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mm X R H The status of local adaptation to host plants, Cirsium spp. (Asteraceae),
by Henosepilachna niponica (Coleoptera: Coccinellidae) and the cryptic development of

reproductive barriers

Local adaptation is defined as the pattern and/or process by which the local population shows higher
fitness in its natal environment than the foreign populations. According to recent advancements in
empirical and theoretical studies on speciation, local adaptation can be regarded as the initial stage of
ecological speciation. In phytophagous insects, the pattern of host use by local populations often shows
variation resulted from the heterogeneity in the geographic distribution and local abundance of hosts. This
geographic variation in host use may promote the evolution of divergent host specificity among local
populations of phytophagous insects through the adaptation to respective local host(s), and such divergent
host specificity is often detected as local adaptation in the host use ability. The host-specific local
adaptation-can be regarded as the development of “immigrant inviability” under allopatric conditions. In
addition, such local adaptation may promote the development of “habitat isolation” associated with the
evolution of a high preference for respective natal hosts. Most of the previous studies reporting the host
specific local adaptation by phytophagous insects focused on the divergent adaptation to distantly related
hosts such as those belonging to different families or genus of plants, while fewer studies dealt with the
adaptation to closely related hosts, such as those belonging to the same plant genus or individuals of the
same plant species (i.e., genotypes). Because the degree of ecological and/or genetic difference between
distantly related hosts is often distinct, the geographic insect populations depending on different hosts are
expected to show relatively clear and similar degree of local adaptation across the distribution range of
insects. On the other hand, the degree of such difference among closely related hosts is smaller and
perhaps less stable than that observed among distantly related hosts. This point can be advantageous
for elucidating that how does the degree of variation affect the strength of local adaptation
at finer scales (i.e., at the most initial stage of differentiation of insect populations), because
the comparison among the hosts with various degree of ecological and/or genetic difference
is possible. Therefore, the insect-plant system which might develop the local adaptation to closely
related hosts is good arena for more detailed understandings of the initial stage of ecological speciation.
The phytophagous ladybird beetle Hernosepilachna niponica Lewis (Coleoptera: Coccinellidag) is a
specialist of thistles (Cirsium spp.; Asteraceae). The geographic distribution range of respective thistle
species in Japan differs from each other. Consequently, /. niponica populations in different regions
frequently use different thistle species. In this study, I tested the hypotheses that the local adaptation to
closely'related hosts occur ubiquitously in the /. niponica and thistle species system in the Tohoku district,

and that this local adaptation is acting cryptically as reproductive barriers.




K A HER R

In Chapter 2, through the field investigations in the Tohoku district, I revealed that C. alpicola Nakai .
(hereafter referred to as “CA™), C. nipponicum (Maxim.) Makino (“CN™), C. amplexifolium (Nakai)
Kitam. (“CAM”), and C. fonense Nakai (“CT") were used as the main hosts by respective H, niponica

| populations in the Tohoku district. It was also revealed that some populations use two thistle speciesina

single habitat. In addition, CA and CAM tended to prefer more mesic habitats than CN and CT.
-In Chapter 3, through the assessment of the ability to use thistle species under laboratory conditions,

{ T examined whether the host-specific local adaptation is occurring in the H. niponica populations
i occurring the four thistle species identified as the main hosts in Chapter 2. The results indicated that the

host-specific local adaptation was occurring in the Aomori population depending on CA, satisfying well

one of the criteria for local adaptation (ie., “local vs. foreign”) proposed by Kawecki and Ebert (2004). - | - "I‘
‘However, a]l H n;pomca populauons mcludmg the Aomorl populatlon de not show a hlgh preference for |-

CA.
In Chapter 4, 1 focused on CAM and CT that oﬂen gow. sympatncally in, on:ler o clanfy some
factors shaping the host preference of H. niponica, and investigated the ability tq use CAM and CT of

| three H. niponica populations mainly occurring on CAM, CT, and both plants, respectively. In addition, a -

field quadrat survey was conducted for a population occurring on both CAM and CT. The results -
indicated that high preference for CAM evolved enly in the H. niponica population mainly occurring on_ -

CAM, strongly suggesting that the evolution of host preference depends on the gvailability of hostsinthe |~ - |

habitat. The quadrat survey revealed that the movement by beetles between individuals of the same thistle |-~ -

| species was more frequent than that between different thistle species. As CAM within the area studied | =
~ grew in mesic environments whereas CT in relatively dry environments, the observed bias in beetle -

movement would be attributed to the shorter d1§tanccs between mtraspecdic thlstle mdmdua]s than the .

(istance between thistle species.

.In Chapter 5, based on the two criteria for local adaptatlon (“local VS. forezgn” and “home Vs. away ; .'

| Kawecki and Ebert, 2004) I examined the geographic aspects of the host-specific local adaptatlon by I

niponica populations occurring on different thistle species detected in Chapter 3 through the investigation,

1 of the ability to use thistle species of six H. niponica populations. The local adaptation by a H. niponica | - o
population occurring on CA was detected consistently in comparisons with other H. niponica populations | -

occurring on any other thistle species. In addition, it was strongly suggested that each H mpomca ‘
population forms own adaptzve landscape across thistle species other than CA. -+~ -
. In Chapter 6, through the population genetic analyses using eight microsatellite markers, 1 exammed ;

_whether the host-specific local adaptation revealed in the previous chapters actually Limits gene ﬂow -

among H. niponica populatlons in the-wild and is affecting the spatial genetic structure of H. miponica | -
populations concomitant with the host associated dlﬂ"erenuauon "The results indicated that the spatial
genetic structure of H. niponica poptﬂahons is affected by the host ~specific local adaptation. In addition, -

asymmetric gene flows between the H. niponica populatlons depending on CA and on CN/CT were 1 '_ L
strongly suggested. These results indicated that the host-specific local adaptatxon would act as ﬁmnugtant_ 1

inviability” in the wild and limits gene flow among 71 niponica populations. _ :
‘In conclusion, the hypotheses that the Jocal adaptataon to closely related hosts occur ublqmtously in 'j-
the H. niponica and thistle species system in the Tohoku district, and that such local adaptation is acting as -
reproduetive barriers, are supported. The present study revealed the ubiquitousness of the local adaptation -
to closely related hosts and the poss1b1hty that such local adaptatlon would have a concealed but __

substantlal mﬂuence on the spec1atlon process | in phytophagous insects. .
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