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Does a Small Carpenter Bee, Ceratina (Ceratinidia) okinawana sakishimensis
SHIOKAWA, Occurring in Subtropical Region, Overwinter as Dormant Adults

(Hymenoptera, Apidae)?
By Yasuo MAETA, Yuki HAYASHIBARA, Makio IWATA and Ry6ichi MIYANAGA

Abstract Ceratina okinawana sakishimensis, occurring in subtropical region, is multivoltine
and overwinters at adult stage. To prove the existence of adult diapause of this species, newly
emerged adults were reared in petri-dishes kept at 26°C and 4 different illumination intensities
(5,000 1x, 20,000 Ix, 50,000 Ix, and 100,000 Ix) under both long (16L: 8D) and short day lengths
(8L: 16D). However, diapause was not induced at any treatment. Vitellogenic oocytes were also
found in some adults even in the winter period. These findings show that C. o. sakishimensis is not
diapausing in winter. The cease of oviposition activity seems to be arisen by lower temperatures
from November to February. It was also proved that ovarian development was conspicuously
inhibited by lower temperatures below 22°C.

Key words: Diapause; ovarian conditions; life cycle: voltinism; overwintering; subtropical
region; small carpenter bee; Ceratina.
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Table 1. Ovarian conditions and rate of diapause in Ceratina sakishimensis reared at 5 different
light intensities under both long and short day lengths.

Treatment Rate of each stage of oocytes (%)’ Rate of  Mortality N
] ; ; 7 diapasue (%)
Day length (hr)/ I I 1 I 11 TR 111 (e
light intensity (Ix)"" (%)

Long day 5000 200 00 700 100 00 00 0.0 20.0 0.0 10
length 20,000 00 00 833 00 167 00 167 0 0.0 6
(16L:8D) 50,000 00 00 364 91 455 9.1 546 0 8.3 12
100,000 00 00 684 53 105 158 263 0 4.8 21
Shortday 5,000 125 00 750 125 00 00 0.0 12.5 0.0 8
length 20,000 50.0 0.0 400 0.0 100 0.0 10.0 50.0 0.0 10
(8L:16D) 50,000 83 00 583 00 250 83 333 8.4 0.0 12
100,000 143 95 381 190 143 48 191 21.1 13.6 22

"' Newly emerged female adults were reared at 26°C for one month.

* The basalmost oocytes in 4 pairs of ovarioles were examined, and percentage of each developing (stages I, Il and I11) and
degenerating oocytes (stagesI’, [I” and I1I") was obtained by total 8 oocytes of total number of individuals examined.

* Those individuals which have only either stages I or I’ and both were regarded as are diapausing.
No significant difference of the rate of diapause was obtained among different intensities under both long and short day
lengths (p>0.05, PEARSON’s chi-squared test revised by YATES)

75, AT CTORIRIIFESN AP o722 81205, L2L, K- BHXEOELLBERMIC
BOTHKRZBIZIEEEDL LD 27205 (p<0.05, 1 2=V HIEE TV > D5 4 ZFEEE), RATO
5000Ix XKEEHTOTRTCOBERIZBNT, —HOEETHRIROHEEEIZEZIL, H72hD
RIRF & B SNABIEDD 72, TN SOEEIZKIRTTIER L, ASPOERTINENEE L
ol EZOND. IDIIIBENEE LA-EEZONDL. AF—U 1 & I DEFIOFaINER
PEWVERSRONABXIIROIVENIEZL TVt ARTIENTES. HROREIZHRE
7 <, ERFBEDS,0001x [X £20,0001x XTI & I AEFOEINENZE L CEWVWERIH L. T
EBRABD LI IRBEPNFOBEENBELTRIZLIEEZTEL TN,

ERAFHRADRECHEEL A FFT7021LH#RI3, 88260 108 (EINEEFOSFIISA17
B 598 120) (2B % # B3 272 (SAKAGAMI & MAETA, 1995). ZOBEIO B BIXH 136 T, »
7270 B EBEEE OB CEIIZRE L7 AhD L H IR Z 5. TRARETIXI0R P E £ TEINHER
LTV (HRIZAIILSEEM, Okazaki, 1987). —7F, ¥ F <IN THhLLTESIZBWTH
AUZIIASFIET A D398 LAEF TT, TNLUBRTEESN 22 -7 (H2). BEBETOFREETIE
FESEEELC, »OREBERBO D h o7 MBIIBITAEBOEINRERHIIL-LETHS
N AFFTENFUTOEIMEENDERITARTIEIZR L, THROLIIIEHHERIZLE LR IRR
DEHEIETIZL 2IPEEFTOMEN L2 D EEZONS.
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Table 2. Size of the most developed oocytes in ovary of Ceratina
sakishimensis reared at 5 different light intensities under
both long and short day lengths.

Treatment Length of oocytes (mm) N

Day length (hr)/ Range Mean=SD”

light intensity (1x)"
Long day 5,000 0.30-0.95 0.75%0.19" 10
length 20,000 0.45-1.65 0.95%0.39" 6
(16L: 8D) 50,000 0.55-1.50 1.18+0.37° 11
o 100,000 0.85-1.35 1.1 8+0.19 21

Short day 5.000 0.30-1.00 0.70+0.25 8
length 20,000 0.30-1.15 0.61+0.32° 10
(8L: 16D) 50,000 0.50-1.25 0.89+0.27 12
100,000 0.20-1.50 0.86+0.40° 19

" Newly emerged female adults were reared at 26°C for one month.

* Significant difference was obtained between different letters in
eachlongand short day lengths (p <0.05, BONFERRONI’s multiple
comparison test).

PR OFER26°C TR L. COMBEIT-72128 200 h 5T, TNOHDIREXTIIE - &
BTELIRDOEFIIEDLOTEDL -7 12°C KTIETRCOMEMAED, F7:16°C L20CXTL S
< DK (66.8% ~90%) 2SA T — 2 1 QIR L Afail L Cwn o7z, THoilxt LT, 26°C
X TIIRFINEIR (1) T TRENVZD S/, REEHFHBIEEL T ORKIETIIINEOREF )
BEIZEFT A2 2R LTV A, FRIJIEZBEIZBIT 2 RAINEEMIEY 1 REZGAT— P 0INE
MRS (1, 11, 1) O AL AR L7z AR L B, REFSHHFGRELUTD12°C, 16°C, 20°C
DX TIIINRDOEFTOEFEE LML L C, MO 1 Xid/hEhor, TR LT, 26°CIX
TN OSELZEENR oM. INLOEAIIARORELEHEREDON. 260C X
TRBAIVFAIOTIEY 4 XA SHET 5L, NS5O KRFFINEFEIN (1) AL L, Bt
O (D I FETELZINEEMIRE A o7, TORBIEETEORNSE» 722 LIIHEEEZD
o, PEOEENVEEIZETL/26CRIZOWTRA Y, E-HATHTEAT— Y OINEHHA
FAEOBRILEICEBENRD SN2 (P<0.05, 4 = —VHEYT V> OH 4 ZEKRE). b EH
TTENFOBEEIVEATOINLY LERILT LI EEFBERLTVA,

3. BNOYEOEHHIEEE

B3 IIZTEEBIZBIT AT F YO BRATOYEORBBILELFEINIR L. ZH 11A~28)
MBI FESET, BT EBENFORRALZNTTH o7z, BEINIA THIIETTIZED S
W, 9O EAMIZIERBELTWAIIIIRAL, T2, ENMIXERNIIERESH L Z Ehhnb. b
2D OFEEEBRIIERFRFL/1997F48278 T, 78026FTH o7 HF x50 [F
BOERTE] 2479 v ¥ N F 48, BENME TR L-mE, Yk, REWEERE
MO B DA A TEIANT ZE TR v @1 E- 5TH, 1986). L22L, Y Y nF+7 7+
INF- Hockeria maetai HaBu Y54 L7-HFFEORMFIIHEBTCoNL LR, ZOFFERENIE
ENTWAS (FTH, 2002). L7225 C, HF v TEHEH ) OFERILT L O EIMEE—FL
IR
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Fig. 1. Ovarian conditions of Ceratina okinawana sakishimensis reared at 4
different temperatures under both long (16L: 8D, left) and short day lengths
(8L: 16D, right). Newly emerged female adults were reared under 20,000 1x
for 36 days. The basalmost oocytes in 4 pairs of ovarioles were examined,
and perentage of each developing (stages I, II and III) and degenerating
oocytes (stages I’, II” and III’) was obtained by the rate of total 8 oocytes
of total number of individuals examined. Numerals on the histograms show
the number of individuals examined. [ : Previtellogenic oocyte (1); /] :
Degenerating from 1 (I’); [[]: Vitellogenic oocyte (II); [J: Degenerating
from II (I"); and &5 : Mature oocyte (III). Significant difference is shown
by different letters between the same temperatures under long and short day
lengths (»<0.05, PEARSON’s chi-squared test revised by YATES).

FRETH A4 X+ 7 OMBEEICBITHEIHE I3 TA,S108 A ETTHA (OkAzAKI,
1987). FAEBIHK WM S UL, X~ TLAXFTEMU L) ICEIBAMIZL oL R Tk
WETAZEDHLMIRDEEZ OGNS, A X FTI3MLET, SHROR—BEIELEI2@EO
EIE % Lo, 2E BOEIEIZ1LEATIZEMIZ, 2L TITARZIZH 5. 3L F stz
IZFIEI O EIREA % 4 D (OkAzAKL, 1987; SAKAGAMI & MAETA, 1989).

4. ZEC BT IR D FE LRIk

HFEF T ORBIIMEREE L LETY S SELMEEFEEDICB CTEHEIBE SN 2O
DAZDFEEIEINDO/ O DIFETIE 2, BFEFHATRONLEMBEIADORED-HTH S
(SAKAGAMI & MAETA, 1985). 16L& B THRE L 7 BRI DR L 2 35 F LIRNFOHFEL
7o, NEOHEEIRAETIIHMAIIX L TR, NAME» 528 TAE TORMICES LEED
IIEAI O INEHARL O IRITITIR DB ) Td o 72 (383). FHEINOREIATINETARIN (1) TH o7z, &
512, BILIIO KPR TH o7z L L, LHRICH 72 519954E12827~30H, 1996528178,
19965E2 A 23 HIZHEE L 72 BE D 7 A 121%, JRETZAIN () OFESHER I ZhdTrF o<
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Fig. 2. Size of the most developed oocyte in an ovary of Ceratina
okinawana sakishimensis reared at 4 different temperatures under
both long (16L: 8D) and short day lengths (8L: 16D). Fiducial
limit at 95% is shown with a vertical line. Numerals in the graph
show the number of females examined. I: Previtellogenic oocyte;
II: Vitellogenic oocyte; and I[II: Mature oocyte. The size of each
developing oocyte is also shown in this figure.

WEHRIZRIRMA L TR WEEE L T ah, BAREBIZL > TRIRFENTE LD - 70BFE (K))
EEFET A I LT, RBRETHRIREA T2 v < b &S+ ETid, LTI D 2
T=U 17T TED SN TV % (KURIHARA ef al., 1981).

MR SR T, v ORFEDERICBOTINMBEI AT — 2 NIZETETWL W
D, HEEDIA2AOKIR (AENO AEHRIEITZNEN22.2°C, 194°C, 18.0°C, 18.2°C,
ARIT, ReMarEHh, WEBEEFRD1971-2000FOEF) 2MEWZ L IZREE L CINEDFEF S
BITLRNWZ EIZH S (H2).
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FEL DA ZAFRDOEIREFHATOFEBIRICIIRA4IR L7z, EEES:00LIBEIBIE S 1L, 18:00
FTICIFITIFRE L 72 GBOE—21312:00H7-0) TH o7z, RITESH LAV E EZIE oV 5 —
NTHRER & o7z, BIRBADOREIL72,0001x T, BEEICBIIZERADZFNLL N R EN
P, EHHEHEIIEROFNEHEYUL CVEOTIR W EINTE S, G813y — V3BHETH -
72D, TRCOBAENSEOFET LI &3 o7.
KEZHATEDT2THIERETLR L TH S FIH- EIL, 2005). BEATOFFFT0
HAEOBIE TIIRAIZIS:00UENIIZIERT L, ZOBRVWVKEZECENSTHONE. BAFDH
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7o) OFEINEIL7S181E, B /o) OENE (=L EAFERE THL1EEE H T, EINMHE
ROFI32.550 b H A (RLE - AIH, 1986). ZNHDEMIZIIORE - VELBENDH D (Iwata
& SakAGAM, 1966), IRERAEIAEIN L BIE L CEOEFEMICITONZVER E o> Tnb. +FF

Table 3. Ovarian conditions of Ceratina okinawana sakishimensis collected
in winter period in Iriomote Is. and Ishigaki Is.

Year and date of Rate of each stage of oocytes (%)” N
dissection

(F andN)" I I Il o

Nov. 8, 1992 (F) 935 6.5 29
Nov. 28,2000 (N) 93.1 5.6 14 9
Dec. 26, 1999 (N) 95.0 5.0 5
Dec. 27, 1999 (F) 98.2 1.8 21
Dec. 27-30, 1995 (F+N) 95.2 2.4 4.9 41
Jan. 21 & 22,1955 (F) 95.8 4.2 6
Feb. 17, 1996 (F) 93.1 4.2 1.4 1.4 9
Feb. 23,1996 (N) 91.7 8.3 3

" Female adults were collected on various flowers (F) and from nests (N).

' The basalmost oocytes in 4 pairs of ovarioles were examined, and percentage of
each developing (stages I, [l and I11) and degenerating oocytes (stages II” and I11”)
was obtained by total 8 oocytes of total number of individuals examiend. Only
stages [, I’, I, II” and I1I” were recognized.

Date examined Stage composition Mean no. of b:OOd *
cells per nest
Feb. 23, 1996 — 27£23 3(3/0)
Mar. 27/28, 1999 | ] 0306 5(3/2)
Apr. 27, 1997 | 7.8+2.6 5(5/0)
May 26, 1996 50%238 3(2/1)
Jun. 27, 1995 5.5%3.5 3(2/1)
Jul. 13, 1994 | 3.0+27 3(3/0)
Aug. 23, 1999 | 5422 5 (5/0)
Sep. 7, 1996 | 27%12 3(3/0)
Oct. 24, 1995 ; FHEE EE—— 25%07 3(2/1)
Nov. 28, 2000 FFEFsEEariiey e 1.8+13 5(5/0)
Dec. 26, 1999 S 0.2+0.5 5(5/0)
0% 5(3% 106%

: Feeding larva ; st © Post—feeding larva ; FRERREH

: Pupa ;

# : Juvenile ; == : Prepupa and pupa parasitized by Hockeria maetai.

Fig. 3. Stage composition (%) of broods involved in nests of Ceratina okinawana sakishimensis
examined at various periods in Iriomote Is. * Given as mean+SD, but excluded orphan nests.
** Shown by total number of nests examined (mother right/orphan nests).
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Fig. 4. Diurnal activity of Ceratina okinewana sakishimensis in a controlled temperature
cabinet (Illumination: 72,000 Ix; Day length: 18L: 8D). Observation was made continuously
for 9 days on 15 liberated female adults.

7 O EEPREE R 1216:00~22:00 (¥ — 7 1£18:00~19:00) (23 % (MAETA & SAKAGAMI, 1995). A~#RHI
o HENEE BRI 2 IR/ Sy — Y EZEADE L Oy YT NFRIZLEET 5 (RE - BIH,
1986; MAETA & SAKAGAMI, 1995; MAETA et al., 2010; MAETA & OkAJIMA, 2010).
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