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ABSTRACT. Fly pupae, primarily house fly (Musca domestica Linnaeus) and stable fly (Stomoxys calcitrans (Linnaeus)) 

(Diptera: Muscidae), were collected from a poultry house in northern Indiana, and parasitoid wasps developing in them 

were allowed to emerge. Fly pupae density, relative species abundance, and size varied with collection date. Four species 

of parasitoid wasps were reared from the fly pupae: Spalangia endius Walker, S. cameroni Perkins, S. nigroaenea Curtis, 

and Muscidifurax raptor Girault and Sanders (Hymenoptera: Pteromalidae). There was some evidence of differential host 

species and size usage among the wasp species; but the differences were small, and there was considerable overlap. 

Controlling for relative host species abundances, percent parasitism was independent of host species for S. endius and S. 

cameroni, but M. raptor emerged from house flies more frequently than expected by chance and stable flies less 

frequently than expected. S. endius emerged from larger hosts than did S. cameroni, despite S. endius being on average 

smaller than S. cameroni. This is the first study to examine host size differences among these parasitoid wasps.  

 

KEY WORDS Insecta, Pteromalidae, biological control, house flies, stable flies, parasitoids 

 

HOUSE FLIES and stable flies are major pests of humans and livestock, in terms of being nuisances and disease vectors 

(Horsfall 1962, Greenberg 1973, Busvine 1980). Parasitoid wasps provide some natural control of the flies (Legner & 

Brydon 1966) and have potential for use in biological control by augmentative releases (Legner & Dietrick 1974, Axtell 

1981, Morgan et al. 1981, Cabrales et al. 1985, Patterson & Rutz 1986). Use of natural enemies such as parasitoid wasps 

to control flies may become increasingly important as flies become more and more resistant to insecticides (Georghiou 

1967, 1969, Farnham et al. 1984, Levot & Hughes 1989).  

Here I report results of a field study on parasitoids (Hymenoptera: Pteromalidae) of house fly pupae (Musca 

domestica Linnaeus) and stable fly pupae (Stomoxys calcitrans (Linnaeus)) (Diptera: Muscidae) in a poultry house. I 

examine temporal variation in the fly pupae density, relative species abundance, and size, and I look for differences 

among the parasitoids in the size and species of hosts from which they emerge. Previously there has been almost no 

information on the sizes of fly pupae these parasitoids encounter and utilize in natural situations. Knowing about 

differences in host size and species usage is important from both an ecological and a biological control perspective.  

It is a basic ecological principle that, due to competition, more than one species cannot continue to coexist in the 

same ecological niche. The pteromalid wasps discussed here exhibit a number of similarities in appearance and habits 

(Rueda & Axtell 1985b) and are frequently found in sympatry. Thus, it is worthwhile to look at how these seemingly very 

similar species of parasitoids can coexist, i.e., how their niches differ. Here I look for any niche differences in the sizes 

and species of hosts parasitized. The ability of parasitoid wasps to distinguish among host sizes is well-documented (e.g., 

King 1988, 1989), but whether there are interspecific differences in host size usage has not previously been examined.   

Whether parasitoids of filth flies utilize different sizes and species of hosts is also relevant when designing 

releases for biological control. Augmentative releases have sometimes been of multiple species (e.g., Legner & Dietrick 

1974). Whether release of multiple species is desirable will be affected by the degree of overlap in host usage among 

parasitoid species. If there is a high degree of overlap, competition among the parasitoids may reduce their effectiveness 

(Petersen 1986). 

 

Materials and Methods 

Fly pupae were collected weekly from 28 May to 12 November 1985 from an enclosed, shallow-pit, egg-layer poultry 

house in Delphi, Indiana (the Hilltop poultry house described in Merchant et al. 1987). The hens' manure falls through 

their wire cages into shallow, dirt-bottom troughs directly below the cages. Fly larvae feed on the manure and then pupate 

in it. This poultry house was chosen for study because no larval insecticide was used. Fly management consisted of 
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occasionally hot spraying house walls, sprinkling sugar bait for adult flies along the cement floor, and scraping the 

manure out of the troughs three to four times a year. Manure removal occurred once during my study (Fig. 1).  

  Fly pupae were collected with pupal traps, hardware cloth cylinders filled with moistened wood shavings. (This 

is a standard technique for collecting fly pupae (see Hogsette & Butler 1981, Merchant et al. 1985)). Each week, 15 to 32 

traps were buried just below the surface of the manure: 15 traps May 28, 25 traps June 4 to August 6, and 32 traps August 

13 to November 12. The traps were evenly spaced along each manure trough and left for 5 days (4 days for the May 28 

collection) during which time fly larvae would crawl into the traps to pupate. Fly pupae were removed from the wood 

shavings by flotation. The pupae were held until flies emerged and died. Then pupae from which no flies emerged and 

which had not been depredated (Merchant et al. 1987) were placed individually in gelatin capsules for parasitoid wasps to 

emerge. Wasp species were identified following Boucek (1963) and Rueda & Axtell (1985).  

 The number of fly pupae in each trap was determined by direct count for all traps except one. The exception, a 

trap from the September 3 collection, contained more than 4000 pupae. The number of pupae in this trap was estimated by 

dividing the weight of the pupae by the average weight of a single pupa. This average weight had been calculated from the 

collective weight of 1623 pupae from two other traps from the same collection date. Width of fly pupae was measured to 

the nearest 0.05 mm at 360 X. House fly and stable fly pupae were identified following Skidmore (1985). Percent 

parasitism here refers to the percentage of hosts from which a wasp emerged. 

 

Results and Discussion 
This study shows temporal variation in the number, species, and size of hosts that parasitoid wasps might be 

expected to encounter in a poultry house. The largest change in mean number of pupae per trap was two weeks after 

manure removal (Fig. 1). The peak in number of pupae may have resulted from effects of removal on moisture content of 

the manure. Manure removal results in increased manure moisture (Merchant et al. 1987), and moisture level affects 

house fly larvae survival (Miller et al. 1974). Alternatively, the peak may have been due to the removal of natural 

enemies.    

 
Fig. 1. Mean number of fly pupae per trap across collection dates.    Arrow denotes date of manure removal. 

 

House fly pupae were collected on all dates. Stable fly pupae were collected on most dates but were generally less 

prevalent than house flies. Across all dates, it was estimated that 89% of the collected fly pupae were house flies, 10% 

were stable flies, and 1% were other species.  

The size of all fly pupae (i.e., of all the parasitoids' potential hosts) varied significantly through time (Fig. 2, 

Kruskal-Wallis test: X2 = 334.06, P < 0.001). (A nonparametric test was used because widths of fly pupae were not 

normally distributed either across all dates or within dates, and the shape of the distribution varied among dates.) The host 

size variation may have resulted from variation in relative host species abundance and in host density, as well as from 

variation in temperature and moisture conditions (Hewitt 1914 in Skidmore 1985). House fly pupae are on average larger 

than stable fly pupae (Skidmore 1985), and temporal variation in size of fly pupae resulted in part from temporal variation 
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in relative abundance of house flies and stable flies. Across all dates there was no significant relationship between fly 

pupae density and size (r = 0.04, P = 0.42). However, fly pupae were generally larger on collection dates for which fewer 

fly pupae were present if September 3, an outlier with larger pupae than expected given the large number of fly pupae 

present, was removed (r = -0.38, P = 0.04). The larger than expected size of fly pupae from September 3 may be related to 

the manure removal. Manure removal results in increased manure moisture (Merchant et al. 1987); and at least in the 

laboratory, moisture level affects size of fly pupae (personal observation). This is the only study I am aware of with data 

on temporal variation in the size of parasitoids' hosts in the field.  

 
Fig. 2. Mean, minimum, and maximum of fly pupal width (mm) across collection dates. Arrow denotes date of 

manure removal.  

 

 The level of parasitism was generally low. Across all dates, it was estimated that only 2% of the fly pupae 

collected had been successfully parasitized (a wasp emerged); eighty-five percent of the pupae had flies emerge from 

them, 2% were depredated, and 11% were nonviable (showed no evidence of predation and neither a wasp or a fly 

emerged). Four species of parasitoid wasps, all solitary species, emerged from the pupae collected, Spalangia endius 

Walker, S. cameroni Perkins, S. nigroaenea Curtis, and Muscidifurax raptor Girault and Sanders. S. endius and S. 

cameroni were the most abundant, accounting for 50% and 45% of the wasps, respectively. S. nigroaenea and M. raptor 

each accounted for 3%. Parasitized pupae began appearing in the collections on the 18th of June. None of the pupae 

collected after October 29 were parasitized. Percent parasitism exceeded ten percent only twice: it was 11% on 13 August, 

three weeks before the peak in fly pupae density, and it was 14% 10 September, one week after the peak in fly pupae 

density.  

 Both house fly and stable fly pupae have been reported as hosts of all four wasp species found in this study 

(Rueda & Axtell 1985b; Merchant et al. 1987). S. nigroaenea and M. raptor emerged only from house fly pupae in this 

study. Ninety-five percent of S. endius emerged from house fly pupae, 4% from stable flies, and less than 1% from other 

fly species. Ninety-four percent of S. cameroni emerged from house fly pupae, 6% from stable flies, and less than 1% 

from other fly species.  

To test for differential usage of house flies versus stable flies, I looked within a date, and I controlled statistically 

for relative host species abundance. On September 10 there were sufficient numbers of stable flies for statistical tests. 

Percent parasitism was independent of host species for S. endius (G = 0.35, P > 0.5) and S. cameroni (G = 0.49, P > 0.5). 

M. raptor emerged from house flies more frequently than expected by chance and stable flies less frequently than 

expected by chance (G = 6.99, P < 0.01).  

Because house fly pupae are generally larger than stable fly pupae, one might expect that a greater proportion of 

the former might have wasps emerge from them as a result of preferential parasitization of larger hosts or as a result of 

greater survivorship in larger hosts. Only for M. raptor was there preferential emergence from house fly pupae. That 

parasitization was independent of fly species for S. cameroni and S. endius but not for M. raptor in this study is consistent 

with earlier studies. In a study of confined feedlots and dairies in eastern Nebraska, Petersen & Meyer (1983) found 

higher parasitism of house fly than of stable fly pupae by Muscidifurax spp; higher parasitism of stable fly than of house 

fly pupae by S. nigra; and no significant difference in parasitism of the two fly species by S. cameroni and S. nigroaenea. 

In laboratory experiments, percent parasitism by S. endius is similar for house fly and stable fly pupae whether the two 

species are presented simultaneously or separately (Morgan et al. 1979). Whether the higher proportion of house fly than 
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of stable fly pupae parasitized by Muscidifurax results from preferential egg laying or from greater survival in house fly 

pupae has not been determined.  

In addition to examining host species usage, I also examined host size usage. Looking at a single date controls for 

temporal variation in size of fly pupae and in abundances of the different wasp species, which may obscure ecologically 

important differences in host size usage. For two dates, September 3 and September 10, sample sizes were large enough to 

compare among wasp species (Tables 1, 2). There was no clear relationship between relative parasitoid species size and 

average host size. S. endius tend to be slightly shorter than S. cameroni (Rueda & Axtell 1985b). However, S. endius 

emerged from larger hosts on average than did S. cameroni. S. nigroaenea is larger than the other two species of 

Spalangia (Rueda & Axtell 1985b), but did not emerge from significantly larger hosts, though sample sizes are small. M. 

raptor emerged from larger hosts than did S. cameroni because M. raptor emerged only from house fly pupae, whereas S. 

cameroni emerged from both house fly and stable fly pupae. M. raptor is shorter than S. cameroni (Rueda & Axtell 

1985b).  

 

TABLE 1. Width (in mm) of all hosts from which the four parasitoid wasp species emerged (SC = S. cameroni, SE 

= S. endius, SN = S. nigroaenea, MR = M. raptor) 

___________________________________________________________________ 

  September 3     September 10 

  All Hosts (= House Flies)   All Hosts  

___________________________________________________________________ 

  Mean + s.e.     Range       n   Mean + s.e.      Range         n  

___________________________________________________________________ 

SC  2.76 + 0.012a     2.25-3.20 180  2.52 + 0.034a      2.05-2.95   61             

SE  2.80 + 0.011b     2.35-3.10 148   2.63 + 0.052ab      2.15-3.00   26                  

SN  2.84 + 0.047a       2.55-3.00 10    --------------------------------------- 

MR    --------------------------------------    2.72 + 0.042 b      250-295     12       

   F = 3.67            F = 3.81  

   P = 0.03            P = 0.03  

___________________________________________________________________ 

 

TABLE 2. Width (in mm) of hosts from which the four parasitoid wasp species emerged (SC = S. cameroni, SE = S. 

endius, SN = S. nigroaenea, MR = M. raptor) 

___________________________________________________________________ 

  September 10      September 10  

  Stable Flies       House flies     

___________________________________________________________________ 

   Mean + s.e.         Range        n    Mean + s.e.        Range         n  

___________________________________________________________________ 

SC  2.66 + 0.028a     2.25-2.95   42    2.21 + 0.031a     2.05-2.65   18                                             

SE  2.79 + 0.032b     2.45-3.00   17    2.26 + 0.025a     2.15-2.35   7           

MR  2.72 + 0.042ab   2.50-2.95   12    ---------------- 

 

   F = 4.12           Mann-Whitney U = 35.5  

    = 0.02           P = 0.09, 2-tailed 

 ___________________________________________________________________ 

 

Though there were some differences among wasp species in host sizes utilized, the differences were small, and 

there was considerable overlap in host sizes used (Table 1). One explanation for why niche differentiation in host size 

usage among these parasitoids was low is that competition for hosts may be slight in this poultry house. The low 

percentage of parasitization observed in this study suggests there may be little competition for hosts among and within the 

four wasp species examined. Perhaps overwintering mortality prevents the parasitoid populations from reaching sizes at 

which strong competition would occur. It would be worthwhile to look for differences in host size and species usage in 

populations which consistently experience substantially higher rates of parasitism, where selection for niche 

differentiation among parasitoid species may be greater. An alternative explanation for the lack of large differences in 

host size and species usage is that the parasitoids' niches may be differentiated in some other dimension(s). For example, 

there is evidence that parasitoids differ in the depth at which they search for hosts (Legner 1977).  
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Interspecific competition has seldom been considered when pteromalids have been released for fly control 

purposes, but is potentially important (Petersen 1986). Despite the small differences in host size usage between parasitoid 

species in this study, the large degree of overlap in usage indicates that when parasitoid populations are dense, as may 

occur from augmentative releases, there may be considerable competition for hosts. Thus, on the basis of host size usage, 

augmentative releases of multiple species are not warranted. However, augmentative releases of multiple species may still 

be advantageous for other reasons, e. g., differences among species in searching depth (Legner 1977). Preferential 

emergence of Muscidifurax from house fly over stable fly pupae (this study, Petersen & Meyer 1983) indicates that in 

single species releases in poultry houses with both house fly and stable fly pest problems, Spalangia may be more 

effective than Muscidifurax.  
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