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Evolutionary mechanisms of periodical emergence insects
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Abstract: When an insect population has a long life cycle of k£ years (k>1), the adult emergence will show three forms
non-periodicity,, periodicity, proto-periodicity. The non-periodicity indicates that adults would emerge every year. The
periodicity indicates that adults only emerge once in every k years. The proto-periodicity is a necessary period during which
the non-periodical insects gradually evolve into periodical species, emergence broods of different years would show the
significant differences in abundance, producing minor cohorts and dominant cohorts. In nature, it is rare that insect species
display perfectly periodical emergence, whereas due to adult emergence synchronization with a relatively higher population
density, the periodical insects will be more prone to cause outbreaks than related non-periodical species. In order to analyze
the evolutionary process of periodic insects and provide theoretical guidance for forest pest control practice, we introduced

the types and life characteristics of periodical insects in this article. Initial development of proto-periodical condition could
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be facilitated through climate variability of different years, natural catastrophes, dispersal into an unoccupied region,
natural enemies, interspecific and intraspecific competitions. Possible mechanisms that allow periodicity evolution include
life cycle prolongation, host-natural enemy interaction, low temperature driving effects, natural enemy foolhardiness-
predator satiation effects, interspecific and intraspecific competitions. In forestry management practices, the tendency and
extent of insect pest emergence periodicity should be evaluated in advance. When adults exhibit perfectly periodical
emergence, the high efficient integrated control strategies should be adopted during the concentrated emergence year to
reduce the density of only one brood below the economic threshold. When adults exhibit proto-periodical emergence, the
control efforts on dominant cohorts should be strengthened, while the control frequency on small cohorts should be reduced.
Field release and conservation of natural enemies should be carried out to balance the impacts of natural enemies on different
developmental stages of target insect pests. As a result, the evolutionary process of periodicity through the natural enemy-
host interaction would be ceased or slowed. Meanwhile, the reversion of population emergence status from proto-periodicity
to non-periodicity could be gradually achieved. When adults exhibit non-periodical emergence, we should reduce the
frequency of field release of specialized natural enemy species and application of control measures on specific developmental
stages, and the priority should be given to select control measures that act on all developmental stages of insect pests and
show no obvious differences in mortality rates, in order to avoid periodicity evolution and further outbreaks that are induced

by artificial interference.

Key Words: periodical insects; evolutionary hypotheses; proto-periodicity ; outbreak ; forest management
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(] /)N ) A B T A T AR BR T S — O 33 [ R 30, DT A B RO R ) TR B M o DA 2 4R
A A B RS 2 FRTRF ST 2 1 R M Bt B v E B U ( Xestia spp ) Wi 5 05 ( Korscheltellus
gracilis) | R ¥E it % (Aradus cinnamomeus ) F13t 35 Ji 0] P wf (17 4F J8 W Pk 0 Magicicada septendecim . M.
septendecula M. cassini VA 13 4E SIS M. tredecim M. tredecula M. tredecassini M. neotredecim)'' ',

AR SO JRT AR B M A IR RN AR 3 >0 P | B R M P R SOE Al S i AT ,wngfﬁﬁﬁﬂﬁi
ARG AL R AR AR ML A B R I B 5 [R) AR SR I AR A LU, T A I R 2 R R
XA A A5 R G 2 1 U™ B A SRR G . P, 46 B R U P AL BLR AT sOBILAR] , T DL ik
— P ERGTH HSUK A A T R AR A S R G R - R Z MR MR A e H IR GRS
Bl 507 G S (L BB AR A B

1 FftERMKEGEH

KA A I B HGE A FE B AR R /b RV U5 R 70 S (b I AR R b, B8 AN R PR £ 1 (A
AL B TR s 2 Er TR AN S R RE R TRES ) | ST BE s A A A R I AE R KA FR B2 30
M o 7 AR AR S, T2 B SR A R TR Rt 5 4 T 7 e 26 PR JEHBIX (22 1), Saulich ™ 45 % i
FL KA A 3 FIJELDR (1) A BBRBE A0 F 4 K R 3 08 i U 4 B AE K (2) A3 e SEmi o
U R A AIER ; (3) B IR IRI A K R 7 W B 7 I (4l o iR AL R k)

http ; //www.ecologica.cn



4480 GO O 44 %
*x1 BAHERHR
Table 1 Periodical insects

BN At fEll/a A EMEY s 275 Sk
Species Life cycle Host plants Distribution ranges References
248 H Hemiptera
P @ % Aradus cinnamomeus 2,3 BRI FRHS Pinus sylvestris QN [9]
AL E M Magicicada spp. 13, 17 A de [5]
LW Chremistica ribhoi 4 AH E[ B AR L [10—11]
TR Raiateana knowlesi 8 A S 20 [12]
@3 H Lepidoptera
LIRS /NG K Retinia resinella 2,3 FRYN AR P. sylvestris QN [13]
REEF WK Coleotechnites milleri 2 A Pinus contora BALIX PE R X [14]
ELARYE Oeneis Jutta 2 [EESEXEa] Eriophorum vaginatum AL X [15]
TR O. nevadensis 2 I Jb3 [16]
TR 0. macounii 2 A B[S [16]
RLLIRIE Erebia embla 2 BEE WAL X AbER [15]
WHLTIRIE E. ligea 2 RAR} kX [15]
MRAG 1% Lasiocampa quercus 2 T Calluna vulgaris b X PG ERHb X [1]
MK Xestia rhaetica 2 AR PEAAF S B b [17]
BRI X. okakensis 2 A EoaAre [18]
LI Xestia sp. 2 AN (iR (RN eI ARS [19]
BRI X. speciosa 2 f e ¥ N 24X [18]
B X. sincera 2 W 242 Picea abies Wb X [18]
LI X. brunneopicta 2 AH VAR B bR [17,20]
‘iR X, gelida 2 R AT Vaccinium myrtillus PEAFTA) A B L 58 [19]
BIIK X. borealis 2 AT V. myrtillus PEAA A BRI L [17,19]
Rk X. distensa 2 KA VAR S B A b5 [17]
LRk X. laetabilis 2 SR TLEAT V. myrtillus PUAFTR I BRI AL 6 [18]
LRI X. albuncula 2 KA PRI, Jb 35 [17,20]
B X. imperita 2 ARA b [19]
BRI X. alpicola 2 2R, T AR W [18]
BRIk X, lorezi 2 AH Eoulqrs [21]
gk X. tecta 2 VBH#E Betula nana 24X [17]
ERIK X, quieta 2 AR 2JbX [17]
BRI X. kolymae 2 KA PYELAE , db 3% [21]
BRI X. ursae 2 AH PEEANE, J6 3 [19]
Rk X, atrata 2 RHn PEAFIE, db 35 [19]

HHE B. nana,
LTk Hyphoraia lapponica 2 P4 B F Rubus chamaemorus , 2JbX [19]

PRELEAE V. myrtillus
YT W% Orodemnias quenseli 2 HFHE)R, AT 2JbX [21]
KB, Polia lamuta 2 SROLHAE V. myriillus PEAF A S B LS [21]
SERAZ MK Sympistis heliophila 2 A 2% Empetrum nigrum 2JbX [21]
Ak S. funebris 2 BH#E B. nana 2JbIX [21]
B Anartomima secedens 2 FTLEAT V. myrtillus 2JbX [18,21]
WU Hada skraelingia 2 HHN LA X [18,21]
i€ R Colostygia turbata 2 WAHERIPLEE Galium palustre Eoulqrs [21]
ALK Glacies coracina 2 TAHE B. nana kX [17]
TR ALK Sterrhopteryx hirsutella 2 EAcyis AL [21]
Ui 5K Korscheltellus gracilis 2 %QEE‘{/?\*Z Abies balsamea, % E RIS [22]

2L =K Picea rubens
#5 H Coleoptera

TR e

/lj;elolontha hippocastani 36 i M A (1]
RN B84 8, M. melolontha 3,4 TE AR Vel [1]
BE 1L KA Massicus raddei 3 HE R R o E AR b X [23—24]
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hm? , T HA Y 12 57 16 45 AT AU LS AR A7 TR EAE 7 R0 oA 3 AT (43501
A Decim ,Cassini Decula) , B:ANF A 605 1 Fh 17 45 BP0 1 5% 2 F 13 AF SRR R 17 AR
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AL 3 AR 13 4EE0 17 4EREIPEMANZE (R 2) , RINZ R0 TARCEAR (AR LRI SE R 9748 7 Bk
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Table 2 Taxonomy, life cycle, spatial and temporal distributions of eastern United States of periodical cicadas

F st i) 125 7] 43 A 1)
FhiA Fh2k Phenotype Spatial and temporal distributions
Species groups Species' ™ 7 R L EAIRI 7 B
Life cycle length Distributions in eastern US ~ Brood
Fh2H Decim JAIWR M. septendecim 17 4 B4 I—X, XII—XIV
JEVIE M. neotredecim 13 4F Hpg R XIX, XXIII
JHIAWE M. iredecim 13 4F R XIX, XXII—XXIII
e Cassini JHIAWE M. cassini 17 4 de&8 I—V, VII—X, XII—XIV
JEHRE M. tredecassini 13 4 [Ea XIX, XXH—XXIII
4l Decula JEIIIWA M. septendecula 17 4 Je#8 I—VI, VIII—X, XIIT—XIV
JAWIWE M. tredecula 13 4 RS XIX, XXIT—XXIII

PRAEIY 15 A J] B 1 i ) A AU HE 12 A 17 4F JE R ( 1—X XTI XIV) D% 3 A 13 4F JE B M i ( XIX XX XXII) o A4 [ A B i 1 39
ACAEDY : R AERE 1,2012 45 [A) AR B 11,2013 4F; [Al AR 101, 2014 48 [RIA=3F 1V, 2015 48 [RIA= 8 V, 2016 48 [RI A= 3 VI,2017 45 [R) 4= 8 VII, 2018 4%
[R) A= 3 VIIT, 2019 4F ; [R)A:= E X, 2020 4F ; [RlA4= 4F X, 2021 4F ; [) £ #F XTIT, 2024 4F ; [A) £ XTIV, 2025 4F ; [A) 22 XIX, 2011 4F ; [A) 25 XXIT,2014
AF; [Al A BE XXIIT,2015 4F
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b2 G X EL AP I 4 A i JAL A TR B4R Hh T AR 2 TR I R AL AR T X T R A
WRTECAEPAC B, RGN (P 2 RIEE R B — =2 A gl e T AR KR Y 12 4R 8 16
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PEBRAS A 3k LB e e BLAE AR P AR P R« B DA T8 R 2 R R T /K S — 2 AR GOME IR B A
P AR AT A i A S 56 2 3 TS0 M 1)y el i o 0 2 AL AR S T V74 = 0 R 8k 7
PP ] 0 8 T R U B SR PP 8 [R) A5 | {ELR R P s AL A 0 A 2 7 s SR LB ST 4
2.2 kR

PR Jid 156 J T i R, 8 T AR A | T2 AT AC IR, 7R A ML X, A= i A O 2 4F T 7E =
25 B3 X (BN S ORI AL ) |, A i Rk 3 AR R e R ) A T A S . A ORI
oA 350 58 4 B B W LB W W U A, TP IR i HURH LS g H st B AT RT A A B R P AR i 4%
BRI Z (R, B IR e R A B R VAR 3 D K S AR R 7 2 e o S T
) o A1 (0 A R A B WA K 1 7 B s A3 R SR B R E SR 22
AR X B E AR ESCAE P, TP PSR DX, B T2 AR P AN PR AT () A 3 22 ) 47 A Jek U DX 3, it
VE XI5 3 /N T 10k, PR AESBIRA A o FERGE X P, 25 (AP 003 P A ) A 70 LT ARUAH ) 25 B 2 A7
{F PR35 B2 B AR BT N A FE SRR S8 U o ZERI Ny 2 A1 A i Jo 0 Al X R e 300 kg ol 0 o W M 2., 7 A B
SRR R AR NI A B, AR BN 3 4R A 05 R A s X, HAUEE &, 3 A W) AR A7 %6 2 2 55
I, AN AE i R 22 57
2.3 JAMITEIRSE

TEME R R rh VF 2R BA 2 AR A R B B A P O S IR &2 s s i s R AR 73 A eI
R PYAA A L B At 56 45 b i JL R ARpk ey i s g 2 AR DA A e 2 B [R) A0 PE P 1 O, 7 18] B A ) AS Pk sl
FORE S B R R 2 AR 1K O BB R R LIAA S/ NS ( Retinia resinella) FEZF 44
I AR AR PR 7R 25 =2 B s A b B DX AR i Jol 40 2 4F , I3 3 HE A7 8 250 ) 19 g 8 2 P AL B
ST BT o0 5 B ol DX D0 B A 3 4R AR i R, B AR S RO Ak, B R AR L, AR T AT BR A ik
( Lasiocampa quercus ) TEY [E A7 AE P OB A 43 B MBI TB Y L. quercus quercus ALFBHY L. quercus callunae'"
P FRIE AR A A S 1 AR ML AR R B 2 4R B R PRI IR G 7 AL ST A AN Y B DR A
I, B H A A AT B R
2.4 JEIUIPESTE H R

TERH B b A G i 8 5t T ORIV P B R . e T SR 2% [ ) g v X, o
FEFhZERIYN 8 4 £, ( Melolontha melolontha) FI R LI 4 €6, ( M. hippocastani) =45 A 3 4, AEACEBA: A i 1)
TEACH 4 55 4F, FEPIEE WO i e e A TR Oy 4 4 OB 5 5 4R sE i — X 7ERIN 3 4E
JEVS 689 2315 DX, i 7 (8] o A5 3 4 T R 8 B2 [ 20 PR SR 1 Yk, T 7 1) ol 4 1] P A ol o ol 7 285 22
B

SRR (Massicus radden) 73 AYE AL, o EORHER M8 0y B S L HAS ARE Wi 4 X BORg 2947
GIAREET I AT T AR L T AR L 3 Ak JE Y R R B A P A M S Y
13T AR ( Quercus liaotungensis) F52 Bk ( Q. mongolica) >+~ e Hoft b X 0 1L Z AW &5 0] B P e | 22
BRA NE A, KA LR AR PRSI FELL 548 F08 ARAE 1 R A b X, SR A= DA 1992 4FFF 4 2%
KK B 3 AR P —1K, 1993 119961999 2002 ,2005 2008 ,2011 2014 ,2017 4F g it HPIL I £ AR A7, K
AR BN, BOA TSN S 0 P AL O (R TR AR 1 A T IS bR I T4 B LD PR
DCH A 31l /AR DX A7 2K AL S0 1 0 ) S S Sl ] A= 4, i e A v SR AR I ] 2 2006 45,2009 4, A1 FLALH [F)
AR S 1 AR
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PHEBLGE A i L AP RO | AR P EI FRAFE8] , T B0 7 32 alOBci b, K ROl e 6 T8 R [l
o AE R —AFE PURAE N, e (PR TICHE X o ) PR R IR 42 4 FHTREARG , - BOR R 28 B T s R ™, e
L AR A R B e DS R AR N B R B O MR FEARG, Hil B E D F BeA
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BRAEAE , ANFAE R RPN 2 2 B0k AN R T e o B R RS [l 7 94 VR TR AR A7 0, PR T R A ) 4 R ) A
PAEAEIM AR T2 TR SR B o S A B M8 BRI ol X 60 2 A A 3l A A 5 14 P
Jr T AR L 9 X AR bR A 3 R BT ™ T OGRS M a7 b R R bR B R R B L

3%4:[23724,60—61] .

3 ERPLEBRMER AR

BT RIS R A AL , AR A AR 0B A5 ik 6 J1 300 B R A i JT 00 A A AR 5 AP 3 0K 3l - i 2 A
THAABL | [F AT P BN AT - KB AR RUEAE IR BRAS T L U 5 R I B R D iR 2, I8
WrE AL TR R R (3R 3)

®3 ERPLEAHEHMBRIR

Table 3 The evolutionary hypotheses of emergence periodicity of insects

{15 Hypotheses 2 Species 7% 3CHk References
9 R LA AR Proto-periodicity hypothesis 13 1 17 A J] Sk i [6—7,26,33,69]
He 4 R FE K R UL Prolonged life cycle hypothesis 13 017 48 J 4 v i [4,7]
B R L Predator satiation hypothesis 13 A1 17 4F R0 v i [1,6,70—72]
KA AT AR UL Natural enemy foolhardiness hypothesis 13 1 17 45 JE 3 e [4—7]
IR BE 533 Low temperature driving hypothesis 13 F 17 4% JR 3 e [26, 67,73]

AR A AR (B
Adult maturation determinant factor shifting hypothesis
[i5] £ 7 7] 2 4B Intercohort competition hypothesis EE R % A. cinnamomeus [
LLRAS/INE K R. resinella [
i 4 ¥ M. melolontha ,M. hippocastani [
BEM IR L. quercus [
[
[
[

13 17 45 JR 300 [46, 67,74]

% FE-KEHE AR Host-natural enemy interaction hypothesis 13 B 17 4 J5 3 e i
BRI
HRAG K L. quercus

3.0 ik R AR A AR

AR UL 13 4R 17 A0S RIS SR 52 5], i1 b 5 F 0 1 e b it T RE M BAT I A
JEUSUIR A e P AL S 3t 2 ol 0 ) 0 B R O S A i ST Aok o AR JS IR Yo By 9 4R 2R i JA
SR I SR LG, Grant ) $i 176 Jo] 8 1A L0 £ J) P 02 RS oy 30 , EL 2 R ) 3 9 i JHCA e S 300 i
FAAEBTIRTE S, AN [FMART/ INL Se gy s AR AR U £ B TR A RE ) A7 A6 38 22 57, 3 AN [R) A BR [A) A=
PR o B 22 S B A4, xR SR I B R e b T DADR M A )y s 5 4 R b 04l 2 1 ) T g
T BRI P BEG RT B AELSG M AT LS o A &)yt B0 0B R 8 00 4 A K 3 5 17 A K A A A
1, RIS B RE R R AT LA A A B HR A 2l e S A RS 0 4 s S BRI AL
3.2 fRIEIRE:- WA T Fe B

T AABASER 20 2 DA 13 AR 17 A 8 S0 P A A B o o AR AL S MO8 A S8 ) e 3 T g
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T — 5 BTSN ( BT v8 A0 - SRR AN JE -4l A K S0 S A A0 AR g e i - il A [ 25 PP A - 2R B
RSB AE ) T AE B0 ) S P A B G R0 2 5 i R I e A g e . B B A A A B i, i T 3
FVE AL, 55— Ay 1 e AR PR DA B R AR 4 st TRl R A 28 — RIS PE IR AR B R R AT
9SS E JLER 7 A BT 8007 ( Allee effect ) ( RIAMAGE & B2 BE AR R 25 B2 SO/ NREARIMTFEARA L) o 5 = F il
il A [ R s, EA A A T B R (AN 12/14/16/18 4E55 ) B 45 AR IS | K A= B G b i) 5 4 | )
f ELA AN [5) A= i J 0 B4 AL S R e oK 23 a5 AP AT R ) R | e JCee A PT R AE 2P Ak A BR AT 50 A
RIS (] PRI, P i 5 TE 2 5 v R - 4R AN 21 T8 R T 0 s e R i K4, AR T 17 AFRN 13 4R AL
A A TR WA S /D I A B AL 2 N AT SERR A7 2220 IRl Ay A Uk B B e LA 1
TEAEZESR . (1) Cox Carlton' > TA Ky Az iy J) 303 41 4 S okt HR Ry 3B # 7E V8 B P B9 38 i AT A il Yoshimura' ™
T8 Hh &l A R B I SR R T ARV E A AN TE IS 5 (2) Cox T Carlton ™ JIEA A B HRATH HRE J1 44
55 SCTC 58 I F LS — L AR R A AR 25 5 A VS AEJEL L TMT Yoshimura '™ 4 Hy —SEAF £y [a] fr) Jig e AIRFH A
B S PR 4 R AR R R T A N i 4 B B AR T8 (3) Cox A1 Carlton ™ A SRy 7E ¥4 B A HOAS B 56 LS i 7
T 3 o S ] 2 R ) 4 20 T AR S o [ 25 1 SR A IR (A T B, 117 Y oshimura ™ 8 H B[R] 25 1 1k
— PR TS LRI A AR . Bernardo' ™ 41 H 75 R M Wi A iod 5 vy )R SAc o o et o 2 PR 1 o 9L B e Y
S [i0) PR R 2 46 T S BEL Lk A ) 0 G50 e (R v SRR o (U2 Cox 1 Carlton ™ IA R ASAETE L2 A AR
{5 (4) Cox FiI Carlton" > 4 Hi 785 1R A KR P4k HH ok (4 WA PR30 T LA i A2 S T AT , A2 DR R e 0 T K 46
117 Yoshimura' ™ DA A F2 FE B3 SR Ff AR 0400 120 28 0 J A0 s ) g P A A T B oy 36 s b O L 77 45 1 2K
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