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? 2 72 ? Dorcus of the family Lucanidae from Japan.
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Table 1.0 Allele frequencies at 34 genetic loci in the seven Japanese stag-beetles of the family Lucanidae

Locus Dp Dh Dre Ds Dru Pi Lm
o —Gpdh b b alo.o700 al 0.5000 b a a
bJ 0.930 bJ 0.500
Fdh-1 a al 0.500 B! 0.250 a — d al0.670
€l 0.500 el o.750 bl 0.080
€l 0.250
Fdh-2 b c al 0.500 al 0.750 B! 0.5000 c b
bJ 0.500 bJ 0.250 €l 0.500
Goépd a a a a a 81 0.830 a
bl 0.170
Hbdh &l 0.5000 bJ 0.500 a b d c
B! 0.5000 d 0.500
Mdh—-1 — — a — — a &1 0.330
bl 0.670
Mdh-2 — a a a a a a
Mdh-3 &l 0.500 & 0.750 & 0.860 a &l 0.750 a a
bl 0.5000 B! 0.250 B! 0.140 bl 0.250
Mdh—4 &l 0.500 a — - - - -
bJ 0.500
Me a b al 0.2900 a al 0.440 &l 0.500 b
b 0.710 bJ 0.560 bJ 0.500
Odh-1 a b b al0.370 — — a
bl 0.630
Odh-2 b b 8 0.750 al 0.250 b b b
b! 0.250 B! 0.5000
€l 0.250
Sch b b a al 0.880 a b b
bl 0.120
Xdh — a b al 0.500 a b a
B! 0.5000
Sod-1 bl 0.500 — bl 0.750 b b bl 0.3000 &l 0.080
€l 0.500 €l 0.250 €l 0.500 bJ 0.500
d 0.200 €l 0.420
Sod-2 b b & 0.210 & 0.250 & 0.500 bl 0.580 b
bl 0.720 B! 0.630 B! 0.5000 €l 0.420
el o.o70 elo.120
Hk c c c B! 0.120 B! 0.800 al0.250 b
€l 0.380 €l 0.200 bl 0.750
@ 0.500
Pgm-1 — c b 8 0.500 c — —
bl 0.500
Pgm-2 b b al0.170 b b b c
B! 0.830
Aat-1 d b c bl 0.250 &l 0.880 c &l 0.500
el 0.750 bl 0.120 €l 0.500

U00eb0I0OD0ODMGePDHDOODOOOODOO
oooboboboOdWwepH OOOODODODO DO OO MDHL
oob0oobooOMEOODOODOOODOOOOODH
cooooooboooOobobspHOOOOOOOOOOOO
OxpHMOOOOOOOOOOODOODOOOD sopdd
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0o0doooooooaAATOO OO ODOOoOoOoao
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Table 1.0 Continuedd

Locus Dp Dh Dre Ds Dru Pi Lm
Aat-2 b &l 0.250 &l 0.330 &l 0.500 bl 0.861 bl 0.750 b
bJ 0.750 bl 0.670 bJ 0.500 €l 0.140 €l 0.250
Acph-1 — b b b b b &l 0.5000
bl 0.500
Acph-2 &l 0.500 B! 0.5000 el o.700 B! 0.250 a a & 0.100
& 0.500 d 0.500 d 0.300 €l o.500 bl 0.6000
@ 0.250 €l 0.200
& 0.100
Alk &l 0.500 &l 0.250 bl 0.670 &l 0.380 b bl 0.580 b
B! 0.500 b! 0.750 el o.a70 b! 0.5000 €1 0.420
€l 0.120
Est—1 a & 0.250 & 0.430 & 0.250 b b & 0.800
B! 0.750 B! 0.570 B! 0.750 B! 0.2000
Est=2 a &l 0.500 &l 0.100 b &l 0.210 &l 0.160 C
B! 0.5000 B! 0.6000 B! 0.290 B! 0.420
€l 0.300 el o.500 €l 0.420
Est-3 b b & 0.370 & 0.670 &) 0.640 al 0.250 al 0.670
bl 0.630 B! 0.330 B! 0.360 B! 0.750 B! 0.330
Est—4 — a a a — a —
Est-5 — b & 0.140 b bl 0.400 & 0.830 Bl 0.500
bl 0.720 €l 0.600 el o0.a70 €l 0.500
€l 0.140
Lap-1 — a al0.670 a a b alo0.670
B! 0.330 p! 0.330
Lap-2 a al 0.500 al 0.420 a a a &l 0.920
B! 0.5000 bl 0.580 b! 0.080
Lap-3 a bl 0.750 &l 0.300 &l 0.500 &l 0.060 bl 0.920 b
€l 0.250 B! 0.7000 B! 0.5000 B! 0.590 €l 0.080
€1 0.380
Lap—4 b bl 0.750 &l 0.300 a bl 0.500 c bl 0.900
€l 0.250 B! 0.2000 €l 0.500 €l o0.100
gl o.500
Lap-5 — & 0.500 8 0.370 & 0.500 c b —
€l 0.500 bl 0.2500 d 0.500
€1 0.38U

Alleles are correspondingly lettered from“ a”, this being the allele of the lowest electrophoretic mobiligy. The value

in parenthesis represents the frequency of each allele in population.

Dp0Q Dorcus platymelus, Dh0 D, hopei, Dre(l D,

rectus, DsO D. striatipennis, Drul] D, rubrofemoratus, Pil] Prosopocoilus inclinatus, Lm0 Lucanus maculidemoratus.
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Table 2.0 Genetic variation in the seven species of the family Lucanidae

Parameter Dp Dh Dre Ds Dru Pi Lm
No. of alleles per locus 1.24 1.34 1.85 1.69 1.48 1.42 1.53
Proportion of polymorphic
loci : PO %0 24.0 34.4 66.7 53.1 41.4 355 40.0
Expected average hetero- ), , 14.8 28.9 25.6 18.1 147 17.0

zygosity per locus : HO %[

DpU Dorcus platymelus, DhJ D, hopei, Drell D, rectus, DsUO D, striatipennis, Drull D, ruborofemoratus, Pill

Prosopocoilus inclinatus, LmU lucanus maculifemoratus.

Table 3.0 Expected average heterozygosity for glucose metabolizing enzymes
U Group 10 and non-glucose metabolizing enzymesU Group 20 in the
populations of seven Japanese stag-beetles of the family Lucanidae

Expected Average Heterozygosity per Locus : HO %0

Species Group 1 Group 2
Dorcus platymelus 125 11.8
Dorcus hopei 3.8 19.9
Dorcus rectus 10.7 36.7
Dorcus striatipennis 20.0 27.8
Dorcus ruborofemoratus 13.2 20.3
Prosopocoilus inclinatus 12.9 144
Lucanus maculifemoratus 4.9 22.2
Weighted Mean 11.0 225

Table 4.0 Genetic identitiesl! above diagonall! and genetic distancesU below diagonalll among the seven

Japanese stag-beetles of the family Lucanidae

Species 1 2 3 4 5 6 7
1. Dorcus platymelus — 0.464 0.363 0.418 0.400 0.317 0.452
2. D. hopei 0.768 — 0.610 0.626 0.595 0.474 0.494
3. D. rectus 1.013 0.494 — 0.741 0.572 0.597 0.477
4. D. striatipennis 0.872 0.468 0.300 — 0.577 0.500 0.487
5. D. ruborofemoratus 0.916 0.519 0.559 0.550 — 0.516 0.556
6. Prosopocoilus inclinatus 1.149 0.747 0.516 0.693 0.662 — 0.521
7. Lucanus maculifemoratus 0.794 0.705 0.740 0.719 0.587 0.652 —

Genetic identitiesU /U and genetic distancesU DU were calculated by the method of NeiJ 197200
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Fig. 2.U Molecular phylogenetic tree for the seven species of the family Lucanidae

from Japan.
UPGMA clustering method.

It was constructed from Ner's genetic distances by using the
The divergence time estimated from Ner's

equation using the genetic distance is also given in the phylogenetic tree.
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Molecular Phylogeny of Japanese Stag—Beetles
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SUMMARY

O O O The phylogenetic relationships among seven Japanese stag-beetlest] Dorcus platymelus, D, hopei, D, rectus,
D, striatipennis, D. rubrofemoratus, Prosopocoilus inclinatus and Lucanus maculifemoratusU of the family Lucanidae
were investigated by allozyme analysis of 17 different enzymes. From the allozyme variation in 34 genetic
loci, the NEI's genetic distances between species were caluculated and the molecular phylogenetic tree for the
seven species was constructed.  The phylogenetic tree indicated the followings :0 10 The seven species of
the family Lucanidae were divied into the three large clusters :0 10 Dorcus platymelus 1] 21 other four Dorcus
species, andUd 30 the two different genera of Prosopocoilus inclinatus and Lucanus maculifemoratus. Among the
four Dorcus species of the second cluster, D. rectus and D. striatipennis are the most closely related to each
other and diverged later. On the other hand, D. rubrofemorat is most distant species. The two different genera
Among the
seven species studied here, Dorcus platymelus is the most distant species and the primitive or ancestral type.
This result is well consistent with the previous taxonomic system. Their phylogenetic relationships established
by allozymic study were discussed through the comparison with the non-molecular data from morphology and

ecology.

of Prosopocoilus inclinatus and Lucanus maculifemoratus is relatively related genera to each other.
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