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C":) INTRODUCTION 
0::: 
$Screw worms ha.ve long been known to inflict serious InJury to 
ftmn and animals in the subtropical and tropical regions of North 
America and South America. The recent dIscovery 1 that at least 
two species of these flies have been confused heretofore under the 
name Oo()ltliomJ/ia l1wcellaria 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 faet that data concerning them are now qnestinnable, 
and the ever-increasing importance of theiL' activities, a newer 
knowledge of the economic status or each must 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 (Joc:7/!io'lnyia aTM?icana C. and P.~ 

1 CUSHIIW, E. C., aud rA'J.'TOS,W. S. llTt:D1ES OS 'I.'all 'HmU~Jlt /)IP~'EI1-' OF ~[EDlCAL "\:o;p 
Y}lTl'lRlNARI: DIPonTANCEl. COCHLIOMYIA Al'olERICANA 81'. :0;0'-', TUIl scnEw·wOnM f'LY OF THl> 
NElW WORLD. Ann. Trop. Med. nnd l'nrasltol. 27: 5:l()-5til. llJus. 193:!. 

~ While it Is pO$slhJe that the primary screw worm I!y mnyhnve been described by enrlier 
workers under sud} names ns ]tomill';voru"", ulltlw-ullOphafla, fuLtlobariJatu, illofc8ta, and 
others, an Authentie name for this Speci!!8 can bl! assigned only after an e.''tamlnatlon ot 
all type specimenB has been made. For the prescnt, it is deemed more approJlriate to use 
the name V. americana to deslgnnte the primary screW worm IlYOf the New World, ev;)Il.
though an older nnme mny be adopted later. 


14861°-36-1 




---

,.r" 

2 TECHNICAL BULLETIN 500, U. S. DEPT. OF AGRICUL'l'UHE 

ECONOMIC IMPORTANCE 

Apparently all warm-blooded animals are snsceptible to infesta­
tion. Any type of wound, the navels of young animals. and the 
natnral openings of the body, such as nostrils, mouth, eyes, ears, 
vagina, and anus, may become infested with the larvae of Oochlio­
myia a'l7u!1·icana. Infestation of the natural openings is usually the 
result of an injured, diseased, or unclean condition. 

The evidence indicates that this fly is a· primary, obligatory para­
sit~ and that it initiates the vast majority of cases of external 
myiasis, commonly called screw worm infesta'tions, in man and ani­
mals in the United States and probably in the entire neotl'opieal 
region. Not only is it important m; n primary in1':I(l('r of wounds, 
but it 'will also continue to infest necrotic lesiolls. It is known to 
be the specific cause of n large number of cases of nasopharyngeal. 
myiasis in man in tIll' Nt'w 1Vorld Tl'opi('s. Only one east' of this 
~ype has been observed among dOlllt·~tic anitn:1I~. :i shC't'p on (1 ranch 
]n southwesterll Texas. 

Table 1 gives the number and species of flies real'{'d from each 
of 114 cases of myiasis o(,C'llrrill[!: in (lonwstic animals on (Ill(' ranch 
in southwestem 'l{exas cllll'ing th'l' Y(':1r 1934. Thes(' animals became 
naturally infl'sted 011 the range and wel'e brought into the corral:; 
for treatm('llt. :Mm:t of the rases W{,1'P found befoL'e th{' in:fpstntions 
became ext('llsive anel before the HHlP:p:OI'S fil'st infesting- the wound 
had matul'el1. NOIw of t1w ('ase~ l'P('ol'clNl wus n I'Pinfestlltion; that 
i;:. the wound fl'011l whiel] t1H' nwp:p:ots WPl'P tak('Jl had not been 
Pl'<'YiOllSly iTl'atNl for an infestation. 

TAllI.I' 1.-XlIlI/be,. 01/(/ .~/l('r;(,~ of 1liCN r('(f,.('u {/'UII! JIlt (·u.~('S of lIIJ/i(l,qi8 'ill (/1/ 
('I(/,~sc.s of )"(f'II!!I' 7ire,,/ock 011 UIII' '/,(/1/('/1. ,Wil/Orl/, '1'1',1'., .IJlrii to ./ItiU 1!).1.~ 
----.--~--------.,---- ---_......, 

I Pl'r('l'ntn;.:C' of pnt-h SIIN'!t'!' iu ('IISl',:; 

I'('r. • . 1-------------,----
Species Qf nil'S bwl frulll (''I«'' i ~:~~'~-r I' rt':~~~l ICoclJli· l COI'IIIi· : ' SIIreo-1 

inr~'st('d wound:-> . ' 'IotaI from nmv;u I omui'l !PIWr1ll;1l t 'plwga LlI,cUia
("l~l'S ! ('a.,t.;l'S fllltl'rj· 7/wc!l- 1 Tl'flilW !,1Jl;'11llio- ,~trir.ala 

, , I ,'a'fIU c" lanll l\[pl~. PIII/<I Mei~. 
find P. I Fall. ! 'Vil'I]. ! 

I 

: I I 
1.\'rltU/uT Prrernl i.;Ynmtfr: Perc'rllt Parcnt : Prrcllll I Pererllt PI'ttf'tlt 

C. 1111lrrICll1W______ ..._~ III ,II,S i 1,4:10 1110 0 0 0 0 

C.aJlleric(Jna nnd ('.lIH1cril~-"i~· :1 ~.G ' I!O 110,11 I/, t! 0 II () 


C. (I lIIerirn lIIlUud S. piinth07lllglS ·1, :1 Ii \ JllII !l4. :1 !I I 0 fi5.7 0 
2.7 s.~, II !l 12.0 () (JC. americana nod P. rt!gino •• ". I .11 

C. u11lericuna, O. 'Ilwc:ellllrin, tlnd I 
1 ; , 4~,1I J.t.~ 42. H 0 0P. reyina ..... .... - .......... .H 


O. ameriCll'll(L, 1:), Teyinu, lInd S. I1 () 7.1 :IIi,6 01Ilin/h.puga•• .... -- •••••• -.. 
r) 

I.~ I l~n flU. a-I
C. 	ft'11lericf171U, C. 111uct'llllr;(I, I'. I 


r(gi7ln, .<I. plinUwl'llgn, nnd i .. I 


aericatn, , .. ____ .... _... _~~ ..... ~-~- 1 i .9 l 7Sh Ig.~ I Gil.! 15.S ,S .Ii 
C. '''IOcellar;(I .. _•••. __ • 2 1.S i :].1 100 () II 0 
C. '11I(lceI/Grill and P. rtgi,,,, .. 2.0 \ r,:~ 0 JR,!! 81.1 (J /I,.
C.•/Wcet/aria and S.111intllllJlVU(l 	 .J., (I I 4" :1 0 52. '7 (I" C. 	maceUada, 8. 11lint/IIIl'llgSl,

nnd L. 8r.Ticnla~" ... ~ __ .... _.~_ 
i , :~ I I III 0 OIl,l 0 17.:1 13.6II .(11 11 () 0 100 Il 0J-'., rcUi1Ifl .. H ..................... ~-

() (J IIKI 0S, plillthoJlVUa __ ••••. - :J 2.0 I :19 : 0 I 
__._'__r'_~" 

The history of thp 11 cas('~ from '",11i('h 110 ('ochlio7llyia, am,('lica'lIf.t 
were reared ShOWH tJ1Jat in 2 eases the iJ1festation O('cuJ'I'ed in a sup­
purative lesion containing pathogenic' hacteria and ill 3 cases it oc­
CUlTed in the soiled wool of sheep without involvl'ment of the tissues. 
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Oocn:tW1nyia amRJl'ic{JJn(J, has been obtained in pure cultures from 
many other cases occurring in other parts of Texas and in Louisiana, 
Mississippi, Alabama, Georgi~ Florida, and South Carolina, and. 
from a few cases in Iowa and .indiana. 

DISTRIBUTION 

Normally the fly is confined to the tropical and subtropical sections 
of the United States and the countries to the south; it has, however, 
caused trouble in the Northern States. A list 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.. 
era! other States and countries. 

North America: Texas. Louisiana, MisSissippi, Alabama, Florida, Georgia, 
South Carolina, Missouri, Iowa, Illinois, Indiana, Oklahoma, California, Arizona, 
New l\Ie~;co, Kentucky, Tennessee, and Kansas. 

\Vest Indies and Central America: Trinidad, St. Lucia, Dominican Republic, 
Puerto lUco, and Panama. 

South America: Colombia, British Guianu, Freudl Guiana, Brazil, Uruguay, 
Argentina, and Venezuela. 

This fly is l10t a recent invader of the United States. The earliest 
lluthen6c record known at present of the occurrence of screw worm 
eases caused by Oocldiomyia americana in this country dates back 
to 1882. 

SEASONAL ACTIVITY OF THE FLY 

In the United Stntes COrJMiom!yia am(,7'lcrma usunlly begins its 
activities lare in the spdng or early in the summer, the ('xact time 
varying with the temperature of t)le season in a particular locality. 
'rhe first authentic case in Georgia in 1934 occurred OIl May 15. 
During the same season at Menard und Sonora, Tex., the first cases 
were· observed on April 16 and 19, respectjyely. Infestations oc­
(,llrred in Florida and southern Georgia during .Januar)' and Feb­
ruary of 1935. 1V. V. King of this Bureau recorded 17 infestations 
of animals in northern llllcl centra] Florida during the winter of 
1934-35, 15 of which oecllned from Junuary 8 to 19, inc:lusive, 1 Oll 

February 14, and 1 on February 22. The mininml11 tempt'l'ature re­
('ordecl in northern Florida durIng December 1934 'was 16° F. 

In Texas, R. A. Roberts reared Oochliomyia. (l!n,(,l'ican<l fl'ol11 an 
infested animal at Uvalde on ,January 19, 193ii, and at Haymond­
ville 'V. R Hutchins collected larvae of (hi::; species from a wound 
on February 13, 1935. 

DESCRIPTION OF STAGES, LIFE HISTORY, AND HABITS 

Like most of the speej(,s of blowfiips. ('oo/tliolllyia am(,ricana has 
five developmental stages in Hs life cyele. 

THE EGG 

DESCRIPTION 

The egg o£ Ooc7di01nyia a111('}~icam,{(. (fig. 1) is appJ'oximately 1.04 
mm in length and 0.22 mIn in width (average of 10). It is· g1is­
tening white with a very slight tinge of cream ('olor, l'otllldecl at the 



4 TECHNICAL nULLETIN 500, U. S. DEPT. OF AGRICULTURE 

posterior and somcwhnt flattened nt the micropylar end, nnd with a 
dorsal ridge or seam extending from the micropylar ehd nlmost 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 larvn. It is easily distinguished from the egg of the closely 
related species C. maoellal'ia, having considernbly less cream co]or. 
The dorsal seam divides at the anterior end and extends downward 
Hround the micropyle in n broad band, giving the appearnncc of a 
circular cnp. In O. 11UJ,cella1'ia the extension of tbe 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 0. amer'icana has a reticulated or laee­
work appenrance. 

HATCHING 

The process of hatching has been obR(ll'ved under the microscope 
in several inRtances. The eggs were placed un moist blotting paper 
in a glass dish and this was mounted Oil the microscope stage. The 

observations on the 
ds process of hntching 
, .u'-· ". described here were 

made in n room tem­
pel'l1ture thnt ranged 
from 101°F. at the 

A time the eggs were 
J<J(lUnE l.-EI!!; of UocllHolllyi!l americana: A, End view; laid to 90° at the 

lJ, dorsal view; X riO; tit, lIIicrop~'lc: <IN, dorsal scorn. 
moment the first lar­

vae emerged. The total incllbntion 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 egg, approximately 
the last 1% to 2 hours of the incubation period being devoted first to 
opening a hole in the mcropylar end and then to splitting the egg 
shell along the dorsal seam. During the process of emerging the 
:young J:U'Vlt opens a small slit along the dorsal seam at the anterior 
end of the egg. This slit is gradually increased in length by the 
activity of the encased larva, until at the time of emergence the egg­
shell is openecl fOI' two-thirds or more of its length. It frequently 
happens that the. part of the seam whkh extends around the micropyle 
is split completely around and the entire micropylar end is pushed 
outward as a circular flap. 

INCUBATION 

The incubation period vnries with the tempel'l1ture and relative 
humidity. UncleI' natural conditions (j. c., eggs 011 wounds in ani­
mals) the duration of the period ra,ngecl from 11 to 21.5 hom·s. 
Roy Melvin, at Dallas, Tex., has detenninec1 that uncler controlled 
laboratory conditions of 100 pereent relative humidity the incubation 
period mngecl from 9.2 hours at 9\)° F. to 13.9 hours at 84°, lind 
that no hatching took place at 139°. He bas shown ILlso that the 
<1nration of the. incubatiOIl period is almost hvie{' that reqnirNl 
for (iocldio1nyil.t 'Inacella7'ia under similar conditions. 
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W. E. Dove of this Bureau, working at the Savannah, Ga., lab~ 
oratory, observed one instance in which eggs laid on a moist lanced 
abscess on a guinea, pig had an incubation period as short as 6 
hours. 

EGG MASS 

Eggs are usually deposited in regular, oval, shinglelike masses 
of ITom 10 to 393 each" on dry surfaces at the edge of both fresh 
and necrotic wounds. Th6Y 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 all cases the masses are glued tIghtly to 
the surfa{le on which they are laid and the eggs are firmly cemented 
together. The egg masses are easily distinguished from those of 
Oochliom.yia m.acellaria, which are laid in irregular groups in the 
hair or wool of the animal and only loosely or not at all attached 
to the surfa{le of the skin, and the eggs are also less firmly cemented 
together than are those of O. arner'lcana. 

THE LARVA OF COCHLIOMYIA AMERICANA AND THAT OF THE 
ASSOCIATED C. MACELLARIA 3 

There are the usual three larval instal'S in the development of 
Oochli{)7J1,,!/,u, arneri.cana, and O. macellaria. The first-instal' larvae 
may be dIstinguished from those of the second and third instal'S 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 may 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 instal' there are two slits per spiracle, whereas in the 
third instal' there are three. . 

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

The larvae of O. a:m.ericana examined for the descriptions were 
colle.cted at Sonora, Tex., and Ames, Iowa. In addition, third-instal' 
larvae collected from wounds of animals from several points in the 
southern part of the United States and in Iowa were examined. 
The characteristics ot the larvae as described appear to be the same 
in specimens examined from the various regions. 

The larvae of O. rnacellarta were reared specimens collected at 
Ames, Iowa, and Dallas, Tex., and the characteristics checked with 
larvae obtained from one case of myiasis in Florida. As in O. 
arnericana" the characteristics appear to be the same in the specimens 
from the various localities. 

COCHLIOMYIA AMERICANA CUSHING AND PATTON 

l'lltS'r INSTAll 

Larva elongate, mol'~ or less 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_ Knlpllng. assistant entomologist. Bureau of Entomology and Plunt Quarantine. 
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at time of hatching 1.2 and 0.23 111m, respectively; fully developed 
first-instar larvae average 3.6 mm in length and 0.57 mm in width at 
the widest point. 

Armed with large, dark, single-point, recurved spines, arranged 
in more 01' less irregular rows near the margin of the segments. 
Spines in anterior rows largest, the larger spines measuring approxi­
mately 20ft in length, as compared to 6/-l, the length of similar spines 
of Ooohli01nyia lIUl.oellal'ia. 

Anterior margin of segments 2 to 9 completely encircled with a 
band of spines; on segment 10 the band mterrupted for iL short 
space on dorsum. On segment 11 the spines are absent on the dor­
sum and on the sides are reduced to two or three rows of small, more 
lightly pigmented spines. On segment 12 they are 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 spineless area. Posterior margin of the segments 
de.Yoid of spines except two 01' three 1'O,YS of smaIf spines on the ventral 
Hurfaces of segments 5 to 12. On segments 5 to 10, 011 the sides of 
each segment, is a small swollen urea, the luteral fusiform area, 
which is provided with a group of spines. 

The twel~th or last apparent segment is depl'essed uehillll, ami in 
the depresslOn nearer the upper end are located the two posterior 

spiracles. Each spiracle is 
C U III P ,. i sed of two small, 
broadly oval apertures, each 
of 1"hiel1 is encircled by a, 
clelicate ring of chitill fi;0l11 

FIGUIIE :!,-Lnternl "lew of first-instar Int"'ll (l:! which fin!!:erlike I)roJ' ections 
hours 01(1) of OoclllioIllY;a. ,,/II rr;clI II 0. X :!:!, ~ 

l'xtt'l1c1 toward the center of 
t1le opening. Frequently the t.wo openings :Ll'C so closely appressed 
at the inner yentrul \Jorder as to give the spirucle a bilobecl appear­
ance. The peritreme, so easily distinguished in second- and third­
instal' larvae, is not apparent. The anal protuberance, located on 
the ventral side of the last segment, bears two conical, fieshy pro­
jections, the anal tubercles. A group of spines is situated in front 
and behind on the anal protuberance. Two or three rows of spines 
are present also between the anal protuberance and the lower mar­
gin of the posterior ca.vity. The tubercles bordering the posterior 
cavity are poorly defined. 

The cephalopharyngeal mechanism (fig. 3, A, B) is sit.ua.ted in the 
cephalic or first apparent segment and in a portion of segment 2. 
The structure consists of a pair of large phllryngeal sclerites (phs) 
composed of 2 dorsal (do) and 2 ventral (vo) cornua and a l'!l ther 
short dorsoanterior projection. The pharyngeal sclerites are ap­
parently not joined c1orsoanteriorly as in the second- and third-instal' 
larvae of Oochli(n1'byia mner1..(Jana (fig, 6, A, dps) and in the three 
instal'S of O. macellaria. The ventral portion of the pharyngeal 
sclerites extends anteriorly !mel joins the. llypostomal sclel'ites (hs), 
which in turn articulate, wit.h the ventra.l basal portion of the oral 
hooks (ok), The pa.rast01l1aJ sclerites (pBS), It pair of slender 
sclerites, extend anteriorly from the pharyugeal sclerites just above 
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,the hypostomlll sclerites. The oral hooks (olt) consist of 2 elongate 
sclerites to which are attached a group of about 6 small hooklets. 
A.bove and between the oral hOOkS is an unpaired structure, the 
hatching spine (Mp), which is present only in first-inst.ar larvae. 
The degree of pigmentation of the cephalopharyngeal scleriws varies 
wit.h the age of the larva; Length of cephalopharyngeal skeleton 
from tip of oral hooklets to posterior extremity of dorsal cornua 
ranging from 0.24 to 0.27 
mm, the average of 10 being , 
0.26 mm; average width at 

widest point 0.07 mm. 


SECOND INSTAJt 

Larva (fig. 4) more ro­
bust than in the first instar. 
Length and width of newly 
molted larvae approximately 
3.5 .and 0.6 mm, respectively; 
fully de vel 0 p e d second­
instar larvae measure from 
6.3 to 7.4 111111 in length and 
approximately 1.5 111m in 
width at the widest point. 

Heavily armed with large 
dark sllines; larger spines 
mensurmg approximately 
55p. in len~th; spines with 
1 to 3 POlllts, ·more often 
1 or 2. Anterior margin 
of segments 2 to 9 com­
pletely enciI:cled wit h a 
band of spines, while on 
segment 10 the band is 
generally, but not always, 
interrupted by a n a r l' 0 W 
space on the dorsum. On 
segment 11 the band is re­
duced to 2 or 3 rows of 
smaller spines on the sides 
and never completely en­
circles the segment. On 
segment 12 the spines are 
confined to the ventral 
and ventrolateral surfaces. 

A 

c 
FIGURE 3,-,1, Ventral vloaw lind B, lllternl view,

of cephaiophal'yngenl Bcierltes of first-im;tnr
lar,'a (12 hours old) of OoeMlolIl/lia arne/-l­
ealia, X 222; 0 cephnlopbaryngeal sclerites 
lIuterlll view) of .i!rst-instnr Inrva (almost fully
developed) of O. macel/aria. X llJ4; d, dental 
\lcterlte; dc, dorsal cornu; dP8, dorsopharyngenl
8clel'lte; lis, hypostllmnl sclerlte; 118/1, hatching 
~plne; all. (Iral hook; TJ/I, phn ,'ynx: plls, phnti'n­
geal scIerlte; P88, pnrn~romlll sclel'ite; t'C. yen­
trnl cornll, 

Ventral and lateral fusiform areas as in the first instal'. Posterior 
margin of segment 11 completely encircled with a band of about 
3 rows of smaller, anteriorly recurved spines. On segnlent 10 there 
ate 2 irregular ventral and lateral row:,;, and a few scattered spines 
may extend to the dorsal surface but do not join to 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. 

http:first-inst.ar
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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 neal~ 
the base of segment 2. 
The structure, except 
for the smaller size, 
is similar to that of 
the third instal' (fig.

J.'IGl:nE 4.-Lntcrnl Yiew of scmnd-Instnt· larva (48 bours 	 7 A) Pt.' . 
ullll of (TorhliOIll/lia IIIIICricOIIrI. X 12. ,. 0 s ell 0 1 

spiracles (fig. 5, A) ~ 
2 small plates each with 2 slits partly surl'Ounded by n, ring or peri­
treme, are located in the postenor cavity 011 the last segment. The 
peritreme partly surrounding the slits is incomplete ventrad of the 

A 	 .B 
]'lGUltE 5.-Posterlor spiracles of second-Iustur 1111'\'11: A. Ooohliomvia anH'ricallo; R, O. 

macellaria; X 148. 

slit-s anll quite lHu'l'owed and lightly pIglllented dorsad of them. 

Greatest diameter of spiracular plates from 0.134 to 0.168 nun, aver­

age about 0.150 mm. The 2 main tracheal tl'Unks are provided 

with a dark pigment, 

the pigmented portion 

extending a p pro x i ­

mutely one-half the 

length of segment 12. 


Posterior c a v i t Y 
more depressed than 
in the first instal'; 
upper border of the 
eavity provided with 
3 pairs of rather low, 
broadly rounded, 
fleshy proces.c:;es; the 
inner anll outer pair 
equal, the median pail' 
poorly defined. On 
the iower border of 
the cavity the median 
p air somewhat th e 
largest and the outer 
pltir larger than the 
mner, which is poorly FlGU/m G.-Lnteral "lew of cephlllopbaryngclll sclerites or 

second-Instur larvll: A, OochUomllill Ilmcri~'(ma; B. O.defined. Relative po­ macel!aria; X 114; ~"P I,'''planntlon of symbols under 
figure :I.sitions similar to those 

in the third instal' (fig. 8, A). Anal protuberance rather small with 
2 prominent anal tubercles. Spines Oil nnal protuberance simiiar to 
those in the third instal' (fig. 8, A). 
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Cephalopharyngeal mechanism as in figure 6. A. The oral hooks 
are 2 prominent sc1erites with a more or less rectangular basal 
portion with 2 long, broadly curved hooks. The pharyngeal sclerites 
nre prod~ced dorsonnteriorly and are connected by the dorsopharyn­
geal sclerItes (dps). The cephalopharyngeal sclerites become clarker 
as the larvae grow olcler. Length of cephalopharyngeal skeleton 
from 0.670 to 0.688 mm; average of 10, 0.674 mm. 

THIIIJ) INSTAl( 

Form rather robust, tapering toward the anterior extremity from 
the sixth segment and sli~htly tapering toward the posterior end on 
the last three segments (llg. 7, A). Length from 6.4 to 17 mm and 

'ap 

I<'lGUIl.M 7.-Lateral view of mature thlrtl·instar lan'a: A, Cocll/iomllia amerlcalla; B, O. 
macel/aria' X G; anterior spiracles lIud some spines ure shown more enlarged; ap,
anal protuberance; asp, anterior spiracle; at, Ilnal tubercle; If, lateral fusiform aren; 
mo, mouth; m."" mllxlllary lobe; 0/1., ornl hook; pc, posterior ell vlty; BP, spines; t,
tubercles; vI, \'entrnl fusiform area; 1, first (or cephaliC) ~cglllent; 12, twelfth. 
segment. 

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

Heavily armed with large 1- to 3-pointed spines: more oiten there 
are 1 or 2 J?oints to each. Anterior margin of segments 2 to 9 com­
pletely enCIrcled with a band of spines. Spines artanged in irreg­
ular rows, those ]n the anterIor rows the largest. On segment 10 
the anterior band of spines is somewhat narrowed and generally 
interrupted on the dorsum as in the second instal'. On segment 11 
the anterior band never completely encircles the segment and the 
spines on the sides nre smaller and greatly reduced in numbers. 
Spines on segment 12 are restrict~d to the ventral and ventr9lateral 
surfaces. The posterior margin of segment 11 is provided with a 
loose band of 2 or 3 rows of anteriorly curved spines. On segment 10 
a few scattered spines may be present laterally and dorsolateral1y 

148G1"-:16-2 
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but are always present ventrally and ventrolaterally. On segments 
7 to 9 the spines at the posterior margin nre reduced to 1 or 2 rows 
ane} confined to the ventral surfaces. 

1·'lClUIlE S.-PoHt(>rior "Iew of twelfth or In~t npparent segment of thlrd·instar larva: ,I. 
('ocl/llolnllia IImericana; B. C. 1Il1lecl/aria; X HI; n, /lnu,;; ap. 1111111 protuberllnce; at. 
annl tuller'clc; 'I, inllCl~ tu\)crcle; 111, mccllnu tuhercle; 0, outer tuhercle; pc, posterior 
cavity; ps. posterior Hplmcll'; 8/', sflille~ on a 11111 protu\)t'rlllll"l'; 11. ~lcn'lIth Hcgmcllt. 

Anterior spiraeles (fig. 7, A) provided with ll'Oltl (j to 11 finger­
like brunches; tht' usual nllmber is I to !); a\'ernge of 120 spiracles, 
8.3 branches per spira­
de. The posterior 
spiracles (fig. 8, A. and 
more enlargt'r1 in fig. 
9, .11) are large. each 
with a promi lIent, 
d It r k, p 1 g me 11 t. cd 
peritreme which ap­
parently doeil not com­
pletely );urround the 3 
more or less oval slits. 
Greatest diameter of 
spiracnla r plate frolll 
0.39 to 0.46 111m: aver­
age of 10, 0.43 mm. 
The 2 main trHciletll 
trunks are cla.rldy pig­
mented, the pIgmented 
portion extending an­
teriorly to the tenth or 
llinth segment (fig. 10, 
A). 

Upper border of 
posterior ca.vity (fig. 8, 1,'IGum; !l.-I'o~t{'flor Hpil'Ucll'H of thlrd·lnstar larva: ,I.
A) bearing 3 IJllirs of Oocltli"'"1111I IIIII(:,./call(l; 8" O. 11I1/cdlm'lll; X 84; bu,.

\)1111011 ''''I'll; 1', IlI.'rllrernc; 8p•• , sllirnculnr slits.
low, broadly rounded 
tubercles; inner and outer pail's approximately equal; median pair 
greatly reduced and closely approximated 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 

A 13 
FIGURE lO.-Dorsnl \'Iew of posterIor ~egll1entH of third·lnstar larvae ~howlng (j) pig'

mented tracheal trunks .,! !.'(I('//lwfIIllia 'tlIncrkall-IL lind (1J) Ill1plglllcul't't1 tra~helll t.ruuks 
of ('. macellaril/..: X lao 

additional pair of slllulL tubercles situated medially near the lower 
margin of the posterior cavity. Anal protuberance (fig. 8, A) com­

paratively sma 11, 
with 2 prominent, 
conical anal tuber­
cles. Rather promi­
nent spines located 
on the nnni protu­
berance in front and 
behind. Short rows 
of 3 to 4 111 i nut e 
spines situated 0 n 
the lower portion 
of the depressed urea 
am1 on lower margin 
of posteriOl' c a vi t y 
(fin'. 8 A). 

C'epilufopharyn­
genl mechanism as 
in figure 11, A. 
Although hl.l·ger n,ml 

FlGunioJ 1 l.-Cephnlol1hnryuj.((!11 I H('Il'J'IlI'S or IIIn1111'(' tll!L'C!. ql1it~ different in a.p-
Instar lllrVIli (lnternl \'I~w); ,l, G(Jcll11UlI1l1ill 1/llIcl'icalla ; l)earnnce, the parts
R, C. m(lcellarla; X 40. !Ire essentially the 

same as in the second instal'. The llUl'rOW pigmented strip arising 
at the dorsoantel'ior margin of the phuryngeal scJerites and extend­
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ing posteriorly is not seen in younger third-instar larvae, but as the 
larvae mature this part gradually becoTncs more distinct. The 
entire cephalophliryngeal 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 MACELLAIUA FAn. 

Io'TlCwr lNS'l'AII 

Size and general form simil ltl.' to those of Oocldio1J1Jyia. anuwica.na. 
Spines small, brownish in color; larger spines approximately 6p. ill 
length. All spines with a single point. 

Last segment slightly depresscd behind. Posterior spiracles simi­
lar to those of Oocnliom,1/w. {JJl}w1'icana. Tubercles bordcring the 
posterior cltvHy poorly defined. 

Cephalophal'yngea( mechanism (fig. 3, 0) differing significantly 
from that of Oocldiom.y/rr. atJnerieG,/ta. Pharyngeal sclel'ites with a. 
prominent clorsollntel'ior PI'ojection which joins ut the anterior ex­
tremity. The hatching spille is broader and the oral hooks diffe!' 
greatljr in structure from those of O. allwric(J;na. The oral hooks 
consist of a. pair of irregulur, elongate sclerite::; with a largenumbel' 
of small llOoklets closely gronped at the anteriol' cxtremity. The 
cephalopharyngeal skeletOll is considel'nbly larger than in .0. ali/Mri­

cana, the length I'Illlging frolll 0.33 to 0.34 mm; average of 10, 0.336 
111m. Average width at widest point 0.125 111m. 

SECONIJ INH'rAR 

Lal'YlL slightly less robust than in Ooc/dio1nyia, (wuwicama. Spines 
small; length of larger spines approximatdy 20p.. Spines in the 
anterior rows of each band generally with 2 and occasionally 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 1~ the spincs arc restricted to the ventral and ven­
trolateral regions. Spines wanting on dorsum and sides at posterior 
margin of segments, thus diffcring from C/. americana, in which the 
posterior margin of segmcnts 11 and 10 is armed with several rows 
of spines on lnteral and dorsal surfaces. 

Anterior spiracles more often with I) or 10 brnnches. Except for 
the smaller size, the anterior spiracles are, similar to those of the 
third instal' (fig. 7, B). Posterior spiracles (fig. 5, B) more lightly 
pigmented and smaller than those of (/ocltli01nyilt uJlnm'wana; avet:­
age greatest diamet('r approximately 0.120 mm. Tracheal trunks 
leading from the posterior spiracles not pigmented. 

Tubercles on border of posterior cavity larg'er and more conspicu­
ous than in Oochlio'l'nyi.a ame1icama. TIle geril'.lralappearance of the 
last segment, although smaller, is essentially the same as in th(\ t.hird 
instal' (fig. 8, B). 

Cephalopharyngeal skeleton as in figure G, B. 'rhc oral hooks 
arc comparatively short and not so broadly curved as in OO(JhliornY1a: 

http:anuwica.na
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(J//lW1io(J;na. Other differences at'e readily apparent by comparing the 
figures. Length of cephalopharyngeal skeleton ft'om 0.73 to 0.80 
mm; ave1'llge of 10. 0.78 mm. Avt'ragr width approximately 0.3 rum. 

THIRJI lNS'I'An 

FOl'm (fig. 7, B) less robust and slightly smallcll' thiln OocMion'byia 
a:me1'!cana. Spines eomparatively small, with from 1 to 3 points, 
more often with 2. Anterior margin of segments 2 to 9 completely 
encircled with bands of spines a1'1'Ilngec1 in more regular rows than 
in O. ame'l'ieana. On segment 10 the band is interrupted on dorsum, 
and on segments 11 and 12 the spinose area is restricted to the ventral 
and ventrolateral regions. Spines wantin~ on posterior margin of 
segments, except for 1 or 2 rows of small spmes on venter of segments 
7 to 12. Anterior spi1'llcles short, with 1'Ilther short b1'llnches (fig. 
7, B), the number of branches varying from 8 to 12, more often 9 
t{) 11, average of 120 spiracles 9.81 branches pel' spiracle. Posterior 
spiracles (figs. 8. B, and 9, B) smaller nnd more rounded than in O. 
anw'ricana. Greatest diameter of spiracles from 0.342 to 0.370 mm; 
average of 10, 0.356 mm. Tracheal trunks leading from the postel'iot· 
spiracles not pigmented (fig. 10, B), 

Posterior cavity outlined with conspicuous conical tubercles (fig. 
8, B) ; the hmer and outer pairs on upper margin equal in size, the 
median pail' smaller. On the lowet' margin the outer pair slightly 
larger than the median; the inner pair smaller than the median. 
An additional pail' of small tubercles 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 protuberallce as shown in the figures. A more 01' less V-shaped 
group extending upward on the outer side. Border of the posterior 
cavity armed WIth numerous rowS or 3 or 4 minute spines. 

Cephalopharyngeul mechanism as in figure 11, B. The oml hook.; 
are small(ll' than in OoclUio?nyia a:me1'icana; the plwrynx is more 01' 

less ribbed, wher(las in O. (l'lIw1'icana it is smooth. Pharyngeal 
sclerites large, with the dOl'sal cornua slightly elevated. The strip of 
pigmented material just above the dorsal cornua is present in varying 
amounts only in the older third-instal' larval'. Length of cephalo­
pharyngeal skeleton from 1.43 to 1.G3 mm; nvernge of 10, 1.56 mm. 

SUMMARY OF THB CHARACTERISTICS DIFFEltENTIATING THE LAUVAE OF 
C. AMBRICANA AND C. MACELI.ARIA 

I"IIC~'I' IN~TAlt 

O.llllleric(/1/(/ 	 O. macel/(I1'ia 

1. 	Generul appearunce of C<,pbulopha­ 1. Uelll'l'al Ilppeal'llnce of ('l'Vhulopha­
I'~'ng('nl slcerit('s nsin IIgure 3, A, 1'~'ngl'lIl sclerltes as in figure 3, C. 
B. 

2. 	 ~mnIlel' cephuluphlu'yngeul lIIecha­ 2. An'rage length of cephalophlll·.\'I1­
nism; averuge length 0.200 llIrn, gelll mechanism 0.3.'36 mm, IIvel'­
average width lit wirIest point IIge width lit: widest pOint 0.125 
0.069 mm. 	 mm. 

;{, 	 Aplnes IlIrge.; larger ~Jlillei:! appruxi­ ;1. Spines SlIlaller; III rgel' spines ap­
mately 20iL in length. Spil1('S gen­ proxllIllltel~' O,u. III length. Splll(,l') 
erally IH'uvlly pigmented. gpneru1l~' lighter III Color. 
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SECOND INSTAR 

O. americalla O. 'IIHlcellaria 

1. 	General appearance of cepI1a!opha­
ryngeal sclerites as in figure 6, A. 

2. 	A....erage length ·of cephalopharyn­
gealmechanism 0.674 mm. 

3. 	Posterior margin of seglllent11 pro­
,"ided with a completely encirc­
ling band of spines; on segment 
10, spines wanting only 011 do~. 
sum. 

4. 	Tracheal trunks leading from pos­
terior spiracles dark in color 
from junction with spiracles 
tI1roughapproxiwutely one-half 
length of last segment. 

G. 	 General appearunce of lust segIllent, 
except for the smaller size, closely 
resembling that of the third ill­
star, which see (fig. 8, ..4.). 

G. Ventral wall of phal'ynx smooth. 
7. 	 Spines large; larger spines ailI}roxi­

mately 551' in lengtil. Spines geu­
erally dark brown to black. 

8. 	General appearunce of posteriOl' 
spiracles as in fi/,'Ure 5,..4.. COUl­
paratively large, average greatest
diameter 0.150 mlll. 

9. 	Anterior spiracles more of tell with 
7 to 9 brunches. 

THlRIl 

O. ulIlCrica-IIU 

1. 	Genel'al llllllcllrnncc of ('('phalovIUl­
.r~·ngelli sdel'ites liS in jigure 11, .4. 

2. 	Tl'Ilcheal trunks lending from )1OS­
teriol' spirlleles llal'k in color at 
junction with ))ostel'ior spil'llcleil 
und extending to tenth 01' nintll 
l'legment -(fig. 10, ..4.).

:i. Posterior mlll'gin of segment 11 p170­
viUed wJth a eompletel~' encirc­
ling band of spines. 

4. 	Appearance of postel'iol' spiracles us 
in fi!,,'Ure 9,..4.. Average greatest 
diallletl'r of posterior spiracles
0.427 mm. 

5. 	Struc1:\:u'e of last segment us ill fig­
ure 8, A. 

O. 	 Spines large; larger spines approxi­
mately 1301' in length. 

7. 	Anterior spiracles more often with 
7 to 9 brunChes. .Branches longer 
nnd more wilJely separated (fig. 7, 
A.) 

S. Ventral wall of pharynx smooth. 

1. 	General appearance of cepI1alopha­
ryngeal sclerites as In figure 6, B. 

.2. 	 A.vel'age length of cephalopharyn­
geal mechanism 0.780 mm. 

3. 	PosterIor margin of segmelltslle­
void of spines except on ventral 
surface. 

4. 	Tracheal trunks leading from Jlos­
tel'ior snirueles not Jli/,'"IIlented. 

5. 	 General appearnnce of last segment, 
except for the smaller size, elosely 
resembling that of the tilird .In­
star, which see (fig. 8, B). 

6. Ventral wall of pharynx ribbed. 
7. 	 Spines smaller; IUl'ger spines ap­

proximately 201' ill length. S)1ines
brownish. 

8. 	 General appeurance of posterior 
spiracles as in figure 5, B. Com­
pal'ative]y small, llverage greatest 
diameter 0.120 mill. 

9.•Anterior spiraclcs llJOl'e often with 
9 to 11 hl'Unehes. 

INSTAll 

O. maec/.laria 

1. 	GeneI'll I UIll,eal'ILllce of cevhalopha­
I'yngeal scJerites as in fi!,,'Ure 11, B . 

2. 	 Traeh(~al trllllks not- pigmented (fig. 
JO, BJ. 

3. 	Posteriol' margin of scgments devoid 
of spines exeerlt on ventral sur­
face. 

4. 	Appearance ofpostel'i0J7 spiracles as 
in figure 9, B. A\'eruge greatest 
diameter of posterior sIliracles 
0.356 mm. 

lJ. 	 Stl'ucture of last segment as in fig­
ure 8,·B. 

O. 	 Snines smaller; lurger spines up­
lll'oximutely 801' in length. 

7. 	 Antel'ior spiracles more often with 
I) to 11 branches. Branches com­
parati\'el~' shorter and closer to­
gether (fig. 7, B). 

8. Ventl'lll wull of pharynx ribbed. 

DURATION OF LARVAL INSTARS OF COCHLIOMYIA AMERICANA 

Experiments to determine the duratio1l of each instal' indicate 
that this is considerably jnfluenced by the size Ilnd nuture of the 

". '. 
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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 
hours, 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 1'74.5, 107.5, 103.8, 139.3, 141.2, 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 March 1935, obtained 
the results shown in table 2 on the duration of the various instal's. 

TABLE 2.-D'/I.ra·Uon of the larral 'itlxc~ta1'8 of OochliO'lIWia (llIIeric(llIu, in sheep, 
Wa8hington, D. C., Ma,!'. 1, 11)85 

I..,llrvue removed (rom wounds 

A~e (hours) 
First instar Secood ius tar Third instar 

NI!7niler Percellt NI!71Iber Perce1lt NIL71Iba Perce71l 
2~ ____________________ •_______ ••_____ - -- .• 17 100 0 0 0 o 
ao_________________ ... -- .. _. __ ----- -- ----.1 10 58.8 i 41.2 0 o42___________________ ., _____________ . ____ . I 

1 5.!1 18 94. ; 0 o 
48________ . __ • _____ ••• -- __ .. __ .... --. () 0 19 100 0 o 
54____________ .. _.. ____ •. -- .--- __ - __ ••.... ! o 0 ·'0 100 0 o 

o 0 2/. 100 0 o~::::::::::::::::::::::::::: :::::::::::-: I o 0 4:) 97. ; 1 2.3 
o 0 59 93,6 4 6.4 
o 0 35 ;2. {I 13 27.1 

0 ,,5.8 19 44.2E======::::: ::::::::::: ::::::::::::::::J o 24 
o 0 6 50 6 50. 
o 0 a 50 a 50. 

0 1 10.7 5 S:1.3r~:::::=::::::=::::::::::::::::::::::::::I o
117.__________ . _.......... __ . _ •. __ •____ ._ i o () 40 3 60. 

132__________ ........... . .......... _, o 0 0 10 100 


o 0 0 12 100 
o 0 0 6 100i~ ;:::::::::::::::::..:::::.:: -:--:::::::I ~ I I 

j Age at whioh firSL mature lurvae loft wound. 
'Age at which last mature larvae left wound. 
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Data obtained on the duration of larval instars in six infestations 
oishetp at Sonora, Tex., during the summer of 1934 are given~l
table 3. 

TABLE 3.-VariaUoIUl ·in the (lura.ticTn Of lar'ool instcvs of OochUolI~'1Iia. (l11wr1ca7Ul. 
in shccp, Sonora., Tex., May and June 1934 

I Lar\'ne removed from Larvae JOIlving wound toI wound pupate LarvaeAge oClarvae when t 1 
Case 110. removed from 1----:---;----1--------.-----1mal: ng 

wound First Sec'Ond Third First Jarvae Last larvae wound 
in~~·r instar lnstar leaving wound lOIlvlng wound 

Agtin AUtin
Hour. Minutes Numberi 45 ~~:!~ ::~:~~;~ ~~~;~ lNU7ll0eT hours Number hour. 

28 o6.-______./ 50 30 ------.- ! 6 21 00.5 124_ 5 81__•_____ ._. ____• 973 45 •••• __ •_____.___ 998 45 

25 20 16 

49 20 ·----ji- :::::::: :::::::: :::::::: :::::_:: :::::::: ::::::::::7 2 _________________________________________ _ 

________ ________ 5 _______________________• __________________69 40._---------j 55 o 
________ ________ 8 __________________________________________75 40 _____ .__ ________ 5 _____________• _________ • _________________ _94 40 


100 40 
 ___________ ,_,__ 5 ___• ________________• ____________• _______• 
3 o 11 __ ._. ___ •_____._ •______•••___ •________________• __________ _ 

24 o 7 __ ". _____••_•• _____ •• __ •• __________.._____________ • _____ 
9 ________ •_______ •________________________________•49 30 


54 30
,-----------1 13 30 1~ ------1- :::::::: :::::::: :::::::: :::::::: ::::::::::
121 30 

48 o ;;;;;;;; --'-'T ::::::~: )---.-~- --::~--- ------~- --::--- -------:= 

I 
54 o ________ 2 560 o • __ ••••• ________ 6~--------I 
36 o 

66 o 
78 o 
32 50 ...----- -----i2- ______ ~_ ) 

[>I) 18 ____ , __ •44 u____ -- ___ 50 50 S 5 
56 50 7 6 126 154 51 
62 50 1 6 

74 50 1 2 


a 

32 50 -----23- 10 ________ )
44 _______ _44 50 


50 50 
 50 ________ 

56 50 
 ~ ----..-- 129 3 198 !i63,,---------1 62 50 34 3 

74 50 2 23
10 _______ •80 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 instal' in 18 hours. 

The results of observations to determine at what time of day 
mature larvae leave the wound are shown in table 4. The animals 
used in thjs experiment were kept in a screened insectary und 
watched constantly until ull maggots .had left the wounds. 
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TA.H!.F:4.-DbservatifmsV'/l. time of day laTlJa.e of OochUomyia. amcricalTl(b leave 
wolmif8 -i'n ,~h.eep, Sonora, ~e:z:., May and June 19S1, 

Case 3 Ca.'lfl 6 Onse OU ense 12 Case I:J Case 14 

TimeofJny May- June- June-- June- June- June- 'l'otsl 

----- --,--I---;---·I---,.--I--~- ---:--:--:---1 

15 Hi 17 4 5 J5 16 20 2i 20 27 21i 2i 28 211 

No. No. No. No. No. No. No. No. No. No. 1\'0. Joto. No. No. No. No. 
12 to 4 a.1ll.__ ••• ___ • __ • "'" __ ._.... __ ..._______ •• _. __ ." ... __ • _'_" •• _•• _._.__ 3 2 5 
4 to 5 a. m.____"" •___ • _____ .••___••_. ____ . __ ....._. ____ ...•___ ' ... __ . ____ "" 3 3 
Sto6l1.1ll.__ . __ ........ ____ • _.._•. _,,_ . _____•• _ • ____ ••. _........... __ .•• __.__ 3 :\ 
.6t07u.1ll..__ .• __• __ •__ •• __ • ____• _____ ......... ___ • _.,_, _•••••_.____._. 1 8 9 

~ ~~ g:: :::=: :==:= ::::: ::::: ::::: ~. :::: ::::: :::.: --io' ::::: ::::: ::::: '-iii' ~ I I~
9 to 10 n. 1ll... __.•_ 4 _..___ .__ _ 5 __• _____• __._. 19 __ __ 10 ____• 38 159 2 237 
10 to 11 n. 1ll.. 1 4 ____• ___ ._ 9 2~ 3 50 21 6 12 _____ 38 91! 3 268 
lltoI2a.1ll__ .I 19 1 21 4 36 16 18 "2 8 4 __." 94 6\1 2113
12 to 1 p. 1ll__. 5 10 ____ • 6 1 15 3 8 •••______• __ __ __ 31 20 .____ 99 
1 to 2 p_ 1ll.._ 6 6 _____ 13 __'__ 11 _____ U .____ _____ •a ---1 an 34 .____ llO 
2 to 3 p. 1ll___• 7 1 _____ 11 _____ 11 2 1 _.___ _____ 1 2 36 4 _._._ 70 
3 to 4 p. ill___• 6 __.__ ____ 3 4 _____ 2 •__ .• 5 •__ ._ 4 25 1 .____ 50 
4 to 5 p. 1ll___ ......_____"" I ...._ "'" __._. 1 ..... 2 _____ 4 11 1 _____ 20 

1ll~:~ ~~: ~~~: ;~:,: ::~:~: ~:~: ::~: ::,: :-"f":I:~:r;1~JI~2~ :~:,~ -j 

I . , 

Larvae begin feeding on the tissues of the wound as soon as they 
hatch. Melvin has demonstrated experimentally that newly hatched 
larva(\ are capable aT penetrating the unbroken skin of rabbits and 
guinea. pigs. This 11as never been observed to take place in nature, 
but numerous infestations occur among range sheep in the external 
lachrymal fossae of the eyes in which there is no evidence of skin 
abrasions. 

~<\fter the la.rvae penetrate the tissues, they assume the character­
istic .11ead-dowllward position, with the posterior end beal·ing the 
spiracles remaining in contact with the ail,. 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 larvlle of OoehJ:i..o11llJ/ia a,m,er1.cana become embedded in the flesh, 
they do not move about in the wound as do O. 1lul.cellalia and other 
wonnd-inhabiting species. 

THEPREPUPA 

The length ·of the pl'epupal period "aries considerably and is appar­
ently dependent to some extent upon the envil'onmen't in which the 
mature larvat.' find themselves at the time they drop from the wound. 
It has been llOted to range ft'om 7 to 76 hoUt's. The weighted mean 
prepupal period for all m:lture larvae which had eh'opped naturally 
from five cases ill sheep at. Sonora, Tex., during June 1935 is given 
in the following tabulation: 
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;Vumber of mature Weiolited mean 
larooe droppino l>rrpupal periods, 
from wOtLnd holtr"

81 _______________________________________ • __________• ___._ :W.7 
120 ___ • __________ • _______________________- ________________ 18.7 
1m; ______________ • _________ .. _______• __ • ___________________ 17.3 
fiO ___________ • ____________ . __ . _' __________• ______________ Hi. 3 00_ 

R63 _. __________ ._ .____ __ __.__ • ____________ • _____________ 20.0 

As soon as the larva('. 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 kept in an open insectary. 

Upon leaving the wound, the. larvae immediately seek some she}­
tere<i place in which to pupate. They either crawl uncleI' some object 
or. burrow into the soil. The results of ('xpel'iments conducted by 
Melvin to ascertain how deeply the larval'. woulc1 penetrate into 
several types of soil are given in table 5. These teRtR were conducwc} 
by placing each type of soil in a wooden container (j inc1les squaI'(~ 
and 38 inehes high, waterproofed at the sides a11(1 open at eaeh em1, 
and standing- the ('ontain(')' npright in 3 inches of wat(')'. The depth 
of penetrahon by (foddio771yia; IIwcellaria is also giv('n for com­
parison. 

~I'ABLI;; :;.-1)1'/1/11 of 11t'I/I'II'O/ioll IIII ('ochUf)/IIl/;a (/11/1'/';(,(/'//(/ (l1l(L (', /I/lIc('/1.lIr;n 
IIII'/'(/(' ;11 .wil fi{ riiITc-rclI/ 1!I11(·.~ 

-------.-----,---------~--~----,------

('Iuy ~nn(l nruvf!l 
'_____..__i. i---.---

Speries iWeightcdi lIf!lxi- 1\\,'!ighl~dl"IIlXi- i\\'Cightl!d ' lI[axi- :wei~hted Maxi-

I
rllenn I mlllll mean JJlnm menn mum I mellJl ilium 
depth ""plh .Iel'th depth depth depth 1 depth depthj

------";,;;:-1 inc/".., '~lIrl'" --;;::;;;: --;:::;:::-1-::::::(1'1--;:11: iT/rI"., 
C. amcricullu .. _ 7.77 I 17 2.4H J:i ~. 2!l J Si 3 

C.11IGC'!!.::_._--1_~I~_~~ ___J,_,tl, .. __~~ __•__a_'I___'____ 

In Hnother ('xpel',imt'llt, heavy black loalll wa:.; lightly pa('keu jn 
a glass cylinlil'r 5lj:! inc'hes in dinmet('r Hncl 5 in<'iws high by tamping 
the soil with a heavy i:ltick. Ln,l'vae of OOCltli0771yio, am.{"ricana. pene­
trated into this medium to d('pths ranging ironl five-sixteenths of 
an inch to 111:! inches, the weighte<l average being fifteen-sixteenths 
of an inch. 'When the cylinder was loosely filled with the SHme kind 
of soil, the depth of pl'l1('tration ranged' f)'om six-sixteenths of an 
jnch to 3 inches, the weightl,a :lv(,l'llge l)('ing 1T~T inches. 

The first ('xpel'iment was eonduetl'd in the laboratory at a :fail'ly 
constant temperature (860 F.) (luring Febntary 1935, at Dallas, 
Tex. The second experiment, by H. O. SeIlI·ot,dej· and C. N. Smith, 
was made on April 1, 1935, in It )'oom t('mpe)'ature of about. 80°. 
It must be rl'membered that these tests were made under p11l'ely lnti­
ficial conditiOlls amI give only an ,ilJdication of the ability and ten­
d(,llCY of the larvae to penetl'ah' SOIl. 

THE PUPA 

The pupa, of Oocltfiomyia {(IIU'I'ic(l1U/, is shown in figure 12. Nor· 
ma]]y it is of a, dark brown color Rllcl is llJueh larger and IlJore bur­
rel-shaped thun that of 0. lIul(x'Ua:ria. T('11 specimens averaged 10.2 
mm in length and 4.3 mill in width. 
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The duration of the pupal stage is subject to considerable varia­
tion. Un':1er conditions in which the pupae were exposed tD the in­
fluence of outside weather factors, the length of this period ranged 
from 167 hours (about 7.c1ays) during 
the summer to 54 days during the 
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 almost 
twice as long as that of Oocll,li07IMjia 
1I1acellm'ia, as determined by Melvln's 
experiments. 

The relation between air and soil 
temperatures and their effect on the 
duration of the pupal stagc were 
studied by R. A. HooertR at Uvalde, 
Tex., during January, Febrnary, and 
March 1935. On .January 19~ pupae 
were buried 4 inches below the, Hurface 
of the soil. ~faximum and minimum 
temperatures of air lind soil wcre 
recorded dnily until either the flies 
emerged or the pupae had died. On 
March 1, 3, and 4, Or 41, 43, and 44 
days later, from the pupae placed in 
the HoH, 9.1, 4.5, and 22.7 pe!:cent, 
respectively, of flies emerged. The 
remainder (()3.7 percent) of the pupae 
were dead. The highest and lowest ..!.f... 
daily maximum and minimum air and .;.p
soil teml)erlltures recorded durilJO" tIl(' ["!GUIlt: J2,-J;'npa of Oocliliomllia . 1 fl' 1 I:> (1II1C,''''"IUl, X 10, peno{ rom t H~ tUlle t 1e pupae were 

placed jn the Roil until the adults ellwl'ged lIl't' as follows: 


OF. 
Hlgh~l!it; daily maximulIl air tCllll)cmtur('__ _ _______________ .__ _____ 83 
Lowest daily maximum IIiI' t<~lIIpel'lttur('______. ______________ .. _.__ ::17 
IDghest daily minilnum air tempcl'aturc______________ __ _____________ 58 
Lowest dnily minimum nil' tempel'llturc____________ ____________________ 18 
Highest daily maximum soil tetnperature___________ . ______ , ___________._ 70 
Lowest dail~' TIlllximl1m f;oil tempcratl1rc____ .. ____________ __ 48 
Highest daily minimum soil temperatul'(' __________ ._________ ________._ GB 
Lowest daily minimum soli tempel'Utul't'__________________ _______________ 40 

THE ADULT 

The auult of Ooahli07rllyia am£1'taana has a deep 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, and the the three dark 
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stripes on the dorsal surface of the thorax (pI. 1). Because of 
the similarity in external characters between O. macellaria and O. 

ammicana, however, it is much 
more difficult for the inexperi­
enced observer to separate 
these two species. Females of 
O. m.aeellm~la may usually be 
distinguished from those of O. 
am.elicana 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 t.he latter this part 
is black. Also, in O. macellOJria 
the underside of the a'bdomen 
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 
from above. This 'character is 
absent in O. mnericama. 

aw.. cricantl. 
FIGUlItl 1.::'-MnJe g-enilliliu or Cochliomyia 

The most reHable 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 
puparia. early in the 
morning between the 
hours of 4 and 7 
O'clock, an~ are ready 
to take wmg a few 
hours later. Gener­
ally from 5 to 10 days 
must e I a p s e after 
emergence before the 
female is capable of 
depositing fer til e 
e~g.". 
As previously stated, 

the eggs, according to 
the records, are de­
posited in batches of 

FIGURE 14.-1\lllle genltnllll or ('o{'l1/iomyio. fIIo('dlal'io. ~O to 393. The fema~e 
1S able to depOSIt 

as 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 
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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, ancl banana under an average 
room temperature of 80° F., as determilied 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 developed eggs. As a rule, when the flies are kept in cages 
they atl> short-lived. A large number die within .'; days ilnd few 
of them live longer than 30. 

TAIILE 6.-0vipositiol! I'('cortl of OIlC jcm{]./c of Cochliomyia. americaI/o 

Age of fly Age of fly Ageof fly 
Eggs at time Eg~s at time Eggs nt time 

Datch nO. In o( laying Bat.ch no. In of laying Batch no. In oflnying 
hatch I each batch I each batch I each 

balch-;;:::: '~~I---- -~'-TU-III-' -~:~~-I 
Num· 

~ ~p ~ ~~ ber J)ay! 
1••_••••.. 330 '. 13 tl .•. 234 42 11........... . 183 50

2.___ ,..__ .•. , . + 283 1i 7. 229 46 ]2.......... .. 194 00

3___........ . 

4_____ .....__ ~ ~ ~ - ~ 294 31 9.. 4 52 Totn!. •. 2.8535____• ____.... . 329 :l!I 10. 217 53 

I Each batch contained a high percentage of fertile 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 
(liO 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 numerous and active about animals, and it is during these sea­
sons that the largest number of infestations usually occur. 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, 
blood, meat, bananas, and the nectar from flowers growing in the 
cage; in nature, they have been observed to feed on wounds, fresh 
manure, and fresh meat. 

According to records obtainecl by :Melvin, the total life cycle of 
Oochliomyia americana, that is, from the time the eggs are lai'd until 
females developing from these eggs are ready to oviposit, is about 
24 days at an average air temperature of 72° F. durmg September 
and October nt Dalla.s, Tex. This is nearly twice the time required 
for O. 7JW,(JeUaria to complete its life cycle. 

The comparative abundance uf (loehlunnyia a7nericama and O. 1JUI;­

cellaria in nature is 1 o.f the former to 590 of the latter, as deter­
mined by the attractiveneRs of fresh uninfested and infested necrotic 
wounds in cattle at Menard, Tex., by H. E. Parish, during the sum­
mer and faU of 1934. This ratio is based on It total of 66,155 of the 
two species visiting G 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 80,159 Oochliornyia were caught, 
was 1 O. amel'icarw. to 2,427 O. 1JULCella1.za. . 

http:1JULCella1.za
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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 th!' various stages of Oochliomyia 
amc1'icana are gh'en in tubles 7 and 8. In the tests shown in table 7, 
specimens were pluced in an electric l'efrigerator and the temperature 
wus run down to the desil'etl point; then the current was cut off and 
the refrigerator allowed to warm gl'l).dually. 1Vhen the temperature 
had risen to 50° F., the specimens were l'emo\'ed and kept at a room 
temperature of about 80°. In some instaJlces a. few of the specimens 
were held at 40° for a number of hOllrs before being kept at room 
temperature. The time required to run the temperature in the refrig­
erator down to the de~iJ'('(l'point runged from 3 to 51/2 hours. One­
half of each egg mass 1Ist,~d 111 table 7 was kept at room tempernture for 
a check on the "iability of each butch. All the cheek e:;gs hatched. 
Similarly, an equa.) l1ui'nber of pl'epllpue and pupae which had spent 
their larval stage in the same wound as those used in the test served as 
check specimens. These all protiu('('d normal adults. A_dults from 
the same source as those 'used in tIl(' test wpre all norlllal specimens. 
TABLE 7.-EffeN of ('old on ('flflS, 	 prcpupac, IJIlpac, (/1/(/- a(/III1N of Cocllliolnyia 

(l 111 C'l'ic(I 1/11 
--~---~-~"- -~-'C------;----

I Qwcst j 'rotul time 

tO~IlPC~Il- reqUired 

ture to for tem-. 


Stage of lIy Specimens in which peratures 

exposed test speci- 10 reneh Hesults 


. , lowest 
~~~: poin.t. and 

exposeu t~~~s~~o 

iVuml,cr I/Jmr.~F·3Z \'
450 ~3 lots I) - - Q 

7;~ !lInts Itntche<l; 1 did not. 
450 :1I0t.~)••• 28 o :J lots did not hJltch. 

Eggs. ____I	000 4iots) •.• - 2U 10 210ts hntched; 2 did not, 
,150 (3 lots). •• 24 71.; I lut hntchcd: 2 did not. :mo (210ts) •• _, II' ­1 20 210t5 did not hatch. o , 20 , 3 1 <lIed; 5lh'ed to n<lull stnp:e (nil mnles).

10 ,I., 71(, 3 died; 7 lived to ndultstage; femul~, laid fertile eggs. 
6 15 7~ adied: 3 pupllted but died later: no adults.I 10 , 13 \I 2 died; 8 pupated: 4 adults emerged,

j 10 \)1:1 3 died; 7 pupated but died later; no adult,_ 
I 10 :I 12 12 4 died: Ii Jlu(Jnled but died later; DO adults.Pre pu pae .... j 10 ! , 12 12 I died; 9JIU(Jnted; ] mnle emerged. 

10 12 12 5 died: fj pupated hul, died Inter: 110 ndults.
10 '11 13 3 died: 7 pupated bue cllerllater; no adults.
10 11 13 9 died: 1 pU(Jllted hut. dledlJlter; DO auults.
Ii III 
6 10 ~8 1 r,di~o. 
6 '10 2·1 Do. o 220 g fl udults emerged nnd laid e~gs_

10 12 4 IIdulis emerged IIncllald ferUle eggs; 6 (lied. 
['UPIIe. o •, I"13 r. 2 adulL~ emerg~d nlld Inld e~gs; ~ dler\,

6 , 13 Ii 6 died. 
10 '11 14 fO died. 
10 , 11 Do 
6 20 7 amales lived: 2 (emules died; I lived II lid IlIld eggs.

10 18 8 Itl dlClI. 
6 18 8 II died. 

Adulr~ •• _._. 10 1015 10 died. 
10 10 622.!-2 Do. 
JO 10 '22Y,i Do. 
10 10 17.'1 Do. 

I l~ach lot consisted of one-bait of nn egg mass anu contnlned ahout 150 eggs.

, Specimens placed In half·plnt p"per cup contulnlng snwdust: JIll othors In open cuns, 

, Specimens held at 40· }<'. for 15 hours. 
• Specimens hold at lowe.~t temJlOratllre 16 hours, 
• Specimens beld at lowest temllOratllre 4 hOllrs nnd at 40· F. for 13 hours. 

By using :t thermocouple and galvanometer, the temperatures at 
which the body fluids of the different stages of O. america'no. freeze 
W:lS determined. These temperatures are given jn table 8. 
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TAIIILII S.-Undcl"CooUIlU ami, f,.eezing fJoi1~ts of eggs, p,.eptf[IIIC, and aditUs of 
Cochliomyia ame,.icana 

-t':dr:.
e IAvcr!'ce 

Stage nnrl number of specimens cooling freezing Effect on specimens 
point point

--------------------------1----- -----1-----------------­o }'. o Jl. 
1 egg niess___••••• __ •___ ••.•._.... _•.• , •. _••• _ .... 	 16 17 All filled to hatcb. 


13 23 All died. 

IS :In 3 adults emerged. i~fe:i~~::::::::::::::::::::::::::::::.::::: 19 21 All lived. 

3 female adul!;.,;...... '. 	 21 23 Alll!\"ed and laid fertile eglts. 

BREEDING PLACES 
At the present time all the evidence at ltand indicates that in 

nature Ooc!LZi01nyia americana larvae begin their development only 
in the tissues of live animals. 

Of approximately 67,000 flies of the genus (JocMiomyia reltred by H. 
E. ParIsh fl,'Om carcasses of cattle, sheep, and rabbits exposed in na­
ture at1\{enard, Tex., when adults of O. am8?'ioana were acti ve, aU were 
O.11UlCellaJ'ia. At Sonora, Tex.~ no adults of O. amelioama were found 

• in samples of 2,000 flies reared from each of 5 rabbit carCasses that 
were exposccl for 3 days after the animal had been dead for the 
following periods: 10 minutes 1\l1c112, 36, 60, and 84 hours. 

While it is possible under laboratory conditions, by a, method de­
yeloped by Melvin, to rear the flies fronl. 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 llatural conditions oviposition 
has never been observed to take place on carcasses, pieces of meat, 
or other materials. Females kept in cages in the laboratory under 
room temperatures of 80° have deposited eggs on fresh lean meat, 
and they oviposit J'e:~dily on this medium at a temp~l'atl1re of 95°. 

Numerous observatIons have shown that larvae WhICh haye begun 
their development in live animuls are able to complete their growth 
ill' dead tis.,qne. Re~iUlts of three tests conclUded by Melvin, in which 
guinea pigs were killed at 24-hol1l' intervals after becoming infested, 
showed that the minimum ages of the larv:lt' nt which they continued 
development in the carcass were 36, 48, and 96 hours; during these 
periods the average daily mean ternperntul'es wert' 75.6°, 86.0°, amI 

86
52.40 F., uncI the a\'el'll~e daily maximum it'mperatures were 88°, 

0 
, and 640 

, respectively. Observations indicate that under such 
conditions the larvae l1111st molt to t.he second instal' before they can 
complete their development. 

SUMMARY 
OocMimnJlia (l'71U!l-;Cana and O. lIlaCeUa.1w are two species of screw 

'Worms which infest wounds in mUll and animals. The former, be­
cause of its close similarity in outward fll)pelll'llnCe to the latter ~nd 
more common species, remained unrecoglllzed for a number of years. 
Its discovery necessitated a restudy of the biology, habits, and rela­
the economIc importance of the two species. 

Present data indit"ate tl1Ut in nature OoolJi01nyia amerioana is a 
primary, obligatory parasite alld 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 :t few instances in several of the Illore 

http:lIlaCeUa.1w
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northern States. The earliest authentic record of its occurrence inthe United States dates buck to 1882.
The activity of the adults of OocMi07nyia americana is consider­ably influenced by seasonal Vllriations in temperature. In the south­ern part of the United Staus, the fly begins its attacks Jate in thespring or early in the summer. As a rule, the first killing frosts inthe fall mark the cessution of the .fly's activity throughout thewinter; during the milder winter::;, however, temperatures arc notlow enough to kill the adults.
Studies on the duration of the different stages of Ooollliom!!/i4a71uwican4 reveal the fol1owing facts: (1) The incubation period ofeggs on wounds in animuls ranges from 11 to 21.5 hours undernatural conditions; in one instance, in an animal in a laboratory,eggs hatched in 6 hours, and under controlled conditions of tempera­ture and 100 percent rciative humidity the incubation period rangedfrom 9.2 hours at 99 0 F. to 13.9 hours at 840 

; no hatching takesplace at 590 (2) The duration of nlllal'\'al instal's in cattle infested•

in nature ranges from 82 to 239 hours; ill sheep the 'weighted meanrange of this stage was from 100.8 to 174.5 hours. 'fhe length ofthe different instal's appears to be influenced by the size of thewound and the number of larvae that infest it. '(3) The prepupalstage lasts from 7 to 76 110urs and the pupal stnge from about 7days hl the summer to 54 days during the winter. The durationof both these stages is considerably influenced by temperature andmoisture. (4) The longevity of adults in captiVIty is usually short(about 7 to 30 days), but in one instance a female lived 65 days.Eggs, larvae, and adults of Ooallliolnyia, am£rican4 can be distin­guished from those of O. maceU{]fJ'ia,. the eggs, by the wider bandwhich encircles the micropyle i the larvae, by differences in thestructure of the cephalopharyngeal mechanism, 'the size and arrange­ment of spines on the segments, the posterior spiracles, and the size ofthe tubercles on the last segment; the adults, by the form of thegenitalia and differences in coloration of certain parts of the body.Larvae of Ooohliolnyia, amm'ioana appear to penetrate more deeplyinto soil to pupate than do those of O. 'l1uwella'rla.
Individual females of OooltUo1l/,yia amerioa1UJ, may lay as many as2,853 eggs. The eggs are deposited in characteristic batches of 10 to393 eggs each, and the oviposition of as many as 300 eggs may becompleted in from 4 to 6 minutes.
Eggs of Oocldio1ll,yia (Jrmel'icana are kil1ed at temperatures nearthe freezing point, but prepupae, pupae, and adultR are able to with­stand temperatures considerably below this point.
The evidence indicates that 'under natuml conditions (fooltlio'lnyia,ll/lruJ'l'ican4 breeds only in live animals, but in the laboratorY it hasbeen possible to rear it from the egg to the adult stage on dead tissue.The c:ompllrative abundance of Ooolllio1)).yia a1ruJ'rlOa1UlJ and O. 'lnacel­la:ria in nature, as determined by the number of each species attractedto fresh and 11ecrotic wounds, is 1 of the former to 590 of the latter;as determined by the 11umber taken ill meat-baited flytraps, the ratiois 1 to 2,427.
Under controlled laboratory cOllditiom; the length of the life cycleor OoahU077~yia (f1}1,(!rio(tlla is abont twice that of O. mao{JZlaria. 
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