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ABSTRACT

A study of the seasonal abundance of Fannia canicularis

(Linnaeus) and F. femoraiis (Sfein) pupal and larval popu]ations-ﬁas
conducted from mid=-March through late:August,‘]976; at the UniQersity
6f Arizoﬁa Poultry Research Center, Tucsoh,'Arizona;' Larvae, sampled
by Berlese funnel extraction, and pupae, sémp]éd by water flotation,
“were co]]ected from four laying houses, ééch being of a different’
désign° Data were compared and‘results,indiCated significantly lower
bOpulations in one of the Four'houseﬁ, demogstfating a constructioh
design which ;upbresses Fannia pépu]atiohs,.:Factors such as
competition, moisture content of manure and temperature,,and'their
.effecfs of Fannia populations are discussed,

In addition, déta on percent pupa] pérasitism.and the

identification of pupal parasite species are presented and discussed.

viio.



INTRODUCT I ON

High humidity and chemical stimuli produced by amassed poultry

manure attract females of both Fannia canicularis (Linnaeus) and

Fannia femoralis (Stein). This is especially true in semi-arid areas -
such ‘as southern Arizona, where there are few acceptable oviposition

sites, F. canicularis and F, femoralis, as well as Musca domestica

~ Linnaeus, havé been identified as the major dipteran pestsvbreeding
iﬁ pouitry manurer(Peck and Anderson 1969a; Wicht and Rodfiguez 1970;
Legner and Brydon 1966), -Althoggh both specieé of Fannia are most
Frgquently reported‘as befng associated‘with pou]fry manure, they are
not réstricted tolthis subsfrate° These species havé been reared from
‘arwide variety of plant and animal organic matter, including dog feces
‘(Pobrbaugh and Linsdale 1971), cattle manure (Ogdén and Kilpatrick
1958), lawn clippings (St. Germafne 1956), decayfng tomatoes . (Nelson
1938), decaying plums, peas, corn and onions (Chillcott 1960), highly
fertilized soil (Eastwood and Tuff 1957), mammalian corpses - |
(l]]ingsworth 1926), and from the nesfé of-a number of bird spééies
(Nordberg 1936).
It is in amassed poﬂ]try‘manufe, however, that populations of

"Fanh?a species reaﬁh extremely high'numbersai Smith (]954) repdrts a
E chicken:fafm with 17,560 F. canfcu]aris.]arvae pér quare‘foot of 
QUrfaﬁérunder cages, When populations of these flfes buf]d, adults
:ofteniinVade thes 6F ne$Fby résidentiél~areas; céﬁsing.annoyancevand

1 o



posinézalpossible threat to human health. ﬁasés of intéétinal and
_urinary myiasis in man have beeﬁ attributed to E;:canicularig (Hewi£tyv
i912;:James 19#7), and GfeehbergV(197]) préyfdes long Iiéts of .
pathogens associétea‘with both £°'canfcuiarié éna E. femoralis. Both .
'Speciéé have been repofted to cafry the virus of Newcast]e‘s diseaée,_
aﬁd théreby pbse a threat to the chickens with which they are

associated (Rogoff et al. 1975). In éddition, E,'caniCUlaris serves as

the intermediate hoét.of-the ﬁematode parasite Thelazia ca]iforniensis
Priée, which'infeéts the eyes 'of a number of wild and domestic mammals,
including man (Burnett et al. 1957). |

Much work has been done in the area of fly control in poultry
 manure° vNatural control is responsible for 90% mortality of Fannia
rlarvae in poultry ménure (Legner, Bay and-White 1967). Legner and
Brydon (1966) report that, aside from physical factors, predatory
arthropods appear to have the gfeateét-impact on toté] numbersiof
dung-inhabiting flies. These predators attack the egg_and ]arVa]
stages of the flies, but rarely attack the pupal stage (Legner 1971).
Since predators are -ultimately responsible for such a signifi¢ant
reduction in the F]y bopuiation, freatmeht of manure witﬁ insecticide
is generally discouraged (Axtell 1970; Anderson and Poorbaugh 1964),
However, Stone and»Brydon (1965) report satfsfactory (99.1% mortality)
control of immature Fannia by sfirrihg Diazinon (0=O-Diéthy]=0¥(2-i;
’isopropyl-6-methy]-5-pyrimidjnyl) phosphorothioate)>aﬁd gypsum dust
fnto{manure° '{h ]aborafofy studies using ffrst instar Iér?ae of F.

_‘canicdlérié;'EyerSOIe, Lilly and Shaw (1965a) report.greater than 90%
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cohtrq] using Diazinon, Dimethoate (O;O-Dimethyi S= (N=methylcarbamomyl=
methy])-phosphorodithioate) and Couﬁéphos (Q,O—Dféthyi 0- (3~chloro=k~
methy]—Z-bkb—ZH-]-Benzapyran-7-yl)_phosphorothioate), applied fn
"separate tests fo pbultry manure, Whén‘Couhabhos.was applied as a feed
additive,~h6we9ef, its effectiveness décreased by aboﬁt'seyenty-fbld
(Eversole,. Lilly and Shaw 1965b).

Variable outcomes have resulted from treatment of manure with

vBaciI]qs~thuringiensis Berliner. Dose<1evels_fouhd to be most .
effecfive when fed to caged layers resulted in some feduction of feed
consumptioﬁ and egg production (Brigés 1959)° "This was an -

" unacceptable side effect. Hall, Du]magé and Arakawa (1972) could

“achieve only 40-60% mortality of F. canicularis larvae using B.

thuringiensis, in an integrated program in conjunction with two species

. of predator mites, Macroche]e§~muscaedomésticae (Scopoli) and

Fuscuropoda vegetans (DeGeer); Their result was a significant decreasé
in dipteran larval populafions. Rodriguez;‘Singh and Taylor (1970) |
latef‘found fhat>using these acafihebspecies a]oné,'they could achieve
86-99% control Qf house,flies, under semi~-field conditions.

Laboratory tests on the possible role of the fdngus Beauveria
bassiana (Baisamo) Vuillemin as a bio]ogica] confrol agent for Fannié
species have shdwn promise, giving up to 87%‘morté1ity in the larvae
of F. femoralis (Hall et al. 1972),

vConsiderab]e research,has'been cohducted on the arthropod :
predaiérs of fly species in pbu}try:Feéesot Field studfesuto identify

species and determine seasonal abundance of predators have been



Vcdndgcted by Peck and Aﬁaerson (19695), Legner et al, (1975) éhd'
Steve (1959). | | | -

Léboratory'studies oﬁ'the_feeding béhavfdr and predatbry
poteﬁtiairof ceftain ]arval and pupaivpredatorvspecies ha?e been"
'conaucted by Peck and Andersoﬁ (1969b) . Legner et'al,:(l975) concluded
froﬁ their stﬁdiethhatVdifFerent predétor species are 7mportant inv
different'seasons,_and that nétﬁfal enemy'CQmPlexes; rather than
individu51 species,'are required For‘bptfmal control,

In addition to bredatorg, pérésités, which infe;t the pupae,
are impOrtaht in the suppression of fly popu]atiohs, Arthropod
péragites are the only organisms that seem to be important in
: destrqyiﬁg final=-instar larvae and pupae (Légher and Brydon 1966).
Studies to identify species.and determine seaspna] abundance of pupal
barasites have beén conductéd by-Legher (1966), Legner énd Olton
(1971), and Legner et al. (1975). Pupating larvae of Fannia species
represent- only 10% of the total number of deposited eggs (Legner et al.
1967). This surviving 10% is responsib]e for the total adultvpopulationw
A reduction in-numbers,ofiindividuals'at this pofnt in the life cyc]é
would, theréforg,‘have thé most direct impact on adujt populations.,

Attempts to utilize pupal parasites as a biological control
agent'have resulted in only margfna] success (Legner and Brydon 1966;
Oit@n:andiLegnef 1975)°  Legner énd*Dietrigk_(l972) mass~released
parasiteé éhd aChigvéd»an-a]most twofold increase in thé percent

parasitization of fly pupae.



.5

The constructionfgf laying houses and management of'manure,hlay
- a significantirole in the suppression of,fiy populations. Eastwoodf::
et a];“(]967)lreport.fhat,_by coﬁpoéting;'manure can be;rendered
unsatisfactory for the deve]opment of dipterous larvae, _Rodriguez ,
ef al. (]970)'report that dry manure does not prodﬁce f]ies, and they
mention other culturé] methods, such as the repéir-of faulty watering
systems, as a méans of controlling f]yApopulatipns; Legner and
Brydon (1966) suggeéf'that‘certain-modiffcatioﬁs of housing structure
might improve the environment to favor parasite activity.

This study was initiated to investigate the effects of laying
house design on the production of 1afval aﬁd pupal populations of

Fannia canicularis and F. femoralis.




METHODS AND MATERIALS .

- . Location and Description of Study Area

The sfﬁdy was conducted at the Poultry Research Center, at the
Univefsity of Arizona Casa Grande Highway Farm (Fig. 1). The center
is locétéd 7 km northwest of the U, of A. main campus on lnterstate
Highway 10, at 111° 00" 1on éast.]ongitude, 320 15i 30'" north latitude,
at an elevation of 698 meters. The entire Faci]ity’occupies L42.8
 hecfares and, in addition to the poultry center, it houses a cattle
ered]ot, a small alfalfa field and ah installation operated by the
Water Résources Department.

The Poultry Resource Center was bordered to the north by . .~
Interstate Highway 10; to the easf and south by a large undeveloped
area consisting of desert vegetation, and to the west by a small peéan
“orchard. Total rainfall during the.samp]ing period (mid-March to late
August) was 12.8 cm.  The mean high temperature was 310 C, the mean .
Tow temperature 13.22° ¢ (Fig. 2); |

0f the twe]vé poultry houses ét the research center, four
were selected for sampling, each being of a different design (Fig. 3).
House 1 had a tqta] area of 836.1 m2, and an 11,004 bifd capacity..
'One half of the house consisted»df F1oor pens, which were not. sampled.
" The other half‘qqnsisted oF'susbended cageé arranged in threé‘rows,
Witﬁ concrefe aisles separating ea;h; Birds were he]d in 45,7 cm X
61 cm cages, . four bfrd; per-;age; suspended:],37 m above a

:6



A LABORATORY, STORAGE A ADMINISTRATION 1 sTupy HOUSE NO 1

B - SUPERINTENDENT'S HOUSE 2 STUDY HOUSE NO. 2
C & D cLimaTE coNTROL HOUSES 3 sTUDY HOUSE NO.3
E. creennouse 4 stupy HOUSE No. 4

F & G - chicken HousEs
H “~BROODER HOUSE

| STORAGE

J - chicken House

K SHOP

L &AA CHICKEN HOUSES

E Q CELI

Figure 1. Overall layout of the Casa Grande Highway Farm, Poultry Research Center
showing relative positions of the four study houses.



Rainfall n Centimeters

Temperature i “Centigrade

Figure 2.

Maximum and minimum temperatures and precipitation at the Casa Grande Highway
Farm during the 1976 study period (beginning with the week of March 12).
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HOUSE NO.I

im zm m

HOUSE NO. 2

MANURE DROPPING AREA
AISLE

HOUSE NO.4

HOUSE NO.3

CONCRETE

Figure 3. Floor plans of the four poultry houses sampled.
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. dirt-bottomed manure dropping area. This dfopping area was 5 cm deep,
1.35-m wide and 28 m long. - |

House 2 had an area éf f93,2 mZ, with a 544;bird capacity.
Tﬁis house contained suspended cages érfanged in two rows, separated
by concrete aisles. Cages were of the same dimensions as those in
HoUée 1, and also housed Foﬁr birds eéch° Each.cage was held 8606'cm
- above a manure dropping area. The dropping area was 8°9 cm deep, 1.03
h wide and 20.78vm long. Un]iké House 1, the dropping area in House 2
had a concrete bottom. ‘

House 3 had the capacity of ho]djn97520 birds, withva total
area of 223.5 mzo The birds were housed in cages measuring 22;9 cm x
45,7 cm, with one bird per cage. The cages were arranged in three rows
separated by concreté aisles aﬁd suspneded 81.3 cm above fhe dirt

floor, The manure dropping area was 11.4 cmvdeep, 1.05 m wide and

29,87 m long.

House 4 was a constant temperature cage house. This house was
constructed with corrugated sheet mefa] so that it was completely
closed, in contrast with Housés 1, 2 and 3, which had open sides
pérmitting»fresh air‘énd sun]ight to enter, House 4 was also equipped
with an evaporative ﬁoo]ing system, while the bther houses were not.

" House L was theAsmallest ofAthe four study houses, with a total area of
30,1 m? and a capacity of-ého-birdse' The cages, measuring 61 cm x

L45.7 cm, each held hjbirds and were sUspendéd 82.6 cm above a dirt .
floor manure dropbing érea, which ﬁeasured 12,7 cm degp, 91.4 cm wide,

“and 6.2 m lbng; .
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Samplihg Methods

Sampling was conducted between mid=March and late August, 1976.
Larval samples were taken once a week and pupal samples on alternate
weeks, Two sampling methods were emplioyed, Berlese funnel extraction

for larvae, and water flotation for pupae.

Berlese Funnel Extraction

Five one=jitef manure samples were taken from each of the four
study houses, Each one-liter sample was CO]Yected.using a sheet ﬁetaf
ﬁrough, measuring 55 x 13 x 8 cm, and a trowel. The trough was -
_inserted into the manure at a 45° angle, and each samp]erwas obtained
by "'back hoeing' fhe manure into a one Tliter coﬁtainer, The sample
was then placed in a brown paper bag: When all the~sampl¢s had been
co]iected, they were p]éced’in individual Berlese funnels and larvae
extrécted with forty watt incandescent lights for forty=-eight hours.
Larvae were col]eéted.in Qia]s'containing 70% ethanol, placed at the
bottom of each funnel, and returned to the laboratory for processingol
The content of each vial Wésvp]aced in a large petri dish which was
manipulated to evenly distribute the matefial over its bottom surface,
The bottom surface was divided into Fourthé and counts of all Fannia
spb; larvae in one quadrant were made. This number was multiplied by
four and'recérdéd'For each sample, The‘samples were then placed in
" coded viajs.and-preservea in 70% ethéno];,

,Spécies composition oF’thé Samp]es was deferminedias,follows:

 Twenty Fannia larvae were'subsampled-fromieach vial and the number -
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of F. canicularis aﬁd E. femora]isvspecimens in each subsample was
re;orded, This'pfovided a rétio on which the total number of eéch'_
species was estimated, !dentffication of larvae was made using the

characters described by Chillcott (1960).

Water Flotation

Five one~liter manure samples wefe taken randomly from eéch
of the four houses in the same manner as described for the larval
'sambleéc The samples were placed in plastic buékets (9.4 ]iterj which
were then filled to approximately ohe-ha]f capacity with water, The
vcontents were stirred, causing pubae and debris to be floated td the
_éﬁrface° This floating material was placéd throﬁgh a series of sieves
and rfnséa until only the pupae remained, The-pupée thﬁé co]lectéa
were then transferred to bags made of plastic screen (6.6 msh/cm) and
~ transported .to the laboratory for pfocessing.-

| At the laboratory, the pupae were placed into a candling device

to separate.the viéb]e indfviduals from eﬁpty pupal cases. The device
Eonsisted of a glass petri dish set atop an overturned translucent
plastic container,*withfa forty watt incandescent light bulb inside.
The device prov?ded.back]ightihg in such a way that viable pupae would
“appear dark whereas empty.pupai cases appeared bright. ,Tﬁe viable
" pupae were then’p]acea in individual gelatin capsules (Siie 000) and
held at 25° ¢ foﬁ aduit éna parasite emergﬁncé° |

Fo]]owing’emergence, adults were pihned,liabe]ed'énd idenfifiedo'
-Numbers of F. canicu]éris and i,\fémora]fs adu]ts-wérearécorded and the

specimens placed in Schmitt boxes for étorage. Each capsule observed
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to contain an emerged parasite(s) was set aside, The parasitized
pupae were removed and identified. Data for total numbers and percent

parasitization were thus obtained.

‘Moisture Content of Manure
Manuré samples were taken on March 15, April 17 and May 17,
1977, to determine moisture content, On each date five small samples
(approximately 10 grams) were taken from each house. These were
returned to the laboratory,‘weighed; and then dried in a vacuum oven
to constant weight.. This provided data on.percent mofsture by Qeight

for manure in each of the study houses.



_RESULTS AND DISCUSSION

Seasonal Abundance oerarvae
Seasonal abundance data are presented in Figures 4 through 7,

each figure representing the population in one of the four test houses.
Houses 1 and 2 haa similar manure management systems and yielded the
largest ‘larval populationég In these houses, manure accumulated in a
‘mass of uniform height below the cages, Each cage contained fouf birds
and the cages were suspended about 1 m above the manure dropping area,
This arrangement provided an ideal larval habitat in that the manure
accumufated répid]y, evenly and retained a high moisture content.
o _In House ],‘the floor of the droppiﬁg area was:composed of
dirt, whereas in House 2, the dropping area was composed of concrete.
This difference séems to héve iitt]e affected the popglations of Fannia
larvae. In both houses the larvae bf F. canicularis far outnumbered
thbse of,E,'FemoréIiso ,(n House 1 (Fig. 4) the mean populatioh_density
of E, canicularis ﬁeaked on April in (House 1 X = 583.5 larvae/liter;
House 2 X = 591;8 larvge/]iter), fdl]oWéd by a rather drastic decline
on the next éémple date, April 20 (House 1 X = 379.5 larvae/liter;
House 2 X = 299.3 larvae/liter). This dec]ine waé apparently due to>a
arop in temperature dﬁring that weeka |

:_The mean low'temperaturg for-the week of'Apri] 8 was 8.16° c.
‘This dropped to a ﬁéan Tow of 2,880:C For.the,weék of'Apfif 15,
.Nieschulz (]935)_rep0rt§~that;ﬁ. caﬁicuiarié is inactive below fhe.

1
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temperature of 4.,5° C. The following week (April 22-28), the mean Tow -
temperature rose to 13.92° C, ‘This riée in_temberaturé was accompanied
by a rise_in the populations of EF. canfculariso in House 1, thei
population rose to a mean of 490.1 larvae/lifer, somewhat lower than
the peak of April 14, In Houée 2, the population rose to.597°4 larvae/
lifer, slightly higher than the peak of April 1L, The F. canicularis
population in House 1 declined agéin on May 10 to a meén of 202.0
larvae/liter. A much less severe decline of the Eorcanicularis
popu]atfon of House 2 was observed, to a mean of 496.5 larvae/liter.,

The F. femoralis populations in these two houses wePe,»as
previously mentioned, considerably smaller throughout the study. The
decreasé>in tempefature during the week of Apfi] 15 had a much smaller
effect on F. femoralis. . The population in Hbuse 1 dropped from 72,9
]arvae/]iter on April 14 to 60,0 larvae/liter on April 20. In House 2
there was actually a slight increase from 157.0 larvae/liter on April
14 to 161.5 larvae/liter on April 20, indicating a greater cold
tolerance in this specieén The F. femoralis populations peaked on g
May 10, fouf weeks>after'the initial population peaks of F. éanTcularis°

In comparing the population curves of both species within each
house, there is some indication of competition between the two species.
In House 1 there is a deéline of F. canicularis from'a mean of 490,]
‘larvae/liter on Apfi1;27ito 202,0 larvae/liter on Mayvlofiaccompanied
»vby a ‘sharp jncréase in fhe E;-femora]i$ populatibh ffomva mean of'250¢7
larvaé/liter-(Apkil 27) to a mean of 176.L 1arvaé/]iter (May 10). on

the_Fo]]QWing'éémbiefdafe,’May'17, the’f° canicularis population
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increased to a mean of 345,2 larvae/liter and the F. femoralis
population dropped to 22.8 larvae/litér; In House 2, thé E.
cahicuiaffg population dec]ined.from.a 597.4 ]arvae/]iter mean on April -
27 to a‘mean‘of 496.5 ]arvae/lfter on May 10 éhd continued to decline
A t§ a mean of 40,3‘]afvae/liter on May.31° The F. Femoralis population
in House 2 increased between April 27 and May~IQ from a méan of 252.6
lafvae/]iter to 317.9 larvée/liter and then»rapidly decreased to a
mean of 34.6k1arvae/]iter on May 24, Competitidn in tﬁis\case is
probably fdf sujtable microhabitat, épetifica]]y-aréés of high moisture
conteht'in'the manure, rathef.than‘for food. Valiela (1974) reports
that competition for food doeé not appear to be a Timiting factor
émbng dung-feeding arthropods. |

o AfteffMay'l7; the Fannfa popdlatibns in both Hoﬁées 1 and 2
crashed, and did not reach.éppreciable ]eVejs again, This event was
apparently a response to summer temperature extremes, fhe mean high
temperéturé, from May.]7vto the last sample date (AugustVBO), was
35.6° C; Nieschulz (1935) reports that F., canicularis experiences heat
stress at 34.3° C. |

Thebovera11>meah larval density of Fannia spp. in House 3,
17.15 larvae/liter, Was far be]éw the overall means prdeced in either
House 1 (206.24 larvae/liter) or House 2 (164,76 larvae/liter). The
éyéfem utilized in House 3 was’dréstica]]y'different from that employed
in Hoﬁses 1 and 2. ln'Hohse 3 birds Wéré held Tn individual cages.
fhfs resulted in a s]ower'accumulafion.oF-mandre,'and thereby provfded

‘time for the manure to dry. ‘lnvadditioh, the manure formed individual
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'risolated cones beneath each cage. This a]so'faci]itafed drying.  In
‘contrast with manure samples téken from Houses i and 2, which ;ontained
Q9;O% (SD = 14;76) and 52,.37% (SD = 8.94) water b; weight, samples

from House 3 were found to contain-15.97%V(SD7%.18.34) water by weight.

The firét popu]atfon peak of F, canicularis in House 3 (X =
55,1>1arvae/1iter) océurred two weeks earlier (?ig° 6), March 31, théh :
the peaks observed in Houses 1 and 2. A possible explanation for this
'is that the coned manﬁre absorbedjheat more rapidly because §F its-
ré]ative]y Iérger surface/volume ratio. The manure received direct
sdn]ight for at least part of each day; ~The same depressfon éf the
F. caﬁicu]aris population on Aprf] 20 was obsérved° This déc]ine first .
became evident dn April 14, whén the density dropped from 69.08 larvae/
Ifter on Apfil 7 to 37°6.]arva§/]iter on April 14 and contiﬁued to ,
drop tb a densfty of 14.8 larvae/liter by April 20. This event wasAdue
toAthe previously méntioned drop in temperature which occurréd at this
time, The'popuTation decline was far more arastic'in HouseAS thanhin
Houses 1 and 2; again. this was probably the result of the larger
sﬁrface/vo]ume‘ratio df the manure in.this héuse, aliowfng a greater
heat loss frémithe manure, |
The second peak in Hoﬁse 3 occurred on’April 27 (X = 62 larvaé/

liter); this coincides both with the,increasé‘in temperaturerand-with
peaks observed in Hoﬁses 1 énd 2, Beray 10, the £g canicu1aris o
‘.‘bobulatioh dropﬁed to'é mean-of 1.6 larvae/liter and, with the
éxception of small increaées on Méy 31; to aimeanfof 22.1 larvae/liter,

and on June 21, to a mean of 9.6 larvae/liter, remafned.near'zerQ for -
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the remainder of fhe study., fhe ﬁépulatioﬁ o.fr_Ea femoralis was , as_in
Houses 1 and 2, conéiderabiy smafler tﬁan tEat-of F. canicularis, The
peaks and troughs of the E.‘Feéoralis population paralleled those
obsefved for E; canfﬁu]arfs in fhis house. Péaks‘occﬁrred on April 7.

18,9.]arvae/1iter), April 27 (X = 24,5 larvae/liter), May 31

x

(X = 14,7 larvae/liter) and'JuneIQ] (X = 6.4 larvae/liter). The

population data for House.3'shdw no indication of_competitfon‘between
the ﬁwo species oF Fannia°' ft ié possible'that at the lower ]érva]
denSfties.found ih’thié house,_resogrcés.(e;g,,'iarvél microhabitats)
were not ]imitedo. '

House 4 was a temperaturé control house, Temperatﬁrevin this
house was regulated by heating and_e%aporative cooling systems. The
manure was almost in a liqﬁid‘stafe; sampfes fakeh had a mean Qater :
content of 77.51% by wgight.(SD = 2.96). rThis was, at least in part,
the result of a lack of exposuré to suglight and air,‘since tﬁis housé
was enc]oseda- |

The mean population density of F. canicularis in House L was
L8.69 ]érvae/liter, thfs being signiffcahtiy lower than the means -
reported for Houses 1 and 2; however, thfs‘denSity.is higher than that
reported for House 3. Un]iké the situatigns found in Houses 1, 2Vand
3, the F. femoralis population inAHousé L (Fig. 7) was larger (overall
;7 =A68,22 iarvae/litéf) than the Fe. caniéuiaffs populafion; In fact,
- the populatioﬁ density of F. femoralis Was higher in‘House 4 than in.
ény'df therbther houses sampléd, indicating thafui; fémoralis can_:

tolerate, and even prefers, a 'substrate with high moisture content.
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The Firsf'population peak in House L occurred on March 24,

much earlier than in the other houses. This was apparently due to the‘
fact that a higher tempereture>wes mejntaiﬁee,in this house;i Theefe
outside'temperature for the two-week period, from Merch 11 to March 24,
had a mean- low of 3.16° C, whereas fnside Heuee L for the same peind?
.the mean low wes'16,52° C. 1In additien, the'popu]ations remained at
their higﬁest levels for a much longer perioe, from Apri1527 to June 7.
Again, this is pfobab]y attributable to temperature maintenance iﬁ this
house. The populations dropped on June 14 and remained at zero (except
for an increase in F. femoralis on June 12) for the‘hemainderzef the
etudy° - The reason for this popu]ation crash eepears to be the fact
fhat the populations in neighboring houses (including Houses 1, 2 and
3 of this study) crashed at this time, A]tﬁough Heuee 4>prbduced a
substantial number of 1érvae, fhere were essenfial]y‘no adult flies
being -produced in this house (aé is indicated>by data on pupal popula-
tions, diecussed'separately); Therefore, larval eopelationé in House L
were being produced by adult f}ies immigrating into.this house from
surrounding houses. When the populations in these houses erashed,,the

populations in House 4 lTikewise crashed,

Seasonal”Abundance of Pupae

' Figures 8 through 11 illustrate the seasonal abundance of pupae
in Houses 1, 2, 3 and 4, respectively. Houses 1 ahd—z, which produced
 the largest number of larvae, not surpkisfng]y also yielded the 1ergest

-pupal populations.
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House I.produced'an oyeral] mean of 3,243 F., femoralis pupae/
'1iter and an a]ﬁoét equal numbervof F. cénicu]éris pupae, 3.586 pupae/
‘liter., The F. femoralis population shows one peak, on May 5, with a
'aensity of 27.6 pupae/litér (Fig. 8). The F. canicularis population
shows fworpeaks, the'ffrst also occurring on May 5, with a densitf of
8.8 pﬁpae/liter;.and,a second, larger peak,roccufring qﬁ June 1, with
a density of 19.4 pupae/liter. This seéond peak appears to Ee iﬁ
" response to ﬁhévdeclihe'in'the E; femoralis bﬁpai population (from 27.6 -
pupae/fiter on May 5 to QQO and 0,8 pupae/liter on May 17 and quné 1).
Tﬁis‘may fepresent comhetitioh for suitable pupatfon sites; which were.
"~ probably at a premium. Brydon, - Kada and Fuller (]967) report that
'Fanﬁia pupae prefef a substrate with a 40.5% moisture cohtento Sémp]es
taken from this house.revealed thafAthe manure contained 49.0%-(SD =
14,76) water by weight.

éoth F. femoralis and F. canicularis popg]ations in House 1
began to decline by June:14 ahd.were down to nearrzero on July 12,
this proEab]y in response to temperature extremes (meén high
temperature for the period of June 10 to July 16 was 37.2° ¢).

House 2 produced the largest pupai populations (Fig. 9) of the
four houses, with an ovéral] mean of ]3,89 E. femoralis pupae/lifer and
4,86 F. canicularis pupae/liter, Both populations reached one peak
“during the Study;'whiéh occurred, as in House 1, on May 5. The
'E,'femoré]is population reached a dénsity‘of 118.8 pupae/]iter on this
date, whereas theVE; canicu]aris‘dénsity was a much Tower 21.4 pupae/

liter., The F, femoralis population declined to a density of 25,0
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pupae/]itef on May 17, and continued to decline to near Zero,AAThe-
population remained at zeré, with the exceptipn_of a small peakvdn
- July 26 (7.6 pupae/liter), for the remainder of the study. The
E. caﬁicuiarisrpopulation dropped to'a_dénsity‘of 12,4 pupae/Iiter 6n

May 17, but then had-a small increase to 13.k pupae/]iter on June 1,
followed by a decline to 7.2 pupae/liter §n June M4, The E. canicularis
‘population was below.the level of.the F. femoralis popu]ation'FQf:the-
"enffre study'period,.except'for the two sample dates‘after1May 17, the
- time at which the F. femoralis popuiation crashed., This may be_the
fegu]f of the same type of competition for pupation site§ as was |
" observed in House 1. |

‘Houses 3:and L produced veryrsmall populations of pupae;
‘however, certain po§u1ation peaks are evidént and are worthy of
consideration. House 3 was the only house in which the number of
F. canicularis pupae (overall X = 1.1 pupae/liter) outnumbered the

F. femoralis pupae (overall X

0.6 pupae/liter). As pre?ious]y

. mentiohed, the>manufe in House 3 wés,the ]qwest in moisture content
(15.97% by weight). This fact is appafently resbonsib]e for the Iowef
numbersvéf F. fémoralis pupae; which seem to have higher.moisture :
requirements than F. canicularis. The population of F, femoralis
‘pupae in Hou5e73 (Figo.lo) shows two major peaks of equal magnitude,

-The first of these occurred én April 20, whenlthe denéity rose to 204_

= pupae/]itér. ‘The population. then fell to zero on May 5Vand:reﬁained-'

at iero on thé fé]]oQing»Sample»date, May 17. . dn June 1 the popd}ation

" rose aéain, tb a densfty of 2,2 pupae/liter, dropped slightly on



30

June 14, to 1, 8 pupae/llter, and then fell toa density of 0. 4 pupae/ |
liter on June 29, | A smal] increase to 1 pupa/]lter was observed on
-'Ju]y 12, fol]owed by a drop to zero on the next sample date (July 26)
, The pupal popu]atlon of F. canicularis in House 3 peaked on]y once, on
C April éO, to a density of 7}2 pepae/liter; The popu]atidﬁ then
‘declined, over the next three sample dates, te near éere, Where, with.
the exception of a smai] iﬁcreaSe'on Je]y 12, jt»remeined; The Fannia
pupai populations in Houee,3 showed their first peaks rwo weeks earlier
_then'the popu]atioﬁs fn Houses 1 and 2;'thistes probably dee to the Way
fn'Which the manure in this house accumelated° As described earlier,
'the manure formed cones,‘and as mentiened, the larger'surface/voleme
- ratio probably resulted in heatingvof the manure, favoring .an |
increase in dere]opmenta] rates of the r]ies,

H0use L produced the fewest Fannia.pupae, with overall means of_
0.8 F. femoralis pupae/liter and 0.03 E,'canicularis pupae/liter. The
F. femorelie population first apeearee on May 5 (Fig. 11), with a
‘densfty of 1 pupa/liter; the same deﬁsifylwas present on the following
sample date (May 17). The jargest'peak occurred late, on June 29, with
a density of>7 4 pupae/liter. F, canrcu]arls pupae were recovered on
only one sample day from House 4, June 29, at a density of 0.4 pupa/
Hter° The apparent reason for the small pupal popuTation ih House &4

was the very hlgh m0|sture content. of the manure, 77 5% (SD 2. 96)

Pupal Parasitization

Parasitized pupae first.began t6 appear on Apri] 20; on this

date parasitized F, canicularis pupae were recovered from Houses 2 and
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3. fab]e 1 aummahiZes pupal parasitization data. for both Fannia
species In eaehrhouée; - Overall, F. canxcu]arls were more heavily °
parasutlzed (Lo% of. recovered pupae) than F. femoralls (27 84 of
recovered'pupae)° Legner and Brydon (1966) report that Fannla Spp. -

pupae are more heavily parasitized than those of Musca'domestica

Linnaeus because they do not pupate as deeply in the manure, Perhaps_
thls same. behaQuora] dxfference exists between F Femoralls and
F. canscularls’ resu]tlng in the latter being more heavx]y parasntlzed
House 2 had the highest percent paraSItlzatxon of Fannia spp. pupae,
at 37.57%, possibly due to the fact that the floors.of the dropplng _
areas were composed of concrete., Concrete prevents the larvae from
pupatihg ih the soil and therefore exposes'them to parasitiiatioh
(Legner and Brydon 1966). A

| House 1 had the lowest cembfned percent of Fannia'puhal
pafasitfzafion, 23°J%o House f waskqufte similar in cohstrucfion to
House 2; apparently the critical_difference was that the floors ef the
dropping areas in House I wehe composed of-dirt;

Three species of pupal parasites were identified from the four

stdy houses: ‘Spalangia endius Watker, Musc?difdrax raptor Gerault and
Sanders, and a Eurytoma species, The percent of the total parasitized
pupae attributable to each of these specnes, in each house is
presented in Table 2. S. endlus and M. raEto were responsible for the-
majority'ef the observed pupal pahasltfzatjon, M. raptor shewed a
‘ma?ked'preference for the pubae ofiEa‘eanicdlaris, having been B

responsible for parasitizing 71.38% of all the parasitized F.
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Table 1, Mean percent parasitization of F. femoralis and
’ F. canicularis pupae in each of the test houses for the -
study period (March 18 = August 23, 1976).

: , X%F Fo canlcularls B Y%_F_.,"Femoralis" o
House No. _parasxtlzed parasitized . = Combined X.%
1 35.86 10,39 23,13
2 37083 ‘ : - B 37530 . 37!»57
3 k635 o wa7 25.26

v - ssa21 -
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TébTe 2, Percent of total paraSItlzed pupae attrlbutable to each
) paras:te spec:eso_ .
. % Parasitized by -~
Héuée'Nog "Hoét Pupa “Se endius  " Mo raptor Eurytoma spp.
[ F. femoralis 55.72 Lh,28 0
F. canicularis 20,8k 76.50 2,64
2 F. femoralis 67.14 24,39 8.47
F. canicularis 39.52 . 60,00 0.48
3 F. femoralis 66.67 33.33 0
F. canicularis 22.36 77 .64 0
L ,Eo'femoralis_ 83.35 16,65 - .0
F, canicuiaris 0 0 0
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canicu]arisvpupae° S. endius;'on the other hand, appeared to prefer
‘E;'femorélis ﬁupae, haviné parasitized 68.22% of all the pérasitjzed

E. femoralis pupae. |

‘VThe highest ]evé]s of pafaéitization occurred in mid=June for-

£; canicularis and in late July for ﬁ; femoralis (Table 3).
Unfortunate]y,_tﬁese_péaks of parasitization did not coincide,
temporally, witﬁ the populationApeaks of the two Fannia species,
decreasing thé impact of parasifization onvnatural'ééntrol; The
.pakasfte-species-séem_to require higher temﬁeratures than tﬁe Tly

species can tolerate,

Results of Statistical Analysis

The mean numbers of E, femoralis and F. canicularis larvae.
produced in each study house were compared using Duncan's Multiple
Range Test (LéC]erg etial; 1962) to identify statisfiéa]iy significant
differences, Results are presented in Table 4 and in Appendix, Table I,
Sigﬁificént‘differences in thérnumbers»of F. femoralis jarvae produced
were founa betwegn Houses 2 and 3 and Houées L4 and 3, with House 3
proncing’the fewest., The numbers of F. canicularis larvae produced
Were found to be significantly different between HéuSes 1 and 3,
Hoqses 2 and 3, Houses 1 and 4, and Houses 2 and 4,

' Data on the mean number of E. fémora]is and’fﬂ canicularis
pupae.wer¢ Iikewis¢ compared using D;ncan's Multiple Range Test.
ResUits are presented in Tabie’k and_in Appendix, Table 11,
Significantrdifferences in the:nuhbers:ofnigvfemora]is pupae produced

werelfoundvbetween‘Houses 2 and 3‘and:Houses 2 and 4, No significant



“Table 3. °

Séasonal occurrence of pupal parasitization in the four study houses, beginning on April

20
(no pupae were collected prior to April 20).,
% F. femoralis parasitized % E. canicularis parasitize& :
by S. endius by M. raptor - by S. endius by M. raptor
in in in ' ‘ in -
' : House House - House House
Date 1 2 3 L 1 2 3 L 1 2 3 L 1 23 L
B0 - - = = = = - = < 200 1.8 - - 8.0 8.2 -
5/5 100 100 - 100 0o 0 - - 667 0 0 - 333 100 100 -
'5/17 100 93,3 100 -~ 0 67 0 - 0 379 0 - 100 62.1 100 -
6/1 0- 59.5 0 - 100 ko.5 100 - L5 49,1 - - 955 50.9 - -
6/14 28,6 76.5 100 - 714 23.5 - - 158 4,2 100 < 7.1 55,9 0 -
. 6/29° 20,0 =~ . - 100 500 - - 0 389 - - 100 556 - - -
7/12 - 33.3- - 66,7 -  66.7 - 33.3 20.0 8.9 0 - 80.0 11.1 100 -
7/26 - Joh - 66,7 - 333 - 333 - - - - - - - -
8/9 - - - - - - - - 0 - - - 100 - - -
8/23 - 100 . = - - 0 - - - - - - - - - -
K= 55.72 Lk, 28 20,84 76.50
: 67,14 - 2h.39 : 39.52 60,00
. 66,67 ‘ 33.33 - 22,36 - 77.6h
0 16,65 100 0

o g¢
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Table 4. Mean values for numbers of larvae, pupae and percent pupal
parasitization for F. femoralis and F. canicularis in the
© four study houses, with statistical differences between
values indicated,
"F. femoralis ' ' F. canicularis
% Pupal 7 % Pupal
House Parasitiza- ~ Parasitiza-
No. Larvae Pupae = = tion Larvae Pupae tion
1 24,76AB  3.42AB  10.39A  140.00A  3.59A  35.86A
2  59.44A  13.89A 37.308 146,80  4.86A  37.83A
3 3.798 0.578 ki 17A 13,368 1.14A 46,357
L

68.22a  .0.768  59.218 48,698 0,03 - -~

Any two means, within houses for each life stage,‘followéd by differ-
ent letters are significantly different at the 0,05 levels, Duncan's
Multiple Range Test.
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differences were found in the popu]atione of F. canfcu]artsdbetweenn
:any_efithe houses. |

Percent pupal paras:tlzatlon was likewise ana]yzed by Duncan s
Multlple Range Test, and results are presented in Table 4 and in
Appendix, Tab]e 111, Differences in percent parasntxzatlon of
F. femoralis pupae were found to be s:gnlflcant between Houses 2 and 3,
- Houses L and 3, Houses 2 and 1, and Houses 4 and 1. The dlfferences,‘A
between percent_paras:tlzatxon of F. canlcularis'pupae were not.
significant in any of the houses,v.Because the number of E.deantculatis
pupae recovered‘in House 4 was so small, data on percent parasitization

could not be analyzed,

Con;lusions
The construction desfgn employed in House 3 resulted in the

smallest larval populations of bqth Fannia'species (8.6 ]arvae/liter),
and the smallest population of .f, femoralis pupae (0.4 pupae/liter).
House 4 prdduced smaller numbers of F. canicularis pupae (0.1 pupae/
]iter); h0wever,tthe dffference between the means of-Eo'canicularie
pupae in Houses 4 and 3 were not found to be-significant,
‘Parasitization of F, canicuiatis pupae was highest in House 3 (h6;35%);
however, parasitization of F. femoralis pupae-was Towest (4.17%).
- Overall, the design of the type exemp]ffied by House 3 is the meSt
euccessful in suppressing.popu]ations of F. Femotalis and F. canicularis.

: The”manure in House 3 was'theidriestr(15097%lWatet by»weiéht);
It-is this fact Wthh seems to be responSIb]e For the low productlon of

zFannla-1n~th1s house° The fact that House 3 was found to produce the
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fewest Iafvae indicates that thermanure within it was ]eaét attractive |
as an oviposition site. Kliewer and Boreham (1964) report that a
éubstrate with a'ﬁoisfuke content of 33.3% had little or no attractaﬁcy
to ovipositing'females of F. qénjcularfs, in,addifién, tHe'le__
moisture‘conteht,leads to high larval morta]ity, as indicated by the
small numbers of pupae recovered. Pupal parasitizaffon in this houge
could haye been enhanced by constructing the bottom:of the manuré
dropping areas oQt of concrete rather than dirt,

. In conc]ﬁsion, thé'constructioﬁ'design of Héﬁse 3, which
resﬁ]ted_insthe_formatiqn of manure cones having a low moisture
content, is the most effective-in édppressing populations of .

F. canicularis and F. femoralis.
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Table 1. Results of Duncan's Multiple Range Test for larvae of
- .. F. canicularis and F. femoralis in the four study houses.

Mean Differences 0.05 Confidence Level 0.0l Confidence LeQe1: 

(larvae/liter) rp Rp . TRp

femoralis

HI-H3 = 20.97 . 2,772 47.063 3,643  61.85]

H2-H3 = 55.65% - 2,918 . . L9.5h2 . 3.796 6h.L48
HL4-H3 = 64,43#' ' ‘3,017 | 51.223 36900» o 66,214
H2-H1 %'34;68 . 2.772-. o 47°o63 S 3.643 f .61;851 -
Me-HT = 43.46 2,918 L9.5h2 . 3.796 6L, L8
Hi-H2 = 8.78 2,772 47.063 3.k 6l.esT

canicularis

HU-H3 = 35.33 2,772 69,11%  3.643 . 90.831

HI-H3 = 126.6L%% 2918 72755 3.79% 94,646
H2-H3 = 133.bbwx 3,017 75,223 3.900 97.239
Ml = 91,313+ 2.772 69,11k 3.643 90,831
Hé-Hu = 98,11k 2,918 72.755 13.796 - »945646
H2=H1 = 6.8 2.772.  69.11h . 3.643 90,831
rp = significant studentized range, Rp = shortest significant range.

HI

mean number of larvae in House 1, H2 = mean number of larvae in
House 2, etc, : '

* significant at 0.05 level of confidence,
*%significant at 0.01 level of confidence, -

' significant_if'mean difference Rp. -



Table I1.

Results of Duncan's Multiple Range Test for pupae of

F. canicularis and F. femoralis in the four study houses.-
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Mean Differences

. 0,05 Confidence Level

0.01 Confidence Level

{pupae/liter) rp - Rp rp Rp
_ femoralis
Hi-H3 = 0.13 2.772 10,925 3.643 14,358
H1-H3 = 3.05 2.918 11.501 3.796 14,961
H2-H3 = 12.36% 3.017 11.891 3;900 15.371
Hl=Hb - 2,917 2,772 10,925 13,643 1&0358 3
H2-H4 = 12,23% 2.918  11.501 3,796 14,961
H2-HT = 9.31 2.772 110,925 3.643 14,358
| canicﬁ]aris
H3-H4 = L67 2,772 . 3,745 3,643 4,922
HI-Hb = 1.0 2.918 3,943 13,796 5.129
H2-H4 = 3.50 3.017 4,076 3.900 5.269 -
HI-H3 = .933 2.772 3.745 3,643 4,922
H2-H3 = 3.03 2.918 . 3.943 3.796 5.129
H2=H1 = 2,10 4,922

2,772 ; 3.745

3.643

rp
H4

mean number ‘of pupae in House 4, H3 =
House 3, etc.

significanf studentized range, Rp = shortest significant range,

‘mean number of pupae in

% significant at 0,05 level .of confldence (significant if mean differ=

ence’

Rp.



Table 11}. Results of Duncan's Multiple Range Test for percenf

parasitization of Fannia pupae in the four study houses.

Mean Differences

0.05 Confidence Leve]-

0.01 Confidence Leve]

HI

parasitized pupae in House 2, etc.

* significant at 0.05 level of confidence. "

*%significant at 0,01 level of confidence.

significant if mean differences Rp.

(% parasitization)’ rp Rp rp Rp
femoralis
HI-H3 = 6.223 2,858 26.210 3.825 35,079
H2-H3 = 33.133%  3.006 26,250 3.988 34,825
Hi-H3 = 55.043%% 3,102 35.462 1,098 46849
H2-H1 = 26.91% 2.858 . 22.555 3.825 30.186
Hi=H1.= L8, 82%x 3.006 Vv 32.475 | 3.988 43,084 o
H4~H2 = 21,91 | 2.858 29,820 3.825 39.910
- canicularis
H2=H1 = 1,97 2.858 22,276 3.825 29.813
H3-HT = 10,49 3.006 27.226 3.968 36.121
H3=H2 = 8,52  2.858 | 24,487 - 3.825 33.515
Tp = significant studentized range, Rp = shortest significant range.

mean percent parasitized pupae in House 1, H2 = mean percent .
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