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ANIMAL SPECXES 

J e r r y  A. Payne 

AXSOCIAT’ED WITH PIG CPHKTOTJ 

and D. A. Crossley, Sr. 

AI? STHACT 

Following a nuc lea r  a t t a c k ,  c a r r i o n  remains of domestic animals 
could pose d i f f i c u l t i e s  f o r  human s u r v i v a l  because of publ ic  he;:iL.t;h 
and s a n i t a t i o n  problems a s soc ia t ed  with c a r r i o n .  I n s e c t s  inf luence 
t h e  course and rate of decomposition, and radia.tioii e f f e c t s  on i n s e c t  
populat ions could a l t e r  the normal fiecoinposition p a t t e r n .  
was made of t h e  animal community i n  p ig  ca r r ion ,  prel iminary t o  exper- 
imental  research on t h e  inf luence of r a d i a t i o n  and o.t;her f a c t o r s  on 
succession in c a m i o n .  A t o t a l  of 522 animal spec ie s  represent ing 3 
phyla, 9 cl;kssses, 31 o rde r s ,  151 famtlies, and 339 genera were found 
a s soc ia t ed  wi.th va r ious  decomposition s t ages .  A systematic l i s t  of 
a11 species,  t h e i r  abundance, microhab Fta,t, and food r e l a t i o n s h i p s  i s  
given. 

A s tudy 

INTRODWCT’ION 

I n  the af termath of nuc lea r  atta,ck the  death of l a r g e  numbers of 

domestic animals appears i n e v i t a b l e .  Decorflposing ca rcas ses  would c r e a t e  

s a n i t a t i o n  problems i n  and around c i t i e s .  Water supp l i e s  which survived 

d i r e c t  atomic a t t a c k  might become po l lu t ed  because of the  increased orgvnic 

load from wastes and micro-organisms en te r ing  from decomposing ca rcas ses .  

Since c a r r i o n  i s  tine breeding s i t e  f o r  many i n s e c t  vec to r s  of disease,  

a p o t e n t i a l l y  s e r i o u s  pub l i c  h e a l t h  hazard could a r i s e .  

reported outbreaks of enormous populations of flies (presumab1.y house- 

f l i e s )  following t h e  atomic bombings of Hiroshima and Nagasaki. 

S ton ie r  (1963) 

He 

c r e d i t s  prompt a s s i s t a n c e  €rom surrounding communities with preventing 

epidemic outbreaks of d i seases .  I n  circumstances where remedial  action 

would be precluded, epidemics or insee-L-borne d i s e a s e s  might be a major 

impediment t o  t h e  importat-16 e a r l y  a t tempts  a t  soc ia l .  ant! economic re- 

covery. 
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Carrion deconiposition i s  a n a t u r a l  process  involving a succession 

of organisms which, under normal ci.rcurnstances, qu ick ly  reduce a f r e s h  

carcass  t o  a dry  remainder of skin,  c a r t i l a g e ,  and bone. Fur ther  d-egre- 

da t ion  of t hese  remains i s  slow, r equ i r inz  several. years  t o  complete. 

The i n i t i a l ,  rap id  peri.od of reduct ion of f r e s h  ca r r ion  i s  of importance 

i n  a c i v i l  defense context ,  s ince  it i s  then t h a t  c r i t i c a l  s a n l t a t i o n  

and d i sease  problems would a r i s e .  

could not  be accomplished during t h e  i n i t i a l  weeks, the organisms a s -  

soc ia ted  with c a r r i o n  would reduce i t .  A succession of anirnaJ.s, espec- 

i a l l y  i n s e c t  spec ies ,  s t r o n g l y  inf luences  t h e  r a t e  and course of decom- 

pos i t i on .  Carrion shielded from i n s e c t  a t t a c k  decomposed a t  a markedly 

slower r a t e  and d i f f e r e n t  sequence tha,n unshielded c a r r i o n  (Payne 1963, 

1965). 

d r a t i o n  avid f l a c c i d i t y ,  whereas c a r r i o n  exposed t o  i n s e c t s  und.ement 

rapid,  a c t i v e  decay. In sec t s ,  p a r t i c u l a r l y  d ip te rous  la rvae ,  hastened 

l i que fac t ion  of t h e  ca r r ion  by the  mechailical process  of t h e i r  tunnel ing  

and burrowing, by dissemination of b a c t e r i a ,  and by t h e i r  own d i g e s t i v e  

processes .  Consequently, i f  r a d i a t i o n  dose rates i n  an a rea  subjected 

t o  nuc lear  a t t a c k  were s u f f i c i e n t  t o  s t e r i l i z e  o r  k i l l  i n s e c t s  o r  t h e i r  

eggs, then a slower decomposition of c a r r i o n  might fol low.  

If d i s p o s a l  or t reatment  of cawrion 

Carrion pro tec ted  from i n s e c t s  underwent a s t age  of slow dehy- 

A l a rge  number o f  i n s e c t  spec ie s  a r e  involved i n  t h e  community 

succession i n  ca r r ion .  

i t a t i n g  decomposition, although some spec ies  of i n s e c t s  may be more 

important than  o t h e r s .  

t h e  spec ies  a s soc ia t ed  with p ig  ca r r ion  i n  the  Southeastern United S t a t e s  

During t h e  summers of 1962 and 1963 a s tudy of carcasses  exposed t o  

Many d i f fe ren” i  spec ies  may be capable O P  f a c i l -  

This  r epor t  p re sen t s  a de-bailed cons idera t ion  of 
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arthropods provided information on t h e  microsera l  succession. Spec ia l  

a t t e n t i o n  was focused on t h e  c a r r i o n  fauna with respec t  t o  t h e i r  r e l a t i v e  

abundance, food habi t s ,  sequence of occurrence, and d i s t r i b u t i o n  :in car- 

r ion .  This  information i s  pre l iminary  t o  a s e r i e s  of con t ro l l ed  exper- 

iments now i n  planning on rates of c a r r i o n  decomposition under d i f f e r e n t  

environmental condi t ions ( including ion iz ing  r a d i a t i o n s )  and with vsr ious  

arthropod species .  T h i s  work should provide information on the  magni- 

tude of t h e  c a r r i o n  problem t o  be a n t i c i p a t e d  i n  a p o s t a t t a c k  s i tua t ion ,  

=and on p o s s i b l e  remedial  measures. 

MATERIALS AND METHODS 

Normal c o l l e c t i n g  methods were of little use f o r  sampling the  spe- 

c i e s  present  at p i g  carcasses .  Diptera, Lepidoptera, and Hymenoptera 

could u s u a l l y  be taken by  c a r e f i l l y  sweeping t h e  carcass  with a nylon 

n e t .  

c a r r i o n  and had t o  be c o l l e c t e d  by forceps o r  f i n g e r s .  

used f o r  some of t he  smaller f r a g i l e  species  such ;ts Collembola and. 

Psocoptera. The mass of decomposing f l e sh ,  f l u i d s ,  and odors s o m e t  inies 

prevented meticulous handling of t h e  ca r r ion .  Occasionally c a r r i o n  w a s  

taken t o  a Berlese funne l  and l e f t  for a period of t i m e .  Most of t h e  

arthropods then l e f t  t h e  c a r r i o n  and la rge-sca le  c o l l e c t i o n s  could be  

made. 

However, most arthropods remained concealed i n  t h e  depths of t he  

Asp i r a to r s  were 

Even wi th  t h e s e  rriethods se-vera1 spec ies  were o f t e n  observed but 

sel.dorn c o l l e c t e d  from the  car r ion .  Sprinkl ing o r  pain-tine; a p ig  carcass  

wi th  phosdrin, a phosphate in sec t i c ide ,  permitted n e a r l y  mmplete  co l -  

l e c t i o n s  of arthropods from a l l  s tages  of decay. A l l  arthropods which 
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v i s i t e d  t h e  phosdriii-coated carri.on were immediately imio’uj. lized o r  

k i l l e d ,  P r o t e c t i v e  cages kept  b i r d s  and mmma.1.s from feeding on th2 

phosdrin-coated c a r r i o n  and dead i n s e c t s .  Extreme care  w a s  necessary 

during appl ica- t ion sild use of t h i s  i n s e c t i c i d e  because of liamrd t o  

humans . 
Data c o l l e c t e d  with each specimen inc:luded date,  s t age  of decay 

of carcass  oil which col-lected, a n d  t h e  feeding h a b i t s  of t h e  species  

if obseivcd. Much information was a.~:ciimi~lated by c a r e f u l  observakion 

of t h e  c a r c m s  and i t s  fauna during each s t age  of decomposition. A1.l 

specimens were preserved by appropriate  convent? on;iJ. methods an? the 

major i ty  were sen t  t o  s p e c i a l i s t s  for determination o r  v e r i f i c a t i o n .  

MAJOR ANTMAL GROUPS 

A t o t a l  of 522 species  represen-LiLig 3 phyla,, 9 c l a s ses ,  31 orders ,  

151 fmnil ies ,  and 353 genera wei-e c o l l e c t e d  and i d e n t i f i e d  from t h e  var- 

ious  s t ages  o f  p ig  c a r r i o n  decomposition during t h e  summers of 1962 and 

1963. 

during t h e  d i f f e r e n t  s t ages  of decomposition i s  given i n  the Appendix. 

A systematic l i s t  of a l l  322 spec ie s  and the i r  r e l a t i v e  abundance 

The organisms visi-Ling t h e  carcasses  f a l l  i n t o  f i v e  groups: -tiicnse 

only scavenging on the carcass  (necrophagous spec ic s ) ,  those p a r a s i t i c  

and pred:aceous on var ious arthi-opods and scavengers OS t h e  c a r r i o n  also 

(oinnivoi-oils spec ie s ) ,  those feeding on arthropods only (predaceous and 

p a r a s i t i c  spec ie s ) ,  those which used. the ca rcas s  f o r  s h e l t e r  of conceal- 

ment, and those whose presence i s  accoun-Led f o r  only by chance ( a c c i d e n t a l  

s p e c i e s ) .  

fol1ot.r~.  It i s  hoped t h a t  some of t h e  complexities of c a r r i o n  succession 

a.nd food i n t e r r e l a t i o n s h i 2 s  can be  explained by a summary discussion of 

the major grou.ps. 

A b r i e f  synopsis of t h e  major groups and t h e i r  food h a b i t s  
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Mollu s c a 

1. Gastropoda 

Seven spec ie s  of s n a i l s  were c o l l e c t e d  frola beneath t h e  drying 

carcasses .  Evidence of sn .a . i l  a c t i v i t y  ( s l ime t r a c k s )  was sometimes seen 

on t h e  sur face  of t h e  car r ion ;  however, a c t u a l  feeding was no t  observed, 

Wurtz (pe r sona l  communication) has  given a reasonable  explanat ion f o r  

t h e i r  a t t r a c t i o n  t o  ca r r ion .  

"Many snail specj-es would be a t t r a c t e d  t o  ca,rrion simply 

as a food source. 

t h e  bones 'would represent  a d.irect mineral  source f o r  s n a i l s .  

I n  add i t ion  t o  food supply, t b e  s n a i l s  could be responding t o  

a ca rcas s  bemuse  it provides  cover during dayl ight  hours and 

because of the higher  humidity o f  t h e  atmosphere between the  

carcass and t h e  ground sur face .  I n  tnese l a t t e r  ins tances ,  

of course, t hey  are responding as they  would t o  a log o r  l a rge  

s tone .  I '  

Land s n a i l s  tend t o  be omnivorous. Also, 

Arthropoda 

1. Arachnida 

Order Acarina 

The h a b i t s  of t h e  Acarina va ry  grei%tly.  These sniall. arachnids  

were present  on all carcasses  during most s t ages  of decomposition. 'The 

n o i ~ p a r a s i t i c  forms eat sm11 a n i m d s ,  inc luding  each o ther ,  and also 

decaying p l a n t  o r  animal mat te r  ( P r a t t ,  1927). One spec ies  of t i c k ,  

Dermacentor v a r i a b i l i s  (Say) w a s  c o l l e c t e d  from d r i ed  carcasses .  

spec ies  of t i c k  and many of the  mites  were p re sen t  th.rough0u.t the st,udy 

a:rea. Carrion may have served t o  concent ra te  some spec ies  which were 

scavengers.  

This  
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Order Arameida 

The presence of sp ide r s  i n  connection with p ig  c a r r i o n  i s  a t t r i -  

butab le  t o  t h e  presence of i n sec t s ,  s ince  a l l  of t h e  spec ies  a r e  commonly 

found i n  q u i t e  d- i f fe ren t  s i t u a t i o n s .  Maxcellina p i c c a t o r i a  (Hzntz) and 

Xysticus t r ansve r sa tus  _____- (Walckenazr) were observed e a t i n g  cal . l iphorid 

a d u l t s .  

l a rvae .  A1.l sp ide r s  a r e  carnivorous (Comstock and Gertsch, 1948). N o  

evidence of feeding on ca r r ion  or on decomposing r1.7.1i.d~ was recorded. 

Only Lycosa ra’0ld.a Welckenaer w a s  noted feeding on dip-terous 

0 rde r Pha lang ida  

Severa l  spec ies  of phalangids were co l l ec t ed  a t  n igh t  f r o m  p ig  

carcasses  i n  -the b loa ted  and  decay s t ages  of decomposition. A s  many a s  

f i v e  ind iv idua l s  were sometimes observed feeding on t h e  j u i c e s  co l l ec t ed  

on the  abdomen of a b loa ted  pig.  No iristances of preda t ion  were observed 

There have been marly d i f r e r e n t  observat ions and opinions concern- 

Walker (1928) s t a t e d  t h a t  t h e i r  food ing the  food h a b i t s  of t1ij.s group. 

cons is ted  of f r u i t  j uLces  and o the r  vegetable mat te r .  P r a t t  (192‘7) r c -  

por-ted t h a t  t hese  nocturnal. animals feed p r i n c i p a l l y  on small  i n sec t s ,  

sp ide r s ,  and mites, bu t  a l s o  occas iona l ly  on decaying substances.  They 

appear w i l l i n g  and ab le  t o  Peed on n e a r l y  any m a t e r i a l  t h a t  they encounter 

(Goodnight, personal  communication). 

O r d x r  Pseudo s c orp  ionida 

Pseudoscorpions l i v e  under s tones,  beneath t h e  bark of t r e e s ,  i n  

moss and under leaves and. deb r i s  on the ground (Comstock and Gertsch, 

1948). 

dr i ed  carcass  while o t h e r s  usual-ly appeared under t h e  carcass .  Pseudo- 

scorpions feed on s m a l l  animals such as mites, ants, and a v a r i e t y  o f  

o t h e r  i n s e c t s  (Hoff, 191~9). Graham-Smith (1916) repor ted  pseudoscorpions 

One spec ies  w a s  observed i n  abundance i.n t h e  sk in  folds o f  a 



cl-inging t o  t h e  l e g s  of f l i e s ;  i n  some i n s b n c e s  these  small. arachnids  

k i l l e d  and ate th5 fl ies.  

Order Scorpionida 

One species ,  Ve jovis ca ro l inus  Koch, was c o l l e c t e d  from beneath -- 

dr i ed  ca r r ion .  

a t  n igh t .  

i n sec tx  arid s p i d e r s  which they  o f t e n  kill v l t h  t h e  s t i n g .  

sonal communication) s t a t e d  that they will f eed  i n  c a p t i v i t y  upon small 

p i eces  of f r e s h  beef and upon dead. iirLsects which Yney d id  not  k i l l .  ISe 

a l s o  be l ieved  t h a t  scorpions were not  merely predaceous b u t  would feed 

upon any ca r r ion  o r  other substances s o f t  enough t o  be fed upon. 

This  spec ie s  WRG observed only on t h e  d r i e d  ca.rcasses 

P r a t t  (1927) repor ted  that these nocturna l  animals feed on 

Owens (per- 

2.  Crusta,cea 

Order I sopoda 

Six spec ie s  of isopods were c o l l e c t e d  from beneath d r i ed  p i g  (:a?- 

C lys t i cus  convexus ( D e G e e r )  w a s  a frequent inhabitrzrit o f  t h e  car.- rion. 

casses. It was likely t h a t  t hey  were simply seeking t h e  s h e l t e r  and 

m.oi.sture afforded. by t h e  pig ca rcas s .  Terrestrial isopods gecerally 

feed  on decaying vege ta t ion  and. are  known t o  teed  on decaying f l e s h  

(Henson, personal  com.nica- t ion) .  

found under logs, s tones,  and plieces o f  boa~ds  which have l a i n  on t h e  

ground f o r  some time (Van ilarne, 1936). 

Many of t hese  same spec ies  call be 

3. Ci-iilopoda 

Seven specter, of centipede:; were found a s soc ia t ed  with the  cai-rion. 

These f o r m  l ive f o r  the  most p a r t  os insects and o t h e r  smal l  animals 

encc7uritered i n  t h e i r  h a b i t a t  (Bailey, 1928). 

v a r i e t y  of places ,  bu t  usu.sl1y occur i n  a pro tec ted  s i t u a t i o n  such as 

CenLipedes are Pound i n  R 
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under bark, s tones,  or i n  r o t t e n  logs (Borrror arid DeLong, 1957). Conse- 

quently, the cari-ion served a s  a sheI-ier f o r  - th i s  group as w e l l  as a 

source of prey. 

4, -.- Dip1.opod.a 

Mil l ipedes a r e  inhab i t an t s  of damp p laces  and m y  be found under 

stones, planks, j.n r o t t e n  -t-j.riiber9 i.n fallen leaves,and moss (Bailey, 1928). 

Ten spec ies  were collected f r o m  benca,th t h e  p ig  carcass%s. 

e r a l l y  accepted as f eede r s  on decaying vegetable  inaiter.  

lis-ts them a s  feeding on decaying vegetable  I-nd animal matter, and i n  some 

They a r c  gen- 

P r a t t  (1927) 

cases  on l i v i n g  roo t s .  

picked t o  t h e  bones by these  so-call-ed phytophagous miJ.iipedeo ( W i l l j  ams 

and ilefner, 1928). 

5. Insec’ka 

A small snake l e f t  i n  a c u l t u r e  oi” Cambala was 

Order Coll.em’oo l a  

These small i n s e c i s  a r e  usua l ly  very common under s tones,  decayed 

leaves, wood, i n  -the chinks and c rev ices  of bark, among moss, arid on 

herbage i n  damp p laces  (Comstock, 1960). 

WBS found i n  abuadance on s e v e r a l  d ry  carcasses .  Most spec ies  of Col- 

__ Entomobrya - c o r t i c a l l i s  N ico le t  

lembola a r e  vege tar ians ,  feeding on algae,  fungi ,  l ichens,  and dead p l a n t  

mater ia l s ;  however, some spec ies  feed on dead f i s h ,  mol.luscs, and worms 

o r  o the r  s m a l l  i nve r t eb ra t e s  (Maynard, 1971). Folsom (1-902) believed 

t h a t  s e v e r a l  spec ies  found with ex’nilmed cadavers consti-Luted a d i s t i n c t  

grave fauna. 

The s p r i n g t a i l s  encouniered i n  t h i s  s tudy appeared t o  be Lhe nor- 

mal inhab i t an t s  o€ t he  leaf l i t t e r  and not t h e  ca r r ion .  F u l l e r  (1.9311) 

repor ted  thti t  Collenibola and mites  were f r equen t ly  present  i n  car r ion  

in damp s i t u a t i o n s .  
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Order Orthoptera  

Bla t t id -ae-  -Most cockroaches are omnivorous. They l i v e  c h i e f l y  

upon animal. and vegetable r e f u s e .  Wood ~oncbss ,  predominantly Parco- 

hl.at-ta spp. were represented  a t  t h e  d.em inposing ca r r ion .  

-- 
Feeding Was 

remained hidden beneath t h e  cawczss. 

Gry l l ac r id idae -  -This family was repre.;ented. by the genus Ceui&o- 

phi lus .  

cealment beneath logs,  s tones,  snd. i n .  this case  d ry  p ig  ca r r ion .  Ulatch- 

They are nocturnal. i n  their h a b i t s  and during t h e  day seek con- 

l e y  (1920) fed Ceuthophilus i n  confinement upon meat a s  w e l l  as p ieces  oP 

f r u i t s  and vegetab les .  This may i n d i c a t e  t h a t  c a r r i o n  served as a place  

of shelter and a food supply €or CEs1~1opl?ilus. 

Gryllidae--The nembcrs of this family u s u a l l y  €eed upon p lan ts  

but a,re sometimes predaceous on o'i'ner i n s e c t s .  Clmsen (1940) reported 

t h a t  a number of spec ies  of 0ecanthu.s t h r ived  upon a d i e t  of i n s e c t  food. 

Species  i n  the genera Gry l lus  and Nemobius also occas iona l ly  f ed  011. in- 

swts at  t h e  c a r r i o n  s i t e .  The i n s e c t s  and c a r r i o n  which may have been 

ea-ten by t h e s e  t r a n s i e n t s  would be considered i n s i g n i r i c s n t .  The c a r -  

casses  probably only  served as temporary she l te r .  o r  place o f  concealment 

f o r  t h e  Gry l l ac r id idae  and Gryl l idae .  Hoticver, the  fl.uids and decompos 

ing t i s s u e s  of the  carcass  served as food for t h e  Blatt ida,e.  

Order H~m5.p t e ra  

Cydnidae- -One species? Sehlrus c i n c t u s  11: i n c t u s  (Beaxvois), was 

fmiquent ly  c o l l e c t e d  from tile carrion. 011 s e v e r a l  occasions a6 many a s  

rive individuals were observed or? one pig (:arcass. l h e y  were 711~j1-e abun- 

c l : ~ n t  dur ing thc l a t e  decay s t ages  when t h e  c w c a s s  were drying out. No 
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explanat ion can be offered f o r  t h e i r  a t t r a c t i o n  t o  carrion. ‘l’hey ar t ’  

u s u a l l y  found burrowing beneath s t i c k s  and S’COLICS, o r  a t  th2 TOOLS of 

g r a s s  (Comstock, 1960). In surmer t‘ney occur oil millsdeed, €lov iers  of 

wild plum and o the r  fo l i age ,  i n  sandy o r  a l l u v i a l  soils, and along Zer:cc- 

rows (Bl.atchley, 1926). 

Coreldae--Three species ,  Megalotomus quinquespi.nosus (Say) , Alydus .._1-__1- 

___s_l_l__ __I______ 

~~ ru r inus  Say, and Alydus pil-oms (Herr ich-Schaeffer)  wcre coirmoa jnliabi- 

t m t s  of t h e  c a r r i o n .  Al .1  were observed feeding on t h e  c a r r i o n .  Alydus __.. 

eurinus was c o l l e c t e d  from ca r r ion  by  McAt2.e (1919) and fron the &riel? 

sk ins  and o iher  remains of‘ a dead cow by B l a t c h k y  (1926). 

.__l I._._ 

Rroinky (1937) 

observed Alydus eur inus  on mouse, co~w, and chicken carcasses; t h e  speci- 

mens were presumably feedj-ng. Be also recorded observat ions of Mesalo- 

I...___- 

-..___l..“ 

t o m s  quinquecpiriosus with beak inserted i r i  a dezd mouse, hmrnan excrement, 

and raccoon dung. Coreids i n  gene ra l  are plant.  feeders ;  howeTrrr, cayrion 

--.- _____..___II 

should be ad-ded as a source of Yood f o r  these t h r e e  spec ies .  

Lygaeidae--Insects of this Yemily a r e  €or Lhe m o s t  p a i t  phyto- 

phagous, feeding upon the j u i c c s  of p l a n t s .  However, t he  membei-s of  t he  

subfamily Hinypa rochrominae a r e  Lhouz’nt to be mainLy preda tory  (Tiatchley,  

1-926). Ozophora p i c t u r a t a  Uhler  and -1__1..1__ Myodocha I___ s e r r i p e s  03. ivirr, members 

of‘ this subramily, were c o l l e c t e d  from the  ca r r ion  on seve ra l  occasions.  

-~ -I 

‘They were present  a t  t‘ne carcasses  when iriseci  a c t i v i t y  waz at a maximum. 

These iwo spec ies  were very  s e c r e t i v e  an6 u s u a l l y  remained concealed bene& 

the  carcass .  

Reduviidae- -The members of this fami ly  a r e  considered piedaceous, 

mainly l i v i n g  on the blood 0% i n s e c t s  o r  o the r  animals (Cornstock, 1960). 

Three species, Oncocephalus .-_. genicula tus  - ( ~ ~ a l )  Mel.anoJestes cl_I_ .__ pic ipes  .....__. var .  
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abdominalis (Herr ich-Schaeffer)  and Sinea diadema (Fabr i c ius  1, were 

c o l l e c t e d  Yrom c a r r i o n  duwing t h e  l a t e  s t ages  of decomposition. They 

were observed feeding on calliphorid a d u l t s .  Bornemlssza (1977) reco~.ded 

Pirakes sp. hunt ing a-roulid. guinea p ig  carcasses i n  Aus t r a l i a .  

Mir idae--Ful .vhs occurs on fungus-covered dead. t r e e s  o r  logs 

(Bfatchley, 1926). This  genus w a s  represented by f i l v i u s  imbeci l i s  {Say). 

SeT~era l  specimens were collected Prom t'ne dryi.ng carri.on, the  odors of 

which may have served as an a t t r a x t a n t ,  

f o l d s  of t h e  dried pig carcasses .  

--- 

_11-1-- 

They were normal.ly fmmd i n  the 

Order Reuroptera 

This  order was represented  a t  the carrion by the  brown lacewings 

Both adults and (Hemerobiidae), and t h e  green Lacewings (Chrysopidae) . 
larvae are predaceous and feed on aphids and. o-Lher small insec-ts (Clausen, 

1940). 

shrubs (Borror and DeLong, 1957). 

13emerobiu.s were collected from carrion in the i Idv :3JnCecl  &cay and dry 

They are found i n  g ra s s ,  weeds, and on t'ne f o l i a g e  of .trees and 

The a d u l t s  a~nd l a rvae  of the genus 

- 
s tages .  

Order Lepidoptera 

O n e  speci.es of b u t t e r f l y ,  Astwocampa eel-tis (Boisduval and LeConte) , 
.__L_ -- 

was a regular. v i s i t ~ ~  t o  t h e  moist carrion. This species  and many otliers 

s w x  observed suckiug f l i i l d s  I?rrorn 'Lhe car r ion .  Three speci-es of -moths, 

~ m p ~ i i o n  riessus (Cramer-), Anavitrine1I.a pampinaria (Guenee) 2nd Desmia 

f i m e r a l i s  (Huebner) , were cormon v. is i tors  t o  the dceaying ca~casses. 

Amphion nessus a r r i v e d  a t  the soupy c a r r i m  in the l a t e  af ternoon before  

simse't, while  t h e  o t h e r  moths were night  v i s th r s  only. 

saiiie spec ie s  of Lepidoptera were eol.leci;ed by Reed (1958) frorn. dog car- 

-I_ ll-_l 

___I_ 

1-_1 

Man.y of t h e s e  

casses  i n  Tenneasw % According t o  IIolland (1903) r o t t e n  bananas, cane 
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t r a sh ,  odor of carnivorous anrimals, p u t r i d  f i s h ,  and dead snakes a t ' i r ac t  

cer'iai-n species of b u t t e y f l i e s .  P ig  c a r r i o n  could certa:j.nly be added 

to t h i s  l i s t .  

Order Diptera 

Psychodidae--These sml l  moth 3-i.ke f 1.ies were prescnt  durij-tg t he  

].ate s t ages  of carrion decomposition. 

of the Tluids trapped i n  t h e  ca rcas s  f o l d s .  

most of t h e  species  Peed on nee-Lar o r  o the r  f lu id .  mat ter  o the r  tlia-n blood. 

Only onc adu 1-t spec i e  s , 'Ye lrnato s c opu. s ..... a l b  ipunc t a t u  s ( W i 1.1 j- s t on ), va s c o 1- 

l ec t ed .  The I-arvae l i v e  i n  deczying matter,  dung, o r  wa,tcr (Crurran, 

1-934) I 

'They were observed feeding on some 

Cornstock (1.960) sta-Lei? t h a t  

N o  larvae were co l l ec t ed .  

Mycetophilidae--'These small dul l -colored gnats  were 23-no observed 

a-t t h e  c a r r i o n  s i t e  during l a t e  decomposition. N o  feeding by a,d.inlts was 

observed. They were probably a t t r a c t e d  t o  t h e  odors of t h e  ca.rrion. 

This family was represented by  a s i n g l e  genus, Mycomya. I__._____ 

gmts o f t e n  occur i n  g r e a t  numbers on fungi  and i.n damp placcs  where tkrre 

i s  decaying ve'gctable matter (Cornstock, 1960). 

These Tiungus 

Sciar idae-  -This fami.ly of dark-winged fungus g m t s  was rcpresented 

N o  feeding by a d u l t s  was observed. a t  t h e  cai-ri-on by t h e  genus Flradysia. I 

They were presen t  during Lhe l.a.te s t ages  of decompositjan. The adulks 

of t h i s  family inhab i t  mois-t places o r  any place where fungus growth oc- 

cur s  (Curran, 1934). 

Stratiomyidae- -This family was represented by __I__- Hermetia i l l u c e n s  

(Linaaeus) and P t e c t i c u s  -- _I.- t y i v i t t a t u s  (Say).  

ing on j u i c e s  during the  ear ly  s t ages  of decay when Fluids were p E s e i i t .  

Jarvae were collected.  from one carcass. Cornstock (19%) l . i s t e d  decaying 

Adults were observed feed- 

mat ter  as a source of food f o r  larvae. 
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Tabaniclae- -Only t h r e e  a d u l t  specimens of Tabanus sackeni Fair-  

Carrj-on has never been repor ted  a s  a source of c h i l d  were co l l ec t ed .  

food f o r  tRbi3nids. They W F ~ I W  observed walking on t h e  carcasses  and oc- 

c a s i o n a l l y  stopping as i f  sampl.ing 'tlze: moist ca r r ion .  ~ s y s  (personal  

c o r m n i c a t i o n )  suggested that tabanids  may have come in-to the area i n  

se,zi-Lch of water ore o the r  l i q u i d s .  One larva,]. tabanid v a s  collected. 

O r o m  beneath ca r r ion  i n  the advanced decay s t age .  

Asil idae--These predaceous i n s e c t s  were v i s i - t o r s  t o  thEt carrion 

on. many occasions.  They p reya l  upon the ca l l iphor id .  and m s c i d  flies, 

The genera Erax Asi lus ,  and Cero ta in ia  were common1.y co l l ec t ed .  They 

we1-e u s u a l l y  present a t  the carcass  between 1:OO p.m. .and 3:oo p e a . ,  

t he  per iod  when i n s e c t  a c t i v i t y  and populat ion s i z e  w e ~ e  a t  a xaximum. 

Syrphidae--Five species ,  Baccha. clavata (Fabricius), Baccha. cos- 

-> 

- 
t a t s  Say, Mesograpta - polita (Say), Xylota p ig ra  (Fabr i c ius ) ,  and Mi1esi.a 

v i rg i e i i s i s  (Dxxry), were co1.l.ected from t h e  d.ecomposing ca r r ion .  

the above w e r e  observed feeding on t h e  ca r r ion  f l u i d s .  The aCru1ts of 

-__- 
A l l  of 

t h i s  fami ly  frequent; f l o ~ ~ i e r s  arid feed iipon n e c t a r  and po l len  (Coinstock, 

l960) .  IS, m2y be poss ib l e  that some odors from CarrioJl close1.y approxi- 

T a o h i n i d ~ , e - - ~ a r v a e  o f  memhcrs of thi-s family are p a s r a s i t i @  011. f:)-Lllcr 

i n s e c t s ,  p a r t i c u l a r l y  Lepidoptera, Hymenoptera, and Cokop-bera l a rvae  (Curran, 

193;b). 

i s  knovn about the feeding hab:i.ts of the adul. ts .  

Very few specimens were collected.  a-t -tine carri.on. Very 1 i t t I . e  

Presumab1.y they feed.  

Sarcophagida-. - -Earcophagid larvae have n wid:. vai 'iety of f o o d  

habits ranging from scavengers of nianu~c- and carmion to parasites sad 

preda to r s  on ot'ner i n s e c t s .  Tne scavenger ro3.e was mor*> dominant ans:,ng 
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the l a rvae  and a d u l t s  which inhabi-Led t h e  c a r r i o c .  Sarcophagids played 

a minor r o l e  i n  c a r r i o n  removal i n  comparison t o  ’iliat of c a l l i p h o r i d s .  

They were u s u a l l y  t h e  f i r s t  i n s e c t s  to  be a - t t r ac t ed  to bile f r e s h  ca rcas s .  

Calliphoridae--The blow fly species  encountered a t  t h e  carr3.ori 

1.iei-e a l l  scavengers. The c a l l i p h o r i d  larvae were the most prominant 

spccies during a c t i v e  and advanced decay w h i l e  adul.ts were t h u  dorninan’i; 

species  &.wing t h e  f r e sh ,  bloated,  and a c t i v e  decay s t ages .  Cal l iphorid 

lai-vae have been c o l l e c t e d  by many i n v e s t i g a t o r s  from COW m a i l U T e ,  human 

feces, deCayj.ng animals , and TJOUnds Gf X l i Q X h  pha,enicia regina, (Meigrn) 

and Cochliomyia mace l l a r i a  (P‘a.bricius) o f t e n  a t t a c k  l i v i n g  as well as 

dead t i s s u e .  These two species  of ten deposited eggs on s t i l l - - f r o z e n  

carcasses .  

___ ___.__I_ ..... ~ 

.---- _I__--.____ 

Muscj.dae-.-Thi.s farntly contains  so many f l i e s  of such d ive r se  

h a b i t s  t h a t  it i s  very diff icu1. t  to gene ra l i ze  concerning the i - r  food 

h a b i t s .  

t a t i o n ,  an i - ra l  dung, human excrement , dnd ca r r ion )  . 
contained the only minscid l a rvae  c o l l e c t e d  from the  ca r r ion .  ‘They u s u a l l y  

completed t h e i r  development on t h e  d r i ed  remains of Lhe ca rcas s  a f te r  

the o the r  d ip t e rous  l a rvae  (Cal l iphoridae)  hzd entered the  s o i l .  AduI.ts 

of t h e  house fly, Musca domestics Linnaeus,and. t h e  l a t r i n e  fly, --- Fannia 

s c a l a r i s  (Fabricius) ,  were observed feeding on t h e  dewnposing flesh. 

Many of t he  m s c i d s  feed on f‘il-th of a l l  krinds (decay-ling vege- 

The genus Faoaia ....___ 

_..I__ _________. 

..- 

Anthomyiidae--The members of t h i s  family have d ive r se  h a b i t s  also, 

which range from p a r a s i t e s  i o  p l a n t  Pec-ders to scavengers. 

l i v e  i n  decaying vegetable matter and excrement (Cornstock, 1.960). Rylerflya 

-- c i n e r e l l a  ( F a l l e n ) ,  an adul-t ca r r ion  v i s i t o r ,  was reared from feces  by 

Howard (1900). 

Most l a rvae  

Clauscn (1940) considered a d u l t s  of If__ Scatophaga ._.. IcI .-__I--.” s t e r c o r a r i a  
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(Linnaeus) as preda to r s  upon ce-rtain small Dip tera ,  

inc luding  Sca-tophaga s t e r e o r a r i a ,  c o l l e c t e d  diirirrg t h i s  s tudy  $ 7 ~ 3 ~ ~ 2  feed- 

ing  on carrj-on. Scatophaga are commonly c a l l e d  dung f l i e s  and are placed 

i n  a sepa ra t e  f ami ly  by some w r i t e r s .  

The anthornyiids, 

I_ 

Sp~iaeroce~~idae- -Tbese  small black dung flier, were present during 

a l l  s t a g e s  of decomposltion 

They o f t e n  occur i n  g r e a t  numbers around excrement o r  near water (Cornstock, 

1960). 

dog carcasses .  They a p p e u e d  t o  be regdar  cnr:i-ion inhab i t an t s ;  however, 

b u t  ~ e : r * e  more abundant during the d ry  s-tage. 

liecd (1958) observed these  f l i e s  on the  moist body regions of 

no larvae were col lected.  

Lonchaeidae- -Only one spec ies ,  Lonchea pol. i ta Say, w a s  represented 

a t  t h e  ca r r ion .  These s m a l l  bl.ack f1i.e:; were never riuiwi-ous a t  any t i m e .  

--- 

Ianchea polita has beer1 reared from a decaying fungus and Plrom humn ex- 

crement (Comstock, l$O) .  A European spec ies  of t h i s  genus was found by 

Megnin on t h e  dead. body of a c h i l d  (Howard, 1900). 

Oti t idae-Adul t s  of ?;his fa ,mi ly  atre found in .  m i s t  p laces  (C'urrail, 

1932:). The l a rvae  have been found under bark of' dead trees, in excrement, 

and i n f e s t i n g  growing plants  (Comstock, 1960). T k  most c o m m o n  species, 

Euxesta, ricjtata (Wiedemann), w a s  p r e s m t  during -the decsy stages. 

same species $583 reared. from f e c e s  by lioward (1900). 

This 
I.- 

pu t re fac t ion .  They p r e f e r r e d  t o  feed. on t h e  nio j . sL  c a r r ion .  ?'hey are 

Pound ar0un.d excrement, carrion, and decaying vegetatlon, i n  wh.Fch the 

l a rvae  l i v e  (Curra,n, 1.9311-) 

Piophilidae--Cornctock (1960) reported t h a t  t'i.,.e:;e small hl.wk T l i e s  

a r e  found around decaying organic matter and preserved meat;r; o r  cheese 

___.............,..... ...,....,........ 
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'Yhey were common feeders  of t h e  carrion from -the b loa ted  t o  -the d.i*y 

s tage.  

from t h e  ca rcas ses ,  

Prochyliza, xanthostoma Walker was t h e  dominant spcci e s  c o l l - x t c d  .- -...__ 

Chloropidae--The chloropids (Hippelates 14___1*__ sp. ), l.jh-ich breed in 

decaying -vege-tation am excrement, are s t t r e c t z d  t o  animal secrcilons 

and feed on pus, blood, and s imi l a r  ma~Lerials (P ,c ;~oi -  and DeLong, 195 i )  . 
Hippelates pusio hew a.nd 0sciiiell.a neocoxendrix Szbrosky ~721-e observed 

rfeeding on p ig  car r ion  f l u i d s .  They were present  durinp; 'ihe decay s-Lages. 

-_-...___ -__ _-__..._I.- 

Drosophilidae - -Only one species,  Drosophri l a  affi-nis Stili-tcvant, 
-._I_ ..... __-.- -_.- 

was col- lccted from t h e  ca r r ion .  Yne adults are found around decaying 

vegFistion, f lorr ing sap, fungi,  and r i p e  P r v i t ;  t h e  larvae being found 

i n  lihese same substances (Cu man, 1931'). Clzusen (1940) reported t h a t  

a s m a l l  number of t h c  species are predaceous 01" p a r a s i t i c  in habit, in- 

chidinq some species of Lhe genus Drosophila. .- 'Yne fruii f l i e s  7viere of t en  

obser5-ed feeding on moist carcasses  i n  the dry and r e ~ i z i n s  sL~ges. 

Cecidomyiidae--Several undeterinined a d u l t  species wc-re col lected 

from dri-ed ca r r ion .  Others  ere observed resting on t h e  s i d e s  of t hc  

cages iihich conlained deForposirg cai-casses. The larvae of most species  

l i v e  i n  p l an t s ,  bu t  o tbcrs  l i v e  undPr- bark,  i n  decaying v e g e t a t i q a n d  

i n  fungi  (Onran ,  1934). 

Clusiidae--This family of small f l i c s  was rcpresented a t  t h e  

car r io i l  by one species,  He teromeringia n i t i d a  Melander and Argo. The 

a d u l t s  sometimes occur i n  l a r g e  numbers i n  noist p laces  and about de- 

s _ _ . . . _ l l . ~  

cayinq uood (Curran, 1934). 

Heleoinyzirlae- -Adult members of t h i s  family are found i n  shady and 

da,mp places (Cornstock, 1960). They were coll.ccted feeding on t h c  ca rcas ses  



e a r l y  i n  t i e  mming before t h e  other. Diptera  a r r ived .  The larvae a r e  

scavengers and l i v e  upon decaying animal and vegetable  substances (Curran, 

1934). N o  larvae were c o l l e c t e d  during the  study. 

Phoridae- -These small himpba&ed ? l ies  were eonmmn 6.uring the 

l a t e  decay and d ~ y -  stages of decomposition. 

fl.:i.es are scavengers, feeding upon vegetable matter inc:I.iid.ing fungi, 

decomposing i n s e c t s ,  s n a i l s ,  and upon c a r r i o n  (Clausen, 1940). Howard 

(1900) repor ted  tba.t som l a r v a l  forms have been fouiid breeding in 

The -- wrt:l" ,at major i ty  of t h e s e  

cadavers and have mdicolega l .  importance. 

I-?kiagioxiidae--Tbe snipe .f l ies are common Pn w0od.s e s p e c i a l l y  near 

moi.st p l aces  a.nd. a r e  u s u a l l y  found on foliaee, long grass, and. on t r e e  

t m l k s  (Lkrran, 1934) . The adult snipe f I.y, Ch.rysophil.us i n fusca tus  

Leonan-d, vas coI-lected from ca r r ion .  They are predaceous i n  both the  

a d u l t  and l a r v a l  stage:; (Clausen, lgk0). The prey of a d u l t s  c o n s i s t s  

mainly of t h e  a d u l t s  of o t h e r  I)ip-tera. 

-II -_ 

Order IIym-opt e ra 

Rraconidae--CtrJ,~sen (1940) s t a t e d  t h a t  this family i s  one or" i,he 

major groups of i n s e c t  paras.i-tes I 

dur:i.rig active decomposition when la~v 'ae  w e ~  most abundant. 

often o71served craw.l.ing i n  t h e  cra,cks and crevices of the carrion. Cl.aiisen 

Alysia ridlbuixia Say was c o l l e c t e d  -. .- 

They w e ? e  

reported that  A l y s k  i s  mole p a r t i c u l a r l y  8, psl-asi.te of 'nl.ot.i f l i e s  of 

t h e  genera Sarcophaga, Luc i l i a ,  a r r d  Cal l iphora.  Aph:ies-eta was recorded 

as a paras:-te of t h e  pupae of Sas:.c:ophagj.dae (Graham-Smith, 1.71.6) . 
111_1-11) 

Ichne~mionidae -- -Toimcs and T o m e s  ( 1-351.) s t a b c  : 

"Menibeix; of this  f'ami.I.y are all para.srites e flosts coiriprnri.se 

l a rvae  and pupae of h o l o w  t zbolous i n s e c t s  (inrlud5ng other 

. . . . . . . . . . ...................... ... . . . . . . . . . . . . . ._ 
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Tchncumonidae), i.matui-e sind adult spiders ,  and She e g g  sacs 

of sp ide r s  and pseitdoscorpions. Hosi sclc-ctiori is sometims 

quite TPstr ic ted but  more o f t e n  includes z. v a r i e t y  01 specid:: 

plored by the oviposi t ing female. " 

Members of t h e  genus A-trac Lodes iv'cre coll.ected f r equen t ly .  

bel-ieved t o  be psrasitic on c a r r i o I ~ - j . ~ . h a ' ~ . ~ ~ ~ ~ i n ~  rnuscoid D:l.ptera. 

They erc ..... 

egg capsules of cockroaches. Toi?.nes (1931) reportec? thzL OUT' common 

riativc spzcj-es of H y p t i a  were presumed t o  be parasite;  of Pa.rcobI.aiia. _._._.____I___ 

.._____..I 

Hyptia harpyoides Bradley vas observed flj-i-rtg abou'L d r i ed  p ig  car-  _____... - 
casses  undcr which Pa rcob la t t a  spp. wcre usually found. 

-.I__--..-- 

Pelecinidae--Only two specimens of .Pclecri.nus poly tura tnr  Umry __...__I I- 

':Ere recorded during t h e  en t f re  s tudy .  'l'hey were crawl-ing about the 

moist c a r r i o n  as i f  in sc3rcli of food o r  hos t .  Present records i i idi -  

c a t e  t h a t  Pelecinus pai-asj t i z e s  the larvaz oP so t l - inhab  i t i n g  scerabs-ei- 

dae (Muesebeck and Walkley, 1951). 

I_ ^__.- 

Proctotmpidae--Brachyserphus __I_ .... ~_ _____......I__ abruptus (Say) was c o l l e c t e d  Prom 

c a r r i o n  i n  active a.nd advenczd decay. No observat ion 011 habits was noted. 

Clausen (J -9hO)  rcpor tcd  that a nimber o r  spec ie s  or" thi.s family are pia- 

s i t e s  oT t h e  larvae of var ious ColeopteLrz and Diptcra.  

Diapri idae--  Only the genus I_ Aneurhynclius -. - was represenLc2d a i  t h e  

ca r r ion .  These small black insects are bel ieved to be internal parasites 

of 'ihe iruiiature s t ages  of Diptera (Clauseil, 19"O). No obszivat ions on 

p a r a s i t i z a t i o n  inrere made in ih:i.s stud;/-. 

Muti.llidac---One spzcies  PszudnmeLhoca s i m l l l i m a  (Smith), w a s  
9 II~_Is_ .... __. 
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observed as a r a t h e r  f requent  vi s i t o r  t o  t h r  ca r r ion .  Mutil lSds a r e  

g e n e r a l l y  accep-ted as being predaceous o r  p a r a s i t i c  on o t h e r  Wymnop- 

tera, Coleptera,  and Dipters ( CI-ai.isen9 I.~)I-o) 

%'or.nii.c::j.~l~~~--Ants were ac-Lively feeding dui-in.g all. stages of  

ca r r ion  decomposition. They were observed cmisying off maggots a,nd ep;gs 

of o t h e r  insecbs  i n  l a rge  q u a n t i t i e s ,  and feed-ing on t h e  carrion soups. 

Fuller (1934) be l i eved  t h a t  a n t s  could not be considered r egu la r  ca r r ion  

iahabitatltt; of any iuf luence  s ince  they  t7ei-e found on only a few carcasses 

near  n e s t s .  The a u t h o r s ,  however, hold -t;b:? oppositi. opinion, s ince  ants 

were r o u ~ d  on a l l  carcasses .  Campoiiotus americanus  may^ and Pyeaolepis --- -I- - 

i m p r i s  (Say) were t h e  numerical ly  dominant w t  spec ie s  a t  thr ca r r ion .  

Vespidae--Vespula maculifrons (Ruyss. ) w9r; collected from every . I--__ 

even a d u l t s .  Rromlky (1931) uiade 911 exi;en:;ive s tudy of hornet  h a b i t s .  

He repoi-ted. thal; yellow j a c k e t s  fe:d. on a l l  sorts of organic  matter and 

wen? a l s o  predaceous. 

g reen -bo t t l e  f l ies ,  and o t h e r  flies a t t r a c t e d  .to carri.cn were ol'ten cap- 

t u r e d  by t h e  cornmcn spec ies  of wasps. 

mai :u I . , z t a  (Li.nnn.eus) feed.?:.~.g on. 3, dead hoinse spa~row and a watej:#- snake. 

Graiiam-Smi th ( 191.6) reported tha-t blow f l i e s ,  

Bavlis (1919) observed Vesipula 
I__---. 

l^l.___l 

PompiLidae--Three species ,  Auplopus nigre?, .hs  (8aiks) Apol-us  7 ..l__ll 

n i g e r  (Cresson) , and Psol'tiia,spis mariae (Cresson) v i s i t e d  t h e  carcasses .  

M ~ I I ~ W S  of t h i s  fa.il?lly p r s v i  $.Lon t'r?eir msts with  sp ide r s .  Carcasses i n  

t h e  dried condi t ion  u s u a l l y  harbored s e v e r a l  sp ide r  s p e c i c a .  The pOl.rtpi.- 

-.._1-1 ÎI_ _IxI. 

2.i.d~ obsei.ved. here could have been searchiag Por spiders. 

Sphecidae- - O n e  species ,  Trypoxylon car ina tus  W H S  co l l ec t ed .  
.lll__ ........r l._l 

Penbers of ' ~ h . i s  g 3u-u.s a lso  provis ion t&ir ncs-is w i . t l i  s p ide r s  (Krombein, 
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1931). The carri-on  nay have e s t a b l i s h e d  a concentrzti.on of spi.derc: due 

to t h e  presence of t h e  many insec ts .  

Api-dae--Apis me'llifera Ljnnaeus a,nd BomI?3us S.mpat:i.cns Cresson vere  - -.___I___ ~. -._.__C_I.._- 

attrac 'ced Lo t h e  c a r r i o n  only while f ii.ii.ds wer? preceLLt. 'T'hey were ob- 

served sixking up t h e  foul-smelling juices. Some of Lhe O ~ O L - S  of piitrc+ 

f a c t i o n  may have served. i o  o r i e n t  the bees 'GO t he  c a r r i o n  m d i a .  

Order Coleoptera 

Carabibae--This Yamily wzs Weprecented by  th i r t ce , i  species,  present  

durifig a1 1 s i2ges o€ decomposition. Carabids were .;eldorn s x n  during 

day l igh t  hours, but werc recorded on numerous occasions ~t n igh t .  Mosi 

a d u l t  and imiatdre  zarabids  9 re considered predaccoii.; (Constock, 1369). 

ThPy were probably preccnt  a t  c a r r i o n  only because oi t h z  Zoncentratcd 

food supply. No immature carabids  were c o l l e c t e d  during t h i s  s t d y .  

Bydrophilidae--Six adult spec ie s  represent ing three  genera were 

collected.  ciu-ring the decay and dry- s t ages .  They remained. concealed be- 

neeth t h e  ca rcas ses  and o f t e n  went unnoticed Secmse  of  t h e i r  s m a l l  si ze. 

No observat ions Were made on th2i-r rood h a b i t s .  CI.~lrk (1895) ind ica t ed  

t h a t  t hey  were probably f eede r s  o f  ca r r ion  o r  dung o r  poss ib ly  f e d  oi? 

microscopic larvae. Several of thesc speci.es were c o l l e c t e d  from carr ioi i  

by Howden (1950) an6 Blatchley (1910) and from cat t l -e  droppi-ngs c o n t ~ i n i i l g  

dip- terous larvae by Mohr (1943) . 
Silphidae--eleven species  wei.e represented a t  t h e  carr ion,  all 

present  during the decay siayes. 

ions concerning t h e  food habits of s i l p h i d s .  

t hey  f ed  on both c a r r i o n  and maSgoLs. 

ing on maggots. 

There h 3 w  been many c o n f l i c t i n g  opin- 

Cl-ark (1895) s t<e ted  t h a t  

Steeele (192'1) observed a d u l t s  fee&- 

Be p r e s e i l t e d  experimental  evidence that a i?u l t s  pi-ef e r red  
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maggots and woii3.d d i e  if kep t  on a c a r r i o n  d i e t .  

por ted  that s i lph id .  adu l t s  werc p a r t i a l l y  predaceous. 

observed both l a r vae  and  adlilts of S i ~ - ~ h ~  sp.  feeding on decaying flesil. 

Re a l s o  s t a t e d  that the larvae fed pr3-ncipal.3.y on the d.:r.ied ~ e m a ~ i n s  of 

the hide,  sinews, a,nd sh red .n  of remaining meat. Cole (1.911.2) reporbed 

larvae of -- S.  I_ inaequal i s  feeding on dog carca: 6 .  IlI.ingswortkl (1926) 

reported t h a t  s i lphids  were the  chief agents in red-ucing the  mrzber of 

dip-terous larvae. 

Abbott (lyyi) r e -  

Dorsey (1911-o) 

In t h i s  s-Ludy xdul-t si l .phids vei-e obser.i/ed €eed.:ug on maggots 

oily. NO r e l i a b l e  observatioas OLI tbe feeding habits of .i.mmatures T 8 T e i - e  

made. The immature s i l p h i d s  appeared a f t e r  rnos t  dipterous larvse  hac1 

let-t the  dr ied  remains of t h e  p ig  carcasses. 

Leptodir idae-  -These sim1.L Seet les  were present  on o r  uuder all 

carca,sses during t h e  decay and d.ry stages. 

feeding on the moist, exposed. areas of the  carcass. Six specLes weye 

c:ol.l.ected and. as many as 30 j .ndividuals  have been collected. from a s ln . s le  

dead p ig .  

species f'ro-m carrion. 

They were often observed 

A c a r e f u l  study of this group probably w i l l  reveal ~imny more 

Staphy-linidae- -More than s i x t g  specie m of Staphylini.d.ae were 

preseut; dur5,rig the var ious  stage:; of decay. VCJI-~S (19311 ) s t a t e d  i.,hat 

predation i s  the  -grevniI.ing type of feeding behavior  i n  this farnily. 

Many spec ies  or the :subfamily Aleocharinae have lsrvm which are ec to -  

parasi.t.ic on Dip'tera pupae (Edwai-cI~;~ 1949) . I n  t h i s  study staphy1iii.j.d 

adu1.C~ were observed feeding on -tihe ad~ul.ts a.nd l a rvae  oP many i n s e c t  

spec: ies,  b u t  dipti?rcJiis larvae seemed i;o be prefer:r.ed, J:mi;ia-ture sta,phy.- 

lini.ds a sua l ly -  appeared too  l a t e  to r?ed 0x3. mggot,n.  On one occasion 



a staphyl-inid larva w a s  observed feeding on a dermestid larva. 

b e e t l e s  a r r i v e d  ea,rly during t h e  b loa ted  stage and stayed uiitil. all- 

i n s e c t  a c t i v i t y  had ceased. 

i n  dung, i n  ani; nes t s ,  under the bark o f  t rees ,  on t h e  moist ba,nks 

of streams and ponds, and i n  decaying a n i m a l  o r  vegetab2.e matter of 

a l l  s o r t s  (Mank, 1-923). 

These 

Rovcbeet1.e~ are very common i n  carri.ori, 

Pt j l i idae--One idenLif ied species, Acra t r ich is  __..__-- se r i cans  Heer, and 

one undetermined species  were c o l l e c t e d  from ca r r ion .  These small 

featherwinged b e e t l e s  have been col.lectcd. f m x n  r o t t e n  wood, dung, aafi 

fungi  (Box-ror and UeLong, 1957). Walker (1957) collectzri  t h i s  T"amj.ly 

froiti ca.ntaloupe and f i s h - b a i t e d  t r a p s  and Park and Auerbach (lg5ll-) col-  

l e c t e d  t h i s  samc genus Prom t r e e - h o l e s .  Czrrion should c e r t a i n l y  be 

in@l..uded as a poss ib l e  food r'or t h i s  group. 

Histeridae--Twenty-six species  were c o l l e c t e d  from th2 c e r r i o n .  

Risterids a r e  round wherever t h e r e  i s  pu t r e fac t ion  and decay such es 

animal wastes, fu-ngi, and carrion (Edwards, 1.91-+9). They were present  

i n  -the bJ-oated, decay, and t h e  ear ly  p a r t s  of t h e  dry s t a g e ,  being ex- 

tremely abundant i n  the decay s t ages .  

d a t o r s  (Wenzel, personal  conimunication) . 
served feeding on d ip t e rous  Larvae. Very few Larval specimzns were col- 

lected. Due -to t h e  r a p i d i t y  of decomposi.tj.on i n  summer months, t h e i r  

probable food was deple-bed be fo re  development wa,s completed. 

They a r e  alnost exc lus ive ly  pibe- 

H i s t e r i d  a d u l t s  were only ob- 

Holda-vJay (1930) regarded the  h i s t e r i d s  as t h e  s i g n i f i c a n t  f a c t o r  

i n  t h e  reduct ion of d ip t e rous  lax-vae. 

and l a rva l  h i s t e r i d s  feeding o f 1  blow-fpj l.arvae and puparia.  

observed t h e  feeding of h i s t e r i d s  on maggots i n  t h e  l abora to ry  and f ie l -d .  

F u l l e r  (1934) reported both adull; 

Iiowden (1950) 
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Cleridae- -Most species a n !  predaceous i n  both a d u l t  and la rva l  

s t ages .  Knull  (l95.L) reported t h a t  speci~ilens ea11 be  collected from 

flowers,  vegetat ion,  on dead. and drying trees i n f e s t e d  wi-th borers ,  and 

on bones and. s k h s  of dead. aii.imI.s a 'i'~r0 adi1I.t; npecies V J ~ I - ~  c o l l e c t e d  

from d r i e d  s k i n  and bones. 

N i t i d u l a  larvae. Clark (lass) states '~bat; Necmbia probably feeds on 

maggots. This  however, w a s  not &served in this study. 

They were probsbly feeding on Derraeates o r  --..- 

_I .....,. _I 

Anthicidae--The a d u l t s  of t h i s  r"a.mi1y arc- found on f lowers  and 

f o l i a g e  of va r ious  trees, beneath logs, I.eaves, and  rubbish, whi1.e the  

l a rvae  a r e  taken i n  p i l e s  of decaying vege ta t ion  and. r o t t e n  f r u i t  

(Edwards, 1.94.9) . 
and. one undetermined species,  Anthi-cus sp. , were coll.ected from c a r r i o n  

i n  t h e  advanced decay and d r y  stages. 

h o e f e r i  Kerg. a:; breed.ing i n ,  o r  a s soc ia t ed  wj-i;h, carri.on. 

One ider i t i f ied species ,  Tornode-rus c o n s t r i  ctus (Say) , -.-- _c__ 

F u l l e r  (1934) recorded Anthicus 

Elateridae--The a d u l t  membcrs of t h i s  group are comon1.y accepted 

as being exc lus ive ly  phytophagous. The larva:: are g e n e r a l l y  coilsidered 

vegetar ians;  ho~~rever, Ariictt; ( 1.960) sta-Led. that  soille spec ie s  fed on 110th 

plan-t and animal i i a - te r ia l ,  o r  they- .were cam i-v-omus on o t h e r  i.tivertebre.i;e s. 

N o  observatioris were nmt3.e on t h e i r  feediilg habi t s  a,% t h e  a, r r i s n .  s i t e .  

Adults were presenl; a-t t h e  c a r r i o n  from advmczd decay Lo dx*y s- iages ,  

They were presumably xi; Lracted by  t h e  od-ors. 

bel.1.11~ Snji, WRS col.lected Prom dog and humail cadavers by Mottei. (1898) . 
De:meot idae- -Two species,  Derme s tes  caninus G e r m a r  and Dermzstes 

An elr , terid,  Monoc:repidius 

111 ......_.._._. II -I__-__ 

maimflora 1; u. s Sa% w e  re (3 o 1. le c 1; ed . 
t he  d r y  s t age .  The food habi-ts of the ~ ~ " O U . X I  E ~ T Y  well. kn.obri. The a 3 ~ I - i ; ~  

and l a rvae  fed on d r i e d  skin,  sinews, and  bone As rnmy as 30 a d x l t s  

%,a:rvae amd a d  i ~ .  It s w e  re a.bun.dan t; during ._lll ~ .._^_ 
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were recorded by t h e  author  on one d r i ed  p i g  carcass .  

reported t h a t  t hese  b e e t l e s  were exceedingly common during the summer 

months. She co l l ec t ed  466 l a rvae  f r o m  ha1.f a sheep’s  head. 

E’lrl ler (1934) 

Nosodend.ridae--Only t h r e e  specimens of Nosodendroii unicolor  Sa.y 
_l___l___ 

were c o l l e c t e d  from ca r r ion .  According t o  Arnett  (1960) the a d u 1 . t ~  a re  

found i n  wounds of elm and a l d e r  t r e e s  where they  probcbly feed. on dip-  

t c rous  l a rvae .  A l l  t h r e e  specimens were c o l l e c t e d  Prom c a r r i o n  which 

contained d ip t e rous  l a rvae .  Kingsolver (personal commuaicaLj on) in -  

d i ca t ed  t h a t  t h e  presence of Nosodendron on e a r l i e r  decay s tages  or 

c a r r i o n  i s  no t  ent i . re ly  unexpected because of t h e i r  c lose  r e l a t i o n s h i p  

-to t h e  Dermestidae. 

Ostomiilae - -One spec i e  s, Tenebriode s c o r t i c a l i  s (Me l she  i-nier), and 

s e v e r a l  o t h e r  undetermined specimens were ex t r ac t ed  from c a r r i o n  by use 

of t h e  Berlese funnel .  They were never presen-i i n  abunrlance on any one 

ca rcas s  bu-t were c o l l e c t e d  i n  small numbers from s e v e r a l  caucasses.  YOKE 

members of the genus are i n  j i i r iouc +;o c e r t a i n  stored products, beiny espec- 

ial1.y abundant in gramr ie s .  

_.. 

Nitidulidae--%be members of ’chis family feed on t h e  j u i c e s  of 

decayi.ng f r u i t s ,  

a few aye Lno-md on flowers, and obhers on c a r r i o n  o r  fungi. (Comstock, 

1960). 

dur ing  the dry s t a g e  at e s s e n t i a l l y  t h e  same times as t h e  Dermestid-ae. 

I,arvae and a d u l t s  v e r e  observed feeding on d r i ed  sk in .  ‘The ni%id.ulids 

seemed t o  p r e f e r  t h e  more moist skin more than Lhe d ry  skin which t h e  

Dermestidae occupied. 

on f e r -ma t ing  o r  souring sap t h a t  emd.es I”rorn t r e e s ;  

Only t e n  species  were co1lectc.d. b r v a e  and a d u l t s  were a’imndant 

Rhizopha.gi.dae- -Monotoma ... americana Ai ibe  w a s  ex t r ac t ed  from earl-ion. 
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during the late stages of decay by use o f  .the Ber lese  funnel .  This  same 

spec ies  was c o l l e c t e d  from dead fish by Walker (1957) and t h e  same genus 

by Eoxd.en ( 1.950) from various dead anim1.s. Mcxno'Luma aniericana was also 

c o l l e c t e d  €ram deczying fleshy fung i  arid flowers of Amorpha fmt , i eosa  by  

B h t c l i l e y  (1.910). 

____-... I l__.ll__ 

Chzcii j idae - - T h e e  species ,  Oryzaepbilus mercator (Fauve 1) , -_̂  Silvanus - --- 
b iden ta tus  (Fabr i c ius ) ,  and Si lvanus in ibe l l i s  LeConte, were o f t e n  co l lec ted  

from d r i e d  c a r r i o n .  All were observed feeding on t h e  d r i e d  ca r r ion  scraps. 

Members of the genera S i  I v a ~ u s  and I_ Oryzaephilus art? commercially important 

s ince  they feed  on drj.ed fruit, rice, meal, f l o u r ,  and stored grain (Ed- 

wards, 194.9) . 
Cryptophagidae--The genus Cryptophagxs w8s co l l ec t ed  i n  t h i s  s tudy 

from d r i e d  ca r r ion .  F i l l  l e r  (1934) c o l l e c t e d  -.. CrypLophagus - affinis Sturm. 

Prom carrion i n  Canberra, Australia.  According t o  Binton (1945) _1_1_- Crypto- 

phagus actarrgulus Gyllknhal feed on fungi ,  e s p e c i a l l y  Mucor and P e n i c i l -  

liuin spec ies .  

If this i s  t rue  a rnicroscopic examinatton of Liie d iges t i -ve  tract  should 

-___I 

Tiiese spec ie s  o f  Yungi have been i d e n t i f i e d  from carcasses. 
I_ 

reveal spores of fungi  i n s t ead  of c a r r i o n  fragments.  

Mycetophagidae - -E'our species, Myc etophagu s punc t a tus  _I Say, Myc eto- 
_^.___I 

phagus f lrxuosus Say, ___- 'Typhaea -A- stercorea (Linnaeus), arid --- Li targus  didearnus 

Say, weye collected Prom d r i e d  carr:i.on. 

sometimes abundan-t on carcasses. Wdker  ( 193'7) coll.F:cteCl Typhiaea s-t;er- 

corea. froin pu t rescent  and niushy cantaloupe, and Park and Auerbach (1-954) 

col-lected TQce-tophagus flexuosus from tree-holes. 

usually found near rot;-Len arid decaying fun.@~.~. 

I 

T'nese h a i r y  fungus b e e t l e s  were 

-.____ I__ 

-- 
These b e e t l e s  awe ____ -..-- 

Colyd.i-i.da,e--One species ,  __l_l_ Nairmnxria -..-. g u t t u l a t u s  (LeCon.te), was 
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col lectml from d r i e d  ca r r ion .  R l a t c h k y  (197.00) co l l ec t ed  t,i-iis spec ie s  

on di-y fimgi and beneath el-ose f i t t i n g  bark of beech, maple, an6 other 

t i e e s  e 

t i o n  f o r  some of t hese  n o r m l l y  funga l  feeding T):,etles being co l l ec i cd  

from ca r r ion .  Carri-on might serve as a s u b s t r a t e  f o r  Cuiigi and molds. 

Thus some of the beetles whfch s u p e r f i c i a l l y  appea,:r- -to 'ut. c a r r i o n  feed.- 

ers cou1.d. a c t u a l l y  be feeding on secondary growL1.1 (fungi r,nd. molds) vhich 

were p re sen t .  

( P a p e ,  1963, 1963) . 

Kingsolver (pe r sona l  comnica-Lion  ) offers  a. i iossible e q l a n a -  

All ca r r ion  very probably serves  a s  a s u b s t r a t e  foi- fung i  

Endoriiychidae--These b e e t k s  are found beneaih bark, i n  .Fixigi, 

rottori  wood, clung.,, and i n  decayed P i x i t  r e f u s e  ( A r l l e L i ,  1960). ?'we 

species, Aphorist:>, v i t t a t a  (Fabr i c ius )  and Endomychus b i g u t t a t u s  %y, 

were observed on ca rcas ses  during the advancer? decay stage of d . ~  

I_... -___ ~ ___.___I_ 

Zion. From a11 i n d i c a t i o n s  i l e x  handsome fuiigus b e e t l e s  appeawd i o  

be feeding on. the putrefying fl.esh o:i which they  were oi'ierl seen walkj.rg. 

A13.eculid.ae--The m e m b e r s  of Lhis facii1.y a ~ r e  -found on flowers, -Co!.- 

iage, twigs, fungi,  and beneath dead 'oar%. oT t x ~ s  and log5 (gdriards, 

1949). Two genera were representc-d a t  t h e  pig ca rcas ses  during ilie 1 a ~ c  

decay s t ages .  They u s u a l l y  remained concealed under d r i e d  po r t ions  of 

the ca rcas ses .  

Tenebrionidae--Th~ec species  ye re  collei:  icd from c a r r i o n .  One 

species ,  Hopl-ocephala b i c o r n i s  (01-ivier), w a s  recorded on numei-0u.s oc- 

casions on d r i ed  carri.on. According t o  Aynett (1960) t h e s e  beetles feed 

on decaying vegetat ion,  ani.nm1 waste products, seed-s, cereals, fungi, 

and sometimes l i v i n g  plant, p a x t s .  

observed. 

- 

N o  indicat ioi i  of c a r r i o n  feed.i.ng w a s  
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Melandryidae--Most members of t h i s  f ami ly  are found under bark, 

logs, and s tones  and a r e  u s u a l l y  a s soc ia t ed  wi th  fungus (Edwards, 1949). 

Eustrophinus b i c o l o r  __._ (Fa'oricius) was collected.  from beneath c a r r i o n  dur- 

ing  a c t i v e  and advanced decay. Only th ree  spec ies  were observed d u r i n g  

t h i s  study. 

Ptinidae--One spec ies  of sp ide r  b e e t l e ,  B i n u s  ~ fir  Linnaeus, was 

c o l l e c t e d  from d r i e d  ca rcas ses  on sevei-a1 occasions. Severa l  a d u l t s  

were observed feeding  on d r i e d  car r ion ;  however, no l.nrvae were toll-ected. 

Most of t h e  members of t h i s  family l i v e  i n  d r i e d  animal substances (Ar- 

net;t, 1960) . 
Scarabaeidae--Eleven spec ie s  were covmonly found. during t he  

b loa t ed  and decay s tages ,  and all.. a r e  considered scavengers. Nearly all-  

t hese  spec ie s  l i v e  i n  t h e  Clung of animals, decaying fzmgi, and. c a m i o n  

(Blatchley,  1.910). The dung b e e t l e s  u s u a l l y  cons t ruc ted  tunnels  and 

'ourrows under t h e  carcasses .  

Geotmpidae--Members of t'nis fami ly  are found i n  excrement and 

ca r r ion  also (EdTwards, 19149). They are included- i n  Lhe Searabaeidae 

by some authors .  Large amounts of car r lon  were carri-ed i n t o  tunne l s  

cons t ruc ted  by t h e  females beneath ti?e carcass  as food for. young. 

Spector  (1943) c o l l e c t e d  l a rge  numbers of Geotrupes semiopacus Jeke l  

and Geotrupes splendidus (Fabr i c ius )  from a b a i t  of chicken f e a t h e r s  

an.d e n t r a i l s .  Clark (1895) stated. t h a t  Geotrupes feed. e n t i r e l y  on a 

c z r r i o n  and dung d i e t  ~ ~ 1 x 3  were not  predaceous. 

da t i s m  by t h e  Scarabaeidae,  Geotrupidae, o r  Trogidae were observed. 

No ii9dication.s of pre- 

Trogi.dae--Vaurie (1935) repor ted  t h a t  a d u l t  I--- Trox were found i n  a 

v a r i e t y  of h a b i t a t s  inc luding  n e s t s  of bi-I.ds, 'ourraws of sniall mrmmls, 
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fungi ,  dung (occas iona l ly ) ,  d r y  carcasses,  and decayed ?ish.  S ix  a d u l t  

species  of ‘L’rogidae were co l l ec t ed  i”rom c a r r i o n  i.n t h e  advmced decay 

and d ry  s tages;  however, no immtures  were co l lecLcd.  AI-1  species  i ~ e r e  

observed feeding on ca r r ion .  Clark (1895), Davis (1909), Ab’uott (1937), 

and Spt‘cLor (1943) have reported Trogidae as feedprs  on ca r r ion .  Trogids 

sorfletinies appeared during the advanced decay s t age  of p ig  dzcompositicn. 

However, they have been recorded by Howden (1950) atitl :iced (1958) as 

being present  only on dry ca rcas ses .  

Chorda-La 

I. Amphibia 

Buf‘oiiidae--Toads s h e l t e r  i n  a form o r  i n  hi.ding places where 

t h e r e  i s  some moisture and an abundant siipply of i n s e c t s  ;ind o the r  Ln- 

v e r t e b r a t e s  for food (Conant, 1-958). One species  of toad was setiii on 

s e v e r a l  occasions beneath p i g  carcasses .  N o  stomach arialyses were made 

on Lnese toe& t o  de t e rn ine  i f  t hey  had ea-teri carry-on f ama .  Spec:ies 

of Bufo and Rana o f t e n  s h e l t e r  from the sunshine under ca’LJGl t3  d.roppings 

which a r e  some days old, where they  m.y a l s o  seek t h e i r  rood (Ham~-, 

191t2). 

Flickers ,  Caloptes au ra tus  (Linnaeus) ; mockin&!birds, Minus poly- -______ 

g l o t t o s  . . ~ - -  (Linnaeus) ; brown th ra she r s ,  ... ‘ioxostorna _____ xufum (Linnacus) ; wood 

thi-ushes, Hylocichla iilustelina (Gmelin) ; arid towhees, P i p l i o  ......... --__ erytlirnph- 

thalmus (Linnaeus) were t h e  most ective v e r t e b r a t e  p reda to r s .  They 

quickly d-evoured any l a rvae  which wandered from tiie p r o t e c t i v e  cages .  

They trj.ed t o  en-ter tiie cage during a c t i v e  and advanced decay t o  Peed 

on t h e  i n s e c t s  and they  compleLely cleaned t h e  c a r r i o n  of diptdr-ous 
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l a rvae  and b e e t l e s  on two occasions.  This Tdas one reason t h e  p r o t e c t i v e  

cages were deemed a necess i ty .  Even so, t h e  b i r d s  cleared. a l a r g e  a r e a  

around each cage while  sc ra tch ing  arc?- searching T o r  i n s e c t s .  

3. Mammalia 

Pig c a r r i o n  rerno-Ted from t h e  p r o t e c t i u e  cages was consumer?. o r  

c a r r i e d  off i n  one or .two days. Dogs and opossums were t h e  ch ief  e a t e r s  

of ca r r ioo ,  many t i - m e s  only e a t i n g  t h e  softer parts. They even dug under 

Lne cages. The p o s s i b i l i t y  of t h e  d is turbances  of - the carr-ion by vert+ 

b r a t e s  warranted the use of p r o t e c t i v e  cages. Pigs on which dogs or 0 ; ~ s -  

sum had fed o f t e n  f:ailed t o  pass  through a bloated s tage  because t he  gasses  

formed during t h e  decomposition of the f l e s h  were no longer  t rapped w i L h -  

i n  t h e  body c a v i t i e s .  This  allowed o t h e r  i n s e c t s  t o  ga in  an en t rance  t o  

t h e  C ~ ~ . T ( X S S  before t h e  d ip te rous  la rvae ,  thus a l t e r i n g  t h e  nornszl suc- 

cess ion  of carrion. organisms. 

A 7  
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Systematic llist of sgecies c o l k c t e d  from dead pigs  i n  t h e  various s tages  of 
decomposition durir;g t h e  suamer xonths olr l962 zau 1963, 
lina. The r e l a t i v e  a’sundance of ezc’li species d u r k g  ;he &i fye ren t  s tages  of 
decamoosition I s  ir,dizated by a s o l i d  l i r l e  (aburdznt) or a b r o k m  iir,e ( s c a r c e ) .  

Clenson, SoG-bh Caro- 

Stage of Decoxposition 

Species 

_-_-_ 
p r n ~ ~ r n  M~LLUSCA 
Class GastropoCa 

Order m h o n a t a  
Family Zonitidae 

Ventridens i n t e r t e x t u s  (Binney) 
Ventridens e l l i o t t i  (Redf’iei<:) 
ZorAtoides ar-Doreus (Say) 

Family polygyridae 
Steno’LreE ( sp. ur,known-i:nnature) 
Mesodor, thyroidus (Say) 
T r  iodop s i s vanao s t r m d  i ( 3  land) 
Triodopsis (sp. unknown-imma.t-J-re) 

PFLLJM ARTHRGPODA 
Class Araclir:ida 

Order AcErina 

-- 

Active Advarce6 
Fresh Sloatefi Decay Decay 

w co 



Stage oI" Decomposition 
Active Advanced 

Species Fresh 
Family E r y - t h r a e i d a a  

Erythraeus sp. 
Leptus species  #i 
Leptus species  $2 

b.crocheles  sp.  

P a r a s i t u s  sp.  

Family Macroche l i d a e  

Fami.ly Pa ras i t i dae  

Order kraneida 
Family Uldboriiiae 

Uloboms glonosiis (Walckenaer) 
_ _ _  Lrloborus octonarius  Mum 

Fan i ly  G.naphosidae - 
B e r p h y l h s  v a s i f e r  (Walckenaer) 

Family Gnaphosidas 
Litophylius - l i b e r  Chamberlin & Gertsch 
C)esomia Ibil inezta (Rentz) 
Cylpho sa ser i  c a t  z Chamber lic 

Family Therid? i &e 
Epi s inus t runc a t u s  Latrei  l l e  

q_ 

They.^ I ?.: -Lon tepidariorum C. Koch 
m i l i e r id  ion  lyr iculn Walck, "rxier 
Dipoena L-sL.-- q i q s r t o n )  
Achaearanae t e p i d a r i o r i a  (Koch) 

h!eioneta 'uarrovsi Chan-berlin & ly ie  
Family Linyphiidae 

Fairlily Araneidae 

Bloated Decay 

- -  - 

i 

--I-- 
w 
ic, 



Stage of De?omposlLion 

A c  ,;ve Advanced 
Species 

:r;ae 

Lycosa aspera dentz 
Lycosa r a b i d r  Walzkenaer 
- Schizocosa sa i t aLr ix  (8entz:  

Family S a l t i c l a a e  

Fresh Bloated Decay Decay Dry 

1 ! 
I - - - I -  

-I-- 
i 
i 
j 

I 



Stage of Deconrposition 

Specie s 

Order Phalangida 
Fami iy Phalang i idae 

Leiobunum speciosum Banks 
Lelo-bunum ' ( s p . o w n - i m a t u r e )  
HadroburiuB sp. 

Order Pseudoscorpionida 
Faxi ly  Chthoniidae 

Kewochthonius spec ies  $41  
Kewochthonius spec ies  #2 

Family Neob i s i idae  
14.i.ctrobisiu:n spec ies  #1 
Microbisium spec ies  #2 
:vlicrocreagris spec ies  81 
filiicrocresgris spec ies  #2 
_ _ .  
Mi c roc 1- e agr  i s spec i e s #3 

Faxi ly  CIklernet idae  
Parzchernes new sp. ?' 

Fami Ijr Che liferidae 
Chelifer  cmcro ides  (Linnaeus) 
' m u m  
Gems? (ucdet. jL 

Order Scorpionida 

Ve j o v i s  ca ro l inus  ~ o c h  

Clzss Cmstacea 
Order Isopoda 

Family 'Ve jovidae 

_1 
- - E I - c - ~ - - -  -_I_-- 

Fresh 

-I__ 

Active Advanced 
Bloated Decay Decay 

G 



Stage of Decomposltion 

Species 
ActTve Advanced Fresh 3 loa ted  Decay De c ~y Pry 

Cless Chilopoda 
Order Anamorpha 

Fa-i l y  Crypzopidee 
Ci-yptops 5yeEnGs (Say) 
Theotops sp in icauda  (Wood) 
Scoiopocrypzops sexspinosus (Say) 

Faxily Geophilifiae 
.A~er iopk ihs  w a t  s ing  us CDember l l r i  

Class Diplopods 
Order E’olyxenida 

l a r z l y  Poiyxenidce 

i I I 

I 
-I-- 

-I- 

I 



- 
Stage of  Decompositicc 

Species 

Order Platydesmida 
Family PPatydesmidae 

Brachycybe l econ te i  Wood 
Order Lysiopetal ida 

F m i  Ijr Lys i ope ta l idae  
Ab a2 ion nagnum highlandens e ( Hoffmar; 1 

m i x n i d a  
Family Cleidogonidae 

Cleidogoca sp. 
Order Polfdesmida 

Oxidus g r a c l l i s  (Koch) 

%ryvuru s er ythrop yg o s (B r m.2 t ) 

New spec ies  i n  an undefined genus 

 fa^ i j r  Strongyl0 s o m t i  dae 

Family .&ryur i dae 

Family Xystodesmidae 

Orderr Sp i ros t r ep t ida  
Family Cambelidae 

Canbzk mriulata  (Say) 
Crder J u l i d a  

Family Para julidae 
Ptyoiukus i m p e s s u s  (say) 
Urob izni s lu s ? a t  l an  t u  s Chamber l i n  

Class Insec5a 

- 
Order Co liemb o la 

Fresh - 
Active Advanced 

Bloated Decay Decay Dry 

-- 



Spec ie s 

\ -;ner, 

Zehntn e r  ) 

Diapheromera sp ,I I J  

Ceu’shophilLs sp 
Par;;: ly G r y l la c r i di aae 

FarS ly G r y 11: dae 

il 

I----- -- 

! 
I 

I 

- -  I 

-7 
i 

1 
i - - .*-- 

---7 - -  

- -I- ! i 

1 -  ! - 1 
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Stage of Decom>osi+ ion ' 

Species 

Order Psocoptera 

Genus and species? 
Crde 3' Herd. pt era 

Family Psoc idae 

Fan i ly  Cydnidae 

Family Core idae 
Sehirus c inc tus  clinctus (Beauvois) 

>legalotomus quinquespinosus (Say) 
~ l y d u s  e u r i m s  (say) 
klydus p i losu lus  (Herrich-Schzeffer) 

Family Lygaeidae 
Myodoeha s e r r i p e s  Olivier 
Cmphora picturata Uhler 

Family Tingidae 1 0  

Oncocepha1u.s geniculatus  (Ssel) 
Melanolestes p i c ipe  s 

Sinea d i a d e m  (Fa-brlcius) 
var. a b d o m i m H e r r i c h - S c h a e f f e r )  

Family Miridae 

Family Fuigoridae 
~ ~ o n i a  billlata (Say) 
Thionia SP. I, 2 7 -  

l v iu  6 ir;i3ec i l i s  ( say j 
1, 2 

I I, 2 Orirenoides venusta (Lvielicnar) 
Ancrnensis s e p t e n t r i o n a l i s  (Spinola) l,2 

Active A(1var.c ed 
Fresh Bloa ied  Decay Decay 

- - - - - ~  

i . -  

. -  -+-I 

Dry 



Spec xs s 

Orde A- Neuroptera 
Family ZexercibiiCae 

Eerrie_rob i u s  s t igmat e ru  s P i  tzk 
Eemerobius sp,  

Chrysope carnea S-teplzens 
Family Chrysopidae 

0 r d e I’ Le p i d  opt e r a 
Fsrni l y  Pap2 lior,idae 

Battas pkiiienor ( ~ i n n s e u s )  
pap i lio g lsucu s Llnnaen s 

EaxLiy Satyriiiae 
Xinois ~ aloTe (Fa.bricius) 

Fsniily Kymphalicae 

Ac Give Advanced 
?res1 Blotted Pecay 3eczy Dry  



Stage of Decomposition 

Species 

Farnily Pyrau s t idae 
Desmia f u n e r a l i s  (Huebnex-) 
Anage s hna prirnord i a l i  s ( Dyar 1 

Order Diptera  
Fami 1y Psychodidae 

- Telmatoscopus a l b i p i n c t a t u s  (Wi l l i s ton )  
Family Mycet ophi l i d a e  

Nycozya sp  . 
Family Sciar idae 

Bradysia sp. 
F m i l y  Cecidomyiidae 

Gerius and species? 
Fanl ly Sc a-t op s i d  ae 

- Xcatopse no ta t a  (Zirnaeus j 
F a m i l j  St ra'ciomyidae 

Een:et , ia i l l u z e n s  (Lirinaeus) 
P t e c t i c u s  t r i v i t t a t u s  (Say) 
Genus and species-unknown iimature 

T: - .- 
Family Tabanidae 

1 
dDclnus sbckeni F a i r c h i l d  

Fami Ij 1 - a g  ion i dae 
m L~DZZJS .- i ( sp .  unknowa-i:mature) 

Chrysophihs  iri-f-ascatus Leariard 

4c t ive Adiranc ed 
Fresh Bioated Decay De cay Dry 



-__l__l____p - 
Stage of 3ecom2osition 

Species 

Family Asi l idae 
A-t orno s ia pue Ila W i e  denann 
C e r o t a i e  m c r o c e r z  ( say)  
Laphria sp. 
E m x  i n t e r r u p t  JS MlacqLz.rt 
- Erax spp. 
Asiliis novre sco t i ae  Macquart -- 
A s i l u s  sp.  

FeD?ilv Phoridae 

Megsr se3.k s p c i e s  #l 
- Negasella species $2 
E 

Bac chz e lave4;a ( Fabricius  ) 
Baccha. c o s t a t a  Say 
Mesograpta 2o:ii;a [ s a y )  
Xylota p i g r s  (Fabr i c ids )  
M i - : e s '  sTi--,-- ..iensis (Drury) 

Family Cuterebridze -, 

Active Advanced 
3 r y  Fresh Blot,;ed 3ecay Decay 

--- - - - _ 1 7 - -  I 

l 

i i 

- -  I - -  
I 



S tage  or’ Decomposition 

Family Sarcophagidae 
G:moprosopa zrgent  i f rons  To-isend 
Sarcophega > - -  
Sarcophagz misera sar racenio ides  Aldrich 
Ssreophaga repax Xzlker 
Sercophma - s 

- 

I-- t 



-___- 
Stage - of DecorLposizion 

Active Advarxed Fresh B1oaz-d Decay Decay Dry Species 

- Musca domeszics Linnaeus 
Stomoxys ca l c  itrarls LinnaeG s 

sc ina ass i m i  lis :“allen) 
Muscina s tabclans (Falleri) 
Bydrotsea - -  Qoughl Malloch 
hydrotaea occulats- (Meigen) 
Rydrotaea sp. 
Opnyra leucos t o m  ( WieZemann) 
Coenosia sp. 
Fannia hmar2.i Malloch 
Faanla s c a l a r i s  (Fabricius)  
-I__p 

~ 

Faixiia spp. 
Gymnodia arcLata (S te in )  
- 

Family Anthonyiidae 

I 

j --+- 



Stage of Decomposition 

Species 
Active Advanced 

Fresh Bloated Decay Decay 

Fani ly C lil s i i dae 
Heteromeringia n i t i d a  
var. nigripes Melander & Argo 

Family Heleornyzidae 
Gems and species? 

Family Sphaeroceridae 
Legtoeera f m t i n a l i s  (Fallen) 
Lepzocers h i r t u l z  (Rontani) 
Lep:occra spp. - 

L'opromyza atra (Iqeigen) 

b n c h a e  p o l i t a  Say 
F-mily Lonchaeiciee 

P'arnily Otitidze 
3 i x l l i a  s teysl ta l i  Namba 
'Tritoxa i n c u n a  loew 
mxzstz notata (Wiedexann) 
Euxesta pechumani Curran 

Fami 3.y Mi c r ope zi dae 
Ra in ie r i a  antennaepes (Say) 

Family Sepsidae 
Melarder % Spiler 

Meropliu s s t e r c  o r a r i u s  ( RobirieaLl -De svoidy) 

Piophi la  fovelsta 3kigen 
Piophl la  l a t i p e s  Heigon 
i2rochyliza xmkhas$om Waaer 
 enu us and species?" 

Family Piophilidae 

---+ -- 

- -7 



- 
Stage of Decomposltion 

Species 

T e r i c l i s t a  sp. c: 
j'arrrily Braconidae 

kJar;-;eles sp. 
Aphaerets pa l l i pes  (Say) 
Aphaereta sp. 
Alysia ridibunda Sey 
- R o e  sp. 
Bucculatr iplex b u c c u l a t r i c l s  (Asnmead) 

Family Ichneumonidee 
Ge i l s  spp. 
Enuasys ST?. 
- Atractode s sp. 
-- I s T G G X n c t i p e s  (WaLsll) 
Zratiehneur:-ofl paratv,s (Say) 
Crat  ickmeumon spp . 

Active Advanced 
Fresh Bloated Decay Decay 

---,- -r---- 
- -  7 
---I-.--- 

Dry 
-- 
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Stage of JeconposLtion 

Active Advanced Frzsn 3 loa ted  Decay Decay Dry 

\ eer) 
ius j 

1 - - -- I 
I ! 

I - -._c - - I 

I j - - 1  _ -  i 
I 
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Stage of Decomposition 

Species 

Order Coleoptera 
Family Carabidae 

A n i l h s  caro i inae  Casey 
Tachys Ylavicauda Say ~- 
Cycio-trachelus v inc tus  ! - ‘  Evar-chrus americanus \De 

Leconte 1 
jean) 

Galer i ta  ‘clicolor Dmry 
Lebie orna ta  Say 
P Lebia a s h e v i l l e n s i s  Casey 
Coptodere a e r a t a  (Deiean) 
Pinacodera 1ilr”aata (De jeen) 
Harpalus compar Leconte 
iiay,calus pearsylvanicus DeGeer 
Stcnolophus conjunctus ( say)  
Agonoderus l econ te i  Clhauaoir 

Falrily Noteridae 
Suphisel lus  sp. 

Fami Ij. Hydro ph i 1 i d  ae 
m iroplsternus l a t e r a l i s  riirnbatus (Say) 
Cercyon haeaor rho ia s l i s  (Fa-bricius) 
Cere ;{on navic-d lar i s Zimermaan 
Ce r c yon macu l a  t u  s Ne 1 she ime r 
Cercyon spp. 
Cryptopleumrn minutum (Fabr ic ius)  

Active Advanced 
Dry Fresh Bloeted Decay Decay 



Stege of Decompos<-- i Lion 

Spec ie s 
- -. -_ 

Family S i  lphidae 
Nicrophorus ca ro l inus  (Linr,aeus) 
Nicrophorus o r b i c o l l i s  (Say) 

SilgGa znericana Linnaeus 
IXecrophilGs p e t t i t i  Earn 

Catops sinplex Say 
Catops spp. 

Family Le2todiricae 

Fsmi ly 0 rthope r idae 

Fami l y  Staph y li ri i 6 ae 
Saci.mi sp. 

Proteinus new sp. ? 
:L”,.,garthrG s s i n L a t i c o l l i  s i aco rda i r e  
Neg a r t  hru s axe r i e a m  s Sac n s e 
Megart’nrus sp. 
Ona1i.m czesum Grhvenhorst 

Active Advanced 
Decay Dry  Yresh Bloeted Decay 

- -- 

-- 
-- -:I 

- i- I -  - 

--i- -- 
----I-- - -  

=I--- 
- - - -  __+-- .- .+ -- 
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Stage of Decomposition 

Species 

Cmalium foraninosum N & l i ~  
3na l t u n  cy:Jadr ipenne C e s e y 
O m a l P m  repandurn Erichson 
O x z l i u m  r i m l a r e  Paykull  
Onal i in iae  

G&US alzd species  
Gems and spec les  #2 

Oxy-Lelus i n s  igrxitu s Grevenhorst 
Ox* e Id s pem s ylvani zu s E r i c  h s on 
Oxyzelu E tet l-ac a r ina tu  s Slock 
0sytels.s species $1 
Ox.Vt?ltis species  #2 
Pinophi h s la-t ipe  s Gravennor s t 
P i n o p h i h s  opacus LeConte 
Pifiophilus sp. 
Homotarsus sp. 
Achenorno rphu s cor  t i c inu s G rs 
Rugilus angulsris Erichson 
Rugilus biarnatus IeCocte 
RugiLLls sp. 
h-ygongrus pusillus Sachse 
Phiionth:j s po l i tu s  Lirxiaeu s 
P 3 i l o n t  hu s chalceu s Stephens 
Pnilonthus asper LeCorite 
Phi lonthu s variars  Paykc11 
Phi Loc t hu s a 1u.m.u s E r i c  h s on 
Philorithus 'o r~nneus  Gravenho 

- 

LVE 

rs 

? d i O  

t 

rst 

Active kdvanc ed 
Dry Fresh Bloated Decay Decay 

- -  e+- - *- - 



____-_I- - 

Shage oi" Decorrposition 

Species 

Pa; lonth.us c yanipenni s Babr ic IU s 
Xi1 1oni;h'il s f i I l c  orri i s Ho m 
Philonthus - v e n t r a l i s  Gravenhorst 
~h i l o n t  hu s rec t snguiL: s Sharp 
Phi lorith'il s spp . 
Zesper baltixoreE* Gravenhorsz 
-- a e ionccln-d s ~f ipenni s Fah r i L ,, -' iu s 
Be 1onL;chu s forna su s Grsveiihor s t 

_I__ 

-- 

Belomchus sp .  
S t s,ph;,rlir;a s IW 1p i nu  s Kor&rianr. 
S-;a-phylinu s mai: u lo su, s 2 rave:Qhor s t 
St a-phylirx s 'emoretus Fa3 r i c iu s 
Stsphy Jlim 5 t oixent9-E Gmvenhor s t 
Sta;71-;yi-i.nu s f o s sat  or Gr averLior s t 
S t  apii y l i n u  s c 2. rul axop t e ru s ,2 rzve n ! ~ i  
S-%phylir;u s maxi i l o  SG s 3 n n a e u  s 
Onthoies t e s  c i n g u k t u s  Gravenhor st 
Que d t u  s c a p ~  c %nu s Gravenhor s t 
Quedius sp. 
Tacliiriils f ' i n b r k t u  s Graverillor st 

- 
-_-- 

rst  

Ac';ive Advar-ced 
Dry ?re& 3 loa ted  Decay Decay 



Stage of Decomposition 

Species 

Aleochara l u s t r i c a  Say 
Aleociiara l a t a  Gravenhorst 
Aleochara b i p u s t u l a  Linnaeus 
P.leochara n i t i d i c o l l i s  Zasey 
Aleochara spp. 
Barydoma sp. 
P-beronius species  $1 
Pteronius  species #2 

Family P t i  l i i d a e  
Acratr i c h i  s s e r  l eans  Heer 
Genxs and species? 

Fani ly H I  s t  eridae 
I i i s scr  coenosus Erlchson 
Hister abbreviatus Fabr i c ius  

E i s t e r  i n d i s t i n c t u s  Say 
E i s t e r  derisica-uda Casejr 
AtholLis sedecimstr ia tus  (Say) 
Platysoma carolinum Payskul l  
Phe li s t e r  subrotundus Say 
F h e l i s t e r  vernus Say 
Narg BT i no  t u  s c ad w e  r inu s ( Ho f f m n  ) 
Marg ar i no tu s s t yg icu s Le Coct e 
Nargarinotu s xarg i n i c o  lii s Le Conte 
Margarinotu s confus‘us ‘w‘enze 1 

Active Advanced 
Fresh Bloated Decay Decay Dry 



S t e e  of Decoxposition 

Species 
Ac-tive Advanced 

?res3 Bloated Decay Decey 

Xectipyge coc2uactum Say 
Carcinops pumilio Erichsori 
Onthophihs  a l t e r n a t u s  SLY 
Onthophi2.us new sp. 
Ac r i t u s C i me t a r  iu s Le Con t e 
Acri tus  s-trigosus LeContc 
Saprinus luger,s E r i c l s o n  
S ~ p r i n u s  s zmis t r i a tus  Scr iba 
Xuspi lo tus  ass ia i l is  ( ~ a y l i u i ~ )  
Euspilo-tus conf orn;i s LeCocte 
Gna’choncus sp. 

~- 

Family Lyc i&,e -: 9 

Calopteron r e t i c u l a t - m  (Babi-iciL>s) A’L 
Family L$mpyrid&.e 

I Lucidota sp. 
Pyrac tomena ( sp . unkrLown0 imniature ; \l 

Fmilly Caritharidke ~ 

Podabrus b a s i l l a r i s  (Say)- 
Gems and s p e c i e s ? l  

Family Clew. x a e  
Ihyilobaenus sp.  
Necrobia rur ipes  DeGeer 

Tomoderus cocstric tus ( S a y )  
AntkAcLs sp. 

1 

Family Arithicidae 



Stage of Decomposition 

Spec i e  s 

Family E l a t e T i Z s e  2 
Conoderus l i v i d u s  (UeGeer) - 
Cimonius sp. 2 
Athous f o s s u l a r i s  (LeConte) 
Orthostethus infusea tus  (Cerrnar  
Megapenthes r u f i l a b r i s  (Germar) 
Ischiodontus-eCont e ) 
Melanotus s p . 7  

Perothrops mucida (Say) 4 2  
Family Eucnemidae 

Family Demest idae 
Demestes  mannoratus Say 
Dermestes caninus Germar 

Family Nosodendridae 
Nosodendror unico lor  Say 

Family Ostomidae 
Tenebroides c o r t i c a l i s  (Melsheimer) 
Tenebroides spp. 

Caraophi lu s g i l o s e l l u  s Mot sckdlsky 
Carpophilus mutibatus Erichson 

1 

Family Ni t idu l idae  

Carpophilus lugubr i s  Murray 
Ni t idu la  rufipes (Linnaeus) 
Omosita colon (Linnaeus) 
S t e l i d o t a  gerninata (Say) 
S t e l i d o t a  s t r i g o s a  (Gyllenhal) 
S t e l i d o t a  SB. 
G l i  schrochi lus  f a s c i a t u s  ( O l i v i e r )  
Gl i schrochi lus  quadris ignatus  (Say) 

- 

Active Advanced 
Decay Dry Fresh Bloated Decay 

- -  4 



Stzge of Decorr;position 

Active Advaced 
Spec i e  s Fresh Bloated Decay Decay 

Faml l y  Rh i z ophag i d  a e 
Monotoma a a e r i c a m  Aube 
Monotoma spp. 

Family h c u j i d a e  
Oryzaephilus aercazor  (Fauvel) 
S i  :van-a s b ide nt a t  L; s ,$ab -,- lc ius  -: j 
Silvzzus imbe l l i s  Leilonte 
kemophloeus f i l i g e r  Case$ 

Family Cryptophagidae 
Cryptophagus sp.  

Family Nycetophagidae 

Typhaea s-tercorea (Linnaeus) 
Litargus didesmus Say 
Li ta rgus  sp. 

FamLly Colydiidae 
Narnunsria g u t t d a t u s  ( LeConte) 

Femi l y  En domy c k? i d  a e 
Aphorista vit ta 'ca  ( F a b r i c i J s )  
Endorriychus bigutta-Jus Say 

F m i l y  PhFlacridae 

Family Cocoine l l i k e  
Phalacrus sp. 

. . ^  Brechyacarthe quadr ipusc ta ta  Melsheimer I, 2 
Axion t r i pus tu i a tum (DeSeerj 
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Stage of Decomposition 

Species 

Family Trogidae 
Trox aequalis Szy 
Trox monachus Herbs t 
Trox 
Trox 
Trox 
Trox 
- 

asper (Leconte) 
su.3 e r  o su s Fe.b ri c i u s 
un 1 s t r iatu s B e z m o  i s 
variola t L  s Ne l s h e  ime r 

l c !  Family l a c  anidae 

Family Cerambyc idae 

Family Chryyyel idae 

Pia-tycerus virescens (Fabricius) L'c 

Xylotrechus s a g i t t a t u s  (Germar) 

OedionvchLis SKI. .' - 

\ l J 2  

i,LJ mabdopterus sp. 

1 3  
Faxily CurculLoniaae 

Brachyrhinus ovatus (Zinnaeus)'" 
Hypera rneles (FaSricius)lJ2 
Centrinaspis pen ice l lu s  (RerTasz) !J 
Zyrteplstomus csstaneus Roelofs 

Fanily Scolytidae -i A 

i, 2 

Eylastes  t e n i u s  Eichhof?J c: 

PHYLUM CHORDATA 
Class Anphibiz 

Order S a l i e n t i a  
Family Bufor,i%ae 

8ufo  fowier i  Hinckley - 

Active Advanced 
3resn Bloated Decay Decay 



Spec i e  s 

Stage of Decomposition 

Class Aves 
Order P i c i f o m e s  

Family Pic  idae 

Family Micldae 
P Mimus po lyg lo t t  os ( Linnaeu s ) 
Toxostoma rufum (Lirinaeus) 

Bjrloc i c h l a  nus t e lim (Gme l i n )  

P i p i l i o  e ry throphtha lms  (Linnaeus) 

C k s s  Mama3.ia 

Fzmily f i r d i d a e  

Family F r i n g i l l i a a e  

Order Marsupialia 
Farni ly Dide iph i  dae 

Diael*Jhis marsupial is  Linnaeus 

Active Advanced 
Fresh Bloated Decay Decay 
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I n t e r n a l  D i s  t r i bu t iun  

1- 50 
5 1  
>2 

33 
54 

32- lob 
105 

1.06- 155 
156 
137 
158 
159 
160 
16 1 
162 
16 3 

164-213 
2 114. 
2 15 
2 16 
217 
2 18 
2 19 
220 
22 1 
222 
223 
221: 
223 
226 
227 
228 
229 

2.32 - 2 37 
238 
239 
240 

2 30 -23 1 

S. I. Auerbach 
B. G. Blaylock 
Carl BPI-1 
J. C. Brcsee 
G. N. Brown 
D. A. Crosslcy, Jr. 
J. W. Curl in  
P. B. hnaway 
W. Ii. Jordan 
N. R. Kevern 
Love11 L. Lewis 
J. Liverman 
K.  Z. Morgan 
D. J. Nelson 
J. S. Olson 
T. P. O ' F a r r e l l  
J. A. Paym 
B. C. Pa t t en  
D. E. Reichle 
A. Rowgowski 
llarvin H. Shanks 
A. F. Shinn 
W. S. Snyder 
Jay  D. S to ry  
E. G.  Stmxness 
W. A. Thomas 
Fred G. Taylor, Jr. 
G. M. V a n  Dyne 
A. M. Weinberg 
J. L. W i l h r n  
J. P. Witherspoon 
14. Witkamp 
Document Heferciice Library  
Cen t ra l  Research Library 
Laboratory Records 
Laboratory Records--Mecord Copy 
Research and Development Division, OR0 
Biology Library 
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Exte rna l  D i s t r i b u t i o n  

241 

242 

243 

2 44 

243 

2 46 

248 
249-263 

264 
265 

266 

267 

268 

269 

270 

273 

2 74 

275 
276 

277 
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