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ANIMAL SPECIES ASSOCIATED WITH PIG CARRION

Jerry A. Payne and D. A. Crossley, Jr.

ABSTRACT

Following a nuclear attack, carrion remains of domestic animals
could pose difficulties for human survival because of public health
and sanitation problems associated with carrion. TInsects influence
the course and rate of decomposition,and radiation effects on insect
populations could alter the normal decomposition pattern. A study
was made of the animal commnity in pig carrion, preliminary to exper-
imental research on the influence of radiation and other factors on
succession in carrion. A total of 522 animal species representing 3
phyla, 9 classes, 31 orders, 151 families, and 359 genera were Tound
assoclated with various decomposition stages. A systematic list of
all species, their abundance, microhabitat, and food relationships is
given.

INTRODUCTION

In the aftermath of nuclear attack the death of large numbers of
domestic animals appears inevitable. Decouposing carcasses would create
sanitation problems in and around cities. Water supplies which survived
direct atomic attack might become polluted because of the increased organic
load from wastes and micro-organisms entering from decomposing carcasses.
Since carrion is the breeding site for many insect vectors of disease,

a potentially serious public health hazard could arise. Stonier (1963)
reported outbreaks of enormous populations of flies (presumably house-
flies) following the atomic bombings of Hiroshima and Nagasaki. He
credits prompt assistance from surrounding communities with preventing
epidemic outbreaks of diseases. In circumstances where remedial action
would be precluded, epidemics of insect-borne diseases might be a major
impediment to the iwmportant early attempts a2t social and economic re-

covery.



Carrion decomposition is a natural process involving a succession
of organisms which, under normal circumstances, quickly reduce a fresh
carcass to a dry remainder of skin, cartilage, and bone. Further degre-
dation of these remains is slow, requiring several years to complete.
The initial, rapid period of reduction of fresh carrion is of importance
in a civil defense context, since it is then that critical sanitation
and disease problems would arise. If disposal or treatment of carrion
could not be accomplished during the initial weeks, the organisms as-
soclated with carrion would reduce it. A succession of animals, espec-
ially insect species, strongly influences the rate and course of decom-
position. Carrion shielded from insect attack decouposed at a markedly
slower rate and different sequence than uanshielded carrion (Payne 1963,
1965). Carrion protected from insects underwent a stage of slow dehy-
dration and flaccidity, whereas carrion exposed to insects underwent
rapid, active decay. Insects, particularly dipterous larvae, hastened
liquefaction of the carrion by the mechanical process of their tunneling
and burrowing, by dissemination of bacteria, and by their own digestive
processes. Consequently, if radiation dose rates in an area subjected
to nuclear attack were gufficient to sterilize or kill insects or their
eggs, then a slower decomposition of carrion might follow.

A large number of insect species are involved in the community
succession in carrion. Many different species may be capable of facil-
itating decomposition, although some species of insects may be more
important than others. This report presents a detailed consideration of
the species associated with pig carrion in the Southeastern United States.

During the summers of 1962 and 1963 2 study of carcasses exposed to



arthropods provided information on the microseral succession. Special
attention was focused on the carrion fauna with respect to their relative
abundance, food hablits, sequence of occurrence, and distribution in car-
rion. This information is preliminary to a series of controlled exper-
iments now in planning on rates of carrion decomposition under different
environmental conditions (including ionizing radiations) and with various
arthropod species. This work should provide information on the magni-
tude of the carrion problem to be anticipated in a postattack situation,

and on possible remedial measures.
MATERIALS AND METHODS

Normal collecting methods were of little use for sampling the spe-
cies present at pig carcasses. Diptera, Lepidoptera, and Hymenoptera
could usually be taken by carefully sweeping the carcass with a anylon
net. However, most arthropods remained concealed in the depths of the
carrion and had to be collected by forceps or fingers. Aspirators were
used for some of the smaller fragile species such as Collembola and
Psocoptera. The mass of decomposing flesh, fluids, and odors sometimes
prevented meticulous handling of the carrion. Occasionally carrion was
taken to a Berlege funnel and left for a period of time. Most of the
arthropods then left the carrion and large-scale collections could be
made.

Fven with these methods several species were often observed but
gseldom collected from the carrion. Sprinkling or painting a pig carcass
with phosdrin, a phosphate insecticide, permitted nearly complete col-

lections of arthropods from all stages of decay. All arthropods which



visited the phosdrin-coated carrion were immediately immobilized or
killed. Protective cages kept birds and mammals from feeding on the
phosdrin-coated carrion and dead insects. Extreme care was necessary
during application and use of this insecticide because of hazard to
humans.

Data collected with cach specimen included date, stage of decay
of carcass on which collected, and the feeding habits of the species
if observed. Much information was aceumilated by careful observation
of the carcass and its Tauna during each stage of decomposition. All
specimens were preserved by appropriate conventional methods and the
majority were senl to gpecialists for determination or verification.

MAJOR ANIMAL GROUPS

A total of 522 species representing 3 phyla, 9 classes, 31 orders,
151 families, and 359 genera were collected and identified from the var-
ious stages of pig carrion decomposition during the summers of 1962 and
1963. A systematic list of all 522 species and their relative sbundance
during the different stages of decomposition is given in the Appendix.

The organisms visiting the carcasses fall into five groups: those
only scavenging on the carcass (necrophagous species), those parasitic
and predaceous on various arthropods and scavengers of the carrion also
(omnivorous species), those feeding on arthropods only (predaceocus and
rarasitic species), those which used the carcass for shelter of concesl-
ment, and those whose presence is accounted for only by chance (accidental
species). A brief synopsis of the mzjor groups and their food habits
follows. It is hoped that some of the complexities of carrion succession
and food interrelationships can be explained by a summary discussion of

the major groups.



Mollusca

l. Gastropoda

Seven species of snails were collected from beneath the drying
carcasses. Evidence of snail activity (slime tracks) was sometimes seen
on the surface of the carrion; however, actual feeding was not observed.
Wurtz (personal communication) has given a reasonable explanation for
their attraction to carrion.

"Many snail species would be attracted to carrion simply

as a food scurce. Tand snails tend to be ommivorous. Also,

the bones would represent a direct mineral source for snails.

In addition to food supply, the snails could be responding to

a carcass because it provides cover during daylight hours and

because of the higher humidity of the atmosphere between the

carcass and the ground surface. In these latter instances,

of course, they are responding as they would to a log or large

stone."
Arthropoda

1. Arachnida

Order Acarina

The habits of the Acarina vary greatly. These small arachnids
were present on all carcasses during most stages of decomposition. The
nonparasitic forms eat small animals, including each other, and also
decaying plant or animal matter (Pratt, 1927). One species of tick,

Dermacentor variabilis (Say) was collected from dried carcasses. This

species of tick and many of the mites were present throughout the study
area. Carrion may have served to concentrate some species which were

scavengers.



Order Araneida
The precence of spiders in connection with pig carrion is attrl-
butable to the presence of iansects, since all of the species are commonly

found in quite different situations. Marcellina piccatoria (Hentz) and

Xysticus transversatus (Walckenaer) were observed eating calliphorid

adults. Only Lycosa rabida Walckenaer was noted feeding on dipterous

larvae. All spiders are carnivorous (Comstock and Gertsch, 1948). No
evidence of feeding on carrion or on decomposing fluids was recorded.
Order Phalangida

Several gpecies of phalangids were collected at night from pig
carcasses in the bloated and decay stages of decomposition. As many as
five individuals were sometimes observed feeding on the Juices collected
on the abdomen of a bloated pig. No instances of predation were observed.

There have been many different observations and opinions concern-
ing the food habits of this group. Walker (1928) stated that their food
consisted of fruit juices and other vegetable matter. Pratt (1927) re-
ported that these nocturnal animals feed principally on small insects,
spiders, and mites, but also occasionally on decaying substances. They
appear willing and able to feed on nearly any material that they encounter
(Goodnight, personal communication).

Order Pseudoscorpionida

Pseudoscorpions live under stones, beneath the bark of trees, in
moss and under leaves and debris on the ground (Comstock and Gertsch,
1948). One species was observed in abundance in the skin folds of a
dried carcass while others usually appeared under the carcass. Pseudo-
scorpions feed on small animals such as mites, ants, and a variety of

other insects (Hoff, 1949). Graham-Smith (1916) reported pseudoscorpions
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clinging to the legs of flies; in some instances these small arachnids
killed and ate the flies.
Order Scorpionida

One species, Vejovis carolinus Koch, was collected from beneath

dried carrion. This speciles was observed only on the dried carcasses
at night. Pratt (1927) reported that these nocturnal animals Ffeed on
insects and spiders which they often kill with the sting. Oweans (per-
sonal commnication) stated that they will feed in captivity upon small
bieces of fresh beef and upon dead insects which they did not kill. He
also believed that scorpions were not merely predaceous but would feed
upon any carrion or other substances soft enough to be fed upon.

2. Crustacea

Order Isopoda
Six species of isopods were collected from beneath dried pig car

rion. Clysticus convexus (DeGeer) was a frequent inhabitant of the car

casges. It was likely that they were simply seeking the shelter and
moisture afforded by the pig carcass. Terrestrial isopods generally
feed on decaying vegetation and are known to feed on decaying flesh
(Hensou, personal communication). Many of these sgame species can be
found under logs, stones, and pieces of boards which have lain on the
ground for some time (Van Name, 1936).

3. Chilopods

Seven species of centipedes were found assoclated with the carricon.
These Torms live for the most part on insects and other small animals
encountered in their habitat (Bailey, 1928). (entipedes are found in =

variety of places, but usually occur in a protected situation such as




under bark, stones, or in rotten logs (Borror and Delong, 1957). Conse-
guently, the carrion served as a shelter for this group as well as a
source of prey.

Millipedes are inhabitants of damp places and may be found under
stones, planks, in rotten timber, in fallen leaves,and moss (Bailey, 1928).
Ten species were collected from beneath the pig carcasses. They are gen-
erally accepted as feeders on decaying vegetable matter. Pratt (1927)
lists them as feeding on decaying vegetable and animal matter, and in some
cases on living roots. A small enake left in a culture of Cambala was
picked to the bones by these so-called phytophagous millipedes (Williams
and Hefner, 1928).

5. 1Insects

Order Collembola
These small insects are usually very common under stones, decayed
leaves, wood, in the chinks and crevices of bark, among moss, and on

herbage in damp places {Comstock, 1960). Entomobrya corticallis Nicolet

was found in abundance on several dry carcasses. Most species of Col-
lembola are vegebarians, feeding on algae, fungi, lichens, and dead plant
materials; however, some species feed on dead fish, molluscs, and worms
or other small invertebrates (Maynard, 1951). Folsom (1902) believed
that several species found with exhumed cadavers constituted a distinct
grave fauna.

The springtails encountered in this study appeared to be the nor-
wal inhabitants of the leaf litter and not the carrion. Fuller (1934)
reported that Colleuwbols and mites were freguently present in carrion

in damp situations.



Order Orthoptera

Blattidae--Most cockroaches are omnivorous. They live chiefly
upon animal and vegetable refuse. Wood roaches, predominantly Parco-
blatta spp., were represented at the decomposing carrion. Feeding was
only observed during darkness. During the daylight hours the roaches
remained hidden beneath the carcass.

Gryllacrididae--This family was represented by the genus Ceutho-
philus. They are nocturnal in their habits and during the day seek con-

ealment beneath logs, stones, and in this case dry pig carrion. Blatch-

ley (1920) fed Ceuthophilus in confinement upon meat as well as pieces of
fruits and vegetables. This may indicate that carrion served as a place
of shelter and a food supply for Calﬂlophi__l_u*s_.

Gryllidae--The members of this family usually feed upon plants
but are sometimes predaceous on other insects. Clausen (1940) reported
that a number of species of Qecanthus thrived upon a diet of insect food.

Species in the genera Gryllus and Nemobius also occasionally fed on in-

sects at the carrion site. The insects and carrion which may have been
eaten by these transients would be considered insignificant. The car-
casses probably only served as temporary shelter or place of concealment
for the Gryllacrididae and Gryllidae. However, the Tluids and decompos-
ing tissues of the carcass served as food for the Blattidae.

Order Hewilptera

Cydnidse--One species, Sehirus cinctus cinctus (Beauvois), was

frequently collected from the carrion. On several occasions as many as
five individuals were observed on one pilg carcass. They were more abun-

dant during the late decay stages when the carcass were drying out. No
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explanation can be offered for their attraction to carrion. They are
usually found burrowing beneath sticks and stones, or at the roots of
grass (Comstock, 1960). 1In summer they occur on milkweed, flowers of
wild plum and other foliage, in sandy or alluvial soils, and along Tence

rows (Blatchley, 1926).

Coreidae--Three species, Megalotomus quinguespinosus (Say), Alydus

eurinus Say, and Alydus pillosus (Herrich-Schaeffer) were common inhabi-

tants of the carrion. All were observed feeding on the carrion. Alydus

eurinus was collected from carrion by MecAtee (1919) and fTrom the dried

skins and other remains of a dead cow by Blatchley (1926). Bromley (1937)

observed Alydus curinus on mouse, cow, and chicken carcasses; the speci-

mens were presumably feeding. He also recorded observations of Megalo-

torms guinguespinosus with beak inserted in a dead mouse, human excrement,

and raccoon dung. Coreids in general are plant feeders; however, carrion
should be added as a source of food for these three species.
Iygaeldae~~Insects of this Ffamily are for the most part phyto-
phagous, feeding upon the Juices of plants. However, the members of the
subfamily Rhyparochrominae are thought to be mainly predatory (Blatchley,

1926). Ozophora picturata Uhler and Myodocha serripes Olivier, members

of this subfamily, were collected from the carrion on several occasious.
They were present at the carcasses when insect activity was at a maximum.
These two species were very secretive and usually remsined concecaled beneath
the carcass.

Reduviidae--The members of this famlily are considered predaceous,
mainly living on the blood of insects or other animals (Comstock, 1960).

Three species, Oncocephalus geniculatus (Stal), Melsnolestes picipes var.
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abdominalis (Herrich-Schaeffer) and Sinea diadems (Febricius), were
collected from carrion during the late stages of decomposition. They
were observed feeding on calliphorid adults. Bornemissza (1957) recorded
Pirates sp. hunting around guinea pig carcasses in Australia.
Miridae--Fulvius occurs on fungus-covered dead trees or logs

(Blatchley, 1926). This genus was represented by Fulvius imbecilis (Say).

Several specimens were collected from the drying carrion, the odors of
which may have served as an attractant. They were normally found in the
folds of the dried plg carcasses.

Order Neurcptera

This order was represented at the carrion by the brown lacewings

(Hemerobiidae), and the green lacewings (Chrysopidse). Both adults and
larvae are predaceous and feed on aphids and other small insects (Clausen,
1940). They are found in grass, weeds, and on the foliage of trees and
shrubs (Borror and Delong, 1957). The adults snd larvae of the genus
Hemerobius were collected from carrion in the advanced decay and dry
stages.

Order lepidoptera

One species of butterfly, Asterocampa celtis (Boisduval and IeConte),

was a regular visitor to the molst carrion. This species and many others
were observed sucking flulds from the carrion. Three species of moths,

Amphion nessus (Cramer), Anavitrinells pampinaria (Guenee) and Desmia

funeralis (Huebner), were common visitors to the decaying carcasses.

Amphion nessus arrived at the soupy carrion in the late afterncon before

sunset, while the other moths were night visitors only. Many of these
same species of Lepidoptera were collected by Reed (1958) from dog car-

casses in Tennessee, According to Holland (1903) rotten bananas, cane
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trash, odor of carnivorous animals, putrid fish, and dead snakes attract
certain species of butterflies. Pig carrion could certainly be added
to this list.
Order Diptera

Psychodidae--Thege small moth like flies were present during the
late stages of carrion decompositlon. They were observed feeding on some
of the fluids trapped in the carcass folds. Comstock (1960) stated that
most of the species feed on nectar or other fluid matter other than blood.

Only one adult species, Telmatoscopus albipunctatus (Williston), was col-

lected. The larvae live in decaying matter, dung, or water (Curran,
1934). No larvae were collected.

Mycetopnilidae--These small dull-colored gnats were also observed
at the carrion site during late decomposition. No feeding by adulis was
observed. They were probably attracted to the odors of the carrion.

This family was represcnted by a single genus, Mycomya. These fungus
gnats often occur in great numbers on fungi and in damp places where there
is decaying vegetable matter (Comstock, 1960).

Seiaridae--This family of dark-winged fungus gnals was represented
at the carrion by the genus Bradysia. No feeding by adults was observed.
They were present during the late stages of decomposition. The adults
of this family inhabit moist places or any place where fungus growth oc-
curs (Curran, 1934).

Stratiomyidae--This family was repregented by Hermetia illucens

(Linnaeus) and Ptecticus trivittatus (Say). Adults were observed feed-

ing on juices during the early stages of decay when [luids were present.
Larvae were collected from one carcass. Comsbock (1960) listed decaying

matter as a source of food for larvae.
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Tabanidae--Only three adult specimens of Tabanus sackeni Fair-

child were collected. Carrion has never been reported as s source of
food for tabanids. They were observed walking on the carcasses and oc-
caslonally stopping as if sampling the moist carrion. Hays (personal
communication) suggested that tabanids may have come into the area in
search of water or other liquids. One larval tabanid was collected
Trom beneath carrion in the advanced decay stage.

Asilidae--These predaceous insects were visitors to the carrion
on many occasions. They preyed upon the calliphorid and muscid flies.

The genera Brax, Asilus, and Cerotainia were commonly collected. They

were usually present at the carcass between 1:00 p.m. ,and 3:00 p.m.,
the period when insect activity and population size were at a maximum.

Syrphidee--Five species, Baccha clavata (Fabridus), Baccha cos-

tata Say, Mesograpta polita (Say), Xylota pigra (Fabricius), and Milesia

virgiensis (Drury),were collected from the decomposing carrion. All of
the above were observed feeding on the carvion fluids. The adults of
this family frequent flowers and feed wupon nectar and pollen (Comstock,
1960). It may be possible that some odors from carrion closely approxi-
mate those of Tlowers.

Tachinidae--Larvae of members of this family are parasitic on other
insects, particularly Lepidoptera, Hymenoptera, and Coleoptera larvae (Curran,
1934). Very few specimens were collected at the carrion. Very little
is known about the feeding habits of the adults. Presumably they feed
on nectar.

Sarcophagildae--Zarcophagid larvae have a wide variety of food
habits ranging from scavengers of manure and carrion to parasites and

predators on other insects. The scavenger role was wore dominant among
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the larvae and adults which inhabited the carrion. Sarcophagids played
a minor role in carrion removal in comparison to that of calliphorids.
They were usually the Tirst Insects to be attracted to the fresh carcass.
Calliphoridae-~~The blow fly species encountered at the carrion
were all scavengers. The calliphorid larvae were the most prominant
species during active and advanced decay while adults were the dominant
species during the fresh, bloated, and active decay stages. Celliphorid
larvae have been collected by many investigators from cow manure, human

feces, decaying animals, and wounds of animals, Phgenicia regina (Meigen)

and Cochliomyia macellaria (¥sebricius) often attack living as well as

dead tissue. These two species often deposited eggs on still-frozen
carcasses.

Muscidae~-This family contains so many flies of such diverse
habits that it is very difficult to generalize concerning their food
habits. Many of the muscids feed on filth of all kinds (decaying vege-

tation, animal dung, huwman excrement, and carrion). The genus Fannia

contained the only miscid larvae collected from the carrion. They usually
completed their development on the dried remains of the carcass after

the other dipterous larvae (Calliphoridae) had entered the soil. Adults

of the house fly, Misca domestica Linnaeus,and the latrine fly, Fennia
scalarif_(Fabricius),were observed feeding on the decanposing flesh.
Anthomyilidae--The members of this family have diverse habits also,
which range from parasites to plant Teecders to scavengers. Most larvae
live in decaying vegetable matter and excrement (Comstock, 1960). Hylemya

cinerella (Fallen), an adult carrion visitor, was reared from feces by

Howard (1900). Clausen (1940) considered adults of Scatophaga stercoraria
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(Linnaeus) as predators upon certain small Diptera. The anthomyiids,

including Scatophaga stercoraria, collected during this study were feed-

ing on carrion. Scatophggg are commonly called dung flies and are placed
in a separate family by some writers.

Sphasroceridae--These small black dung flies were present during
all stages of decomposition but were more abundant during the dry stage.
They often occur in great numbers around excrement or near water (Comstock,
1960). Reed (1958) observed these flies on the moist body regions of
dog carcasses. They appeared to be regular carrion inhabitante; however,
no larvae were collected,

Lonchaeidae--Only one species, Lonchea polita Say, was represented

at the carrion. These small black flies were never numerous at sny tine.

lonchea polita has been reared from a decaying fungus and from human ex-

crement (Comstock, 1960). A Furopean species of this genus was found by
Mégnin on the dead body of 2 child (Howard, 1900).

Otitidae-Adults of this family are found in moist places (Curran,
1934). The larvae have been found under bark of dead trees, in excrement,
and infesting growing plants (Comstock, 1960). The most common species,

Fuxesta notata (Wiedemann), was present during the decay stages. This

same species was reared from feces by Howard (1900).

Sepsidae~~Adult sepsids occupied the carcass during 211 stages of
putrefaction. They preferred to feed on the moist carrion. They are
found around excrement, carrion, and decaying vegetation, in which the
larvae live (Currasn, 1934).

Piophilidae--Comstock (1960) reported that these small black flies

are found around decaying organic matter and preserved meats or cheesze,
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They were common feeders of the carrion from the bloated to the dry

stage. Prochyliza xanthostoma Walker was the dominant species collected

from the carcasses.

Chloropidae-~The chloropids (E}ggg}gﬁgg_sp.), which breed in
decaying vegetation and excrement, are asttracted to animal secretlons
and feed on pus, blood, and similar wmaterials (Borror and Delong, 19577 .

Hippelates pusio Loew and Oscinella neocoxendrix Sabrosky were observed

feeding on pig carrion fluids. They were present during the decay stages.

Drosophilidae--0Only one specles, Drosophila affinis Sturtevant,

was collected from the carrion. The adults are found around decaying
vegetation, flowing sap, fungl, and ripe fruit; the larvae being Tound
in these same substances (Curran, 193%). Clsusen (1940) reported that
a small nunber of the species are predaceous or parasgitic in habit, in-
cluding some species of the genus Drosophila. The fruit flies were often
observed feeding on moist carcasses in the dry and remains stages.
Cecidomyiidae-~--Several undelermined adult species were collected
from dried carrion. Others were observed resting on the sides of the
cages which contained decomposing carcasses. The larvae of most species
live in plants, but others live under bark, in decaying vegetation, and
in Tungi (Curran, 193k4).
Clusiidae--This family of swmall flics was represented at the

carrion by one species, Heleromeringia nitida Melander and Argo. The

adults sometimes occur in large numbers in moist places and ahout de-
caying wood (Curran, 1934).
Heleomyzidae--Adult members of this family are found in shady and

damp places (Comstock, 1960). They were collected fecding on the carcasses
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early in themoming before the other Diptera arrived. The larvae are
scavengers and live upon decaying animal and vegetable substances (Curran,
1934). No larvae were collected during the study.

Phoridae~-These small humpbacked flies were common during the
late decay and dry steges of decomposition. The great majority of these
flies are scavengers, feeding upon vegetable matter including fungi,
decomposing insects, snails, and upon carrion (Clausen, 1940). Howard
(1900) reported that some larval forms have been found breeding in
cadavers and have medicolegal importance.

Rhagionidae--The snipe flies are common in woods especially near
moist places and are usually found on foliage, long grass, and on tree

trunks (Curran, 1934). The adult snipe fly, Chrysophilus infuscatus

Leonard, was collected from carrion. They are predaceous in both the
adult and larval stages (Clausen, 1940). The prey of adults consists
mainly of the adults of other Diptera.
Order IHymnoptera
Braconidae--Clausen (194%0) stated that this family is one of the

major groups of lnsect parasites. Alysia ridibunda Say was collecte

during active decomposition when larvae were most abundant. They were
often observed crawling in the cracks and crevices of the carrion. (lausen
reported that Alysia is more particularly a parasite of blow flies of

the genera Sarcophaga, Iucilia, and Calliphora. Aphaereta was recorded

as a parasite of the pupae ol Barcophagidae (GrahamwSmith, 1916).
Ichneumonidae-~-Townes and Townes {1951) state:
"Menbers of this family are all parasites. Hosts comprise

larvae and pupae of holometabolous insects (including other
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Ichneumonidae), immature and adult spiders, and the egg sacs
of spiders and pseudoscorpions. Host sclection is sometimes
quite restricted but more often includes a variety of species
that may be exposed to parasitism in the habltat usually ox-
plored by the ovipositing female."

<

Members of the genus Atractodes were collected frequently. They arc

believed to be parasitic on carrion-inhablting muscoid Diplera.
Evaniidae--The evaniids are all thought to be parasitic in the
&
egg capsules of cockroaches. Townes (1951) reported that our common

native gpecies of Hyptia were presumed to be parasites of Parcoblatta.

Hyptia harpyoides Bradley was observed flying aboutl dried pig car-

Pelecinidae--0Only two specimens of Pelecinus polyturstor Drury

wvere recorded during the entire study. They were crawling about the
molist carrion as 1f in scarch of food or host. Present records indi-
cate that Pelecinus parasitizes The larvaec of soll-inhabiting scarabzaeil-
dae (Muesebeck and Walkley, 1951).

Proctotrupidae-~Brachyserphus abruptus (Say) was collected from

carrion in active and advanced decay. No observation on habits was noted.
Clausen (1940) reported that a number of species of this family are para-
sites of the larvae of various Coleopters and Diptera.

carrion. These small black insects are believed to be internal parasites
of the immature stages of Diptera (Clausen, 1940). No observations on
parasitization were made in this study.

Mutillidae--One species, Pscudomethoca simillima (Smith), was
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observed as a rather frequent visitor to the carrion. Mutillids are
generally accepted as being predaceous or parasitic on other Hymenop-
tera, Coleptera, and Diptera (Clausen, 19h0).

Formicidae--Ants were actively feeding during all stages of
carrion decomposition. They were observed carrying of f maggots and eggs
of other insects in large quantities, and feeding on the carrion soups.
Fuller (1934) believed that ants could not be considered regular carrion
inhabitants of any influence since they were found on only a few carcasses
near nests. The authors, however, hold the opposite opinion, since ants

were found on all carcasses. Camponotus americanus Mayr and Prenolepis

imparis (Say) were the numerically dominant ant species al the carrion.

Vespidae--Vespula maculifrons (Buyss.) was collected from every

carcass. They too were observed feeding on dipterous eggs, larvae, and
even adults. Bromley (1931) made an extensive study of hornet habits.
He reported that yellow Jackebs fed on all sorts of organic matter and
were also predaceous. Graham-Smith (1916) reported that blow flies,
green-bottle flies, and other flies attracted to carricn were often cap-
tured by the common species of wasps. Davis (1919) observed Vespula

maculaba (Linnaeus) feeding on a dead house sparrow and a water-snake.

Powpilidae--Three species, Auplopus nigrellus (Banks), Aporus

Memwbers of this family provision their wnests with spiders. Carcasses in
the dried condition usually harbored several spider gpecies. The pompi-
lids observed here could have been searching for spiders.

Sphecidae-~-One specles, Trypoxylon carinatus Say, was collected.

Members of this g@nus also provislon their nests with spiders (Krombein,



20

1951). The carrion may nave establiched a concentration of spiders due
to the presence of the many insects.

Apidae--Apis mellifera Linnaeus and Bowbus impatiens Cresson were

attracted to the carrion only while fluids were present. They were ob-
served sucking up the foul-smelling Julces. Some of the odors of putre-

faction may have served to orient the bees to the carrion wmedia.

Carabidae--This Tamily was represented by thirteen species, present
during all stages of decomposition. Carabids were seldom seen during
daylight hours, but were recorded on numercus occasions st night. Most
adult and immature carabids are considered predaceous (Comstock, 1960).
They were probably present at carrion only because of the concentrated
food supply. No immature carabids were collected during this study.

Hydrophilidae--Six adult species representing three genera were
collected during the decay and dry stages. They remained concealed be-
neath the carcasses and often went unnoticed because of their small size.
No observations were made on their food habits. Clark (1895) indicated
that they were probably feeders of carrion or dung or possibly Ted on
microscopic larvae. Several of thesc species were collected from carrion
by Howden (1950) and Blatchley (1910) and from cattle droppings containing
dipterous larvae by Mohr (1943).

Silphidae--eleven species were represented at the carrion, all
present during the decay stages. There have been many conllicting opin-
ions concerning the food habits of silphids. Clark (189%) stated that
they fed on both carrion and maggots. Steele (1927) observed adults feed-

ing on maggots. e presented experimental evidence that adults preferred
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maggots and would die if kept on a carrion diet. Abbott (1937) re-
ported that silphid adults were partially predaceous. Dorsey (1940)
observed both larvae and adults of Silpha sp. feeding on decaying flesh.
He also stated that the larvae fed principally on the dried remains of
the hide, sinews, and shreds of remaining meat. Cole (1942) reported
larvae of 8. inaequalis feeding on dog carcasses. ITllingsworth (1926)
reported that silphids were the chief agents in reducing the number of
dipterous larvae.

In this study adult silphids were observed feeding on maggots
only. No reliable observations on the feeding habits of immabures were
made. The immature silphids appesred after most dipterous larvae had
left the dried remains of the plg carcasses.

Teptodiridae--Thege small beetles were present on or under all
carcasses during the decay and dry stages. They were often observed
feeding on the moist, exposed areas of the carcass. 8ix species were
collected and as many as 50 individuals have been collected from a single
dead pig. A careful study of this group probably will reveal many more
species [rom carrion.

Staphylinidae--More than sixty species of Staphylinidae were
present during the various stages of decay. Voris (1934) stated that
predation is the prevailing type of Teeding behavior in this family.
Many species of the subfamily Aleccharinzae have larvae which are ecto-
parasitic on Diptera pupae (Edwerds, 1949). In this study staphylinid
adults were observed feeding on the adults and larvae of many insect
species, but dipterous larvae seemed Lo be preferred. Tmmature staphy.

linids usually appeared too late to feed on maggols. On one occasion
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a staphylinid larva was observed feeding on a dermestid larva. These
beetles arrived early during the bloated stage and stayed until all
insect activity had ceased. Rovebeetles are very common in carrion,
in dung, in ant nests, under the bark of trees, on the moist banks

of streams and ponds, and in decaying animal or vegetable matter of
a1l sorts (Menk, 1923).

Ptiliidae--One identified species, Acratrichis sericans Heer, and

one undetermined species were collected from carrion. These small
featherwinged beetles have been collected from rotten wood, dung, and
fungi (Borror and Delong, 1957). Walker (1957) collected this family
from cantaloupe and Tish-baited traps and Park and Auerbach (1954} col-
lected this same genus from tree-holes. Carrion should certainly be
included as a possible food for this group.

Histeridae--Twenty-six species were collected from the cerrion.
Histerids are found wherever there is putrefaction and decay such as
animal wastes, fungi, and carrion (BEdwards, 1949). They were present
in the bloated, decay, and the early parts of the dry stage, being ex-
tremely abundant in the decay stages. They are almost exclusively pre-
dators (Wenzel, personal communication). Histerid adults were only ob-
served feeding on dipterous larvae. Very few larval specimens were col-
lected. Due to the rapidity of decomposition in summer months, their
probable food was depleted before development was completed.

Holdaway (1930) regarded the histerids as the significant factor
in the reduction of dipterous larvae. Fuller (1934) reported both adult
and larval histerids feeding onblew-fly larvae and puparia. Ilowden (1950)

observed the feeding of histerids on maggots in the laboratory and field.
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Cleridae~~Most species are predaceous in both adult and larval
stages. Knull (1951) reported that specimens can be collected from
Tlowers, vegetation, on dead and drying trees infested with borers, and
on bones and skins of dead animals. Two adult species were collected
Trom dried skin and bones. They were probably feeding on Dermestes or

Nitiduls larvae. Clark (1895) states that Necrobia probably feeds on

meggots. This however, was not observed in this study.
Anthicidae--The adults of this family are found on flowers and

foliage of various trees, beneath logs, leaves, and rubbish,while the

larvae are taken in piles of decaying vegetation and rotten fruit

(Edwards, 1949). One identified species, Tomoderus constrictus (Say),

and one undetermined species, Anthicus sp., were collected from carrion
in the advanced decay and dry stages. Fuller (1934k) recorded Anthicus
hoeferi Kerg. as breeding in, or associated with, carrion.

Elateridase--The adult members of this group are commonly accepted
as being exclusively phytophagous. The larvae are generally considered
vegetarians; however, Arnett (1960) stated that some species fed on both
plant and animal malerisl, or they were carnivorous on other invertebrates.
No observations were made on thelr Teeding habits at the @ rrien site.
Adults were present at the carrion from advanced decay to dry stages,

They were presumably attracted by the odors. An elaterid, Monocrepidius

bellus Say, was collected from dog and human cadavers by Motter (1898).

Permestidae--Two species, Dermestes caninus Germar and Dermestes

marmoratus Say, were collected. larvae and adults were zbundant during

the dry stage. The food habits of the group are well known. The adults

and larvae fed on dried skin, sinews, and bone. As many as 50 adults
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were recorded by the author on one dried pig carcass. Fuller (193k)
reported that these beetles were exceedingly common during the summer
months. She collected 466 larvae from half a sheep's head.

Nosodendridae--0nly three specimens of Nosodendron unicolor Say

were collected from carrion. According to Arnett (1960) the adults are
found in wounds of elm and alder trees where they probably feed on dip-
terous larvae. All three specimens were collected from carrion which
contained dipterous larvae. Kingsolver (personal communication) in-

dicated that the presence of Nosodendron on ecarlier decay stages of

carrion is not entirely unexpected because of their close relationship
to the Dermestidaec.

Ostomidae-~-One species, Tenecbriodes corticalis (Melsheimer), and

several other undetermined specimens were extracted Trom carrion by use
of the Berlege funnel. They were never present in abundance on any one
carcass but were collected in small numbers from several carcasses. Some
members of the genus are Injurious to certain stored products, being espec-
ially sbundanl in granaries.

Nitidulidae~-The members of this family feed on the Juices of
decaying fruilte, on fermenting or souring sap that exudes [rom trees;
a few are found on flowers, and others on carrion or fungi (Comstock,
1960). Only ten species were collected. Iarvae and adults were abundant
during the dry stage at essentially the same times as the Dermestidae.
Tarvae and adults were obscrved feeding on dried skin. The nitidulids
scemed to prefer the more moist skin more than the dry skin which the
Dermestidae occupied.

Rhizophagidae--Monotoma americana Aube was extracled Trom carrion
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during the late stages of decay by use of the Berlese funnel. This same
species was collected from dead fish by Walker (1957) and the same genus

by Howden (1950) from various dead animals. Monotoma americana was also

collected from decaying fleshy fungi and flowers of Amorpha fruticosa by

Blatchley (1910).

Cucujidae--Three species, Oryzaephilus mercator (Fauvel), &ilvanus

bidentatus (Fabricius), and Silvanus imbellis ILeConte, were often collected

from dried carrion. All were observed feeding on the dried carrion scraps.

Members of the genera Silvanus and Oryzaephilus are commercially important

since they feed on dried fruit, rice, meal, flour, and stored grain (Ed-
wards, 1949).

Cryptovhagidae--The genus Cryptophagus was collected in this study

from dried carrion. Fuller (1934) collected Cryptophagus affinis Sturm.

from carrion in Canberra, Australia. According to Hinton (1943) Crypto-

phagus actangulus Gyllenhal feed on fungi, especially Mucor and Penjcil-

lium species. These species of fungi have been identified from carcasses.
If this is true a microscopic examination of the digestive tract should
reveal spores of fungi instead of carrion fragments.

Mycetophagidae--Four species, Mycetophagus punctatus Say, Myceto-

phagus flexuosus Say, Lyphaea stercorea (Iinnacus), and Litargus didesuaus

Say, were collected from dried carrion. These halry fungus beetles were

sometimes abundant on carcasses. Walker (1957) collected Typhaea ster-

corea from putrescent and mushy cantaloupe, and Park and Auerbach (1954)

collected Mycetophagus flexuosus from tree-holes. These beetles are

nsually found near rotten and decaying Tungus.

Colydiidae--One species, Namunaria guttulatus (LeConte), was
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collected from dried carrion. Blatchley (1910) collected this species
on dry fungl and beneath close Tfitting bark of beech, maple, and other
trees. Kingsolver (personal communication ) offers a possible explana-
tion for some of these normally fungal feeding beetles being collected
from carrion. Carrion might serve as a substrate for fungl and molds.
Thus some of the beetles which superficially appear to be carrion feed-
ers could actually be feeding on secondary growbh (fungi =2nd molds) which
were present. All carrion very provably serves as g substrate for fungi
(Payne, 1963, 1965).

Endomychidae-~These beetles are found beneath bark, in fungi,
rotton wood, dung, and in decayed fruit refuse (Arnett, 1960). Two

species, Aphorista vittata (Fabricius) and Endomychus biguttatus Say,

were observed on carcasses during the advanced decay stage of decumposi-
tion. From all indications these handsome fungus beetles appeared to
be Teeding on the putrefying flesh on which they were often seen walking.
Alleculidae~--The members of this family are found on flowers, fol-
iage, twigs, fungi, and beneath dead bark of trees and logs (Edwards,
1949). Two genera were represented at the pig carcasses during the late
decay stages. They usually remained concealed under dried portions of
the carcasses.
Tenebrionidae--Three species were collected from carrion. One

species, Hoplocephala bicornis (Olivier), was recorded on numerous oc-

casions on dried carrion. According to Arnectt (1960) these beetles feed
on decaying vegetation, animal waste products, seeds, cereals, fungi,
and sometimes living plant parts. No indication of carrion feeding was

observed.
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Melandryidae--Most members of this family are found under bark,
logs, and stones and are usually associated with fungus (Edwards, 1949).

Fustrophinus bicolor (Fsbricius) was collected from beneath carrion dur-

ing active and advanced decay. Only three species were observed during
this study.

Ptinidae--One species of spider beetle, Peinus fur Linnaeus,was
collected from dried carcasses on several occasions. BSeveral adults
were observed feeding on dried carrion; however, no larvae were collected.
Most of the members of this family live in dried animal substances (Ar-
nett, 1960).

Scarabaeidae~-Eleven species were commonly found during the
bloated and decay stages,and all are considered scavengers. Nearly all
these species live in the dung of animals, decaylng fungil, and carrion
(Blatchley, 1910). The dung beetles usually constructed tunnels and
burrows under the carcasses.

Geotrupidae~-Members of this family are found in excrement and
carrion also (Edwards, 1949). They are included in the Scarasbaeidae
by some authors. Large amounts of carrion were carried into tunnels
constructed by the females beneath the carcass as food for young.

Spector (1943) collected large numbers of Geotrupes scmiopacus Jekel

and Geotrupes splendidus (Fabricius) from a bait of chicken feathers

and entrails. Clark (1895) stated that Geotrupes feed entirely on a

carrion and dung diet and were not predaceous. No indications of pre-

datism by the Scarabaeldae, Geotrupidae, or Trogidae were observed.
Trogidae--Vaurie (1955) reported that adult Trox were found in a

variety of habitats including nests of birds, burrows of small mammnzls,
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fungi, dung (occasionally), dry carcasses, and decayed fish. Six adult
species of Trogidae were collected from carrion in the advanced decay
and dry stages; however, no immatures were collected. ALl species were
observed feeding on carrion. Clark (1895), Davis (1909), Abbott (1937),
and Spector (l9h3) have reported Trogidae as feeders on carrion. Trogids
sometimes appeared during the advanced decay stage of pig decomposition.
However, they have been recorded by Howden (1950) and Reed (1958) as
being present only on dry carcasses.
Chordata

L. Amphibia

Bufonidae--Toads shelter in a form or in hiding places where
there 1s some molsture and an abundant supply of insects and other in-
vertebrates for food (Conant, 1958). One species of toad was scen on
several occasions beneath pig carcasses. No stomach analyses were made
on these toads to determine if they had eaten carrion fauna. Species

of Bufo and Rana often shelter from the sunshine under cattle droppings

which are some days old, where they mzy also seek their Food (Hamre r,
1942,
2. Aves

Flickers, Calootes auratus (ILinnaeus); mockingbirds, Mimus poly-

glottos (Linnaeus); brown thrashers, Toxostoma rufum (Linnacus); wood

thrushes, Hylocichla mustelina (Gmelin); and towhees, Piplio erythroph-

thalmus (Linnaeus) were the most active vertebrate predators. They
quickly devoured any larvae which wandered from the protective cages.
They tried to enter the cage during active and advanced decay to feed

on the insects and they completely cleaned the carrion of dipterous
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larvae and beetles on two occasions. This was one reason the protective
cages were deemed a necessity. Even so, the birds cleared a large area
around each cage while seratching and searching for insects.

3. Mammalia

Pig carrion removed from the protective cages was consumed or
carried off in one or two days. Dogs and opossums were the chiefl eaters
of carrion, many times only eating the softer parts. They even dug under
the cages. The possibility of the disturbances of the carrion by verte
brates warranted the use of protective cages. DPigs on which dogs or opos-
sums had fed often failed to pass through a bloated stage becanse the gasses
formed during the decomposition of the flesh were no longer trapped with-
in the body cavities. This allowed other insects to gain an entrance to
the csrcass before the dipterous larvae, thus altering the normal suc-

cession of carrion organisms.
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APPENDIX

Systematic list of species collected from dead pigs in the various stages of

decomposition during the summer months of 1962 =nd 1963,
lina.
decomposition is indicated by a solid lire (abundant) or

Clemson, South Caro-
The relative abundance of each species during the different stages of
a broken line (scarce).

Stage of

Decomposition

Active

Speciles Fresh  Bloated

Decay

Advanced
Decay

Dry

PHYLUM MOLIUSCA
Class Gastropodsa
Order Pulmonata

Family Zoritldase
Ventridens intertextus (Binney)
Ventridens elliotti (Redfield)
Zonitoides arboreus {Say)

Family Polygyridae
Stenotrema (sp. unknown-immature)
Mesodor thyroidus {Say)
Triodopsis vannostrandi (Bland)
Triodopsis {sp. unknown-immature)

PHYTLUM ARTHROPODA
Class Arachrida
Order Aczrina
Farily Ixodidae
Dermacentor varisbilis (Say

~

>l,c
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Tndlcates ¥
2 Indicates species of arthropods for which there was no evidence of attr
present in the carrion community.

that insufTicient Information was pregent to determine =z seral distribution.

actlion by conditions
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Stage of Decomposition

Active  Advanced
Species Fresh  Bloated Decay Decay Dry
Family Erythraeidae
Erythraeus sp. ] .

Leptus species #1
Leptus species #2
Family Macrochelidae
Macrocheles sp.
Family Parasitidae
Pzrasitus sp.
Qrder Araneida
Family Uloboridse
Uloborus glomosus (Walckenaer)
Uloborus octonarius Muma
Family Graphosidae
Herphyllus vasifer {Walckenaer)
Family CGnaphosicas
Litophylius liber Chamberlin g Gertsch
Cesonia bilineata (Hentz)
Cylphosa sericata Chamberlin
Family Theridiidae
Epiginus truncatus Latreille
Theridion tepidariorum C. Koch
Theridion lyricum Walckenaer
Dipoena nigrs (Emerton)
Achaearanas tepidarioria (Koch)
Family Linyphiidee
Meioueta barrowsi Chamberlin & Ivie
Fawily Araneidse
Tetragnatha versicolor Walckenaer
Eustale anastera {Walckenaer)

fo e —————— e e
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Stage of Decomposition

Active Advanced

Species Fresh Bleoated Decay Decay Ory
Family Thomisidae
Coriarachne brurneus (Banks) —_———
Corierachne rloridana (Barks) —_—
Xysticus fraternus (Banks) _—— b
Xysticus transversatus (Walckenaer) —_——d—e -
Xysticus sp. - ] -
Family Ctenidae
Anahite animosa {Walckenaer) - A

Fardly Clubionidae
Marceilina piscatoria (Hentz)
Clubiona pallens Hentz
Phrurotimpus iliudens Gertsch
Castaneira cingulata (L. Koch)

Famlly Anyphaenidae
Anyphaena fragilis Banks

Family Piszuridae
Dapenus mirus (Walckenaer)

Family Lycosidae
Lycosa aspera Hentz
Lycosa rabide Walckenszer
Schirzocoss saltatrix (Hentz)

Famlly Salticidae
Phidippus audex (Eentz)
Prnidippus sbp.

Habrocestum pulex (Hentz)
Mzevia inclemens (Walckenaer)
Zyogoballus nervosus Peckham

0%



Speciles

Stage of Decomposition

Fresh

Active

Bloated Decay

Advanced
Decay

Dry

Order Phalangida
Family Phalangiidae
Leiobunum speciosum Banks

Leiobunum (sp. unknown-immature)

Hadrobunu® sp.
Order Pseudoscorpicnida
Family Chthoniidae
Kewochthoniug species #1
Kewochthonius species #2
Family Neobisiidae
Mierobisium species #1
Microbigium species #2
Microcreagris species #1
Microcrezgris species #2
Microcreagris species #3
Family Chernetidae
Parachernes new sp. 7
Famlly Cheliferidas
Chelifer cancroides {Linnseus)
Genus? (Undet.)T
Genus? (Undet.)+
Order Scorpionida
Family Vejovidae
Vejovis carolinus Koch

Classs Crustaces
Order Isopodsa

————— e

- — -

———

e ——
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Stage of Decomposition

Active Advanced

Species Fresh  Bioated Decay Decay Dry
Family Oniscidae
Porcellio laevis Iatreille
Metapororthrus pruinosus (Brandt) -

Clysticus convexus (DeGeer)
Tracheoniscus ratheki (Brandt)
Famlly Armadillidae
Armadillidium vulgare (Latreille)
Armedillidium nasatum Budde-Lund

Ciess Chilopoda
Order Anzmorpha
Family Lithobiidae
Nampabius carolinersis Chamberlin
Nampabilus sexspinosus Charmperlin
Sozibus tuobukus Chamberlin
Order Tpimorpha
Fawily Cryptopidzae
Cryptops hyalinus (Say)
Theotops spinicauda (Wood)
Scolopocryptops sexspinosus (Say)
Family Geophilidae
Arenovhilius watsingus Chamberliin

Class Diplopoda
Order Polyxenida
Fardily Polyxenidae
Polyxerus ? fasciculatus (Sazy)




Species

Stage of Decomposition

Fresh

Active
Bloated Decsy

Advanced
Decay

Dry

Order Platydeswmida
Family Platydesmidae
Brachycybe lecontei Wood
Order Lysicpetalida
Family Lysiopetalidae
Lbacion magnum highlandense {Hoffman)
Order Chordeumida
Family Cleidogonidae
Cleidogona sp.
Order Polydesmida
Family Strongylosomatidae
Oxidus gracilis {Koch)
Family Buryuridae
Buryurus erythropygos (Brandt)
Family Xystodesmidae
New species in an undefined genus
Order Spirostreptida
Family Canbalidse
Cambsls anrmlata (Say)
Crder Julida
Family Parajulidae
Ptyoiulus impressus (Say)
Uroblanuslus ? atlantus Chamberlin

Class Insecia
Order Collembola

(4



Species

Decomposition

Advenced
Decay

Femily Entomobryldae
Trtomobrya corticalls Nicolet
Order Orthoptera
Family Blatticae

Cariplatta lutea (Saussure Zehniner)

Rlateiia germanics (Linnaeus)

Darcoplatta bollicna {gaussure & Zehntner)

Parcoblatta virginica (Brunner)
Sarcoplatta leta (Brunner)
Parcoblatta sDp.

Tamily Phasmat%dae
Diapheromera SP. )=

Family Gryllacrididae
Cevthophiius sp.

Femily Gryllidae
Cycloptiium sP-.
Nemobius confusus Blatchley
Nemobius SP.
Gryilus sp.
Cyrtoxipha columbiana Caudell
Crocharis saltator Uhier

Order Isopiera

Family Rhinotermitiaze
neticulitermes virginicus (Banks)
Eeticulitermes sD.

)




Species

Decomposition

o
ct

Active

Decay

Advanced

Decsay

Dry

Order Psocoptera
Family Psocidae
Genus and species?
Order Henmiptera
Family Cydnidae
Sehirus cinctus cinctus (Beauvois)
Family Coreidae
Megalotomus cuinquespinosus (Say)
Alydus eurinus {Say)
Alydus pilosulus (Herrich-Scheaeffer)
Family Lygaeidae
Myodocha serripes Olivier
Ozophora picturata Uhler
Family Tingidae 1.0
Corythucha aesculi Osbora g Drake™
Melanorhopala infuscata Parsaley
FPamily Reduviidae
Oncocephalus geniculatus (Stal)
Melanolestes picipes
var. abdominalis (Herrich-Schaeffer)
Sinea diadema (Fabricius)
Family Miridse
Fulvius imbecilis (Say)
Family Fulgoridael 5
Thionia bullata {Say)™’
Thionia sp.+,2
Ormenoides venusta (Melichar)l’2
Ancrmensis septentrionalis (Spinola)

T I
1,2
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Stage of Decomposition

Active Advanced
Species Fresh Biosted Decay Decay Dry
Order Neuroptera
Family Hemerobiidae
Eemerobius stigmaterus Fitch S S

Hemerobius sp.
Family Chrysopidae
Chrysopa carnea Stephens
Crder Lepidoptera
Family Papilionidae
Battus philenor {Iinnaeus)
Papilio glaucus Linnaeus
Family Satyridae
Minois zlope (Fabricius)
Family Nymphalicae
Melitaea mycteis Doubleday xz Hewitson
Phyciodes tharos (Drury)

Asterocamps ceitis (Boisduval o LeCon®
\ .

Family Hesperiildae
Epargyreus clarus (Cramer)
Atrytone ruricola metacomet (Farris)
Wallengreniz otho (J. R. Smith)

Family Sphingidae
Aaqphion nessus (Jramer)

Famiiy Noctuldae
Palithnis asopialis (Guenee)

Famiiy Geometridae
Mellille xanthometata (Walker)
Anavitrinella pzmpinaria (Guenee)
Epimecis virginaris (Cramer)

h

o
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Species

Stage of Decomposition

Freshn

Bloeted

Aetive
Decay

Advaanced
Decay

Ty

Family Pyraustidae
Desmia funeralis (Hucbner)
Anageshna primordialis (Dyar)

Order Diptera

Family Psychodidae

Telmatoscopus albipunctatus (Williston)

Family Mycetophilidae
Mycomya sp.
Family Sciaridae
Bradysia sp.
Family Cecidomyiidae
Genus and species?
Family Scatopsidae
Scatopse notata {Linnaeus)
Family Stratiomyidae
iermetia illucens (Linnaeus)
Ptecticus trivitiatus (Say)
Genus and species-unknown immature
Femily Tabanidae
Tavbanus sackeni Fairchild
Tabsnus (sp. unknowa-immature)
Family Rhagionidae
Chrysophilus infuscatus Leansrd

—— o ——
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Species

Stage of

Decomposition

Fresh

Bloated

Advanced
Decay Dry

Active
Decay

Family Asilidae
Atomosis pueila Wiedemann
Cerotainia macrocera (Say)
Laphria sp.

Erax interruptus Macquart
Erax spp.

Asilus novae scotilae Macguart
Asilus sp.

Fanily Phoridae
Tripaleba subfusca {Malloch)
Megaselis species #1
Megaselia species #2
?ulicophora 5D.

Family Syrpaidae
Baccha clavata {Fabricius)
Baccha costata Say
Mesograpta poliita (Say)
Xylota pigra (Fabricius)
Miiesias wvirgiensis {Drury)

Family Cuterebridsae 4
Cuterebra horrivilum Clark™

Family Tachinidze
Copecryptia ruficauda (Wulp)
drchytas aterrimus Desvoldy
Gents and speciles?

|
H
H
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Species

Stage of Decomposition

Active  Advanced
Fresh  Bloated Decay Decay Dry

Family

Sarcophagidae

Gymmoprosopa argentifrons Townsend

Sarccophaga

bullata Parker

Sarcophagzs

haemorrhzidalis Fallen

Sarcophags

misera sarracenioides Aldrich

Sarcophaga

repax Walker

Sarcophaga

sarracenioides Aldrich

Sarcophags

sueta Wulp

Sarcophaga

sutilis Reinhaxrd

Sarcophaga

triplasia Wulp

Sarcophaga

&
o
=

utilis ich

Sarcophsgs,

A
ventricosa Wulp

Sarcophaga
Genug and species

SPD.
ol

Revinia derelicta (Walker)

Ravinia latisetosa (Coquillett)

Ravinia ochraces (Aldrich)

Ravinia pusiola {Wulp)

Oxysarcodexia cingatus (Aldrich)

Boettcheris latisterna Parker

Mecynocorpus salva (Aldrich)

Family

Calliphoridae

Cochliomyie macellaria (Fabricius)

Cynomyopsis

cadaverina (Desvoidy)

Calliphoria vomitoria (Linnaeus)

Calliphoria livids Hail

Calliphoria vicina Desvoiday

-, ————— e -
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tage ot Decomposition

Active Advanced

Species Fresh  Bloated Decay Decay Dry
Phaenicia caeruieiviridis (Maccuart) - —_——
Pheenicia cuprina (Wiedemann) i ——
Phaericia sericata (Meigen) - - -
Pnormia regina (Meigen) - -

Family Muscidae
Morelilia micans (Macguart)
Muscea domestica Linnaeus
Stomoxys calcitrans Linnaeus
Muscina assimilis {Fallen)
Muscina stabulans (Fallen)
Hydrotaea houghi Malloch
Hydrotaea occulata {Meigen)
Eydrotaca sp.
Opnyra leucostoms (Wiedemann)
Coenosia sp.
Fannia howardi Malloch
Faaonia scalaris (Fabricius)
Farnia spp.
Gymnodia arcuata {Stein)

Family Anthomyiidae
Anthomyia oculifers Bigot
Hylemya cinerells (Fallen)
Pegomyla gilva (Zettersieds)
Scatophags furcata Say
Scatophaga stercoraria {Linnseus)

0g



tage of Decomposition

Active Advanced

Species Fresh  Bloated Decay Decay Dry
Family Clusiidae
Heteromeringia nitida
var., anigripes Melander & Argo ] -4
Family Heleomyzidae

Genus and species?
Family Spheaeroceridae
ptocers forntinalis (Fallen)
eptocers hirtula (Rondani)
eptocera spp.
opromyza atra (Meigen)
Family Lonchaeidae
Lonchae polita Say
Family Otitidae
Rivellia steyskall Namba
Tritoxa incurva loew
Fuxestaz notata (Wiedemann)
Buxesta pechumani Curran
Family Micropezidae
Rainieria antennasepes (Say)
Family Sepsidas
Sepsis neocynipsea Melander g Spuler
Sepsis punctum (Fabricius)
Meroplius stercorarius (Robineau—Desvoidy)
Family Piophilidae
Piophila fovelata Meigen
Piophila latipes Meigen
Prochyliza xanthostoma Walker
Genus andé species?

4

gl (g
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Species

Stage of Decomposition

resh

Active Advarnced
Bloated Decay Decay Dry

Family Chloropidae
Hippelates pallives (loew)
Hippeliates pusioc Loew
Oscinella neocoxendix Sabrosky

Family Drosophnilidae
Drogophila affinis Sturtevant

Order Hymenopters

Family Tenthredinidae
Periclista sp.l)

family Braconidae
Apanteles sp.

Aphaerets pallipes (Say)

Aphaereta sp.

Alysia ridibunda Say

Rogas sp.

Bucculatriplex bucculatricis (Ashmead)

Family Ichneumonidae
Gelils spp.

Endagys spo.

Atractodes sp.

TIschnus cinctipes {Walsh)
Cratichneuron paratus (Say)
Cratichneumon spp.

Cremastus spp.

daprocryptoldes rufifrons (Walish)

o - -

_—— e




Stage of Decomposition
Active Advanced
Specieg Fregh Bloatag Decay Decay

Family Ihaliigae 1,2
Ibalig Chsigerp Horton

Family'Cynipidae
Néuroterus sp. 52 1.0
Andrious flavohirtus Beutenmueller ’
Cellivnytis mipiiis (Oster Sacken)L,2
Cellirhvtig sp.

Family Evaniidae

Hyptis hargvoides Bradley
e

family Pelecinidae 1
Pelecinyg Polyturstop (Drury)
= - 3

Famlly Proctotrupidae

giichxserohus abruvtug (Say)
odrus sp,

Family Diapriidae
Aneurh/nchus g8p. %
Family Betbylidae

Stenamma sp.
Aphaenogaster rudig Emery
Aphaenogaster lamellidens Mayr
Pheiggie biearinata Vinelangieg (Forel)
————thaza ———Zllica

Pheidola sp.

Crematogs stay eeras; (Fiten) | B ) N
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Species

Stage of Decomposition

Active Advanced
Fresh  Bloated Decay Decay

Dry

Crematogaster sp.
Monomorium minimum (Buckley)
Leptothorax curvispinosusg Mayr
Dorymyrmex sp.
Camponotus americanus Mayr
Camponotus pernsylvenicus (DeGeer)
Camporotus ferruglneus (Febricius)
Camponotus nearticus Emery
Camponotus sp.
Prerolepis imparis (Say)
Formica sp.
Family Vespidae
Vespula maculifrons (Buysson)
Vespule maculata (Linnaeus)
Family Pompilldse
Auplopus nigrellus (Banks)
Aporus niger (Cresson)
Psorthaspis mariae (Cresson)
Family Sphecidae
Trypoxylon carinatus Say
Family Haiictildae
Lasioglossum sp.
Fanily Apidae
Yylocopa virginica (Linnacus)
Bombus ilmpatiens Cresson
Aple mellifera Linnasus

+/g



Species

Stage of Decomposition

Fresh

Active  Advanced
Bloated Decay Decay Dry

Order Coleoptera

Family Carabidae
Anillus carolinae Casey
Tachys flavicauda Say
Cyclotrachelus vinctus {Leconte)
Evarthrus americanus (Dejean)
Galeritse bilcolor Drury
Lebia ornsta Say
Lebia ashevillensis Casey
Coptodera aerats (Dejean)
Pinacodera limbata (Dejean)
Harpalus compar Leconte
Harpslus penasylvanicus DeGeer
Stenolophus conjurctus (Say)
Agonoderus lecontel Chaudoir

Family Noteridae
Suphisellus sp.

Family Hydrophilidse
Tropisternus lateralis nimbatus (Say)
Cercyon haemorrhoidalis (Fabricius)
Cereyon navicularis Zimmermann
Cercyon maculatus Melsheimer
Cercyon spp.

Crypbopleurum minutum (Fabricius)

GG



Species

Stage of Decomposition

Active Advanced
Bloated Decay Decay Dry

Family Silphidae
Nicrophorus carolinus (Linnaeus)
Nicrophorus orbicollis (Say)
Nicrophorus marginatus Fabricius
Nicrophorus pustulatus Herschnel
Nicrophorus vespiiloides Herbst
Nicrophorus tomentosus Weber
Yecrodes surinamensis (Fabricius)
Silpha inaequalis Fabricius
Silpha noveboracensis Forster
Silpha americana Linnaeus
Necrophilus pettiti Horn

Family Leptodiridae
Catops simplex Say
Catops spp.

Prionochacta opaca Say
Ptomaphagus consgobrinus LeConte
Ptomaphagus spp.

Dissochaetus oblitus Lelonte

Famlily Qrthoperidae
Sacium sp.

Pamily Staphylinidae
Proteinus new sp. 9

Megarthrus sinuaticolliis TLacordalre

Megartnrus americanus Sachse
Megaxrthrus sp.
Omalium caesum Grevenhorst




Species

Stage of Decomposition

Fresh

Active
Bloated Decay

Advanced
Decay

Dry

Cmalium foraminosum Maklin
Owalium guadripenne Cesey
Omalium repandun Erichson
Omalium rivulare Paykull
Omaiiiniae

Genus and species £1

Genus &nd species #2
Qxytelus insignitus Gravenhorsi
Oxytelus peansylvanicus Erichson
Oxytelus tetracarinaius Block
Oxytelus species #1
Oxytelus species #2
Pinophiius latipes Gravenhorst
Pinophilus opacus Lelonte
Pipophilus sp.
Homeotarsus sp.
Achenoworphus corticinus Gravenhorst
Rugilus angulsris Erichson
Rugilus blarmatus Lelonte
Rugilus sp.
Hypongrus pusillus Sachse
Philonthus politus Linnaeus
Philonthus chalceus Stephens
Philonthus asper LeConte
Philonthus varians Paykull
Philonthus alumaus Erichson
Philonthus brunneus Gravenhorst




tage of Decomposition

Active Advanced
Species Fresh Bloated Decay Decay Dry
Pnilonthus cyanipennis fabricius ~ -4
Philonthus filicornis Horn - -~
Phiilonthus ventralis Gravenhorsz: - — ~-i—
Philonthus rectangulus Sharp e -

Philonthus spp.

Hesper baitimorensis Gravenhorst
Belonuchus rufipennis Fabricius
Belonuchus formosus Gravenhorst
Belonuchus sp.

Staphylinus vulpinus Nordmanr
Staphylinus maculosus Gravenhorst
Staphylinus femoratus Fabricius
Staphyiinus tomentosus Graverhorst
Staphylinus fossator Gravernhorst
Staphylinus cinnamopterus Gravenhorst
Staphyliirus maxillosus Linnaeus
Ontholestes cingulatus Gravenhorst
Guedius capucinus Gravenhorst
Quedius sp.

Tachinus fimbriatus Graverhorst
Tachinus fumipennis Say

Tachinus pallipes Gravenhorst
Tachinus ep.

Atheta sp.

Aleodorus bilobata Say

Falagri Eri

a dissecta Ericason
Aleocharini-undetermined speciles

- — i —_
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Species

Stage of Decomposition

Fresh

Active
Bloated Decay

Advanced
Decay

Dry

Aleochara

lustrica Say

Aleochara

lata Gravenhorst

Aleochars

bipustula Linnaeus

Aleochara

nitidicollis Casey

Aleochara

SPD.

Barydoma sp.

Pteronius
Pteronius

species #1
species #2

Family Ptiliidae
Acratrichis sericans Heer

Genus and

species?

Family Histeridae
Hister coenosus Erichson

Hister abbreviatus Fabricius

Hister incertus Marseul

Higter depurator Say

Hister osculatus Blatchley

Hister indistinctus Say

Hister densicauda Casey

Atholus sedecimstriatus (Say)

Platysoma carolinum Payskull

Phelister

subrotundus Say

Phelister

vernus Say

Margarinotus cadaverinus (Hoffman)

Margarinotus stygicus LeConte

Margarinotus marginicollis LeConte

Margarinotus confusus Wenzel
2
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Stage of Decomposition

Active Advanced

Species fresh  Bloated Decay Decay Dry
Xectipyge conjunctum Say - -
Carcinops pumilio Erichson -] — - -
Onthophilus alternatus Say S I
Onthophilus new sp.? — e

Acritus Tlmetarius LeConte
Acritus strigosus LeConte
Saprinus lugens Erichson
Seprinus semistriatus Scriba
REuspilotus assimilis (Paykull)
Fuspilotus coanformis LeConte
Grnathoncus sp.

Family Lycidse -

. - . . s i,2
Calopteron reticulatum (Fabricius)™’

Family LTnpyridae
Tucidota sp.
Pyractomena (sp. unkrowaQimnature )
Family Cantharidee .
Podabrus basillarig {Say)”
Genus and species?—
Family Cleridae
Phyllobaenus sp.
Necrobia rufipes DeGeer
Family Anthicidae
Tomoderus constrictus (Say)
Anthicus sp.

09



Species

tage of Decomposition

Fresh

Active
Bloated Decay

Advanced
Decay

Dry

Family BElateridze
Conoderus 11v1dus (DeGeer)
Limonius sp.<
Athous fossularis (LeConte)
Orthostethus infuscatus (Germar%
Megapenthes rufilabris (Germax)
Ischiodontus fuscus {LeConte)
Melanotus sp.<

Family Eucnewmidae 1.0
Perothrops mucida (Say) ™’

Family Dermestidae
Dermestes marmoratus Say
Dermestes caninus Germar

Family Nosodendridae
Nosodendron unicolor Say

Family Ostomidae
Tenebroides corticalis (Melsheimer)
Tenebroides spp.

Family Nitidulidae
Carpophilus pilosellusg Motschulsky
Carpophilus mutilatus Erichson
Carpophilus lugubris Murray
Nitidula rufipes (Linnaeus)
Omosita colon (Linnaeus)
Stelidota geminata (Say)
Stelidota strigosa {Gyllenhal)
Stelidota sp.
Glischrochilus fasciatus (Olivier)
Clischrochilus quadrisignatus {Say)
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Species

Steage of Decomposition

Active Advanced
Fresh  Bloated Decay Decay Dry

Family Rhizophagidae
Monotome americana Aube
Monotoma spp.

Family Cucujidae
Oryzaephilus mercator {Fauvel)
Silvanus bidentatus {Fabricius)
Siivanus imbellis LeConte
Laemophloeus filiger Caseyl

Family Cryptophagidae
Cryptophagus sp.

Family Mycetophagidae
Mycetophagus punctatus Say
Mycetophagus flexuosus Say
Typhaea stercorea (Linnaeus)
Litargus didesmus Say
Litargus sp.

Family Colydiidae
Nemuneria guttulatus (LeConte)

Feamily Erdomychidae
Aphorista vittata (Fabricius)
Endomychus biguttatus Say

Femily Phalacridae
Phalacrus sp.—

Pamily Coctinellidsae

Brachyacantha guadripunctata Melsheim,erl’2

: - a— 1
Axion tripustuiatum (DeGeer, +s<

—_——— . - =

-
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Species

Stage of Decomposition

Fresh

Active

Bloated Decay

Advanced
Decay

Dry

Femily Alleculidae
Isomira sp.
Mycetochara sp.

Famnily Tenebrionidae
Hoplocephala bicornis (Olivier)

Parpella undulata (LeConte)

Helops aereus Germar

Family Melandryidae 1
Eustrophinus bicolor (Fabricius)

Family Ptinidae
Ptinus fur Linnaeus

Family Scarabaeidae
Giyphyrocanthon viridis {Besuvois)

Deltochilum gibbosum (Fabricius)

Ataenius

figurator Harold

taenius

spretulus

Ataenius

- i~ e 2
platensis

Ateuchus

(Haldeman)
(Blanchard)

histeroides Weber

Ateuchus

lecontei (Harold)

Copris minutus (Drury)

Cnthophagus

Cnthophagus

hecate Panzer
striatulus (Beauvois)

Onthophagus

rennsylvanicus Harold

Serice vespertina (Gyllenhzl)?
Serica gp.Ls€
Famlly Geotrupildae

Geotrupes blackburnii blackburnii {Febricius)

Beotrupes blackburnii excrementi Say

Geotrupes splendidus splendidus (Fabricius)

£9




Species

Stage of Decomposition

Active Advanced
fresn  Bloated Decay Decay

Dry

Family Trogidae
Trox aequalis Say
Trox monachus Herbst

Tox asper (LeConte)
Trox suberosus Fabricius
Trox unistriatus Beauvois
Trox varioclatus Melsheilmer

Family Lucanidase
Platycerus virescens (Fabricius)

Family Cerambycidae 1.0
Xylotrechus sagittatus (Germar)™

Family Chryiogelidae
Qedionychus sp. ? 5
Rhabdopterus sp.

FPamily Curculionidae
Brachyrhinus ovatus (Linnaeus)l’2
Hypera meics (Faoricius)is?
Centrinaspis penicellus {Herbst
Cyrtepistomus castaneus Roelofs

Family Scolytidae
Hylastes tenius Eichhoff

1,2

)12

i,2

1,2

PHYLUM CHORDATA
Class Amphibia
Qrder Salientia
Family Bufonidae
Bufo fowleri Hinckley




Species

Stage of Decomposition

Fresh

Active

Bloated Decay

Advanced
Decay

Dry

Class Aves
Order Piciformes
Family Picidae
Caloptes auratus (Linnaeus)
Order Pasgseriformes
Family Mimidae
Mimus polyglottos (Linnaeus)
Toxostoma rufum {Linnaeus)
Family Turdidae
Hylocichla mustelina {Gmelin)
Famlly Fringillidae
Pipilic erythrophthalmus (Linnaeus)

Class Marmalia
Order Marsupialia
Pamily Didelphi dae
Didelphis marsupialis Linnaeus

P -

Go
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Internal Distribution

1-50 8. I. Auerbach
51 B. G. Blaylock
52 Carl Bell
53 J. C. Bresee
54 ¢. N. Brown
55-104  D. A. Crossley, Jr.
105  J. W. Curlin
106-155 P. B. Dunaway
156 W. H. Jordan
157 N. R. Kevern
158 Iovell L. Lewis

159 J. Liverman

160 K. Z. Morgan

161 D. J. Nelson

162  J. S. Olson

163 T. P. O'Farrell
164-213  J. A. Payne

214 B. C. Patten

215 D. E. Reichle

216  A. Rowgowski

217 Marvin H. Shanks

218 A. F. Shinn

219 W. 8. Snyder

220  Jay D. Story

221  E. G. Struxness

222 W. A. Thomas

223  Fred G. Taylor, Jr.

22k G. M. Van Dyne

225 A, M. Weinberg

226  J. L. Wilhm

227 J. P. Witherspoon

208 M. Witkamp

229  Document Reference Library
230~231 Central Research Library
232-237 Iaboratory Records

238 Laboratory Records--Record Copy

239  Research and Development Division, ORO

240  Biology Library



2h]
2hp

o)3

o245
ole
o7
248
249-263
26k
265
266
267
268
269

270

External Distribution

J. N. Wolfe, Environmental Sciences Branch, Division of Biology and
Medicine, USAEC, Washington 25, D. C.

R. F. Reitemeyer, Environmental Sciences Branch, Division of Biology
and Medicine, USAEC, Washington 25, D. C.

Arnold Joseph, Environmental Seiences Branch, Division of Biology

and Medicine, USAEC, Washington 25, D. C.

C. 5. Shoup, Biology Branch, Oak Ridge Operations, USAEC, Oak Ridge,
Tennessee.,

Hal Hollister, Division of Biology and Medicine, USAEC, Washington

25, D. C.

Jack Greene, Office of Civil Defense, Department of Defense, The
Pentagon, Washington, D. C.

Joel Gustafson, Biology Department, San Francisco State College, 1600
Holloway Avenue, San Francisco, California.

R. Ayers, Quaker Ridge Road, Harmon-on-Hudson, New York. 10520.

DITE, AEC, Oak Ridge, Tennessce.

Fugene P. Wigner, Princeton University, Princeton, New Jersey.

J. J. Davis, Environmental Sciences Branch, Division of Biology and
Medicine, USAEC, Washington 25, D. C.

W. H. Anderson, Entomology Research Division, ARS-USDA, Plant Industry
Station, Beltsville, Maryland.

G. I'. Bornemissza, Division of Entomology, Commonwealth Scientific and
Industrial Research Organization, Canberra, Australia.

B. D. Burks, Entomology Research Division, ARS-USDA, c/ Department of
Entomology, U. S. National Museum, Washington, D. C. ©

O. L. Cartwright, Department of Entomology U. S. National Museuu,
Washington, D.C.

R. V. Chamberlin, Division of Biological Scilences, University of Utah,
Salt Lake City 12, Utah.

C. M. Clifford, Rocky Mountain Taboratory, PHS-DHEW, Hamilton, Montana.
W. A. Connell, Department of Entomology, University of Delaware, Newark,
Delaware.

Jd. H. Cochran, Department of Entomology end Zoology, Clemson University,
Clemson, South Caroclina

H. R. Dodge, Department of Zoology Washington State University,
Pullman, Washington.

N. M. Downie, 505 Lingle Terrace, Ilafayette, Indiana.

W. D. Field, Department of Entomology, U. S. National Museum, Washiogton
25, D. C.

0. 8. Flint, Jr., Department of Entomology, U. S. National Museun,
Washington 25, D. C.

R. H. Foote, Entomology Research Division, ARS-USDA, e/o Department of
Entomology, U. S. National Museum, Washington, D. C.

R. C. Frceschner, Department of Entomology, U. 8. National Museum,
Washington 25, D. C.

C. J. Goodnight, Department of Biological Sciences, Purdue University,
West lafayette, Indiana.



281  A. B. Gurney, Entomology Research Division, ARS-USDA, Washington,
D. C.

282  D. L. Handlin, Department of Animal Science, Clemson University,
Clemson, South Carolina.

283 K. L. Hays, Department of Zoology and Entomology, Auburn Univer-
sity, Auburn, Alabama.

284k J. L. Herring, Entomology Research Division, ARS-USDA, Washington,
D. C.

285 R. L. Hoffman, Departwent of Biology, Radford College, Radford,
Virginia.

286  Mrs. Amne T. Howden, Insect Systematics, Science Service, Depart-
ment of Agriculture, Ottawa, Ontario, Canada.

287 R. ¥F. Hussey, Department of Biology, University of Florida, Gaines-
ville, Florida.

288 W. Ivie, Department of Entomology, The American Museum of Natural
History, Central Park West at 79th Strest, New York 24, New York.

289 E. W. King, Department of Entomology and Zoology, Clemson Univer-
sity, Clemson, South Carolina.

290 J. M. Kingsolver, Entomology Research Division, ARS-USDA, Wash-
ingtoun, D. C.

291  J. N. Knull, Department of Zoology and Entomology, Ohio State
University, Columbus 10, Ohio.

292 J. P. Kramer, Entomology Research Division, ARS-USDA, Washington,
D. C.

293 K. V. Krombeln, Entomology Research Division, ARS-USDA, Washington,
D. C.

20k Miss Frances McAlister, Department of Entomology and Zoology,
Clemson University, Clemson, South Carolina.

2905 F. W. Mead, Florida Department of Agriculture, Division of Plant
Industry, Gainesville, Florida.

256 W. V. Miller, William Cooper and Nephews Inc., 1909-25 Clifton
Avenue, Chicago 1k, TIllinois.

297 I. M. Moore, 657 El Monte Road, El Cajon, California.

298 W. B. Muchmore, College of Arts and Sciences, University of Rochester,
Rochester, 20, New York.

299 C. ¥. W. Muesebeck, Department of Entomology, U. S. National Museum
Washington 25, b. C.

300 ILt. Col. 8. 8. Nicolay, 8349 Woody Drive, Norfolk, Virginia.

301 A, T. Olive, Department of Biology, Wake Forest College, Winston-
Salem, North Carolina.

302 V. H. Owens, Department of Agriculture, State of Missouri, Jeffer-
son City, Missouri.

303 C. D. Pless, Department of Entomology and Zoology, Clemson Uni-
versity, Clemson, South Carolina.

304  H. B. Reed, Jr., 2601 Chillicothe Street, Knoxville 21, Tennessee.

3905 J. K. Reed, Department of Entomology and Zoology, Clemson Univer-
sity, Clemson, South Carolina.

306 H. J. Reinhard, Department of Entomology, A. and M. College of
Texas, College Station, Texas.

307 C. W. Sabrosky, FEntomology Research Division, ARS-USDA, Washington,
D. C.



70

M. W. Sanderson, Illinois State Natural History Survey, Natural
Resources Building, Urbana, Illinois.
R. L. Smiley, Entomology Research Division, ARS-USDA, Washington,
D. C.
M. R. Smith, Entomology Research Division, ARS-USDA, Washington,
D. C.
T. E. Snyder, Entomology Research Division, ARS-USDA, Washington,
D. C.
P. J. Spangler, Department of Entomology, U. 5. Natlonal Museum,
Washington, D. C.
S. Spilman, Entomology Research Division, ARS-USDA, Washington,
C.
C. Stehr, Department of Zoology, Ohio University, Athens, Ohio.
C. Steyskal, Entomology Research Division, ARS-USDA, Washington,
C.
Stone, Entomology Research Division, ARS-USDA, Washington,
. C.
L. Todd, Entomology Research Division, ARS-USDA, Washington,
C

(el el ROV w i

G. B. Vogt, Entomology Research Division, ARS-USDA, Washington,

D. C.

Miss Luella M. Walkley, Entomology Research Division, ARA-USDA,
Washington, D. C.

Miss Rose E. Warner, Entomology Research Division, ARS-USDA, Wash-
ington, D. C.

W. W. Wirth, Entomology Research Divislon, ARS-USDA, Washington,
D. C.

D. L. Wray, 510 Dixie Trail, Raleigh, North Carolina.

C. B. Wurtz, Department of Biology, La Salle College, Philadelphia
%1, Pennsylvania.

R. E. Wenzel, Chicago Natural History Museum, Roosevelt Road and
Lake Shore Drive, Chicago 5, Illinois.





