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Abstract [Aim] To describe the nesting, oviposition and life history, of Chalybion hainanense, and thereby clarify the
reproductive strategy of this species. [Methods] Eighty artificial trap-nests were deployed within the forest dynamic plot in

Chebaling National Nature Reserve in Guangdong Province. Trap-nests used by solitary bees and wasps were collected, and

*PEH)I H Supported projects: 2024 AF i AU I Fel Mg fb i i & FRBHEL BB T30 ( KICXLM202409 ) 5 B ZOMRM A [ ) - v 8}
SFBEE R A AT BT IS L 10 ( KFI-STS-ZDTP-2022-001) 5 Hr sedfoll 5 525 A AP PR A W5 4

*#5f —VE¥ First author, E-mail: zhangcgl113@163.com

*xx 3 F]H IHA/E# Co-corresponding authors, E-mail: lichen@fafu.edu.cn; xiaozs@ioz.ac.cn

WeHS H ) Received: 2024-08-31; %3 H ) Accepted: 2024-10-24



6 14

IKAEME L. HE W 1% Chalybion hainanense Fit 4 5577 BRAT S F1AE 3 s 404

their progress monitored by regular indoor observations. In addition, the nesting structure and adult body size of C. hainanense
were measured. [Results] In 2019, a total of eight trap-nest collections were conducted, yielding 433 C. hainanense nests
and 450 brood cells. On average, each trap-nest contained (1.04 = 0.19) brood cells, with 96.07% containing a single egg. The
average length of brood cells was (105.12 + 49.62) mm, the average diameter was (9.64 + 1.27) mm and the average volume
was (7 623.97 £ 3 991.80) mm>. The offspring sex ratio was female biased (9 : & = 1.23 : 1), and the diameter of nests and
the volume of female brood cells were significantly larger than those of males, although there was no significant difference in
brood cell length between the sexes. C. hainanense has two generations a year in Guangdong, the second of which overwinters
in pre-pupal form and starts to emerge in mid-May the following year. The egg stage lasts 2 to 3 days, after which the larvae
feed on spiders, taking 6 to 7 days to pupate. Larvae pupate for 38 to 44 days before eclosion, whereas the overwintering
generation undergoes a diapause period of 220 to 290 days. Female body length and head width are significantly greater than
those of males. Among females, head width shows a significant positive correlation with tube diameter, and individuals of the
second generation are significantly larger than those of the first generation. [Conclusion] The nesting and oviposition
behavior of Chalybion hainanense, together with other life history traits, reflect its adaptability and complex reproductive
strategy. These findings provide critical insights into the ecological significance of this species and inform conservation

strategies.

Key words Chalybion hainanense; artificial nest tube; incubation chamber; life history; individual size; reproductive strategy
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2017; Brock etal., 2021) . Zuffise s yri 17
5 5EE T SR EE RIS N o G e A A
TE SRS, 2300 [ A a5 % 0T S R B Y i
FETESRZE N AR E AR 455 77 X Morato and
Martins, 2006 ) . Jiffie B Bfs — A5, RME
PET DL o 45 A A7 TE 52 06 208 ok 1 IRl e
SEJE AP ( Stubblefield et al., 1994) . 7Ei%F
ZYRhrh, A MERE N SRS, AR
[P Sl A A B A6 2 PS4 AN A, I LT M
PRI — FI b rh 2B 1. ( Torchio and Tepedino,
1980) .
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Fig. 1 Nesting structure and developmental periods of Chalybion hainanense

A FEZH . % (BS) | Wtk (P) | I#FE=E (BC) . #HH (CP) |\ MRIEEY (G&M) | #IE (YM) ;
B. B; C. {Rle%H; D. KIEAIHG; E-F M Gl (@) .«

A. Nesting structure: Empty space (ES), partition (P), brood cell (BC), closing plug (CP), grease and mud (G&M),
yellow mud (YM); B. Egg; C. Early instar larva; D. Last instar larva; E-F. Pupa; G. Adult wasp (9).
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Fig. 2 Differencesin brood cell size between females
and males of Chalybion hainanense

A. TE RIS AR S 5A T EE TR
HEMER S BUE ; B, Mg IS S SR T E K
B C. VR S VR M S R I S AR
FRE P AFR/NE ERARZE T B E (P<0.001,
Wilcoxon FLFIEE )

A. Number of trap nests of C. hainanense breeding
offspring females and males at different trap nest
diameters; B. Brood cell length of C. hainanense

females and males; C. Brood cell volume of C. hainanense
females and males. Different lowercase letters
indicate significant difference (P<0.001, Wilcoxon
rank-sum test).
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Tablel Sizeof maleand female cell structure and individuals of Chalybion hainanense
I EHA

f8%5 Parameters

MM Female (n=174)

HEPE Male (n=138)

Significant test

HEHA (mm)
Diameter of trap-nest (mm)

IEEKE (mm)
Length of brood cell (mm)

MEH =W (mm’)
Volume of brood cell (mm®)

k%8 (mm)
Head width (mm)

##FEK (mm)
Body length (mm)

Range: 5-15 Range: 5-12
Mean+SD: 9.94+1.27
Range: 18.49-220.00
Mean£SD: 110.28+48.25 Mean+SD:
Range: 928.91-25172.54
Mean+SD: 8 598.23+4 177.03
Range: 3.42-4.57 Range: 2.66-3.85
Mean+SD: 4.08+0.22
Range: 15.24-23.15
Mean+SD:

19.74+1.46 Mean+SD:

Range: 26.59-201.91

Range: 1137.21-18 590.48

Range: 12.99-18.72

W=16 256, P<0.001

Mean£SD: 9.16+1.18

W=12 674, P=0.399

105.71+49.35

W=14 836, P<0.001

Mean£SD: 6 903.02+3 453.62

W=23 891, P<0.001

Mean+SD: 3.20+0.24

t=24.74, P<0.001

15.88+1.30

Range: [ ; MeantSD: “FHH+prifER . BFMAL T WRR R Wilcoxon BRANKLE, t 275 K HMSLFEA t 1655

In significance testing, “W” denotes the use of the Wilcoxon rank-sum test, while “t”represents the independent samples t-test.
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Table2 Thelifecycle of Chalybion hainanense
4H 5 A 6 i 7A 8 i on
. ctober-nex
A April May June July August September March
GeneranonJ:EPTJ:EPTJ:EPFJ:EPTJ:EPTLEPTJ:EPT
F Mm L F M L F M L F M L F M L F M L F M L
AR £ £ 0+
Winter-surviving
generation R
+ + + o+ o+
CERRA e o 0o 0 o
The 1st S
generation
o o o o o 0o
+ + o+ + o+ + o+ 4+
B2 AR e © 6 06 06 0 0 o
The 2nd L L
generation
+ + 4+ + + + + £ + =+

F: bA); M: )5 L. T = FU0E (WFE ) 5 O: I; +: R, @ 0 — 4id,
F: Early part of the month; M: Mid part of the month; L: Late part of the month; +: Pre-pupae (lagomorphs); [: Pupa; +:

Adult; @: Egg; —: Larva.

T P W e I P MEE R (119.74+1.46 ) mm
HER TR (15.88+1.30 ) mm ( Jhs7 BEAS
t K56« t=24.74, P<0.001 ); i3k 55( 4.08+ 0.22)
mm B F K FHEKELI (3.20£0.24 ) mm

( Wilcoxon: W=23 891, P<0.001) (1) .

FHOCHE BT 2 B, MfEde A4 53k 9 2 1] ( Kendall
tau: tau=0.58, P<0.001) FikfEigik 5k582
[] ( Pearson A& R EUK: L . cor=0.79, P<0.001 )
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Fig. 3 Therelationship between the body size of male and female Chalybion hainanense
individuals and the structure of their brood cells
A, MERES AR 53 SERIAHDCIE T s B, MERE IR I & 3 KB 5 AR KRR OCHE A3 T s €. Mg R e S8 1
175K TE AR 43, A. Correlation analysis between body length and head width of female and male;

B. Correlation analysis between brood cell length and body length of female and male; C. Correlation analysis
between trap nest diameters and head width of female and male.

P2 R EIEAG (B 3: A) .

FHOCHE S BT T, e T I e (1) 0 5 % A
Sk Z a0 R E M (Kendall tau: Mg
tau=0.05, P=0.336 8; i tau=0.05, P=0.420 1)
(Bl 3: B) o XMk v 88 G017
RAEGHT, BERTIR, MRSk 58 5 S B AR
5 ¥ EAH5%, ( Kendall tau: tau=0.16, P<0.01 ),
Mt Sk 58 5 A AR AR CHEAR B2 (Kendall
tau: tau=0.06, P=0.2645) (& 3. C) .

55 1 AU A K 15.24-22.91 mm, FHK B
J7 (19.48+1.43) mm (n=80) ; %5 2 fLMfEigik
£ 15.94-23.15 mm, FIK AR (20.00+1.46 )
mm (n=131) . 5 2 fUHHEARKBERTSE 1
& (Wilcoxon FLFIEL:: W=4178.5, P<0.05)
(El4: A) o 55 1 UMERESL9E 3.62-4.40 mm,
S FERE R (4.06+0.18) mm (n=80) ; %5 2 1%
W W Sk 58 3.42-4.57 mm, X TERE A (4.11+0.25)
mm (n=131) . % 2 AL TERERTE 1
& ( Wilcoxon FEFIHGHG . W=4 306.5, P<0.05)
(Kl4: B) .

o551 ACHEE A K 13.74-18.72 mm, FHK B
Jg (16.17+1.34) mm (n=46) ; %5 2 fUHfEgik
K 12.43-18.33 mm, FYHKE R (15.61£1.31)
mm (n=120) , M FEA t R ES RN, 52
OMEREARK /N5 118 (t=2.44, P<0.05)

(Kl 4: C) o % 1 fCHEELTE 2.81-3.85 mm,
SERASERE R (3.2840.25) mm (n=46) ; #5218
MMk 58 2.51-3.68 mm, “F- 3B M (3.1540.23 )
mm (n=120) . T FEAR t KRgRas R B, 52
bk T8 B & /N 1R (1=3.12, P<0.01)
(E 4: D) o Bk 2 FRMEEA AR T4
VAR, 5 2 ARUHE S AR T4 1 AR /Do

3 itig
31 HEF~WTA

B YR e e SIS A A R B 1Y) O B ]
Z2Z— (Orretal., 2022) . [FJ&BIA Y FhAT
RETESRN M FAAEZER, MEREE C
turanicum LUK AR SR EL (Fateryga et al.,
2020 ) ; AHIESE A B R WE YR AR ) 2R 1l DX {1
BLRAHARYE TR S WAL, H e i e e —
WP E A E 1 MEFEFEHSHE4R, X
55 22 H0M A S 23 38 03 R ] A5 1A 2T A
(Iwata, 1976) . BLAh, K BLEER ETEEE SR
d H A R A, IR R Sh o S5 ™
B, X — B0 G W AE H A Y [ J& ) Fh H A 5 U e
Chalybion japonicum 145 %] [ % 9F ( Pham,
2018 ) , HAEBIWILIFNEH L AWAFFET 1sodontia
auripes E e R b (Barrett etal., 2022) .

T T 8 M 1 7 AT Sl SR AR A3 i S
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Fig. 4 Body length and head width of male and female individualsin the first and second
generations of Chalybion hainanense

AL S L AURIER 2 ARUHEPE ARG B 28 1 AURIERE 2 ARMEPEMASKTE; C. 58 1 AURIER 2 AU PE S ARG
D. 55 1ACRIER 2 AUMEME K BE . ARV NE PR 2ER B (A M B: P<0.05, Wilcoxon BRAIK4: ;
C: P<0.05, M7 FEA tK3%; D: P<0.01, JUS7FEA tAG5) .
A. Body length of females in the first and second generations; B. Head width of females in the first and second generations;
C. Body length of males in the first and second generations; D. Head width of males in the first and second generations.

Different lowercase letters indicate significant difference (A and B: P<0.05, Wilcoxon rank-sum test;
C: P<0.05, independent samples t-test; D: P<0.01, independent samples t-test).

PURLEHIAOC . A AL, VEHR BV S5
HERERTHENE, —E /N, B E
SLAE B IG 0T 2 v, I g A A e
( Trypoxylon rogenhoferi . # 2% i Anterhynchium
flavomarginatum F1 ] J& EE 4% Osmia excavata ) 119
545 R —3L ( Peruquetti and Del Lama, 2003;
FRMG AR, 2018; ERNIBAE, 2018) . AR
WG A T S KER LR EER, 5—
BUA I T A TR MR AP ( Trypoxylon lactitarse #il
4 i% Trypoxylon melanocorne) 45i8AH K

( Buschini et al., 2006; SRS, 2023) , {H
SCHEPEA AR T AP E R T IEE, FEOEH
B HAZERITE

3.2 HEiESE
AWFFEAETE SRR, R R 1 ARk

A2 R, DITHIE ST B A, PRiE, X
Al RE 5 H B AR K i B A ¢ . Bosch
(1994, 1995 ) 7£ Osmia cornuta % BLHAAY,
A 355 A JR T 22 TE A O o T P W V) 06 1) e
PELE R 1.23 1, HAMEEmPE, $HENREES
H—FE A, —4E AR T e
MR, —RZ Mt B4 (Werren
and Charnov, 1978; Seger, 1983)., ARM5 %
BAESR 1 AR i ) S 2, 5 2 AREUCRE IR DR, 1
TR 5 L (48.43% ) AHXS 1R (36.51% )
FETE, MERE S B (51.57% ) AR 148 (63.49% )
WETRE. A, JREEME3E4 (Local mate
competition ) 18] G2 T EUMEME (s ) 1Y LA . 7R
[F]—HE % o, A A Sy 4 B L[] L P A2 i
AL T 5 4, (A5 SR A ) 22 7™ i L2 fie i
Pz B3 le a4+ ( Taylor, 1981; Nunney and
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Luck, 1988) o H1 TR i Je i 2B oL — i —
BN, WANVE A [ — M AR R S 2 B0,
I TV 56 A HE R JRy 08 A8 5 -5 SSOHE P D 1] 1)
Al BE,

ARG — 2L TR0 T R U M R A A
F/INEZ A PR 2R o AR Sk 2 i Rl A AR
N 2 AEESENR, SR ESEAIEAHCCR
( Fricke, 1991 ; Kim and Thorp, 2001 ; Straus and
Aviles, 2018; Barrett et al., 2022 ) . Wf354%
SR, T P V) 06 Al i R AR T I 2 2
S, EE MM R T HENE R T MERE R R A
Ff, HARK 5K si 2 EAHC, IeAh, i ik e
MEHENARRK SR EEREAMEE, X5
Polidori % (2011 ) 7£J5 )& 1§ Euodynerus
posticus H 1) & B — 3, HEI Ji R 2 DR /b
U 1 2 K R Y 0 978 TR M A e AR K 5 O
HIRIAHSE . ELARR /NS4S 2 T SO Al [ 7=
PRBUES NI, A AR X IS AR AR RN
TE—E MM (Longair, 1981; O’Neill et al.,
2010) o AW, S B MM SK A B
TESZIR, XN Sk T8 TG A R . IR AT
TETHAbE, 1 E. posticus il Coelioxys modesta
( Polidori et al., 2011; O’Neill and O’Neill,
2016) .

B BT R BT T F WA R A AT
R ML Z —( Mitchell and Briegel, 1989 ).,
AMFSE LU T i R i e R Rl AR A 22 5, B
552 AR (RRAAR) AR AR 3 A 1R
PR 2 RIS HaW kA m g
) B B R, M RE A SR AL I Wy
%5 (Al il TR BERAR, e ] BE 7 5 22 i B LA
PRUEAEIE 2 . #F Tranosema rostrale H1 & 81, I%
T 12 8 VR PE B0 138K ( Seehausen et al.,
2017) o FEACHEN B = 5 FAVIME RN ELA
WYUNERR, IR BB M T 2 b H T H FE B
( Mitchell and Briegel, 1989; Straus and Aviles,
2018; ERNfF4E, 2018 ) . £ Osmia lignaria #ll
B % Vespula maculifrons H & SR R/
AR 2 IEMC ( Tepedino and Torchio,
1982; Kovacs and Goodisman, 2012) . AT
S5 W 2 AOEPE AR T A 1 AR, MHErE/ N

T LA, ATREBIAEEE 2 (A M & R R,
N PRIUERNIE SR, SR METEAAE R, MEPE AR
EZR Y, WILARIER, kAR,
X — PG 0 BAR RN A 1o i — 2B F T B

3.3 4#iF

A FE WA T T i e 3 ) SRR AT
LT IR T AR 22 57, n AR B A
B 5E PR3P XSRS U, A B T
UFRO SRR, AR L AT R AL b AR
M RGMIER, BRI X AR MRS R
GEi B R B R AP R R BERL AR o 7EA
WFFERSERD L, AR AT LLBE— 20 B HIAH SCHARTT
JEEYIRIE XK BRI E ERE /i, A
A B e 7 i B R LA A5 R R

Brigt: BPAMAA TARR R TR G /R E R A
SRR DA HLRY R AT R A BN S A5 A Bl o
S v R~ g Sl 0 T 5 T 3 0 S i ] 5 A
2 VAT T T W R R A M
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