The Quarterly Scientific Journal Of Applied Biology O | il olisls ennilS ol alilas
E ) Vol.36, No.2, Sering. 76, Summer 2024, p. 67-85. 3 S i “"QJ& ‘.J e,

Article type: Research Paper PY-A+ 0o A FY Gl V7 ol oV o)leds P opg0 M
gy i £oi
VENNVYY iy s VEN 10/ sedbye b
https://jab.alzahra.ac.ir Ay i85 Colw O

d https://doi.org/10.22051/jab.2023.41521.1507
Lylyub o (Tenebrio molitor Linnaeus, 1758) 5,1, Suwgu (5,95 & giod ,Lid
Bl
T oSt o> Mlgd ol (soidy dd
ouuS>

Shpiz Jl8) Gl jo 5 Cunl 0l GBI paeb JU8, K Gliiv )5 Extan «Dpin slodisS f (5)les o idoddo
P &5 (il 05,5 udo Sl tagh o B B9y 9 Olge S o i 0pdl 5 o SIS S5 o g, Y 5 Sl
00 G50 ooy, b palS Svgew (S50 Lo laie 4 Cusl 09 5 )58 92 b oS uges I (bgle (55>
O Swger 3, 5 Sl 0yt SR 5 57 Egi0n Uy o (Ki)S 0)50) oges 3 poe 5 (S 0)59) 0900 9>
oy gt 3 Bpon Il i 4570l L o Svpo ol )18, ST ol s 9 @lid C8,S) 105 s 30 )]
s o4 e it 3 059 5l St e s 3 T i L2 o 4y Yool 45 ini o gy b
oo Ao ol Blyiin iy s 5 Lo 0y y ] (T 45 1 oalicn lag,Y o] 155, 5 sl IS I liza] o
A5 ol i gl izmes ol gloya 5 i et s 5 I8 I oliinl o spedds il s 5 Ylazs] 45 ctisS
JETF NN (Kw)S slo 0,50 1 (o) 0 )0 )57 oo o () (iro pdb (2 MiE o) CodeS 5 s )55
ShFEsaR i i o KT sl T i b Sl 4 S alimMo o JolS 0l (5,55 E5202 i o (FA

A3 o Hlid ]

oyskeo oy o U] JUS ) o K y5 0,90 i selS 5B 015

U‘J”‘ ‘OLZJLAJS s‘_;)") PYER{RS sr:}l.c cuasisls ‘LS“"L"“’ S ) 09; ‘»A..f:)‘ GALMA)IS wy]w‘d A
(V_akmali@razi.ac.ir : Jytuwe soimn55™) .yl ol colizils S (531, olSiils pgle 0aSLisls o culid S 09,5 ¢, Loils .Y



BY TVEY Ll VE oLy oY o ,lad Y 0,90 105 swliiican ) ole aslilad

5 Obbat 5l gl jo JLE, pl el ol CuS (g5l S VY Gl s 50 5ST (g ls3gsnen LS,
Sed oo Al gl cpl o b (o)l8) a5l oals 5,155 (Coleoptera) yligs Jbocrw alax )l Ol i slaatul,
(Fernandez et al., 2020) oS o 485 S > o et § ol 5l dag ¥ g Al Olis Yeene Jld) ol o
(Mastrantonio et al., 543 o0 (5,9,b 9 Wy ) 75 Jlidl el fuzmen 5 00,5 ool 1) Comax ojlal (59> £ 5000
oyi by g,¥ slaizl Dlyim Gl (B 0 oS (gyska WS o0 s (oenlaiiogS peille S D90 4 ,L8, (0] 2021)
(iang & w155 oo 055 G lsFgsian ol 4 & WS oo 4l )0,k 5 0Dy S S50 Sl Erien lapss I AL
Gz bs 5 5l 5o ail JolSS (5,9l slaaies ales ;o Luis slaied 9,0 105 L (5 ls>goran ZhoU, 2022)
Sl Coze plye 4 g Al 2l A3 39ueS b ol 15 wiile [yl Lalpt b, ol I35 e Sl LT
sobar w3 o I3 a5 BB e @ (ki b 939) (ol 03 o 50 1) e § S e oS diz i 39 e gina
o 9 S)leFggien (L8 05 oo B 108 5 ogee 3l Camg e by g (S S glwe 0 o 0T 05 Ssges (g Sl
. (Ichikawa & Kurauchi, 2009; Via,1999) wb oo (il38l o1 jo 13¢ s,

st Jole o1 53 85 555 Gloszas (T5 a2 olilse e slowiss B bl sl s Slyis
Swges (Fernandez et al., 2020) wil Sglaie  Jasme Casj Jha 5l oo g £5u, 5 5l op (6 Ko §,b 4 el (S
Gl 058 (oo ol 0 i g 030k (py5hen) Y 30 ol o (Sj a3z 0 (e al>pe Sz rBls ol o)
(Siemianowska et al., 2013; Ribeiro, coul Slowz 5§ ) dutw (S5 cam oyio pl 0308 ol S owns 5o
£955 oY Al ye 5 0ad 2,1 135 51 S, i 31, bg,Y c s> olys0 b 3 e -(2017; Van Huis et al., 2013
w0ads S bl s 10 59, Y (65,Y 0,90 by e (Ribeiro, 2017; Van Huis et al., 2013; Kim et al., 2015) 598
Lugie job 4 (pyskee) &b 5,Y S (59 - (Ribeiro, 2017; Damborsky et al., 2000) <ol jsce ool ) 59, #YA L
So by WS oo JSE "C" a5 ag,Y cules yo (Alves et al., 2016 ) ol jie s YO-YO T Jsb g a5 +/Y
Ribeiro, 2017; Van Huis et al., 2013; Alves et al., 2016; Patterson, 2016; ) wgd co o 0,ad 4y (g3llcangy
sl Jb g pp s L b Sbgw S puads al> o JeSS 51 aay (Ghaly et al., 2009; Hill et al., 2002; Cotton, 1927
(Ribeiro, 2017; Damborsky et al., 2000) 54 o &9, JolS 0 i Al 1o 5 00wl (g, 0 | S5, i

Richardson et Agarwala et al., 1992) ol 43,5 & 50 Olpis 10 (5)ls>gaian 5550 ;0 Sllllae 95U
Adalia sl euiaS o SlaieS e JKG 5 s ls>Egien ow,p Jle ek (Fernandez et al., 2020 al., 2010

&)le>Eaian aS el 0ols Lis C. undecempunctata 4 Coccinella septempunctata A. bipunctata .decempunctata



2&aolesl Lyl o (Tenebrio molitor Linnaeus, 1758) o ,1s 5 Scwgw (5 133 ggad L3, /5F

wm3ge IR 1) G pils ol 55le (o9 e ol 5 il laS daabs o5 a3 25 (Gloj odes sk
Jley a5l s g Loy 5l jeS o Jloy rhaw as ;0 S 59,58 ol @l 31 (6,500 axllas o (Agarwala et al., 1992)
gY@ adllas pl jo.cwl oals o, »» (Spodoptera exigua Hibner, 1808) jausx> jlg>S 5 0,5 (5,19 £aian [\l 5
2 0955 Tok a5 ol (LA gl S 6)leggien o il SIE 0B ool oslal WS juiir S 59, a8l B9n
SBisT 5l 6l 3 bog,Y Lawgs Lo i (5 ls>gsion .(Zubaidi et al., 1983) s ls s bolue il s ls>ggon b,
3l g, a5 ols yLis Zophobas atratus Blanchard, 1845 4555 ;0 0 0l £ls 5 5,Y (5,15 Egten .ol oo ol &l i
gl oS sl lis asllas cpl gl .ais S colaiwl desbs laie 4 conl ool &l DS Ll oS aml a5 slo o,
[(Ichikawa & Kurauchi, 2009 ) wiS o Jos 5,Y (5, lg>g00n plp )0 e g0 SO laie 4 o pdd oSS 35 >
Sl elumor o515 0ol )0 (coge A 5 2BL dde (555l 5 yes Jsb i ) 25 v L Sl oo 5)l55E5en
&5 2 bemme YL slos wiile o515 5l Jiae Julge g o515 40 atnly Jolge caiS' o0 Ll 0pi b Glsee olS Lally)
5o 5,80 Ol i 5l aisS 90 (5 leggren Jlid, (5,58 aslllas o (Richardson et al., 2010) cewl 38,50 (5,15 ggien
Gad 4 435 a5 Nabis pseudoferus Remane, 1949 Jolis 4555 g0 ol .ol 48,5 |18 b5l 0,90 2iole;l baylyi
Hld, as cnl ools lis asdllas () guls .l jls> 5> aen Nesidiocoris tenuis Reuter, 1895 aisS ¢ 054y jlssuiisS
N. o8, cpl ojan oS Jb o wog mls o) ol e den j0 g asllas 0,95 Jobo jo N. pseudoferus ;o s,ls>gsien
09° )55 5 S)lo>ggien (bt alal) s 095 0 Sgazme (5 b ol al> pe s 4y oses jokar 5 00l canline denuis

.(Fernandez et al., 2020) <ol oot sanlive sl 4y gz £gian o3Il Cllizes slacns b (slaisS
@18 0o Sl 75U loSgien slag )V g JelS Slpde (6 )loSpgien D508 g GBI LS, o) aslllae (pl 5l Sua
2 SlsFEsen Ol 2 osee 3l Camgyme 5 (NS slooyg0 ploj (Rl U eiares 5 S )lsFEsien Sy93 oyl

| oj 3,5 Swgus

59, g ol
pole 0aSiisls cwlidcun 09,5 (5590551 oliule;l ;o ool edls yoygyp Ol sl adllas opl (5 Lol dxel>
Sl 12) slal 4 Sl dax s .o plaul 120 Cogb, g YACC sles o Lo yiolesl .ol pl 3 (55l olStils
0l CutS Lma olsie & 3355 5 5 sy b oS sl g 5| sl (55l S0 45 (Jsbo a5 VIO 5 £l
ouds oalil o 05,5 )0 Cusby 5 ol e Glgie 4 mgn 5l wio S (b ol jo 1093 (1 SK0) (S a5z i 5 0l

(K5 0599) o920 y9a> pic 5 (S 0)99) B 0500 y38> )3 1) Sl 09,5 L35 Sjg0 JISEV 09,5 12 6l g



$O T VFY sl VB oLy Y o)lad FF 0,95 (505 swliiican ) cole aslilad

B Y g2 ugew o5 Voo 4 paiS (gus 5 Vo ) AT (il g )5 Fr o )W all =) 228,518 (o) 0 090
P Y )D -0 (9956 ogea )5 Ve v 4 ol g 25 Vo 0) € —F gz gaw 05 V00 + paiS (g p S V2 0)
oz 5 Vo) F Y &3 g 0,5 Voe + puiS ugens 0,5 Ve ) B F 0950 (g 0,5 V00 + oS ogens
(Ohls3gsre0) plz )5 (39,55 i1 10 00 )1y sl ol 457 (g l55 g5ian BT onmlin b gz ogems 0,5V o+ + poiS
Casl JolS” 0 03,55 5 (e 5 gl plail @ o] Jolds (6)ls5 gyian dalllas cnl ;0 .0 ools (asel (5,15 gsien
28,5 B s n S50 ) e 4 &S
95¥ 9 JolS Scwguw bawgi 0 pdds 9 o5 (5,95 € oo

Sl gl was Sbeil W-A-B-C-D-E-F) cuiS slalaso 51 Bolai johay lag ¥ 5 JolS glacSiw g ol
(ogae 8l )0 pac) (Kiw )T 0,90 codd el YT o a4y g ol oolatal asssls 1,8 SLL s jo a5 olag )Y 5l dag Y
0l 03,55 JolS Shvgus 5 0,50 9 JolS Svgas Lawgs 00 03,55 0 i 5 (055 (e (2551 18, s i3S 13
Sl JolS Svgas Lansgh 00l 03,55 0 2hlh § 055 Comd Oline (2SN JLE, gy 2 50 28,5 B () 2 9550 5,Y angs
et 9 s 0010 418 tolosT g k5 S5l 50 (i o 3l aiged mty) JolS Shogun diged Vo 1S5 10 505 LS5 Y 05,5 10
ol 03,95 0 il g Swgar S (e (2N LS, sy p 50 uizmen ad 23y ST 40 (055 YO g 0 il VO
20,5 20565 Ll o 50 Sogas Vo g0, VO anlsl jo 5 aiad ools J1E iolesT Bg ks 3o 10 9, sae Ye ()Y Lags
S ()l g5en) alo> T e r S el Ghhled oy o] GBS g § 0t (35 Slows el w3l o
0,8 o e ool g o oolawl e g o il
0 by & Conmnds 9)¥ 9 Scwgaw (55195 € gnod (5] o dms Lo

g Sewg Voo (Bolai jhay 09,5 1 jlu0,ndd 5l 9,V 5 g (2 S)lsPEgren Glims duslie (o) jolate @
03,5 2 Sl g o 0l 18 badigas (0,5 Glaky glp ogems el jliie 4 GalesT By b IS jo 5wl Dbl oY
S e Gl alol jo 0w )8 )18 (ogae il o pae) (Kiw,S 0,90 Cod Sl VY St ) s 00 o] ,8 ST Y
Al oals o3l jle> gaian lag,Y 9 S 4 (IChikawa & Kurauchi, 2009) caelu duw o 4y g el 29395 0 02 1O
A ket 08 ] (gl il Sland s 0S4 da5 0 i I G
cetlos PA-YEYFNY iloj 03L F 30 o pmidd 31 JolS Suwgms (6,195& g0 3l 30

FANFITNY Sy sl ) (Kow,S 0,90 F Job ;0 0pmals 5l JolS Sgus (5l 5000 (lime auslin gl p
ok Sgaw sae Yo wio S o, alBiole;l bl s j0 a5 sl Swgw j ciros o 5l b b ciolesl (el

LSt g 5 ploil LS5 ¥ 3 05,5 50 (sl talogT ol zily Uil alel G s ol ay g o ol dolas



2islesl Lul,s o (Tenebrio molitor Linnaeus, 1758) s )1s 5 Swgus (5,5 goiod 8, /57

VO B,k 5o 50 (Kaw S 0lied b 5l 08,5 18 ogee 5l Sy e 9 (Ko S sloo 90 o (398 Sloj slaosl o
3o S (6 )lsEgren ol 0old ojlal lecwgw 4 (5 lsEgi0 0,90 Jobo) celus aw Soo 4y g ol ools JI 80,00
A oy sl FA G Y2 YE OY Sloj o3b T 0 o0ud ol (sloe by s o iolos T almil o 0,90 oLk
okl Jukxs

o3lail 7,k 5l aimed g (Se5 g5l cmil,lg BT 0 SILTSPSS V. 26 1331 6 5 b wlisles! 5l Jol> slasasls
59 00 03,95 0,uhh A Swgus o § ,leFEgiad GBS wgw ;0 0l 03,55 0,whd A 038 S LT 5l (6,1,SS

Al oolaiwl lg>gaian slag,Y

Larva

Egg > 4 Pupa

3,105 Soger (S as > =Y S

Figure 1. Life cycle of yellow mealworm beetle.
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Table 1- Mean and standard error (SE) of the number of pupae and eggs eaten by the beetle in the presence and
absence of fruit in different food groups

Egg Pupa
Group Fruit as feed Mean SE p-value Mean SE p-value
absent 17.67  0.47 9.43 0.34
W 0.001 <0.0001
present 1.93 0.23 0.07 0.05
absent 18.17  0.29 9.20 0.31
A 0.456 <0.0001
present 2.00 0.25 0.10 0.06
absent 16.97 0.38 9.17 0.27
B 0.0007 0.0008
present 1.63 0.18 0.03 0.03
absent 16.37  0.27 7.53 0.27
C 0.03 <0.0001
present 1.57 0.19 0.07 0.46
absent 1843 0.16 8.37 0.25
D 0.0005 <0.0001
present 1.83 0.16 0.03 0.03
absent 1750 0.29 7.90 0.27
E 0.01 <0.0001
present 1.57 0.18 0.10 0.06
absent 18.17  0.39 8.53 0.26
F 0.21 <0.0001

present 1.57 0.18 0.00 0.00
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Figure 2. Selective cannibalistic behavior of eggs and pupae by beetle. 100% Wheat bran (W), 50%

Wheat bran + 50% barley bran (A), 75% Wheat bran + 25% Barley bran (B), 50% Pea bran + 50%

Wheat bran (C), 25% Pea bran + 75% Wheat bran (D), 50% Corn bran + 50% Wheat bran (E), and

25% Corn Bran + 75% Wheat Bran (F).
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Table 2- Mean and standard error (SE) of the number of pupa and beetle eaten by larvae in the presence and
absence of fruit in different food groups.

Group  Fruit Pupa Beetle

2 feed ‘Mean  SE p-value Mean  SE p-value

W absent 843 0.25 1.93 023 <0.0001

<0.0001

present  0.03 0.03 0.00 0.00

A absent 857 0.24 <0.0001 200 025 <0.0001
present  0.07 0.05 0.00 0.00

B absent 827 027 <00001 163 018 <0.0001
present  0.03 0.03 0.00 0.00

C absent 7.7 026 <00001 157 019 <0.0001
present  0.03 0.03 0.00 0.00

D absent 7.50 030 <0.0001 183 (.16 <0.0001
present  0.00 0.00 0.00 0.00

E absent 7.67 025 <00001 157 @18 <0.0001
present  0.03 0.03 0.00 0.00

F absent 8.03 0.7 <00001 157 @18 <0.0001
present  0.00 0.00 0.00 0.00
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Figure 3. Selective cannibalistic behavior of beetles and pupae by larvae. 100% Wheat bran
(W), 50% Wheat bran + 50% Barley bran (A), 75% Wheat bran + 25% Barley bran (B), 50%
Pea bran + 50% Wheat bran (C), 25% Pea bran + 75% Wheat bran (D), 50% Corn bran + 50%
Wheat bran (E), and 25% Corn bran + 75% Wheat bran (F).

(C) JulS 0, 4 (B) 0wt (A 055 13,1 8,5 Svges ;0 (6 logoi0n —F S

Figure 4. Cannibalism in the yellow mealworm. A: egg, B: pupa, C: beetle
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Table 3- Mean and standard error (SE) of the cannibalism rate of T. molitor beetle and larva from the pupa.

Group Cannibals Mean SE p-value
W larva 6.63 0.21
beetle 5.70 0.28 0.33
A larva 6.87 0.26
beetle 6.30 0.20 0.16
B larva 7.03 0.31
beetle 6.23 0.32 0.70
C larva 6.00 0.25
beetle 5.07 0.17 0.20
D larva 6.53 0.21
beetle 6.53 0.26 0.53
E larva 6.20 0.28
beetle 6.30 0.22 0.13
F larva 7.20 0.28
beetle 6.37 0.23 0.15
Total I .
ota arva 6.64 0.10 0.02
beetle 6.07 0.10
2.00 I Larva
B Beetle
600
[
)
[
A
¢
E 4.00
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Figure 5. Comparing the cannibalism power of beetle and larva from pupae.
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Table 4- Mean and standard error (SE) of the rate of cannibalism of pupa by beetle during starvation periods
(12-24-36-48 hours).

Group Starvation Mean SE p-value
periods

w 12H 5.70 0.28
24H 9.33 0.25

36H 9.70 0.31 <0.0001
48H 13.87 0.18
A 12H 6.30 0.20
24H 9.00 0.18

36H 9.47 0.33 <0.0001
48H 13.67 0.22
B 12H 6.23 0.32
24H 9.00 0.21

36H 1017 0.28 <0.0001
48H 13.60 0.18
C 12H 5.07 0.17
24H 8.90 0.13

36H 9.80 0.32 <0.0001
48H 13.43 0.18
D 12H 6.53 0.26
24H 8.90 0.18

36H 10.03 0.28 <0.0001
48H 13.57 0.18
E 12H 6.30 0.22
24H 9.17 0.17

36H 10.13 0.27 <0.0001
48H 13.93 0.17
F 12H 6.37 0.23
24H 8.90 0.16

36H 9.37 0.22 <0.0001
48H 13.70 0.16
Total 12H 6.07 0.10
24H 9.03 0.07

36H 9.81 0.11 <0.0001

48H 13.68 0.07
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Figure 6. The rate of cannibalism of the pupae by the beetle in the periods of starvation (12-24-36-48 h).
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Abstract

Introduction: In many insect species, cannibalism has been reported as a natural behavior, and in this
behavior, complete insects and larvae feed on eggs and pupae in the absence of food. Materials and
methods: In the present study, seven diet groups, each of which contains a mixture of wheat bran with
barley, corn, and chickpea, were provided as beetle breeding environments. The effect of the above
diets groups in the presence of carrot (saturation period) and the absence of fruit (hunger period) on the
selective cannibalism behavior of whole insects and larvae was investigated. Results and discussion:
The results of the selective behavior analysis of beetle showed that they prefer eggs first and then pupae,
which is probably due to their searching behavior in the bed of the breeding environment containing
eggs, as well as the eggs' inability to avoid hunting. In the selective behavior of the larvae, it was
observed that they attack the pupae first rather than the complete insects, which is probably due to the
inability of the pupae to avoid prey and also having a soft and moist body. Also, the results of this
research showed that the nutrition factor and diet quality have a significant effect on cannibalism. In
the study of the effect of periods of starvation (12, 24, 36, 48) on the rate of cannibalism of the whole
insect, it was observed that insects with more than 12 hours of starvation show the highest rate of
cannibalism.
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