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Introduction

The concept of evolution is basic to the life
science. The morphological, physiological, or eco1ogica1
characters of organisms have been evolved in interactions
with their environments in the progress of time from the
past to the presenyﬁi ‘Dobzhansky gg al. (1975) defined
organic evolution as " a series of partial or compléte
and irreversible transformations df'the genetic composition
- of populations, based principally upoﬁ‘altered interactions
with their environment." Genetic sﬁudiééjhave shown the
gehetic composition.of popuiétibns orfspecies, and popu-
lation genetics has established the theoretical framework
for the trénsformations of the genetic compositiohs of
populations and also for the maintenance of the genetic
‘ﬁariations in populations. On fhe other hand,vecology
‘is-the study of the rélationships between organisms and
their environments, and this study enables us to under-
stand how natural selection operates on organisms and
also transforms the genetic compbsition. The study of
population'ecoiogy‘is particularly important for the study
of evolution, because natural selection changes the genetic
quality of populations through changes of population size.
'f#dlutionéry ecoloéy has been trying to explain theoreti-
cally the causes and processes of evolution of morpho-

logical, physiological, and ecological characteristics



on the basis of the concept of natural selection and
population ecology (see for reviews, Emlen, 1973;'Pianka,
1974; Price, 1975). But examination of the hypotheses
which have derived from.these theoretical studies is not
advanced so far in thé real world, because of lack of
information on organisms in natural areas. |

Drosophila species are excellent materials for

genetic studies. The chromosomal polymorphisms, particularly
inversions of chromosomes, are studied‘with'the giant
'chromosome of the salivary gland (Dobzhahsky and Epling,
1944; Dobzhansky, 1957; Powell gg‘gl,;?ﬁ973; etc.). The
frequeﬁcy of lethals or semiiethals ﬁés also been surveyed

in several natural populations of some Drosophila species

(Dobzhansky and Spassky, 1954, 1963, 1968; etc.). Hubby and
Lewontin (1966), using the technique of gel electrophoresis,
elucidated the allelic variation in several enzymic genes

in Drosophila pseudoobscura. This method is now applied

to many animals and plants as well as other Drosbphila

species (see for reviews, Lewontin, 1974; Selaﬁder, 1976).
These studies elucidated the existence of'many genetic
variations‘injpopulations or species. These genetié vari-
ations, however, are not the tgrget of natural selection
until they are expressed in morphological or physiological
traits which interact directly with environments. At

the present time,‘the expression and adaptive function

of these variations are little known, and thus it is



not clear how natural selection operates on such genetic
variations.
Compared with the enormous ragnge of genetic studies

on Drosophila, there is still a lack of ecoldgical studies.

The food of Drosophila species has been studied for a long

time. The basic biologicél role of these flies appears
to be that they are primarily consumers of the microoganismé,
yeast and bacteria, which are in turn associated with the
initial stages of decay of plant materials, such aé fruit,
flowers, tree saps, barks, leaves, or fleshy fungi (Carson,
1971). Some species are known to feed and breed on fresh
or living plant materials,: flowers (Stuftevant, 1921;
Brncic, 1966; Pipkin et al., 1966), living leaves (¥rost,
1924; Okada, 1968), and fruit (Lachaise, 1977). Some
species innovate very special feeding habits; breeding

on land crabs (Carson, 1974), or spider's eggs (Heed,
1968). Compared with the knowledge on the féeding and

breeding habits of Drosophila species, ecology of their

food plants is only little known, and this obstructs the
evolutionary study of their feeding habits.

The habitats or microdistributions of Drosophila

are rather well known, because much work has centered on
this point. Most species prefer forest environments, but
some are abundant in open areas. In forests some prefer
the streamside (Toda, 197%a; Beppu, 1976), some do the
_canopy (Basden, 1954; Toda, 1977), and some the under-



growth layer (Toda, 1977). ﬁobzhansky and Pévan (1950)
observed a patchy distribution of flies in a forest in
Brazil, and the flies éhanged the distribution pattern
 from month to month. - The pattern of distribution also
varies for different species, which are attracted to
different kinds of food. Similar data were obtained in.
England (Shotrocks, 4970). "

The study of their seasonality has beeh madevthrough
analyses of ovarian conditions in natural populations‘ | |
(Lakovaara ‘et g;., 1972; Lumme et al., 1974; Begon, 1976;
Watabe and Beppu, 1977). According tp'£hése papers, mbst

temperate Drosophila species pass wihtér as adult in the

reproductive diapause, and repeat several generations
during periods free from diapause. Fluctuations of their
population sizes during active peiiods have been studied
éxtensively (Pattersoh and Stone, 1952; Herting, 1955;
Mather, 1956; Wakahama, 1956, 1957, 1962; Toda, 1973;
‘Lachaise, 1974; etc.). Some studies (Dobzhansky and
Epling, 1944; Hunter, 1966) discussed the fluctuations

in connection with‘climatic conditions, and Pipkin (1965)

studied the fluctuations of ground-feeding Drosophila in

- relation to the seésonélity of foods in Panama, Bﬁut
many studies remaingy descriptive.

Competition of Drosophila has been studied in the

laboratory cohditions. Sokoloff (1955) studied the larval

competition of the American species of the obscura group,
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D. pseudoobscura, D. persimilis, and D. miranda, and

observed that the interspecific competition is more intense
than the intraspecific competition. Ayala (1969, 1970,

1971) studied competitive coexistence of Drosophila species

and suggested the possibility that two species coexist
under competition through the frequency dependent selection.
However, no analYticai study has been carried out on com-

petition of Drosophila in natural areas.

The ecological charadteristics of drosophilid flies,
such as food preferenceé, habitat preferénces, or season-
ality,‘haﬁe been evolved in.interactiopfﬁith‘environmental,
climatic, and food conditions. Compeéition With other
species and predation also have deep influehce on fhe
‘evolution of competitive and escape abilities, and also
of food preferences or seasonality through the regulation
of population increase. But, up to the present, no attempt
was made to understand the evolution of such ecological |

characteristcs of Drosophila species in connection with

“the ecological factors. In this thesis, the author provides
the feeding and breeding preferences, seasonality, and
microdistribution of drosophilid species in Hokkaido,

and diséusses the evolution of food preferences in:con-
nection with ecology of their food plants, the competition
between species, and seasonélity of the flies. In‘addition,
the seasonal fluétuation and microdistribution are discﬁssed
on the basis of thé seasonal life cycles, feeding and

breeding habits, and habitat preferences of the flies.

-5 -



PART I

Breeding and Feeding Sites of Drosophilid Flies

~in and near Sapporo, Northern Japan



Introduction

- Life can not surv1ve and reproduce w1thout energy.
Then, a study of food preference is essentlal for ecologlcal
study of animals. _Rev1ew1ng previous contr;but;ons,

Carsoh (1971) classified the various‘breeding substrates.

of larvae of Drosophlla S0, far known 1nto seven. categorles

1) fallen frults and flowers, 2) sllme fluxes, 3) decayed
bark,, leaves, stems or roots, 4) fleshy fungl, 5) 11v1ng
ileaf tlssue (leaf mlner), 6) 11v1ng flowers, and 7)
symbionts. . Of these seven, the'flrstnflve are known

to be utilised in4temperate rf%ions (Frost,'1324;_Carson
and Stalker, 1951; Okada, 1968 ; etc.). 1In Hokkaido, only
fragmentary records of the breeding sites of drosophilid
flies are kn0wn, Adult flies generally feed on materlals
for breedlng, but some works (Carson et al., 1956;

Pipkin, 1965; Heed 1968) have empha51zed observatlons
which ;ndlcate that there is often a cleer:separatlon

of adult and larval f60ds,; This'part reports the breeding
and feeding sites of drosophllidflies confirmed through“
surveys‘carriedlout in; and near Sapporo, together with
‘discussion on the relationshipshpetween the phylogeny

- and breeding habits of drosophilid flies.



Area Surveyed and Methods

The area surveyed, Sapporo (43°N, 141°E), is
located near the northern edge of the prlmary temperate
deciduous forest, whlch is replaced on upland margins
‘by forests admlxed w1th conlfers. ‘The highest and lowest
monthly mean temperatures are -about 21 C (August) and
-5°C (January). The active season of. drosophllld flles

~runs from April to November, the remalnlng months havlng

deep snow.‘

In order to obtaln 1nformat10n about breeding
sites, various organlc materlals suspected to contaln
larvae or eggs were collected in the,fleld, and brought
to the_laboratory.. Samples were sorted by the kinds of
-materials, €.8., species of fungi or plants.: Each sample
was placed in a milk bOttie (180 ml) with tissue paper
at the bottom and a cotton plug at the mouth, and stored
at room temperature (18-24°C). Adults reared from the
substrates were collected by an aspirator and were_identified
by spe01es.

In addltlon to the survey of breedlng substrates,;
adult flies attracted to such substrates were collected
by net sweeping to obtain information on‘adult_feeding

habits.



Results

Breeding substrates

In total, ninety kinds of organic materials and
some unidentified plants.were confirmed as being utilized
for breeding. They were classified info four categories,
fermenting fruits and ‘hulls, slime fluxes (fermenting
tree sap), decayedlleaves and stems, and fleshy fungi,
which are heﬁceforth abbreviated as FR; TR, LV, and MS.
1) FR: Four wild fruits, three cultufed ones and two
wild hulls were utilized for breeding.‘ But these substrates
would be subsidiary at least in Hokkai&o; where wild
fruiting plants are few, and the fruiting season is
generélly late autumn after the breeding season of most
wild fly species has terminated. 2) TR: Slime fluxes
of eight species of broad leaved trees were confirmed
as breeding_sites, mostly produced by felling trges

except for the natural slime production of Ulmus davidiana

var. japonica. Toda (1973b) reported D. moriwakii breeding
on slime fluxes of wounded plant roots on a small cliff

in a forest felling area. A similar situation was also
recorded for several specieé, and in addition, on logs

in a timberyard. In both cases, the tree species were.
not identified, and each is therefore couﬁted as one unit
in Teble 1. 3) 1ILV: Decayed leaves and stems are divided

into LV1 of herbaceous plants (18 species), and LV, of



unidentified arboreal plants which have drifted to river
shores. 4) MS: Fodrty—four species of fleshy fungi belong-
ing to Agaricales and eleven species of Aphyllophorales

were observed to be used as breeding sites.

 Breeding habits

Of the 103 drosophllld spe01es so far recorded
'in Hokkaido (Beppu et al., 1977), 42 spec1es were reared
in the present study. Table 1 shows numbers of plant
species utilized by each.species for breeding separafely
- for each type of breeding site, togethep»With records
of adult collections. Where the utilizéd épeciés form
a high prdpbrtibn of the total specieé of é'particular
breedlng site, this means, in general the importance
of such a site for fly species concerned. The comparlsoﬁ
of the number of individuals reared from each substrate .
is relatively meaningless, as the collections of breeding
substrates were not carried out quantitatively and ‘the
culture was not made under constant conditions.

Next the breeding habits of each species are
mentioned for each radiation of the phylogeny accordlng
to Throckmorton (1975).

The Steganlne radiation: Breeding sites of the

subfamily Steganinae are little known. - Oniy one individual

of Amiota conifera takadai was reared from TR. Leucophenga

maculata and L. guinquemaculipennis were observed breeding

on MS.
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Table 1. Numbers of plant species utilized by each species

for breeding(B), separately present for each type of
breedipg site, togethgr with.recgrds of adult collections(C).

_Dypes of |  Slime Fermenting Decayed Fleshy

breeding sites | fluxes  fruits leaves = fungi
o e LV1 LV2
L B ¢ B. € B B C B C
- Total plant species 10 12 9 8 18 1 55 71
- pumber e . . _

'Steganine radiation
Amiota conifera..

...  tekadsi 1 5 - - - - - - 1
Leucophegggwggqulgta - 1 - - - - - 2 5
L. guinquemaculipennis 1 - - - - - - 4 1

Scaptééiésoﬁhﬁla pqdiation

Drosophila coracina | 4 8 - - - - - - 8

D. throckmortoni 1 - - - - e - e -

Sophophoran radiation

D. bifasciata 7 9 - 1 - - - 1 1
D. mommai ' - - - - 4 - 4+ - 2
D. nipponica | - 1 - 1 8 - 4 - 4
D. magnipectihaté - - - 1 10 - o+ - 3
D. guraria | - 1 4 4 1 - - 1 5
D. biauraria - - 4 3 - - - 1 3
- D. lutescens - - 2 1 - - - - 1
D. suzukii - - 2 2 - - - - 3
D. melanogaster - - 2 - - - - 1 -
Dfosophila radiation

Q. funebris - - - - - - - 2 1
D. multispina - - - - - - =~ 2 3
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Table 1. continued

Type of - Slime Fermenting Decayed Fleshy
breeding sites fluxes fruits leaves fungi
LV'I L_V2
B~ C B C B B B C
vifilis-repleta Radiation
D. ezoana 2 3 - - - - - -
D. lacertosa 2 2 - - - - - 3
D. moriwakii 5 8 - - - - - 2
D. sordidula 1 1 - - - .- - -
D. psudosordidula 3 3 - - - - - -
D. okadai 1 4 - - - 1 - 2
D. neokadai 1 - - - - 1 - 1
immigrans Radiation
D. immigrans - 1 4 3 1 - 2 8
D. testacea 4 6 - 2 5 . 27 40
D. nigromaculata - 4 ) 5 11 - 6 16
D. brachynephros - 2 1 1 2 - 27 39
D. unispina - - - 2 1 - 22 40
D. histrio - 1 - 1 - - 8 11
D. confusa 2 4 - - - - 19 22
D. tenuicauda - - - - 6 - - 3
Hirtodrosophila Radiation
Scaptomyza pallida - 1 1 2 9 - 2 3
S. consimilis - 1 - - 5 - 1 2
S. okadai - - - - 5 - - 1
Mycodrosophila
poecllogastra - - - - - - 4 15
D. collinella - 1 - - 9 - - 9
D. busckii - - - - 2 - 5 -
D. makinoi - - - - - - 3 4
D. trivittata - - - - - - 10 13
D. sexvittata - 1 - 1 1 - 22 47
D. guadrivittata - - - - - - 4 10
D. alboralis 11 - - - - 25 38
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The Scaptodrosophila radiation: Drosophila

coracina and D. throckmortoni were reared from TR.

The Sophophoran radiation: Drosophila bifasciata

of the obscura group utilized TR as the main breeding
site, including one specimen reared from MS. One species
of the mommai group, Q. mommai, bred on qu. The members

of the melahogastef group are divided into two types

by breeding habits. One is represented by two speciés

of the nipponica‘sﬁbgroup, D. nipponica and D. magni-
ectinata, breeding on LV1, and the other is fruit breeders,

D. lutescens, D. suzukii, D. auraria, D. biauraria, and

D. melanogaster, though the last three also utilized,

in a subsidiary way, substrates other than fruits.

The Drosophila radiation: Two‘épecies of the

funebris group, D. fﬁnebris and D. multispina, bred

on MS.

The viriiis—rgpleta radiation: Drosophila ezoana
of the virilis group, and D. lacertosa, D. moriwakii,

D. sordidula, D. pseudosordidula, D. okadai, and D.

neokadai of the robusta group mainly bred on TR. It

is noteworthy that the last two species were observed
breeding on the decayed leaves and stems which had drifted
on river shores (LV2).

The immigrans radiation: Drosophila immigrans,

D. nigromaculata and D. testacea utilized a variety of

substrates, though each species had only one main breeding

site: D. immigrans for FR, D. nigromaculata for LV1,

- 1% -



and D. testacea for MS. Drosophila brachynephros, D.

unispina, D. histrio, and D. confusa bred on MS in the

main, and D. tenuicauda on Lv,.

The Hirﬁodrosophila radiation: Three species

of Scaptomyza, S. Qallida, S. consimilis, and S. okadai,

were confirmed mainly breeding on qu, though the first

two also bred, but seldom, on MS dr FR. Mycodrosophila

poecilogastra was observed breeding on MS. The members

of the guadrivittata group, D. quadrivittata, D. trie

vittata, D. sexvittata, and D. albbralis, also utilized

MS as the main breeding site. In addition to MS, D.

sexvittata was reared from Lv,, and D. alboralis from

TR. Droéophila coiliﬁéila of the subgenus Lordiphosa

bred on LV1, D. busckii of the subgenus Doréiiopha on

MS and.qu, and D. makihdi of the melanderi group on MS.

It was frequently observed that several species of‘
drOSophilid.flies bréd on the same species of plant 6r
fungus. Here degree of niche overlap .of thesé drosophilid
species is measured in following formula:

843
%3 = Ty

where dij is degree of niche overlap between species i
and j, n; and nj are number of plant and fungus species
used for breeding by species i and j respectively, and
aij is number of plant and fungus species used fof breed-
ing by both of species i and j. Fig. 1 shows the result

of clustering (the unweighted variable group method,
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Fig. 1. Dendrogram resulting from the cluster

analysis based on the survey of breeding sites.

Sokal and Sneath, 1965) based on the degree of niche

overlap. The analysis was made for species which were

observed breeding on more than 5 species of plants or

fungi. The drosophilid association in and near Sapporo

was divided into four, fruit feeders, herbage feeders,

fungus feeders, and sap feeders.

Adult feeding habits




The difference of feeding habits between larwvae
and adults is important, but hitherto little known.
In Table'1 the records of adult collections are also
presented. In the case of the decayed leavesA(qu),
vadult flies were captured by sweeping over various
herbs, so that it can not be accurately decided to which
plant the flies were actually attracted. Consequently,
instead of plant species numbers, weighed relative
abundance 1is tentafively shown for the species collected
by sweeping. At first sight, coincidence of breeding
and adﬁlt collection data is clear in the table, that
is, substrates which attract adult flies of a given
species are also utilized by its larvae. But a closer
inspection reveals that some substrates are utilized
only by adults in several species, e.g., deliqUéscent
or decayed fungi for adult feeding by D. cbraciha, D.

collinelia, and some members of the méiéﬁééésfér and

robusta groups. Carson and Stalker (1951) also observed
that adults of D. robusta fed but not oviposited on
fungi. Slime fluxes also seem to be utilized by some
'species of the immigrans radiation onlj as adult feeding
sites. |

Two fungus-feeding species, D. sexvittata and

D. tri#ittata, attracted to fresh fungi (Part II),

usually alight on lamellae of fungi and exhibit feeding
behavior. The flies are considered to feed on spores

which grow on lamellae. In contrast, their larvae burrow

- 16 =



into a fungus body and are considered to feed on hyphae.
Carson et al. (1956) revealed the difference between
yeasts iSolated from crops of adult flies of some dro-
sophilid species and those isolated from breeding sites.
This suggests not only site separation but also separation
of actual food between adults and larvae even at the

same site.

- 19 -



Discussion

As mentioned in the results, most species
mainly depend on only one breeding site among. the four
‘types. In several cases, even speciés widely using
three types select one type as the main breeding site,
€.8., D aurafia and D. immigrans mainly for FR, D.

brachynephros and‘Q; testacea for MS, and S. pailida

and D. nigromaculata for LV On the other hand, the.

/'.
plant host specificity of the fly species concerned in

the present sfudy is not so rigid as trgpical oligophagous
flower breeders (Pipkin et al., 1966)5‘sr.many other
phytophagous insects; the Substrates‘used by each
species usually extend over many plant species or even
families. Although it is not known whether ﬁhis versatii~
ity is due to the nature of substrates, in that all of
them except for fresh fungi are fermented or deéayed
by yeasts br.bacteria, it is certain that each fly |
species discriminates_at least among’four types of
breeding sites. ‘How they discrimihate, what differences
of microbe flora exist among substrates and among the
types of bfeeding sites, and on which parts of materials
(substrates, microdrganisms, or their products) the
larvae actually feed, require further study.

Fig., 2 i1llustrates the relationship between the
breeding habits and phylogeny of species offered by

Throckmorton (1975). These four breeding sites are

- 18 -
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their main breeding sites in Hokkaido.

Phylogenic relationship of drosophilid flies and




- also utilized by drosophilid flies in other parté of the
world, but associated members of each site are not the
same. Then the comparison of associated members among
localities would give information on evolution of dro-
sophilid community and their feeding habits.

Slime fluxes were used chieflyby members of Scagto-

drosophila, the‘obséura, rébuéta, and virilis groups

in Hokkaido. 1In bther temperate regions, North America
and Europe, the same groups are known as sap feeders,
though_Europe 1acks.the robusta group (Gor@on, 1942;
Carson, 1950; Carson and Stalker, 1951; Bésdeﬁ, 1954).

In tropical regions only the members QI Scé§todfoso§hi1a

are known as sap feeders,‘but‘this subgenus has many
species there (Burla, 1954; Lachaise, 1974). These

sap feeders are generally restricted.to forests perhaps by
their feeding habits (Toda, 1973a; Kimura and Toda, 4976;”
Beppu, 1976, 1978), aﬁd usuallybhave black bodies (Okada,
1962). -

Most of fruit feeders in Hokkaido are domestic

or subdomestic species; D. immiérans and D. melanogaster
are known as the famous domestic species and 2; suiukii,

D. lutescens, and D. auraria are found mainly in human
 habitations or artificially disturbed areas in Hokkaido
(Kaneko and Tokumitsu, 1963%; Toda, 19733;Watébe, in press),
though they are found in natural areas in sbuthern

Japan. Only D. biauraria is wild species in Hokkaido.

Tt would be due to the facts that the natural fruits



are rare in Hokkaido, and the fruiting season is usually
after their breeding season has terminated. In other

temperate regions, this site is also not used by ébecialized

fruit feeders; by 2; Subobscura of the ogécura group
in England (Begon, 1975)'and by'Q; affinis of the ogscurav

group and D. tripunééafa of the t;ipﬁnététa group in

North America (Carson;and Stalker, 1951). Fruits, there-
fore, ére not a stéble breeding Site for temperate dro-
sophilid flies. In tropics where natural fruits are
abundant, however, this site is*od@upigd_an impoitant
situation; it is used by several majorigpoups, the

iﬁmigrahs and méiaﬂggéétér grdups'in ﬁhé Palaeotropical

region, and the willistoni and fripunctata groups in
the Neotropical region. These groups haﬁe bursts of
‘species in tropical areas (Burla, 19543 Magalhaes, 1962;
Wheeler and Magalhaes, 1962; Bock and Wheeler, 1972).
Decayed leaves and stalks of herbacequs plants,
which hithértb have not been reporfed as breeding sites
in the continental areas, are utilized by some members

of the Sophophoran rédiation and the immigrans-Hirto-

drosophila_radiation. In the Sophophoran radiation, -

D. nipponica and D. magnipectinata of the melanogaster

group and D. mommai of the mbﬁmai group breed mainly
on these substrates. As discussed previously, the members

- of the melanogaster group are usually fruit feedets,

and abundant in tropical areas. The successful invasion

Qf D. nipponica and D. mégnipectinata to the temperate
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region would be supported partly by their characteristic

breeding habits. In the immigrans-Hirtodrosophila

radiation various spécies utilized this site mainly

or subsidiarily. Drosapﬂila,nigromacuiéﬁa of - the

guinafia group'is_one of the most dominant herbage

feeder in Hokkaido. D. galustri; which is closely

related species of Q.vnigfbmééulégé_élso breeds on
decayed water plant‘in North America (Spencer, 1942).

Several species of the chﬁfo&jza breed on decayed

leaves. Up to the present, sPeciés of this genus are

known as leaf-miner (Frost, 1924;“Okada2'1968; Basden,

1971; Nishiharu, 1978). As the basic}féeding‘or bfeeding

habit of Drosophilidae is saprdphagous, the leaf-mining
ot ’

habit of these species would be evolved from the sapro-

ﬁhagic herbage feeding habit. A species.of‘Lordiphbsa,

e .
D. collinella, uses also this site, and two Europian

‘species of this subgenus, D. fenestrarum and D. andalusiaca,

may breed on decayed leaves, because they are collecfed
exclusively by net sweeping on herbaceous plants
‘(Herting, 1955). 1In Hawaii,“conéiderablévg;é?ies breed
on fermenting leavés, and most of them are.mbnéphégous
(Heed, 1968). But the herbage feeders of Hokkaido

usually use several families of plants.

Fleshy fungi were utilized by three radiation

in Hokkaido, the Steganine, Drosqﬁhiié, and immigrans-

Hirtodrosoéhila radiations. Europe and North America

also have similar fauna of fungus feeders. The Paleotropic
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region‘has,a/many species of Hirﬁodrosdphila and Myco-
~ drosophila (Burla, 1954; Okada, 1967; Bichli, 1973),

and the Neotropical region has a considerable number of

@Fhrockmorton,1975).' The ecology and breeding habits
of these tropical spécies are little known.

Besides these substrates, living flowers or land
crabs are used by several species in tropical regions
(Pipkin et al., 1966; Carson, 1971, 1974), but not
known in the temperate regions. |

As referred above, one breeding §ite was used
by several different gfoups. ‘These‘grdﬁps perhaps
evolved their‘bréeding habits ihdependently, and it
-suggests the parallel evolution of feeding habit or

preferenée. Heed (1971) also observed that the taxo-

nomically distinct groups of Hawaiian Drosophila showed

a similar adaptive radiation for their breeding habits.
Carson (1974} reported that three species each belonging
to distinct phyletic lines innovate similar niches,
breeding on land crabs, assuming this to be as a parallél
evolution.: '

The conéiderable overlap of food niche was observed
among the species dweliing in Sapporo. How they coexist
sympatrically is not known at present. In the later
parts, detail stﬁdy df food preference will be reported

for fungus feeders and their coexistence will be'discussed
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PART II

Evolution of Food Preference in Fungus Feeding

Drosophila
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Introduction

Evolution of food preference of insects has receive%,/
much attention for a long time. But it is difficult to
trace the course of the evolution from a species to others,
partly because each species already has a distinct preference,
and there are little khown the successive transformations
of food preferenée. Insufficient knowledges on physio-
logical mechanism and genetics of'food.preference also
prevent the study of its evolution. Emlen (1973) and
Pianka (1974) provided theoretical frameworks on the
evolution and determination of food pré%éfences in
relation to the "value" of food,‘whidh is determined
by food qualiﬁy and abundance. Buﬁ examination of
the theory did not proceed so far, because there have
been only few studies of food preferences in relation

to ecology of host plants. In Drosophila,»evolution

of food preferences was studied on neotropical flower-
feeders by Pipkin et al. (1966), on D. pachea which
breeds on a senita cactus by Heed and Kircher (1965),
and on some crab flies by Carson (1974). These species
use new types of food aparting from the original sapro-
phagous habits of this genus. .However, the cause of
evolution of fbod preferences in these flies was not
known. Here the author reports the food preference of
adults--and larvae of fﬁngus—feeding species of the

immigrans-Hirtodrosophila radiation, and discusses.on

the process and cause of evolution of food preference.
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Methods

Fiéld observation

Fungus preferences of spécies for breeding are
studied examining the résults of Part I. Further, to
know ‘which parts of fungi, pileus or stipe, larvae feed
<6ﬁ, individuals emerged from these‘parts'were collected
separately. |

To study fungus preferences of adult flies,
'periodiéal collections of adult flies from naturaiiy
occurringfleshy'fungi were carried out‘ét four localities
in Hokkéido, the Botanical Garden offﬁdkkéido Uni§ersity,
the Nopporo Natural Forest, the Moiwa Natural‘Forest,
and the Nakagawa Experimental Foreét of Hokkaido Uni-
versity. The first three érg located in.or near Sépporo,

and the natural vegetation is deciduous broéd leaved
forest admixed with some conifers. The last is locdted
in northern Hokkaido, and composed ﬁainly of coniferous
trees. In the Botanical Garden, the coilections Qere
made for eight days in the end of May and in the beginning
of each month_from June to October in 1973, and for ,
four days at each cdilecting period in the beginning
and middle of each month from May to October in‘1974.
The collecting area which ¢onsists of‘fiﬁe stations.

is about 7500 m*on the floor of groves in total. At
the Nopporo Natural Forest‘and the Moiwa Natural Forest,

the collections were made for two days at each collecting
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period in the beginning and middle of each month from
June to October in 1975. The collections were performed
along paths or streams, 900 m in the Moiwa (consisting
of two stations) and 1,100 m in the Nopporo (consisting
of three,stations); At- the Nakagawa Experimental Forest
the collections were made along paths (3,000 m) for
two days in the middle of each month‘from June to October
in 1973%. The flies were collécted from all of fleshy |
fungi which were found in the collecting areas or élong
‘paths three times a day, at 15:00, 15:00, and 17:00
hours. At the same time most fleshy fuﬁgi were.identified
and counted, but some species difficqlglto identify
were collected for accurate identificétion.

In order to study on‘the successive changé of
the drosophilid fauna in relation to the decay of fungi,
flies were collected from several kinds of fungi every
day except rainy dayé from appéarance of the fungi to
their disappéarance by decay in the Botanical Garden.
The collections were also made three times a day, at

1%:00, 15:00, and 17:00 hours.

Laboratory exﬁeriment

Species used in the experiments are shown in
Table 14. These species except for D. immigrans and -

D. nigromaculata use fungi as the main breeding site

as shown in the Part I. D. immigrans is a fruit feeder.

and D. nigromaculata is a herbage feeder. Most specimens
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used in the experiments are collected in Sappord and
maintained few days on yeast-agar medium. But specimens

of D. alboralis were G, offspring of field collected

/]
females.

Mortality and egg productivity on different
foods: Ten females were maintained on six foods, agar

medium (agar 1.4%), yeast-agar medium (agaf 1.4%,

dry yeast 8%), banana, fresh Pleurotus cornucopiae,

decayed P. cornucopiae, and fresh Agaricus bisporus.

The fungi used were cultivated ones. Number of dead

flies and number of eggs oviposited were counted daily

for ten days, and foods were refreshed et the same time.
Preferences of adult flies to fresh and decayed

fungi: About 30 females were introduced into the container

(1,300 ml) which contained fresh, intermediate, and

decayed Pleurotus cornucopiae (5 g). The decayed fungi

were obtained by leaving fresh fungi for four days to room
temperaturée and the intermediate ones were by leaving

for two days to the same condition. The container was
kept under feeble light condition at 20+1°C. Number

of adults attracted to these fungi was counted 12 times

at one hour interval from ihtroduction, and nuﬁber of

eggs oviposited on these fungi was counted after 24

hours. At the same time on which parts of fungi, stipe,
upper surface of pileus, or lamella, they oviposited

eggs were examined.

Preferences of larvae to fresh and decayed fungi:
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The second or third instar larvae which were cultured
on the yeast-agar medium were introduced into a Petri

dish which contained the fresh, ihtermediate, and decayed

P. cornucopiae (0,5 g) and after three hours number of
larvae attracted fo these fungi was counted.

Larval viability on yeast medium: Eggs which
were sterilized by 70% alcohol were put on the sterilized
yeast-agar-sugar medium (agar 1.4%. dry yeast 8%, sugar
5%, propionic acid as antiseptic solution 0.5%), and

number of adults emerged was counted.
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Results

1. Field observation

Fungus preferences for breeding

Table 2 shows number of species of Aphyllophorales
and each family of Agaricales used by the members of

the immigrahs—Hirtodroéophila radiation for breeding.

Drosophila nigromaéulata, a herbage feeder, prefers

the fungi of family Coprinaceae. D. trivittata has a

strong preference for the family Tricholomataceae, and

D. qﬁadrivittata and Mycodrosophila poecilogastra for |

Tricholomataceae and Aphyllophorales. 'The”remaining

species, D. séi&ittata, D. alboralis, D. confusa, D.

testacea, D. brachynephros, and D. unis ina, use a

wide range of fungi, but D. confusa shows a preference
for Aphyllbphorales rather.than‘the others. Table 3
gives number of individuals which were reared from fungi
of Aphylloﬁhorales and each family of Agaricales. This
result supports the preference of D. confﬁsa for Aphyllo-

phorales. Though D. sexvittata shows a wide preference,

it breeds frquently on fungi of Tricholdmataceae compared
with others. |

Table 4 shows number of individuals of each species
which were reared from pilei and'stipes of threelspecies

of fungi, Oudemansiella mucida, Armillariella mellea,

and Pluteus cervinus. This clearly shows that D. tri-

vittata, Qﬁbsexvitfété, and D. unispina breed mainly-
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Table 2. Numbers of fungus species utilized by each species for breeding, separately
shown for order Aphyllophorales and each family of order Agaricales

Oder Aphyllophorales ; T Agaricalés

Family o B Tr Am Ag Cd 'Cr :8t"-"Rh Ru Bo
Total species No. =~ 11 19 5 2 5 2 2 2 4 3
M. poeqiibgasﬁra - 2 2 - - - - - - - -
D. guadrivittata 3 1 - - - - - - - -
D. trivittata - 9 - - - - - 1 - -
D. sexvittata 1 ° 2 1 3 2 1 1 1 -
D. alboralis 5 9 3 - 3 il 2 1 1 -
D. confusa 6 5 3 - 2 - - - 2 1
D. testacea 3 7 4 1 4 1 - 1 3 3
D. braqhynephros - - 10 4 - 5 2 1 1 1 2
D. unispina 1 9 4 1 4 1 - - 2 1
-De-nigromaculata. .. 21 1 - - 4 - - - - -

Tr: Tricholomataceae, Am} Amanitaceae, Ag: Agaricaceae, Co: Coprinaceag, Cr: Crepi-
dotaceae, St: Strophariaceae, Rh: Rhodophyllaceae, Ru: Russulaceae, Bo: Boletaceae
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Table 3. Numbersof individuals of each species reared from fungi of Aphyllophorales
and each family of Agaricales

Oder Aphyllophorales T Agaricales

Family - Tr Am Ag Co Cr St Rh Ru Bo
D. sexvittata 10 738 35 3 27 6 44 1 4 -
D. alboralis 33 199 45 - 21 13 46 1 1 -
D. confusa 361 329 98 - 27 - - - 17 4
D. testacea 27 187 68 8 57 g - 2 82 33
D. brachynephros - 117 104 16 187 3 9 3 19 17
“D. Unispina : 2 121 187 31 23 7 - - 4 1

Abbreviations for family name, cf, Table 2.



Table 4. Numbers of individuals of each species

reared from pilei and stipes of Qudemansiella
nucida (OUD, Armillariella mellea (Ar), and
Pluteus cervinus (Pu).

Fungus ' Ou Ar . Pu
. Pileus Stipe Piléus Stipe Pileus Stipe

trivittata . 836 15 83 < -

D.
D. sexvittata 87 7 56 2 13 3
D. alboralis 10 86 18 16 - -
D. testacea 2 2 - - 26 13
D.

unisping = T HE S ¢ 1

on pileus of fungi, but, D. alboralis and D. testacea

breed frequently on stipe.

Fungus preferences of aéult fiiés

Table 5 shows individual numbers of abundant
species collected from the main 13 species of fungi
in the Botanical Garden for two years. The members

of the immigréns radiation, D. nigromaculaté, D. brachy-

nephros, D. unispina. and D. testacea, were mostly col-
lected from the fungi of Coprinaceae, though they were
collected from other various fungi frequently, and D.

confusa was attracted mainly to Coprinus ‘micaceus and

Polyporellus squamosus. D. sexvittata'preferred P.

squamosus, though it was collected from various fungi

in good number. D. trivittata was collected exclusively
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Table 5. Numbers of individuals of the main species collected from 13 species of fungi
in the Botanical Garden

Fungus species = Cm Cd& Cd Pc Plc Plo Tp Ar Mh Iu Pu Crm Ps Others Total
Mycodrosophiia spp; _ 2 - - - 2 2 2 - - 27 - - 6 2 43
D. trivittata - - - - 947 12 6 - - - - 13 1 288
D. sexvittata 65 6 =~ 46 33 96 104 68 34 .5 99 43 .4427 55 1781
D. alboralis 41 1 4 - 8 4 - 19 1 - 8 - 4
D. confusa M2 .1 4 1. = = = = = .= 9 1 284 =~ 369
D. testacea 574 150 11 38 2 4 3% 5 -113 59 6 12 _ 24 1001
2. hlStI‘lO e 7 2 -1 - - - e = - ‘.- - - - 10
D. brachynephros 986 639 43 226 7 46 9 24 18 19 92 26 12 73 2220
D. unispina. - .. 200 .25 .2 30 41 6 5 413 - 2 16 2 4 4 310
D. nlgromaculata ) 17% 105 10 42 - 2 1 &4 4 4 - - 5 3 347
D. immigrans 72 S T T T -9 3 90
Others g Mgsuﬁwzmiwswwwamw.q“.MEHT:Bﬁ_”;mlfzwfijmuﬁe;“f?48H_Li 5V 186

Total”'"ﬂ””“””“”“w”’“M2296’978””69”590 58 H0o4° 146 24 55“188“277”“80”“ﬂ458""468”"W6689

Cm Coprlnus mlcaceus, Ca é.; atramentarlus, Cd- C dlssemlnatus, Pc. Psathyrellanumu S
candolleana, Plc: Pleurotus cornucoplae, Plo: Pl. ostreatus, Tp. Trlcholomop51s platyphylla,
Ar: Armillsriella mellea, Mh: Mycena hagmatopus, Lu: Lentlnellus ursinus, Pu: Pluteus
cervinus, Crm: Crepidotus;pollis, Ps: Polypofellus squamosus.




from the fungi of Tricholomataceae, especially from

Pleurotus ostreatus. D. alboralis and three species

of Mycodfdsdphila, ﬂ. poecildgastfa, M. ja oniéa, and

M. shikokuéna, were collected from Lentinellus_ufsinus

frequently.

Table 6 shows the result of collections in the

Nopporo Natural Forest. D. tfi#ittata was collected

mostly from Pleufdgus ostreatus and Cfeolophﬂg.éﬁathulaéﬁé,

but Q. sexvittata was collected from a variety of fungi.

D. alboralis was collected frequently from C. §§;tﬁﬁiétﬁ§

and D. brachynephros and D. testacea from P. ostreatus.

or Colybia sp..

Table 6. Numbersof individuals of the five leading
species collected from the five main fungi in the
Nopporo Natural Forest.

Fungus species Plo Co Lg Crm Cs Others Total
D. trivittata 55 - 8 - 41 5 109
D. sexvittata 56 81 258 57 171 49 672
D. alboralis 2 4 - 3 19 1 29
D. testacea o 29 5 - - = 15 49.
D. brachynephros 8 15 - 2 - 5 30
Others 12 3 24 6 8 13 66
Total | 162 108 290 68 239 88 955

Plo, Crm: cf; Table 5, Co: Colybia sp., Lg: Leucopaxillus

iganteus, Cs: Creolophus spathulatus.
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Table 7. Numbers of individuals of the five leading
species collected from the six main fungi in the
Moiwa Natural Forest.

Fuﬁgus_species' Ple- Plo Ou Td Pp Cs Others Total

M. poecilogastra 1. 6 - 2 57 1 - 67
D. trivittata 414 1246 120 - - 3 1 1784
D. sexv1ttata - 158 110 147 2 - 50 14 481
D. alboralis 2 2 2 29 57 4 6 102
D. testacea 17 1517 1 = - - 2 155

- 20 4% = 6 1 17 48
o76 1535 274 33 120 59 40 2637

=N e
o ct
o | B
o o
I H

0

Plc, Plo, Cs: cf. Tables 5 and 6 Ou: Oudemans1ella
mucida, Td: Trlcholomop81s decola, Pp Polyporellus

ElClQeS.

Table 7 shows the collected number of individuals
from the main fungi in the Moiwa Natural Forest. D.

trivittata also showed a clear preference for the" fungi

of Pléurétus, and it was . obtained also from Oudemahsielia

mucida in considerable number. D. sexvittata was also

collected from the above three species of fungi, but
it did not so depend on the fungi of Pleurotus. D.

alboralis was collected mainly from Tricholomopsis decora

and Polyporellus picipes, but M. poeéilogastra was mainly

from P. picipes. These two fungi grew 2 m distant to
each other in the same period (September 18), then
these two species seem to differ in their fungus

preference somewhat.
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Table 8. Numbers of individuals of the six leading species collected

from the eight main fungi in the Nakagawa Experimental Forest

of Hokkaido University.

Fungus species Re Ru Lp Al Ap Ls Ty Plo Others Total
D. sexvittata 202 -5 5 61 72 - 5 15 28 44s4
D. confusa » 33 13 24 @ - - 3 157 - 15 245
D. testaces 58. 6% 4 40 20 298 1201 23 51 1842
D. histrio ‘ 4 2 - 1 - 6 37 - 2 52
D. brachynephros 3 - - 1 1 8 - 2 19
D. unispina 13 7 - 6 17 2 36 - 12 93
Otheérs o C - 1" 5 3 - 6 M4 10 2 41
Total 313 446 108 115 120 31671458 48 = 112 2736

Re: Ruséﬁla cyanoxaﬁtﬁé,'Ru' R. sp., Lp? Lééféfiu; piberatﬁs, Al: Amanita

longistriata, Ap: A. ph31101des, Ls: Laccinum scabrum, Ty: Tzlopllus

plumbeoviolaceus, Plo:

cf. Table 5.




D. sexvittata

D. confusa

D. testacea

D. histrio

D. brachynephros | &

(L
- T

nRusslaceoe

Boletdceae D others

D. unispina

Amanitaceae

Fig. 3. Proportions of individuals of the leading
species attracted to the main families of fungi
in August in the Nakagawa Experimental Forest.

Table 8 gives the result of collections in the
Nakagawa Experimental Forest, and Fig. % shows proportion
of individuals of the leading species attracted to the
main families of fungi based on the result of collections

only in August. D. sexvittata was collected from the

fungi of Russulaceae and Amanitacese in good number,
but few from fungi of Boletaceae. The other species,

D. confusa, D. testacea, D. histrio, D. brachynephros,

and D. unispina, showed strong preference for Boletaceae,
and they differed in their fungus preference somewhat.
The first three species were seldom collected from the

fungi of Amanitaceae, but the last two were collected
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from them frequently.

In conclusion, D. trivittata has a narrow preference

for Tricholomataceae, especiaily fof the genus Pleurdtus.

Both of D. sexvittata and D. alboralis feed and breed

on various fungi, but the former rather specializes to

Tricholomataceae. Four species of the immigrans radiation,

D. testacea, D. hisfrio, D. brachyﬁéphros, and D. unis ina,
have very similar fungus preferences to each others,

but a little difference was observed between the first

two and the last two. D. confusa resembles to above four
species in the preference for Coprinacéae and Boietaceae,

but differs from them in the preferende for Aphﬁllophorales.

M. poecilogastra prefers the fungi of Aphyllophorales

‘more than the above species,

Preference for fresh and decayed materials

Tables 9, 10, 11, 12, and 13 give changes of
drosophilid fauna from appearance to decay out of three

species of fungi, Pluteus cerﬁinus, Polyporellus squamosus,

and Pleurotus cornucopiae. D. sexvittata was clearly

~attracted to fresh fungi just after the appearance, and

D. trivittata also showed the same trend. On the other

hand, D. brachynephros and D. testacea preferred decayed

fungi. D. confusa was collected simultaneously with

D. sexvittata from P. squamosus in June, 1973, but from

rather decayed stage of the same fungus in 1974.

The fungi of Coprinus are deliquescent; they begin
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Table 9. Numbersof individuals of each species collected
on Pluteus cervinus on different days following
its appearance at May 29, 1974.

Date May 29" ° 30 June 1 3 .Total
D. sexvittata 16 20 - - 56
D. testacea 1 | - 3 4 8
D. brachynephros - - 2 1 3
D. unispina ’ - 1 - 2
D. nigromaculata - L 1 - 2
Total 7 2 51

17 - 22

\ Table 10. Numbers of individuals of each species collected
on P. cervinus on different days following its
appearance at July 19, 1974.

Date Jul. 19 20 21 22 24 26 Total
D. sexvittata - %1 6 1 - - 38
D. testacea - - - 1 3 - 4
D. brachynephros -~ 2 5 18 8 - 33
Total - 33 11 20 M - 75

Table 11. Numbers of 1nd1v1duals of each species collected
on Polyporellus squamosus on different days following

its appearance at June 1, 1973.

Date 7 June 1 4 5 6 7 11 12 13 Total

D. sexvittata 30 113 161 189 114 42 33 4 686
D. ¢onfusa = 15 9 1872021 7 1 91
Total 30 128 170 207 134 63 40 5 777
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Table 12. Numbers of individuals of each species collected
on P. squamosus on different days following its
appearance at June 3, 1974.

“Date June 3 4 5 7 8 10 14 16 Total
D. sexvittata 3 5 13 24 20 - 1 - 66
D. albqralis 1 - 1 - - - 1 - 3
D. cqnfusaw . - - 1 - 4 19 1 - 25
D. testacea ' - - 1 - - 2 1 2 6
"D. histrio ’ - = = e e - -2 2
Total 4 5 16 24 24 219 4 4 102

Table 13%. Numbers of individuals of eack species collected

on Pleurotus cornucopiae on different days following
its appearance at July 12, 1974.

Date July 12 13 15 16 17 19 20 21 Total
D. trivittata 8 1 13 - 2 - - - 24
D. sexvittata 70 28 7 2 - - - - 107
D. testacea - = = - = 1 - - 1
D. brachynephros 2 1 1 1 - 1 1 - 7
D. unispina - - - 1 - - - 1 2
Total 80 30 21 4 2 2 1 1. 141

to melt and decay one or two days after the appearance.
Then, the drosophilid flies which are attracted well
to these fungi are assumed to prefer decayed fungi.

As shown in Table 5, the member of the immigrans radiation
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‘were collected from the fungi of Coprinus considerably.

A comparison was made between the collected number
of individuals from fleshy fungi and that by traps
ﬁsing fermenting banana as bait (Momma, 1965; Beppu,

19763 Beppu and Toda, 1976). It is clear that species

of the Hiftodrosophila radiation were not attracted
to fermenting banana, but species of the immigrans

radiation, D. confusa, D. testacea, D. histrio, D.

brachynephros, and D. unispina, were attracted well

to that.

2. Laboratory experiment

Adult mortality and egg productivity on different foods

Table 14 shows the mean survival periods of
each species on;different foods for ten days and Table
15 shows number of eggs oviposited. All species survived
well on the yeast medium, banana and the fresh Pleurotus

cornucopiée. But on the agar medium and the fresh

Agaricus bisporus they can not live longer. On the

decayed P. cornucopiae, D. immigrans, D. nigromaculata,

D. sexvittata and D. trivittata died soon after the

start of cultﬁre, but D. brachynephros, D. testacea,

and D. confusa survived rather. longer.
Egg productivity of D. immigrans was the highest
on banana, and nextly on the yeast medium. Egg produc-

tivity of D. nigromaculata was the highest on the yeast

medium and nextly on banana. D. brachynephros and D.
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Table 14. Mean survival periods of seven species on six kinds
of foods for ten days.

Foos eger - yeast  bemama fFoSb o Soomed  fresh
D. immigrans 2.9 10.0 10.0 7.5 1.0 2.9
D. nigromaculata 5.9 10.0 9.2 8.5 2.1 5.4
D. br;chynephrgs : 5.0 10.0 . 8.9 9.3 6.2 6.2
D. testacea 4.9  10.0 9.4 10.0 7.7 7.9
D. confusa 4.9 10.0 8.7 9.5 7.9 4.5
D. sexvittats 2.1 10.0 5.6 9.1 3.0 6.0
D. trivittata 2.6 10.0 8.27 9.3 1.5 2.1




Table 15. Numbers of eggs oviposited by each species on six kinds of foods
for ten days.

or  yeast  venana GUSR Seceyed freeh
D. immigrans 14 817 1687 o4 83 1
D. nigromaculata 168 1171 723% 439 161 171
D. brachynephros 51 367 143 184 526 8
D. testacea 109 726 288 326 1390 120
D. confusa 189 522 525 375 483 147
D. sexygttata 150 243 68 490 57 76
D.

brivittata 35 7 26 s mEEe e -




testacea could produce eggs very well on the decayed

P. cornucopise, and nextly on the yeast medium, the

fresh P. cornucopise, and banana. The yeast medium,

banana, and the decayed P. cornucopiae worked well for

D. confusa. D. sexvittata and D. trivittata produced eggs

most on the fresh P. cornucopiae, and the former also

well on the yeast medium. The agar medium and the fresh
A. bisporus seemed to be innutritive for drosophilid

flies.

Preferences of adult flies for decayed and fresh mushrooms

Table 16 gives the result of experiment. D.

trivittata and D. sexvittata were attracted more to

the fresh mushroom. D. sexvittata oviposited on the

decayed mushroom somewhat in addition to the fresh mushroom,

but D. trivittata avoided the decayed mushroom for ovi-

position. D. alboralis was attracted and oviposited on
every conditions of mushroom rather equally. D. immi réns,

D. nigromaculata, D. brachynephros, D. testacea, and

D. confusa preferred the decayed mushroom for feeding

and ovipositing.

Oviposition sites

Table 17 shows the proportion of eggs oviposited
on the stipe, upper surface of pileus, and lamella,
for each species. OSpecies which preferred the decayed

mushroom, D. immigrans, D. nigromaculata, D. brachynephros,

)
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Table 16. Proportions of adult flies attracted to (A)
and -eggs oviposited on (0) the fresh, intermediate,
and decayed Pleurotus cornuCOpiae.

‘ " Number.
Fresh Intermediate Decayed giigggited

D. immigrans (A) 4.3 41.5 44,
. (0) 15.0 29.0 56.0 2046

D. pigromaculata (A) 26.4 27.9 . 45.7
(0 23.7 27.0 49.3 367

D. brachynephros (A) 25.4 31.3 43,3
o (0) 17.6 25.0  57.4 296

D. testacea (L) 25.3 29.1 45.6
) (0) 9.6 22.7 67.7 238

D. confusa (A) 37.4 27.6 35.0 |

B (0) 13.7 29.1 57.2 955

D. alboralis (A) 35.3 32.9 31.8
i | (0) 38.9 27.3 33.8 139

D. sexvittata (4A) 69.5 1%.9 16.6
| (0) 43.1 374 19.5 447

D. trivittata (4) ©6.1 28.3 5.6
“ (0) 61.3 38.7 - 253

Q.Ftestacea, and D. confusa, oviposited on the stipe and

upper surface of pileus. D. alboralis also showed the

same ovipositing habit. But D. sexvittata oviposited
into the lamella in addition to the surface of pileus,

and D. trivittata almost into the lamella. No significant

difference of oviposition sites was observed whether

P. cornucopiae was fresh or decayed. On the other hand,
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Table 17. Proportions of eggs oviposited on the stipe,
upper surface of pileus, and lamella of Pleurotus
cornucopiae.

“Stipe Pileus Lamella

1ﬁmigrané. 42,6 54.2

D. i 3.2
D. nigromaculata 2%.2 69.7 7.1
D. brachynephros 22.0 774 0.6
D. testacea ' 29.9 68.8 1.5
D. confusa ' 53.9 40.7 5.4
D. alboralis 22.3 77.0 0.7
D. sexvittata 1.1 37.1 61.8
D. trivittata - 2.4 97.6

on the fresh Agaricus bispbrué, all species except for

D. trivittaéa which did not ovipositg¢ on this fungus,

oviposited almost into the stipe as observed by Shorrocks

and Wood (1972).

Preferences of larvae for fresh and decayed mushroom

Table 18 gives the result. All species were

attracted to the decayed P. cdrnucopiae, though less

intense in D. sexvittata and D. trivittata.

Larval viability on the yeaét—agaf—sugar medium

In D. immigrans, D. nigromaculata, and D. brachy-

nephros, about 50% of eggs grew to the adults, but
in D. testacea only 8.7% and in D. confusa 0.8%. No
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adult of D. sexvittata and D. trivittata came off from

this medium.

Table 18. Proportions of larvae attracted to the fresh,.
intermediate and decayed Pleurotus cornucopiae.

Fresh Intermediate Decayed Yo Of
D. immigrans 14.6 4.1 51.2 41
D. nigromaculata 4.2 2.1 4.7 71
D. brachynephros 4.4 15.6 80.0 45 -
D. testacea 8.3 26.3 65.4 133
D. confusa M4 30.0 58.6 70
D. alboralis 5.6 1.1 83.3 17
D. sexvittata 4.4 50.0 45.7 46
D. trivittata 1.1 40.7 S 48.2 81
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Discussion
The original feeding habit of Drosophilidae
was consideréd to be saprophégous, since members of
various groups fed and bred on decayed or fermenting
materials as shown in Part I. But they do not feed
and breed on every pargg under decay or fermentation,
but they prefer one substrate over the others. In this

study, adults of D. iﬁmigransnand 2; nigromaculata,

which are a fruit feeder and a herbage feeder respectively,
can not survive on the decayed mushroom, though they
prefer the'decayedbmushroom to the fresp mushroom for
feeding and ovipositing.  These specieé”also feed and
breed on the limited species of fungi in the field.

‘They would not adapt to the mushroom for feeding and

breeding. D. testécéa and 2; bréchyﬁephros also prefer

the decayed muShroom,.but they can survive and produce
eggs on it very well. These species and their relétives,
D. histrio ahd D. unispina feed and breed on various
fungi of Agaricales, but seldom on those of Aphyllo-
phorales. D. confusa also prefers the decayed P.

cornucopiae to the fresh one as well as the above spécies,

and it was collected well from fungi of Copfinaceae
and Boletaceae for which above species showed a strong

preference, but it differs from these species in the

preference for the fresh Polyporellus'squamoéus and
in the frequent use of fungl of Aphyllophorales for

breeding. D. alboralis uses various fungi for
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breeding as well as members of the immigrens radiation,
but it is attracted to fresh mushrooms in addition to
decayed mushrooms. This species is unique in the use of
the stipe for breeding.

Among the fungus feeders, D. sexvittata and

D. trivittata are very unique.in their preferences

for the fresh fungi. D. sexvittata has a wide preference
for fungi, though it feeds and breeds rather frequently
on Tricholomataceaé and avoids Coprinaceae, Agaricaceae,

or Boletaceae. On the other hand, D. trivittata breeds

exclusively on Tricholomataceae, especially on the

genus Pleurotus. Species of Mycodrosophila and D.

quadrivittata seem to have a strong preference for Aphyllo-

phorales, and this preference was also observed by'
Nishiharu (1978) in Honshi.
The change of feeding habits observed in fungus

feeders of the immigrans-Hirtodrosophila radiation were

summarized as follows:
1. Development of preference for fresh fungi in

D. confusa, D. alboralis, D. sexvittata and

especially in D. trivittata.

2. Specialization of fungus preference for Tricholo-

mataceae in D. :sexvittata, and particuraly in

D. trivittata.

3. Specialization to Aphyllophorales in D. guadrivi-

ttata and the members of Mycodrosophila.
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4. Use of the stipe of fungi for breeding in D.
alboralis.

5. Use of the lamellae for the oviposition site

in D. sexvittata and D. trivittata.
The development of preference for fresh materials
was also observed in herbage feeders, flower feeders,

and fruit feeders. Leaf miners of Scaptomyza would

be evolved from Scaptomyza species which had bred on

the decayed leaves, as §. péllidaxor S. consimilis.
Species which use living flowers as its breeding site

' (Pipkin et al., 1966; Brncic, 1966) would also evolved
from species feeding'and breeding on félieh flowers.

In fungus feeders, gradation of preference was observed
from D. éonfusa which showed a slight preference for

the fresh fungilto D. trivittata which showed a strong

preference. 1In contrast to the preference of adult, the
preferences of larvae did not show clear difference among
species studied here. Carson and Kaneshiro (1976)
considered that nutritive requirement provided by
specific host plant or microorganisms may not necessarily
be the most essential factor for host selectivity for
larval breeding, but ovipositional behavior of the females
- is the primary mechanism for it.

As a factor which brings development of prefereﬁce
for fresh materials, competitive interactions are éon-
sidered here. Gilpin (1974) studied intraspecific

competition of D. melanogaster in the laboratory condition,
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-and observed that the individuals introduced earlier
had competitive advantage to those introduced later.
Among fungus:feeders individuals oviposited earlier
may also have advanﬁage, éndvthis may lead species to
be attracted to fresh maferials.
The specialization of fungus préference in D. sex~

vittata‘and.g. trivittata was partly due to that some

fresh mushrooms are innutritive for adult drosophilid

flies as Agaricus bisporus. Fungi of Coprinaceae ofv
Boletaceae also may be innutritive when fresh, as flies

were seldom attracted to fresh fungi of these families. The

specialization of D. trivittata to theﬁfuﬁgi of Pleurotus
will be discussed in Part III in relation to ecology

of the fly and fungi. Specialization of D. quadrivittata

and the memberé of Mycodrosophila to Aphyllophorales

could not be explained in this study. The members of

Mycodrosophila are more abundant in southern Japan

or tropic regions, and then their preference must be
studied there with ecology of the fly and fungi.

The food specialization according to the development
of preference for fresh materials was also observed‘iﬁ
flower feeders in the neotropical region (Pipkin et al.,
1966). Some of them breéd on only one plant species
(monophagous), and some do on few species.(oligophagoué).

The ovipositing habit also seems to change.in
’relation to the development of preference for fresh

fungi. D. trivittata and D. sexvittata oviposited into
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lamellae of P. cornucopiae, while other species usually

oviposited into the caps or stipes. On Agaricus bisporus,

however, D. sexvittata oviposited mainly into the stipes

as well as others. Then the use of lamellae for the
oviposition site may be developed in relation to the speciali-
zation to Tricholomataceae. A

D. sexvittata and D. trivittata are also unique

in their egg morphdlogyg their eggs do not have filament
(Okada, 1956). It was known that flies which oviposite
on fresh or living materials often have eggs with no

or modified filaments in Drosophilidae, e.g., Scaptomyza

graminum, a leaf-miner (Okada, 1968), some of the flower

feeding species of Drosophila (Patterson and Stone,

1952; Pipkin et al., 1966), or some of Lissocephala,

specialists to fresh fruits (Lachaise, 1977). The
anchor function of the filaments is at least useless

for eggs oviposited on fresh and firm substrates.
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PART III

Abundance, Microdistribution, Seasonal Life

Cycle of Fungus Feeding DroSophila

in and near Sapporo
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Introduction

As described in the former Parts, some drosophilid
flies changed their food preference in the coﬁrse of
evolution or speciation. Competitive interaction within
and between species and nutfitive condition of foods
were discussed as factors which bring changes of the
food preference. In addition to these factors, ecological
factors of both flies and food plants, distribution,
sbundance, or seasonality, would take an important role.
in a2 long hiéggy of evolution of food preference. Con-
versely, food preferences of flies would have deep in-
fluences on their distribution, abundance, or seasonality
of flies at present. Microdistibution of drosophilid
flies were studied by several workers as referred in
introduction, but analytical studies on abundance were
few. In recent years, seasonality of temperate droso-
philid flies was investigated in relation to the seasonal
change of their reproductive conditions (Lakovaara et
al., 1972; Lumme et al., 1974; Begon, 1976; Lunmme,

1978). These studies clarified the seasonal adaptation
of drosophilid flies in relation to dormancy. Here,
the author clarifies microdistribution, abundance, and
seasonal life cycle of fungus feeding drosophilid
species and abundance and seasonality of host fungi in

and near Sappro, and discusses on their abundance in
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relation to their food preferences and ecology of the
fungi. Further, the author discusses on evolution

of their food preferences based on ecology of the flies

and‘host‘fungi.
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Areas Studied and Methods

The collections of drosophilid flies from fleshy
fungi were carried out at seven iocalitiés‘néar Sapporo
(Fig. 4), the Nopporo Natural Forest (NF), the Moiwa
Natural Forest (MF), the Botanical Gafden of Hokkaido
‘University (BG), the grove of the campus of Hokkaido
University (UC), fhe windbreak at Shin-Kotoni (SK),
the windbreak at Shin-Sapporo (8S), and the larch grove
‘at Shin-Sapporo (SL). "The collecting methods for the
first three localities were des¢ribed iﬁ Part II. For
BG only the data of 1974 are incbrpofétéd-in this study.
- UC is the reserved grove 6ccupyiﬁg about 4,500 m. SK

is composed of Abies sachalinensis and Populus monilifera,

and has 60 m ih‘width. SS is composed of the native

HOKKAIDO

Fig. 4. Collecting localities. Shaded pérts suggest
the forest regions.



trees and has 80 m in width., Both windbreaks extends
several kilometers. LS covers about 2,500 m%? The
collecting methods for UC, SK, SS, and SL were the
same with those for NF and MF. The collections were
made along paths in groves or windbreaks, 225 m in
UC, 300 m in SK, 600 m in SS, and 150 m in LS, and
were made twice in each month from June to October
in 1977.

In order to study the distribution and abundance
of fungus feeders which are attracted to fermenting
fruits, trap collections using the "retainer trap"
baited with fermenting banana were made once for a
week in each month from May to October at NF, SK,
two residental areas (TK, Sz in Fig. 4), and a bushed
area (0S) in 1977, and at UC, SK, SL, and three open
areas (two sites at G, G, and G,, and UCC, neibouring
field of UC) in 1978.

To‘investigate'the voltinism, all females col-
lected were dissected_under a pinocular microscope and
examined their reproductive conditions. The critéiia
of classification of ovarian conditions was given byz
Watabe and Beﬁpu (1977); Stage I: undeveloped; Stage
I1: developing, Stage III: mature, and Stage IV: post-

mature ovaries.
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Results

Fleshy fungi in the collecting areas

Table 19 shows numbers of the main fleshy fungi
which attracted the drosophilid flies frequently in
each collecting area. Number of speciés and amount
of fleshy fungi were abundant in the forest areas,

NF and MF. BG which consists of an isolated grove also
had rich fungus flora, but in other isolated groves or
windbreaks, fungus species and their amount were poor,
especially no important fungus was found in SL. This
would be due to the dry condition of these areas. In

fungus species, Pleurotus ostreatus was abundant in

NF, MF; and BG, and was also found frequently in small

groves or windbreaks. P. cornucopiae was frequent in

NF, MF, and BG.. Other fungi of Tricholomataceae seem
to be less abundant than the above two species, and

seem to show unequal distribution. Crepidotus mollis

occurs widely, but amount of this fungus is not so
large in spite of large individual number, because
this fungus is very small. The fungi of Coprinus

and Psathyrella were abundant in BG, but seldom in

the other localities. In Aphyllophorales, Polyporellus

squamosus, P. picipes, and Creolophus spathulatus were

observed frequently in NF, MF, or BG. Fig. 12 presents
the seasonal occurrence of the main fungi based on this

survey and the survey of the breeding sites in Part I.
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Table 19. DNumber of each fungus species which attracted drosophilid flies
well for each collecting area. The abbreviations for localities were

shown in text.

Locality o T NF  MF BG" UC SK 88 8L~
Pleuf&pggmostreafus 377 1515 359 - 16 60 -
P. cornucopisge 5 520 185 - - - -
Armillariella mellea - 2 15 50 - 1 -
Oudemansiella mucida N 1 162 - - - - -
Triéholbmopsis plét&ih&iiéui - 3 76 - - - -
Crepidotus mollis 80 40 823 60 - - -
Pluteﬁs cef&inﬁs" 13 - 5 - - - -
Coprinus‘micaéeus - 360 1990 - 250 - -
C. atfamentérius o - - 135 - - - -
Pééthyrel;a caﬁaolléana 8 50 6553 30 - 5 -
Polyporelius'squamogus - 3 29 - - - -
P. picipes I
Credlophus spéﬁﬁHlaﬁUé“””""”"26O 207 - - - - -




Pleurotus ostreatus, P. cornucopiae, Pluteus cervinus,

Coprinus micaceus, and Polyporellus squamosus were

found through seasons, but other fungi were found only

in particular seasons.

Abundance and microdistribution of df&édphilid flies

Table 20 shows number of individuals of the
main drosophilid épecies collected from‘fleshy fungi
at the seven collecting localities. At NF, MF, and
- BG, a considerable number of flies was collected, but
at'the small grdves or windbreaks only a small number
wés obtained. The drosophilid fauna were rather similar
among the localltles compared w1th the great difference

in fungus flora. In general, the members of the immigrans—

Hirtodrosophila radiation were dominant. In addltlon,

" members of Leucophenga, Sophophora, and Scaptodrosophila

were sometimes collected.

Among the fungus feeders of Hirtodrosophila

radiation D. sexvittata and D. trivittata were very

abundant in forest areas and BG. VQ; alboralis and M.

- poecilogastra were collecte@_frequently, but D. guad#i—

vittaté, D. makinoi, ﬂ; japonica, M. shikokuana, and

M. takachihonis were very rare in and near Sapporo.

In addition to them, D. macromaculéta,'g. nokogiri ,

D. pseudonokogiri, D. kangi, M. bifibulata, and M.

gratiosa were known in Hokkaido (Beppu et al., 1977),

but they were not collected in this survey. D. busckii,
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Table 20. Numbers of individuals of the main drosophilid _
flies collected from fleshy fungi at each localities.
Abbreviations for localities were shown in text.

NF MF BG UC SK SS SL

Hirtodrosophila radiation

M. takachihonis - 6 - - - - -
M. shikokuana 4 - 2 1 - - -
M. Jjaponica ' 4 - 8 - - 2 -
M. poecilogastra 2 67 13 - - - -
D. trivittata 109 1784 232 -~ - 2 -
D. sexvittata 672 481 627 16 8 13 -
D. alboralis 29 102 24 1 - - -
D. guadrivittata 5 2 2 - - - -
D. makinoi - - 4 - - - -

immigrans radiation

D. confusa 20 11 216 2 4 - -
D. testacea 49 155 9734 6 11 12 5
D. histrio 1 6 9 - - - -
D. brachynephros 30 4 1516 25 15 12 16
D. unispina 14 6 231 - - 1 -
D. nigromaculata 2 5 235 1 1 - -
D. immigrans - 2 52 - - - -
Others 14 6 114 - 4 - -

Total : 955 2637 4019 52 43 42 21

a domestic species, was not collected from fleshy fungi,
but it was obtained by trap collections.
Four species of the immigrans radiation, D. confusa,

D. testacea, D. brachynephros, and D. unispina, were col-
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lected abundantly from fleshy fungi, but D. histrio was
rare. Besides them, D. kunzei, D. limbata, and D.
bizonata were recorded from northern or southern
Hokkaido, but they were not collected in Sapporo.

The abundance of drosophilid flies in a collecting
area corresponded to that of fungi; both of flies and
fungi were abundant in NF, MF, and BG, but scarce in
uC, SK, SS, and SL. In NF and MF, the individuals of

species belonging to the Hirtodrosophila radiation, which

were composed mostly by Q.'seivittéta and Q."trivittéta,

were collected more frequently than those of the immigrans
radiation. Their dominance would be due to the abundance
of fungi belonging to Tricholomataceae for which D.

sexvittata and D. trivittata showed a strong preference.

The abundance of individuals belonging to the immigrans
radiation in BG also would be due to the abundance of

deliquescent fungi of Coprinus and Psathyrella for which

they havealstfong preference (cf. Table 5).
Fig. 5 shows the relationship of the number of species
of flies of each radiation collected in eéch station
(three in NF, two in MF, five in BG,.and one in each of
uc, SK, SS, and SL) and species number of fleshy fungi
which attracted thevflies in that station. By the

results of NF, MF, and BG, the number of species of

Hirtodrosophila radiation correlated positively with the
number of fungus species, but the results of SK and

SL slipped off from the line. On the other hand, the
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Fig. 5.> Relationship of number of fly species collected
and number of fungus species which attracted the

flies in collecting stations.

species number of the immigrans radiation was stable
irrespective of the number of fungus species in NF, MF,
and BG, but number of fly species in isolated groves
or windbreaks was small.

Fig. 6 gives the relationship of the number of fly
species and the number of individuals for each rédiation.
The individual number collected in a station would cor-

relate with the productivity of that station, ‘i.e., the

amount of fungi. In the Hirtodrosophila radiation the
species number correlated positively with the individual
number, but in the immigrans radiation the species number
was stable in NF, MF, and BG.

In the Hirtodrosophila radiation, D. sexXvittata

distributed rather widely, though collected number was
few in UC, SK, and SS. In the immigrans radiation, D.

testacea and D.: brachynephros occurred widely, and these
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Fig. 6. Relationship between number of fly species
and number of individuals for each of the Hirto-

drosophila and immigrans radiations in collecting
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- Fig. 7. Numbers of individuals of fungus feeders collected
by traps in each collecting station.
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two species were also collected abundantly by traps in
forests, isolated groves, and windbreaks (Fig. 7). But
D. histrio, D. unispina, and D. confusa which were

seldom collected from fungi in isolated groves and wind-
breaks were collected rather frequently by traps in those
areas. In open areas, G,, G,, and UCC, D. testacea

and D. brachynephros were found sometimes, but the

other three species were not collected.

Seasonal life cycles

Fig. 8 shows the seasonal change of female repro-

ductive conditions of D. sexvittata with absolute in-

dividual numbers counted for each ovarian stage for

BG, MF, and NF. The fluctuation of male number which

is represented only for.BG strictly corresponded to that
of females: This species had three distinct peaks in
population size, in early June, late July, and early
September, though the June peak is small in MF and

NF. The individuals of hibernate generation (Gh) become
to be attracted to fungi at the late May or early June,
and soon develop their ovaries. They decrease in number
during June and mostly disappear by early July. Their
offspring, the first generation (Gq),appear with undeve-
loped. ovaries in early July in BG, but somewhat later
in NP and MF. The population of G,I reaches maximum 1in
late July. These individuals soon develop their ovaries

and breed in late July and early August. The drop of
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Fig..8. Seasonal changes of female reproductive
conditions and maleinumber of D. sexvittata in

BG, MF, and NF.
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collected number in August is conspicuous in NF and

MF, but not in BG. The flies of the next generation,
G2, would appear from mid August. Some parts of them
which emerged by early September seem to develop their
ovaries and reproduce, but the remaining parts emerged
after early September seem to enter the reproductive
diapause without ovarian development. All individuals
of the third generation would enter the reproductive
diapause. Therefore, this species seems to pass through
two or three generations per year. |

Fig. 9 shows the results on D. trivittata for

BG, NF, and MF. The collected number of this species
fluctuated seasonaly very much. In BG only few indi-
viduals were collected by July, and in NF only a few
was collected. Only the result of MF allows to follow
the seasonal life cycle of this species. This species

shows very similar seasonal life cycle with D. sexvittata,

though mature females of G2 or G3 of this species were
observed till late September, somewhat later than D.

sexvittata. This may suggest greater longevity of

G2, or later start of the diapause. This species also
passes through two or three generations per year.
Fig. 10 shows the seasonal changes of female

reproductive conditions of D. testacea, D. brachynephros,

and D. unispina based on the collections in BG. The
Gh individuals of these species were collected only in

small number. The Gq young adults appear in early July,
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Fig. 9. Seasonal changes of female reproductive

conditions and male number of D. trivittata in
BG, MF, and NF. Legends cf. Fig. 8.
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Fig. 10. ©Seasonal changes of female reproductive
conditions and male numbers of D. testacea, D.

brachynephros, and D. unispina in BG. Legends
cf. Fig. 8.
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somewhat earlier than those of D. sexvittata and D.

trivittata. After Gq, the alternation of generations

was difficult to follow because of the overlap of genera-
tions. According to results of weekly collections
using traps (Watabe and Beppu, 19775 Watabe,.1977;
Kimura et al., 1978; Watabe et al., unpubl.), these
species pass mainly thred, but partially two, generations
per year in and near Sapporo. The individuals of these
species emerged after early September seem to enter the
reproductive diapause. The diapausing individuals of
these species seldom collected from fleshy fungi in
autumn, though fleshy fungi were rather ébﬂndant in
that season. However, by trap collections, the diapausing
flies of D. confusa, D. testacea, D. histrio, D. brachz}
nephros and D. unispina were collected abundantly in
September or O?tober. This may suggest the change of
food preference when they eneter the diapause.

Figs. 11, 12, 13, 14, 15, and 16 present the

seasonal host changes in D. trivittata, D. sexvittata,

D. alboralis, D. confusa, D. testacea, and D. brachy-

nephros. D. trivittata which has a strong preference
for Pleurotus used P. ostreatus through the whole breeding
seasons, and also used some fungli of Tricholomataceae

when they existed. On the other hand, D. sexvittata

scarcely used the fungi of Pleurotus, but it used

widely the other fungi of Tricholomataceae and some
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Fig. 11. Seasonal change of host fungi for breeding
in D. trivittata. White circle: fungus existed

but not used for breeding, black circle: used
for breeding.
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Fig. 12. Seasonal change of host fungi for breeding
in D. sexvittata. .Legends cf. Fig. 11.
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Fig; 13, Seasonal change of host fungi for breeding
in D. alboralis. Legends cf. Fig. 11.

other families when they existed. D. alboralis showed

a similar tendency with D. sexvittata, but its breeding

was observed less frequently in late summer and autumn
(tbe breeding season correspinding to G, and G2). Three
species of the immigransg radiation; which preferred
decayed fungi, were observed breeding from June to
September on various fungi, and they did not avoid the
fungi of Pleurotus. '

The hibernating flies of several species were
found in various hibernacles in winter. In cliff

shelters along streams M. poecilogastra, D. alboralis
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Fig. 14. Seasonal change of host fungi for breeding
in D. confusa. Legends cf. Fig. 11,

D. guadrivittata, D. brachynephros, and D. unispina

were found, and among the lichens on barks of trees

D. sexvittata and D. trivittata were collected. Only

one male of D. testacea was collected in a crevice of
bark. Most females collected in winter had undeveloped
overies and were not inseminated, bﬁt females of D.
alboralis passed winter in the inseminated‘state. A very
small fraction of hibernating females was occupied

by females with post-mature ovaries.
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Fig. 15. Seasonal change of host fungi for breeding
in D. testacea. Legends cf. Fig. 11.
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Fig. 16. Seasonal change of host fungi for breeding
in D. brachynephros. Legends cf. Fig. 11.
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Discussion

The roles of inter- and intraspecific competitions
and nutritive conditions of foods in the'evolutipn of
food preference were diécussed in the preceding part.
Here the role of ecology of food planfs“is'discussed.
Emlen (1973) considered the food specialization and
generalization frém the viewpoints of evolutionary
ecology, and noted the food specialization is due to
the overall food abundance and some other factors.

The fungus feeding drosophilids are multivoltine and
their breeding takes place continuously from June to
September in Hokkaido. Then, their food specialization
is possible only when one kind of food (fungus) is
abundant temporally as well as spatially. Five species

of fungi were observed continuously from spring to autumn

in and near Sapporo, but only Pleurotus ostreatus and

P. cornucopiae were observed rather widely and abundantly.

The specialization of D. trivittata to this genus is

enforced by the ubiquity of this genus. It is very

interesting that D. sexvittéta_and D. alboralis which

have a very wide preference for fungi seem to avoid this

genus for breeding. This may be a result of interspecific

competition with D. trivittata. For D. sexvittata and
D. alboralis there is no available fungus in and near
Sapporo to which these species specialize, as far as

these species remain multivoltine and breed continuously
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through seasons.

According to the competitive exclusion pfinciple,n
two species having the same niche can not live togethér.
In drosophilid assemblagé, ecological niches of éibling;
or closely related species usually resemble‘each-other,
and they frequently occur sympatricaliy. Dobzhansky
and Pavan (1950).considered each form of life exploits
some ecological niches, in one of which it has a net
superiority over all competitors. Similarly, Reynoldson
and his collaborators (Reynoldson, 1966; Reynoldson
and Davies, 1970; etc.) Sfudied tricla@:populations in
England, and reached the same concluSiéﬁ.' He called
the food on which a species takes a superiority over all

competitors the "food refuge". The fungus feeders of

the Hirtodrosophila radiation have different preferences
for fungi, though overlapped, and they seem to have

the "food refuge"; D. trivittata for the fungi of

Pleurotus, D. sexvittata for the other fungi of Tri-
- cholomataceae, D. alboralis for stipe of fungi for

larval breeding, and D. quadrivittata for fungi of

Aphyllophorales, though members of Mycodrosophila seem

to have similar preferences with D. guadrivittata.

It is conceibable that'the number of these species in
a area correlates with the food diversity and food
quantity in that area.

The members of the immigrans radiatioh which

have very similar fungus preferences to each other

- 78 -



coexist in a area with limited fungus species and amount
of fungi. It was not known how they coexist. They

may have different preferences for yeasts or bacteria.

D. brachynephros can grow to adult on the yeaét medium,

but D. testacea and D. éonfusa have oniy a slight viability
on this medium. Kaneko (1960) studied yeast prefereHCés

of these flies in BG, and observed that D. testacea

and D. brachynephros have different preferences for

yeasts, though D. brachynephros and D. unispina show

‘similar preferences. Toda (1973%a) observed that D.

brachynephros and D. unispina have different habitat
.preferences; the former was abundantﬁin bpen areas
as well as forests, but the latter was collected mostlj
in forests. )

Ayala (4969, 1970, 1971) investigated inter-

specific competition of several Drosophila species in

the laboratory condition, and observed that some pairs
of species coexisted during long periods. He studied
the éurvivorship and productivity in competitive co-

existence of D. willistoni and D. pseﬁdoobscura, and

concluded that the coexistence was allowed by the
frequency depehdent fitness. The relative fitness of
two species under competition are inversely related to
the relative frequency of these spedies.. Gilpin and
Justice (1972) reinterpreted these data, and showed.
‘the data fit a non-linear competition model. Under

natural conditions such competitive coexistence may
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or may not occur,

Food preference of a s?ecies evolved through
interactions with its environments has much influence
on ecology of that species. The abundance of a fungus
feeding drosophilid in a area was affected by the
abundance of favoriﬁe fﬁngi of the species in question.

For example, D. trivittata and D. sexvittata were

abundant at where the fungi of Tricholomataceae were

abundant. Especially D. trivittata seems to be affected

by the presence of the fungi of Pleurotus. D. trivittata

can not maintain its population in the isolated groves

or windbreaks where fungi of Pleurotus were scarce. In

contrast, D. sexvittata which have a:iwider preference
seems to be able to maintain 1its population,in}those
areas, though small in number. = The abundance of D.

brachynephros and D. testacea in isolated grovés and

windbreaks needs another explanation. These species
may have a physiological advantage in such small groves
characterized by higher temperature and desiccation

than the forest. Moreover, as D. brachynephros has

a preference for open areas (Toda, 1973%a), and as D.
testacea seems to have great migratory ability (Kimura
et al., 1978), the open areas do not baéier the migration
of these species, and new individuals may be supplied
from surrounding forests frequently.

The voltinism of drosophilid flies was generally

determined by the length of period free from diapause,
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the total cummulative temperature of this period, and
the developmental speed of flies. In temperate areas
they pass through several generations (four to six

in D. obscura and D. subobscura in England; Begon,

1976), but in north areas they pass only one or two
generations (Finish drosophilids; Lakovaara et al.,
19723 Lumme et al., 1974, Lumme, 1978).

D. trivittata and D. sexvittata pass two or three

generations per year in Sapporo, but D. testacea, D.

brachynephros, and D. unispina do mainly three, but

partially two, gnerations. The appearance of Gq of

D. trivittata and D. sexvittata is later somewhat

than that of D. testacea or D. brachynephros, and

this results in fewer generations per year. These fungus
feeding species enter the reproductive diapause in

early September. The diapause of drosophilid flies is
usually controlled by photoperiods and temperature

(Lumme et al., 1974; Lumme, 1978; Minami et al., in

press).
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PART IV
Abundance, Microdistribution, and Seasonal Life

Cycle of Herbage Feeding Drosophila

in and near Sapporo
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Introduction

The herbage feeding drosophilid species occupy
an important part in drosophilid fauna in Hokkaido.

This assemblage consisted of species of the Scaptomyza,

some of Sophophora, Lordiphosa, and Drosophila. All

species except for D. nigromaculata are seldom collected

by traps using fermenting banana, but they were collected
abundantly by net sweeping on herbage layer (Suzuki, 1955;
Okada, 1956). These species have very similar food
preferences for each other as reported in Part I. In
this part the author reports their abundance, micro-
distribution, and seasonal life cycle based on the
sweeping collections in and near Sapporo, further

he wishes to discuss on their coexistence and food

generalization,
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Areas Studied and methods

To investigate the abundance and microdistribution,
the collection were carried out at eight localities
in and near Sapporo, the Nopporo Natural Forest (NF),
the Botanical Gardens (BG); the campus of Hokkido
University (UC), the windbreak at Shin-Kotoni (8SK),
the windbreak at Shin-Sapporo (SS), the larch grove
at Shin-Sapporo (LS), and the grass land at Shin-Sapporo,
(G), The vegetation and geography of those areas
were described in Part III. In NF two collecting -
stations (NFA, NFB), in BG four stations (BGA, BGD,
BGE, in groves, BGF in lawn), in UC three stations
UCA, UCB in groves, UCC in a field ), and in G
two stations (Gq, G2) were set. in other localities
only one collecting station was set. ZEXach collecting
station occupied about 100 m’, and the collections were
made monthly from May to O¢tober. Each collection was
composed of 400 times of net sweeping on the herbage
layer. The net used was %36 cm in diameter, and the
shaft was 1 m in length. The collections were carried
out at UCA and UCB for three years from 1972 to 1974,
in BG in 1973, in NF in 1973 and 1974. At UCC, 5K,
SS, SL, and G, the collections were made in 1978.

In order to analyse seasonal life cycles of
these herbage feeders, collections were made weekly

at BG in 1974 and at NF in 1977. The collections



Were made at eight stations (five in groves, BGA: collecting
periods, Apr. 22 - Oct. 28, BGB: Apr. 30 - Oct. 28,

BGC: Apr. 30 - Aug. 27, BGD: Apr 30 - Aug. 19, BGE:

Apr. 30 - Sep. 3, aqd three in lawn, BGF: Apr. 22 -

Oct. 28, BGG and BGH: Sep. 3 - Oct.28) in BG and at

ten stations in NF from May 9 to Sep. 26. Net sweeping

was made 100 times for each collection = at each station.
‘The collected females wefe dissected for the study of

the seasonal change of the reproductive conditions.

The criteria for the ovarian stages were referred in

Part III.
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Abundance and Phenology of Herbage Plants

The relative abundance and phenology of
‘the main undergrowth plants at each station were
shown in Table 21. Species of Anemone and Adonis
amurensis are spring ephemeral; they fall down in

May and June, and go' to decay. Osmorhiza aristata,

Heracleum dulce, Anthriscus sylvestris and Trillium

spp. fall 1little later, and decayed laeves of acci-
dentary fallen specimens of these plants are observed

frequently in June. Smilacina japonica, Maianthemum

delatatum, and Lilium cordatum var. glehni are observed

from spring to autumn, and the decay of these plants

are also extensive in June. Trifolium repens and its

decay were observed rather through seasons. Cryptotaenia

japonica falls in autumn and goes to decay. Table

22 gives' records of the main herbage plants utilized as

the breeding sites by herbage feeding Drosophila.

In conclusion, the decayed plants are abundant in
May or June, and in other months the fallen plants

sometimes dry upe.
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Table 241. Main undergrowth plants at collecting stations and their phenology.

+++: dominant, . ++:..abundant,. +i-.common.

NFA BGA BGD BGE BGF UCA SK S8S SL G1 G2

Station NFB gggi" ggg ucs Phenology
_ - it - vee .
Aneﬁgne raddeéﬁa +;+ Iv-VI
A. flaccida ) +++ + IV-vI
Osmorhiza aristata ++ IV-VIII
Anthriscus sylvestris + 4+ o+ IV-VIII,X
Heracleum dulce + 4+t + o+ V-VIII
Smilacina jéponica ++ + V=X
Iilium cordatum var.
glehni + + ++  ++ + V-IX

Trillium kemtschaticum + o+ 4+ + + IV-VII
T, smallii ++ V-X
Petasites japoﬁicus var.

_giganteus + - V-X
Trifolium repens +4++ + + + IV-XI
Poa pratensis ~ ¥++ ++% IV-XII
Cryptotaenia_jébbniﬁa PP VI-X
Rudbeckia laciniata ++4+ VI-X
Solidago ﬁltissima + 4+ VI-X
Antemisia montana ++4+ V=X~




Table 22. Records of the main plants utilized as breeding sites

by drosophilid species

“May

June

July

Aug.

Sept.

|ng)
=

I,

E L

E

L

L

Ang@one flaccidav

Osmorhiza arisyata
Anthriscus sylVestris

Hergcleuﬁ_aﬁiaeﬁﬁ‘

Smilacina japonica

ILilium cordatug var, gléhn{
Trillium smallii

Maiantheﬁum delatétum‘

Petasites japonicus giganteus

Cryptotaenia japonicai’

Trifelium repens”

+ + + + + + + + 4+

+ + + + +




Results

A total of 4,771 individuals representing 29
species were collected by the monthly collections.
Table 23 shows the number of the 1% higher ranked’
species for each station in each year. DMost of them
were herbage feeders,‘and some of fungus feeders or

fruit feeders such as D. brachynephros, D. testacea

or D. auraria were collected. In the genus Scaptomyza,

Se pallida was dominant in isolated groves or windbreaks,

and also in open areas. S. consimilis, S. polygonia,

and S. okadai were sometimes collected in isolated

groves, and rather rare in forests of NF. .D. collinella,

D. tenuicauda, and D. mommai were abundant in NF, In

isolated groves D. collinella was frequently, and D,

tenuicauda was sometimes found, but no specimen of D.

mommai was collected. D. nipponica, D. magnipectinata,

and D. nigromaculata were collected equally in both of

forest and grove.

Seasonal life cycle

Scaptomyza pallida

)]
The seasonal change of female reproductive age

structure is demonstrated (Fig. 17) with absolute indi-
vidual numbers counted for each ovarian stage based upon

the results of weekly collections in BG. Fluctuation
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Tgble 23. Numbers of individuals of the main species obtained by monthly collections

NFA NFB  BGA BGD BGE BGF uca UCB UCC SK 85 SL G G,

3 1% 73 7% 73 73 13 73 12 13 1% 72 13 ™ oo 7Tt Tt 11

S. pallida 14 35 4 17 257 T4 14 461 126 63 1012 52 63 150 435 43 2 - 29 8
8. consimilis b 1 1 6 6. - 27 .8 95 2% 15 14 « & - & - -
S. polygonia - - 3 - - 3 10 2 30 11 1 = = = = o =
S. okadai - - - « - 6 1 - 1 - 1 e 1 e e e e e oa
D. collinella 41 68 sS4 78 14 2. 1. - 3 3% 3 1 5 - 21 3% - - -
D. mommai 2h- 18 1 2 - - - - = - - e e - e - - - -
D. nipponica 2T 91 & 22 87 6. - 1k4 6 11. 1 9 2 92 4 - -
D. magnipectinata 7- 2 24 3 23 35 2 - 10 10 5 1 4 - 15 2 - - -
D. nigromaculata 9 17 4 18 24 66 17- - 26 15 130 11. 3 22. 1 28 6 - 3 -
D. tenuicauda 5 29.19 14 1 3 4 - - - - 1 = - - e e e e =
others 1 9 6 9 10 9 2 - 911 12 19 5 17 12 12 13 8 3 -
Total ‘130 278 120 148 355 288 ~ 53 464 223 125 1317 156 100 223 450 211 63 8 41 8
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Fig. 17. Seasonal change of female reproductive
..conditions and male number of S. péllida in the

weekly collections in BG. Legehds cf. Table 8.

of accompanied male’nﬁﬁgeﬁé strictly corresponds to

that of females, exhibiting two conspicuous peaks in

May and in mid to late June. Post-hibernation adults
appear from late April, two or three weeks later after
snow thawing, to mid May. Their ovaries are first
rudimentary, but soon develop. In‘mid May the population
reaches the first peak composed mostly of reproductively
mature females. Thereafter, the individual number de-
creases rapidly and drops to a very low level in early

June just before the emergence of Gq. Although G1
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adults continue to emerge from mid June to late.July,
they are the most abundant in mid to late June. The
newly emerged G1 females also develop rapidly their
ovaries and perform second breeding. At this phase the
figure shows an abrupt drop of individual number. However,
the drop does not necessarily indicate the actual decreése
of population size, but rather a dilution of population
,density by dispersal from patchy herbage stands to
uniform white clover stands extending over 1awns, Due

to the reduced sample sizes and further to the partial
overlap of generations caused by the prqlongabion of
each generation, it becomes somewhat difficult to dis-
tinguish the later géﬁerations for each other. G,
females are supposed to live in mature condition at

least till mid August. G2 begins to emerge from early
or mid August, and G2 females emerged before mid Sep-
tember develop their ovaries. G5 begins to emerge from
mid Séptember, probably together with the last part

of G2. These females emerged after mid September
seem to enter the reproductive diapause. Then this
species passes through mainly three, but partially
two, generatioﬂs per year.

Fig. 18 illﬁstrated the seasonal change of
female age structure separately for each collecting
station, except the white clover stands for which the
data of two or three stations are combined. It is

first noticed that the first peak of Gh appears syn-

- 92 -



MAY JUNE JuLy AUG. SEP.

INDIVIDUAL NUMBER

Fig. 18. BSeasonal changes of female reproductive
conditions of S. pallida at four different host -
plant stands; Af: A. flaccida stand, As: A.
sylvestris stand, H: H. dulce stand, W: white
clover stand. |
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chronously in mid May at every vegetations. The
patterns of emergence of G,I females are identical for
three stations of A. flaccida stands (BGA, BGB, BGC).

At the Anthriscus stand (BGD), the age structure of

G, is slightly different from that at A. flaccida
stands, including not only the females with undeveloped
ovaries but also those with developing ones. Here Gq
starts from late‘June, one or two weeks later than

at A. flaccida stands, but is compensated by a prolonga-
tioﬁ t1ill mid July. The emergence does not show such a
burst as at A. flaccida stands. The pattern at Heracleum
dulce stand (BGE) is characterized by the temporal
accumulation of mature females in early July, though

the appearance of reproductively undeveloped females

is nearly the same as at the A. sylvestris stand. It

is supposed that the variation detected among the three
herbage stands reflects different life cycles of the
respective host plants, which are referred previously.
A. flaccida begins to decay nearly synchronously since
mid May and is withered up already in early June. On

the other hand, A. sylvestris and H. dulce usually begin

to decay in lafe May and their decay was not so0 abrupt
as A. flaccida. The carlier emergence with a conspicuous

peak of G, at A. flaccida stands reflects the earlier

/‘

and rapid decay of the host plant. A remarkable scarcity
of G,l females with developing or mature ovaries is to

be interpreted by the complete disappearance of the
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host plant at the stands by the time of emergence,
which must have driven the flies to emigrate soon
after the emergence. Conversely, the decaying of

A. sylvestris and H. dulce, starting later and proceeding

slowly, causes the delayed emergence without a detectable
peak of G,I at both stands. The presence of the host
plants at that time permits the newly emerged flies
to stay there for a while. However, these flies also
emigrate elsewhere, especially to white clover stands,
as the host plants are withering up. Consequently,
virtually no flies are collected from these three herbage
stands after Julye.

On the other hand, at white clover stands of
lawns (BGF, BGG, BGH), the flies are continuously,
though in moderate individual numbers, collected through-
out the whole season, reflecting the annual availability
of the host plant, white clover, there. The appearance

of newly emerged G1 females corresponds to those observed

at the A. sylvestris and H, dulce stands, from late

June to mid July. In contrast to the scarcity of these
immature females, a considerable number of mature females
appears from mid July to early August. This accumulation
of mature females, which is regarded as a characteristic
feature of G1 at white clover stands, must be caused

by thevimmigration from other host plant stands as
mentioned above. The alternation of generation after

G1 was taken mostly at white clover stands at lawn.
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Fig. 19. Seasonal fluctuations of S. pallida at UCA
and UCB for three years. ‘

.Fig. 19 shows the monthly change of collected
number at UCA and UCB for three years. As reported
above, the peaﬁ/of May corresponded to Gh, and that of

July to the G In 1972 both peaks were conspicuous,

q°
and in 1974 the July peak was very large. But in

1973 the July peak was negligible compared with the

May peak. This would be due to the scarcity of rainfall.
As shown in Fig. 20, the rainfall in June, when larvae

of this species grew, was Very small in 1973, and the
breeding materials (decayed leaveé) dried ﬁp.v Similarly,
small péak was also observed for populations of this

species in BG in 1973. In 1974, the population of this

species was very largevat UCA.. This tendency:wés"observed
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Fig. 20. Rainfalls in Sapporo for three years.
on the other species (Table 21) at UCA. But at UCB,
20 m aprat from UCA, the population was not so large

in 1974.

Drosophila nipponica

Fig. 21 shows the results of weekly collections
at BG. The appéarance of post-hibernation females
with undeveloped ovaries starts abruptly from mid May
and lasts to late May, and they soon develop their
ovaries. In early June the female population abruptly
decreases its number and enters a relatively stable
phase in complétely mature condition, which lasts for
about one month till early July, when the emergence of

G1 starts. The breeding of Gh was confirmed at five

- 97 -



r60 MAY JUNE

INDIVIDUAL NUMBER.

-60

Fig. 21. Seasonal change of female reproductive
conditions and male number of D. nipponica
in weekly collections in BG

host plants, A. flaccida, H. dulce, A. sylvestris,

Osmorhiza aristata, and Lilium cordatum var. glehni,

in BG. The emergence of G, young flies, which begins
from early July as mentioned above, bursts forth in

mid July,'resulting in a conspicuous peak. The newly
emerged females soon develop their ovaries. In the late
July the individusl number of samples drops drastically,
and thereafter fluctuates at a very low level till
the'end of fl& season. Against the case of S. pallida,
in the present species the cause of such low density

in the later half of the season are not known. Although
the small number of individuals collected does not allow
to follow'the sequence of generations accurately, at

least the second and the partial third breedings are
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detectable. Mature females of Gq are found from mid
July probably to late August or early September. Their
progeny begins to emerge from mid August, and at least

a fraction of them is supposed to undergo the third
breeding, i.e., a few females emerged before early
September develop their ovaries. The remaining majority
of G2 emerged in early to mid September, together with
few individuals of G5 emerged later, enters the Tepro-
ductive diapause,-without developing their ovaries.

Then this species passes through mainly two, but

partially threey generations per year.

Drosophila collinella, D. tenuicauda, and D. mommai

Fig. 22 shows the seasonal changes of reproductive
age structure of three species based on the results
of weekly collections in NF. The hibernating generation
(Gh) of these species appeared in late May, and the
peak of population size was observed in early June
for these three species, two or three weeks later
than §; pallida or D. nipponica in BG. The population
in June wasoccupied almost by ovarially matured females.
These G,l flies decreased in June and disappeared by
early July. Their seasonal fluctuations were much

different after July. G,I young flies of D. collinella

begin to emerge in mid July and last to late July.
They soon develop their ovaries and seem to breed. The

Gq females with matured ovaries seem to survive till
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Fig. 22. Seasonal changes of female reproductive
conditions and male numbers of D. cbllinella,
D. tenuiéaﬁda, and 2; mommai in the weekly collections
in NF., Legends cf. Fig. 8.




late August or early September. The'G2 flies begin
to emerge in late August, and they would enter the

reproductive diapause without ovarian development.

In contrast, the G, flies of D. tenuicauda were
seldom collected in late July and early August. Only
few males were obtained in that period. The females
with mature ovaries were collected in mid August, and
perhaps they belohg to Gq. They diéappear by late

August, one or two weeks earlier than the disappearance

of G,l of D. collinella. The G2 flies begin to appear
.in mid August, and they also enter the reproductive
diapause

The specimens of D. mommai were scarcely collected
after July, Then alternation of generations of this
species can not be detected by this result. But,
as referred later, the breeding of this species was
observed in June and September, fhe first breeding
would be méde by Gh’ and the latter by Gq. fih cnclusion,
these species passes through almost two generations per

year in the Nopporo Natural Forest.

Scaptomyza consimilis, S. polygonia, and D. magnipectinata

Fig. 2% shows seasonal fluctuations of S.

consimilis and S. polygonia at UCA and UCB. These

species were collected only in spring, and the bréeding
of the former species was observed only in June. The

breeding of S. polygonia was not observed in this survey.
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Fig. 23. Seasonal fluctuations of S. consimilis

and S. polygoria at UCA -and::UCB,

The individuals collected in May and June are Gh.

. the appearance of Gh of S. consimilis seems to be

somwhat later than S. pallida and S. polygonia.

The 61 adults of these species seem to emerge in

July, but after July these species were seldom col-
lected by net sweeping on herbage layers. ' D. magni-
pectinata was also collected almost in June and July,
but negligible thereafter. It was not certain whether

the G, flies of them reproduce or not; they ma be

/I
univoltine.

Seasonal life cycle of D. nigromaculata was

studied by Watabe et al. (unpubl.). According to

them, this species shows a very similar seagonal life
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cycle with the fungus feeders such as D. brachynephros,

i.e., this species passes through mainly three, but
partially twq,/generations per year. This species were
collected abﬁndantly by sweeping on herbage layer from
May to July in BG, but theregfter seldom collected by
sweeping. By trap collections using fermenting banana
it was collected in comnsiderable number in that season,
August and September.

Table 24 shows records of breeding of each

species on herbage plants. The breeding of S. consimilis,

Se okédai, and D. magnipectinata were observed only

in spring, but the breeding of the other species were
observed in late August and early September besides
in June and May.

The hibernating adults of D. nipponica and D.

tenuicauda were abundantly collected at the cliff

shelters along streams in and near Sapporo. D. nipponica

was also found under fallen leaves covered with snow,

and D. tenuicauda under withered ferns. D. nigromaculata
wés collected in cliff shelters and tree holes. 8.
pallida was collected among grass stocks before snow
fall, but it was not found hitherto in snowy seasons.
These individuals usually have undeveloped ovaries and
are not inseminated, but a little fraction was occupied

by the females with post-mature ovaries.
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Table 24. Records of breeding on decayed leaves
and stems.

May June July Aug.,
SR e et e S
Se pallida + +  + o+ o+
S. consimilis + o+
S. okadai + +
2. collinella + o+ o+ +
D. mommai +
Q. niéponicé ' + + +
D. magnipectinata + +
D. nigromaculata + + +
D. tenuicauda + o+
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Discussion

The decayed plants are abumdant in spring and
\
early summer because of the fall down of spring ephemeral

plants such as Anemone flaccida, A. raddeana or Adonis

amurensis, but theﬁdecayed'plants are scarce in summer.

The herbage feeding species, then, seem to be in g
difficulty in summer. Espeéially in isolated groves

or windbreaks surrounded by urban or open areas, only
few decayed plants were observed in that season, perhaps

because of desiccation. Scaptomyza pallida, only one

species which is able to live and breéd”in clover
patches in open areas, can leave such groves with few
foods. Such ability of S. Eallid‘a supports its
‘dominance in small groves and open areas. On the
other hands, S. pallida was rare in deep forest where
" the breeding materiais were observed in summef and
autumn mofe frequently than the isolated groves. This
species would not adapt to forest environments in
Hokkaido. Stalker (1945) also observed that this
species was abundant in lightly wooded'regions and
clover patchés, but'rare in deeply wooded regions in
North America. Nishiharu (1977), howéver, observed'
this species was abundant in forest regions and §;J-
glégi, a sibling species of S. Eallidg; WéS"abundént\f?

in rural areas near Tokyo. S. consimilis and S. okadai

were also frequent in isolated groves, especially in
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UCA and UCB, and rare in deep forests as NF. But
these species can not enter to open areas. Before
cultivation by human being<began, such open areas

or isolated groves would be rare in Hgkkaido. Then
these species may be véry rare in Hokkaido before
human activity began and they may expénd their distri-

bution according to human activity. On the other

hand, species of Drosophila, D. nigromaculata, D.

nipponica, D. magnipectinata, D. mommai, D. collinella,

and D. tenuicauda, would be native herbage feeders in
forests of Hokkaido. The first three species were
frequent in isolated groves or windbreaks as well as
in forests, but the last three were mostly observed
in forests.

Scaptomyza pallida passes through usually three,

but partially two, generations per year in BG, while

D. nipponica does mainly two, but partially three, gene-
rations in the same area. This difference was due to
the early start of spring breeding in S. pallida, which
results in early appearance of Gq. The reproduétive
diapause of S. pallida may end earlier. At NF D,

collinella, D. tenuicauda, and D. mommai pass mainly

two generations per year. In NF, the appearance

and peak of éh populations of these species were later
than those of D. nipponica in BG. This would be due
to the lower temperature in forest of NF; snow thawing

was two or three weeks later in NF than in BG. In
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summer D. tenuicauda and D. mommai were scarcely found

on herbage layer, but D. collinella was found frequently

in summer. The former two species may pass summer in
‘ I
aestival diapause, as the breeding materials were rare

in that season. S. consimilis, S. polygonia, and D.

magnipecitnata were seldom: found after July, and no

breeding was observed in that period. These species
may be univoltine; they may pass summer, autumn, and
winter in diapause. T
As reported in Part I1I, fﬁngus feeders usually

pass through two or three generations per year in NF
or in cther forest areas. The appearaﬁée of Gh and
G, of them was not different from that of D. nipponica
in BG. After G,l the seasonal life cycle of fungus
feeders and herbage feeders was different; fungus
feeders seem to paés one or two generation thereafter,
but herbage feeders dq only one. This difference would
‘be owing to fhe difference of the abundance of breeding
materials in summer and autumn. Fungi were rather
abundant in that season, but herbage plants seldom decay.
The shortage of materials for breeding has deep influ-
ence in their éeasonal life cycles.

- Tauber and Tauber (1969, 1972, 1973%a, 1973b,
1975, 1976a 1976b) also observed that seasonal life
cycles of some Chrysopa species were influenced by
food conditions in the areas they liyed. Chrysopa

carnea carnea which dwells in rural areas in the East
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Coast of North America, is a multivoltine, but C.

carnea mohave which occurs in the rursl areas in

California where its foods are scarce in summer, enter
the aestival diapause in response to the food conditions.
C. downesii which dwells in coniferous forests in

the East Coast, breeds only in spring; They assumed
that the .univoltinism of this species evolved as

the foods were scérce in summer and autumn in‘coniferous‘
forests.

‘The herbage feeders have very similar preferences
for plants as shown in Part I. It is of interest how
they coexist, and why they did not specialize to some
kinds of plants. MacArthur and Wilson (1967) proposed
the concept of r- and K-selection and Pianka (1970, 1972)
clarified the characteristics of r- and K-selected
organisms. According to them species which suffer
with catastrophic and non-directed m&%ality‘havé greater r,
and intra- amd interspecific competition among them
are often lax. As referred previously, the population
size of herbage feeding drosophilids was affected
considerably by rainfall, and the population size
fluctuates seasonally and yearly very much. It seems
to be also true for fungus feeders; the abundance of
. fungi was controlled by the rainfally, and moreover,
the decay of the fungi was also influenced by rainfall
or moisture. <These catastrophic and non-directed

mortality by rainfall lead the drosophilid flies
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to r-strategist, and may weaken the competitive ability
of them. <This may result in coexistence of themn.

Emlen (1975) considered that where animal numbers
are held down by predation or physical environmental
faétors, food is by definition, more plentiful, and
food specialization is more likely, ahd where animal
populatiqns are prevented from further increase by
available food, then by difinition, food is scarce
and specialization is a luxury that can not be afforded.
- In the case of herbage feeding drosophilids, the populaioné
seem to be controlled by physical factors such as '
rainfally, but through food conditions.. The food is, then,
a direct limiting factor of population size in a period
with scarce rainfall, and then food specialization
may be prevented. Moreover, a special kind of plants
did not go to decay through whole seasons, but it
has own periods‘of‘growing and falling as referred
previously. Then drosophilid species must feed and breed
on different plants in'different seasons. Such seasonal
heterogeneity of food conditions also seems to prevent

the food specialization.

- 109 -



Concluding Remarks

The changes of food preference were observed in the

members of the immigrans-Hirtodrosophila radiation, from

Saprophagous species to species which prefer fresh fungi.
The original fungus feeders were saprophagous, such as

D. testacea or D. brachynephros, and they are rather

generalists. D. confusa and D. alboralis seemed to be
attracted to fresh fungi as well as decayed ones, and

they specialized their fungus preferences to some extent.

Q.’sexvittata shows a clear preference for fresh fungi,
and it specializes somewhat to the fungi of Tricholomataceae,
though it breeds on various fungi. Among the species

studied, D. trivittata has the most intense preference

for fresh fungi, and also has the narrowest preference
for fungi of Tricholomataceae. The last two species
also seemed to change their ovipositing habit in the
course of specialization to fresh fungi.

There was assumed that the inter- and intraspecific
competition, overall food abundance, and nutritive condi-
tions of foods were as possible factors which bring the

evolution of food preference in fungus feeding Drosophila,

The role of inter- or intraspecific competition in evo-
lution of food preference was discussed frequently.
A dietary'separation is considered as one of factors

which allow the coexistence of species, and its examples
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were shown repeatedly._ For éxample, Reynoldson and

Davis (1970) observed four triclads which occur to-
gether have different food preferences, and Kohn (1959) _
also observed that several sympatric cOngeneric species

of marine snail genus Conus, eat distinctly diffefent
foods. This dietary séparation is assumed to be'eé-‘;
tablished in the course of the interspecific competition.
The phenoménon of "character displécements“ which refers
to increased differences.betWeenﬂspedies when they occur

together, is also evidence that competition changes

‘the food habits. In fungus feeding‘Drbsbphila,bthe special-

ization of D. trivittata to the genus Pleurotus, and the

avoidance of D. sexvittata and D. alboralis from this

genus would be partly due to their competition. In
addition, the frequent use of fungus stipes for breeding

by D. alboralis may be a Pesult of interspecific competi-

tion with D. sexvittata which breeds on caps of fungi
mainly.

The importance of food abundance in food special-
ization of animals was émphaSized by Emlen (1973),
and he thought that the narrow host selection of phyto-
phagous inSects_ié due to the abundance of hostiplants.
In addition, when a speciés specializes~td a kind of:
food, it is an ideal that this food is abundant fempo—
rally as well as spatially, otherwise this species must

survive by aestivating, hibernating, or migration
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to favorable place during periods with scarce food, and

this may;decrease the advantage to specialize. The spe-

cialization of D. trivittata to the fungi of Pleurotus
was partly due to the overall abundance of the fungi of
this genus.

Nutrient factors aléo have important effects on
food preferences. Each species has limited ingestive
ability, and can not feed on every thing#; In the course,”
of evolution of food habits, animals put a new type of
food into their menue, and at the same time they may

lose a food of old type. 2. trivittata and D. sexvittata

became to feed on fresh fungi and at the same time they
lost a ability to feed on decayed fungi; Though they

~ have specialized to the fresh mushrooms, they did

not get the ability to feed on every fresh mushrooms;

they can not feed on fresh Agaricus or Coprinus.

Nutrient factors have another important role in
the evolution of food preference in animalé, coevolution
with plants. Individuals ofvplants must defend their
collected energy against all would-be consumers. An
attaék by a herbivore selects an adaptation of defense
in the plants, or even a counter attack. This cycle of
attack and counter attck between plants and herbivore
leads these organisms into complicate relationships.
Plants have developed various defense mechanisms from

herbivore. Some chemical by-products in the synthesis
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of primary metabolic products, such as alkaloids, nicotine,
or tannins, are toxic to animals, or at least repellant.
But once insect species has evolved a mechanism for tole-
rating or detoxifing the plant's defense, secondary meta-
bolic products can be utilized by the insect as cues to
identify the plant for feeding and breeding. Moreover,
this insect has ah_adﬁantage to maintain its population,
because no or few competitors are found on this plant.
Nutritional inferiqfity of p}ants also acts as a defensé
mechanism. Tor example,\p4 ﬁlant species have most starch .
stored around the vasculaf bundles and it is less available
to herbivore (see for review, Price, 4975). Fungi of

Agaricus or Coprinus were seldom eaten by drosophlllds

when fresh. It may be due to the nutritional 1nferloi;ty
of their black spores which are hard to ingest, and these
black spores may be evolved in coevolutionary interactions
with fungivorous insects. Several mushrooms have toxic
chemicals, such as alkaloids, but the adaptive meaning
of such chemicals is not known.

In contrast to the food specialization or dietary

separation among the members of Hirtodrosophila radiation,

the members of the immigrans radiation did not show a
clear separation of fungus preference. Moreover, among
the herbage feeders, species of different taxonomic groups,

Scaptomyza, Sophophora, or Lordiphosa, use similar plant

flora for breeding and they occur together. They may
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have different preferences for yeasts or bacteria. Fur-
ther, their coexistence was discussed on the concept of r-
and K-selection; r-strategists which are under unpredictable
conditions has sometimes weak competitive abiiity and

this may allow the coexistence of species having similar
niches. Their food generalization was discussed on temporal
heterogeity of food conditions and on population regulation.
It is a very rare that one kind of fungi or plant goes

to decay through whole seasons, so that they are forced

to feed on different foods in different seasons. Further,
food is a limiting factor of population increase of dro-
sophilid species in periods with scarce rainfall, Dbecause
decay or fermentation does not proceed. In such conditions
insects can not maintain their populations on only one

kind of food, and they tend to use a wide range of foods.
Such mechanism of coexistence or food generalization was
scarcely known up to present, because most studies centered ‘
to find out a difference between species or specialization
of food preferences. Further study is needed on these
points.

In conclusion, fhe food preference of drosophilid
flies evolved in interactions with various environmental
factors, the food abundance, seasonality of foods, nutritive
factors of foods, or competitors. Weather or enemies
also seem to have influence on food preference through

the regulation of population fluctuation.
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Sunmmary

The food preferences, abundahce, microdistribution,
and seasonal life cycle of drosophilid flies were studied
in and near Sapporo, and the evolution of food preferences
is discussed in relation to.the ecology of the flies and
host plants. |

1) The breeding sites of drosophilid flies were
studied. Four types of substrates: fermenting fruit,
slime fluxes, decayed leaves and stems, and fleshy fungi,
were used.as breeding sites by 42 speciés‘of Drosophilidae.
Among these sites, fruit was less impértant for temperate
drosophilid flies, because fruiting plants were few and
the fruiting season was usually in autumn, after the
breeding season of wild drosophilid flies had terminated.
Each drosophilid species mainly depended on only one type
of breeding sites, though it sometimes used other breeding
sites subsidiarily. In the main‘breeding site, each
species used several plant or fungus species or fahilies;
which suggests they are polyphagous. Members of the
same species group or subgenus generally used the same
type of breeding site, but with some exceptions; Further,
different groups used the same breeding sites. The genus

Leﬁcophenga, the genus Mycodrosophila, the funebris group,

the testacea group, the gquadrivittata group, the melanderi

group, D. histrio, and D. confusa specialized in fleshy

fungi. Most species of the quinaria group also preferred
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fleshy fungi, but D. nigromaculata used the decayed leaves

of herbaceous plants as its main breeding site. The genus

Scaptomyza, the subgenus Lordiphosa, the nipponica subgroup,

D. mommai, and D. tenuicauda specialized in the decayed

leaves or stems of herbaceous plants. . The subgenus Scapto-

drosophila, the obscura, virilis, and robusta groups have

adapted to slime fluxes. The immigrans group and most of

the melanogaster group preferred fermenting fruit. The

similarity in breeding habits in different groups is con-
sidered as the result of parallel evolutibn. The difference
in feeding habits between adults and 1arvae was observed
in members of the robusta and guinarié groups and in some
others.,

2) Food preferences of fungus feeders of the

immigrans-Hirtodrosophila radiation were studied in the

field and laboratory. There was assumed to be an evolution
of feeding habits, from the saprophagous habit to the

fresh fungus feeding habits. Further, according to this
evolution, a specialization in fungus preference seemed

to take place. Adults of D. nigromaculata, a herbage

feeder, and D. immigrans, a fruit feeder, could not get
sufficient nutrition for survival and reproduction from
mushrooms, and they used limited fungi for feeding and

breeding-in the field. D. testacea and D. brachynephros

preferred decayed fungi for feeding and breeding, and

cobuld reproduce well on the decayed fungi. D. testacea,
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D. histrio, D. brachynephros, and D. unispina used a wide

variety of fungi, and they have very similar fungus pref-
erences to each other. D. confusa also resembled to the
above four species in feeding habit, but differred from

them in some points; it was attracted frequently to fresh

Polyporellus squamosus, and it preferred the fungi of
Aphyllophorales more fhan the above species. D. alboralis
was attracted to fresh mushrooms to some extents. This
species was unique in its frequent use of the stipes of

fungi as larval breeding sites. Adults of D. sexvittata

and D. trivittata had a strong preferenée for fresh fungi,
but their larvae preferred decayed fungi like the above
species. The former species used a wide variety of fungus
species, though it showed some preference for Tricholoma-
taceae., But the latter had a strong preference for Tri-
cholomataceae, especiélly for the fungi of Pleurotus.
Inter- and intraspecific competition were considered as

possible factors which had drivied D. sexvittata and D.

trivittata to prefer -fresh mushrooms. These two species

seemed to avoid the fungi of Agaricus, Coprinus, and

Boletaceae, because these fungi are innutritive to dro-
sophilid flies when fresh. These species were also
characterized by the use of lamellae as oviposition sites
and their eggs without filaments. The other species
oviposited into the upper surface of the cap and stipes,

and their eggs have a few filaments. D. gquadrivittata
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and the members of Mycodrosophila seemed to prefer the
fungi of Aphyllophorales. |

3) The abundance, microdistribution, and seasonal
life cycle of fungus feeding drosophilids were studied

in and near Sapporo. In the members of the Hirtodrosophila

radistion, D. trivittata and D. sexvittata were collected

abundantly, and in the members of the immigrans radiation,

D. testacea, D. brachynephros, D. unispina and D. confusa,

were frequent. The number of species of the Hirtodrosophila

radiation in an area increased with an increase in the
number of fungus species and the amountfof fungi in that
area. But the number of species of the immigrans radiation
N 4
wh S e

was rather stable irrespective of number of fungi or the

amount of fungi. D. testacea, D. brachynephros, and D.

sexvittata were found frequently in isolated groves or

windbreaks. Their broad fungus preferences, great migratory
ability and/or habitat preferences for open areas seemed

to allow them to maintain populations in a small groves.
Most fungus feeders were reproductively active from late

May to early September, and during this period they passed
through two or three generations. They pass winter és
adults in the reproductive diapause. Seasonal change in
their host fungi were studied in relation to the season-

ality of the fungi. The specialization of D. trivittata

in the fungi of Pleurotus was assumed to be enforced by

the spatial and temporal ubiquity of these fungi, and the
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avoidance by D. sexvittata and D. alboralis of these

fungi was considered to be the results of interspecific

competition with D. trivittata.

4) The abundance, microdistribution, and seasonal
life cycle of herbage feeding drosophilids were studied
by sweeping collections in and near Sapporo. The indi-
viduals obtained by sweeping on the herbage layer generally
belonged to the herbage feeders, which breed on the decayed
leaves and stems. §S. pallida was dominant in isolated

groves and in clover patches in open areas. S. consimilis

and S. polygonia were generally found in isolated groves.

D. mommai, D. tenuicauda, and D. collinella were frequent

in forests but scarce in isolated groves, but D. nipponica

D. magnipectinata, and D. nigromaculata were frequent in

both forests and isolated groves. S. pallida passes through
mainly three, but partially two generations per year. The
breeding of its post-hibernating generation was done

mainly on decayed leaves of spring ephemeral plants in
isolated groves, but the individuals of the first éenera-
tion seemed to leave the groves for clover patches iﬁ

open areas, and performed their breeding there. D. nipponica,

D. collinella, D. tenuicauda, and D. mommai pass through

mainly two generations per year. The last two species
were seldom collected in summer when decayed leaves were
scarce, and they may be in aestival diapause in that

season. Specimens of S. consimilis, S. polygonia, and
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D. magnipectinata were collected frequently from May

to July, but seldom thereafter. They may be univoltine.
The influence of the scarcity of food on the seasonal
life cycle of the flies is discussed. The‘population
size of herbage feeders fluctuated seasonally and yearly.
Rainfall during the larval growing periods is considered
as a cause of fluctuation, because the decay of plants
did not proceed in seasons or years with low rainfall.
The coexistence, overlap of food niches, and food pref-
erences Of drosophilid flies are discussed on the basis

of the ecology of the flies and food plants.
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