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ABSTRACT. The parasitoid wasps Spal angi a caneroni Perkins and
Musci di furax raptor Grault and Sanders commonly co-occur in nature
and are sonetines released together in efforts to control pest fly
popul ati ons. Laboratory experinents were conducted to deternine
how t he effectiveness of these wasps in killing house flies (Misca
donestica L.) and produci ng wasp progeny is affected by: the wasp
speci e(s) used, host burial, and host age. For effectiveness in
killing flies, there was a significant three-way interaction. S
caneroni al one was consistently nore effective than M raptor al one
or than the two species conbi ned, regardl ess of host age and
burial. However, S. caneroni's greater effectiveness was npst
pronounced for buried hosts, and anobng unburied hosts for young
hosts. S. caneroni produced of fspring regardl ess of host buria
and host age. Host burial significantly decreased S. caneroni's
of fspring production only when just S. caneroni was present and
hosts were young. Host burial significantly reduced M raptor's
of fspring production in all situations. M raptor produced fewer
of fspring fromyoung hosts than fromold hosts under al

condi tions, producing no offspring fromyoung buried hosts.
Conbining S. caneroni and M raptor did not increase their

ef fectiveness at killing hosts. Being with the other species
versus a conspecific had no significant effect on M raptor's

of fspring production and increased S. canmeroni's offspring
production only fromyoung buried hosts.

Spal angi a caneroni Perkins and Muscidifurax raptor Grault and
Sanders (Hynmenoptera: Pteromalidae) are widely distributed,
frequently co-occurring species which parasitize the pupal stage of
certain fly species found in manure or decayi ng organic natter and
associ ated with humans (e.g., Butler et al. 1981; Millens et al
1986; Meyer et al. 1991). Both S. caneroni and M raptor are
solitary species, meaning that usually only one offspring conpletes
devel opnent on each host. They kill hosts not only by |aying

of fspring on thembut also by host feeding (drilling into a host
and feeding on fluids exuding fromthe host). A major and natura
host is the house fly, Misca donestica L. (Diptera: Miscidae), one
of the nobst inportant pests in livestock and poultry production in
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the United States and worl dwi de (Greenberg 1973; Busvi ne 1980;
Patterson & Rutz 1986).

Control of muscoid flies has relied heavily on insecticides
(Rutz & Scott 1990). However, use of natural enem es such as
parasitoid wasps to control flies nmay becone increasingly inportant
because flies are becoming nore resistant to insecticides
(CGeorghiou 1967, 1969; Farnhamet al. 1984; Levot & Hughes 1989;
Scott et al. 1989; Patterson & Morgan 1986), insecticides can be
costly, availability of new insecticides is limted (Meyer 1990),
and there are concerns with health risks and environnmental risks
associated with insecticide use (Rutz & Scott 1990).

Speci es of Spal angi a and Musci di furax are consi dered the nopst
ef fective of the parasitoids of pest nuscoids and are sonetines
rel eased alone or together to control pest flies (Legner 1981).
Under st andi ng nore about interactions between Spal angi a and
Musci di furax species and of these species with their environnment
will assist in deciding howto i nprove the effectiveness of
bi ol ogi cal control. Interactions are of interest with wasps
rel eased for biological control because densities will be higher
and thus the potential for interaction greater

Here | use | aboratory experinents with S. caneroni and M
raptor to exani ne whet her single species or pairs of species are

nore effective at killing flies and producing additiona

parasitoids and how this is affected by two environnmental factors -
- host burial and host age. |In the past, effects of environnmenta
factors have usually been investigated for single species, i.e., in

t he absence of interspecific conpetition (e.g., Ables & Shepard
1976; Legner 1977; Siafacus 1980; Mann et al. 1990; Pawson &
Petersen 1990; Smth & Rutz 1991; but see Ables & Shepard 1974).
However, wasps nmay respond differently in the presence of another
wasp species. Such information is relevant in deciding whether to
rel ease one or nultiple species.

Material s and Met hods

The colony of S. caneroni was established in 1985 with wasps
collected in northern Indiana (King 1990, 1991) and the col ony of
M raptor was established in 1990 with wasps collected in northern
IIlinois (King & Seidl 1993; Seidl & King 1993). The wasps had
been in colony for 9 years and 4 years, respectively, at the tine
of the experinments. WAsp col onies were maintained at 24-28°C, 24L
on house flies (King 1988).

The experinent was a full-factorial design with three factors:
parasitoi d conbination, host age, and host burial. There were
three parasitoid conbinations: MM = M raptor with M raptor, M =
M raptor with S. caneroni, and SS = S. caneroni with S. caneroni
Femal es were given either Y = young hosts or O = old hosts. Wen
initially presented to the wasps, young hosts were 0-24 h old from
the initiati on of pupal tanning; old hosts were 3 days older. The
hosts were approxi nately the size of naturally occurring house fly
pupae, about 2.7 mmwi de (King 1990). Hosts were either U =
unburied, placed in a vial wthout any nedia or B = buried, placed
on the bottomof a vial and covered with 2 cm of used house fly
| arval nediumfromwhich fly pupae had recently pupated and been
renmoved. Both S. caneroni and M raptor can reach and parasitize
hosts at 2 cm (Legner 1977; personal observation). The twelve
conbi nati ons of treatnents were designated MWU, MOU, MWB, MVOB
MBYU, MSOU, MSYB, MsOB, SSYU, SSQOU, SSYB, and SSOB. Host nortality
in the absence of the parasitoids was estimted for each of the
four conbinations of host age and burial by |eaving 50 hosts
unexposed to wasps (h = 9 to 13 per treatnent); the nunber of fly
pupae fromwhich no adult flies energed was recorded; and the nean
was subtracted fromhost nortality in the presence of parasitoids
to give nunber of hosts killed by parasitoids.

Each experinental female had been isolated in a test tube
prior to her energence so that she was of known age and had no
contact with other fermales prior to use in experinments. Each
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fermal e was observed to mate with a virgin mal e when both fenal e and
male were a day old or less. Fenales were presented with hosts in
20 m glass shell vials (70 nmhigh by 20 mmdianeter) with cotton
plugs. A streak of honey was provided on the side of each vial as
food for the females. Each pair of females received 50 hosts for
24 h (Ables & Shepard 1974). Vials were placed in 900 m jars (17
cmhigh by 9 cmdianeter) containing a saturated sodi um chl oride
solution to produce about 70-75%relative humdity (Wnston & Bates
1960), and the jars were placed in an environnental chanber at 23-
28°C, on a 12 h light: 12 h dark photoperi od.

After being exposed to fenmales for 24 h, hosts were renoved
fromthe substrate. Energing flies were counted, and the remaining
hosts were individually isolated in test tubes with cotton plugs
for further devel opnent of wasps. This was necessary to ensure
that energing M raptor, which take about a week |l ess to devel op
than S. caneroni, would not hyperparasitize any of the hosts from
whi ch wasps had not yet energed. (Under natural conditions, M
raptor woul d presunably disperse.) After wasps finished energing,
all hosts were dissected and nunber of adult femal es and mal es of
each species counted. Dissection of hosts was necessary because S.
caneroni adults will crawl back into hosts (personal observation).

I deally one would | ook at lifetine reproductive success rather
than of fspring production over one day, but it was not practical to
do so and still nmmintain adequate sanple sizes. Lifetine
reproductive success is highly correlated with reproductive success
over a period of a day for S. canmeroni (King & King 1994; King &
Lee 1994) and M raptor (King & Seidl unpublished).

Statistical analyses were done using SPSS-PC version 4.0
(Norusis 1988). | used al pha of 0.05 for conparisons of neans.

| anal yzed the nunber of flies killed per parasitoid, using a
three factor ANVOA of parasitoid species conbination (just M
raptor, just S. caneroni, or both), host age (young or old), and
host burial (buried or not buried). For each parasitoid species, |
exam ned of fspring production per female using a three factor ANVOA
of conpani on (conspecific or heterospecific), host age (young or
ol d), and host burial (buried or not buried). ANOVAS with
significant interaction terns were foll owed up with one-way
conpari sons, ANOVA or Kruskal-Wallis, depending on normality.

Signi ficant one-way conparisons were followed up with nultiple
conpari sons, Student-Newran-Keuls or pairwi se t-tests or Mann-
Whitney U tests, depending on normality.

In anal yses of variance (ANOVAS), host age was treated as a
random effect, the other main effects as fixed effects (Sokal &
Rohl f 1981).

Resul ts

Dependi ng on treatnent, parasitoids killed 0-65% of hosts
(Table 1). For nunber of hosts killed per parasitoid, there was a
significant three-way interaction between parasitoid conbination
host burial, and host age (Table 2). For all four conbinations of
host burial and host age, the pattern was that the greatest nunber
were killed when there was just S. caneroni, the | east when there
was just M raptor, and an internedi ate nunber when there was one
parasitoi d of each species (Table 1). However, the difference
bet ween both species present versus just M raptor present was not
significant for old unburied hosts. The nunber of hosts killed by
the two species conmbi ned was not significantly different fromthe
average of the two single species treatnents for each of the four
host age, host burial conbinations (t-tests, P = 0.05 for each
conbi nati on).

More hosts were killed per parasitoid when hosts were not
buri ed than when they were buried in all treatnents except for old
hosts parasitized by just S. caneroni. Mre hosts were killed when
hosts were old versus young in all treatnents except for unburied
hosts parasitized by just S. caneroni.

For nunber of offspring, for both M raptor and S. camneroni
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there was no significant three way interaction between comnpani on
speci es, host age, and host burial (Tables 3-6).

Dependi ng on treatnent, M raptor produced a nean of 0.00 -
7.76 offspring per female. The only significant two-way
i nteracti on was between host age and host burial. No M raptor
of fspring were produced fromyoung buried hosts. More offspring
were produced fromold hosts than fromyoung hosts and from hosts
that were not buried than from buried hosts under all conditions.
There was no significant effect of M raptor's conpanion being S
caneroni versus a conspecific. (The nonsignificant pattern was
nore offspring with a heterospecific versus a conspecific in 3 of 3
conpari sons (Table 4).)

Dependi ng on treatnent, S. cameroni produced a nean of 7.50 -
14. 41 offspring per female. There were significant two-way
i nteractions of host age with parasitoid conmpani on and host age
with host burial. S. caneroni fenales produced nore offspring when
with a M raptor female than when with a conspecific when
parasitizing young buried hosts but not from other host situations.
Host age had no significant effect on S. caneroni's offspring
producti on except that nore S. caneroni offspring were produced
fromold hosts than fromyoung hosts when the hosts were buried and
just S. caneroni was present. Burying had no significant effect
except that nore S. caneroni offspring were produced from unburied
than from buried young hosts when just S. cameroni was present.

Di scussi on

Buryi ng of hosts and host age affected the relative
ef fectiveness of the three different wasp conbinations in degree,
not in direction. S. cameroni al one was consistently nore
effective than M raptor alone or the two species conbined,
regardl ess of host age and host burial. Thus, under the conditions
of the present study, S. caneroni's advantages over M raptor mnust
have outwei ghed M raptor's advantages over S. caneroni

In contrast to this study, sone previous studies have
concl uded that Miscidifurax is conpetitively superior to Spal angi a
(Wlie 1972b; Markwi ck 1974; Legner 1977). In interactions anong
adult fermales, M raptor is nore aggressive toward S. caneroni than
vice versa (King & Lee 1994). Muscidifurax femal es show | ess
tendency to avoi d pupae parasitized by Spal angia than vice versa
(Spal angi a endi us Wal ker and M raptor (Propp & Morgan 1983); S.
caneroni and Musci di furax zaraptor Kogan and Legner (Wlie 1971
1972a)). When M zaraptor and S. caneroni or S. endius parasitize
the sane host, M zaraptor is nore likely to survive (Wlie 1972b
Mar kwi ck 1974).

Laboratory experiments with M raptor and S. endi us suggest
that which species will produce nore offspring varies with
tenperature, at |east for single species (Ables & Shepard 1976).

In the present study, S. caneroni's consistently superior
performance over M raptor, both at killing hosts and at offspring
production was |likely due, at least in part, to the presence of a
m corsporidiuminfection in M raptor (Becnel & Geden 1994). The
col ony was not tested; however, the nicrosporidi umhas been found
in alnost all colonies of M raptor that have been surveyed and
usual ly at very high rates (Zchori-Fein et al. 1992). The
m crosporidiumseverely reduces M raptor's fecundity (Geden et al
1995), and fecundity val ues observed in my colony were simlar to
t hose of infected wasps (Zchori-Fein et al. 1992). The
m crosporidiumal so occurs in natural popul ations of M raptor and
in parasitoids frominsectaries but has not been found in S.
caneroni (Zchori-Fein et al. 1992; Geden et al. 1995). Although it
is possible to reduce or even elimnate the infection (Geden et al
1995), whether this will be done in comercial insectaries renains
to be seen.

S. caneroni's greater effectiveness than M raptor was nost
pronounced for buried hosts. This is consistent with the
observation that Spal angia parasitizes hosts at greater depths than
does Muscidifurax (S. canmeroni, S. endius, S. nigra Latrielle, S.
ni groaenea Curtis versus M zaraptor, M uniraptor Kogan and
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Legner, M raptor (Legner 1977, Rueda & Axtell 1985)). Both S
caneroni and M raptor can burrow 2 cmto reach hosts as required
in the present study (Tables 4 and 6). However, nore unburied than
buri ed hosts were killed by the parasitoids, except when the hosts
were old and just S. caneroni was present, in which case burying
had no effect.

Anong unburied hosts, S. caneroni's greater effectiveness than
M raptor at killing hosts was nbst pronounced for young hosts. S
caneroni produced of fspring regardl ess of host age. M raptor
produced fewer offspring fromyoung hosts than from ol d hosts under
all conditions, producing no offspring fromyoung hosts when they
were buried. Effects of host age have not previously been exam ned
for M raptor. M =zaraptor produces the nost offspring from hosts
of ages internediate to those used in the present study (Markw ck
1974). The effect of host age on offspring production in S.
caneroni appears to be context dependent. In the present study,
of fspring production of S. caneroni increased or was unaffected by
host age, whereas when S. caneroni females are solitary and at
lower humidity, offspring production decreases with host age (King,
unpubl i shed).

Spal angi a and Musci di furax species are sonetinmes rel eased
toget her for biological control. Miltiple species nmight be nore
effective than single species -- if the different species each
parasitize hosts that the other(s) would not through differences in
factors such as when and where they are active and which stages of
the host they use (e.g., Ehler 1978). However, under the
conditions tested here, there was little evidence of this.

O fspring production per S. caneroni fenale was greater in the
presence of M raptor than in the presence of a conspecific only
fromyoung buried hosts, fromwhich M raptor did not produce

of fspring. Wether there is an advantage to multiple species under
other conditions remains to be tested and woul d be nbst expected in
het er ogeneous environnents, e.g., w th heterogeneous tenperature,
host age, and/or depth at which hosts are buri ed.

The results presented here suggest what the outcone of
interactions will be with one generation of offspring production
Such short termeffects are relevant to situations with repeated
rel eases. Over a longer period, without repeated releases, it is
possi ble that M raptor m ght outconpete S. caneroni to extinction
Thi s m ght occur because of M raptor's shorter devel opnent tine
and because M raptor superparasitizes and hyperparasitizes house
flies containing S. caneroni pupae (personal observation).
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Table 1. Mean % s.e. nunber of hosts killed per female (MM = 2 M raptor fenales,
MS =1M raptor female + 1 S. caneroni female, SS = 2 S. caneroni fenales)
ANOVA
anmong
Parasitoid Conbination parasitoid
(%Y %S SS conbi nati ons

Unburi ed 4.5+ 0.7 a 10.8 £ 0.9 b 14.1 £ 0.6 ¢ F =44.11
young hosts 1- 10 3.5 - 15 10 - 17.5 P < 0.0001
Unburi ed 11,9+ 0.6 a 13.6 + 0.8a 15.8 £+ 0.9 b F = 6.56
ol d hosts 8.3 - 15.3 6.8 - 18.3 7.8 - 19.8 P = 0.003

Young ver sus t = 8.21 t = 2.43 t = 1.62

ol d hosts P < 0.001 P = 0.02 P =0.12
Buri ed -1.0 + 0.5 a 5.4 +0.8b 8.6+1.0c X =27.95
young hosts -3 - 5.5 -3 - 10.5 2.5 - 15 P < 0.0001
Buri ed 2.9 +£1.0 a 9.7 £ 0.80b 16.3 £ 0.7 c Xt = 34.75
ol d hosts -.5 - 14 2 - 15 11 - 20 P < 0.0001

Young ver sus U=24.5 t =3.71 t =6.44

ol d hosts P = < 0.0001 P = 0.001 P < 0.001

Unburi ed versus Uu=11.5 t = 4.44 t = 4.78

buri ed young hosts P < 0.001 P < 0.001 P < 0.001

Unburi ed versus Uu=14.0 t = 3.41 t = 0.42

buri ed ol d hosts P < 0.001 P = 0.002 P = 0.68

n =16 for all treatnents, except 15 for 2 S. cameroni wth unburied

young hosts and 17 for both species with unburied old hosts.
Wthin rows, different letters indicate significant differences.
Negative values indicate fly deaths exceeded those in control



Table 2. ANOVA of the nunber of hosts killed per parasitoid by species
conbination (M raptor only, S. caneroni only, or both parasitoid species),
host age (young or old), and host burial (buried or not buried)

Mean

Squar e F df P
Speci es 1334.54 80. 39 2 < 0.03
Host age 1037. 75 105. 60 1 < 0.001
Host buri al 1109. 60 51. 37 1 > 0.05
Speci es X host age 16. 60 1.69 2 0.19
Speci es X host buri al 89.77 1.03 2 > 0.50
Host age X host buri al 21.64 2.20 1 0.14
3-way interaction 87. 34 8. 89 2 < 0.001
Resi dual 9. 83 180

Tabl e 3. ANOVA of the nunber of M raptor offspring by conpanion
(conspecific versus heterospecific), host age (young or old), and host
burial (buried or not buried)

Mean

Squar e F df P
Conpani on 24. 45 4.69 1 > 0.25
Host age 286.32 74.67 1 < 0.001
Host buri al 415. 39 3.45 1 > 0.25
Conpani on x host age 5.21 1.36 1 0.25
Conpani on x host buri al 20. 26 5.99 1 > 0.10
Host age x host buri al 120.50 31.42 1 < 0.001
3-way interaction 3.38 0. 88 1 0. 35
Resi dual 3.84 121



Table 4. Mean £ s.e. and range of the nunber of offspring
produced per M raptor femal e when the female was with a conspecific or
het erospecific (S. caneroni) fenale

Conspecific Het erospecific
Unburi ed 1.19 £ 0.33 2.13 + 0.46
young hosts 0- 4 0-6
Unburi ed 5.37 + 0.59 7.76 £ 0.69
ol d hosts 1- 10 3 - 12
Unburi ed
young Vver sus t =6.24 t =6.74
ol d hosts P < 0.001 P < 0.001
Buri ed 0.00 + 0.00 0.00 + 0.00
young hosts 0-0 0-0
Buri ed 0.97 + 0.58 1.13 £+ 0.63
ol d hosts 0- 8 0-9
Buri ed
young versus U=96.0 U=96.0
ol d hosts P =10.04 P =10.04
Unburi ed versus U=48.0 U=24.0
buri ed young hosts P < 0.001 P < 0.001
Unburi ed versus U=23.0 U=14.5
buri ed ol d hosts P < 0.001 P < 0.001

Sanple sizes as in Table 1

Tabl e 5. ANOVA of the nunber of S. canmeroni offspring by companion
(conspecific versus heterospecific), host age (young or old), and host
burial (buried, not buried)

Mean

Squar e F df P
Conpani on 21.09 0.18 1 > 0.50
Host age 104. 99 5. 07 1 0. 03
Host buri al 33.23 0.17 1 0.75
Conpani on x host age 111. 92 5.41 1 0.02
Conpani on x host buri al 4,88 0.28 1 > 0.50
Host age x host buri al 197. 35 9.53 1 0. 003
3-way interaction 17. 43 0.84 1 0. 36
Resi dual 20.71 120
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Table 6. Mean £ s.e. and range of the nunber of offspring
produced per S. caneroni femal e when the female was wth a conspecific or
het erospecific (M raptor) fenale

Conspecific Het erospecific

Unburi ed 12.13 + 0.96 13.69 + 1.29 t = 0.96
young hosts 4.5 - 16.5 0- 21 P =0.35
Unburi ed 12.59 + 0.89 11.88 + 1.28 t = 0.45
ol d hosts 6 - 18.5 0 - 18 P = 0.66

Unburi ed

young versus t = 0.35 t = 0.99

ol d hosts P=0.73 P =10.33
Buri ed 7.50 + 0.93 11.31 + 1.37 t = 2.31
young hosts 2 - 13 0- 20 P =0.03
Buri ed 14.41 + 0.72 13.00 + 1.40 t = 0.89
ol d hosts 8 - 18 0- 20 P = 0.38

Buri ed

young versus t = 5.87 t = 0.86

ol d hosts P < 0.001 P = 0.40

Unburi ed versus t = 3.47 t = 1.26

buri ed young hosts P = 0.002 P =0.22

Unburi ed versus t = 1.58 t = 0.59

buried old hosts P =0.13 P = 0.56

Sanple sizes as in Table 1
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