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ABSTRACT

The role of interspecific competition in controlling
species distributiens along a natural environmental gradient
was examined. Both traditional methods, i.e. the comparison

of ecolégical‘ and physiological response curves, and new
L}

_ approaches, suggested by current models of species diversity,

were used.

Vascular plant species were shown to be differentially
distributed along a gradient of exposure to wave action in
six small central Ontario lakes. The exposure gradient is
characterized at one end by wave-washed, sparsely vegetated
nutrient-poor beaches and at the other by_sheltered, denseiy
vegetated, nutrient-rich bays. only the plant community
within a narrow range of depth, the seasonally flooded zone,

was consid?red. Species distributions along the exposure

J*gradient were found to be similar regardless of the

particular lake considered, suggesting that the mechanism
producing species distributions along the exposure gradient

-

is general to small lakes.

An experiment was conducted to test whether twelve species
with different distributions along the exposure gradient also

had different physiological response curves when grown

without neighbours along a range of substrate types taken
from the gradient. Species had ‘significantly similar
physiological response curves, suggesting that differential

field distributions could not be attributed to different
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physiological response%iélone.

A second experiment measured the phyéiological response
curves of nine species grown singly along the natural
exposure\gradient at '‘Axe Lake, Ontario. Species again had
significantly similar phygiological response curves,
sgggesting'that differential field distributions are caused
by interspecific competiticn.-"Both experiments indicate that
shoreline species accumulaté biomass most rapidly on

sediments from sheltered bays.

The hypothesis that the iméortance of competifzén varied
hloﬁg the exposure gradient was tested ‘by growing three
species in clea}ed and uncleared plots at seven locations
along the gradiént at Axe Lake. The difference in biomass
accumulated'Py ramets grown in cleared and uncleared plots
was used as é measure of the infensity of diffuse competition
at each location. Diffuse competition was found to be
positively correlated with both standing crop and position
along the exposure gradient. Diffuge competition was most
intense in undisturbed, nutrient-rich habitats that support
high standing crop values.

The last study tested for a correlation between species
d%stributions a%?ng the gradient and their relative
competititve'abilities. Competitive abiliti@é were measured
in a diallel experiment, in which seven speciés were grown iﬁ

all possible pairwise combinations at a é;iﬁéing density of

two ramets per pot. The amount of biomass accumulated by
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each species was found to vary according to the ‘identity of
its interspecific neighﬁours, indicating thag\ species had
significantly different  competitive abilities. -~ Competitive
ability was found to be'significantly éorrelated with mean
position on the exposure gradient: dominant species occupied

undisturbed, nutrient-rich shores while subordinates occurred

in distdrbed, nutrient-poor habitats.

In summary, shoreline plant species have different

distributions but similar physiologiéal response curves along

the exposure gradient: species grown singly along the
/ gradient accumulate biomass most rapidly on undisturbed
nutrient-rich shores.. The intensity of diffuse competition

is “greatest in such habitats, and the species found there

tend to be those with relatively high competitive abilities.

These results suggest that competition for space on sheltered

i

xbgfhores may be an important force in producing species

distributions along the exposure gradient.
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GENERAL INTRODUCTION

Ecology has Dbeen dgscribéd as the study of the
distribution and abundance of organisms in nature. The
potential role of competition in regulating abundance and.
distribution has been recognized since the earliest writings
in evolutionary ecqlogy (Darwin 1858) and has(.generated

considerable research, most récentiy reviewed by Schoener

(1983) and Connell (1983).

A powerful tool for exploring how competition may
determine species distributioné is the experimental study of
communities with zonation patterns aloﬁg environmental
gradients. One of the earliest examples of this approach.is
by Connell (1961), who used removal experiments to show that
the distribution of one barnacle species wa§.controlled by
competition from a second species. éiqce‘then, many studies
have tested for competition in pﬁntrolling “species
distributions in the rocky intertidal. Lubchenco’(l?BO) also
uged removal experiments to show how competition for space
could- determine algal distributions. Paine (reviewed 1in
1984) investigatqa the relationship betweep comp '$iop agd
predation in tﬂZ/ rocky intertidal and sugéested _that
competition could be reduced by-the presence of a predator.
Experiments in the rocky intertidal. zone have shown the
/potential role of éompetition in controlling species

distributions along an environmental gradient.
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Some studies of terrestrial plant communities use purelf—
descriptive aata to infer that competition controls species
disfrib;tions along gradients. Differential distributions
have been taken as evidence of competitive displacement by
Whittaker (1965) and Werner énd Elatt (1976). Without
'experimentation, however, it 1is diff{cult to attribute

differential field distributions either to competitive

displacement or to different physiological requirements.

-

A common method used to distinguish between phys}oloqical
requireménts and interspecific competition as causes of
differential distributions is the measurement of the
physiological response curves of component species.
Ellenberg (1953) prdposed the term physioclogical response
curvé.to'describé the growth of a species along a gradient in
the absence of interspecific neighbours, and the term
ecological response curve to describe either the growth of
species along the gradient in the presence of neighbours or
the species' distribution along the gradient in naturel The
terms are .similar to the . fundamental and realized niches of
Hutchinson (1959). The first is a measure of the species’
_physiological' ability " to exploié\;fts environment in the
absence of interspecific competition and the second is a
measure of its exploitation pattern in fhe presence of
competitors. A discrepency between a species' ¥hysiological

response curve and ecological response curve 1s usually

attributed to competition (Ernst 1978)-.

3
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one of the first experimental‘studies that tested for the
'role of competition in controlling plant distriutions was
that of Ellenberg (1954) who grew three grass species along a
radient of soil moisture in both monocultures and mixtures.
He found that, grown singly, the species had similar patterns
of 5iomass accumulation along the gradient but that the same
species grown in 'mixtures had different growth patterns,

suggesting that interspecific competition controlled their

distributions.

Several greephouse studies have compared physiological
response Curves and ecological response curves and ,found
evidence for competition. This was done by, Pickett and
Bazzaz (1978) using a soil mOistgfe gradien£ and Parrish and
Bazzaz (1982) for a\gradient of soil nutrient concentration
Austin and Austin (19B0) grew six grass species along a
ﬁydroponic.nutrient gradient and gﬁponstrated_discrepencies
between physiological response curves and ecological response
curves. In an elegant analysis, Austin {1982) demonstrated
that a species' performance at a particular'location along
the gradient in mixture Was felated to 1its relativé
performance at that location in monoculture. Austin et al.
(1885) obtained similar results using thistle speciesf In
contrast, Grace (1985) grew Typha seedlings along a gradient
of water-depth and found no evidence of displacement of
optima.

- -p corresponding approach has been taken using field

4

"
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experimgnts along artificially formed gradients. Sharitz and
McCormick (1973)*‘;hvestigated the partitioning of a soil
depth gradient between two annual species by reconstructing
the gradient under controlled conditions. They showed that '
c5mpetition sorted the twe species into their respective
habitats. Grace (IQFS) constructed a water-depth gradient to
measure the physioclogical fesponse curves and ecological

response curves of the adults of two Tygha species but found

little ewvidence of competitive displacement.

Ernst (1978) cautioned that discrepencies between field
distributions and pHYsioi;gical response curves measured
aleng artifiéial gradients must be treated with caution,
because discrepencies could result either from interspecific
competition or fzpm differences between the natural and
experimental éradients. This problem can be - overcome by

measuring physioclogical response .curves in the field along

»

the actiulal gradient of interest. Such an approach has become

more common in recent years. Grace and Wetzel (I981)

P
b

compared the growth of two specigg of Typha along a' water-
depth gradient in a pond with their natural distributions and
attributed the relatively narrow ecolégical response curves
to interspecific competition. Snow and Vincé (1984) grew
saltmarsh species in different vegetation zones and concluded
that competition limited the natural distribution of

Puccinellia nutkaensis. Goldberg (1985) showed that the

elimination of = both competitors and seed predators was

reqﬁired in order for Quercus albocincta, an ocak usually
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found in acidic, nutrient-poor habitats, to estgblish in a

more nutrient-rich habitat.

Both - field and greenhouse experiments conducted with a
'vafieEy.of_species and gradients generally produce similar
results: the physiological résponse curves of many species
tend to be wider &han their ecological response curves, and
the optima of the two curves are often different, “Mmplying
that competitibn plays a role in determining Ltheir

1

distribution.

An entirely different approach to studying competition has
been suggested by recent models of:specie; diversity. These
models are based on the observation that species diversity
tends to be low wherg standing crop is high (Grime 1973,
1979) and disturbance, either from biotic (Lubchenco and
Gaines 1981) or abioti¢ (Connell 1978, Huston 1979) factors,
is low. The mechanism thought to cause this pattern is that
the intensiFy of diffuse competition in nufrient—r&&h,
undisturbed habitats is high and therefore only a few species
with relatively high competitive ability can persist there.
The assumption that competition intensity is related to
standing crop ana disturbance, howeveri has not been
‘explicitly tested, although del Moral (1983) did relate the
differential survival of transplants in natural vegetation to
habitat preoductivity. Species-diversity models are relevant

to the study of distribution because they predict that

species of relativelj high competitive ability should be

.
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found in  undisturbed, nutrient-rich  habitats while

competitively subordinate species should occur in disturbed
\ .

\or nutrient-poor areas. This prediction remains untested.

This thesis uses both traditional‘ﬁnd new approaches to
study the role of competition in determining ‘species
distributicons along ‘ap' environmental gradient. This was.
a;complished by first fesfing whether competition controls
speqies.distributions and then testing for wvariatien in the
intensity - of diffuse competition. The first chapter
rdescribes an experiment that compares the physiclogical and
ecological response curves of twelve plant species gsing an
experimental gradient.  Chapter Two déscribeé a :similar
experiment conducted on the natural gradient in the field.
The third chapter ekplicitly tests for' wvariation in the
intensity of diffuse competition along the -gradient while
Chapter Four relates experimentally-measured competitive
abilities of several species to their distributions -in

nature.

The environmental gradient

The environmental gradient chosen for study was the

gradient of exposure to wave qction-that runs parallel to the
waterlihe of small .lakes‘ Horizontal wvawxiation in the
abundance of plant sﬁecies along the exposure gradient has
been described by Pearsall (1920), Thunmark’' (1931), Keddy

(1983), and Wilson andﬂkéddy (1985). Expgguge;is a complex

L

D

o
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gradient that has both stress and disturbance ( sensu Grime =

1978) components. Disturbance is ‘produced by the direct
effect of wave action removing biomass more rapidly from
exposed shores than from sheltered shores. Exposed spores
are also stressful because ;elatively high levels' of wavé
action there produce sediments with low ‘organic matter
content, low nﬁtrient conéentrétions and <c¢oarse particle
sizes (Keddy 1985). The exposure gradient is charaéterized
at one end by wave-waéhed, sparsely vegetated, nutfient—poor
beaches and at the other- by sheltered, densely vegetated,
nutrient-rich bays. In this study, position on the exposure
gradient was quantified by measuring sediment organic matter
content (Wilson and Keddy 1985): sedimé&t .organic matter
content, nutrient concentration and the.proportion of £fine
particles are all significahtly negatively go;related with
-éxposure (Keddy 1985). Field experiments were conducted at
Hﬁ:Axe Lake, Ontario (45° 23'N, .79° 30'W) . The exposute
gradienf and associated plant communities at Axe Lake have

been described by Keddy (1981, 1983).

~



CHAPTER 1

PLANT ZONATION ON A SHORELINE GRADIENT:

PHYSIOLOGICAL RESPONSE CURVES OF COMPONENT SPECIES
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’ Abstract

The diétributions of twelve shoreline plant species were
measured along a gradient of exposure to wave action in six
centfal Ontéfio lakes. The fregquencies of occurrence of.
eleven speéies varied.significantly ( P < 0.05) aiong the
exposure gradient. The same species were grown singly along
an experimental‘gradient at ten organic matter content levels
of shoreline sediment. Biomass accumulated after one growing
season varied significantly { P < 0.05) Qith sediment organic
matter content for each of eleven species. The physiological
response curves of the spe;ies along the gradient were
similar ( P < 0.01). The experiment suggests that,'the
differential distributions Qf the species along the organic
content gradient are net entirely attributable to

differential physiological responses to shoreline sediment.
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INTRODUCTION

The distribution of freshwater plaht species algng
gradients of depth and exposure has been subject "to much
study (reviewed by Hutchinson 1975; Spence 1982). The
processes tﬁ;t- produce zonation iﬁ shoreline vegetation,
however, are not wéll understood; .zonation_ is frequently
assuggﬁ te result from the responses of species to ehanging
abiotic factors (Snow and Vince 1984). In contrast,
experiments in another zoned community, the rocky intertidal
zone qf coastlines, have shown that biological factors, such
as competition and predation, are important in maintaining
species distributions (e.g. Connell 1961; Lubchenco 1980).
If abiotic factors alond determined species distributions,
then species from different sections of a zoned community
" might be expected to have different physiological ' response
curves (Mueller-Dombois and Ellenberg 1974; Ernst 1978;
Austin and Ausfin 1980) when grown along the g;adient in the
absence of neigﬁbours. If, however, | betweeﬁ-species
interactions, such as competition, also affect zonation, then
species from different parts of a zoned community might shave
similar physiological response curves when'grown singly along
the gradient. In this. case, zonation would result .from
bioleogical inyeractions in the field. The purpose of this

study was to describe the distributions of a set of species
along a gradient of exposure to wave-action and then .to
experimentally test the similarity of their physiological

response curves aiong the gradient. I therefore examined the
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distr}butions of twelve plant specilies df varying morphologies
along the exposure gradient in order to test whether species
are distfibuted differentially; this was done in several
lakes to test whether distribution patterns are consistent at
different locations. Secondly, I tested whether the twelve
species had different or similar physiological responses to
the gradient when grown singly in sediments representing the

range of soil types found along the exposure grédient.

METHODS

Field distributions of shoreline species

The field gistributions of twelve shoreline species

(Calamagrostis canadensis, Dulichium arundinaceum,

Rhynchogpora fusca, Cladium mariscoides, Eriocaulon

septangulare, Juncus ~pelocarpus, Xyris difformis, Drosera.
intermedia, Hypericum ellipticum, Triadenum fraseri,

Lysimachia terrestris and Lobelia dortmanna ) were measured

along the exposure gradient. Nomenclature follows Gleason

and Cronquist (1963) except for Xyris difformis Chapm.

Species were chosen for their differing'field distfibutiong
(Keddy 1981) and variety of growth forms. All twelve species
are relatively commorn in the study area; oOReé, E.difformis, is
considered rare in ontario (Randall and- Keddy 1983). All
species are capable of vigorous vegetative growth. Adult
plants are dispersed within lakes during high water periods

and are capable of establishment. Relative to vegetative
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growth, seedling establishment appears to be unimportant in

determining species distributions.

Species distributions were determined during 7-31 August

1982 in the following central Ontario lakes (lake locations

"and number of vegetation samples' taken :from each lake are

also given): Axe Lake (172 samples), Black Oak Lake (45 ®30'
N, 86 13' W; 80), Burrows Lake {44 * 50' N, 79 ° 40' W; 4),
Hardy Lake (45* ©00' N, 79 °29' W; 30), Matchedash Lake (44"

48' N, 79° 30" W; 95) and Three Mile Like (44" 54' N, 79 ° 16'

" W; 91). sSampled lakes are underlain by Precambrian bedrock,

predominantly granites and granite-gneiss, covered by shallow
till. The till is partly covered by lacustrine and fluvial
depos?fs; all sampling lakes were once part of glacial Lake
Algonquin (Chapman 1975). The aquatic flera of the lakes in
this region has been described by Miller and Dale (1979),
Keddy (1981) and Keddy and Reznicek (1982). Each sampled
lake contained most of the study species; lakes with huﬁan
dwellings were avoided. Within a lake, all shoreline, except

bedrock, peat bog and sh;ub (e.qg. Myrica. gale. L. _f

communities, was sampled at regular spatial intervals. " The
spacing of samples in each lake dependéd on the abundance of
appropriate habitat: Axe Lake haa pgarly 2 km of sandy shore
and was sampled every 20 m, while Black Oak Lake, which is
dominated by exposed bedrock, was sampled at 2 m intervals.
Two metres was the minimum spacing. The presence or absence
of all study species within a 0.25 mz wire hoop was recorded

for each sample unit. The location of each sample unit along
o
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the exposure gradient was determined by measuring sediment

organic matter content. Sediment was sampled from the centre

of the by taking a trowel-full of soil 5 cm thick, the

average maximum rooting depth. Because it was not possible
to freeze so0il samples at the study lakes, samples were
sealed in polyethylene bags and stored in the shade for about
three weeks after which they were frozen for 1-2 months until
analysis for sediment organic matter content. Organic matter
content was determined for each sediment sample according to
Dean (1974). Substratum organic content is expressed as the
percentage loss of dry sample mass upon ignition.

The range of organic matter content found' along the
sﬁorelines was divided inte eight classds (Table 1) aéd the
frequency of occurrence for each species in each class was
computed. To test wﬁether the abundance of each species
varied along th gradient, the presence and absence values
for the classes were tested with a %? test for k independent
samples. {Siegel 1956). Also, for every species, the ranks of
relative frequency of occurrence across ‘the classes were

determined so that the class with the highest relative

frequenzfaﬁrs ranked first, the class with the next hi

o L

T \
numerical exéiﬁssion of each species' abyndgnce along the

frequenc as ranked seccnd, etc. “¢ﬁé ‘ranki
gradient. The agreement of different speciés' distri
along the gradient was tested using Kendall's coefficieqt of

concordance (W) (Siegel 1956).
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Agreament of field distributions between lakes
———— —

-
— »

To test whether particular species were always found at
the. same relative position along the exposure gradient in

different lakes, the range of organic matter contenrt found

.was. divided into five broad classes so that the four lakes

from which more than fifty samples had been taken had large

~.

numbers of "samples wjthin each class. Six common species
occurred in -théd four most frequently samﬁfga’lakes to®lthe
extent that they were found at least ten times in one or more

organic content classes in three out of four lakes. For each

-,

-lake, the organic content class in which each species had its

highest abundance was noted. “Mhe species were then ranked
N ) s

within the lake from those occurring most frequently in high

organic matter content classes to ‘thosg occurring most

freguently in low organic content classes. The agreement of

species ranking along the gradient between lakes was tested

o

using Kendall's W.

fleasurement of physiclogical response curves

Highly organic sediment was collected from five lakes in
the study area: Black Oak Lake, Cardwell Lake (45 $20'N, 79 °
30'W), Toldwater Lake ( 45* OO'N, 79* 48'W), Deer Lake (44°

57'N, 79° 27'W) and Horseshoe Lake (440 50'N,79° 38'W).

. . h}
These lakes were similar in bedrock, sizg4)and human history.
LA

Sediment was gathered in egqual portions from three sites
within each lake, for a total of fifteen sources. Collection

sites were highly organic shorelines in sheltered bays.

3,
S
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The sediments were peooled and mixed by hand for 2 h. This
produced one end of  the exﬁerimental gradiené that was
typical of organic shorelines in-tﬁe,study lakes. The other

end of the gradient was represented by sand obtained from a

quarry 2 km from Coldwater Lake. Eight intermediate levels

of organic content were formed by mixing a known' volume of
sand and organic sediment for eéch level. Each was mixed for
1 h by hand and then put into water—tight. pots (15.5. cm
diameter}. Five samples of each treatment levél were frozen

for later determination of organic matter content.
. ~ //—\ ’
. ~7 }

Approximately séveﬁty-five ramets (White 1979) of each
stuay species were c¢ellected at Axe Lake on 25 May 18982.
Plants wéfe carefully removed from the substréte, washed, and
stored iﬂ lake 'water for up to 4 days, untii planted. For
each species: I attempted to select individuals of equal size

and stage of development.

Five ramets 'cf each species were planted_ﬁn individual
pots at each level of the gfadient. In spite of care taken
to standardize ramet size, there was still variation among

those selected. ' To ensure that this variation was spread

over the entire gradient, ramets were sorted into three

[N

—_— )

éﬁasses (small, medium and large) and the ten largest and
ten smallest plants were randomly assigned over the entire
gradient. The pots were distributed in a completely

randomized design within an outdoor exclosure at the

v

University of Guelph, 300 km southwest of the study area.

-
~

-
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Soil in the pots was saturated by daily watering with
]

deionized water.

Plants were harvested over five days bedinhing 1 September
1982. Whole plants were washed to remdove soil and dried to
constant weight: Plants were allowed to cool for 1 h before

being weighed.

Biomass values were log-transfarmed to ﬁeet the
assumptions of analysis of wvariance aﬁd thé significance of
treatment effects were tested for each species. To test for
similarity of physiological responses, the ranks of mean dry
weights of each épecies along the gradient wereldétermined so
that the gradient level with the g&eatest dry weight was
ranked  first, the level wi£h the next highest d;y’ weight
ranked second ,Letc. The agreement of rankKs among species

along the gradient levels was tested using Kendall's W.

RESULTS

Field distributions of shoreline plants

a
b3

Abundance varied significantly ( P < 0.05) along the

exposure gradient for all species but Rhynchospora fusca and

species had different _patterns of distribution (Kendall's W,
s =581, k =7, N =12, P >0.05). Fig. 1 shows. that some

species have peak abundances at the more sheltered, organic

end of the gradient (Dulichium arundinaceum, Triadenum
™

fraseri) , some at intermediate levels (Xyris difformis,

v

Cladium mariscoides) , and others were found most freguently
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at the exposed, sandy end (Jancus pelocarpus, Ericcauwleon

segtangglare). ) J

To make the results from the field and experimental
gradients comparable, the field gradient. was divided into
eight classes: seQen classeslwere scaled to the experlmental
gradient while the eighth class includes all samples with
organic content greater than the highest"level of the
experimental gradient {Table 1), Aslwell, the first three
levels of the experimental gradient were pooled 1into one
class and the next two levels were pooled into a second
clasg; the dry weights of plants grown at these levels were
pooled inte the new classes for statistical analysis. The
upper five levels of the experimental gradient were not
changed. This man1pulatlon produced seven organic matter
content classes that ;ere'comparable petween .the field and
experlmental data (Table 1). The same species, and organic
content classes, were necessary to test for conco;dance among
species witﬁin both the field and'experimental studies.
Therefore, some field samples were not con51dered in this set
of analyses, including samoﬂegﬁa}th organic content between
.00 and 7.89% and Samples with orgaPic content qreater than

24 .0%.
Agreement of field distributiofis betweel lakes
. . & .

Six species ( D. arundinaceum, g.segtangulare,

J.pelocarpus, Drosera. intermedia, g.terrestris, and Triadenum

fraseri ) occurred frequently enough in four lakes (Axe,
=== .
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Black Oak, Matchedash, and Three Mile) | _for their

distributions along the ic contént gradient to be

compared (Appendix 1). These co oq's ecies agreed in their
rankings along the gradient among lakes (Kendall's W, s =216,
k =4, N =6, P <0.01) suggesting that the zonatibh pattern is

similar regardless of the lake considered.

Measurement of physiological response curves

Biomass varied significantly ( B < 0.05) with position on

the gradient for all species but Drosera intermedia (data are

summarized in Appendix 2). The physiological response curves
of the species alghg the gradient were similar (Kendall's W,
s =1,914, k =7, N =12, P <0.01). Most species achieved

maximum dry weight at the same end of the grédient {Figure

2). One species, Hypericum ellipticum , achieved maximum

biomass at. an intermediate level of organic content. No

species performed best at the sandy end of the gradient.

"
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FIG. 1. The field distributions of twelve shoreline
species -along the exposure gradient in six Canadian lakes.
Classes formed as in Table 1. Relative abundance along the

gradient varied significantly (B <0.05) “for all speqies but

Rhynchospora fusca. Species were distributed differentiall§

along the gradient (Kendall's W, P > 0.05).

"

_
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\

FIQ. 2. Biomass as a function of sediment organic matter

a

content in an experiment with twelve shoreline speciés grown
qingly. Levels as defined in Table 1. ﬁiomass varied
siqy?ficaﬂtly among treatments for all species but
Q;intermedia. Species responses to the sediment organic

content were similar (Kendall's W, P < 0.01).

e

113
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Table 1. Data manipulations used to make the substrate organic content™evels

_used in the experiment comparable to the range of substrate organic
content over which species distributions were measured in the field.
o+

Experimental substrates Field substrates. .

Original Organic. Pooled C]ass§ Organic Content
Level* Content (%) Level+t Range {%)
xzS.D.
1 0.88:0.047Y - R :
2 0.80+0.03 1 ] 0.00 - 0.99
3 0.81x0.05
& 1'13i°'08} 2 2 1.00 - 1.49
5 "1.22:0.08 .
) 6 1.72+0.39 3 3 1.50 - 1.99
7 2.70+0.26 4 4 2.00 - 3.99
8 5.29+0.20 5 5 4.00 -.5.99 ]
9 12.600.37 6 6 8.00-15.99
10 20.69x0.58 7 -7 16.00 -23.99

.r N :
* Levels 1 to 3 and 4 to 5 were combined for analysis of biomass to make the

experimental treatments correspond with the range of organic content found
in the field. '

" 4 These levels were used to test the significance of treatment effects and
concordance of responses.

§ These levels were uséd to test for concordance of species distributions.

B



DISCUSSION

The exposure gradient is strongly correlated with other
Qariables' important to plant growth, including nutrient
concentrations and particle sizes (Keddy 1985). It is a
multivariate gradient; sediment organic mat;er content is one
_variable that is relatively easy to measure and it may be
used as a\marker of p051t10n along Fhe complex env1ronmental
gradlent. ”

Plant distributions vary significantly along the organic

content gradlent and the pattern is similar among dlfferent

L

-

lakes, suggestlng that the mechanism sorting species along

the gradient is present independent of the partlcular Lzke
¥

cpnsidered.

The most striking feature of the results, in light of the
species’ differential field distributions, is the similarity
of their physiological response curves, This suggests that

zonation m%y not be entirely attributable to individual

species' physioclogical responses to chafging physical

factors: interactions with other plants may also be
important in determining a species' distribution along the

exposure gradient.

Two assumptions have been made in interpreting the

experimental results. The first is that the organic content
2

"gradient used in the experiment is similar to that in the

field. An attempt was made to account for variabiYﬁty in the

é
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&radient by sampling in several lﬁkes' and by combining
sediments from several lakes for the experiment. One factor
that - was not accounted for by the experimeni was = the direct
effect of wave acfion. Wave .action may ﬁfféct biomass

accumulation (Jﬁpp and . Spence 1977) , but the species

considered here occur just above the water-line during the

;
o

growing season and their growth in the field méy not be
directly influenced bﬁ?waves. Secohdly, it is assumed  that
plants were.allowed tp grow long enough for differences ambng
them to be shown; the 90-day time=span of the' experiment
includes the ‘period of highest . growth rates (Auclair,

Bouchard and Pajackzowski 1976).

o
IR

A feature cémmon to reéent reviews concerniné"ﬁhe
mechanisms that produce shoreline =zonation 1is the limited
consideration of .the possible importance of between-species
competition among agquatic plants (Hutchinson 1975; Spence
1¢82). The results of this qxperiment suggest that the
physiological responses of speciés to a physical gradient
alone are insufficient to account for zonation. ¥ These

results are consistent with those of Misra (1938) who found

that Potamogefon pectinatus grew best on the organic sediment
upon which it was most commonly found, but that Isoetes
lacustris , which is mogt abundant on sandy gedimenté, also
grew best on sediment with high organic- content; Mfffa_
speculated that between-species competition mighf affect the

distribution of some aquatic plants. When considering

vertical zonation, Buttery and L;mbert (1965) proposed that

L
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competition produced the zonation of Phragmites communis and

Glyceria maxima.  Similarily, Grace and Wetzel (1981)

suggested that between-species cCcompetition determined the

vertical distributions of two species of Typha.

Because physiological response curves alone seem to be

. unable to account for lakéshore-zonaticn patterns, the role

of biological - | interactions in determining species

distributions in this community requires further examination.

P.
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CHAPTER 2

~

-

PLANT ZON%éION AND THE PHYSIOLOGICAL RESPONSE CURVES

3

OF COMPOTENT SPECIES: A FIELD EXPERIMENT

-

»
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Abstract

The -distributic;ns‘ of nihe s‘hore..line_vplant spef:.ies_”\;ere
measured along a gradient of exposure to wave action at Axe
Lake, Ontario: The frequencigg,of occurkence of six speciés
varied significantly along the gradient. L;Spe;ies were
distributed differentially along thé -gradient. | The same
species were then aroyﬁ.singgy along the exposure gradient at

Axe Lake for 14 months. Physiological reéponse curves of

component species were significantly concordant. The results

suggest that £k differential distributions of species along

vhe gradient are produced by the effects of neighbours.

ST
N
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" INTRODUCTION

i

A-.common method of testing for the role of interspecific
competition in producing zonation patterns aiong
environmental gradients is to compare the ecological and
physiologicél response curves of the component species. In
thislmefhod, the physiocleogical response curvélof a species,
measured as its_patterﬁ of biomass accumulation when ‘grown
aléng the grédient in the absence of interspecific
neighbours, is compared with its ecological response curve,
measured either aé its distribution along thé gradient in
nature.or its growth along the gradient in the presence of
neighbours (Mueller-Dombois and Ellénberg 19?4, Pickett and
Bazzaz 1578, Austin and Austin. 1980, Austin et al.. 1985,
Wilson‘ and Keddy 1983). A discrepency Dbetween the

-physiological response curve and ecological response curve of

a species' is often attributed to competition (Ellenberg
1853). Ernst {1978), however, cautions . that such
discrepencies may also be p;oduced by differences between ther
experﬁmental gradient used to méasure the phyéiological
response curve and the environmental gradient underlying-éhe
species' distribution in nature. This problem can be
overcome by measuring physioldﬁical response curves in the
field along the natural environmental gradient (Grace and
Wetzel 1981, Snow and Vince 19é4, Wilson and Keddy 1985).
The objective of this research was to use a field experiment
to test whether competition is partly responsible for

controlling the distributidns of members of a multispecies
) odn

<
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community along a natural gradient. This was done by

describing the differential distributions of the species

along the gradient and then testing whether  their

‘physiological response curves were also different. Different
physiological respoﬁse curves would indicate that
physiologi;al responses. to abioctic facto#s varying ‘along the
gradient ., are of primary imborténce in determining species
" distributions, whereas similar physiological response curves
would suggest that interspecific competition is influencing

the distributions of at least some species.

METHODS \

Ecological Reéponse Curves

/

The distributuions of nine shoreline plant species

{(Dulichium arundinaceum, Triadenum fraseri, Lysimachia

terrestris, ,.Cladium mariscoides, Rhynchospora fusca,® Xyris
. [AD -

difformis, Juncus pelocarpus, Eriocauleon septangulare and

Lobelia dortmanna nomenclature follows Gleason and Crongquist

19863, except §.dif§ormis Chapm.) were measured along the

exposure gradient at Axe Lake during 19-21 August 1984.
Quadrats (0.5 % 0.5 m, ﬂ;ééB) were placed at 10 m intervals
along the waterline and the presence of all species recorded.
The location of each quadrat élong the exposure gradient was

determined by ‘measuring the organic matter content "(Déan

1974) of a sediment sample (3.5 cm diameter, 5 cm deep) from

the centre of each quadrat. Samples were frozen at -lO{C””’\_

<
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. , [
within one week of collection until analysis one month later.

b+
Species distributions along the exposure gradient were

described .by breaking down the range of sediment organic
matter-content found into three classes {class 1: 0.0-2.9%,
class 2: 3.0-8.0%, class 3: 10.0-30.0%) corresponding to the
exposed, intermediate gnd sheltered shores described by Keddy
(1981). The frequency of occurrence of each species in each
class was calculated. The presence and absence values for

the species in the three classes were examined using a zf

test for B.independent samples (Siegel 1956) to test whether

tlle abundance of each species varied significantly along the
osure \gradient. For each species, the ranks of freguency
of ‘wccurrence of each class along the gradient were then
determined so that the class with the lowest fela&ive
frequency was ranked first, the class with the intermediate
frequency was ranked second and the class with the highest
frequency of occurrence was ranked third. Rankings produced
a numerical expression of each'species' abundance along the
gradient. The-agreement of distributions among species along
the exposure gradient was tested using Kendalls coefficient

of concordance iSiegel 1956).

Phgsiological Response Curves

//éeven experimental stations were chosen to represent the
range of the exposure gradient at Axe Lake. In August 1983
plastic pots (each 15 cm diameter, 9.5 cm‘deep with four 1

cm 2 drainage holes) were installed at each station by
." \‘
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rémoving a core ofléoil the sizeféf the pot, putting it into
thehgot and replacing the potféd soil in the shoreline. Pots
were arraﬁged in four adjacent rows parallél to the shore, 10-
cm vertically above the 16 August 1983 waterline. All above-
ground vegetation was reﬁoveﬂ from the pots and a surrounding

border 15-cm wi&e.

Ramets of study épecies were collected at Axe Lake on 15
June 1984. Seventy ramets of approximately equal size within
each species were chosen  for transplanting.. Ten ramets of
each species were planted (1 ramet per pot) ih a randomized
design at each station on 16 June 1984. Pots were weeded

.monthly during the growing season until the experiment was

harvested duriﬁg - 19-22 August 1985, Ramets were .washed,

dried to constapt‘weight and total biomass was measured.

The effect of treatment location on the growth of each
species was tested using a general linear model of analysis
of wvariance (Ray 1982), which takes into account the

unbalanced design producea by wvarying ramet survival among

treatments.

The positions of the experimental stations on the exposure
gradient were determined by sampling sediment organic matter

content fﬁ = 10 replicates) at each station.

In order +to produce comparable physidlogical and
ecological response curves, the results from the three most

exposed stations were pooled into one class and those from
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the threelintermgdiate. stations were pooled into a second

class. The results ¥rom the most sheltered station were not

combined. This manipiation produced three data classes
(mean-sediment organic m er content associated with class
1: 1.54%, «c¢lass 2: 4.13%, lass 3: 19.21%) that were
comparable to the classes used to describe the species' field
distributions. These pooled classes were then ranked for
each species such thatyathe class with the lowest meanﬁbiomass
was ranked first and the class with the highest mean biomass
was ranked third. Thé{agreement among species' physiological

response curves along the. exposure gradient was then tested

using Kendall's coefficient of concordance.

]

RESULTS

Ecological Response Curves .

Abundance varied 'significantly ( P <0.05) along the
. N
exposure gradient for all «specieseQ except Dulichium

arundinaceum, Rhynchospora fusca and Lobelia dortmanna.

Spedies had differential patterns of distribution along the

gradient (Kendall's W, s =6, P »0.05). Fig. 3a shows that

o
some species (e.g. Triadenum fraseri, Lysimachia terrestris)

are most abundant on sheltered, organic shores while others

{(e.qg. Juncus pelocarpus, Eriocaulon septangulare) are more

=

common on sandy, exposed shores.
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Physiological Responsé Curves

_ Biomass accumulation varied significantly ( P <0.05) with
» ' '

position on the exposure gradient for Dulichium, Lobelia and

Cladium mgriscoides (data are .summarized in Appendix 3).

When all species were considered simultaneously, their

physiological response curves - along the ‘gradient were

significantly similar (Kendall's ﬂf s =56, P <0.05). Figure

3b shows that species accumulated most biomass in sheltered,

organic bays, except for Lobelia, which accumulated
N ¢

significantly less biomass in this habitat.

A\

Dy
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FIG.3a. The .distributions of nine plant species along the

exXposure gradient at Axe Lake. Species  such as Dulichium

"arundinaceum and ,Triadenum fraseri are most common on

sheltered .organic shores while others, such as- Eriocaulon

septangqulare and Lobelia dortmanna are restricted to

disturbed, sandy shores.

FIG. 3b. The physiclegical response curves of the same

species grbwn singly along the exposure gradientfat Axe Lake

LY

for 14 months. '~ Species have significantly‘ concordant

physiological response curves along the gradient.

Species names are abbreviated as follows: DUL: Dulichium

arundinaceumn, TRI: Triadenum fraseri, LYS: Lysimachia
terrestris, CLA: - Cladium mariscoides, REY: Rhynchospora

fugca, XYR: Xvris difformis, JUN: Juncus pelocarpus, ERI:

‘Eriocaulon septangulare, and LOB: Lobelia dortmanna.’
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DISCUSSION
g -

The distributions of apecies along the exposure gradient
at Axe Lake (Fig. 3a) are similar to those described by
Wilson and Keddy (1985) for six .Ontario Lakes (Fig.l, this

)
thesis). They showed thet species distributions along the
exposute gradient in four separate lakes were in the same
X LY
rank order, suggesting that the mechanism determining species

distributions along tRe gradient is present regardless of the

particular lake considered.

In contrast to the, species' different distributions, tgeir
physiological -response curves along the gradient are
;ignifiqantly similar (Fig. 3b). The fact that position on
ﬁhe exposure gradient affected-biomass accumulation in the

case of only three species may_ be attributable to low

survivorship at some stations increasing variance and

obscuring freatment effects. In spite of this, Fig. 3b shows

that species generally accumulated more biomass on sheltered

—_—

shores with high sediment ofganic matter content. An.

exception is Lobelia, which accumulated significantly less

biomass in sheltered habitats. This contrasts with the
physiological response curﬁes cf two other species common on
exposed shores, Juncué and Eriocaulon, wﬂ;chiécéumulate more
gry weéght on organic shores. The complete . absence of

Lobelia from sheltered shores (Fig. 3a) is correlated with

its low growth rate there (Fig. 3b), indicating that the

physiclogical., response- curve of this species "along the
5 ¢ f

o
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exéoédre gradient may be of primary importance in determining
.-
its distribution.
*
‘"
This interpretation is based on patterns of biomass

accumulation; mortality ‘may also vary along the gradient
. %

(App. 3). However, missing values in Appendix 3 represent
both ramet death and the ‘removal of living transplanted

ramets by wave action, making the interpretation of missing

values difficult.
r
. ‘ {
The overall similarity of -the physioclogical response
curves shown in Fig.3b'suggests that the zonation pattern in

the field cannot be attributed only'%.to different

physiological'responses to the exposure dgradient. Because

the pHYsiological response curves were produged by the
measurement of biomass of individuals grown in the'absence of
neighbours, the =zonation pagtern along the gradient may
result partly‘from thé effecté of neighbours.

A number of studies have shown that interspecific
competition may infléence the digtribution of plant speciles
along enVironmental gradients (Sharitz-and McCo;mick 1973,
Pickett aﬁd Bazzaz 1978, Austin and Austin 1980, Austin.gg
al. 1985, Goldberg 1985), inclﬁding gradients in aguatic
environments (Misra 1938, Seddon 1965, Buttery and Lambert
1965, Grace and Wetzel 1981, Snow and Vince 1984, Wilson and

Keddy 1985). In contrast, other studies have found no

evidence that competition influences the distribution of

wetland plants (Moyle 1945, McCreary, Carpenter and -Chaney

N
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1983).

Other field experiments .Héve indicaged that the
distribution of plént specles along the exposure‘gradient at
Axe Lake may result at leas} pértly from competitionf Wilson
and Keddy (in press) have shown 'that the distributions of
seven species along the gradient are relatéd~=to their
competitive abilities. Competitive dominants such as
Dulichium oégypy sheltered, nutrient-rich shores where
standing crop is higH and diffuse competition is ﬁost intense
(Wilsonland Keddy 19886), whereas-éubordinéte species such as
Ericcauleon are fes;ricted to sandy, exposgd shores.

In summary, plant species are distributed differentially
along‘the-eﬁposure gradient but' have significantly similar
physiological response curves along the gradient, indicating
that interspecific competition may be partially rgsponsible
for tﬂe observed zonation pattern. Species of both sheltered

habitats (e.g. Lygsimachia terrestris} and exposed beaéhes

(e.qg. ‘Eriocaulon septangulare) accumulate more biomass on
L .

undisturbed, nutrient shores!than on sandy shores subject to

-

high levels of wave action; small, slow-growing species' are

pfesumably displaced from the nutrient-rich habitats by,

competitive exclusion.
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CHAPTER 3

MEASURING DIFFUSE COMPETITION ALONG

AN ENVIRONMENTAL GRADIENT:

-

RESULTS FROM A SHORELINE PLANT COMMUNITY
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Abstract
I propose a method for measuring variation in diffuse

cémpetition along an environmental gradie -. This approach
has two advantages over pair-wise competition experiments
conducted in homogeneous environments. First, ig—;ay be more
realistic, since. individuals in nature are usually confronted
with a var{ety of neighbours, i.e. diffuse competition.
'Tgécondly, this-_approach allows us to test whether variation

in diffuse competition is correlated with gradients in

environmental factors. I used a field experiment to test
~whether diffuse competition is Ebrrelated with standing crop

and sediment organic matter content‘ in a 'lakeshore plant

community. EDiféuse competition was significantly posit}vely

corrélated with both of these factors. Further, standing
- érop was found *to be positively correlated with sediment

organic matter content, suggesting thét‘a general measure of

habitat productivity -ﬁay be indirectly related to the

intensity. of diffuse competition. These results supﬁgr;-

models of species diversity and adaptive strategies whicﬁ

;;sume that the importance of competition within a community

-

varies predictablyf
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e INTRODUCTION
N
Ecological literature is Eifh with studies of competition

in plant communities. Most experimental studies are limited

-y . - -
by necessity to the examination of pairwise interactions

within a small group of species' (e.g. Putwain and Harper

1970, Sharitz and McCormick 1973, Grace and Wetzel 1981,

——

Fowler 1982, Silander and Antonovics 1982, Rabinowitz et al.

1984). In nature, however, an individual may compete with a

constellation of specieé in various <c¢ombinations and
densities, i.e. an individual is often faced, with diffuse
competition (MacArthur 1972). In spite of its importance in

natural communities, diffuse competition has received almost
Y

no experimental attention—?Davidson 1985). I. define diffuse
competition as the effect of all_neighbours im limiting the

biomass accumulation of an individual.

/'l

Current ecological‘models describing life-history traits
and species diversity are based on the untested assumption

that the intensity of diffuse competition varies with
1 .

standing crop (Grime 1979), disFurbance (Connell 1978, Hustoﬁ 
19753 or grazimng (Lubchenco and Gaines 1981). Measuring

diffuse competition at several locations along an
'Y

environmental gradient simulfaneouély would allow explicit

N A

testing of this assumption and its associated models.

P

This study had three objectives: i) to present a method
for mgasufing diffuse c¢mpetition along an environmental

gradient; ii) to use this method to test whether diffuse

+
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competition'iS<correlated|with standing crop in a natural
plant community; and iii) to test whether diffuse coﬁbetition
was correlated withl an important environmental gradient

underlying the community.

METHODS

Measuring diffuse competition along a gradient

-
.

A general method 'is presented for measuring variation in
diffuse competition. Several lo;ations areachosen along an
environmental gradignt. Each locatioﬁ is divided in hal%, one
half cleared of all above-ground biomass, and ramets of
several species are planted in each half. The density of
transplanted ramets should be so low that shoots do not shade
eaqh other and below-ground parts do not come into contact.
Ramets are allowed to grow fo£ one 5r more grbwing seasons
before harvest of above and below-ground biomass. The

biomass accumulated by transplanted ramets in cleared and

uncleared treatments is compared in order to calculate

diffuse competition at each location:

. ees[ S (C" )]—-

where DC is a measure of diffuse competition, C, is equal to

the mean dry weight of species i in the cleared treatment.

ga is equal to the mean dry weight of the species in the

uncleared control, and n is equal 'to the number of
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" transplanted species. The differehce between the dry weight

of ramets in cleared and uncleared treatments is divided by

the mean dry weight of the species in the cleared plpts to
account for the relative size of each species. The
correlation between diffuse competition and -some measure of

the environmental gradient is then calculated.

Diffise Competition

Diffuse competition w;s méééﬁred at eight locations chosen
to represent the fange of standing crop on the shore of Axe
Lake, Ontario (Keddy 1983). Each location. consisted of a
cleared freatment piot and an adjacent uncleared céntrol
plot. Each plot compriseh 30 pots (each 15 cm éia@eter, 12 .

* 2
cm deep, .with eight 1 cm: drainage holes) in six rows of five

pots each, installed by removing a sediment core the size of N
the pot, putting it into a pot and replacing the potted soil
in the sediment. Pots excluded invading rhizomes and allowed

*
harvesting of below-ground biomass. All above-ground
vegetation was removed from. the treatment plots and from a 15

cm border surrounding the cluster of pots. " Any emerging

shoots were removed over the course of the experiment.

Ten ramets of three shoreline speciés_( Juncus pelocarpus,

Rhynchospora fusca, Lysimachia terrestris ) were transplanted

S
into each plot. All species are found over the entire range

of the exposure gradient (Wilson and Keddy 1985). Juncus, a

small (5 - 15 cm tall, Gleason and Cronquist 1963) graminid -

Fr

that grows in dense mats, is most often found on sandy,

¢
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exposed shores (Wilson and Keddy 1985); Rhynchospora is a

_..rhizomatously 'spreading graminid (15 =- 40 cm  tall)

distributed evenly along the exposure gradient, while
Lysimachia is a tall (40 - 80 cm), léafy rhizomatous herb
most often found on sheltered shores with high sediment
ofganic matter . content. Species were chosen for their
different morphologies. Ramets' were collected” on 3 July,
planted during 3-6 Ju&y and barﬁested 5] Septembér 1984. The
experiment was harvested aftér a single growing season
because it would not have been possible to identify shdots
arising from transﬁlanted rhizomes in the following year.

The position of each experimental location on the exposure

w

“ gradient was measured by determining the mean organic matter

content (Dean 1974) of six sediment samples {({each 3.5 cm

diameter, 5 cm deep) taken from each location.
. .

Standing crop was harvested from a 0.2 =x 0.2 . m guadrat
adjacent to each of the two plots at each location on 25

August 1984. Standing crop samples were dried teo constant

weight and the ‘mean standing crop was determined® for each

location. s

locations was calculated ubing Pearson's r after arcsine
\ i ’

transfofmation of DC. DC was transformed because it was a
proportion. Although DC calculated for ‘three species
together gives a general measure of diffuse competition, DC

can also be calculated for each species individually to test
? . '

t

The correlation between DC 4and standing c¢rop for all

Fal

w
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for among-species .differences in responses. This can be done

by calculating DC as in Equation 1 for each species and then

A .
testing for a correlation between DC and standing crop.

¥

Standing crop ‘ .

s
Lo
-

I tested the hypothesis that standing crop is related to

the exposure gradient in order to interpret the experimental

results with reference\tg\abiotic factors.f The shoriline of
Axe Lake was sampled at 20 m intervals at the Q;terlige
during 17-21 August 1984 ( N=83). At each interval, standing
¢rop was harvested froi a 0.2 x 0.2 m quadrat and a sediment
sample was taken for organic,matter content analysis. The
correlation betweeﬁ standing crop and sediment organic matter

““\

content was tested using Pearson's r.

RESULTS .

Diffuse competition was significantly correlated with
standing crop ( r =0.76, P =O;O2) for all transplanted.
- - u'__—_— . L] ' ' - -
species considered together (data are summarized in Appendix
4). Figure 4 shows that diffuse competition increases with
community standing crop.

- -

The relationship between diffuse competition and standing
crop varied when the transplanted species were considered

separately. Lysimachia terrestris showed no correlation

between DC and standing crop ( r #0.04; P =0.46), Juncus‘

pelocarpus showed a weak correlation ( r =0.57, P =0.07} and

v
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Rhynchospora fusca showed a strong correlation ( r =0780, P

=0.01).

Diffuse competition is also significantly correlated with
sedimeﬁt organic matter content ( r =0.76, P =0.02) ﬁgr the
three transplanted species considered together. Figure 5
shows that diffuse competition is most intense in.xelatively
undisturbed habkitats with ;lhigh sediment‘ nutrient
concentrations. Sandy shorelines,; exposed to wave-action and

with nutrient-poor éediments, had relatively low levels of

diffuse competition.

Standing crop is. significantly correlated with sediment

organic matter content ( r =0.79, P <0.01). Figure & shows

.

“that sTanding crop is highest on sheltered shores with high

7

sediment organic matter content.

e,

-
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FIG.4. The relationéhip between diffuse competition, as
J
calculated in Eg.1l, and standing crop on the shoreline éf Axe
Lake. Diffuse competition is significantly correlated with

standing crop.
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FIG.5. The relationship between diffuse competition and

sediment organic matter content on the shore of Axe Lake.

Organic content is low on ekposed shores (lefﬁ) and high on

sheltered shores {(right). Diffuse competition is

significantly correlated with sediment organic content.

T
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FIG.6. The relationship between community standing brop
and sediment organic matter content at Axe Lake. Standing

crop is lowest on exposed, sandy shores and highest on

sheltered shores with organic, sediments. . ) -
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< " DISCUSSION

These results suggeét that diffuse competition in =&
shoreliné plant community is most intense where infrequent
-Eisturbance and nutrient-rich soils result in high standing

crop. . :

‘I ‘have assuﬁed that the exﬁefiment ran long enough to
detect variation in diffﬁse'compefition. Transplant shock
resulting from desication was presumably unimportant becauée
the ramets were traﬁsplanted under water. The experiment was
conducted over 65 'days during the éeason of warmest
temperatures and greatest productivity for sputhern Canadian
wetlands (Auclair gi al. 1976). Allowing the experiment to
run for a second summer would likely increase the difference
between plants grown in cleared and uncleared blots,
producing a strbnger relationship between diffuse cﬁmpetition
and standiﬁg crop than is shown iﬁ_%ﬁﬁﬁfe 4. ’} have also
assumed that reﬁoving only above-ground biomass from cleared
plots actually decreases competition. Below-ground biomass.
in the plots may continue to compete with transplanted ramet$
(Newman 1973). Below-ground.competition, if present, -would
cause diffuse competition to be underestimated. Although the .
length of the experiment and below-ground competition may
affect the measurement of competitioﬁ, both of these factors
should have resulted in an underestimation of diffuse
competition in this study. Alternatively, Dbelow-ground

biomass in cleared plots might have died, releasing nutrients
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and stimulatiﬁé’ growﬁh, -resulﬁing in an overestimation of
diffuse competition. The production of‘ new shoots from
ﬁﬁizomes And tubers iﬁ the cleared plotg over the course of

the experiment, however, makes this.unlikely. '

The relationship shown.in Figure 4 varies with the species
used to measure diffuse competition. A species may bé
insensitivg‘to variation in diffuse competition if it is a
strong competitor and seldom affected by competition. For

‘example, the large and leafy Lysimachia terrestris showed no

corrélation between diffuse competition and standing crop.
The use of different species in the experiment produces not
only a general measure of.diffuse competition, but can also
provide information on the differential responses of several

species to a gradient of of diffuse competition.

mytualism among individuals is suggested where the wvalues
of DC in Figures 4 and 5' are négative. In these cases}.
plants grown with neighbours accumulated more biomass than
those grown singly. On lakeshores mutualisml might be
expected at highly exposed sites where neighb $rs could

provide shelter frop wave action and stabilization“ of

sediments. Mutualism may be tested  for by determining
whether the y-intercept of a regression line describing the
relationship between diffuse competition and standing crop
(Fig.é) is significantly less than O. In this case, it was
not ( £t =1.89, P =N.S.) (Zar 1974). Using-hore experimental

-locations than were employed in this experiment might allow

;
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petter tests of hypotheses concerning intercepts -andﬂ-_

—_———

3
curviiinearity.

- A mechanism commoﬁ to several current models of species
diversity is ‘that there is. variation in the intensity of
competition within a community (Grime 1973, 1979, Connell
1979, Huston 1979, Lubchenco and Gaines 1981). Conhell
(1983)‘has diScussgd how the importance of competitibn may
vary spatially, but no field experiment has explicitly testéd
fof variation in diffuse competition' along an environmental
gradlent The results reported here corroborétef the

¢

assumption that diffuse competltlon is 1nversely related to

i

disturbance and environmental stress.

The role of exposure to wave~action as .an underlying
control of diffuse competition is suggested by the

correlation between standing crop and sediment organic matter
o

. -

conﬁeﬁt (Fig.6). Shores exposed’ to high amounts of wave
action have low Sedgment organic matter content and low
standing crop, which may‘result in low intensities of diffuse

.

competition. : .

These results agree wlth those of del Moral (1983) who
related the d1fferent1al survival of_ transplants in natural

vegetation to habitat productivity and competition intensity.

In a greenhouse experiment, Bazzaz and Harper (1976) grew a

‘mixture of two species in soils of high and low fertility.

They fouq& that survival declined ﬁore rapidly and that one

species was eliminated entirely on fertile soil, suggesting



that competition was more intense under 'productive
conditions. Experimental evidence shows that competition may
be more intense in productive habitats than in unproductivé

environments {c.f. Newman 1973, Chapin and Shaver 1985).

Although controversy has éugxounded. the gtudy of
competition in ecological communftiés (S8alt 1983),  these
résults indicate that diffuse compeﬁition ©omay vary
predictably in nature. Mofeover, Fi;ures 4 and 5 suggest
that the success of any paTtticular experiment at measuring
competition can depend on fhe environﬁent considered. For
example, field expefiments with lakeshoré plants have found
no eyideﬁce that competition is at work in relafively
disturbed or nutrient-poor habitats koCreary et al. 1983,
Titus and Stephens 1983). In contrast, experiments in
undisturbed and nutrient-rich fiéld sites have suggested an
important role for competition (Buttery and Lambert 1965,
Grace and ‘Wetzél 1981). Testing for variation in diffuse
competition aleong environmeﬁtal gradients in other plant

communities may provide a more general understanding of the

role of competition in nature.
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CHAPTER 4

THE RELATIONSHIP BETWEEN
PLANT - COMPETITIVE ABILITY AND POSITION

ALONG A NATURAL GRADIENT OF STRESS AND DISTURBANCE
A FIELD EXPERIMENT .

&
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Abstract

-

I tested the prediction that plant species growing in

'undisturbed, nutrient-rich habitats tend to "have higher

competitive abilities than those found in \aiézi;:fd or

nutrient-poor habitats. The distributions of seven spgcies (

F:S
Eriocaulon septangulare, - Rhynchospora fusca, Hypericum
ellipticum, Juncus pelocarpus, iysimachia terrestris,

"Dulichium arundinaceum, and Drosera intermedia ) were measured

along a gradient of exposure to wave action on the shore of
Axe Lake, Ontario. Species distributions. on the exposure
gradient. were gquantified by detérmining the mean sediment
organic matter content of the quadrats contaiﬁing each
species; Competitive abilities were measured in a field
experiment in which species were grown-togetherlin all pair-
wise combinations { N=10 replicates). Species had
significantly differenf competitive abilities ( P <0.01).
Species found on exposed, nutrient-poor shores (e.qg.

E.septangﬁlare ) had low competitive abilities while those

growing on sheltered, nutrient=-rich shores (e.q.

D.arundinaceum ) had high competitive abilities. Competitive

ability was significantly correlated with mean position on

_the exposure gradient.
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INTRODUCTION

G;ime (1973, 1977) predicted that species found in
undisturbed, nutrient-rich  habitats should have high
competitive ‘ébilities relative to species found_nin more
disturbed or stressful habitats. Models of species\divarsity
propoéed by Connell (1978) and Huston (1979) alsoc imply that
species occurring in infrequently disturbed ha@}tats.should
have high competitive abilities. While' the role of
interspecific competition in determining species
distfributions along environmental gradients has received
experimental attention fe.g. Sharitz and McCormick 1973,
Muelle;—Dombois and Ellenberg 1974:354, Pickett and Bazzaz
1979, Austin ahd Austin 1980, Grace and Wetzgl 1981, Austin
1982, Parrish and Bazzaz 1982, Silander and Antonovics 1982,
del DMoral ‘1983, Snow and Vince 1984, Austin et al. 1985,
Goldberg 1985) no test of this proposed relationshib between
species competitive abilities and distributions has been
performed for a multi-species community. I examined the
prediction that species' distributions along an environmental
gradient are related to their competitive abilities. I first
'described the field distributions of seven plant species
along tﬂe lakeshore exXposure gradient, a natural
environmental gradient that incorporates both stress and
disturbance ( sensu Grime 1979). I then measured the

competitive abilities of the same species in a nutrient-rich,

undisturbed habitat using a diallel experiment (Harper 1977).

Lastly, I tested for a correlation. between competitive

JY
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+

ability and mean position on the envirohmental gradient.
Competitive ability is defined as the ability of an
individual to accumulate biomass in the presence of

neighbours.

METHODS

i

Field distributions

The distributions of 'seven vascular plant species,

Eriocaulen septangulare, Rhynchospora fusca, Hypericum

, ellipticum, Juncus pelocarpus, Lysimachia terrestris,

Dulichium arundinaceum  and Drosera intermedia (nomenclature

follows Gleason and Cronguist 1963) were measured along the
exposure gfadient on the shoreline Of. Axe Lake, Ontario.
Species distributions along the exposure gradient were
described by breaking down the range of sediment organic
matter content found into seven classes (class 1: 0.0-0.9%,
class 2: 1.0-1.9%, class 3: 2,0-3.9%, class 4: 4.0-7.9%,
class 5: 8.0-15.9%, class 6:16.0-31.9%, class 7: >32.0%) and
calculating the relative frequency of occurrence of the sevenn
study species in each class. Quadrats (0.5 x 0.5 m, N=243)
wére placed at 10 m intervals along the waterline of Axe Lake
during 17-21 AugUst'1984 and the presence of all species in
each cquadrat was recorded. Organic matter content of a
sediment sample from the centre of each gquadrat was

g

determie;i) and the sample categorized by the classes
describe above. Sediment samples (3.5 cm diameter, 5_ cm
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deep):were frozen rat ~10°C within one week of collection and
.analyzed for organic content one'mo?ph iater {Dean 1974).
Ordanic.content is expressed as a percentage of sample dry
weight. The mean position of each seecies on the exposure
gradient was dete;mined by calculating the mean sediment
organic content value for the set of guadrats containing each
species. .

Competitive abilities

Competitive | abilities were measured in a diallel
experiment (Harper 1977) on the shore _of—&x Lage.
Polypropylene beakers (400 ml, diametef=8.5‘cm) weez\filled
with a botteom iayer of 200 ml of. sand and a top layer of 200
ml of orgenic shoreline sediment obtained from a shelteyed-
shore of Axe Lake. This potting medium simulated the natural
stratification of sediments on sheltered shores. Plants were
collected during 18-20 May 1984. Ramets of each species of
approximately equal size were selected and a subset of ten
were randomly chosen for initidikdéy weight determinetione
Ramets were randomly assigned to beakers to ﬁroduce ten
replicates of all possible. pair-wise combinations with two
ramets per beaker during 21-22 May. Beakers were placed on
flats just above. the waterliﬁe on the shoreline in a
sheltered bay and wetered daily with lake water. A cylinder
of fiberglass window screen 15 c¢m high was installed in each

beaker on 28 June to ensure that ramets interacted only with

the neighbour in their own beaker and did not influence the
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growth of élanfs in other °"beakers. The experiment was
.harvested during 1-4 September 19842 Elants were d;ied to
constant weight and the tofal biomass of each species in each

beaker was measured.

Results from competition experiments are often transformed
as relative vyield per plant (Harper 1977:260, Fowler 1982} in
order to compare the yields of;species of_different sizes.
Because I used vegétatively reproducing ramets, however, Epe
relative increase of dry weight per plant (RIP) was of

greater interest than relative yield. Relative increase per

plant was calculated as

1)

of one ramet of species i when grown with one ramet of
species j, SDW4i is the mean starting dfy weight of one ramet
of species i, and HDW, 4 is the mean harvested dry weight of_
one ramet of species 1 when gro 7 with a conspecific
neighbour. Thus, the RIP of a rame:QEQEWn with another of
the same species is 1. A ramet may have RIP less than or
greater than 1 when grown with a ramet of another species.
An RIP value of less than 1 suggesfs that a species
accumulates less biomass in the presence of an interspecific
neighbour than with a conspecific neighbour. An RIP value
greater than 1 suggests that the species accumulates more

biomass when grown with an interspecific neighbour tﬁg; with
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a conspecific neighbour.

Diallel experiments provide two measures of competitive
ability. The first is the mean RiP of each species when
grown with all species of neighbours. This mean RIP may be
termed the target score because it is a measure of the mean
effect of all species of neighbours on the single species
acting as a target. A speciés‘has;a high target score if, on
average, it grows better with all other‘species than with

itself. A species has a low target scor if, on average, the

species grows less well with all other species than with

itself. The species can be ranked in o competitive

ability using target scores ,Such that strong interspecific
P

competitors have high target scores and subordinate

competitors have lower scores.

The second measure of competitive ability produced by this
analysis is the mean RIP associated with each species acting
'as a ﬁeighbour on all target species. The mean RIP of all
target species with which a particular neighbour species was
grown is called the neighbour score for that species. A
species has a high neighbour score if, on average, other
species tend to grow better with that interspecific neighbour
than with themselves. A species has a low neighbour score if
other species tend to grow less well with the interspecific
neighbour than with themselves. Thus, species can pg ranked
in order of their competitive abilities using their neighbour

scores such that strong competitors have low neighbqur scores

j
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(because they suppress target species) and subordinate
L) [ j

L . : .
competitors have higher neighbour scores (because they

release target species). Target and neighbour scores may be

negatively correlated (Jacquard 1968).

A twd—factor analysis of vafiance was used to test for
significant targeé‘and neighhour- effects. No transformation
was found to produce hﬁmosaedasticity of wvariances. The
results of the analysis should therefore be interpreted with
caution, élthough Ito (1980) states that ANOVA is extremely
robust under heteroscedastic conditions when sample sizes are
large and equal, and dimensionality is low. Tukey's
studentized range test was used to identify groups of species

not significantly different in competitive ability.

.

Competitive abilities and field distributions

Correlations were calculated between mean position on the
exposure gradient and both measures of bompetitive ability

(target and neighbour scores) using l-tailed Pearson's r. To

test

nificance o©f the correlation Dbetween mean
position and oerall competitive ability, the probabilities
associated with the correlations between position and both
target and neighbour scores were combined (Sokal and Rohlf
1869). Correlations were then calculated for the complete

set of seven species and for the set with one insectivorous

species, Drosera intermedia , excluded. B

7

) 77
P
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RESULTS

Field distributions

Fig.7 shows the distribution along the exposufe gradient

of each species. Ericcaulon septangulare occurred most

frequently on exposed shores with low sediment organic matter

content while Lysimachia terrestris and Dulichium

arundinaceum were most common on sheltered shores with/ high

organic content. ‘Others, such as Rhynchospora fusca and
. ' -

Juncus pelocarpus, had intermediate distributions.

Competitive abilities

Table 2 éhows fhe RIP? of each species grown in all
possible pairwise combinations. ANCVA (Table 3) showed
significant effects ( P <0.01) for both target scores (rows
in Table 2 ) and neighbour scores (columns). Groups of
species not significantly different in competitive ability,

are given in Table 2.

Competitive abilities and field distributions

A significant correlation was found between competitive
ability and mean position on the exposure gradient for the

set of species excluding the insectivorous Drosera intermedia

{correlation between competitive ability measured as target
scores and position: r =0.77, P =0.035; correlatien between
competitive ability measured as neighbour cores and

2
position: r =-0.68, P =0.068; combined prifipfiity: %X
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=12.07, 0.01< P <0.025)(Fig.8). . A weaker relationship was
found when D.intermedia wasl included in the ‘analysis (target

scores: r '—‘0.61, EJ =0.071; neighbour scores: E ==-0.36, P -
=0.211).

j .
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FI1G.7. The distributions of seven plant species along the
exposure gradient at Axe Lake, Ontario. Exposure is measured
as sediment organic matter content (Wilson and Keddy' 1985}.
The mean gediment organic content associated with each
species is indicated by an arrowv. Species' names are

abbreviated as follows: Bri: Eriocaulon septangulare, Rhy:

Rhynchospora fusca, Jun: Juncus_pelocarpus, Hyp: Hygericum

ellipticum, Dro: , Drosera intermedia, Lys: Lysimachia

terrestrds, Dul: Dulichium arundinaceum.

-

-
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s

* TABLE 2. Relative increase per plant (RIP) of seven species grown in all

Y

pairuisge combinat fons. .Y

‘:’_ &

‘ angnls-; a Neighbour Species

. Target
apecics* 7 7 Ce . ~ . s.u:‘oms‘*L
. Dl I - Lys Hyp Rhy Dro Eri
. Dul 1.O3 1,33 18 117 1.25 118 1.34 " 1.208b
Jun 0.63  1.00. 1.3  1.46.  1.46  1.52 1.49 1.2823
" Lys Jz’ | ~o,éé 0.87° 1.0  1i63 1.6  1.78 -1.57 1.312
Hyp 1,09 0.9 S 0091 1.00 1.22 1.25 1,23 1.118be
v Rhy 1.05  0.73° 0.93 0.9} 1.00 -,1;21 1.36 1.03be
Dro 0.98  0.91  0.93  1.02 1.0 .00 111 0.98be
Eel ©0.65  0.71 - 0.88 ",q.a9ﬁ\“’6f;7‘ quZ;' 1.00 : 0.93¢

L

' >
Neighbour .
< scores:  0.893 0.933b 1.03abe 1 1sbed 1 pjed .35 1.30d
. v - . P ('" -:.l
. * Specids names abbreviated as in Fig.7 . S

. 3 ‘
LI '_I"a'rget and neighbour scores not significantly different from one another

(Tukey's studentized' runge test, P < 0.05)/qre denoted by superscripts.
A : . "

-
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TABLE 3. Two-factor analysls of varlance of diallel experiment.

Source D.F- ss MS

ss us F ?
Targets 6 < 9,37 1.56 7.7% - b.Ol
Neighbours 6 13.37 2.3 o 0.01
_Errar CT L 46l 92,47 0.20
Tokal‘: | 473 115.22

. —_r
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FIG.8. The reiationship between the competitivé_ab;lities
and mean positigns on the exposure gradient of seven plant
species:' Competitive abilities were measured as targeﬁ
scores (the mean relative increase in dry weight of a
spécieé grown in the presence of all species of neighbours)
and as neighbour scdres (the megn“relafive-increase in dry
weight - of all--species in the présence of a particular farget
speciés). Correlatioﬁs‘ are ‘given for the set of species

i

excluding the insectiveorous Drosera intermedia. Species

names are abbreviated as in Fig.7.

.

o
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DISCUSSION

Thé~diallel experiment demonstrates that the study species
have significantly different competitive abilities. There
are many factors, however, that may influence species ranking
within a competitive hierarchy -produced by\‘an experiment.
Probably the most important of these is %hé environment in
whiph the experiment is coéonducted (Harper 1977). Fowler
(1982) found that the | dominance hierarchy described by
diallel experiments varied with water availability and time
of y;ar. Moore and Williams ({1983) showed that the
compgtitive hierarchy within a group of weedy species varied
with so0il nutriensgs. I used an experimental"environment
. représenting shelt:de lbays, thét portion of the- exposure
gradient where plants accumulgfé biomass most rapidly (Wilson
and Keddy 1985) and disturbance is minimal (Keddy 1885).
Community standing crop and diffuse competition are also
highest'in[this habitat (Wilson and Keddy 1986) and
combetitive abi}lity is presumably most important for success
iq thié type of environment. The results do not exclude the\x
possibility‘that competitive dominance varies withkfosition '

on the ‘exposure gradient (Tilman 1985).

Competitive hierafﬁhies may also .vary seasonally: the -
experiment was performed durlng the only time.of the year the
plants are capable of growth since tﬁh shoreline is covered

by Qeep water, ice and snow Irom October to May. Further,
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this experiment considered cnly pair—wijif\~§bagi;s
interactions and may not provide informatio about the
species' relative aggressiveness in multi-species mixtures.
Lastly, Inouye and Schaffer (198l) note that the outcome pf

*

any replacement series experiment (many of which comprise a

-

diallel experiment) may vary with total density. Aarssen
(1985) has also warned against éomparing the suppression of
two species when the carrying capacities for the species it
the experiment are unknown. The competitive hierarchy
described by this experiment 1is likely wunique to the
particular starting-density used. 1In summary, while diallel
experiﬁents have clearly-recognized limitatidnsﬂ ﬁhey do
allow among-species comparisons of competitive ability while
controlling for dehsity, abiotic factors and heighbours
(McGiichrist 1965, Norrington-Davies 1967, Harper 1977,

Fowler 1982).

The use og mean RIP values (target and neighbour scores)
as a measure af competitive ability should be interpreted
with caution, because RIP may be > 1 for two'fﬁfg%inct
reasons. RIP > 1 may Vindicate i) that one species has
outcompeted the other; or ii) that the species .of intefest
exploits a different array of résoufces than its
interspecific neighbdur. In the second <case, RIP is
attributable to.nf;he differentiatibn (Aarssen pers. comm.).
Niche differeniation is suggested where RIP > 2. In
contrast, RIP values < 1 (suppression) can only be attributed

to interspecific cdmpétition. An alternative analysis of
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competitive ability that avoids épnfusion between competitive
ability and niche} differentia ion is to consider cnly RIP
.values that are at ﬁibutable‘giFt

3

cases where RIP < 1. Thq§efore, I have also estimated the

ompetitive suppressiocn, i.e.

competitive ability 'of each species as the numBer of
neighbouring species which suppressed its growth. Species
were ranked from strong compétitors, which were rarely
suppressed, to weaﬁ competitors,  which were frequently.
suppressed. The number of suppressions for each species was
subtracted from thé total number of species in the experiment
.<:,s§ that species with high competitive abilities ‘received
high sborgg and those with low abjilities received low scores.

‘m. The correlatigg between this measure of competitive ability
an& méan'position on the exposure gradient was then tested
"using l1-tailed Pearson;s r. Fig.gh shows that competitive
.'ability was significantly correlated with'position on the
exposure gradient ( r =0.71, P <0.05j. These gésults agree

with those given in Fig. 8. o

Fig.8 shows that species with ‘high competitive abilities

occuﬁy sheltered, nutrient-rich shores while species-with low

N

competitive ability are characteristic of disturbed, sandy

- -

habitats. This relationship is significant, however, only

when the insectivorous Drosera intermedia is excluded from

consideration; Drosera has low competitive ability but 1is
found on relatively undisturbed, organic shorelines. Wilson
(1985) has shown experimentally that insectivory allows

Drosera to avoid competitive suppression by expleiting a
“ BN
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nutrient source unavailable to other species. Ewvidence that
the growth of Drosera is unaffected by other species is given
in Table 2 by the target scores for Drosera : RIP ¥ 1 for
this specieé acting as a target, indicating that Drosefa
grows as well with any other species as it does with itself.
The ability of Drosera to use insects és a nutrient source
may allow this small rosette species (i - 8 cm hiéh, Gleason

and Cronguist L8837 to grow in updisturbed, densely vegetated

habitats, aﬁcounting for its position in Fig.8. In contrast,

the study species most morphologically similar to Drosera,

-

Eriocaulon septangulare, is restricted to disturbed habitats

with low'standing crop (Fig.8).

; (@
Considerable vargggility remains in the relationship shown
[
in Fig.8 even when D.intermedia. is excluded. _This
variability is partly due’ to problems inherent in  the

measurement of competitive ability discussed abovef*\ There

‘may also, exist variability in the relative positions of ‘the

i

species élong the exposure gradient produé;d by the use of
presence-absenée data to measure distributions: examination
of 'the distribution of biomass of each species along the
exposure gradient might produce different results. Lastly, a
perfect relationship should perhaps nof, be expected since
relative competitive abilities are almost certainly not the

B H
only determinant of species distributions along an

environmental gradient. The relative importance of dominance

hierarchies in determining species distribuﬁions along

gradients remains to be explored.
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frevious experimental work has described the rdlg of
compefition in producing zonation patterns (e.g. Connell
1961, _Austin and Austin 1980, Lubchenco 1980, Gracg and
Wetzel 1981), but the relationship between position in_ a
competitive hierarchy and distribution along a natural
gradient for multiple-species sets has not bgen examined.
Those studies which have considered this reiationship have
estimated competitive ability‘using species characters likely
to be related to competitive success. Grime and Hunt (1975)
exaﬁ;ned,the relationship between maximum potential growth
rates and field distributions within a local flora. As they

noted, however, high growth rates are found in both

competitive and ruderal species. Boorman (1982) also

. suggested that a relaﬁionship might exist hetween growth

rates and the distributions of sand dune plants. Menges and
Waller (1983) used published maximum‘ heights to relate
competitiée Ability to occurrence in productive, undisturbed
habitats -within é floodplain. Experimentally-measured
é@mpetitive gbilities allow a direct test of thé predicted

relationship between competitive ability and distribution.

Yodzis (1978) has digcussed the effects of disturbance on
community structure. He notes that the shape of "diversity-
disturbance relationships would depend on the competitive
relationships of the species removed by disturbance. fn
particular, if d;stu;bance removed competitive dominants,
then intermediate levels of disturbance could lead to

increased species diversity (see Huston 1979, Grime 1979).

-
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Alternatively, if * disturbance removed compétitive
subordinates, then diversity  should simply decrease with
increasing disturbance. ° Fig.8 sﬁggests that disturbance
eliminates competitive dominants, thereby allowing,
competitive subordinates to occupy more disturbed or stressed
sites. The diversity-disturbance relationship in shoreline
plant communities is also consistent with this postulated
mechanism. Species richness reaches a maximum{‘Qat
intermediate levels of disturbance in Axe '‘Lake (Keddy 1983).
A similar, but weaker, intermediate disturbance relationship
has also - been documénted on a ‘'second lakeshore eﬁpoéure
gradient (Keddy 1984). There may be a basic morpholpqical
explanatipn for disturbance selé;tively reﬁoving competitivé
dominants. | Thel very attributes which contribute to
competitive dominance (such as tall, leafy shpots, OGrime
1979) may make them susceptible to wave damage. Conversely,
the morphologieé most resistant to wave damage (small
rosettes) may be weak éompetitors since théy'are unable to
shade taller speéies(f This could be the mechanism produéing
the Situafion p;!@ulated by Yodzis (1978), where competitive

dominants are selectively reduced by disturbance.

In conclusion, the results suggest that the competitive
abilities of plant species may vary predictablf, so that

superior c¢ompetitors are frequently found in habitats where

'stress and disturbance ( sensu Grime 1979) are minimal and

diffuse competition is intense (Wilson and Keddy '1986).

Because stress and disturbance vary along other environmental

s
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gradients (e.g. altitude on mountains, height in the\RPcky
intertidal =zone, depth ag the abyssal seas), -competﬂkive
hierarchies may'be correlaﬁgj with zonation patterns in other

multi-species communities. X
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FIG.9. The relationship between the competitive abilities
and mean positions on.the exposure‘gradient, of seven plant
species, where the competitive abilitf of eacH species is
calculated as the number of ngighbour species by which it is
suppresséd (see Discussibn). Relative competitive ability is
correlated with ﬁosition on the exposure gradient ( r =0.71,

P <0.05). Species names are abbreviated as in Fig.7.
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GENERAL DISCUSSION

o

Figure 1 shows that the plant species are distributed
differentially along the exposure gradient.in Cntario lakes,
Further, the.rank order of species along‘the gradient is the
same in four different lakes (App. 1), suggesting that the

factors controlling species distributions are at work

régardless of the particular ‘lake considered.

In spite of their different distributions, the .species
have simiisil physiologiéal response curves when gfown in’
sediment from various poiﬁts along the exposure gradient in a

pot experiment ﬁg}g:Z) and when grown along the naturaly

gradient in the absence of neighbours (Fig.3b). Therefore,

with tbe excéptioh of Lobelia dortmanna, the‘ﬁifferent field
distributions are not attributable to the species .having
diffg;;;zwphysiolqgiéal respoﬁses to Physical faﬁtors'va;yin;“'
along, the exéosure: gradient.  The specles have _differenﬁ
ecol;gical response curves but.similar physiological response
curves, suggesting 'that competition may be partially

responsible for the differential field distributions shown in

"Fig.l.

It has béen suggested that the differential £field
‘distrigutions of species aloﬂg_an environmental gradient is
evidence fhat species héve specialized on different parts of
'a. resoufce spectrum,” and that guch specialization has
resulted from qompetition~driven selection (Whittéker 1965,

Werner and Platt 1976). Experimental evidence suggests,

s
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fhowever, thet different ecological response.curves. do not
necessarily mean that plant spec1es are physiologically
incapable of exp101t1ng an 1dent1cal range of resources in

‘the absence of interspecific_ competition. Descriptive

studies of field distribufions do not provide evidence for

-

rysiological specialization on different habf?h&s. In the
se of shorel/pe plants, it may be unreasonable to expect a

speC1es to spec1allze on disturbed, nutrxent -poor shores as

‘long as opportunitﬁes;occasionally arise which permit'sbecies

such as Eriocaulon septangulare or Juncus’ Qﬁlocarpus to

exploit nutrient-rich. habitats and accumulate more biomass,
presumably resulting in higher seed set and increased
fitness. Such opportunities may arise tQFough occasional

disturbance on-sheltered Bhores. .

Given . that species accumclate_ biomass mcst rapidly on
sediment from sheltered bays (Fig.Z), it might be expectéd -
that diffdse competition would be most intense there. My
results suggest that the effect of_neighpours in Festricting
biemass accumelation by -individuals is greatest iﬁ habitats
that support high standing crop kFig.4), where sediments ‘are
sutrient-rich ‘énd disturbance 1is fow (figHS). .Although ’
predictable_ variation in diffuse competition along-—
environmental gradieﬁts is an assumption central to current
models,cf species diversity (Grime 1973,.ecnnell 1978, Hustgn

1979), it has not previously been experimentally examined.

Because diffuse competition varies along the exposure

-
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gradient, species distributions ,might be expected to be
fefated to. théir competitive abilities. Species with
relatively high competitive abiltity .should be found in
habitats where competition is intense whereas species with
low competitiﬁe:ability should occur elsewhere. Figures 8
"and 9 suggest f t thi§ prediction is coFroborated in the
shoreline plant éoﬁmhni?y: tail, dominant species -occuby
habiﬁais with high étanding crop and intense competition
while smaller competitive subordinates are found on nutrient-
poor habitats that are subject to disturbance from wave
action. This relafionship between species competitive
abilities and field distributions has hot ;meviéuély been ™

inGestigated.

lIn ‘summary, shoreline plant species are aistributed
differentially along thé,exposure gradient in spite of the
fact that the ' species have significantly similar
’ physiological response curves aloﬁg' the samé gradient:
species tend to accumulate biomass most rapidly on nutrient-
rich , sediments from sheltered bays. Further, species.
distributions along the gradient arer related to their
competitive abilities, such that. dominant species occupy
sheltered shores where diffuse competition is most intense.
These experiments suggest . that competitioﬁ for space in
sheltered bays is partly responsible for the.distribution‘
patterns of plant species along the exposure gradient in

nature.
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AFFENDIXM 1

W

To test whether species were distributed'glong'thé exposure

gradient in the same rank drder in different lakes,
sediment organic matter content found in the field
down onto five broad classes and the relative
ocourrence of the six most common species was calculated for éach
of the four most intensively sampled lakes. The, figures {n - the
table below represent the organic mmtter clag® in
species was most abundant. The relative positions
along the gradient in each lake were then expressed as ranbs and
—~—ltested for agreement among lakes using Eendall's W. J
of species along the-exposure gradient was similar amony labtes (F

ABREEMENT OF SFECIES DISTRIBUTIONS ‘AMONG FOUR LAKES

the
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¥ GSpecies names abbreviated as follows:

fraseri. DUL - Dulichium  arundinaceum,
terrestris, DRO - Drosera  intermedia,
septangulare, JUN - Juncus pelocarpus.
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AFPENDIX 2
FHYSIOLOGICAL RESPONSE CURVE DATA - -—.

(CHAFTER 1) | ‘ T

Mean dry welght_(g) and 95% lower and upper contidence limits
of each species grown at ten levels of sediment ‘organic matter
cantent (N = % replicates). Levels are arranged from lowest to
highesat organic matter content values. :

mr e e i e s s s gl A o s e et e e e o e e 2 e T A e e e e e o ——— e,

Level \\
- ~
Specrest 1 z o 4 S . S 7 3 < 10
— ——
TRI 7 O.61 0 0.58  0.53 0.B81  ©.82 .87 0O./2% 0,90 O.BO0  1.04

LCL O.il 0046 OUIB 0034 0044 0,062 OU36 00,00 0,27 Q.41
uCL Q.92 0.71 we8d 1,07 1.21 105 1,85 1,05 1,33 1.47

DUL. T 1,467 1.66 1.94 2.50° 2.24 2.79 S5.20 7.0 9.94 10,17
LCL 0091 1,17 1.22 1.S0 1.87 2.44 3.58 S.90 7.9% 7.14
UCL 20320 2015 2,65 3.S51 2.60 .96 6.82 8.70 11.93 13,19

[

LYS W 1.9 1,38 1,39 1.41 1.S2 1.58 1.34 .01 &4.84 S.17
LCL 0,21 0081 0,66 1,12 0,947 0,00 0,90 1,04 4,64 I.20
MG DUTT 0 1.9& D13 1700 20100 .42 1.77 0 S.005 9.034  7.14

CAL T 3.34, .05 4.29 .4.08 4.32 S. .18 9.44 9.32

.15
LCL 2.BT 2.%6 1.3IB 3.46 .25 Z2.78
7.5%

4 5.52
2,99 I.71 &L.97 4.74
ucL .86 T.3TZ 7.2 4,70 5040 5 7353

11.291

-
il
L4

~
—_

~
DRO ¥ O.29 029 QU7 0. 32 G.3IT 0030 0.28 G.5 'STEQ 0.48
" LCL .11 0,14 .12 .12 Q.19 .12 Q.22 O.30 0,18 .19
S uCL D.bsE 0,44 0482 O.52 D~46 0.49 0.3 0.82 1.02 Q.77

HYF = 0.30 0.49 0.40 0.49 0.5 .41 O.72 G.43 Q.34 0O.40
L.CL O.Z24 0 0030 0292 OU29 O.21 0 0.22 0 0.37 0.le 0.12  a.?1

ucL 0.36 .68 0.5 0,70 0.B6 0.59 1.07 0,70 0.37 0.59

XYR T 1.32  1.51 1.63 2.8%_ 2.19 2.23 I.06 3.46 .28 4.72
LCL  0.48 0.8!1 1.13 1.51 1.57 1.80 1.36 2.26 1.23 1.76
UCL  2.1&6 2.22 2.14 4.15 2. 65 4.65 4.14 7

'
L)
& |
bt
N
~
o

CLA & 4010 3,85 3.57 4.60 4.320 S5.49 S5.94 7.29 S.2 6£.98
i-CL 3.10 261 1.67 2.29 3.32 3,79 3.7T 2.83 2.88 .03
UCL 5.09 -5.08 5.97 6.91 5.27 7.19 B8.15 11.74 7.60 10.92

JUN 2.39 2.3% 4.18 4.38 Z.46% 3.54 4.38 12.0B 9.97 o.18
LCL -70.S6 0.80 Z2.42 0.08B 1.05 2025 1.50 2.51 3.56 4.73
ucL 4.22 3.8B2 5.93 8.66 4.32 4.8B2 7.25 24.65 16.37 7.&3

. . ‘ P ) . f
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AFFENDI X

<

FHYSIOLOGICAL RESFONSE CURVE DATA
(CHAFTER )

%

’

Mean dry weight (g) and 95% 1ower and upper confidence limits
of ramets grown at seven locations akbng the exposure gradient at
Axe Lake . (N=10'replicates). Missing values (indicated by -)
signify ramet death. GStations are arranged from most to least
enposed.

Speciesk 1 Z ] 1 o =] 7

DUL. 3 0,03 0.25 0.45 1.24 0.83 0. 28 2.1@
' LCL - - 0 T .47 0. 45 DL.ll o 1036
UCL - - 0.76 2,02 .21 0,44 TL00
TRI " Q.09 0.032 O.12 Q.10 - = o004 O.i?
. LeCL 0.02 - 0. 06 - - =0L0Z -1.19
. ucL 0.16 - 0.17 - Lo .11 .52
LYS w 0.10 0O.01 O, 20 0.3%8 10.10 0.07 .13
. LCL - - 0.1 O.0% . 0,05 0,02 0.08
UcL = —- 0,28 G. 73 0. 15 0,11 0.19
CLAa W 1.36 1.41 1.88 1.465 0.99 .24 7 Tt
LCL 0.85 0.17 1.15 —=0.42 =2.61 0,51 -2.59
- U%% 1.86 2.865 2.61 .71 S. 80 1.96 g.61
RHY = 0.0b - 0,10 0.10 0.06 © 0.09 0.15
LCL 0.0% - 0,046 —-0.123 -0.26 .04 0.01
ucL: .09 - - a.14 0.32 O.E7 T.0.14 0.29
XYR W Q.05 - .10 —-0.07 0.08 0. 05 0.15
LCL - \ - 0.07 | —0.10 C - 0,02 0.07
UcL - \\’ - .13 0L 24 - 0,07 .22
JUN X 0.0t - 0.04  0.07 _0.02 0.06 0.25
' LCL - - 201 ~D.02 -0.01 -0, 04 0.05
ucL - - . 0.06 0.16  0.04 O.16 °  ©0.45
ERI T - - 0.07 O.16 0.07 0.06 . 1s
t.CL .- - 0.03 - 0.00 T0.02 0.04

UCL - - 0.11 - 0.13 CL.10 0.26 -
L.OE " - - 0.03 Q.05 .06 0,02 0.01
LCL - - 0,02 0.02 -0.11 0. 02 0.00
UCcL .- - 0. 05 0.08 0ﬁ23 0,03 0.03
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AFFENDIX .3 (CONT INUED)

X épecies names are abbreviated as follows: DUL - legthium

arundinaceum, TRI ~ Iriadenum fraseri, @ LYS - Lysimachia
terrestris, CLA -~ Cladium pariscoides, RHY - Rhynchospora fusca,
XYR - Xyris difformis, JUN - Jupcus pelocarpus. ERI Eriocaulon

septanaulare, LOE - Laobelia dortmanna. .
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' AFFENDIX 4

DIFFUSE COMFETITION EXPERIMENT DATA

Mean dfy weight (g9) of each species (with lower and upper 9%%
confidence limits) grown in cleared and unc)eared plots at eight
stations along the ¥posure gradient at Axe Lake (N = 10
repliﬁites). Stations are arranged from most to least exposed.

Statioan
S T T T T T T T T e e e e
' Species 1 2 3 q S b 7 B
Juncus pelogarpus T TR TTTTOOTTTToTe
Cleared R L0200 L0lo L1370 L0188 L0290 L03E L 024 L 065
o LCL. 011 LO05 -.084 L0133 L0192 L0114 014 018
"UCL. 029 014 .57 L OR3 039 050 « DLES Lz
Uncleared B3 L01S L016  .045 (017 L0277 L0022 .02l L0232

Lcl L0008 L0008 —-.015 L0068 (017 L0086 L0110 L00E T

ueL L0210 L0258 L1058 L0270 (036 J03F 0 L0310 L0Z7

eared WO L2710 .128 L1132 (216 L226 .18B4 .44 148
LCL. LATE L0570 LaBs L1700 131 L1370 181 - 120
ucL .389 .200 0 .178 L2461 L322 232 WTO7 0 L2117

gysi?achia terrestris

- et e

Uncleared oo 2275 L0999 L1468 <106 169 117 L2150 L1779
LCL L1082 1051 089 L0710 L1310 L0és L1170 L1107
UCcL L3980 L1470 L3247 141 (207 167 JI1E 0 250

o | Cleared T .0B8  L03IS  .04T  .072 100 .067 103 .09l
I.CL .046  .02Z8  LOT0  LOIZ 049 L0SE L0600 .06&7
ucL L0710 L0472 L0357 L1110 L1590 0BT L1466 115

- Uncleared ¥ .06 .041 .0S4 .05t .118 .049 .072 .060

LCL 046 027 .047 040 L0468 029 027 L0042
UCL . .081 .03535 .061 062 (1467 .068 .117 .079





