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ABSTRACT
SPECIES INTERACTIONS AND THE FUNCTIONING OF POND
ECOSYSTEMS.
By

Jeremy M. Wojdak

Ecologists have become interested in the functional roles of biodiversity
at the ecosystem level. Positive effects of diversity on the rates of ecosystem
processes have been observed, but mechanisms are rarely understood.
Moreover, variation in the strength of species richness effects across abiotic or
biotic gradients remains largely unexplored. This dissertation addresses gaps
in our understanding of the functional roles of biodiversity by studying
herbivorous freshwater snail communities as a model system.

| examined the consequences of aquatic snail species richness on the
biomass of several functional groups and ecosystem processes in laboratory
microcosms. Higher snail species richness led to higher herbivore biomass,
and less algal biomass and total organic matter. Snail species used five habitat
types differently, and groups of species with dissimilar habitat use had stronger
diversity effects for several response variables. These results suggest that
niche complementarity is the mechanism responsible for snail species richness
effects on pond ecosystem properties and community structure.

However, niche complementarity among species is likely to vary as

species’ niches change in response to their abiotic and biotic environment. |
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manipulated the physiological state of pond snails, the abundance of algal
resources, and predation cues in a full factorial design to assess their effects on
snail habitat use, an important aspect of the niche of snails. In general, snails
foraged more and spent less time in refuge when resources were abundant,
when predators were absent, and when previously exposed to physiological
stress (i.e. starvation).

Since the traits of species vary along ecological gradients, the
complementarity among species’ niches should be context dependent. To
assess this possibility, and the consequences for the functioning of pond
ecosystems, | varied snail species richness, predation intensity, and resource
availability in a mesocosm field experiment. Greater snail species led to greater
secondary production, consumer biomass, and macrophyte stem growth, and
lower epiphyton and periphyton biomass. However, predators reduced the
effect of snail species richness on the biomass of attached algae. Snail species
richness effects on many functional groups were stronger than those of a

substantial nutrient enrichment or a voracious top-predator.



DEDICATION

To my parents, Lark and Michael Wojdak.



I thank N. Do
Thobaben. B
G. Mittelbact
Conner, T. G
IsSues. expe
M. Leibold (s
equipment.
R. Smith, N.
the text. | re
Grant (NSF
Fellowship |
the Ecology
Lauff Gragy

Adams, an,



ACKNOWLEDGEMENTS

I thank N. Dorn, H. Wojdak, G. Mittelbach, M. Dorn, S. Whitmire, T. Darcy, E.
Thobaben, B. Luttbeg, and E. Garcia for assistance in the field and laboratory.
G. Mittelbach, E. Thobaben, S. Hamilton, N. Dubois, N. Dorn, C. Steiner, J.
Conner, T. Getty, and M. Leibold provided helpful advice regarding conceptual
issues, experimental design, statistics, and sampling techniques. S. Hamilton,
M. Leibold (support from NSF-DEB 9815799), and M. Klug supplied critical
equipment. Comments from K. Gross, O. Sarnelle, S. Hamilton, G. Mittelbach,
R. Smith, N. Dorn, B. Luttbeg, E. Thobaben, and H. Wojdak greatly improved
the text. | received financial support from a NSF-funded Research Training
Grant (NSF DIR-09113598 and DBI-9602252), a Dissertation Completion
Fellowship (College of Natural Science, MSU), the Department of Zoology and
the Ecology, Evolutionary Biology and Behavior Program at MSU, and G. H.
Lauff Graduate Research Awards. N. Consolatti, A. Gillespie, S. Shaw, C.

Adams, and J. Gorentz provided fantastic “behind the scenes” support.



LIST OF TA!
LIST OF FIG

CHAPTER (
SPECIES IN
ECOSYSTE

CHAPTER 1
CONSEQUE
POND ECO
Abstr
Introx
Meth

Resu
Disct

CHAPTER!
FORAGING
GYRINA: E
RESOURC
Abst
Intro
Mett
Rest

Disc

CHAPTER
RELATIVE
|NDIRECT
VARY Wit
Abs
Intr
Met
Res
Cor



TABLE OF CONTENTS

HSTOFTABLES .ot iX
HSTOF FIGURES ..ottt Xiii
CHAPTER ONE
SPECIES INTERACTIONS AND THE FUNCTIONING OF POND
ECOSYSTEMS .ottt 1
CHAPTER TWO
CONSEQUENCES OF HABITAT PARTITIONING AMONG SNAILS FOR
POND ECOSYSTEM FUNCTION.....ccoevvorommsoseoooos 7
ABSIACE ..o 7
INEOAUCHON ... 9
MEINODS .o 14
Statistical Methods ...............cocieieeommme 17
RESUS ... 21
DISCUSSION.......cooooooiicee 35
CONCIUSIONS ......oovoeoeee 40
CHAPTER THREE
FORAGING AND REFUGE USE BY THE POND SNAIL PHYSA
GYRINA: EFFECTS OF PHYSIOLOGICAL STATE, PREDATORS, AND
RESOURCE LEVELS...........cccouuvvvemnnoreemeeeeseesseoosooooo 41
ADSIACE.........ooooiiiieeeee e 41
INtOUGHION ..o 42
MENOS .......ooooie oo 45
RESUILS ..o 48
BERAVION ... 48
Trait-Mediated Indirect Effects..............ocoocovovoooo 54
DISCUSSION.......oooeeiece oo 57
CONCIUSIONS.........coieeeiiieeieeeeee oo 64

CHAPTER FOUR
RELATIVE STRENGTHS OF TRAIT-MEDIATED AND DENSITY-MEDIATED
INDIRECT EFFECTS OF A SNAIL PREDATOR (BELOSTOMA FLUMINEUM)

VARY WITH RESOURCE LEVELS (with Bernard Luttbeg)..........cccoeeveunn...... 66
ADSTTACE ........cooueeieeieeeeee et 66
INEFOAUCHION ... 68
MENOUS .....oveeeeeeeeeee e e, 70
Results and DISCUSSION..........c.oovovreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 74
CONCIUSIONS........coeveerieeeeee e 83

vi



CHAPTER
TOP-DOWN
EFFECTS C
EFFECT ST
Abstr
Introc
Meth

Res

Dis

APPENDI



CHAPTER FIVE

TOP-DOWN, BOTTOM-UP, AND CONSUMER SPECIES RICHNESS
EFFECTS ON ECOSYSTEMS: CONTEXT DEPENDENCY AND RELATIVE

EFFECT STRENGTHS..........oooommmnmmneeeeeeeeeeeeeeeoeosooooooooo 85
ADSHACK............oioi e 85
INtrOdUCHON ... 87
MEhODS ..o 91

SEUP ..o 91

Organisms ...........c.ooemieieeeeeeeeeee oo 92

Response Variables ..................ccoooeeeoo 94

Snail BiOMaSS.......cuovueveeeerieeeeeeeeoooooo 94

Primary Producers................cocooeeooeioooooo 95

Whole System Properties .............ocooovoooo 96

Statistical Methods ...............cc.oueeeveemeeeo 97

RESUIS ... 102

SNail BIOMASS.......c.oueueviiieeececeeeeeeee e 102

Primary Producers...............o.o.oveeeeoeeoeesseooooooo 106

Whole System Properties ..............ocoeeveveeooooo 111

MEChANISMS .......covieieiieteie e 115
Comparison of Species Richness Effects in Natural and Artificial

COMMUNILIES ..ottt 117

EffeCt SIZes......ooveiieieeee e 121

DISCUSSION ...ttt 125

Context DependencCy ..........ccoueueueeeeeeeeeeeeeeeeeeeeeeeeeeeo] 125

MECNANISMS ..., 127

Effect Sizes....ooooieee e 130

CONCIUSIONS .....oviiiieiiecteeeee et 133

APPENDICES ..ottt et 134

APPENDIX A - ESTIMATES OF THE REPRODUCTIVE RATES OF SIX
AQUATIC SNAIL SPECIES UNDER SEMI-NATURAL FIELD

CONDITIONS. ...ttt et e e e et 135
1) (oo [¥Tex (1] o HOR RO SRS 135
METhOAS.......ooiiiii e et 136
Results and DiSCUSSION .........uvvevieeiiieeeceeeeeeeeeeee e eeeeeeee e, 137

APPENDIX B - MOVEMENT AND FORAGING BEHAVIOR OF SIX

AQUATIC SNAIL SPECIES ...ttt ee e e eeeeeee s e s 142
INEFOAUCHION ... et e e et e e e e e 142
MEENOAS . ... e e e re e e 143

Speed TrialS......ccoeeeeeeiiieeiee e 143
Resource Matrix TrialS........ccooeeveuieiiveiiiiieeeeeeeeeeeeen. 144
Results and DiSCUSSION ......vvvueeereeeeiiieeeiieeeee et eeeeeeie e e eeveeana 145
Speed TrialS......ccceiiiviiiiiiiiieee e 145
Resource Matrix TrialS........cooevveeovieeiiiieeiiieeceeiieeeeiis 151

Vii



APPE
SNA

APP|
BEL

BIBLIOGR/



APPENDIX C - DISTRIBUTION AND ABUNDANCE OF AQUATIC

SNAILS IN SOUTHWEST MICHIGAN PONDS .....cooooeiieeiiee e, 156
INEFOAUCHION ...t 156
MEENOAS ..ottt e e r e e e 157
Results and DISCUSSION ........coeviiviiiiiiiiiineeeieeeeeeeeeeeeeeeee e 158

APPENDIX D - RELATIVE PREFERENCES OF THE PREDATOR

BELOSTOMA FLUMINEUM FOR SEVERAL SNAIL PREY.......cc........ 164
INETOAUGCHION. ...ttt e e et eee e e e e eeaanes 164

Y, =11 270 Yo K< SUR OO OO PR R UPRTURPRN 165

ReESUItS aNd DiSCUSSION ...uieeee ettt e e eee e eereeereens 167
BIBLIOG RA PHY ettt 171

viii




Table 1. AN
A) snail. per
sedimentatic
matter. Per
log transforr
phytoplanki
variables w

One or two !

Table 2. S
variables tt
biomass. t
the mean ¢

measurem

Table 3,

five habit

Table 4, §

fefuge yg



LIST OF TABLES

Table 1. ANOVA results for snail species richness and composition effects on
A) snail, periphyton, phytoplankton, and macrophyte biomass, and B)
sedimentation rate, dissolved oxygen concentration, and total system organic
matter. Periphyton, phytoplankton, organic matter and sedimentation data were
log transformed prior to analyses. Dissolved oxygen, periphyton, and
phytoplankton data were means of several repeated measures. Response
variables with error degrees of freedom not equal to 75 had missing data for

ONE OF TWO INICTOCOSITIS. coeeeeieee et e et a e 22

Table 2. Summary statistics for Dmax Calculations, for the three response
variables that were sensitive to the number of snail species present: snail
biomass, total system organic matter, and periphyton biomass. Average Dpay is
the mean of Dnmax for all 15 polycultures. 3EF is expressed in the units of

measurement for that response variable.....................c 28

Table 3. ANOVA results for differences among six snail species in their use of

five habitat types — water surface, bucket sides, plants, sand, and detritus......30

Table 4. Repeated-measures ANOVA results describing the foraging effort and

refuge use of Physa gyrina through time in response to prey energetic state,



predation nsk

bolded. ...

Table 5. AN
on resource
AFDW date

procedure. §

Table 6. Sir

dependent !

Table 7. A

(P<0.05) tr

Table 8. A
Metaphyto
Significant
degrees o

8" meg

Table g,

Sedimen



predation risk, and resource manipulations. Significant effects (P < 0.05) are

DOIAEA. ... 49

Table 5. ANOVA results for response of ash-free dry weight (AFDW) of algae
on resource tiles to prey state, predation risk, and resource manipulations.
AFDW data were log-transformed to meet assumptions of the ANOVA

procedure. Significant effects (P < 0.05) are bolded. .................c..oooi, 55

Table 6. Simple linear regression results for the relationships between several

dependent variables and initial algal abundance. ................ccooi 75

Table 7. ANOVA results for snail production and standing biomass. Significant

(P<0.05) treatment factors and interactions are bolded. ............c..cc.oooiienn 103

Table 8. ANOVA results for algal biomass (periphyton, epiphyton, and
metaphyton) and macrophyte (stem growth and biomass) responses.
Significant (P<0.05) treatment factors and interactions are bolded. Error
degrees of freedom are parenthetically noted if different from the first column.

“n/a” means the term was not included inthe model..........ccccoevevvoiininiiin . 107

Table 9. ANOVA results for ecosystem respiration, primary production, and

sedimentation. Significant (P<0.05) treatment factors and interactions are



holded. EfrO

first column.

Table 10. D
snail biomas
(only Dims €
be decomp
highest vall
Species na
names.”'s

be negativ

more than

Table 11.

growth, ar

Table 12
interactio

indicates

Table 13
SoUth\\le:

first lettg



bolded. Error degrees of freedom are parenthetically noted if different than the

first column. “n/a” means the term was not included in the model. ................. 112

Table 10. D; and Dnax statistics calculated for A) snail production, B) standing
snail biomass, C) other response variables sensitive to snail species richness
(only Dmax could be calculated for these variables because responses could not
be decomposed into species-specific effects). The “dominant” species (i.e.
highest value in monoculture) are noted for each response in each context.
Species names are abbreviated with the initials of the genera and species
names. *’s indicate a response variable where the effect of snails is expected to
be negative, so a positive Dmax means the polyculture reduced that response

more than the most dominant species in monoculture did. ............................ 116

Table 11. ANOVA results for differences among species in length, weight,

growth, and €gg ProdUCHION..........cccueiiriiiiiiiiiiiii e 138

Table 12. ANOVA results for species and resource main effects and their
interaction on snail movement speed and the probability of turning. Bold type

INAICAES P O.05 . oo e e e e e e e e e 146

Table 13. The occurrence of five snail species in a survey of 16 ponds in

southwest Michigan (1= present, O=absent). Snail species are labeled with the

first letter of each the species and genus names: Fossaria obrussa = Fo,

Xi




Gyraulus par

Physa gyrina



Gyraulus parvus = Gp, Helisoma trivolvis = Ht, Pseudosuccinea columella = Pc,

PhyS8 gYriNg = Pg...cccoouiiiiiiiiiie et 159

Xii



Figure 1. Th
functioning ¢
differences
hypothetical
maintained

niche (repre
should be s
should be
between i
complemer

slope of the

Figure 2. |
polyculture
monoculty
Alternative
of samplin
“‘dominany
mplies

%&F ang |



LIST OF FIGURES

Figure 1. The niche complementarity hypothesis suggests that ecosystem
functioning should increase with increasing species richness because of niche
differences among species (e.g., resource use, habitat use, phenology). A
hypothetical example is presented in A) where species X, Y, and Z are
maintained in monoculture and polyculture. Species X and Y are very similar in
niche (represented by strongly overlapping circles), and so SEF (defined in text)
should be small. Species Y and Z are very different in niche, and so 6EF
should be large. With many such pair-wise comparisons the relationship
between niche overlap and 8EF could be examined, as in B). If niche
complementarity is responsible for species richness effects on ecosystems, the

slope of the regression line in B) should be negative................cc..ccccoviiiiiinnnn, 13

Figure 2. Hypothetical results of combining two species, A and B, in a
polycuiture. The polyculture could yield the average of what the two
monocultures did, the expectation if there are no effects of species richness.
Alternatively, the polyculture could yield more than that average (either because
of sampling effects or niche complementarity), or even more than the
“dominant” species in monoculture (species B in this case). This last possibility
implies the action of some form of complementarity or facilitation. The values of

OEF and D are displayed for each possible outcome.............ccccoooeviveinnin, 19

Xiii




Figure 3. S1
C) periphyto
sedimentatic
are means -
richness (P

biomass (2

Figure 4. S
biomass. C
oxygen, F)
represent d
monocultur
treatments
(untransfor

initial snail

Fioure 5. |
habitats) f
$nails of 3
Particylar 1
labeleg Wi
Which repy

enVlfonmE



Figure 3. Snail species richness effects on A) snail biomass, B) plant biomass,
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Figure 6. Regression of percent similarity in habitat use between a pair of
species against the magnitude of diversity effects (S8EF), for A) snail biomass, B)
plant biomass, C) periphyton biomass, D) phytoplankton biomass, E) dissolved
oxygen, F) sedimentation rate, and G) total system organic matter. Points in
the coordinate plane are coded by the species pair being considered (initials of
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Figure 9. Ash-free dry weight (AFDW) of algae on resource tiles at the end of
the experiment, for snails in A) “good” state and B) “poor” state. Black bars
represent the absence of Belostoma predators, while gray bars represent the
presence of predators. Trait-mediated indirect interactions (TMIl) can be
visualized by comparing the AFDW in the presence and absence of predators
(at the same level of resources and prey energetic state). Data (untransformed)
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Figure 10. A) Hypothetical relationships between foraging effort, resource
levels, and predation risk. The dotted line represents no/low predation risk, and
the solid line represents high predation risk. Predation risk and resource levels
interact to determine foraging effort at low resource levels, but they act
independently at higher resource levels. B) Hypothetical relationships between
foraging effort, prey state, and predation risk. The dotted line represents no/low
predation risk, the solid line represents high risk. State and predation risk act

independently when prey are in poor state, but interact as prey state improves.

Figure 11. The strength of indirect effects of the predator Belostoma flumineum
on algal abundance, as a function of initial basal resource availability. Density-
mediated indirect interactions (DMiIls) are represented by solid circles, while

trait-mediated indirect interactions (TMils) are represented by open circles.
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Lines (DMlls as a solid line, TMIIs as a dashed line) represent simple linear

regressions described in Table 6. .................coociiiii 76

Figure 12. Linear regressions of final algal biomass on initial algal biomass for
controls (no snails), no predator, non-lethal predator, and lethal predator
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Figure 13. The use of habitat by Physa gyrina in the absence of predators, in
the presence of non-lethal predators, and in the presence of lethal predators.
Data are mean proportions (across four observations periods) of snails still alive
found in a given habitat. Number of total snails observed in each treatment (n)

is reported in the fIQUIe. ........coouiiiiii e 79

Figure 14. The response of A) snail production and B) snail standing biomass
to species richness, nutrient, and predation manipulations. The left column of
figures is from “low” nutrient tanks and the right column is from “high” nutrient
tanks. Solid symbols represent the absence of Belostoma predators, open
circles represent the presence of Belostoma. Means + 1 SE are reported.
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Figure 15. Species composition effects on A) snail production, B) snail standing

biomass, C) periphyton, D) epiphyton, E) metaphyton, and F) ecosystem

respiration. Means + 1 SE are reported. Fo = Fossaria obrussa, Pg = Physa
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gyrina, Ht = Helisoma trivolvis, Fo Pg = Fossaria obrussa + Physa gyrina, etc.
Statistically significant differences (Tukey’s HSD multiple comparisons) are

noted wWith different IetersS. ... e 105

Figure 16. The response of A) periphyton, B) epiphyton, C) metaphyton, D)
emergence of new macrophyte stems, and E) macrophyte biomass to species
richness, nutrient and predation manipulations. The left column of figures is
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Solid symbols represent the absence of Belostoma predators, open circles
represent the presence of Belostoma. Means + 1 SE are reported. Refer to
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Figure 17. The response of A) ecosystem respiration, B) ecosystem primary
production, and C) sedimentation to species richness, nutrient, and predation
manipulations. The left column of figures is from “low” nutrient tanks and the
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Figure 18. Effects of species richness in the original data and data weighted by
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metaphyton, F) new macrophyte stems, G) sedimentation, H) macrophyte
biomass, 1) ecosystem primary productivity, and J) ecosystem respiration.
Open circles represent original, unweighted data. Dark circles represented

weighted data. Dataaremeans + 1 SE. ... 120

Figure 19. Average percent change in A) snail production, B) snail standing
biomass, C) periphyton, D) epiphyton, E) metaphyton, F) new macrophyte
stems, G) sedimentation, H) macrophyte biomass, I) ecosystem primary
productivity, and J) ecosystem respiration, induced by snail species richness,
nutrient, and predation manipulations. See text for details of calculations. All
effect sizes are calculated with untransformed data. Error bars (1 SE) describe
the variability in the strength of a focal factors’ effects on the response variable,
across the levels of the other factors. The number of observations for these
means are the number of unique levels of the other factors; n=4 for species
richness effects, n=6 for nutrient and predator effects. * Notice different scale of
y-axis for periphyton biomass. Black bars represent nutrient effects, white bars
represent effects of predators, and gray bars represent the effects of snail
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Figure 20. A) Average body length and mass of six snail species used in
reproductive rate observations. Average length in mm = black bars, average
weight in mg = gray bars. Data are mean + 1 SE. B) Average mass gain per

day for six snails species during the 43 days. Data are means + 1 SE.......... 140
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Figure 21. Egg production per snail per day over a 43 d period for six aquatic
snail species. Data are means + 1 SE. Species are coded by the first letters of
the genus and species names: Amnicola limosa = Al, Bithynia tentaculata = Bt,
Physa gyrina =Pg, Promenetus exacuous = Pe, Pseudosuccinea columella =

Pc, and Valvata tricarinata = V... 141

Figure 22. A) The average body size (shell length in mm) of each species used
in the speed trials. Species are coded by the first letter of the species and
genus names (Amnicola limosa =Al, Bithynia tentaculata = Bt, Promenetus
exacuous = Pe, Helisoma trivolvis = Ht, Physa gyrina = Pg, and Valvata
tricarinata = Vt). Data are means + 1 SE. B) The relationship between body
size and movement speed. Line represents simple linear regression, points are
coded by species (as above). ANOVA results for a test of differences in size

among the species are reported in the figure............cccoooiiiiiiiii, 148

Figure 23. A) Average speed (cm/min) of six snail species in low and high
resource environments. Data from high resource environments are represented
in black, data from low resource environments are represented in gray.

Species are coded by the first letter of the species and genus names (Amnicola
limosa =Al, Bithynia tentaculata = Bt, Promenetus exacuous = Pe, Helisoma
trivolvis = Ht, Physa gyrina = Pg, and Valvata tricarinata = Vt). Data are means

+1SE. B) Average probability of turning during a 2 minute interval for six snail

XX
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species in low and high resource environments. Resource environments are

species are coded as above. Dataaremeans + 1 SE....................co oo 150

Figure 24. Average body size of snails used in the resource matrix trials.
Species are coded by the first letter of the species and genus names (Amnicola
limosa =Al, Bithynia tentaculata = Bt, Promenetus exacuous = Pe, Helisoma
trivolvis = Ht, Physa gyrina = Pg, and Valvata tricarinata = Vt). Data are means
+ 1 SE. ANOVA results for a test of differences in size among the species are

reported in the fIQUre. ... e 152

Figure 25. Average proportion of snails observed on resource tiles over the
course of the 24h trials. Each panel reports the results for a given snail
species. Data are means + 1 SE. The abscissa is log transformed in order to

more clearly Show data. ..o 154

Figure 26. Aerial photograph of Lux Arbor Reserve, Ml showing the location of
ponds sampled during the survey. Photo was taken in 1993 and is archived on

the KBS LTER web site (www.lter.kbs.msu.edu). .......ceeeoeeeeiviiiivirieieeeeeienn, 160

Figure 27. Relationship between snail species richness and snail biomass.
Snail biomass data was log-transformed after adding a constant (1). Points are

labeled with their site codes (PLx =Pond Lab pond x, LAx = Lux Arbor pond x).
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The dotted line is a simple linear regression model. Symboils for sites LA16 and

LA7 were moved slightly higher on the y-axis for visual clarity. ..................... 161

Figure 28. The proportion of total snail biomass of five snail species in each of
16 ponds in southwest Michigan. The sites are ordered by their snail species
richness (refer to Figure 26 for snail richness and biomass values for each site).
Species comprising less than 1% of the total snail biomass in a pond are coded
with a symbol above the data in the figure to indicate their presence. Asterisks

in the legend indicate species used in the experiment reported in Chapter Five. .

Figure 29. The proportion of feeding trials where a focal prey species was
chosen first by the predator Belostoma flumineum. Two species of prey were
present in each trial (labeled “HF” for Helisoma and Fossaria, etc.). The

number of trials (n) with different combinations of prey are reported in the figure.

Figure 30. Ivlev’s electivity index describing the relative preferences of the
predator Belostoma flumineum for snail prey species. Two species of prey
were present in each trial (labeled “HF” for Helisoma and Fossaria, etc.). The

number of trials (n) with different combinations of prey are reported in the figure.
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CHAPTER ONE
SPECIES INTERACTIONS AND THE FUNCTIONING OF POND

ECOSYSTEMS.

The past ten years have seen an explosion of interest among ecologists
in the functional roles of biodiversity at the ecosystem level (Loreau et al. 2001).
This interest is largely motivated by the high rates of extinction for many taxa
and the dependence of human society on the functioning of ecosystems.
Despite much activity, many fundamental questions remained unanswered or
unexplored. For instance, many empirical examples of positive effects of
species diversity on the rates of ecosystem processes exist (e.g., Tilman et al.
2001, Downing and Leibold 2002), but very rarely has a mechanism been
established to explain those patterns (but see Cardinale et al. 2001). Moreover,
whether the strength of species diversity effects varies across abiotic or biotic
gradients remains relatively unknown. The work presented here hopes to
address some of these gaps in our understanding of the functional roles of
biodiversity. This chapter provides an overview of the remainder of the
dissertation.

Chapter Two examines the consequences of snail species richness on
the biomass of various functional groups (e.g., snails, algae, plants) and on
several ecosystem processes (e.g., primary productivity, accrual of organic
matter) in a microcosm experiment, and evaluates whether these effects can be

explained by the niche complementarity hypothesis. The niche
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complementarity hypothesis suggests that diverse assemblages of species will
be able to utilize a greater proportion of the total resource pool because species
have different niches (e.g., resource use, habitat use, phenology). | found that
herbivore (snail) species richness influenced the biomass of herbivores and
algae, and the accrual of organic matter in microcosms. Moreover, there were
significant differences among the six snails species in their use of five distinct
habitat types. Among snail species that used similar habitats, | saw little
change in the community and ecosystem level response variables with
increasing diversity, but among those with divergent habitat use | saw greater
changes. This work is novel in that it demonstrates that the effects of increased
species richness are quantitatively predictable using measures of niche overlap
(e.g., similarity in habitat use) among species.

Complementarity between species’ niches is not a static property,
however. The resource use, habitat use, and behavior of species can be
plastic, responding to both biotic and abiotic contexts. For instance, the habitat
use of prey is often influenced strongly by the risk of predation (Werner et al.
1983, Turner and Mittelbach 1990). In Chapter Three | investigated the
plasticity of a snail’'s (Physa gyrina) behavior and interactions with its resource,
as a function of predation risk, resource abundance, and the snails’ energetic
state. Physa were found to hide more/forage less when predators were
present, resources were scarce, and when in good energetic state. Although
these results seem intuitive, they seem to contradict a body of well-reasoned

theory (e.g., Abrams 1991, Werner and Anholt 1993) that suggests that foraging
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effort should decrease with increasing resource abundance. The strength of
the interaction between the prey (snails) and the resource (periphytic algae)
was also observed to depend on the presence of predation risk, suggesting that
predators can have community-wide effects mediated by changes in the traits of
their prey.

The ability of a predator to influence the abundance of a basal resource
(i.e. two trophic levels below) by inducing changes in the traits of its prey has
only recently been appreciated by ecologists (Abrams 1984, Lampert 1987,
Turner and Mittelbach 1990, Huang and Sih 1991, Turner 1997). Peacor and
Werner (2000, 2001) suggest that at least in some systems the effects of
predators mediated through prey traits can be as large or larger than those
mediated by changes in the density of prey. However, as described in Chapter
Three, the abundance of a resource can influence the response of prey to
predation risk. For instance, if resources are very abundant, prey facing
predation risk may continue to forage despite that risk (e.g., no/small change in
prey traits), while at low resources prey may decide to seek refuge (e.g., large
change in prey traits). Chapter Four (a collaborative effort with Bernard Luttbeg)
explores the strength of trait-mediated and density-mediated indirect
interactions between a predator and the basal resource in a three-trophic level
experimental food chain, across a gradient of resource abundance. Trait-
mediated effects exceeded those mediated by changing density at low resource
abundance, while the reverse was true at high initial resource levels. These

results suggest that trait-mediated indirect effects may represent a large
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proportion of the total effect of predators under some conditions, and thus
deserve greater attention from community ecologists.

The divergent traits of species are the fuel for the niche complementarity
mechanism, and Chapters Three and Four demonstrate that the traits of at least
one aquatic snail species are quite plastic, as has been shown for other snail
species (e.g., Chase 1999). Chapter Five explores the consequences of trait
variability among snails (induced by resource and predation gradients) for the
strength of species richness effects on ecosystems and food webs. In general,
snail species richness had strong effects on snail biomass, algal biomass, and
the growth of aquatic vascular plants. However, the appearance of some
effects of species richness depended on the ecological context (e.g., the
presence of predators and the initial resource levels). Species richness effects
could not, for the most part, be explained by sampling effects (i.e. the higher
probability of having a particularly dominant species in a diverse assemblage -
Huston 1997). These strong food web effects did not translate into strong
ecosystem level effects probably because of compensatory responses between
the two main producer groups — algae and plants. Overall, species richness
effects were similar in magnitude to strong predator and resource
manipulations, suggesting a prominent role for herbivore diversity in structuring
aquatic communities.

The appendices contain several experiments and a field survey that were
used to collect ancillary information relevant to understanding the functional

roles of the snail species used in previous experiments. The reproductive rates
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of six snail species were determined in a set of semi-natural field observations
(Appendix A). Patterns of movement (e.g., speed, probability of changing
direction) across low and high resource environments were determined for six
snail species, as was the ability to find high resource patches in a spatially
heterogeneous foraging arena (Appendix B). A field survey of 16 ponds near
the Kellogg Biological Station was conducted to understand the patterns of
occurrence of snail species across natural gradients of species richness
(Appendix C). Experiments that evaluate the effects of species richness on
ecosystem processes often used random community compositions. Natural
communities are not thought to be randomly assembled, so such experiments
may not accurately describe natural ecosystem'’s response to variation in
species richness. The field survey data presented in Appendix C were used in
Chapter Five to evaluate the implications of differences between compositions
of experimental and natural communities for interpreting species richness
effects on ecosystems. Appendix D evaluates whether the predator Belostoma
flumineum has preferences among the snail species used in the experiment
reported in Chapter Five.

Together, the research presented here suggests that the diversity of
herbivorous animals can have meaningful effects on the structure of food webs
and possibly on ecosystem processes, and that the strength of these effects is
likely to vary in predictable ways across common ecological gradients.

Moreover, these results demonstrate that it is necessary to understand the
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behavior of individuals to fully understand the dynamics of ecological

communities.
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CHAPTER TWO
CONSEQUENCES OF HABITAT PARTITIONING AMONG SNAILS FOR
POND ECOSYSTEM FUNCTION.
Abstract:

While the number of studies investigating the effects of species diversity
on ecosystem properties continues to grow rapidly, few have examined how
ecosystem functioning depends on the degree of niche similarity among
species (i.e. the niche complementarity hypothesis). The results of a
microcosm experiment are reported where similarity in habitat use among a
guild of aquatic snails successfully predicts changes in ecosystem properties
with increasing species richness.

Replicate microcosms with all possible one and two species
combinations of a guild of six snail species were started with identical initial
snail biomass. By the end of the experiment, microcosms with two species of
snails had greater snail biomass, less total organic matter, and less periphyton
biomass than monocultures. The identity of species present in the microcosms
had strong effects on total organic matter, snail biomass, primary productivity,
periphyton biomass, and sedimentation rate. Snail species differed in their use
of five distinct habitat types in the microcosms. Similarity in habitat use
between a species pair was negatively related to the magnitude of diversity
effects (for dissolved oxygen, periphyton biomass, and accrual of organic
matter). Sampling effects were ruled out as the cause of diversity effects in

some cases, but not others. These results suggest that niche complementarity
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among aquatic herbivores can explain species richness effects on pond

ecosystem properties and community structure.
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Introduction:

Theory and experiments demonstrate that the number of species in a
local area can influence the rates of ecosystem processes (reviewed in
Schalpfer and Schmid 1999, Loreau et al. 2001), but few studies have
examined the mechanisms behind these effects. Understanding the
mechanistic basis for positive effects of diversity on ecosystem functioning will
be important if ecologists hope to predict the consequences of species loss in
natural communities.

Some have suggested (Aarssen 1997, Huston 1997, Wardle 1999,
Tilman et al. 1997) that “sampling” or “selection probability” effects may explain
positive changes in ecosystem function with increasing species richness. In
experiments with random subsets of species at each of several levels of
diversity, for example, dominant species will occur more frequently in diverse
communities and could by themselves lead to increasing ecosystem function
with increasing diversity. Sampling effects have been described as
experimental artifacts by some (Huston 1997, Wardle 1999), and defended as a
viable mechanism in nature by others (Tilman et al. 1997). Indirect statistical
approaches have been developed to separate sampling effects from other
diversity mechanisms (Garnier et al. 1997, Hector 1998, Loreau 1998,
Emmerson and Rafaelli 2000, Loreau and Hector 2001, Adler and Bradford
2002, Petchey 2003), but there has been debate about the application and
interpretation of these statistics (Loreau and Hector 2001, Hector et al. 2002,

Petchey 2003). Moreover, some techniques require knowledge of the
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contribution of individual species to ecosystem function in mixture, data that are
difficult or impossible to obtain for many responses.

Only two other mechanisms, facilitation and niche complementarity, have
received much consideration. Cardinale et al. (2002) propose that diverse
assemblages of stream insects achieve greater total resource capture than less
diverse assemblages because of a physical facilitation mechanism.
Complementary resource use has been suggested to explain greater plant
productivity in diverse plant communities (e.g., Tilman et al. 2001), and is the
most commonly discussed and modeled diversity mechanism (Tilman et al.
1997, Hooper 1998, Petchey 2000, Loreau et al. 2001). However, few if any
studies have attempted to predict the consequences of increases in species
richness using a quantitative measure of niche overlap (e.g., resource
partitioning, similarity in habitat use).

If niche complementarity is a mechanism operating to enhance
ecosystem function, sets of species that are very similar in niche should show
little if any positive effects of diversity on ecosystem functioning (Figure 1A,
species X and Y), whereas those with pronounced niche differentiation should
show strong diversity effects (Figure 1A, species Y and Z). Thus, strong
evidence for the niche complementarity mechanism would require that: 1)
species richness has a positive effect on ecosystem function, and 2) a negative
relationship exists between the similarity of species’ niches and the magnitude
of richness effects. The first requirement can be evaluated by comparing

observed polyculture performance with that expected from the performance of
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the constituent species in monoculture. The measure 3EF (defined in Petchey
2003 and elsewhere) describes the effects of diversity on an ecosystem
function in this way:

S8EF = observed polyculture yield — expected polyculture yield,

where expected polyculture yield = Z(p/*EFimonoculture) for all species /,

pi = proportion of species i in mixture, and EFimonoculture = the yield of

species / in monoculture.
The second requirement can be examined with a simple regression between an
index of niche overlap and 8EF (Figure 1B).

The above approach circumvents the need to rely on post-hoc statistical
partitioning of diversity effects into that due to sampling effects and that due to
complementarity among species (sensu Loreau and Hector 2001), which is
especially important when it is impossible to measure the contribution of
individual species in a mixture to ecosystem functioning. If sampling effects are
the sole mechanism operating in an experiment the second criterion above will
fail (e.g., non-significant regression in Figure 1B). Here | present the results of
a laboratory microcosm experiment where snail species richness effects on

ecosystem functioning were accurately predicted by an index of habitat use

similarity.

11



Figure 1. The niche complementarity hypothesis suggests that ecosystem
functioning should increase with increasing species richness because of niche
differences among species (€.g., resource use, habitat use, phenology). A
hypothetical example is presented in A) where species X, Y, and Z are
maintained in monoculture and polyculture. Species X and Y are very similar
in niche (represented by strongly overlapping circles), and so SEF (defined in
text) should be small. Species Y and Z are very different in niche, and so SEF
should be large. With many such pair-wise comparisons the relationship
between niche overlap and 3EF could be examined, as in B). |f niche

complementarity is responsible for species richness effects on ecosystems,

the slope of the regression line in B) should be negative.
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Methods:
The experiment was conducted in 100 18 L plastic microcosms, filled on 6

Jun 2001 with 16 L of water (filtered through an 80 um sieve) from a reservoir at
the W. K. Kellogg Biological Station’s Experimental Pond Facility. The
microcosms were set up in a greenhouse (under semi-natural light and
temperature regimes). Air conditioning kept the room and water temperatures
moderated on exceedingly warm days (maximum temperature recorded = 29°
C). Algae were collected from six local ponds, homogenized by vigorous
mixing, and added as an inoculum to each microcosm. Nutrients were added
(75 ng/L P and 1875 pg/L N, as KH,PO4 and NH4NO3) to raise the microcosms’
productivity to eutrophic status. The aquatic plant Ceratophyllum demersum
was added to each microcosm (5 g wet mass), as was an equal amount of dead
Ceratophyllum to serve as detritus. Sand was added as a benthic substrate.
Microcosms were covered with window screen lids to prevent entry/exit of
organisms.

The simplest possible diversity effect is that resulting from having two
species instead of one, and a pair of species similarly represents the simplest
case for understanding niche complementarity. To facilitate the planned
analyses | setup one and two species combinations. This low level of snail
species richness is realistic; a survey of 16 ponds near the W. K. Kellogg
Biological Station revealed an average snail species richness of 2.25 species
per pond (Appendix C). Individuals of six snail species common to SW

Michigan (Amnicola limosa, Bithynia tentaculata, Fossaria obrussa, Gyraulus

14
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parvus, Helisoma trivolvis, and Physa gyrina - hereafter referred to by generic
names) were added to the microcosms on 23 Jun in all possible one and two
species combinations (i.e. six monoculture and fifteen polyculture treatments). |
used a replacement design (similar to many competition experiments) such that
initial snail biomass was 20 mg dry weight (without shells) in each microcosm;
monocultures received 20 mg of one species and polycultures received 10 mg
each of two species. Each monoculture was replicated six times, while each
polyculture was replicated four times. This difference in sample sizes was
designed to partially alleviate the difference in total numbers of replicates
contributing to the species richness level means. In addition, four control
microcosms were established that contained no snails. Treatments were
assigned to experimental units randomly.
Snail habitat use was observed five times during the experiment (3 Jul,

14 Jul, 26 Jul, 6 Aug, 21 Aug). Snails were recorded as being on the sides of
the container, on the plant, on sand, or on detritus, or at the air-water interface.
The area of the five habitat types was estimated to provide a null expectation of
random distribution throughout the microcosms (i.e. if habitat A was 5% of total,
5% of snails should be observed in habitat A). The area of three dimensional
habitats (plants and detritus) was estimated by calculating the surface area of
cylinders of the same dimensions as the plant branches. Snail biomass and
abundance were quantified at the end of the experiment (10 Oct) by counting
and measuring all snails of each species in each treatment using a dissecting

microscope and digitizing tablet, and using length-weight regressions (C.
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Osenberg, unpublished data) to convert linear measurements of the shells to
dry mass of animals. A few snails and odonate larvae invaded the microcosms,
most likely as eggs attached to the planted macrophytes. Effects of invasion on
response variables were not detected.

Plants were weighed at the end of the experiment. Periphyton biomass
was measured on 3 Jul, 18 Jul, 30 Jul, 18 Aug, and 19 Sep by removing plastic
strips that had been adhered to the bucket sides before the experiment began.
These strips were placed into 95% ethanol to extract pigments, and the
resulting chlorophyll a concentration (a surrogate for periphyton biomass) was
determined using narrow band flourometry (Welschmeyer 1994).

Phytoplankton biomass was quantified on 20 Jul and 13 Aug by removing 100
mL of water from the center of each microcosm, filtering on a glass fiber filter,
and determining chlorophyll a concentration as above for periphyton.

The diel peak concentration of dissolved oxygen can indicate the relative
balance of productivity and respiration in aquatic systems. In this experiment |
measured dissolved oxygen at dusk on 3 Jul, 13 Jul, 24 Jul, 7 Aug, and 10 Sep,
using a YSI Model 57 meter. On 8 Aug | also measured dissolved oxygen in
the microcosms at dawn, which allowed calculation of total system respiration
rates over the previous ~12 h period of darkness. Respiration rates were not
different among treatments (ANOVA - species richness df = 1, 75, F= 0.12,
P=0.72, composition df = 19, 75, F = 1.57, P=0.09), so | consider any

differences in dissolved oxygen to reflect differences in primary productivity.
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The accumulation of organic sediment was quantified on 2 Sep in the
microcosms by placing a syringe just above the sand substrate and withdrawing
50 mL of water and substrate. Sand grains were heavy enough to fall out of the
syringe tip, leaving the organic component of the sediment, which was
subsequently filtered onto glass fiber filters, dried (60° C for 24 h), weighed,
combusted in a muffle furnace (550° C for 1 h), and reweighed to calculate the
ash-free dry weight of the sediment. Accrued sediment was dominated by snail
feces in all treatments. At the end of the experiment the total organic matter in
the microcosms was quantified by brushing all surfaces, filtering the entire
microcosms’ contents (minus the plant and snails) onto a glass fiber filter,
drying, and weighing.

Statistical Method's

Snail habitat use measures (number of snails observed in a given
habitat) were summed across the five observation dates, and arcsin-square root
transformed to meet normality assumptions of the analyses. MANOVA was
used to test for overall differences between species’ habitat use in monoculture,
and was followed by ANOVAs for individual habitats (e.g., do species differ in
their use of sand habitat). Repeated measurements of dissolved oxygen,
periphyton biomass, and phytoplankton were averaged. The effects of species
richness and species composition (nested within richness) on the suite of
ecosystem/food web response variables were examined using ANOVA. Total

organic matter, sedimentation rate, periphyton biomass, and phytoplankton

biomass data were all log-transformed prior to analyses to meet assumptions of
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ANOVA. Two statistics were calculated to describe the response of ecosystem
functions to changes in species richness, SEF (defined above) and Dmax (as in

Loreau 1998) defined as:

b _ Or— MAX(M)
max MAX(M) ,

where O is the observed yield of a mixture and MAX(Mj) is the

maximum observed yield of any species in monoculture.

Dmax can be thought of as the proportional deviation of the total polyculture yield
from the highest yielding of the constituent species in monoculture.
Complementarity mechanisms could result in the polyculture having greater
ecosystem function than the average of the monocultures (SEF>0), and would
definitively be acting if the yield was greater than the highest monoculture
(Figure 2, Dmax>0). If only sampling effects are operating, the level of
ecosystem functioning in polyculture could match the level of the highest
monoculture, but not exceed it (Figure 2, Dnax<0). Thus, a range of values of
these two statistics exists (e.g., SEF>0, Dnax<0) where either sampling effects
or niche complementarity may account for diversity effects.

The above statistics, developed for studies of plant diversity and
production, can easily accommodate diversity effects that cause reductions in
some ecosystem process or in the biomass of a functional group. For example,
increasing snail richness is expected to increase snail biomass and

consequently decrease algal biomass, so the snail species that reduces
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Figure 2. Hypothetical results of combining two species, A and B, in a
polyculture. The polyculture could yield the average of what the two
monocultures did, the expectation if there are no effects of species richness.
Alternatively, the polyculture could yield more than that average (either because
of sampling effects or niche complementarity), or even more than the
“dominant” species in monoculture (species B in this case). This last possibility
implies the action of some form of complementarity or facilitation. The values of

SEF and Dmax are displayed for each possible outcome.
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periphyton the most would be the “dominant”, and Dmax > 0 would mean that the
polyculture had less periphyton than the “dominant” species had in
monoculture. Total system organic matter, periphyton, and dissolved oxygen
were expected a priori to respond negatively to increasing biomass/activity of
snails, and thus Dmax and 8EF were calculated to reflect those expectations
(e.g., Dmax* = (MIN(M;)-O7)/MIN(M)) ).

To evaluate the hypothesis that niche overlap between a pair of species
should be related to the magnitude of species richness effects on various
response variables, | performed regression analyses between an index of
similarity in habitat use and the effect of diversity (8EF) for each response

variable. Similarity in habitat use was calculated as percent similarity (Krebs

1989).
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Results:

All species of snails reproduced during the experiment, so changes in
snail biomass reflect reproduction, growth, and death. The final biomass of
snails was strongly influenced by both the number and identity of snail species
present (Table 1, Figures 3A, 4A). Microcosms with two snail species had
greater final biomass than those with one species (Figure 3A). Bithynia was
particularly productive, exceeding the next most productive species by a factor
of three. The biomass of Gyraulus, Physa, and Amnicola all decreased
dramatically from initial stocking levels (Figure 4A).

Periphyton, the primary food resource of these snails, was affected by
both snail species richness and composition (Table 1, Figure 3C, 4C).
Polycultures had less periphyton than monocultures (Figure 3C), corresponding
to the greater snail biomass with greater snail species richness. Bithynia did
not reduce periphyton as much as one might expect based on its very high
biomass (Figure 4C). Fossaria and Helisoma were the next most abundant
snail species in monoculture and reduced periphyton biomass strongly, but
Physa had the strongest per-unit biomass effects on periphyton (Figure 4C).
Polycultures with Helisoma present had noticeably less periphyton than did
those without, suggesting that Helisoma is a particularly strong interactant with
the attached algae community. Phytoplankton and macrophyte biomass did not

respond to snail richness or composition (Table 1, Figure 3B, D and Figure 4B,

D).
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Figure 3. Snail species richness effects on A) snail biomass, B) plant
biomass, C) periphyton biomass, D) phytoplankton biomass, E) dissolved
oxygen, F) sedimentation rate, and G) total system organic matter. Data
(untransformed) are means + 1 SE. Asterisks indicate statistically significant

effects of species richness (P<0.05). The dashed line in panel A represent the

initial snail biomass (20 mg dry mass).
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Figure 4. Snail species composition effects on A) snail biomass, B) plant
biomass, C) periphyton biomass, D) phytoplankton biomass, E) dissolved
oxygen, F) sedimentation rate, and G) total system organic matter. White bars
represent data from no snail control microcosms, grey bars represent
monocultures, and black bars represent polycultures. Snail composition
treatments are labeled with the initials of the genera present. Data
(untransformed) are means + 1 SE. The dashed line in panel A represent the

initial snail biomass (20 mg dry mass).
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Dissolved oxygen measured at its diel peak provided a good surrogate
for primary productivity in this experiment (because respiration did not differ
between treatments). Snail species richness did not significantly affect
dissolved oxygen in the microcosms (Table 1, Figure 3E), but snail species
composition did (Table 1, Figure 4E). Macrophytes were larger (but not
significantly so) in microcosms with more snail species, thus the lack of species
richness effects on dissolved oxygen may be due to opposite (i.e.
compensatory) changes in the production of algae and plants. Butin general,

where periphyton biomass was low so was dissolved oxygen, which suggests
that periphyton was dominating primary production in the microcosms (Figure
4E).

Snail species richness did not affect sedimentation rates, but snail
species composition did (Table 1, Figures 3F, 4F). Most notably, Bithynia
monocultures were the only single species treatment where sedimentation rate
was lower than in the no snail controls (Figure 4F). Total system organic matter
was lower in species-rich microcosms than in monocultures (Table 1, Figure
3G). The response of total organic matter to snail composition was largely
similar to the response of periphyton biomass (Figure 4F). For instance,
Fossaria and Helisoma monocultures had the lowest organic matter of any
single species treatments, and polycultures containing Helisoma had

particularly low levels of total organic matter (Figure 4G).

Dmax Was calculated for each polyculture and for each response variable

where snail species richness had significant effects. The average Dmax (across

27




GLZL SL/LL SlLivl 0 < 43Q a19ym sainynoAjod jo #
90G°8S 9G8°0 ¥89°GZ 43Q abeseny

GiL/L GL/6 GL/0L 0 <@ a1eym saunynaAjod jo #
1€S°0- Zv00 L0t°0 *4q abelany

ssewolg uojAydusq  sopepy ouebio |ejoy  ssewolg leusS

"8|geleA asuodsal Jey) 40} JUSWAINSESW JO SHUN 8y} ul passaldxa si 43¢ "sainynoAjod G| (e Joj **“'a
Jo uesw ay; si ***q sbesony ‘ssewolq uoyhyduad pue ‘1epew djueblo wa)sAs [e10} ‘ssewolq [ieus :Juasaid sol0ads |leus

10 Jsquinu 8y} 0} BAIISUSS S19M Jey) Se|qeLIeA asuodsal 98Iy} aY} JOj ‘SUOHEINDIeD *¥Wq JO) SONSHe)s Aewwns Z 8lqel

28




the 15 polycult
organic mafte!
explanation fo
polycultures h
periphyton ic
positive Dz,
complementa
snail species
containing H
Snail ¢
1=0.0182, df
sides of the
Bithynia was
on sand less
randomly i
use to null e
thange the;
Species (M
found on p;
When alone
for plant hg
Simi

di\’ersity of



the 15 polycultures) was greater than zero for final snail biomass and total
organic matter (Table 2), suggesting that sampling effects are an insufficient
explanation for those species richness effects. Moreover, most of the individual
polycultures had positive Dmax values. The average Dmax Was far below zero for
periphyton biomass (as chlorophyll a), however, and only one polyculture had a
positive Dmax (Table 2). This suggests that either sampling effects or

complementarity could explain changes in periphyton biomass with increasing

snail species richness, but the uniformly low periphyton biomass in treatments

containing Helisoma supports the action of sampling effects.

Snail species used habitats to different degrees (MANOVA Wilk’s

1=0.0182, df=25.98, F=7.62, P<0.0001, Table 3, Figure 5). Amnicola used the
sides of the bucket to a greater extent than did the other snails (Figure 5).
Bithynia was particularly abundant on sand habitat, while Amnicola was found
on sand less than the other species. Fossaria and Physa seemed to be
randomly distributed throughout the microcosms (Figure 5, i.e. similar habitat
use to null expectations based on relative areas of habitat types). Snails did not
change their habitat use in response to the presence/absence of other snail
species (MANOVAs, Wilk's A >0.12), except for Fossaria which was never
found on plants in the presence of Helisoma or Physa, but was found on plants
when alone or with the other snail species (MANOVA, Wilk’s A = 0.01, ANOVA
for plant habitat, P=0.003).

Similarity in habitat use was a significant predictor of the magnitude of

diversity effects (3EF) for total organic matter, periphyton biomass, and
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Figure 5. Habitat use (surface, bucket sides, plants, sand, and detritus

habitats) for six snail species. Data are the mean percent of the total number of
snails of a given species observed in an experimental unit that were in a
particular habitat during five observation periods. Species treatments are
labeled with the initial of the genera name. A null expectation is also presented,

which represents the percent area of the different habitats in the microcosm

environment.
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