem ina plinthopyga (Wiedemann).



During the month of December, adu lts  of Cochliom yia decreased  in 

number and those  of Phormia regina (Meigen) in c reased . Eventually 

a ll  sp e c ie s  d isappeared  excep t for Phormia, w hich rem ained even after 

the c a rca ss  had thoroughly d esicca ted .

Com plete records of adu lt ac tiv ity  around a dog c a rca ss  were 

kept during February and M arch. Figure 1 shows the percentage of 

Phormia, C alliphora and Sarcophaga adu lts  in the daily  ca tch es and 

am bient tem perature. The in itia l abundance of Sarcophaga spp. w as 

high in re la tion  to Phormia and C alliphora . spp. but decreased  sharply 

by the third day, while Phormia in creased  s tead ily  until about the 

fifteen th  day. C alliphora spp. m aintained a fairly  steady  percentage 

a t a given time but th is  percentage w as usually  quite low, rarely  being 

more than  40% of the to ta l number of adu lts  p resen t. Cochliom yia 

m acellaria  w as to ta lly  ab sen t from a ll sam ples taken  from January 

through April and presum ably does not appear during periods of colder 

w eather. The re la tive  abundance of adu lts  throughout February and 

March corresponded w ith the p rogressive aging of the c a rc a ss .

Sarcophaga c e ssa to r  Aldrich w as the f irs t  to arrive a t a fresh  

c a rca ss  in cooler.w eather during February and April exposures. It 

reached peak abundance by the six th  day and gradually  declined , d is ­

appearing on the e igh teen th  day. H ystricocnem ina plinthopyga (W iede­

mann) appeared  alm ost sim ultaneously  with !S. c e ssa to r  and occurred
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Fig. 1. Weather conditions and adult carcass-breed ing fly  activ ity .
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more abundantly. It w as the m ost abundant sarcophagid p resen t during 

the study. Several o ther sarcophagid  sp ec ie s  appeared in term itten tly  

but not in large numbers and none of th e se  deposited  larvae on the 

c a rc a ss . M ost commonly seen  were Ravinia rh erm in ie ri (Robineau- 

Desvoidy), a coprophagous form, Sarcophaga m isera sarracen io ides 

Aldrich with variab le  food hab its , M etoposarcophaga su lcu la ta  (Aldrich), 

Sarcophaga blshoppi Aldrich, and O xysarcodexia ochripyga (Van der Wulp), 

probably coprophagous. These forms probably were a ttrac ted  by the odors 

accom panying decom position of the c a rc a ss .

Phormla regina (Meigen) appeared on the second day and increased  

in  numbers until the eighth  day. Its  numbers rem ained co n stan t un til the 

tw en tie th  day, excep t for flucu tations due to tem perature and W eather 

conditions and then decreased  slowly un til the c a rc a ss  w as to ta lly  

d e s icc a ted . It w as the m ost abundant sp ec ies  from January through April, 

com prising about 80% of a ll  adu lts  co llec ted .

Phaenlcia  se rica ta  (Meigen) appears to be p resen t throughout 

the year in Southern Arizona, but i ts  numbers are  greatly  reduced from 

Decem ber through M arch. Adults appeared on the second day during 

February, but only during the h o tte s t part of the day. Along w ith sp ec ie s  

of sarcophagids, th ese  f lie s  are the e a r l ie s t  to appear, Phormla regina 

arriving s ligh tly  la te r . During February, when the mean maximum
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tem perature w as 6 7 .1 °F ., Phaenicia  se rica ta  co n stitu ted  le s s  than  5% 

of the to ta l adu lt population.

Species in the genera C alliphora and Eucalliphora were co llec ted  

from Decem ber un til M arch, during a period when mean maximum tem pera­

tures varied  from 6 9 .5 °  to 7 7 °F. and mean minimum tem peratures from 

2 9 .2 °  to 4 0 .4°F. In th is  group are C alliphora co lo radensis  Hough, 

Eucalliphora lila e a  (Walker) and C alliphora liv ida  H all. Only E. lila e a  

was abundant. T hese sp e c ie s  appear to be p resen t only during cooler 

months and can  be designated  w inter sp e c ie s .

P ara luc ilia  w heeleri (Hough) w as co llec ted  from Decem ber to 

M arch. This sp e c ie s  apparently  is  never common in Arizona. Only one 

specim en w as co llec ted  in  February.

One factor which influenced the p resence of adu lts  around 

the c a rca ss  was tem perature. Note th a t in  Figure 1 there is  a decrease  

in the numbers of Phormia regina and an in c rease  in sarcophagids w ith 

decreasing  tem perature. This w as true throughout the study and in d ica tes  

tha t the sarcophagids rem ain a c tiv e  a t  lower tem peratures. Other sp ec ie s  

of calliphorids appeared to be re la tiv e ly  unaffected  by changes in tem ­

perature.

The p resence  or ab sence  of sunlight w as a lso  im portant in 

determ ining sp ec ies  ac tiv ity . Sarcophagids were v irtua lly  ab sen t on 

the rare o v e rcas t days, even  during the period when they were strongly
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a ttrac ted  to the c a rc a ss . On extrem ely windy, o v e rcas t days, few 

flie s  of any kind were p resen t. There w as u sua lly  some wind blowing 

in the study area  but rarely  strongly enough to prevent adu lt ac tiv ity  

com pletely. The com bination of a  cold, cloudy, windy day usua lly  

kept m ost f lie s  away.

Three fac to rs, tem perature, sunlight and wind, were found 

to influence the p resence  of adu lts  around the c a rc a ss . These three 

factors m ust be taken  into considera tion  when determ ining which sp ec ie s  

w ill invade the c a rc a ss . Under normal conditions, sarcophagids are the 

f irs t to invade, but a su c ce ss io n  of cloudy days may lim it adu lt sarcophagid 

ac tiv ity  to such an ex ten t th a t invasion  is  prevented or seriously  hampered. 

Under very cold conditions, ac tiv ity  of Phormia regina and other calliphorids 

may be so lim ited th a t a c a rc a ss  w ill produce sarcophagids a lm ost exclu sively  

or a t  le a s t  in much g reater abundance than  normally seen . Thus i t  is  im por­

tan t to consider fac to rs which may prevent or delay  normal ov iposition  on 

c a rc a sse s , by lim iting adu lt a c tiv ity . This a lso  a ffec ts  the  nature of 

com petition to be d isc u sse d  in  another sec tion  (see  no tes on in tra sp ec ific  

and in te rsp ec ific  com petition). C o llec tions in  December showed Cochliom yia 

to be decreasing  in  numbers w hile Phormia in creased  s tead ily . Species 

were co llec ted  in February and M arch in  accordance w ith the periods when 

they were m ost strongly a ttrac ted  to the  c a rc a ss . Sarcophaga spp. were

abundant during the f irs t th ree  days of c a rc a ss  exposure. By the fourth
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day, Phormia constitu ted  50-90% of the adu lts  co llec ted . C alliphora 

w as p resen t throughout the exposure in  February and March in low numbers.

C. Invasion  of the C arcass by 
C arcass-B reed ing  Fly Larvae

There appears to be lit t le  information dealing w ith the progressive 

invasion  of larvae w ithin  a c a rc a ss  and the  e ffec ts  of th ese  larvae upon 

the s ta te  of decom position. Fuller (1934) mentions p rogressive decom posi­

tion  w ith regard to the e ffec t of m aggots on the speed of decom position. 

This sec tion  d ea ls  only w ith larva l invasion  and destruction  of c a rc a sse s .

Penetration  of the c a rc a ss  f irs t  occurs through the natural o rifices 

of the body, i. e . , mouth, n o strils , auditory canal and anus. Although 

in c is io n s were made in the c a rc a sse s , th ese  were not invaded un til a fte r 

the  natural body openings were w ell populated, possib ly  due to the p refer­

ence of ce rta in  sp ec ies  for particu lar parts of the c a rc a ss .

In itia lly , a ll  larvae w ere the sarcophagids, Sarcophaga c e ssa to r  

and H ystricocnem ina p lln thopyga. All larval ac tiv ity  w as confined to the 

regions of the mouth and n o s tr ils . During the cool nights, larvae would 

m igrate deep in side  the n asa l p a ssa g es  and throat, coming to the surface 

during the day. Periodically , larvae  w ithin the n a sa l c av itie s  would push 

to the surface and expose the ir poste rio r sp irac les  to the a ir. The problem 

of obtaining a ir  is  one of the major reasons tha t crowding is  a s  im portant
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a s  food in  com petition of larvae  in a c a rc a ss . Of the four en trances 

m entioned above, the mouth and n o s trils  were invaded e a rlie s t, the 

ears and anus som ewhat la te r .

Under warm conditions, in itia l penetration  occurred so rapidly 

tha t w ithin three days the en tire  c a rca ss  w as teem ing with larvae, 

making i t  d ifficu lt to follow the path of destruction . Thus, the 

observations below were taken  during February and M arch.

After five to six  days, sm all sca tte red  egg m asses were 

deposited  on the dog c a rc a ss . M ost of th ese  w ere found along the 

edge of the abdominal in c is io n  w ith many scattered , indiv idual eggs.

An o ccasio n a l m ass w as found beneath  the c a rc a ss . Some authors have 

s ta ted  th a t egg m asses are la id  in the shade beneath  c a rc a sse s  to p re ­

ven t d e s icca tio n  and death  due to exposure to h ea t and sunlight, and 

tha t young larvae bore th e ir way in to  c a rc a sse s ;  however, th is  does not 

hold true for th o se  exposed during cooler w eather. In w inter, eggs 

exposed to d irec t sunlight hatch  fa s te r  and are not k illed  by h ea t from 

the sun.

M ost of the eggs deposited  in February hatched w ithin three 

days afte r deposition  and the tiny larvae made the ir way into the sub- 

epiderm al t is s u e s  of the abdom inal in c is io n . New ba tches of eggs were 

found alm ost daily  un til the tw elfth  day, afte r w hich no more w ere d is ­

covered. Several egg m asses were deposited  around the lip s  and neck
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of the c a rca ss  but the young from th ese  eggs m igrated to the inc is ion  in 

the chest, rather than  to the mouth, which w as a lready filled  w ith larvae 

of a ll in s ta rs .

During the f irs t five days the larvae were quite sm all and fed 

in  sm all groups or pockets in the fatty  subepiderm al t is s u e . Fuller 

(1934) contends tha t individual larvae are not ab le  to feed alone, as 

they are not ab le  to produce adequate quan tities of d igestive  ju ic e s .

By the ten th  day of ac tiv ity , the pockets of larvae had expanded 

and some of them merged to form larger pockets. Eventually about ten  of 

th ese  groups merged and larvae w ere generally  d istribu ted  throughout the 

body cav ity . The indiv idual groups of larvae constan tly  w idened the ir 

spheres of feeding and increased  in s iz e . By the n ineteen th  day, a ll  

pockets had merged and larvae  were feeding in a general m ass throughout 

the abdominal region.

The e a r lie s t  a rriva ls  rem ained in the outer subepiderm al tis su e  

and did not read ily  invade the v isc e ra l cav ity . This cav ity  w as filled  

w ith flu ids for about ten  days following death, and there w as no larval 

penetration . As th is  fluid escaped  the v isc e ra l cav ity , adu lt f lie s  

gathered in large numbers to feed . On the tw elfth  day, some second 

in s ta r  larvae had penetrated  the v isc e ra l cav ity  and were wandering 

over the kidneys and liver. By the fourteenth day many larvae 

invaded organs and t is s u e s  w ith in  the v isc e ra l cav ity . By
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the seven teen th  day, the cav ity  w as filled  with larvae o f a ll 

in s ta rs .

P recisely  where larvae begin the ir a ttack , other than  in natural 

o rifices , depends upon chance, or where the eggs are deposited . In 

th is  c ase , the an terio r c h e s t region, the posterior a reas  of the h ind­

quarters and the limbs and rump were re la tive ly  free of larvae, w hile 

the mouth and abdominal regions were heavily  in fes ted . Eventually, 

larvae  m igrated from depleted  a reas  to parts of the c a rc a ss  not ye t 

invaded. The larvae which had been feeding in the oral cav ity  moved 

in to  the cranium or through the th roat into the c h e s t a rea . In c a se s  

where lim bs lay  near or on top of feeding a reas , larvae moved d irec tly  

to th ese  limbs and invaded sound t is su e . W here th is  w as not the ca se , 

eggs were u sua lly  deposited  on the hair of the leg s and the young larvae 

burrowed in to  the skin . T hese larvae were d iscovered  when the ep ith e lia l 

layer began peeling away from subcutaneous t is s u e .

The hindquarters and rump w ere the la s t  a reas  to be invaded, 

a fte r  the v isc e ra l cav ity  had been thoroughly excavated . M ost of the 

larvae moved over the surface of the body to uninvaded tis su e , burrowed 

into the skin  and commenced feeding. The anal opening w as a lso  used  

a s  an entrance: to: th is  a rea .

During cool n igh ts, larvae w hich normally fed ac tive ly  on the  

surface of wounds m igrated to deep w ithin the body cav ity . The im portance
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of c a rca ss  tem peratures in relation to blowfly ac tiv ity  has been s tre ssed  

by D eonier (1940). Saprophagous forms are ac tive  throughout the year 

because  of the heat generated by decom position and the sun. The 

im portance of sm aller ca rca sses  in th is regard has been questioned 

by U llyett (1950), but ca rcass  tem peratures are sufficient to allow  

larval a c tiv ity  even when tem peratures are as low a s  15 °F. a t night.

After larvae matured, they crawled out of the main feeding 

m ass, penetrated  the skin beneath the ca rcass  and burrowed into the 

so il. These larvae remained qu iescen t for several days and then 

pupated. Many tiny larvae were found beneath the ca rca ss . These 

larvae presum ably were unable to obtain food, having hatched when 

much of the ca rcass  was already consumed. These forms a ll  die 

because  they are unable to derive any nutriment from the w aste  

products under the c a rca ss .

The invasion of the carcass  can be divided into three general - 

s tag es . The f irs t stage is  the invasion of natural o rifices, oviposition 

on wounds and the establishm ent of small pockets of larvae within 

exposed tis su e . The second stage is  the expansion of these  small 

pockets to a large m ass of larvae covering the entire feeding surface 

and the m igration of larvae from depleted areas to sources of new food.

The third stage c o n sis ts  of remaining small pockets of larvae in iso la ted  

parts of the ca rca ss , the death of a ll larvae which do not obtain sufficient 

nutriment, the migration of mature larvae to the so il and pupation.
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As a c a rca ss  ag es, there is  a sequence in w hich the larvae 

of various c a rca ss-b reed in g  D iptera develop. Following in itia l 

invasion , there  is  a pattern  which varies  with the seaso n . In th is 

study, the sp ec ies  which invaded the  c a rc a ss  were stud ied  w ith 

resp ec t to when they arrived, which a reas  of the c a rc a ss  they  a ttacked , . 

and how they were affected  by the presence of o ther feeding sp e c ie s . 

N otes were kept on the movements of each  sp e c ie s  from the point of 

in itia l invasion . C hanges in the sequence  due to seaso n al d ifferences 

were noted.

The firs t sp ec ies  to a ttack  the c a rc a ss  in both the w inter and 

spring seaso n s  were the sarcophagids, H ystricocnem lna pllnthopyga 

(Wiedemann) and Sarcophaga c e ssa to r  Aldrich. These appeared v irtua lly  

sim ultaneously , although £[. c e ssa to r . adu lts  were p resen t in g rea ter 

numbers in itia lly . Both sp ec ie s  invaded the oral and n asa l c a v itie s . 

Throughout the p resen t work, th ese  sp ec ies  were the f irs t to appear, 

both a s  adu lts and as  larvae. During February, the larvae  rem ained 

confined to the oral and n asa l c a v itie s  un til th e se  a reas  were thoroughly 

consum ed. The rem aining larvae  then  m igrated to the an terio r v isc e ra l 

cav ity  where there had been lit t le  previous ac tiv ity . One group of 

larvae invaded sound t is su e  a t  the b ase  of the foreleg . In a ll c a s e s ,
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groups of H. olinthopyga and S. c essa to r larvae a ttacked  tis su e s  not 

previously invaded by other species and only scattered  larvae were 

found in a reas where other species were feeding. After much of the 

ca rca ss  had been consumed and the remaining food supply was lim ited, 

larvae of a ll spec ies were found wherever food w as availab le . U llyett 

(1950) has suggested that succession  in c a rca sse s  may be due, in part, 

to  the "conditioning" of the ca rca sses  by one species and that th is  

conditioning may enhance the invasion of the ca rcass  by another

sp ec ie s .

After most of the H. olinthopyga and S. c e ssa to r  larvae had 

le ft the oral cavity, a large number of tiny Phormla regina (Meigen) 

larvae  fed on the remaining tis su e . Because of their rapid growth and 

feeding, the larvae of H. olinthopyga and S. cessa to r crowd out m ost 

larvae of o ther sp ec ies . As la te  a s  the  fifteenth  day, a fem ale H. 

pllnthopyqa w as observed larvipositing on the skin  between the hind­

quarters where, no larvae had yet appeared. The next day many tiny 

sarcophagid larvae were present in th is area and had begun to bore

through the skin.

Phoenicia serlcata (Meigen) was not common during cooler

w eather and appeared only after the carcass  had aged for some time. 

Adults rare ly  constitu ted  more than 5% of the flie s  seen  on any day and 

the number of larvae co llec ted  in  sam ples was sm all. The larvae which
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were p resen t were submerged in the large m ass of Phormia feeding in 

the v isc e ra l sp a ce s .

Eucalliphora lila ea  (Walker) and C alliphora co lo radensis  Hough 

made up a minor part of the to ta l larval m ass. Specim ens co llec ted  in 

sam ples were taken  from the v isc e ra l cavity  and in regions contiguous 

with the sarcophagids, H. p lin thopyga.and S. c e s s a to r . E. lila e a  and 

C. co lo radensis  appear to invade g iven a reas of a c a rc a ss  sligh tly  ea rlie r 

than do larvae of Phormia but produce only sm all numbers of larvae com ­

pared to the large numbers of Phorm ia.

During the cooler months, the sequence of la rva l invasion  

w as dom inated by Phormia regina (M eigen). D eonier (1940) reported 

th a t 95 to 99% of the f lie s  ac tive  in  February were Phormia. The 

Cochliom yia m acellaria  (Fabricius) ac tiv ity  reported by D eonier w as 

not noted during th is  period of the  study. Although H. plinthopyga 

and Sy c e ssa to r  were m ost obvious during early  c a rca ss  decom position, 

Phormia larvae which hatched from numerous egg m asses submerged other 

calliphorid  sp ec ie s  so th a t by the fifteen th  day there were two d is tin c t 

a reas on the c a rc a ss . One w as the m ass of H. plinthopyga and 

c e ssa to r  larvae in a reas  of new ly-invaded t is s u e s  and the other was 

the m ass of Phormia larvae  w ith sca tte red  specim ens of other sp ec ie s

presen t.
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In February there w as a d iversity  of sp e c ie s , m ost of which 

produced a sm all number of adu lt f lie s . H. plinthopyga and Phormla 

constitu ted  75% of a ll  the larvae co llec ted  from the c a rc a ss  during 

February. Of a ll the larvae  p resen t in the c a rc a ss , those  of H. plinthopyga 

and EL c e ssa to r  were the m ost active , read ily  moving to uninvaded parts 

of the c a rc a ss . The larvae of o ther sp ec ies , notably Phormla, tended to 

move slow ly in a m ass as the food supply w as dep le ted . The accum ulation 

of w aste  products may accoun t for m igrations of H. plinthopyga and Ŝ . 

c e s s a to r , a s  they often  le f t a part of the c a rca ss  where food w as s ti ll  

in  abundance. Their departure w as follow ed by a rapid accum ulation of 

Phormla and o ther calliphorlds which c leaned  up the rem ains le f t by the 

sarcophagids.

During February, i t  w as p o ss ib le  to sam ple d ifferent parts of the 

c a rca ss  period ica lly  to determ ine w hat sp ec ies  were p resen t a s  w ell a s 

movement of larvae through the  c a rc a ss . Figure 2 sum m arizes the re su lts  

of th is  sam pling and g ives the percen t com position of the larvae. These 

percen tages fluctuated  g rea tly  for each  sp e c ie s , a s  the ir abundance 

varied  according to where the sam ple w as taken . The sp e c ie s  grouped 

under "other C alliphoridae" include 12. l i la e a , P araluc ilia  w heeleri 

(Hough), and C. c o lo ra d en s is .

C erta in  trends are a lso  ev iden t for the abundance of larvae in 

a given area . The peaks in the curve for H. plinthopyga show a high
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X Phormia regina

Hystrlcocnemlna plinthopyga

Calllphora spp.
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Date and area of sample

Fig. 2 . Percent larval com position of three sp e c ie s  of carcass-breed ing  
f lie s  co llected  from a dog carcass February 1 to March 5, 1964.
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percentage of larvae in a reas of in itia l invasion  or a reas  which have 

not been previously  a ttacked  by other sp e c ie s . The only excep tion  

was the anal orifice  which w as invaded alm ost sim ultaneously  by 

severa l sp e c ie s . The curve for "other calliphorids" in d ica te s  tha t 

th ese  sp ec ies  and the two sarcophagid  sp ec ies  were often found 

together in the same a reas , but in  a ll  c a se s  the sarcophagids were 

the in itia l invaders. The invasion  of Phormia occurs in a ll parts of 

the c a rca ss  but only a fte r the em igration of m ost sarcophag ids. The 

only fluctuations in the curve for Phormia were for regions where larvae 

had not previously  invaded, and which were occupied, in part, by H . 

plinthopyga and S. c e ssa to r .

In a ll  c a se s , Phormia larvae  were the la s t  to leave the c a rc a ss . 

Stragglers could be found in  m oist pockets for a s  long as a week after 

the c a rc a ss  had d esicca ted  and could no longer be u tilized  a s  food by 

the larvae .

The sarcophagids H ystricocnem ina plinthopyga and Sarcophaga 

c e ssa to r  were the f irs t  a rriva ls  on the c a rca ss , followed in rapid su c ­

c e ss io n  by Phormia, Phaenicia and C alliphora spp . Two sp ec ie s , H. 

plinthopyga and Phormia, constitu ted  75% of the en tire  larval m ass.

H. plinthopyga w as the dom inant primary sp ec ie s  w hile Phormia w as

the dom inant secondary sp e c ie s .



IV. SUCCESSION OF CARCASS-BREEDING FLIES

IN SPRING

A. D ecom position of the C a rca sse s

D ecom position of c a rc a ss e s  during April occurs in much the 

same way a s  in February, but the phases of decay occupy a period of 

hours ra ther than  days. M aggot ac tiv ity  w as ev ident w ithin 24 hours 

and continuous warm w eather p lus g rea t larval ac tiv ity  reduced the 

c a rc a sse s  to skin, bones and hair in ten  days. Temperature is  m ost 

im portant, governing speed  of destruction  of c a rc a sse s  by controlling 

the ac tiv ity  of in se c t and b ac te ria l invaders.

B. A ctivity of Adult C arcass-B reed ing  F lies

During April, w ith increasing  daytime tem peratures, sa rco - 

phagids were ac tive  only in the early  morning and ju s t  before su n se t. 

P. regina and P. se rica ta  were ac tiv e  when the sun w as h o tte s t 

from 9 a. m. to 5 p .m . .

Several specim ens of P ara luc ilia  w heelerl (Hough) were c o l­

lec ted  a t an a ltitude  of 6, 000 fee t in  early  June, ind icating  th a t th is  

sp ec ies  is  found a t  higher e leva tions during the summer m onths.
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By mid-April a t  a mean maximum tem perature of 84. 0 ° F ., 

Phaenicia  se rica ta  (Meigen) com prised 50% of the to ta l adu lt flie s  

p resen t. The numbers of H. plinthopyga increased  sligh tly  during 

April but S. c e s sa to r  dropped alm ost to zero. During April and May 

many specim ens of Sy c e ssa to r  were taken  a t  e leva tions of 4, 000- 

5, 000 fee t. This sp e c ie s  occurs ch iefly  a t h igher e levations during 

the hotter months and in c re a se s  in  abundance a t  lower a ltitu d es  w ith 

the o n se t of cold w eather in the m ountains. -

Cochliom yia m acellaria  (Fabricius) is  d summer sp ec ie s  and 

consequently  appeared in th is  p resen t work only in  early  December 

when tem peratures were m oderate. In December, -with a mean maximum 

tem perature of 69. 9°F. and a mean minimum tem perature of 29. 2 ° F .,

C. m acellaria  w as s ti ll  ac tive , but i t  d isappeared  in  January. This 

sp ec ie s  v irtua lly  rep laced  Phormia and Phaenicia  during June to Novem­

ber in Texas (Cushing and Parish  1938). Cochliom yia had not appeared 

by the end of April but w as co llec ted  abundantly in  early  June in the 

m ountains of Southeastern  Arizona.

No specim ens of C alliphora co lo radensis  Hough, Eucalliphora 

lila e a  (Walker) or C alliphora liv ida  H all were co llec ted  in  April.

In April alm ost a ll eggs were la id  beneath  the c a rc a ss . Those 

w hich were exposed shriveled  and d ied .
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C. Invasion  of the C arcass  by C arcass-B reed ing
Fly Larvae

The slow progression  of la rva l invasion  occurred only during 

the cooler m onths. In April, the destruction  of a c a rc a ss  occurred, 

w ithin ten  d ays. Invasion  of a ll t is s u e s  took p lace  rapidly  and 

feeding w as continuous. Larvae moved deep into the c a rca ss  during 

the day to e scap e  the d irec t rays of the sun .

D. Sequence, A ctivity and Abundance of Immature 
C arcass-B reed ing  F lies

During the warmer months, decom position occurred so rapidly 

th a t only a few sam ples w ere taken. The invasion  of t is s u e  by any one 

sp e c ie s  w as not w ell defined and m ost sp ec ies  were sca tte red  throughout 

the c a rc a ss . From data co llec ted  during April a t a mean maximum tem pera­

ture of 9 0 °F ., H. plinthopyga and !3. c e ssa to r  w ere the f ir s t  to  invade the 

fresh  c a rc a sse s , concentrating  on the n a sa l and o ral p a ssa g e s . Many 

larvae were a lso  deposited  in  the abdom inal in c is io n s .

H. plinthopyga and £>. c e ssa to r  were rapidly  follow ed by a 

m assive invasion  of Phaenicia  larvae  which com pletely filled  the  v i s ­

ce ra l c av itie s  of the c a rc a s s e s . Large numbers of Phormia larvae 

appeared w ith in  48 hours a fte r  P haenicia  and th ese  two sp e c ie s  made 

up the bulk of the feeding m ass. Larvae and adu lts  of E. l i la e a ,

C. co lo radensis  and P ara luc ilia  were absen t.



E. Effect of Temperature on the 
Invasion  of C a rca sse s
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The controlling e ffec t of tem perature upon the invasion  of 

c a rc a sse s  w as illu s tra te d  during the spring c a rc a ss  exposu res. In 

early  April, two c a t c a rc a sse s  w ere exposed s ide  by side  in the tray . 

These c a rc a sse s  had been trea ted  id en tica lly  and abdom inal inc is io n s 

were made in  both. One of the anim als had a b lack  co a t w hile the other 

was striped . ;

Sam ples of larvae were taken  from both anim als as w as done 

for the dog exposed in February. W ithin 36 hours afte r exposure, larvae 

of H. plinthopyga had invaded the mouth and n a sa l c av itie s  of the darker 

anim al and there  were large egg m asses along the edge of the ven tra l 

inc ision . The ligh ter anim al contained  neither eggs nor larvae.

After five days, la rva l a c tiv ity  in  the darker anim al had reached  

a maximum and a ll parts of the c a rc a ss  were invaded by m aggots. In the 

ligh ter anim al, only the an terio r t is s u e  a reas had been invaded and there 

w as l i t t le  invasion  or liquefac tion  of posterio r t is s u e s .  Throughout the 

exposure period c a rca ss  decom position of the striped  ca t w as about 

three days behind th a t of the darker anim al. This im m ediately pointed 

to a tem perature factor such a s  the black co a t of one c a rc a ss  absorbing 

g reater quan titie s of heat, and therefore m aintaining a higher body tem ­

perature resu lting  in acce le ra ted  la rva l ac tiv ity  and developm ent.
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Temperature read ings from the atm osphere and from larval 

m asses w ithin  the two c a rc a ss e s  were recorded and d ifferences noted. 

On April 14, when the atm ospheric tem perature w as 85. 1 °F ., the tem ­

perature w ithin the darker anim al w as 1 07 .6 °F . , a d ifference of 2 2 .5°F. 

The tem perature w ithin the ligh ter anim al w as 102.2 °F. or 5 .4°F. cooler 

than in the darker anim al. These read ings were taken  la te  in  the day so 

it  is  like ly  th a t the d ifferen tia l might be g reater when atm ospheric tem ­

perature is  a t a maximum. Tem peratures in  the c a rc a sse s  over a period 

of a week averaged 17-23°F. above atm ospheric tem peratures. D eonier 

(1940) d isc u sse s  the e ffec t of tem perature d ifferen tia ls  on w inter fly 

populations, but it  is  ev iden t tha t tem perature d iffe ren tia ls  observed 

during the warmer months w ill a lso  a ffec t the c a rca ss  fauna.

In addition  to the d ifferences in the rap id ity  of la rva l invasion  

w as the difference in  the abundance of H. plinthopyga and Phaenicia . 

Figure 3 shows the percentage of larvae of each sp ec ies  p resen t during 

c a rca ss  exposures. Separate sam ples w ere taken  daily  from each c a r ­

c a ss  and iden tified  in the laboratory. Note th a t the curve for Phormia 

is  sim ilar in both c a rc a ss e s . Phaenicia  deposited  large egg m asses 

on the darker c a rc a ss  by the  second day and it  w as teem ing w ith third 

in s ta r  Phaenicia  larvae by the fifth  day. Phaenicia  constitu ted  70% 

of a ll  the larvae  sam pled on April 13. On the sam e day, for the ligh ter 

colored c a rc a ss , the number w as v irtua lly  zero. The g rea tes t number
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of Phaenicia  larvae taken  from th is  c a rc a ss  did not exceed 10% of the 

to ta l larvae taken  on any given day.

Exactly the opposite  situa tion  occurs in  the c a se  of H. p lin - 

thopyga larvae . In the darker ca t, H. plinthopyga never constitu ted  

more than  30% of a ll  larvae taken  on a given day and the to ta l was 

usually  lower. In the ligh ter colored cat, 50-70% of the larvae taken 

from April 13-15 were H. p lin thopyga.

Temperature seem s to be the in itia l controlling factor involved 

in  the estab lishm en t of one sp e c ie s  over another. After in itia l invasion , 

however, factors of com petition govern the abundance of sp ec ie s  observed. 

A spects of com petition controlling the abundance of sp ec ie s  following 

estab lishm en t w ill be d isc u sse d  in  the sec tion  on com petition. U llyett 

(1950) d iscoun ts the idea  th a t c a rc a ss  tem peratures in  sm all anim als 

differ enough to  a ffec t the feeding larvae  but the combined h ea t of 

absorption of rad ian t energy by the c a rc a ss  and h ea t generated  w ithin 

larva l m asses  should not be d iscoun ted  a s  a fac to r controlling in itia l 

invasion  of a c a rc a ss .

Fly ac tiv ity  in  the spring is  con trasted  w ith th a t in w inter by 

the rap id ity  of la rva l a ttack , developm ent of larvae, and destruction  

of the c a rc a s s e s . Sampling ind ica ted  th a t H ystricocnem ina plinthopyga 

w as f irs t to invade a fresh  c a rca ss  follow ed rap id ly  by P haen ic ia . The 

im portance of tem perature w as em phasized  by the d ifferences in the 

fauna of the two c a rc a ss e s  exposed  in April. Phaenicia  p revailed  in



the c a rca ss  w ith higher tem peratures while H. plinthopyga w as dom inant 

in the c a rca ss  w ith lower tem peratures. A tem perature spread  of le s s  

than 10°F. appears to be c ritic a l in determ ining the fauna p resen t.
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V. SEASONAL CHANGES IN SPECIES ABUNDANCE

AND ACTIVITY OF ADULTS AND LARVAE

A. Species D iversity

During the cooler months from Decem ber to March there is  a 

d iversity  of sp ec ies  ac tive  around and breeding in  verteb rate  c a rc a sse s . 

This d iversity  is  due to the p resence  of Eucalliphora llla e a  (Walker), 

C alliphora co lo radensis Hough, and P aralucilia  w heeler! (Hough) 

exclu sively  during cooler periods. These sp ec ie s  and Phormia regina 

(Meigen) are  rep laced  by Cochliom yia m acellaria  (Fabricius) during the 

hot summer m onths. Phaenicia  se ric a ta  (Meigen) and H ystricocnem ina 

plinthopyga (Wiedemann) appear to be p resen t to some ex ten t throughout 

the year. Fuller (1934) reports th a t in Northern Q ueensland, su ccess io n  

in c a rc a sse s  is  ab sen t in the w inter b ecause  only one sp ec ies , C a ll i ­

phora styg ia  Fabricius = [N eopollenia laem ica (White)], is  p resen t 

abundantly . Smit (1931) s ta te s  th a t Chrysom yia m arginal!s W iedemann 

may occur throughout the w inter in  South Africa, but does not s ta te  

w hether any sp e c ie s  are found exc lu sive ly  during the w inter months.

B. Seasonal C hanges in the Abundance of 
C arcass  -Breeding Fly Larvae

During the cool w inter m onths, c e ssa to r  co n stitu ted  about 

20% of the to ta l sarcophagid  larvae  w ithin a c a rc a ss . By April, th is

38



number decreased  to alm ost zero, the larvae of H. plinthopyga being 

the only im portant f lesh  fly.

The number of Phaenlcia  larvae  during April increased  trem endously. 

From a to ta l of 1, 428 larvae co llec ted  from the dog c a rca ss  in February, 

only tw elve of th ese  (0. 8%) were P h aen lc ia . From a to ta l of 1, 115 larvae  

co llec ted  from the two c a t c a rc a sse s  in  April, 340 larvae (30.1% ) were 

P haen lc ia . In April, there  w as a sharp decrease  in  the  number of Phormia 

larvae  co llec ted . The February sam ple contained  58. 8% Phormia larvae 

while the April sam ple contained  only 20. 6%. H. plinthopyga in creased  

from 16.7%  in  February to 33.5%  in  April. H. plinthopyga and Phaenlcia  

thus in creased  a t  the expense of jS. c e s s a to r , Phormia and the other 

C alliphorine and Chrysomyine sp e c ie s . Table 2 show s the to ta ls  

and percen tages for each  sp e c ie s  for the two sam ples.

C. Seasonal C hanges in  the Abundance and Activity 
of the C arcass-B reed ing  Sarcophagidae

In Southern Arizona, during the h o tte s t months, C. m acellaria  

flou rishes w hile Phaenlcia  and Phormia m aintain sm all populations.

H. plinthopyga rem ains abundant throughout the year. These four 

sp ec ies  make up the summer c a rc a ss  invaders. During the w inter,

£[. c e s s a to r , H. plinthopyga, £ . reg lna, £ . se rlca ta , P. w heeled .,

E; llla e a  and C. co lo radensis were a ll  part of the c a rca ss -b reed in g
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TABLE 2. - -T otals and percen tages of larvae  co llec ted  from c a rc a sse s  in
February and April 1964.

Species Total %

February

Phormia regina 838 58 .8

H ystricocnem ina plinthopyga 239' 16.7

Sarcophaga spp. 113 7 .9

Eucalliphora lila e a 66 4 .6

G alliphora spp. 65 4 .5

Sarcophaga c e ssa to r 48 3 .4

G alliphora co loradbnsis 43 3. 0

Phaenicia  se rica ta 12 0 .8

P aralucilla  w heplefi 4 -

TOTAL 1421

April

H ystricocnem ina plinthopyga 374 33 .5

Phaenicia  se rica ta 346 30. 1

Phormia regina 233 2 0 .6

Sarcophaga c e ssa to r 103 9 .2

TOTAL 1115



fauna. Thus, Southern Arizona has a varied group of c a rca ss -fee d in g  

flie s  throughout the year.

During the course of a year, m ost c a rca ss -fee d in g  flie s  e ither 

d isappear for a time or fluctuate  in numbers. H. plinthopyga is  the 

m ost v e rsa tile  of the f lesh  f l ie s . It w as found p resen t throughout 

the study period, but in g rea ter numbers in  the  spring w ith the 

approach of warmer w eather. The fluctuation  in  the numbers of 

H. plinthopyga w as slig h t enough to ind ica te  the  m aintenance of a 

stab le  population throughout the year, due to i ts  to le rance  of high 

and low tem peratures.

Sarcophaga c e ssa to r  Aid, is  a coo l-w eather sp e c ie s . Adults 

and larvae  were never a s  abundant a s  H. p lin thopyga. The la tte r  

com prised about 75% of a ll  sarcophagid  larvae  in  February and 98% 

in April. Although a few Ŝ . c e s sa to r  adu lts were obtained  from larvae 

in April, m ost of them died before reach ing  m aturity. iS. c e ssa to r  

adu lts are rare  a t lower e levations during the summer but were c o l­

lec ted  abundantly  above 5000 fee t in June. Many of the specim ens 

taken  in  Arizona are from m ountain lo c a lit ie s .

The ac tiv ity  of ad u lt f lesh  f lie s  changes abruptly  a s  days 

become hotter. From Decem ber to March, both H. plinthopyga and 

!3. c e ssa to r  were ac tiv e  throughout the day a s  long as  the sun w as 

shining. By April, no sarcophagids were ac tive  from 9 a .m . to  about
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one hour before su n se t. O bservations made early  in the morning and 

a t  su n se t showed th a t both sp e c ie s  were very a c tiv e  during these  

periods but d isappeared  a fte r 9 a .m . or when shadow s covered the 

study area . These periods of ac tiv ity  could determ ine the p resence 

or absence  of larvae found on a c a rc a ss . If a c a rca ss  is  firs t 

exposed a t m id-day, when the flesh  fly ac tiv ity  is  a t a minimum, 

th is may re su lt in  few er forms being produced from th a t c a rc a ss . If 

a c a rca ss  is  f irs t  exposed during the  night, the ac tiv ity  of sarcophagid  

adu lts in the early  morning might re su lt in  a g rea ter number of larvae 

produced in the c a rc a ss . Thus the fauna of a c a rc a ss  w ill be som ewhat 

dependent upon the ac tiv ity  of the adu lt forms, and the abundance or 

absence  of adu lts w ill, in some c a se s , be due to chance phenomena.

The ac tiv ity  of severa l o ther sp e c ie s  of f lesh  flie s  was noted 

throughout the study. Some of th ese  were quite common forms. Ravinia 

1'herm inieri (Robineau-DesvOidy) and O xysarcodexia ochripyga (Van der 

Wulp), Sarcophaga m isera sarracen io ides Aldrich, M etoposarcophaga 

su lcu la ta  (Aldrich), and Sarcophaga bishoppi Aldrich were common 

forms. R. I'herm lnieri and O. ochripyga are coprophagous forms;

S. m isera sa rracen io ides is  a  scavenger and g rasshopper p a rasite  

w hile the hab its of M. su lcu la ta  and £3. bishoppi are unknown. All 

of th ese  sp e c ie s  were p resen t from Decem ber to  April excep t for 

Sy bishoppi which appeared  only in  April. Although many adu lts

of S. bishoppi were captured on the c a rc a ss , no larvae  w ere obtained .
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The p resence  of th ese  sp e c ie s  of f lesh  flie s  can  be a ttribu ted  

to the a ttrac tiv e  odors em anating from the decom posing c a rc a s s e s . It 

is  not unlikely  tha t many sarcophagids congregated in  the study area and 

tha t the concentra tion  of adu lts probably fac ilita ted  mating betw een 

the sexes of the sp ec ies  involved. There w as much mating ac tiv ity  

on the vegeta tion  surrounding the screened  a rea .

D. Seasonal C hanges in  the Abundance and A ctivity 
of the C arcass-B reed ing  C alliphoridae

Phormia regina is  a coo l-w eather form and w as found m ost 

abundantly from January to  M arch. During th is  time, it  com prised 

about 80% of a ll the C alliphoridae presen t. By April i t  had tapered  

off to about 45%. In December, Phormia gradually  rep laced  C. m acel- 

la rla  a s  the m ost abundant sp e c ie s . Adults of Phormia were found soon 

afte r the sun warmed the study area  and many landed on the cage 

and res ted  quietly  in the sun. This sp ec ies  w as m ost ac tive  during 

m id-day, large numbers flying around the c a rc a ss . Adults were 

p resen t around the c a rc a ss  excep t on the co ld est days.

Phaenicia se rlca ta  is  abundant during the spring and fa ll. By 

December, th is  sp ec ies  w as not common, and rem ained rather rare from 

December to M arch. By April, the number of adu lts had in creased  

g reatly  and equalled  Phormia w hose numbers had decreased  stead ily



from m i^-M arch. Trapping by C ushing and Parish  (1938) in  Texas 

showed Phaenicia  to  be most abundant in the spring from April to July, 

d isappearing  from July to  January. In th is  study, Phaenicia w as m ost 

active  during m id-day, and w as not p resen t on cloudy or cold days.

P aralucllia  is  com paratively rare in Southern Arizona and 

although larvae  can  be found in  m ost c a rc a sse s , they rep resen t only 

a sm all fraction  of the to ta l la rva l population. It w as ac tiv e  from 

December to M arch and can  be considered  a w inter sp e c ie s  a t lower 

e lev a tio n s. A number of specim ens w as co llec ted  in  June above 5000 

fee t and m ost records from Arizona are from m ountain lo c a lit ie s .

Eucalliphora lila e a  is  a w inter sp ec ie s  and w as observed 

from December to M arch. It w as not p resen t during April. This sp ec ies  

w as m ost ac tiv e  on calm, c lear, warm days. E. l i la e a  is  the most 

common of the c lo se ly  re la ted  members of the genus C alllphora , or 

blue bo ttle  f l ie s . Other sp ec ie s  were p resen t but not in large numbers.

C alliphora co lo radensis is  a w inter sp e c ie s . Adults were 

p resen t from December to  March in sm all but c o n s is ten t num bers.

This sp ec ie s  prefers calm, sunny days and w as rare ly  p resen t on 

windy days.

Cochliom yia m acellaria  is  a ho t-w eather sp e c ie s , and is  

com pletely ab sen t from January to  June. By m id-June, many adu lts 

were co llec ted  a t  higher a ltitu d e s . This sp e c ie s  is  the dominant
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blowfly throughout the hot summer m onths. Cushing and Parish  (1938) 

trapped adu lts throughout the year in  Texas, but no adu lts  were 

observed in Southern Arizona un til June.

The presence  of numerous summer, w inter and tran sitio n a l 

spec ies a ssu re s  a d iv ers ity  of forms throughout the year in Southern 

Arizona. U llyett (1950) d isc u sse s  the e ffec ts  of overlapping sp ec ie s  

on com petition and a lso  m entions th a t the p resence  or absence  of a 

spec ies is  due to so il tem peratures affecting the developing pupae.

E. Com parison of Larval Sequence in Southern Arizona 
w ith South Africa and Northern Q ueensland

Seasonal v a ria tio n s in  sp ec ie s  of larvae a ttack ing  c a rc a sse s  

correspond with the a c tiv it ie s  of the adu lts  m entioned above. Seasonal 

sp ec ie s  are e ither p resen t or ab sen t during certa in  tim es of the year, 

while perm anent sp ec ies  exh ib it fluctuations according to seaso n .

U llyett (1950) s ta te s  th a t in South Africa, adu lts of Phaenicia  

are the f irs t  to v is i t  c a rc a sse s , followed by various sp ec ies  in  the  

subfam ily Chrysom yinae and fina lly  members of the Sarcophagidae.

Fuller (1934) found th a t Phaenicia  and C alliphora spp. were the 

primary f lie s , but th a t the im portance of sarcophagids in c a rc a ss  

decom position in creased  in  warmer c lim ates .

In Southern Arizona, from Decem ber to M arch, the sequence 

which is  described  by U lly e tt (1950) w as reversed . The sarcophagids,
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H. plinthopyga and S_. c e ssa to r  w ere the primary a ttac k e rs . C alliphora 

spp. followed soon after the sarcophagids and the Chrysom yine sp e c ie s ; 

Phormia and the C alliphorine Phaenicia arrived very la te . During April, 

H. plinthopyga and Phaenicia arrived alm ost sim ultaneously . However, 

each was ac tive  a t  d ifferent tim es of day, a s  m entioned above. Phormia 

arrived somewhat la te r . These even ts are considerab ly  te lesco p ed  

by warmer w eather and arriva l of d ifferent sp ec ies  may be only hours 

apart.

Seasonal abundance w as variab le  for a ll c a rca ss-b reed in g  

sp ec ies  stud ied . Some sp e c ie s  are p resen t in variab le  numbers 

throughout the year w hile o thers d isappear during certa in  periods.

The calliphorids, Eucalliphora l i la e a , C alliphora co lo rad en s ls , 

and Paralucilia  w heeler! were p resen t only from Decem ber to M arch. 

Phormia regina w as p resen t throughout the year but is  most abundant 

during the spring and fa ll. Cochllom yia m acellarla  w as p resen t from 

May to Decem ber but w as m ost abundant during the h o tte s t summer 

m onths. It w as ab sen t during the w inter. The sarcophagid, 

H ystricocnem ina p lin thopyga, w as p resen t throughout the year 

but was som ewhat more abundant in  the spring and fa ll. Sarcophaga 

c e ssa to r  w as m ost abundant during the w inter and rare during the

spring.
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Seasonal changes in  adu lt fly ac tiv ity  were m ost conspicuous 

for the sarcophagids, H. plinthopyga and EL c e s s a to r . During the 

winter, th ese  sp e c ie s  were ac tive  throughout the day. In April, they 

were ac tive  from sunrise  un til 9 a . m. and again  from 5 p .m . un til 

sunset. Phaenicla  and Phormia were ac tive  throughout the day.

Seasonal d ifferences in la rva l abundance were a lso  noted.

In w inter, the sarcophagids S. c e ssa to r  and H. plinthopyga constitu ted  

about 20% and 80%, resp ec tiv e ly , of the to ta l sarcophagid larvae in 

the c a rc a ss . In spring, £3. c e s sa to r  constitu ted  about 0.5%  and 

H. plinthopyga 95 .5% . The number of Phaenicla  larvae  increased  

from 0. 8% of the to ta l larval m ass in  the February c a rca ss  exposure 

to 30.1%  in  April exposures. Phormia decreased  from 58.8%  in 

February to 20.6%  in April.



VI. INTERSPECIFIC AND INTRASPECIFIC COMPETITION

A. Introduction

M ost papers dealing  with blowfly problem s a t le a s t  mention 

the im portance of in te rsp ec ific  and in tra sp ec ific  com petition and the 

effect of com petition upon su ccess io n  w ithin a c a rc a ss . Smit (1931) 

and Fuller (1934) deal w ith com petition generally . N icholson (1954, 

1957) deals  w ith numerous problem s arising  from the study of blowfly 

com petition and U llyett (1950) has exhuastive ly  covered the topic for 

South African b low flies. Since the supply of food furnished by a c a r­

c a ss  is  a lw ays lim ited and c a rc a s s e s  in  m ost a reas  are not commonly 

encountered, com petition is  u sua lly  in ten se  and the authors above 

adequately  d isc u ss  the problem s aris ing  from a lim ited food supply 

and their e ffec t on blowfly populations. Much of the work done a lso  

app lies to f lie s  in Southern Arizona but there are a few a sp e c ts  w hich 

differ enough from previously  encountered situ a tio n s to w arrant d i s ­

cu ssio n .

B. A vailability  of C a rc a sse s

In Southern Arizona, there is  no in tensive  u se  of liv esto ck  

such as  in  the sh eep -ra is in g  a reas  of South Africa and A ustralia where

48



49

blow flies are a constan t problem. M ost lo s se s  a rise  from screw  worm 

a ttack  or in fes ta tio n  of wounds on c a ttle , ho rses and sheep . C a rcasse s  

seen  commonly on the d esert are u sua lly  those  of sm aller mammals, 

birds and occasio n a lly  coyotes and jav e lin a . These are drawn from 

the wild anim al populations upon w hich the c a rca ss -fee d in g  flie s  are 

dependent for the ir ex is ten ce . In rare in s tan ces , such as for Phaenicia 

se rica ta  (Meigen) and Sarcophaga m isera sa rracen io ides Aldrich, flie s  

may su b s is t on m aterial o ther than  c a rc a sse s  or may invade wounds on 

an im als.

There are many verteb rate  scavengers which may deprive 

c a rca ss -feed in g  f lie s  of some or a ll of the food availab le  in  a c a rc a ss . 

In one in stan ce , a fre sh ly -k illed  s te e r  was found near Je l ls ,  Arizona. 

There were many vultures in the area picking a t the c a rc a ss . Two 

w eeks la te r  only sk in  and bones rem ained. There w as no evidence 

th a t any blow flies developed from th is  large c a rc a ss . Thus the problem 

of food av a ilab ility  is  a s  acu te  in the d esert as in  most a re a s .

C. Cannibalism

One factor encountered during the s tu d ies  in South Africa and 

A ustralia not seen  in Southern Arizona is  cannibalism  among the fly 

la rvae . Larvae of Chrysom yla a lb icep s W iedem ann (= ru fifac ies

M acquart) ac tiv e ly  devoured larvae of Phaenicia , the so -c a lle d



"smooth larvae" of Fuller (1934). According to the p resen t references 

on calliphorid  taxonomy, there are  no members of the genus Chrysomyia 

p resen t in North America. Although Cochliom yia m acellaria  (Fabricius) 

is  c lo se ly  re la ted , there is  no ev idence th a t th is  sp e c ie s  is  can n ib a lis tic .

D. The Work of U llyett and N icholson

Based on laboratory  work conducted by N icholson (1957) and 

U llyett (1950), w ith increasing  tem perature and increased  larva l activ ity , 

in tra sp ec ific  and in te rsp ec ific  com petition becom es keener, resu lting  

in  few er numbers of f lie s  or sm aller indiv iduals w hich are  le s s  vigorous 

than "normal" f l ie s . N icholson (1957) observed th a t the b a s ic  under­

lying m echanism  involved is  th a t a large number of larvae g e t too l it t le  

food to com plete developm ent, but, in  doing so, w aste  much of the  

availab le  food. This i s  one reason  for the d ras tic  fluctuations in 

blowfly populations.

As many pupae and mature larvae  as p o ss ib le  were co llec ted  

from c a rc a sse s  during February and April. As expected , the c a rca ss  

in  February produced many more adu lt f lie s  than th o se  in  April.

Table 3 g ives to ta ls  for adu lts  produced from c a rc a ss e s  in  February
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TABLE 3. --T o ta l adu lt f lie s  produced from c a rc a sse s  in  February and
April 1964.
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Species Total Percentage

February

Phormia regitia 3, 914 86 .9

H ystricocnem ina plinthopyga 230 5. 1

Eucalliphora lila ea 118 2 .4

Phaenicia  se rica ta 107 2 .1

C alliphora co lo radensis 70 1.5

Sarcophaga c e ssa to r 47 1 .4

Paralucilia  w heeleri

TOTAL

15 

4, 504

April

0 .3

Phaenicia  se rica ta 587 38 .8

Phormia regiha 576 38. 1

H ystricocnem ina plinthopyga 347 22 .2

Sarcophaga c e ssa to r

TOTAL

2

1, 512

0 .9
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E. Com parison of Adult F lies Produced from
C a rca sse s  in  W inter and Spring

By thoroughly searching  the  pen area for stray  pupae and sifting  

through the hair on the c a rc a ss e s , i t  w as estim ated  th a t the number of 

adu lts  which emerged in  the laboratory rep resen ted  75% of the to ta l 

number of emerging a d u lts . If 25% is  added to each  to ta l, the 

February ca rca ss  produced 5, 630 adu lts  and the April c a rc a sse s , 1, 890.

As shown in  Table 3, the to ta l number of adu lts produced in 

April w as only about one-fourth  of tha t from February. Two sp ec ies , 

notably H. plinthopyga and P haen lc ia ,.in c re a sed  a t the expense of 

Phormia reglna (Meigen) which, .in  April, w as no longer dom inant. Adults 

of Phormia tended to be very much sm aller than  th o se  produced in 

February. Of a to ta l of 576 P. reg ina adu lts produced in  April, 50% 

were undersized , had deform ities or were unable to unfold the wings 

after em ergence. The m ortality  of pupae w as h igher in  April than  in  

February because  some undernourished larvae w ere ab le  to pupate but 

produced no ad u lts . M ortality never exceeded 10% in any of the sam ples 

excep t in  c a se s  where pupae or larvae  were p a rasitized .

F. Com petition Between E stab lished  Species

Prolonged ac tiv ity  during February perm itted observations on 

the movement of larvae w ith in  the c a rc a ss . Phormia never succeeded
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in  becoming e s tab lish ed  in  a reas  where H ystricocnem ina plinthopyga 

. (Wiedemann) or Sarcophaga c e ssa to r  Aldrich were feeding, w hile 

larvae of C alliphora co lo radensis Hough and Eucalliphora l lla e a  

(Walker) were m ost commonly found in  such a re a s . Two factors 

might possib ly  be operating here. F irst, the m echanical a sp ec ts  

of crowding by the large larvae  of H. plinthopyga and SL c essa to r  

consum ed a ll  availab le  space  in  a g iven area . This does not account 

for the p resence  of C . co lo radensis  and 12. l i la e a . Secondly, as 

d isc u sse d  by U llyett (1950), the ab ility  of a  sp ec ie s  to invade a 

c a rca ss  may be dependent upon chem ical conditioning by the p resence 

of previous in h ab itan ts . The rapid  invasion  of a reas d eserted  by the 

sarcophagid larvae  in d ica te s  th a t in  th is  c ase  Phormia is  unable to 

su ccessfu lly  Invade th ese  a re a s  until sarcophagid larvae  have departed .

The sequence in  w hich ad u lts  la rv ip o sit or ov iposit a lso  has 

im portant bearing on the estab lishm en t of a la rva l population. In the 

exam ple m entioned above, sarcophagid  larvae  are the f irs t to become 

e s tab lish ed  in c a rc a sse s  and hence are be tter ab le  to prevent the 

invasion  by other sp e c ie s . Other larvae  which are crowded out and 

denied a c c e ss  to  food move to a reas  of the c a rc a ss  w hich e ither have 

not been a ttacked  or which have been occupied and deserted  by

sarcophagids.
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The fac to rs of chance may be im portant in  determ ining w hat 

sp ec ies  may be found inhabiting a c a rc a ss . This is  b e s t dem onstrated 

by the April c a rc a ss  exposures. How can the in it ia l  preponderance of 

H. plinthopyga in the dark ca t and Phaenlcia  in  the lig h t-co lo red  ca t 

be accounted  for? Temperature certa in ly  is  part of the answ er but 

whether the d ifference is  due to d ifferent tem perature preferences is  

not known. The fac t th a t H. plinthopyga is  more ac tiv e  in cooler 

w eather than Phaenlcia  and th a t Phaenicia  larvae  are  not common 

during the w inter months may provide a c lue . C arcass  tem peratures 

in  the c a rc a ss  in  w hich H. plinthopyga predom inated w ere only about 

5°F. cooler than  in the other. The fac t th a t Phaenicia  did not read ily  

ov iposit upon the striped  c a t even though sarcophagid larvae  were 

not w ell e s tab lish ed  a t the tim e is  puzzling and further work is  needed 

to determ ine c au sa l fac to rs. On the  seventh  day afte r exposure, about 

250 dead larvae of H. plinthopyga and S. c e ssa to r  were d iscovered  

sca tte red  around the c a rc a ss  of the striped  ca t, in  which they had 

previously abounded. W hether they w ere k illed  by the hea t w ithin 

the c a rca ss  or by heat from the  sun w hile attem pting to m igrate to the 

so il is  not known. No such even t occurred in  the c a se  of the b lack  

ca t.

Once the larvae  of H. plinthopyga or Phaenlcia  w ere e s ta b ­

lish ed  in  the c a rc a ss e s , larvae  of the other e ither fa iled  to become
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estab lish ed  or did so in  very sm all numbers. This dem onstrated that, 

in  the c a se  of primary a ttack ing  sp e c ie s , early  firm estab lishm en t w ill 

tend to block the arriva l of other po ten tia l primary form s, so th a t one 

sp ec ies  w ill develop to the exc lu sion  of another (see  Figure 3). Phormia, 

being a secondary invader, became w e ll-e s ta b lish e d  in both c a rc a ss e s  

afte r many of the primary larvae  had com pleted feeding and m igrated to 

the so il. Chance p h y sica l fac to rs, therefore, play a strong ro le  in 

determ ining the com position of the in itia l larval invaders by influencing 

ov iposition  and la rv iposition  hab its of adults and thereby governing the 

p resence  or ab sence  of primary sp e c ie s . Once e s tab lish ed , the sp ec ies  

p resen t is  ab le  to m aintain i ts  superio rity  to the exclusion  of other 

sp ec ies  by u tiliz ing  av a ilab le  food and space . Further work on th is  

a sp e c t of com petition would prove fruitfu l.

G. Summary

Factors which influence com petition betw een ca rca ss -b reed in g  

fly sp ec ie s  include av a ilab ility  of c a rc a sse s , cannibalism , and tem ­

perature. Because of in creased  in te rsp ec ific  and in tra sp ec ific  com­

petition  in  the spring, only about one-fourth  a s  many adu lts  were 

produced from c a rc a sse s  in  the spring a s  in the w inter. Many of the 

adu lts produced in  spring w ere undersized  or p o sse sse d  other deform ities. 

C alliphorids never became e s ta b lish e d  in parts of a c a rc a ss  where
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sarcophagids were feeding un til the sarcophagids m igrated to other 

parts of the c a rc a ss . This may be due to m echanical crowding or 

chem ical conditioning of the c a rc a ss . April c a rc a ss  exposures 

ind icated  tha t chance physica l fac to rs may determ ine w hat primary 

sp ec ies  w ill f irs t  invade a c a rc a ss . Once a given primary sp ec ies  

became e s tab lish ed  on a c a rc a ss , i t  tended to predom inate un til the 

arrival of secondary sp e c ie s .



VII. LABORATORY REARING

M ature larvae and pupae co llec ted  in  the fie ld  were taken  to  a 

laboratory and p laced  in  g a llo n  ja rs  un til em ergence occurred. Several 

a rtif ic ia l d ie ts  were tried  in an attem pt to rea r larvae of H ystrico - 

cnem ina pllnthopyga and Sarcophaga c e s s a to r , a s  w ell a s  blowfly 

sp e c ie s . None of th ese  d ie ts  w as su ccess fu l. The larvae developed 

rapidly up to a point but then  w andered over the medium and eventually  

died. The b est medium w as nutrien t agar 5 parts, powder liver ex trac t 

4 parts, lyophilized  bovine serum 1/2 part, and nutrien t sa lt  1/2 part. 

Larval developm ent p rogressed  rapidly to sm all third in s ta r  forms but 

then  the larvae died.

Length of pupal period of the  ca rca ss-b reed in g  f lie s  was* stud ied  

in the laboratory, with particu lar em phasis on seaso n a l changes in  the 

length  of the life  cy c le .

Phormia is  f irs t to emerge in a g iven sam ple. Eucalllphora 

llla ea  w as u sua lly  next to follow . Phaenicla se rica ta  emerged next 

followed c lo se ly  by C alllphora co lo ra d en s ls . ST. c e s sa to r  and H. 

pllnthopyga emerged -almost sim ultaneously . Although periods of 

em ergence overlapped, the periods when the g rea te r part of the 

emergence of each  sp ec ies  took p lace  were w ell sep ara ted . Thus,
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one could expect the orderly sequence of adu lt em ergence. Phormia 

has the sh o rte st life  cycle  of a ll  the f lie s  stud ied . M ost Phormia, the 

the la s t  sp ec ies  to leave the c a rc a ss , had  emerged'long*before the first, 

Sy c e s s a to r , the f irs t  sp ec ie s  to invade the c a rc a ss .

Length of the life  cycle  for three sp ec ies  in April is  given 

below in Table 4.

TABLE 4. --L ength  of life  cycle  in days for three sp ec ie s  of c a rc a s s ­
breeding flie s  in April, 1964.

Species Egg Larva Pupa Total
"time

Phormia reglna 2 2-6 5-10 9-18

Phaenicia se rica ta

H ystrlcocnem ina plinthopyga

2 -  6 12-17 16-25

3 -  10 20-26 23-36

Length of the pupal stage  seem s to account for d ifferences in 

the life  cycle , but further laboratory  work w ill be n ecessa ry  to d e te r­

mine p rec ise ly  the changes in life  cycle  length under varying tem pera­

ture conditions. Seasonal d ifferences are due m ainly to the rapid 

developm ent of the larvae during warm w eather.

Groups of pupae were separa ted  from each  sam ple and p laced 

in individual v ia ls  to  determ ine the ra te  of m ortality in  the pupal stage . 

M ortality was low in a ll sam ples co llec ted  in both February and April.



In a ll  c a se s , except for the in tervention  of p a ra s ite s , m ortality w as 

below 10% and did not m aterially  a ffec t the to ta l number of flie s  

which emerged.



VIII. SUMMARY AND CONCLUSIONS

The abundance and varie ty  of ca rca ss-b reed in g  f lie s  seen  

throughout the year in Southern Arizona can  be a ttribu ted  to the mild, 

dry clim ate which p revails m ost of the year and w hich therefore pro­

v ides an ex ce llen t opportunity for the study of su ccess io n . Though 

certa in  sp ec ie s  predom inate, the p resence  of a t  le a s t  three or four 

sp ec ies  throughout the year perm its observations on com petition.

Prelim inary observations on c a rc a sse s  exposed in the field  

in  Southern Arizona show th a t there is  a defin ite  seaso n a l su ccess io n  

of sp ec ies  which regularly  invade c a rc a sse s  and th a t the su ccess io n  

is  re la ted  to changes in tem perature and to chance fac to rs which e ither 

lim it or enhance the ab ility  of c e rta in  sp ec ies  to invade c a rc a sse s  

during certa in  tim es of the year.

Com petition for food and space  is  the main fac to r which 

w ill determ ine the abundance of a ca rca ss-b reed in g  sp e c ie s  once 

it  is  e s tab lish ed  upon a c a rca ss  but the  p resence or ab sen ce  of 

any sp ec ie s  w ill be re la ted  to tem perature or o ther non-b io tic  

phenomena.

P recip ita tion  a ffec ts  ca rca ss-b reed in g  f lie s  only by adding 

some m oisture to the d esicca tin g  c a rc a ss  and allow ing a prolonged
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feeding period for the larvae. Although adu lts  are a ttrac ted  to a m oistened 

ca rca ss , they do not ov iposit.

C arcass decom position occurs rapidly  in the warmer months 

due to g rea ter ac tiv ity  of invading la rvae . During the w inter, when 

the larvae are ac tive  only during the day and tem peratures are low, 

liquefaction  and decom position occur more slow ly.

Invasion of c a rc a sse s  occurs in a p red ic tab le  m anner. Members 

of the family Sarcophagidae are alw ays f irs t to invade, follow ed by mem­

bers of the genera C alliphora , Eucalllphora and P aralucilia  in the w inter, 

and Phaenlcla se rica ta  in  the spring. The secondary sp ec ie s , Phormia 

regina in w inter and Cochllom yla m acellarla  in summer, are the la s t  of 

the blow flies to develop on the aging c a rc a ss .

Activity of adu lts is  re la ted  to w eather phenomena such as 

tem perature, clouds, p rec ip ita tion  and w inds. W eather conditions 

prevailing a t the tim e of c a rc a ss  exposure som etim es determ ine which 

sp ec ies  become e s tab lish ed  as  w ell a s  how su c ce ss fu l they are in 

competing w ith other e s tab lish ed  sp e c ie s .

In w inter, Phormia regina (Meigen) is  the dom inant sp ec ies  

p resen t. In spring, Phaenlcla se rica ta  (Meigen) is  dominant, but is  

rep laced  by Cochllom yla m acellarla  (Fabricius) .in June. Members of 

the genera C alliphora , Eucalllphora and P ara luc ilia  are p resen t only 

during the w inter m onths.
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Due to d ifferences in  leng th  of the life  cycle , adu lts of a ll 

sp ec ies  emerge a t specific  in te rv a ls  a fte r pupation. Phormia regina, 

w ith the shortest, life  cycle , a lw ays em erges f irs t, follow ed in  order 

by Eucalliphora lila ea , Phaenicia se r ic a ta , C alliphora co lo rad en s is , 

Sarcophaga c e ssa to r  and H ystricocnem lna p lin thopyga.

The role of p a ra s ite s  and predators in reducing the number of 

developing flie s  appears to  be minor, a t le a s t  during the winter, and spring.

Further work on a yearly  b a s is  w ill do much to enhance the 

knowledge of blowfly ac tiv ity  in the Southw est and to define more 

p rec ise ly  the b io tic  and p h y sica l fac to rs which combine to regu late  

the occurrence and abundance of ca rcass-b reed in g  flie s  in Southern

Arizona.
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APPENDIX A

TAXONOMY OF DIPTERA ASSOCIATED WITH CARCASSES

1. Introduction

Taxonomy of the C alliphoridae has been  w ell documented due 

to the econom ic im portance of the group. H all (1948) adequately  covers 

the problems involved in the descrip tion  and synonymy of the fam ily. 

C erta in  shortcom ings in  th is  work are pointed out by Jam es (1953) and 

concern varia tion  in coloration  and the proportions of various struc tu res 

used  by H all. The problem of varia tion  in th is  study w as noted p a rtic ­

ularly in  the genus C alllphora and the author has attem pted to use  the 

characters which are m ost s tab le . Shannon (1926) helped to clarify  the 

family as a whole and to determ ine its  boundaries. Townsend (1908) 

provides an in te resting  look a t the history  of the taxonomy of the m uscoid 

D iptera and g ives a summary of the m orphological charac te rs of the head, 

thorax, w ings, abdomen and leg s  w hich are u sefu l in identifying sp ec ie s  

w ithin the m uscoid group. He em phasizes those  charac te rs which to  him 

seem m ost im portant in iden tifica tion .

Taxonomy of the Sarcophagidae is  som ewhat le s s  w ell known. 

Recent papers have helped to c larify  the evolutionary position  and
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bionomics of the sp e c ie s . Aldrich (1.916)', Roback (1954), Sanjean 

(1957), Downes (1955) and H allock (1940, 1942) provide good m aterial 

for the iden tification  of larvae and adu lts . The family is  in a s ta te  of 

flux a t p resen t w ith many name changes being proposed as  the fam ily 

becom es be tter known.

The keys p resen ted  here u tilize  those  charac ters w hich p resen t 

the g rea tes t s tab ility  and which are e a s ie s t  to recogn ize . In the adu lt 

keys, em phasis is  p laced  on field  iden tifica tion . The larvae are 

separa ted  by means of the morphology of the posterior sp irac le s  and 

the cephalopharyngeal ske le ton . The keys deal only w ith those  flie s  

a ttrac ted  to c a rc a sse s  in considerab le  numbers or those  d irec tly  

a sso c ia ted  with c a rc a sse s , 1. e . , th o se  w hich ov iposit and com plete 

larval developm ent on c a rc a s s e s .

Brief descrip tions are g iven of the flie s  d irec tly  a sso c ia te d  

w ith the c a rca ss  and include only the characters im portant in d ifferen ­

tia tio n  betw een sp ec ie s  p resen t in  the field . D escrip tions of calliphorids 

are based  on charac ters u sed  by Hall (1948) and Jam es (1947); those  of 

the sarcophagids are based  on Jam es (1947), Aldrich (1916), and H allock 

(1940, 1942).
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2. M anipulation of Adults and Larvae

M ethods were developed for handling and counting larvae during 

the course of the work. Larvae co llec ted  in the fie ld  were imm ediately



placed  in P e terson 's  KMD solu tion  co n sis tin g  of 2 .5  ml. kerosene,

70 ml. 95% ethyl alcohol, 10 ml. dioxane, and 17.5  ml. g lac ia l 

a ce tic  ac id  per 100 ml. of so lu tion . The purpose of the so lu tion  is  

to expand and harden the m aggots so  th a t they can  be handled eas ily . 

Care must be exerc ised  in the use  of kerosene b ecause  too l i t t le  

leaves the specim ens limp and flacc id  and too much explodes them.

After subm ersion in KAAD for about 12 hours, the larvae  were transferred  

to 95% ethyl a lcohol for sto rage.

Sam ples of larvae were co llec ted  from c a rc a ss e s  a t in tervals 

of from one to th ree  days to determ ine sp e c ie s  p resen t in  the ca rca ss  

and the movements of maggot sp ec ie s  from one a rea  of the c a rc a ss  to 

another. These sam ples from the population reduce the number of larvae 

p resen t and consequently  a ffec t com petition to a s ligh t ex ten t.

Larvae were iden tified  and then  stored  in  95% ethyl a lcohol. 

Slide mounts of the mouth hooks and posterio r sp irac le s  were made for 

a ll sp ec ies  using  H oyer's medium a s  a mounting and c learing  agent. 

Drawings of the mouth hooks and sp irac le s  w ere made d irec tly  from 

th ese  mounts.

In itia lly , adu lt f lie s , b ee tle s  and w asps w hich landed on or 

near the c a rc a sse s  were captured by ne t but s ince  th is  method of 

co llec tion  tended to mar the specim ens, subsequen t co llec tions 

were made by picking the f lie s  off the c a rc a ss  w ith sm all v ia ls . The

66



67

flie s were taken  to the laboratory in th ese  v ia ls , an esth e tized  with ethyl 

ace ta te  and k illed  w ith hydrogen cyanide g a s . The advantage of using 

such v ia ls  in  co llec ting  sarcophagids w as th a t the fem ales would often  

la rv iposit w ithin the v ia ls  and the larvae could thus be ea s ily  obtained . 

Eventually the n e c e ss ity  of obtaining adu lt sam ples w as obviated by the 

recognition of the various sp ec ies  a s  they landed on the c a rc a ss .

Larvae w hich developed on the c a rc a ss  and then burrowed 

into the so il d irec tly  beneath  were co llec ted  a t ten  to fourteen day 

in te rv a ls . The mature larvae and pupae thus co llec ted  were taken 

to the laboratory and put into gallon ja rs . In itia lly , verm iculite was 

used  as  a su b s tra te  to con ta in  the pupae but a s  adu lts emerged, a 

tremendous amount of m oisture w as generated  w ithin the ja rs . Dry, 

sandy so il w as found to be b e s t for containing th e se  pupae. M uscoid 

f lie s  are extrem ely adept a t  escap ing  from c lo sed  con ta iners, making 

i t  n ecessa ry  to  fit a tigh t lid  over the ja rs  to prevent the e scap e  of 

emerging ad u lts . This s itu a tio n  a lso  c reated  m oisture problems w ithin  

the ja rs . The b e s t so lu tion  w as to f it a p iece  of fine c lo th  over the top 

of a ja r w ith two very tigh t rubber bands. This prevented escap e  and 

allow ed ex ce ss  m oisture to d is s ip a te .

As adu lts emerged, they were an esth e tized  w ith e thy l ace ta te , 

counted, iden tified  and sexed . No attem pt w as made to propagate 

adu lts in the laboratory .



From each  group of mature larvae and pupae co llec ted  from 

the c a rca ss , a number w as s e t  a s id e  for individual rearing to  give an 

ind ication  of m ortality and of the sp e c ie s  p resen t in  the sam ple. These 

larvae and pupae were se lec te d  a t random and p laced  in  tigh tly  corked 

v ia ls  containing an inch of loose  so il. Individual rearing allow ed 

determ ination of sp ec ies  p a ra s itiz ed  by M ormoniella v itrlpenn ls 

(Walker) and Alysla ridlbunda (Say).

Mouth hooks and poste rio r sp irac les  of third in s ta r  larvae 

were mounted on s lid e s  in H oyer's medium. This medium c lea rs  the 

sp irac les  and a lso  d isso lv es  any flesh  adhering to the mouth hooks.

The sp irac les  were removed w ith a pair of Dumont No. 5 je w e le r 's  

tw eezers by gently  separa ting  the sp iracu lar p late  from the tracheae  

and posterio r cav ity . The mouth hooks are e a s ily  removed from the 

anterior end of the maggot and the m uscle t is su e  can  be te a se d  from 

the hooks or d isso lved  by im m ersion in  potassium  hydroxide solution.

• H oyer's medium quickly c lea rs  any ex cess  t is su e  c linging to  the
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APPENDIX B

KEY TO ADULT DIPTERA MOST COMMONLY ASSOCIATED 

WITH CARCASSES IN SOUTHERN ARIZONA

1. Thorax w ithout a com plete tran sv erse  dorsa l suture an terio r to the 

w ings; post-hum eral b ris tle  absen t; su b co sta l ve in  often incom plete; 

fourth vein  usua lly  s t r a i g h t .....................................  ACALYPTRATAE. 2.

Thorax usua lly  w ith com plete tran sv erse  dorsa l suture anterior to 

the w ings; post-hum eral b r is tle s  u sua lly  presen t; subcosta l vein

com plete and ending in the c o s ta l  v e i n ................ CALYPTRATAE. 3.

2. Body length  3 .5 -4 .0  mm................................................F. P iophilidae

Body length  1 .5 -2 .0  mm...............................................  F. C hloropidae

3. Hypopleuron w ith w eak hair not arranged in row s. M uscoidea 4. 

Hypopleuron w ith one or more rows of strong

b r i s t l e s ................................................................. Sarcophagoidea 5.

4. Fourth longitudinal ve in  (M 1 and 2) d is tin c tly  curved forward; s c u te l-  

lum lacking  fine e rec t ha irs on undersurface . . F. M uscidae
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Fourth longitudinal (M 1 and 2) vein  s tra ig h t or only sligh tly  

curved; scutellum  with fine e re c t hairs on the under­

surface ............................................................................. F. Anthomyiidae

5. A rista long, plum ose for about o n e-h a lf of i ts  length  or pubescent;

abdomen gray or black te s se lla te d ; propleuron and presternum  

usua lly  b a r e ...................................................................  F. Sarcophagidae. 6.

Arista w ith plum osity extending th ree -q u arte rs  of the length; abdomen

usua lly  m etallic  green, blue, bronze, or black; propleuron and

pro sternum usua lly  p i l o s e ........................................  F. C alliphoridae. 11.

6. Thorax w ith three posterio r dorsocen tra l b r is tle s , w ell

d e f i n e d .......................................................... . . . Sarcophaga c e ssa to r  Aldrich

Thorax w ith four or five posterio r dorsocen tra l b ris tle s  or

an terio r one reduced .........................................................................................  7

7. Hind tib ia  w ith d is tin c t v i l l o s i t y ....................................................................  8

Hind tib ia  w ithout d is tin c t v i l l o s i t y .............................................................. 9

8. Back of head w ith three rows of post ocu lar c ilia ; frontal b ris tle s  

about ten  (in m ales); hind tib ia  w ith dense  v illo s ity ; length

8-13 mm Sarcophaga mi sera  sarracen io ides Aldrich



Back of head with four or five rows of p o s t-o c u la r  c ilia ; frontal 

b ris tle s  about seven  (in m ales); hind tib ia  w ith  short v illo s ity ;

length  8-9  mm..........................  M etoposarcophaga su lcu la ta  (Aldrich)

9. Anterior ac ro s tich ia l b ris tle s  large and w ell-defined ; four 

w ell-defined  posterio r dorsoc'entral b ris tle s

p r e s e n t ...............................  Ravlnia 1 'herm inieri (Roblneau-Desvoidy)

Anterior ac ro stich ia l b ris tle s  ab sen t or poorly defined; an terior 

members of the poste rio r dorsocen tral b r is tle s  r e d u c e d ................ 10

10. Apical sc u te lla r  b ris tle s  p resen t (in m ale); fem ale w ith gen ita l 

segm ent red; orifice  v e rtica l w ith stout b ris tle s

above .......................................................  Sarcophaga blshoppi Aldrich

Apical scu te lla r  b r is tle s  ab sen t (in m ale); fem ale w ith gen ita l 

segm ent yellow; orifice  rounded and lack ing  stout b ris tle s  

a b o v e ...............................H ystrlcocnem ina plinthopyga W iedemann

11. Base of rad ia l ve in  w ith  about seven or e igh t dorsa l
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se tae  ................................................................................  Chrysom yinae 12

Base of rad ia l ve in  lack ing  do rsa l se ta e  .............C alliphorinae 14

12. Thorax w ith three do rsa l long itud inal s tr ip es  extending to the

sc u te lla r  suture; bucca orange 13
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Thorax w ithout do rsa l long itud inal s tr ip e s ; bucca

b l a c k ....................................................................  Phormia regina (Meigen)

13. Frontale clo thed  w ith dark hairs; squam al lobes datic brown to 

black; fourth abdom inal segm ent not po llinose

la te ra lly  .......................................................  Paralucila  w heeleri (Hough)

Frontale clo thed  w ith pale ha irs; squam al lobes w hite or 

yellow ish, rarely  ligh t brown; fourth abdom inal segm ent 

po llinose  l a t e r a l l y ............................  Cochliom yla m acellarla  (Fabricius)

14. Lower squam al lobe bare above ............. Phaenicia  se rica ta  (Meigen)

Lower squam al lobe p ilo se  above ........................................................... 15

15. P ostin traa lar b ris tle s  u sua lly  two; if  three, then  the an terio r b ris tle

is  h a ir-lik e  and reduced; ascending fac ia le  b ris tle s  strongly developed; 

frontal b ris tle s  u sua lly  six  .................. Eucalliphora lila e a  (Walker)

P ostin traa lar b ris tle s  u sua lly  three; an terio r one usually  sligh tly  

w eaker than  the  posterio r two; ascending  fac ia le  b ris tle s  w eakly 

developed, frontal b ris tle s  e igh t to ten , some w eakly 

developed ..................................................................................................  16

16. Bucca black; b r is tle s  on fac ia le  extending th ree -fou rth s  of the way

to the an tennal b ase C alliphora liv ida  H all
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Bucca o range-red  on the anterior half; b r is tle s  on fac ia le  extending 

half way to the an tennal b ase  ............  C alliphora co lo radensls Hough



APPENDIX C

KEY TO THIRD INSTAR LARVAE ASSOCIATED WITH 

CARCASSES IN SOUTHERN ARIZONA; BASED ON 

POSTERIOR SPIRACLES AND CEPHALOSKELETON

1. Larvae w ith dorsa l cornua of cephaloskeleton  divided; posterio r

sp irac les  loca ted  in a deep d e p re s s io n ...................F. Sarcophagidae. 2.

Larvae w ith do rsa l cornua of cephaloskele ton  not divided; posterior 

sp irac les  exposed or in  a shallow  c a v i t y ............ F. C alliphoridae. 3.

2. Peritreme ex tensions ab sen t or weakly developed; ta i l  of outer arc  

not enclosing  the stigm atic  scar; inner s l i t  u sually  bent sligh tly  

inward, or nearly  s tra ig h t throughout i ts  length, rarely  sinuous; 

an terior den tal sc le r ite  curved sharply away from the ven tra l su r­

face of the labial, sc le rite ; hypostom al sc le rite  roughly quadrate

in p r o f i l e .................................................... Sarcophaga c e ssa to r  Aldrich

Peritreme ex tensions strongly developed; inner ex tension  about 

one-fourth  the length of the middle s lit, outer ex tension  about 

one-th ird  the length  of the middle s lit;  ta i l  of the outer arc  

enclosing  stigm atic  scar; inner s l i t  more or le s s  sinuous; den tal 

sc le rite  only sligh tly  curved, para lle ling  the ven tra l surface of
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the lab ia l sc le rite ; hypostom al sc le rite  narrowed ven tra lly , roughly 

triangular in p r o f i l e ............  H ystrlcocnem lna plinthopyga (Wiedemann)

3. Peritreme incom plete; not enclosing  the stigm atic

s c a r ................................................................................... Chrysom yinae 4

Peritreme com plete; enclosing  the stigm atic

scar . . ..........................................................................  C alliphorinae 6

4. A ccessory oral sc le rite  p re s e n t ............. P aralucilia  w heeler! (Hough)

A ccessory oral sc le rite  ab sen t „ .......................................................  5

5. Peritreme uniformly broad and darkly pigmented; inner and outer 

ta ils  of the peritrem e ending bluntly; peritrem e ex tension  betw een 

outer and middle s l i ts  poorly developed, bluntly rounded; 

pharyngeal sc le r ite  lacking  window in the ven tra l

e x te n s io n ...........................................  Cochliom yia m acellaria  (Fabricius)

Peritreme not uniformly broad; darkly pigmented; inner and outer ta i ls  

of the peritrem e narrowed to a point; peritrem e ex tension  strongly 

developed betw een m iddle and outer s l i ts ,  u sua lly  tapered  to a 

point; pharyngeal sc le r ite  w ith narrow w ell-d efin ed  window in the 

ven tra l e x t e n s i o n ...........................................  Phormia regina (Meigen)

6 . A ccessory oral sc le r ite  ab sen t P haenicia  se rlca ta  (Meigen)
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A ccessory oral sc le rite  p r e s e n t .............................................................. 7

7. Perltreme in the area  of the stigm atic  scar d is tin c tly  ligh ter in

color; perltrem e enclosing  the stigm atic  sca r irregularly  narrowed; 

peritrem e ex tensions broadly rounded; ou ter s l i t  nearly horizontal; 

middle s li t  curved outward; lab ia l sc le rite  broad basa lly ; an te ro - 

dorsal p rocess not p ro lo n g a te d ...............  Eucalliphora lila e a  (Walker)

Peritreme in the area  of the stigm atic  scar uniformly dark; peritrem e 

enclosing  the stigm atic  sca r uniformly broad; peritrem e ex tensions 

strongly developed, sharply  or bluntly pointed; lab ia l sc le rite  

somewhat narrowed b asa lly ; an terodorsal p rocess sligh tly

prolongated C alliphora co lo radensis Hough



APPENDIX D

SPECIES DESCRIPTIONS 

H ystrlcocnem lna pllnthopyga (Wiedemann)

Recognition charac ters: Adult - length  9-14 mm. M ales e a s ily  reco g ­

nized by the ir large, bulbous hypopygium; posterio r dorsocen tra l b ris tle s  

four or five, posterio r two of normal s ize , an terio r ones reduced; an terior 

a c ro s tich ia l b ris tle s  ab sen t or barely d ifferen tiated  from surrounding hairs; 

male w ith hypopygium yellow to orange; f irs t segm ent very large; hind 

margin of f irs t  segm ent with a row of heavy b ris tle s ; second segm ent 

b ristly ; fem ale with gen ita l segm ent yellow; orifice rounded w ith a few 

heavy b r is tle s  above. Larva - a s  described  in the Key.

H abits: Saprophagous, and som etim es a m yiasis producer (James, 1947). 

Comments: This is  the most common sarcophagid  a sso c ia te d  w ith c a r ­

c a s s e s .  Larviposition on fresh  c a rc a ss e s  u sua lly  occurred w ithin  one 

to three days a fte r deposition  of the c a rca ss ; life  cycle  w as com pleted 

in 23 to 42 days depending on the tim e of year. One fem ale deposited  

eggs rather than  larvae in the laboratory .

M etoposarcophaga su lcu la ta  (Aldrich)

Recognition charac ters: Length 8-9  m m .; m ales read ily  separa ted  from 

other sp ec ies  by ex tension  of the second hypopygial segm ent far under
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the abdomen and m edian groove in the f irs t segm ent. Back of head w ith 

four or five rows of post ocu lar b r is tle s ; posterio r dorsocen tral b ris tle s  

four, w ell-defined ; an terior ac ro stich ia l b ris tle s  two or three pairs , 

w ell-defined ; hind tib ia  w ith short v illo sity ; fem ale w ith gen ita l 

segm ent red; orifice round; la rv iposito r absen t.

H abits: Unknown

Comments: This sp ec ie s  w as not taken  before m id-February and becam e 

increasing ly  abundant during March and April. Adults were never 

observed to land on c a rc a sse s  but did re s t and fly in im m ediately 

ad jacen t a re a s .

Ravinia I'herm lnierl (R obineau-D esvoidy)

Recognition charac ters : Length 6 .5 -1 2  mm. U sually  a sm all sp ec ie s ; 

posterio r dorsocen tra l b ris tle s  four, w ell-defined ; anterior ac ro stich ia l 

b r is tle s  large; hind tib ia  lacking v illo sity ; male w ith aedeagus slender 

excep t a t the d is ta l end where i t  is  expanded into two conspicuous 

knobs separa ted  by a groove; fem ale with gen ita l segm ent red po llinose; 

gen ita l orifice  oval.

H abits: This sp e c ie s  has coprophagous food hab its, as Roback (1954) 

s ta te s  is  common to m ost w e ll-s tu d ied  sp ec ies  of R avinia.

Comments: This sp e c ie s  is  by far the m ost common Ravinia in the

Tucson area . It did not ov iposit on the c a rc a s s e s .
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Sarcophaga bishoppi Aldrich

Recognition charac ters : Length 10-14 mm. Recognized by yellow ish  

palp i. Back of head w ith two rows of post ocu lar b ris tle s ; posterio r 

dorsocentral b ris tle s  four or five w ith only the posterio r one of normal 

s ize ; an terio r ac ro stich ia l b ris tle s  absen t; ap ica l b ris tle s  p resen t in  

male; male w ith a long thum b-like structure a t  the base  of the an terio r 

c lasper; aedeagus yellow; fem ale w ith gen ita l segm ent red; gen ita l 

orifice v e rtica l w ith stout b ris tle s  above.

H abits: Unknown

Comments: This sp ec ie s  w as not p resen t before April but became very 

abundant by mid-April. Many adu lts  were caught on the c a rc a ss  but no 

ov iposition  w as noted.

Sarcophaga c e ssa to r  Aldrich

Recognition charac ters : Adult - length 9-11 mm. Easily d istingu ished  

from other sp e c ie s  by the three large posterior dorsocen tral b r is tle s . 

Anterior ac ro s tich ia l b ris tle s  th ree , w ell-defined ; male with hypo- 

pygium redd ish  brown, often pruinose; second segm ent not b ristly ; 

hind tib ia  w ith m oderate v illo sity ; fem ale w ith gen ita l segm ent orange; 

orifice  rounded w ith many b ris tle s  above. Larva - as described  in  the 

Key.

H abits: Saprophagous
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Comments: This sp ec ies  w as m ost common from December to March, 

decreasing  in abundance by April. Larvippsition on c a rc a sse s  w as 

ex tensive  from Decem ber to March; larv iposition  w as noted in  April 

but few adu lts  emerged from the c a rc a s s e s .

Sarcophaga mi sera  sa rracen io ides Aldrich

Recognition charac ters : Length 8-13 mm. This sp e c ie s  is  m ost read ily  

recognized by the ex tensive  redd ish -yellow  area on the posterio r half 

of the fourth abdom inal segm ent. Posterior dorsocentral b ris tle s  four, 

strongly developed; hind tib ia  w ith dense v illo sity ; an terio r ac ro stich ia l 

b ris tle s  ab sen t; male with aedeagus sharply pointed d is ta lly  and w ith 

four slender p ro cesses ; fem ale with gen ita l segm ent redd ish-yellow , 

g en ita l o rifice  triangular.

H abits: Several authors have commented on the v e rsa tility  of th is  

sp ec ie s  regarding food h ab its . It has been reared  from grasshoppers, 

decayed m eats and garbage and presum ably ranges from scavenger to 

p a rasite  according to the av a ilab ility  of food.

Comments: This sp ec ies  w as abundant from December through February 

and specim ens were taken  w hile craw ling over the c a rca ss  but none 

were reared  from the c a rc a ss .

Cochliom yia m acellaria  (Fabricius) - Secondary screw-worm  fly 

Recognition charac ters : Adult - length  6-9 m m ., very sim ilar in  

appearance to P ara luc ilia  w heeler! but can e a s ily  be d is tingu ished
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by the golden hairs on the frontale and w hitish  squam al lobes. Palpi 

narrow, orange; bucca golden w ith orange hair; thorax m etallic  b lue- 

green and black, three black longitudinal s tripes  on dorsa l surface 

of the thorax extending to the sc u te lla r  suture; squam al lobes w hitish ; 

fourth abdominal segm ent pollinose la te ra lly . Larva - ab sence  of an 

accesso ry  oral sc le rite  d is tin g u ish es th is  sp ec ies  from larvae  of 

Paralucilia  w heeleri; peritrem e incom plete i .

H abits: Saprophagous; very rarely  invading old wounds in  anim als 

(James, 1947).

Comments: This sp ec ies  w as extrem ely common throughout November 

and December, but d isappeared  by the beginning of January. Fem ales 

la id  great m asses of eggs on a coyote ca rcass  in  early  Decem ber.

P aralucilia  w heeleri (Hough)

Recognition charac ters : Adult - length  9-11 mm. D istingu ished  from 

Cochliom yia m acellaria  by the brow nish-black  squam al lobes and black 

hair on the fron ta le . Palpi c lava te , orange; bucca orange, c lo thed  w ith 

yellow hairs; thorax w ith b lue-g reen  m etallic  lu stre ; three black 

s tripes on the  dorsa l surface of the thorax extending to the scu te lla r  

suture; squam al lobes b row nish-black; fourth abdom inal segm ent not 

po llinose  la te ra lly . Larva - A ccessory oral sc le r ite  p resen t; more 

robust than  larvae of Cochliom yia m acellaria; peritrem e incom plete.
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H abits: Saprophagous

Comments: This sp ec ie s  w as p resen t from December to March but w as 

never abundant.

Phormia reglna (Meigen) - Black blow fly

Recognition charac ters : Adult - 6-11 mm. D istinguished  from Paralucilia  

and Cochliom yia by the absence  of the broad dorsa l long itud inal s tr ip e s . 

Palpi yellow, c lavate ; bucca black with black  hair; thorax black  w ith 

g reen ish  or b lu ish  m etallic  lu stre ; abdomen shining b lack  to o livaceous; 

squam al lobes yellow ish . Larva - as described  in  the Key.

H abits: Saprophagous; occasio n a lly  a sso c ia te d  w ith wound m y iasis , 

often a sso c ia te d  w ith sheep in  the Southw est (James, 1947).

Comments: This sp ec ies  is  the m ost common blow fly p resen t during 

the w inter m onths, being e sp ec ia lly  abundant from January to  April and 

tapering  off during April.

C alllphora co lo radensis Hough

Recognition charac ters: Adult - length  9-12 mm. Can be recognized  by 

the redd ish  bucca. Frontal b ris tle s  about 10, some occasio n a lly  reduced 

to hairs; bucca redd ish  for a t le a s t  the an terio r half; short se tae  on fac ia le  

extending on e-h a lf the d is tance  to the an tennal base; po stin traa la r b ris tle s  

three, w ell-defined  but an terio r b ris tle s  som etim es rather weak; abdomen 

m etallic  blue; lower squam ae p ilo se  above. Larva - Can be recognized  by
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the uniform peritrem e th ick n ess  and pigm entation. Posterior sp iracu lar 

s l i ts  u sua lly  ra ther stra igh t or only sligh tly  bent.

H abits: Saprophagous.

Comments: The abundance of th is  sp ec ie s  co inc ides w ith th a t of 

1% lila e a  from December to M arch. Adults are m ost abundant in 

January and February.

C alliphora liv ida  H all

Recognition charac ters: Adult - length  10-12 mm. Similar to C. co lo ra - 

d en sis , but bucca is  b lack . Frontal b ris tle s  seven or eight; bucca 

black, c lo thed  w ith black hair; se tae  on fac ia le  extending th ree -q u arte rs  

of the way to the an tennal base; postin traa la r b ris tle s  th ree; abdomen 

m etallic  blue; lower squam ae p ilo se .

H abits: Saprophagous

Comments: This sp e c ie s  w as rarely  seen  and did not ov iposit on c a r ­

c a s s e s .

Eucalliphora l ila e a  (Walker)

Recognition charac te rs : Adult - length  5-9 mm. Bucca black  w ith 

g ray ish  pollen; thorax black  or b lu ish -b lack ; m ost specim ens with' 

two po stin traa la r b r is tle s , o ccasio n a lly  a w eak th ird  one; fac ia le  w ith 

strong ascending  b r is tle s  extending from on e-h a lf to  tw o-th irds of the 

d is tan ce  to the an tennal base ; abdomen m etallic  blue; frontal b ris tle s
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usually  six ; lower squam ae p ilo se  above. Larva - can  be recognized 

by the irregularly  broad peritrem e and the area  of ligh ter pigm entation 

around the stigm atic  scar. O ther charac ters as described  in the Key. 

H abits: Saprophagous

Comments: This sp ec ie s  is  abundant during the w inter months from 

Decem ber to M arch but d isappears by mid-April along w ith sp ec ie s  of 

C alliphora . O viposition  occurs only during the w inter m onths.

Phaenicla  se rica ta  (Meigen)

Recognition charac ters : Adult - length  6-9 . 5 mm. This sp ec ies  can 

be recognized  in the field  by its  bright g reen ish -b ronze  m etallic  lu stre . 

Thorax m etallic  green but often b lu ish  or purplish  in dried specim ens; 

p reacro stich ia l b ris tle s  two, strong; p o stac ro stich ia l b ris tle s  three, 

strong; abdomen m etallic  green; f irs t segm ent black; lower squamae 

w hitish , bare above. Larva - Can be d istingu ished  from Chrysom yinae 

by the c lo sed  peritrem e and from other C alliphorinae by the absence  of 

the accesso ry  oral sc le rite  and the thin, ligh tly  pigm ented peritrem e 

of the posterio r sp irac le .

H abits: Saprophagous; workers in A ustralia, South Africa, England 

and the Southern U nited S ta tes have described  J?. se rica ta  as injurious 

to  sheep  with wounds or so iled  wool. This sp ec ie s  a lso  has been 

used  ex tensively  in  wound therapy.



Comments: P̂ . se rlca ta  is  a summer sp ec ie s , being ra ther rare from

December to March but increasing  rapidly in numbers during April. It 

is  probably p resen t to a g rea ter or le s s e r  ex ten t throughout the year a s  

is  Phormia regina. O viposition is  re s tric ted  during the w inter months

but some adu lts  are  produced.



APPENDIX E

PREDATORS AND PARASITES 

1. Predators

a . H isteridae

The predators and p a ra s ite s  found during th is  study probably 

had lit t le  e ffec t on the whole m ass of developing flie s  since they  were 

never p resen t abundantly . H isterid  b e e tle s  of the genus Saprinus were 

the m ost abundant predators from Decem ber to April. These could alw ays 

be found beneath  the c a rc a ss e s  devouring larvae . In December, severa l 

larvae of Saprinus sp . were d iscovered  in the so il beneath the c a rc a s s e s . 

W hen p laced  in  con tainers w ith blowfly pupae, the larvae chewed holes 

in  the pupae and devoured the co n ten ts . W hen ready to  pupate, the 

larvae cem ented sm all so il p a rtic le s  into a spherica l c a se . Adult Saprinus 

b ee tle s  emerged in about 45 days. Xerosaprinus s p . , a sm aller h isterid , 

w as a lso  presen t, mainly during the cooler months from December to M arch. 

H abits are sim ilar to Saprinus sp .

b. S taphylin idae

Staphylinid b ee tle s  were quite common, e sp ec ia lly  during the 

cooler m onths. The m ost conspicuous sp e c ie s  w as Creophilus v illo su s  

(Gravenhorst) a very large and ac tiv e  form. This sp ec ie s  w as often seen
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running ac tiv e ly  over a c a rca ss  and seizing  larvae in i ts  jaw s. There 

were never more than two or three specim ens on a c a rca ss  a t any one 

time so it  is  unlikely  th a t they m aterially  reduced the number of larvae. 

Fuller (1934) s ta te s  th a t m ost of the larvae  devoured were those  forced 

away from the c a rc a ss  and would have starved  if  not devoured, but in 

the p resen t study m ost of those ea ten  were mature larvae m igrating to 

the so il for pupation. C. v illo su s  usually  resided  beneath  the c a rca ss  

and se ized  larvae a s  they began to burrow into the so il. Numerous other 

staphylin ids of the subfamily A leocharinae were noted. Beeria punctata 

Hatch w as rarely  seen  and w as never observed feeding on larvae.

c. Form icidae

Two form icids were common throughout the study. Novom essor 

cockere lli (Andre) w as the m ost common predator of larvae. These an ts 

were commonly found carrying away larvae in the ir jaw s. Although they 

could be seen  during much of the day, they were m ost ac tive  in  the early  

morning or a t  dusk. In April, N. co ck ere lli w as seen  only a t  sunrise  or 

after su n se t. When the position  of the ca rca ss  w as sh ifted  and a number 

of larvae craw led away, N. cockere lli indiv iduals darted  in and picked 

Off stray  larvae. U sually , ind iv iduals patrolled  around the c a rca ss  and 

snatched  individual larvae as they strayed  from the c a rc a ss .

Another sp e c ie s , the common d esert fire ant, Solenopsis xyloni

(McCook) w as noted during c a rc a ss  exposures in  April. A large number
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of workers w as p resen t beneath  the tray  containing the c a rca ss  and a s  

larvae escap ed  and burrowed into the so il, the workers of £3. xyloni 

a ttacked  them and even tually  carried  them off. A large number of 

sm all larvae  were destroyed  in th is  manner.

Although an ts are som etim es a nu isance , the ir a c tiv itie s  

during th is  study w ere re s tric te d  and they were never p resen t in large 

enough numbers to m aterially  a ffec t the maggot population. Only rarely  

did any ind iv iduals ascen d  the c a rca ss  tray and se ize  larvae d irectly  

from the c a rc a ss .

2. P aras ites

Two p a ra s ite s  were found to in fe s t the m aggots or pupae, the 

pterom alid chalcido id  M ormoniella v itripenn is (W alker).and the braconld, 

A lysla ridlbunda Say.

a . M ormoniella v itripenn is

M. v itripenn is is  apparently  cosm opolitan in d istribu tion  and 

w as reported by Fuller (1934). Laing (1937), studying the hab its of M. 

v itr ip en n is , found th a t it  is  strongly a ttrac ted  to carrion by o lfac tion  

a fte r nine days, even though no host larvae  are developing on the 

c a rc a ss . M. v itripenn is ov iposits  only on exposed pupae, and is

unable to penetrate  the so il. M ost pupae are thus p ro tected  and only



under exposed conditions w ill the pupae be p a rasitized . Laing found 

th a t the fem ale M. v itripenn is mounts a pupa and th ru sts  her Ovipositor 

in s id e . As a drop of fluid exudes, the fem ale lap s up th is  fluid and 

then  d ep o sits  one or more eggs in side  the pupa.

During the c a rc a ss  exposure in February, adu lts  of M. v itripenn is 

w ere abundant around the ca rca ss  by the e leventh  day afte r in itia l exposure. 

After a ll  the larvae  had le f t the dried c a rca ss , th irty  pupae lying exposed 

on the surface of the so il were co llec ted . Eight of th ese  w ere found to be 

p a ra s itiz ed  by M. v itr ip en n is . The number of C halcids per pupa ranged 

from three  to tw en ty -five . No o ther p a ra s ite s  were co llec ted  from larvae 

or pupae in  February. Although adu lts  of M. v itripenn is were abundant 

during the April c a rca ss  exposures, no parasitism  of pupae by th is  sp ec ie s  

w as found. In a ll  c a se s , the host pupa w as th a t of P\ regina, a secondary 

sp e c ie s . Fuller (1934) s ta te s  th a t only pupae of secondary sp ec ie s  are 

a ttack ed .

b. A lysia ridibunda

The Braconid p a rasite , A lysia ridibunda, w as found during c a r ­

c a s s  exposures during April. It is  not certa in  from descrip tions in the 

lite ra tu re  w hether the  p arasite  encountered here and th a t described  in 

other papers are the same sp e c ie s , but i ts  range co incides w ith A. r id i­

bunda as  described  in  the lite ra tu re . If the p a ras ite  involved here is  the
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same a s  th a t described  by Roberts (1935), i t  has a very wide d istribu tion , 

from New York south to Florida and w est to  Arizona. In laboratory exper­

im ents, Roberts found th a t the fem ale stands over a host larva and the 

ovipositor is  th ru st into the so ft body, depositing a sing le  egg. A. r id i-  

bunda w as reported to be active  from March to  November but w as found 

during January and February only a s  mature larvae or hibernating pupae. 

L indquist (1940) attem pted to introduce A. ridibunda into the Uvalde,

Texas area but w ithout su c c e ss .

Phaen icia  se rica ta  (Meigen) is  reported to be a host for A. r id i­

bunda but no specim ens were obtained from Phaenicia pupae. All the 

specim ens came from pupae of H ystrlcocnem ina plinthopyga (W iedemann). 

Sarcophagid larvae  are known to be the preferred h o s ts . A to ta l of 389 

H. plinthopyga pupae produced 42 A. ridibunda adu lts and 347 normal 

H. plinthopyga ad u lts . The ra te  of parasitism  w as about 12%. As the 

April c a rca ss  exposures occurred during the beginning of A. ridibunda 

ac tiv ity  during the spring, it  is  not unlikely  th a t th is  ra te  of parasitism  

might in c rease  during the summer m onths. No A. ridibunda were obtained  

from pupae co llec ted  in Decem ber.

Both A. ridibunda and M. v itrlpenn is contribute l itt le  to reducing 

the f lie s  produced from a c a rc a ss , although L indquist (1940) reports up to 

80% parasitism  of H. plinthopyga by A. rid ibunda.



APPENDIX F

OTHER INSECTS ASSOCIATED WITH DECAY 

1. D erm estldae

In se c ts  which are  a sso c ia te d  with c a rc a sse s  a fte r the maggots 

have departed were found in abundance. M ost consp icuous of th ese  

were the large derm estid b e e tle s , D erm estes marmoratus Say arid D er- 

m estes m aculatus DeGeer. Both sp ec ie s  were p resen t a t about the same 

time in the c a rc a ss  but D. marmoratus w as far more abundant. Through­

out the course of the study, adu lts  of both sp ec ies  craw led beneath  the 

c a rc a sse s  and fed on the fluid products of liquefaction . Adults were 

a ttrac ted  to c a rc a sse s  a s  early  a s  the .th ird  day. Larvae of D. marmoratus 

and D. m aculatus did not appear until a ll f lie s  had le ft the c a rc a ss  and 

body t is su e s  were thoroughly dry. C a rca sse s  exposed in  Decem ber and 

February s t i l l  had numbers of larvae on them in April. The rem aining 

skin and bones were reduced to a fine powder by the feeding of the larvae.

2. M iscellaneous D iptera

Another la te  member [or te rtia ry  form as  defined by Fuller (1934)] 

w as the ch eese  skipper, Piophila c a se i  L innaeus. The larvae of the ch eese  

skipper are read ily  recognized  by th e ir  curious hab it of springing into the
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a ir. These larvae  were m ost abundant w hile the c a rca ss  s t i l l  re ta ined  

some m oisture and afte r m ost of the maggots had departed. This sp ec ies  

commonly a ttack s  cured m eats in storage (M etcalf, F lin t and M etcalf, 

1962).

Several other dipterous sp ec ie s  were observed flying around 

c a rc a sse s  a t various tim es. Many Anthomyiidae were p resent, including 

Ophyra aen escen s  W iedemann and the strik ing Ophyra leucostom a W lede- 

mann. Several tach in id  f lie s  were a lso  caught e ither on the c a rca ss  or 

resting  on the cage screen ing . M usca dom estica Linnaeus w as o c c a ­

siona lly  seen  during the study and probably came from nearby ranches 

where i t  is  abundant. During the f irs t  week of exposure, Chloropidae 

w ere very abundant where there  were accum ulations of flu ids from the 

c a rc a s s . None of th ese  sp e c ie s  w as observed to breed in c a rc a s s e s .



Terminology: OA = outer arc, DA = dorsa l arc , IA — inner arc , 
VA= ven tra l arc , PX-1 = peritrem e ex tension  1, PX-2 = p e ri-  
treme ex tension  2. (After Sanjean, 1957)

F ig . 4 . G e n e ra liz e d  p o s te r io r  s p i r a c le  o f S a rc o p h a g a . T h ird  in s ta r ,
le f t ,  p o s te r io r  s p i r a c le .

Fig. 5; G eneralized  cephaloskeleton  of C alliphora. Lateral view . 
Third in s ta r .

Terminology: AC = accesso ry  sc le rite , DS = den ta l sc le r ite , 
LS = lab ia l sc le rite , HS = Hypostomal. sc le rite , PS = p a ra - 
stom al sc le rite , DA = dorsa l arch, DC = dorsal cornua, VC = 
ven tra l cornua (terminology adapted  from H all, 1947),
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F ig . 6. S a rco p h ag a  c e s s a to r  A ld rich . L eft p o s te r io r  s p i r a c le .  T h ird
in s ta r .  x2 0 0 .

Fig. 7. Sarcophaga c e ssa to r  Aldrich. C ephaloskeleton . Third 
in sta r. x200.
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Fig. 8. H ystrlcocnem ina plinthopyga (Wiedemann). Left posterio r 
sp irac le . xZOO. Third in s ta r

Fig. 9. H ystrlcocnem ina plinthopyga (Wiedemann) cephaloskeleton . 
x200. Third in sta r.
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F ig . 10. C o ch lio m y ia  m a c e lla r la  (F ab r lc iu s ) . L eft p o s te r io r  s p i r a c le .
T hird  in s ta r .  x20 0 .

Fig. 11. Cochliom yia m acellarla  (Fabrlcius) cephaloskeleton . Third 
in s ta r . x200.
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F ig . 12 P a ra lu c il ia  w h e e le r!  (H ough). L eft p o s te r io r  s p i r a c le .
T hird  in s ta r .  x2 0 0 .

13. P aralucilia  w heeler! (Hough). C ephaloskeleton . Third 
in s ta r . x200.
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F ig . 14 , Phorm ia re g in a  (M elgen ). Left p o s te r io r  s p ir a c le ,
in s ta r .  x 2 0 0 .

Fig. 15 . Phormia regina (M eigen). C ephaloskeleton . Third 
in s ta r. x200.

Third



98



Fig* - P h a e n ic la  s e r lc a ta  (M elg en ). Left p o s te r io r  s p i r a c le .
T hird  in s ta r .  x20 0 .

Fig. 17. Phaenicla se rlca ta  (M elgen). C ephaloskeleton . Third 
in s ta r. x200. '
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F ig . 18. E u c a lllp h o ra  l i l a e a  (W alker). L eft p o s te r io r  s p i r a c le .
T hird  in s ta r .  x 2 0 0 .

Fig. 19. Eucalllphora lila e a  (W alker). C ephaloskeleton . Third
in s ta r . x200.
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F ig . 2 0 .  C a llip h o ra  c o lo ra d e n s ls  H ough. L eft p o s te r io r  s p i r a c le .
T hird  in s ta r .  x20 0 .

Fig. 21 . C alliphora co lo radensls Hough. C ephaloskeleton . Third 
in  s ta r. x200.
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