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THE MORPHOLOGY OF THE REPRODUCTIVE SYSTEM OF THE

The black vine weevil, Brachyrhinus sulcatus (F.), is recognized

as a serious pest of graps in HEurope (4, p.767) and of certain nursery
and greenhouse plants in North America {17, p.42; 11, pp.l27-128; 12,
pp.4-5; 20, p.72 and 1, p.4). Previous to 1950 this parthenogenetic
species (4, p.767 and 19, p.119) was considered of minor importance
as 8 pest of strawberry in the Pacific HNorthwest. The strawberry

root weevil, Brachyrhinus ovatus (L.}, was considered of greatest

importance (17, pp.41-42; 3, p.3 and 20, p.72). Since 1950 the black
vine weevil has become more sbundant in strawberry plantings., On
southern Vancouver Island and the lower Fraser Valley of British Col-
unmbia the pest has assumed a place of importance egual to, if not
greater than, B. ovatus (1, p.4). In 1954 strawberry plantings in the
Gresham area of Oregon were severely infested with B. suleatus.

Since most of the damage is done by the larvae which feed on the
strawberry roots, it is imperative to control the adults before they
commence oviposition, especially in fields which have not previously
been soil treabted. The adults emerge during the first week of strawberry
picking and, therefore, cannot be controllsd immediately by the use of
toxic dusts or sprays without contaminsting the fresh fruit. If,
however, the application of insecticide could be delayed until just

prior to the commencement of general ovipositiom most, if not all, of



the erop eould be safely harvested. Thus, information regarding the
first date of general oviposition in the field is of great importance.
Also it is important to know the stage of development of the ovaries of
those few adults whieh successfully over-winter and are found in the
strawberry fields in late Mareh and April.

During studies on the biology and eontrol of this weevil at the
Cenade Department of Agriculture, Fruit Imseet Leboratory, Vietoria,
British Columbia the adults were observed to have am extended pre~
oviposition period. The aversge pre-oviposition periocd of 35 weevils
reared at 68°F. end 75 to 86 per cent relative humidity was 51.9 days
with a minimum of 27 deys and a maximum of 43 days. The pre-oviposition
period in the field was somewhat longer, depending upon weather condi-
tions.

The purpose of the gross morphologieal study undertaken and
pregented here is to determine if changes in the growth of the female
reproductive system during the pre«-oﬁpe#t%&n period ean be used as
an indicator of the development of the ovaries of the adult and the
commensement of oviposition in the field.

The gross morphology of the reproduetive system of the oviposite
ing adult is discussed prior to a diseussion of the growth of the
female system during the pre~oviposition period.



TECHRIGUR

COLLECTING

In order to determine the exsct age of adult weevils it was
necassary to collect pre-pupse from soil under infested strawberry
plants and rear these through the pupal stage to adults. Larvae were
collected by the amthor and others during late April and Hay, 1954
at Corvallis and Gresham, Oregon. Dr. R.G. Rosenstiel collected larvae
on April 15, 1954 and May 29, 1954 at Gresham. Dr. H.H. Crowell col-
lected larvee on April 15, 1954 at Corvallis.

Adults were c¢ollected at periodic intervals throughout June,
July and August. Collections were made by sweeping infested strawberry
plantings at night between 9:00 p.m. and 11:00 p.m. Dr. Rosemstlel and
the author used this method to collect large numbers of adults for the
firgt time on Jume 7, 1954. Ur. Rosenstiel made the pericdic collec~-
tions of adults from the Greshem area and forwarded them io the author
for study.

REARING

Larvae collected from soil under infested strawberry plaants on
April 15, 1954 were in the pre-pupal stage and had completed feeding.
Both the larvae and the soil in which they were living were brought to
the laboratory at Oregon State College where they were placed in
plaster-of-paris rearing blocks. The rearing blocks measured 6 inches



long by 4 inches wide by 2 inches deep and had a centre well for soil
which measured § inches long by 3 inches wide and 1 ineh desp, The
centre well was covered with a glasg plate. The soil in the we;..}. was
kept moist by the periodic addition of water to a separate watering well
in the rearing block. Blocks were placed on the window sill and the
window was usually kept open. No more than 20 larvae were placed in
each block. Adults commenced emergence on May 12. The pupal period of
21 specimens averaged 16 days.

The newly emerged adults were placed singly in glass vials 3
inches long by 1/2 inch wide. The vials wers closed with corks each
bhaving a 1/4 inch hole which was plugged with saran sereening cloth for
ventilation., Visle were placed on the window sill and contained a
fresh strawberry leaf as food for the weevil. Weevils did not feed for

the first four or five days but fed voraciously thereafter.

When possible live éismtims were made. Various dissecting
fluids were tried such as; water, saline solution, 70 per cent alcohol
and 5§ per cent chlorsl hydrate. The 5 per cent chloral hydrste gave
the best definition of organs but was not & satisfactory preservative.

Host of the dissections were made from preserved material.
Weevils were killed in Kahle's fixative and after 24 hours removed to
70 per cent alechol for storage. These specimens were dissected inm 70
per cent alechol.



Dissecting was begun by lifting off the hard elytra with fine
forceps. The membranous tergum was removed by peeling it back from
the anterior end of the abdomen. Jewellers' foreeps with fine points
were the only dissecting instruments used exeept for sharp razor
blades used for making seetions.

Drawings wefe usually made at the magnification of 50 diameters
by the use of a square~ruled osular mierometer dise in the binoeular
eyepiece and square~ruled drawing paper. Drawings were photographed
and reduced in the usual manner.

Heagurements of the size of the various struetures were made by
the use of a calibrated linear micromster dise in the binocular eye~
plece.

A Reichert sterio mieroscope (Mak X} was used for all disses~

tions.

The general topography of the female system in B. suleatus is
similar %o that of other parthenogenetic and gonorrhistic weevils that
have been studied by various workers (14, pp.583-586; 2, pp.242-251;
15, pp.20-27; 5, pp.1-2% and 6, pp.447-484). The system consists of
four parts, nemely; the ovaries, the generative duets, the aceessory

organs and the external organs.



OVARIES

The ovaries, or reproductive organs of mesodermsl origin which
contain the egg cells, represent that part of the internal reproduc~
tive system of inseets anterior to the lateral oviducts (14, pp.59,
552 and 579). In weevils the internal gystem is generslly represented
by a single pair of ovaries with each ovary comnsisting of two ovarioles
{6, pp.450-451). The thin membranous cover of each ovariole is called
the tuniea propria (14, p.553).

in B. suleatus the ovaries lie in the latero~dorsal sbdominal
¢avity where they are supplied with a dense network of Lrschea and are
surrounded by layers of fat bodies. The two ovarioles of each ovary
are not contsined in a common membrane, nor ave they connected execept
at their anterior ends by the union of their terminal filaments and at
their posterior ends by the union of their ovariole pedicels at the
lateral oviducts (Fig. 3). Each ovariole is comprised of three main
parts, the terminsl filament, the egz tube and the ovariole pedicel
(14, p.553).

Terminal Pilament:~ The terminal filament arises generally as a

direct anterior protraction of the outer ovariols cover, the tunica
propria (14, p.554 and 6, P.453). The threadlike filement is a solid
strand of cells which joins the filament of the adjacent ovariocle to
form the suspensory ligament. The suspensory ligament of each ovary
may then be imbedded in the neighbouring fat tissue, the body wall,
the dorssl diapbram, or in some cases may be inserted in the ventral



wall of the dorsal blood vessel (14, p.552). In the genus Polydrosus
the suspensory ligament is attaehed to the dorsal diaphram (6, p.449).
Nutting reports the atypieal attashment of the suspensory ligament of
acridoid grasshoppers in which the fused ligaments arise from the
ventral heart wall (9, p.535).

In B. suleatus the form and location of the terminal filaments
remain without noticeable change throughout the life of the weevil.
The filaments arise at the anterior end of the egg tube where the
somewhet loose tuniea propria of each ovariole eonstriets. The re-
sultant filaments join to form a suspensory ligament. The ligament
of each ovary joins on eseh side to a large medien ligement whieh
originates at the anterior loop of the provtodascum. This proctodaeal
ligament is inserted in the ventral wall of the dorsal blood vessel
where the latter passes under the posterior tip of the seutellum of
the thorax (Fig. 6). The presence of a dorsal diaphram is not appar-
ent in this avea. Ienkowa makes no mention of the presence of a large
proctodaeal ligament in the genus Polydrosus.

Bgeg Tube:~ The egg tube, according to Snodgrass, contains the gem
¢ells and represents the prineipal part of the ovariole (14, p.553).
The tube is in two parts, the germarium or end ehamber and the zone
of growth or vitellarium (14, p.555). Lenkowa reports that Polydrosus
mollis, also a parthenogenetie weevil, has a telotrophie or aero-
trophic ovariole in which some of the eells formed from the oogonia

become nurse cells and remain in the anterior end of the germarium;



while the oocytes become removed but still connected to their as-
sociated nurse cells by long protoplasmic strands. The cocytes con-
tﬁ.nno to receive nutrient material from the murse cells through these
protoplasmic strands. The ooeybes lsave the germarium and pass into
the vitellarium where the protoplasmic connections with the trophoeytes
are lost as the follicular covering closes around the young ova. The
nourishing funetion is then performed only by the follicular vesieles
of the vitellarium. While in the vitellarium the oocyte receives an
outer shell or chorion of chorionine which is produced by the folliele
¢ellas., The complete formation of the chorion marks the end of growth
of the oocyte. The follicle cells surrounding the full-grown oocyte
degenerate at the posterior end of the vitellarium and form a yellowish
bulk called the yellow body or corpus luteum (6, pp.458-461).

In the mature system of B. sulcatus the tunica propria foms a
loose, tough cover over each entire egg tube. Under this cover the an~
terior germarium is elliptical in shape and greatly enlarged, measuring
from 1.04 mm. to 1.73 mm. in length and from 0.25 mm. to 0.47 mm. in
width. The germerii lie in a position parallel to the ventrieculus,
usually sloping toward the median dorsal line at their anterior eands
{Fig. 2). At the constriction of the posterior emd of the germarium
there is a division or change in tissue. This point of division marks
the beginning of the follicular lining of the vitellarium (Pig. 6).

At the anterior end of the vitellarium cocytes are not visible
under low magnification {X100}. Only the white, dense follicular

tissue can be seen through the tunica propria. More posteriorly the



ooeytes soon become appsrent in the vitellarium and their size in-
ereases as the tube progresses toward the ovariole pedicel. The
vitellarium is tightly coiled in the abdominal ecavity adjacent to the
ventriculus and ventral to the enlarged gemmarium (Figs. 2 and 6).

A% the union of the vitellarium with the ovariole pedicel the
thick-walled follicular vesicles and the dense tracheation common
throughout the vitellarium both cease. A% this point, yellow tissue
within a swelling of the tube indicstes the presence of the corpus
luteum. In weevils that have just commenced egg laying (Fig. 6) the
yellow colour and swelling caused by the presence of the corpus luteum
is not readily apparent; but as egg production progresses the yellow
colour becomes more dense and the swelling inereases in size (Fig. 13).

Ovariole Pedicel:~ The ovariecle pedicels sre usually represented by

short stalks connecting the egg tubes with the lateral oviduets {12,
p.556) . At the posterior end of the vitellarium the tunica propria
ends and the simple elastic epithelium of the pedicel wall commences
(6, p.462). In the genus Polydrosus, the pedicel or stipe of mature
weevils ig so distended that it is indistinguishable from the calyx.
However, the pedicels sre long and readily distinguishsble in the young
female {6, p.462).

Dissection of ovipositing B. sulcatus adults reveals that the
pedicels are grestly distended but are distinguishable as separais
tubes which join to form the lateral oviduet or calyx area (Fig. 13).

Both the pedicels and the anterior ends of the lateral oviducts are
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thin, elastie membranes which contain several mature egzs. Since there
is no apparent difference between these two areas, the pedicels might

be considered as part of the calyces.

GENERATIVE DUCTS

Oviducts:- Snodgrass states that the lateral oviducts are simple tubes
without accessory structures (14, p.562). According to Hetcalfe the

lateral oviduets in the pupa of Sitodrepa panicea Limn. are derived

partly from the union of the mesodermal ovariole pedicels and partly
from the ectodermal paired lateral uteri which split off from the
primary uterus invagination. These tissues join bsfore the pupa matures
{7, pp.95~97). Bissell in his description of the reproductive system

of the pecan weevil, Curculio caryae (Horn.), (2, p.246) and Tissot in

describing the white-fringed bestle, Haupactus leucoloma Boh., (18,

p.26) have both, in the opinion of the present author, erronecusly re-
ferred to the vitellarium and ovariole pedicels as the lateral oviducts.

Ssilent jew refers to the median oviduect of Otiorrhynchus turca

Bohem. as the vagina (15, p.585). Metcalfe has established that the

median oviduet of Sitodrepa panices is derived from the primary invag-

ination of the eighth sternite. According to Sing Pruthi en invegina-
tion of the eighth sternite represents the uterus (7, p.%0). Metcslfe,
therefore, refers to the median oviduct as the uterus and the lateral
oviducts as the paired lateral uteri. In the discussion of B. sulcatus
the more commonly used terminology of Snodgrass is 'ﬁdhared to, namely,
median oviduct and lateral oviducts.



In B. sulcstus there is apparently no difference between the
tissues of the ovariole pedicels and the snterior portions of the
lateral oviducts. However, a change in the tissue of the posterior
portions of the lateral oviducts is evident (Fig. 10). The narrower
posterior portion appears slizhtly sclerotized with longitudinal folds
similar to the medien oviduct. There is a definite line of union of
the two portions of the lateral oviduet, especially evident in the
newly emerged edult, This observation is in sgreement with Metcalfe's
findings.

The two lateral oviducts coaverge at the median line near the
intersegmental membrane of the third and fourth sternites. The re-
sultant medien oviduet loops sharply dorsally and amteriorly. At the
tip of the chitinous rod, the median oviduet loops sharply posteriorly
and eaters the thick musculature surrounding the vagina where it joins
with the latter.

Vagina:~ According to Smodgrass, where the median oviduct joins a
genital chamber which serves both as an egg exit and as a copulatory
entrance, the chamber may properly be distinguished as a vagins (13,
P.28), The union of the median oviduct and vagina is marked by the
opening of the spermathecal duet which enters éa:aa.uy into the an-
terior end of the vagina (14, p.563) . A diverticulum of the vagina
arises immediately posterior to the spermathecal opening to form the
copulatory pouch. Accessory glands are usually absent in the Coleo~
ptera (13, p.23). |



lietcalfe states that the single genital duet, the uterus orxr
vagina, of Sitodrepa psnicea is formed from the longitudinal fusion of
the primary uterus invagination 'mﬁ the primary spermathecal invegina-
tion. The opening of the uterus invagination becomes closed. This

clogure leaves the opening of ths spermathecal invagination in the ninth
sternite to become the funectional vulva. Thus, the vagina {and median
oviduct) has three component parts; the anterior uterus portion (median
oviduet), the median region of combined spermathecal and uterus origin,
and the posterior spermathecal portion (7, pp.95~58). lenkowa's unsuc-
cessful attempt to locate any divisions between the median oviduet, the
uterus and the vagina (6, p.466) is probably because the median ovi-
duct is, as Metealfe suggests, the uterus.

The vagina of B. sulcatus is completely obscured anteriorly by
heavy musculature and posteriorly by the ovipositor lobes. The vagina
is a long, narrow tube with many longitudinal infoldings which permit
ite expansion during oviposition. The tube extends from sbout the sn~-
terior edge of the fourth sternite to the vulva at the spex of the
ovipositor (Fig. 7). The wall of the vagina, although flexible and
capable of considerable expansion, is extremely strong indicating a
heavily chitinized tissue of sctodermal origin. When the vagina is
pulled anteriorly the tissue does not break but readily causes the ovi-
positor to turn inside qnt exposing the continuation of the immer
vaginal surface with the outsr ovipositor surfsce.

The opening of the spermathecal duet is found at the anterior

dorsal end of the vagina. Posterior to this opening the diverticulum
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of the vagina, the copulatory poueh, arises dorsally. The vagina is
slightly eonvoluted between the opening of the e¢opulatory pouch and the
basal plates of the ovipositor. These convolutions straighten when the
ovipositor is extended,

The heavy museulature umim the vagina serves to extend
and retraet the ovipositor and to forsce eggs through the vagina (Pig. 9).
The latter funetion is performed by the inner layer of eircular museles
and the mfer longitudinal museles operate the ovipositor.

ACCESSORY QRGANS

Co bory Pouehi:~ The copulatory poueh or bursa copulatrix is usually
a dorsal poushlike diverticulum of the vagina (13, p.23). The walls of
the copulatory poueh are lined with a thiek layer of soft chitin whieh
is somewhat hardened on the ventral and anterior end in the genus
Polydrosus (6, p.467).

In the blaeck vine weevil the sopulatory pouch is a relatively
lagge dorsal sae off the vagina (Fig. 7). The poueh eurves anteriorly
and ventrally over the median oviduct. There is mueh infolding of the
wall of the pouch especially at the blind anterior enmd. The museles
surrounding the poueh are largely eireular. A ¢ireular muscle sheath
ensloses both the anterior end of the poueh and the median oviduet and
holds them %o the anterior tip of the ehitinous rod (Fig., 9). The
function of the pouch in this parthenogenetic weevil is no longer one
of reseiving the male organ during eopulation, but probably serves to
hold mature eggs prior to oviposition.
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Spermatheca:- In insecis generally the spermatheca or receptasulum
seminis is a storage organ for sperme (14, p.566). HMetcalfe states
that the spermatheca arises as a primary ectodermal inwvaezinstion of the

body wall posterior to the ninth sternite of Sitodrepa panices (7,

PP.94-95) . The spermatheca of weevils is generally represented by a
sickle-ghaped, heavily sclerotized structure lying on the right side of
the vagina and possessing two tubular ducts, the spermathecal duet and
the duct of the spermathecal gland (16, p.27; 5, p.132 and 6, p.473).
The spermathecal duct is a long, elastic and very narrow tube, the outer
wall of which is a layer of soft chitin (6, p.475). The spermathecal
gland is a narrow chitinous tube surrounded by a thick layer of se~
creting cells (6, p.477). The spermathecal duct serves to convey sperms
between the spermatheca and the vagina while the spermathecal gland
seeretes a fluid in which the sperms are transported (14, p.566). The

spermathecal duet of Haupactus leucoloma enters the wall of the medisn

oviduet at about its middle and runs posteriorly in the wall to the
vagine where the duet opens into the vagina (16, p.27).

The spermatheca of B. sulcatus is a typicelly siekle-shaped,
heavily sclerotized organ lying on the right side of the vagina (Fig. 3.
The organ is imbedded in fatty tissue and is well supplied with trachea.
The blunt 'handle' of the sickle-shaped spermatheca is posterio-ventral
with the back of the 'blade' dorsal and the point of the 'blade' an-
terio~ventral. It is from the enlarged 'handle' or posterio-ventral
end that the two ducts emerge (Fig. 12). The spermathecal duct emerges

from thse veniral wall of the 'handle' and loops anteriorly around the
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anterior end of the median oviduet into the muscle tissue surrounding
the anterior tip of the chitinous rod and enters the vagina just anterior
to the dorsal opening of the copulatory poueh (Fig. 7). The duct of the
spermathecal gland emerges from the 'handle'® posterior to the spermathe~
cal duct. The tissue surrounding the short duct of the spermathecal
gland is very white and contains the secreting cells of the gland (Fig.
12} . A musele sheath extends from the *handle' to the back of the
*blade' (Fig. 12). This muscle sheath has the function of pumping the
spermatheca to eject sperms throusgh the spermathecal duet iato the
vagina (14, p.isss} s

Thus, although na males of B. sulcatus have ever been found, the
spermatheca is present in full detail. Lenkows concludes that since
there is no anstomical difference in the reproductive organs of the

parthenogenetic species, Polydrosus mollis, and the two elosely related

gonohorristic species, Polydrosus sericeus and Polydrosus pilosus, the

parthenogenesis in Polydrosus mollis originated recently, probably in

the diluvial period (6, p.483).

EXTERNAL ORGANS

Ovipositor:- Ia Coleoptera the ventral ovipositor lobes represent the
endopodites of the eighth sternite; the dorssl lobes, the endopodites of
the ninth sternite, and the lateral lobes, the coxites of the ninth
sternite (7, p.89). Then, according to Snodgrass, the ventral lobes are
the first valvulae, the dorssl lobes are the second valvulae and the

lateral lobes are the second valvifers. UNichener claims that the third
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valvelae are the styli of the ninth sternite and refers to them as the
gonostyli (8, pp.336-337).

The ovipositor of B. suleatus is represented by the character-
istically telescoped female genstalia of Coleoptera (Fig. 7). Ex-
ternally the abdomen has five sternites and seven tergites visible.

The sixth and seventh sternites are unsclerotized segments folded an~
teriorly sbove the fifth sternite., The spiculum gastrale (defined p.l17)
lies between the seventh and eighth sternites. The eighth and ninth
sternites are not readily visible as segments since esch is incorporated
in the ovipositor. The sternum dorsal to the spiculum gastrsle folds
anteriorly to the base of the ovipositor, forming the ventral wall of
the ovipositor's outer sheath. The sternum then folds posteriorly and
forms the plates or lobes of the tubular ovipositor (Pig. 7). At the
base of the ovipositor the coxite of the eighth sternite, the first
valvifer, is visible in eross-section as a selerotized, latero~-ventral
plate (Fig. 11). The first valvifer fuses with the sclerotized, main
lateral plate, the second valvifer, which is the coxite of the ninth
sternite (Fig. 8). The ventral lobes are membranous and represent the
gonopophyeses of the coxites of the eighth sternite or the first val-
vulae. The dorsal lobes are likewise membranous and represent the
gonopophyses of the coxites of the ninth sternite or the second val-
vulae. Figure 8 is a drawing of an ovipositor much swollen by preserv-
ative. Hormally the seclerotized second valvifers obscure the dorsal

and ventral lobes of the ovipositor. Apically the second valvifer gives

rise to a stylus which, aceording to Michener, is the gonostylus. The
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selerotized plates of tﬁa ovipositor have a limited pumber of setae.
The apical portion of the second valvifers and the gonostyli have pro-
nounced setae (Fig. 8).

The dorsal wall of the ovipositor continues anteriorly for a
short distance beyond the selerotized plates before it rolls back
posteriorly to form the dorsal wall of the ovipositor's outer s&sa&h.
Hear the apex of the ovipositor this sheath again folds anteriorly and
gives rise to an anal flap whieh covers the anal opening (Fig. 7).

The seventh and last visible tergite, slthough membranocus ab

its anterior end, is heavily sclerotized around its posterior edge.

The eighth tergite, whieh lies concealed beneath the seventh tergite,
is separated from the latter by a deep intersegmental fold. The eighth
tergite, often called the mantle {5, p.130; 186, p.25 and 2, p.247), nmay
be visible during oviposition when the ovipositor is everted. There
are no spiracles on the eighth tergite. Additional tergites are not

readily diseernible {Fig. 7).

Spieulum Gastrsle:~ The presence of a spiculum gastrale or chitinous

rod is common in weevils., Metcalfe describes the development of this
orgen snd claims that it is definitely not of appendicular origin,
but, instead, is formed from an invegination of the intersegmental
membrane between the seventh and aighth sternites (7, p.97).

The spiculum gastrale of B. sulcatus is a spoon-shaped organ
lying benesth the ovipositor and the vaegina. Antericrly the spilculum

gastrale narrows to a slender, chitinous rod which extends into the



18

sbdominal e¢avity beneath the vagina as far as the intersegmental mem~
brane of the second and third sternites {Fig. 7). The amterior tip of
the rod is slightly broasdened and to this area, acreate many of the
muscles which operate the ovipositor {Fig. 9). The broad, spooun-shaped,
posterior end of the spiculum gastrale is heavily sclerotized at the
lateral tips. These sclerotized areas converge anteriorly st the chit-
inous rod. 3@3—@1@&&3&& tissue forma an open pocket in esch of the
anterio-lateral wings of the spiculum. Into these pockets are inserted
the mscles from the vagina and tergum (Fig. 10). The main function of
the spiculum gastrale is to form a rigld bage for the attachment of the

muscles which cause the sversion and retraction of the ovipositor.

GROWIH OF THE REPRODUCTIVE SYSTEM

The main object of this study was to determine if changes in
the growth of the reproductive system of B. suleatus during the pre-
oviposition period can be used as an indieator of adult development

and subseguent oviposition in the field.

Adults reered from larvae at Oregon State College were killed
on June 12. These adults represented rougk

y four age groups of zero,
15, 25 and 28 days.

unately older adults were not obitained.
However, one adult in the last group had laid four eggs and afforded

an example of a mature adult of known age (Figz. 6).

/



Examination of ten weevils from esch age group was made.
leasurements were recorded of the ratio of the anterior growth of the
more advenced germarium of the right ovary to the abdomen lengih
(Tebles 1, 2, S and 4). The advance of the germarium was measured
from the posterior tip of the fifth sternsite to the anterior tip of the
germarium. The length of the abdomen was measured frem the posterior
tip of the fifth sternite to the posterior tip of the scutellum.

Hewly Emerged Adult:- In the newly emerged aduli (Fig. 3) the ovaries
are small and largely transpsrent. The most eanspicm portion is the
short, slender, white germarium of esch ovariole (Fig. 2). The germ-
arium is from 0.48 to 0.79 mm. long and from 0.l to 0.14 mm. wide
(Table 1). In the right ovary the germarii lie with their anterior
ends directly dorsal to the posterior margin of the coxal cavity of the
metathoracic leg, or from 3.2 mm. to 4.5 mm. from the posterior tip of
the fifth sternite (Table 1). A dense network of trachea enters the
tunica propria surrounding the germarium of sach ovariocle and holds
them close together, giving the appearance of connective tissue. Im-
mediately posterior to this heavily tracheated area the ovariole
pedicel of eseh ovaricle of the right ovary extends posteriorly for a
distance of approximately 0.5 mm. where it joins the adjacent pedicel
at the anterior end of the lateral oviduet. The ovaricle pedicels are
noticeably lacking in tracheation. It is important to notice that
there iz no indication of a vitellarium between the germerii and the

ovariole pedicels. The dense tracheation of the germarii continuse .



TABLE 1

. ANTERIOR RATIO OF ANT.

HO. | LENGTH | WIDTH |OF

 § .72 14 4.5

2 79 <14 3.9

3 «72 14 4.0

4 <76 e 4.5 6.9 -1

6 «58 14 4.0 5.7 «70

6 «54 .14 4.0 6.2 «65

? .55 ‘M ' éoé 61\3 '?l

8 43 «10 3.8 6.0 63

9 « 58 14 3.4 8.2 -85
10 <54 14 3.2 4.8 66
AV. | .63 14 4.0 6.1 «65

lLarger germarium of the right ovary.
2jeasured from anterior tip of the larger germarium of
the right ovary to the posterior tip of the fifth sternite.
Syeasured from the posterior tip of the scutellum to the
posterior tip of the fifth sternite.
beyond the anterior tip of the germarii, and close examination reveals
that the tracheation enters the thin, transparent tuaica propria of
each ovariocle. Each tunica propris with its dense tracheation extends
to the anterior end of the abdomen where it constricts and a terminal
filement arises. Trachea supplying the gemmarii at this early age
originate at the third abdominal spiracle; whereas, the trachea sup~
plying the anterior transparent tubes originate at the first and sscond
abdominal spiraeles (Fig. 8).
The tissus of the anterior portion of the lateral oviducts is

similar in appearance to that of the ovariole pedicels. However, the



posterior one~-third of the oviduets is different, being slightly
darker in colour and exhibiting longitudinal grooves with very slight
sclerotization. There is a definite point of demarkstion between
these two tissues of the lateral oviducts.

" The musculature of the vagina is not fully developed {Fige. 2
end 3). The remainder of the reproductive system is not significantly

different rmrthat of the mature adult.

Fifteen Day 0ld Adult:- The difference between the fifteen day old

weevil {(Fig. 4]} and the newly emerged weevil, although very slight, is
discernible. Measurements of the anterior growth of the germerium
through the tunicsa propria show a very slight advance in the 15 days.
{Teble 2 and Fig. 1); howsver, these measurements are not sufficiently
different to be of value. The main point of difference that can be
detected readily is the slight formation of the vitellarium. Close
examination reveals that sach germarium has moved slightly anterior.
There is now vigible a short lsngth of tunica propria, posterior to
each germarium, that is heavily tracheated and is in close association
with its adjscent tunica propris. This part of the tunica propris was
previously occupied by the germarium which has grown forward, leaving
the short tube of follieular tissue behind. The beginning of the
ovaricle pedicels is readily marked by their relative absence of
tracheation.

The 15 day old weevil has also sequired z considerable amount of

fatbty tissue which obscurss the ovaries.



NO.

1| .78 .14 4.0 6.3 63
2 | .94 .22 5.0 6.6 .76
5| .90 .22 4.0 6.3 .63
4| .90 .18 4.6 6.8 .68
5 | .90 .18 4.2 6.6 64
6 | .65 .14 4.0 5.6 <71
? .‘38 l‘m *ts 5‘3 lﬁ
8 | .88 .18 5.9 6.2 <63
g | .79 .18 4.0 6.0 .67
10 | .76 A8 4.2 6.4 .66
AV.| .88 .18 4.2 6.4 .67

lsee table 1.

i tma l‘

35ee table 1.

Twenty-five Day 0ld Adult:- The 25 day old adult (Pig. 5) shows a

marked difference from either the newly emerged or the 15 day old asdult.
Hot only have the germarii advanced a considerable distance but also
they have increased noticeably in size. The vitellarii are now readily
discernible, and in the right owvary hsve developed a single convolution
just posterior to the germarii and immediately dorsal to the coxal
cavity of the metathoracic leg. The tunica propris surrounding the
vitellarium appears wrinkled ané slightly distended. Under the tuniea
propria is the dense follicular tissue of the vitellarium. The union
of the vitellarii with their respective ovarian pedicels remains marked

by the dense itracheation of the tunica propria surrounding the vitellarii



GERMAR TUML
NO. | LENGTH | WIDTH
1 .90 | .22
2 | 1.15 | .22
5 | 1.228 | .25
4 | 1,08 | .82
5 | 1.08 | .23
6 | 1.26 | .22 :
7 | 1.11 | .22 2.9 6.3 .62
8 | 1.26 | .29 5.4 8.3 .86
9 | 1.01 | .22 3.9 5.6 .70
10 | 1.19 | .22 2.8 6.0 .80
AV, | 1.13 | .23 4.7 6.3 74
lgee table 1.
Q‘See table 1.
table 1.

and the noticesble sbesence of tracheation in the pedicels.
The size of the germarii has now increased noticeably, measuring
from 0.90 mm. to 1.26 mm. long and from .22 mm. t0 .29 mm. wide (Table

3.

Twenty-eight Day Old Adult:- Under laboratory rearing conditions the

twenty-eight day old adult {Fig. &) has a system that is essentially
mature. From the twenty-fifth day the ovary undergoes rapid growth.
licasurements of the size and anterior advance of the germarium of 10
weevils appear in table 4. The germarium of each ovariols attains the .

anterior extremity of the tunieca propria. The convolution of the



ERMARTOML OF THENTY-EIGHT DAY OLD B.sulcatus ADULTS
REARED IN THE LABORATORY FROM PRE-PUPAE COLLSCTED IN THE FIELD

ANTERIOR RATIO OF ANT.
GERMARTOM ERMARTU
NO. | LENGTH | WIDTH |
1| 1.33 | .29
2 | 1.26 | .29
3| 1.48 | .29
&4 | 1.37 | .29
5| 1.37 | .29
6 | 1.29 | .29
7 | 1.26 | .29
8 | 1.19 | .29
9 | 1.62 | .29
10 | 1.80 | .40
AV.| 1.40 | .29 5.5 6.6 .82
1see table 1.
2500 table 1.
Sgee table 1.

vitellarium becomes more pronounced, forming a complete loop which ex-
tends to the anterio-lateral abdominal cavities. The vitellarium of
each ovaricle is swollsn with developing ova which ettsin mabure size
just anterior to the union of the vitellarium with the ovariole pedi-

cel.

Dr. R.G. Rosenstiel sent to the author periodiec samples of pre-
served B. sulcebtus adults collected in the field from the Gresham erea.
This series was collected from June 7, 1954 until August 31, 1954 and

was comprised of ten samples for the 12 week period.
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Ten specimens from each field sample were examined and measured
in the same manner es the weevils reared in the lsboratory (Fig. 1).
Also the presence or absence of mabure eggs in the calyces of the right
ovary was determined.

Weevila collected on June 7 had no development of their repro-~
duetive organs. Those collected on June 17 had very slight develop-
ment. This lack of development was expected as the emergensce of
B. sulcatus in the Gresham area commenced during the first week of
June. GCollections on June 30 indicated some development of the system
but none of the 10 weevils examined had eggs in its calyces. Although
one specimen from the July 7 series was producing eggs, the series
generally was not so far developed as the previous colleetion. The
reason for this variation was probably related to the adverse, cold
weather experienced during Jume which probably delayed the emergence
of many weevils. Similarly, the series collected on July 15 was not
gquite so advanced as the one collected on June 30, but one specimen in
the July 15 series was producing eggs. Vesvils collected on July 24
were generally well advanced with five of the ten specimens producing
eggs. Thus, sccording to these data, July 24 was the time of first
general egg production by weevils that emerged in June, 1954. The
July 30 series had 7 of 10 weevils producing eggs; August 9, all 10;

August 18, 9 of 10 and August 31, 7 of 8 (Fig. 1) .

RELATIONSHIP BETWEEN LABORATORY AND FIELD ADULTS

Pigure 1 represents a graph of the average of 10 ratios of
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germarium sdvance to the sbdomen length plotted against the age or dabe
of collection of the weevils., The figure contains data from beth the
weevils reared in the laboratory and those eollected in the field. The
assumption is made that the first field collection of sdults on June 7
represents the 'aa:he of emergence of the weevils, since all of these
specimens were soft when collected. The average age of weevils from
subseguent collections is the pumber of days between June 7 and the
date of collection. These zges appear on the azéixa‘ks together with
the known ages of adults reared in the laboratory. The graphs of the
sbove average ratios show a more rapid development of the weevils
reared in the leborstory (Fig. 1). However, there is a similarity in
the rate of development of the two groups for the first 33 days; after
that age, the weevils from the field appear to develop more slowly
than the weevils in the laboratory. The laboratory weevils reach full
development after 28 days. The weevils in the field do not appear to
reach full development until aﬁgxmtuly 47 days after emergence,
The sudden drop in the average development of the July 7 field sample
was probably due to the emergence of a large number of weevils between
June 30, the date of the previous sample, and July 7. The appearance
of this new and later population of weevils was probably the result of
weather conditions. First, the low daily maximum and minimum tempera~
tures experienced during the month of June probably extended the de-
velopmental period of many pupae in the soil and inhibited their meta~
morphosis to adults (Fig. 1)« Second, on June 29 and 30 there was a

sudden increase in maximum temperature to 84°F. and 80°F., respectively,
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along with a corresponding inerease in minimum temperatures on June 30
and July 1 to 56°F. {Fig. 1}. These incressed temperatures probably
caused a large number of pupae to undergo mebamorphosis to the adult.
After a period of several days during which thsy darkened and hardened
in their soil pupation cells, the newly developed adults appeared on
the soil surface (1, p.l). These newly emerged adults were, therefors,
present in the field at the time of the July 7 collection. Examination
of the development of the ovaries of the specimens in the July 7 sample
revealed a low average ratio (.685) of germarium advance to abdomen
length (Fig. 1). This low sverage ratio indicated the presence of a
aswly emerged adult populstion. The single, mature weevil collected on
July 7 probably emerged with the first weevils on, or about, June 7.
Similarly, in the July 15 sample, the single, mature weevil belonged to
the early group, while the majority of the Mniag nine weevils e~
merged just prior to July 7. Therefore, if these assumptions ars
correct, there were in reality two populations of different ages present
in the fleld after June 30, Although general oviposition by the later
and more abundant population did not oecur until July 24, members of the
earlier and less abundant population commenced oviposition on approxi-
mately July 7.

CONCLUSIONS

The gross morphologieal study of the reproductive system of

B. sulcstus has led to the following conclusiouns:



28

1. The suspensory ligaments of each ovary join with a large, mediem,
proctodaseal ligament which is subsequently imserted into thd ventral
wall of the dorsal blood vessel.
2. The egz tubes receive extensive trascheation from the first, second
and third abdominal spirascles. Ths presence of this trachestion readi-
1y marks the location of the egg tubes in relation to the relatively
non-tracheated ovariole pedicels of each ovarioles.
3. During times of exbtensive oviposition the egg tubes are greatly
swollen with developing ove and £ill the anterio-latersl abdominal
cavities.
4. The ovariole pedicels are greatly distended in ovipositing adults
and serve for the storage of many mature eggs.
5. A change in the tissue of the lateral oviducts sppears o mark the
union of mesodermal and ectodermal tissues.
6. The median oviduct ané vegina are s.eemziancua tube leading to the
valva. |
7. Although this species is entirely parthenogemetie, both the copu~
latory pouch and spermaetheca are present in full detail.
8. The ovipositor has as its base the first valvifers which fuse with
the large sclerotized lateral plates, the second valvifers. The mem-
branous first and second valvulae or veantral and dorsal lobes, re-
spectively, are largely obscured by the second valvifers which overlap
them. Zach second valvifer gives rise to a gonostylus at its apex.

A study of the development of the internal reproductive orgams

during the pre-oviposition period has led to the following additional



conclusions:

9« The egg tubes of the newly emerged adult bave no vitellarii. The
The swall, undeveloped germarii are situated immediately anterior to
the ovariole pedicels, Anterior to the gemmarium the transparent tunica
propria, which extends to the anterior end of the sbdomen, is an emply
tube.

10. 1In the 15 day old adult the germarium is located slightly anterior
to its previous loecation. A short vitellarium is apparent in esch egg
tube between the germarium and the ovariole psdicsl.

1l. 1In the 25 day old adult the germarium is noticeably increased in
size and is located much more anteriorly. The vitellarii of esch eszs
tube are readily apparent, with those of the right ovary having a single
convolution just posterior to the germarii.

12. Under laboratory rearing conditions, the 28 day old adult has es-
sentially a mature system. IlMature egze may be found in the calyces.

The vitellarii are swollem with developing eggs and the germarii are
almost at the anterior extremity of the tuniea propria. |

13. The developing weevils may be divided into four stages: no develop-
ment or newly emerged, slight development or approximately 15 days old,
some development or approximately 25 days old and full development or
over 28 deys old. These four stages are similar to those mentioned by
Riteher for the development of the reproductive system in Tyloderms
fragariae {Riley) (10, p.13).

l4. Observations of small, periodic fisld collections of weevils indi-

cate that, although very few adults commenced oviposition as early as



July 7, general oviposition did not commence at Gresham, Oregon in
1954 until July 24.

15. The examination of the reproductive systems of developing weevils
appears to be a successful means of determining the stegze of develop~
ment of the ovaries of weevils. It also aids in the prediction of the

commencement of general oviposition.

SUMBARY

The gross morphology of the reproductive system of the black
vine weevil, Breschyrhinus sulcatus (F.), a parthenogenetie species, is

discussed in detail. There is a pair of ovaries, oane on each side of
the abdominal cevity. Zach ovary has two ovarioles. Each ovariole is
covered with a thin, transparent tissue, the tunica propria. The ter-
minal filements of each ovariole unite to form a suspemsory ligsment
which joins with a lerge medisn proctodasal ligsment. The prostodaeal
ligament is then inserted into the ventral wall of the dorsal blood
vessel. The egg tube of sach ovariole consists anteriorly of a large
germarium and posteriorly of a convoluted vitellerium which econtains
the developing ova in follicular vesicles. The corpus luteunm or yellow
body is at the posterior endé of the vitellarium. Posterior to the
gorpus luteum the duets have very little tracheation in comparison to
the heavily tracheated egg tube. The long snd greatly distended ovari-
ole pedicels contain many mature eggs. The large calyces at the union

of the two ovariole pedicels of each ovary comprise the anterior ends



of the lateral oviduets. The posterior portions of the lateral ovi~
duets are narrower than the amterior ealyeces and have longitudinal
infoldings with falnt selerotization, the presenee of whieh indiecates
the probable eeotodermal origin of this part of these duets. A% the
union of the lateral oviducts the median oviduet loops amterio-dorsal-
ly and then posterio-dorsally to enter the museulature of the vagina.
The vegina is & slightly comvoluted tube whieh leads posteriorly to

the vulva at the tip of the ovipositor. The spermathecal duet enters
the vagins at its anterio~dorsal end and leads to the sickle-shaped
spexmatheca situated to the right of the vagina. A single spermathecal
gland lies posterior to the spermatheca. Posterio-dorsal to the en-
trance of the spermathesal duet into the vagina arises the diwrt;culm
of the vagina ealled the copulatory poueh. The extensive museulature
of the vegina serves to foree mature eggs posteriorly and to aid in
the eversion and retmcmén of the ovipositor during oviposition.

The ovipositor is a teleseoped tube comprised of the coxites of
the eighth and ninth sternites. The fused first end second valvifers
are selerotized lateral plates whieh almost meet on both the dorsal
and veniral surfages. The membranous ventral and lateral lobes, the
first and mana valvulae, respectively, are largely obseured by the ’
seoond valvifers. Setaceous gonostyli arise apieally from the seeond
valvifers, The spiculum gastrale is a heavily selerotized organ whieh
gerves as a point of attaschment for meny of the museles which operate
the meehaniem for oviposition.

The development of the ovaries during the pre-oviposition period



is represented by the anterior a&tma and increase in size of the
germarium within the tuniea propria, accompsnied by the formstion of
the vitellarium posterior to the advancing germarium. In newly emerged
weevils the germarium lies posterior to the coxal cavities of the meta~
thoracic leg. No vitellarium is present between the germarium and the
ovariole pedicel. After approximately 15 days the germarium has ad~
vanced slightly through the tunica propria and leaves behind a short,
dense follicular epithelium which is the start of the vitellarium.
After 286 days the germariwnm is noticeably larger and more anterior.
Also the vitellarium is longer and has developed a single eonvolution
in the right ovary. Any time after 28 days the system msy be fully
developed with the gewmarium at the anterior extremity of the tunica
propria and the vitellarium extensively coiled in the sntervio-lateral
cavities of the abdomen. The calyces will usually contain matuve egzs.

The examination of small periodic field collections of weevils
from Gresham, Oregon during the summer of 1954 indicates that, although
a very few adults commenced oviposition as early as July 7, general

oviposition did not commence until July 24.
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APPENDIX

All drawings and photographs ave of Braehyrhimus suleatus (F.).
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VENTRICULUS
TUNICA PROPRIA

GERMARIUM

NEWLY EMERGED ADULT 25 DAY OLD ADULT

28 DAY OLD ADULT ACTIVELY OVIPOSITING ADULT
(JUST COMMENCED OVIPOSITION)

FIG. 2. DORSAL DISSECTIONS OF ADULTS SHOWING VARIOUS
STAGES OF DEVELOPMENT OF THEIR REPRODUCTIVE ORGANS.



— — — — —— —SUSPENSORY LIGAMENT
——— —— — —TERMINAL FILAMENT

_____ TUNICA PROPRIA

_____ FIRST ABD. TERGITE

A- — — -SPIRACLE

— — —=TRACHEA

—.—-SECOND ABD. TERGITE

—--FIRST ABD. STERNITE
— - ~GERMARIUM

——--THIRD ABD. TERGITE

——=— =TUNICA PROPRIA

————— OVARIOLE PEDICEL
______ FOURTH ABD. TERGITE

_____ MEDIAN OVIDUCT
______ LATERAL OVIDUCT
——————— SECOND ABD. STERNITE

________ FIFTH ABD. TERGITE

— —— —— —SPERMATHECA
_________ THIRD ABD. STERNITE

o — _ —_ _SIXTH ABD. TERGITE

________ FOURTH ABD. STERNITE
— T — — —— —VAGINA

FIG. 3. DORSAL VIEW OF THE INTERNAL REPRODUCTIVE
ORGANS OF A NEWLY EMERGED ADULT.
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TUNICA PROPRIA

- = ==fe —— — ~f{—= — —GERMARIUM

MEDIAN OVIDUCT
LATERAL OVIDUCT

SPERMATHECA

SPERMATHECAL GLAND

FIG. 4. DORSAL VIEW OF THE INTERNAL REPRODUCTIVE
ORGANS OF A 15 DAY OLD ADULT.
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————}{t— — —-\— - - —TUNICA PROPRIA

— GERMARIUM

VITELLARIl OF
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—f — — — ————VAGINA

FIG. 5. DORSAL VIEW OF THE INTERNAL REPRODUCTIVE
ORGANS OF A 25 DAY OLD ADULT.
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FIG. 6. DORSAL VIEW OF THE INTERNAL REPRODUCTIVE
ORGANS OF A 28 DAY OLD ADULT WHCH HAS JUST COM-
MENCED OVIPOSITION.
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— — — — COPULATORY POUCH

MEDIAN OVIDUCT <
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SHEATH
SPICULUM GASTRALE—————
OVIPOSITOR SHEATH—— —
_ANAL FLAP

1-7™ TERGITE

L _8TH TERGITE

/ _OVIPOSITOR

FIG. 7 MEDAN LONGITUDINAL SECTION OF OVIPOSITOR.

DORSAL VIEW

VENTRAL VIEW LEFT LATERAL VIEW

———GONOSTYLUS —— —

FIG. 8. OVIPOSITOR SOMEWHAT DISTENDED TO SHOW
THE VARIOUS PARTS.
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COPULATORY POUCHRN\
MEDIAN OVIDUCT - — N

~SPICULUM
GASTRALE ———

6TH STERNITE
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\ \
TO 5TH STERNITE o
OVIPOSITOR-— — ——

FIG. 9. PRINCIPAL MUSCLES OF THE VAGINA AND
OVIPOSITOR.

~I18T VALVIFER

= —sT
_~LATERAL OVIDUCT I°T VALVULA

2ND VALVULA

-2N0 VALVIFER

—IST VALVIFER

— — IST VALVULA

.2ND VALVULA
\ .2ND VALVIFER

- -I1ST VALVULA

FIG. 10. DORSAL VIEW OF FIG. Il. CROSS SECTIONS
OVIPOSITOR. OF OVIPOSITOR.



SPERMATHECA
SPERMATHECAL GLAND MUSCLE SHEATH

SPERMATHECAL
DUCT

DUCT OF THE i
SPERMATHECAL GLAND __ - 2=

FIG. 12. RIGHT LATERAL VIEW OF SPERMATHECA AND ASSOCIATED
DUCTS (GREATLY ENLARGED). ‘

CORPUS LUTEUM

LATERAL OVIDUCT
(CALYX)

OVARIOLE PEDICELS

FIG. 13. VENTRAL VIEW OF MATURE BGGS IN THE OVARIOLE
PEDICELS AND CALYX (GREATLY ENLARGED).



