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Variations in Leg Characters Among Three Biotypes of the Brown

Planthopper, Nilaparvata lugens (Stal), in Korea
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Morphometric investigations of the leg characters of both sexes of brachypterous Korean N.
lugens biotypes were made. Simple and multivariate statistical analyses revealed that the three
N. lugens biotypes differed from one another. The amount of variation and segregation be-
tween and among the three biotype populations were approximated by Lhe scatier plot dia-
grams based on the computed discriminant scores. The variables of leg characters provided the
most significant segregations of three biotype populations, thus, categorizing the three biotypes
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as distinct intraspecific populations of N. fugens
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The association of virulence in insect pests
with host plant resistance was reported by
Gallun{1972), " Everson and Gallun (1980},
Gallun and Khush (1980), Saxena and Barrion
(1985}, and several other workers. The occur-
rence of blotypes Is an evolutionary genstic phe-

nomenon {Saxena and Barrion 1986). Biolypes

represent an infraspecific category for variant
populations of simlar genotype for a given bio-
logical attribute, such as the ability to colonize
and thrive on erstwhile resistant cultivars. The
gene-for-gene relalionship exists between the
genotype of virulence in the pest species and

the genotype for resistance in the hosl plant.
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The phenotypic and genotypic asssessments
have revealed that hiotypes are transitory vari-
ants at the primordial stages of speciation. They
are undergoing either anagenetic {phyletic) or
partial to complete cladogenetic evolution. After
ample time of continuous exposure to appropri-
ate stabilized environmenis, each hiotype even-
tually may emerge as a sibling species (in
sympatric populations) or subspecies (in allo-
pairic populationsg}.

Thus the bioiype concept has evolved from
bread defimtion to a more specific categ-
crization based on the amount of biclogical in-
formation concerning the resistance of host
plants and the virulence of insect pest popula-
Lions.

The evolution of biotypes is an exceedingly
complex process which is governed by an inter-
action of the genetic and other biological char-
acteristics of pest populations and the extent of
cultivation of resistant plant {Barrion, 1985).
The mode of interaction between the pest and
host system is essentially genetic in nature. In
addition, the genetic factors may involve the
dominance and iitial frequency of genes that
confer the ability on the pest to thwart host

plant resistance.
MATERIALS AND METHODS

Through seedling bulk tests, three variant
populations specific to their varietal hosts were
isolated from field populations: Biotype 1(B1)
infested Chucheongbyeo (rice variety with no
gene for reststance), Biotype 2({B2) fed on
Cheongcheongbyeo {rice with Bph 1 resistance
gene), and Biotype 3(B3) survived on Milyang
63 (rice variety with bph 2 gene). Each of the
biotype populatiocn was maintained in well-ven-

tilated rearing cages made of acryl with the tap
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and both sides consisting of fine mesh screen.
The three biotypes were mass rearad in the De-
partment of Entomology at Agricultural Sciene-
es Institute, Suweon, From the caged popula-
tions of the three N. [ugens biotypes, brachypter-
ous males and females were randomly sampled
with an aspirator and transferraed directly into
70% ethy! alcohol for fixation.

Individuals of each of the biotype populations
were cleared and mounted based on the tech-
nique of Saxena and Rueda {1982}. About 51
morphological and merphometric attributes of
the legs were examined and measured in 20 in-
dividuzls each of male and femzle hrachypter-
ous M. lugens of each biotype (Table 1 and Fig.
1). Qualitative and quantitative assessments of
the body parts were made using 6.5X and 125X
objectives of the phase contrast microscope
equipped with a calibrated filar micrometer eve-
pieces. Camera lucida drawings of some se-
lected structures were also made at 6.5X and

12.5% magrnficatons.

STATISTICAL ANALYSES

Morphometriec data on the leg characters
were analyzed using the Stalistical Analysis
Svstem (SAS Institute, 1985): The specific
anzlyses made for various aspects were as fol-
laws: 1} The means and standard errors were
determined far each character of 20 male and
female hrachypterous individuals of each bio-
type. 2) Both sexes of the three biotypes were
differentiated based on the canonical discrumi-
nant analysis of the morphometrics of the legs.
3) The distance of one biotype from the other
biotypes m terms of the morphometrics of the
lags was computed using the Mahalanobis ex-

pression {or distance.
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Table 1. Morphometric characters of the
legs of adult N. fugens

Abbreviations Characters

DSIL Number of lst dorsocentral setae on
left 3rd subsegment

DSIR Number of lst dorsocentral setae on
right. 3rd subsegment

DS2L Number of 2nd dorsocentral setae on
left 3rd subsegment

DS2R Number of 2nd dorsocentral setae on
right 3rd subsegment

ADL Number of anteroventral setae on [eft
3rd subsegment

ADR Number of anterodorsal setae on right
3rd subsegment

PDL Number of posterodorsal setae on left
3rd subsegment

PDR Number of posterodorsal setae on right
3rd subssgment

AVL Number of anterodarsal setae on left
3rd subsegment

AVR Number of anterodorsal setae on right
3rd subsegment

PVL Number of posteradorsal setae on lefi
3rd subsegment

PVR Number of pasterodorsal setae on right
3rd subsegment

DPL Length of dorsal plate (z)

ML Length of tarsal memhrane ()

UPL Length of unguitracior plate (u)

CL Length of tarsal claw at maximum (g)

CW Width of tarsal claw at maximum ()

CL/CW Ratio between length and width of tar-
sal claw

TL Total length of 3rd subsegment (z)

RESULTS

Simple statistics

Foretarsus. Out of 19 foretarsal characters,
the significantly mean values were noted 1 5
characters in males (PVR, DPL, CL, CL/CW,
and TL) and 3 characters in females (DS2L,
PDL, and UPL.). Among the males, B1 was sig-
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Fig. 1. Camera lucida drawing of the third subseg-
ment of the tarsus of N. lugens. (A)=whole third
subsegment (B) Enlarged tarsal claw, AD=
anteroveniral setae, AV =anteroventral setae, CL=
length of tarsal claw, CW= width of tarsal claw,
DP=dorsal plate, DPL=length of dorsal plate, DSI
dorseccentral setae, DS2 = second
dorsocentral setae, M=tarsal membrane, PD=
posterodorsal setae, PV =posteroventral setae. UP
=unguitractar plate, UPL=Ilength of unguitractar
plate.

=first

nificanily distinct from B2 based on characters
CL and CL/CW, and from B3 in terms of CL/
CW and TL. On the other hand, B2 differed
from B3 1n characters such as PVR, DPL, and
TL. Among the females, Bl differed significant-
ly from B2 in terms of PDL, and with B3 in
terms of DS2L and UPL. Likewise, B2 difered
from B3 1n terms of PDL (Table 2).

Midtarsus. out of the 19 characters examined,
9 characters in males and 4 characters in fe-
males differentiated significantly the three hio-
types. Two midtarsal characters, DS2R and
UPL, markedly distinguished both sexes of the
three botypes. B3 had higher setal counts com-
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pared with Bl and B2. Bl and B2 males were
differentiated significantly in terms of DS2R
only. However, between Bl and B3, significant
variations were shown by the following charac-
ters: DS2L, PDL, PVL, UPL, and TL. Between
B2 and B3, the varying characters were DSIR,
DS2L, DS2R, PDL, AVR, PVL, DPL, UPL and
TL. The females, on the other hand, were
differentiated based on the following charac-
ters: Bl from B2 {DSZR, PDR, and UPL); Bl
from B3 (DS2R, ML, and UPL); and B2 with
B3 (PDR and ML) (Table 3).

Hindtarsus. Significant differences in 6 out
of 13 hindtarsal characters were observed
among males of the three biotypes. Bl differed
significantly from B2 in terms of characters
DS2L, DS2R, and AVL, and from B3 in terms
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of characlers DS1L, PDR, and TL. B2 pos-
sessed characters such as ADI1, RDR, and TL
which were markedly distince from B3. Among
the females, just one character, DS1L, was sig-
nificantly different. Bl females varied signifi-
cantly from B2 and B3, while the mean values
of the latter two bintypes did not differ signifi-
cantly (Table 4),

Canonical Discriminant Analysis

The scatter plot diagrams based on computed
discriminant scores of leg characters of males
(Fig. 2a) approximated the amount of variation
and segregations between and among the three
N. lugens biotypes. The variables of leg charac-
ters of males provided the most distinctive seg-

regations of the biotypes. Thelr group centroids

Table 2. Means and standard errors*® in the foretarsus of legs of hrachypterous adults
in the three N. lugens biotypes

Males Females
Characlers
B1 B2 Bi B2 B3
DSIL 4.6-+0.11 4.640.15 4.7+011 4.8x0.12 4.9+0.08 4.9+0.97
DSIR 4.60.15 4440.11 4.7+0.10 4.7+0.12 4.7+£0,08 5.0+0.11
DS2LL 3.6=x0.11 3.7:40.10 3.8x0.11 3.7+0.11b 3.9+0.08ab 4.0 +0.09a
DS2R 3.7£0.10 3.74£0.13 3.7+0.12 391007 3.9+0.11 4.1+0.10
ADL 3.3+£011 3.1+0.12 3.3+£0.11 364011 3.240.12 344011
ADR 3.24£0.14 3.1£0.13 3.010.09 3.6+0.11 34013 3.7£0.11
PDL 2.9+0.14 270,12 3.1+0.12 3.3x0.13a 28+0.12b 34+£011a
PDR 2.9+0.10 2.8£0.08 3.040.09 3.1+0.12 3.0+0.07 33012
AVL 4.2£0.12 4.3+0.16 4.3+0.11 4.6+£0.11 4.7+£0.15 4.8+40.16
AVR 4.440.15 4.3+0.16 4.4+0.13 4.6+£0.17 444011 46+0.15
PVL 3.7+0.12 A7+0.15 3.94+0.09 4340.10 4.3+0.11 4.3+0.10
FVR 4.040.13ah 3.7+0.10b 4.1+0.07a 4,1+0.14 4.1+0.10 4.3+0.11
DPL 18.7£0.62ab 19.440.43a 17.6 £0.44b 19.6+0.70 19.2+0.81 19.5+0.61
MI, 17.7+0.99 18.9+0.62 17.6+0.74 20.4+1.02 20.3+0.62 20,1 +0.58
UPL 36.1 £0.56 36.7+0.67 35.2+0.68 40.8+0.45a 40.6 £0.66ab 38.8+0.63b
CL 58.1+0.73b 60.8 £0.69 659.5+0.75ab 72.940,91 71.2+0.73 70.7 £0.70
CW 36.7+0.70 35.8+0.70 34.3+0.39 40.4+0,60 39.31+0.77 38.7£0.71
CL/CW 1.64 +0.04b 1.71+0.03a 1.74 +£0.02a 1.81 +£0.04 1.82+0.04 1.84+0.04
TL 210.3+1.77a  209.7+2.11a 204.7+£1.49h 241.2+2.08 2408+ 1.64 , 237.1+1.65

* In a row, means followed by a common letter are not sigmificantly different at 5% level by t-lest. Avg. of

20 replicates.
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Table 3. Means and standard errors* in the midiarsus of legs of brachypterous adults
in the three N. lugens biotypes
Characters Males Females
Bl BZ B3 Bl B2 B3
DSIL 4.2+0.14 424012 4.4+0.11 4.540.11 4.8+0.14 4.7+0.11
DSIR 4.64+0.11ab 4.34+0.13h 4.74+0.10a 4,6+0.11 4.7+0.15 4.84+0.14
DS2L 3.3+0.11b 3.4+£0.15b 3.940.07a 3.5£0.11 3.8+0.12 3.8£0.08
DS2ZR 3.8+0.0%a 3.3+0.19h 3.9+0.14a 3.5+0.11b 3.940.12a 3.9+0.10a
ADL 3.3+0.15 3.3+0.11 3.4+0.11 3.7+0.15 3.310.11 3.7+0.11
ADR 3.2+0.16 3.24+012 3.340.13 3.5+0.15 3.6+0.17 3.7+0.11
PDL 2.8+0.12b 2.94+0.09b 3.240.09a 3.4+0.15 3.1+0.11 3.4+0.11
PR 2.9+0.10 294010 3.11£0.08 3.3x0.13a 2.9+0.11k 3.3£0.10a
AVL 4.4+0.15 4.2+0.14 45=+0.15 4.74+0.20 4.8+0.13 5.0+0.13
AVR 4.4+0.18ab 4.7+0.16a 4.3+0.15b 4.6+0.1b 5.0+0.19 48+0.14
PVL 3.84+0.09b 3.94+0.07b 4.1+0.07a 4.2+0.16 424013 454015
FVR 3.9+0.10 4.1+0.07 41007 4.2x017 4.1 +0.09 4.4+0.11
DPL 19.1+0.48ab 19.5+0.3%a 18.1+£0.54h 18.5+0.85 20.5+0.65 19.7+0.70
ML 18.7+0.96 19.0+0.49 18.9+0.56 23.2+0.70a 21.3+0.74a 18.9+0.77b
UPL 37.3+0.60a 37.2+0.56a 35.6 +0.52b 43.4 +0.48a 40.9+0.63b 39.6+0.53b
CL §0.0+0.52 60.31£0.96 650.21+0.69 72.4+0.89 71.1£0.99 70.4+1.05
CW 35.9+0.38 35.74£0.43 35.3+0.51 42.2+0.69 40.1+£0.69 35.74+0.86
CL/CW 1.67+0.02 1.69+0.03 1.72+£0.03 1.72+0.04 1.7940.05 1.79+0.05
TL 218.8+1.98a 217.2+2.02a 210.8+1.77b 245.8+2.24 248.1+1.5% 246.1+£2.31

* In a row, means followed by a common letier are not significantly different al 5% lavel by L-test. Avg. of

20 replicates.

Table 4. Means and standard errors* in the hindtarsus of legs of brachypterous adulis
in the three N. lugens biotypes

Males Females
Characters Bl B2 B3 Bl B2 B3
DSIL 5.2+0.21 55+0.22 8.7£0.22 5.4+0.18b 6.3+0.23a 6,5+0.18a
DSIE 54+0.14 5.3+0.16 5.4+0.18 6.0+0.17 6.2+ 0.20 6.4+0.18
DS2L 4.6+0.22b 5.3+0.16a 4,9+0.14ah 5.2+0.17 5.2+0.17 5.2+0.17
DS2R 4.5+0.22b 5.340.21a 5.0+0.15ab 5.0+0.15 5.5+0.17 5,3+0.16
ADL 3.4+0.17b 3.6+0.15b 3.0+0.10a 3.9+0.17 4.3+0.26 4,1+6.10
ADR 3.9+0.12 3.7+0.14 3.7+0.10 3.91+0.18 444020 4,0+0.10
PDL 3.8+0.18 3.9+012 3.9+0.17 4.1+£0.10 444015 4.4+0.15
PDR 3.5+0.14b 3.8+0.17b 4.040.15a 4.24+0.17 454+0.15 4.h+0.17
AVL 3.8+0.12b 4.240.16a 4.0+0.14ab 4.3+0.13 4.3+0.16 4.3+0.11
AVR 3.9+0.11 434017 4.1+0.10 4.6+0.11 4.2+0.09 441015
PVL 3.8+0.14 414019 4.0+0.11 4.4+0.13 4.84-0.18 4.3+0.13
PVR 3.8+0.11 4.0+0.10 4.1+0.12 4.44+0.11 4.3+011 45017
TL 250.8+2.25a 256.841.99a 251.9x1.83b 297.94+3.05 295.9+2.11 207.2+2.11

* In a row, means followed by a common letter are not significantly different at 5% level by t-test. Avg.

of 20 replicates.
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were evidently separated. As in males, the clus-
ters of each female biotypes in the canonical
variate plane were tight in terms of their leg
characters. The group centroid of each biotype
was distinet from the other (Fig. 2b). Thus, the
amount of variation in leg characters within in-
dividuals of each biotype populations was low,
however, between and among biotypes, the
amount of variation was distinctiy high. The ca-
nonical discriminant analysis categorize the
three bictypes as distinct Intraspecific popula-

tions of N. lugens

Canenical discrimmant function 2
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Mahalanobis distance

Comparisans between bhiotypes were provided
hy the Mahalanohis’ distance (Table 5).

The higher the wvalues of Mahalonobis dis-
tance, the Thigher was the degree of
differentiation between hiotypes. The leg char-
acters provided the highest distances hetween
males of Bl, B2, and B3: Bl vs. B3>B1 vs. B2
>B2 vs. B3, Thus, the leg characters of B2
were closely resembling those of B3, while leg
characiers of Bl were distincily different {rom
BA. In the case of females, the distances were

highest between Bl vs. B2, while B3 resemhled
Bl and BzZ.

Table 5. Relationship between biotype of
brachypterous males and females V. lugens
based on the Mahalanobis distance

Mahalanohis distance®

Blatype pairs

Male Female
Bl vs B2 10.52 10.98
Bl vs B3 11.13 7.78
B2 vs B3 4,95 7.80
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Fig. 2. Scatter plot diagrams based on computed
discriminant scores of leg characters of brachypter-
aus males (A} and females (B) of B1, B2, and B3.

Group Classification of Biotypes

The males” as well as Temmales’ leg characters
of the three biotypes exhibited 100% group clas-
sification. Thus, all the 20 individuals examined
per biotype possessed leg characters exclusive
far the bictype. Thus. the predicted group mem-
berships of the three biotypes showed that their
leg character significantly distinguished each

biotype populations from the others.
DISCUSSION

Alterations in the ecological and physialogical
traits of a species are frequently followed by
subtle changes in their morphological character-
istics (Bey-Bienko 1958). Morphology is the
end product of physiological activity, initiated

by the genome and modified by the environment
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Table 6. Predicted group membership of N. fugens biotypes based on the
leg characters of brachypterous adults

Sexes Actual Predicted group membership{ % )
group Bictype 1 Biotype 2 Biotype 3

Male Biotype 1 100 0 0
Biotype 2 0 100 4]
Biotype 3 0 0 100
Female Biotype 1 100 0 0
Biotype 2 0 100 g
Biotype 3 o 0 100

(Eastop 1973). Also, a change in the physiclogy
of the immature stage of development is likely
to result in a change in morphology of adult.

At the genetic and specific levels, the gualita-
tive morphological characters are most conve-
nient and useful diagnostic parameters. The dis-
tinction in such characters becomes less evident
in infraspecific taxa such as sibling or cryptic
species, subspecies, host races, and biotype.
However, these infraspecific taxa may he re-
vealed through statistical analysis of fine struc-
ture evaluations of groups of specimen [rom
various sources (Kim et al. 1966). A biotype or
group usually appears as morphologically dis-
tinct from the others if a combination of charac-
ters is used in a multivariate space. Univariate
statistical analy<is hardly provide morphological
distinction (Fargo et al. 1386). Morphological
variations have heen recorded among biotype or
races of several Insect species: fruit fly, Dro
sophila robusta Sturtevant (Stalker & Carson
1947); the
nubilolis (Hubner) (Kim et al. 1967); the pea
aphid, Acyrthosiphon pisum (Harris) (Thott-

European corn borer, Osirinig

apilly et al. 1977}, other aphid species, {Singh

1981);

graminum (Rondani) (Fargo et al. 1986).
Saxena & Rueda (1982) made in—depth eval-

uations and multivariate analyses of the mor-

et al and the greenbug, Schizaphis

phology and morphometrics of the sensory ap-

pendages (antenna, leg, and rostrum) of N.
lugens. They found distinet segregations of the

three  biolypes of  brachypterous and

macropterous N, lugens. Utilizing these tech-
niques and criteria of evaluation, the three N
lugens biotypes from Korea were found to differ
significantly from each other in leg characters.
N. lugems 1n Korea is a polymorphic species
compriing intergradations of biotype popula-
tions which exhibit subtle morphological varia-
tions. These morphological variations among N.
lugens biotypes are evidences of de nowo genstic

isolating mechanisms.
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