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Dispersal Polymorphisms in Insects-its Diversity and Ecological Significance

Hyun Jai Sun

Entomology division, Department of Crop Protection, National Institute of Agricultural Science and Technology,
DA, Suwon, 441-707, Republic of Korea

ABSTRACT : Dispersal polymorphism in insects is a kind of adaptive strategy of the life history
together with the diapause, consisting of the “long-winged or alate forms” of migratory phase and the
“short-winged or apterous forms” of stationary phase.

Dispersal polymorphism is a polymorphism related with the flight capability, and has three categories;
the wing polymorphisms, flight muscle polymorphisms, and flight behavior variations. Phase variation
is another type of dispersal polymorphism varying in morphology, physiology and wing forms in
response to the density of the population.

The dispersal migration is a very adaptive trait that enables a species to keep pace with the changing
mosaic of its habitat, but requires some costs. In general, wing reduction has a positive effect on the
reproductive potential such as earlier reproduction and larger fecundity.

The dispersal polymorphism is a kind of optimization in the evolutionary strategies of the life history
in insects; a trade-off between the advantages and disadvantages of migration.

Wing polymorphism is a phenotypically plastic trait. Wing form changes with the environmental
conditions even though the species is the same. Various environmental factors have an effect on the
dispersal polymorphisms. Density dependent dispersal polymorphism plays an important role in popu-
lation dynamics, but it is not a simple function of the density; the individuals of a population may be
different in response to the density resulting different outcomes in the population biology, and the
detailed information on the genotypic variation of the individuals in the population is the fundamental
importance in the prediction of the population performances in a given environment.

In conclusion, the studies on the dispersal polymorphisms are a complicated field in relation with both
physiology and ecology, and studies on the ecological and guantitative genetics have indeed contributed
to understanding of its important nature. But the final factors of evolution; the mechanisms of natural
selections, might be revealed through the studies on the population biology.

KEY WORDS : Dispersal polymorphism, Wing polymorphism, Flight muscle polymorphism, Flight
behavior variations, Phase variation
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Z MAZe 2R AQAA K], 27 As2e )
AL A2 FAEEl(Gene flow) 18] 18] A

flight) =} °I-QP— HEe AP & API(EE A A A S 1AT AV slel, 29 £AF 7]

of AAAE &717] A7 ¥ F °l%‘ﬂ]’§}(Mlgratlon 2t Az AR Aol #& w2 77t olHA

flighyye] sled F2k= AHstqe=s Fad 9o Qo

SIS 53] 2FFE v2d 2 7k Fe HFEs ¢t
olEuldE Fe] EE:Y el ojeiAE TF Aol I wehx Ak st #E eclEe] #

AZAL Foll A Felzl HEHasoz, FHg vl A7 AEIH SHA Bt ohz AF B
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ok 53] AT wAsd AN Assh: A

et A FHe AL A el wet AR R E At
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% Fo| i=lel AUk 1Y BAY wPsEE 4
Qs B ASALAN Zhe] ARSIl A
2ol wet o A 4R F o WAAAE 2 Welsh
A G mep) FARRYAE A A (Wing
polymorphism), B]AF2 =13 A (Flight muscle polymor-
phism) Z12] 17 v]A4}+ 3§% 1 o] Al(Flight behavior varia-
tion) 5 A 7FAIe} o]F WHIFel= o2 BAMGSA
= A} ¥ o] Al(Phase variation)©] v}

1. A| o}&M(Wing polymorphism)

A Relo] el Ak e A4E B
SERIAE FAIRT BAFo] Yor] BTl
AT BAGe) Uk o5 A9 UYL 4

el mgolct 1eht WAL Leolsk 42 7 A
2oz ¥ Zzw QJuNd|, Agonum retractum, Carter,
1976; Javesella pollucida, Mochida, 1973; Cavelerius
saccharivorus, Fujisaki, 1989).

DA I gl x| £ Hy
Sl ol & W) w4 Qofrie Ash
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27|15 2Hg ¥ Al Abely AR AAEY IAE
3 A7 g Ale] BBl

o]g} ko] At Aell= A|Fe] HH3] B
A MEE 4 d455e A7 ohekat o)y
o} oRe/NA Y] A HES B F7b) 2 AL
& BE FHeAME oz} Aoz
7z met A7) slem el mEtM = w=
=}. Kishimoto (1996)% d&elA oF 50%2] E-73
+59 AAZE zASe] DAL Chloriona
rateyamanaoj A= 27 0] oF 0.5 AAE Sl Sac-
charosydne procerusoll A= 1 v]g-o] =9kor} gt &
HellA 7082 glsdatx skl vhelzt HA 2 S
FAIE ] vlge AA o WE-z7o] mel 27} 9l
¥ ohe}t et = A7) ek Bk, AlvhE 9
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Table 1. Types of wing-morph in Delphacidae based on the rates
of brachypter (Adapted from Kishimoto, 1996)

Types Female Male Examples
Tropidocephalinae
MM M M Saccahrosydninae
Stirominae
Sogatella furcifera
BM M, B M, B* S. longifurcifera
S. panicicola
BB M, B M, B
. . . Nilaparvata muri
High brachypter in spring .
N. bakeri
B Ba and fall, . .
. . Harmalia sameshimai
Medium in summer
Others
Toya propingua

Brachypterous rates change, Laodelphax striatella
usually high in female Dicranotrops tikuzenensis
Unkanodes sapporonus

B Bb

Zuleika nipponica
Hirozunka japonica
Mullerianella extrusa
Delphacodes nigerrinea

Not found

B Bc M,B* B

MB M B

M: Macropter, B: Brachypter, % : Very rare.

SAHANA Hd3] B3 JERE g A A
Yol = AAr 1 Eo] 20-50%7F = o] FwiAite] BM3
= Z7E slel BBb I o] ofFcH(Kishimoto,
1996).

AT A Al wet AFgol WAE £
gl & LAY G-49) GAANME FAFH EO] A
33 wsdte] BBag o} AFAY(S-6Y)el=
BMg o2 mo] Il M dAF o] A2 HYEhtA]
dom FEAT(10-11D)ellM e dabo] Frolx|mH A
Fool FHel Eolrlrl Hellx oA ©A|FH o
£33l BBb3o| St

W7o 7 ddfjabell = YRAbe] H]3le] A
o] 33 ¥ A% SA7F 2wt sleiiwanaga
et al., 1987; Kishimoto, 1989). 781 dE2AlAM = ot
AEEe] ¥ AlEe] ALE e} Kishimoto (1989)%
ofMle} o7} A HAF HEFE 25°C, 16 hr 23}l A
WEE 1,510,202 3t AR§3le] AR ES A}
AAE 2ARIE W A S FUEETL
7 2 ol AelME Fhadte] £3 ©AE
Z28oll = H™H=rL 243} 1§ Ao e}
A7} ook kA

Kishimoto (1996)= Zwjju]Al3}(Fulgoroidea)e]
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& TEe ohdAe) BR-2PE 32 3 AN = Aoz Az Ay F27 AvlE 23 9+
& = a3 Qv 97 £5FE ¥ 2HGrami-

neae)-AbxFHCyperaceae)®] thdAzEE F2 S5
2 awA 29 gofElE =& o vwd 450
A $AZE 52 3]s AN AAEAE
232 Bl MAAE defisla v sE Y
@2 A AFE FEe 3 FIA] A E -
o] AAAA weFst AletE & JHAA | Aow F
shoict.

229 ARHAe FA1FIE F A} 5
(Roff, 1986). 71 3hte 1 542K 2 ddd-f32ke] Al
e e ZAeE ow wlEl §A1E gv oA 4
22X u}7u|F(Jackson, 1928)¢} =) 2| F-(Aukema
1990)5-2] #EFr A=A glem dfe] As =
A7} $Aeloth 2t dubAQl A2 Polygenedl] <]
3 AFAA o= o)A DA 7|de] AR
Edue)e 938 AdAelx 2 Fo zgiditel
Polygene X|lloll f-2]3lA 24319985 AlAkstaL Sl
th(Roff, 1986). Polygene 7| 7= w+Y-5-A=}=7]7-¢l|
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2. H|AH2 Ot M (Flight muscle polymorphism)

d
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A1 Zodle 2lE 23 glovt 2 o Al
AL Ze Fo] Ydud AL IH 2FAo]F{(An-
dersen, 1973} E8# F(Scudder, 1971), Bv}7n]F
(Jackson, 1933) ollA{ g} zhe] w]AFo] ASHE g
32 o= A7t slerl Fd dde v 715l
Ao} o] FF nlAlZo| &8ll(Histolysis) 31317] =
4 = ok

x}2] |5l A F] o] (Heptophylla picea)=

ox g

=
Zo] 9 A e Aol Ut 1Y £AL =F
7} ¥|A2E zt 3 glvK(Tada et al., 1991). 29 v]A}t
& 73 A g4 GHRES F AAZL 7}
24 e o9l 3ol vlEe] dHEAS] e

3 of9] AAE F uAEE ZA Y N
o) A4t i} B Aew Mol WAT 1

A wAgE Al AR AAE dal
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Huge) AT e Adel g2t 2 A7} e
w(Fujisaki, 1994), o]} 22 v|Ado|d 2 AAEF
ol o)(Anomala schonfeldti)| M= Gl #| 2 )oK Tada
etal., 1993).
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3. H|MH E B0|M(Flight behavior variation)

2E NAZE vAdsE e 2 deAlEE AW
o ARER 9P AT A G S ek
v AR A AE oRLIA Al el A A7) o FIA]
"o A o). BH[AL Oncopelius fasciatus 7) = 2|
t 98 A7 ol FF ol Dingle (1966)2 A
WA Oncopeltus & 1 =B FE TZo| o} vf
¥ APAAIZEe] 30 o]l A ESY HEE =4}
shed 270l o web BB % ohiE FUAE
HAIZE 27E A& B skedeh

Oncopeltus fasciatus 7) 3] En|B-Ro| A RE]
e Rafl o] ddl=AztA] de] FEshed 35 Al
o= vy o 2 uiASE & 413} lowal}t Michigan
o] BrRxjv} Exae] v|ArEe] 7Bk 7kEkE o]
B2 i 2 Fel HFlA HFoz olFs2 A
Az FAAH e '-’i“l“’ﬂ"']“i‘ 45 & 5 dlem=
bl Hw wEmez ool ok B Puerto

=
|

Rico #uke] A=A AA LS vdsY
oFslA =, ol A Akl %Eﬁ}ﬂ ] 7ol 2]
27} A ale] o529 ool A2 Hell tfat A
3 A" =AM o)7] wjiel e ]%%"'—1*% k4
MA S0} olZsl) MHR7) oz A4 4 A
Rose (1972)% wiu|Z3e] o8 & dite=m 1
Eo| vl S AN v|e|AET v el
Foz EHIH Il = vkl FellA ®o
7} AYlE-F(Shaw, 1970), Fu}7u]F(Caswell, 1960),
B F(Dingle and Arora, 1973)%¢|A] B %l v}
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0. fasciarus®] 7<% 1543 AwsHLAL A
e Aol RF ASPEZE Aeske 2
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(=]
Johnson (1969)2] ‘4—‘63/‘ -8 AF&E(Oogenesis-flight
syndrome) EA)a}A] ok Aoz Molel FAH.
Rankin and Burchsted (1992)%= 2u]Al oj&=7]9] A=
Melanoplus sanguinipes| A 273 A=z 8v|AHAIgH
WAL BIAAITIA] ASIAE 1A17E B AdAIRE 7o) H)
sled AR AIZLE §-o)5HA mske B oohEl Alkg
= Zrhldaa s oA dRE-e] EFelA
218 Ao Al AQdE o] FAIYP R koA
YAFIe AR Ade A AbEE 7o
ok o] 52 A% H]"“’] AFE o] A Tk et
ofetelA| o] Aol Fash A7 egle] iy s
7] ez A74% ‘:} o] Z2] I olF Fel
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SRBRERARIEN T
5w e s el Asow 4700
(Rankin and Burchsted, 1992).
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4. 4 0| Md(Phase variation)

T BAEA = o]Ake] WHFee FoE A
o= A WolAlo] glt}. o] AL Uvarov (1928)7}
F71elA AlZ]g dakdd FdF HAES] He,
AR, A, 5 5 o8 7x] AT FAol A
72 Yo wel W3lele dA4e Wi o3 A
w7 Feel Whpil el = A A
W=7} 2w 754K (Solitary phase), 321U T Aol =
+*%H(Gregarious phase)o] 7™ 7t d= duj=
o} 88 AK(Transitory phase)o] 2§71}

E2A] Locusta migratoriav} Schistocerca gregaria
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e 7k Detslr) AT W] fAsHE
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F AT R Sleh 23BN mATe) g
At G BA7} olgol YA AUk
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Fig. 1. Frequency distribution of the proportion of the dry weight
made up of gonads for aptera (o) of 22 species and alate (m ) of
43 species of aphids (From Dixon et al., 1993).
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Fig. 2. Relationship between the proportion of the dry weight
made up of lipids and gonads for apterae (open symbols) and
alatae (closed symbols) (@ Drepanosiphidae; o m Aphidae; A
A Lachnidae). The difference in the intercepts of the two trade-
off curves in the x-axis indicates the cost in terms of gonad size of
developing a flight apparatus (From Dixon et al., 1993).
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e FFOIA YR ozt £l = AREA
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ool #3 AFE Fz zle] A A oA 7
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Zolgl o AA ZHRoff and Fairbairn, 1991). A}Al
Gryllus firmus 715=2p7)(Roff and Fairbairn, 1993) o)1}
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Ao AAY ¢AAE o 9\1"1 FA AL FAtel]
-85 FtHFujisaki, 1992). B 0] Z2 704 A
Hgo) ot WANM 2T oINS DA
9547 HellA FEslde A FAIEk v 4
TA Hoplothrips pediacularius S22 w4

3 AL A FFo vzl diE]e] YA e
7} 2 ddsted gl oA AFld 3 £AET
o] AAE FeskA sheK(Crespi, 1986). BFH Tri-

chogrammatoidea armigera 2712l A8 71L&
2AY 2 o ge e 24T U
(Manjunatha, 1972).
Roff9} Fairbairn (1993)7} A28 ZZ&BAQ] 47
o HAREE 2] AT A, Ayeel 23
ol A FAHFES Y 2
2 Ale] BEQlY W5VE ETZFFlAME A4
3 YA FFo| ohE Fo W)ste] Bolsh ket
(Table 2). Crnokrak 3} Roff (1995)= G. firmus |52}
vl A RAIY S AR St clling A%
o] A3 e #F7H —’FA% calling #-5-0|
A9 BT FAARIN F2U A7) AeE A
19 B2 A AL 20 3
AN E FAH o Fe Az 2y
aﬂﬁoﬂ—t— Trade-off THA|7} EAjabs] o] AL 27 e]

42(4), December 2003

Table 2. A summary of percentage of macroptery in the male
compared to the female sex of wing dimorphic insects (From Roff
and Fairbairn, 1993)

%Mac PMac § = P%Mac § <

Order %Macg $> %Macls-?— %Mac8 2
Orthoptera 1 i 12
Homoptera 19 21 0
Hemiptera 5 10 3
Coleaptera 1 41 2
Psocoptera 2 0 3
Hymenoptera 1 0 2
Thysanoptera 0 0 1

ASA $A 9 2& A7} Aee Eae By
279 AL A 404 4B ol
2 A AgmSe F A A oo 2w

slekz 37k

| ERAE | M8ty

2 Z7HA] REFo|Ale] ThAF ) e 2eA
= NP oz Aasige). 239 A g3 A
Mol g ztn Al oste) Azt sed
71l e 2AIENE FA8H AEIEH a]le] Exliste
oF & Ao}l R 27HA] o]Edt 22157 AEF 7o
2 AMAAe O A A LA (Persistancy), @ 3
A 2o 2=A(Patchness) @ A&7 A)7b2 27}
o] A A (Temporal and spatial hetergeniety) @ H]A}F
BAFE 7|4} 22 T8l G AR Gl
o] B8 To| sled ¢ FrA7F B a3t A
o2 AR et

101032

5L
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e gRg

Roff (1990)= &2 ZALEL] AL FHH
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), &k dtﬂEﬂ%— E-9] Bethylidae, Thiphiidae, Mutil-
lidae Z-2] 47l FA|gon $719 wu|7|e] Hof
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Table 3. Percentage of flightless (including dimorphic) species in
temperate regions, with a categorical assessment for the world
“auna (From Roff, 1990)

¢ % flightless or dimorphic

No. o
Order species

incinal
Temperate World* Principal Tsex

Group A. Hemimetabolous (gradual metamorphosis with a naiiad)

Ephemeroptera 2000 0 0
Odonata 4870 0 0
Plecoptera 1550 <10 R Male

Group B. Paurometabolous (gradual metamorphosis with a nymph)
Gryllobattodea 20 100 100
Orthoptera 12,500 30-60 C Both
Phasmatodea 2,000 90-100 v Female
Blattodea 4,000 50-60 \' Female
Mantodea 1,500 0 C Female
Isoptera 1,900 0 R R
Dermaptera 1,100 20-40 C Both
Embioptera 800 20-30 C Female (100%)
Zoraptera 24 100 \' Both
Psocoptera 2,500 10-20 C Female
Mallophaga 5,000 100 100
Anoplura 500 100 100 -
Hemiptera 50,000 20-30 C  Both, female?
Homoptera 32,000 >30 C Both
Thysanoptera 4,000 10-20 C Male

Group C. Holometabolous (complete metamorphosis)

Neuroptera 4,670 <1 R Female
Coleoptera 29,000 <10 U Both
Trichoptera 7,000 <1 R Both
Lepidoptera 112,000 <1 R Female
Mecoptera 480 20-30 8] Both
Hymenoptera 103,000 <10 R Female
Diptera 98,500 <1 R Female
Siphonoptera 2,259 100 100

%R (rare) <5%; 5% < U (uncommon)< 10%:; 10% < C (common) < 50%;
V (very common) > 50%.

tSex which is most frequently flightless.

* Insufficient data to differentiate.
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Fig. 3. Relationship between macropery (%) in the field and habi-
tat persistence (the maximum number of generations attainable)
for the females of 35 species (41 populations) of planthoppers.
Habitat persistence was estimated by multiplying habitat age (yrs)
by the number of generations attainable/habitat/yr for each species
(from Denno et al., 1991).
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Fig. 4. Frequency distribution of host plant height (m) for 52
macropterous (top) and 98 species of brachypterous Hawaiian
delphacids (bottom) (Adapted from Denno, 1994).
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Fig. 5. Wing-from responses (% macroptery) to rearing density (no. planthoppers/cage) of the males and females of Nilaparvata lugens
(A), Laodelphax striatellus (B), Sogatella furcifera (C), Muellerianella fairmairei (D), and Javesella pellucida (E). All species are migrato-
ry and occur in temporary habitats except M. fairmairei, which resides in more persistent grasslands. Data from A-C, D, and E were extract-
ed from Kisimoto (1956a), Drosopoulos (1977), and Mochidae (1973), respectively.
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