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ABSTRACT
Fall oviposition by Hyper a postica (Gyllenhal) under

ambient outdoor temperatures never surpassed 2% of the
yearly egg output; less than 37% of the females of any
age group matured sexually to lay eggs. Spring oviposi-
tion in southern Wisconsin (43°18'N) peaked in late May
or early June during the 3-year study. Females from De-
Kalb, Illinois (41°50'N), caged outdoors in Wisconsin,
averaged 1562.5 eggs/$ in the spring of 1969. Wisconsin

weevils, reared from larvae of June 1969, produced 567
eggs/ $ in the spring of 1970. Adults from larvae of June
and July 1970 averaged 488.5 and 822.2 eggs/? in the
spring of 1971, respectively. One female from 1969 de-
posited 1873 eggs over 2 autumns and 2 springs. Field-
collected females isolated outdoors from males in the
spring laid viable eggs over a period of 119 days. Three
females retained viable sperm for at least 9 months.

We have reported previously (Litsinger and Apple
1970) on fall and spring oviposition of alfalfa wee-
vils, Hypcra postica (Gyllenhal), brought into Wis-
consin from DeKalb, 111. (88°55'W-41°50'N) and
maintained at ambient outdoor temperatures. Fe-
males averaged 5.3 eggs in the fall of 1968, and
1562.5 eggs over the 1969 season (1969 oviposition
shown in Fig. 1). The study was continued in 1970
and 1971 using weevils reared from Wisconsin larvae
and grouped according to age.

MATERIALS AND METHODS

Adult weevils were reared from 4th-stage larvae
and maintained at Arlington, Wis. (89°25'W-43°18'N)
in a screened insectary. Sexual pairs from each age
group (month and year of adult transformation)
were caged, one pair/cage, in clear-plastic shoe boxes
(30.5x17.1x8.9 cm). Seven 5-cm-diam vents, cov-
ered with 18Xl4-mesh wire screen, provided for air
circulation in the cages. A capped 125-ml bottle was
glued into a hole cut at one end of each cage. A
1-cm hole in the cap was covered with sheet rubber
which was slit to allow 1 alfalfa stem to pass, but no
weevils. Water-soaked cellucotton in the bottle
provided moisture to the stem. A flat piece of paper
toweling in the plastic box afforded cover for the
adults.

Because of the possibility that a sterile or diapaus-
ing male would be paired with a female and thereby
affect oviposition, males were periodically rotated
among coeval females. Tims egg laying and egg
viability became a function of the interaction within
age groups and not like that of field conditions where
both sexes are free to interact between age groups.

Alfalfa in the cages was replaced 1-2 times a week.
Because of the increased numbers of cages in 1971,
the alfalfa in only half the cages from each age
group, except August 1970, was changed on any
given date. The alfalfa remained succulent over the
time period, usually 6-7 days. Stems, removed from
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the cages, were split lengthwise and examined for
eggs. The rate and magnitude of egg production
were based on the number of live females at each
date of observation rather than on the number of
initial females. Egg viability was determined by in-
cubating randomly selected eggs on moist blotting
paper as suggested by Armbrust et al. (1969).

Fall oviposition in 1969 by 20 pairs each of June
and August 1969 adults was noted after September 9.
These adults were reared from larvae collected in
southern Wisconsin June 5 and Aug. 13, respectively.
An October 1969 age group derived from larvae col-
lected in late September also was maintained. With
the arrival of cold temperatures on Dec. 12, the
cages were moved onto the bare soil surface of an
unheated farmhouse basement. To simulate an in-
sulatory snow cover, which would aid survival, saw-
dust was placed in the cages.

On Mar. 30, 1970, the cages were moved back
into the outdoor insectary. Winter-killed weevils were
replaced from reserves to provide 25 cages each of
June and August 1969 adults. Association of ovi-
position with temperature was based on records from
a U. S. weather station at the Arlington Experi-
mental Farms, ca. 1 km away.

During 1970, 4 more weevil age-groups (June,
July, August, and October 1970) were initiated. As
in 1969, fall oviposition was recorded after Oct. 12
for adults of the current year (1970), as well as
adults of 1969, which had entered and emerged from
1970 estival-diapause. The current-year weevils in-
volved 35 pairs each of June and July 1970, along
with 20 pairs of August 1970 weevils. Year-old wee-
vils comprised 19 cages of June and 20 cages of
August 1969 pairs.

Again as cold temperatures arrived Nov. 23, 1970,
the cages were moved into the farmhouse basement
to overwinter. On Apr. 21, 1971, the cages were re-
turned to the insectary. The June and August 1969
weevils were pooled into 1 group of 21 cages labeled
"combined 1969;" only the females in these cages
were of 1969 origin. Adult pairs from 1970 were
established in 28 cages each for June, July, and
October groups and 17 pairs for August 1970 wee-
vils. Some 38 pairs of field-collected (southern Wis-
consin) adults, labeled "field-control," were estab-
lished May 10, 1971, and served as a control group.
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Also, field-collected females were caged without males
in 1971 to determine egg deposition and fertility.

June 1971 pairs were established in 23 cages to
measure fall oviposition of current-year adults in
comparison with that of older groups.

RESULTS AND DISCUSSION

Fall Oviposition.—In 1969, fall oviposition did not
start until Oct. 30-Nov. 6, even though paired adults
had been maintained since Sept. 9. Females from the
June 1969 group produced only 4.2 eggs/individual
(Table 1) by the time oviposition ended with cold
weather on Dec. 12. August 1969 adults produced
1.7 e g g s / 2 . Some 15% of the weevils in the former
and 10% of the latter group oviposited during the
fall. None of the Oct. 1969 females deposited eggs
before the cold weather.

Fall oviposition studies in 1970 began Oct. 12, and
eggs were laid betwen this date and Oct. 19. June
1969 females were the first of the 5 groups to lay
eggs, and they did so at the highest rate (20.2 eggs/
2 ) before cold weather terminated further activity
on Nov. 23, 1970. Four females of this group which
had laid eggs during the spring of 1970 ceased ovi-
position by July 23 and then resumed egg laying in
October 1970. This is the first record known to us
of rematuration after a 2nd estival-diapause by the
alfalfa weevil. Current-year (1970) weevils began
ovipositing by Oct. 26. The most active was the
July 1970 group. Some 22.9% of these produced fall
eggs to provide an overall average of 9.1 e g g s / 5 .
June and August 1970 adults showed approximately
the same activity as June and August females in
1969.

Autumnal oviposition in 1971 began between Oct.
18 and 25 and terminated by Nov. 15. The surviving
1969 weevils (combined 1969) laid fall eggs for the

Table 1.—Fall oviposition by alfalfa weevil age groups
over 3 autumns, 1969-71. Arlington, Wis.

Au-
tumn

1969

1970

1971

Weevil
age-group

June 1969
Aug. 1969
Oct. 1969
June 1969
Aug. 1969
Oct. 1969
June 1970
July 1970
Aug. 1970
Combined 1969
June 1970
July 1970
Aug. 1970
Oct. 1970
Field control
June 1971

No.
fe-

males

20
20
20
19
20
8

35
35
20
20
28
28
7

28
11
23

Females
oviposit-
ing (%)

15.0
10.0
0

36.8
5.0
0

14.3
22.9
15.0
15.0(26.3)"
3.5(12.6)*
7.0(29.6)"

o cor35.7(77.8)"
18.2(36.4)*
0 (0)*

Avg
eggs/

9

4.2
1.7

20.2
2.0

4.3
9.1
4.9
2.1
0.4
0.4

9.0
4.8

Egg
via-
bil-
ity

(%)

94.6
21.4

75.0
60.7

75.4
84.5
13.5

95.2
100
100
—
95.3
94.3
• — •

30i

24

o20

,-DEKAlR ADULTS
1969

JUNK ADULTS
1970

M J J

1971.
females possessing developed eggs upon dissection, Nov. IS,

FIG. 1.—Average oviposition rates of alfalfa weevils at
Arlington, Wis., during 1969 and 1970. Adults were field
collected at DeKalb, 111., in May for 1969 oviposition
(A) ; and field collected larvae were reared to adults at
Arlington, Wis., in June 1969 ( • ) , and August 1969
( • ) for 1970 oviposition.

3rd time. Thus, they entered and came out of 3
estival-diapauses. Of major interest was the inability
of June 1971 females to lay eggs in the fall. Dissec-
tion of these females revealed no developing eggs
(Table 1). Comparable adults in 1969 and 1970 had
deposited 4.2 and 4.3 eggs/ 9, respectively. This
phenomenon occurred despite the fact that September
and October temperature means (65.4 and 57.8°F,
respectively) in 1971 were higher than in 1970 (62.0
and 51.5°F) or in 1969 (61.4 and 46.6°F). An ex-
planation might be in the observation offered by
Saringer and Deseo (1966) that cold temperatures
terminate diapause in Hypcra variabilis Herbst
quicker than warm fall temperatures. Low tempera-
tures may have had a stimulating effect on diapause
termination in the alfalfa weevil such as described
by Hodek (1968) for Pyrrochoris aptcrus L.

Spring Oviposition.—The 1st spring eggs of 1970
were noted Apr. 10-14, and most June and August
1969 females were ovipositing by Apr. 29 (Fig. 1).
Oviposition in the field was reported by Evans
(1959) to begin in the spring when the mean air
temperature was between 7-10°C (44.6-50°F). U.S.
weather records showed the 1st mean air tempera-
tures above 44.6° in 1970 at Arlington to be 55°,
48°, and 45 °F on Apr. 8, 9, and 14, respectively.
Appearance of the 1st eggs during the period Apr.
10-14 related well with these air temperatures.

The females which had oviposited the previous fall
were not the first to oviposit in the spring. Day
(1971) reported that prolonged cold temperatures,
such as 7°C, could cause oosorption. Resorbed eggs
would be an energy source during overwintering.
This phenomenon might explain the slowness of the
females to resume ovipositing in the spring.

The 1st concerted oviposition began during a 6-
day period (Apr. 24—29, 1970) having an average air
temperature of 62.2°F (16.9°C). Two cold periods
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intervened during the 4 weeks of intensive oviposition
to produce 1 major peak and 2 subordinate peaks.
Maximum oviposition occurred in late May, as was
observed in 1969 (Fig. 1), but more precisely, be-
tween May 20-24, when 22.2 eggs/ 9 per day were
deposited by June 1969 weevils. This 5-day period
had an average mean air temperature of 67.7°F
(19.8°O. The alfalfa adjacent to the insectary was
in late bud at this time.

A comparison of spring oviposition patterns be-
tween 1969 (DeKalb adults) and 1970 showed a
higher average output in 1969 in terms of eggs per
female per day, yet 1969 had lower temperatures.
One might suspect that northern Illinois weevils were
more advanced physiologically than Wisconsin wee-
vils, and were able to deposit more eggs prior to the
onset of estival diapause.

Oviposition by the June 1969 females during 1970
continued until July 20. At that time, 15 $ were still
alive. The average number of eggs laid was 567.0
with a range of 15-1631 (Table 2). Three females
laid no eggs in the spring, even though new males
were placed in the cages periodically.

August 1969 adults had relatively few females
gaining sexual maturity in 1970, as only 52.9% laid
eggs, compared with 87.5% for the June 1969 group.
The maximum oviposition rate for these August
1969 weevils (8.3 egg^j 9 per day) was only ca. Vs
the maximum produced by the June 1969 group. The
timing of spring oviposition in terms of onset, peak,
and termination compared favorably with that of the
June 1969 females. The low egg production of 322.6/
9 was influenced by 8 of the August 1969 females
not ovipositing during the spring. As will be indi-
cated in a subsequent paper, these late-season females
and males were more prone to enter diapause during
the following spring than their June counterparts,
thus accounting for the lower egg production. How-
ever, oviposition from 1 9 in this group was the
highest recorded (1964 eggs) from all females in
1970. None of the October 1969 females oviposited
during the spring of 1970.

Oviposition during the spring of 1971 was recorded
for 6 weevil age groups (Table 2). The onset of
oviposition was not studied outdoors for fear of re-

occurrence of the high adult mortality incurred dur-
ing the early spring of 1970. In 1971, the weevils
were moved from the basement to the 1st floor of
the unheated farmhouse on April 8 and then to the
insectary on Apr. 21. P2ven inside the farm building
a few egg masses were deposited between Apr. 8 and
14. In 1971 peak egg laying occurred around June 5.

Oviposition in the spring of 1971 was much below
that in 1969 when field-collected females from DeKalb
were utilized, but it was comparable to that of 1970.
By age group, average egg output per female was
864.2, 488.5, 822.2, 373.5, 13.0, and 698.2 eggs for
combined 1969, June 1970, July 1970, Aug. 1970,
Oct. 1970, and field-control groups, respectively.
This age-group comparison showed that late-season
adults, such as those transforming to adults in Au-
gust to October, were less fertile during the following
season than their earlier-season counterparts.

Of the 19 egg-laying females from the "combined
1969" age group, 3 had been caged throughout the
1970 season, and survived to lay a full complement
of eggs in 1971. One of these laid a life-time total
of 1873 eggs before death July 8, 1971. This ovi-
position in an outdoor insectary might be contrasted
with the work of LeCato and Pienkowski (1972)
who confined 19 and 1$ in a 15x5-cm plastic tube
(147.2 ml/weevil) and secured an average 1039
eggs/ 9 over a 16-week period in a laboratory free
of diapause-inducing conditions.

Throughout the 3-year study of spring oviposition,
egg production declined markedly in July. The time
of egg decline probably coincided with the reentry
of overwintered adults into diapause. This phenom-
enon occurred regularly each year, supporting the
idea that diapause of the alfalfa weevil is associated
with long day lengths.

Long day lengths did not terminate all oviposition,
however. There was a negligible but persistent rate
of egg laying by some individuals throughout August
and September. From a reserve population of 300
adults reared from June 1971 larvae, 1 9 deposited
301 eggs between July 27 and Sept. 31, and another
laid 461 eggs from Aug. 16 to Nov. 15, 1971. This
late-summer oviposition might be construed as evi-
dence of multiple generations in Wisconsin. White

Table 2.—Oviposition of alfalfa weevil females of differing ages during springs of 1970 and 1971. Arlington.

Weevil
age

group

June 1969
Aug. 1969
Oct. 1969

Combined—1969
June 1970
July 1970
Aug. 1970
Oct. 1970
Field-control

Xo.
females

24
17
8

19
24
25
12
28
25

Females
oviposit-
ing (%)

Oviposition bctzvccn
87.5
52.9
0

Oviposition bctzvccn
94.7
91.7
88.0
83.3
7.1

100

Total
eggs/ 9

• (range)

Apr. 10 and July 20,1970
15-1631
20-1964

Apr. 8 and Aug. 23,1971
101-1691
45-1568
63-1717
45-999
24-339

166-1874

Avg
eggs/ 9

567.0
322.6

864.2
488.5
822.2
373.5

13.0
698.2

Egg
viability

(%)

91.6
60.2

93.9
91.7
90.9
66.0
91.4
95.2
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et al. (1969) did present evidence that a 2nd genera-
tion is possible in Illinois.

Egg Viability.—Egg viability (avg. %) was re-
corded by age group for fall-laid eggs 1969 to 71
(Table 1). Current-year adults originating in August
had the lowest egg viability, 21.4% and 13.5%, in
1969 and 1970, respectively. This might reflect re-
tarded sexual development or mating activities in
weevils only 2 months old. Viability of eggs from
year-old groups ranged from 60.7% for August 1969
weevils in 1970 to 100% for both the June 1970 and
July 1970 age groups in 1971.

Egg viability was determined by age group for
spring-laid eggs in 1970 and 1971 (Table 2). Except
for the August 1969 adults during 1970 (60.2%) and
the August 1970 adults in 1971 (66%), egg viability
always surpassed 90% for each age group. Overall,
85.1% egg viability occurred in the spring with this
technique of retaining 1 $ with a female in clear
plastic shoe boxes.

Field-collected female weevils produced an abund-
ance of eggs (825.9/2) with high viability (94.0%)
during 1971, even though males were not included
in the cages. One individual laid eggs into October,
but egg viability was 0 after Sept. 7. Thus an iso-
lated female was able to produce viable eggs for 119
days (May 11 to Sept. 7) . Drea (1969) performed a
similar experiment in the laboratory and noted viable
eggs up to 120 days after they were isolated.

Three of these isolated females ceased spring ovi-
position around July 20 but were still alive in the
insectary on Nov. 15. They had not oviposited dur-
ing the shortening day lengths of October, but when
placed in a warm greenhouse on Nov. 15 they did
lay eggs from Dec. 20 on into January of 1972.

Thus, viable sperm were retained in the spermathecae
for at least 9 months. Brazzel and Newsom (1959)
reported that sperm did not last in female boll wee-
vils, Anthonomus grandis Boheman, for more than
5 months.
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