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Abutrael

Dispise larvae of the cigarette beetle, Lasioderma serricorne (F.) reared under a short-day (LD 12:12) at 25T,
wine exposed Lo a long-day (LD 16 : 8) at the same temperature, 51 and 71 days after hatching, for the rest of their
Iite: Sinee under LD 16 ¢ 8 at this temperature they started pupating around 50 days after hatching and none started
pupaling when they were reared continuously under LD 12 ¢ 12 at this temperature, it was comsidied that these
lirvae in diapause responded to the photoperiodic shift and started emerging 8 days following the shift. When
dinpine larvae were exposed to more than 6 cycles of LD 16 : 8, 20 days after the entry to the third larval instar,
the shilts accelerated pupation significantly. Six days were sufficient to change the program for developmental
determination. After the program was altered, 2 more days were required to pupate and 8 more days for adult
development. Under LD 16 @ 8, a small fraction of larvae developed at a slower rate than the majority but at a faster
rale than diapause larvae reared under LD 12 : 12, The development of this fraction was also accelerated by the
photoperiodic shift. This species thus responds not only to a constant photoperiod but also to a shift of photoperiod
hom 1.1) 12112 to LD 16 : 8. If the photoperiodic shift was made later, the effect was much smaller, indicating that
the inlensily of diapause increased, or otherwise, the sensitivity to photoperiodic shift decreased while diapausing.
I'hotoperiodic shifts from LD 16 8 to LD 12 : 12, made at different times before and after the third larval ecdysis,
demonstrated that photoperiodic sensitivity remained till the entry of the fourth instar, since more than 50% of larvae
entered diapause when the shift was placed before the fourth instar. Upon the entry to the fourth instar, they lose
the sensitivity to photoperiod or the ability to enter diapause. The tolerance of this species to 5C was weak except at
the dinpause stage, since the exposure of 10 days to this temperature killed all eggs, 30 days exposure killed all
aecond instar larvae and 97.4% of the third instar. In contrast, the fourth instar larvae survived this treatment. While
no pupace survived this temperature, 65% adults survived this low temperature. Although 10C was much milder
Ui HC, the treatment of this temperature for 75 days killed about a third of the total number of non-diapause 4%
inular larvae exposed. Low temperature was harmful but effective in synchronizing post-diapause emergence, since
(the emergence under LD 12 © 12 at 25T after chilling of two months at 5C was as fast as after the transfer to LD 16
. B, 25°C. High humidity and the presence of cocoon helped survival at low temperature.

Key words ¢ Lasioderma servicorne, Cigarette beetle, Diapause termination, Stored product pest, Photoperiodism

Introduction

Urban environment such as granaries, warehouse
and household is a new habitat for some insects. Such
chvironment can be characterized to be resource-rich,
wormer and prone to disturbances to compare
with natural environment (Howe, 1957 ; Tsuji, 1963 ;

Naeemullah and Takeda, 1998 ; Naeemullah er al., 1999,
2003). The insects colonize this kind of habitat by
changing their life cycle properties to adapt and cope
with such characteristics. We have demonstrated that
Lasioderma serricorne (F.), a representative of such
pests, enters diapause at full-grown larval stage under
short-day conditions at intermediate temperatures
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(Higashi et al., 2004). Once larvae entered diapause,
they gradually resume their development if they are
kept in the same conditions as they were reared till
diapause stage. The time of diapause termination
determines the time of reproduction in spring and
therefore it has a serious consequence in the
subsequent population growth. This investigation
focuses on the mechanism that terminates and inhibits
diapause as a fine-tuning mechanism of the life cycle.
Effect of photoperiodic shift made at various stages of
larval development was investigated to know the
number of long-day cycles required to inverse diapause
determination, and the persistence of sensitivity to
photoperiod. The cold tolerance, the effects of humidity
and presence of cocoon on survival, and the effect of
low temperature on diapause termination were also
examined, since these factors determine the survival
rate of diapausing insects in the field was controlled
environmental condition. The present investigation in
the constant laboratory condition that could probe the
insect life cycle in a controller enviromental condition.

Materials and Methods

1) Effect of shifis in photoperiod on larval diapause

The experimental animals were provided from our
laboratory stock designated as the S stock, as
described before (Higashi et al, 2003). General
characteristics in temperature and photoperiodic
responses of this stock have been described in Higashi
et al. (2003). Forty individuals were used for each
experiment at 25°C. In the following experiments, they
were reared individually in the glass vial. The first
experiment employed a shift of photoperiod from LD
12:12 to LD 16:8, 51, 72 and 103 days after
oviposition and adult emergence patterns were
observed thereafter to investigate the effect of long-
day to reverse diapause program, as shown in Higashi
et al. (2003) that this stock enters diapause by the 50-
th day of larval development at 25C. Normally more
than 80% of individuals pupate within 50 days under
LD 16:8 at 25C. The minimal days to induce
pupation was investigated by observing days of
pupation after the photoperiodic shift from LD 12 12
toLD 16 © 8.

Then the sensitive period to photoperiodic shift was
investigated in the second experiment by transferring
larvae from LD 16:9 to LD 12 : 12. Photoperiod was
shifted before and after the third molt ; namely 1st, 3rd,
4t 5th gth and 7% days of third instar and 0, 1%, 2nd,

3rd 4th and 5t days of 4™ instar.

In the third experiment, the effects of long-day
exposures of 2, 4 and 6 days were investigated on the
termination of diapause. The transfer was made 20
days after the third larval molt. Diapause rate was
determined as percentage of larvae remaining as 4th
instar larvae when all long-day reared individuals
completed larval development.

In the fourth experiment, different developmental
stages of L. serricorne were exposed to 5C for cold
tolerance. Eggs were cooled (5C) for 1, 10 or 30 days.
One day old larvae were transferred to sample tube
individually and reared at 25C under LD 16 : 8 until
the third day of the second instar. They were exposed
for 30 day to 5T. Likewise, 3 days old larvae of the
third instar were exposed to 5C for 30 days. Larvae
that were reared in mass at 25°C under LD 16 © 8 were
individually transferred to a new vial and they were
transferred to 20C under LD 16 : 8. When they span
cocoon, they were transferred to 18°C and then 5C
and kept there for 30 days. Fourth instar larvae
prepared in the same way were transferred to 25C
when they pupated and then to 5C where they were
kept for 30 days. Fourth instar larvae prepared in the
same way were transferred to 20C upon eclosion from
the cocoon and then to 5C and kept there for 30 days.
Temperature was gradually lowered by 5C for two
days at each step. Between 20 and 15C, an acclimation
step of 18C was employed for one day. The
temperature step up took the reverse course to the
step down.

In the fifth experiment, several conditions were
applied, either cocoon was removed or kept intact and
minimum temperature or the duration was varied. The
presence or absence of humidification is the other
variable. For high humidity condition, saturated NaCl
solution was used. Low humidity condition was not
humidified heated laboratory condition during
winter months. The exposure of diapause larvae to 5
or 10T for designated periods began 91 days after the
egg-laying until larvae were reared under LD 125 12
at 25C.

Results

Figures. 1 and 2 show the pattern of pupation after
the exposure to LD 16 * 8 in larvae reared under LD12
: 12. Pupation started to occur 8 days after the
exposure made 51 days after egg-laying. The long-day
exposure at later stage, 72 days after egg-laying, was
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counlly elfective to induce pupation but ca. 20% of the

photoperiod but also to a shift of photoperiod. When

ay intdlividuals stayed in diapause. The rise of pupation the shift was made later (Fig 1, triangles), the effect
he oceurred more slowly than after the shift made on day was much less, indicating that diapause was intensified
20 hl (Fig 1, closed circles). Under LD 16: 8, a small or that the photoperiodic sensitivity was reduced.
as Irnetion of larvac developed at a slower rate than the Figure 2 shows that the transfer to LD 16 : 8 induced
{th mijority but at a faster rate than diapause larvae kept pupation a week or two after the transfer, that is
s under 1D 12 0 12, The development of this fraction was followed by pupal eclosion 5-6 days later, while they
alno accelerated by the photoperiodic shift. The result stayed in diapause under LD 12 I 12,
al indientes that species responds not only to a constant
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Figure 3 shows a surtch in developmental fate by
the transfer from LD 16 : 8 to LD12: 12 at different
times after the third larval molt. The result showed
that the transfer to LD 12 : 12 was effective to induce
diapause until 1-3 days before the molt but the transfer
thereafter could not keep them from pupating.
Diapause program was more solidly committed and

100
%

Non-diapouse larvae
W
S
|

enforced if the transfer was made in later time.

Figure 4 shows the result of experiment that
examined the effect of long day treatment on diapause-
destined larvae 20 days after the third larval molt for
diapause termination. Pupation seemed to be
accelerated by the treatment of 6 days but the
treatment of 2-4 days failed to reverse the

1 3 4 5 6 7 0 12 3 4

Timing of transfer (days)

Fig. 3 Percentage pupation without diapause after transferred from LD 16 . 8 to LD12 : 12. Numbers indicate age in

days after molting to 3*4(I) or 4™ (IV) instar.
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Fig. 4 Effects of periods of long-day exposure on diapause termination in L. serricorne. Dots show cumulative
percentage of pupation. The insects were exposed to LD 16 : 8 on the 20th day after the third larval molting.
A, LD12:12 continued without long-day exposure; B, two days exposure to LD 16:8; C, 4 days exposure; D.

6 days exposure.
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determination made by the preceding photoperiodic
condition,

The ¢ffeet of low temperature exposure in different
conditions and at different developmental times is
piven in Tables 1 and 2. The exposure of eggs to 5C
ton one day killed about 10% of individuals but the
exponre for 10 days or longer killed all. Second and
third instar larvac reared under LD 16:8 were also not
much cold-hardy. However, only 3.6% were killed by 30

days exposure of 4% instar larvae. Pupae were not
cold-hardy but adults endured of cold more than other
stages but 4t instar larvae. The presence of cocoon
and humidification improved survival.

When diapause larvae were exposed to 5C for two
months, 91 days after the egg-laying, the pupation was
very synchronous when they were returned to 25C
and 50% of individuals pupated within 10 days after
the transfer to 25C even under LD 12 : 12 (Fig.5).

Table 1. Mortality at each developmental stage after exposed to 5C.

Developmental stage Period of exposure (days) Mortality (%) N
Iigg 1 105 76

10 100 78

30 100 90
2% Jarval instar 30 100 40
A instar 30 974 39
A™ instar 30 3.6 28
pupa 30 100 40
Adult 30 35.0 40

All but 4t instar larvae were kept in humid condition. N, the number of samples.

Table 2. Mortality of full grown larvae reared under LD16:8 or 12:12 (*) at 25C after
the cxposure to low temperatures, 5 or 10C, for a variable period

Temperature (C) Period Humidity Cocoon Mprtality (%) N
5 60 hi present 69 32
5* 60 hi present 53 32
5 30 hi present 21 34
5 30 hi removed 32 38
5 30 lo removed 81 37
10 75 lo present 31 13
10 61 lo present 0 22

The low temperature exposures began 91%t days after egg-laying. N, the number of samples.
High humidity condition is made by saturated salt solutions, while low humidity means an

unhumidified condition.
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Fig.5 Cumulative % pupation after the exposure to 5C
for two months. Diapause larvae were transferred to
25°C under LD 12 : 12 after the cold exposure.

Discussion

Developmental responses of L. serricorne to various
environmental conditions are complicated and unique
(Higashi et al, 2005). Diapause of L. serricorne that
oceurs at 4™ larval instar was terminated by long-days
and low temperature though the former seems more
effective than the latter. This stage is by nature
tolerant to low temperature since about 50% non-
diapause larvae at this stage survived this temperature
of two months. Diapause at this stage is thus the
adaptation to overwinter. The adult stage is also
somewhat more tolerant than the other stages but 4th
instar larva. However, it is not certain whether adults
can overwinter indoors, since Howe (1957) has
reported that adults cannot survive 4C for more than
6 days, though our strain survived 5C for 30 days.
There may be a strain difference. The sensitive stage
to photoperiod may include all larval stage before
diapause stage but the number of short day cycles
required for diapause induction should be more than
the period of fourth larval instar. On the other hand,
the long-day exposure of 6 days or longer terminated
or blocked diapause effectively. A variety of control
channels for development as well as a long period of

diapause that is sporadically terminated makes the life
cycle patterns more variable. Photoperiodic response
has most frequently been analyzed at constant
photoperiods but a most elaborate set of responses to
photoperiod has been demonstrated in the regulation
of prepupal diapause in the tailed zygaenid moth,
Elcysma westwoodii (Gomi and Takeda, 1991) that
includes the response to changing photoperiods. L.
serricorne also has such an adaptation, though less
dramatical.

The drugstore beetle Stegobium paniceum that belongs
to the same Anobiidae as L. serricorne also shows an
extension of the fourth larval instar at 20C  (Momoi
and Sadamori, 1982). S. paniceum is more toleranat to
low temperature than L. serricorne. The former has
been found in bird nests of temperate areas (Kiritani,
1959; Yoshida, 1978), whereas L. serricorne has seldom
been observed outdoors. Momoi, S. has failed to detect
photoperiodic response in §. paniceum (unpublished
data). Both L. serricorne and S. paniceum have colonized
Japan in warehouse habitats in the same way from
tropical forest environment relatively recently.
Comparison of life cycle traits of these beetles may
provide interesting clues to the evolutionary process of
colonization of the new environment in these species.
The life cycles of these beetles may depend on various
physiological, developmental and ecological constraints
such as history of colonization, the stability of the new
habitat, the presence of the competitors, the periodicity
of stress conditions, physiological limit of low
temperature tolerance and degree of migration.
Clarifications of these factors in relation to life cycle
traits are desperately needed for the implementation of
effective urban pest management.
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\wteaet

I ahoratory arena experiments were carried out to investigate the movement of adult cigarette beetles to new food
anid thetr daily aelivity from May through September in 2005. Almost all the beetles moved out of the release cup
with i Tood, s moved to the capture cups with new food. Almost all the beetles stayed in the release cup with
aa (oo Tor several days, then they gradually moved to the capture cups with new food. The beetles tended to
yather in the eapture cups on the darker side of the arena than in those on the lighter side in early to mid May. The
amber ol active adults increased around 8p.m. in the arena, and they walked and flew in the nighttime. Some
et lon swarmed on food and others walked on the wall and ceiling of the arena. The number of active adult beetles
dereased after G, and they tended to stay in the shelter in the daytime.

By words © Cigarette beetle, Lasioderma serricorne, Movement to new food, Daily activity,
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Movement of the Cigarette Beetle

Fig. 3  Avrangements of the shelter and food (flour)
teay e the small arcna for daily activity tests of adults
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Table 1 Numbers of adults in release and capture cups in test 1

In release cup

In capture cups

With food Dates

Shelter part

in release cup

On food Upper Lower Southern Northern

After 5 days May 13 14 2 20 0 0

After 12 days May 20 0 0 16 0 0

After 18 days May 26 4 0 16 0 0

After 23 days May 31 2 0 6 2 0

Afller 46 days June 23 2 0 1 15
Table 2 Numbers of adults in release and capture cups in test I

In release cup In capture cups

No food Dates Bottom Shelter Southern Northern
in releas
HE IEieass EEP East Center West East Center West
alter 9 days May 17 0 0 1 1 6 16 13 8
alter 1 day May 16 0 0 1 0 3 1 2 15
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Table 3 Numbers of adults in release and capture cups in test I

With or No food Dates In release cup In capture cups

hn irelgase] cup Bottom  Shelter part Southern Northern
Upper Lower East Center West East Center West

No ! After 1 day June 25 0 0 0 2 1 3 7 2 8

With © After 2 days  June 26 2 0 15 0 0 0 0 0 0

With ! After 3 days  June 27 1 0 12 0 2 0 1 1 0

With - After 4 days  June 28 3 0 2 4 1 4 2 0

With | After 5 days  June 29 3 0 1 0 0 4 2 5

With : After 6 days  June 30 3 0 3 0 1 5 2 2

Table 4 Numbers of adults in release and capture cups in test IV -

With or No food Dates In release cup In capture cups

ki Feleaseteun Bottom  Shelter part Southern Northern
Upper Lower East Center West East Center West

No @ After 1 day July 27 4 0 4 15 15 10 18 11 11

With © After 1 day July 27 31 5 20 3 1

With | After 5 days July 1 36 0 0 5 3

oy FICERE ANYE, 1H&D 67 25 HIZET APLETH 5.

NCOBEYHES » TIBB L, REIII L VEH &
DEEVALH DS v TIE K BET 2R H i

72, =7, BHY)ORE S v TITERE AN, 2
HE®ETIIHES » 7TICBE T 2K e -7225 3H

B EIBESALN, 4~6HBDO6H 28 ~ 30 H
T 7 ~ S E DRI HES v T ITBH L.

REBV  ABNVOEELRAR L. 2 LK
By TICEREANEE, 1 ARICZHIEFEA DR
PHES  FIBE L B, TORBRTIZIHE L
WO v 71T RBOBEIBE L. —F, &
Y oSy y TR E AN A, RIS
T F AEMAE» o, B, ZoRBRTIREEL
TS o lelodd, 1 OBICHESY v 78T
BREL ANz,

Db, RBRT ~VoOKEPS, BEESCEINCHH T
B LUWEERD B5E, BBRIEFONIICE T 26
WM, Aoz, HOMHEIMET L2%4E, BHR
BH LW ARD THREBEMICBE T L Z LR E R,
B, RBRI~NTCTEWELIVWEHBORMES v 7 X ik
WAL DS v T~BE) T 2 BAEF L Do 7298
RN TIRALE & R O S v 7IITIZR O A
PREL. ZOEREIAHTH LY, RAoBE N
MIZRIBEPREL TV LI EENE LS5, 5HOMK

2) JREDHEEE)

ARV LV BBOSRELZEILBESIIRLE. Yo
F—ACHTIEE T AR AT IS BI A 6mL, &
FHUIBAT oM T A2 @EIFAD Sz, Yo v —Hhz
HWCEBETARRIE6BIA00AL, By o
F—PIZER L T/, —HoRIEM b vy
—OHTRD S NTA, FORBIZAEITTE L THIE
THRUDSEL, F23aVy—RbhiIZLTWSE
Eibhiz,

U Lo RIE, BARSEM T TAEO KM B IZER
BANTEIR L, BRI < 2 SRR T CIRICIEED
THIEERBELTWAS. Reed er al. (1934) IZBFEN
WCBWTHRROIEE M AN 5 HEEHICERE] 54 b
P T EACTHRERMMEL, RIFRBIGRRELEL
CEEHEL TS, Back (1939) XM AT FEIE
ZTRF L CHESLKIRMICEAT 2 2D A2 i 15 4
ORFEICZAZEIERLTWAD,

B, BRVLEVOFKERY»L, Yoy =%
T, W ECHRICE T AL, BRI THEII
BLTWAEENH 7. Zhbid, BLETHEACER
AT Mk L, SN OGETRESRSHATEI 2175 M
BT AET L0 EEZONDS.



AT AT AT AT AT AT £ T ATATAT AT ATAT
TNV NN AN AN VN

Movement of the Cigarette Beetle

AT AT AT AT AT AT M T AT AT A T AT
NN VAN AV VAV VAV VY Ve

£ @ = £ o = = =
2 3583 3 348 F g T 38 is : 23
< O ¥ & @ © O ¥ £ ° S O § & ©° S = £ o7
o~ ¥ = - £ IS ¥+ v o QL oy ¥ » ., © oy @ v < T
— = M o — = © ¢ - = © g %+ iy (&) .m.. + M
= 2 o c 3 9 © o £ i @ © o —_ X 5 2 &
° z L O B Z L O g 2 L wo S T 6 S ¢
= Do e N B mE . s EmE N ° z LS
= =~
00:0 00'0 odih A AEs
00:22 00'72 & 00:0
00:02 00:02 bt 0022 0022
0081 0081 - o002 .
00:93 00:91 -2 00:02
[
00 00'v} > & 0081
il .
. . |7 B 00:81
0021 002} s 3 0091
00:01 00:01 RENREY 00:91
008 008 g 00k 1 .
} = s 0071
00'9 00:9 4 9 002
21
payayaun poxeyoun o = 00:Z1
=
ajayou peyeyaun - @ 00:01 .
pexeyoun . o |5 i 00:01
00:0 00:0 F 4 008
jo g .
00:22 00:22 5 0 00’8
' 0002 ° & 009
00:02 . a . 00:9
00:81 0081 1m =
00'91 00:91 ey patelen peyeyoun
v g
. i >
00Y) 00k 1 g ﬂ parayaun poYoYOUN
. 3 o ™
0021 00-el - ™ 000 .
00:01 000} m b3} 00-0
0 ) v 2 .
00:8 00'8 1m m 0022 00'22
009 = 5 & 00:07
payayoun peveyoun & 2 00:02
e)eyou < b : .
payayoup p .V_ ysun % m ! 0081 00:81
00:0 000 L A2 | 0091
00-22 00ee " 00:91
00:02 ) 33 - [ oort 00bL
mm 008! R =] e o =& o o <
- ~ ™~ -— -— £ (= = (=] = [=]
D™ W N D oS w ™ = = e - -
- quﬂﬂ o APy Y . SRR

Syoadsd Kl N R 0Tl e ) =y G il S gy,

Date : September 14~16, 2005 Top bars indicate lighter period of time

Fig. 5 Number of active adults outside the shelter in test VI



5| F3CEk

Back, E. A. (1939) The cigarette beetle as a pest of
cotton seed eal. J. Econ. Entomol. 32 . 739 —742.
How, RW. (1957) A laboratory study of the cigarette
beetle, Lasioderma serricorne (F.) (Col, Anobiidae)
with a critical review of the literature on its biology.

Bull. Ent. Res. 48 © 9 —56.

N E#R] - spEPB— (1996) —RBEDORMN L 200
BB 25 Na v Ny AVOBEREB 1K),
KEER 18(1) 11— 8.

N EH - hER— (1997) —MELORP L Z0OER

ik

¥

BACBIF B I NIV AT OBEBREE 2H).
REEMR 19(1) : 4 -10.

Mallis, A. (1997) Handbook of pest control. Eighth edition.
Mallis Handbook & Technical Training Company,
USA.

Reed, W. D, E. Livingstone, and A. W. Morrill, JR.(1934)
Experiments with suction light traps for combating
the cigarette beetle. J. Econ. Entomol, 27 . 796 — 801.

D ¥ - AT - FIEIE (1992) 7xuEerbTy
WCEBBRINIBIT B a8y A VERE. ~
Abuy—igaEk 7(1) 142-4.

—



