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Effects of pupal weight and feeding densities on the reproduction of
the black soldier fly, Hermetisillucens (Diptera: Stratiomyidae)
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(1. Guangzhou Outreach Environmental Technologies Co. LTD., Guangzhou 510640, China; 2. Institute of Agricultural Economics

and Information, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract [Aim] To determine how pupal weight and feeding densities affect the reproduction of the black soldier fly,
Hermetis illucens. [Methods] H. illucens pupae of various weights were reared in a laboratory and classified according to
weight (c. 130 mg = lighter pupal weight, c. 180 mg = heavier pupal weight ) and rearing density (3, 6 and 9 larvae kg/cage).
[Results] There was no significant different in the eclosion rate, eclosion period and sex ratio of lighter and heavier pupae (P
> 0.05). However, females that emerged from heavier pupae had significantly higher average egg production and laid a greater
average number of eggs laid per female than those that emerged from lighter pupae (P < 0.001). Although there was a
significant increase in egg production with increased rearing density (P < 0.001), the average number of eggs laid per female
also significantly declined (P < 0.001). Pupal weight and larval feeding densities did not significantly affect egg hatchability
(P > 0.05). Females that emerged from heavier pupae had significantly higher egg production, egg mass and pupal quantity,
compared to those that emerged from lighter pupae (P < 0.05). Although there was a significant increase in egg production
with increased rearing density (P < 0.05), egg mass and pupal quantity significantly declined (P < 0.05). [Conclusion]
Females that emerged from heavier pupae were significantly more fecund than those that emerged from lighter pupae. Egg
production can be increased by producing heavier pupae. Larval feeding density can be adjusted in real time according to the
market price of pupae and eggs to achieve maximum profit.
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Mok it Hermetis illucens X 4% 555 i £ 7K
i, BAEYE e, BT SRR
B ME E AR S A, S ISR R B A A I B £ ) 1]
WiRERZ—, HAT, SKig ey A\ TIR5E
AR FHFF A B T R G7-aE Ji , EXF R A i oy
RIS, BROK T AL BB AR
22 ()R, PR AT 87 R RCRAI , FRE A D
TE—E R L2y T HHE A 7, dpHAS T
VB 7 B 3y B PR A H JEORHE AR T Mk B 4T
A (Lemke et al., 2023; Meneguz et al., 2023;
Laursen €t al., 2024 ),

B B ) 2 R R R R B R R ()
ANIRAE, 2021 ) FEFPHES, AMKREITE R RS
SR B AR R RS, IR ) B Y BT g
( Stiling, 1988; Chi et al., 2020 ), WFsE%&M,
BRI R X R B PR O R A
BROFAL R A & 520 ( Holmes et al., 2012;
Heussler et al., 2018; Bertinetti et al., 2019;

Bertrand et al., 2019; Lupi et al., 2019; Macavei
etal., 2020; Liu etal., 2022 ), #R1f, XKk
AT IN B Tl 35 X JFL B 7 5 Wil 9 A A
o BIKITFRIE R G IE s F R K | R
A B BRAEN] ( Pastor et al., 2015 ), 4R £FE5H
ME N AEFFRRE (0 L HORPE , RE K el B R
A AT BRI ( Meneguz et al., 2023 ),
BRI N A = BT 2P (Jones
and Tomberlin, 2019 ), KEWFFFEY, SLERE
R AE WAL SRR L, 7R B ot A PRI
LT 1o B SR 27 A 3 N 4 R U ( Myers
et al.,, 2008; Parra Paz et al., 2015; Barragan-
Fonseca et al., 2018 ), Jones £l Tomberlin (2019 )

TESEIEA Bt — 2P ST, e B 4 i 4 e
AR, BB IARE A 22 M5 26%., MAR/NE
Y AN R i B R Y — | R
AR KE L AT, SRR R A
R REE A5 R S DI RE R B T (BRI A,

2017 ). B HLAJy R ) i R B 25 i i

oA HE T P, A 2458 F1( Blackmore and Lord,

2000; Telang et al., 2006; Gotthard et al., 2007; J&
B AE, 2016 ). MEYE ST WL ) R FR 1 K/
( Delisle and Hardy, 1997 ), 7F & BB ILFF5E

w4y R AR ) B0 DL T R T G 2R B AR )
B R AR A T, s e B ORI A (B SO,
1989 ), SE/KTAE R © P SE N T AL R
MRS, BHAMIHEE (545 A S B 58 00 0 1Y) T34 1
&) MRS E (R FR RN SE )
XA SEHE S S, AR T S B U Y AR
2 Y e

1 #MR5HE

11 #hd AR

[FHEREAL 5 H iRl R ) N %

PGB A A R, Pk 4 i
(4.22+0.10 ) mg. SB/KT 4l HUERET 78 & AR

80% IR BFHRL A% , 1A% BE 3 3 600 LA
300 Sk, Frahdufbig)s, PhiklEl H A AR A
[F] A 2 ;43K 0l S Y75 A 125.00-135.00 mg,
CA/N s B 2RI AESKIREE VIR 175.00-
185.00 mg, ic M KREH ) ATIHA 108 kg

W PEIK T I RN A3 0 TR ) 18 A SR
% (80 cm x 40 cm x 15 cm ), H4A 3 kg .
1 000 g W7 T 500 g & /KE 50%IMAME, LA
B7 1k 8 PHOGRE S A0 T . #EAE ™ B (12 mx
6 mx3 m AHITTO A S . B RE R AR Y TR )
T 18 NFRITE (20m*x 1.0m x 1.5m), 37
AT AR ARG A-1) .1 R KRB B-1),
2 F/NIR(A-2). 2 FE KR (B-2). 3 4/ (C-1)
3R (C-2), BAALIEE 3 REK, i
i R HAROEI, S AR IR R R, K
HOMAR DI 25 R AR R ZE 1 i,
FERHLIA,, BT K T BRI AL 48 10 0 I 32 42 il
B P PR o RG], TN F
IR (32.34+3.93) °C, HEBAKIRIE N (22.69+
2.42) °C, HEIBEHN 69.00%=11.95%, HiKiE
R 37.18%+11.62%.

Z AR R (2020 ), LA 700 g Er7K % 70%
MIEKEZ . 200 g Bl U~ (R FD 100 g Rk S
H 4 AR S 1R R = A 4R Y, &R 3 d T8
BB B o 7 IR IB YR AE SRR 2 ( AR
20cm, & 10cm) N, 70T 80 HZW, Jf
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FHAS B[, LABK 1 UK R 7= 2E Y
2o T A SR, B 5 B AR AR (30 em x
4 cmx 0.8 cm) BEFFE AN, A3 5%E]
HEET, BB 1-2 mm 25 BE,  [RIEE RS B
FEFEONA, b ST 4% B P Y BB R

1.2 WRF*

121 MFEXNBKICEBPUSEMEE E 18
AFEHRIET, 43 HIEL 100 SKAFFT 100 g 57K 50%
FIAKE, BCE ISR A (18 mm x 12 mm x
10 mm) ", k& FEZE-ZEYM (40 H,
25mm x 15 mm), I FINE, HFhmEsi—4
f (10 mm x 4 mm ), SR, &K 17: 00
O STV PN R ) P A A R AR B P S
W R Y FR N, H R A

WY DA S A SR G 2 R B Pk BT 22
T3 PRI ] 5

0 3P 1k =1 P AL 23 S B A < 100% 5

AU L= A I A S 2R ) AR
%% ( Bertrand et al., 2019 ),
122 WHERIFAFZEIN RKCEENNE
M Y HPEE . AR 18: 00, YWAEFRHREN
AR OPAR AN Ly A By, PR FAERRE, 10 Y
H =Bt ;

FEOPA s ATV B e 2 3 H B i 8 7 1 e
], 0™ B

P B R 2 BRSO CHEAE (2020 ),
THEH 1 g B 41 000 ~BRKE, 456 g ditk He it
BAL O34 L P B = (P BPEEE > 41 000 ) / (5
FEH>x3x1 000 x4 Ho/4f < 1 000 );

DREHLEE . A7 T RN 1 kg SPIER AL
Ha 7= BS54

URIE LA BT R PE TG RE AT RE S bk
PR, P ARG S IR Hoe 25 (2019) J5 &
GRIREAL e BRSP4 AR R B SCHE 45 (2020 ),
13100k E 0.024 mg, 5 Kim 2§ (2008 )
459 (0.024 mg) #[F, 5 Hoc % (2019)
(0.025 mg) MMl HEIE R ST R (382
FIHT, BSA224S FhFRECY H HLEP 0.001 0-0.005 0
g, MBI TRIRERL, PRI A A0 PR 2 B

Ry R R AN (d =18 cm), BEFRMLEHS
PEEZ IR UEAC, KBRS ILE TR 30 °C, 8
FE 80%MI N TS (T IR IR A FRA
A), PRX-350B ), 3 d J&, W 835 7 I e 304
YR N e R A BR A R, 605F02 )
T, H 4 f5EEECE R RE . A (%)
= ( SRR IR A2 Ok - AR AL B 2 ) / (R
FEONE /P ORI ) * 100,

123 SHERIFEFTEEX BRI HAEE
BERIRSME  XF) ARl R R OK A IRIE AN W AT
WE, ZEA " LH I CED 1 kg 561k
R JC SR 7 B SR ) TP S BT, SR A 7 AR
FEANT W™ R 75 R H LA
BV hIRERETTI S . ARG —RH 3 m’
fIFEFEZS 0], IR BUEYTIH SRR S A H
A RS o JERTIIEA, A Lkl
BRAE PR N T3 FHZ0h 0.14 Je/g (Bl 1 g
Hop, 24014 ST AT 2 ), iR Ep %
2% 1 Ju/g, WIS ZIR 10 Ji/kg. MM =
Hpp a1 - HOIHEx 0.14 - B Hx 10,

1.3 HiESH

P BRI Excel 2020 {738 PR AIZ:
Pl o M 0T K 6 P A S B s i B R 1
Kege oA, HEEdRS M R gt (2018)
HOSURI 2R 5 22 Ge vt 4B, 320007 450 475 0 7 ( AU
/NG ) FRR SRR (3. 6 A1 9 ke/ZE ) LA B
AR SRS N BRSO . ZRREH, H
LSD LT 2B, IP<0.05 NEFEE
FrifE, LLP<0.001 h2= i B EbniE, s
RUFHEARHER RN .

2 HRESHMH

21 WFEXRKICE R LS B

LHER OB Y G N A | PR S S e 2
S (1) (P > 0.05 )0 ZINAT A 35 87 41 43 51
S (32.67+0.47) 1 (32.00+0.82) d, FfLHE4
R 96.00%+2.16%F11 93.66%+0.47%, F2 AL
HPE 9K 50.35%+0.64%F1 52.31%+1.39%,



54 TR i g ) 7 2% B o B K b B R ) - 1005 -

1 FENEKCEFESE M
Tablel Effectsof pupal weight on eclosion
parameters of Hermetisillucens

R g () ek (%) L (%)
M vev:igﬂlp a Pupa stage (d) Eclosion rate (%) Sex ratio (%)

N 32.67£047ns 96.00+£2.16 ns  50.35+0.64 ns
Lighter pupae

] 32.00+0.82ns 93.66+0.47 ns 52.31+1.39 ns
Heavier pupae

P-{f P-value 0.64 0.21 0.15

FPBAE P RELbR R, [RISERS ns 2R t 15
AL (P20.05) .

Data in the table are mean+SE. and followed by ns within
the same column indicate no significant difference (P >
0.05, t-test).

i T S o g SR A R S e DL (1
A-C ). /NEFFIRIFITEACIR S % 6 KITIHM
b, M L ORI AR ) R 425 d, AR
PUEREFRRREE 33 do /N AR 4351 A8 P B 56
24 119 K, MR B B AT Tl A . UK
i BRI M | B R H R PR R IR
S MUk, PfbidBEIE 3 S ARREERE, RIS
1-7 RAPUEI IR, I L TH2208 5 55 14-19
KRy, e H PR s 56 23
K P h Leta TF-2% .

2.2 WHEETR 4R 3R B ARk i S TE 1 R I

i R R ) 35 9 X P K s B g 1 5
W 2 firon . S/NEAHEG, 0 P4k 4 = B
SR $57 AL 7 B A S E R (P < 0.001 ),
TR /N P - 38 77 B 2 530 R ( 229.22455.52)
1 (183.44+48.94 ) g, V¥ 5Ll Bt 430

(576.73+136.55 ) F1 ( 341.61+£68.15) mg/k .
Mo B L B A 0 ) 7 Y 4R T B
(P< 0.001), %53, 6 f19 kg/ZEm}, Hdippy=
0 (143.50422.47 ) , (212.26+£22.38) Fi
(263.25+31.27 ) g, TMi-F-32) 50 7™ B Sk e i ) 7
R PR i B AR (P < 0.001), 435K
(587.82+179.55),(431.94+111.09 )FI( 357.77+
96.70 ) mg/3k o Wi S U I 57 5 B X BE K - D
A ARTC B (P> 0.05 ), #4540 HH Ay B2
bR > 89.24%,
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Fig. 1 Effectsof pupal weight on eclosion of
Hermetisillucens

A, R HAFE 2R B MEdURE H Y
FIPPMER; C. MEduiE HAFR BRI
A. Aaverage accumulative eclosion rate of adults per day;
B. Average accumulative eclosion rate of female adults per

day; C. Average accumulative eclosion rate of
male adults per day.

W T % M ) 3 48 T B K e B A R S )
WK 2 (A-C) iR, SAFISTEMPILESE 5
RSN, F=BHJFAY5E 9-20 KRy 7™ BR el
B, ARSI 14-16 K, & ALIHPBR R E
ik 50%. TAFREEEE N 3 F 6 kg/JERT, BHLEOR
WK 36 do WFEEE N 9 kg/JERT, A=Y
J39d, AR 33-37 RIBBUZ IR S g, 454k
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Table2 Effectsof pupal weight and feeding densities on fecundity of Hermetisillucens
a5 PR () fv?rif’i: ffi(f :;gg/jafd FOREIL (%)
Treatments Egg yield (g) per female (mg/ind.) Hatch rate of egg (%)
A-1 123.27+4.72¢ 424.44+16.25 a 92.52+2.51 a
A-2 192.1244.56 b 330.75+7.84 b 90.70£3.11 ab
A-3 234.94+3 .81 a 269.65+4.38 ¢ 90.87£2.67 ab
B-1 163.73+£3.48 ¢ 751.20+15.97 a 90.69+2.59 ab
B-2 232.40+3.82 b 533.12+8.75 b 89.24+1.86 b
B-3 291.54+5.11 a 445.88+7.82 ¢ 89.93+2.30 b
FHF/r#7 Principal factor analysis
L gitl /NI Lighter pupae 183.44448.94 a 341.61+68.15b 91.36+2.78 a
Type of pupal weight K #i§i Heavier pupae 229.22+55.52 a 576.73+136.55 a 89.95+2.25 a
i 17 3 5 3 kg/%E 3 ke lcage 143.50+22.47 ¢ 587.82+179.55 a 91.60+2.64 a
Pupal feeding densitic 6 kg/%E 6 kg/cage 212.26+22.38 b 431.94£111.09 ab 89.974+2.59 a
9 kg/JE 9 kg/cage 263.25+31.27 a 357.77+£96.70 b 90.404+2.46 a
P{H P-value
W E Pupal weight P>0.05 P <0.001 P>0.05
W ) 75 95 Pupal feeding densities P <0.001 P<0.05 P>0.05
i ] 7 P<0.05 P <0.001 P>0.05

Pupal weight xPupal feeding densities

A, BOAPFPEIING, A SHIREE] 125-135 mg, B WHIAEEEDY 175-185 mg; 1. 2. 3AURESREE, 25103, 6
19 kg W/ o RAPEUE - FIELARMER, [R5 B85 AR 7 5E%0R LSD ZE e R B3 (P<0.05) o % 3 [,
A and B is two types of pupae, A pupae have a weight range of 125-135 mg, B pupae have a weight range of 175-185 mg; 1.
2 and 3 represent rearing density are 3, 6 and 9 pupae kg/cage, respectively. Data in the table are mean+SE, and followed by
the different letters within the same column indicate significant difference by least significant difference test (P < 0.05).The

same as Table 3.

SRS B SR S TR 7Bt
BB 3 AR IRFGE, DS 18 5000 1 7F
s SRR 1T 55 9-20 KNy S,
BT FL P50 3005 45 21 K2R =i
TEE

2.3 HEHEE R 4R 5 2 BT X B BP A PR R 2R O RS I

Wi R ) 7 4 T B A R A 2 B R
WL 3 P S/NAH LG, R0 B E A A r=ili
W ERTE (P < 0.05), /P9 26.70%F
37.09% B L b 1) 77 2 5 %) 39 v T b =5 R A1
(P < 0.05), 3. 6 Fl 9 kg/ZEM IR L4 5N
47.83+7.49, 35.38+3.73 F1 29.25+3.48, Er7IK
T L) 5 5 ) 48 v T i E I (P < 0.05), 3.
6 F1 9 kg/ZE R HUBP W 5 530 R (113.50+22.47 ).,
(152.26£22.38 ) il (173.25431.27) Jt.

3 itig

HuBR A 7 R KRB SR A Y GBI B
SR AN TR AN B SRR, R4 H R
B W Bfiti s Be Rt 1T A e AT FE ( Sheppard
et al., 2002; Tomberlin et al., 2002; Tomberlin and
Sheppard, 2002 ), UL, A== 5T 055 AT GEA
T v K B T, PR AR R ) 7 2 )
J HE BB R OP AR R B2, A A TSR
KRS SR B R

WFoTF T, SRk U 25 ) 8 2 T/
W, R RTINS A o )~ 47 B 5 B9 53 31)
7 (445.88-751.20 ) 11 (269.65-424.44) mg/3k,
X—25 8 5 Jones fl Tomberlin ( 2020 ) BIATITAH
oL, HHE SR B i U3 SR R B I/ NAY e B R A
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Fig. 2 Effectsof pupal weight and pupal feeding densities on oviposition of Hermetisillucens
A BEHE S B, B HFH R ER; C A H PRI AR,

A. Egg weight per day; B. Average accumulative egg weight per day; C. Average accumulative oviposition rate per day.

J L B /N R R 114%-200% 0 FET
uSIVE N A SN I B - S TR ] 0k 20 NN ]
HA SR ZIHAE ) (Gobbi etal., 2013 ), T
%”ﬁﬁﬁﬁfﬁiﬁﬁﬁﬁi%%?ﬂ“bﬁ REAS i 3 5
RIS, TEAZHCAFEP A S Z BT, B
K5 (Jones and Tomberlin, 2020 ), J¥ H AT
SEA N BIEAR, XA HAL R bt 2l
i ( Thornhill and Alcock, 1983; Calvo and Molina,
2005; Morimoto et al., 2018 ), #ilan, KA Kt
I Aedes aegypti MfE HL [ 7 O i Ll /N AU ME L 2

50% ( Dieng et al., 2016 ),

JBIEEAE (2016 ) KL, AL/ INEC HoME i o i
X R O B SR . A E N, O
W 0 2P) T il S R R RS i o X — RS £
i 58 25 AR BL ( Nakamura et al., 2016; Ooninex
etal., 2016; Park et al., 2016; Bertrand et al., 2019;
Hmamzm9%%ﬁ U P ) R 5 R

IR Z [ IFARLE X IEAHSG . ARATFEEARER, T
TS PRI Y S A /1N Bt O ) 5 2 R Y
G, V-4 R O R 2 R R X AT REE R
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Table3 Effectsof pupal weight and feeding densities on egg income of Hermetis illucens
Qb Treatments BUIE Lt Egg mass/pupal quantity A=/ %5 (JG ) Income (yuan)
A-1 41.09+1.57 a 93.27+4.72 ¢
A-2 32.02+0.76 b 132.12+4.56 b
A-3 26.10+0.42 ¢ 144.94+3 .81 a
B-1 54.58+1.16 a 133.734£3.48 ¢
B-2 38.73+0.64b 172.40+3.82 b
B-3 32.40+0.57 ¢ 201.55+5.11 a
FEHF4r#r Principal factor analysis
7 /[N Lighter pupae 33.0746.60 b 123.44+23.61 b
Type of pupal weight KU Heavier pupae 41.90£9.92 a 169.23+29.69 a
W ] 3 kg/% 3 kg/eage 47.83£7.49 a 113.50422.47 b
Pupal feeding densitie 6 kg/%E 6 kg/cage 35.38£3.73 b 152.26+22.38 a
9 kg/ 9 kg/cage 29.25+3.48 b 173.25+31.27 a
P {8 P-value
UM FE Pupal weight P<0.05 P<0.05
Wi ] 55 235 Pupal feeding densities P < 0.001 P<0.05
T I ] 2 8
f’i[;i;l Wi?gﬁﬁffip&;l feeding densities P<0.001 P<0.05
TR B — o R, MR TES I B, ROKC R AT IAZ S 19d, AKX Hoe

Ji, AR IS Sh AT BB R RE, ST
B~ BNE ( Weaver and McFarlane, 1990 ),
K B L B A R AU L,
B, WAERFNEY (Mamaietal., 2017 ) 87250
{7 1. ( Delves and Browne, 1989 ) A% 4+ 1M [
MR ATE ] o AHIFSE AR LRSS B R AT 48
Th, ABUER B 43 FE T 0 e i HUVE 8 2 A Bk,
000 8 1 %8 R I () B R AR A B B AE IR A8
e o M B S M ) 77 28 R T e DN R A L R A I
M), A-AbFRISCAE 21 1Y H DN IEAL R 3> 89.24%, 5
Jones and Tomberlin ( 2020 ) AYEMF5T K& BL—3L,
El]IZHZIK*F”EI’JﬁEEﬁ—&#/J HppIEf A . IEH

W5, e U™ TN RS2 0 O — M e A AR JO I L B
Jﬁ’ﬁ\ TRl A A B R TR I T o IRk, 38
LM L M R e | e, AT REA B TS
ORI LR

A b, KR H I 36-39 d,

BT A TR AREAS . 4N : Nakamura 55£( 2016 )
Wb, SRoK I BRI 7.6-9.4 d; Ooninex
(2016 ) ®F5EH, FE K M R L ORI
(10.0£3.5) - (16.0£5.3 ) d; Zhang 55 (2010)

% (2019) WEFEH, BEOKT Y AR LS B N
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