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INTRODUCTION

o

<IScrew worms have long been known to infliet serious injury to
man and animals in the subtropical and tropical regions of North
America and South America. The recent discovery® that at least
two species of these flies have been confused heretofore under the
name Cochliomyia macellarie Fab. raises a doubt as to which species
was considered in the earlier published information relating to this
subject. Because of the similarity of these two flies in their outward
appearance, the fact that data concerning them are now guestinnable,
and the ever-increazing impeortance of their activities, a newer
knowledge of the economic status of exch musi be obtained.

‘While much remains to be determined concerning both species,
the data here presented give the results of studies conducted by the
Bureau of Entomology and Plant Quarantine to date on the biology
and habits of Cochliomyia americana C. and P.2

1 CugmiNg, B, O, aud PatTox, W, 8. STUDIES OX THH IIMHEL DIPTELL OF MEDICAL AND
YETERINARYE TMPORTANCE, COCHLIDMYIA AMERICANA SP. XOV., TIE SCHEW-WORM FLY OF THE
NEW WORLD, Ann. Trop, Med, and Parasitol. 27 : 5305661, tilos. 1934,

% ¥While it {4 poaslhle that the primacy screw worm {ly may have been described by earlier
wotkers ubder such names s hominicerar, enthropophgga, fulvobarbate, infesta, and
others, an authentte nome for thle ypecies can be assigned only efter an examipatlon of
0)] type Bpeclmera hea been made, For the present, i 1s deemed more sppropriate to uge
the name . americene 10 designiie ihe primary screw wonn fy of the New World, evon
though an older name may be adopted later.

14861°—36~——:1




9  TECHNICAL BULLETIN 500, U. 8, DEPT. OF AGRICULTURE
ECONOMIC IMPORTANCE

Apparently all warm-blooded animals are suseceptible to infesta-
tion. Any type of wound, the navels of young animals, and the
natural openings of the body, such as nostrils, mouth, eyes, ears,
vagina, and anus, inay become infested with the larvae of Cochlio-
myia americana. Infestation of the natural openings is usually the
result of an injured, diseased, or unclean condition.

The evidence mdicates that this fiy is a primary, obligatory para-
site and that it initiates the vast majority of cases of external
myiasis, commonly called screw worm infestations, in man and ani-
mals in the United States and probably in the entire neotropical
region. Not only is it important as a primary invader of wounds,
but it will also continue to infest necrotic lesions. It is known to
be the specific cause of a large number of cases of nasopharyngesi.
myiasis tn man_in the New World Propics. Only one case of this
type has been observed among dowestic animals. a sheep on a ranch
in southwestern Texas,

Table 1 gives the number and species of flies reared from each
of 114 cases of myiasis ocenrring in domestic animals on one rancl
in southwestern Texue during the year 1934, These animals became
naturally infested on the range and were brought into the corrals
for treafment. Most of the cases were found before the infestations
became extensive and before the maggots first infesting the wound
had matured. None of the cases recorded was a reinfestation; that
i<, the wound from which the muggots were taken had not been
previously {reatetd for an infestation.

Tantl: 1—Nwnber and speeics of flies vegred from 1Ly edses of apinsiy inoall
etnsses of rimge Hrestoek on oie vadcl, Sonoed, Ter, Aprit to Tl 934

[ Bereentnze af encluspecios In cases
bap.
. (!L.tnr[_ o Flies ;

Speeies of flies bred Irom T nwp of bresrcd | Cochfi- Curffi- © Surco-
infosted wortacds E.I?’lnl | from nmpin | oompir | Phormict phaga | Jareithe
U prgps - CRS0R wmieri- U ommaeed- 1 orepimr | ptinthe- | serizata

. Vegna 0. dordn 7 Melp. ! P Moy,
tand PP Fah, 5 Wil
1 : 1

: | . H

Wutber Meroend iAnmtber. Peecend o Pereept . Perecnl T Pereent | Preeesd
[ . 1"l s L4 M n . L[ ! 1]
¢ americnna and O wmacrifarin W HA LB a1l ]
Cnasrerienmand 8. plinthogmm 1 4r 4 - 3 no 6. 7
. emericeag oo P.oregiue KUK un - H 0

O HHETIC N e ammn PR

€, pwmericans, C tecetfiria, und
Foregimo. oo o

¢, americane, £, regina, nod &
THIROBY . o ae s caaee

€ wmericena, C. mecelfncin, £
regimti, 8. oplinthopyga, al L,
HOTHCANT ..o oiie mmmas eeooe

C.omneceliaria . ... .. -

¢, wcellaric and . regine

. wmacetioria and S, dinthangn

(. meerfturio, S plinthopein, |
and L. aericaia .

Foregina ..

M. pltutho g

]

The history of the 11 cases from which no Cochliomyia americana
were reared shows thal in 2 cases the infestution ocewrred in a sup-
purative lesion containing pathogenic bacteria and in 3 cases 1t oc-
curred in the soiled wool of sheep without involvewent of the tissues,
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Cockliomyia americona has been obtained in pure cultures from
many other cases occurring in other parts of Texas and in Louisiana,
Mississippi, Alabama, Georgia, Florida, and South Carolina, and
from a few cases in Iowa and Indiana.

BISTRIBUTION

Normally the fly is confined to the tropical and subtropical sections
of the United States and the countries to the south; it has, however,
cansed trouble in the Northern States. A Iist is given below of
places from which authentic records of its occurrence have been
obtained, although it is quite probable that the fly is present in sev-
eral other States and countries.

North Amerien: Texas. Louisiana, Mississippi, Alabamn, Florids, Georgis,
South Carolina, Missouri, Towa, Illinois, Indiana, Oklabhoms, California, Arizona,
New Mexico, Kentucky, Tennessee, und Kansas,

West Indies and Central America: Trinidad, St. Lucin, Dominican Republie,
Fuerto Rico, and Panaina.,

South America: Columbiy, British Guiana, French Guinnu, Brazil, Uruggay,
Argentinn, and Venczzela.

This fly is not a recent invader of the United States. The earliest
anthentic record known at present of the oceurrence of screw wOorm
cases caused by Cochliomyin americana in this comntry dates back

to 1882
SEASONAL ACTIVITY OF THE FLY

In the United States Cockliomyin emericana usnally begins its
activities late in the spring or early in the summer, the exact time
varying with the temperature of the season in a particular locality.
The first authentic case in Georgiaz in 1934 occurred on May 1i.
During the same season at Menard and Sonora, Tex., the first cases
were observed on April 16 and 19. respectively. Infestations oc-
cirred in Florida and southern Georgia during January and Feb-
ruary of 1935, 'W. V. King of this Burean recorded 17 infestations
of animals in northern and central Florida during the winter of
1934-35, 15 of which oceurred from January 8§ to 19, inclusive, 1 on
February 14, and 1 on Tebrnary 22. The minimum temperature re-
corded in northern Florida during December 1934 was 16° F.

In Texas, R. A. Roberts veared Cochliomyio. americana from an
infested animal at Uvalde on January 18, 1985, and at Raymond-
ville W. R. Hutchins collected larvae of (his species from a wound
on Februury 13, 1933,

DESCRIPTION OF STAGES, LIFE HISTORY, AND HABITS

Like most of the species of blowfies, (‘echliomyia americana has
five developmental stages in its life eycle.

THE EGG

DESCRIPTION

The egg of Cockliomyia americana (fig. 1) is approximately 1.04

mm in length and 0.22 mm in width (average of 10). It is glis-
tening white with a very slight tinge of cream color, rounded at the
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posterior and somewhat flattened at the micropylar end, and with a
dorsal ridge or seam extending from the micropylar end almost to
the opposite pole. As incubation proceeds the egg assumes a grayish
color due to the development of numerous spines on the body of the
encased larva. Itis easily distinguished from the egg of the closely
related species (. macellaria, having considerably less cream color.
The dorsal seam divides at the anterior end and extends downward
around the micropyle in a broad band, giving the appearance of =
circular cap. In (. macellaria the extension of the dorsal seam
around the micropyle forms a much narrower band and the cap
therefore appears considerably smaller. Under high magnification
the outer covering of an egg of €. americana has u reticulated or lace-
work appearance.
HATCHING

The process of hatching has been observed under the mieroscope
in several instances. The eggs were placed un moist blotting paper
in a glass dish and this was mounted on the microscope stage. The
observations on the
process of hatching
described here were
made In & room tem-
perature that ranged
from 101° T. at the
time the eggs were
i 1B of woctliomyia wnetieny: 4, Bad views laid to 90° at the

moment the first lar-

vae emerged. The total incubation period in this particular instance
was 9 hours and 34 minutes. Under these conditions the first move-
ments of the larvae could be seen through the eggshell 8 hours after
the eggs were laid. It appears that the first-stage larvae are well
developed some time before they emerge from the egyg, approximately
the last 134 to 2 hours of the incubation period being devoted first to
opening a hole in the meropylar end and then to splitting the egg
shell fong the dorsel seam. During the process of emerging the
young larva opens a small slit along the dorsal seam at the anterior
end of the eggz. This slit is gradually increased in length by the
activity of the encased larva, until at the time of emergence the egg-
shell is opened for two-thirds or more of its length. It frequently
Lappens that the part of the seamn which extends around the micropyle
is split completely around and the entire micropylar end is pushed
outward as a circular flap.

INCUBATION

The incubation period varies with the temperature and relative
humidity, Under natural conditions (3. e., eggs on wounds in ani-
mals) the duration of the period ranged from 11 to 21.5 hours.
Roy Melvin, at Dallas, Tex., has defermined that under controlled
laboratory conditions of 100 percent. relative humidity the incubation
period ranged from 9.2 hours at 99° F. to 13.9 hours at 84°. and
that no hatching fook place at 59°. Ho has shown also that the
duration of the incubation period is aimost twice that regnired
for Coclliomyia macellarie under similar conditions,
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W. E. Dove of this Buresu, working at the Savannah, Ga., lab:
oratory, observed one instance in which egps laid on a moist lanced
abscess on a gminea pig had an incubation period as short as 6
hours, '

EGG MASS

Eggs are usnally deposited in regular, oval, shinglelike masses
of from 10 to 393 each, on dry surfaces at the edge of both fresh
and necrotic wounds. Thsy may be laid also on dried blood clots,
scabs, and exudate, even where a break in the skin is not apparent.
In one case the eggs were deposited on the moist suppurating surface
of a wound. In almost il cases the masses are glued tightly to
the surface on which they are Iaid and the eggs are firmly cemented
together. The egg messes are easily distinguished from those of
Cochliomyia macellaria, which are laid in irregular groups in the
hair or wool of the animal and only loosely or not at all attached
to the surface of the skin, and the eggs are also less firmly cemented
together than are those of €. americana,

THE LARVA OF COCHLIOMYIA AMERICANA AND THAT OF THE
ASSOCIATED C. MACELLARIA®

There are the usual three larval instars in the development of
Cochliomyia americana and O. macellaria. The first-instar larvae
may be distinguished from those of the second and third instars by
the absence of anterior spiracles, by the general structure of the
cephalopharyngeal sclerites, and by the absence of a ring or peri-
treme which partly surrounds the spiracular slits in the second and
third instars (figs. 2, 3, and 9). The second-instar larvae mav be
distinguished from those of the third instar by the structure of the
cephalopharyngeal sclerites (fig. 6) and by the posterior spiracles;
in the second instar there are two slits per spiracle, whereas in the
third instar there are three.

The descriptions and figures here given are based on examina-
tions of mounted and unmounted specimens.

The larvae of . @mericana examined for the descriptions were
collected at Sonora, Tex., and Ames, Towa. In addition, third-instar
larvae collected from wounds of animals from several points in the
southern part of the United States and in Iowa were examined.
The characteristics of the larvae as described appear to be the same
in specimens examined from the various Tegions.

T]I'l)e larvae of (. macellaria were reared specimens collected at
Ames, Tows, and Dallas, Tex., and the characteristics checked with
larvae obtained from one case of myiasis in Florida. As in .
americana, the characteristics appear to be the same in the specimens
from the verious localities,

COCHLIOMYIA AMERICANA CUSHING AND PATTON

FIRST INSTAR

Larva elongate, more or Jess cylindrical in shape, with 12 apparent
segments, tapering anteriorly from the sixth segment; the last three
segments slightly tapering posteriorly (fig. 2). Length and width

By E. F. Knipling, assistunt entomolegist, Buresu of En tomology und Plunt Quarantine,
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at time of hatching 1.2 and 0.23 mm, respectively; fully developed
first-instar larvae average 8.6 mm in length and 0.57 mm in width at
the widest point.

Armed with large, dark, single-point, recurved spines, arranged
in more or less irregular rows necar the margin of the segments.
Spines in anterior rows largest, the larger spines measuring approxi-
mately 204 in length, as compared to Gg, the length of similar spines
of Cochliomyia macellaria.

Anterior nargin of segments 2 to 9 completely encircled with a
band of spines; on segment 10 the band interrupted for a short
space on dorsum. On segment 11 the spines are absent on the dor-
sum and en the sides are reduced to two or three rows of small, more
lightly pigmented spines, On segment 12 they arve confined to the
ventral and ventrolateral surfaces. On the ventral surface of seg-
ments 6 to 12 the band of spines is wider and transversely divided
by a narrowed spincless area. FPosterior margin of the segmenis
devoid of spines except two or three rows of small spines on the ventral
surfaces of segments 5 to 12. On segments 5 te 10, on the sides of
each segment, is a small swollen avea, the lateral fusiform areu,
which is provided with a group of spines.

The twelfth or last apparent segment ig depressed behind, and in
the depression nearer the upper end are located the two posterior

spivicles.  Kach spiracle is
comprised of two sunll,
broadly oval apertores, each
of which is encircled by a
delicate ring of chitin from

FIGUug 2. —Lateral view of flrst-instar lurva (12 ywhich ﬁ]lg{:t‘]jk(} pl’UjECtiOHS

hourg ofd) of Cocliflompin cmericane, 22, . !
extend toward the center of

the opening. Frequently the two openings are so closely appressed
at the inner ventyal border as to give the spiracle & bilobed appear-
ance. The peritreme, so easily distinguished in second- and third-
instar larvee, is not appavent. The anai protuberance, located on
the ventral side of the last segment, bears two conical, fleshy pro-
jections, the anal tubercles. A group of spines is situated in frong
and behind on the anal protuberance. Two or three rows of spines
are present alse between the anal protuberance and the lower mar-
gin of the posterior cavity. The tubercles bordering the posterior
cavity are poorly defined.

The ceplhalopharyngeal mechanism (fig. 3, A, B) is situated in the
cephalic or first apparent segment and in a portion of segment 2.
The structure consists of a pair of large pharyngeal sclerites (phs)
composed. of 2 dorsal {dc) and 2 ventral (ve) cornua and a rather
short dorsoanterior projection. The pharyngeal sclerites are ap-
parently not joined dorscanteriorly as in the second- and third-instar
Jarvae of Cochliomaria americana (fig, 6, A, dps) and in the three
instars of €. macellarie. The ventral portion of the pharyngeal
sclerites extends anteriorly and joins the hypostomal sclerites (#s),
which in turn artienlate with the ventral basal portion of the oral
hooks (eh). The parastoinal sclerites (pss), a pair of slender
sclerites, extend anteriorly from the pharyngeal sclerites just above
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‘the hypostomal sclerites. The oral hooks (04) consist of 2 elongate
selerites to which are attached a group of about & small hooklets.
Above and between the oral hooE; is an unpaired structure, the
hetching spine (ksp), which is present only in first-instar larvae.
The degree of pigmentation of the cephalopharyngeal sclerites varies
with the age of the larva. Length of cephalop 1arfyngeal skeleton
from tip of oral hooklets to posterior extremity of dorsal cornue
ranging from 024 to 0.27

min, the average of 10 being

0.26 mm; average width at

widest point 0.07 mm.

BECOND INSTAR

Larva (fig. 4) more ro-
bust than in the first instar.
Length and width of newly
molted larvaeapproximately
8.5 and 0.6 mm, respectively ;
fully developed second-
instar Iarvae measure from
6.3 to 7.4 mm in length and
approximately 1.5 mm in
width at the widest point.
Heavily armed with large
dark spines: larger spines
measuring  approximately
53 in length; spines with
1 to 8 points, -more often
1 or 2. Anterior margin
of segments 2 fto 9 com-
pletely encircled with a
band of spines, while on
segment 10 the band is S _
generally, but not always, e R
intervupted by a narrow prE T ’
space on the dorsum. On

segment' 11 the band is re- FIGuRe 3—.A, Veotral view, and B, laternl view,
duced to 2 or 3 rows of i:ri t‘el\'(lanalopﬁmr}‘ngu?é) sd{erl&t:a} IO{ i\rst-instaﬂr
. . aIva 4 E oehlijompia ameri-
smaller spines on the sides v, ]xlgg;é’; :g"geiph‘,thop}mry,;g(m:l sclorites
- {Interid] yvlew) of firet-instnc lacrve (almod u
and never conlpletely en developed) of €. macetlurie, X 1043 d, denta"{
cll‘cles t-he se,grnent. On u(:ller;.:e: ;ic, iéor%uit conlm;ldpisf do;aonhin]r{nlglcnl
- . selerite! he, ostomal selerite ; hap, butehing
segment 12 the spines are spine; ek, nrul‘vﬂnnk: ph ph(nr_y%x; :;,hs, pharyn-
confined fto the ventral %;leall fg}‘erite: I8, Imrasfomu! selerlte; ve, ven-
il Orn.

and ventrolateral surfaces. )
Ventral and lateral fusiform areas as in the first instar. Posterior
margin of segment 11 completely encircled with a band of about
3 rows of smaller, anteriorly recurved spines. On segment 10 there
are 2 irregular ventral and lateral rows, and a few scattered spines
may extend to the dorsal surface but do not join fo form a completely
encircling band. A few scattered spines may be present on sides
of segments 9 and 8 but are restricted to the venter on segments 7

and 6,
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The anterior spiracles, 2 small fan-shaped structures generally
with 7 to 9 fingerlike processes or branches on each, are situated
1 on each side near

the base of segment 2.

The structure, except

for the smaller size,

i]s sir}nil::lr to thutﬁof

o . ) S the third instar .
fmeuay ']'Tl%'altf-?lé*n‘r-iﬁﬁo:f:g;;?f?ﬂﬂg;mmt faryg (48 hours 7 4. Poster(l ogt'
spiracles (fig, 5, 4).

2 small plates each with 2 slits partly surrounded by a ving or peri-
treme, arc located in the posterior cavity on the last segment. The
peritreme partly surrounding the slits is incomplete ventrad of the

Trcune §—Posterlor spiracles of second-inslar lnevn: A, Cochliomyta americana; R, €,
wacetluria ) % 148, '

slits and quite narrowed and lightly pigmented dorsad of them.
Greatest diameter of spiencular plates from 0.1384 to 0.168 mm, aver-
age about 0.150 mm. The 2 main tracheal trunks are provided
with a dark pigment,
the pigmented portion
extending approxi-
mately one-half the
length of segment 12
Posterior cavity
more depressed than
in the first instar;
upper border of the
cavity provided with
3 pairs of rather low,
broadly rounded,
fleshy processes; the
inner and outer pair
equal, the median pair
poorly defined. On
the lower border of
the cavity the median
pair somewhat the
largest and the outer
pair ]m‘}%{arh than t.llw . b tteral o1
inner, which is poor taukn B--Lateral view of ceplirlopharyngeal sclerltes of
defined. Rolative po.  coopminetir lamm: 4, dochitumyia wpicricana; 5 .
sitions similar to those &7 %
in the third instar (fig. 8, 4). Anal protuberance rather small, with
2 prominent anal tubercles. Spines on anal protuberance similar to
those in the third instar (fig. 8, 4).
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Cephalopharyngeal mechanism as in figure 6, 4. The oral hooks
are 2 prominent sclerites with a more or less rectangular basal
portion with 2 Jong, broadly curved hooks. The pharyngeal sclerites
are produced dorsoanteriorly and are connected by the dorsopharyn-
geal sclerites (dps). The cephalopharyngeal sclerites become darker
as the larvae grow older. Length of cephalopharyngeal skeleton
from 0.670 to 0.688 mm; average of 10, 0.674 mm.

THIRY INBTAR

Form rather robust, tapering toward the anterior extremity from
the sixth segment and slightly tapering toward the posterior end on

the last three segments (Bg 7, 4). Length from 6.4 to 17T mm and

Fieone 7,—Lateral view of mature third-instar larvn: A, Cochliomyia americana; B, O.
macellerie; X 6 ; anterior spiracles nnd some spineg nre sBown more enlarged; ap,
anal pmtuﬁcmnce: asp, eotertor ypirnele; af, ennl tubercie: If, Interel fusiform sren;
mo, mouth ; mz, moxillary lobe; oh, orgl hook: pe. posterfor eavity: sp, spines: {1,
:'uberclets; ¢f, ventral fusiform area; I, frst (or vephalie} segmment; 12, twelfth
segent,

width from 1.6 to 3.5 mm. Fully matured larvae are generally 15
to 16 mm in length. Newly moited larvae are creamy white in
color; mature larvae have a slight reddish tinge.

Heavily armed with large 1- to 3-pointed spines: more often there
are 1 or 2 points to each. Anterior margin of segments 2 to 9 com-
pletely encircled with a band of spines. Spines arranged in irreg-
ular rows, those in the anterior rows the Iargest. On segment I0
the anterior band of spines is somewhat narrowed and generally
interrupted on the dorsum as in the second instar. On segment 11
the anterior band never completely encircles the segment and the
spines on the sides are smaller and greatly reduced in numbers.
Spines on segment 12 are resiricted to the ventral and ventrolateral
surfaces, The posterior margin of segment 11 is provided with =
loose band of 2 or 3 rows of anteriorly curved spines. On segment 10
a few scattered spines may be present laterally and dorsolaterally

14861°—36——2
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but are always present ventrally and ventrolaterally, On segmnents
7 to 9 the spmes at the posterior margin are reduced to 1 or 2 rows
and confined to the ventral surfaces.

SP [7 4
Fiinps S.—Tosterior view of {welfth or last apparent segment of third-instar larva ! 4,
Coehifompyin wmericenn; B, U miecetlarin; ¥ 1085 r, anus: ¢p, nnnl prolubernoee; af,
anal Lubercle; 4, Inner tubercle; m, median tubercle; o, otter tubercle; pe, posteclor
cavily ; ps, poesterior spiracle; sp, spines on anal prolubernnce; £7, eleventh seghient.

Anterior spiracles (fig. 7, 4) provided with from 6 to 11 finger-
like branches; the usual number is 7 to 95 average of 120 spiracles,
8.3 branches per spira- .
¢le. The posterior
spiracles (fig. 8, 4. and
more enlarged in fig,
9, 4) ave large. each
with a prominent,
dark, progmented
peritreme  which ap-
parently dees not com-
pletely surround the 3
more or less oval slits,
Greatest diamcter of
spiracular plate from
0.39 to 0.46 mm: nver-
age of 10, 043 mm.
The 2 main tracheal
trunks are darkly pig-
mented, the pigmented
portion extending an-
teriorly to the tenth or
ninth segment (fig. 10,
A

Upper border ni
POStePiOl: cavity (_ﬁg-& Wiguan 0.--Posterior spiracles of third-instar Iarva: A,
A) bearing 3 puirs of  gochinyic ncrieant ¢ mocslrin; 5" S i
low, broadly rounded
tubercles; inner and outer pairs approximately equal; median pair
greatly reduced and closely approximnated to the outer tubercle.
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Lower border of cavity provided with similar tubercles; the median
pair the largest and the outer pair larger than the inner pair. An

(N

Fisunp 10.—Dorsnl view of posterlor segments of third-lnstar latvee showinr (43 ple-
mented trachen! {ronke of Cechilosyie umericane nud (F) woplomented trac ont Lrnnks
of ' muegellaria; ¥ 13,

additionz! pair of small tubereles situated medially near the lower

margin of the posterior cavity. Anal protuberance (fig. 8, 4) com-
paratively small,
with 2 prominent,
conical anal tuber-
cles, Rather promi-
nent spines located
on the anal protu-
berance in front and
behind. Short rows
of 3 to 4 minute
spines gituated on
the lower portion
of the depressed aren,
and on lower margin
of posteriorcavity
{fig. 8, 4).

@mfm opharyn-
geal mechanism as
in figure 11, 4.
Altheugh larger and

Figorr  11.—Cephalopbarynpen) selerlies of malove  thled- quife different in ap-
fnstar Iarve (lateral vlew}: A, Coehllowpin amerieand pearance, the pm‘ts

B, C. mecellarie; X +40. .
' nre essentinlly the
same 8s in the second instar. The narvow pigmented strip arising
at the dorsoanterior margin of the pharyngeal sclerites and extend-
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ing posteriorly is not seen in younger third-instar larvee, but as the
larvae mature this part gradually becomes more distinet. The
entire cephalopharyngeal mechanism becomes more heavily pig-
mented and rougher in appearance as the larvae mature, Length of
cephalopharyngeal mechanism from 1.40 to 1.56 mm; average of 10,
1.49 mm.

COCHLIOMYIA MACELLARIA TFAR,
PIRS'T TNBTAR

Size and general form similur to those of Cockliomyria americana,
Spines small, brownish in color; larger spines approximately 6p in
length. All spines with a single point.

Last segment slightly depressed behind. Posterior spiracles sini-
Iar to those of Coehliomyia americana. Tubercles bordering the
posterior cavity poorly defined.

Cephalopharyngenl mechanism (fig. 3, ¢} differing significantly
from that of Cechliomyra smnevicana. Pharyngeal sclerifes with a
prominent dorsoanterior projection which joins at the anterior ex-
tremity. The hatching spine is broader and the oral! hooks differ
greatly in structure from those of €. americana. The oral hooks
consist of a pair of irregular, elongate sclerites with a large number
of small hooldets closely grouped at the anterior extremity. The
cephalopharyngenl skeleton is considerably lavger than in O. ameri-
canu, the length ranging from 0.33 to 0.34 mm] average of 10, 0.336
mn, Average width al widest point §.125 nun. :

SECOHND INNTAR

Liarvy slightly less robust than in Cochliomuyia americana. Spines
small; length of larger spines approximately 20x. Spines in the
anterfor rows of each band generally with 2 and oceasionally 3
points; those in the posterior portion of the band more often with 1
point. Anterior margin of segments 2 to 9 completely encircled with
spines; on segment 10 the band is interrupted on the dorsum, and on
segments 11 and 12 the spines are restricted to the ventral and ven-
trolateral regions. Spines wanting on dorsum and sides at posterior
margin of segments, thus differing from €. americana, in which the
posterior margin of segments 11 and 10 is armed +with several rows
of spines on lateral and dorsal sarfaces,

Anterior spiracles more often with 9 or 10 branches. Except for
the smaller size, the anterior spiracles arve similur to those of the
third instar (fig. 7, B). Posterior spiracles {fig. 5, B) more lightly
pigmented and smaller than those of Cochliomyic americana; aver-
age greatest dimmeter approximalely 0.120 mm. Tracheal trunks
leading from the posterior spiracles not pigmented.

Tubercles on border of posterior cavity larger and more conspicu-
ous than in Cochliomyia americone. The general appearance of the
last segment, although smaller, is essentially the stume as in the third
instar {fig. 8, B).

Cephalopharyngenl skeleton as in figure 6, B. The oral hooks
ure comparatively short and not so broedly curved as in Cechliomyia
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americana. Other differences are readily upparent by comparing the
figures. Length of cephalopharyngeal skeleton from 0.73 to 0.80
mm; average of 10. 0.78 mm. Average width approximately 0.8 ram.

THEIKD INSTAI

Foom (fig. 7, B) less robust and slightly smaller than Cochliomyin
americany,  Spines comparatively small, with from 1 to 3 points,
more often with 2. Anterior margin of segments 2 to § completely
encircled with bands of spines arvanged in more regular rows than
in ¢, emericane. On segment 10 the Dand is interrupted on dorsum,
and on segments 11 and 12 the spinose area is restricted to the ventral
and ventrolateral regions. Spines wanting on posterior margin of
segments, except for 1 or 2 rows of small spines on venter of segments
7 to 12, Anterior spiracles short, with rather short branches (fig.
7, B), the number of branches varying from 8 to 12, more often 9
to 11, average of 120 spiracles 9.81 branches per spiracle. Posterior
spiracles (figs. 8, B, and 9, B) smaller and more rounded than in €.
americana. Greatest digmeter of spiracles from 0,342 to 0.370 mm;
average of 10, 0.356 mm. Tracheal trunks leading from the posterior
spiracles not pigmented (fig. 10, B}.

Posterior cavity outlined with conspicuous conical tubercles (fig,
8, 2} ; the inner and outer pairs on upper margin equal in size, the
median pair smaller. On the lower margin the outer pair slightly
larger t}mn the median; the inner pair smaller than the median.
An additional pair of small tubereles is situated medially near the
lower margin of the posterior cavity. Anal protuberance {fig. 8, B)
large, with the two prominent, conical anal tubercles. Spines on
anal protuberance as shown in the figures. A more or less V-shaped
group extending npward on the onter side. Border of the posterior
eavity armed with numerons rows of 8 or 4 minute spines.

Cephalopharyngeal mechanism as in figure 11, Z. The oral hooks
are smaller than in Cochliomyia americana; the pharynx is motre or
less ribbed, whereas in €. americans it is smooth. Pharyngeal
sclerites lurge, with the dorsal cornua slightly elevated. The strip of
pigmented materizl just above the dorsal cornua is present in varying
amounts only in the older third-instar larvae. Length of cephalo-
pharyngeal skeleton from 1.43 to 1.68 mm; average of 10, 1.56 mn,

SUMMARY OF THE CHARACTERISTICS DIFFERENTIATING THE LARVAE OF
C. AMERICANA AND €, MACELLARIA

PHLRET INSTAR

Q. amierigang

. CGeneragl appearance of cephalopha-
ryngeal sicerites as in figare 3, 4,

B,

. Smaller caphalopiiiryngeal  mecha-
nisuw; averuge length 0.260 mim,
average width at widtest noing
.06 mm.

3. Hpines largc; larger spines approxi-
mately 20 in length, Spines gen-
erally henpvily pigmenated.

. maceliaria

. Lenerul appearsnee of cophalople-

ryngeal selervites ng In fignre 8, €.

. Avernge ength of cephalophimryn-

genl mechunism 0336 mm, nver-
nge width at wideat point 0125
ik,

S Bplies smaller; Isrger spines ap-

proximately Gp in fongth, Spines
generally lighter in Color,
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BECOND INSTAR

0, americana

1. General appearance of cephalophg-

ryngeal sclerites as in figure §, 4.

2. Average length of cephalopharyn-

geal mechbanism 0.674 mm.

. Posterior murgin of segment 11 pro-
vigded with a completely encire-
ling band of spines; on segment
10, spines wantlng only on der-
S,

. Tracheal trunks leading from pos-
terior spiracles dark In color
from junetlon with spiracles
throngh approximately one-half
length of last segment.

. General appearance of last sezment,

cxcept for the smalier slze, closely

resembling that of the third ju-

star, which see (dg 8§, 4],

. Ventral wall of pharynx smooth.

. 8plues large; larger splnes approxi-

mately 55z In length, Spines gen-

erally dark brown to bluck,

. Geucral appearsnee of posierior
spiracles 83 in Hgure 5, 4. Com-
puratlvely large, uverage greatest
diameter 8.150 mm,

Anterlor spiracles more often with
7 to 9 branches,

0. macellarig

. General appearance of ceplialopha-

ryngedl sclerites as in tipure 6, B.

. Average length of cephalopharyn-

geul mechanism 0.780 mtn.

. Posterior margin of segments de-

void of spines except on ventral
surfgee.

. Tracheul trunks leading from pos-

terior gpirarles not pigmented.

. General appearance of last segment,

except for the smaller size, closely
resembiing thut of the third in-
star, which see (fig, 8, £).

. Ventral wall of pharynx ribbed.

7. Bpines smaller; larger spines ap-

a2,

. Geuneral appesrnnce of

proximately 20 in length. Spines

brownish,

nosterior
spiracles as in Agure 5, #. Com-
paratively smail, avernge greatest
dinmeter 0,120 mm.

Anterior spivacles mere often with
@ to 11 hranches,

THIRD INBTAL

C. americung

- General appearnnee of cephalopha-

ryugeal sclerites #s o figure 11, 4.

. Trachesl trunks leading from pos
terior spiracles Jark in ecolor at
Junction with posterior spiracles
and extending te teuth or ninth
segment -(fiz, 106, A).

Posterior margin of segment 11 pro-
vided with a completely encive-
1Ing bund of spines.

4. Appearance of posterior spivacles ns

in figure 9, 4. Averuge greatest
dinmeter of posterior spiracles
0.427 1pin.

. Btructore of last segment as in fig-
ure 8, 4

. Spines large; larger spines approxi-
mately 130« in length,

. Anterior spiracles more ofien with
T to 9 brunches. Branches longer
and mote wldely separated (fig. 7,

A
. YVentral wall of pharyox smooth,

1.

C. macellarie

Generul appearsice of cephalophn-
ryngedl sclerites as in figure 11, H.

- Trucheal trunks not pigmented (A

10, B).

4. Posterior margin of segments devaoid

8

of spinex coxcept on ventral sup-
face.

. Appearance of posterior spiracies us

in figure 9, B. Average preatest
dinmeter nof posterior spiracles
0.356 mm.

. Strueture of lust sexment as in fig-

ure 8, A.

. Bpines smaller; larger spines ap-

proximately B0u in length.

. Anterior spiracles more often with

3 to 11 branches. Branches com-
(mratively shorter and closer to-
pether (Bg. 7, B).

Ventral wall of pharynx ribbed,

DURATION OF LARVAL INSTARS OF COCALIOMYLA AMERICANA

Experiments to determine the duration of each instar indicate
that this is considerably influenced by the size and nature of the




BIOLOGY OF THE PRIMARY SOREW WORM FLY i5

wound and the number of larvae present. The weighted mean lar-
val feeding period for 551 larvae reared in a large wound was 149.8
Tours, while that for 485 larvae reared in a small wound on the op-
posite side of the same animal and infested at the same time was
214.2 hours.

The weighted means of the duration of the total larval stage in
each of six cases in sheep at Sonora, Tex., during May and June of
1934, were 1745, 107.5, 103.8, 139.3, 1412, and 164.1 hours, At Me-
nard, Tex,, observations on cattle infested in nature showed that the
larvae continue to feed for 82 to 239 hours before they leave the
wound.

H. O. Schroeder and C. N. Smith, of this Bureau, working with an
infested sheep at Washington, D. C., during Mareh 1934, obtained
the results shown in table 2 on the duration of the various instars.

TasLe 2.—Dration of the larrel {nsiars of Cochiliomyia wwmericune 1n sheep,
Washington, 1. C., Mar. 1, 1835

Larvae removed from wonneds
Apa {howics}

First ingtor Secood ingtar Third instar

Number | Pervent | Nuwber | Percent | Nuniber | Prereent
17 104 0 (]
10 a8.8
1 B4
il

=5
Ziforocosss
b e D B

—_ st et
SOOI WR=OSCODO

0
1] Q
q L]
1] /]
n 1]
0 0
0 0
1] 0
] ]
0 1]
1] 1]
Q 0
] 0
] ]

1 Aga nt which first maluro lervae Iotl woud.
1 Ape nt which last mature larvae lelt woumnd.
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Data obtained on the duration of larval instars in six infestations
of shecp at Sonora, Tex., during the summer of 1934 are given in
table 3.

TaBLE 3—Vuriations i the duration of larval instars vf Cochlicmyio. americana
in skeep, Sonara, Tex., Muy and Junc 1984

Lurvoe ramoved from Larvue leaving wound to
wonnd pupute Larvia

Apsof larvaa when maluring

Case no. rgmovad from

wound First |Sevond| Third | FirstJarvee | Tost larvse
Insiar y inster | instar | leaviog wound | jeaving wound

Agein g in
Minutes | Number| Number| Numiber| hours hours
15 i

.5 124.5

f -

BNIRBRLARBBLNNESLSE B nL ERnenanags,

a2
g
o
&
o
&
0
5n
20
50
5
H o]
5¢
54
5
50
50 |.
50
50

In one case in a sheep, where the wound was infested with less
than 100 larvae, it was observed that some of the larvae changed to
the second instar in 18 hours.

The results of observations to determine at what time of da
mature larvae leave the wound are shown in table 4. The animals
used in this experiment were kept in a screened insectary and
watched constantly until all maggots had left the wounds.
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TARLE 4.—Observations un time of dey lurvee of Cochliomyia cmericana. leave
wounds in sheep, Ronora, Tex., May and June 1834

Case 3 Casa 6 Case fu | Case 12 | Cose 13 Cuase 14

Time of Jay Mey— June— June— Jupe— Jugtee—

1 i6 26 ay

N L | Ve,

3

i
Rwoetm”

[}

B

88

[

EppED
yEBHEE

-
nf

3

O waomeamin
!
B

P Dy e pn e
SS("O oo
g =il
[
H
b

Bagdy:

‘o
B
L2auEsBEg

ESEE6558
it OO O L G RS
BSTPRPTEY

L Ry O W 3 b b b b et 00 M

(=]
-
[=]
—
- b3

[x]
]

Larvae Legin feeding on the tisswes of the wound as soon as they
hatch. Melvin has demonstrated experimentally that newly hatched
larvac are capable of penetrating the unbroken skin of rabbits and
guinea. pigs. This has never been chserved to take place in nature,

ut numerous infestations occur among range sheep in the external
lachrymal fossae of the eyes in which there is no evidence of skin
abrasions.

After the larvae penetrate the tissues, they assume the character-
istic head-downward position, with the posterior end bearing the
spiracles remaining in contact with the air. In cases where the
wound is so located that the exudate collects in the cavity, the larvae
periodically extrude the posterior tips of their abdomens above the
surface of the liquid for the purpose of obtaining air. When once
the larvae of Cochliomyia americane become embedded in the flesh,
they do not move about in the wound as do €. macellaria and other
wound-inhabiting species.

THE PREPUPA

The length of the prepupal period varies considerably and is appar-
ently dependent to some extent upon the environment in which the
mature larvae find themselves at the time they drop from the wound.
It has been noted to range from T to 76 hours, The weighted meun
prepupa] period for all mature larvae which had dropped naturally
from five cases in sheep at Sonora, Tex., during June 1935 is given
in the following tabulation:
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Number of moture Weiphted menn
{aroee dropping prerpipal periads,
fram wound hours

Bl e et e amam 20.7
A e s mm————— 87
L DU 17.3
O e e ol e 0.3
2 = N PRV O VRO 3 |

As soon as the larvae observed in this test dropped from the
wound they were placed in a pint mason jar half full of slightly
moistened sand. The jars were l[:ept, in an open insectary.

Upon leaving the wound, the larvae immediately seek some shel-
terea place in which to pupate. They either crawl under some object
or burrow into the soil. The results of experiments conducted by
Melvin to ascertain how deeply the Iarvae would penetrate into
several types of soil are given 1n table 5. These tests were conducted
by placing each type of soil in & wooden container 6 inches square
. and 38 inches high, waterproofed at the sides and open at each end,
and standing the container npright in 3 inches of water. The deptlt
of penetration by Cockliomyia macelluria is alse given for com-
parison.

TaBri S—DeMh of penelration by Cochliomypie americana and . maceflarie
tereae in soil of different thpes

Clay Hoavy bk soli Ranil : Girnvel
e : i
species s ! - L
Species Weighted! 2iaxi- !“’l!il{l!il‘fi‘ Maxi- I\\'u:ul:md! Muxd- Weiplited| Afaxi-
mean WU 1 el IR wean | mum | omean U
duptia ippth ] tepitd I demhy depth | el ; depth depth
i : ] ! — |-
]
Trucher | dnchex ! o s Pnches Fnches Forodies Inchiex Freeder
€ amcricana, 7T 17 | .45 14 4,20 i 18 d
. macelieria_ 1,385 & I IRt L] L6 3
: b

In another experiment, heavy black loam wax fightly packed in
a glass eylinder 334 inches in dianmeter and 5 inches high by tamping
the soil with u heavy stick. Larvae of Cochliomyia anurvicana pene-
trated into this medium to depths ranging from five-sisteenths of
an inch to 114 inches, the weighted average being fifteen-sixteenths
of an inch. When the ¢ylinder was loosely filled with the samne kind
of soil, the depth of penetration ranged from six-sixteenths of an
inch to 3 inches, the weighted average being 17 inches.

The first experiment was conducted in the luboratery at a fairly
constant temperature (86° F.) during February 1935, at Dallas,
Tex. The second experiment, by H. O. Schroeder and C. N. Smith,
was made on April 1, 1935, in a reom temperature of about 80°.
Tt must be remembered that these tests were made under purely arti-
ficial conditions and give only an indication of the ability and ten-
dency of the larvae to penetrate soil,

THE PUPA

The pupa of Coclliomyia ¢mericana is shown in figure 12. Nor-
mally it is of a dark brown color and is much larger and more bur-
rel-shaped thun that of ¢, macellarie. Ten specimens averaged 10.2
mm in fength and 4.3 mm 1 width.
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The duration of the pupal stage is subject to considerable varia-
tion. Under conditions in which the pupae were exposed to the in-
fluence of outside weather factors, the length of this period ranged
from 167 hours (about 7 days) during :
the summer to 5¢ days during the g
winter; under controlled laboratory
conditions of 100 percent relative hu-
midity, Melvin determined that the
period ranged from 142.2 hours at
94° F, to 760.4 hours at 59°.

Under controlled temperature and
humidity the pupal period is ulmost
twice as long as that of Gochliomyia
macellaria, as determined by Melvin'’s
experiments.

The relation between air and soil
temperatures and their effect on the
duration of the pupal stage were
studied by R. A. Roberts at Uvalde,

Tex., during January, Febrnary, and

March 1935. On January 19, pupae

were buried 4 inches below the surface

of the soil. Maxhnum and minimum

temperatures of air and soil were

recorded daily until either the flies

@nerged or the pupae had died. On

March 1, 8, and 4, or 41, 43, and 44

days later, from the pupae placed in

the soil, 9.1, 4.5, and 227 percent,

respectively, of flies emerged. The

remainder (63.7 percent) of the pupae R s e g

were (ead. The highest and lowest e jb
daily maximum and minimum air and -

soil temperatures recorded during the  Frovke 12--Tuna of Cochtiomyia
period from the time the pupuae were nomeriednt, 3¢ 18
placed in the soil until the adults emerged are as follows:

Bighest, daily maxinun gir (emperatirne..

Lowest daily maxhnam air felupeteture,

Highest daily minimum alr temperature

Lowest daily minimum air temperature

Highest daily maxiomm soll temperature. .. ...
Lowest daily muximum soil teinperature_. - eemnn
Highest dally minimum soil temperature
Lowest daily minimum soil tempelature

THE ADULT

The adult of Cochliomwia americana has a decp greenish-blue
metallic color and may be readily distinguished from species be-
longing to other genera of blowflies in the United States by the
characteristic yellow, orange, or reddish face, 2nd the the three dark
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stripes on the dorsal surface of the thorax (pl. 1). Because of

the similarity in external characters between . macellaria and .

americana, however, it is much

more difficult for the inexperi-

cniced observer to separate

these two species, Females of

C. macellaric may usually be

distinguished from those of .

americana by the fact that the

basicostal scale {a small sclerite

at the base of the wing} of the

former is of a yellowish color

whereas in the latter this part

isblack. Also,in . macellaria

the underside of the abdomen

along the mid-line is covered

by a dense whitish pruinosity

which, on the last visible seg-

ment of the abdomen, appears

as two lateral whitish spots

when the specimen is viewed

fgom ahov% This character is
G OE 1% cenitatiy of £ ’ absent in €. americana.

o o Coohiomyte The most reliable means of

telling the males of the two

species apart is by an

examination of the

genital  apparatus,

The difference be-

tween them is shown

in figures 13 and 14.

In most cases it has

been observed that the

flies emerge from the

pupuaria early in the

morning between the

hours of 4 and T

o'clock, and are ready

to take wing a few

hours Iater. Gener-

ally from 5 to 10 days

must elapse after

emergence before the

female is capable of

depositing fertile

eggs.

1%5 previously stated,
the eggs, according to
the records, are de-
posited in batches of
10 to 393. The female
is able to deposit
8s many as 300 eggs in 4 to 6 minutes, Tests have been made to de-
termine the total number of fertile eggs a female is capable of

¥Frourp 14.—Male genitnlla of Mochiiompie wmocellorie,




Tech. Bul. 500, 1, 5, Dept, of Agricuiture

Neastbved farnbshod throuels cuuetosy of M5 Youmuns,

ADULT SCREW WORM FLY ({COCHLIOMYIA AMERICANA},
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laying. The maximum number laid by a single female kept in
captivity and fed on meat, sugar water, and banana under an average
rocom temperature of 80° ¥\, as determined by H. O, Schroeder
and C. N, Smith, is shown in table 6. This fly lived for a period of
65 days, which is the greatest longevity record so far obtained on
flies of this species kept in captivity. When this fly died, its abdo-
men was dissected and found to contain approximately 250 almost
fully deveioped egps. As a rule, when the flies are kept in cages
they arr short-lived. A large number die within 7 days and few
of them live longer than 30.

TanLe §.—0vipogition record of one female of Cocldiomyia americann

Ageof By Ageol iy Ageol Oy
Epps al time Egrs at time Eggs | at time
n Butch no. in of Inying Baich no, in |ollaying
hateh ! batch ! each bateh | ht'.atcrll
ntch

Iulit- Num-
ber ber Irags

) 234 [ 183 54
;_ SR 104 il
1 D, 4,853
10 e

1 Ench batch contained a high percentage of fertfle eggs.

When kept in cages in insectaries or out of doors, adults are not
so active as other species of flies under like conditions. They prefer
%o remain motionless, resting on the walls or top of the cage the
greater part of the time; in nature, however, they appear to be strong
fliers. During the hot months of summer and early fall the flies are
more numerots and active about animals, and it is during these sea-
sons that the largest number of infestations usually oceur. The low-
est temperature at which females have been observed ovipositing in
nature was 65° F., but it is quite possible that some of them will
infest animals at temperatures lower than this.

Adults kept in captivity feed readily on sweets of various kinds,
bloed, meat, bananas, and the nectar from flowers growing in the
cage; in nature, they have heen observed to feed on wounds, fresh
manure, and fresh meat. :

According to records obtained by Melvin, the total life cycle of
Cockliomyia americana, that is, from the time the eggs are laid until
females developing from these eggs are ready to oviposit, is about
24 days at an average air temperature of 72° F. during September
and October at Dallas, Tex. This is nearly twice the time required
tor C. macellaria to complete its life cycle.

The comparative abundance of (ochliomyia americana and C. ma-
cellaria in nature is 1 of the former to 590 of the latter, as deter-
mined by the attractiveness of fresh uninfested and infested neerotic
wounds in cattle at Menurd, Tex,, by H. E. Parish, during the sum-
mer and fall of 1934. This ratio is based on a total of 66,155 of the
two species visiting 6 wounds which were exposed for a period of 2
days each. The ratio of the species taken in a standard meat-baited
flytrap during a 7-day test in which 80,139 Cochiiomyia were caught,
was 1 (. americana to 2,427 C. macellaria.
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EFFECT OF COLD UPON EGGS, PREPUPAE, PUPAE,
AND ADULTS

The results of experiments by H. O. Schroeder and C, N. Smith to
determine the effect of cold on the various stages of Cechliomyia
americana ave given in fables 7 and 8. In the tests shown in tablé 7,
specimens were placed in an electric refrigerator and the temperature
was run down to the desired point; then the current was eut off and
the refrigerator ullowed to warm graduaily. When the temperature
had risen to 50° F., the specimens were removed and kept at a room
temperature of about 80°,  In some instances a few of the specimens
were held at 40° for a number of hours before being kept at room
temperature. The time required to run the temperature in the refrig-
erator down to fhe desired point ranged from 3 to 514 hours. One-
half of each egg mass listed in tabie 7 was kept at room temperature for
a check on the viabilily of each buteh, All the check eges halehed,
Similarly, an equal number of prepupae and pupae which had spent
their larval stage in the same wound as those used in the test served as
check specimens.  These all produced normal adults.  Adults from
the same source as those used in the test were al) nornal specimens,

Tasre T.—Effect of cold on cpus, prepupae, pupac, und adulls of Cochlivmyia
anerigand

! | Toyal tite
Lowest | o tired
tulllpern- for ten
ture ta o tm .
Stage of Iy | Speclmens in | which 11"3)": ugﬁ‘r‘ Hesults
expiased Lest speci- i LB
prigeen mwes
Were poittt anrd
cxposed Lo r;sﬂ to
Number O {loers
450 (3 dots 1), . 4u 7ha| Ylats lintehed; 1did noi.
43 (3 lots). .. 25 0 | 4 lots did not hatels,
Egps. .. . 136040 {4 1ots). . 26 1y | 2iots hatehed: 2 dfd oo,
50 {3 lots)., .. 1 7Vt | lot hnleletl; 2 did not,
00 {2 lots). ... o § | 21pts did not hateh,
n 120 13 | Vdied; lived to sdult singe fall maless,
H 15 714p 3 died; 71ived to pdultstare; females 1nld fertile epgs.
G 15 7340 3 died; 3 pupiied but died later; nu adulis.
10 %13 O | 2dled; 8 pupaled; 4 ndults enierped,
0 13 9 | 3died; 7 pupated but died Inter; no adults.
! 10 134 12| A died; 0 pupaied but died futer; no adults.
Prepujue... . 10 232 1211 dled: 9 pupated; T male emerged.
i0 12 12| b died; i pupsled bui died Juter; no adulls.
0 LN T 1 3 died; 7 pupated bui died laler; Go adais.
10 1! T | #deds 1 pupnied bor died luter; oo adults.
fi 14 15 i ded,
I i 20 Do.
] LR 1T] 4 3.
G 70 B Gadulls emerged nnd $aid epgs.
10 f IR 121 4 adults eroerges) and Dl fertile appes, & died.
Fupun ] LK Fo| 2aduolts emerged ored Inbid egpss 4 ied,
e ! 113 5 | 6died.
16 i1t H 10 died,
] LR B 109 I
n b1} 7| A mades ved; 2 females died; 11ived wnd Tnil epps,
HIJ 15 1 10 dietl,
b 18 8 | hdied,
Adihs. oo 1 15 10 | 10 died.
1 L] & uald Ta.
10 10 19215 Tro.
10 1]} 1744 Do,

! Bach lot consisted of one-half of an egg mess and containgd about, 150 epgs.

1 Spoclzens Biamd in helt-pint paper cup containlng sawdust; wll others in open cups.
¥ Apecimens held at 40° ¥. for 15 hours,

1 8pocitmens held at lowest temparature 16 hours.

4 Bpecimens held at lowest tetnperature 4 Liours nod ul 40° F, for 13 hours.

By using # thermocouple and galvanometer, the temperatures at
which the body flnids of the different stages of €. americana freeze
was cetermimed. These temperatures are given in table 8.
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TasLE B.—Undercooling end frcecing points of eggs, prepupac, and adults of
' Cochliomyia americdiia

t‘%’;ﬁe Average

conllng freozing Effect on speciniens

Slape and number of specimens
point peint

. oK

}BEE THBES. o\ oaccecmemmvacam on smmammmoenn s All failed to hatch.

’é [repupas. . . All died
P!

3 adults .emetgeﬂ.
All lived.
Alllived and laid fertile egps.

BREEDING PLACES

At the present time all the evidence at land indicates that in
nature Cochliomyia americana larvae begin their development only
in the tissues of live animals,

Of approximately 67,000 flies of the genus Coc/. liomyia renred by H.
E. Parish from carcasses of cattle, sheep, and rabbits exposed in na-
ture at Menard, Tex., when adults of C. americana were active, all were
O. macellaria. At Sonorn, Tex.. no adults of '. americane were found
in samples of 2,000 flies reared from each of 5 rabbit carcasses that
were exposed for 3 days after the animal had been dead for the
following periods: 10 minutes and 12, 36, 60, and 84 hours.

While it is possible under laboratory conditions, by a method de-
veloped by Melvin, to rear the flies from the egg to the adult stage
on such media as hard-boiled eggs and raw lean beef kept at a con-
stant temperature of 94° F., under natural conditions oviposition
has never been observed to take place on carcasses, pieces of meat,
or other mnaterials. Females kept in eages in the laboratory under
room temperatures of 80° have depositerd eggs on fresh lean meat,
and they oviposit readily on this medium at o tewperature of 95°.

Numerous observations have shown that larvae which have begun
iheir develapment in live animals are able to complete their growth
in dead tissue. Results of three tests conducted by Melvin, in which
suinea pigs were killed at 24-hour intervals after becoming infested,
showed that the minimum ages of the larvae at which they continued
development in the earcass were 36, 48, and 96 hours; during these
periods the average daily mean temperatures were 75.6°, 86.0°, and
52.4° F., and the average dailv maximum femperatures were 887,
86°, and 64°, respectively. Observations indicate that under such
conditions the larvae must molt to the second instar before they can
complete their development.

SUMMARY

Cochiiomyia americana and C. macellaria ave two species of screw
worms which infest wounds in man and animals. The former, be-
cause of its close similarity in outward appearance to the latter and
more common species, remained unrecognized for a number of years.
Its discovery necessitated n restudy of the biology, habits, and rela-
five economic importance of the two species,

Present data indicate thet in nature Cockliomyie americans 1s a
primary, obligatory parasite and initiates the majority of screw worm
infestations in warm-blooded animals in the tropical and subtropical
regions of the New World. Its known normal distribution extends
from Argentina, South America, to the southern part of the United
States; it has been found in a few instunces in several of the more
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northern States. The earliest authentic record of its occurrence in
the United States dates back to 1882,

The activity of the adults of Cochliomyia americana is consider-
ably mfluenced by seasonal varintions in temperature. In the south-
ern part of the United States, the fly begins its attacks late in the
spring or early in the summer. As o rule, the first killing frosts in
the fall mark the cessation of the Jy's activity throughout the
winter; during the milder winters, however, temperatures are not
low enough to kill the adults.

Studies’ on the duration of the different stages of Cochliomgia
americana reveal the following facts: (1) The incubation period of
€ggs on wounds in animals ranges from 11 to 21.5 hours under
natural conditions; in one instance, in an animul in a luboratory,
eggs hatched in 6 hours, and under controlled conditions of temnpera-
ture and 100 percent relative humidity the incubation period ranged
from 9.2 hours at 99° F. to 13.9 hours at 84°; no hatching takes
place at 59°. (2} The duration of all larval instars in cattle infested
in nature ranges from 82 to 239 hours; in sheep the weighted mesn
range of this stage was from 103.8 to 174.5 hours. The length of
the different instars appears to be influenced by the size of the
wound and the number of larvae that infest it, {3) The prepupal
stage lasts from 7 to 76 hours and the pupal stage from about 7
days in the summer to 54 days during the winter, The duration
of both these stages is considerably influenced by temperature and
moisture. (4) The longevity of a(fults in captivity is usually short

(about 7 to 30 days), but in one instance a female lived 65 days.
Eggs, larvae, and adults of Cochliomyia americana can be distin-

guished from those of (. maccllarie; the eggs, by the wider band
which encircles the micropyle; the larvae, by differences in the
structure of the cephalopharyngeal mechanism, the size and arrange-
ment of spines on the segments, the posterior spiracles, and the size of
the fubercles on the last segment; the adults, by the form of the
genitalin and differences in coloration of certain parts of the body.

Larvae of Cockliomyia americana appear to penetrate more deeply
into soil to pupate than do those of &7, macellaria, _

Individual females of Cochliomyia americana may lay as many as
2,853 eggs. The eggs are deposited in characteristic batches of 10 to
393 eggs each, and the oviposition of as many as 300 eggs may be
tompleted in from 4 to 6 minutes.

EBggs of CQockliomyia americana ave killed af temperatures near
the freezing point, but prepupae, pupse, and adults are able to with-
stand temperatures considerably below this point.

The evidence indicates that under natural conditions Cochliomapic
americang breeds only in live animals, but in the laboratory it has
been possible to rear it from the oge to the adult stage on dead tissue.

The comparative abundance of Gochliomyia americana and €. macel-
laria in nature, as determined by the number of each species attracted
to fresh and necrotic wounds, 15 1 of the former to 590 of the latter;
us determined by the number taken in meat-baited flytraps, the ratio
is 1 to 2,427,

Under controlled laboratory conditions the length of the lifs cycle
of Cochliomyia americana is about twice that of ¢/ macellaria,
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