Q_e“”&

;f Kobe University Repository : Kernel

R
S
4oge

PDF issue: 2024-06-07

A study of effects of river confluences on
plant diversity In river ecosystems.

KiE, Wx

(Degree)
Bt (EZF)

(Date of Degree)
2010-03-25

(Date of Publication)
2010-06-16

(Resource Type)
doctoral thesis

(Report Number)
4867

(URL)
https://hdL. handle. net/20.500. 14094/D1004867

X YAVTFUYVIIHRRZOEMBRRTY, BER - FTEFEASE2ELET, ZFEEITROOLNTWREEANT. BNICTFIALCEI W,

\j].\i\'l:lihl'['\'
AN



Doctoral thesis

A study of effects of river confluences on plant diversity

in river ecosystems.

(TNPERER) D ZARNEZ B 08 KT T B BE 3 D I JE)

Takeshi Osawa

K L

Graduate School of Human Development and Environment
Kobe University

R N R BB R SR

March 2010



Contents

Summary

..... 2
i 2L

..... 3
Chapter I General introduction

..... 4

Chapter Il Landscape approach I:
- Enhanced diversity at network nodes: river confluences increase vegetation-patch
diversity

..... 8
Chapter 111 Landscape approach I1:
+ Key componentsin river ecosystems: river confluences maintain diversity of
hydrophilic vegetation.
..... 31
Chapter IV Field research approach I:
+ River confluences enhance riparian plant species diversity.
..... 58

Chapter V  Field research approach I1:
- Relative importance of neutral and niche process on plant community assemblage is
seasonally changes around downside river confluences.

Chapter VI Conservation idea:
- Locating local hotspots in riparian ecosystems: the convergence of threatened plant
species and human activity at river confluences and meanderings.

..... 106

Chapter VII  General discussion

..... 124
Acknowledgements

..... 132
AT

..... 134
References



Summary

In this thesis, | hypothesized that river confluences have high vegetation and plant
species diversity in river ecosystems and tested that using several spatial scales and
approaches. In the Chapter Il, | tested the hypothesis that around river confluences,
frequent disturbances create heterogeneous habitats and consequently increase
biodiversity using the data set from all river systems of Hyogo Prefecture. In the
Chapter 111, | further tested the confluence effects on functiona vegetation groups that
were likely to be more influenced by flood disturbances than other vegetation types
using the data set from Kakogawa river basin system. In the Chapter IV, | tested
confluence effects on plant species diversity in 11 river confluences within the
Mukogawa river basin system. In the Chapter V, | tested validity of both neutral theory
and niche theory as potential explanations for the assembly and diversity of plant
communities in 11 river confluences within the Mukogawa river basin system. It the
Chapter VI, | found that the numbers of both threatened species and artificia
constructions increased with the number of confluences and the degree of meandering
per unit area using the data set from all river systems of Hyogo Prefecture. These
studies together suggest that flooding disturbances which occur more frequently around
river confluences, played important roles in maintaining biodiversity. According to the
results, | discuss how to apply my findings to conservation plans for riparian plant

species diversity.
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Chapter |

General introduction



General introduction

To understand how biodiversity is generated anchtasied has been a central issue of

various basic biological fields, such as ecologyxohomy, biogeography, evolutionary

biology and genetics. On the other hand, recent faipdiversity loss is recognized as

one of important global issueSonvention on Biological Diversity (CBD) was adopted

by United Nation at the 1992 Earth Summit in RioJdeeiro, and entered into force at

the end of 1993. It has three main objectives (Q@BDsite:http://www.cbd.int/): (1) to

conserve biological diversity, (2) the use biolajidiversity in a sustainable fashion,

(3) to share the benefits of biological diversigyrlfy and equitably. Contracting parties

are ‘aware of the general lack of information and knowledge regarding biological

diversity and of the urgent need to develop scientific, technical and institutional

capacities to provide the basic understanding upon which to plan and implement

appropriate measures” in order to attain these objectives. Thus, biodigr now

becomes a target of various fields of applied auibs science as well.

To conserve biological diversity on the presenthgave have to understand

biological mechanisms maintaining biodiversity @rious ecosystems. This is because

to know mechanisms are important for restoratiodexgjrade ecosystems as well as for

keeping biodiversity in healthy ecosystems. Biattgjioften recognize three levels in



biodiversity: genetic diversity, species diversatyd ecological diversity (CBD website:

http://www.cbd.int/). Mechanisms maintaining bioeligity are often species- and

ecosystem-specific, intensive investigations ortaterspecies or ecosystems would be

necessary. Also, it is almost impossible for a per® examine all genetic and species

diversity in all ecosystems. In this thesis, | feed mechanisms maintaining plant

species diversity in riparian ecosystems. Plantispeprovides diverse habitats and

foods for consumers and decomposers (Qian & Rigk808), so that ecosystems with

highly diverse plant species should harbor higldiversity (Burkart 2001; Whiteet al.

2007). River ecosystems, where upland environmeaotder streams, are among the

most biologically diverse and productive ecosystemmldwide (Wardet al. 1999;

Burkart 2001; Ward & Tockner 2001; Whitetlal. 2007). To elucidate the mechanisms

maintaining plant species diversity in river ecdsgss should provide an important

knowledge to understand mechanisms maintainingderal biodiversity.

We would better understand dominant mechanisms rderoto conserve

biodiversity in given ecosystems. In other wordsg, mave to find out most influential

abiotic and/or biotic factors and their role in nmtaining biodiversity of the ecosystems.

In this thesis, | focus on the effect of river daehces (nhodes of river networks), which

are found in almost all river ecosystems, on vdgeta and plant species diversity. A



river ecosystem composed of many rivers, which jogether at confluences to form

larger networks and flowing into the sea (Logt@l. 2006). Within a river system, river

confluences are known to exhibit particular hydmaiyic traits (Rhoads & Kenworthy

1995; De Serrest al. 1999; Bendeet al. 2004a; Bendat al. 2004b). For example,

more frequent and/or strong flooding events takacelaround confluences than

single-flow areas (Bendet al. 2004a; Bendat al. 2004b), creating diverse habitats

such as pools of various depths and alluvial fangirad confluences (Bendat al.

2004a; Bendaet al. 2004b). Thus, river confluences are suggested rioarece

biodiversity through various habitat creations (&zret al. 2004b). Despite the

suggested importance of river confluences for rig@diversity maintenance, their

significance has not been examined.

In this thesis, | examine positive effects of ricenfluences on plant diversity

(hereafter | refer to as confluence effects) irfedént scales (broad scale and small

scale) in order to find out general patterns of flcemce effects and to study

mechanisms how they work. In Chapter 2, | examioefluaence effects on habitat

heterogeneity using data set from all river systefrtdyogo Prefecture in order to show

the general patterns around river confluences. haptr 3, | examine confluence

effects on 10 functional vegetation groups of Kadweg river basin system where is the



largest basin in Hyogo Prefecture. | try to exanardifference in confluence effects on

colonization and establishment among different fimn@l vegetation groups in these

chapters. In Chapter 4, more detailed field obgemsa around eleven confluences of

Mukogawa river basin system are conducted in ar@@xamine confluence effects on

plant species diversity. In Chapter 5, | focusethcmnity composition in riparian

ecosystems and how confluences affect communttiestaring process. In Chapter 6, |

again use broad scale data set and test confludfemts on rare species diversity in all

river systems of Hyogo Prefecture. According to ésults, | discuss how to apply my

findings to conservation plans for riparian plapéses diversity. In the final chapter, |

briefly summarized my main findings and discusdeegl itmportance of understanding

confluence effects in the light of disturbance-dsity relationships in basic and applied

ecology, and then propose my ideas for biodivestyservation in river ecosystems.



Chapter I
Landscape approach I:
Enhanced diversity at network nodes: river

confluences increase vegetation-patch diversity.



Abstract

Although dendritic networks within ecosystems haygcally been considered a

special case of network topology, they have athetgreat deal of attention in recent

years. These systems exhibit unique features trbthta the nodes and branches

provide distinct habitats. Within a river discontirm context, river confluences, which

are nodes of dendritic river networks, are hypattessto have particular hydrodynamic

traits that create heterogeneous habitats througticae disturbance regime, although

this hypothesis has not yet been tested. | tebisdhypothesis using a vegetation data

set collected from 14 river basin systems in HyBgefecture, Japan. | compared

vegetation-patch diversity between confluence amgles-flow areas using hierarchical

Bayesian models. My results demonstrated greatgtagon-patch diversity in

confluence areas compared to single-flow areasfibdiyngs support the hypothesis

that confluences result in highly heterogeneoustaish To the best of our knowledge,

this is the first empirical report to demonstrdtattriver confluences have high

vegetation-patch diversity. | conclude that netwookies play an important role in

maintaining the biodiversity of river networks.
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I ntroduction

Recent syntheses have used network theoreticaysamab understand the functioning

of diverse sets of complex ecological systems (i2@96; Montoyaet al. 2006). These

analyses have suggested that emergent charactessth as system-level responses to

disturbance can be predicted from the structurea afetwork and the strength of

interactions among network elements (Gratrdl. 2007). Although dendritic networks

within ecosystems are usually considered a speas¢ of network topology (Grast

al. 2007), they have attracted a great deal of attenti recent years. Such systems

exhibit the distinctive feature that both the nodad branches provide unique habitats

(Bendaet al. 2004a; Bendat al. 2004b; Grangt al. 2007).

In dendritic networks, nodes provide high-qualigbhats (Grangt al. 2007).

River confluences, which correspond to the nodeglefdritic river networks, are

known to exhibit particular hydrodynamic traits @&lals & Kenworthy 1995; De Serres

et al. 1999; Bendat al. 2004a; Bendat al. 2004b; Riceet al. 2008) that result in many

geomorphically diverse habitats (Benét al. 2004b; Riceet al. 2008). In river

ecosystems, flooding-induced disturbances, whicbvige the most dynamic and

complex biophysical habitats (Naimagt al. 1993; Burkart 2001), occur more

frequently at confluences (Bena@h al. 2004b). Thus, confluences are considered to

10



increase spatial and temporal habitat heterogeriBiydaet al. 2004a; Bendat al.

2004b; Riceet al. 2008). Bendaet al. (2004a,b) reviewed several cases of habitat

creation by confluences, e.g., the formation otfand erosion-resistant deposits, which

may influence biodiversity. However, the roles ainfluences in creating habitat

heterogeneity (confluence effects) within river &giems have rarely been examined,

but they should be investigated within a contexthaintaining biodiversity in river

ecosystems.

Habitats in river systems are characterised byewdifices in river streams and

reaches, which join together to form larger netwaikoweet al. 2006). Therefore, an

effective analysis of the ecological importanceaaiver confluence as a component of

the river channel network must incorporate theremtver channel network. Ideally, this

kind of analysis applies data collected from mamgrs that constitute various river

channel networks (Bendet al. 2004b). This type of approach helps to minimise

individual river system—specific “noise” when arshg confluence effects (Kniadt al.

2008). However, few wide-area biodiversity datassebm many river systems are

available, because data collection is often expermnd time-consuming (e.g.,Svensson

et al. 2007; Haddadt al. 2008). From 2002 to 2006, the Hyogo Prefectureegawent

in Japan conducted the Research about the NatusatdBment of Rivers (RNER)

11



program for all rivers within the prefecture. Thigogram involved investigating

riparian vegetation for 195 individual rivers in fider basin systems, over an area of

5105 ha. All data were digitised and then incorpetanto a geographic information

system (GIS) (Hyogo Prefecture 2007). | used th€ERNiparian vegetation data to

determine whether diversity in vegetation patchelsich serve as potential habitat,

increases around confluences of Hyogo Prefectusrsii High physical heterogeneity

may augment biological diversity via the well-edistiied principle that biological

diversity tends to increase with habitat variapi{Bendaet al. 2004b; Riceet al. 2008).

| analysed the RNER data set to determine how keefluences affect habitat

heterogeneity using a hierarchical Bayesian motat included three hierarchical

random effects (see “Methods” section). In the RN¥dgetation data set, different

vegetation types were illustrated as patches oegetation map. The 17 vegetation

types correspond to different habitat types inRINER (Hyogo Prefecture 2009; Table

1). 1 used Shannon and Simpson diversity indicesegfetation patches as indices of

habitat diversity and compared these between cemdel sites and non-confluence sites.

The following sections present my findings and dssc the significance of river

confluences in riparian ecosystems.

12



Methods

Research using the Natural Environment of Rivers (RNER) data set

| used the RNER vegetation data set from surveyslucted between 2002 and 2006

(Fig. 1) to investigate riparian vegetation in gi&l river sections (total length, 680 km).

The RNER vegetation data set was created usingstes. The first step involved

identification of the edges of vegetation patchesmf aerial photographs and

digitalisation of vegetation patches on a 1/2500t@or map. Color photographs (scale:

1/10,000) taken by the Hyogo Prefecture governmemé used for patch identification.

After the creation of the vegetation patch map.eesive field surveys using the

Braun—Blanquet approach (i.e., phytosociologicaveys) were conducted to classify

the types of vegetation within the patches (Hyogefdeture 2007). Because surveying

all vegetation patches would be prohibitively ticesuming, the phytosociological

surveys were conducted on arbitrarily selected hgstdor each vegetation type. The

data set first classified vegetation patches imaypes based on habitat types that were

estimated from dominant species and their life f¢fiadle 1). In addition, land use and

unvegetated areas (e.g., natural bare ground, wpter, and artificial areas) were also

classified into five types, and the vegetation/kaisé types were summarised as patches

13



on a vegetation map (Fig. 2). Vegetation was maidjributed within 50 m of the river
line, and each vegetation patch was entered atldmplygon data into GIS (ArcGIS
version 9.1; ESRI Co., Tokyo, Japan).

In this study, | used the 17 vegetation typesvaiate habitat heterogeneity, as
this vegetation classification system was intenechtegorise habitats for plants along

river lines of Hyogo Prefecture (Hyogo Prefectud®2, Table 1).

14
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Fig.2-2

artificial construction (bridge)

open water area

single flow unit

confluenced unit

500m

vegetation patch
(17 types)

Fig. 2-2. Example of the Research about the Natural Environment of Rivers (RNER)
geographic information system (GIS) data. Square polygons represent individual units.
Confluence and single-flow units are defined as units adjacent to more than three other units
and two other units, respectively. The central white polygon represents open water, and the
other small polygons represent classified vegetation patches.
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Data preparation

| used GIS software (ArcGIS) to divide river linego 500-m units along all rivers of
Hyogo Prefecture; each 500-m unit was a 500-m kmd) approximately 400-m wide
polygon (Fig. 2). The first 500-m unit was placddle mouth of each river, and the
other 500-m units were then set automatically alownegr lines starting from the first
unit using GIS. When a single vegetation patch amsompassed by two 500-m units,
the patch was divided into two 500-m units. | defira 500-m unit adjacent to more
than three other units and including a river caarfice as a “confluence unit”, whereas a
500-m unit adjacent to two or fewer other units andincluding a river confluence was
considered a “single-flow unit” (Fig. 2). A totalf 90 units were classified as
confluence units, and 1293 units were classifiediagle-flow units. | also calculated
the area of all patches of vegetation within ea@d-& unit. | then calculated Shannon

(H) and SimpsonDd) diversity indices of vegetation patches for each as follows:

N
H’xy=~ Y (ai/ Av) In(ai / Av)

i=1 ,

N
Dx=1- Z(au‘/Ax)2

i=1

where N is the number of vegetation types withia timitx, Ax is the total vegetation

area of the unit, andi as the area of vegetation Finally, | calculated the total

17



vegetation area and stream power index (SPI) pier $RI is the product of river-bed

inclination and basin area and is generally usedragwdex of the erosive power of

flowing water (Wilson & Gallant 2000). These twocfars may affect vegetation

diversity in riparian areas; therefore, | incorgeththem into the models to control for

their effects when determining confluence effects.

Pre-specified conditions

Data sets for river channel networks have a hiareat construction: flows compose

reaches, which link together to form larger strastworks (Loweet al.2006). Each of

these components has unique traits. In additiommanlarge-scale data set such as the

RNER data set is analysed, the power of statisacalyses is often influenced by

variation among data collectors, data sampling gjaend non-investigated site

characteristics (Link 1999; Link & Sauer 2002; ®lat al. 2003; Thogmartiret al.

2004). Additionally, environmental factors are uJbuaspatially autocorrelated

(e.g.,(Keitt et al. 2002). To minimise these issues, multiple typesasidom effects

should be incorporated into models (Link & Saue®20 The use of random effects is

an effective method for data summarisation; itee,eduction of many parameters into

simple summaries (Link 1999). The top-ranked randdi@ct used in our analysis was

18



river basin systems, which are related to variatiorriver length, catchment area,
landform, and other traits. The second-ranked randtiect is individual rivers, which
are related to the diversity of types and scaleshwihan land use and artificial
constructions. The bottom-ranked rank random efeatdividual 500-m units, which
are related to unobserved micro-environmental factkuch as observer error. Our
models incorporated a nested structure of these ttandom effects, which were treated

as mean zero normal random variables (Fig. 3).

Model establishment
| established hierarchical Bayesian models thatuded three hierarchical random
effects. Shannoi’ and SimpsorD were assumed to have normal distributions. Our

models can be expressed as:

Yijk ~ Norma(ock,,v),
ox = Intercept 4conf + SPk + area + R + R + Ry, and

V = Variance of each diversity index,

whereYiji is ShannorH’ or SimpsorD’ in a 500-m unik on riverj of river system. |

19



used the effects of three physical parametersxasl feffects: the presence of a river
confluence ¢onf, 1, or 0); stream power inde$P)); and total vegetation arearéa) of

a unit. | also incorporated three random effectgerrsystem, individual river, and
individual unit R, R;, andR, respectively).

A necessary initial consideration in a Bayesianyamis that prior distributions
for each variable are informed (Link & Sauer 200Bpgmartinet al. 2004). Because |
had little empirical support for one distributiomen another, our model was based on
non-informative priors (Link & Sauer 2002; Thogmiaret al. 2004). All prior random
and fixed effects were designed to have standarchalodistributions (Fig. 3). In
addition, the variance of each prior diversity ixdistribution {) was also designed to

have a standard normal distribution.

Fitting the hierarchical model

To fit the hierarchical models, | used WinBUGS d@hdersion 2.4.1 software with the
R2WIinBUGS package to conduct a Markov Chain MonteldC (MCMC) analysis
using Gibbs sampling. To use the MCMC results,Magkov Chain must change from
the initial values into a stationary distributioh.conducted MCMC sampling for

100,000 counts and discarded the initial 30,00®Mws-in. In addition, to minimise

20



results affected by the initial values, | conducted analysis of three sets of initial

values during MCMC sampling. | used R to generaredom-sampling initial values

and evaluated the contribution of fixed effectsngsa posterior predictive check based

on a 95% confidence interval.
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Fig.2-3

Confluence Vagetation area

(Nomal dist.)

(Nomal dist.)

Shannon or Simpson
diversity index

(Nomal dist.)

Stream Powre Index
(Nomal dist.)

Random effect
(Nomal dist.)

500m unit

Random effect

. . . (Nomal dist.)
Individual river

Random effect
(Nomal dist.)

River basin system

Fig. 2-3. Conceptual diagram of nested random effect models. The central circle represents
the vegetation diversity index (patch number, Shannon H’ , or Simpson D’ ).
The surrounding circle represents fix effects, and the wavy square represents random effects.
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Results

The means (£SD) of Shannéti at confluence and single-flow units were 1.22 320.
and 1.07 + 0.41, respectively, and the means ofpSomD’ at confluence and
single-flow units were 0.62 £ 0.15 and 0.52 * 0.2f5pectively. The mean values of
SPI at confluence and single-flow units were 931:5808.00 and 631.11 + 705.49,
respectively. The mean areas of vegetation in genfte and single-flow units were
103,106.8 + 53,742.2 and 90,994.7 + 62,312.0°mrespectively.

My hierarchical Bayesian-model analysis revealeat thll fixed effects had
significant positive effects on Shannblh (the 95% confidence interval did not include
0; Table 2). Simpso®’ was positively affected by the presence of a cemite and
area of vegetation but was not significantly atelctoy SPI (the 95% confidence

interval included O for SPI; Table 3).
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Discussion

My finding that confluence sites exhibited high vegetation-patch diversity in rivers in

Hyogo Prefecture is the first empirical support of the existence of confluence effects

related to biologica habitat diversity within riparian areas. Both the Shannon and

Simpson diversity indices for vegetation patches were higher for confluence units than

for single-flow units. Even though my results reveadled a diversity pattern for roughly

classified vegetation types, this type of pattern still provides a useful basis for

investigating and understanding the process by which habitat diversity is maintained in

riparian ecosystems.

Channel disturbances are amplified at confluences because these locations are

points that accumulate water, sediments, and woody debris (Benda et al. 2004a; Benda

et al. 2004b; Rice et al. 2006; Rice et al. 2008). Water movement can strongly affect the

distribution of vegetation types throughout floodplains, as such forces ater the physical

structure and stability of the habitat through erosion and sedimentation (Salo et al.

1986). Debris flows and sediment deposits result in topographic heterogeneity around

river confluences (Benda et al. 2004b). Together with my results, these findings suggest

that habitat diversity increases around river confluences because these areas have
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unigue hydrodynamic features and subsequently amplify disturbance regimes. High

habitat diversity generaly corresponds to high diversity in plant species (Wagner et al.

2000). Infact, | found that plant species diversity was enhanced by the flooding-induced

creation of bare ground around confluences of the river systems in this study (Osawa et

al. 2010). In turn, high plant diversity provides diverse habitats and food sources for

animals (Qian & Ricklefs 2008). Thus, the highly diverse vegetation patches around

river confluences may harbour many plant and animal species in river ecosystems.

Future research should examine the detailed processes by which debris and sediment

deposition and flooding disturbances enhance the establishment of diverse vegetation

types and plant species.

In my analyses, | successfully regulated the effects of SPI and vegetation area

in the models, and both factors affected vegetation diversity. For example, SPI

positively affected the Shannon diversity index. SPI is conventionally used as an index

of the erosive power of flowing water (Wilson & Gallant 2000) and can be used as a

representation of disturbance intensity. Relatively strong disturbances likely occurred in

high SPI areas, forming various types of vegetation patches, which points to the

importance of disturbance for habitat diversity. Vegetation area positively affected both

the Shannon and Simpson indices. The RNER program was conducted throughout
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aluvia (from mid to downstream) river areas that were surrounded by mainly urban

and/or agricultural areas (Hyogo Prefecture 2007). One possible explanation for the

positive relationship between diversity indices and vegetation area is that smaller

vegetation areas are indicative of the intensification of artificial habitat alterations.

To the best of my knowledge, my study is the first to demonstrate that river

confluences may generate habitat diversity for plants in riparian areas. A linear

perspective on river networks (i.e., the river continuum concept; Vannote et al. 1980)

has dominated much of river ecology over the last 20 years (Fisher 1997), despite the

recognition that river networks are branched with tributaries that interrupt gradual

downstream changes in channel and valley morphology (Benda et al. 2004a). Recently,

the network dynamics hypothesis has articulated the relationships among key attributes

of river networks and the patchy heterogeneity of the fluvial process and form (Benda et

al. 2004a; Benda et al. 2004b). My results present empirical evidence of this more

recent discontinuum perspective in river ecology, in which river confluences are

considered key elements within a dendritic river network. Future research should

examine confluence effects in a diversity of freshwater riverine systems (e.g. Fernandes

et al. 2004), with particular focus on the fact that confluences vary in geomorphic

features, such as shape and scale, within and among watersheds. Such variation in
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geomorphic features may produce different confluence effects on biodiversity (Benda et

al. 2004b).
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Appendix 2-1. List of dominant plants speciesin each vegetation types.
All scientific names are referred to YList, (http://bean.bio.chiba-u.jp/bgplants/ylist_main.html).

Vetation type Dominant species hame

Miscanthus sacchariflorus dominant vegetation Miscanthus sacchariflorus

Phragmites communis dominant vegetation Phragmites australis
Phragmites japonica dominant vegetation Phragmites japonica
Salix gracilistyla dominant vegetation Salix gracilistyla

Floating-leaved and submerged plant vegetation Nymphoides peltata
Nymphoidesindica
Potamogeton wrightii
Trapa japonica
Nuphar subintegerrima
Potamogeton octandrus
Potamogeton crispus
Hydrilla verticillata
Vallisneria natans
Potamogeton maackianus
Ranuncul us nipponicus
Myriophyllum spicatum
Potamogeton oxyphyllus
Spirodela polyrhiza and Lemna aoukikusa
Egeria densa and Elodea nuttallii
Myriophyllum aguaticum
Pistia stratiotes
Eichhornia crassipes
Azolla spp.(exotic)



Appendix 2-1. Continued

Vetation type

Dominant species hame

Hal ophytic plant vegetation

Sand dune vegetation

V egetation beside mountain stream

Riparian forest vegetation

Phacelurus latifolius

Aster tripolium

Carex scabrifolia

Limonium tetragonum

Suaeda australis and Atriplex gmelinii
Artemisia fukudo

Carex pumila

Carex kobomugi and Wedelia prostrata
Scutellaria strigillosa

Calystegia soldanella and Lathyrus japonicus
Vitex rotundifolia

Hosta montana,

Carex blepharicarpa and Osmunda lancea
Acorus gramineus

Carex curvicollis and Sedum subtile
Carex teinogyna

Carex persistens

Carex forficula

Carex heterolepis

Ulmus parvifolia

Celtissinensis and Aphananthe aspera
Juglans mandshurica

Melia azedarach

Zelkova serrata and Acer palmatum
Euptelea polyandra

Alnus japonica



Appendix 2-1. Continued
Vetation type Dominant species hame
Salix species dominant vegetation Salix chaenomel oides and Salix eriocarpa
Salix pierotii
Salix udensis
Salix miyabeana
Salix jessoensis
Slix triandra

Annual plant vegetation just beside river channel Lindernia procumbens
Persicaria lapathifolia and Panicum dichotomiflorum
Microstegium vimineum
Persicaria thunbergii
Persicaria hydropiper
Xanthium occidentale and Chenopodium ficifolium
Bidens pilosa

L ow-moor vegetation Leersia japonica
Carex thunbergii and Isachne globosa

Leersia oryzoides

Eleocharis mamillata

Carex dispalata

Typha latifolia and Typha domingensis
| schaemum aristatum

Phalaris arundinacea and Oenanthe javanica
Eleocharis kuroguwai

Leersia sayanuka

Schoenopl ectus triqueter

Coix lacryma-jobi

Acorus calamus

Lycopus lucidus



Appendix 2-1. Continued

Vetation type

Dominant species hame

Rudaceous grassland

Grassland vegetation on flood channel

Persicaria japonica

Penthorum chinense

Sparganium japonicum

Schoenopl ectus taber naemontani
Zizania latifolia and Bolboschoenus fluviatilis
Sparganium erectum

Lythrum anceps

Nasturtium officinale

Paspal um distichum

Iris pseudacorus

Alternanthera philoxeroides
Gymnocoronis spilanthoides

Cyperus eragrostis

Sachys aspera

Humulus scandens and Lactuca indica
Matteuccia struthiopteris

Phragmites vallatoria

Sambucus chinensis

Arundo donax

Anaphalis margaritacea
Potentilla chinensis
Artemisia capillaris

Fallopia japonica

Boehmeria nivea

Rumex japonicus

Miscanthus sinensis

Imperata cylindrica and Erigeron annuus
Glycine max



Appendix 2-1. Continued

Vetation type

Dominant species hame

Floodplain woody plant vegetation

Arundinella hirta
Heracleum sphondylium
Digitariaciliaris
Cayratia japonica
Boehmeria japonica
Artemisiaindica
Scyos angulatus
Verbena brasiliensis
Conyza sumatrensis
Artemisiaindica
Coreopsis lanceolata
Ambrosia trifida
Festuca arundinacea
Helianthus tuber osus
Eragrostis curvula
Paspalum dilatatum
Fagopyrum dibotrys
Solidago altissima
Sorghum halepense
Lolium multiflorum
Crassocephalum crepidioides
I pomoea triloba
Andropogon virginicus

Deutzia crenata

Lycium chinense

Aralia elata and Rubus hirsutus

Rosa multiflora

Sasa palmata

Pleioblastus argenteostriatus and Pleioblastus shibuyanus



Appendix 2-1. Continued

Vetation type Dominant species hame
Pleioblastus simonii
Pueraria lobata
Ampelopsis glandulosa

Hill forest Quercus acutissima

Roadside weed vegetation

Quercus serrata and Quercus variabilis
Quercus aliena

Quercus glauca

Quercus phillyraeoides

Castanopsis cuspidata and Photinia glabra
Quercus myrsinifolia

Castanopsis sieboldii

Digitaria violascens and Eleusine indica
Eragrostis ferruginea

Cynodon dactylon

Pennisetum al opecur oides




Chapter |1
L andscape approach I1:
Key components in river ecosystems: river
confluences maintain diversity of

hydrophilic vegetation.



Abstract

In riparian areas, the distribution patterns of plant species are generaly considered to

depend on their flooding tolerance. Areas around river confluences are known to

experience frequent and/or strong flooding events in riparian areas. Thus, |

hypothesized that areas around river confluences exhibit many hydrophilic vegetation

types associated with flooding regimes. To test this hypothesis, | compared patch

numbers and total areas of 10 functiona vegetation groups between confluences and

single-flow areas. The vegetation groups were classified on the basis of functiona

groups of dominant species. | found that patch numbers of annual grass, forb, and vine,

perennial grass and forb, and riparian forest vegetations, as well as total areas of annual

forb and vine, perennia grass and forb, bamboo and riparian forest vegetations, and

natural bare ground, were greater around river confluences than single-flow areas.

These results suggest that more frequent and/or strong disturbances occur around

confluences, providing habitat for these functional vegetation types. Thus, river

confluences are a key element in maintaining diverse riparian vegetation.
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Introduction

Among terrestrial ecosystems, natura riparian corridors provide the most diverse,

dynamic, and complex biophysical habitats, as they are shaped by frequent disturbances

due to flooding (Burkart 2001; Naiman et al. 1993; Whited et al. 2007). Riparian

corridors are characterized by dynamic landscape changing events such as laterd

channel migration, creation of oxbow lakes in old river channels, and erosion and

accumulation of sediments (Naiman et al. 1993; Salo et al. 1986). These dynamic

landscape changes, which are often promoted by flooding, influence the establishment

of various types of hydrophilic vegetation, which in turn influences diversity in

consumer taxa by providing a variety of foods and habitats (Burkart 2001; Qian &

Ricklefs 2008).

Within a river system, river confluences, which are the nodes of the river

network, exhibit particular hydrodynamic traits (Benda et al. 2004a; Benda et al. 2004b;

De Serres et al. 1999; Rhoads & Kenworthy 1995). Many types of disturbance events

occur at river confluences, including more frequent and/or strong flooding events

(Benda et al. 2004b), creating wide and diverse wetland conditions such as pools of

various depths and alluvial fans (Benda et al. 2004a; Benda et al. 2004b).
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Generally, the size of the stream, its position within the river network, the local

hydrologic regime, and geomorphology all influence the establishment of streamside

vegetation (Naiman & Decamps 1997; Naiman et al. 1993; Salo et al. 1986). Within

riparian corridors, the distribution patterns of plant species differently along the

flooding gradient, which experiences large variations in flooding duration, depth, and

frequency (Vervuren et al. 2003). Species distribution patterns are thought to depend on

their flooding tolerance (He et al. 1999; van Eck et al. 2004). Thus, if confluences

provide a wide range of flooding regimes, as suggested by Benda et al. (2004b), | can

hypothesize that vegetation types that prefer hydrophilic habitats are more frequently

found around river confluences than in other areas within riparian systems. However,

this hypothesis has not yet been tested (Benda et al. 2004b).

In this chapter, | tested the hypothesis predicting the effects of river confluences

on floodplain vegetation patterns using a data set provided by the Research on Natural

Environments of Rivers (RNER), Hyogo Prefecture, Japan (Hyogo Prefecture 2007). In

the RNER data set, floodplain vegetation was classified into 91 types based on the

dominant species. Natural bare ground areas were also recorded. These vegetation types

and natural bare ground areas were summarized as patches on a vegetation map. |

selected 59 vegetation types that are likely related to flooding and organized these into
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10 functiona vegetation groups. | then compared the distribution patterns of the 10
functional vegetation groups and natural bare ground areas between confluence and
non-confluence areas. | discuss the importance of river confluences in maintaining
various hydrophilic vegetations and the relationship between disturbance regimes and

vegetation distribution in riparian ecosystems on the basis of my results.
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M ethods

RNER data set

| used the RNER vegetation data set from surveys conducted between 2002 and 2006

(Fig. 3-1) to investigate riparian vegetation in alluvial river sections (total length, 680

km). RNER identified the edges of vegetation patches from aerial photographs.

Subsequently, extensive field surveys were conducted to classify the types of vegetation

in the patches (Hyogo Prefecture 2007). The data set coarsely classified vegetation

patches into 17 types based on dominant species and their life-form and/or habitat type,

as well as more finely classifying patches into 91 types based on the dominant species.

Land use and unvegetated areas (e.g., natural bare ground, open water, and artificial

areas) were aso coarsely classified into five types, and the vegetation/land use types

were summarized as patches on a vegetation map (Fig. 3-2). Vegetation was mainly

distributed within 50 m of the river line and each vegetation patch was input as digital

polygon datainto GIS (ArcGIS version 9.1; ESRI Co., Tokyo, Japan).

| used the Kakogawa River basin system data set from RNER (Fig. 3-1). The

Kakogawa River basin system is the largest basin system in Hyogo Prefecture (Hyogo

Prefecture 2007), with 96 km of main river lines and basin areas covering
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approximately 1,730 km? (Hyogo Prefecture 2007). Moreover, the Kakogawa River
basin system contains more confluences and vegetation types than other river systemsin
Hyogo Prefecture, enabling us to test my hypothesis. In al, RNER reports 57
confluences of alluvia river sections (i.e. researched section) in the Kakogawa River

basin (Fig. 3-1).
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Fig.3-1

study area

Researched river
@® Confluence

[ S !
0 12,000 24,000 48,000 M

%

Fig. 3-1. Locations of streams on the Kakogawa river basin system in the Hyogo Prefecture.
The thick line indicates the researched areas. The black points indicated the focused confluence.

38



Fig.3-2

open water area

single unit

500m

confluenced unit

vegetation patch

Fig. 3-2. Summary of RNER GIS data. Squares indicate individual units. Confluence and
single-flow units are defined as units adjacent to more than three other units and to two
or fewer other units, respectively. The central white square indicates open water area, and
other small squares indicate classified vegetation patches.
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Hydrophilic vegetation

| selected 59 vegetation types that are strondated to flooding from the RNER data

set and divided these into 10 functional vegetagooups based on the dominant

species (Van der Maarel 2005). Annual plants wearkeded into three functional

vegetation groups: grass, forb, and vine vegetsti®@ecause both the annual forb

Bidens pilosavar.pilosaand the grasSetaria faberdominated patches &f. pilosavar.

pilosa—S. faberto a similar extent, all of the patches were didideto two different

functional vegetation group patches (annual grassferb vegetation patches), each of

which had half the area of the original patch. Reia plants were divided into three

functional vegetation groups: grass, forb, and wegetations. All patches of the

perennial grastmperata cylindricavar. koenigii and the annual forkrigeron annuus

were also divided into two different functional gla¢s (perennial grass and annual forb

vegetation patches), each of which had half thea ak the original patch. Four

functional woody plant vegetation groups were recogd: willow, bamboo, riparian

forest, and other woody vegetations. | referredhWild Flowers of Japarseries

(Satakeet al. 19894, b; Sataket al. 1981, 1982a, b) to categorize the functional gsoup

of dominant species.
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Data generation

| used GIS software (ArcGIS) to divide river linego 500-m units along all rivers of

the Kakogawa system; each 500-m unit was a polygnm long and approximately

400 m wide (Fig. 2). The first 500-m unit was pkhaa the mouth of the Kakogawa

River, and then the other 500-m units were setraatizally along river lines starting

from the first unit using GIS. When a single vegietapatch was encompassed by two

500-m units, | divided the patch into two 500-mtani defined a 500-m unit adjacent

to more than three other units and including arra@nfluence as a “confluence unit”

and a 500-m unit adjacent to two or fewer othertsumind not including a river

confluence as a “single-flow unit” (Fig. 2). | thealculated the patch numbers and total

areas of each of the 10 functional vegetation ggdapeach unit.

| also calculated the total area of naturaélground patches in each 500-m unit.

As direct measurements of the degree of disturbare@sually difficult (Polloclet al

1998), | used the area of bare ground as an infiéoaxl disturbance, assuming that

large bare ground areas indicated strong floodistyidance.

Finally, | calculated the total vegetation ardélow accumulation (Jenson &

Domingue 1988), and riverbed inclination using an3@igital elevation model (DEM)

per unit. | used flow accumulation, the accumulatethber of grid cells along the flow
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direction, which therefore increases in a downstreirection (Jenson & Domingue

1988), as the index of basin area. Riverbed intbnas the average inclination of the

river line in each unit and tends to be higherpstteam areas. Flow accumulation and

inclination are thought to positively affect floodi intensity (Wilson & Gallant 2000).

As these three variables could influence hydrophitegetation distribution and

abundance, | incorporated them into the models aotrol for their effects when

determining confluence effects.

Statistical analysis

| used generalized linear mix effects models (GLNIMBsd model selection based on

Akaike's information criterion (AIC; Burnham & Ands®n 2002) with round-robin

modeling combinations. Specifically, | establisi@dMMs with possible combinations

of variables and selected the model with the lowsd§t. | applied a Poisson error

distribution (log link) to the patch number of eadgtgetation type, and Gaussian error

distribution (identity link) to the total area cd@h vegetation type and bare ground. My

primary GLMM that included all explanatory variableas represented as

Yi ~exp(X; ),
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yi ~ (% ),

Xij = fo+ p1 Confluence+ S, Vegetation argat f; Flow accumulationt g4 Inclination + o,

whereY; is the number of patches of each functional veiget@roup, angs; is the

total area of focused vegetation type and barergtoline suffixes and; indicate unit

ID and individual river ID, respectivelg, is the intercept (constant), afid 4 are the

coefficients of the respective variables. Unit #p, was incorporated into the model as

a random term to regulate the effect of river siaeations and the degree of artificial

modification of the 500-m units on the number astdltarea of each vegetation type.
All statistical analysis were conducted usstagistical package R ver. 2.7.1 (R

Development Team 2008)

43



Results

| found 67 confluence units and 385 single-flowtsinn my data set. The mean
vegetation areas of confluence and single unitewes3 x 10 + 4.61 x 16 m? and
1.70 x 16 + 6.88 x 10 m* (mean + SD) respectively. For confluence and singjlits,
the mean flow accumulation values were 4.20 X#0.50 x 16 and 3.96 x 10+ 5.60
x 10°, respectively, and the inclination values were&749.0°> + 4.52 x 10° and 7.10 x
103+ 6.66 x 10° respectively.

The mean patch number and total area of argnask vegetations were 1.72 +
2.07 and 6.91 x o+ 1.50 x 16m?, respectively, in confluence units and 1.24 + 1.88
and 7.98 x 10+ 1.82 x 16 m?, respectively, in single-flow units. The mean patc
number and total area of annual forb vegetatiore @76 + 6.67 and 5.14 x 16 4.92
x 10° m?, respectively, in confluence units and 6.42 + 5a6d 3.59 x 1+ 4.82 x 16
m?, respectively, in single-flow units. The mean patumber and total area of annual
vine vegetations were 2.91 + 3.05 and 1.22 % 4®.33 x 16 n?, respectively, in
confluence units and 2.16 + 2.89 and 9.14 % 401.79 x 16 m?, respectively, in
single-flow units.

The mean patch number and total area of pe&legrass vegetations were 11.7 +
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10.1 and 4.97 x £ar 4.87 x 16 m?, respectively, in confluence units and 9.25 + 10.5
and 5.23 x 10+ 7.32 x 16 m?, respectively, in single-flow units. The mean patc
number and total area of perennial forb vegetativee 6.94 + 5.05 and 3.32 x*19
4.16 x 18 m? respectively, in confluence units and 4.98 + 566 2.70 x 1H+ 3.79 x
10* m?, respectively, in single-flow units. The mean patwmber and total area of
perennial vine vegetations were 2.45 + 2.61 an€l £.8C + 2.72 x 18 m?, respectively,
in confluence units and 2.03 + 2.32 and 1.44 ¥ 4®.18 x 18 n?, respectively, in
single-flow units.

The mean patch number and total area of willegetations were 2.45 + 4.54 and
7.26 x 16 + 1.96 x 18 m?, respectively, in confluence units and 2.22 + fafd 8.51 x
107 + 2.66 x 18 n?, respectively, in single-flow units. The mean patember and total
area of bamboo vegetations were 1.06 + 1.84 anfl654 1G + 1.48 x 16 n?,
respectively, in confluence units and 1.02 + 1.72l .17 x 16 + 1.18 x 16 m?,
respectively, in single-flow units. The mean pataimber and total area of riparian
forest vegetations were 6.57 x4 1.297 and 2.99 x @ 7.44 x 168 m?, respectively,
in confluence units and 3.44 x 10 9.58 x 10" and 1.53 x 19+ 6.59 x 16 n?,
respectively, in single-flow units. The mean patcimber and total area of other woody

vegetations were 5.97 x F0+ 2.38 x 10" and 4.13 + 1.99 x 10 nrespectively, in
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confluence units and 1.84 x 10+ 7.07 x 10" and 6.59 x 10 + 3.38 x i,
respectively, in single-flow units.
The mean area of natural bare ground was 8.29” + 5.42 x 16 m® in

confluence units and 2.66 x*6€5.18 x 16 m? in single-flow units.

Lowest AIC models

Among all possible models, | chose those with tweelst AIC as the best. Explanatory
variables in the best models differed among fumetioregetation groups and between
patch number and total area (Table 1). The existeficonfluences was incorporated in
all of the best models, except patch numbers oérpeal vine, willow, and bamboo
vegetations (Table 1). Vegetation area was incatpdrin the best models for patch
numbers of annual grass and forb, perennial grads/iae, willow, riparian forest, and
other woody vegetations, and the total area of rpeat grass vegetations (Table 1).
Flow accumulation was incorporated in the best st patch numbers of annual
grass, all perennial, willow, riparian forest, asttier woody vegetations, as well as the
total areas of annual and perennial grass, pefeving, and willow vegetations (Table
1). Inclination was incorporated in all of the besbdels for patch numbers and total

areas, except patch numbers of perennial vine dimwwegetations (Table 1).
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The best model of natural bare ground arearpurated confluence, flow

accumulation, and inclination (Table 1).

Contribution of variables to the best models

The presence of a confluence had a positive efiegatch numbers in the best models,

which all, except other woody vegetations, incogbed this explanatory variable (Table

2). Vegetation area had a positive effect on pateimbers of annual grass and forb,

perennial grass and vine, and other woody vegetizvhereas patch numbers of

willow and riparian forest vegetations decreaseth wegetation area (Table 2). Flow

accumulation had a positive effect on patch numbémnnual grass, perennial grass,

forb, willow, riparian forest, and other woody végeons, but a negative effect on

perennial vine vegetation patch numbers (Tabldn2Z)ination had a negative effect on

patch numbers of herb vegetations that incorpor#tesd explanatory variable, but a

positive effect on woody vegetation patch numbeisgithis variable.

The total areas of annual forb and vine, pgedrgrass and forb, bamboo, and

riparian forest vegetations increased in the pm=sesf a confluence, whereas total

annual grass, perennial vine, willow, and other dyovegetation areas decreased (Table

3). Vegetation area had a positive effect on ti@ #rea of perennial grass vegetations
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(Table 3). Flow accumulation had a positive effestthe total areas of annual grass,
perennial grass and forb, and willow vegetations, vias negatively correlated with the
total area of perennial vine vegetations (Tableli@lination had a negative effect on
the total areas of all herbaceous vegetationshhdta positive effect on those of all
woody vegetations (Table 3).

Confluence presence, flow accumulation, amtination had positive effects on
the total area of natural bare groupd £ 6.399 x 16+ 5.87 x 16, f3 = 5.37 x 10° +

4.08 x 10 B, =6.54 x 10+ 3.47 x 10, andp, = 6.81 x 10 + 4.07 x £
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Discussion

| found that the area of natural bare ground was greater in confluence units than in

single-flow units, suggesting that more frequent and/or strong disturbances occurred

around confluences than single-flow areas. My vegetation analyses revealed that patch

numbers and total areas of amost all herbaceous and riparian forest vegetations were

more frequently higher in confluence units than in single-flow units, although the total

areas of annual grass and perennial vine vegetations decreased in confluence units. Thus,

the hypothesis that river confluences provide wide and diverse flooding-induced

wetland conditions, which in turn promote the establishment of various hydrophilic

vegetation types, was basically supported. Although my data set was insufficient to

elucidate the detailed processes determining the vegetation patterns, it provides a useful

starting point for investigating these processes.

Effects of flooding disturbance on patch numbers and total areas of functional

vegetation groups

The influence of confluence, flow accumulation, and riverbed inclination on patch

number and total area differed among the 10 functiona vegetation groups. This suggests
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that these functional vegetation groups prefer different flooding disturbance regimes in

the Kakogawa River system.

Patch numbers and total areas of annua forbs and vines increased in confluence

units and decreased with riverbed inclination, suggesting that these vegetation types are

frequently established in regularly but not strongly disturbed areas. Annual forbs, such

as Crassocephalum crepidioides and Persicaria and Erigeron species, are believed to

invade open areas created by disturbances (Cho & Cho 2005; Ohtsuka et al. 1993).

Confluences may frequently create bare ground and thus promote the establishment of

annual forbs. However, the annua vines Humulus japonicus and Scyos angulatus have

been reported on disturbed areas far from river lines in Japan and Korea (Baek et al.

1997; Kamada & Okabe 1998). This finding and my results suggest that annual vine

vegetations prefer relatively weakly disturbed riparian zones.

Annual and perennial grass and forb vegetations increased in area, and al of these

except annual grass vegetations increased in patch number in confluence and high-flow

accumulation units; however, all decreased with inclination, suggesting that these

herbaceous vegetation types prefer regularly and strongly disturbed downstream areas.

Some riparian perennial forbs and grasses, such as Artemisia, Miscanthus, Phalaris, and

Phragmites species, are highly flood-tolerant and are often distributed in downstream
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areas (Aguiar et al. 2005; Baek et al. 1997; Cho & Cho 2005; Ohtsuka et al. 1993). My

results are consistent with these findings.

Perennial vine vegetations were more frequently distributed in single-flow areas

with low-flow accumulation and inclination. Nakagoshi and Kondo (2002) also reported

that Pueraria lobata was not distributed in steep riparian areas of other Japanese rivers

(Nakagoshi & Kondo 2002). Together with my results, this suggests that perennia vines

prefer relatively stable riparian areas with infrequent and/or weak disturbances.

All woody vegetations increased in patch number and/or total area with flow

accumulation and riverbed inclination, suggesting that woody vegetations have higher

flooding tolerance than herbaceous vegetation. In fact, riparian forest vegetations are

generaly distributed in strongly disturbed areas (Johnson et al. 2000; Kozlowski 1997;

Nakamura et al. 2007). The total area of al woody vegetations increased with

inclination, suggesting that woody vegetation generally prefers upstream riparian areas

in the Kakogawa River system. However, the effects of confluences differed among

functional woody vegetation types.

In confluence units, bamboo and riparian forest vegetations increased in patch

numbers and/or total area, but the total area of willow and other woody vegetations

decreased. | cannot fully explain this surprising result, as willows are well adapted to
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regularly and strongly disturbed habitats (Niiyama 1987, 1990). One possible

explanation is that floods are too frequent at confluences for these vegetation types to

establish. The colonization and establishment of al woody vegetations around

confluences requires field investigations to explain differences among woody vegetation

groups.

Species distribution patterns often depend on the flooding tolerance of riparian

vegetation (He et a. 1999; van Eck et al. 2004). Floristic composition aong the

flood-level gradient of floodplain vegetation represents seria stages of succession, such

that pioneer annual and willow communities establish along riversides, perennial

communities on lowlands, and forests on uplands (Bunn & Arthington 2002; Campbell

et al. 1992; Niiyama 1990). My results indicate that confluences promote the

establishment and colonization of many herbaceous vegetation types, as well as some

types of woody vegetation. Thus, river confluences appear to provide frequently and/or

strongly disturbed habitats. Disturbance intensity may aso depend on flow

accumulation and riverbed inclination (Wilson & Gallant 2000), and disturbed riparian

environments may be formed by a combination of these factors. The relationship

between flooding tolerance and the distribution of riparian vegetation types should be

investigated via detailed field surveys and experiments within a wide range of flooding
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regimes provided by confluence, flow accumulation, and inclination.

Effect of vegetation area on hydrophilic vegetation

Total vegetation area was positively associated with patch numbers of five vegetation

types (annual grass and forb, perennial grass and vine, and other woody vegetations)

and total area of perennial grass vegetations. These results are not surprising because

vegetation area is representative of the total area of potential habitats (MacArthur &

Wilson 1976). However, the patch numbers of willow and riparian forest vegetations

were negatively affected by vegetation area. A possible explanation for this result is that

these trees prefer upstream areas with narrow riparian vegetation zones.

Conclusions

My results indicate that river confluences provide frequently and/or strongly disturbed

habitats associated with flooding regimes and increased habitats for many functional

vegetation groups. Thus, river confluences may play important roles in maintaining

various vegetation types in river ecosystems. However frequent flooding is a problem

for human settlement and activity near rivers. Therefore, many riparian zones have been

heavily modified to control the impact of flooding (Poff et al. 1997; Rinaldi & Johnson
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1997; Washitani 2001). In fact, areas around river confluences are more often artificially

modified with hardscape compared to single-flow areas (Osawa et al. unpublished data).

Future studies should evauate river confluences as key habitats for riparian plant

species diversity, and policy makers should strive to keep ecological processes around

confluences free of anthropogenic effects.
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Appendix 3-1. 59 vegetation types and functional group of dominant species in this study.

Lifeform V egetation name Functional group
Annual plants
Ambrosia trifida Community Forb
Conyza canadensis Community Forb
Crassocephalum crepidioides Community Forb
Lindernia procumbens Community Forb
Mélilotus officinalis Community Forb
Persicaria thunbergii Community Forb
P. hydropiper Community Forb
Xanthium canadense - Chenopodium ficifolium Community Forb
Bidens pilosa var. pilosa - Setaria faberi Community Forb, Grass
Coix lacryma-jobi Community Grass
Digitaria ciliaris Community Grass
Lolium multiflorum Community Grass
Humulus japonicus - Lactuca indica var. laciniata Community Vine
Scyos angulatus Community Vine
Imperata cylindrica var. koenigii - Erigeron annuus Community Perennial Grass’/Annual Forb
Perrenia plants
Artemisiaindica Community Forb
Boehmeria nivea Community Forb
Fallopia japonica Community Forb
Helianthus tuberosus Community Forb
Lycopus lucidus Community Forb
Matteuccia struthiopteris Community Forb
Nasturtium officinal Community Forb
Sambucus chinensis Community Forb
Solidago altisssma Community Forb
Sparganium erectum Community Forb
Typha latifolia Community Forb
Andropogon virginicus Community Grass
Carex dispalata Community Grass
Eragrostis curvula Community Grass
Festuca arundinacea Community Grass
Juncus effusus Community Grass
Leersia oryzoides Community Grass
Miscanthus sacchariflorus Community Grass
Miscanthus sinensis Community Grass
Phragmites communis Community Grass
P. japonica Community Grass
P. karka Community Grass
Paspalum dilatatum Community Grass
P. distichum Community Grass
P. urvillei Steud. Community Grass
Phalaris arundinacea - Oenanthe javanica Community Grass
Sorghum halepense Community Grass
Verbena brasiliensis Community Grass
Zizania latifolia and Scirpus yagara Community Grass
Cayratia japonica Community Vine
Puerarialobata Community Vine
Woody plants
Salix gracilistyla Community Willow
S chaenomeloides - S eriocarpa Community Willow
S gilgiana Community Willow
S serissaefolia Community Willow
Pleioblastus chino var. viridis Community Bamboo
Pleioblastus Smonii Community Bamboo
Pseudosasa japonica Community Bamboo
Celtissinensis var. japonica - Aphananthe aspera Community Forest
Juglans mandshurica Maxim. var. sieboldiana Community Forest
Ulmus parvifolia Community Forest
Zelkova serrata - Acer palmatum Community Forest
Aralia elata - Rubus hirsutus Community Others
Rosa multiflora Community Others

All scientific names were reffered to vlist (http://bean.bio.chiba-u.ip/baplants/ylist main.html)



Chapter IV
Field research approach I:
River confluences enhance riparian plant species

diversity.



Abstract

In riparian zones along the banks of streams avets; flooding often causes large
changes in environmental conditions immediately nsiveam of confluences. In turn,
spatial heterogeneity in flooding along rivers astteams likely affects local species
diversity. Furthermore, flooding during the planbging season can strongly affect
plant survival. In this chapter, | hypothesizedttbanfluences have impacts on plant
species diversity, and that these impacts arerahgeng the plant growing season. To
test this hypothesis, | measured plant speciesrsiiyeand the extent of natural bare
ground at 11 river confluences during two differeeasons (summer and spring) within
the Mukogawa River basin system, Japan. Speciegrsity was highest at

down-confluence areas in the summer. | linked thtéepn of species diversity to that of
bare ground creation by floods around the conflaerand to the seasonality of annual
plant recruitment. The extent of bare ground wagniBcantly greater at

down-confluence areas than at up-confluence afdeesrecruitment of annual species
was higher in the summer than in the spring antuded rapid occupancy of bare
ground in the summer. | suggest that within rivgstems, spatial and seasonal

differences in patterns of flooding function togatho regulate plant species diversity.
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Introduction

Natural riparian zones, where terrestrial environtsdorder streams, provide some of
the most diverse, dynamic, and complex biophysicabitats among terrestrial
ecosystems (Naimad al. 1993; Burkart 2001; Whiteet al. 2007). Riparian zones
exhibit sharp environmental gradients (Naineaal. 1993; Wardet al. 2002; Iwataet al.
2003) that harbour varying plant and animal diwgréBurkart 2001; Whiteckt al.
2007). In these systems, flooding constitutes aomabiotic mechanism generating
habitat and species diversity (Ferreira & Stohlgfg999; Silvertownet al. 1999;
Vervurenet al. 2003; van Eclet al. 2004; Beltmaret al. 2007).

Although hydrologic and geomorphic conditions ipatian zones were once
thought to change gradually along the lengths\adrs or streams (Hardirg al. 1999;
Sekiguchi et al. 2002), the recent river discontinuum perspectivghlights the
non-uniform or patchy distribution of physical cammhs along river ecosystems
(Bendaet al. 2004b). When heavy rains occur, sequential freskiéboding) alter
physical environments around confluences much ntloa@ along unbranched river
banks, such that patchy sediment deposits frequeaticumulate around river
confluences (Bendet al. 2004b).

Areas downstream of confluences (down-confluene@asrare likely to be
much more strongly disturbed by flooding than ugestn areas (up-confluence areas), as

the contributory volume of river and stream watérugtly increase immediately

60



downstream of confluences (Rhoads & Kenworthy 199 ;Serrest al. 1999; Benda
et al. 2004b). Moreover, the distribution and diversifyptants in riparian areas can be
greatly affected by disturbance in the form of ows (Ferreira & Stohlgren 1999;
Burkart 2001; Vervureret al. 2003; van Ecket al. 2004; Archaux & Wolters 2006).
Thus, | hypothesized that the increased incidefdmading in down-confluence areas
would result in different patterns of plant distriton and diversity relative to
up-confluence areas (hereafter, we refer to thit@sonfluence effect).

In this chapter, | sought to conduct the firstdigést of the confluence-effect
hypothesis, which proposes that amplified floodiaffects species diversity in
down-confluence areas of river ecosystems. | coetpptant species diversity and the
area of bare ground (an index of flooding distudegn between up- and
down-confluence areas and between the spring (iwet pre-growing season after
snowmelt) and summer (the plant growing seasormr #ite rainy season) in 11 river
confluences within the Mukogawa River basin systdiapan. In general, flooding
during the growing season most strongly affectsitptaurvival (Ferreira & Stohlgren
1999; Vervureret al. 2003; van Eclet al. 2004). Based on my hypothesis, | predicted
that plant diversity would differ between up- aralwh-confluence areas and that these
difference would be larger in the summer than ia Hpring because of temporal
synchrony with the plant growing season (Vervugeal. 2003; van Eclet al. 2004). In

light of our results, we discuss the general imgare of the confluence effect and
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flooding seasonality on riparian plant diversity.
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M ethods

Confluences, sites, and quadrats
The study was conducted around 11 vegetated cowiigewithin the Mukogawa River
basin system (Fig. 4-1). The basin area is 6% and the total river length is 65.7 km
(Hyogo Prefecture, 2007). The study confluencesalireocated within approximately
the middle of the Mukogawa River basin system angl surrounded by mainly
suburban and/or agricultural areas. Many of therrbanks are constructed of concrete.
Although the tributaries of the 11 study confluengaried in size (the smallest being a
few meters wide and traversable by foot, and thgekt being almost the same width as
the main stream), | accounted for this variationthe statistical analyses (s®ata
analysis section). At each confluence, | established ugftaence (up-C) and
down-confluence (down-C) sites (Fig. 4-2). Fourt ielnsects consisting of five 1.4 x
1.4 m quadrats each were laid out perpendiculéih@dlow direction at each site (Fig.
4-2). The four belts were established on one sidberiver because access was often
only possible from one side. If both sides wereeasible, we selected the more easily
accessible side. In total, 440 quadrats were eshetal.

The distance between upper and lower transectsdhveasame among belts at
each confluence but varied among confluences (tb@nnand range were ~60 m and
~40-90 m, respectively). Within each confluence,dite sizes of conglomerate sand (2:

0.063~2.0 mm) and gravel (g: 2.0~64 mm) underlyting vegetation were almost
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identical. Three native perennialartemisia indica Willd. var. maximowiczii (Nakai)
H.Hara A. indica), Phragmites australis (Cav.) Trin. ex SteudH australis), and
Phragmites japonica Steud P. japonica) were found most frequently within the 440

quadrats.

Soecies richness and area of bare ground

We investigated species diversity and the areaacéd ground in the summer (from late
August to late September 2007) and spring (frontyeéday to early June 2008). In the
Mukogawa River basin system, peaks of flow volunteEuo in early spring (ca.
March-April) and early summer (ca. July-August) eabhevery year (Appendix. 4-2).
Sampling was conducted immediately following themiods. We listed all plant
species found in each quadrat and recorded theogirop of quadrat area covered by
each species. The proportion of area covered bgpaities was <1.00 in all quadrats.
We categorized listed species based on life forrmyfal, perennial herb, or woody
plant), flowering season, and origin (native or mative) (Appendix. 4-1). Our
categories followed the "Wild flowers of Japan"iser(Satakeet al. 1981, 1982a, b)
and "Plant invader 600" (Shimizi al. 2001). We also recorded the proportion of bare
ground in each quadrat. Because directly measuheglegree of disturbance is often
difficult (Pollock et al. 1998), we used the area of bare ground as an iafiélmod
disturbance, i.e., we assumed that a large aréaref ground indicated the occurrence

of strong flood disturbance.
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Study area

Mukogawa river

@ :Studied confluences

Fig. 4-1 Locations of the 11 study confluences.

The thick line indicates the main stream of the Mukogawa River.
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Fig.4-2

upstream area

flow direction

\

downstream area

:[1 40 m

quadrat

Fig. 4-2 Study areas and quadrats within a confluence. One up-confluence (up-C) and

one down-confluence (down-C) site were established at each confluence. Four belt transects
consisting of five quadrats (1.4 X 1.4 m) each were laid out perpendicular to the flow direction
at each site. The thick and thin lines indicate the main streams and tributaries, respectively.

Quadrats within transects were numbered 1, 2, 3, 4, and 5 from the river bank landwards.
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Data analysis

For each quadrat, species richness (total specieder) and the numbers of annual,
perennial (herb), native, and non-native specie® walculated. Although | could not
identify several Poaceae and Cyperaceae and smeedllisgs (approximately five
species in the spring and 14 in the summer) tostecies level, | included these
individuals in analyses of species richness whead able to determine morphospecies.
| excluded data for these unidentified species nalyses of life form and origin.
Perennial species did not include woody plantsnBba (') and SimpsonL}) diversity
indices for total species in each quadrat basedp&ties cover (proportion of area).

Diversity indices were calculated as follows:

N
H'x=~ ) (ai/ Ax) In(ai / Ax)

i=1

N
Dx=1- Z(ai/Ax)2

i=1

wherex is the identifier for each quadrat, N is the speeiumber within the quadrat, A
is the total area covered by all species in thedquaand ais the area covered by
speciesi. The cover area for each species in each quadaat calculated as the
proportion of covered area for each species midtipby 1.96 (1.4 x 1.4 m). For each

quadrat, | also calculated the area of bare groumdgch was the proportion of bare
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ground multiplied by 1.96.

| used generalized linear mixed effect models (GLMMth Poisson errors and

a Wald test to examine the effects of site posifiop-C or down-C), study season

(spring or summer), quadrat position (from riveesldndward: 1, 2, 3, 4, and 5 on an

ordinal scale), and their interactions on specielsness and the numbers of annual,

perennial, native, and non-native species. | afggied GLMMs with Gaussian errors

and a Wald test to examine site, season, quadsatigpy and their interactions on

Shannon ') and SimpsonL) diversity indices and the area of bare grounckaArof

bare ground were log transformed. Data from up-@ @@ spring were used in the

GLMMs as baselines for comparisons. | incorporatedfluence identity into the

models as a random term to account for differene@song confluences in

non-measured environmental factors such as tripiae and the number of artificial

constructions around the confluence.

All analyses were conducted using the statistiadkpge R ver. 2.6.1 (R

Development Core Team 2008).
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Results

| identified 121 and 105 plant species in the gpand summer, respectively, for a total

of 164 (110 native and 54 non-native) species (App€). The numbers of annual,

perennial, and woody species were 85, 72, and sensmpectively (Appendixl).

Thirty-eight (23%) species were found at more tfina confluences (Appendixl).

GLMM analyses indicated that species richness, @hadsH', and Simpson's

D were significantly higher at down-C sites in themsner compared to other sites and

seasons (Fig. 4-3a, b, c, Table 4-1). The two dit)eindices were significantly lower at

down-C sites than at up-C sites (Table 4-1) andewewest at down-C sites in the

spring (Fig. 4-3b, c).

The numbers of annual and native species were $tigltedlown-C sites in the

summer (Fig. 4-4a, c, Table 4-1), correspondinthéopattern of species richness. The

number of perennial species was significantly loatedown-C sites and in the summer

than at up-C sites and in the spring, respectij&ple 4-1), although the differences

were very small (Fig. 4-4b). The number of nonv&aspecies was higher at up-C sites

in the spring and at down-C sites in the summan tbaother combinations of site and

season (Fig. 4-4d, Table 4-1). Quadrat positiomiBaantly negatively affected the
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number of native species (Table 1), indicating lIghmative species diversity near the
waterline.

The area of bare ground at down-C sites was sggmifly larger than at up-C
sites both in the spring and summer and was sggmfiy smaller in the summer (Fig.
4-5, Table 4-1) and in quadrats farthest from tiverrwaterline (Table 4-1). The
interaction between down-C sites and quadrat posgignificantly negatively affected
the area of bare ground (Table 4-1).

Neither species richness nor the area of bare dratnup-C sites was
correlated with the distance from the nearest epstrconfluence (species richndss:
0.41,df = 358,p = 0.52; area of bare ground:= 2.66,df = 358,p = 0.10), indicating
that the physical environment of each confluences wat affected by the nearest

upstream confluence.
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Fig. 4-3 Plant species richness and plant diversity indices [Shannon (H') and Simpson (D)]
for the 440 quadrats in the 11 confluences. The box plot represents the 75th, 50th, and 25th
percentiles; the top bar ranges from the 75th to the 90th percentile, and the bottom bar from

the 25th to the 10th percentile. Open circles represents outlier values from the 10th to 90th

percentiles. Up-C and down-C indicate positions upstream and downstream of confluences,

respectively. Spring and summer data were collected from early May to early June 2008 and

from late August to late September 2007, respectively.
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Fig.4-4

(a) Annual species number (b) Perennial species number
12 7 12 7
- —_ - o o [
o :  —
6 7 ° - : ! 6 : : B :
° ! I ! I I ! I
! I I I ! I
. o | - |
| |
-t
- ! ] -
| | | | | | |
| | | | | | | |
0 - PR R R R O - PR 1 1 1
up-C down-C up-C down-C up-C down-C up-C down-C 90%
—IU%
spring summer spring summer T ~75%
~50%
l —25%
(c) Native species number (d) Non-native species number ~10%
12 - 12 A
° -
- o (<] o : -
- b - !
|
6 ! ! ! 6 4 — °
l l l ! ° o —_
a | | | a : ° ° |
| |
| T T '
| ! | ] ]
. . . o | | | |
| | | | ] ] |
O - PR R R O - PR 1 1 1
up-C down-C up-C down-C up-C down-C up-C down-C
spring summer spring summer

Fig. 4-4 Numbers of annual, perennial, native, and non-native species in the 440 quadrats at
the 11 confluences. The box plot represents the 75th, 50th, and 25th percentiles; the top bar
ranges from the 75th to the 90th percentile, and the bottom bar from the 25th to the 10th
percentile. Open circles represents outlier values from the 10th to 90th percentiles. Up-C and
down-C indicate positions upstream and downstream of confluences, respectively. Spring
and summer data were collected from early May to early June 2008 and from late August to
late September 2007, respectively.
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Percentages of bare ground

(%)

100

80 °

o

60

40

20

oo o

o = L

—1

up-C  down-C up-C down-C

spring

summer

~90%
~75%
—50%
—25%
~10%

Fig.4-5

Fig. 4-5 Percentages of natural bare ground in the 440 quadrats at the 11 confluences.

The box plot represents the 75th, 50th, and 25th percentiles; the top bar ranges from the

75th to the 90th percentile, and the bottom bar from the 25th to the 10th percentile.
Open circles represents outlier values from the 10th to 90th percentiles. Up-C and
down-C indicate positions upstream and downstream of confluences, respectively.

Spring and summer data were collected from early May to early June 2008 and from late

August to late September 2007, respectively.
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Discussion

Species richness and the two diversity indices wagkest at down-confluence areas in
the summer in the Mukogawa river basin system (B#3, Table 4-1). This finding

supports my hypothesis that plant species diversigssociated with confluences and
with the flooding season in riparian areas. Foangn plant communities, this study is
the first to support the river discontinuum perspes which emphasizes the

importance of river confluences for biodiversitye(Rlaet al. 2004b).

Mechanisms by which plant diversity increases at down-confluence areas in the summer
Based on my results, the mechanisms by which @arties diversity increases at
down-C sites in the summer in the Mukogawa rivesibaystem likely include the
extensive creation of bare ground by flooding distmce at down-C sites as well as the
strong recruitment of annual plant species in tlmareer. My results suggest that the
extent of natural bare ground reflects the amountaiive water movement (i.e.,
floodings), thus providing an appropriate indexflobding disturbance. According to
the results for the area of bare ground, floodirffpces varied spatially around

confluences, with down-C sites suffering more selye(Fig. 4-5). Additionally, the
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area of natural bare ground increased with decrgalistance from the waterline (Table

1. the negative value of the estimated coefficlentquadrat position). Moreover, the

interaction between site and quadrat position erfed the area of natural bare ground

(Table 4-1: the negative value of the estimatedficoent of site x quadrat), indicating a

large gradient of flooding effects immediately detveam of confluences. Thus, the

existence of confluences appears to provide a mifiormn distribution of bare ground

along the river line.

At down-confluence areas, species richness, Shai9rand SimpsonL})

diversity indices significantly increased only imetsummer and tended to be lower in

the spring (Fig. 4-3, Table 4-1). Thus, the conileee effect enhanced species diversity

only during the plant growing season (i.e., summe&he number of annual species

increased in the summer, especially at down-C,sitesynchrony with species richness

(Fig. 4-4a), whereas perennial species did noeas® at down-C sites or in the summer

(Fig. 4-4b). These results suggest that incregsedes richness in the summer was due

to the high recruitment of annual species. Mostuahspecies at the study sites bloom

during the summer and autumn (Appendix. 4-1); tloees their growth activity likely

increases in the summer. The decreased area oftmned in the summer might imply

high growth activity of annual plants in the sumn#famual species may originate from
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both seed banks and seeds carried by flooding wtaman & Decamps 1997;

Washitani 2001), although demographic informationthese species is very limited in

Japan (cf. Washitani 2001). To better develop mgwtdnding of the mechanisms

affecting plant diversity around confluences, adddél research should examine

differences in recruitment and establishment betmaeual and perennial species and

between up- and down- confluence areas.

My data revealed that very few species were foumlg at down-C sites in the

summer (Appendix. 4-1), suggesting that summesinces do not create unique

habitats within down-C sites. Hence, the temporal seasonal matching between the

creation of wide areas of bare ground and the peakth season of annual species led

to high species diversity at down-confluence arneate summer in the Mukogawa

river basin system. Because my study was condwattedatially and temporally limited

scales, further studies should be conducted inr gtharian ecosystems to improve the

generality of the confluence effect hypothesis.

Conservation of flooding disturbance around confluences

In this chapter, | demonstrated that flooding diséunces contribute more to plant

species diversity immediately downstream of conftes. Although non-native species,
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especially annuals, often dominate after disturbanion riparian zones (Naiman &

Decamps 1997; Brooks 1999; Miyawaki & Washitani £0Richardsoret al. 2007),

our results indicated that the confluence effedttteincreases in the diversity of native

annual species rather than that of non-native epefitig. 4-4a, c, d). Thus, river

confluences may generally play an important rolenoreasing and maintaining native

plant diversity. Despite this role, river confluescare often artificially modified with

concrete constructions (see chapter 6). Such haddieeration typically results in the

breakdown of many ecological processes (Wairal. 1999; Nilsson & Berggren 2000;

Ward & Tockner 2001; Washitani 2001). So followirgjudy, | evaluate river

confluences as key habitats for riparian plant it and should strive to keep the

ecological processes of these systems free of@abenic effects (see Chapter 6).
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Appendix 4-1. List of plants species found in the study transects. Data for the origin, life form, and flowering season are provided. All
scientific names follow the Ylist (http://bean.bio.chiba-u.jp/bgplants/ylist_main.html). The numbers of sites at which the species were
found are also presented. N, native; Non-N, non-native, A, annua herb; P, perennial herb; W, woody plant; Sp, Spring; Su, summer; Au,
autumn. Up-C and Down-C indicate up- and down-confluence sites, respectively.

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer

Aeschynomene indica L. Non-N A Su/Au 0 0 4 6
Ambrosia artemisiifolia L. Non-N A Su/Au 0 0 2 1
Ambrosia trifidaL. Non-N A Su/Au 1 0 0 0
Artemisiaannua L. Non-N A Su/Au 1 0 0 0
Arthraxon hispidus (Thunb.) Makino Non-N A Su/Au 0 0 0 1
Aster subulatus Michx. var. subulatus Non-N A Su/Au 0 0 3 4
Astragalus sinicus L. Non-N A Sp/Su 2 1 0 0
Avenafatua L. N A Su 6 5 0 0
Bidens biternata (Lour.) Merr. et Sherff N A Su/Au 8 8 0 0
Bidens frondosa L. Non-N A Su/Au 3 5 4 5
Brassica juncea (L.) Czern. Non-N A Sp 7 9 1 4
Briza maxima L. Non-N A Su 1 0 0 0
Cardamine scutata Thunb. N A Sp/Su 7 8 2 6
Cerastium fontanum Baumg. subsp. vulgare N A Su

(Hartm.) Greuter et Burdet var. angustifolium 2 4 0 0
Chamaesyce maculata (L.) Small Non-N A Su/Au 1 1 1 3

>

Chamaesyce nutans (Lag.) Small Non-N Su/Au 0 0 6 7



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer

Chenopodiumalbum L. N A Su/Au 0 2 0 1
Chenopodium ambrosioides L. Non-N A Su/Au 1 2 4 6
Coix lacryma-jobi L. N A Su/Au 0 0 0 1
Commelina communisL. N A Su/Au 2 1 11 1
Conyza canadensis (L.) Cronquist Non-N A Su/Au 0 0 6 8
Conyza sumatrensis (Retz.) E.Walker Non-N A Su/Au 7 8 6 9
Cosmos sulphureus Cav. Non-N A Su/Au 0 0 0 1
Crassocephalum crepidioides (Benth.) SMoore Non-N A Su/Au 0 0 1 1
Cuscuta campestris Y uncker Non-N A Su/Au 0 1 0 0
Cyperaceae sp N A Su 0 0 6 7
Desmodium paniculatum (L.) DC. Non-N A Su/Au 0 0 4 3
Digitariaciliaris (Retz.) Koeler N A Su/Au 1 4 3 3
Draba nemorosa L. N A Sp/Su 1 0 2 2
Eclipta thermalis Bunge N A Su/Au 1 2 2 4
Eleusineindica (L.) Gaertn. N A Su/Au 0 0 4 0
Eragrostis multicaulis Steud. N A Su/Au 0 1 0 0
Erigeron annuus (L.) Pers. Non-N A Su/Au 5 1 1 1
Galium spurium L. var. echinospermon (Wallr.)

Hayek N A Su 0 2 0 0



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer

Glycine max (L.) Merr. subsp. soja (Siebold et

Zucc.) H.Ohashi N A Su/Au 5 5 7 9
Gnaphalium affine D.Don N A Sp/Su 0 2 0 0
Hemistepta lyrata Bunge N A Su 0 1 0 0
Humulus scandens (Lour.) Merr. N A Su/Au 7 4 8 9
Ipomoea triloba L. Non-N A Su/Au 0 0 0 1
Justicia procumbens L. var. procumbens N A Su/Au 0 0 1 2
Kummerowia striata (Thunb.) Schindl. N A Su/Au 0 0 0 1
LactucaindicalL. N A Su/Au 0 0 1 4
Lamiumamplexicaule L. N A Sp/Su 1 0 0 0
Lamium purpureumL. Non-N A Su 2 2 0 0
Lindernia procumbens (Krock.) Borb?s N A Su/Au 1 0 2 3
Lolium multiflorum Lam. Non-N A Su 2 2 0 0
Ludwigia epilobioides Maxim. N A Su/Au 2 2 1 6
Mazus pumilus (Burm.f.) Steenis N A Sp/Su/Au 2 1 0 0
Monochoria vaginalis (Burm.f.) C.Pres N A Su/Au 0 0 1 1
Mosla scabra (Thunb.) C.Y .Wu et H.W.Li N A Su/Au 0 0 0 1
Myosotis scorpioides L. Non-N A Sp/Su 0 1 1 0
Oenothera biennisL. Non-N A Su/Au 0 1 4 2
Oenothera glazioviana Micheli Non-N A Su/Au 1 0 0 0



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer

Oxalis dillenii Jacq. N A Su/Au 1

Panicum bisulcatum Thunb. N A Su/Au 0 1

Papaver dubiumL. Non-N A Sp/Su 0 3 0 0

Perilla frutescens (L.) Britton var. crispa

(Thunb.) H.Deane N A Su/Au 2 0 1

Persicaria lapathifolia (L.) Delarbre N A Su/Au 3 0 7

Persicaria longiseta (Bruijn) Kitag. N A Su/Au 2 5 10 1

Persicaria sagittata (L.) H.Gross var. sibirica

(Meisn.) Miyabe N A Su/Au 1 1

Persicaria senticosa (Meisn.) H.Gross N A Su/Au 0 0 1 2

Persicaria thunbergii (Siebold et Zucc.)

H.Gross N A Su/Au 6 8 5 8

Picris hieracioides L. subsp. japonica (Thunb.)

Krylov N A Su/Au 0 0 1 3

Poa annua L. Non-N A Sp/Su/Au 1 4 0 1

Portulaca oleracea L. N A Su/Au 0 0 2 2

Ranunculus sceleratus L. N A Sp 0 2 0 0

Sagina japonica (Sw.) Ohwi N A Sp/Su 1 1 0 0

Senecio vulgarisL. Non-N A Su/Au 1 0 0 0

Setaria pumila (Poir.) Roem. et Schult. N A Su/Au 0 0 3 3



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer
Setariaviridis (L.) P.Beauv. N A Su/Au 0 0 8 8
ScyosangulatusL. Non-N A Su 0 0 0 1
Ssyrinchium rosulatum E.P.Bicknell Non-N A Sp/Su 0 2 0 0
Solanum ptychanthum Dunal Non-N A Su/Au 0 0 0 1
Sonchus oleraceus L. N A Sp/Su 3 6 0 0
Sellariamedia (L.) Vill. N A Sp/Su/Au 4 4 0 0
Sellaria uliginosa Murray var. undul ata
(Thunb.) Fenzl N A Sp/Su/Au 0 1 0 0
Torilisjaponica (Houtt.) DC. N A Su 8 6 0 0
Trapa japonica Flerow N A Su/Au 0 1 0 0
Trifolium dubium Sibth. Non-N A Su 6 6 0 0
Trigonotis peduncularis (Trevir.) Benth. ex
Hemsl. N A Sp 2 1 0 0
Veronica arvensisL. Non-N A Sp/Su 0 2 0 0
Veronica persica Pair. Non-N A Sp 4 2 0 0
Vicia hirsuta (L.) Gray N A Sp/Su 3 7 0 0
Vicia sativa L. subsp. nigra (L.) Ehrh. N A Sp/Su 5 6 0 0
Xanthium occidental e Bertol. Non-N A Su/Au 2 2 7 7
Achyranthes bidentata Blume var. fauriei
(H.Lev. et Vaniot) N P Su/Au 4 3 7 9



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer
Agrimonia pilosa Ledeb. var. japonica (Miq.)
Nakai N P Su/Au 0 1
Artemisia capillaris Thunb. N P Su/Au 0 0 3 4
Artemisia indica Willd. var. maximowiczi
(Nakai) H.Hara N P Su/Au 11 11 10 10
Boehmeria silvestrii (Pamp.) W.T.Wang N P Su/Au 3 6 10 1
Boehmeria spicata (Thunb.) Thunb. N P Su/Au 0 0 1 0
Calystegia hederacea Wall. N P Su 0 0 1 0
Calystegia pubescens Lindl. N P Su 0 0 1 0
Carex dimorpholepis Steud. N P Su 1 0 0 0
Carex kobomugi Ohwi N P Sp/Su 1 0 0 0
Cayratia japonica (Thunb.) Gagnep. N P Su 4 1 3 3
Cicutavirosa L. N P Su 1 0 0 0
Clinopodium gracile (Benth.) Kuntze N P Su 0 0 1 1
Desmodium podocar pum DC. subsp.
oxyphyllum (DC.) H.Ohashi N P Su/Au 0 0 0 1
Dioscorea japonica Thunb. N P Su 0 2 0 1
Duchesnea chrysantha (Zoll. et Moritzi) Mig. N P Sp 1 0 0 0
Dunbaria villosa (Thunb.) Makino N P Su/Au 1 0 0 2



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer
Elymus tsukushiensis Honda var. transiens
(Hack.) Osada N P Su 3 2 0 0
Epilobium pyrricholophum Franch. et Sav. N P Su/Au 2 2 0 0
Equisetumarvense L. N P Sp 5 4 2 4
Equisetum hyemale L. N P Sp 0 0 0 1
Eragrostis ferruginea (Thunb.) P.Beauv. Non-N P Su/Au 3 1 0 0
Erigeron philadelphicus L. Non-N P Sp/Su 4 5 0 0
Fallopia japonica (Houtt.) Ronse Decr. N P Su/Au 0 1 0 0
Galium japonicum Makin N P Su 7 7 0 1
Geranium thunbergii Siebold ex Lindl. et
Paxton N P Su/Au 2 4 0 2
Geum japonicum Thunb. N P Su 1 0 0 0
Helianthus tuberosus L. Non-N P Su/Au 5 2 3 4
Houttuynia cordata Thunb. N P Su 1 0 0 1
Hydrocotyl e sibthorpioides Lam. N P Su/Au 2 2 1 1
Iris pseudacorus L. Non-N P Su 3 2 0 0
Ixeridium dentatum (Thunb.) Tzvelev N P Su 3 2 0 0
Juncus decipiens (Buchenau) Nakai N P Su/Au 0 2 1 2
Leersia japonica (Honda) Makino ex Honda N P Su/Au 0 1 0 0
Lespedeza cuneata (Dum.Cours.) G.Don N P Su/Au 1 5 3 8



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer
Lobelia chinensis Lour. N P Su/Au 0 0 1 0
Luzula kjellmanniana Miyabe et Kud? N P Su/Au 7 7 0 0
Lycopus lucidus Turcz. ex Benth. N P Su/Au 1 2 1 2
Lythrum anceps (Koehne) Makino N P Su/Au 0 0 1 0
Mentha arvensis L. subsp. arvensis N P Su/Au 2 2 0 0
Metaplexis japonica (Thunb.) Makino N P Su 0 2 1 2
Miscanthus sinensis Andersson N P Su/Au 1 0 2 2
Oenanthe javanica (Blume) DC. N P Su 4 4 3 5
Oenothera speciosa Nuitt. Non-N P Su 2 0 0 0
Oxalis corniculata L. N P Su/Au 0 2 3 6
Paederia scandens (Lour.) Merr. N P Su/Au 1 0 1 2
Paspalum distichum L. Non-N P Su/Au 4 2 6 6
Phragmites australis (Cav.) Trin. ex Steud. N P Su/Au 10 10 6 8
Phragmites japonica Steud. N P Su/Au 3 6 5 6
Phytolacca americana L. Non-N P Su/Au 0 1 0 1
Plantago asiatica L. N P Sp/Su/Au 1 1 1 1
Plantago lanceolata L. Non-N P Sp/Su 2 2 2 1
Potentilla freyniana Bornm. N P Sp 2 2 1 1
Pueraria lobata (Willd.) Ohwi N P Su/Au 5 5 3 6



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer
Ranunculus silerifolius H.Lev. var. glaber
(H.Boissieu) Tamura N P Sp/Su 1 4 0
Rorippaindica (L.) Hiern N P Sp/Su/Au 0 3 0 0
Rubia argyi (H.Lev. et Vaniot) H.Hara ex
L auener N P Su/Au 1 0 0 0
Rumex acetosa L. N P Su 3 3 0 1
Rumex japonicus Houit. N P Su 3 4 3 0
Sagittaria pygmaea Mig. N P Su/Au 0 0 0 1
Sanicula chinensis Bunge N P Su/Au 0 0 0 1
Schoenoplectus triqueter (L.) Palla N P Su/Au 1 1 0 0
Sedum sarmentosum Bunge Non-N P Su 0 1 0 0
Sedum sarmentosum Bunge Non-N P Su 0 2 0 0
Solidago altissma L. Non-N P Au 6 4 1 1
Taraxacum officinale Weber ex F.H.Wigg. Non-N P Sp/Su 2 1 0 0
Trifolium pratense L. Non-N P Su/Au 4 2 3 1
TrifoliumrepensL. Non-N P Sp/Su/Au 6 4 3 4
Typha latifolia L. N P Su 0 0 1 1
Verbena bonariensisL. Non-N P Su/Au 0 0 2 0
Verbena brasiliensis Vell. Non-N P Su/Au 1 0 0 0
Veronica anagallis-aquatica L. Non-N P Sp/Su 7 7 0 0



Appendix4-1. Continued

Species name Origin Life Flowering Up-C Down-C Up-C Down-C
form season inspring inspring in summer in summer

Albiziajulibrissin Durazz. N W Su 1 0 1 1
Ampelopsis glandulosa (Wall.) Momiy. var. N W Su

heterophylla (Thunb.) Momiy. 2 0 0 1
Deutzia crenata Siebold et Zucc. N wW Su 0 0 0 2
Indigofera pseudotinctoria Matsum. N wW Su 0 0 0 2
Robinia pseudoacacia L. Non-N wW Su 1 1 0 0
Rosa multiflora Thunb. wW Su 1 1 1 3
Salix miyabeana Seemen subsp. gymnolepis N W Sp

(H.Lev. et Vaniot) H.Ohashi et Y onek. 5 2 3 5
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Chapter V
Field research approach II:
Relative importance of neutral and niche process on
plant community assemblage is seasonally changes

around downside river confluences.



Abstract

The study of mechanisms structuring community heenta central issue in ecology. In

this chapter, | examined similarities of ripariafarg communities around eleven

confluences of Mukogawa river basin system to mesttral and niche hypotheses on

community structuring. | found that the communityiarity was not different between

two up-confluence area pairs and up- and down-uenfie area pairs in summer,

supporting the neutral theory. On the other hamel, community similarity significantly

decreased in up- and down-confluence areas in gspsimpporting the niche theory.

Natural bare grounds were more widely distributéddawn-confluence areas than

up-confluence areas, and more widely in spring thasummer, suggesting that there

was a difference in disturbance regime betweenetla@sas and seasons. My results

showed that neutral process becomes obvious i giawing season and in frequently

disturbed riparian areas, suggesting that spatidl seasonal matching between open

space creation and dispersal activity is the kgyrdonote neutrality.
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Introduction

The study of mechanisms structuring community hesnba central issue in ecology.

Two well-known theories, neutral and niche theqriegve been proposed to explain

how community assembly is structured in naturalsgstems (Gilbert & Lechowicz

2004; Thompson & Townsend 2006; Paine & Harms 2&iningeret al. 2009). The

neutral theory assumes no difference in ecolodrasts among species and emphasizes

the role of random dispersal processes in strumjuriocal communities and

speciation-extinction events in structuring largate meta-communities (Hubbell 2001,

2003; Thompson & Townsend 2006; Paine & Harms 2608ningeret al. 2009). In

contrast, the niche theory describes local comrmasmis non-random sets of species

sorted based on their physiologically and competiyi defined niches (Silvertown

2004; Thompson & Townsend 2006; Paine & Harms 20R&mingeret al. 2009).

Evaluating which of these alternative theories leegilains the assembly of natural

biological communities is a source of debate (e(Gilbert & Lechowicz 2004,

Silvertown 2004; Etienne 2005; Etienne & OIff 20@8onsoet al. 2006; McGill et al.

2006; Thompson & Townsend 2006; Paine & Harms 26@®ningeret al. 2009).

The neutral and niche theories make diametricgllyosed assumptions about
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the importance of species traits in determiningcE®e composition, abundance and

diversity patterns (Hubbell 2001; Silvertown 2004nhder the neutral theory assuming

that random extinction and dispersal limitation dwose the spatial distribution of

species, the similarity of species composition abdindance between two sample

points is predicted to decrease with the distanesvden them, irrespective of any

co-varying environmental factors (Condit al. 2002; Thompson & Townsend 2006;

Morlon et al. 2008). Under the niche theory, local-scale specewmposition and

abundance should remain relatively constant aceasgonmentally uniform distance

gradients (e.g., transects through homogeneousexpécat should change along

gradients where environmental change is autocoectlavith distance (Condit al.

2002; Thompson & Townsend 2006; Morlah al. 2008; Romingeret al. 2009).

Because of this difference in the predicted distacmmmunity similarity pattern

between neutral and niche theories, examining apadriation in community structure

(i.e., species composition and abundance) is areasingly popular approach to

understanding the relative importance of neutral aithe processes ((Condit al.

2002; Gilbert & Lechowicz 2004; Thompson & Towns&@6).

Spatial variation in community structure has beeran@ned both for

experimental (Stanley Harpole & Tilman 2006; Pa&&eHarms 2009) and natural
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communities (Thompson & Townsend 2006; Romingeal. 2009), but it is often

difficult to divide the effects of distance and tkavironmental changes along the

distance because the distance between sites is @ositively correlated with

differences in local ecological conditions (Gilbé&tlLechowicz 2004). Although such

an approach is only valid when local conditions apdtial separation are independent

of one another, it is very difficult in practice HOmpson & Townsend 2006). To

understand the relative importance of neutral andhen processes, thus, the

communities establishing very close to each othdr dn different environmental

conditions should be examined in the fields.

River confluences, which are nodes of river netwpgkovide the ideal system

to test the neutral and niche hypotheses. Althcaggal ecological conditions change

gradually along the streams, the conditions dralé§ichange around river confluences

within a short distance (Bendhal. 2004). For instance, contributory area of therrive

and stream water volume abruptly increases andrwemaeperature may rise or drop

drastically below the confluences when tributarg@mns have a large flow and different

water temperature from the main stream. When we haavy rain and sequent freshet,

dramatic change in stream conditions, that is, diog and subsequent habitat

alternation would occur more frequently at just detweam areas of confluences
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(down-confluence areas) than at upstream areasduiffience areas). Under these

conditions, neutral theory predicts that similastiof plant communities between two

different up-confluence areas and between up- awchetonfluence areas are equal to

each other. On the other hands, niche theory pgeethat a lower community similarity

is found between up- and down-confluence areaslibbmeen two up-confluence areas

because of difference in local ecological condgitretween up- and down—confluence

areas. These predictions are worth testing in dalelucidate the relative importance of

neutral and niche processes in riparian communities

Recently, some studies indicate that both the akatrd niche theories explain

local community structure simultaneously and tlneg telative importance of neutral

and niche processes is different among functionadumgs within communities

(Thompson & Townsend 2006); Rominger et al 2009)eske studies imply that the

mechanism of structuring community assembly wasdeidiht among species with

different traits within communities (Paine & Har609). Thus, | should examine a

difference in sensitivity to neutral and niche msges pool and divide among functional

groups of the community.

In this chapter, | examined similarities of rigariplant communities around

eleven confluences of Mukogawa river basin systeridyogo Prefecture, Japan to test
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neutral and niche hypotheses on community strugjurSpecies richness differed

between up- and down-confluence areas in thesduemties (Osawa et al. unpublished

data). First, | compared a similarity of whole placommunities between two

up-confluence areas to that between up- and dowfluemce areas within each

confluence to examine relative importance of néwral niche processes. Second, |

divide plant species into 8 functional groups (\@ar Maarel 2005), and compared

similarities of each functional group between twwaonfluence area pair and up- and

down-confluence area pair to examine differencemmunity structuring mechanism

among functional groups. | then discuss the rolen@dfitral and niche processes in

shaping riparian plant communities around conflasnc
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M ethods

Confluences, sites, and quadrats

The study was conducted around 11 vegetated cowiigewithin the Mukogawa River
basin system (Fig. 5-1). The basin area is 6% and the total river length is 65.7 km
(Hyogo Prefecture, 2007). The study confluencesalireocated within approximately
the middle of the Mukogawa River basin system angl surrounded by mainly
suburban and/or agricultural areas. Many of therrbanks are constructed of concrete.
Although the tributaries of the 11 study confluenwaried in size (the smallest being a
few meters wide and traversable by foot, and thgekt being almost the same width as
the main stream), | accounted for this variationrasdom effects in the statistical
method (se&atistical analysis section).

At each confluence, | established two up-confluesibes (up-Ca and up-Cb)
and a single down-confluence (down-C) sites (Fig).5Two belt transects consisting of
five 1.4 x 1.4 m quadrats each were laid out petipeitar to the flow direction at each
site and total 6 belt transects were set at eadfiuemce (Fig. 5-2). All belts were
established primarily on the main stream side.dfrmatream sides were not accessible, |

selected the tributary side. Consequently, | setsson the mainstream side in 5
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confluences and the tributary side in 6 confluenteshese 6 confluences where study

sites were set on tributary side, tributary sizeewet extremely small compare to main

streams. In total, | set up 330 quadrats aroundotfluences. The distances between

up-Ca and up-Cb belt transects and between up-@ldanwn-C belt transects were the

same at each confluence but varied among conflggtivte mean and range were ~60 m

and ~40-90 m, respectively). Within each confluerice sizes of conglomerate sand (@:

0.063~2.0 mm) and gravel (g: 2.0~64 mm) underlying vegetation were almost

identical.
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Fig. 5-1

Mukogawa river
@:rescarched confluence 0 2000 m

Fig. 5-1. Locations of the 11 studied confluences. The thick line indicates the main stream
of the Mukogawa River.
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Fig. 5-2

flow direction

down-confluence (down-C) D ]:1 40 m

quadrat

Fig. 5-2. Study areas and quadrats within a confluence. We established upside-stream flow
(up-F), upside-confluence (up-C), and downside-confluence (down-C) sites at each
confluence. Each belt transects consisting of ten quadrats (1.4 x 1.4 m) each were laid out at
right angles to the flow direction at each site.
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Community structure and bare ground area

| investigated community structure (species compbaad abundance) in the summer

(from late August to late September 2007) and gpf(from early May to early June

2008) for each quadrat. In the Mukogawa River bagstem, peaks of flow volume

occur in early spring (ca. March-April) and earlymgmer (ca. July-August) almost

every year. Sampling was conducted immediatelyovalg these periods to examine

the effect of floodings as ecological conditions @ammmunity structures. | listed all

plant species found in each quadrat and recordegrtiportion of quadrat area covered

by each species. | categorized listed species8iritmctional groups based on life form

and morphology (annual forb, grass and vine, peatf@rm, forb, grass and vine and

woody species) (Appendix 5-1). My categories fokalthe "Wild flowers of Japan”

series (Sataket al. 1981, 1982a, b; Satalket al. 1989a, b). | identified two perennial

ferm species, | included data of perennial fernanalyses of whole communities, but

did not examine a similarity of this functional gm solely. | did not examine a

similarity of annual vines solely in spring becalses than 3 species were found in all

confluences. Although I could not identify sevelPalaceae and Cyperaceae and small

seedlings (approximately 14 species in the sprimy 2 in the summer) to the species

level, | included these individuals in analyseswdfole of communities when | were
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able to determine morphospecies. These un-idemtifpecies were not dominant

species. | totalized plant data of five guadrateash belt transects data.

| recorded the areas of natural bare ground in dsh Because direct

measurement of the degree of disturbance is offéaudt (Pollock et al. 1998), | used

the proportion of bare ground area as an indejoofifdisturbance, i.e., | assume that a

large bare ground area indicates the occurrenstarig flood disturbance.

Smilarity index

| calculated Bray-Curtis dissimilarity index (BCDdj plant species composition

between four up-Ca and up-Cb belt transect papsufupairs) and between four up-Cb

and down-C transect pairs (up-down pairs) from eactiluence data set. | then

calculated similarity index as 1 — BCDI.

Satistical analysis

| used generalized linear mixed effect models (GL8§Mith Gaussian error

distribution (identity link) and a likelihood ratiest to examine the difference in

similarity index of whole community and each funcial group between up-up and

up-down pairs. In the models, the similarity inadéxvhole community or each
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functional group was considered as a responseblari@ihe exploratory variables were

the type of pairs (up-up or up-down, fixed effeg@ditionally | incorporated

confluence identity into the models as a randomm & account for differences among

confluences in non-measured environmental factaek as tributary size and the

number of artificial constructions around the cagefice. The neutral theory predicts no

difference in the similarity index between up-um amp-down pairs, whereas the niche

theory predicts a significant decrease in the sintyl index in up-down pairs compared

to up-up pairs.

| also applied GLMMs with Gaussian error distrilouti(identity link) and a

likelihood ratio test to examine the effects oégbsition (up-Ca, up-Cb or down-C)

and season (summer or supring) on the proportioratfral bare ground area.

All analyses were done with the statistical paekag ver. 2.7.1 (R

Development Team, 2008).
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Results

Plant species composition and natural bare ground

| identified 127 and 130 plant species in summeat spring, respectively and total

species number was 185 (Table 5-1). The numbesgromer-unique and spring-unique

species were 58 and 55, respectively. The speiciedunctional groups were annual

and perennial forbs (Table 5-1). There was no ldifference in the number of species

for each functional group between summer and sgiiagle 5-1). In summer the most

abundant functional group was annual forb and peatigrass and forb followed (Fig.

5-3a). On the other hand, perennial grass was aimstdant and followed by annual

and perennial forbs in spring (Fig 5-3b).

Natural bare ground areas was significantly lowersummer than that in

spring (chi-squared value: 24.98, p < 0.001) amphiBcantly differ in site position

(chi-squared value: 54.195, p < 0.001) (Fig. 5-4).

Smilarity index

There was no difference in the similarity indexndfole community between up-up and

up-down pairs in summer, whereas a significant ez in the index was found in
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summer (Fig. 5-5). | also found the same trendsafunual grasses, perennial forbs,

grasses and vines (Figs. 5-6¢, d, 5-7). For anfarbk, there were difference in the

similarity index in both seasons, but significantlycrease in summer whereas

significantly decrease in spring (Fig. 5-6a, b)r Rmody plants, no difference in the

similarity index was found both in summer and spiiRig. 5-8).
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Fig. 5-3. Total percentages of each functional group.
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Fig. 5-4. Percentages of bare ground area in each quadrat.

97



(a) Summer

1.0 4
n.s

0.8

0.6 - !

0.4 - '

02 E 5

0 B | |
Exclude Include

1.0

0.8

0.6

0.4

0.2

Fig. 5-5

(b) Spring
| p<o0.001
Exclude Include

Fig. 5-5. Bray-Cutis similarity index between exclude- and include confluence

on all species communities.
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(a) Annual forb in summer
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Fig. 5-6. Bray-Cutis similarity index between exclude- and include confluence on

annual species communities.
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Fig. 5-7. Bray-Cutis similarity index between exclude- and include confluence on

perennial species communities.
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Fig. 5-8
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Fig. 5-8. Bray-Cutis similarity index between exclude- and include confluence on woody species.
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Discussion

| examined riparian plant species compositions around 11 confluences to test the neutral
and niche theories on riparian community structuring in two different seasons, and
found the relative importance of neutral and niche processes was different between
summer and spring. | found that the community similarity was not different between
two up-confluence area pairs and up- and down-confluence area pairs in summe,
supporting the neutral theory. On the other hand, the community similarity significantly
decreased in up- and down-confluence areas in spring, supporting the niche theory.
Natural bare grounds were more widely distributed at down-confluence areas than
up-confluence areas, and more widely in spring than in summer, suggesting that there
was a difference in disturbance regime between these areas and seasons. Below, |
discuss this seasona change in the mechanisms structuring plant community around
river confluences.

My results suggest that in summer, communities were structured in the neutral
way whereas niche process became prominent in spring (Fig. 5-5a). Paine & Herms
(2009) suggested that neutral and niche assembly processes may vary among the

components of an ecological community and dynamically through time (Paine & Harms

102



2009). In the data set, community compositions (i.e. the relative abundance of

functional groups and members of each function groups) differed between seasons

(Appendix). The difference in community composition may be responsible to the

difference in dominant ecological process between seasons, although | found no large

difference in similarity patterns among different functional groups. Moreover, | suggest

that differences in plant colonizing and/or growing activities could explain the

difference in community structuring between seasons. Generaly, flooding during the

growing season most strongly affects plant survival (Ferreira & Stohlgren 1999;

Vervuren et al. 2003; van Eck et al. 2004), thus summer floodings would change

abundance of established species and create large open space (bare grounds). Strong

colonization to open spaces in summer might make neutral process obvious in summer.

Annua forb community, which was the most dominant group in summer, had high

similarity of up-down pairs compared to up-up pairs (Fig. 6a). These results implicated

that anuual forbs dispersal according to neutral process strongly contributed community

assemble in summer. On the other hand, plant distribution might be more limited by

their competitive ability in spring because plant distribution patterns could be also

affected by severe environmental conditions in the previous winter (van Eck et al. 2004).

This idea should be examined further to control these plant activities experimentally.
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Also | ignored seasonal differences in factors other than natural bare ground area, whose
effects should be examined in future research.

The similarity patterns of woody plant community were consistent with the
prediction of neutral process in both summer and spring. This result might be caused by
insufficient data set for abundance of woody species (Fig. 5-3). Further study should be
conducted to evaluate this finding.

Many studies (Hubbell 2001; Condit et al. 2002; Gilbert & Lechowicz 2004,
Harpole & Tilman 2006; Thompson & Townsend 2006; Paine & Harms 2009;
Rominger et al. 2009) suggested that both neutral and niche processes affect local
community structure. My results were consistent with the suggestion. Some of these
studies found that the relative importance of neutral and niche processes differs among
functiona groups within communities (Thompson & Townsend 2006); Rominger et al
2009). However, | found no evidence supporting these findings, although colonizing
and growing ability can be different among functional groups. Difference in dispersa
limitation among functional groups would be smaller than the difference between
seasons. Recent studies of plant community structures have reported no or limited
support for neutrality, although plants may be satisfying the requirements of the neutral

theory (Thompson & Townsend 2006) and references therein). Those studied
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communities are established relatively stable (infrequently disturbed) areas, such asrain

and boreal forests. My results showed that neutral process becomes obvious in plant

growing season and in frequently disturbed riparian areas, suggesting that spatial and

seasonal matching between open space creation and dispersal activity is the key to

promote neutrality.
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Appendix5-1. List of plants species occurring in the studied transects.

All scientific names were based on ylist(http://bean.bio.chiba-u.jp/bgplants/ylist main.html).

Name Lifeform  Function Identify
Achyranthes bidentata Blume var. fauriei (H.L?v. et Vaniot) perennial forb both
Actinostemma tenerum Griff. annual vine summer
Aeschynomeneindica L. annual forb both
Agrimonia pilosa Ledeb. var. japonica (Mig.) kai perennial forb summer
Albizia julibrissin Durazz. wood tree both
Amaranthus blitum L. annual forb summer
Amaranthus retroflexus L. annual forb summer
Ambrosia artemisiifolia L. annual forb summer
Ambrosia trifida L. annual forb spring
Ampelopsis glandulosa (Wall.) Momiy. var. heterophylla (Thunb.) Momiy. wood vine both
Aristolochia debilis Siebold et Zucc. perennial forb summer
Artemisiaannua L. annual forb spring
Artemisia capillaris Thunb. perennial forb summer
Artemisia indica Willd. var. maximowiczi (kai) H.Hara perennial forb both
Arthraxon hispidus (Thunb.) Makino annual grass summer
Aster ageratoides Turcz. var. ageratoides perennial forb summer
Aster subulatus Michx. var. subulatus annual forb summer
Astragalus sinicus L. annual forb spring
Avefatua L. annual grass spring
Avefatua L. var. glabrata Peterm. annual grass spring
Bidens biterta (Lour.) Merr. et Sherff annual forb both
Bidensfrondosa L. annual forb both
Boehmeria silvestrii (Pamp.) W.T.Wang perennial forb spring
Boehmeria spicata (Thunb.) Thunb. wood shrub summer
Brassica juncea (L.) Czern. annual forb both
Brizamaxima L. annual grass spring
Calystegia hederacea Wall. perennial vine summer
Calystegia pubescens Lindl. perennial vine summer
Cardamine scutata Thunb. annual forb both
Carex dimorpholepis Steud. perennial grass spring
Carex kobomugi Ohwi perennial grass spring
Cayratia japonica (Thunb.) Gagnep. perennial forb both
Cerastium fontanum Baumg. subsp. vulgare (Hartm.) Greuter et Burdet var. angustifoli annual forb spring



Appendix5-1. Continued

Name Lifeform  Function Identify
Chamaesyce maculata (L.) Small annual forb both
Chamaesyce nutans (Lag.) Small annual forb summer
Chenopodiumalbum L. annual forb both
Chenopodiumalbum L. var. centrorubrum Makino annual forb summer
Chenopodium ambrosioides L. annual forb both
Cicutavirosa L. perennial forb spring
Clematis apiifolia DC. perennial vine summer
Clinopodiumgracile (Benth.) Kuntze perennial forb summer
Coix lacryma-jobi L. annual grass summer
Commeli communis L. annual forb both
Conyza cadensis (L.) Cronquist annual forb both
Conyza sumatrensis (Retz.) E.Walker annual forb both
Coreopsislanceolata L. perennial forb summer
Cosmos sulphureus Cav. annual forb summer
Crassocephalum crepidioides (Benth.) S.Moore annual forb summer
Cuscuta campestris Y uncker annual vine summer
Cyperaceae sp annual grass summer
Desmodium paniculatum (L.) DC. annual forb summer
Desmodium podocarpum DC. subsp. oxyphyllum (DC.) H.Ohashi perennial forb summer
Deutzia creta Siebold et Zucc. wood shrub summer
Digitariaciliaris (Retz.) Koeler annual grass both
Dioscorea japonica Thunb. perennial vine both
Draba nemorosa L. annual forb both
Duchesnea chrysantha (Zoll. et Moritzi) Miq. perennial forb spring
Dunbariavillosa (Thunb.) Makino perennial vine both
Eclipta thermalis Bunge annual forb both
Eleusineindica (L.) Gaertn. annual grass summer
Elymus tsukushiensis Honda var. transiens (Hack.) Osada perennial grass spring
Epilobium pyrricholophum Franch. et Sav. perennial forb spring
Eragrostis ferruginea (Thunb.) P.Beauv. perennial grass spring
Eragrostis multicaulis Steud. annual grass spring
Erigeron annuus (L.) Pers. annual forb both
Erigeron philadelphicus L. perennial forb both
Fallopia japonica (Houtt.) Ronse Decr. perennial forb spring
Festucaovi L. perennial grass spring
Galium japonicum Makino perennial forb both
Galium spurium L. var. echinospermon (Wallr.) Hayek annual forb both



Appendix5-1. Continued

Name Lifeform  Function Identify
Galiumverum L. subsp. asiaticum (kai) T.Yamaz. var. asiaticum kai f. lacteum (Maxir perennial forb spring
Geranium thunbergii Siebold ex Lindl. et Paxton perennial forb both
Geum japonicum Thunb. perennial forb spring
Glycine max (L.) Merr. subsp. soja (Siebold et Zucc.) H.Ohashi annual forb both
Gphalium affine D.Don annual forb both
Helianthus tuberosus L. perennial forb both
Hemistepta lyrata Bunge annual forb spring
Houttuynia cordata Thunb. perennial forb both
Humulus scandens (Lour.) Merr. annual vine both
Hydrocotyle sibthorpioides Lam. perennial forb both
Indigofera pseudotinctoria Matsum. wood shrub summer
Ipomoea triloba L. annual vine summer
Iris pseudacorus L. perennial forb spring
Ixeridium dentatum (Thunb.) Tzvelev perennial forb spring
Juncus decipiens (Bucheu) kai perennial grass both
Justicia procumbens L. var. procumbens annual forb summer
Kummerowia striata (Thunb.) Schindl. annual forb summer
Lactucaindica L. annual forb summer
Lamium amplexicaule L. annual forb spring
Lamium purpureum L. annual forb spring
Leersia japonica (Honda) Makino ex Honda perennial grass spring
Lespedeza cuneata (Dum.Cours.) G.Don perennial forb both
Lindernia procumbens (Krock.) Borb?s annual forb both
Lobelia chinensis Lour. perennial forb summer
Lobelia chinensis Lour. perennial forb spring
Lolium multiflorum Lam. annual grass spring
Ludwigia epilobioides Maxim. annual forb both
Luzula kjellmannia Miyabe et Kud? perennial grass both
Lycopus lucidus Turcz. ex Benth. perennial forb both
Lythrum anceps (Koehne) Makino perennial forb summer
Macleaya cordata (Willd.) R.Br. perennial forb summer
Mallotus japonicus (L.f.) M?2I.Arg. wood tree summer
Mazus pumilus (Burm.f.) Steenis annual forb spring
Mentha arvensis L. subsp. arvensis perennial forb both
Metaplexisjaponica (Thunb.) Makino perennial vine both
Miscanthus sinensis Andersson perennial grass both



Appendix5-1. Continued

Name Lifeform  Function Identify
Monochoria vagilis (Burm.f.) C.Pred annual forb summer
Mosla scabra (Thunb.) C.Y.Wu et H.W.Li annual forb summer
Murdannia keisak (Hassk.) Hand.-Mazz. annual forb summer
Myosotis scorpioides L. annual forb both
Equisetumarvense L. perennial ferm both
Equisetum hyemale L. perennial ferm summer
Oenothera biennis L. annual forb both
Oenothera glaziovia Micheli annual forb both
Oenothera speciosa Nutt. perennial forb spring
Oenthe javanica (Blume) DC. perennial forb both
Oplismenus undulatifolius (Ard.) Roem. et Schult. annual grass spring
Oxaliscorniculata L. perennial forb both
Oxalis dillenii Jacq. perennial forb both
Paederia scandens (Lour.) Merr. perennial vine both
Panicum bisulcatum Thunb. annual grass summer
Papaver dubium L. annual forb spring
Paspalum distichum L. perennial grass both
Pennisetum alopecuroides (L.) Spreng. perennial grass summer
Perilla frutescens (L.) Britton var. crispa (Thunb.) H.Deane annual forb both
Persicaria lapathifolia (L.) Delarbre annual forb both
Persicarialongiseta (Bruijn) Kitag. annual forb both
Persicaria sagittata (L.) H.Grossvar. sibirica (Meisn.) Miyabe annual forb summer
Persicaria senticosa (Meisn.) H.Gross annual forb summer
Persicaria thunbergii (Siebold et Zucc.) H.Gross annual forb both
Phragmites australis (Cav.) Trin. ex Steud. perennial grass both
Phragmites japonica Steud. perennial grass both
Phytolacca america L. perennial forb both
Picrishieracioides L. subsp. japonica (Thunb.) Krylov annual forb summer
Plantago asiatica L. perennial forb both
Plantago lanceolata L. perennial forb both
Poa annua L. annual grass both
Portulaca oleracea L. annual forb summer
Potentilla freynia Bornm. perennial forb both
Potentilla sprengelia Lehm. perennial forb spring
Pueraria lobata (Willd.) Ohwi perennial vine both
Quercus serrata Murray wood tree spring
Ranunculus sceleratus L. annual forb spring



Appendix5-1. Continued

Name Lifeform  Function Identify
Ranunculus silerifolius H.L?v. var. glaber (H.Boissieu) Tamura perennial forb spring
Robinia pseudoacacia L. wood tree spring
Rorippaindica (L.) Hiern perennial forb spring
Rosa multiflora Thunb. wood shrub both
Rubia argyi (H.L?v. et Vaniot) H.Haraex Lauener perennial forb both
Rumex acetosa L. perennial forb both
Rumex japonicus Houtt. perennial forb both
Sagi japonica (Sw.) Ohwi annual forb spring
Sagittaria pygmaea Miq. perennial forb summer
Salix chaenomeloides Kimura wood shrub spring
Salix miyabea Seemen subsp. gymnolepis (H.L?v. et Vaniot) H.Ohashi et Y onek. wood shrub both
Salsola komarovii Iljin annual forb both
Sanicula chinensis Bunge perennial forb summer
Schoenoplectustriqueter (L.) Palla perennial grass spring
Sedum sarmentosum Bunge perennial forb spring
Senecio vulgaris L. annual forb spring
Setaria pumila (Poir.) Roem. et Schult. annual grass summer
Setariaviridis (L.) P.Beauv. annual grass summer
Scyosangulatus L. annual vine summer
Sisyrinchium rosulatum E.P.Bicknell annual forb spring
Solanum ptychanthum Dul annual forb summer
Solidago altissima L. perennial forb both
Sonchus asper (L.) Hill annual forb spring
Sonchus oleraceus L. annual forb spring
Sellaria media (L.) Vill. annual forb spring
Stellaria uliginosa Murray var. undulata (Thunb.) Fenzl annual forb spring
Taraxacum officile Weber ex F.H.Wigg. perennial forb both
Torilisjaponica (Houtt.) DC. annual forb spring
Trapa japonica Flerow annual forb spring
Trifolium dubium Sibth. annual forb spring
Trifoliumpratense L. perennial forb both
Trifoliumrepens L. perennial forb both
Trigonotis peduncularis (Trevir.) Benth. ex Hemsl. annual forb spring
Typha latifolia L. perennial grass summer
Verbe boriensis L. perennial forb summer
Verbebrasiliensis Vell. perennial forb spring



Appendix5-1. Continued

Name Lifeform  Function Identify
Veronica agallis-aquatica L. perennial forb spring
Veronica arvensis L. annual forb spring
Veronica persica Poir. annual forb spring
Vicia hirsuta (L.) Gray annual forb spring
Vicia sativa L. subsp. nigra (L.) Ehrh. annual forb spring
Vicia tetrasperma (L.) Schreb. annual forb summer
Xanthium occidentale Bertol. annual forb both
Zehneria japonica (Thunb.) H.Y .Liu annual vine summer




Chapter VI
Conservation idea:
Locating local hotspots in riparian ecosystems: the
convergence of threatened plant species and human

activity at river confluences and meanderings.



Abstract

The ability to quickly locate biodiversity hotspatsa given broad area is critical for

effective conservation planning. In riparian ectsyss, flooding provides diverse

habitats for plants and animals but is a nuisaodautman settlement. Thus, frequently

disturbed areas in riparian ecosystems that hdrgbr biodiversity are more likely to

experience strong artificial-control measures. sted this hypothesis and determined

how to easily find these areas using river mapsxadmined the effect of two terrain

components (the number of confluences and the degfreneandering per unit area)

that could potentially influence flooding frequen@mn both the distribution of

threatened species and the degree of artificialifmation at three different grain sizes

using two riparian data sources. | found that thenlpers of both threatened species and

artificial constructions increased with the numloérconfluences and the degree of

meandering per unit area. Additionally, my resulésnonstrated that confluences and

meanderings provide different habitat conditions tbreatened plant species. |

proposed that a per-unit-area confluence densiyri@er length map would be a useful

tool for locating local biodiversity hotspots, thusproving conservation and

management planning.
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Introduction

Riparian zones (the fringes of rivers or streams)among the most biologically diverse

and productive ecosystems worldwide (Naineaal. 1993; Burkart 2001; Whited al.

2007). Habitat distribution and turnover withinaigan zones are strongly influenced by

the flooding regime (Whited et al. 2007). Floodinguced disturbances provide

dynamic and complex biophysical habitats in riparieones (Naimaret al. 1993;

Burkart 2001), which in turn maintain biologicalvdrsity across space and time

(Tockner & Stanford 2002; Stanfortlal. 2005). Thus, the flooding disturbance would

be one of the key factors affecting biodiversityiparian zones(Benda al. 2004).

On the other hand, flooding is a globally crucialiisance factor to human

settlement and activity near rivers. Therefore, ynaparian zones have been heavily

modified to control the impact of flooding on humiares (Poff et al. 1997; Rinaldi &

Johnson 1997; Washitani 2001). For example, mamyidl systems are compromised

by flow regulation via dams, diversions, and revatis (Nilsson & Berggren 2000;

Richter & Richter 2000; Tockner & Stanford 2002; iéd et al. 2007). Moreover, some

river lines have been straightened or lined (Rin&dohnson 1997). As a result, the

magnitude of flooding has been reduced, and divepsgian habitats and ecological
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processes have been lost in modified regions (Rigalohnson 1997).

Here, | hypothesize that those riparian areas with potential to harbor the

highest biodiversity due to frequent disturbancesaincident with those exposed to

high artificial-control pressures. | predict thaeas with many confluences and/or a

high degree of river meandering will harbor highodiversity due to frequent

disturbances. Because both around confluences éBendl. 2004) and abundant

meanderings area (Rinaldi & Johnson 1997) expeotetbre frequently flooding occur

in riverine areas. If my predictions are supportéeése areas of river ecosystems may

be threatened and vulnerable biodiversity hotspilg.results may yield important

insights into easily locating local biodiversitytBpots and may provide a new polestar

for river management planning.

In this chapter, | examined the hypothesis thabsamith many confluences

and/or meanderings harbor high biodiversity andehbgen heavily modified. Using

existing data sets for the distributions of riveaonels, threatened species, and artificial

modifications for the rivers in Hyogo Prefecturapdn, | examined whether the number

of confluences and total river length (an indicaibthe degree of meandering) per unit

area were positively related to the number of eitheeatened floodplain species (an

indicator of biodiversity) or artificial construotis (an indicator of artificial
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modification) per area at different grain sizes €00, 5 x 5, and 1 x 1 km). | also

examined the relationship between the presencéareé tflooding-sensitive threatened

plant speciesActinostemma lobatum, Penthorum chinense, and Sparganium erectum

ssp stoloniferum) and both the number of confluences and totalr igagth per unit

area. Finally, | discuss the validity of the hypedls and how to apply my results to

identifying local hotspots of riparian plant specdversity.
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M ethods

Sudy area and data sources
The study was conducted in Hyogo Prefecture, J&pat1l' N, 135°12' E, 8395.61
km?% Fig. 6-1). The mean annual precipitation is 1Z6/bhm, and the mean annual
temperature is 16.9°C (Japan Meteorological Agency)

| used data from two existing sources to extraidrimation on the locations of
rivers, confluences, artificial constructions, amdeatened species distribution. Data
were derived from the Research for the Natural Envhent of Rivers in Hyogo
Prefecture (RNER) and the Census for River and rRipaAreas (CRR). The RNER
was conducted from 2002 to 2006 by the Hyogo Ptefec government
(HyogoPrefecture 2007) and used previous chaptergereas the CRR has been
conducted every year since 1993 by the Japanes¥rgoental agency, the Ministry of

Land, Infrastructure, Transport, and Tourism.

Data sets
| examined three grain sizes in my analyses: tpardkzse Standard Second Mesh (10 x

10 km; hereafter, 10-km grain), the Standard TMessh (1 x 1 km; 1-km grain), and a
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medium mesh (5 x 5 km; 5-km grain). The locatiohshe 10- and 1-km grains were

arbitrarily determined by the Japanese governmktmigtry of Internal Affairs and

Communications, Japan). Four 5-km grains were supesed into each Standard

Second Mesh. The numbers of confluences and thakriger length per unit area, as

well as the numbers of threatened species andcatti€onstructions (e.g., dams and

revetments) per unit area, were calculated usiagRINER data set. In this study, | did

not distinguish between types and sizes of arificonstructions. | defined threatened

species as those listed on the national Red Lbtratocal Red Data Books (Appendix

3). To examine species-specific responses to oeafluences and meanderings, | also

created presence-point distribution data for thineeatened riparian speciés,lobatum,

P. chinense, andS. erectum, using both the RNER and CRR data sets. A presgoicg

number was calculated for each species at each gizé. These three species were

selected because the numbers of presence-poingshiggrer than those of other species

studied in the rivers of Hyogo Prefecture, theyheaxhibit ecological traits related to

flooding (i.e., require some sort of water regina)d they are well known endangered

riparian species in Japan (Yonematal. 2000; Ishiiet al. 2005; Takakuwat al. 2006).

During data collection, | excluded overlapping seececords from 2 data sources. All

calculations were conducted using GIS software Vaw 3.3 ESRI Japan).
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Fig. 6-1. The location of study rivers in Hyogo prefecture, Japan

and three types of grains used in the present study.
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Satistical analyses

| examined the effects of river confluence and mdeang on the distributions of

threatened species, artificial constructions, aiedgnce-point numbers Af [obatum, P.

chinense, and S. erectum ssp. stoloniferum using generalized linear models (GLMs)

with Poisson error distribution and Wald teststHase models, | treated the number of

confluences, total river length, and their intei@ttas explanatory variables and the

number of threatened species, artificial constomstj or species’ presence-points as

response variables. In the model for artificial stonctions, | included total river length

as an offset term (Agresti 2002), because artlficianstructions are likely to be

established at un equal distance within a givearrine. | constructed models for the

10- and 5-km grain data sets. | did not analyzeltlen grain data set, because at this

grain size, the threatened species data set cedtdaoo many zeroes (7329 of 7419

meshes had zero records) and there were too fefluennes per mesh (0.07 + 0.28,

mean * s.d.).

All statistical analyses were conducted usingstiag¢istical package R ver. 2.6.1

(R Core Development Team 2008).
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Results

For the 10-km grain data set, the mean number fliuences was 3.35 and total river

length was 32.87 km, and the mean numbers of #medt species and atrtificial

constructions were 0.86 and 91.78, respectivelg Mlean numbers of presence-points

of the three focal threatened species were 1A24opatum), 0.48 . chinense), and

0.072 © erectum ssp.stoloniferum).

For the 5-km grain data set, the mean number diwemces was 0.83 and total

river length was 8.49 km, and the mean numberdi@atened species and artificial

constructions were 0.54 and 28.57, respectivelg. Aumbers of presence -points of the

three threatened species were 0.38 Ipbatum), 0.15 E. chinense), and 0.015 &

erectum ssp.stoloniferum).

The GLM results for threatened species and auwificonstructions for the 10-

and 5-km grain data sets exhibited similar trendable 6-1). The number of

confluences and total river length were signifibapositively related to the number of

threatened species at these grain sizes, withxitepgon of the number of threatened

species at the 10-km grain. The number of confleerend total river length were

significantly positively related to the number afifecial constructions at both the 10-

115



and 5-km grains. The interaction between the nunadberonfluences and total river

length was significantly negatively related to btie number of threatened species and

artificial constructions at both grain sizes, exithg the case of the number of

threatened species at the 10-km grain. The numbedhreatened species was not

correlated with the number of artificial constrocts at either grains (10-km grain:

adjustedr-squared = -0.01Qp = 0.87; 5-km grain: adjustedsquared = 0.0015 =

0.23).

The effects of the number of confluences and total length on the number of

presence -points of the three threatened specifesedi among species and between

grain sizes (Table 6-2). Fé« lobatum, total river length had a significant positiveesff

at both the 10- and 5-km grain, whereas the nurobeonfluences had a significant

negative effect at only the 10-km grain (Table 692)e interaction between confluence

number and total river length did not have a cdastseffect on the three species. Por

chinense, the number of confluences had a significant pasgffect at both grain sizes,

whereas total river length had a significant puesiteffect on the number of presence

-points only at the 5-km grain (Table 6-2). Theeeffof the interaction was significantly

negative at both grain sizes. F@rerectum ssp.stoloniferum, the effects of total river

length and the number of confluences were sigmiflggpositive only at the 5-km grain

116



(Table 6-2). The interaction negatively affecteds tthreatened species only at the

10-km grain size.
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Discussion

| found that threatened species diversity and/erribmber of artificial constructions

were significantly higher in riverine areas with myaconfluences and/or with more

meanderings at two different grain sizes. Thus, masults suggest that increased

disturbances at confluences and meanderings prdnabflgats for threatened species,

but are also very likely to experience strong @itif control. Washitani (2001)

suggested that many threatened riparian plants bagceme vulnerable because of

recent drastic changes in river environments causgdintensive modern river

management for flooding control and water utiliaati{\Washitani 2001). Additionally,

Ward et al. (1999) proposed that river regulati@s been particularly extensive in

species-rich river-floodplain environments (Ward aét 1999). My results strongly

support these predictions and further indicate thaént river management especially

destroys habitats created by flooding.

My analyses also demonstrated that the effects hef ¢onfluences and

meanderings on the numbers of species presenctsbifered among the three focal

threatened species. These results suggest that cosgfluences and meanderings

provide different habitat conditions for individyalant speciesA. |lobatum consistently
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preferred areas with more meanderings at both graes, whereak chinense occurred

in areas with many confluences. Previous studie® Ishown tha®. lobatum prefers

wet and relatively stable habitats (Takakuwa e2@06), wherea®. chinense prefers

wet and disturbed habitats (Yonemura et al. 2008)is, confluences may provide more

frequently disturbed habitats compared to meandsyias reflected by the varying

distribution of these two threatened species alting disturbance regime. The

distribution of S erectum ssp. stoloniferum, which also prefers wet and disturbed

habitats (Ishii et al. 2005)as significantly positively affected by the number of

confluences and total river length at a 10-km bott a0 5-km grain size. One possible

explanation for this difference between the twoinggais that S erectum ssp.

Soloniferum, may have a wider minimum area requirement (MAR)ntllae other

species (Lambeck 1997). This supposition shoultlfiber examined in future studies.

Overall, my findings suggest that both confluenaed meanderings were important for

maintaining the diverse habitats of threatened ispecAlthough my results only

highlight general patterns, further research israrded to examine the ecological

processes by which confluences and meanderingseceedaiversity of habitats for

threatened species.
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Conclusions and Implications

My results indicated that riverine areas with maopfluences and meanderings harbor

an abundance of threatened species but are alsenttyrunder threat by strong

artificial control measures. Additionally, my fimdjs suggested that confluences and

meanderings provide different disturbance regimest ttreate diverse habitats in

riparian ecosystems. Habitat conservation and neanagt must be key elements in any

program to minimize or reduce the expected dimarutf the world’s biotic diversity

(Smith et al. 1998). Thus, sound management plarst be implemented for threatened

species, and to this end, it is crucial to undest@and catalog the causes of habitat loss

when formulating possible management strategiestSehal. 1998; Van Dyke 2008).

My results strongly suggest that reductions in fileguency of disturbances such as

those caused by revetments around confluencesti@nghsened or lined rivers have led

to declines of threatened species in riparian fida@ds. Thus, in critical areas such as

confluences and meanderings, the conflict betwaediversity and flooding control

must be resolved for floodplain species consermatio

My findings also provide new insight for consereatiand management

planning. My approach demonstrated that local bedity hotspots in riparian

floodplains can be easily found using river mapassd®l on the locations of river lines, |
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were able to create per-unit-area confluence derasitd river length maps. | then
identified at-risk areas rich in threatened spede®rsity. In addition, confluences
harbored much more common vegetation comparednglesilow areas (Chapter 3).
These easily-drawn hotspot maps will strongly prtemeffective conservation and

management planning in riparian zones.
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Chapter VI

General discussion



General discussion

In this thesis, | found positive effects of riveonfluences on vegetation and plant
species diversity in river systems of Hyogo Prefext To the best of my knowledge,
this is the first report that demonstrated confaegeeffects on riparian plant diversity.
Flooding disturbances, which occur more frequeatiyund river confluences, played
important roles in maintaining biodiversity in ripgn areas. Thus, my attempt to find
out general patterns of confluence effects and nlyidg mechanisms maintaining plant
diversity was basically achieved. In this Chapte@mce summarized my main findings
in each chapter, and discuss the role of confluesfterts and their conservational
importance in maintaining biodiversity in river sgstems.

In the Chapter 2, | tested the hypothesis thatradaiver confluences, frequent
disturbances create heterogeneous habitats ancequergly increase a vegetation
diversity using the data set from all river systeofisHyogo Prefecture. The results
supported the hypothesis and suggest the geneoéldgnfluence effects on vegetation
diversity in a broad scale.

In the Chapter 3, | further tested the confluenffecess on 8 functional

vegetation groups that were likely to be more ieficed by flooding disturbances than

124



other vegetation types. This test was conductethenKakogawa river basin system

where is the largest basin systems in Hyogo Pmafect found that the patches of

herbaceous vegetations (annual forb, grass, viree parennial forb, grass vegetations)

were more frequently found around river confluentem single -flow areas, whereas

woody vegetations avoided confluence areas. Regafat intermediate flooding

disturbances around river confluences would fatditthe colonization of the two

herbaceous vegetations, however woody plant vegesatpreferred more strongly

disturbed areas. These results demonstrate tleatceonfluences provide regularly and

intermediately disturbed habitats, and stably haHssbaceous hydrophilic vegetations

at landscape (river basin) scales.

In the Chapter 4, | tested confluence effects @mtpspecies diversity in 11

river confluences within the Mukogawa river basystem. | compared plant species

diversity and the extent of bare ground between amd down-confluence areas in

summer and spring. | found that species diversgpecially annual plant species was

highest at down-confluence areas in summer. Thenexbf bare ground was

significantly greater at down-confluence areas tlanupside confluence areas in

summer and spring. The recruitment of annual spegas higher in the summer than in

the spring, and rapid occupancy of bare groundthésm might occur in the summer. |
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suggest that within river systems, spatial andaeddifferences in patterns of flooding

function together to regulate plant species diwgr3inis ecological process is likely to

degrade in artificially concreted rivers, aroundethfloodings infrequently occur.

In the Chapter 5, | tested validity of both neutitaéory and niche theory as

potential explanations for the assembly of planhewnities to compare community

similarities between up-confluence and up-confleensite pair and between

up-confluence and down-confluence site pair withib river confluences in the

Mukogawa river basin system. The pattern of sintijfan summer was consistent with

the prediction by neutral theory, whereas thaping was consistent with that by niche

theory. The result showed that the relative impuartaof neutral and niche processes on

community structures changed seasonally.

It the Chapter 6, | found that the numbers of bthtteatened species and

artificial constructions increased with the numloérconfluences and the degree of

meandering per unit area. According to the reslilgjggested that areas with many

confluences and/or with more meanderings are |boadiversity hotspots in river

ecosystems. Based on the locations of river limesare able to create per-unit-area

confluence density and river length maps, with Wwhwe can easily identify local

hotspots. These easily-drown hotspot maps will pteneffective conservation and
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management planning in riparian areas.

According to these results, | suggest that freqedular) and intermediate

flooding disturbances around confluences enharaa pliversity in different two ways:

vegetation and species sorting among diverse Mhabipaovided by flooding

disturbances (Chapter 2, 3, 6) as well as fagditadbf neutral process by creating large

bare ground areas during the plant growing seaShagter 4, 5). Both niche theory and

neutral theory have been suggested as potentildretmons for the assembly, dynamics,

and structure of diversity patterns (Hubbell 208llyertown 2004; Harpole & Tilman

2006; Thompson & Townsend 2006). However nicherthead neutral theory are not

mutually exclusive when multiple species share ralsi niche within communities.

Interestingly, my findings indicate that relativenportance of niche and neutral

processes on riparian plant community varied iretand space in riparian ecosystems.

At broad scale, niche theory well explained vegetst and rare species diversity

around confluences (chapter 2, 3, 6) whereas, all scale, plant species diversity was

well explained both by niche and neutral theor@sapter 4, 5). In particular, neutral

processes strongly shown under the spatial anaisaglasatching between open space

creation and the terms when high dispersal act{@Gtyapter 5). Recent studies on scale

effects suggested that shown ecological processes often scale-dependent (Hobbs
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2003). However, limited empirical evidences havedestrated a temporal variation of

community-structuring mechanisms. My findings migitow the new perspective,

namely, shown ecological processes is also timeggeddent. My findings are valuable

both on basic science for biodiversity theory apgli@d science for conservation.

My findings that botha and 3 diversity was higher around confluences also

provide very important concept of plant diversitynservation in river ecosystems.

Frequent and intermediate disturbance was suggéstedcur and create large natural

bare grounds around confluence, which, in turniate plant diversity. Thus, in order

to conserve botlm and 3 plant diversity in river ecosystems, the distudsmmegime

should be conserved around confluences. Becauselifigs are globally crucial,

nuisance factor to human settlement and activigr meers, many riparian zones have

been modified to control the impact of flooding boman lives (Poffet al. 1997,

Rinaldi & Johnson 1997; Washitani 2001). Especijallyas around confluences were

more heavily modified than other areas (Chapteffbg artificial modifications should

restrict a range of disturbance regime, leading ttecrease in the impact of infrequent

but strong flooding around confluences, and to c&do in the frequency of small

disturbances (Rinaldi & Johnson 1997). In Japae,River Act (established in 1896)

puts the first priorities of river managements dlodding disaster prevention” and
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“water utilization”. Thus, ideally, we should esliah river management plans which

achieve flooding control and water utilization wvatht destroying biological

environments.

In order to conserve diversity through keeping reduprocess, species

diversity within regional species pools should benserved. This means that a

regional-level conservation planning is necesshrythis thesis, | showed the plant

community assembly was consistent with neutralrhao least in summer (Chapter 5).

Base on neutral theory, community assembly wasdddcby regional species pool, in

other words, regional biodiversity potential. Thp&ant species diversity around river

confluences reflects the biodiversity potentiathad river ecosystems. Additionally, it is

likely to reflect the whole of the biodiversity goitials because river ecosystems were

connected along the lengths of rivers or strearhasif the river ecosystems have poor

biodiversity potentials, intact river confluenceufm not show high biodiversity. River

confluences make apparent the biodiversity potentiWhen we find the endangered

species at the riparian area, we protect at the erenost cases. However, it is not

always a sufficient strategy. We should protectewidreas around finding point and

their disturbance regimes.

River confluences might provide several habitatsother animals at the river
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basin scale because diversity in vegetation alewiges diverse habitats and foods for
animals (Qian & Ricklefs 2008). In the future stutlghould test the confluence effects
on animal communities in riparian ecosystems.

In the following section, | would like to proposéet practical ideas for

managements and biodiversity conservation of meesystems based on my findings.

Principles:
Preserve a wide range of floodings without causiigasters on human life and
activity in river ecosystems.
Areas around river confluence have higher consenvairiority than single flow

areas.

River management practices

1. We should not concrete low-flow channels. Thisbecause concrete low-flow
channels reduce flooding disturbances in riparreas

2. When we have to modify river conditions at ataierarea, regional biodiversity as
well as that in the target area should be prelinlinassessed. Modification should

have minimum impacts on regional biodiversity iderto conserve the mechanism

130



maintaining biodiversity through neutral process.

Conservation practices

3. We put high conservation priority on river sysgewith high biodiversity potential. In
these systems, conservation and restoration pesctvould effectively maintain and
increase high biodiversity.

4. Per-unit-area confluence density and river lengaps are recommended to use to
identify high conservation priority areas withirvgn river systems when available
conservation resources are not enough to assasditdiversity. Areas with high
confluence density are likely to harbor many theeatl species that prefer more
frequently disturbed habitats and those with longerr length harbor threatened

species more stable wetland conditions.
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