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Synopsis Among three closely related “species” in group B of Henosepilachna
vigintioctomaculata complex, H. niponica and H. yasutomii are sympatric and respec-
tively feed on thistles and blue cohosh, while H. pustulosa is allopatric with the other
“species” and feeds on thistles or both thistles and blue cohosh. Under laboratory
conditions, these three “species™ easily interbreed with each other and produce F,
hybrids as viable and fertile as respective homogamic offspring, showing their close
genetic affinity and very incomplete post-mating reproductive isolation. This
suggests the presence of a strong pre-mating isolation between two sympatric
“species”, H. niponica and H. yasutomii. But such a strong pre-mating isolation is
ecologically difficult to assume between allopatric “species”, i.e., H. pustulosa
vs. H. niponica and H. yasutomii, due to the duplication of their host plants. Thus,
it is likely that these “species” as a whole are still on the borderline of good biological
species, nevertheless H. niponica and H. yasutomii have been sufficiently isolated
with each other under sympatric natural conditions.

A series of closely related phytophagous ladybirds in Japan belonging to
Henosepilachna vigintioctomaculata complex has been paid much attention from
the viewpoint of speciation. In a previous paper, KATAKURA (1981) divided this
complex into two groups, A and B. Group A is composed of a single species,
H. vigintioctomaculata (MOTSCHULSKY), which is a notorious pest of potato (Solanum
tuberosum L., Solanaceae) in the cool temperate northeastern Asia. On the other
hand, group B includes very diverse forms varying in external morphology and
food habits. All members of group B are known only from Japan and in most
cases dependent on wild plants other than Solanaceae. Based on the morpho-
biological evidence and geographic sympatric-allopatric relations, group B was
further divided into three subgroups, which were tentatively treated as three separate
species, H. niponica (LEWIS), H. pustulosa (K&No) and H. yasutomii KATAKURA.
Among these three “species”, H. niponica and H. yasutomii are widely sympatric
with each other in the southern area of the distribution range of group B (Honshu
and the southernmost part of Hokkaido, Fig. 1), feeding on different host plants,
thistles (Cirsium spp., Compositae) and blue cohosh (Caulophyllum robustum MAXIM.,
Berberidaceae), respectively. On the other hand, H. pustulosa is allopatric with the

* Contributions to the knowledge of Henosepilachna vigintioctomaculata complex. XI.
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former two “species”, occupying the northern area (Hokkaido except for the southern-
most part, Fig. 1) and mainly depending on thistles (forms P-III’, I, II) or both
thistles and blue cohosh (P-III). H. niponica and H. yasutomii are easily separable
from each other by the elytral shape and body size, but the separation of H. pustulosa
from these two “species’ by the same characters is virtually impossible. H. pustu-
losa has a body size intermediate between H. niponica and H. yasutomii. Further,
the elytral shape can not be used as the diagnostic character for allopatric popu-
lations due to the conspicuous geographic variation in both H. niponica and H.
pustulosa. Thus, group B is represented by two “species” in the southern area
while by a single “species” in the northern area, but the relation between one northern
and two southern “species” is not clearly understood yet.

The present paper is an outcome of crossing experiments among these three
“species” made in 1980 to get further information on the relation between one
northern and two southern “species” and to know the degree and extent of post-
mating isolation between sympatric “‘species”, H. niponica and H. yasutomii.

Before going further we wish to express our heartiest thanks to Prof. Shoichi
F. Saxacami, Hokkaido University, for his deep interest to the present study and
critical reading of the manuscript. We are indebted to Messrs. Kazuo HOSHIKAWA
and Susumu NAKANO who allowed us to cite their unpublished data. This study
was partly supported by a grant from the Ministry of Education (No. 574303) to
one of us (HK).

Materials and Methods

Henceforth the three “species” are abbreviated as follows: H. pustulosa, Hp
or P; H. niponica, Hn or N; H. yasutomii, Hy or Y. The materials were chosen
among the southernmost member of Hp (form P-I11, a thistle and blue cohosh feeder)
and the northernmost members of Hn (form N-I, a thistle feeder) and Hy (a blue
cohosh feeder) (Fig. 1). Larvae and prepupae of each form collected at the field
were reared with the host plant on which they were caught (Table 1). To synchronize
the emergence, immatures of Hy were reared under a lower temperature than those
of Hn and Hp. Soon after the emergence, females and males of each form were ;,
separated and reared with potato leaves for approximately two weeks to assure 3
the ovarian maturation. Crossings were made in a transparent plastic case. The |
pair whose mating lasting more than 60 min without marked rejection by the female
(cf. KATAKURA & NAKANO, 1979) was isolated and onwards kept together in a
transparent plastic case with fresh potato leaves. A total of nine combinations,
three homogamic and six heterogamic ones, was prepared. Eggs laid by each pair
were counted every day and their hatching ratio was examined. Some larvae hatched
from these eggs were reared with a herb, Solanum megacarpum Kolpz., which was
collected every two or three days at Nopporo and stored in the laboratory. The
lots producing both sexes of offspring adults were selected and successively reared
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Fig. 1. Geographic distribution of H. pustulosa (P-III', P-I~1II), H. niponica (N-I~TIID)
and H. yasutomii, showing the provenance of materials used. Distribution ranges
of H. pustulosa and H. niponica are greatly simplified. (Modified from KATAKURA, 1981)

Table 1. Source of materials and rearing conditions of their immature stages.

Species Collected Stages Rearing conditions
(form) at on from collected® Environment Food
Hp (P-11I) Nopporo vii, 21 thistles 3L to PP 24°C, 16L8D thistles
Hn (N-I) Ohnuma  vii, 9 ditto 3L to 4L ditto ditto
Hy ditto ditto blue cohosh 3L to PP 20°C, 16L8D  blue cohosh

3L, 4L: third and fourth instar larvae; PP: prepupae.
with potato or S. megacarpum. The hatching ratio of their eggs in each lot was

examined to know the F, fertility. After the emergence of the parent insects, all
rearings were made under a constant temperature (24°C) and daylength (16L.8D).
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As mentioned above, the plants offered during experiments were potato and S. mega-
carpum, which were different from those usually fed by the ladybirds. Normal
growth of Hp (P-III) by these plants was already confirmed (HiNnomizu, 1976;
NAKANO, unpubl.) but viability of other two “‘species” by these plants was not
yet exactly known. Therefore, the food condition might have affected the results
given below.

Results

1. Hatching ratio. Totally 21 homogamic and 57 heterogamic pairs were examined
(Tables 2 and 3). Number of pairs examined for each combination varied from
four to eleven. Besides the pairs given in these tables, two pairs of Y @ XY &,
two of P @ XY & and three of Y @ xP & were made by using adults reared from
eggs under uncontrolled room condition with potato leaves (collected in mid
June from the same populations of respective “species’” given in Table 1). However,
the hatching ratios of eggs laid by these pairs were considerably low: Y @ XY &,
1.1,24%; P QXY &, 22.4,522%;and Y 2 xP &, 5.1, 1.4, 2.79%,. Since the low
hatchability in the homogamic pairs suggests aberrant physiological condition of
the adults involved in these pairs, the results concerning them were omitted from
the considerations.

Homogamic combinations (Table 2): The hatching ratios were different among
three homogamic combinations, being 4.3-52.3 % (mean 34.1 %) in Hn, 46.5-83.8%,
(65.5%) in Hp, and 73.7-82.4% (77.3%) in Hy. The values here obtained for
Hn and Hp, especially the former, were lower than those for H. vigintioctomaculata
(mean 71.6%) and H. pustulosa (74.2%,) previously reported by KATAKURA and
NakaNO (1979). Different responses of these forms to the rearing conditions
(food and/or environment) may have resulted in the difference of their hatching
ratios.

Heterogamic combinations (Table 3): Although the hatching ratios fluctuated

Table 2. Hatching ratios of eggs laid by homogamic pairs.

Combination Pair code

(mean+SD in %) 1 2 3 4 5 6 7 8 9 Total
N xN & a* 275 309 184 213 457 203 362 149 2152
(34.14+17.3) b* 92 132 8 43 239 44 165 78 801

c¥ 33.5 42.7 4.3 20.2 52.3 21.7 45.6 52.3 37.2
PexPg3 a 202 232 475 179 283 421 86 299 195 2372
(65.5+13.9) b 94 160 227 94 220 353 59 238 124 1569

c 46.5 69.0 47.8 52.5 77.7 83.8 68.6 79.6 63.6 66.1
YoxY g3 a 84 297 237 245 863
(77.3-+3.8) b 65 219 179 202 665

c 77.4 73.7 75.5 82.4 77.1

* a: number of eggs laid; b: ditto, hatched; c: percentage hatched.
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Table 4. Mean hatching ratios of eggs laid by various
combinations of Hn, Hp and Hy. Those of homogamic
combinations are given by Gothic.
Female
Male
Hn Hp Hy
Hn 34.1 65.1 34.6
Hp 30.4 65.5 72.0
Hy 34.1 57.8 77.3
Table 5. Larval period of F; offspring in various crossings among
Hn, Hp and Hy. (24°C, 16L8D, reared with S. megacarpum).
Number of F; Larval period (days)
Combination reared to adult
(R2/38) mean 17 18 19 20 21 <22
Homogamic
N@ x Ng 10 (5/5) 20.4 0 0 3 3 1 3
P2 x P& 15 (4/11) 18.7 0 5 10 0 0
YR x Y& 25 (12/13) 18.4 5 10 4 6 0
Heterogamic
N x P& 21 (9/12) 19.0 0 4 14 2 1 0
P2 x Ng& 28 (12/16) 19.5 0 5 6 14 3 0
N x Y4 32 (15/17) 18.8 2 9 17 3 1 0
Y? X Ng 30 (15/15) 19.5 0 4 17 6 0 3
PR X Y& 44 (28/16) 18.2 4 27 13 0 0 0
YR x P& 31 (18/13) 18.1 0 28 3 0 0 0

within and among combinations, they are approximately included within the range
of homogamic combinations. The mean and range of the ratios in each hetero-
gamic combination are as follows: N @ XP &, 30.49, (0-62.2%); P 2 XN &, 65.1%
(36.2-85.0%); N 2XY &, 34.19% (1.1-77.6%); Y XN &, 34.6% (0-79.4%);
PexY&,57.8% (13.7-81.7%); and Y 2 XxP &, 72.0% (36.8-80.5%).

Table 4 synoptically shows the mean hatching ratios of nine combinations in
the present study. The hatching ratio of eggs laid by females of each “species”
is fairly constant irrespective of the species of their partners. The ratios become
higher in the order of Hn @ <Hp @ <Hy @. The exception from this trend is given
by the combination Y @ XN &, where the hatching ratio was considerably low
seen from such a point of view. The high hatching ratios of eggs laid by various
heterogamic combinations among Hp, Hn and Hy are quite dissimilar to those by
heterogamic combinations between H. pustulosa and H. vigintioctomaculata, in which
only a few percent of eggs hatched (KATAKURA & NakaNo, 1979).

2. Growth. In total 186 hybrid adults together with 50 homogamic offspring ones
were obtained. Since the immatures were reared under somewhat unfavorable
conditions, many offspring individuals suffered from an unknown disease. There-
fore, the larval mortality could not be examined in the present study. Instead, the

NI -El ectronic Library Servicef



The Entonol ogi cal Society of Japan

488 Haruo KATAKURA ef al.

Table 6. F, fertility shown by the hatching ratios of eggs laid by various types of
F, offspring among Hn, Hp and Hy. Type of F; is given by the combination
of the parents. For each type data of more than one lot were combined and
each lot contained one to five females.

No. of No. of adults Total no. of

Type of F, . A Percentage hatched

offspring conl‘mcl)atisned m‘t\)/ggiﬁgigﬁ%/gdd) Iaid%gagtzhed Total (Each lot)
Homogamic

NENgG 3 4/4  3/3 513 249 48.5 (50.6, 54.7, 39.2)

PRPS | 4/2  4/1 238 160 67.2

YRY3 3 7/8 17 537 163 30.4 (44.4, 28.2, 30.4)
Heterogamic

NQP& 3 9/9 9/6 895 252 28.2(30.8,35.2, 0)

PENG 1 4/11  3/10 20 13 65.0

NYF 5 7/10  7/10 680 220 32.4 (8.0, 50.5, 17.5, 42.9, 51.9)

YENG 3 718 76 623 114 18.3 (10.3, 30.6, 28.2)

PRYS 4 10/11  7/9 574 276 48.1 (354, 72.9, 43.7, 20.0)

YRP3 3 8/8 /5 384 173 45.1 (594, 27.0, 26.2)

larval period was calculated for the individuals growing to the adult stage (Table 5).
Although the number of individuals examined for each combination was insufficient,
the mean larval periods of three homogamic combinations were 20.4 (Hn), 18.7 (Hp)
and 18.4 days (Hy), and of heterogamic ones 18.1-19.5 days. No marked dealy
or acceleration was observed in the larval periods of all types of F, hybrids examined.
In the crossings Hp x Hn and Hn x Hy, the larval periods of the hybrids were inter-
mediate between those of the parent “species”, while in Hp X Hy, the larval period
was similar to that of Hy parent. In all types of offspring adults obtained by
the rearing, the sex ratio did not significantly biased from 1: 1 (P>0.05).

3. Fertility of hybrids. By successive rearing of some lots of offspring adults
with both sexes, we obtained eggs from all types of sib matings of offspring. Table 6
shows the hatching ratios of these eggs. The hatching ratio was not examined for
each female separately. Further, these eggs may have involved unfertilized ones
since mating was not confirmed in this case. Therefore, accurate comparison of
the ratios given in the table was difficult. However, the hatching ratios of eggs
laid by all types of F, hybrids were not so lower than those of homogamic ones,
suggesting a normal fertility of both sexes of hybrids among Hp, Hn and Hy.

Discussion

As mentioned above, we could not find any abnormal trait in the hatchability
of eggs and viability and fertility of F; hybrids produced by the interspecific crossings
among Hp, Hn and Hy, except for Hy @ XHn &, where the hatchability seemed
somewhat lower than those in all other combinations examined. This means a
very close genetic affinity of these three “species”. From the viewpoint of reproduc-
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tive isolation, the present study shows a very incomplete post-mating isolation
among these “species”, though this does not preclude the possibility of hybrid break-
down due to unknown deleterious traits of their hybrids. As to the sympatric
“species” Hn and Hy, therefore, we can predict the presence of a strong pre-mating
isolation between them. Hn depends on thistles, while Hy on blue cohosh. Even
under laboratory conditions, both adults and larvae of Hy virtually refused thistles
and those of Hn had a very low preference for blue cohosh (KATAKURA, 1976;
HosHIKAWA, pers. comm.). This host plant difference is apparently an important
isolating factor. Another possible factor which needs further investigation may
be the sexual isolation between them.

On the other hand, Hp is allopatric with both Hn and Hy. Comparing some
characteristics of Hp with Hn and Hy, KATAKURA (1981) enumerated the following
four alternative interpretations about the relation of these three forms, but without
particular emphasis on any of them:

Case 1: Three distinct species, Hp, Hn and Hy are involved.

Case 2: Hy and Hp are conspecific, Hn is another species.

Case 3: Hn and Hp are conspecific, Hy is a separate species.

Case 4: Three forms lie on the borderline of good species, and likely in the
process of speciation; Hn and Hy completed the reproductive iso-
lation between them but neither is yet fully isolated from Hp.

All these cases are still possible but cases 1-3 are less probable when the present
results are taken into account. These cases require the potential strong pre-mating
isolation between Hp and either Hn (case 2) or Hy (case 3) or the both (case 1) as
was supposed between Hn and Hy. However, it is difficult to imagine such a strong
isolation within the limit of our present knowledge. Hp (strictly speaking P-III)
actually utilizes both thistles (the host plant of Hn) and blue cohosh (that of Hy)
under natural conditions. Therefore, at least the difference of the host plant, which
is considered as one of the important pre-mating isolating factors between Hn and
Hy, is not effective in these cases. Consequently case 4 is most likely. It is con-
ceivable that, when Hp becomes sympatric with Hn and/or Hy, they may be inter-
mingled on the same kind of host plant and at least partly hybridize with each other.
Apparently the above assumption is still inconclusive. Further comparative studies
on the life history, food habits and nature of hybrids of these ““species” will clarify
their relations in more detail.
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