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Seasonal breeding structure in house fly,
Musca domestica L., populations

W. C. Black IV and E. S. Krafsur

Department of Entomology, Iowa State University,
Ames, lowa 50011, U.S.A.

Allelic and genotypic frequencies were studied in four adult age groups of the common house fly. Electrophoresis was
used to monitor allele frequencies at the Adh locus and three Amy loci at six farms on ten sampling dates from
January to November 1983. No departures from random mating were noted. No differences in allele frequencies were
found among sexes or age groups. Alleles at all loci showed seasonal trends. Frequency changes at Adkh and Amy—
loci were large and occurred in parallel among all farms. Changes in the Amy+ loci were small. At each locus, gene
frequencies were statistically significantly different among farms, but differences were slight and not suggestive of

strong local adaptation.

Allele frequencies were stable from autumn to spring in the overall population, but frequencies monitored at a single
farm drifted significantly from estimates in the founding autumn subpopulation. In spring, allele frequencies were
heterogeneous among farms due to genetic drift during winter. This differentiation diminished rapidly in June. Spatial
genic differentiation was pronounced among flies 0—3 days old, but older flies were panmictic. Seasonal trends in gene

frequencies among farms were similar in 1982 and 1983.

INTRODUCTION

The breeding structure of natural populations is a
consequence of the mating patterns within and the
amount of genetic flow among subpopulations.
Field studies on brown snails ( Helix aspersa, Selan-
der and Kaufmann, 1975), Cepaea nemoralis
(Johnson, 1976), and monarch butterflies ( Daneus
plexippus, Eanes and Koehn, 1978) demonstrated
that random mating and rates of gene exchange
are governed by the seasonal phenology of natural
populations. These studies show that breeding
structure can be dynamic in populations whose
seasonal densities vary greatly.

We investigated how seasonal phenology
influences breeding structure in the common house
fly, Musca domestica. House flies are iteroparous,
undergoing successive cycles of egg development
and oviposition, the frequency of which is tem-
perature dependent (Elvin and Krafsur, 1984).
Studies were conducted in Ames, Iowa, where
house flies overwinter as small, slowly breeding
colonies in livestock facilities (Krafsur, 1985;
Black and Krafsur, 1986a). In spring, these relic
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colonies establish outdoor populations. In early
spring, outdoor subpopulations consist pre-
dominantly of older, parous (i.e., having matured
and laid at least one egg batch) adults that have
clearly bred indoors. Populations increase rapidly
in early summer, and continuous oscillations in
age structure of adult populations occur during
the breeding season; stable age distributions are
not detected (Krafsur, 1985).

A first study on breeding structure was carried
out in 1982 (Black and Krafsur, 1986b). We
monitored spatial and temporal distributions of
allelic and genotypic frequencies at six loci in the
youngest age classes of adult female house flies.
Allele frequencies changed significantly through
time. Breeding structure changed seasonally in a
manner suggesting midsummer convergence of
subpopulations followed by a gradual divergence.
The divergence of gene frequencies at farms began
in mid-August when subpopulations were large
and panmictic. Adult house flies are highly mobile
(Bishopp, 1921), eliminating drift as an explana-
tion of divergence. Strong local adaptation seemed
a likely hypothesis.

A second study was conducted in 1983 to
monitor seasonal differentiation in four age groups
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and both sexes of the house fly. Flies were sampled
from January until November at six farms. Allele
frequencies were recorded by age group to deter-
mine if the breeding structure observed among
young adults in 1982 was repeated and if the same
pattern appeared among older flies. A hypothesis
of local adaptation among adult flies would be
consistent with heterogeneity among all age
groups. Alternatively, homogeneous gene frequen-
cies among older flies and heterogeneous frequen-
cies among the young flies would support a
hypothesis of larval adaptation.

METHODS

(i) Fly collections

Adult house flies were collected with sweep nets
from a beef farm, a swine farrowing facility, a
dairy farm, and two pork confinement units (fig.
1). House fly larvae matured in the dung, spilled
feed, and other organic material readily available

5 km

Figure 1 Map of the six sampling locations near Ames, Iowa.
A, beef nutrition farm; b, swine farrowing sheds; C, dairy
farm; D, she¢p farm; E, pork production farm (south); F,
pork production farm (north).
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at each farm. Rations fed to the animals differed
among farms, raising the possibility of local
adaptation. Flies were collected in winter from two
heated buildings 30 m apart at the swine farrowing
facility.

Flies were collected on 10 sampling occasions
from late January until mid-November. Collec-
tions were made indoors in January, April and
November. On each occasion, adults were placed
in cages, returned alive to the laboratory, frozen
and stored at —70°C.

(ii) Age-grading

Gonotrophic age in females was determined by
examining the degree of ovarian development and
the presence or absence of follicular relics. Age in
males was determined by the presence or absence
of pupal fat body. Four female and two male age
groups were recognised.

Females of the youngest age class were recog-
nised by the absence of yolk in their follicles. These
females were zero to three days old at 21°C and
termed “previtellogenic nullipars”™. The next oldest
group consisted of females in which yolk occupied
up to 66 per cent of the developing egg and whose
ovaries showed no sign of an earlier oviposition.
These females were ca. three to five days old and
termed “‘vitellogenic nullipars”. Ovarioles in the
third age group exhibited signs of previous oviposi-
tions. These “parous” females were at least six
days old. The fourth age group were females in
which yolk occupied 66 to 100 per cent of the
developing egg. Follicle elongation prevented
detection of previous ovipositions so that parity
could not be accurately determined. These females
were at least five days old.

(iii) Electrophoretic procedures

A random sample of ca. 100 flies was taken from
each collection. They were sexed, age-graded,
transferred immediately to grinding buffer,
homogenised and frozen at —70°C awaiting elec-
trophoresis. Electrophoretic procedures were as
described (Black and Krafsur 1984; 1985a).
Genotypes were scored at four loci: Adh (alcohol
dehydrogenase), Amy+ (fast) (anodally fast
migrating amylase), Amy+ (slow), and Amy—
(fast). There were 21 alleles distributed among the
six loci. Six alleles existed at the Amy+ (fast)
locus, and five alleles occurred at each of the other
loci. Electrophoretic assays were made of approxi-
mately 4300 flies representing 50 collections.
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(iv} Analysis of data

“Genestats” (Black and Krafsur, 1985b) was used
to calculate allele frequencies and perform contin-
gency chi-square tests (Workman and Niswander,
1970). Chi-square tests for departures from ran-
dom mating and F-statistics were calculated fol-
lowing the methods of Weir and Cockerham
(1985). “Linkdis” (Black and Krafsur, 1985c) was
used to calculate linkage disequilibrium
coefficients and check for significance.

Wright’s (1978) hierarchical analysis of breeding
structure for a subdivided population was used to
identify sources of spatial differentiation in gene
frequencies. In the analysis, sampling units are
grouped into subpopulations according to their
relative distances from one another. Farms (F)
were the sampling units. They were grouped into
subpopulations (S), which formed the total popu-
lation (T). The northern pork farm and the beef
nutrition farm were treated as separate subpopula-
tions, the swine farrowing facility and the dairy
farm constituted a third subpopulation and the
southern pork and sheep farms formed a fourth.

Three variance components were calculated. The
variance in allele frequencies among farms (Fgr)
is a function of the variance in allele frequencies
among subpopulations (Fsr) and the variance in
allele frequencies among adjacent farms in sub-
populations (Fgs). The three statistics are related
by the equation,

Fer= Fsr+ Fps— (Fsr X Frg)

Where flies are completely panmicitic, all F-statis-
tics are zero. When flies produced at farms are
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differentiated by selection or genetic drift, then
allele frequencies within the same subpopulation
will be heterogeneous and Fgg= Fgr. If flies pro-
duced within subpopulations are panmictic and
subpopulations are differentiated because of dist-
ance, local selection pressures, barriers to mating,
etc., then Fg1= Fis.

Correlation coefficients between allele frequen-
cies were converted to a normalised scale with
Fisher’s z-transformation. Chi-square tests for the
homogeneity of z-values were computed following
the procedure in Sokal and Rohlf (1969). A mean
z-value of all possible correlations was calculated
and back-transformed to estimate a common corre-
lation.

RESULTS

(i} Temporal and spatial variation
in age structure

The proportions of previtellogenic and parous flies
are listed by sampling dates (table 1) and by farms
(table 2). The proportions of parous flies were
heterogeneous among farms during May and June,
converged in July, and remained homogeneous
until November. The proportions of previtel-
logenic flies were homogeneous early in the sum-
mer, became heterogeneous in July, and remained
so throughout late summer and autumn. The data
indicate that age structures fluctuated throughout
the season and stable age distributions were not
obtained. The seasonal mean PP was homogeneous
among farms in summer and autumn, suggesting

Table 1 Proportions of previtellogenic (PPV) and parous (PP) flies according to sampling dates.
Chi-square statistics test for homogeneity among six farms (5 d.f.)

Date PPV x* x?

23 May 32/80=40-0% 64 33/48=68-8%  13-3t
6 June 43/98=43-9% 51 34/55=61-8%  10-4*
20 June 29/113=257% 37 53/83=627%  18-3%
11 July 70/201=34-8% 30-7% 97/131=74:1% 109
1 August 35/222=15-8% 13-8* 113/187=60-4% 22

12 September 81/231=351% 12-6* 62/150=41-3% 7-1
10 October 40/160=25-0% 103 29/120=24-2% 8-0
6 November 84/170=49-4% 63-6% 28/86=32:6% 12-6%
Total 414/1275=32-5% 448/860 =52:1%
*P=0-05

tP=0-01

+ P=0001

Tests for seasonal homogeneity in PPV and PP:
PPV x2 (7d.f.)=66-1%
PP x*(7d.£)=99-2%
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Table 2 Proportions of previtellogenic (PPV) and parous (PP) flies according to sampling
location. Chi-square statistics test for homogeneity among eight sampling dates (7 d.f.)

2

2

Farm PPV X PP X
Pork (north) 76/176 =43-2% 67-6% 58/100=58-0% 16-5F
Nutrition 41/208=19-7% 8-0 82/167=49-1% 40-1%
Swine 85/284=30-0% 37-1% 86/199=43-2% 41-4%
Dairy 70/215=32-5% 31-0% 74/145=51-0% 14-9*
Sheep 78/186 =41-9% 25-1% 65/108 =60-2% 23-1%
Pork (south) 64/206=31-1% 7-4 83/141=158-9% 24-9%
*P=0-05

T P=0-01

FP=0-001

Tests for spatial homogeneity in PPV and PP:
PPV x? (5d.f.)=333%
PP x*(5d.f)=13-8*

similar survival probabilities (Krafsur, 1985). The
heterogeneity in PP early in the season can prob-
ably be attributed to inadequate sampling
frequency.

The greatest PPV were consistently found at the
sheep farm and the northern pork farm. The smal-
lest PPV were consistently noted at the beef
operation. At the sheep and pork farms, flies were
swept from walls adjacent to spilled feed, manure,
and moist straw in which larvae develop. At the
beef farm, flies were collected indoors where there
was no immediately local breeding. The propor-
tions of previtellogenic females were directly
related to the proximity of collections to larval
breeding sites. These results are consistent with
earlier observations in 1982 (Black and Krafsur,
1986b).

(ii) Allele frequencies between sexes and
among age groups

Chi-square tests of homogeneity in allele frequen-
cies between sexes were performed for each farm
and sampling date. Of 179 tests, 12 (6-7 per cent)
were significant at the 5 per cent level. This was
consistent with expectations for a type I error.
Significant values were evenly distributed among
farms, loci, and dates.

Tests of homogeneity between sexes of the same
age were performed to remove possible confound-
ing age effects. The proportion of significant tests
(8/180=0-044) was consistent with expectation.
No real differences in allele frequencies between
sexes were detected. Therefore, gene frequencies
of teneral males were combined with those of
teneral and nulliparous females. These are hence-
forward referred to as “young” flies.

Allele frequencies in young and parous adults
were examined by farm and sampling dates. Of
162 chi-square tests, only 5-5 per cent were statisti-
cally significant, and these were independently
distributed among farms, dates, and loci.

(iii) Genotypic frequencies

The goodness of fit of observed genotypic frequen-
cies to those expected under random mating was
tested. Eighteen of 184 (9-8 per cent) tests were
significant. This was more than the 5 per cent
expected for a type I error (xy*=8-86 [1d.f.], P=
0-003). Significant departures from expectation
were independently distributed among loci, dates,
and farms. Sixteen of the significant deviations
from Hardy-Weinberg expectations involved
heterozygote deficiencies. This suggested the
hypothesis that the deviations resulted from slight
differences among age groups and sexes according
to Wahlund’s principle (Hartl, 1980). Therefore,
random mating was tested in age groups. The num-
ber of significant tests decreased to nine of 184
(4-9 per cent) in “young” flies and to 10 of 155
(6-5 per cent) among parous females. When ran-
dom mating was examined by sex, 4-9 per cent of
tests were significant in males and 6-5 per cent in
females. These statistical results show that slight
differences in allele frequencies in age and sex
created the excess of homozygotes.

(iv)] Temporal trends in allele frequencies

The frequencies and standard errors of the most
common alleles are set forth in table 3. Correlations
were calculated between allele frequencies for all
pairs of farms (table 4) to determine if alleles
followed similar seasonel patterns.
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Gene frequencies at the Amy— and Adh loci
were significantly different among dates at each
farm. The seasonal maximum and minimum
differed by 18 per cent. Adh 2 declined in midsum-
mer and increased in autumn. Amy— 2 increased
in midsummer and decreased in autumn. Correla-
tion coefficients for the Adh and Amy— loci were
consistently positive, and common correlations
were large. Trends in gene frequencies occurred
in parallel among farms.

(v) Linkage disequilibrium

Linkage disequilibrium coefficients for locus pairs
were calculated and tested for significance. Of 276
independent tests 28 were statistically significant.
This was greater than expected by chance alone
(x*[1d.f]=15-4, P=0-0001). Only nine sig-
nificant results involved common alleles and this
was consistent with expectations. Significant
values were homogeneously distributed among
farms, loci and dates. There was no discernable
pattern to the linkage disequilibrium. The same
result was noted when analyses were performed
on flies of the youngest age class.

(vi) Overwintering

Allele frequencies were homogeneous between
sheds and did not change from January through
April (table 5). Gene frequencies in October 1982
and January 1983 were homogeneous but became
significantly different between October and April
(x*[8d.f.]=28-63, P =0-0004) and between April
and May (x*[12d.f]=33-98, P=0-001). Allele
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frequencies at the swine farm changed significantly
during winter (October vs. May: x*[9 d.f.]= 33-59,
P =0-0001), but allele frequencies averaged over
all farms in October were homogeneous with
average frequencies at farms in May.

(vii) Breeding structure

F-statistics are plotted for all fly ages (fig. 2),
parous flies (fig. 3) and “young” flies (fig. 4). Gene
frequencies were heterogeneous among farms in
May (fig. 2). Heterogeneity rapidly declined in
June, frequencies became homogeneous in July
and remained so until November. Fg contributed
most to Fey in spring, showing that most of the
differentiation among farms was due to drift. Feg
declined rapidly in spring, reached zero by 20 June,
and remained small during the rest of the season.

Seasonal trends in Fgy in flies of all ages were
correlated with trends in Fey in parous flies (fig.
3). This suggests that breeding structure of parous
adults was similar to the breeding structure of the
general adult population. Furthermore, excluding
November, Ferand Fgg were congruent among all
adults (fig. 2) and parous adults (fig. 3).

Seasonal trends in Fgy in parous and “‘young”
adults (fig. 4) were independent, and this F statistic
varied erratically among the youngest age group.
In May and June, Fgy and Fig were independent
among ‘“young” flies. From August through
November, Fgs increased with Fgr indicating that
much of the variation in allele frequencies among
all farms was contributed by variation among adja-
cent farms. Local adaptation is an attractive possi-
bility for this differentiation.
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Figure 2 Seasonal fluctuations in Wright’s Frr and Frg among all flies.
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Table 3 Frequencies and standard errors (in parentheses) of the most common allele at four enzymatic loci in the house fly in 1983

Farm
Pork Pork
Date (North) Nutr. Swine Dairy Sheep (South) Population
Adh 2
23 May 0-625 — 0-772 0-661 - 0-745 0-704
(0-070) — (0-032) (0-035) — (0-031) (0-018)
6 June 0-759 — 0-760 0-705 0-675 0-725 0-723
(0-041) — (0-030) (0-040) (0-033) (0-032) (0-015)
20 June 0-750 0-700 0-609 0-680 0-645 0-697 0-673
(0-050) (0-032) (0-035) (0-033) (0-034) (0-033) (0-014)
11 July 0-611 0-587 0-462 0-554 0-512 0-586 0-553
(0-035) (0-035) (0-037) (0-039) (0-038) (0-036) (0-015)
1 August 0-602 0-580 0-591 0-560 0-710 0-582 0-602
(0-035) (0-035) (0-036) (0-035) (0-034) (0-035) (0-014)
12 September 0-590 0-480 0-561 0-535 0-478 0-617 0-544
(0-036) (0-036) (0-035) (0-038) (0-037) (0-035) (0-015)
10 October 0-660 0-594 0-528 0-600 0-647 0-625 0-609
(0-035) (0-035) (0-037) (0-039) (0-037) (0-035) (0-015)
7 November 0-619 0-558 0-633 0-682 0-682 0-563 0-643
(0-045) (0-049) (0-035) (0-036) (0-070) (0-037) (0-015)
Mean 0-639 0-585 0-611 0-621 0-615 0-645 0-623
(0-014) (0-015) (0-012) (0-013) (0-014) (0-12) (0-005)

Amy+ (fast) 4

23 May 0-750 — 0-641 0-833 — 0-740 0-737
(0-063) — (0-034) (0-027) — (0-031) (0-018)
6 June 0-694 — 0-781 0-746 0-740 0-677 0-730
(0-044) - (0-030) (0-038) (0-031) (0-033) (0-015)
20 June 0-750 0-758 0-763 0-727 0-795 0-776 0-763
(0-050) (0-030) (0-030) (0-032) (0-029) (0-030) (0-013)
11 July 0-734 0-813 0-796 0-755 0-758 0-750 0-768
(0-032) (0-028) (0-029) (0-031) (0-031) (0-032) (0-012)
1 August 0-815 0-732 0-783 0-776 0-740 0-760 0-768
(0-027) (0-031) (0-029) (0-030) (0-031) (0-31) (0-012)
12 September 0-760 0-724 0-720 0-805 0-716 0-796 0-749
(0-031) (0-032) (0-032) (0-030) (0-032) (0-041) (0-013)
10 October 0-801 0-795 0-705 0-775 0-804 0-823 0-783
(0-029) (0-029) (0-032) (0-031) (0-029) (0-028) (0-012)
7 November 0-809 0-764 0-790 0-832 0-727 0-761 0-792
(0-037) (0-041) (0-029) (0-027) (0-067) (0-032) (0-013)
Mean 0-770 0-764 0-747 0-782 0-758 0-758 0-764
(0-013) (0-013) (0-011) (0-011) (0-012) (0-011) (0-005)

Amy+ (slow) 2

23 May 0-771 — 0-860 0-771 — 0-805 0-810
(0-061) — (0-025) (0-031) — (0-028) (0-016)
6 June 0-833 — 0-820 0-799 0-845 0-730 0-803
(0-036) — (0-027) (0-035) (0-026) (0-031) (0-014)
20 June 0-808 0-840 0-820 0-810 0-825 0-845 0-827
(0-045) (0-026) (0-027) (0-028) (0-027) (0-026) (0-012)
11 July 0-795 0-805 0-835 0-850 0-860 0-848 0-832
(0-029) (0-028) (0-026) (0-025) (0-025) (0-026) (0-011)
1 August 0-840 0-845 0-870 0-825 0-845 0-830 0-843
(0-026) (0-026) (0-024) (0-027) (0-026) (0-027) (0-011)
12 September 0-844 0-837 0-790 0-846 0-785 0-850 0-821
(0-027) (0-026) (0-029) (0-031) (0-029) (0-036) (0-012)
10 October 0-865 0-880 0-897 0-846 0-822 0-830 0-857

(0-024) (0-023) (0-022) (0-026) (0-029) (0-027) (0-010)
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Table 3 (Continued)

Farm
Pork Pork
Date (North) Nutr. Swine Dairy Sheep (South) Population
7 November 0-875 0-800 0-915 0:796 0-841 0-862 0-863
(0-031) (0-126) (0-020) (0-030) (0-055) (0-026) (0-012)
Mean 0-835 0-841 0-850 0-818 0-831 0-823 0-834
(0-011) (0:012) (0-009) (0-010) (0-011) (0-010) (0-004)

Amy— (fast) 2

23 May 0-739 — 0-649 0-436 — 0525 0-546
(0-065) —_ (0-038) (0-036) — (0-035) (0-021)
6 June 0-529 — 0550 0-561 0-596 0-641 0-581
(0-049) — (0-035) (0-043) (0-036) (0-035) (0-017)
20 June 0-412 0-575 0-560 0610 0-646 0-534 0-574
(0-060) (0-035) (0-035) (0-034) (0-035) (0-037) (0-015)
11 July 0-631 0612 0-542 0-632 0-563 0-523 0-586
(0-034) (0-035) (0-036) (0-035) (0038) (0-038) (0-015)
1 August 0-657 0-655 0-615 0-643 0-625 0-668 0-646
(0-034) (0-034) (0-035) (0-036) (0-054) (0-034) (0-015)
12 September 0-564 0-598 0-536 0-584 0624 0597 0-583
(0-036) (0-037) (0-036) (0-038) (0-035) (0-037) (0-015)
10 October 0-513 0-462 0-526 0-521 0-514 0-487 0-504
(0-040) (0-037) (0-036) (0-036) (0-042) (0-040) (0-016)
7 November 0-436 0-490 0-459 0-472 0-477 0-517 0-479
(0-047) (0-049) (0-036) (0-037) (0-075) (0-037) (0-016)
Mean 0-567 0-572 0-552 0-558 0-590 0-564 0-564
(0-015) (0-015) (0-013) (0-013) (0-015) (0-013) (0-006)
0.05 oF
FT
o]
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Figure3 Seasonal fluctuations in Wright’s Frr and Fg among parous flies.
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Figured Seasonal fluctuations in Wright’s Fr and Frgamong “young” flies.

Table 4 Correlation coefficients between allele frequencies at Table 5 Frequencies and standard errors (in parentheses) of

six farms the most common allele at four enzymatic loci in overwin-
tering populations of house flies
Allele
Allele
Amy+ Amy+
Subpopulations Adh2 (fast) 4 (slow)2 Amy— 2 Date and Amy+  Amy+
location Adh2 (fasty 4 (slow)2 Amy-2
Nutrition X swine 0-06 0-13 012 0-78
Nutrition x dairy 0-61 -0-30 0-36 0-91* 10 October 1982
Nutrition X sheep 0-47 0-55 —0-42 0-78 : . . . o
Nutrition X pork (south) ~ 0-64  —0-02 —0-82* 0-80 Swine (8 Z,i‘_,f) (3.332)
41 * . - -
Nutrition X pork (north) 0-89* -0-29 0-24  0-67 Populati 0- . . -
. . * pulation T 0-746
Swine x dairy 0-81* —-0-45 -0-18 0-02 (0:020)  (0-020) — _
Swine x sheep 0-60 —0-35 0-40  0-78*
Swine x pork (south) 0-60 —0-27 020 0-32 23 January 1983
Swine x pork (north) 0-42 0-00  0-38 0-77* Swine (brick) 0-806 0-833 0-833 0-829
Dairy X sheep 0-61 -0-60 -0-29 0-80* (0-047)  (0-044) (0-044) (0-045)
Diary x pork (south) 0-59 0-15  0-40 0-49 Swine (wood) 0-647 0-750 0-824 0-676
Dairy x pork (north) 0-72*  0-44  0-31 -0-06 (0-058) (0-053) (0-046) (0-057)
Sheep x pork (south) 0-15 0-38 ~0-24 062 Mean 0-729 0:793 0-829 0-754
Sheep x pork (north) 0-40 0-04 -0-30 0-25 (0-038) (0-034) (0-032) (0-037)
Pork (south) x pork (north) 0-64 0-67 0-18 0-23 10 April 1983
Common correlation 059 002 004 057 Swine (brick) 0-686 0-780 0-856 0-746
(0-043)  (0-038) (0-032) (0-040)
* p<0-05 Swine (wood) 0-659 0-695 0-817 0-720
(0-052)  (0-051) (0-043) (0-050)
Mean 0-675 0-745 0-840 0-735
DISCUSSION (0-033) (0-031) (0-026) (0-031)

Seasonal breeding structure differed among old
and young adult flies. Flies in both age groups,
however, were heterogeneous at farms in spring
because of drift. But older flies became panmictic
in July and remained so until November. At that
time subpopulations again became differentiated.
Young flies remained differentiated throughout the
season, and on only two sampling occasions were
allele frequencies homogeneous. In autumn, young
flies at farms became increasingly differentiated,
and a large proportion of this variation was
accounted for by drift.

Seasonal trends in breeding structure among
“young” flies were similar in 1982 and 1983. In
each year, young flies at farms became differenti-
ated in August when populations were panmictic.
This establishes the hypothesis that the differenti-
ation resulted from larval adaptation to local con-
ditions. Heterogeneity was detected because the
frequency of migration in the youngest adult age
group was trivial. Allele frequencies in young flies
therefore reflected the habitat in which they
matured.
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In the winter of 1982-1983, drift did not
differentiate flies in the two adjacent farrowing
sheds at the swine farm. In November 1983 allele
frequencies in older flies were heterogeneous
among, but homogeneous within, subpopulations.
Thus, subpopulations drifted apart in autumn, but
overwintering colonies at nearby farms were
homogeneous. As winter progressed, frequencies
at farms drifted from the initial values in the found-
ing colonies, and by spring, gene frequencies at
adjacent farms also had drifted. Allele frequencies
in the general population, however, were
unchanged during winter. This result is not surpris-
ing because of the large number of livestock
facilities in lowa where house fly populations can
overwinter. Also, generation time in winter became
greatly extended because temperatures were low.
Generations overlap continuously, but only two or
three generations probably obtain between
November and April.

The data suggest a cyclical pattern of breeding
structure in house flies. In autumn, subpopulations
become differentiated by genetic drift. Actively
reproducing overwintering populations become
established in heated domestic livestock facilities.
Founding populations are sufficiently large to pre-
vent inbreeding or immediate genetic drift. Allele
frequencies at farms gradually drift from frequen-
cies in founding colonies so that, by spring, flies
at adjacent farms are differentiated. Populations
exponentially increase in June, and differentiation
declines rapidly. Flies become detectably panmic-
tic in July and remain so until October or Novem-
ber, when they again drift apart. The differentiation
at farms observed among young adults reflects
larval adaptation to the different resources. House
fly females become inseminated early, at about the
time vitellogenesis begins, and their most likely
mates are young, locally reared males (Krafsur et
al., 1985). The first oviposition, moreover, is also
likely to take place locally as is shown by the
genetic structure of the age graded samples. But
the resulting population differentiation is dissi-
pated by immigration of parous adults and the
occassional mating of a local female by an
immigrant male.

Temporal fluctuations in the frequencies of Adh
(van Delden, 1982) and Amy (Doane, 1980) genes
are well documented in Drosophila species. Kinetic
differences have been reported among allozymes
at both loci and allele frequencies have been corre-
lated with a variety of environmental factors.
Among house fly larvae, Adh may be an important
detoxifying enzyme because they breed in ferment-
ing substrates. The house fly may prove to be a
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valuable species for research on the adaptive sig-
nificance of amylase polymorphisms. Only a single
amylase locus is known in Drosophila, but we have
identified six amylase loci in the house fly, one of
which is very active and transcribed only in larvae.
Studies on the kinetics of amylase allozymes might
answer interesting questions raised in the current
study. Why is there a larval amylase? Why does
selection seem to act on Amy— and not the other
Amy loci? The house fly is easily studied in the
field or laboratory and thus presents many new
opportunities for population geneticists interested
in the evolutionary consequences of breeding
structure and the functional significance of enzyme
polymorphisms.
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