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Coexistence on a Single Resource —
Diverse Studies on the Aggregation Theory of Species Coexistence.
Dr. A. ]. Davis
Institute of Low Temperature Science
Hokkaido University, Sapporo 060—0819, Japan
e—mail: andrew@pop.lowtem.hokudai.ac.jp

The aggregation theory of coexistence suggests an important mechanism
allowing species coexistence on a single resouce without niche or habitat
partitioning, provided certain conditions are met. No aspect of the theory
has yet been falsified and it is supported by considerable theoretical and
field data. 1 will describe the basic ideas behind the theory and
summarize the support for it, and [ will consider the mechanisms, or the
lack of them, that allow the conditions required for the theory’s operation
to be met. [ will then outline how the aggregation theory might interact
with other mechanisms affecting species diversity and, finally, present
possible directions for future investigation.

A 2
Mycophagous Insect Community in the Kanto District
—Coexistence Mechanism of Mycophagous Diptera
Kazuo Takahashi (Forest Zoology, Graduate School of Agricultural and Life Sciences, University of
Tokyo)
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Resource partitioning and spatial aggregation have been suggested to be important mechanisms
promoting coexistence of species depending on patchy, ephemeral resources. The Objectives of this
study are to evaluate the importance of resource partitioning and spatial aggregation in maintaining
coexistence of mycophagous dipteran community and to examine the relationship between relative
importance of two mechanisms and species relatedness for coexistence of the pair of species.

Field survey was conducted in five plots of approximately 400m? at the Tama Forest Science Garden.
Mushroom samples were collected in the period July to August and weighted and placed in littre
plastic container with damp vermiculite and leaf litter (Toda et al 1999). From these mushrooms, adult
insects were reared. Coexistence index 7 (Sevenster 1996) were calculated both for each species
against all other species (i.e. super species) and for each species pair. In order to evaluate the
importance of resource partitioning and spatial aggregation in this mycophagous insect community,
distributions of 7 values were compared among observed community and three situations created by
data set manipulations:

1. only spatial aggregation absent
2. only resource partitioning absent
3. both spatial aggregation and resource partitioning absent

Distribution of 7 indicated that species of observed mycophagous insect community stably
coexisted . By the result of data set manipulation, both spatial aggregation and resource partitioning in
mushroom species level played an important role in promoting species coexistence in the whole
community. Data set manipulations for resource partitioning on various characters of mushrooms
suggested that the effect of resource partitioning on mushroom’s species level may be explained by the
resource partitioning on lamella structure, fresh type of mushroom species or trophy of mushroom
species. Spatial aggregation worked as only important coexistence mechanism for related species pairs.
Therefore it seems likely that relative importance changed according to phylogenetic relationship of
insect species in the mycophagous communities.

I3
Leaf litter decay process and the growth performance of Aedes albopictus larvae (Diptera: Culicidae)
Hamady DIENG, C. MWANDAWIRO, Michael BOOTS, Nobuko TUNO, Yoshio TSUDA, and Masahiro
TAKAGI
Vector Ecology and Environment, Institute of Tropical Medicine, Nagasaki University

This work presents the results of an experiment on the growth performance of a cohort of Ae.
albopictus to pupation in microcosms where the nutritional substrate was senescent leaves from the
maple Acer buergerianum or from the camphorous laurel Cinnamomum japonicum. Growth patterns
varied according to leaf types and to larval population sizes. Overall the maple leaves provided a better
substrate. The differences are likely due to heightened conversion efficiencies of labile substances
nutritive and/or inhibitors leaching from both leaf types.



At the highest population size, the time to pupation was much shorter in maple—microcosms. Larval
mortality gradually increased with population density in the camphor treatment. In contrast in the
maple microcosms, mortality remained low even as densities increased. Mean pupal size was greater in
the individuals fed on the maple substrate as well as at lower density. Size is often likely to be
correlated with fitness in the field. In general then rapidly decaying leaf litters will favor mosquito
growth resulting in quicker development and higher population sizes. This work emphasizes the
importance of the local environment on the development of vector mosquitoes and has important
implications for control.
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Laboratory and field evaluation of Macrocyclops ditinctus, Megacyclops viridis, and Mesocyclops
pehpeiensis against the dengue vector Aedes albopictus in a peridomestic area in Nagasaki, Japan.
Hamady DIENG, Nobuko TUNO, Yoshio TSUDA, and Masahiro TAKAGI (Vector Ecology and
Environment, Institute of Tropical Medicine, Nagasaki University)

We evaluated Macrocyclops distinctus (Copepoda: Cyclopoidae), Megacyclops viridis (Copepoda:
Cyclopoidae) and Mesocyclops pehpeiensis (Copepoda: Cyclopoidae) against the dengue vector Aedes
albopictus (Diptera : Culicidae). In the laboratory their predation abilities were affected by larval
instar/age. M. pehpeiensis and M. viridis killed mostly younger instars Ae. albopictus and none of the
three copepods killed the fourth instar. Exception for M. viridis, predation ability was affected by the
size of the container: the smaller the container, the higher the predation. A 4-month field test was then
conducted to examine the impact of these predators on wild Ae. albopictus. On July 24, 2001, 30
artificial containers were set in a peridomestic area to allow Ae. albopictus colonization. Results
showed continuous and similar oviposition responses in treated and control containers. Densities of Ae.
albopictus showed considerable short term changes and the densities were readily affected by the
copepod species. M. distinctus and the mixture provided better Ae. albopictus reduction than either M.
viridis or M. pehpeiensis. When larval densities peaked in the control containers in August and
September, overall reduction due to the copepods was nearly 100%. M. viridis and M. pehpeiensis
produced temporarily high levels of larval reduction but they were less effective than M. distinctus and
the mixture. M. pehpeiensis inoculated alone had the best population survival. However,
growth/survival of all the copepod species was poor when they were mixed. Based on performance and
survival in the present trial, M. distinctus and M. pehpeiensis merit consideration for operational use to
control Ae. albopictus.
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On an intertidal sandflat in the Ariake Sound estuarine system, the spread of the large bioturbative
ghost shrimp Mhonotrypaea harmandi had a dramatic effect on the benthic community. A population
explosion of the ghost shrimp that occurred within a few years from 1979 led to substrate
destabilization, resulting in the local extinction of many species including a gastropod Umbonium
moniliferum and its associated species. However, since 1995 the population density of the ghost
shrimp has been on a decline, probably due to predation by the stingray Dasyatis akajeil.
Accompanying this change, the U. moniliferum and some associated species populations have started to
recover, with larvae presumably derived from several other sandflats of Ariake Sound. This study
points to the importance of metapopulation processes in determining community structure in marine
contexts.

2
Top—down effects of parasitoids on coexistence of mycophagous drosophilids:
Food-web analysis
Hiroshi Yorozuya (Hokkaido University)
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1. An intensive census of mycophagous drosophilids and their parasitic wasps was carried out through
the seasons of 2000 and 2001 in Tomakomai Experimental Forest, Hokkaido, northern Japan, to study
the top—down effects of parasitoids on coexistence of mycophagous drosophilid species.

2. A total of 36 mushroom species, twelve species of drosophilid larvae and six species of
hymenopterous parasitoids were recorded through the two—year census.

3. The highest parasitization rates were recorded in late July (74.3%) and mid July (27.0%) in 2000 and
2001, respectively, and parasitoids attacked mostly dominant drosophilid species.

4. The connectance (ratio of realized links to all possible links) between drosophilids and parasitoids
was relatively high in summer but very low in other seasons.

5. The strength of potential indirect interactions between drosophilid species through parasitoids was
assessed by constructing an average quantitative parasitoid overlap diagram, of which links quantified
the importance of one species as a source of parasitoids attacking the others. From this diagram, it
was predicted that rare species were potentially strongly influenced by the presence of abundant
species with which they shared parasitoids. However, the diagram constructed the data of two
successive years exhibited sparse and make interactions between host drosophilid species. This was
due to a considerable year—to—year fluctuation in the studied tri—trophic system. Thus, a large yearly
variation in the components, especially alternation of dominant parasitoid species, mitigates potential
strong effects of abundant drosophilid species or rare species through common parasitoids, i.e.
“apparent competition”, in consequence promoting species coexistence.

6. In addition, two other factors were suggested to be effective for maintaining high species diversity in
mycophagous drosophilid species and temporal refuges free from parasitization in early and late
drosophilid breeding seasons.
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Arthropod community associated with the fruiting bodies of slime molds (Myxomycetes)
Sugiura Shinji, Fukasawa Yu & Yamazaki Kazuo

ABSTRACT  Few studies of arthropod fauna associated with slime molds (Myxomycetes) have been conducted in Asia. Furthermore,
arthropod-slime mold interactions have never been studied in terms of community ecology, since the arthropods on slime molds have not
been sampled quantitatively. In order to clarify the arthropod-slime mold interactions, we examined the community structure of arthropods
associated with the fruiting bodies of slime molds occurring at a secondary forest dominated by Charnaecyparis obtusa and Quercus
serrata in Japan. We surveyed the occurring phenology and arthropod communities of fruiting bodies of slime molds (15 species of 10
genera) on the wood logs and stumps of Pinus densiflora from late June to late September in 2001. The abundance of fruiting bodies was
peaked in early July, and decreased after then. A total of 1793 individuals of 27 arthropod species were sampled on the fruiting bodies of
slime molds. The most abundant order was Coleoptera (97.1 % of individuals). The beetle fauna was composed of five families, 7 genera
and 11 species, and characterized by aspidiphorid beetles; Aspidiphorus and Sphindus beetles (Aspidiphoriadae). The community structure
(relative abundance of coleopteran species) was different among slime mold genera. Cluster analysis revealed three types of the
communities; one dominated by Scaphobaeocera sp. and Scaphisoma sp. (Scaphidiidae), one by Aspidiphorus japonicus
(Aspidiphoridae), and the other by Sphindus castaneipennis (Aspidiphoridae). Many slime molds may be dispersed partly by aspidiphorid



beetles, since aspidiphorid beetles attached more spores to their body surface than other arthropods. Therefore, the relationship between
aspidiphorid beetles and slime molds is interesting in terms of community ecology in arthropods and reproductive biology in slime molds.
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Community structure of mushroom—feeding arthropods: responses to the properties of mushrooms at
the levels of individuals, genus and community

Satoshi Yamashita
Laboratory of Forest Protection, Graduate School of Bioagricultural Sciences, Nagoya University
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Mushrooms are ephemeral and patchy resources, similarly to dung and carrion, but they often
maintain diverse arthropods. One of the two representative properties of mushroom resources is
richness in nutrient, while the others is unpredictability in their spatiotemporal dynamics. It is likely
that the former property promotes utilization of mushrooms by arthropods, while the latter restrains it.
Effects of these properties on mycophagous arthropod communities may be most conspicuous in ones
formed on ephemeral and soft mushrooms such as Agaricales.

Effects of the properties of mushroom resources on mycophagous arthropod communities are
recognized as responses to the properties at different levels of individual, genus and community. The
size and longevity of a mushroom and its predictability in the developmental process can function at the
individual level, the spatiotemporal distribution at the genus level, and the spatiotemporal dynamics of
genus composition at the fungal-community level.

Mycophagous arthropods are categorized into two groups: visitors and dwellers. Visitors mainly
utilize mushrooms as food, assembling on the surface of a mushroom, while dwellers not only use the
mushroom as food, but as a habitat, dwelling inside the mushroom. This difference in resource
utilization implies that the dweller community is more critically restricted by the properties of
mushrooms than the visitor community, and thus there may be a different response in community
structure to the fungal properties.
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Mushroom feeding Collembola
?population structure, food habit, life history ?
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Although agaric mushrooms are ephemeral, patchy and unpredictable resources, they are exploited by
various arthropods such as Diptera larvae, Collembola and Acari, because they are a food of higher
quality than mycelia and litter. The fungus —breeding dipteran insects develop their larvae very rapidly,
and utilize wide range of fungal species (polyphagy), or diapause when any mushrooms are not available.
They are considered to adapt to the ephemeral, patchy and unpredictable characteristics of the
mushrooms.

Collembola is one of most abundant insects on agaric mushrooms, however few ecological studies
have been performed on the collembolan population on agaric mushrooms. Collembolans generally
require more than one month from deposition of eggs to first oviposition of the next generation, which
are much longer than the period of single—fruit bodies. Therefore, it seems to be impossible that
collembolans exploits agaric mushrooms by a rapid growth and a diapause as in the dipterans. What
factors of the life history make collembolans exploit this ephemeral resource?

In this speech, I present that results of population structure, abundance, structures of body length
and gut contents of collembolans were collected from agaric mushrooms and forest soil, and answer the
following questions: 1; What kind of and how many collembolans are found on agaric mushrooms? 2;
Does the abundance of collembolans on agaric mushrooms differ among fungal species? 3; What tissues
do collembolans on the mushrooms feed on? 4; Does the activity of collembolans aggregating on the
mushrooms relate to their life cycle?

1. Population structure of Collembola on agaric mushrooms

Nine families of Collembola were extracted from forest soil. More than 90% of the collembolans
comprised six families, Isotomidae, Onychiuridae, Hypogastruridae, Pseudachorutiidae, Tomoceridae
and Entomobryidae. On the other hand, more than 90% of collembolans on agaric mushrooms were
Hypogastruridae. Most of the hypogastrids collected from the mushrooms and extracted from the forest
soil belong to one species, Hypogastrura denisana.

2. Abundance of H. denisana on agric mushrooms among the fungal species, and feeding habits of H.
denisana on mushrooms

The abundance of H. denisana on agaric mushrooms did not correlate with growth stages of the
mushrooms. Mean numbers of H. denisana on agaric mushrooms differed among fungal species.
Numbers of H. denisana on the fruit bodies are large in the species of Boletaceae and Russulaceae,
while small on the fruit bodies belonging to the species of Collybia, Laccaria and [nocybe which have
flattened caps and space or dense gills.

Most of H. denisana on agaric mushrooms contained basidiospores and fine hyphal fragments in their
gut. Among basidiospores contained in the gut, three types were distinguished in the degree of
deformation of the spores: intact, flattened, and hollowed and partly broken spores. These
corresponded to morphological features of the spores at a higher taxonomic level. Most pigmented
basidiospores kept their original shape, while hyaline, smooth ones were flattened. Hyaline spores with
spines or tubercles were found intact, or hollowed and partly broken. Hypogastrura denisana has
mandibulars with a large molar plate. Hence, spores with thin cell wall would be deformed by chewing.



the forest floor once a month, H. denisana was more abundant in autumn than in spring, while the
density in the soil was larger in spring than in autumn. Proportions of large to small individuals were
high in the populations on mushrooms irrespective of the season, although some exceptional cases were
observed. In the soil populations, the proportions were low in spring and high in autumn. These showed
that small individuals in the soil did not contribute to the size of the populations on mushrooms. This
suggests that the activity of H. denisana in aggregating on mushrooms is lower in small individuals than
in large individuals.

Discussion
1: Collembolan populations on agaric mushrooms were comprised of almost one species, H. denisana.
As a result, that hypogastrids are most active on the litter surface among collembolans in forest floor
and they are able to response sensitively to fungal foods.
2: Hypogastrura denisana was able to utilize a wide range of mushroom species for their food resources,
but their abundance on the mushrooms differed significantly among fungal species. These facts suggest
that collembolans show different preferences to fungal species, but they are forced to be unspecialized
feeders in natural condition.
3: The seasonality found in the aggregation of /1. denisana on wild mushrooms is based on the life cycle
of H. denisana. Hypogastrura denisana is univoltine and the growth process synchronized with the
season by the summer dormancy brings large individuals of /. denisana, which has the high aggregating
activity, in the autumn flush of agaric fruit bodies. The mushroom consumption is not necessarily
needed for H. denisana to mature, however, the high activity of H. denisana aggregating on mushrooms
suggests agaric mushrooms are an important food item for them in autumn. This mechanism of the
aggregation of H. denisana is completely different from that of dipteran insects, whose larval
development depends on mushrooms, with a rapid larval developments and a long diapause period.
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Behavior of mosquitoes around a bovine host with reference to their pre-biting rest
N TUNO, Y TSUDA, M TAKAGI and W SWONKERD
(Vector Ecology and Environment, Institute of Tropical Medicine, Nagasaki University)
The spatial distribution of mosquitoes around a bovine host was studied in November 1997 in northern
Thailand (17°38’ N 99°23’ E). Forty bamboo stakes were arranged 1 m apart, in 4 rays of ten, around
a cow tethered in an open field. All mosquitoes on the stakes were collected by aspiration between 7
p.m. and 11 p.m., sexed, identified to species, and categorized as having fed (fed or unfed).
Collections were repeated over 8 nights, with and without the host cow. In total, 1566 mosquitoes
from 25 species (5 genera) were collected. Anopheles aconitus was the most abundant species (643
individuals), followed by An. peditaeniatus, Culex vishnui, and Cx. pseudovishnui. We found that 1)
the number of mosquitoes collected from the stakes was related to the presence of the cow host; 2) the
number of mosquitoes collected was unrelated to the compass point location of the bamboo stakes, with
the exception of Mansonia uniformis; 3) unfed mosquitoes preferred bamboo stake resting sites that
were closer to the host; 4) the daily fed: unfed ratio of the dominant species was negatively correlated
with the daily total number of mosquitoes collected; and 5) fed and unfed mosquitoes clustered in
inter—specific heterogeneous groups around the host cow. Cluster analysis separated the species into
two groups: the first, consisting of five species, fed on the host indiscriminately, while the second,
represented by seven species, aggregated around the host within a distance of 1-4 m with lower
proportions of fed mosquitoes. We examined the ecological features of the members of each Members of
one group breed in larger bodies of water (e.g., rice fields, ponds, swamps, and streams) than members
of the other group. For



blood—feeding possible limiting factors, such as available host surface and host animal defensive behavior, are
influenced by mosquito density. Mosquito species with small populations may have had little experience of this
kind of selective pressure. Members of the group, breeding in larger sites, often have very large populations
(e.g., they undergo outbreaks). They might have experienced these density—dependent selective pressures
more often than had members of the other group.

Mosquito assemblies in two mountains ;close to town and distant from town.

Nobuko TUNO (Vector Ecology and Environment, Institute of Tropical Medicine, Nagasaki University)
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