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The following is a list of materials necessary
to build the described apparatus:
24 Sealed ball bearing pillow blocks with
1.3-cm bores
1 Pulley 20.3 cm
1 Pulley 5.1 cn
10 Pulleys 10.2 cm
5 V-belts Truflex® 2330
1 V-belt Demco® 41340
30 Shaft collars, 1.3-cm bore
6 Lenghts water pipe 1.9 cm ID x 25.4 cm
12 Lengths cold rolled steel shafts 1.3 x 45.7
cm
12 Lengths flexible tubing PVC, Nalgon®
size (31.8 cm x 2.5 ¢cm ID)
1 Roll carpet tape
1 AC motor 1/3 HP, 1725 rpm, 115-V
1 Shut-off timer and buzzer 4 HP, 120-V,
1600-W
3 Lengths slotted angle iron 186.7 cm
3 Lengths slotted angle iron 38.1 cm
4 Mounting brackets of slotted angle iron
7.6 cm
8 Shield mounting brackets of slotted angle
iron 2.5 cm
I Box slotted angle serr. nuts & bolts 3-8 x
5-8
2 Lengths slotted angle iron 72.4 ¢cm
2 Lengths slotted angle iron 49.5 cm
1 Length wood slat 1.3 x 5.1 x 186.7 cm
4 Rubber wheel castors 10.2 ¢cm
4 Rubber stoppers 3.8 cm diam.
6 Pipe, “T” joints 2.5 cm
8 Pipe, flanges 2.5 ¢cm x 8.9 cm diam.
1 Length pipe 2.5 x 170.2 ¢cm
4 Pipe, end pieces 2.5 x 11.4 cm
4 Pipe, leg pieces 2.5 x 47.0 cm
4 Pipe, leg pieces 2.5 x 26.7 c¢m
1 Sheet aluminum (pulley & belt shield)
50.8 x 189.2 x 0.10cm
2 Sheet aluminum end brackets 14.0 x 15.2
x 0.10cm
12 Sheet aluminum fins 11.4 x 20.3 x 0.10
cm
1 Box Pop-Rivets®, grip range 0.3 x 0.3 cm
6 Carboys, wide mouth with handles,
Nalgene®, 8.9 cm diam. mouth, 8 liter
capacity
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THE MALE REPRODUCTIVE SYSTEM OF
THE BLACK FLY, SIMULIUM PICTIPES
HAGEN!

L. N. Raminant axp E. W, Curp

Department of Entomology, .
Cornell University,
Ithaca, New York 14853

Thorough reports of genital tract develop-
ment and spermatogenesis in the Simuliidae
are relatively rare. Aside from scattered gross
morphological descriptions of the male repro-
ductive system (see Ramirez-Perez 1977), and
several accounts describing chiasmal aspects of
meiosis in subarctic species (Rothfels and
Mason 1975, Rothfels and Nambiar 1975, Pro-
cunier 1975), very little histological-cytological
information is available for this important
group of biting flies. Because a better under-
standing of the reproductive processes in black
flies is necessary for behavioral and coloniza-
tion research, we studied the microanatomy of
the reproductive tract of Simulium pictipes dur-
ing the pupal and early imaginal stages. De-
scriptions of basic developmental steps are
given here and comparisons are made with
related Diptera.

PREPARATION OF MATERIAL. Larvae were col-
lected in Tompkins Co., N.Y. and reared in the
laboratory (Muirhead-Thomson 1968). Speci-
mens were fixed in Bouin’s fluid and em-
bedded in paraffin. Sections approximately 6
pm thick were cut with a rotary microtome.
Hematoxylin and eosin were used as stains.

OpservaTIONS. The testis in a pharate pupa
is a well-developed ovoid structure with an
anuclear sheath and a closely adherent fat
body (fig. 1). The anterior half of the organ
consists of spermatogonia and spermatocytes;
the posterior is filled with spermatids in var-
ious stages of differentiation. Occastonally
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clusters of mature spermatozoa are present,
indicating that spermatogenesis may begin
during the larval stage. In 1-day-old pupae the
fat body becomes thickened and contains con-
spicuous dark brown granules (fig. 2). At this
time, spermiogenesis is more obvious, with a
large number of mature spermatozoa present,
but a few spermatogonia and spermatocytes
can still be seen in the anterior part of the
testis.

In newly emerged adults, the testis is en-
wrapped in a thickened fat body that extends
posteriorly to the testicular ducts (fig. 3). The
anterior tip of the testis is free of this covering
and contains spermatogonia and spermato-
cytes. Spermatocysts are observed in the an-
terior half of the testis. Each compartment is
separated by a thin membrane. These spaces
are obliquely arranged and are leaf-like in ap-
pearance, extending half way across the testis.
In the posterior portion of the gonad these
units have histolysed, releasing gametes into
the efferent ducts and forming characteristic
lacunae within the testis.

Spermatogenesis in older males can occa-
sionally be observed. The division of sper-
matogonia to form spermatocytes is preceded
by the condensation of chromatin to form in-
dividual chromosomes. The resultant sper-
matocytes are spherical in shape, about 2.5 um
in size. First stage spermatids appear as dark
dots, that differentiate into short, rod-like
structures (fig. 3). Following gradual elonga-
tion of their posterior ends, mature sper-
matozoa are formed. However, the testes of
the majority of adult males examined showed
spermatids in various stages of differentiation
except for the posterior tips which were filled
with sperm.

The accessory glands are paired structures
with a well-developed layer of circular muscle
surrounding them. Each gland is filled with a

granular secretory material (fig. 4),
presumably the product of the conspicuous
epithelial cells that make up the cortex of each
gland. A small amount of this secretion is also
scattered along the periphery of each gland.
The testicular ducts and the seminal vesicle are
filled with sperm.

Discussion. Testicular development and the
basic structure of the secondary reproductive
systemn in Simulium pictipes follow a pattern simi-
lar to that in other nematocerans. The general
appearance and adhesion of the fat body to the
gonads is much like that reported for Anisopis
(Abul-Nasr 1950), and the occurrence of meto-
tic divisions and spermatogenesis during the
late larval-early pupal stage is essentially the
same as in Aedes stimulans (Horsfall and Ron-
quillo 1970). But, the timing of sper-
matogenesis in this black fly varies consid-
erably from that in Chironomus dorsalis (Abul-
Nasr 1950) and Culiseta inornata (Breland et al.
1964), in which most meiotic activity and
sperm production occur in fully grown larvae,
and from that of Ae. aegypti, in which sperm
differentiation takes place mainly in older
pupae (Jones 1967). However, the general pe-
riod required for differentiation of sper-
matogenous cells 1s essentially the same as that
reported for other black flies.

The tissue-cellular organization of the effer-
ent ducts and seminal vesicle in Simulium pic-
tipes is generally similar to that of various spe-
cies of Culicidae (Hodapp and Jones 1961).
The structure and secretory activity of the ac-
cessory glands are also worthy of mention,
since it is the sequential activation of these or-
gans with the seminal vesicle that is responsible
for the discharge of sperm and the formation
of spermatophores in the Simuliidae (Davies
1965). While no material was seen in the semi-
nal vesicle of newly emerged S. pictipes, the
cellular nature of the accessory glands and the

Figure 1. The testis of a pharate pupa of Simulium pictipes. Note the differentiating spermatids (S).
Longitudinal section, X 66. (Sg = spermatogonia; Sc = spermatocytes; Ts = testicular sheath).

Figure 2. The testis of a one-day-old pupa. Spermatocysts (Scs) are present and the fat body (Fb)
has begun to thicken. Longitudinal section, X 66. (S = spermatids).

Figure 3. The testis of a pharate adult. Note the presence of spermatogonia (Sg), spermatocytes
(S¢), and spermatocysts (Scs). Spermatids (S) and spermatozoa (Sz) are evident at the posterior
portion of the organ. Longitudinal section, X 132. (Fb) = fat body).

Figure 4. The accessory gland (Ag) and testicular duct (T'd) of a pharate adult. Spermatozoa fill
the testicular ducts and seminal vesicle. Note also the disc of secretory material in the accessory
gland. Longitudinal section, X66.
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accumulation of secretory discs suggests they
play a primary role in sperm transfer.
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