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Preface

Since the spring of 1978 up to present, the author has been
engaged in the study of Lyctus brunpeus (Stephens) (Coleoptera,
Lyctidae), a very important insect pest on timber.

The study, at first, wvas simply aimed at establishing the
culture method of this species in a mass scale so as to supply
large number of insects to every kind of bioassay for its con-
trol. - The study, meanwhile, came to involve the biology of the
species as fundamental knowledges for the mass culture, bioassays
and control of this species.

The vpresent thesis includes the data and knowledges obtained
during the course of study for these 8 years.

The author not only wishes the present study to contribute to
the control of this species, but also wishes that this species
would come to be one of the insects whose biology and rearing
method are so well-known that they are often utilized as mate-
rials for fundamental studies on phisiology, biochemistry, bio-
physies, and so forth.

The author wishes to express the sincerest gratitude of his to
Prof. Koichi Nishimoto, the directer of Wood Research Institute,

Kyoto University, for his guidance during the course of this
study.

The author also wishes to express his sincere gratitude to
Prof. Tetsuo Koshijima, VWood Research Institute, Ky8to Univer-

sity, and to Prof. Hiroshi Fukami, College of Agriculture, Kyéto
University, for their eritical -readings of the manuscript.

The =author also wishes to express his sincere gratitude to
Laboratory of Chemistry of Forest Products, Toékyd University of
fgriculture, and Pesticide Division of Sumitomo Chemical Co. Ltd.
for their initial! supply of the insects.

Thanks are due to the staff of Wooed Research Instltute. Kybto

University, above all Dr. Jun-ichi Azuma, Ass. Prof. Munezoh
Takahashi, Dr. Kunio Tsunoda, DPr. Yuji Imamura, Mr. Akio Adachi,
Mrs. Takiko Murakami and Dr. Shuichi Kawai, who all have been

giving technical suggestions, advices and helps during the course
of this study.

Thanks are due also to Prof. Atuhiro Sibatani, Kansai Medical
College, Hirakata, Dr. D.J. Cross, Forest Research Institute, New
Zealand Forest Service, and Dr. HNodoka Havashi, Hdsei Univer-
sity's Second High School, Kawasaki, for their helpful sugges-
tions on the morphology, and also to Mr. Masahiro Sakai, School
of Medicine, Ehime University, Dr. Kazuyoshi Kurosa, Institute of
Medical Science, University of T6kys, and Dr. HNaoya VYashiro,
College of Agriculture, University of Usaka Prefecture, for their
identifications of the other organisms encountered in the  mass
culture.

Without their help, the present study would not be realized.

And, finally, the author expresses his hearty thanks to his
vife Atsuko for her devotion, to whom this study is dedicated.
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1. Introduction and review
1.1. Economical importance of the species

Lyetus brunpeus (Stephens) (Figs. 1.1.-1.3.), a most common
species of the lyctid powder-post beetles in Japan, 1is also the -
most common, and the most serious pest insect of drywood in Japan
proper. In the other industrial countries of the world, sone
other dry-wood-boring <coleopterous species -occur, such as
Hylotrupes bajulus L. {Cerambycidae) and Anobjium punctatum DeGeer
(Anobiida€), while in Japan they do not, and the present species,
L.  brunpeus, apart from the termites., is the unique object of
intensive control within the Japanese wood industry.

It has been suggested thét l._ brunneus is an introduced
species for Japanese faunaw'“”. .being recorded as early as in
1879 by G. Leuisﬁ). and novw it is wide-spread in Japan fronm
Hokkaidohﬂ to Ukinavahm and Ogasawara Islandsh”.

Globally, this species is a cosmopolitan and plenty of efforts

have been made to control this species in various countries such

as Japan, Taiwan, Philippines, Indonesia, Indochina, Australia,
Fiji, India, Sri Lanka, Iran, USSR, Finland. Germany, Switzer-
land, Italy, France, Spain, United Kingdom, Madagascar, Zaire,

Gabon, Cameroon, HNigeria, Ghana. Ivory Coast., Mozambique, Zim-
babwe, South Africa, USA, Mexico, Cuba, Colombia, Paraguay, Bra-
zil, Argentina, and so forth.

This species can be recognized as a household pest, a forest
product pest, or a construction pest insect. It is very unlike-
ly that this species give rise to a collapserof construction, but

it is very likely to cause only small damages on wooden furni-






ture, ceilings, floorings, and other wooden or bamboo materials
within the houses. Once it occurs, the commercial value of the
damaged. piece decreases greatly; even if only one exit hole  of
the beetle occur on a piece of furniture, it will be rendered of
no value, and there have been a number of wood-dealers' bankrupt-
cies and lawsuits, to all of which this species is responsible.
Though there is little specificity in the host-wood preférence
of this species, only starchy portion of sapwood af certain
hardvood species, and also bamboo material, are attacked,
Before the World War II in Japan, hardwoods were less utilized
than softwoods, and thus this species wére recognized as a mere
bamboo borer. However, in the postwar days the way of wood
utilization in Japan has changed to attach weight to hardwood,
especially to the lauan (melanti) woods, thus this species was
actualized to be an important "lauan borer”. Now that the
damages and losses due to this species, LL__bcunneus. are so
serious, its control is attracting atitention as an emergent

problem in Japan.

1.2. Taxonomy of the family Lyctidae from Japan
Lyctidae, the family to which Lyctus brunneus belongs, con-
prises 2 tribes, 12 egenera and about 60-70 species in the
worldgﬂ. a bulk of which are, more or less, of dry-wood boring
nature as vwell. Since the work of Crowsonw) this family has
been established and recognized to form the superfamily Bostry-
choidea (or in another term, "Teréd%lia") together with the other

families, Bostrychidae, Anobiidae and Ptinidae.



0f this family the following 6 species are distributed or

established in Japan:

-Lyctus (s. str.) linearis (Goeze) (Fig. 1.4.)

-Lyctus (s. str.) sinensis Lesne {Fig. 1.5.)

~Lyctus (Xvlotrogus) hrunneus (Stephens) (Fig. 1.6.)

-lyectus (¥vlotrogus) africanus Lesne (Fig. 1.7.)

-Minthea rugicollijs (Walker) . (Fig. 1.8.)

-Lyctoxvlon dentatum (Pascoe) (Fig. 1.9.})

~All of them are of approximately identical nature and fornm,
namely, brown, elongate, flattened; small beeties attacking on
dried hardvoods and bamboo. However, there may be some differ-

ences or specific specificities 1in their biology: Lyctus
sinensis, L. aizisanuﬁ! and Minthea rugicollis can attack some
other plant materials such as }oot tuber more readily than L.
brunneus; L. africanus is diurnal rather than crepuscular like L.
bzunjggjj L. sinensis adults emerge rather earlier in spring than
L._brunneus; Lyctoxvlon dentatum seems to require higher level of
starch content of wood than the other species: etec.- Such dif-
ferences, more or less, should be taken into account in their
control, and precise comparative investigations on their biology
are needed. The following key would contribute thg classifica-
tion for the Japanese species:
~-~h key to Japanese Lyctidae (after NobuchiM). partly modified)

1 - Elytral punctuations and setae regularly arranged longi-
tudinally: femur slender, clavate-shaped, not or slightly de~
pressed from both sides. —--=mm-=—=cof oo o oeeo e 2

(1) Elytral punctuations and setae 1irregularly arranged:



femur robust, long-oval, strongly depressed from both sides:
fength 1.5-2.0 mm. —-——=--———=-r-rm=—--—f-c—-me-- lyctoxylon denfatum
2 Ultimate segment of antenna longer than the penultimate,

oval, with its apex being narrower; setae on the body sidelong,

piliform. -=~--=--m--ommm e o genus Lyetus --»---- 3
(2) Uitimate segment of antenna as long as the.- penultimate,
almost reétangular. with its lateral side being parallel: setae

on the body straight, scalified; length 2.0-3.5 mm. ---7------=-~

_____________________________________________ Mintl icolli
3 Forefemur- as broad as mid- and hindfemur: pronotum
slightly spreading anteriorly, ~obviously narrover than the
elytral bases., -----=---=c-c--c——-- - Lyctus (s. str.) ----4
(3) Forefemur broader than mid- and hindfenur: pronotun

strongly spreading anteriorly, with its anterior part slightly
narrower than the elytral bases. ----- Lyctus (Xvlotrogus) ----"5

4 Hedian longitudinal grcove on pronotunm .very obscure:
elytra yellowish-brown with their sutural part sometimes  being
dark in color; ultimate segment of antenna markedly amplificate,

markedly asymmetrical along the antennal axis; length 2.8-5.0 nm.

(4) Median longitudinal groove on pronotum obvious, ~deep:
elytra monochromatic, reddish-brown or dark-brown: ultimate seg-

-ment of antenna amplificate to some degree; length 2.0-5.5 nmm.

5 - Clypeus sulcate sideways deeply: anterolateral angles of
pronotum acuter; female 6th (4th) qbdominal sternite furnished

posteriorly with no fringe of hairs; length 2.2-8.0mm, ----=-=----



(5) Clypeus sulcate sideways slightlys anterolateral angles
of pronotum blunter: female 6th (4th) abdominal sternite fur-

nished posteriorly with a fringe of hairs; length 2.5-4.0 am. ---

1.3. Aims and scopes

Tﬁe present study is aimed at presenting any kinds of funda-
mental biological knowledges that contribute fo the control of
Lyctus brunneus,

The most effective, economical and permanent way of control of
Lyctus is supposed to involve the treatment of wood with chemical
preservatives, For thé development of new preservatives, the
screening of the vast number of chemicals are needed as a rule of
any case of chemicals, apd also the mass culture of the insect
species to be controlled is prerequisite to the. screening.
However, among m®many kinds of pest insects, it seems somewhat
difficult, -in general; to rear wood-boring beetles that live
inside the wood during its immature stages. . It is oprimarily
because it is difficult to observe and detect the boring insects
in wood superficially, and secondly because there are many
troubles in handling them due to their excessive evolutional
specialization for the peculiar habitat i.e. the wood. Lyectus
is net an exception. Hovever, with the world-wide increase of
the damages on vooden materials, studies on the rearing methods
of Lyetus have been desired greatly.

Precise breeding methods for L.. brunneus have been devised by



erLm&h&lLkM{ Most of these works set wup the

several workers
breeding system using sapwood of the hardwood species, such as
Quercus spp., as a natural and a classic way of breeding. By
using sapwood pieces the relation between the climatic conditions
and the growth rate of L._bhrunneus has been studied as summarized
in Table 1.1. As one can see from this table, it is about 2
months or 8-9 wveeks that is supposed to be the possible shortest
life cycle length of L. brunnepus with the best nutritional condi-
tion in wood coupled with the best climatic conditions of 25-28°C
and 75% R.H.

It is noteworthy here that this species is supposed to be of

tropical or subtropical origin since there is no need of "echill-

ing" for the pupationhm. This is quite contrary to the case
with the other lyctid species, L. !ineanishw and L¢_singn§isfw1

both of which cannot pupate unless they are exposed to low tem-
perature. This is one of the reasons why it is more or "less
easy to breed L. brunneus, as well as L. africanus, compared to
the palaearctic lyetids.

Roselﬂ)

stated that although the sapwood of Sterculia
acerifolis produced the shortest life cycle of the beetles, "its
productivity varies considerably over short lengths due appar-
ently to a varying percentage of starch”. This seems to indi-
cate that the use of wood is, 1in general, not the most appro-
priate way for mass cultures or control bioassays due to the
uneven distribution.  of the nutrient substances in different

pieces and parts of susceptible wood. Artificial diets, on the

other hand, are more homogeneous and therefore more reliable for



this purpose.

The first development of a solid artificial diet for Lyctus,
vhich was made to study the nutritional requirements of L.
brunneus_ in Australia, was described in a very short reportu),
stating "a successful development can take place on a diet in
which the carbohydrate (sic) : protein ratio is 15 ¢ 1", whereds
“the normal ratio in wood is 3.3 : 17. Khalsa ai_ai*f” used a
dried dough (90 parts of wheat flour and 10 parts of yeast) for
breeding L. africanus, a mnethod developed by Ayyappaa” for
breeding Sinoxvylon spp. (Bostrychidae). Cymdrekum devised an
artificial wood-like diet for Anobium punctatum (sawdust 32%,
cellulose 9%, starch 11%, plasma protein 16%, baker's yeast 32%),
vhich also proved to hold sood for L. brunneus. Cymorek’™ also
used synthesized blocks (cellulose, methyl cellulose, starch,
baker's yeast) for the nutritional study of this species. Hour

1) iet with

& HillalM) investigated the productivity of Ayyappa's
L. africenus with the percentage of yeast varying from 5% to 15%,
and concluded that there was no significance in the differences
of  progeny yields and life cycle durations. In a biochemical

study of L. planicollis LeConte, Mauldin ej_aJAT”

cial diet (wheat flour 500g, corn meal 400g, yeast extract 96g,

used an artifi-

methyl-p-hydroxybenzoate 2g, ascorbic acid 2g). Cyﬁorek &
Schmidt“ﬂ prepared wvood~like biscuit {(coniferous wood sawvdust
308, cellulose 10g, wheat flour 30g, yeast 25g), which wve <call
"Cymorek's cake”, for studying the adult feeding habit of several
species of Lyctidae. Tscho!IM) used a similar diet (sawdust

35X, cellulose 10%, starch 30%, yeast 25%). while Horimm and



ljina ej_al,jo " both cited "WiAlchli's" (almost the same as
Tscholl's) diet for L.. brupneus (lauan sawdust 33%, starch 33%,

cellulose 9%, yeast 25%). Horimw tried to omit cellulose povwder

he)

from it, and Higaki and Ijima gﬁ_al.”) improved its composition

_into 56%, 10%, 9%, 25% respectively. The latter is called "the
diet of TOkyd University of Agriculture”. Ito & Hirose”) inves-
tigated the physical factor, i.e. the density of this diet and
developed a method to obtain a high progeny. vyield. Besides,
Ijina ﬂi_aJJJD"tried to develop a holidic diet (cellulose 80g,’
starch . 338, awmino acid wmixture 6g, vitamin mixture 0.12g,
McCollum's salt 1g). Later, Ito & Hirose !V prepared new pro-

4

ductive diets composed of cellulose, yeast and wheat flour, which

we call "the diets of Sumitomo Chemical Co. Ltd." Furthermore,
diverse substances, such as buckwheat flour cakemzmﬂ, .cookiesmm
' 610, k1)

and dog biscuits

P

have been utilized for rearing L. brunneus,
¥hen Parkin studied the nutritional physiology of Lyctidae, he
developed an artificial povdery substance, which seems, however,
not suitable for mass cultures.

The problem of the diet composition is closely related to the
nutritional requirements of the beetles which influence the de-
gree of infestation and the extent of damage to wood.

Staréh is the most vital ingredient in the composition of

ms, mé) £1)

Lyctus food. ~ This was first suggested by Mer Campbell

concluded that Lyctus spp. cannot utilize wood cell wall com-

ponents (cellulose, hemicelluloses and lignin). Hilsonwmw”,‘

. . p? .
Park1np) and many others repeatedly stressed the importance of

starch. Soluble sugars other than starch (such as glucose,



naltose., sucrose) can also be utilized by Lyctus as the substitu-

tive sugarspacm£”A5).. The second most vital nutrient for lyctus

pr&hLH,MW‘ with methionine .and
tryptophan being pointed out to be the most importanf onesw).

is proteins and/or amino acids

The other substances ' in wood which are possibly required by

m) ,

Lyctus are steroids”), linoleic acid and .sterols s well as

mineral nutrients”). A bacterium-like symbiont in the gut of
Lyctus linearis has been assumed to supply the host with vita-
mins“‘“’m). Almost all of these nutritional substances required
are contained in the parenchyma cell content of the sapwood.

Vith all the studies cited here, there still remains a lot to
be c[ari%ied for establishing an indefinitely efficient system of
mass: culture of L, brunneus. invelving a nev ideal artificial
diet.

The present thesis firstly deals with the mass culture methods
of this beetle with the artificial diet of T8kyd Univ. of
Agricjo vith reference to several nev techniques and suggestions
(2.1.).

Next to this, a new approach vas presented to develop a nevw
artificial diet (2.2.). This investigation is multi-purﬁose,
viz. a first appreocach to develop the most appropriate meridic
diet, & preliminary investigation of the nutritional requfrenents
on meridic diets and a proposition of 2 bioassay method to deter-
mine the suitability of the diet. This method of bioassay
consists of +two parts: “the experiment with adults”™ (2.2.1.)
vhere the rate of growth, the progeny vield and the life cycle

period were determined, and "the experiment with larvae" (2.2.2.)

—_—1 —



vhere the nutritional suitability of the diets was exémined.

Based upon these results, a further investigation was made to
establish a new original artificial diet in due consideration of
not only the productivity, but also of the beetles' size or
weight (2.3;). This is because the greatest problem in carrying
out control tests with this species is the variations among
individual beetles in their activities, adult longevity, and the
number of their p}ogeny. all of which are more or less related to
their size or weight. A selected artificial diet for practical
rearing thus is required to produce not only a greater number of
progeny but also individuals of similar 'size of greater value.
This ensures the homogeneity of bioassay conditions. It is
important also to reduce the number of constituents in the diet
'formulation. |

In the practical mass culture system, +the beetle productivity
and the beetles’ size are directly important as stated_ above.
However, a oproductive artificial diet requires inevitable labor
in reneving culture as it has a short life as 2 breeding matrix,
and thus, from a viewpoint of culture system maintenance, it may
be somewhat dargerous to rely only upon such a diet: a long-life
matrix 1is also needed in beetle cultures for the strain mainte-
nance mainly during the suspension of assays. In due considera-
tion of this, the present culture system has adopted the alterna-
tive rearing matrices; the above-stated diet as a main matrix for
almost all purposes and oak (Quercus serrata) sapwood pieces
enriched by Cymorek'smmm“

(2.4.).

method as a strain-reserving matrix

—_11—



The life history of this species, L. brunneus, has been estab-.'
lished by a number of workers, namely by Hunr oM M0, 'Yanoy”.
Altson® 3 80 Lesne“)7 Fisher!!, Fisher (aﬁ_al4JM). Parkinm'pmp“-
Beeson & Bhatial, Pringlef”, Gay’, Schmidt & Buchholz¥,
Kailapurh). Kosel”) and Tscholln). For the control of this
species, however, still furthér biological knovledges are needed
desp{te of an abundance of literature on this matter.

First of all, the quantitative relationships amonglthe veight
values of various developmental stages are eagerly needed since
the individuals obtained at the closure of the diet suitability
test with larvae (2.2.2.1.) assumed various developmental stages,
among which the-prepup; vas thought to have the maximum weight
value, Thus, trials were made to set up equations presenting
the ‘quantitative relationships betveen weights of prepupa and the
other developmental stages (3.1.1.). Relation between the
weight of new adults and their body length vas also set up for
the diet suitability tests (2.3.1.), as well as the relationship
between their total length and elytral length (3.1.2.).

As only larvae of the lyctid species cause damage to timber,
the bioassay with larvae is one of the most important test
methods for developing potential chemicals. In the lahoratory
tests of chemicals using larvae of L. brunneus, however, suffi-
ciently satisfactory results seem to have been unobtainable“).
and the same inconvenience was encountered in the test of artifi-

cial diet suitability (2.2.3.). This is presumably due to

diversities of age, activity, and adaptability of the larvae

—12—



prepared for the experiments. Precise knowledges of larval
development., particularly the larval instar, therefore, are in-
dispensable for minimizing the variance or diversity among
larvae. | _

Information so far obtainéd still seems very insufficient and
inproper to resolve this problenm. Lyctid larvae show a kind of
"polymetaboly”, a slight change of body shape between the 1st and

a4, b7, k9 )

2nd instars Regardless of this Xambeu stated that

larva of Lxglns_liiﬁania_(és L. canalicuiatus) molts 3 to 4 times
by the end of winter though he did not describe the research

ﬁﬂ

method. . Tschol stated L. bnunnﬁuﬁ_lgrva nolts 5 to 8§ times

)

in the course of its development. Tscholl'” later classified L.
brunneus Iarvae.‘.rearéd with an artificial diet and under con-
stant elimatic condition, into 6 inétars; and graphically showed
leaps in body weight increaée at molts though it is doubtful that

513 . .
) tried to inves-

molt could cause such a leap. Finally, Suzuki
tigate the  larval instar number of L. brunneus, reared with
buckwheat cake, and estimated the final stage to be -the 4th
instar although this estimation seems to include some improper
points as regard to the interpretation of the data and the cita-
tion of the author's present result.

For the study of the larval instar of coleopterous species in
general, grouping the dimensions of head capsules or exuvial
mandibles of the larvae seems to have beén a commoh method» for
this purpose, ‘as was adopted by Suzukiﬂ” for Lyctus and by Keizd
Kojira énd his co-workers for a number of Japanese cerambycid

Wi, kz,m, ke)

species. In some cases of then , hovever, a difficulty

—18 —



Table 1.1. Rearlns records of Lxg&ng_b;nnnguﬁ_V1th sapvood pieces under the climate control in the
past studies with reference to lts llfe cycle length.,

Equilibrium

Author (s) TSIP. R.H. moisture Yood species Life cycle Remarks
: o (X) centent of length
vood (%) : :
Parkinf 23 15.8 Quercus ain. 187 days
Sp. .
Parkinf” 27.5 14.2 Quercus min. 4.5 month
sp.
Gayg” 26 80 16 : Alstonia av. 113.7 days The best case of the
2 scholaris various conditions
Gay$ 26 75 Sterculia_ Jav. 75.5 davs}
) acerifolia min. 63 days
Harris & Taylor"’ 25- 75 - 15 Quercus 11 - 14 veeks
" Sp. min. 9-10 weeks
Rosel 26 75 Eucalvotus 2.5-3.5 menths
" . : gbliaqua
Rosel 26 75 Sterculin. 54-83 days

acerifaolia

Nobuchi™ 25 50 .{Lm ca. 8 months
. d.secrata. |

Table 1.2. Sex ratio values of L. brunneus reported in the past studies

CAuthor(s) . Sex_ratio value (mm/ng) _______ Remarks _ _______________
Altsonﬂ) - 1 > in general
Parkin!’ 7/5 rearing vith sapvood piece
Gﬁygn 1 rearing vith sapwood piece
h1)

Harris & Téylor 1 rearing with sapwood piece

Ito & Hiroseh) ‘ 1.10 rearing with artificial diet




was encountered in grouping the larvae due to the individual
variation, which might be mostly ascribed to the variance of
moisture or nutritional conditiors of foodmn. Therefore, in
conducting the present '‘research on larval instars of Lyctus
brunneus, which was expected to shovw a wide variation, the larval
development - had to be followed individually and closely, where
pairs of exuvial mandibles, which were mostly preserved in per-
feet form, enabled an estimation of the larval 1instar. For
easier inspection of the larvae, rearing method with powder-state
matrix was adopted and in combination with it, a narrow-spaced
container was needed because rearing vith powder-state matrix in
a voluminous <container had resulted in failure of development.
As a container a small gelatin capsule, rather than a nmarrow
glass tubeﬁ), seemed. suitable mainly for isolation of each indi-
vidual larva. Exuviae derived from a single larva could be
easily collected by using this methliod. It has been called +the
"individual rearing method”. As the powder material buchwheat

flour, which has been already introduced by Suzukiﬂlm”,

prelim-
inarily proved to be efficient, enabling larvae to develop and to
pupate within the capsule, while trials with some other powder
compositions, which were utilized to form solid artificial diets
of L. brunneus., resulted in failure of development. Here the
result of the investigation on instars, with reference to the
individual rearing method using gelatin capsules and buckvheat
flour, 'were reported, as well as the result of a preliminary

rather unsuccessful investigation using wood blecks (3.2.).

In conducting the mass culture, the population density of the



insects in the culture matters greatly because it is one of the
most important factors determining the growth rate and reproduc-
tion rate; an excessive crowding often causes collapse of solid
diet resulting in the annihilation of the population. The dens-
ity effect 1in the artificial diet was thus 1investigated fron
vievpoint of population ecology as a fundamental knowledge for
the mass culture (3.3.).

Adult sex ratio is also an important matter for maintaining
the mass culture and carrying out bioassays. Most of the past
works, as  summarized in Table 1.2., recorded that the value of
the ratio of the male number (nn,) to the female number (n;) was
approximately equal to or slightly more than 1, ‘and also in some
other lyctid species, this value was equal to 0.97 -'1.00n). In
L. brunneus, the first male always emerged out prior to the first

M)

female emergence (protandry) according to Parkin® ', while in an

American species L,  planicollis, protogyny, a mode of adult
population's emergence where females émerge statistically earlier

) in Austria. Gayﬁ), however,

than ma}es, vas observed by Kurir
does not seem to have been able to decide whether protandry  or
protogyny is involved in L._brunneus, In: the present study some
examples of +the sex ratio values of [._ brunneus are reported
with reference to the problem of this matter (3.4.).

Adult longevity seems a factor that varies considerably, and
minimizing 1its variation must be desired eagerly in any kind of
bicassay with adult beetles, Here, this factor was investigated

to demonstrate whether it is related to the adult sex -(gender)

and/or to the adult's body weight or length. The longevity test
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was also carried out with filter papers treated with preservative
chemicals to give a result as a model of their efficacy in rela-
tion to adult longevity or resistance (3.5.).

Further, -'scme peculiarities are briefly noted on the ethology
of adult beetles (3.6.): an aggregating behavior possibly induced
by a kind of pheromone produced by females (3.5.1), a peculiar
boring behavior observed with two kinds of "the diets of Sumitomo
Chemical Co. Ltd.” containing wheat rourm) (3.6.2.), a com-
plicated phototaxisiand a sexual difference of the readiness of
flight (3.6.3), all of which have never been reported till now
despite of their curiosity.

Short notes are also given on the other kinds of organisms
encountered mainly during the course of mass eulture of [._
brunneus. including knowledges on its natural enemies (3.7.).

As a conclusion of the life history and ecology, a general
discussion 1is given to make a vwhole image of this species fron

the ecological viewpoint (3.8.).

Thirdly, a chemical study was made on the digestion as a
physiological aspect of the biology of this species. During the
course of diet suitability experiments, as stated in the section
2.2., starch content in the diets was found to be much wmore
important than protein content from quantitative viewpoint. In
order to extend this study, an investigation was conducted to
conmpare the amino acid and starch compositiens of the wood and of

the new artificial diet with those of two kinds of feces (4.).
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The fourth aspect of its biology investigated is the morpholo-
gYy. Review of the literature on the éxternal morphology of L.
brunneus. reveals <that there is no information about the fine
surface - structure and the fine changes in ‘larval morphkology
during succeeding instars, Further, no morphological studies
have ever been done with SEH on the wood-eating species of the
superfarily Bostrychoidea including this species, L._ brunneus,
The vpresent study reports SEM observation on the fine detail of
the external morphology of all the developmental stages of L.
brunneéus, especially on4the larval changes among instars, pupal
and imaginal sex characters, and so on (5.). An additional note
was given on the corporal malformations of the adults (5.8.),
vhich were encountered during the course of the diet test (2.3.)

and of the mass culture.



2. Developaent of mass culture methods
In this chapter, . the description of the general mass culture
techniques is given (2.1.), followed by the preliminary (2.2.)
and succeeding (2.3.) experiments on artificial diet suitability.
Finally, techniques of rearing with enriched wood blocks are

briefly neted (2.4.).

2.1. Installations and general procedure of the mass culture
2.1.1. Installations and conditions®’

The developrent ratia of L, brunneus is dependent upon the
temperature and humidity, and as is shown in Table 1.1., it has
the maximum value in 25-26°C and ca. 75% R.H. so far within the
range where the mortality is not too high. There, what matters
is that these <conditions are to be maintained changelessly.
Hass culture of the insect, otherwise than the small-scaled
rearing in general, needs a space of more than one room, which
could not be climatized without automatic control. Thus a
rearing chamber was set up, as seen in Fig. 2.1.-2.2., yielding
an enough space and conveniences for the mass culture, to make a
total system managing the climatization of this space. All the
climatization system is under automatic control, working perma-
nently. Furthermore a ventilator and an air purifier were
introduced 1in it as countermeasures to mold occurrence, one of
the greatest obstacle of the mass culture.

The climate in the rearing chamber is desired to be 25-28°C
and 75% R.H. for the gquickest development. In this case,

hovever, there may occur mold on the artificial diet surface in
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the Japanese 'climate, ' causing inconvenience to rearing (see
3.7.). Therefore the temperature and relative humidity are to
be lovered down to 24.5°C and 70%.

2.1.2. -Selecting the adult beetles for the cultureH)

Out of a lot of adults collected, some are selected to be
supplied to the next new culture or to bioassays. In order to
ensure mnating followed by reproduction, the <collected adult
beetles, not sexed yet, are kept in a Petri-dish for a day or
some. Though keeping them in a Petri-dish ensures their mating,
there come to be some individuals that are weakened, dying or
dead. - In order to exclude them, a very convenient method of
selecting - adﬁlts was devised: small pieces of filter paper are
put in a Petri-dish vhere adults are accommodated, ard the Petri-
dish, then closed, 1is shaken to mix the insects and the paper
rieces. The paper pieces are picked up together with many
active adults sticking to them, and are slightly tapped by fin-
gers to let drop the dead corps mixed with live ones. The
remainders on the paper are surely active, free from dead or
veakened individuals.

They are sexed, if it is necessary, according to the sex
characterslh ”'m), which are presented in the sections 5.5.1. and
"5.5.3. It may be recommended that the beetles supplied to
bioassays should be young enough: the productivity is suspected
to decrease with days after they emerged out. Furthermore, old
stock of beetles sometimes contains females whose ovipositor has

been fully or partly extruded. It may be suspected that these



have lost their potertiality of oviposition.

In consideration with this, =a small test was conducted where
normal females vere compared as regard to their productivity with
those vhose ovipositors had been extruded, with the relationship
of the vproductivity and age (number of days after their emer-
gence) being also investigated.

The result, as presented in Table 2.1., suggested that “new
adults” are more fecund than the "éld adults”, and the degree of
oviposftor extrusion of females is éorrelative with their in-
fertility. The females vwhose ovipositors had been fully ex-
truded was fertile no more. Thus females with extruded ovi-
positors need to be excluded in supplying adults to bioassays.
However, vhen only a small part of females have extruded their
ovipositors among population to be supplied to the cultures, they
need not be excluded from labor-saving viewpoint.

The size of the adult beetle is also an important factor in
selecting them for bioassays. This will be discussed later in
relation to the sex difference and longevity in the sections
2.3.2. and 3.5.

2.1.3. Rearing procedureA'H)
The  mass culture of this insect was begun using "the diet of

alil) The following is a pro-

T6kyd University of Agriculture
cedure of mass culture system with this kind of diet.

The artificial diet used has the following composition: lauan
savdust 56%; soluble starch 10%; cellulose powder 9%; dried yeast

powder 25%. In preparing the lauan wood, only the visually



Table 2.1. The productivity of L._. brunneus adult bheetles with
different age and condition of fewale ovipositor, using the
standard artificial diet (2.3.).

Parent adult beetles F, Progeny

15 nev males?
vs. 20488 22499

15 nev normal females®

- e e o o e e o oy v Y ok WP T T T e 448 i o T o e g T o o S b Mot Ak b o T At S o e ot i o e ot S o o

ot A o o A Y e e A o o o o S it o o e e e A o S e S St i e o S e S 1§ R S b Yt Faas som e oo e s s1np

vs. 15 old females’ . 7388 6793
vith thelr ov1p051tor slightly extruded

15 old nales
vs. 15 old fenales none
with their ovipositor fully extruded

a) Beetles had never been kept in a Petri-dish.

) Beetles had been kept in a Petri-dish for 1-10 days.

) Qvipositor extruded over less than half the body length.
0 Ovipositor extruded over more than the body length.



uncolored portion (sapwvood) was utilized, wood species being
undetermined but belonging to so-called "red lauanrs" (Shorea
(Rubroshorea) spp.). Sawdust is selected by passing it through
a sieve of No. 20-40 mesh, while as dried brewer's yeast powder
wEpios" is used. The above-mentioned composition in dry powder-
state is shaken and mixed in a vinyl sack, to which 100-120%
veight of deionized or distilled water is added to make dough.
In the original methodh) 80-90 ml of water per 100g of powder
material was required, which seems insufficient, resulting in
pore brittle and less solid diet. This dough is put in the wood
frame 40cm long, bcm wide and 3cm Bigh, on which a wood plate of
the same area (40cm x 5cm) and of lcm thickness is placed to push
until the diet dough being pressed down to 2cm thicknessh). The
wet diet, free from the wood frame, is then cut into 3 equal

pieces of the size ca. 13e¢m x 5cm x Zem. These diet blocks are

dried, baked and solidified in a 60-70°C electric oven-dryer for

48 hr. The drying duration needs this at least, while a dura-
tion of only one day allows mold occurrence, as reported in the
section 3.7., and liability to collapse. Such a method of

naking diet produces about 15 blocks of diet from lkg of powder
naterial, one 'block weighing ca. 658, thus its density being
ca. 0.50, «which is nearly equal to that reported by Ito & Hirose”)
to vield a good nuqber of progeny.

For the <convenience of availability, vide-mouthed glass
bottles, 900 m! volumed, 18cm high, 9cm and 6cn diametered at the

redian part and mouth, are used as culture vessels. A disk of

filter paper, 9cm in diameter, 1is placed on the bottom of each.



bottle. . This supports the walk of beetles that cannot walk  .on
glass surfacehn. The bottle, together with the filter paper, is
disinfected for +the control of ‘entomogenous mites such as
Pyemotes sp., as reported in the section 3.7. The adoption of
soil material such as forest loam, as recommended by Rosel , in
place of a filter paper, may be troublesome in regard to the
disinfection and following drying.

For ‘the disinfection ethyl alcohol solution of beta-naphthol

3,me) : . .

(ca. 2.5%)g is- used, covering all the inner surface of ‘the
bottle. Bottles once used for the culture is to be washed to
remove the frass dirt before disinfection. During this opera-

tion one must be careful in handling beta-naphthol solution for
it 1is, in fact, a toxic reagent to human bodies though it was
reported to be harmless to L. brunneus at this concentration.
On finishing the disinfecting operation, a sheet of cotton gauze
cut beforehand in 30 cm square is folded in four, put on the
mouth of the vessel, inner side of which is still wet with beta-
naphthol ~ ethyl alcohol solution, and fixed with rubber band.
. The vessel is air-dried in the rearing chamber, with the gause on
it being also disinfecféd through evaporation. The alcohol
solution 'vill be evaporated within one day to leave deﬁésited
beta-naphthol layer. The invasion of parasitical mites is pre-
vented until this layer is sublisated away.
Spraying the same disinfectant within the rearing chamber
occasionally is also recommended for the mite control though an
intensive caution should be exercised so as to prevent contact

vith and inspiration of this chenical.
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About 130 g of artificial diet is put into the prepared cul-
ture vessel, into which ca. 20-50 individuals (or ca. 8§-20 pairs,
if sexed) of selected beetles are released to attac%. In re-
leasing the beetles, a funnel is used to introduce them directly
onto the diet surface. A rough release to the vessel may spoil
secure contact of the beetles with the diet. Each vessel thus
prepared is then called "a culture”™, a unit of mass culture, and
1abeled with the culture number and initiation date (Fig. 2.3.).

A further means has also been taker to prevent the mites: all
the culture vessels are placed in the water-filled fray. vith
vhich mite invasion is intercepted. Uater'in the tray is to Be
changed occasionally.

Under the indicated climatic condition (24.5°C, 70% R.H.) the
shortest life cycle duration, comes to be a little less than 3
months with this diet, while in the case with the quickest de-
velopment (25-26°C, 75% R.H.), it is about 2.5 months. Slight
falls of temperature and relative humidity are assumed to con-
tribute not only to mold but also to mite control.

After a certain period since the release of parent- beetles,
nev beetles of the next generation begin to emerge. They are to
be collected and are to be supplied to the next culture: cultures
are to be reneved. The manner of "the reneval of culture”
differs with different kind of rearing matrix. = Specific notes
are giveh for the cases with the other kinds of rearing matrices
in the sections 2.3.4. and 2.4.

The adult insecf that has finished its deveiopment and meta-

norphosis emeréed out of the diet block, boring the exit hole
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Fillg s 2711 21920 Rearing chamber of L. brunneus mass culture (In
Laboratory of Wood Protection, VWood Rescarch Institute, KyGto
University, 1070).

2.1.: Outside viev.

2.2.: Inside viev.

Riilg 2535 Lyctus brunneus cultures.
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Fig. 2.4. Transition of the number of beetles veekly collected
in the beginning of L. brunneus mass culture.



from. the pupal chamber, which is made just below the diet sur-

face. This ‘“emergence” consists of the preceding "ecdysis” at
the pupal chamber and the "escape™ to the outside. The adult of
this species is said to be of ecrepuscular naturenz as discussed

in the section 3.6.3., preferring dark condition for “escape".
Thus, when the rearing chamber is illuminated, they take refuge
into the exit holes, pupal chambers or larval tunnels immediate-
ly. On the other hand, due to the nature of the species, once
the adult beelte had oviposited on the diet bldgk. the larva that
has hatched from the egg is obliged to inhabit within that block
throughout its life wunless it is translocated vto a hole on
another diet piece artificially. Supposing the diet block is
puch - crowded with larvae and is eaten in holes excessively, it
becomes a brittle mass filled wfth a large quantity of frass.
The diet of T6kyd Univ. of Agric. has a soft property, and is all
the more liable to collapse if it is eaten too heavily by the
insects. There the iarvae fail to get the foothold for boring,
being left wholly free within the vacant space, or obliged to
drop out of the diet piece, resulting in their death and annihi-
lation. In due consideration with this, all the adult beetles
that have newly eémerged out need to be set apart from their
original diet block and to be released onto another new block.
Therefore, in order to make the T“reneval of cultures”
smoother, the rearing chamber has been illuminated permanently to
force the new adult beetles to remain in their pupal chambers:
their "escapes"” are controlled. This method enables us to

control sharply the beetles' activity and ovipositions on the
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same block as they have emerged from. Although this method
requires "the beetle collection by force”, diet collapse and
annihilation can be avoided thereby. "The beetle collection by
force" is carried out by breaking the circumference of the
adult's exit hole with a firm pincette. A sieve of No. 20 mesh
is QEry useful in removing the frass {feces) from the mixture of
insects and diet particles.

Properly speaking it is preferable to cellect the emerging
beetles every day in order to make "the renewal of cultures”
smoother. However, unless a particular rearer is employed full
time, weekly task can still maintain the mass culture of suffi-
cient scé[emz with permanent illumination practiced.

Just before the moment when adult beetles of the new genera-
tion begin to emerge, crunching noise caused by the inside boring
activity of the larvae is slightly heard when a diet block is
pressed against the ear, with the sound increasing with the
increased number of the beetles of the parent generation. The
detection of larval activity with this method seems effective to
some extent.

Since September 1978 the mass culture of L., brunneus has been
carried out in earnest, with some beetles from "the straiﬁ of
Tékyd Univ. of Agric."” and some from "the strain of Sumitomo
Chemical Co., Ltd.” used as the parent stocks. During the early
phase of the mass culture, a few lots from natural occurrences in
fisaka Prefecture, Japan, were introduced.'resﬁlting in a forma-
tion of "the strain of Kydto University” as a nev hybrid strain.

Figure 2.4. shows +the transition of the number of beetles



veekly collected in the early phase of the mass culture, serving
as an outline of its progress.

Until the end of 1985 about 30 generations have been obtained
in the ©present mass culture, with no apparent symptom of the

affection of inbreeding observed.

2.1.4. Disposal of the larvae®
In the course of rearing the following phenomena may take

i1, (i) some larvae drop cut of diet blocks spontaneously

place
when the rearing chamber is not illuminated; (ii) in the course
of beetle collection by force some larvae are unavoidably laid
bare out of diet piecei (iii) if the population density of the
larvae is too high in the diet block, it collapses, with a number
of larvae dropping out of it. Treatment of a rumber of such
bare larvae is the greatest annoyance in the early phase of mass
culture. This 1is because they are not able to survive unless
each of them is thrown one by one into a suitable hole artifi-
cially bored on a diet block, and if the number of such larvae is
too great, they need considerable labor. In order to diminish
the labor of saving them, the folloving method was devised:

A large rearing vessel, such as a beaker, 1-3 1l in volume, is
prepared and disinfected as above. Blocks of the diet of Tokyd
Univ. of Agric. are divided into tvo or more by hands, some of
vhiech are placed directly to the filter paper at the bottom of
the vessel, and small diet particles includirg live larvae are
scattered on, around and between the blocks. Further, another

part of divided diet blocks is placed on, with particles and



larvae scattered again. Additional repeats may be made to set a
‘final- situation where intact divided diet blocks are wholly
surrounded by diet partfcles including live larvae. The larvae
among the particles will writhe and wander to seek for narrowver
spaces to burrov, and at last some of them will be observed

boring into new diet piece with acquisition of suitable body

support. After these diet blocks are put apart, kept and ob-
served, new adult beetles will emerge, opening their exit holes
at different sites from their entrance holes. With this method

a part of properly grown larvae are saved.

2.2. Nutritional experiments with artificial diets®’
2.2.1, Experiments with adults

As a trial to obtain the information on the essentialities of
the artificial diet, bioassays were made with adult beetles and a
series of artificial digts.

From the mass culture with the method described in the section
2.1.3., new beetles that had emerged vwithin 7 days were collected
and used for the experiments.

The diet components were restricted as follows: red lauan
(Shorea (Rubroshorea) spp.) sawdust (passing No. 20-40 mesh),
cellulose powder, soluble starch and dried brever's yeast powder
"Ebios". These powder components were wvell mixed to prepare 14
different compositions (Table 2.2.). A sufficient amount of
vater, more than 100% of the weight of the powder materials was
then mixed to make a dough, whiech was wrappred in aluminium foil,

pressed into rectangular vessels and was incubated and baked in a
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GQOC electrie oven-dryer for 48 hr to get solid or semi-solid
diets.

For each composition 30-50 g of diet block was prepared. The
great weight differences are due to the fact that several of the
baked diets showed severe cracks or collapses, and had té‘ be
nended by adding more dougH material. The mended diet blocks
vere not cut nor planed for fear of re-collapse. -

A filter paper vas placed on the bottom of a Petri-dish of
11.5 cm diameter, which had been treated with beta-naphthol
(ca. 2.5% solved in ethyl alcohol) to keep off parasitical mites.
A piece of diet cake was placed on filter paper in such a way
that only one edge contacted the bottonm. This set-up enabled
the beetles to attack all 6 faces. For each diet 10 pairs of
active, freshly emerged beetles were selected and released to the
Petri-dish which was then sealed with a filter paper (Fig. 2.5.).

All the experimental cultures were placed in a mass culture
chamber illuminated all day, as described in the section 2.1.3.
Vhen parent beetles died, they were removed and the cakes vwere
observed whether they show any signs of larval activity, such as
frass discharge. The emerging beetles vere collected once a
veek, +then dated, sexed and their body length nmeasured with
calipers between the top of the mandibles and the end of the
elytra. Veighing the adult beetles proved difficult and im-
proper because of their violent activity, vast number of then,
and above all the changé of the value with time, as discussed in
the sections 3.1.2. and 3.2.4.

Each experiment was terminated when double the time of the



shortest life cycle had passed; for fear that the second genera-
tion (F,) might be mixed with the first (F,). In some cases the
experiment was terminated earlier because the diet was eaten up
to be reduced to powder and particles,.

Results were presented with regard not only to the number of
progeny (F, only) and the shortest life cycle period, but also to
the weight values of the progeny as a&n index of the degree of
their development. In the last item, summing and averaging
males' and females' values collectively were assumed to be im-
proper because there tended to be a sexual difference in the
degree of development, as discussed in the section 3.1.2.

On the other hand, the prepupa, or the fully grovn larva, is
considered to be the heaviest developmental sfage of the life
cycle, in particular of those species of which the adults do not
feed any more, as in L. hrunneus®". .Up to this stage the weight
increases (except for at some ecdyses), and then it decreases due
to pupation, sclerotization, energy consumption and genital
activity. The body wveight value of the final stage of larva, or
prepupa, thus represents the result of the total féeding of the
individual.

Keeping these two points in mind, the weight values obtained
in - this e#periment—vere transformed into those of prepupa, with
the values of male and femalée adults calculated separately with
different formulae, and then weighted averages of both sexes were
presented.

For the value transformations, the following formulae were

employed:



Potri ¢ish
(k2em diameter)

filtor papers

thumbrack

Positioning of the diet cake for the experiment with

Fle. 2.5.
adults.
P larva i i adult
9 middle instar * immature (feeding) p.rapupn9 pupa nun—sclerntlzndénnw Bzlarotized
larva larva (teneral) adult] {mature) adult
+ + + - - .
) w u' w/lmg = ©,022x(k/1lnm) 32
w/ling ™ 0,031%(2/Yem) 3+ 0
(3.0-2,3 mg in av.) {Formula I}
initial stage in no trnnsfnmhi - 1. 09|.J wee (Formula IXIX)

the ecxperiments W
with larvae
= 1,800 .. {(Pormulm XI)
to be compared for '

the growth evaluation

Fig. 2.8. Kethods of evaluating larval growih and welsht.
(+ : weight Incressei - : velght decrease)
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Table 2.2. Artificial diets investigated
Components (%) Almost
equal to
Diet Red lauan Cellulose Soluble Dried brewer's the diet
vood sawdust powder starch yeast powder devised by:
A 68 10 0 24 .
B 56 10 10 24 Iiima %LLL‘)
C 33 10 33 24 Tscholl!?
D 0 10 68 24
E 80 10 30 0
F 45 10 45 0
G 30. 10 60 0
H 50 0 26 24
I 38 0 38 24
J 26 0 50 24
K 78 10 0 12
L 39 10 39 12
| 0 10 78 12
H 0 43 33 24
Table 2.3. Results of experiments with Lyctus brunneus adults

on artificial diets.

Progeny yield

Shorte

st

life

Yeight in

Diet number cycle period prepupal stage®
(veeks) V (mg)
A 0 - -——-
B 153 11 3.8
c 241 11 5.1
V] 95 13 4.9
E 8 37 1.45
F 7 34 1.04
G 7 28 2.5
H 353 11 5.1
I 315 11 5.8
J 298 11 8.3
K 0 -- -—-
L 107 11 4.8
H 45 13 5.5
H 120 14 5.8

) Average including males and females.
age of adult body lengths was transformed with Formulae I and II.
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3.2

0.022° (4 / 1 ¥ for males

mo
. 3.0
1 mg = 0-031° (R, o

1

Formula I : w /

E )
.
113

for females

(see 3.1.2.)
Formula II : W

H

1.80 w (see 3.1.1.)

(£: body length of adult: w: weight of new, sclerotized adult;
V: weight of prepupa)

The results of the experiments with adults are summarized in

Table 2.3.

2.2.2. Experiments with larvae

The second part of this investigation is the test with "larval
transfer”. While the section 2.2.1. 1is aimed at assaying the
diet suitability for the ovipositing female adults, this part is
ainmed at assaying the diet suitability for the feeding larvae.

The larvae employed in the experiments were taken out from the
mass culture in the same condition and method as described in the
sections 2.1.3. and 2.2.1. Cultures were started with the diets
exposed to the parent beetles for only 7 days. Eight weeks
after half the exposure time, the diets were broken into pieces
to get the "middle instar larvae”, as defined in the section
3.2.1.

The series of artificial diets investigated vas just identical

“with +that 1in the experiments with larvae, as presented in the

section 2.2.1. and Table 2.2. Holes of a diameter of 2mm and
about 2.5 cm deep were drilled into the diet blocks. One of the
"middle instar larvae"™, with their average weight being 3.0-

3.3 mg and §.D. value less than 1.0 mg, was put into each hole of



a diet block. Then the holes were stuffed with powder materials
of the same composition as the respective diet and sealed with
glued paper labels. The diet quantity for each larva was suffi-
cient. They were also placed in the same mass culture chamber
as described in the section 2.1. The emerging beetles were
collected once a week, then dated, sexed and measured similarly
as described in the section 2.2.1. Two series of experiments

were conducted;

Series I: 30 larvae were used for each diet. The emerging
beetles were collected for 9 weeks. All the remaining immature
individuals were then taken out of the diet and weighed.

Series II: 10 larvae were used for each diet. The emerging
beetles were collected until the last had emerged.

In Series I of this experiment, individuals obtained assumed
various developmental stages. In the same manner and circum-
stances as described in the section 2.2.1. &all the weight values
obtained in this series were transformed into values of prepupa,
except for the values of the immature (feeding) larvae.

For the value transformations, Formula III, as presented in
the section 3.1.1., and also Formulae I and II, as presented in
the sections 3.1.1. and 3.1.2., were enmployed:

Formula TII : ¥ = 1.08 w’

(v': weight of pupa; W: weight of preﬁupa)

The present bioassay process of growth evaluation on diets
based on these formulae is summarized in Fig. 2.6.

The results of the experiments with larvae are summarized in

Table 2.4.
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Table 2.4. Kesults of experiments vith Lyctus hrunneus larvae on artificial diets.

Series 1 (30 individuals)' Series I1 (10 individuals)®

| | |

| | |

| ] |

| Emerging adults Remaining pupae Remaining larvae I |

| vithin 9 veeks after 9 veeks after 9 veeks | Emerging adults |

Diet | VYeight {av.) | Veight (av.) Veight |

| Veight Veight of initial Veight | Veight of initial increase |

| in n Avernage larvae increase | in larvae ¥y - ¥ |

| Number prepupal Humber prepupal Humber weight ¥, (mg) - | Humber vprepupal Vo (ag} 'R 1

| stage stage . ¥V (ng) Vo | stage | ]

l Vv (mg) ¥ (mg)} I ¥ (ag) i

A 6 2.2 0 -- 18 4.4 3.0 0.3 | 9 2.3 3.0 -0.2 |
B | 4 3.0 0 - 23 7.8 3.0 1.4 | g 7.1 3.0 1.4
[ 6 . 5.2 0 - 18 8.6 3.0 1.8 | 9 10.9 3.0 2.6
D | B 3.8 0 =-- 19 3.6 3.1 1.4 | 8 8.8 3.0 1.9
E | 5 2.8 0 - 21 4.6 3.1 0.4 | 9 3.3 3.0 0.1
F 1 12 3.0 0 -- 17 4.7 3.3 0.2 | 9 3.7 3.0 0.2
G | 8 3.4 0 - 18 4,4 3.2 0.3 | 10 3.0 3.0 0.0
|| 8 5.2 0 -- 22 9.6 3.3 1.5 | 9 9.8 3.0 2.3

1 | 8 5.7 0 - 18 9.6 3.3 1.5 | 8 8.5 3.0 2.2 I
J o1 10 5.8 0 - 18 8.6 3.3 1.5 | 6 8.1 3.0 1.7
K | 8 2.5 1] -- 12 1.9 3.3 -0.4 | 2 1.7 3.0 -0.4
L I 11 4.0 1 10.1 17 9.4 3.3 i.2 | 9 9.5 3.0 2.2

H o 9 4.8 (] - 18 8.2 3.3 1.1 | 4 8.3 3.0 1.8 |

o 7 4.8 0 -- 19 5.8 3.3 0.7 | 5 5.0 3.0 0.7 |

U | | J

1) Including some larvae dead or lest during the experiment.
Average including mnles and females. For each sex the average of adult body lengths vas transformed with Formulae I and II.
*) The value of pupsl weight vas transformed with Formula III.



2.2.3. Discussion

From the results presented in Tables 2.3. and 2.4., fo]lowiné
information is obtained: .

The results of diets A and K indicate that a full development
cycle cannot be obtained if starch is lacking, although some of
the transferred middle instar larvae were able to pupate with
little or no weight increase. These larvae are supposed to have
put on enocugh weight to pupate without feeding any more. "Yeast
glycogen”, a kind of soluble sugar, was supposed to be contained
in the yeast pbwder. The results of A and K showed that it did
not prove to be a reliable nutritional source of carbohydrates:
either yeast glycogen was not utilized, or the amount was insuf-
ficient if it is utilizable.

A cooparison of the results of the diets B and C indicates
that € is more efficient in yielding progeny and increasing
veight. This conflicts with the result by Ijima gj_ai*y)

The diets D and M, which vere prepared without sawdust,
cracked easily during baking due to their high density; they were
very hkard and therefore unsuitable as a practical diet. An
attempt to reduce the density of these diets by using cotton
instead of cellulose powder made them even harder, with little
progeny and little development of insects obtained.

The absence of yeast or any other protein and vitamin source
in the diets E, F and G resulted also in poor progeny and de-
velopment. However, in the experiment with adults a small

nunber of beetles completed their life cycle on these yeast-free



diets, possibly due to the nutritions in the sawdust, in contrast

to those reared on the starch-free diets A and K, which failed

completely. These facts suggest that the used lot of sawdust
contained no or only insufficient amount of starch, yet a small
amount of other nutrients, above all proteins. The apparently

greater importance of starch compared with proteins in the re-
maining components may thus be explained by the 4quantitative
differences of these two substances. This result is more or
less similar to that reported by Cymorekmm. who further stated
that the larvae in earlier stage were able to survive the protein
deficiency for a limited period, possibly by utilizing the vyolk
of the egg.

The absence of cellulose powder in the diets H, I and J§ did
not affect the production of beetles negatively, but did on the

contrary increase the yield. Horimm

vas skeptical whether the
addition of cellulose to the diets had any effects. The present
investigation yet revealed that it has some effects which will be
mentioned later on.

The effects of a reduction of the amount of yeast was hot
clearly noticeable from the comparison of the diet series {A, B,
C, D} and {K, L, M}. However, it is remarkable that the progeny
vyield of the diet L was relatively small.

Contrary to the results of the diets H, I and J, the diet N
could produce a certain progeny yield and development though
poorer than H, I and J. Thus, it can be said that when sawdust

is not available, it may be substituted by cellulose powder in

making diets: either cellulose or sawdust, one will suffice for



the purpose. Furthermore, the cellulose powder and the sawdust,
containing no or insufficient nutritional substances, are con-
sidered to play the same role in the composition of a diet.
They are not only simple matrices but also cemponents <contribut-
ing to lowering the density and to increasing the porosity and
rocughness of the diet. This is also obvious from the results of
the diets D and M, where the other two fine powder  nmaterials
amount to as much as 90% and thus the diets lose their surface
roughness and porosity. In these two diets the progeny yields
in the wexperiment with adults were low in spite of the weight
increases in the experiment with larvae. This indicates that
these two diets are comparatively suitable for larval develop-~
ment, but not so suitable for oviposition, being not easily
acceplbed by the ovipositing females. The present method of
bioassay distinguished clearly between the diet suitabilities for
the oviposition and for the larval development,. The present

resuit does not seem to be incompatible with a report by
eh)

Cymorek™ . who only showed a delayed larval development with
increased density of wocod. Ite & Hirose”) reported on the
influence of the diet density on the progeny vyield. However,

the quantitative information on the larval development, such as
their weights, was not dealt with by then.

") and Tiima et allV emphasized the

Khalsa ej_aJAEH, Cymorek
fact "that oviposition of Lyctus took place in artificial diets,.
It is, hovwever, not surprising since all the diets devised by

them have many small cracks, pores and/or depressions that are

utilized as oviposition sites. It is noteworthy that L.



prunneus, compared to other lyctids, vprefers wide and large

i rs . 10
oviposition 31tesc);

this "species specificity" in ovipositing
pehavior should be taker into consideration. This fact may be
responsible for the difference in the suitability of the diets D
‘and H for larval development and for oviposition.

As the first approach to develop the most =suitable meridic
diet, the present investigation singled out C, H, I and J to be
the best four diets, followed by B, L and N. This investigation
vill be succeeded by the section 2.3.

It should be mentioned in addition that the larval development
vas hindered to a certain extent in the experiments with larvae.
In Series Il several individuals emerged very late: it took as
much as 9-10 months for the beetles to emerge even under the mass
culture condition. This phenomenon cannot be attributed ob-
viously to a nutritional deficiency because it ocecurred even in
"good diets”, such as in H. Cumeins & Wilsoncn also reported
such an inconvenience in the result of the laboratory tests of
chemicals with larval transfer method. The cause of this phe-
nomenon is not clear although it is perhaps related to the dif-
ferent ability of the individuals to adjust themselves to a new
diet or to the physical and geometrical variation of the bored
holes on a diet block. In general, larvae of lyctids and
bostrychids suffer more from transfer than certain cerambycid and
anobiid species.

2.3. Development of new artificial diets&H)

2.3.1. HMaterials and methods



As the final investigation on the artificial diet, tests were
carried out with a nev series of diets and adult beetles.

The adult beetles employed in this investigation were reared,
collected and selected with the same cenditions, methods and diet
as in the sections 2.1. and 2.2.1., with only males of more than
4.5mn length and females of more than 5.0mm length selected so as
to eliminate weak individuals.

A series of artificial diets, as presented in Table 2.5., was
prepared, which were made from wheat flour, buckvheat flour
(powder from the "middle layer"), as well as the four raw materi-
als wutilized in the section 2.2.1. These diets had been sup-
posed to be well accepted by and suitable for Lyctus to some
extent, 1including those already dealt with in the section 2.2.
(M, I, J, N, B, C), the buckwheat flour cake™™ (¥) and so-
called "the diets of Sumitomo Chemical Co. Ltd."® (X, ¥). Com-
pared to the diets 0, H, P, I, Q, J, the diets R, S, WK, T, U, V,
respectively, are those in which wood sawdust, which proved to be
a physically contributing ingredient, 1is replaced entirely with
cellulose powder.

Diets were prepared 1in the manner similar to but slightly
modified from that in the seection 2.2.1.; 100 g of the raw mate-
rial mixture was stirred thoroughly and mixed in a dry powder
state. To this distilled water was added in an appropriate
quantity for each diet as shown in Table 2.5. Such a variety of
water quantities was aimed at preventing cracking or collapse in
diet blocks, as encountered in the section 2.2.1. The kneaded

dough was then solidified in a Tce x 3.5¢m frame to make two or



Table 2.5. Artificial diets further investigated

Composition (%)
Y¥ater Average Almost equsrl

Diet Lauan Caellulose Soluble Dried Other density to the diet
vood povder starch brever's constituent (X} devised by:
savdust yeast powder (flour) (g/ca®)
0 66 -= 10 24 -~ 110 0.59
H 50 -- 28 24 -~ 100 0.69
P 43 “n~ 33 24 -~ 100 0.78
I 38 - 38 24 -~ 806 0.79
Q 33 -= 43 24 -- 80 0.78
26 e 50 24Tt 0 0.8
R -- 66 10 24 -~ 130 0.54
S - 50 28 24 -- 120 0.65
K -— 43 33 24 - 110 0.69
T -- 38 38 24 - 100 0.72
U -- 33 43 24 -- 100 0.76
VoI &8 80 - 3 S icin so_____0.83
B 56 10 10 24 -- 110 0.56 Ijina u,[u‘_'”
€ 33 10 33 24 -~ 100 0.72 Tscholl')]
¥ -- - -- - Buckwheat 100 80 0.73 Suzukiswﬁa)‘
X -- 50 ~- 10 Vhent 40 120 0.64 Ito & Hirosel!®
¥ -- 50 -~ 20 Vheat 30 120 ¢.68 Tto & Hirose'




three blocks. They were incubated and baked in a 60°C electric
oven-dryer for 48 hr, except for the diet ¥ (buckwheat cake),
which was wrapped in paper and incubated for only 24 hr. As
shown in Table 2.5., each kind of diet block had its own density
or, in another term, specific gravity, whfch depended on its
composition and the quantity of water added to it. Four repli-
cations were made for each diet composition. Because all the
present diets are supposed to be “good” to some exfent, experi-
ments with larval transfer, as performed in the section 2.2.2.,
were not made, and only the "expreriments with adults” were per-
formed, examining the result of only the first progeny generation
(F,). |

Far each experimental replication, a cirecular filter paper was
placed and glued firmly with polyviny! acetate resin adhesive on
the bottom of a Petri-dish of 11.5 cm in diameter. After the
adhesive solidified, the dish was disinfected vith beta-naphthol
in the same manner as discribed in the sections 2.1.3. end 2.2.1.
About 100 g of diet blocks was placed aon a dish in the saame
manner as before so as to expose all six faces of each block. To
this 10 pairs of beetles were released.

All of the experimental cultures were placed in a mass culture
chamber (24.5°C, 70% R.H.), as described in the section 2.1.1.,
with very dim illumination all day. Each culture was closed
when double the shortest duration of one generation (double the
time between the initial release of the parent beetles and the
first emergence of their progeny) had passed, for fear that the

first and second progeny genarations might be mixed.



The progeny from each replication; dead and alive, was col-
lected at the time of culture closurei; weekly beetle-collecting,
as performed in the section 2.2.1., was avoided in this investi-
gation because it might affect or injure some of the other indi-
'viduals in the course of development.

In order to assess the weight, namely the degree of develop-
gent, of the progeny, adult body length was measured as 1its
parameter, in the same manner as in the section 2.2.1. In this
case, dead beetles among the progeny had to be treated to make
ther supple because a dried dead beetle, as it is, becomes broken
easily when handled. Therefore, the collected progeny fronm each
culture, dead and alive, was wholly soaked in so-called
"Barber's fluid"”) (benzene 5.5%, ethyl acetate 14.8%, ethanol
39.3% and water 40.4%), specially devised for softening beetle
specimens, by which dead beetles became as flexible as live
beetles.

All the beetles were sexed, counted, and their body length
reasured with slide calipers. The bodies of some individuals,
vhich had been dead at the time of collection, were broken, with
head and pronotum separated from the rest. For such cases, the
following formula, which is presented in the section 3.1.2., was
utilized so as to estimate the whole body length of the broken
specimens.

Lt =1.39 ¢
(¢! body length of adult: ¢': elytral length of adult)

Out of four replications for each diet., one replication with

the smallest number of progeny was abandonned and the other three



replications were presented as the results.

2.3.2. Results

The results obtained are shown in Table 2.6., while the anal-
yses of variance of the shortest duration of one <generation,
progeny number, and progeny body length are given in Tables 2.7.,
2.8. and 2.9., respectively. These values then were treated
statistically as shown graphically in Figs. 2.7., 2.8, and 2.9.
respectively, together with their 95% confidence limits.

The average of the shortest duration of one generation regis-
tered in three replications seem rather uniform, falling between
71 and 90 days. The diet C and W had the shortest values of all
the diets, vhereas the diets R had the longest. According to
the analysis of wvariance of the shortest life cyecle duration
(Table 2.7.), the variance ratio among the diets did not exceed
the F value in a 5% risk, indicating that there was no signifi-
cant difference regarding the shortest duration of one generation
among the diets. Figure 2.7. also’indicates a uniformity of
values, with the possible exception of the diet R which shoved a
value that was a little higher. The last column in Table 2.86.
presents body length differences between males and females, with
the average 0.29 mm, which will designate a measurable value of
0.3 mm as the standardized difference of body length limits for
biocassays.

As for the progeny body length, highly significant differences
among both diets and sexes vere shown in Table 2.9. The latter

means that female individuals are statistically larger-sized than



Table 2.6. Results of the progeny of Lyctus brunneus reared with artificial diets
(3 replications in each diet}

Average of Males (8) Females (%) 3 + ¢ Body length
the shortest ~~~~~ 77T TTTTTTTT TToTTmmmmmmomomoomooos mommTmmoom difference

Diet duration of Average of Total Average of Total Total hetween

one generation body length progeny body length progeny progeny and &
(days) (mm) number (npm) number number (nn)

0 83 4.58 225 4,84 287 512 0.26
H 77 4.69 369 4.99 399 768 0.30
p 77 4.78 339 5.09 399 738 0.31
I 79 4,84 299 5.18 282 581 0.34
Q 73 4.77 448 5.10 4067 913 0.33
J 77 4.79 548 5.06 599 1147 0.27
R g0 4.50 200 4.71 223 423 0.21
3 78 4.91 470 5.11 462 932 0.20
N 75 4.72 833 4.98 647 1280 D.26
T 74 4.68 648 4,98 613 1261 0.30
U 75 4.66 546 4,97 642 1288 0.31
v 78 4.74 539 5.13 606 1145 0.39
B 79 4.49 313 4.75 394 707 0.26
C 71 4.82 354 5.20 322 876 0.38
¥ 72 3.92 434 4.186 441 875 0.24
X 80 4.64 660 4.96 645 1305 0.32
Y 84 4.72 652 4.98 640 1292 0.26

Averages... 932 0:29




Table 2.7.
generation

Analysis of variance of the shortest duration of one

Source of Sum of Degree of Mean Variance ratio
variation squares freedon square
Diet 1038.71 16 64.919 1.11968°
Error 1971.33 34 57.980
Total 3010.04 [ 14]
D Fwamen = 1.95 > 1.12 = Fpy
Table 2;8.- Analysis of variance of the progeny number
Source aof Sum of Degree of Hean Variance ratio
variation squares freedom square ( F )
Diet 243231.5 16 15202.0 10. 30"
Sex (gender) 841.7 1 841.7 0.571
Error 124003.1 84 1476.2
Total 368078.3 101
D < 3.32 < Fy
€16, 84)(0.1%) . Ief
b 1, B4y s %) = 3.95 > FSBX
Table 2.9. Analysis of variance of the progeny body length
Source of Sum of Degree of Hean Variance ratio
variation squares freedonm square ( F )
Diet 5.39 16 0.34 20.1°¢
Sex {(gender) 2.10 1 2.10 125,10
Error 1.41 84 0.0168
Total 8.40 101

1)
F‘IB,SM(DJ.‘/»I <
" (1,84100.1%)

3.32 << E‘““‘
11.97 << Fg
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nales, as discussed in the section 3.1.2., although size is no
guide in distinguishing the sexes®® .

Table 2.6. and Fig. 2.8. show that among the 17 diets, the
following seven formed a group that produced more progeny than
the average of 932 individuals with 3 replications collectively:
J. N, T, U, V, X and Y. In each of the two series of six diets,
namely {0, H, P, I, Q, J} and {R, S, N, T, U, V}, progeny number
seems to increase roughly as the specific gravity of the diet
increases. This agrees with the report by Ito & Hirose”).

As for the progeny number, the variance ratio among the diets
greatly exceeds the F value in even the 0.1% risk, as shown in
Table 2.8., indicating a high significant difference among the
diets, whereas the variance ratio between the sexes indicates
that there is no significant difference between the male and
female numbersi the final sex ratio is nearly 1 ¢ 1 in every
diet.

Standard deviation (S$.D.) of the body lengths of the popula-
tions varied to some extent; in males the maximum S.D. value
encountered in this investigation was 0.50 mm in a replication of
the diet H, with 80 individuals of the progeny, and a replication
of B, with 99 individuals, also; the minimum 9.23 mm in a repli-
cation of C, with 166 individuals, whereas in famales the maxinum
3.D. value was (.53 mm in a replication of 0, with 72 indi-
viduals, the nminimum 0.29 mm in a replication of ¥, with 206

$12)

individuals. Contrary to Suzuki's report, it seemed difficult
to detect =a relationship between the standard deviation of the

progeny body length and the progeny number as well as between the



rormer and the kind of diet. From a practical viewpoint, a
standard diet is desired to produce adult beetles with their body
lenglh as uniform as possible. However, as the 35.D. value
cannot be expected to be reduced with any of the diets, the
average body length becomes important in selecting diets.
Although it is difficult to draw a definite line, 7 diets., P,
I, @, 4, S, V and C may form a group that produces well-developed
(large-sized) individuals (Fig. 2.9.). The dists R, B (that of

Tékyd University of Agriculture) and ¥ (buckwheat cake) clearly

are unable to produce well-developed individuals. The value of
the diet ¥ reported here agrees well with a value "4.0 nm", 8as
§12)

reported by Suzuki The differences of the maximum and mini-
mum average body length data of the three replications of each
diet were small enough: in males the maxinum difference between

them was 0.42 mm in the diet X, in females, 0.44 mm in X also.

2.3.3. Discussion

As two common elements between the set of diets {J, ¥, T. U,
V, X, Y} with the more progeny than Lhe average and the set {P.
I, @, J, S8, Vv, C} with comparatively larger-sized progeny, the
diets J and V are designated as the ideal diets, where the iden-
tical percentages of the nutritional ingredients, namely soluble
starch (50%) and brewer’'s yeast powder (24%), are contained.
The quantity of water added in making diet dough differed between
these two: in the diet J 70% water is required. vwhereas in ¥V it
is 90%. This is due to the difference of fineness between lauan

wood sawdust, passing 2 No. 28 mesh, and ceclliulose powder.



All of the diets investigated in this study apparently con-
tained sufficient quantities of nutritional ingredients required
by the species, and yet variations in the progeny number and body
length were displayed to some extent. This seems, at present,
to be due to the variation of physical properties, such as dens-
ity, and/or the nutritional balance. The latter will he dis-
cussed further in the chapter 4. in relationship to Lxgjnﬁ_deve;
lopment.

The content of starch as well as that of some other nutrients
in certain artificial diets has been thought to be too high and
thus unnaturalm”. This idea, however, seems to be of question-
able wvalidity because, in fact, +there exist some natural mate-
rials which are often and heavily attacked by lyctid beetles
because of their very high starch content. An appropriate
example may be bamboo, whose starch content, according to
Josephw). ecan amount to as muéh as 19% as .in Bambusa arundinacea,
Cymorekmw reviewed the non-wood-feeding habits of Iyetids, such
as on dried potato, wheat grains, and so forth. All of them are
thought to have high starch contents when compared to hardwood
sapwood. These facts suggest that lyctids in the nature are
ready to wutilize these materials as food, and hence the high
starch content of the diet series in this investigation does not
seem "unnatural” for lyctids;

It‘ is shown to be difficult to reduce the S.D. value of the
progeny body lengths with all the diets. Such a variation is
inevitable in general though the longevity is dependent upon the

body length greatly, as shown in the section 3.5.



2.3.4. Rearing with the new artificial diets

With +the above-nominated two kinds of diets, a plain diet
paking system is proposed: the diet J, with the composition of
‘lauan sawdust 26%, soluble starch 50% and brewer's yeast powder
24%, should be chosen as the standard diet, and if savdust is not
available, the diet V, with the sawdust entirely replaced by
cellulose powder, can be adopted temporarily instead. The pri-
ority of the diet J over the diet V is due to the fact that the

diets without wood sawdust were observed to produce more mal-

formed individuals, as reported in the section 5.6. Further-
nore, in praetical tests in wood preservation, a diet containing
vood sawdust is, as a matter of course, better as a material to

be treated with wood preservatives than a diet without sawdust.

Here we call the diet J "the standard diet", and the diet V¥
“the second standard diet", while J and V collectively "the diets
of Kydto University”.

In utilizing this standard diet for the mass culture, two sets
of wooden frames have been introduced for naking diet blocks
(Figs. 2.10.-2.11.). The composition of 3 raw materials 1in
dried powder-state is shaken and mixed in a vinyl sack, to which
70% of deionized or distilled water is added to make a dough.
Just 400 g of this dough is weighed and confined in the larger
wooden frame -set (Fig. 2.10.) to maké a wet cake of approximately
16.0cm x 8.0ce x 2.4cm in size, which is cut with a thin wire or
a8 knife into 4 equal pieces, each being approximately 8.0cm x

4.0cm x 2.4cm in size and weighing about 100 g. ¥Yhen the



[MESe Mo lll)a 50 101, Vooden frames prepared for making the diets
of Kydto University. (1) and (2): side frames, (3): pressing

plate.
2.10.: Larger set yielding 4 blocks.
2.11.: Smaller set yielding 1 block.

20 L 30
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culture of L. brunneus using them.




smaller wooden frame set (Fig, 2.11.) is used, only 100 g of
dough is weighed &nd confined to vield only one block. These
blocks are then put up on a large heat-proof tray with a sheet of
paper on its bottom, and this tray together with the diet blecks
s put into a 55-60°C electric oven-dryer for 48 hr to dry, bake
and solidify them all. The diet blocks are then climatized in
the mass culture condition (24.5°C, 70% R.H.) for more than 2
veeks to get an air-dried state with appropriate moisture content
for the insects. Such an air-dried diet block weighs about 55-
60 g, resulting in ca. 0.7-0.8 g/cn® of density (Fig. 2.12.).
Twoe pieces of diet blocks are used per one culture vessel of the
same kind (Fig, 2.13.) with the same treatment and manner as
described in the section 2.1.3. The number of parent beetles
released to one culture will be designated later in the section
3.3.2,

This standard diet has been utilized in the present mass
culture instead of "the diet of TOky8 Univ. of Agric." since its
establishment in May, 1982 up to present (1986), and has been
confirmed to have the ability to produce progeny in the present
nass culture system over several generations.

This artificial diet has proved efficient also in rearing some
other lyctid species, such as L. sinensis, L. africanus and
Lyctoxylon dentatum, and a bostrychid species, Dinoderus minutus.
(Fabricius).

2.4, Rearing with nutriticnally enriched woodsH)

The alternative rearing matrix adopted for another purpose in



the mass culture syslem is the wood treated with the following
methed, the outline of which has been given by Cymoreknwﬁuz
This treatment of nutritional enrichment yields the ©progeny
rather surely, compared to untreated wood.

A large glass vessel for vacuum treatment is prepared, to Lhe
glass 1id of which a separatory funnel was attached. Sapwood
hlocks of an ocak species, QuﬁLsuﬁ_SﬂLLaLﬂ_Murray; each measuring
approximately 7-11 cm (longitudinal) x 3-6 em x 1-1.5 cm, stored
in a 5°C refrigerator for 1-5 years, are put into the vessel,
vhich is then depressurized by suction-pump down to ca. 7mb for a
period of 15 min. After switching off the motor of the suction-
pump, the nutrient solution, 15% w/w maltose and 3% w/w peptone
dissolved in distilled water, is poured into the vesse! using a
separatory funnel under the low pressure to dip wood blocks
wholly in the solution and to impregnate the blocks with +the
solution. After the vacuum released, the wood blocks are left
untouched in the solution for a period ¢f more than lhrm“. (Al-
though a vpreliminary trial using lauan veneers to subslitute
§oluble starch for maltose resulted in a comparable yield of
progeny, dissolving the starch required much time and labor,
especially in alkalizing the sclution with NaOH before the trou-
blesome dissolution of starch, followed by neutralization with
HC1.)  The wet wood blocks, impregnated with maltose and pepton
solution, are taken out from the vessel and dried in a 50-609C
clectric oven-dryer for 24 hr, and then climatized in the mass

culture condition (24.5°C, 70% R.H.) lor more than 3 veeks to

adjust the moisture content.



About 100-150 g of these wood bloecks are used per one culture
vessel as the alternative rearing matrix in the same manner ‘as
described in the section 2.1.3, The progeny beetle collection
by force is performed, if necessary, by striking or knocking the
‘wvood block against another or some other hard material, by which
new adult beetles still remaining in their pupal chamber slip out

b

by themselves Attention should be paid if the block is
heavily infested because in such a case the block is very liable
to break.

This rearing matrix, in comparison to the standard diet, has
some different characteristics: the duration of beetle yield
(period from the first progeny emergence to the ceasing) is much
longer though the progeny is less abundant and their bodies are
smaller. The greatest merit of this matrix is that the urgency
of beetle collection is mitigated to some extent especially in
the use during suspension of assays: only a little labor is to be
required in maintaining and preserving the strain.

Since the introduction of this rearing matrix, the present
mass culture system has come to include three kinds of ‘rearing
patrices mainly used:

The sawdust-containing artificial diet of Kydto University,
namely the standard diet, or the diet J in Tables 2.2. and 2.5.,
serves for general use, especially Tfor the intensive nultiplica-
tion of the population, and for supplying well-developed indi-
viduals for any kind of bioassay. The cellulose-containing

artificial diet of Kydto University, namely the second standard

diet, or the diet V in Table 2.5., serves only for temporary use



wvhen wood sawdust is not available. The enriched wood blocks
serves only for secondary but not for temporary use, especially
for strain maintenance. During suspension of assays, using only

the last kind of matrix is recommended.

2.5. Summary

The summarized results and conclusions obtained in the inves-
tigations on the mass culture method of L. brunneus are:

(1) The automatic control of the temperature and the relative
humidity in the rearing chamber is essential for the mass culture
of this species, and it is recommended to set the climatic condi;
tions to be 24.5°C and 70% R.H. in due‘consideration of the mold
occlurrence.

(2) Productivity of emerging adult beetles decreases with aze,
and the females whose ovipositors had been fully extruded need to
be excluded from adults suppliedAfor nevw cultures and bioassays.

(3) Cultures have to be renewed by collecting the new adult
beetles and providing them with new diet blocks.

(4) The activity of nevly_emerging adult beetles on the diet
blocks can be controlled by illuminating the rearing chamber
throughout the day.

(5) A number of larvae exrosed out of diet blocks can be saved
to some extent by scattering them together with diet particles
among diet blocks. |

(6) There is a duality of suitability of an artificial .diet,

i.e. the suitability for larval development, as the nutritional

factor, and the suitability for oviposition, as the physical



factor. And the diets that are too hard and not porous enough
proved to be rather unacceptable for ovipositing females even if
they are rich in nutrients.

(7) Quantitatively starch is the most important nutritional
substance qompared to the protein and/or amino acids.

(8) Cellulose powder in addition to sawdust is not necessary
as a diet component, while wood sawdust may entirely be replaced
by cellulose powder.

(9) The shortest duration of one generation hardly varied
under mass culture condition among the diets that were supposed
to be effective. The progeny number varied considerably among
these diets, while the sex ratio for every diet was near 1 : 1,
On the other hand, the progeny body-length, as a parameter of the
degree of development, varies among the diets as well as between
the sexes.

(10) The standard artificial diet was designated to have the
composition of lauan sawdust (or cellulose powder) 28%, soluble
starch 50% and brever's yeast powder 24%. Rearing with this
diet was very successful not only of this species, but also of
the other lyctid species.

(11) 0ak wood treated with a nutritional solution of 15%
naltose and 3% peptone is also utilized as an alternative rearing
matrix principally for the purpose of culture and strain mainte-

hance.



3. Life history and ecology

In this chapter, some quantitative relations among the devel-
opmental stages and some others (3.1.), 1larval development and
instar number (3.2.), density effect from the viewpoint of popu-
lation ecology (3.3.), sex ratio from the viewpeint of rearing
(3.4.), adult longevity from the viewpoint of control biocassay
(3.5.), ethology of adult beetles (3.6.), relations with other
organisms including natural! enemies (3.7.) are investigated

and/or discussed.

3.1. Quantitative relations
3.1.1. Relations between the weights of prepupa and the other
staseso)

As discussed in the seetion 2.2.1., prepupa 1is Jjust the
heaviest stage throughout the life cycle of this species, pre-
senting the total feeding of its life. In order to understand
the pattern of body weight change in the life cycle of this
species, the following attempt was made: several pupae and pre-~
pupae were collected from the mass culture with the diet of Tdoky?d
Univ. of Agrie., as described in the section 2.1.3., and their
wveight changes with metamorphoses were recorded. The ratio
values were <calculated between the stages and were averaged
respectively to set up the weight relation between newly sclerot-
ized adult and prepupa, as well as that between pupa and prepupa.

As for the relation between the weights of neﬁly sclgrotized
adult (w) and prepupa (W), the value of the ratio W / w averaged

1.80, with the S.D. being 0.20, as 9 individuals had been ex-



amined. Thus, the following equation could be set up:

¥y =1.80 w

This equation was successfully utilized as "Formula ITI" in the
sections 2.2.1. and 2.2.2. for the evaluation of the degree of
development of both male and female adults, which had to be
assessed collectively.

As for the relation between the weights of pupa (w') and
prepupa (W), the value of the ratio ﬂ /oW averaged‘ 1.08, with
the S.D. being 0.03, as 9 individuals had been examined. Thus,
the following equation could be set up:

V=1.09w

This equation was utilized as "Formula III" in the section
2.2.2. for the evaluation of the degree of development of pupa,
vhich had +to be assessed together with the individuals of the
other stages.

These equations contribute greatly to the establishment of the
pattern of body weight change throughout the life cycle of the
species, as is discussed in the section 3.2.4,

3.1.2. Relations among several parameters of adultsD'H

Establishment of the relation between the body length and body
weight of the adult of this species is eagerly needed since the
body weight of adult is highly Ehangeable not only in living but
also in dead condition, while the body length is unchangeable.

A number of freshly sclerotized adults that had emerged less
than 7 days before (Group A) and 7 - 14 days before (Group B)

vere collected from the mass culture with the diet of T6kys Univ.



of Agric. They were sexed, weighed in mg and measured for the
body length in anm. Logarithms of bdth values were treated with
the method of least squares to set up the relation between their
body length and weight assuming a linear relation.

The relation between the length (£) and the weight (w) of
newly sclerotized adults (Group A) is shown in Fig. 3.1. The
exponents in the equations, 1i.e. the inclination of the straight
lines, provéd to be nearly 3 as had been expected. The equa-

tions obtained are:

1
[=]

.022 x (£/1am)®® ( r=0.95 )
.032 x (4/1mm)*° ( r=0.99 )

Group A: males: w/lng

{]
(=4

females: w/lnme
total: w/lmg = 0.024 x (£/1mm)*" ( r=0.97 )
.0182x (4/1mm)*" ( r=0.97 )
052 x (£/1am)*® ( r=0.95)

Group B: males: w/lng = 0
females: w/lmg = 0
total: w/lmg = 0.021 x (£/1mm)* ( r=0.94)

In some coleoptérous species, such as those of Cerambycidae,
the body construction of males and females differs considerably:
the male is more slender than the fem&le;‘ a female that has the
same length as a male is assumed tc be heavier therefore. Fur-
thermore, in most cases the female has statistically greater

)

values of both size and weight. Parkin also gave a similar
statement with this species.

In due consideration of this remarkable sexual difference,
though it does not serve as a definite sex charag}er. equations
for males and females were established separately and also (roup
A vas adopted as a model of fresh population:

. — a,2
Males: v / = 0.022 x (L / 1nm )

ing



W M~h O~

weight
W/1mg 2t & °

°
TR

0.8}
07t
06}
23

"ol .
2 3 4 567

length &4 mm

Fig. 3.1. Length-weight relation of new adults of L._hrunneus,
. - 3.2 ' -
8 (o0): "/lmg = 0,022 x (R / lmm)' v (r = 0.95)
: = 3.0 =
?(x): ¥/ | ne ‘0.031 x (2 /0 , {r = 0.99)
. _ 3.1 .
5(o0) and ¥(x): W lng T 0024 x (&7 ) , (r=0.97)
head
pronotum
elytron

Flg. 3.2. Elytral length and body length of L._brunpeus adult.



Fenmales: w / log - 0.031 x (L 7/ lom )>°

A set of these tvwo equations was available as "Formula I" for
the evaluation of the degree of development of both male and
female adults in the sections 2.2.1. and 2.2.2. According to
Parkinw) the moisture content of beetle’s body varies with the
moisture content of wocd. Consequently, these equations should
be applied only to the cases with the same condition as the
measurement for them were performed in, namely 24.5°C and 70%
R.H.

Another equation westablished is that showing the relation
between adult body length (£) and elytral length (2°) (Fig.
3.2.). Dead adult specimens were prepared using "Barber's
fluid"”), as was once used in the section 2.3.1., so as to make
them supple for the convenience of measurement. After the whole
body length (£) of each specimen was measured, its head plus
pronotum was removed to measure the length of elytra (7). The
value of the ratio r ( =£/8"), averaging 1.39, as calculated fron
the data of 50 specimens, with the S.D, being 0.05, gives the
following équation=

g = 1.39 ¢

This equation well resembles that for another species, L._
planicollis, as presented by Kurirhm=

4 = 1.4530 ¢ + 0.0942 or 1/r = 0.6829

That equation was available for the estimation of whole body

length of adults in the examination of the progeny with several

imperfect specimens as in the section 2.3.1.



3,2, Larval development and instars
3,2.1. Nomenclature of the larval developmental stagesa)

It appears from the previous work that larval form of Lyctus
hrunneus changes earlier on, for Altson'sM) description of the
1st instar larva differs markedly from his own description of the
ond instar and also from the form described as a "larva" by

ms) ps).

Hunro and Pringle This difference seems to be designated

to be a "polymetaboly", rather than a “hypermetamorphosis"m”.
on the other hand, there is little essential difference between
ond instar and subsequent instars. Such a morphological uni-
formity of larva of the 2nd and the subsequent instars makes it
difficult to investigate the instar number and to distinguish one
instar from ancther.

For the —convenience of designation of larvae of various
stages, a tentative nomenclature was devised, including two ten-
tative terms, "middle instar larva" and "mature larva®". Figures

3.3.-3.7. present the 4 main larval phases in the development of

L. brunneus with this nomenclature, showing the polymetaboly as

vell. This will be utilized in many kinds of investigations to
categorize and designate the various larval stages. The corre-
spondence of the "middle instar larva" or "mature larva” to a

larva with a certain instar number will be discussed in the
section 3.2.4.

3.2.2. Experiment with wood b]ocks”

In order to observe the transition of larvae, an attempt was

nade to rear some larvae with cak sapwocod by transfer.



Test blocks, measuring ca. 10 cm (longitudinal) x ca. 4 cn
1.06~1.5 cm, were cut from the sapwood of an oak species, QﬂﬂL&u&
serrata, Holes of ca. 2.0-2.5 mm diameter and ca. 2.0 cm depth
vere bored on the selected blocks as shown in Fig. 3.8. Larvae
of various developmental stages were taken out from the massg
culture, as described in the sections 2.1.1. and 2.1.3., and each
wvas accommodated in a hole of wood blocks, with no stuffing
material used. The holes were sealed with cellophane adhesive
tapes, to which a small circle of transparent vinyl sheet was
attached to avoid sticking of the larvae on the'tape {(Fig. 3.9.),

The test blocks were kept in the mass culture chamber, with
the condition of 24.5°C and 70% R.H. Larvae and their exuviae
wvere examined mostly at 2-5 days’' interval, and each insect was
veighed with the chemical balance.

Several examples of weight changes of the larvae and the later
developmental stages are presented in Fig. 3.10. This wood
block method was rather unsuccessful in rearing larvae as demoﬁ-
strated by their weight decrease. There might be lack of sup-
port for boring and the poor nutritional condition of the wood
substrate, which led to the subsequent starvation and death of
the larvae.  However, the individuals Kos. 8 and 20 were found
exceptionally to succeed in pupation.

The result +that most of the larvae molted supernumerarily
presented a very interesting aspect. The maximum number of
molts was 10 in individual No. 18. The larva No. 14, the
heaviest one, molted 8 times until its death.

As a rule with almost all the prepupae exposed and left free
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in a Petri-dish, experiments with prepupae, as seen in the indi-
viduals Nos. 48, 50 and 51, yielded successful pupation with a
steep decrease in weight in the course of the metamorphosis.
The pupal duration, as seen in Fig. 3.10., was 10-12 days in the
present condition.

3.2.3. Experisent with gelatin capsule and buckvheat flourﬂ

The second part of this investigation following the test with
vood blocks 1is an attempt with the "individual rearing method”
using a gelatin capsule and buckwheat flour.

A gelatin capsule used as a container in the "individual
rearing method"” is shown in Figs. 3.11.-3.12.

Buckwheat (Fagopyrum) flour lot used was identical with that
described in the section 2.3.1. The powder lot was passed
through a HNo. 200 mesh {(passing particles of less than 150 Ma
diameter) and wvas sufficiently homogenized. About 0.19 g of
flour could be stuffed in the capsule (ca. 0.21 ca® in volume),
thus resulting in ca. 0.80 g/cn® of density of the povder.

Parent beetles were obtained from the mass culture with the
standard artificial diét. as described in the sections 2.1.1. and
2.3.4. Young larvae were collected by means of BletchIY'sb”
"veneer technique”: several radial sections of 200 pm thick ve-
ﬁeers of red lauan (Shorea (Rubroshorea) spp.), 1.5 x 1.5 cm in
size, were piled, with the grain of all veneers running in the
same direction, and were stuck together by sandviching then
between two glass plates, followed by drying at 90°C for 24 hr.

The pile. of two or more square veneers were placed in Petri-



dishes onte which parent beetles were released to attack.’ In
consideration of the developmental periods of eggsgﬂ and 1st
instar larvae“). the piles of veneers vwere opened up to collect
the 1st instar larvae 12-137days after the parent beetles were
released. In the piles of veneers early 2nd instar larvae were
also found at that time, resembling to the lst instar larvae in
sizé. They were excluded by distinguishing them from the 1st
instar ones by the curled body shape, as shown in the section
3.2.1., and the absence of the "egg-tooth” on the 9th abdominal
segment, as shown in the section 5.2.5. These 1st instar lar-
vae, weighing less than 0.1 meg, were carefully removed with a
specially devised pincette made of an animal hair, and a single
larva was confined into each capsule stuffed dengely with
buckwheat flour.

Every capsule containing buckwheat flour and a single larva
was mounted in a depression of a styro-fecam piece in a mass
culture chamber. It was occasionally opened up and its content
was sieved through a No. 200 mesh. The remainder on the mesh,
as well as the povder passing the mesh, was carefully examined
under binoculars to detect all the larval exuviae, especially the
exuvial mandibles. In several cases the smallest exuvial man-
dibles detected did not appear to be those of the molt from 1st
to 2nd instar because they were not so minute as were in most
cases. In such cases the exuviae from 1lst to 2nd instar were
regarded as lost.

At every inspection insects were weighed with the chenical

balance, =and all the buckvheat flour was renewed for the larvae.



When a larva had metamorphosed to be a prepupa or a pupa, no
povder was supplied to it because of their ability to metamor-
phose without sustain, as shown in the section 3.2.2.

0f the 45 1st instar larvae employed, 20 individuals succeeded
‘in pupation, 6 were victimized to SEM observation; as reported in
the section 5.2., and other 19 individuals died in the form of
Jarva:; about half of the larvaé reared with this method succeeded
in pupation,

Table 3.1. summarizes the results with regard to the iﬁgtar
number and larval duration, where the larvai duration wa§ re-
garded as being as long as the period from the introduction of
1st instar larvae to the capsule up to the estimated pupation
time. The pupation time was estimated from the information on
the pupal duration, which had been estimated to be’IQ - 12 days
in the section 3.2.2.

Figure 3.13. presents the metamorphoses and weight changes in
several examples. The number of larval instars between hatching
and pupation generally ranged from 4 to 7 under the present
condition, with an exception of the individual No. 118 having at
least 11 instars. There seems to be a tendency of positive
correlation betveen the instar number and the larval duration.
Sexual difference of larval instar number was not clear insofar
as the present results showed. In general, the variation of the
larval instar number among individuals was observed.

3.2, 4. DiscussionﬁH)

From the results in Table 3.1. it may be safely said that most



Table 3.1. Numbers of the larvae of Lyctus brunneus that
succeeded in pupation in the "individual rearing method” with
various instar numbers and various larval durations (males /
females).

Larval duration

Instar
number 40-60 80-100 100-140 More than Total
______________ days_____ days __ days 140 days
4 5/ 1 0/ 1 1/0 0/ 0 8 / 2
5 0/0 17/ 2 0/ 4 0/ 0 1/ 6
6 0/ 0 270 0/ 2 0/0 2/ 2
7 0/0 170 0/ 0 0/ 0 170
More than 8 0 / 0 0/0 070 0/70° 0/ 0
5 /71 473 1/686 0/ 0 10 /10

Total

2 The individual No. 118 in Fig. 3.13. (sex unknown) is possi-
bly included here.



of L._brunneus larvae reared with the present method pass through
4-6 instars in the course of development. However, there was an
exceptional <case where the larva continued its srowth up to the
11th 1instar as represented by the individual No. 118 in Fig.
'3.13. Such an exception is not ascribed to the variations of
environmental or nutritional factors because the larvae were kept
under identical and constant conditions. Only hereditary or
endocrinological factor would be its cause. Larval instar num-
per tended to increase when the life cycle is prolonged, as is
inferred from Table 3.1, The cause of this variation in 1life
cycle duration is not known yet.

By general inference the larvae designated as "middle instar™
in the sections 2.2.2., 3.2.1. and 5.2. are thought to correspond
to the 3rd and 4th instar larvae if the final instar is 5th or
6th, or to the 3rd if the final is 4th.

Sexual difference in the larval instar number was not clearly

observed in this species though Kreyenbershm

reported this in
Dermestes in the order Coleoptera.

As seen in Fig. 3.10., if the larvae are placed in starving
and/or exposed situation, they show "supernumerary molts" in
response to the unfavorable conditions. Judging from the other
results in Fig. 3.13., wmost of the larvae employed here (Fig.
3.10.) undoubtedly had developed into 4th or later instar(s)
since they were heavier than 5ag at the beginning of the test,
The larva with the greatest number (10) of molts (No. 18 in Fig.
3.10.) thus proved to have died at the time of at least the 14th

instar. Supernumerary molts seem to occur more frequently and



irregularly toward the death of the larva, as often occur in many
other insect species. In contrast, the individual No. 118 in
Fig. 3.13. has shown +that supernumerary molts may occur even
under a nutritionally rich condition.

The larva of this species does not seem able to become the
"prepupa”, the final phase of the final instar larva, unless it
is in "boring situation”. On the other hand, prepupa can meta-
sorphose very readily, as is seen in the cases with the individ-
uals Nos, 46, 50 and 51 in Fig. 3.10. The "boring situation”
or, 1in another term, the "tightness" seems prerequisite to "pre-
pupation”, 1i.e. the change into the prepupal fornm. Contrary to
the case with this species, an anobiid, Lﬂﬁindginj_ serricorne
(Fabricius), belonging to Bostrychoidea as well, often makes a
cocoon at pupationm). which nmay ensure the "tightness" for the
Iarva to pupate and the subsequent sound emergence of the adult,
This seems more advanced manner of pupation in comparison with
Lyctus,

There were two exceptional cases with successful pupation of
the larvae: the individual Ho. 8 in Fig. 3.10.., though not in the
prepupal form, might be =a full-grown larva in the course of
"prepupation”, and No. 20 seems a rare case where the larva
happened to achieve the "boring situation".

As was assumed and verified in the sections 2.2.1. and 3.1.1.,
the body weight of this species throughout the whole life cycle
has its maximum 1in the stage of the full-grown larva or the
prepupa. Holting 1is a factor of decreasing the body weight in

this species, as well as pupation, adult sclerotization, energy
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consumption and genital activities. Results presented in Figs.
3.10. and 3.13. are compatible with these faects: larval rmolts
cause weight decreases for a short time in the course of develop-
ment, and the body weight always diminishes monotonously after
the prepﬁpal stage, as represented by the individuals Nos. 8, 20,
46, 50 and 51 (Fig. 3.10.).

From the information obtained here and in the section 3.1.1.
the gross Height change of this species throughout its life eycle
is summarized schematically in Fig. 3.14., where the broken
curves mean wide variations of molt number and growth rate ac-
cording to the nutritional and environmental conditions, Under
the condition of lower temperature and/or lower R.H., the broken
part of the curve may become less steep and longer, resulting in

g2, ki)

prolongation of life ecycle duration On the other hand,
under the poorer nutritional condition, the curve may become less
steep, longer and more variable in length with greater and more
variable number of moltings taking place, resulting in prolonga-
tion of life cycle duration as well.

Information on the growth rate of this species, despite of an
abundance of literature on the life history of +this species,
stil] seems insufficient. A trials was made to estimate the
"developmental zero"” temperature and the "effective accumulative
temperature” of L. brunneus from the data given by Gaygﬂ and
Kﬂhneh“. Only very rough estimations were obtained from then
that the former is approximately 13°C, and the latter approxi-

mately 1000-1400 days-°K, with the latter possibly varying with

varying R.H. and nutritional condition. Further investigations



are needed to confirm these values and their relations to ofher
factors.

As was observed in other Coleoptera speciesh&“), shifting of
molt number may well cccur in this species when the temperature
changes though the shifting of molt number in the present data
seems to be related only to the variable life cycle duration at
the same temperature. The hereditary, pﬁysiolosical. eco-
logical, physical and some other factors may also influence the

larval growth and instar number to some extent.

3.3. Density effect in the artificial diet")
3.3.1. Materials and methods
The population density of progeny larvae of L. brunneus is
thought to be in reciprocal proportion to the weight of diet
supplied to one parent femmle adult supposing that average number
of eggs depcsited by a female is invariable with different pro-
portion of diet quantity to female adult number. In the present
investigation, as the parameter of the larval population density
in the diet block, the diet quantity per one parent female
beetle was adopted instead because the population density in the
diet block 1is not easily assessed without breaking the block.
The progeny yield number, as well as their body lengths, was thus
investigated in relation to the weight of artificial diet sup-
plied to beetles.
Investigations were <conducted in the mass culture chamber,
which is -described in the section 2,1.1., with tvo series of

experiments presented:



Series I comprised the 11 data extracted from the rearing
pesults in the early phase of mass culture using the diet of
T6kyd Univ. of Agric., as is described in the section 2.1.3. As
this kind of diet enabled the progeny heetles to be collected "by
force” due to its brittle nature, =all the newly emerged adult
peetles (Fy only) were collected thoroughly, where sound develop-
pent of some immature individuals might be disturbed to some
degree.

Series II was also carried out in the mass culture chanber,
but differed from Series I in that the standard artificial diet,
as developed in the section 2.3.4., was used. Parent beetles
vere also reared with the standard diet, among which males of
pmore than 4.7 mm body length and females of more than 5.0 nm were
selected, where the difference of 0.3 mm was based on the result
in the section 2.3.2. Two subseries were included in Series [I:
Subseries Ila conmprised 10 cultures, with ca. 116g of diet sup-
plied to different number of parent beetles, ranging from 2 to 30
pairs:i Subseries IIlb also comprised 10 cultures, with different
quantity of diet, weighing ca. 58 - 580 g, supplied to 10 pairs
of parent beetles. In the cultures with less than two blocks of
the standard diet, i.e. 110 - 120 g, Petri-dishes of 11.5 cm
diameter were used, while in the cultures with more diet, other
kinds of glass vessels were used.

A1l the progeny beetles (F; only), dead or alive, were col-
lected at the time of culture closure, as defined in the section
2.3.1., and were sexed to separate males and females according to

.- » 2 1] 5
the sex characters not only on the ventral anal portxon" pr. ™ h).



as shown in the section 5,5.3., but alse on the mandibular
pair4:¢D,  as shown in the section 5.5.1. Their body lengths
were measured using the same treating fluid, calipers and the

equation as in the section 2.3.1.

3.3.2. Results and discussion

In Series I, the number of progeny (F, only) per one ovi-
positing female (N) was calculated and plotted with the data of
the weight of diet supplied per one ovirositing female (D) (Fig.
3.15.). The correlation coefficient between these two values
amounted to 0.90, showing a marked population densitf effect on
the progeny yield. The relationship of N and D, egiven by the
method of least squares is the following:

N=1.58D-3.08

This equation indicates that if K = 2 then D = 3.22, sug-
gesting that if less than 3.22 g of the diet of T8kyd Univ. of
Agric. is supplied per one ovipositing female beetle 1in the
culture, normal population maintenance is not to be secured, with
the diet blocks sometimes wholly collapsed and broken into pieces
to yield a lot of larvae dropring out, as described in the sec-
tion 2.1.4.

In Series II, ‘the nusber of progeny (F, only) per one parent
female beetle (male: N, female: Ny: total: N), sex ratio value
(Nw/Ng), the average of body lengths (male: j i female: /) and
the total biomass per one parent beetle (B) were calculated.
For the total biomass value (B), the following equation was

utilized according to the equations presented in the section



w0
H

Bm+ Bf

{Nm x 0.022mg x (fw/, )®*) + {N; x 0.031mg x (£;/

"

Imn)&o}

These data were plotted with those of the weight of diet

lom

supplied per one parent female beetle (D). The results are
shown in Figs. 3.16. (%, - D), 3.17. (N; - D), 3.18. (N - D),
3.19. (N,/Ng; - D), 3.20. (fn,- D), 3.21. (g - D) and 3.22. (B -
D), with the correlation coefficients of them summarized in Table.
3.2.

The &general relationship between the animal population dens-

ities of the parent generation (n;) and of the Fy progeny genera-
tion (n;,,) has been expressed by the following equétion“)i

ng =0 [ 17 { g+ (1-g)ny/K )} -1,
where g8 is a species-specific constant relating the reproductive
rate (0 (g (1), ois also a species-specific constant re-
lating the degree of generation overlapping ( o =1 in L.
brunneus as there is no overlappiﬁg). and K = tlﬂ nj -

Then., the factors, D and N, which are dealt with in the pre-
sent study are expressed as follows:

D
N

2/ﬂil
z(n'u-l/ni)

n

Thus the above equation is transformed by these as:

N/72=1/7{(g+ 2(1-g)/KD } -1

This leads to the following relation between N and D:

{ N -2(t/g - DI D + 2(1/g - 1)/K } = - 4(1-g) / Kg* ,
vhere 2(1/g - 1) » 0, 2(1/e - 1)/K 2 0, 4(1-g) / Kg* 2 0 .

The result presented in Fig. 3.18. seems to agree very well



Flgs, 3.16.-3.22, Retations betveen the velght of diet supplied
per ona parent feasle beetle of L, hrunnevs. (B) and belov-
wentioned parsmeters of her Fy progeny in Lthe rasring with the
standard artifjelal diet,

{open cfircles: Subseries Tlai clnsed circles: Subseries 1Ib)
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3.17.: Muwber of femsle progeny 7"{)

3.18.: Humber of progeny (N = Ky « Hg).

3.19.: Sex ratio value (H fhg),

3.20.t Average of males’ Eodv length (&g/1an),

3.21.: Average of femsles’ body length (Re/lum}.

3,22,: Total biowass (B/1mg).
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Table 3.2. Correlation coefficients between the weight of diet supplied per
one parent female beetle (D) and some parameters of her Fy. progeny 1in the

SoE
i ‘." "\_‘)

rearing of L. brunneus with the standard diet.

Correlation coefficient

Subseries IIa Subseries IIb 11a+11b

Parameter

" Number of progeny | males (Np) 0.857 0.852 0.741
|
per one parent | females (N;) 0.854 0.760 0.704
}
female beetle | total (N = N + N¢) 0.857 0.817 0.726
Sex ratio value (Ng / Ng) 0.577 0.598 0.582
Average of ] males (£, / lom ) 0.293 0.096 ¢.173
I
body length | females (¢ / 1lam )} 0.450 <0.189 0.106
Total biomass per one parent - 0.835 0.817 0.694

female beetle ( B / 1ng)




with this formula. Although the value N has its upper linmit
with increased diet qﬁantity (D) ( Aig N = 2(t/g 1) ), and thus
Figs. 3.18.-3.18. and 3.22. are not expected to show linear
reiation. the correlation coefficients (Table 3.2.) may indicate

their positive correlation: increased population density affecteqd

‘the progeny yield. Such a result seems very orthodox as seen ijp
many insect species, among which Callosobruchus chinensis (L.)
(Bruchidae) is involved in a classic report by Utidau). It

cannot be safely said that the sex ratio value was increased by
the increaged diet quantity though there seems a slight tendency’
of 1increasing (Fig. 3.19.). Contrary to the result with the
bruchid by Utidam). Table 3.2. also shows that the body length,
and consequent]ly the body weight as well, of both sexes was not
affected at all by the increased diet quantity (Figs. 3.20,-
3.21.), but, on the contrary, the total biomass was affected by
it (Fig. 3.22.).

In the ~correlation coefficients with positive higher values
(Nw - D, Ny -D, N - D and B - D), the value of Subseries Ila
always exceeded that of Subseries IIb, followed by that of the
tvo subseries calculated together. This seems primarily due to
the difference of age of parent beetles between the two sub-
series, as wvas shown in the section 2.1,2., and secondarily due
to the fact that Subseries IIb was arranged so that the different
quantity of diet was supplied to equal number of parent beetles,
vhere there came to be a variation of "mean crowding” ( & )M,HM
Further investigation is needed in which the progeny yield result

of each diet block, as a definite "quadrat“..is presented to give



the value and effects of mean crowding.

The value N is related to the number of eggs laid by one
female beetle. Gayp) reported the numbers 221, 0 and 78 as its
laximum.. minimum and average respectively, and Ito & Hiroseh)
Eeported 117 and 0 as its maximum and wminimum, while Parkinm)
reported 70 as an average of the total number of egegs producible
by a L. brunneus female. It is not all of them that contribute
to the progeny vield. Emerging progeny per one female beetle
has been reported to amount to 20 - 40 by Harris & Tayloth or
approximately 20 by Parkinpn. both being from the rearins vith
sapwood. Futher, as nmuch as 110 beetles were recorded by the
author as the maximum progeny yield from one female beetle with
the diet of T8kyd Univ. of Agriec. In =general, however, the
number of eggs laid, or conceived, by one female insect |is
thought +to be greatly dependent upon her body weight, and con-
sequently wupon .her body length. Further, the ratio of the
nueber of progeny emergence to the initial number of eggs laid,
or conceived, is to be greatly reduced from‘loox to a smaller
value due to the function of environmental resistances. There-
fore it is not proper to confuse the number of progeny emergence
vith the number of eggs laid (or conceived), as did Ijima
et al, 1V,

Present 1investigation has shown that when the more diet Iis
supplied to the parent beetles, the more progeny -is yielded,
Possible decrease of progeny yield due to the oversupply of diet,
vhich prevents the parent beetles from coupling by undercrowding,

has not been detected here.



for the practical mass culture of this speeies, about 10 - 15¢
of the standard diet supply may be appropriate for one nev parent
female beetle, namely about 8 - 12 pairs, or 20 - 30 unsexed
adult beetles, should be released to one culture which contains
110 - 120 g of the standard artificial diet blocks, while 40 or
more adult beetles are recommended to release to one culture |f
they are not new as the productivity may be soméwhat reduced, as
wvas shown in the section 2.1.2.

3.4. Adult sex ratio®™

Adult sex ratio seems one of the most complicated problem in
the life history and ecology of this species.

The sex ratio value, as expressed by males' number / fenmales’

number, was determined on a L. brunneus population naturally bred
on a lauan non-structural building timber in Suita, Osaka Prefec-
.ture. Japan, in 1979, to be 0.90 with 7333 and 8199,
On the other hand, sex ratio value may be fluctuated consider-
:ably especially with comparatively small number of individuals
examined. Table 3.3. shows the transition of the sex ratio
value in the early phase of mass culture using the diet of Tékyd
Univ. of Agric., with the beetle numbers in Fig. 2.4. for the
section 2.1.3. summed up for each 4 weeks during the period from
the beginning of rearing up to the point when the sexing of the
beetles was abolished. There, in the first half of data females
vere observed to have been outnumbering considerably, as Altsonﬁ)
once stated,

This example (Table 3.3.), at first, led to a conclusion that



Table 3.3. Transition of the sex ratio value in the early phase
¢f L. brunpeus mass culture using the diet of Toky&é Univ. of
peric.

Number of Number of Sex ratio value

Period males (ng) females (ng) (nm/ng)

15/0ct./1978 - |
6/Jan./1979 (12 weeks) 7 19 0.37
7/Jan./1979 - 3/Feb. 41 144 0.29
4/Feb. - 3/Har. 35 85 0.37
4/Mar. - 31/Mar. 72 81 0.89
1/Aﬁr. - 28/Apr. 517 534 0.97
20/ Apr. - 26/May 503 544 0,92
27/May - 23/June 231 237 0.97

Total 1406 1654 0.85




the sex ratio value in the early days of rearing might be remark-
ably low in general. At present, however, this result, as we]]
as Altson's statementﬁ). is believed to be attributed to a flye-
tuation of value especially in the case with comparatively sma))
number of individuals examined.

Thirdly, the result of the diet suitability test, as shown iy
the section 2.3.2. and in Table 2.6., shows that sex ratio valueg
of the ﬁrosenies with 17 kinds of artificial diets ranged betweey
0.78 and 1.10, and the total average, calculated from 77758% ang
808899 as a whole, was 0.98.

Fourthly, the resulf of the density effect investigation, as
shown in the section 3.3.2. =and in Fig. 3.19., shows that there
seems to be little or a very slight tendency of increase of the
sex ratio value with increased diet quantity: the sex ratio value
increases very little or slightly in the prégenv with decreased
populatioﬁ density of their larval stage. There, the minimun
" value was 0.83 in the culture with 5.81 g of diet per one parent
female, and the maximum was 1.21 in the culture with 57.9 g of
diet per one parent female.

In the last place, the mode of emergence in the rearing with
the standard artificial diet under mass culture condition, as
described in the section 2.1.1., was observed for the first 1
weeks of emergence to know which has the priority, male or fe-
male, or hovw the sex ratio value changes. The result, as shown
in Table 3.4., suggests that there seems to be a tendency of
"protandry”, The cumulative sex ratio value, at first, tends to

exceed 1.00 greatly, but converges to 1.00 in the end.
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Table 3.4. Record of emergence and the transition of sex ratio value of the

progeny beetles of L, brupneus in the mass culture using the standard diet.
Records of 6 cultures are given in each 4 days for the first 3 weeks of emergence,

and then the final records are given for the whole F, generation (males' number /
females' number). Cumulative sex ratio values are also given in the parentheses.

Period . Cultures’
1 2 3 4 5 6 Total

18 - 19/Dec./1985 1/ 1 5/ 3 i/ 1 1/ 1 1/ 1 1/ 0 10/ 7
(1.00) (1.67) (1.00) (1.00) (1.00) ( -- (1.43)

20 - 23/Dec. 0/ 0 2/ 0 4/ 3 1/ ¢ 1/ 0 4/ 3 . 12/ 6
(1.00) {2.33) (1.25) (2.00) (2.00) €1.87) (1.69)

24 - 27/Dec. 19/ 2 10/ 4 19/ 2 4/ 1 22/ 6 32/ 19 108/ 34
(8.67) (2.43) (4.00) {3.00) (3.43) (1.68) (2.72)

28 - 31/Dec. 41/ 30 43/ 117 27/ 22 35/ 12 28/ 18 22/ 12 196/ 111

(1.85) (2.50) (1.82) (2.93) (2.08) (1.74) (2.05)

1 - 4/Jan./1986 36/ 42 39/ 40 49/ 28 27/ 31 30/ 16 26/ 20 207/ 177
(1.29) (1.55) (1.79) {1.51) ° (2.00) (1.57) (1.59)

5 - 8/Jan. 41/ 23 30/ 50 36/ 64 22/ 20. 27/ 40 33/ 30 189/ 227
(1.41) (1.13) (1.13) (1.38) (1.35) (1.40) (1.28)

9/Jan. - 4/Mar. 1117181 106/112 96/116  79/128 98/ 90 81/10% 571/ 716
(55 days) (0.96) (1.04) (0.98) (0.88) (1.21) (1.03) (1.01)

Total 24Q/259 235/226 232/236 169/193 207/171 199/193 1291/1278

) Cultures vere started on 1/0ct./1985.



As is known from Table 1.2., the statement that females out-
numbered males was given only by Altson“). wvhile different o
_ . P . i
contrary statements were given by Parklnp) and Ito & Hirosel!”,

ki)

Kurir reported an example of "protogyny", a mode of adult
population’'s emergence where females emerge statistically earlie,
than males, in L. planicollis, Parkinp“. on the other hang,
suggested the contrary case, as designated as "protandry”, in |,
brunneus, Some coleopterous species of thg other families, suych
as Cerambycidae, are known to exhibit the protandry in the wilg
condition.

The last: of the present examples (Table 3.4.) suggests that
the protandry is very likely to be the case with the rearing of
L4~h£nnn£j§_in the mass culture condition.

The final cunulative sex ratio value of a generation of [
brunneus  may be regarded as nearly 1.00 though there might be
some physical (such as temperature), biological (such as natural
enemies) and hereditary factors that influence the value of sex

ratio directly or indirectly, which thus might vary to sonme

extent with a definite center value 1.00.

3.5. Adult IonsevityH)
3.5.1, Materials and methods

Adult longevity of L. brunneus needs to be studied further
from the viewpoint of bioassay methodology. In this investiga-
tion the foellowing three factors were examined whether they have
any relations to the adult longevity.

I) Body ltength ([)



Ia) 3.5mm § £ < 4.0nn
Ib) 4.0mm ¢ £ < 4.5nm
Ic) 4.5nm £ f < 5.0nm
II) Sex (gender)
Ila) male
Ilb) female
111) Insecticide treatment of filter paper disks
IIIa) untreated
[1Ib) treated with chlordane 0.5% alcoholie solution
1Ilc) treated with chlordane 5% alcoholie solution
II11d) treated with fenitrothion 0.05% alcoholic solution
I1le) treated vwith fenitrothion 0.5% alcoholic solution

(chlordane: 1,2,4,5,6,7,8,8a-octachloro-3a,4,7,7a-tetrahydro-~
§,T-pethanoindane: fenitrothion (= Sumithion): dimethyl! 4-nitro-
m-tolyl phosphorothionate)

In regard to the tests with these chemicals (IIIb-IIIe), the
resistance of adult beetles could be regarded as equivalent to
the longevity in the untreated level (IIIa). These two chem-
icals was adopted in the present test as they have already been
investigated and compared for the effects on L. brunneus adults
by Ito & Hirosem’i” to yield results showing that fenitrothion
had an acute action as a contact insecticide compared to chlor-
dane; the present test was based upon their results.

Disks of filter paper, No. 40 "ashless" of Whatman Ltd.,
8.0 cm diametered, 0.2 mm thick, weighing 0.6 g, were dipped into
above chemical solutions for 20 sec, then air-dried. Ho treat-

rent was done for "untreated” filter paper.



Newly emerged adult beetles were supplied from the mass cul-
ture using the diet of T&kyd Univ. of Agric., as described in the
sections 2.1.1. and 2.1.3. All the collected beetles were sexed
according to the sex character on the ventral anal portiun“’m’ﬂ)
as shown in the section 5.5.3..l and measured with calipers to
categorize them into 3 degrees of body length ransge.

Each of the treated or untreated filter paper disks was placed
in a Petri-dish of the same diameter, onto which 10 bheetles,
either males or females of approximately the same size, were
released, and were confined in a space restricted by a glass
cylinder, 3.6 cen diametered, consequently involving 10.2 cn® ar-
ea, and 4.0 ce high, the top of which was closed with a 4cm x 4dcn
glass plate. Three replications were prepared for each combina-
tion of the 3 factors. Al]l the Petri-dish were kept in the mass
culture chamber, as described in the section 2.1.1. A view of
this test is shown in Fig. 3.23.

The beetles were observed after 0.5, 1, 1.5, 2, 3, 4, 8, 8,
12hkr, and then after 1, 2, 4, 8,... days to record their condi-
tions in 6 succeeding states (Table 3.5.), which have been origi-

84)

nally proposed by Sato & Suwanai ' for the insecticidal assay
with larvae of noctuid moth, with the definitions of the states

partly modified for the present species, L. brunneus,

3.5.2. Results and discussion
From the data obtained, the times when 5 beetles out of 10
came to be found in the states I, II, III, IV and V (Table 3.5.)

(Ty,s0 » Tusor Tuser Twso and Ty e, respectively) were read in



each replication of each experimental combination. Then, for
the convenience of reducing the.variances'among replications, all
the values (Tr . Ty gr-..) Were transformed into log,(T, 5 /1hr),
logwo(Tu,s0/1hr), ete. The logarithmic values of all the data
yere shown in Tables 3.6.-3.10., respectively.

Among the data in these 5 tables the data in the last one
(Table 3.10.) was submitted to the analysis of variance as the
original wvalue of this (Ty,s) corresponds te.a well-known vpara-
geter "LTso ”. Though a certain relatioﬁ had been knoyn between
the body length and the sex, as shown in the section 3.1.2., the
interaction between these two factors was disreéarded_ in the
present statistic arnalysis as they were artificialli' éeparéted
vhen the adult beetles were supplied to the test. The résult of
analysis is shown in Table 3.11.

Apart from =a matter of course that there was é very highly
significant variance among the treatments, with fenitrothion
having acute action compared to chlordane, this table indicates
that the body length was alse a sign@ficant factor of the adult
longevity or the resistance to chemicals in a 0.1% risk as well.
This leads to a conclusion that a larger-sized adult beetle of
this species is more resistant to chemicals and/or is more longe-
vous, as is the case with most inéects and animals in general.
The sex, however, wvas not shown by this table to be a significant
factor of longevity or resistance even in a 5% risk.

By way of caution, further analyses of variance were made
vithin each level of body lénath and treatment with the data

presented in Table 3.10. to detect the sexual difference. Out



Table 3.5. Six succeeding states of adults in the adult longe-
vity test of L. brunneus (after Sato & Suwanai’™ i partly nodj-
fied).
Time period required
Code Definition until 50% of the test
beetles came to be found
in the state
0 Completely normal in appearance --
1 Slightly abnormal in walkinsg Ty,50
11 Disordered in walking Tu.s0
I11 Knocked down, writhing Tu.s0
Iy Knocked down, anly showing Tw.50
reaction to a stimulus
v Dead, showing no reaction Tv.so (L 7Tsp)
to a stimulus '
Table 3.6. Logarithmic values of T;gs /lhr {see Table 3.5.) in
the adult lonegevity test of L. brunneus.
Body length 3.5 - 4.0 _nmm 4.0 - 4.5 _nnm 4.5 - 5.0 nm
Sex 3 g 9 3 9
2.3 2.3 2.3 2.6 2.6 2.6
Untreated 2.2 2.3 2.2 2.5 2.3 2.5
2.2 1.7 2.3 2.5 2.5 2.5
1.4 1.4 1.4 1.4 1.7 1.
Chlordane 0.9 0.9 1.4 0.9 1.4 1.4
0.5% 1.4 1.4 1.4 1.4 1.4 1.4
| 0.6 0.8 0.6 0.6 0.6 0.9
Chlordane 0.6 0.6 0.5 0.6 0.9 0.9
5% 0.8 0.6 0.8 0.8 0.8 0.9
0.6 0.6 0.6 0.9 0.6 0.9
Fenitrothion 0.6 0.9 0.6 0.6 0.6 1.4
0.05% 0.8 0.8 1.1 0.9 1.1 1.1
0.2 0.2 0.0 0.2 0.0 0.0
Fenitrothion 0.2 0.2 0.2 0.2 0.2 0.3
0.5% 0.3 0.3 0.5 0.3 0.5 0.8
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table- 3.11. Analysis of variance of the value log,(Ty.s /1hr)
shown in Table 3.10.

Source of Sum of Degree of Hean Variance ratio
variation squares freedon square
Treatment 34.57 4 8.64 123.4°
Body length 1.18 2 0.59 8.4t
Sex (gender) 0.18 1 0.18 2.3¢
Error 5.43 82 0.07
Total 41.34 89
D Femomm < 5.31 << 123.4 = Firgaiman
Y Fopexoam < 1277 < 8.4 = Flyyy length
0 Fassn 3.92 > 2.3 =F
Table 3.12. Analysis of variance of the value log,(Ty.ss /1hr)
for the "untreated”™ in Table 3.10.
Source of Sum of Degree of Mean Variance ratio
variation squares freedonm square
Body length 0.1477 2 0.0739 7.32a
Sex (gender) 0.06871 1 0.0671 6.64h
Error 0.1412 14 0.0101
Total 0.358 17
.;;‘F_tz'.umm - 6.51 < 7.32 = Fbﬂdf tength
RT 4.60 < 6.64 = 58X



of 8 analyses of variance carried out, 1i.e. those within each ¢
the 3 levels of body length (Ia-Iec), followed by those withi,
each of the 5 levels of treatment (IIla-IIle), only the analysis
vith the data of the “"untreated” (IIla) (Table 3.12.) denon-
strated the significant difference between the sexes in only a 5y
risk, showing a statistic superiority of females in the "longe-
vity" as distinguished from the "resistance to chemicals”. It
is somewhat noteworthy in Table 3.12. that the difference among
the body length levels was significant in only a 1% risk, while
in Table 3.11. it was in a 0.1% risk.

The present test has shown that in the practical tests with
chemicals to be contacted to the adults of this species, the bhody
weight, or the bedy length, of the beetles supplied may not be
varied too much so as to reduce the variance of LTso value. and
also females and males must be supplied separately at least to
the untreated part of the test.

At the closure of each test with female beetles; as compared
to males, the filter paper was observed to have been more heavily
damaged on its surface by gnawing. Such a behavior has baen

described and studied by Fisher (eivai*)”). Parkinp”, Cymorek &

£1h H i
Schmidt ). Tto & Hirose®, TIto

and others, with a conclusion
that females of this species gnaw wood more heavily than  males,
but they never feed on wood particles they have gnaved off.
Further study may be needed whether adult longevity is influenced
or not by this behavior followed by a possible feeding in due

consideration of the observation described in the section 3.6.2.

The values of adult longevity of this species have been re-
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Fig. 3.23. A view of adult longevity test. Ten adult beetles,
either males or females of the same body length range, vwere
confined in a spece made of a filter paper disk, treated or
untreated, at bottom, a glass cylinder and a glass plate at top.

Fig. 3.24. A view of the bioassay with L._ hrunneus adults on
the attractiveness of filter paper square fragments (1.5 x
5 cm) exposed to males or females.
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2 . .
, 12, i, g with different clinatic condition&

paorted repeatedly
The information for this value is summarized ast 1-58 days in
males and 12-84 days in females with a tendency of decreasing
with lincreased temperature. The present test also has shoyy
that the longevity of adults varied considerably, namely 1 day ¢,
! monthk, and the median value, as known direcfly from Tvso valuye,

was 6-16 days in both sexes, regardless of the number of day,

from the emergence up to the supply to the test.

3.6, Fthological peculiarities of adults

3.6.1. Aggregating behaviorH}

k) ¢, koo) have

Although some of the bostrychids and anobiids beer
reported to possess their own sex or aggregation pheromones, pg
example of such pheromones has been presented in the relateq
family Lyectidae. In due consideration of the ecology and life
histor; of these 3 "Teredilia" families, lyetid species seem very
likely to possess such pheromones, which could be, if any, of
great interest from the viewpoint of methodology for control and
occurrence survey.

A preliminary attempt was thus made to verify the existence of
such pheromones in L. brunneus: adult beetles were collected fros
the mass culture with the diet of Tékyé Univ. of Agric., as
deseribed in the sections 2.1.1, and 2.1.3., and were sexed to
separate males and females in one Petri-dish and another. A
sheet of filter paper was cut into a number of 1.5 x 1.5 cn

square fragments, a few of which were put into the Petri-dish

containing 100-150 adults of each of the sexes. Each Petri-dish
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yas placed inclined for ca. 4 days to contact the beetles to the
filter paper square fragments.

Male-exposed and female-exposed filter paprer square fragments
yere supplied to the choice test to compare their attractiveness
yith ‘each other or with that of untreated filtér paper square
sragments: they were placed on the filter-paper-glued bottom of a
11.5 cn-diametered Petri-dish so that one edge of the Petri-dish,
the center of one paper fragment, the center of the Petri-dish,
the center of another paper fragment and tﬁe opposite edge of the
petri-dish were ranged linear at almost regular intervals. The
area ratio of one paper fragment to the hottom of Petri-dish wvas
calculated to be 2.2% ( = 1.5% / {(11.5/2)° x 3.14) ), indicating
the distribution of only ca. 2 adults in this swmall area if 100
are randomly distributed. The surviving beetles once used for
the filter paper treatment were again used for the assay: they
yere released carefully onto the center of the Petri-dish.

The numbers of adults aggregating by clinging to and hiding
beneath both of the paper fragments vere counted for each at
5 min intervals for the first one hr, and then at 30 min inter-
vals for the following 3 hr. All the experiments were carried

out in the mass culture chamber, as described in the section

2.1.1., with the Petri-dish turned round occasionally so as to
eliminate the effect of illumination. A viev of this experiment
is shown in Fig. 3.24. The experimental combinations are as
follows:

Ia) Untreated and female-exposed filter papers;: males

(Fig. 3.25.)



1h) Untreated and male-exposed filter papers: females
(Fig. 3.28.)
Ila) Male~ and female-exposed filter papers: males

(Fig. 3.27.)

Iib) Female- and male-exposed filter papers; females

(Fig. 3.28.)
IIla) A pair of untreated filter papers; males (as a control)
ITIb) A pair of untreated filter papers; females (as a contrq))
IVa) intreated and male-exposed filter papersi males

(Fig., 3.29.)
IVh) Untreated and female-expoéed filter papers; females
(Fig. 3.30.)

The experiment I has shown that males were attracted by the
female-exposed paper fragment intensely (Fig. 3.25.) and females
were attracted by the male-exposed paper fragment to lesser
extent (Fig. 3.26.). In this experiment (Ia), some males cling-
ing to the female-exposed paper fragment were obsefved to attempt
mating intensely with the other male individuals, mounting each
other and extruding the aedeagus.

The experiment II has shown that both males (Fig. 3.27.) oand
females (Fig. 3.28.) were attracted by the female-exposed paper
fragments more intensely than by the male-exposed vpaper frag-
ments,

The experiment III, as the control, with 92 males (IIIa) and
110 females (IIIb) employed, has shown that both of the two
untreated . paper fragments gathered only less than 5 males or

females, 1indicating that there were no other factors than the
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chemical condition of the papers that relate to the differences
of numbers of aggregating adults.

The experiment IV has shown that males were indifferent to the
presence of nale-exposed paper fragment (Fig. -3.29.), while fe-
wales were attracted by the female-exposed paper fragment to some
degree (Fig. 3.30.).

The differences of the numbers of attracted or gaggéezating
adults between tvo paper fragments were quite significant in a 1%
fisk in all the experiments from 60 min tov240 min after, except
in the experiments IIla and IIIb, which showed no significant
difference at all.

From these results, it can be safely said that males, and also
fepnales themselves to lesser extent, are itensely attracted by
felales“lodor. The activity of male-exposed paper fragments to
females (Ib; Ilas; IIb) may be ascribed either to the activity of
pales' odor itself or to the transfer of females' odor tc males
before the separation of the sexes. However, it is very likely
that females produce a kind of aggregation pheromone that at-
tracts both females themselves and males.

Pheromones that are produced by male and/or female adults and
attract both male and female adults have been found out in many
coleopterous species. Either this type of pheromone should be
designated as "sex pheromone” or "aggregation pheromone” is a
question at issue. Particularly in the present species, L.
hriunneus., the significance of the aggregation of both sexes is
thought to consist only in the increased chance of mating.

Further bioassays are eagerly needed to reconfirm whether the
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above-reported activity of the paper fragments is due to such a
pheromone.
3.6.2. Boring behaviorE)

In the experiment for the artificial diet selection, as re-
ported in the section 2.3., an interesting behavior was observed
in the adult heetles released onto the diets X and ¥, 1i.e. the
diets of Sumitomo Chemical Co. Ltd. In two of the three repli-
cations of the diet Y, adult beetles hored inte the blocks, and
in two of the three of the diet X they bored more intensively and
deeply as if they were bostrychid beetles, a related group with
the adult boring habit. Furthermore, these beetles survived
rather longer, showing such an abnormal behaviori the most longe-
vous male individual or the diet X lasted for 7 weeks after the
release to the diet. This record is noteworthy when compared to
the data presented by Gayy)r the maximum male adult longevity was
33 days in 26°C and 75% R.H.

Such a behavior has never been observed before in L. brunneus,
A possible cause for this is the peculiarity in the use of wheat
flour in these two diets. A further investigation is needed to
determine whether such a phenomenon is general with diets con-
taining wheat flour and also to examine whether such a boring
behavier increases or not the adult longevity.
3.6.3. Phototaxis and flight®’

As has been often stated on the life history of L, bhrunneus,
e.g. by Fisher (et al.)'?, etc., the adult beetles of this
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species are of crepuscular nature and able to fly very well.
They always take refuge in their exit holes ., crevices of wood,
ete. if they feel light. On the other hand, very strangely,
they are attracted to light when they are flying and they are
‘easily caught by means of light trapsm).

When they vere flying, a very strange or a rather possibly
reasonable behavioral pattern was observed many ﬁime in the
present mass culture chamber: beetle, if it has begun to fly,
alvays makes its way toward the fluorescent lamp of the chamber,
but when it has just reached to the lamp, it is always observed
to turn aside as if it wanted to keep away from the lamp: it is
always oriented to the lamp light, but always avoids to reach it,
Such an inconsistent combination of behaviors may be elucidated
to be due to the duality of behavior, namely the flight with
rough orientation by light and avoidance of light as a &general
behavior. |

As the escapes with flight have been observed more freaquently
in fermales than males, the readiness of flight of both sexes was
compared as follows: From the mass culture with the diet of Tokyéd
Univ, of Agrie., as described in the sections 2.1.1. and 2.1.3.,
3 groups of 8 new adult beetle pairs were taken out and each
group was put inte an open 9 cm-diametered Petri~dish, which was
then put into the center of a 20 cm-diametered glass vessel
closed with a glass plate cover, 20 x 20 cm in size. All  of
these 3 large glass vessels were placed in a mass culture chamber
under dark condition. Twelve days later, the beetles that were

found outside the smaller Petri-dish were counted. As the
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adults of this species are not able to climb on glass surface,
they were regarded as those that had flown out.
The result (Table 3.13.) simply indicates that females fly
more readily than males.
3.7. Relations with the other organismsmH)
There are some organisms that do harm to [ hnunnﬁus_ponula-
hé)

tioﬁ in the mass culture; to begin with, the moldﬁ which grows
on the artificial diet of T8kyd Univ. of Agric. As stated in
the sections 2.1.1. and 2.1.3., if the duration of drying of the
vet diet dough is not sufficient, and/or if the relative humidity
in the rearing chamber is a little higher than 1is designated
(70%), it often occurs on the dried diet surface. If mold once
occurs on the diet surface, the progeny yield of this insect
decreases considerably.

The Lyctus development and occurrence has been reported to be
possibly related (7) to fungal existencen'h). or to be either
promoted or repressed, according to the case, by blue staining
fungi in ﬁoodmm. On the other hand, mold occurrence has been

Im'). proebably due

reported to be often haraful to lyetid cultures
to some toxic substances produced by mold. Mold control s
simply dependent on the baking duration of diet blocks and the
relative humidity of the mass culture chamber, as already stated
in the sections 2.1.1. and 2.1.3.

The second to be mentioned as a very harmful enemy to lyctids

is an exoparasitical mite species, Pyemotes sp. (Heterostigmata,

Pyemotidae). Some of the mites encountered in the present mass
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Table 3.13. Numbers of L.brunneus beetles that were found inside and outside the Ocm-diametered
Petri-dish after the Lest period of 12 days.

Number of beetles Number of beetlés Number of beetles M out
Test supplied found inside {n; ) found outside (ne? Nin * N * 100%
replication
males females majles females raies females nales females
4 live 1 live 2 live 3 live
1 8 8 + + + + 25% 38%
2 dead 4 dead 0 dead 0 dead
4 live 2 live 1 live 4 live
2 8 8 + + + + 13% 63%
3 dead 1 dead 0 dead 1 dead
4 live 1 live 1 live 3 live
3 8 8 + + + + 13% 75%
3 dead 1 dead 0 dead 3 dead
12 live 4 live 4 live 10 live
Total 24 24 + + + + 17% 58%




culture were identified to be this species by Dr. <Kazuyoshi
Kurosa. This species has been called Pyemotes ventricosus

(Newport) or Pediculoides ventricosus Newport, and has been re-
g3, hs)

ported not only to be parasitical on many kinds of insects

including lyctid beetlesm'kwx
§2,53)

but also to cause itch on Thuman
skin as reviewed by Sasa The nomenclature of this  mite
species is now open to question among acarologists.

Despite of some efforts to control this parasite, as described
in the sections 2.1.1. and 2.1.3., it has often been found
valking on a Petri-dish containing Linku&_larvae. pupae and/or
adults for test uses. It is very easily controlled by spraying
alcoholic solution of beta-naphthol occasionally. Mite occur-
rence is assumed to be somewhat related to mold occurrence“”.

Another kind of mite, belonging to Mesostigmata, has also been
found from Lyctuys cultures, which, however; does not seem harmful
te Lyctus,

A species of book lice, Liposcelis sp. (?) (Psocoptera,
Liposcelidae) (Fig. 3.31.), has been observed frequently occur-
ring on filter papers and Lyctus frass in the cultures. Al-
though Kﬂhnehﬂ claimed cautions against this insect as a possible
predator of Lyctus eggs, there does not seem to have been any
apparent damage on Lyctus population. Frequent removals of
frass will suffice for its control.

Before undertaking the mass culture in earnest, Tarsostenus
unjvittatus (Rossi) (Coleoptera, Cleridae) had once-occurred in

large numbers in the course of Lyctus beetle collection from the

infested timbers in 1978. However, no further occurrence has
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been encountered since the isolated mass culture was established.
This elerid beetle is well-known as a lyctid predater both in
larval and imaginal stagesm'mhm'hhmmkml Manual elimination of
this species, if any, in the renewal of Lyctus cultures and firm
coverings of culture bottles with gauze, as stated in the section
2.1.3., will suffice for its contrel.

The second coleopterous species to be mentioned is a very
well-known insect vpest on flour and stored foods, Tribolium
castaneum (Herbst) (Coleoptera, Tenebrionidae), and its allies,
namely Tribolium spp. This group of tenebrionids has been
quoted in relation to lyctids in different aspects:

In consideration of the resemblance of gross characteristics
to Lyctus, but regardless to the fact that there is little phylo-
genetic relationship, Tribolium castaneum had been utilized for
bioassays with chemicals for Lyctus control as the ‘"substitute
inseet™ in place of L._ hxunngusy'm” until the mass culture of L.
brunneus came to be successfu!l in Japan. Further, Tribolium has
been often confused with Lyctus mainly by non-entomologists.
NobuchiM). being apprehensive of this, gave distinguishing points
of Triboljum from Lyctus,

The nosﬁ interesting aspect of the relation of Tribheljum to
lyetids 1is that there are some cases where the former was or
right be found together with the latter in woods that are heavily
infested by the Iatter“'mmhn. As Tribolium is known to be
highly omnivorous”). the ecological relation between these two
coleopterous taxa is assumed that the former is a facultative

predator of the latter and/or the former feeds on the latter's
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frass to utilize the remaining nutrients. The following are the
unpublished examples further indicating the direct relation of
Tribolium to Lyctus!

In the course of collection of L.  brunneus larvae for  mass
culture frem a heavily infested hardwood timber as a part of
furniture piece sent from Toyonaka, Osaka Pref., Nov./1978, 3
adults of T. castaneum were found together with L.. brunneus
larvae in a tunnel mixed with Lyctus frass; several adults of T,
castaneum were ccllected again from a hardwood timber, found in
Sakurai, Nara Pref., July/1985, which had been heavily infested
by a kind of insect, which, hovever, was not found out in sity
but most likely to be either L. brunneus or L. sinensis Jjudging
from the circumstances.

The ecological relation of Tribolium to Lyctus needs to be
studied further from the viewpoint of ecology and control of the
both insects.

From the culture with the diet of Tdkyd Univ. of Agric., as
introduced in the section 2.1.3., several adults of Steegobium
annia&un.(ﬁ.) (Coleoptera, Anobiidae), identified by Mr. Masahiro
Sakai, a pest insect on dried plant materials, were found to-
gether with L. brunneus adults in spring, 1979. In 1985 the
same species was again found occurring indoors in large numbers
on blocks of the standard artificial diet, as described in the
section 2.3.4. This anobiid species is harmful not to Lyctus
but to stored diet blocks for Lyctus. Manual elimination of the
adults of this anobiid beetle, if any, and/or elimination of diet

blocks infested by this anobiid species, which can be distin-
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MES e Slooiilo =8ie &4, SEM photographs of two insect species in
ecological relations to L. brunneus, ;

3.31.: Liposcelis sp. (Psocoptera, Liposcelidae), a possible egg
predator. A

3.32.: Pteromalidae sp. (Hymenopter:a). a parasitical wasp.

Living tree}----cerambycids, curculionids
; and scolytids

weakening)

- ——— Dylng tree

-=--curculionids, lymexylids,
buprestids, scolytids, platypodids

death of the death of thel and cerambycids
wood tissue wood tissue

outdoor

l Abandoned log—}-----{ Dead tree }- -~---cerambycids, elaterids, bostrychids,
melandryids and mordellids

rottin
jair seasonlng Nk e 9)

0l1d dry timber

Fig. 3.33. Succession of wood-boring Coleoptera in Japan proper
vith the succeeding phases of wood.
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guished from uninfested blocks by the issue of the frass peculiar
to anobiids, will suffice for its control.

Although there are many coleopterous species that act as
predators of Lyctus, wparasitical wasps must be mentioned as the
most important enemies of Lyctus,

Along with the above-stated occurrence of a clerid beetle,
Tarsostenus univittatus, in the Lyctus-infested timbers in 1978,
a kind of minute wasp also occcurred in large numbers. The
nurber of emerged wasps at that time was so great that the Lyctus
beetle collection was unavoidably abandoned. This unidentified
wasp proved to belong to the family Braconidae according to the
examination by Dr., Naoya Yashiro.

In the course of mass culture, another unidertified wasp
species (Fig. 3.32.) occurred in the culture with the standard
artificial diet in 1982 - 1984. This proved to belong to the
subfamily Pteromalinae of the family Pteromalidae according to
the examination by Dr. N. Yﬁshiro. No true species of this
hymenopterous family has been known as lyctids' parasite till
now.l This wasp population, meanwhile, disappears probably due
to the intensive manual elimination of the adult wasps from the

cultures they had developed in.

3.8. DiscussionH)

Reviewing all the data presented here, as well as those in the
literature, the life history and the ecology of the species, L.
brunneus, are understood te involve aspects appearing very pe-

culiar and very common among the order Coleoptera.
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Its feeding habit may be the most peculiar aspect among many
items of its life history and ecology, with its resistance to

dryness being worthy of special mention as a generic or a famil-~-

ial character among the wood-boring Coleoptera. Figure 3.33.
‘yill "serve as an aid for understanding its peculiar “ecological
niche". Most of the coleopterous families known as wood-borers

in Japan are also mentioned in this diagram to show the faunal
succession of wood-boring Coleoptera with the succeeding phases
of wood, This figure also suggests the succession of the
"Teredilia" group in wood utilized by men: bostrychids principal-
ly occur in cut wood before or during the course of air-seasoning
up to air-seasoned state; lyctids occur rather exclusively in
newly seasoned hardwood with the moisture <content ©below the
"fiber saturation point™ {ca. 28%): anobiids occur rather ex-
clusively in much aged seasoned wood. There, the lyctids ({(above

all the present species, L. brunneus) proved to monopolize their

ecological niche,

Once Koch“’“).

stated that lyctids, which cannot utilize the
voecd substances, should be called not "wood-eater™ but “wood-
destroyer" according to their nutritional reguirements. This
opinion seems rather reasonable if lyctids have been evolved fronm
a bostrychid or pre-bostrychid ancestor of the other phytophagous
habit, If this supposition is true, lyctids appear successful
in developing their new ecological niche which had not been
occupied yet by any other coleopterous insects. In that case,

however, they had to overcome the restriction of habitats where

their development takes place in accordance with their nutri-
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tional requirements. This habitat specialization is remarkable

. ¢10
in L._brunneus compared to the other lyctids ).

Because new dead wood in air-dried state as the habitat of
lyctids, especially of L.. brunneus, does not seem to abound ip
the wild, next comes the problem of their wild occurrences.
a2, in)' L_villosus
Lesnesn v Lo auhjuicﬁnﬁfa’m). IIJU&QXXJJUL_aMIJJULLﬁLﬂJLlgesnehthq) and
Hinih&n.nu&iﬂQLLL&PD. have been reported to occur in the open or
in the wild forest, L, brunneus has not been reported thus at

Although some other lyetids, such as L. si

all. From the Qieupoint of control, a field survey is needed to
know whether the wild oceurrence of L. brunneus takes place.

That the adults of L. . brunneus gnaw but do not feed wood s
another peculiar ethological character not of the family nor of

Nﬂ. The superphylogenetic grouping

the genus but of the species
of the family Lyctidae, according to the adult gnawing and
feeding habit, the degree of restriction of the oviposition
sttes, the intestinal structure and fauna, and also the biogeo-
graphic range of dist}ibution. as proposed by Cymorek &
Schmidtm”.- needs to be studied further to detect the causalities
among these items.

Most of the other characteristics of the life history and
ecology of L. brunneus do not appear to be peculiar aspects.
The sexual difference of the body shape: the larval development:
the larval instar number and its variation with different condi-
tions;i the populﬁtion density effect on the progeny yield; the

adult sex vratio and its change: the adult longevity and its

variation with different sexes and body lengths: the possible
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presence of aggregation pheromone; all of them do not appear
unCoOmMMON .
With the increase of the ecological knowledges of this

species, new methods of its control will be devised further.

3.9. Summary

The summarized results and conclusions newly obtained in the
investigation on the life history and ecology of L, brunneus are:

(1) Prepupa is the stage with the greatest body weight value
in the life history of this species. Quantitative _relations
among the weights of prepupa, pupa and nev adult were set up.

(2) For the conVenienée of the bioassays, relation between the
adult body length and the body weight and that between the adult
body length and the elytral length were established. -

(3) A rearing method with buckwheat flour and a small gelatin
capsule enabled a single lst instar larva to develop. It s
also applicable to demonstrate the larval instar number by ex-
amining the number of exuviae.

(4) Most of the larvae reared with gelatin capsules passed
through 4-6 instars under mass culture condition though a few
exceptionally had much more instars. In general, larval instar
number varied among individuals, and tended to inerease with the
prolonged larval period.

{(5) When larvae were in starving condition and/or in want of
support for boring action, they shovwed supernumerary molts and
wveight decrease, resulting in death. Prepupa could pupate read-

ily even without the support. The pupal duration in the  mass
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culture condition was ca. 10-12 days.

(6) The population density effect was remarkable on the number
and the biomass of emerging beetles, and was hardly remarkable on
their sex ratio and body length.

(7) Providing one new parent female beetle with about 10-15¢
of the standard artificial diet is approperiate for the practical
mass culture,

(8) Although protandry is the mode of adult emergence of this
species, the final cumulative sex ratio is always nearly 1 : 1.

(9} Adult longevity and resistance to chemicals were shown to
be positively correlated to the adult body length, while only
adult longevity was shown to be statistically different between
the sexes though it was very variable among individuals.

(10) Existence of a possible aggregation pheromone produced by
females was suggested by the aggregating behavior of both sexes.

(11) Adult beetles were observed to bore into diet blocks
containing wheat flour.

(12) Adult beetles showed two kinds of quite different reac-
tions in relation to light: they may fly by means of orientation
by light, while they hate light as they are of rather crepuscular
nature.

(13) Female beetles fly more readily than male beetles.

(14) Some other organisms that occur in the diet cultures of
L. brunneus, such as mold, wmites, book lice, clerid beetles,
anobiid beetles and parasitical wasps, are easily controlled by
intensive cautions. Among them a pteromalid wasp is new as a

member of lyetids' enemies. Ecological relation of Lyctus and
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Tribolium (Tenebrionidae) is discussed as well,
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4. Chemical analyses of the food nutrients&G)

In this chapter, two kinds of L. brunneus foods (natural oak
sapwood and the standard artificial diet, as described in the
section 2.3.4.) and feces of this species taken out from the
cultures with these two foods are analyzed chemically, as well as
the whole bodies of adult beetles to give the nutritional and
physiological aspect of the biology of this species. SEM obser-

vation of the feces was also made.

4.1. Materials and methods

The insects and m#terials subjected to the -present chemical
analyses are as fo]léws. with their code names headed:

D: Intact standard artificial diet, composed of air-dried
26% lauan (Shorea spp.) vwood sawdust, 50% soluble starch (Nakarai
Chemicals, Ltd.), and 24% brewer's veast powder "Ebios”. These
values correspond to 27.4% lauan wood sawdust, 47.7% soluble
starch, and 24.9% brever's yeast powder in an absolutely dried
state. .

DF: Frass (feces) of the insects taken out from the culture
wvith the standard artificial diet.

BA: Whole bodies of 504 adult beetles of L. brunneus, supplied
from the present mass culture with diets, as described in the
sections 2.1.1., 2.1.3., and 2.3.4.

&: Intact wood particles remaining in the heavily infested
sapwood of an oak species, fQuercus serrata, wused for insect
culture. 0ak was cut about 5 years before and the wood was

stored at 59C before exposure to insect attack.
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aF: Frass (feces) of the insecls taken out from the culture

wJLh the above oak wood.

In the amine acid analyses, all the samples were extracted
with organic solvent prior to the analyses. About 1g of the
sample BA was defatted with acetone at -10°C for 72 hr. The

sample Q was smashed and passed through a coarse sieve, while the
sample D was originally supplied in a powder state. Since the
sanples DF and QF were obtained in a very fine vpowder state,

these materials were directly passed througsh a HNo. 100 mesh

sieve, The four samples, D, G, DF and QF were then extracted
with ethy! alcohol - benzene (1:2, v/v) for B6-8 hr. Fach ex-
tractive-free sample was divided into 2 parts: one was used for

the &general amino acid analysis and the other Tfor trypfophan
analysis.

The conditions of acid hydrolysis in the general amino acid
analysis were essentially identical with those of TJjina QL.&L#P).
Briefly, for general amino acid analysis, each sampie was hydro-
lyzed with 6N hydrochloric acid for 24 hr at 105°C, The hydro-
lyzed solution was passed through Amberlite CG 120 colunmn (NH:
form), which was then exhaustively washed with distilled water to
remove components other than amino acids, Amino acids were then
recovered by elution with 2N agq. ammonium hydroxide solution.

For tryptophan analysis, each samnple was hydrolyzed with satu-
rated barium hydroxide solution for 48 hr at 105°C under nitro-
gen“). The hydrolyzed solution was neutralized with sulfurie
acid, and the precipitated barium sulfate was removed by filtra-

tion. Tryptophan was recovered from Lhis neutralized solution



by passing it through Amberlite €G 120 column as described above,
The amino acid centent and cowmposition were analyzed with Hitachi
835 Amino Acid Analyzer after the total amino acid content was
adjusted to be in the range of 1 - SuM/ml.

For the starch analyses, the sample Q0 was slightly ball~milled
for 10 min, as well as the sample D, to liberate amyloplasts fror
the parenchyma cells, The samples DF and QF were passed through
No. 100 mesh sieve to remove intact portions.

Starch was extracted from each powdered sample with perchloriec
acid in the same way as described in the standardized method of
ADAC (14th ed.) except in that phosphowolframic acid was used as
deproteination reagent instead of uranyl acetate. The amount of
the solubilized starch was determined by the method of Humphreys
& Keilyhg based on the color reaction with iodine wusing potafﬁ
starch, Nakarai Chemicals, Ltd., as the standard.

The weight ratios of amylose to amylopectin in the starch were
also determined by the iodine colerimetric methodmﬂ using amylose
and amylopectin, Sigma Chemical Company, as the standards,

In addition, the sample QF were subjected to SEH observation

in the same manner as described in the section 5.1.

4.2. Results and discussion

The amino acid compositions of the foods (P; Q) and feces {(DF:
QF) together with the whole bodies of adult beetles (BA) of L.
brunneus are summarized in Table 4.1. The results showed that
acidic‘amino acids, such as aspartic acid and glutamic acid, and

amino acids with hydroxyl group, such as serine and threonine in
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Table 4.1.

Amino acid compositions (Pmoles/g)

_____________ Sample (see text) _
Amino acid  ~ T T T T TTTTTTTTTTToTTTTTTTToToTmomm oo
D DF Q QF BA
Lys 12.1 22.5 1.9 1.3 172.7
‘His trace 0.7 0.2 0.1 19.9
Try 3.1 1.8 0.1 trace 7.5
Arg 15.4 10.6 3.8 4.0 74.5
Asp 63.4 2.2 0.2 0.1 4.4
Thr 23.9 0.8 0.2 0.1 1.0
Ser 35.1 2.1 0.3 0.2 4.9
Glu 78.8 5.8 1.5 0.5 14.9
Pro 33.0 8.3 race 0.2 16.6
Gly 13.4 25.8 1.0 0.7 97.9
Ala 57.5 36.2 0.8 0.4 88.5
1/2 Cys 2.7 1.9 0.5 0.2 7.8
¥al 44.0 23.1 0.1 0.2 85.3
Met trace 6.0 0.3 0.1 15.1
Ileu 30.1 14.9 1.8 0.6 123.1
Leu 45,3 34.0 4.8 2.5 211.8
Tyr 8.3 10.4 0.9 0.8 101.68
Phe 16.8 19.1 2.7 1.6 160.7
Total

amino acid 6.13 2.84 0.30 0.20 16.53

contents (%)

2) The value is expressed as a percentage of the dry weight of

each sample.

Table 4.2.

dry weight of each sample

Starch contents in the foods and feces based on the

Sample (see. text) D DF aQ QF
Starch content (%) 47.7 14.2 | 3.22+1.17 0.91+0.11
Ratio of amylose 2:98 14:88 14:86 17:83
to amylopectin

Awylose content (%) 1.0 2.0 0.43+0.14 0.15+0,01
?;{]opectin content 46.7 12.2 2.79+1.03 0.76+0.10




the artificial diet were highly utilized. When the results of
the samples D - DF and the sanples Q - QF were compared, utiliza-
tion of amino acids were found to vary considerably and no impor-
tance of methionine and tryptophan was noted in contrast to the

)

results of Ijima ej_aJJP Since the lauan wood sawdust added to
the artificial diet seemé to contain relatively very small amount
of protein as shown in the oak wood (Q), yeast powder in the diet
must contribute the major source of protein in the artificial
diet.

The relative amounts of some amino acids such as lysine,
glvyecine, tyrosine and phenylalanine in the samples D - DF were
observed to increase after the digestion by Lvetus, This might
be due to the mctions by the reagents used, the metabolic actions
by the insect and/or those hy the symbiotic microorganisms pres-
ent in the gut of the insectkmkw. However, the total amounts of
amino acids are of interest since they clearly show the wtiliza-
tion of amino acids. The newly presented data of the amino acid
composition of the whole bodies of adult beetles (BA) will be
expected to be useful in making an adequate holidic diet for
biochemical studies.

In the next place, we pay attention to the starchy polysaccha-
ride content and composition in the foods and feces. Previously
starch contents in sapwoods of various wood species have already
been reported, the values being widely varied from 0.2% to
8.7%jw, and a comparison has been made between the values of wood

and Lyctus frass. However, the comparison of starchy poly-

saccharide analyses of diet and feces from diet culture has not
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been carried out yet.

Table 4.2. summarizes the results of the starch contents and
the ratios of amylose to amylopectin in the foods and feces.
The starch content of oak wood (Q) (3.22%) was in good agreement
‘with the nminimum value (3%) of those observed in thé sapwoods
vhich could be infested by Lxctuﬁjn. A small amount of starch
vas found to remain in the feces, 1indicating that this insect
could not always utilize starch in the diet completely.

The ratio of amylose and amylopectin, as well as their
amounts, are alsc shown in Table 4.2, A remarkably iow amylose
content in the artificial diet (D) may be ascribed to the fact
that a partially hydrolyzed water-soluble starch was utilized as
the starch component. The starch in oak wood (Q) also comprised
amylopectin for the most part, The ratios of amylose to amylo-
pectin in the feces were slightly higher than those in the intact
foods. These results indicate the preferential utilization of
amylopectin by Lyctus, This seems a kind of physiological
adaptation of the insect to the food nutrition as an environment.

Changes of the nutrient contents in the foods by Lyctus diges-
tion, as <calculated from the results shown in Tables 4.1. and
4.2. are summarized in Table 4.3. hccording to this table, more
than 70% of starch originally present in the foods proved to be
utilized, On the other hand, although as much as 67% of amino
acids in the artificial diet was utilized, only 33%¥ of anmino
acids in oak wood could be utilized. The ratios of the con-
sumed starch and amino acids in the diet (D -~ DF) and wood (0 -

QF) were 9.9:1 and 23.3:1, respectively. This low utilization
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Table 4.3. Changes

of the nutrient content

in the foods by Lyctus digestion

Diet digestion
(Comparison of

Yood digestion

D and DF)}(Conparison of 0 and QF)

to that of smino acids

|
]
]
| | |
| Starch | 47.7 | 3.22
| (Amylose) | (1.0) | (0.43)
| (Amylopectin) | (46.7) | (2.79)
Composition of food (D or Q) | | (D ] ()
(x) = Amino acids | 6.0 | 0.30
] |
} The other I 46.3 | 96.48
]
| I |
| Starch I {14.2} 8.0 | { 0.91) 0.89
| {(Amylose) i 1.1) [ (0.15)
. | (Amylopectin) = | (6.9 l (0.74)
Composition of frass (feces) | | (DF) | (QF)
(DF or QF) (%) I Amino acids % { 3.5} 2.0 : { 0.20} 0.20
| The other | {82.3) 4B.3 | {98.89} 96.48
| { | :
|
Difference between food and frass (X) | Starch | 39.7 [ .33
(Quantity consumed (g) per 100g of food);ﬁnino a. } 4.0 ! .10
| | ]
Utilization ratio (%) ! Starch | 83 ] 72
(Ratio of quantity consumed ] | |
to the initial content in food) }Alino 8. I 67 ! 33
| |
Ratio of consumed quantity of starch ! 8.9 : 1 : 23.3 1
] ]

2) Composition values of frass in parentheses { } were transformed so that

gere Tixed to those ‘of foods.

the values of "the other”



ratio of amino acids, and therefore the high utilization ratio of
starch in wood, would be reasonable since a higher amount of
gnergy transformed from starch would be required in masticating a
harder and nutritionally poor food such as wood. Furthermore,
it should be noted that the samples D and Q showed rather similar
values of the ratios of starch to amino acids, namely 8.0 : 1 for
D and 10.7 : 1 for Q. These results confirmed the above obser-
vation in the section 2.2.3. that the content of starch was
quantitatively more important than that of protein. The simi-
larity in the ratios of starch to amino acids between the artifi-
cial diet (B) and the oak wood (Q) may indicate a suitable nutri-
ent balanée of the diet.

In the last place, as the result of SEM observation of the
larval frass grains from wood culture (QF), two examples are
presented in Figs. 4.1.-4.2. ‘

Larval frass has been observed_by Fisher (ei_aJ4JM). Schmidt“)
and Schoidt & Buchholz%). Further observation with SEH has
revealed a new aspect of its structure, namely that within these
grains intact wood tissue and cell walls can be seen. Frass is
assumed to consist of two kinds of particles, the excreta and the
intact wood shreds. At present the latter cannot be eliminated
for the preparation of the former. However, if the grains in
these photographs are the real fréss. the presence of intact wood
tissue and cell wall not only agrees greatly with the well-known
fact that this species is unable to digest wood cell wall compo-
nents, but also suggests the mode of digestion ocecurring in the

gut: wood particles are not defibrated when digested by Lyctus,
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PRESs  Lhoils=tto Pl 8 Frass grains of L. brunneus from infested
Quercus serrata wood.
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The diameter of the grains in Figs. 4.1.-4.2., being about

0.1% mm, 1is comparable with that in L. planicollis., measuring
0.08 mms”.
"4.3. Summary

The summarized results and conclusions newly obtained in the
present chemical analyses of food nutrients and in the SEM obser-
vation of the feces are:

(1) The degrees of amino acid wtilization by L. brunneus
varied considerably among amino acids, with acidic amino acias
and those with hydroxyl group being rather preferentially uti-
lized.

(2) Amylopectin portion of starch seemed a better nutrient for
L.. brunneus than amylose, and the oak wood starch comprised the
former for the most part.

(3) The value of the ratic of consumed quantity of starch to
that of amino acids in the oak sapwood was higher than that in
the standard artificial diet, indicating a higher requirement of
energy in wood feeding than in diet feeding.

(4) SEM observation of the feces (frass) from wood cultures
revealed that the grains of frass contain wood tissue and wood
cell walls in an intact condition, reconfirming the fact that

vood cell wall components are not uti}ized by this species,
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5. External morphology and surface structure

In this chapter, the SEM observation of the external morpho-
logy and the sufface structures of all the developmental stages
of L. brunneus is reported, with an additional note given on the
malformations on the corporal segmentations of adult beetles.

5.1. Observation nethod ™"

Almost all the specimens of Lyctus brunpeus in various devel-
opmental stages were taken out from the mass culture with the
diet of Tb6kyd Univ. of Agric., as desecribed in the sections
2.1.1. and 2.1.3.

In the observation of the larvae, several instar-known ones
that had been reared by the ""individual rearing method", as
described in the section 3.2.3., were selected for the observa-
tion, as well as the other larval specimens directly from the
diet cultures. The latter were designated with the nomenclature
presented in the section 3.2.1. and Figs. 3.3.-3.7.

Some of these specimens in various developmental stages were
dried with a critical point dryer, Type HCP-1, Hitachi Ltd.,
before coating with gold, but as drying was found to distort
pupal wing form, etc., the specimens were later usually coated
undried. Coat thickness ;as‘always less than 500 A. And also,
some of the live adults vere put into SE¥ neither dried nor
coated with gold.

Eges were prepared by means of Bletchly's “veneer tech-
nique"M). as described in the section 3.2.3. Several days after

the release of parent beetles the piles of veneers were opened up
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to look for eggs, which were coated with gold in situ.
All the SEM specimens were mounted on the SEW stubs and were
examined with a Hitachi Scanning Electron Hicroscope, Type S5-500.
On the other hand, observations of malformed adult specimens,
‘as reported in the section 5.B., were carried out not by SEW but

by the binocular microscore.

5.2, The larva&F)
5.2.i. The head capsule

The head of the larva (Figs. 5.1.-5,5.) is normally deeply
recessed into the prothorax, and only the mouth parts and their
immediate surrounding are exposed in facial view (Figs. 5.1.-
5.2.). Figures 5.3.-5.5. are views of the excised head to show
those features which are hidden, in particular the grooves (gr)
and the epicranial suture (es).

A pair of these grooves appears to be V-shaped and has been

1)

cbserved and illustrated by Altson® and Munrom” as “"frontal
sutures™. However, it 1is apparent that these grooves are not
the real frontal sutures because they do not form the Y-shape
together with the epicranial suture. The real ones (fs), though
not clearly observed in Figs. 5.3.-5.4., run almost parallel with

)

the frontoclypeal suture {fes). Pringle did not recognize
these grooves in the "last larval stage", and possibly they are a
feature of younger larvae.

The epicranial suture (es) seems ridge-like over the frons and

vertex, but becomes slightly sunken near the posterior margin of

the epicranium (Fig. 5.5.).
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5.2.2. The mouth parts

The protective 'dorsal flap of the labrum is seen in Figs.
5.1.-5.4., while the mandibles are shown in detail in Figs. 5.6.-
5.11. & 5.13.-5.14. 0f particular interest are the photographs
of the sharp cutting edge (ce) (Figs. 5.7.-5.11.) and of the
cutting surface (Figs. 5.8.-5.11.), where a small groove (gr) can
be seén running from the inside edsge. It is supposed that this
groove .channels the masticated wood particles backward inte the
pharynx.

The inner surface of a tunnel in wood bored by a larva was
also observed with SEM (Fig. 5.12.). In this photograph numer-
ous gouge marks are seen carved parallelly and regularly. The
width of these wmarks is ca. 30-40pm, and when this width is
compared with Figs. 5.8.-5.11., this tunnel appears to be bored
by a middle instar larva (Fig. 5.10.).

The. structure of the vwhole mandible has been described by
several authors, and three main "appendages" or “projecting
structures"” are vrecognized (Figs. 5.7.-5.8.). One is the
"pseudomola” (pm) (Fig. 5.13.), first described in this species
by AltsonM). It has been reported that it owns “"brush-like
setae” on its posterior side, and its medial surface is ser-
ratepﬂ. The SEM revealed that the brush-like setae and the
serration are of the same nature, the serration being the inser-
tion points of setae (Fig. 5.14,), Altson“) ascribed a crushing
function to the pseudomolae, under the name of "crushing organs”,

ir L. brunneus, as did Kojimam'hw in L. linearis, However, this
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Go WolloBHee Facial views of larval heads.
.1.t 1st instar larva.
2.: Middle instar larva.

So oy Ehally Dorsal views of larval heads dissected out.
.3.: Middle instar larva.
4 Hature larva, some contaminations attached.

Fig. 5.5. Epicranial suture in hindmost arca (mature larva, head
dissected out).
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5.6.: Pair, dorsal viev (labruec and a part of clypeus removed).
5.7.: Left, dorsal viev (dissected out).

5.8.: Right, buccal viev (dissected out).

Handibles (mature larvae).
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Figs. 5.9.-5.11.

Cutting edges of mandibles.
5.9.: 2nd instar larva.
5.10.: Hiddle instar larva.
5.11.: MHature

larva (mandibles dissected out, shoving
groove) .

inside



Fig. 5.12. Surface of a tunnel in Quercus serrata wood bored by
a larva of L. brunneus,

Riilgislos 5iili3h =55104% "Pseudomola™ of the mandible (mature larva).
*5,13.: General view.
5.14.: Surface structure.
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Figs. 5.19.-5.
5.19.: Palpus
5.20.: Palpus
5.21.: Papill

nttached).

152525185

Maxillae.

1st instar larva.

: 2nd instar |
: 4th instar 1
: 5th instar |

21. Maxillary palpi

(2nd instar
(niddle ins
e (riddle

arva.
arva.
arva.

larva) .

and the sensory

tar larva).

instar

larva,

some

papillae.

contaminations



does not appear likely from the present study, for it is doubtful
that these setae on the serrationm could stand it: brushing or
conveying function is more likely, Schridt & Buchholz%) are of
the same opinion since they observed that the pseudomolae con-
‘tacted  each other neither in open nor in close condition of the
pandibular pair.

The second projécting structure is tH; "lacinia mandibulae”
(1m) seen in Figs. 5.6.-5.8., which, in life, is a smooth, trans-
parent, sac-like vprojection between the cutting edge and the
pseudomola. It is very broadly attached to the dorsal side of
the mandible (Fig. 5.7.), and the pair meet and slightly overlap
above the mandible bodies (Fig. 5.6.). Whether this contact has
something to do with their function, as discussed by Kojimgmhmand
by Schmidt & Buchholz™ . is uncertain.

When in situ, the pseudomolae and laciniae mandibulae are
enclosed in a vertical oral cavity which is formed by the clype-
us, labrum and mandible bodies,

The third projecting structure of the mandible is the condyle
{co) (Figs. 5.7.-5.8.)., on whose insertion into the head the
vhole mandible hinges.

The maxillae are seen in position in Figs. 5.1.-5.2., lying
just below the mandibles, while its change in the course of
larval development is shown in Figs. b5.15.-5,18. The maxillary
palpus (Figs. 5.19.-5.20.) has many papillae (Fig. 5.21.) sup-
posedly with a sensory function. It was evident from the SEM
u;rk that the form of the palpus changes with age, being shorter

and rather cubic in younger larvae (Figs. 5.15.-5.16. & 5.19.),
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becoming Jlonger and more cylindrical in later instars (Figs.
5.17.-5.18. & 5.20.).  Altson’ thought it to be telescopic
although it is doubtful that it could indeed be retracted in this
way. The maxilla possesses a brush-like structure, which may bea
called the "mala" (Figs. 5.2. & 5.10.), probably vith a brushing
function. This structure is yet undeveloped in younger larvae
(Figs. 5.1. & 5.15.).

The labium lies between the maxillae (Figs. 5.1.-5.2.), and
Figs. 5.22.-5.23. show & magnified view of the whole structure,
The labial palpi resemble the maxillary palpi not only in their
form, but also in that they change their shape with age. Sen-
sory papillae are clustered round their tips also (Fig. 5.24.).
Between two labial palpi lies the ligula, furnished with its

setae (Fig. 5.23.).

5.2.3. The antennae and the other cephaliec structure

The. larval antenna (Figs. 5.25.-5.30.) consists of 3 segments.
In the larvae older than 2nd instar, the whole antenna 1is ob-
served to be situeated on the antacoria (basal articulating men-
brane), the 2nd and the 3rd segments being fused to form a chair
shape (Figs. 5.25. & 5.27.-5.30.). The antenna is furnished
with tvo major projections, some other minor organs and a large
complex pit, all of which are probably sensory organs: the "lst
projection” on the 2nd segment, vparallel to the 3rd segment, and
the others on the 3rd segment. In 1st instar larva, the articu-
lations are obscure, while in 2nd instar larva the 1st segment is

unrecognizable. The comparison of the past and the present
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Figs.
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development.
: 1st instar larva.
: 4th instar larva.
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.26 1st instar larva.
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Table  5.1. Comparison of the nomenclature of the larval antennal parts of Lvctus (see alse Fig.
5.25.)
Present study | ] 1st | 2ad j 3rd | 1st 2nd
(L._brunneus) } Antacoria : segment | segment | segment | projection projection
. ; _ |
——————————————————————————— +—————-—-—————————--—-l———————————————————-—-——-————————————————————--——-———_——--
Altson (1822h) ] ] i Apiecal | Apical Fleshy
{L.brunneus) | -—-- ] Basal joint | joint 1 | Jjoint 2 protuberance
{1st and 2nd instar) | { [ ]
Lesne (1924) ] | ler. | 2e_ | 3e_ | Appendice
(L_ brunneus) | -——- | article | article | article | du -———-
(Aged larva) [ | : | 2e article
___________________________ e s o o v A A AL e T = o v e G A 4 e - = m = e A R S e
| | -——- | kurze Basis | 2. | Nebenglied Fortsatz
Kojima (1932) {(1st instar)| | (1. Glied) | Glied |
(L. Yipearis) l------------~ et i ettt b b el e e R
] | 1. Glied | 2. | 3. Glied | 4. Glied ----
| [ Glied | [
___________________________ e e T e e T
Gardner (1933 | Basal con-| Segment | Segment | Segment | Accessory
{(Lyctus in general) | necting ] 1 2 1 3 | appendage a——-
| membrane | !
___________________________ b e e e e e e e e  ———————— e ——— e
Pringle (1938) | Basal 1 2nd | ! 4th Sensory
(L.. brunneus) | segment | segment | 3rd segment | segment papilla
| |
___________________________ g T
Kangas (1947) ] ! | ] |
(L._planicollis) ] "Flihler viergliedrig"” ! ---- -=--
] (1) (2) (3) (4) ]
]

N




nomenclature of the larval antennal parts is summarized in Table
5.1.

The larval antenna is transformed markedly in the course of
deve}opment. the most obvious change being in the length of the
"1st projection" relatively to the 3rd segmenti the former de-
creases with each succeeding instar. In the antenna of 1st
instar larva the 1st projection is most developed relatively to
the whole structure (Fig. 5.26.), as noted and accurately illus-
trated by AltsonM). And in the mature larva, it is reduced to g
shorter projection (Fig. 5.30.). The overall length of the
antenna compared with its diameter also.increases with age of the
larva.

Figure 5.31. presents a high magnification of the tip of the
3rd segment of the antenna, revealing its array of sensory papil-
la and setae. | Another supposed sensory device is clearly vis-
ible in Figs. 5.27.-5.28., comprising a complex pit on the side
of the 3rd segment.

Vhen DugéSM) described the larva of L. planicollis, he noted
that the frons "bears on each side a smooth brown ‘manmelon',
wvhich is round and free anteriorly and cornered vposteriorly on
its adherent side", and that “inmédiately outside from this organ
is found a short antenna”. DugéSM) assumed this to be "a simple

ad)

eye", Altson confirmed the presence of larval eyes, de-
scribing it as "a pair of rudimentary eyes composed of pigmented
spots and situated below and posterior to the antenna”. He
found them to be "present in all larval stages of L. brunneus.

being "most clearly defined in the 1lst and 2nd instars", and
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e Boahle The tip of the 3rd segment of the antenna furnished
with sensory organs (middle instar larva).

PGS Bodids 2B aBils "Dugés’' structure” (middle instar larva).
5.32.: Its situation on the gena.
5.33.-5.34.: Views from different angles.
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Figs. 5.35.-5.37. Legs (mature larva).
: Right fore leg.

5.36.: Right mid leg.

5.37.: Right hind leg.

Figs. 5.38.
development.

=S Lhly Change of legs in the course of larvel

5.38.: 1st instar larva.
5.39.: 2nd instar larva.
5.40.: 4th instar larva.
5.41.: 5th instar larva.




aseribed a light sensitive role to them, to warn the larva of its

approach to the wood surface“’m).

However, it is greatly note-
worthy that there 1is a difference between the positions of
Altson's eye in the young larva of L, brunneus and Dugés' struc-
‘ture in [ planicollis,.

In the present investigation it was found that Dugés' desecrip-
tion of them in L. planicollis was identical with their form in
L. brunneus. From an ontogenetic point of view, what Altson
observed is supposed to be the real eves because they are clearly
defined 1in the young larvae, while Dugés' structure does  not
become less remarkable in later instars contrarily, and con-
sequently did not prove to be a rudimentary eye. On the other
hand, Altson's rudimentary eyes are not detected in situ by SEM.
This indicates that these eyes are completely embedded beneath
the integument and thus have no surface structure. Further,

14)

Lesne found no ocelli in the "aged larva".

Figures 5.32.-5.34. show Dugés' structure ("mamelon”) in a L._
brunneus larva, situated Jjust below the antenna near the inser-
tion of the mandibular condyle. Due to the monochromatic nature
of SEM it was first thought to be part of the strongly rounded
structure of the condyle insertion, but this mamelon was optical-

ly observed to be sclerotized to some extent, and is now supposed

to be a kind of muscular er integumentary protuberance.
5.2.4. The thorax

Each thoracic segment bear a pair of legs (Figs. 5.35.-5.37.),

which, 1in life, show "continuous rhythmic motion" together with
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maxillary palpi and mandibles to convey scattered wood shreds
$6) '

backward . The fore legs are distinctly stouter than the

others"'y). Each leg lacks any articulate tarsus and terminates
e . . n .

in a single claw of distinctive shape. KurerT described the

changes of the segmentations of the fore leg (2 te 3) and the nig
and hind legs (1 to 2) between the 2nd instar and mature larvae
of L. planicollis, The legs of L, brunneus larvae also changes
with age: in the 1st instar they are merely papilla-like struc-
tures, while in older stages they become more slender, furnished
with longer and more distinct claw and larger number of setae,
and composed of more segments than in younger stages. Their
norphological changes are clearly seen in a series of photographs
of succeeding instars (Figs. 5.38.-5.41.).

Only one pair of spiracles are found on the thorax (Figs.
5.42.-5.43.), each being found on the lateral side of the opro-

thorax as described by Hunromm. Altson“J and others.

5.2.5. The abdomen

The abdomen consists of 10 segments, with spiracles present on
the lateral side of urotergites of the 1st to 8th segments, as
has been described by Hunromm. Altsonn). and others. This
arrangement of @ pairs (together with the thoracic spiracles) Iis
the commonest found among the Insecta. It is a distinguishing
feature of lyctid larvae that the 8th abdominal, i.e. the poste-
riormost, pair are very large relatively to others, and are

mg, pé’

easily visible by the naked eye (Fig. 5.44.). The others

. . )]
vary in diameter to some extent, and Gardnerg pointed out that
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Figs. 5.42.-5.43.: Thoracic spiracle (2nd instar larva). Fig. 5.44. The abdominal 6th-8th segments and their spiracles
5.42.: Its situation on the pronotua. (2nd instar larva). :
5.43.: Spiracle with undeveloped spines.

{7

5.45.-5.48. Abdominal spiracles.

: The 7th segment (2nd instar larva).

: The 7th segment (middle instar larva).
.: The 8th segment (2nd instar larva).

: The 8th segment (mature larva).
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the b5th abdominal spiracle is the smallest. Typical nmeas-
urements of the spiracle diameters in a mature larva are! the 8th
abdominal 200 pm, the thoracic 100 pm, the rest ca. 60 po. Fur-
ther, variation of spiracular form is found with instar, particu-
larly in the number of spines found within them: younger larvae
(Figs. 5.45. & 5.47.) have fewer spines along the interior ridges
than older larvae (Figs. 5.46. & 5.48). Since fragments of wood
were frequently observed caught in the spiracles by these outward
facing spines, +they clearly serve a protective role, preventing
the ingress of potentially obstructing material.

Another obvious structure of the abdomen to note is the anus,
g feature which Pringlepw described as a "longitudinal slit".
However, seen from the photograph (Fig. 5.49.), it proved to be
more complex than this, with an arrangzement of interlocking
folds.

The last abdominal structure to note is the "chitinous wpro-
cess” on the 9th abdominal segment of 1st instar larva (Fig.

5.50.), <clearly described by Kojima”)

in L. linearis, Since it
disappears in later instars (Fig. 5.49), it may serve as an "egg-
tooth" for breaking open the chorion at hatching, as Kojima“)
pointed out. A]tsonu) described "several large setae which act
as "hatching spines'”, The relation between these setae and the
above-mentioned "chitinous process™ is uncertain.

5.3. The prepupas)

This stage is defined as the final phase of the final instar

larva,
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As the description of the prepupal stage of Lyctidae, only
that of L.. planicollis has been illustrated before by Urightw”,
The prepupa of L. brunpesus is essentially the same, being charac-

terized by a straigh§ body shape when compared to the feeding
larva, and being less active when taken out,

The SEM revealed that the detailed structure was identical
with the mature larva, as might be expected (Figs. 5.51.-5.52.),
Unfortunately it proved impossible to observe the transition frop
the mature larva to the prepupa, as full-grown larvae could not
enter pupation or rather "prepuvation" when removed from the diet
or wood to an open dish, as.stated in the section 3.2.4,
Furthermore, it seemed very difficult to prepare the prepupa for

SEM observation probably due to its pharate candition.

5.4. The pupaa)

The whole body of the pupa is shown in Fig. 5.53. Till now
Altsonﬂ) described and illustrated only the apex of the pupal
abdomen in L.  bhrunneus, and Prinslepﬂ prepared a more Ggeneral
description. Hickin's illustrationm) of it is not an accurate
representation.

The pupal head (Fig. ©5.54.) possesses developed antennae and
eyes, the latter being sulcate longitudinally.

" The mouth parts (Fig. 5.55.) show a transitional form between
those of the larva and adult. The differences from those of the
larva are as follows: i) Labrum curvate medianly and heart-
shaped: i) Mandibles thinner: cutting edge blunter; iii) Maxil-

lary palpi more distinctly separate from stipess 1iv} Prementum
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Pupa (%).

NOISE

5



| 55557

Riiigista s B 517 =155 518 % Ventral anal portion of pupae. 7, 8, 9 and
10 represent the 7th, 8th, 9th and 10th sternites respectively
(see Table 5.2.). ‘

@1 o g

5.58.:
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Table 5.2.

Sex charaeters in the

pupa (see aiso Figs. 5.57.-~5.58.)

last 4 sternites of L. brunneys

Sternite

7th (5th)

8th (B6th)

9th (7th)

10th (8th)

Slightly elevated
posteriorly

Plane

Plane, with the distal
portion divided in twe
parts, arranged parallel

Ventrally hardly visible

Conspicucusly elevated
in Y~shape

Downward-arrow-shaped,
extended on the next
sternite

Not plane, with the distal
portion divided in tweo
parts, each turning outside

Ventrally never visible
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divided perpendicularly into two parts, from which the labial
palpi rise, basally separate and distally occasionally contacted.
The pupal prothorax possesses "an anterior, transverse ridge

B8

fringed with setae (Figs. 5.53.-5.54.),

The thoracic legs are free from the body, with the fore and
nid legs exposed, while the hind legs are covered with the ely-
tra, which curve round ventrally, so that only the distal part of
the hind leg can be seen protruding from under the elytronw)
(Fig. 5.53.). The end of each leg bears two swellings (Fig.
5.56.) which will become the hook-shaped claw of the adult.

The outline of the pupal abdomen is essentially the same as
that of the adult beetle: +the 1st and 2nd sternites are not
visible, and the real 3rd, 4th,... sternites correspond to the
visible 1st, 2nd,... sternites respectivelyM). Here, the termi-
nology "3rd{lst) sternite”, and so on is used in conformity with
the description of adults in the section 5.5.3.

The 7th(5th) - 10th(8th) sternites show conspicuous sex char-
acters: these are shown and described in Figs. 5.57.-5.58., and
Table 5.2. The characters of the Tth(5th) sternite 1in both
sexes correspond to those in adults, as presented in the section
5.5.3. These pupal sex characters, as observed optically, are
somewhat difficult to detect because they are all in pupal white
color. - However, as observed with SEM (Figs. 5.57.-5.58.), they
appear more conspicuous in the pupae than in adults. This is

because, in adults, the 9th and 10th segreents are differentiated

into the genital organs which are hidden inside.
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5.5. The adult®

5.5.1. The head and its appendages

The head structure of the adult is not so well differentiated
as to nmote peculiar features compared with those of some other
coleopterous species. Figures 5.59.-5.862. show its ventra]
side, showing eyes and mouth parts. The pair of mandibles (mbh)
(Figs. 5.81.~5.62.) is asymmetrical; the right always comes forth
and is distinctly sulcate on its ventral surface, thus being
bidentate, while the left is more variable in shape in ventral
view. A certain sex character on the mandible is discernible;
in the males the outer edge of each mandible forms a blunt obtuse

“‘c”, The maxillary

angle, while 1in the females it is simple
palpi (mp) and labial palpi (lp) are similar to each other in
form +though the former are longer than the latter, with the
different segmentation (Figs. 5.59.-5.60.). The similarities
extend to their tips, both having depressions at their extrenmes,
crovded with many sensory papillae (Figs. 5.63.-5.64.). The
maxillary stipes (st) possesses a markedly developed mala (al)
that bears brush-like setae, probably composed of the galea
and/or the lacinia (Fig. 5.80.).

Among the family Lyctidae, particularly in the genus Lyctus,
it is common to find that the mentum exhibits a secondary sex
character, 1i.e. a fringe of setae markedly longer in the  males
than in the females, a character that was first noted in L..
planicollis by Lesnem). Parkinm), however, thought that L.
brunneus was exceptional in not having this difference between
iy

the sexes, and even Lesne himself did not mention this char-

—158 —



Figs. 5.59.-5.6
5.59.: 8.
5.60.: %,
5.61.: &, palpi removed.
5.62.: %, palpi removed.

(2583.-5.84. Apices of the adult maxillary
Right maxillary palpus.
Right labial palpus.
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Figs. 5.65.-5.60. Adult left antenna (%).
5.65.: Yhole view.

5.686.: Sensory organ (?) on the penultimate segment.

Fig. 5.87. Adult left compound eye (%).Fig. 5.68. Adult pronotum (9).
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acter in redescribing L. brunneus, With SEH the setae on the
lateral edges of the mentum (me) {(Figs. 5.59.-5.62.) are observed
to be variable among individuals of L. brunneus though their
length is apt to be reduced in females. These long setae in
both sexes sometimes fall off due to some accidents.

)

Lesne and Chﬁj6w) described the sex character in the opro-
tuberances on the each lateral side of epistona. However, as
seen in Figs. b5.59.-5.80., there seems no definite difference
between two sexes in this part.

The antennae are identical in males and females, consisting of
visible 11 segments, the two terminal segments being enlarged to
form a distinet club (Fig. 5.85,). Tﬁe penultimate segment has
a characteristic structure, with the flat surface of the distal
end facing the base of the ultimate segment, and being crowded
vith short papillae, as is clearly seen in Fig. 5.686. This
aspect suggests that the sensory functien of this plane probably
depends wupon the club being deformed by touching some object so
that the vltimate segment contacts the plane. The shape of the
c¢lub, which is composed of the terminal two segments, 1is a spe-
cific character in classifying the family Lyctidae.

The very well developed compound eye (Fig. 5.65.) consists of
many hexagonal ommatidia (Fig. 5.87.) and its large size and

conspicuousness are the characters of Lyctidae.
5.5.2. The thorax and its appendages

The shape of the pronotum (Fig. 5.68.) is a specific character

in classifying the family Lyctidae, as was used by Kraus (et
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Hﬂ. Horim“ stated that the pronctum has one shallow but

al.)
rather broad groove running lengthwise on the median line, and
there 1is some individual variation sccording to =geographic
source; in the European specimens, the groove has two anteriorly
diverging lateral branches, and thus appears VY-shaped rather
distinectly, while in Japanese specimens this Y-shape is indis-
tinct. The specimens examined in this study mostly belorgzed to
the typical "Japanese type", while the specimens described by

Gerberggn obviously belonged to the "European type". Lesne“)

and ChﬁjSW) also described the existence of the two forms as ap
individual variation. Greater number of specimens will need to
be examined, from a variety of sources, to decide whether this is
indeed a geographic variation or not.

The legs of L. brunneus adult (Fig. 5.69.) show little spe-
cialization though the tibial spur on the fore leg 1is opron-
inenty), and the femur of the fore leg is thickened compared to
the other legsw). The aspect of the apical claw (Fig. 5.70.)
explains why this beetle is unable to e¢limb vertical glass sur-
face: the leg lacks the adhesive pad. The photograph at high
magnification (Fig. 5.71.) shows the scalified surface structure
of the apical claw.

The surface of each elytron is thickly furnished with puncta-
tions and setae. F&gure 5.72. shows that the punctation con-
sists of quite deep, flat-bottomed pit, while the setae arise
from shallov depressions among the pits. These punctations and
setae were utilized as the specific characters within the family

Lyetidae by HickinM) and Santoro“). and the latter classified the
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Figs.
5.69.
5.70.
Do,

es es s LN

.69.-5.71.  Adult legs (9).
Fore and mid legs.

Tarsal claw of the right fore
Tarsal claw of the left fore
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Figs. 5.73.-5.75. Underside of the right elytra.
5.73.: Schematic diagranm.
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right elytron (%).
5.76.: Region I.
5.77.* Region II.
5.78.: Region III.
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Figs. 5.79,-5.82. Rasp-like patches on the underside of the
right elytra, magnified.

5.79.: Edge of Region II (3).

5.80.: Anterior vortex of Region II (%).

5.81.: Region III,, elytral margin (3).

5.82.: Region IIl;, elytral suture (3).

5.83. |5.84.

Flgs. 5.83.-5.84. Adult vings (9).
5.83.: Anterior margin of the right ving.
5.84.: Discoidal area of the left wing.
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elytron of L. brunneus as having the "stomata-shaped” rather than
the "ecrater-shaped" punctations.
The elytral lusters, supposedly different in two sexes, as

oo bl .
1) and Chijé ), the males having more lustrous

described by Lesne
elytral surface than females, did not appear to be a reliable and
definite sex character in the present study.

The undersides of the elytra in both sexes are shown in Figs.
5.73.-5.75. It possesses 3 regions of particular interest,
which can be distinguished optically in having relatively low
luster; the first one named "Region I" is situated a little
behind the basal Jjoint laterally, and the second one nanmed
"Region II" is situated mediolaterally. The SEM revealed each
of +these two regions to be a patch of fine <chitinous "teeth",
somewhat like a rasp (Figs. 6.76.-5.77. & 5.79.-5.80.). The
posterior portion of the elytron, which was named "Region III",

possesses a conplex surface structure (Fig. 5.78.). The same

kinds of surface structures on the underside of elytra were also

found in some other species of Teredilia, viz. L,.,. sinensis,
Minthea rugicollis (Lyctidae), Dinoderus minutus (Bostrychidae)

and Stegobium paniceum (Anobiidae). In L. brunneus. Region I is
observed to be like an up-ended polished rice-grain in share
(Fig. 5.76.), and Region II to consist of an area more than twice
of that of the former (Fig. 5.77.). The teeth of the anterior
portion of Region ILl are arranged in a vortex pattern (Fig.
5.80.). Region III consists of two peculiar areas, the first
(ITI,) with scaie-like or testudinal pattern away from the ely-

tral suture (Fig. 5.81.), and the second (ILIl,) with dentate form



like Regions I and II near the elytral suture (Fig. 5.82.),
Further, the elytron possesses a row of spines and that of setae
on its underside near the lateral edge of Region III,, as seen in
Fig. 5.78. and at greater magnification in Fig. 5.81, The
counterparts of these 3 regions are also found on the metathorax,
the 3rd(lst) abdominal sternite and the 7th abdominal tergite, as
described in the following of this section and in the section
5.5.3. The function of these 6 regions, or rather 12 regions in
total as they are symmetrically arranged on the body, will be
discussed in the section 5.7.

The wing of this species, which was once illustrated by
HickinM), is furnished with very numerous spinulae all over the
surface (Figs. 5.83.-5.84.).

Figure 5.85. shows the lateral side of metathorax, in which
the nmetaepisternum seems exactly opposite to Region I of the
underside of the elytron. And it also possesses a region of the
- rasp-like surface structure (Fig. 5.88.), which is similar to

Region I. It is proposed to name it "Inferior Region 1" as it

comes Jjust beneath Region .

5.5.3. The abdomen

In the adults and pupae of many coleopterous species only five
of ‘the ten abdominal sternites are visible; the 1st and 2nd are
reduced or hidden under the metasternum, the 8th has been differ-
entiated to bé the pygidial plate and the 9th and 10th to be the
genital structures normally held within the abdomen. Thus the

L * 2 [T : 1] n . ' ﬂﬁ
lst "visible" sternite corresponds to be 3rd "real stepnltehg )

—168 —



Figs. 5.85.-5.86. Lateral side of the adult metathorax (%).
5.85.: WYhole view.
5.86.: Rasp-like patch (Inferior Region I) on the metaepisternunm.

(.
{

N

“ "V %} ‘

(e VA 7
Figs. 5.87.-5.88., Lateral view of the adult abdominal 3rd(lst)
sternite (8).

5.87.: Rasp-like patch (Inferior Region II).
5.88.: Ditto, magnified.
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In the present investigation the terminology "3rd(lst) sterniﬁe".
and so on is used.

On the side of the 3rd(lst) abdominal sternite, another rasp-
like patch was found (Figs. 5.87.-5.88.), which was observed to
be opposite to Region II, and following the convention estab-
lished above (5.5.2.) it is calted "Inferior Region II",

The shape of the 8th(6th) sternite, 1i.e. the pygidial plate
(pp), is a sex character in this speciesﬁ‘“), as well as the
shape of the Tth(5th) sternite accompanied by the arrangement of

setae upon its surface“'m’ﬂ'h”.

The shape of the pygidial plate
(Figs. 5.89.-5.92.) is only of limited use for sexing beetles
because it neormally retreats outvof sight. On the other hand,
the 7th(5th) sternite possesses the most reliable sex character
in the adults of this species in conformity with that in the
pupae, as described in the section 5.4.:

In the males (Figs. 5.89.-5.90.), this sternite has a rela-
tively flat surface, bearing only a fev weakly convergent setae.
In the females (Figs. 5.91.-5.92.), on the other hand, the setae
upon this sternite are much denser than in the males, arranged in
a strongly convergent pattern toward the middle of the posterior
margin. This is so marked that under low-powered cptical micro-
scope it often has an appearance of a "pencil” of setae on this
sternite.

Each of the 1lst to 7th abdominal tergites possesses a pair of
spiracles (Fig. 5.93.) which are positioned laterally. The 1st
a6)

is the largest of 21]1 the spiracles .

A pair of rasp-like patches was found out on the lateral parts
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of the 7th tergite (Figs. 5.94.-5.95.), Just facing Region III op
the elytra. Followirg the convention above (see 5.5.2.), this
is called "Inferior Region III".

All of the patches on the body, 1i.e. Inferior Regions I, 1II
and III, also appear to be identical in both of the sexes.

In the last place, the morphology of the adult external geni-
talia is discussed as one of the most interesting aspects of the
insect morphology.

The female external genitalia, 1i.e. the ovipositor, is highly
differentiated, and made up by adaption of the 9th and 10th
abdominal segnents. According to Altsonﬁ), the ovipositor is
stowed in the female body through a halfway evagination. Aftér
the oviposition, the ovipositor is often left extruded, and its
full length amounts as lonrg as the female's body. As was dis-
cussed in the section 2.1,2., once the ovipositor is fully ex-
truded, the female loses its potentiality to oviposit. The
ovipositor after the oviposition (Fig. 5.96.) often shows some
false articulations, the appearance of which is due to tele-
scoping like a sleeve of the clothes (Fig. 5.97.). The "apex”
of the ovipositor is shown at high magnification in Figs., 5.98.-
- 5.99. It consists, after the nomenrclature by Altsonw). ef the
10th uromere, i.e. the double-jointed vaginal palps (vp), and a
part of 9th urcmere, i.e. basal piece (bp). It differs from the
preceding portion of the ovipositor in having much smoother
surface and in bearing several erect setae. The pair of vaginal

palps homologizes with the pair of parameres of the male in

. . . a6) ‘
having sensory pits as well . The whole ovipositor is evident-
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Fig. 5.93. Right spiracle of the adult 3rd abdominal segment (9).

’ St
e u

Figs. 5.94.-5.95. View of the adult anal portion (3).
5.94.: 7th tergite and dorsal pygidial plate.
5.95.: Rasp-like patch of the 7th tergite (Inferior Region III).

==



Rigs). 5
5.96.:
SROAGE

5.98,:
5.99.:

96.-5.909,

Ovipositors.

False articulations after the oviposition.
Schenatic diagram of telescoping for Fig. 5.96.

Dorsal vi
Ventral v

Figs. 5.
§5.100.:
5.101.:
5.102,:

ev of the apex.
iev of the apex.

100.-5.102. hedeagus.

Extruded sidevays in situ,
Extruded and developed in situ,
Apex of the left paramere.
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ly highly adapted for oviposition into wood vessels, being "of a

a2

suitably ingenious nature" for this purpose. The diameter of

the ovipositor is about 90um (Fig. 5.96.), which corresponds with
the minimum vessel size of wood utilized for ovipositionm).

The male external genitalia (2edeagus) of this species (Figs.
5.100.-5.102.) has been described and illustrated by Altsona“ and
Cymorekw). It consists of a penis (pe), a pair of vparanmeres
(pa), and a basal piece (bp). GerberggU stated "differences
between <genera and species are subtle" with regard to the nale
external genitalia of the family Lyctidae. The basal piece i§
observed by SEN to possess two unidentified peculiar processes on
each of its sides (Fig. 5.100.), and the apex of a paramere to
bear a number of papillae situated within depressions, which were
regarded as "sensory pits”™ by Altsonw) (Fig. 5.102.).

5.6. Malformations of adults&H)

During the course of the present study of L. brunneus several
types of corporal malformations have been encountered. The main
source of them was the experimental cultures with the artificial
diets containing no wood sawdust, as described in the sectioh
2.3., but some have been found also from the routine mass cul-
ture. Host of the malformations encountered existed on the
ventral abdominal segmentations. Such malformations are rarely
but occasionally found in the course of sexing the adults accord-
ing to the most relisble sex character on the ventral anal por-

tion, which is described in the section 5.5.3. Malformations on

the thoracic segmentations have also been found as well.
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The typical examples of the malformations on the thoracic and
abdominal segmentations are shown in Figs. 5.103.-5.104. and
Figs. 5.105.-5.114. respectively, where the teratclogical diag-

b and the terminology of adult abdominal

noses after Balazuc
sternites, proposed in the section 5.5.3., are involved.

These malformations are classified as follows: (i) those in-
duced by the failure of the median agglutination of the germs of
the sternites or tergites (Figs. 5.103.-5.104. & 5.107.-5.108.):
(ii) those 1induced by the erroneous mnmedian agglutination(s)
between adioining sternites (Figs. 5.105.-5.108.)}: (iii) those
induced by excessive agglutination(s) (Fig. 5.110.); (iv) inter-
mediate type between (i) and (iii) (Fig. 5.109.): (v) those
induced by the lack or trouble of one of the two sternite &gerns
(Figs. 5.112.-5.113.)3 (vi) unaccountable types (Figs. 5.111. &
5.114.). At present, it may be safely said that Balazuc's
teratological diagnosesm) do not always contribute to the expla-
nation and classification of the mechanisms in the formation of
them: another diagnostic system needs to be proposed for the
corporal malformations of Coleoptera in general.

As already stated in the sec?ion 2,3.4., the diets without
sawdust, 1i.e. the diets R, S, N, T, U and ¥ (buckwheat cake) in
Table 2.5., tended to produce more malformed adults. An infer-
ence drawn from this fact is that some substance in wood itself
might play a role in Eoweriné the frequency of malformation and
thus in maintaining a sound culture of the vpopulation. Over-
crovding in the larval stage might be another possible cause for

the mwalformations supposing these malformed characters had been
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5.103.

Figs. 5.103.-5.104. Malformations on the thoracic segmentations

in L....hr_unn.n_xus_. ,
5.103.: Pronotum hemiatrophy (%) (compare with Fig. 5.88.).
5.104.= Metasternoschisis (8).
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5,105.-5:114. Halformations on the sbdominal segmentations

Figs
{

iBs,
n
5.105.: Honocyclic levogyrate halicomery on the 4th{2nd)-
Sth(3rd) sternltes (3).

5.106,: MHonacyclle dextrogyrate heliconaery (7) or aymphysomery
(?) on the BLh{4th)-7th(5th) sternites ().

§.107.: Hypogastroschisis on the 4th(2nd) sternite (4).

5.108.: llypogastroschisis on the Bth(4th) sternite (3).

5.109.: Sysphysomery (7) on tho 4th{2nd)-5th(3rd) sternitos or
hypogastroschisls (?) on the 4th{2nd) sternite (3).

5.110.: Symphysomery on the 8th{4th)-7th{5th) sternites (&),
5.111.% Sllght hemimory on the Gth(4th)~7Tth(5th) sternites (9).

5:112.= llemimery on the 4th(2nd)-5th(3rd) ster&itcs (3).
5.113.: Healatrophy on the Bth(4th) sternite (9¥).
5.114.¢t Hlemiatrophy on the 4th(2nd) sternite (%).
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acquired in larval or pupal stage.

The ' appearance frequency of helicomery, a form of corporal
malformations (Figs. 5.105.-5.108.), was estimated by Balazucl!
at one specimen vper 2000 individuals in Tenebrjo molitor L,
TTenebrionidae), while he cited the other authors' results, where
the ratios were 1/300 - 1/400 and 1/1000. In the present cases
with L. brupneuys, the appearance frequencies of the abdominal
malformations in general are estimated as follows:

Eight malformed specimens were found only from the experi-
mental cultures with the 9 kinds of diets containing no wvood
sawdust described in Table 2.5., which collectively produced 9801
progeny individuals (Table 2.8.), thus the ratio being
ca. 1/1200. On the other hand, in the special rearing cultures
with buckwheat flour cakes in the mass culture condition, 3
maiformed specimens were found out from 333 specimens obtained as
a progeny, thus the rate being ca. 1/100.

According to Balazue!, the adult individuals of T. molitor
vith helicomery were vivid enough in spite of their morphological
abnormality. Also in the present case with L. brunneus all the
nalformed specimens collected alive were vivid enough, some of
which were let copulate to produce normal progeny up to the
second generation (F,), except for a few examples of malformed
individuals found among their progeny. These malformations are

not supposed to be hereditary.

5.7. The egg®

Most eggs are laid into the starchy hardwood sapwood or into
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the starchy banmboo. In the case with hardwood., vessels are

chosen for oviposition site. Figure 5.115. shows two eggs
deposited in a red lauan vessel. Such multiple laying is not
uncommon in Lyctus, as noted by Altsonﬁ) and Fisher (ei_aJAJm),
with up to eight eggs being laid in a single vessel. Measure-

ments from these photographs of eggs show the diameter of

3 . .
E,M). This value is

ca. 150 pm, which has been noted by Clarke
comparable to 90 pa, the diameter of the ovipositor stated in the
section 5.5.3.

The curious feature of the eggs of Lyctus spp. is the anterior
"strand" or "process" (Figs. 5.118.-5.117.), first noted by
Snyderﬂm in L, plapicollis, byuAltson“) in L. brunneus, and by
Parkinm) in L. lipnearis, etec, Later, Rosei”) examnined eggs of §
species of Lyctidae and segregated them into two types, those
with and those without such a strand, with L. brunneus belonging
to the former. Its function is obscure, or rather it does not
seem to be of any use. The shape of the strand tip varies
considerablyi some are club-shaped, and the others are rod-
shaped, representing its plasticity at the time of laying.

The other feature of the egg hitherto noted is the ‘“stria-

. + ” + " ! 1
tions™ or striae around the base of the esze processﬁ p)'

a5)

Altson elucidated the formations of the striations and the
strand in relation to the structure of the ovipositor. The SEM
revealed the fact that the striations are due to wrinkling of the
outer membrane, 1.e. the chorion, and that they merge into the

strand (Fig. 5.118.).
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Figs. 5.116.-5.117.

Eggs laid in a lauan vood vessel.

and its variation.

Strand of the eggs

Fig.

5.118.

Striations on the anterior portion of the egs.
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5.8. Discussion™’’

The larva of L. brunneus naturally shows several morphological
changes with succeeding instars: namely, the changes of the
vertex groove of the head capsule (Figs. 5.3.-5.4.), the maxillae
(Figs. 5.15.-5.18.), the labium (Figs. 5.22.-5.23.), the antennae
(Figs. 5.26.-5.30.), the legs (Figs. 5.38.-5.41.) and the abdon-
inal spiracles (Figs. 5.45.-5.48.), as shown by scanning electron
miecroscopy (SEM) in the section 5.2. The maxillary and labial
palpi become longer and more cylindrical in later instars, and
the antennae and legs become comparatively longer and more
slender in later stagesi: development of the appendices in general
is observed.

The SEM observation thus showed several morphological changes
in the course of larval development though they were not con-
spicuous enough between succeeding instars, especially in the
later stages, to distinguish the larvae according to their in-
stars, . A very distinet feature of the possible final instar
larva on its legs (Fig. 5.41.) may be utilized in separating it
from the penultimate stage, which is approximately identical with
the middle instar larva defined in the section 3.2.1. Utilizing
these morphological characteristics in selecting a certain stage
or instar for bioassays from a lot of larvae requires some kinds
of optical devices with which to observe the fine morphology of
living larvae without affecting then.

Several larval structures and organs whose significances ‘are
still wunknown, such as the huge spiracles of the 8th abdominal

segment, the "lst projection" of the antennae relatively huge in
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the younger stages, ete., need to be studied further as they are
conspicuous enough to be suspected of having some significant and
peculiar functions,.

The transformetion from full-grown larva to prepupa without
molt "needs to be studied further especially with regard to the
changes of the body shape and of the body weight.

The sex characters and sexual differences abounds in adult of
l... brunneus in comparison with its relatively simple appearance.
As discussed and verified in the sections 3.1.2. and 2.3.2.,
males are statistically smaller than females both in size and
weight, the difference of mean body length being calculated to be
0.29 mm (Table 2.6). Further, males have alse been shown to be
more slender than females (Fig. 3.1.). Adults, as shown in the
sections 5.5,, exhibit some definite sex characters on the mandi-
bles (Figs. 5.61.-5.62.), the 7th(bth) sternite and the pygidiunm
(Figs. 5.89.-5.92.). It should be noted that all of these
characters are not familial nor generic, but specifie, There
are ealso some sexual morphological differences or tendencies,
though no definite sex characters, on the lateral sides of epi-
stoma, the setae on the mentum and the elytral luster.

The 6 patches of the peculiar surface structures on the body
and the undersides of elytra of adults (Figs. 5.73.-5.82., 5.85.-
5.88. & 5.94.-5.95.) are one of the most spectacular aspects of
the fine morphology of the species L. brunneus, Such rasp-like
surface structures are suggestive of a stridulatory function as

found in Scolytidae by Rudinsky & Michaelw). ete. and in

Curculionidae by Selander & Janssonw). etc., where the nale
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comnunicates with the female using this device. However., none
of these B regions show sexual dimerphism, denying the possibil-
ity of communicating function between the sexes. It is also
possible that these structures are vestigial, with their practi-
cal function for stridulation being wholly reduced in this spe-
cies, - Another possibility of their funetion is that they may bhe
the device for folding wings between the elytra and the tergites,
as has been found in some other coleopterous species. Vhen an
adult beetle, laid supine, tries in vain to turn prone by raising
the abdomen and flapping the wings, 1its abdomen always shows a
continuous up~and-dewn motion accompanied by stowing the wings
between the elytra and the tergites. The rasp-like 8 regions
are also assumed to be closely related to this motion in stowing

wings.

5.9, Summary

The summarized results and conclusions obtaired in the inves-
tigation on the external morphology and surface structures are:

(1) Some morrhological changes according to the larval instar
wvere observed by SEM in the epicranium, fine structure of the
mouth parts, antennae, legs and abdominal spiracles. The appen-
dices were observed in general to develop and become more slender
in the course of larval development.

(2) Simple eyes were not detected by SEM in the larval stage.

(3) Pupal sex characters in the anal portion are more con-
spicuous than in the adults.

(4) Three rasp-like patches on the undersides of elytra and
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their counterparts on the body were found by SEN. Their fune-
tion was suppésed either to produce sound signals or to serve as
a device for folding wings.

(5) Some other features of the external morphology and the
éﬁrface structures of lérvae. pupae, adults and eggs of L.
brunneus were reviewed and scrutinized by SEM as well,

(6) Several types of adult malformafions‘on the thoracic and
abdominal segmentations were described and discussed for their

cause, classification and appearance ratio.
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Abstract

The present thesis deals with the mass culture method and the
biology of Lyctus brunneus (Stephens) (Coleoptera, Lyctidae), the
most important dry-wood boring insect in  Japan, yielding the
fundamental knowledges for the control bioassays.

For the mass culture of this species, a rearing chamber has
been wutilized . with the climatie conditions maintained to be
24.5°C and 70% R.H. After the preliminary investigation on the

essentialities of the solid artificial diet, the standard artifi-
cial diet was designated, with the composition of 26% lauan
sawdust f{or cellulose powder), 50¥ soluble starch and 24%
brewer's yeast powder, which ensures the quicker development and
produces progeny of greater number and of larger size than the
other kinds of diet.

The weight changes in the course of metamorphoses and develop-
ment was followed, with the larval instar number determined to be
4 - 6 by means of the newly devised "individual rearing method”.
The final sex ratio was determined to be 1 : 1, the density
effect was detected on the progeny number and biomass, the etho-
logy of adult beetles in relation to the preserce of aggregation
pheromone and to some other factors was investigated and/or
described, and the relations to the other organisms, especially
to the natural enemies, were discussed as well.

The chemical analyses of the fecods and feces especially on the
balance of required quantities of the essential nutrients, name-~
ly, starch (mainly the amylopectin portion) and protein (and/or
amino acids), <clarified the difference between wood feeding and
diet feeding.

By means of SEM, the external morphology and surface struc-
tures of all the developmental stages were studied to vyield
detailed information including the changes of fine morphology

with succeeding larval instars, pupal sex characters, peculiar
surface structures on the adult body and on the underside of
elytra, and so on. Additional note was also given on the mal-

formations on the corporal segmentations of adult beetles.

186 —



References

The author’'s own studies 6n which this thesis is based are
listed below (codes A - H), followed by the general references.

A) Iwata, R. & Nishimoto, K., 1980: [Studies on autecology of
tyctus brunneus (Stephens). I. Mass culture of Lyctus brunneus,]
in Jap.) Mokuzai Kenkv@ Shiryd (Yood Res. Technic, Hotes).
ULii, (15), 34-44. )

B) Iwata, R. & Nishimoto, K., 1081: Observations on the
external morphology and thé surface structure of Lyctus brunneus
(Stephens) (Coleoptera, Lyctidae) by scanning electren wmicro-
SCOPY. I. Larvae and Pupae. Kontvd. T8kvd, 49(4), 542-557,

C) Iwata, R. & Nishimoto, K., 1982a: Ditto. II. Adults and
eges. Ditta, 50(1), 10-22.

D) Iwata, R. & Nishimoto, K., 1882b: Studies on the auteco-
logy of Lyctus brunneus (Stephens). IV, Investigations on the
composition of artifiecial diets for lLyctus bhrunneus (Stephens)
(Col., Lyctidae). Material und Organismen., Berlin, 17(1), 51-
66.

E) Iwata, R. & Nishimoto, K., 1983: Ditto. V. Artificial
diets in relationship to beetle supply. Mokuzai Gakkaishi (J._
lap., Yood Res, Soec.), 29(4), 336-343.

F) Iwata, R. & Nishimoto, K., 1085: Studies on the autecology
of Lyectus brunneus (Stephens) (Coleoptera, Lyetidae). VI. Larval
development and instars with special reference to an individual
rearing method. Yood Research. Uii, (71), 32-45.

G) Iwata, R., Azuma, J. & Nishimote, K., 1986: Ditto. VIT.
Chemical 1investigations of the nutrient composition of foods.
Ditto, {(72), 45-b1.

H) unpublished data,

a-1) Anonymous (1951): Annu, Rep. C.S.I.R.0., Canberra, 3: 65-

a-2) Allen. A.A. (1969): Entom. Monthly Mag., 105(1262/1264):
163. )
a-3) Altson, A.M. (1922a): Timber Trades J., 81: 925-926, 979-
981, 1042-1043, 1106, 1170-1171.
a-4) Altson, A.M. (1922b): Apn. Appl. Biol,, 9(3/4): 187-1986.
a-5) Altson, A.M. (1923a): J. Linn. Soc. Zool., 35: 217-227,
pl.12. ,
a~B) Altson, A.M. (1923b): Ditto, 35: 581-597, pls.31-34.
a-7) Ayyappa, P.K. (1962): Ind. J. Entom., 23(3): 240-241.
b-1) Balazuc, J. (1948): Mém. Mus, Nation, Hist. Natur,. H.S.,

25: 1-293.
b-2) Beeson, C.F.C. (1928): Ind. Forest Ree., 12(8): 217-231.
b-~3) Beeson, C.F.C. (1933): Ind. Forester, 58(3): 158-164.
b-4) Beeson, C.F.C. & Bhatia, B.4. {(1936): Ind. Forest Rec..
H.S. Entom,, 2(12): 223-323, pls.1-3.
b-5) Bletchly, J.D. (1960): Timber Technol., 68: 29, 31.
b-6) B8ving, A.G. & Champlain, A.B. (1920): Proc., U.S. Nation.

Mus.. ¥ashington, 57(2323): 575-649, pls.42-53.

66

—187—



b~7) B8ving, A.G. & Craighead, F.C. (193¢/31): Entom. Amer,
(H.8.), 11(1): 62-835 11(4): 288-201.

b-8) Browne, F.G. (1938): Malavan Forester, 7(3): 107-120.

e¢-1) Campbell, W.G. (1929): Biochem. J., 23: 1290-1293.

c-2) Chojé, M. (1937): Hippon D8butsu Bunrui (Fauna Nipponical,
10(fasc.8)(7): 1-103. (in Jap.}

c-3) Clarke, S.H. (1928): Forestry, 2: 47-52, pl.2.

c-4) Ciarke, S.H. (19298): (see Fisher, R.C. (et al.) (1929):
29-34.)

c-5) Coffelt, J.A. & Burkholder, W.E. (1972): Ann. Entom. Sog.
Amer., 65(2): 447-450.

¢~6) Crowson, R.A. (1951): Entom. Monthlv Mag,., 87: 147-156.

¢-7) Cummins, J.E. & Wilson, H.B. (1936): J._ Counc. Sci,
Industr. Res. Austr., 9(1): 37-56.

c-8) Cymorek, S. (1961): Entom. BJHtEt.., 57(2): 76-102.

c-9) Cymorek, S. (1965): Proc., 12th Int. Congr. Entom. (London.
1964), 1: 687-689.

c-10) Cymorek, S. (1966): Beih. zu Mater. u, Organ., (1): 391-
413.

¢c-11) Cymorek, S. (1867): Mater. u. Qrgan,, 2(3): 185-205.

c~12) Cymorek, (1968): Rec. 1968 Ann, Convent. B.W.P.A.:

S.
161-170.
c¢-13) Cymorek, S. (1976): Beih. zu Mater., u. Organ.., (3): 441-
448,
¢c-14) Cymorek, S. (1977): Rec. 1977 Ans, Convent. B.W.P.A.:

205-218.

¢-15) Cymorek, S. & Schmidt, H. (1976): Beih, zu Mater. u,
Organ.. (3): 429-440.

d-1) Dugés, E. (1883): Ann. Soc. Entom., Bele,. Bruxelles,, 27:
54-59, pl.1. ' :

f-1) Fisher, R.C. {1928): Forestry, 2: 40-486.

f-2) Fisher, R.C., (et al.) (1929): Forest Prod. Res, Bull,,
(2): 1-25, (26-34), 35-46, pls.

f-3) Fisher, R.C. (1952): Sci. Progress, 40: 213-232.

f-4) Fujita, H. & Utida, S. (1953): Ecology, 34(3): 488-498. -

8-1) Gardner'. JaC.H. (1933): I.n.d...n_ EQ_LQ_SLR‘E_Q_;_: 18(9): l—lgl
pls.1-4.

g~2) Gay, F.J. (1953): Austral, J. Zool., 1: 102-110.

g-3) Gay, F.J. & Greaves, T. (1942): L. Counc. Sci. Industr..
Res., Austr,, 15{4): 315-317. ' ‘

3"4) Gerberg: E-J- (1957): I.e_c_h.n_i_(L._B_u_Ll_;_._U_._S_._D_EM_._A.&LiﬁJ_J
(1157): 1-55, pls.1-14.

h-1) Harris, E.C. & Taylor, J.M. (1980): Timber Technol., 68:
193-195, 197,

h-2) Hattori, K. & Hasegawa, M. (1968): Hokkaid8-ritsu Eisei
RTINS . | e
- . (in Jap.

h-3) Henderson, F.Y., (1953): Rep. Forest Prod. Res. Board with
Bep, Director Forest Prod. Res.. London., 1952: 34-38.

h-4) Hickin, N.E. (1960): Rec. 1960 Ann. Convent., B.W.P.A,: 57-
83. : '
h-5) Hickin, N.E. (1963): The wood worm problem. Hutchinson,
London.

h-6) Higaki, M. (1977): Névaku (Agricultural Chemicals), T8kvd,

—188 —



24(2): 50-53. (in Jap.)

h-7) Hopf, H.S. (1937): Nature, 139: 286-287. .

h-8) Humphreys, F.R. & Kelly. J. (1861): Analyt. Chim, Acta,
24: 66-70.

i-1) Ijima, T. et al. (1978a): Hokuzai Gakkaishi (J. Japan Wood
Res. Soc.), 24(3): 201-205. (in Jap.)

i-2) Ijima, T. et al. (1978b): Ditto, 24(3): 206-210. (in Jap.)

i-3) Inoue, Y. et al., (1966): Ann, Sankve Res. Lab., 18: 123-
129. (in Jap.)

i-4) Ito, T. (1983): Aopl. Entom. Zool.. T8kvj, 18(2): 289-292.

i-5) Ito, & Hirose, C. (1978): Nippon 0yd_ DSbutsu Konchifi
Gakkaishi (Jap, J. Appl., Entom. Zool.), 22(2): 68~73. (in Jap.)

i-8) Ito, & Hirose, C. (197%a): Ditto, 23(1): 46-48. (in
Jap.)

Jap.)

i-8) Ito, . & Hirose, C. (1980a): Appl, Entom. Zool.. Tokyd,
15¢3): 293-298. '

i~9) Ito, T. & Hirose, C. (1880b): Ditto, 15(4): 496-497,

i-10) Iwao, S. (1968): Res., Popul., Ecol., 10: 1-20.

i-11) Iwata, R. (1981): Konchl to Shizen (The Nature and

Tékvd, 16(9): 18-20. (in Jap.)

i-12) Iwata, R. (1982): EKaoku Gaichll (Bouse and HQusghQId
Insect Pests), (13/14): 60-63. (in Jap.)

i-13) Iwata, R. (unpublished)

j~1) Jones, S.R. & Ritchie, P.D. (1937): Technica! Studies_in_
the Field of the Fine Arts, 5(3): 179-181.

i-2) Joseph, K.V. (1958): J. Bombav Natur. Hist. Soc.., 55(2}):
221-2217.

k-1) Kallapur, V.L. (1968): J. Anim. Morvohol. Physiol.. Bombayv,
16(1/2): 177~182.

k-2) Kangas, E. (1947): Suom. Hy8nteistiet. Aikakausk. (Ann.
Entom. Fenn.). Helsinki, 13(2): 55-58.

k-3) Khalsa, H.G. et al. (1962): Ind, J. Entom., 24: 139-142.

k-4) Khorramshahi, A. & Burkholder, V.E. (1981): J., Chem.
Ecol.., 7(1): 33-38. "

k-5) Kech, A. (1936a): Ztschr., Horphol. Okeol. Tiere, 32(1): 92-
136.

k-6) Koch, A. (1938b): Verhandl. Deut. Zool, Gesells., 38: 252-
261.

k-7) Kojima, K. et al. (1964): MNippon Ov8 D&butsu Konchi
Gakkaishi (Jap, J. Apol. Entom. Zool.), 8(1): 76-78. (in Jap.)

k- ?) Kojima, K. et _al, (1968): (Gensei., K8chi, (18): 5-8. (in
Jap.

k-9) Kojima, T. (1932): Ztschr. Angew. Entom., 19(3): 325-356.

k-10) Kojima, T. (€1933): Shokubutsu ovobi D8butsu (Plants and
Anipals}, 1(5): 656-6862. (in Jap.)

k-11} Kojima, T. (1934): R_Lngajs_ka_l_&aﬁ_sh.l_i..l..ﬁ Jap, Forestry
Soc.), 16(2): 128-130. (in Jap.}

k-12) Kraus, E.J. (et al,) (1911): Iﬂshn+_SﬁLJﬂﬁ;.UASJ.D££j4_
Agric, Bur, Entom., (20(3)): 111-138.

k-13) Kreyenberg, J. (1929): Ztschr, Anzew. Entom., 14: 140-
188.
k-14) Kdhne, H. (1980): Proc. 4th Int, Biodeter. Svymp. (Berlin.

T
T

i-7) Ito, T. & Hirose, €. (1979b): Ditto, 23(3): 188-191. (in
T

—189—



1978): 71-78, 367. .
k-15) Kithne, H. (1981): Mater. u. Organ., 16(2) 141-156.

k-%ﬁ) Kunigoshi, K. (1978): Shiroari (Termite)., Tokvd., (32): 9-
12. in Jap.
k-17) Xurir, A. (1954): Anz. Schidlingsk., 27(6): 81-86.
k-18) Kurir, A. (1969): Ztschr. Ansew. Entom., 63(1): 82-92.
k-19) Kurosawa, Y. (1976): Gekkan Mushi (Mopthly Insects),
Tokyéa, (68): 21-26. (in Jap.)
k-20). Kuwahara, Y. et al., (1875): J. Chem. Ecol., 1(4): 413-

422.
1-1) Laidlaw, R.A. & Smith, G.A. (1965): Holzforschung., 19(5):

129-134.

1-2) Lepesme, P. (1944): Encvclop. Entom.. Sér,A, 22: 1-335,
pls.1-12. '

i-.;i) Lesne, P, (1916): Bull. Mus. Nation. Hist. Natur.. Paris,
22(2): 92-97.

1-4) Lesne, P. (1924): Encvelop. Entom.. Sér.A, 3: 1-301.

1-5} Lewis, G. (1879): A catalogue of Coleoptera from the
Japanese Archipelago. Taylor & Franeis, London, 1-31.

1-8) Lloyd, M. (1967): J. Anim. Ecol., 36: 1-30. _

1-7) Ludwig, D. (1958): Apn. Entom. 3oc. Amer., 49: 12-15,

m-1) Hansour,K. & Mansour-Bek, J.J. (1934): Biol., Rev., 9(4):
363-382.

n-2) Mateu, J. (1972): EuhlLLL_lnsi*_ZgalL.QL*_Auxnﬁig_ﬁnhnﬁL
Porto, (116): 9-714, pls.1-61.

m-3) Mauldin, J.KE. et al. (1971): Insect Biochem., 1: 316-328.

n~4) McCready, R.M. & Hassid, W.Z. (1943): I, fAmer. Chem, Soc.,
65(6): 1154-1157,

m-5) Mer, K. (1893): Coppt., Rend. Uebd. Sdanc. Acad. Sci..
Paris, 117: 694-696. '

n-6) Mer, £. (1903): Mém. Scc. Nation. Aeric. Fr., 140: 233-
247.

m-7) Mori, MH. (1967): Keif Daigaku Hiveshi Ronbunshti (Hivoshi
Rep.. Keio Univ.,)., Ser, Natur. Sci., {(4): 85-76. (in Jap.)

m-8) Mori, H. {(1976): Mokuzai Hozon (Wood Preservation). Tokv{,
(5y: 11-23. (in Jap.)

m-9) Munro, J.VW. (1915): Proc. Rov. Physic., Soc. Edinburgh,
19(8/9): 220-236, pls.9-10.

m-10) Munro, J.W. (1928): Forestry Commissjon Bull., (9): 14-
21.

n-1) Nakasene, 1. el_ﬂlL_(1964) RylikyG Daigaku No-Kasei-K6-
Gakubu Gakujutsu H8koku (Sei. Bull, Div. Agric.. Home Econ...
Engineer., Univ, Ryvukvus), (11}: 121-127. (in Jap.)

n-2) Negru, §. (1966): Trav. Mus., Hist. Natur. Gr. Antipa, 6@
153-157, pls.1-4.

n-3) Niiho, C. (1983): Idenrn (The Hereditv). T8kvd, 37(2): B89-
71. (in dJap.) _

n-4) Nobuchi, A. (1979): Shinrin Bdeki (Forest Pests), 28(12):
214-221. (in dap.)

n-5) MNobuchi, A. (1980): Kaoku Gaich{i (House and Household
Insect Pests), (7/8): 45-52. (in Jap.) ,

n-6) Nour, H. & Hillal, H. (1971): Arric, Res. Rev.. Cairo,
49(1): 79-80. |

p-1) Parkin, E.A. (1934): Ann., App). Biol,, 21(3): 495-518.

—190—



p-2) Parkin, E.
p-3) Parkin, E.
p-4) Parkin, E.

A. (1936): Ditto, 23(2): 368-400, pl.16.

A

A.
p~5) Pringle, J.

P

(

(

J.

(1940): J, Experim. Biol.,, 17: 364-377.
(1943): Ann., App}. Biol., 30(2): 136-142.
(1938): Trans. Roy., Entom. Soc., London,

A.
1.1.
1962): Pest Technol., 4(4): 78-82.

1969): J. Austral, Entom, Soc., 8: 145-152,
r-3) Rudinsky, A. & Michael, R.R. (1972}): Science, 175: 1386-
-1390.

s-1) Santoro, F.H. (1970): IDIA. Suplemento Forestal. Buenos
Adres: (5), 107-115.

s-2) Sasa, M. (1965a): ["Mites. An introduction to classifica-
tion, Bionomies and control of Acarinal (in Jap.), University of
Tokyoe Press, Tdékyd: 207-215. (in Jap.)

s-3) Sasa, M. (1965b): Ditto: 343~347. (in Jap.)

s-4) Sato, K. & Suwanai, M. (1976): B&tvil Kagaku (Scientific
Pest Control}). Kydto, 41(3): 112-134. (in Jap.)

s-5) Schmidt, H. (1951): Handbuch der Mikroskopie in der
Technik, 5(2): 847-891.

s-6) Schmidt, H. & Buchholz, G. (1964): Holzforsch. u, Holz-
verwvert., 16(3): 46-49.

s-7) Scott, H. (1925): Proc., Hawaii, Entom. Soc., B(1): 213-
214.

s-8) Selander, J. & Jansson, A. (1877): Ann. Entom. Fenn,,_
Helsinki, 43(2): 66-75.

s-9) Simeone, J.B. (1965): Proec. 12th Int. Consgr. Entowm.

1964), 1: 707-T08.

s-10) Snyder, T.E. (1916): J. Aegrie, BRes.., 6(7): 273-276,
pls.28-31.

s-11) St. George, R.A. (1924): J. Agric. Res., 29(1): 49-51.

s-12) Suzuki, K. (1981): Kaoku Gajichl (House and Household
Insect Pests), (9/10): 50-54. (in Jap.)

s-13) Suzuki, K. (1983): Appl, Entom. Zool.. TO8kvyd, 18(3): 308-
314.

t-1) Tscholl, H.P. (1975): SAH Bull., Zi#rich, 3(2): 20-32.

t-2) Tseholl, H.P., (1977): EMPA-Bericht, St.Gallen, (195): 1-
108, Tab.1-26, Abb.1-46.

u-1) Utida, §S. (1941): Hem. Coll. Asric.. Kyoto Imper. Univ..
Kvdto, (48): 1-30.

u-2) Utida, S. (1942): Ditto, (53): 1-18.

v-1) Valentine, J.M. (1943): Smithson., Miscell. Coll., 103(8):
1-16.

w-%) Watan?be. H. & Kojima, K. (1958): Gensei, Kéchi, (8): 15-
16, (in Jap.

v-2) Wilsoen, S.E. (1932): Hature, 130(3270): 22-23.

w-3) Wilson, S.E. (1933): Ann. Appl. Biol., 20(4): 661-690.

w-4) Wright, C.Q. (1960): Ann. Entom. Soc. Amer., 53(3): 285-
292.

x-1) Xambeu, [V.] (1898): Bull. Soec. Seci. Natur, Quest Fr..
Nantes, 8: 69-72.

y-1) Yano, M. (1918): Ringydé Shiken HOkoku (Forestry Experim,.
Rep.), Tokyd, (14): 49-88, pl.3. (in Jap.) .

y-2) Yano, M. (1930): Kenchiku Zasshi (J. Architect.), 44(534):
1181-1191. (in Jap.)

87(11): 247-270,
r-1) Rosel, A.
r-2) Rosel, A.

—191 —



