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SPERMATHECA SHAPE VARIATION IN
DROSOPHILA AFFINIS

Dwicrar D. MILLER*

EMALE Drosophila normally pos-

sess paired dorsal seminal recepta-

cles called spermathecae, and the
shape of these varies considerably from
species to species within the genus
(Sturtevant*). Ina few cases differences
of spermatheca shape have been renorted
to be useful for distinguishing females of
closely related forms (Spieth?, Weeks?).
Dobzhansky! observed significant differ-
ences of spermatheca shape between
Drosophila melanogaster of different
mutant genotypes.

This study began as an attempt to find
criteria for distinguishing between Dro-
sophila affinis females and those of sev-
eral closely related species. Laboratory
strains of D. affinis (Florida, Illinois,
Massachusetts, Nebraska, Tennessee,
Texas), D. algonquin (Nehraska),K 1.
athabasca  (New York), D. azteca
(Mexico), and D. narragansett ( Massa-
chusetts) were examined. Camera lucida
drawings were prepared of spermathecae
considered representative of the strains
(Figure 12). It become apparent that
D. affinis is rather variable as to sper-
matheca shape, and, although each of the
other species was represented by one
strain only, it seemed likely that, with
the possible exception of D. narragansett,
the other species were similarly variable.
This variation involved.the outside pro-
portions of the chitinous capsule, the
degree of penetration of the tube into
the capsule, the occurrence of a terminal
depression, and the nature of this inden-
tation when present. It was not possible

to find an altogether reliable criterion for
distinguishing spermathecae of D. affinis
from those of most of the other species.
Only D. narragansett, with its peculiar
broad tube invagination and lined termi-
nal depression (Figure 127), had a sper-
matheca shape sufficiently distinctive to
afford easy recognition.

Among the strains of D. affinis, those
from Florida (St. Petersburg) and
Texas (Alice) showed the greatest dif-
ference as to spermatheca shape. The

Florida spermathecae (Figure 134)2

tended to be rather broad and flat, to
have relatively much penetration of the
tube inside the capsule, and usually had
a more or less prominent terminal in-
dentation.  The Texas spermathecae
(Figure 13B;) tended to approach a
spherical shape, to have a rather small
tube penetration, and were never seen
with a terminal indentation. Although
there was some intrastrain variability,
there was not much overlapping of sper-
matheca shape between the Florida and
Texas strains. The other strains, on the
other hand, generally had intermediate
shapes and overlapped each other con-
siderably. [t was decided to investigate
the influence on spermatheca shape of
crosses involving the Florida and Texas
strains. The following is an account of
this investigation.

Procedure

It was planned to examine as many
as possible of the spermathecae of fe-
males derived from a pair mating of each
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SPERMATHECAE OF D. AFFINIS AND RELATED SPECIES
Figure 12

Camera lucida drawings of spermathecae of Drosophila affinis and several closely related
species (the gelatinous, cellular envelope of the capsule is not illustrated). A-F—D. affinis (A—
Texas, B—Tennessee, C—Nebraska, D—Florida, E—Illinois, and I'—Massachusetts). G—D.
algonquin (Nebraska). H—D. athabasca (New York). [—D. asteca (Mexico). J—D. narra-

gansett (Massachusetts).

of the following kinds: Florida X Flor-
ida, Texas X Texas, both reciprocal
crosses between Florida and Texas,
F1 X F; matings following both recipro-
cal crosses, and all the possible back-
crosses between the F; generations and
the parent strains. Each mating was
made in a culture bottle with standard
Drosophila medium (corn meal—mnlas-

ses—agar—Tegosept—yeast) and kept
in an incubator at about 23.5°C (#=1.5%).
After eclosion (always within four days)
female offspring were etherized and dis-
sected in Ringer’s Solution and the lower
reproductive tract removed from each
and mounted for microscopic observa-
tion. Rows of these reproductive tracts
were scanned microscopically with the
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aid of a mechanical stage. A single
spermatheca was selected from each re-
productive tract for observation and
measurement. It was decided to select
the first one of each pair encountered
while scanning along the row. However,
because of the need of a favorable orien-
tation for making measurements (i.e.
so as to present a lateral view), frequent-
ly one had to be taken regardless of posi-
tion or else both had to be rejected.
Measurements were made with an eye-
piece micrometer, each unit of which
corresponded to about 0.0032 mm. at the
magnification used (ca. 200%). The
following dimensions of the chitinous
capsule of the spermathecae were meas-
ured: the width (a), the height (b),
and the distance of penetration of the
tube (c¢). Each spermatheca was also
checked for the presence of a terminal
depression, and if one was found, this
was classed arbitrarily as small (Figure
12C and £), medium (Figure 12D), or
large (Figure 134 ; as here, terminal
depressions classed as large often pene-
trated the opening of the tube inside
the capsule).
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Tables I, II and III were prepared
from the data accumnlated from the
progenies of the pair matings represent-
ing the various crosses. The numbers of
individuals (N) reflect the different
fecundities of the pair matings and the
numbers of spermathecae recovered from
the progenies. Table T presents the
means of the width and height dimen-
sions and the ratio of these (a/b), and
Table IT the means of the height dimen-
sion and the distance of tube penetration
and the ratio of these (b/c). Table III
shows the variation regarding the termi-
nal depression.

Discussion of Results

The tables show that the progenies of the
Florida % Florida and the Texas X Texas
matings were quite distinct as to spermatheca
shape. These progenies differed significantly
(P less than 5 percent) as to the means of
the a/b and b/c ratios (according to the t
test, which was also applied to other differ-
ences of means), and the terminal indentation
was generally present in the Florida sperma-
thecae, regularly absent in those from Texas.
However, there was some overlapping; the
ranges of both ratios overlapped slightly, and
two out of the 46 spermathecae of the Florida

TABLE 1. D. affinis Florida (St. Petersburg) and Texas (Alice) and generations derived from crossing these;

each progeny obtained from a pair mating.

Spermatheca width (a) and height (b) means; a/b ratio means

(with standard errors), limits (in parentheses beneath means), and standard deviations (with standard errors)

Mean o a/b
Parents N a b X s
Florida X Florida 46 22.0 13.9 1.5920.07 0.50220.05
3
Texas X Texas 73 18.3 15.1 .2 0.07=£0.01
.0

Fla. @ X Tex.d 55 21.1 13.7 1.552£0.02 0.120.01
(1.33--1.83)

Tex. @ X Fla.d' 62 21.2 14.3 1.49720.02 0.14220.01
(1.19—1.69)

Fr (Fla. Q@ X Tex.d') 69 20.0 13.7 1.47220.02 0.150.01
(1.19—1.77)

Fy (Tex.Q X Fla.d) 40 20.6 14.2 1.4720.03 0.17%£0.02
(1.12—1.83)

Fi (F.Q X T.d)Q X F.4 66 21.8 13.2 1.66720.01 0.117£0.01
(1.40—1.92)

F.Q X FL (F.Q X T.4) T 39 22.0 13.9 1.58=£0.02 0.1420.02
(1.31—1.92)

Fi(T.Q XF.Q X F.G 64 22.0 13.6 1.620.01 0.1240.01
(1.33—1.92)

F.Q XF (T.9 X .S 20 22.3 13.2 1.6920.03 0.14£0.02
(1.50—1.92)

Fi (T.2 XF.J)Y X T.4 59 19.6 14.1 1.40%=0.02 0.15%£0.01
(1.13—1.75)

T.Q XF (T.Q X F.)S 32 19.0 14.5 1.32£0.03 0.17%£0.02
(1.06—1.83)

Fi(F.2 X T.d)Q X T.4 65 19.6 14.4 1.3820.02 0.182%0.02
(1:00—-1.73)

T.9 X F (F.Q X T.d)d 60 19.2 14.5 1.3320.02 0.130.01
(1.13—1.62)
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Figure 13

A and B shows photomicrographs of spermathecae of D. affinis: A—Florida (St. Peters-

burg); B—Texas (Alice).

progeny were without a terminal indentation.

The progenies resulting from crossing the
Florida and Texas strains and the generations
derived from these shov/ the influence of he-
reditary factors contrituted by both strains.
However, the rather continuous nature of the
variation and the considerable overlapping of
the spermatheca shapes of the different gen-
erations make it difficult to determine the
kinds of factors involved. The situation is
probably also complicated by genetic hetero-
geneity of the Florida and Texas strains.
Nevertheless, certain tentative conclusions may
be drawn from the available data. These are
indicated to a large extent by the general
pattern of spermatheca shape variation as re-
vealed by the a/b and b/c ratios and the fre-
quencies of terminal indentations of the sev-
eral kinds; as is pointed out below, differ-
ences of ratio means and of frequencies of
depressions, though sometimes suggestive, are
not always statistically significant.

The F, generations were characterized by
intermediate means of the a/b and b/c ratios
(Tables IT and III), but closer to the corre-
sponding Florida means than to those of Tex-
as. In fact, the a/b ratio mean of the
progeny of the Florida female mated to a
Texas male was not significantly different
from the Florida mean of this kind, although
the other F; ratio means were significantly
different from the corresponding means of the
parent strains. Regarding both ratio means,
cach F; was somewhat closer than the other

one to the progeny representing the strain of
its female parent, and the differences are
statistically significant (less complete data
were responsible for the report of Miller? of
no influence of direction of cross). The F,
means of the a/b and b/c ratios were shifted
in the direction of the corresponding Texas
values (though only the Florida female X
Texas male F.-F. differences were signifi-
cant), and the two F. generations were alike
as to these means. The backcrosses to the
Florida and Texas strains gave progenies
with means of the a/b and b/c ratios invari-
ably displaced in the directions of the strains
used in backcrossing, especially those to the
Florida strain. The backcrosses to Texas
(but not to Florida) showed slightly greater
shifts of ratio means toward the parental
strain where a female of this strain was used
in backcrossing, but these differences are not
significant. 1t may be concluded that Florida
factors influencing the a/b and b/c ratios show
some dominance over those of Texas, In addi-
tion, the difference between the F, progenies
and those gotten from backcrosses to Texas
suggest a possible maternal effect on sperma-
theca shape.

Regarding the terminal indentation of the
spermatheca (Table III), the F: generations
were intermediate to Florida and Texas, but
more similar to Texas than to Florida. The
F. generations were still more similar to
Texas than the F.'s, but application of the
chi-square test to the frequencies of sperma-
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TABLE II. D. affinis Florida (St. Petersburg) and Texas (Alice) and generations derived -from crossing these;

each progeny obtained from a pair mating. Spermatheca height (b) and distance of tube penetration (‘c) means;

b/c ratio means (with standard errors), limits (in parentheses beneath means), and standard deviations (with
standard errors)

Mean B b/c

Parents N b c X s

Florida X Florida 46 13.9 8.9 1.5820.02 0.10=20.01
(1.30-—2.00)

Texas X Texas 73 15.1 5.5 2.8470.07 % 0.60=0.05
(2.00-5.33)

Fla.Q X Tex.d 55 13.7 C83 1.66=0,03 0.21220.02
1.30—2.50)

Tex. 9 X Fla.d 62 14.3 7.6 1.9020.03 0.22220.02
(1.60—2.50)

Fy (Fla.Q X Tex.d) 69 13.7 7.2 1.96=0.05 0.4020.04
(1.44--3.20)

Fy (Tex.Q X Fla.d) 40 14.2 7.5 1.96=20.08 0.49£0.06
(1.44—3.40)

F; (F.9 X T.d)? X F.d 66 13.2 8.8 1.5140.02 0.16=20.01
(1.20—2.00)

F.Q X Fy (F.Q X T.d)J 39 13.9 8.4 1.670.02 0.1320.01

Fi (T.Q X F.§)Q X F.d 64 13.6 8.8 0.1520.01

F.Q X Fy (T.Q X F.d)d 20 13.2 8.2 0.10=20.02

Fi (T.9 X F.d)9 X T.9 59 14.1 6.6 0.747£0.07

T.Q X Fy (T.Q X F.d)J 32 143 6.2 0.62720.08

Fy (F.Q X T.d)9 X T.J 65 14.4 6.8 0.56720.05

T.Q X F. (F.Q X T.d)J 60 14.5 6.3 0.51720.05

(1.56—3.75)

TABLE II1. D. affinis Florida (St. Petersburg) and Texas (Alice) and generations derived from crossing these;
each progeny obtained from a pair mating. Numbers and percentages (in parentheses beneath) of spermathecae
with no terminal indentation and with terminal indentations classed as small, medium, and large

Indentation

Parents N None Small Med. Large

Florida X Florida 46 2 3 14 27
(4.3) (6.5) (30.4) (58.7)

Texas X Texas 73 73 0 0 0
(100)

Fla. @ X Tex.d 55 42 13 0 0
(76.4) (23.6)

Tex. @ X Fla.d 62 50 10 2 0
(80.6) (16.1) (3.2)

F; (Fla. @ X Tex.d) 69 68 1 0 0
(98.6) (1.4)

Fy (Tex.Q X Fla.d") 40 7 2 1 0
(92.5) (5.0) (2.5)

F, (F.Q X T.d)Q X F.d 66 7 31 15 13
(10.6) (47.0) (22.7) (19.7)

F.Q X F; (F.? XT.d)d 39 6 11 7 15
(15.4) (28.2) (17.9) (38.5)

F (T.9 X F.d)9 X F.d 64 11 18 18 17
(17.2) (28.1) (28.1) (26.6)

F.Q X Fi (T.2 XF.d)J 20 3 8 6 3
(15.0) (40.0) (30.0) (15.0)

Fi (T.Q X F.d)? X T.d 59 57 2 0 0
(96.6) (3.4)

T.Q X Fi (T.2 X F.d)T 32 (32 ) 0 0 0
100

Fi (F.Q X T.d)Q X T.d 65 59 4 2 0

e (90.8) (6.2) (3.1)
T.Q X Fy (F.Q X T.d)d 60 60 0 0 0

(100)
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thecae with and without indentations (ie. by
corabining the differcnt classes of depressions )
shows only the shift of the Florida femalc pod
Texas male F. to be statistically significant.
The backcrosses to Florida and Texas regu-
larly produced offspring resembling the strain
used in backcrossing, especially the backcrosses
to Texas. Some dominance of Texas factors
preventing terminal indentations is suggested
by the F, generations and the more complete
return to the parental type accompanying the
Texas backcrosess, The fact that the F, prog-
enies resembled Texas more than did the Fys
(contrary to the expectation based on Texas
dominance) may be due to a dependence of
terminal indentation formation on other as-
pects of spermatheca shape (as indicated by
the a/b and b/c ratios) under the influence
of somewhat dominant Florida factors.

Conclusions

D. affinis may be described as polymorphic
as to spermatheca shape, with genetic factors
contributing to this polymorphism. A rather
complex genetic basis for spermatheca shape
variation seems likely, although the possibility
of a small number of major factors with
variable effects cannot be excluded.

The dissimilarity of the Florida and Texas
strains suggests that which sometimes exists
between different taxonomic groups—e.g. stib-
species, even species. However, there was no
detectable reproductive isolation between these
strains (e.g. their hybrids were fully fertile),
and, moreover, the various other strains of .
affinis exhibited spermatheca shapes of a more
or less intermediate nature and varied so as to
overlap each other broadly. The available
strains do not suggest a very simple geo-
graphical distribution of spermatheca shape
variation. Tt is, of course, not possible to con-
clude whether any of the strains are very
representative of the wild populations from
which they originated. It would be especially
desirable to investigate further the variation
of spermatheca shape in southern Florida
and southern Texas populations of D. affnis.
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Summary

Spermatheca  shape was investigated iz
Drosophila affinis and several similar species
(D. algonquin, athabasca, astece, and narra-
gansett). With the exception of D. narragan-
sett, none of these other species had sperma-
thecae easily distinguishable from those of 7).
affinis. Considerable intraspecific variation in
spermatheca shape was revealed within D,
affinis. Laboratory strains of D. affinis from
Florida and Texas were found to be especially
different in this respect. The Florida sperma-
thecae tended to be rather broad and flat, to
have relatively much penetration of the tube
inside the capsule, and usually had a more or
less prominent terminal indentation. The Tex-
as spermathecae tended to approach a spheri-
cal shape, to have rather little tube penetra-
tion, and these were never found to have a
terminal indentation. Crosses between the
Florida and Texas strains and the offspring
of these yielded progenies with more or less
intermediate spermatheca shapes, with some
evidence of dominance of both Florida and
Texas factors and of a slight maternal effect.
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