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ABSTRACT

Predicting diversity is a central theme of ccology. ln this thesis, two aspects of diversity were explored,
number of vegetation types and specics richness. In this thesis, a vegetation type is defined to include all
communitics having the same set of numerically dominant species. For cach diversity measure, patterns along o
wetland standing crop gradient were determined and the underlying processes cxplored.  The common theme

throughout this exploration was the importance of scale in sctting the limits for general models of patiern and process

in community ecology.

In the first chapter, I cxamincd the relationship between number of vegtation types and standing crop in
wetlands. Fifteen individually homogeneous wetland sites which represented a broad standing crop gradient were
sampled in eastemn Canada. In each site, fifteen 0.25 m? quadrats were randomly sampled and species presence in
eacﬁ of nine subquadrats and quadrat standing crop were determined. A Spearman Rank Corrclation test
demonstrated a sigmificant positive relationship between the mean vegetationat similarity of wetland sitwes and sunding
crop (r, = 0.39; p < 0.0001). Funther, Detrended Commespondence Analysis demonstrated that low standing crop sites
had livle similarity in terms of species composition while very high standing crop sites had similar specics
composition. Thus, there appears to be an inverse relationship beiween number of vegetation types and standing

crop.

In chapter 2, I investigated the relationship between species richness and standing crop at two levels of
organization: the among vegetation types level and (he within vegetation type level. Each of the fifteen sites
described above was relatively homogeneous in terms of the dominant species present. However, as a group, the
sites comprised a wide range of vegelation types. A second order polynomial regression indicated a signilicant
bitonic relationship between species richness and standing crop at the among vegetation types scale, that is, when
all fifteen siles were combined. At the within vegetation type level, however, no significant relationships were

observed (p > 0.05). The results indicated that the model of species richness proposed by Grime had predictive



power at & coarse-grained level of organization, among vegetation types, but did not survive the transition to a finer-
grained leve! of organization, the within vegetation type level. Therelore, the higher level processes which structure
species richness paltemns among vegelation lypes are nol the same proceases that determine richness patterms within

a vegetation type.

Numerous forces, abiotic or biotic, can maintain or alter vegetation states and species richness at different
levels of organization. In the third chapter, I tested whether these "assembly forees™ had the potential to duplicais
the patterns obscrved in chapters 1 and 2 in a large microcosm experiment. In this study, I created artificial wetland
microcosms with an identical species mixture and manipulated the following variables io determine their impact on
wetland vegetation states and species richness: vegetation history, length of growing season, substrate texture, litter
accumulation, water depth, and fluctuating water levels, These varizbles were manipulated at two fentility levels to:
(i) determine whether high fertility reduced the effects assembly forces had on the range of wetland vegetation types
observed, as predicted in chapter 1, and (ii) test whether high fertility levels reduced specie‘s richness, as predicted
in chapter 2, Walter depth, Auctuating waler levels, and litter significantly affected wetland species composition at
both fertility levels. In addition, in each of the twelve artificial habitals, species richness was higher in the low
fertility treatment than was observed in the corresponding high fertility treatment. Rélatively small habitat differences
also affected species richness. However, high fertility did not reduce the effects of the assembly forces on wetland
vegetation specics composition, except that small, rare species were climinated. The high fertility result was
unexpected based upon observations of natural wetlands in which the natural range of habitat differences produced

many vegetation types at low fertility but only a few states at high fertility.

Chapter 4 investigated the effects of a disturbance involving the complete removal of above ground
vegelation in five wetlands of varying standing crop found on the Ouawa River. The study was designed Lo test
whether the effects of the removal treatment on the two diversity measures were dependent on (i) position of the
wetland site along the standing crop gradient, (if} the level of organization considered, and (iif) the length of the

recovery period following the removal treatment. A parallel experiment was also conducted to determine the relative



imponance of various stress and disturbance factors in the wetlands considered in this stwdy. The results indicaed
that the wedand standing crop gradient and the diversity patterns observed along this gridient were likely e result
of an underlying natural disturbance gradient. The disturbance experiment indicated thm the low standing crop
wetlands with a history of disturbance were less affected by a single disturbance event than were high standing crop
wetlands at the relatively fine-grained guild and species levels of organization. However, the effects on species
richness and other higher level variables were small and short-lived indicating that the cffects of the disturbance
treaunent were scale dependent. A longer, more intense disturbance regime is likely required to explore the

processes underlying the diversity patterns found in chapters 1 and 2,

In chapter 5, I considered the resulis from chapters 1 to 4 with regards to the conservation value, potential
threats, and proper management techniques for wetlands, particularly for low standing crop wettands. In addition
to the fiftecn wetlands surveyed in chapter 1, additional low sl;mding crop wetland sites from the Georgian Bay area
in Ontario and the Tusket River Valley in Nova Scotia were surveyed. The results revealed that low standing crop
wetlands had many more nationally rare species than did high standing crop wetlands, in addition to the higher
species richness and higher number of vegetation types discussed above. 1f the ultimate goal of nature conservation
is to preserve genelié diversity as stated in the World Conservaiion Strategy, then these resulis strongly sugpest that
low standing crop wetlands have a much highsr conscrvétion value than presently accounted for in wetland evaluation
systems. The results of the microcosm experiment revealed that low standing crop wetlands may be severely
threatened by eutrophication and by an invasive Eurasian weed, Lythrum salicaria. In each of the five wetland sites
examined in the field experiment, L. salicaria exhibited dramatic increases in abundance over the threc year
observation period. Further, the disturbance treatment at cach site did not slow the invasion of L. salicaria, but
instead increased the rate of invasion in at least one site. 1 conclude that low standing crop wetlands, despite their

high conservation value, are severcly threatencd and must be protected from the effects of eutrophication and

invasion by Lythrum salicaria.
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Four blind men are led into a courtyard to experience an elephant for the first
time. The first grasps the trunk and declares that elephants are fire hoses. The
second touches an ear and maintains that elephants are rugs. The third walks
into its side and believes that elephants are a kind of wall. The fourth feels a

leg and decides that elephanis are pillars.”

Traditional Buddhist Proverb



GENERAL INTRODUCTION

"The eventual goal of science is to provide a single theory that describes the whole universe”, writes Stephen
ilawking in a recent book entitled A Brief Mistory of Time, Do scientists rcally have theories that are sufficicnt to
make predictions about cverything from microbes to man, superstrings to the universe, or the weather the day after
tomorrow? Sadly, the answer is no. The truth is that science can only answer certain types of questions, At the
lowest levels of matter, energy and the building blocks of which they are made up, science is at its very best in
providing gencral theories and accurate predictions, as was evidenced in Hawking's book. However, as one climbs
through successive layers to chemistry and biology, science begins to lose more and more of its precision. By the
time science reaches human behaviour and beyond, general theories and practical predictions have been left far
behind. For all the detailed understanding which now exists at the level of sub-atomic particles, this understanding
has not proven useful in predicting the next earthquake or in determining the cause of cancer. Just as it is
inconceivable that literary scholars v;vould attempt to interpret the works of Shakespeare by reference to the alphabet,
scientists cannot explain phenomena at one level of organization by reference to lower levels. Much of the rancorous
debate in scicnce in general, and in ecology in particular, could be avoided by specifying the levels of organization
where general models do or do not apply. In this thesis, I explore how pattems and processes in wetlands vary
between different levels of organization ranging in scale from those affecting the abundance of individual species

in a m® quadrat to those affecting the structure and composition of wetlands in eastern North America.

The most important influence on the content of this thesis was a book by Allen und Starr (1982) entitled,
Hierarchy: Perspectives for Ecological Complexity. In this book, Allen and Starr began by acknowiedging that
ccology is inherently complex because there are too few parts to average their behaviour reliably (as with gas laws)
and too many parts {0 manage each separately with its own equation {as with the orbits of planets). The complexity
of these so called middle number systems is related to the interaction of different levels of organization. Therefore,
to account for complexity, ecological models must be hierarchical. Hierarchy may be understood as "a system of

behavioral interconnections wherein ihc higher levels constrain and control the lower levels” {Allen and Starr 1982),



As O'Neill et al, (1982) point oul in A Hierarchical Concept of Ecosystems, if ccologists focus on interactions among
individual organisms, ccosystems scem relatively constant backgrounds that provide the context within which
interesting phenomena occur.  If ecologists instcad focus on succession, then ccosysiems appear 10 change

continuously through time. Of course, both impressions are comect, depending on the temporal and spatial scale of

our obscrvations.

Diversity is an impontant phenomenon in ecology which exists at many levels of organization, At the global
scale, one can consider how annual evapotranspiration and other climatic variables affect diversity, At a more local
scale, one can consider how frequency of disturbance affects diversity when comparing between different wetlands
(the among vegetation types level). At an even more local scale, one can consider the effects of microsite differences
on diversity within a given wetland (the within vegetation type level). Hicrarchy theory predicts that the processes
affecting diversity patterns at a lower level of organization will have no effect at higher levels of organization,
Similarly, diversity patterns observed at onlc level of organization will not likely survive the transition to other levels
of organization. In the first two chapters of this thesis, I use the concept of hierarchy theory to explore pattems of
diversity in wetlands at different levels of organization. Specifically, 1 explore how two measures of diversity,
number of vegetatioﬁ types and number of specics, vary with wetland standing crop when a wide range of wetlands
are considered (among vegetation types level). Ithen test whether the observed relationship between species richness
and standing crop at the among vegetation types level survives the transition to 2 finer-grained level of organization,
the within vegetation type level. Chapters 3 and 4 explore the consequences of different processes on the two
measures of diversity and test whether these effects are dependent on the level of organization considered. Finally,

chapter 5 considers the implications of the results of the first four chapters for the conservation and management of

wetlands.



CHAPTER 1

THE RELATIONSHIP BETWEEN THE NUMBER OF WETLAND

VEGETATION TYPES AND STANDING CROP



"Ought we, for instance, to begin by discussing each separate species - man,
lion, ox, and the like - taking each kind in hand independt;mly of the rest, or
ought we rather (o deal first with the attributes which they have in common in
virtue of some common element of their nature, and proceed from this as a basis

for. the consideration of them separately?"

Arnistolde, De Partibus Animalium



INTRODUCTION

In presenting his 1986 Robert H. MacArthur Award lecture, May (1986) argued that "the largely unanswered
question for the 20th century (and maybe the 21st)-is 10 understand how many specics there are”, The answer, it
scems, depends in part on the scale of investigation. At the global scale, Currie and Paquin (1987) demonstrated
that realized annual evapotranspiration explained 76% of the variation in the number of tree species obscrved at a
given latitude and longitude, At a more local scale, variation in the number of plant species can be predicted by
local differences in standing crop {or biomass}Grime 1973, 1979; Al Mufli er al. 1977; Day et al. 1988). An
equally ihmmnu but less explored question, addresses the factors that control the number of community types or
vegetation types in a landscape, The questions raised about number of vegetation types are analagou; 10 number
of species: what are the patierns, what are the independent variables that predict them, and what are the underlying
mechanisms which create and maintain the observed patterns (see May 1986). To explore these questions, a
vcgclnli.on type is defined to include all communities having the same dominant species (sensu Moore and Keddy

1989). These communitics need not be contiguous.

Previous studies have indicated that standing crop gradients are useful predictors of attributes of plant
communitics such as species richness (e.g., Al-Mufti et al. 1977) and number of rare species (Chapter 5; Moore et
al. 1989). Standing crop has the added advantage as an independent variable in that it is easily observed and
measured. The objective of this chapter is to utilize the dependent variable, number of vegetation types, and test
whether it also varics predictably with standing crop. Since wetlands often have broad standing crop gradients (e.g.,
Wheeler and Giller 1982; Vermeer and Berendse 1983; Day er al. 1988), wetlands will be used as a convenient

mode! system in which to explore the relationship between number of vegetation types and standing crop.

An inverse relationship between number of vegetation types and standing crop is a central assumption of
the "centrifugal organization model” proposed by Keddy (1989a) for herbaceous vegetation (see Rosenzweig and

Abramsky 1986). In this model, the number of vegetation types increases from one or a few at high standing crop



(Figure 1.1, centre) to many at low standing crop (Figure 1.1, periphery), The postulated mechanism is that light
is the major limiting resource in lertile, undisturbed sites, and thus shere has been morphological convergence such
that these high standing crop sites arc dominated by large, canopy-forming species which are highly competitive.
As standing crop decreases (i.e., as adversity and/or disturbance increase) and light is no longer a limiting resource,
the number of potential life forms increascs {c.g., carnivorous specics, isoctids, annuals). To date, two aspects of
the model have been tested and verified - first, the assumption that competition intensity is positively correlated with
standing crop (Wilson and Keddy 1986; Gaudet and Keddy 1988) and sccond, the predictions that the number of
life forms and t.he number of rare species are negatively correlaled with standing crop (Moore ef al. 1989; Boutin
and Keddy, in press). This chapter tests the central prediction of the modcl, that there is an inverse relationship

between number of vegettion types and standing crop.

To test the hypothesis that the number of observed wetland vepetation types declines with increasing
standing crop, fifteen ;vet]and sites were surveyed in casten Canada which together encompassed a broad range of
standing crop. Since it is operationally difficult to decide at what point two sites belong o the same vegelation type,
and since I wish to avoid the long standing but unproductive community unit/continuum controversy, the hypothesis
will be tested by lcsiing whether similarity of wetland sites, in tcrms of specics composition, increases as standing

crop increases.



METHODS
Study Locations

Three primary study locations were chosen in castern Ontario (Presqu'ile and Westmeath) and western
Quebee (Luskville), Canada. In general, each location included low (<150 g/m?), moderate (150 - 500 g/m?), high
(500 - 1000 g/m? and very high standing crop (>1000 g/m?) wetands. The Presqu'ile study area (44°0°N, 77°
43'W) is a peainsula located on the north Lake Ontario shoreling within Presqu'ile Provincial Park. The sites
surveyed included infertile wet meadows, a fen, a Carex marsh and a Typha marsh. The Westmeath study area (@s°
47N, 76950'W) is a riverine shoreline located on the Ottawa River 22 km southwest of the City of Pembroke. At
this location, open beach wetlands and sheltered marshes located in Bellows Bay were surveyed. A Typha marsh
located 15 km south of Wesimeath was also surveyed. The Luskville study area (45931'N, 76°6'W) is also a
riverine shoreline located 5 km west of Luskville, Quebec on the Ottawa River. The survey included open bcachl
wetlands, sheltered riverine marshes, and a Typha marsh. The low standing crop wetland sites were each dominated
by species of varying life form (annuals, slow-growing perennials, isoetids)(Table 1.1). High standing crop wetlands

were dominated by specics of similar life form (tall, fast-growing perennials capable of clonal spread)(Table 1.1).

Wetland Surveys

The descriptive surveys described below were done at Presqu'ile (12-14 September, 1986), Westmeath (25-
26 August, 1987) and Luskville (18-19 August, 1987). At each location five sites were selected, each chosen o
represent a different sianding crop level. In each site, fifteen quadrats were randomly placed over an area of
approximately 100 m? and the vegetation sampled using a 0.5 m x 0.5 m quadrat with nine equivalent subdivisions.
The presence of each species in each subdivision was recorded and the vegetation clipped at ground level, dried to
constant biomass at 60°C, and weighed. All voucher specimens were deposited at the Agriculture Canada herbarium

{DAOQ) or University of Ottawa herbarium (OTT).



Data Analyses
I. Similarity of Wetland Sites Versus Standing Crop

In this analysis the hypothesis was tested that the similarity of wetland sites in terms of species composition
was correlated with standing crop. The raw dat: matrix consisted of 225 quadrats with a total of 141 specics. From

this data matrix, a quadrat dissimilarity matrix (225 x 225) was calculated using the quantittive symmetric formula;

Dy = 1 - (12){ [minimum (X, Xu) / (X)) +

[minimum (X, Xo) / (X1 }

where Dj, is the dissimilarity between two quadrats j and k, based upon the abundance (X)(number ol subquadrats
species is fourd in; maximum = 9) of species i = 1 to N (Faith et al. 1987). The quantitative symmetric measure
has been shown 1o have 2 robust monotonic relationship with similarity of quadrats even when specics tumover
between sites is high (Faith ef al. 1987), as is the case in this data sct. In addition, this measure has the desirable
properties of: (1) having a minimum value of zero when both quadrats contain the same species with the same
relative abundances and a constant maximum value of one when no specics are shared, and (2) having a built in data
standardization in which quadrats are standardized to equal totals (Faith e al. 198;1). It was chosen not to
standardize species to equal maximum abundances in the total data sct because it is the numerically dominant species

which were used to define the vegetation types in this study.

The quadrats were then ordered in terms of standing crap, and dissimilarity (D)) of each quadrat 10 cach of
the nearest ten other neighbouss on the standing crop gradicnt was summed and the mean calculated. There was an
additional important constraint upon the selection of the ten nearest neighbours: neighbours from the same wetland

site were not considered to ensure that intra-site comparisons were ignored when performing this calculation. To



test whether similarity of wetland sites increased as standing crop increased, a correlation was lested for between

quadrat similarity (S, = 1 - D)) and standing crop using the Spearman Rank Correlation test (Siegel 1956).

II. Sampling Scale Considerations

Sampling scale is a key consideration when testing ideas and hypotheses which are themselves scale
dependent. Consider the possible following scenario, Suppose that the low standing crop sites had high pattemn
diversity at a small spatial scale, while the high standing crop sites also had high pattern diversity, but at a much
larger spatia! scale. Given the sampling design chosen in this study (i.e., equivalent quadrat size (0.25m?), equivalent
site size (100 m3)), then it is likely that an inverse relationship would be found between number of vegetation types
and standing crop as predicted. However, in this scenario the relationship is at least partially a function of the fact
that more vegetation types are being sampled at low standing crop (i.e., several per site) than at high stgnding crop
(i.c., one per sile). A more scvere test is to test for an inverse relationship between number of vegetation types and
standing crop only when each portion of the standing crop gradient has been sampled with equal intensity. To test
whether sampling intensity was the same across the standing crop gradient the following test was performed: (i) mean
within-site similarity was determined for each wetland site by calculating the mean similarity between all possible
pairs of the fifieen quadrats sampled within each site (the quantitative symmetric formula (see above) was used o
calculate dissimilarity (D) between each pair of quadrats; similarity was calulated using the formula, S = 1 - D), and
(ii) testing whether mean within-site similarity varied predictably across the standing crop gradient using the
Spearman Rank Correlation test (Siegel 1956). Only if no correlation was found, could the possibility be ruled out

that an inappropriale sampling scale unduly influenced the results.

III. Detrended Correspondence Analysis

An alternative method to eliminate the possible effects of sampling scale on the results is to only consider

mean species composition for each site, and then to compare similarity between groups of wetland sites at different



points along the standing crop gradient. Each group must then have the same number of sites to ensure that sampling
intensity is cqual across the gradient. To determine whether vegetation similarity increased as stinding crop
increased the following test was conducted: (i) a Detrended Correspondence Analysis (DCA; Gauch 1982) was
performed using the 141 x 225 (species x quadrat) raw data matrix, (i) wetland sites were grouped in terms of mean
standing crop by dividing the fiftcen sites into classes of three sites each, and calculating mean cuclidean distances
in two-dimensional DCA space between site centroids within each class, and (iii) testing whether low standing crop
wetland sites were more widely scattered in two-dimensional DCA space than were high standing crop wetland sites
by performing a Kruskal-Wallis test (Sicgel 1956) on the site-sitc cuclidean distanc:s amongst sites, within cach of
the five standing crop classes. The DCA analysis was performed using the ECOSURVEY program package
(Carleton 1985).
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RESULTS
1. Simil=zity of Weuand Sites Versus Standing Crop

Figure 1.2 shows that the similarity of vegetation among wetland sites was positively correlated with
saanding crop (r, = 0.39, n = 224, p < 0.0001). ‘This result supported the prediction that the number of wetland

vegetation types declined with increasing standing crop.
1I. Sampling Scale Considerations

Figure 1.3 shows that wiﬁﬁmsitc similarity was, however, positively comrelated with standing crop (r, =
0471, p < 0.05). Therefore, it is possible that the observed correlation between similarity of wetland sites and
standing crop was at least partially due to the greater range of vegetation being éampled al wie low standing crop
end of the gradient. In other words, at an equivalent spatial scale of 100 m?, pattern diversity was higher within low

standing crop sites than in high standing crop sites.
11l. Dewrended Correspondence Analysis

Prior to the DCA analysis, the ﬁfweh wetland sites were divided into five standing crop classes with three
sites cach. Figure 1.4 obtained from the DCA indicates that the sites with low standing crop (sites L1, P1, W1; class
I) had liutle similarity in terms of species composition while sites of very high standing crop (sites L5, P5, W5; class
V) had similar species composition. Comparison of mean distances between centroids shows that these differences
were statistically significant (p < 0.05; Figure 1.5). The sites within each of the three middle standing crop classes
(11, 111, IV) were moderately similar in species composition. The results from the DCA indicate that when the effect
of higher pattern diversity within low standing crop sites was removed (Figure 1.3), there still existed a significant

positive relationship between the similarity of wetland sites and standing crop.
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DISCUSSION

The current challenge in vlant ecology is to develop gencral principles and models to establish a broad
theoretical basis for vegelation science (Prentice and van der Maare! 1987). Rigler (1982) has stated that this
challenge can best be met by focussing our efforts on siate variables that are casily measured, ubiguitons and have
predictable properties (sec also Lewontin 1974; Peters 1980; Keddy 1987, 1989a,b). This will in tum require that
we define the scale of observation which our models describe and choose state variables accordingly (Allen and Starr
1982; Allen 1987; Noy-Meir and van der Maarcl 1987). However, plant ccologists have 100 often focussed on the
specifics of a particular system rather than planning for gencrality (Austin 1986; Keddy 1989a). In this study, I have
chosen tc cxamine the relationship between the state variable, number of vegetation types, and standing crop ot a
landscape scale defined as the among vegetation types (sensu Moore and Keddy 1989) level of organization. The
eventual goal is to develop a series of nested models incorporating appropriate state variables (e.g., species
abundance, number of vegetation types) at successively higher levels of organization {e.g., within vcgéwtion type,

between vegetation types; sce Chapter 2).

Vegetation Types

Inspection of Table 1.1 shows that the most common species found at each wetland site differcd amongst
low standing crop wetland sites but were similar in high standing crop wetland sites (see Figures 1.2, 1.4 and 1.5).
However, two avenues of research need to be further pursued to verify this conclusion. First, since only 15 wetland
sites were examined in this study, it is clear that more wetland sites need to be sampled to better characterize the
range of vegetation types that exist for different regions of the standing crop gradient. Sccond, recent research has
emphasized that many species in a giver system have convergent morphologics and life-histories, such that the
disappearance of any one species and its replacement by another similar species has no effect on the overall
functioning of the community (for a discussion, sce Terborgh and Robinson 1986). However, by emphasizing specics

composition in these analyses, it is possible that communitics of very similar form and function w..ce classified as

12



having littic similarity. This was likely the case with the high standing crop caail marshes in which two sites were
dominated by Typha xglauca (T angustifolia x T. latifolia) and the third was dominated by T latifolia. Both species
are large clonal perennials having high growth rates (Shipley and Keddy 1989) and high competitive ability (Gaudet
and Keddy 1988). These characteristics indicate a competitor strategy (sensu Grime 1977, 1979} and are typical of
species found in nutrient rich sites with litde disturbance. Therefore, if I had instead classified specics on the basis
of morphology and life-history, then these sites would have been much more similar than was indicated in Figures
1.2, 1.4 and 1.5. Future studics may gain mo¢ generality by classifying communities according to form and function

rather than specics compasition,

In low standing crop wetlands there appeurs 1o be a wide variety of species morphologies and life-history
sirategies. For instance, site 1 at Luskville was dominated by cobligate annuals (e.g., Lindernia dubia) and functional
annuals (c.g., Leersia oryzoides) with high prowth rates (e.g., L. oryzoides, Shipley and Keddy 1989) and poor
competitive ability (¢.g., L. oryzeides; Gaudet and Keddy 1988). According 1o Grime's (1977, 1979). C-S-R model
(sce also Southwood 1988) these species exhibit a ruderal life-history strategy typical of highly disturbed habitats,
Personal observations suggest that this site is annuatly disturbed by intense ice scour and sand deposition (see
Chapter 4). Converscly, site 1 at Presqu’ile was dominated by small perennial species, several of which were
cvergreen or partially evergreen (e.g., Dicanthelium acuminatum). This strategy is typical of stress tolerators (sensu

Grime, 1977, 1979) in nutrient poor habitats.
Centrifugal Organization Model

The convergence in taxonomy, morphology and life history amongst species in high standing crop wetlands
suggests that only a fcw vegetation types are possible. Keddy (1989a) has suggested that in low standing crop

habitats which are diswrbed or stressed (sensu Grime 1979), release from intense competition for light (see Figure

4.3) has created conditions in which a wide array of life forms and morphologies can survive (Table 5.1). These

13



results support the centrifugal organization model (Keddy 1989a) in which number of vegetation types is inverscly

correlated with standing crop (Figure 1.1},

Pattern and Process: Implications For Future Rescarch

This chapter introduced the state variable number of vegetation types. An inverse relationship between
number of vegetation types and standing crop was demonstrated using wetlands as a model sysiem. Recently, Inouye
and Tilman (1988) demonstrated that old field plots of varying initial specics composition appeared 10 be converging
through time after addition of nitrogen fertilizer. This was not the case in unfestilized plots. Willis (1963) also
found similar patterns after experimental fertilization of sand dune vegetation. These studies provide evidence that
the patterns observed in this chapter may also apply to other herbaceous systems. The results of this chapter suggest

three important questions, each of which will be explored in the following chapters:

(1) Do other diversity measures such as specics richness and number of rare species exhibit similar

pattems along a wetand standing crop gradient? Are the observed pattems scale dependent?

(2) What were the underlying processes which produced the observed inverse relationship between

number of vegetation types and standing crop?

(3) What are the implications of the results presented in this chapter for the conservation and

management of wetlands, particularly low standing crop wetlands
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Table 1.1. The three most common species’ in descending order found in each of fifteen wetlund sites sampled in

this study. Mean standing crop for cach site (n = 15) and site standing crop class are also shown,

Standing Crop Class Location Species
(g/m?) and Site No.
16.0 I Westmeath | Scirpus americanus

712 I

130.3 I

160.0 1I

218.0 I

268.0 I

3352 Il

369.2 I

4984 11}

5216 v

Presqu'ile 1

Luskville I

Luskville II

Westmeath 11

Presqu’ile 11

Presqu’ile II

Luskville 11

Luskville IV

Westmeath IV

18

Carex lenticularis
Salix lucida

Scleria verticillata
Dicanthelium acuminatum
Rhyncospora capiteliata

Leersia oryzoides
Lindernia dubia
Eleocharis erythropoda
Salix interior

Eleocharis erythropoda
Leersia oryzoides
Lythrum salicaria

Scirpus americanus
Hypericum boreale
Fimbristylis autumnalis

Cladium mariscoides
Potentilla anserina
Eguisetum variegatum

Scirpus americanus
Calamogrostis canadensis
Cladium marisroides

Scirpus americanus
Lythrum salicaria
Eleocharis palusiris

Agrostis stolonifera
Scirpus fluviatilis
Sparganium eurycarpum

Carex vesicaria
Lemna minor
Hydrocharis morsus-ranae



652.0 v Westmeath I Scirpus acutus
Potentilla palustris
Polygonum amphibium

6924 v Presqutile IV Carex lanuginosa
Carex aquatilis
Hydrocharis morsus-ranae

1109.6 v Luskville V Typha xglauca
Rumex verticillatus
Galium sp.

1263.2 v Westmeath V Typha xglauca
Lemna minor
Stum sauve

16864 v Presqu'ile V Typha latifolia
Lemna minor
Leersia oryzoides

nomenclature as in Gleason and Crongquist (1963) except C. lanuginosa Michx., D. acuminatum (Swartz) Gould and
Clark, and 7. xglauca Godron.

%these species had the same abundance.
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FIGURE CAPTIONS

Figure 1.1. Centrifugal organization of vegetation types along a standing crop gradient rangitg (rom 0 at the
periphery 0 >1000 g/m? in the centre. The dominant gencra for each wetland vegetation type are shown.
Superscripts refer to patterns identified by '"Wisheu and Keddy (1989), 2Keddy (1981, 1983), *Moore ef al. (1989),

‘Day et al. (1988), *Moore er al. (1989), *Moore et al. (1989), and ’Keddy (unpublished data).

Figure 1.2. Mean similarity of quadrats in terms of specics composition plotted against standing crop. Quadrat
similarity was calculaled by comparing cach quadrat with the ten other quadrats having the most similar standing
crop. (Intra-site comparisons were excluded from the calculations, Spearman Rank Correlation Cocfficient, n = 224,

r, = 0.39, p < 0.0001).

Figure 1.3. Mean within-site similarity of quadrats in terms of species composition plotted against standing crop.
Quadrat similarity was calculated by comparing all possible combinations of the 15 quadrats sampled at cach site.

The Spearman Rank Correlation Coefficient indicated a significant correlation (n = 15, r, = 0.47, p < 0.05).

Figure 1.4. Two-dimensional DCA model with fifteen wetland site centroids and standing crop isoclines. Each

isocline separates the standing crop classes indicated in Table 1.1.

Figure 1.5, Mean euclidean distance in twa-dimensional DCA space between wetland site centroids within each of
the five standing crop classes. Classes which are significantly different from one another do not share a common

letter (a, b, or ).
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Gravel
lakeshores

Stream
deltas

S S

~  Eleocharis

Leersia

e
.-"/

Bidens
Polygonum

oy —
-—-;.——-_—-

Beaver
ponds 7

wnot1edAy
DJgsolq]

SyuDq 19A1
Apup§

--..__t__——-
]

e



FIGURE 1.2

(;W G2'0/6) dos) BuipuDys

009 008§ 00y 00 002 00l
—o

O

AjupjiwIS 1DapDNY) UDBN



FIGURE 1.3
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CHAPTER 2

THE RELATIONSHIP BETWEEN SPECIES RICHNESS AND STANDING CROP

IN WETLANDS: THE IMPORTANCE OF SCALE
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"By formalizing scale considerations we can unravel complexity”.

Allen (1987)
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INTRODUCTION

In this chapter, another diversity measure, specics richness, is considered along the same wetiand standing
crop gradient considered in chapter 1. Specifically, this chapter explores the species richness model proposed by
Grime (1973, 1979) which predicts high species richness at moderale standing crop and low specics richness at high
and low standing crop (more rccently, related models have been proposed by Connell (1978), Huston (1979} and
Tilman (1982)). Grime's model of species richness is of considerable significance because it can be gencralized to
many vegetation systems (¢.g., Al-Mufti et al. 1977; Willems 1980; Wheceler and Giller 1982; Bond 1983; Vermeer
and Berendse 1983; Walker and Peet 1983; Day et al. 1988; Wisheu and Keddy 1989} and appears to be a general
empirical relationship in plant ecology. Therefore, the model needs to be carefully scrutinized 10 determine the

degree of generality that it achieves and to determine the scale in which accurate predictions can be made.

The studies of Grime's model of species richness cited above have each utilized systems with a varicty of
vepetation types. For instance, Al-Mulfli et al. (1977) uiilized a standing crop gradient that included such different
vegelation types as grassiands and the herbaceous plant communities in forest understories. It is unclear whether
a demonstrable species richness-standing crop relationship exists at finer levels of organization. In this chapter,
Grime’s species richness model is considered at two levels of organization: (i) the ‘among vegeotion types' level
which is defined as being relatively heterogeneous (i.e., coarse-grained) with differcnt arcas having different dominant
species, and (ji) the 'within vegetation type’ level which is defined as being a relatively homogencous area (i.e., fine-

grained) with the same dominant species throughout

These two contrasting levels of organization need to be separated when considering patterns and processes
in plant communities. For instance, models concerning zonation (e.g., Piclou and Routledge 1976; Piclou 1979;
Keddy 1983; Wilson and Keddy 1985) ar competition intensity gradients {e.g., Wilson and Keddy 1986) consider
the among vegetation types level of organization while other models concemning population intcractions (e.g., Aarssen

et al. 1979; Grover 1988) consider the within vegetation type level of organization.
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The purpose of this chapter was Lo test whether Grime's model can make effective predictions of specices
richness along within vegetation type standing crop gradients in wetlands. This test had two steps: (1) constructing
a species richness-standing crop curve from a polynomial regression that included data from a wide array of
vegetation types, and (2) testing whether the correlation between species richness and standing crop predicted from

the among vegetation types data could be detected within cach vegetation type,
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METHODS

Study Locations

The study locations and the descriptive survey carried out at each location are described in chapter 1. Each
site was relatively homogeneous as determined by the most common species present {Table 1.1). Together, the sites

comprised a varicty of vegetation types as can be seen by comparing the dominant species found at cach site (Table

1.1).
Data Analyscs
I. Among Vegetation Types

The data from the fifteen sites were combined for a total of 225 quadrats and a second order polynomial

regression was performed between species richness (#sp/0.25 m®) and standing crop (/0.25 m? using the SPSSX

statistical package.
II. Within Vegetation Type

Each of the fifteen sites was then analyzed separalely o test for a linear relationship between richness and
standing crop within each site. Low standing crop sites (<26g/0.25 m% és empirically desived from the second order
polynomial regression performed on all 225 quadrats) were tested for a significant positive lincar regression and high
standing crop sites (>26g/0.25 m®) were tested for a significant negative lincar regression.  All analyses were

performed using the SPSSX statistical package.
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RESULTS

1. Among Vegetation Types

Figure 2.1 indicates that species richness was initially low (3 - 13 specics) at very low standing crop (<15
g/0.25 m?), rapidly increased 1o maximum richness (3 - 24 specics) at moderate standing crop (15-125 g/0.25 m?),
after which richness declined gradually to eventually reach a constant low level {Z - 5 species) at very high sianding

crop (>375 £/0.25 m?). The second order polynomial regression equation,

y = 091 + 16.52(log,o(x + 1)) - 5.81(logyefx + 1))

where x is standing crop (g/0.25 m?) and y is species richness (#sp/0.25 m’), was found to be highly significant
(multiple r = 0.59, * = 0.34, p < 0.0001). Both the first and second order variables contributed significantly to the
regression equation {p < 0.0001) indicating that there was a significant bitonic relationship between species richness

and standing crop when the data from all fifteen sites were included.

II. Within Vegetation Type

Figure 2.2 shows that within each vegetation type, species richness does not appear to have a prediclable
relationship with standing crop. As shown in Table 2.1, none of the linear regressions for the fifteen sites were
significant at p = 0.05. (Based on the among vegetation types model, sites with less than 26 £/0.25m* were tested

for a positive slope and siles with greater than 26 g/0.25m? were tested for.a negative slope).
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[11. Alternative Tests Using Equivalent Sample Sizes

One difficulty in interpreting these results is that the sample size (n = 225) was much greater in the among
vegelation types regression than in the within vegetation type regressions (n = 15). Thercfore, the significant
relationship between species richness and standing crop among vegetation types, but not within, may simply be a

consequence of differences in sample sizes.

‘Two techniques were used to eliminate the effects of sample size (see Heads and Lawton 1983). The first
was to equate sample sizes by randomly selecting fiftecn samples from the among vegetation types data set. Even
with the much reduced sample sizes, ten of fifieen draws gave significant sccond order polynomial regressions (p
< 0.05) between species richness and standing crop (Figure 2.3), This is in sharp contrast with the previous section
where none of the fifteen within vegetation type regressions were significant cven though sample sizes were

equivalent to the regressions derived from the random draws,

Another technique of equating sample sizes was to divide the among vegetation types data sct into filicen
approximately equal standing crop classes on a logarithmic scale. For each class mean species richness and mean
standing crop were calculated. As before, the second order polynomial regression was highly significant (multiple
r = 0.90; * = 0.81; p < 0.0001)(Figure 2.4). Together these results are strong cvidence that lack of a significant
relationship between species richness and standing crop in the fifteen within vegetation type comparisons was not

due 1o reduced sample sizes but was an inherent attribute of the within vegetation type level of organization.
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DISCUSSION

When comparing among vegetation types, the data indicate that as standing crop increased, species richness
initially increased to reach a maximum at moderate standing crop, after which richness gradually declined (Figure
2.1). This relationship between species richness and standing crop has also been found in many other wetland
systems (Wheeler and Giller 1982; Vermeer and Berendse 1983; Day et of. 1988: Moore ef al. 1989; Wisheu and
Keddy 1989) and is likely a general trend in herbaceous plant systems (Grime 1973, 1979; Tilman 1982; but see
Vermeer and Verhoeven 1987). However, the data presented here demonstrated that pattemns found at this level of
organization may not be found at another (Figure 2.2). In addition, even at the same level of organization, the two
measures of diversity considered in this thesis, number of vegetation types and species richness, exhibited different
patterns along the standing crop gradient. The relationship between species richness and standing crop was observed
to be bitonic with maximum richness occurring at moderate standing crop, while number of vegetation types was

observed to be inversely correlated with standing crop.
The Importance of Scale

It has been shown that Grime’s model describes among vegetation types, but not within vegetation type,
variation in species richness. This result illustrates Allen and Starr’s (1982) point about choasing the appropriate
scale for ecological models. It also suggests the potential for sterile debates when one school of thought operates

on the among vegetation types scale, while another operates on the within vegetation type scale (Figure 2.5).
The data presented here dealt only with patterns between two variables. It is also probable that processes

are fundamentally different at these two scales. Shipley and Keddy (1987) have explored the confusion which can

arise by inferring process from patten. Nonetheless, some comments on process are necessary,
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At the among vegetation types level, Grime postulated that stress, disturbance and dominance control species
richness. Recent experimental studies of wetland communitics have shown (hat competition intensity does vary
prediclably among vegetation types with different standing crop (Wilson and Keddy 1986), and that competitive
ability is strongly correlated with plant size (Gaudet and Keddy 1988). These processes are likely less important
at the within vegetation type level where there is less variation in standing crop and morphology. At the within
vegelation type level, variables associated with lower level processes are likely to be more useful. The most
promising of these would likely be those variables associated with processes creating patchiness. Examples include
temporal variation in perturbation and gap regeneration (Grubb 1977), spatial variability in seed predation (Janzen
1970) and dispersal (Grubb 1977), localized herbivory (Lubchenco 1978), and microsite variation (Hamer and Harper
1976).

It is concluded that general models in plant ecology, like other general models, will have scale limitations.
Some of the criticisms levelled at gencral models (c.g., Harper 1982; Grubb 1985) can be viewed as
misunderstandings of these inherent constraints of models. Such criticisms could be rephrased to become valuable
contributions to general theory if they were presented as attempts to define the scale where a general mode! docs
not apply rather than simple rejections of the model entirely. Then a nested hierarchy of madels could be
constructed, with specific sub-models incorporated within more general models (Keddy 1989). Determining the

appropriate scale for different models is 2 process as important as devcloping general models for plant ecology.

The resulis of this chapter suggest the following questions, each of which will be explored in chapters 3

and 4:

(1) The standing crop gradient observed in chapwfs 1 and 2 is likely the result of an underlying
soil fertility gradient (see Table 5.2) or disturbance gradient (see Chapter 4) or a combination of
both. Are either of these variables in isolation sufficient to recreate the diversity patterns observed

in chapters 1 and 2 at the among vegetation types level of organization?
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(2) Can localized disturbance events or microsite differences account for the observed variation in

species richness observed at the among vegetation types level of organization?

30



REFERENCES

Aarssen, L.W,, R, Turkington and P.B. Cavers, 1979. Neighbour relationships in grass-legume communitics,
II. Temporal stability and community evolution, Can, J. Bot. 57: 2695-2703.

Allen, T.F.H. and T.B. Starr. 1982. Hierarchy. The University of Chicago Press, Chicago,

Allen, T.F.H. 1987, Hicrarchical complexity in ecology: A noncuclidean conception of the data space. Vegetatio
69: 17-25.

Al-Mufti, M.M., C.L. Sydes, 5.B. Furness, J.P. Grime, and S.R. Band. 1977, A quantitative analysis of shoot
phenology and dominance in herbaceous vegetation, J. Ecol, 65: 759-791.

Bond, W. 1983. On alpha diversity and the richness of the Cape Flora: A study in Southem Cape Fynbos. ln:
F.8. Kruger, D.T. Mitchell and J.V.M. Jarvis (eds.), Meditermanean-type ecosystems: The role of nutrients.
Springer-Verlag, Berlin.

Connell, J.H. 1978. Diversity in lroi:ical rain forests and coral reefs: High diversity of trees and coruls is
maintained only in a non-equilibrium state. Science 199: 1302-1309.

Day, R.T., P.A. Keddy, J.M. McNeill, and T.J. Carleton. 1988. Fertility and disturbance gradients: A summary
model for riverine marsh vegetation. Ecology 69: 1044-1054.

Gaudet, C.L. and P.A. Keddy. 1988. Predicting competitive abilitics from plant traits: A comparative approach.
Nature 334: 242-243.

Grime, J.P. 1973. Competitive exclusion in herbaceous vegetation. Nature 242: 344-347.

Grime, J.P. 1979, Plant strategies and vegetation processes. John Wiley and Sons, Chichester.

Grover, J.P. 1988. Dynamics of competition in a variable environment: Experiments with two diatom species.
Ecology 69: 408-417.

Grubb, P.J. 1977, The maintenance of species-richness in plant communities: The importance of the regeneration
niche. Biol. Rev. 52: 107-145.

Grubb, P.J. 1985, Problems posed by sparse and patchily distributed species in species-rich plant communities.

In: J. Diamond and T.J. Case (cds.), Community ecology. Harper and Row, N.Y.

31



Harner, R.F, and K.T. Harper. 1976, The role of arca, heterogencily, and favourability in plant species diversity
of pinyon-juniper ecosystems. Ecology 57: 1254-1263.

Harper, J.L. 1982, After description. In: E.I. Newman (ed.). The plant community as a working mechanism.
Blackwell Scientific Publications, Oxford.

Heads, P.A. and J.H. Lawton. 1982, Studics on the natural enemy complex of the holly leaf-miner: The cffects
of scale on the detection of aggregative responses and the implications for biological control, OIKOS 40:
261-276.

Huston, M. 1979. A gencral hypothesis of species diversity. Amer. Nat. 113: 81-101.

Janzen, D.H. 1970. Herbivores and the number of tree species in tropical forests. Amer. Nat. 104: 501-528.

Keddy, P.A. 1983, Shoreline vegetation in Axe Lake, Ontario: Effects of exposure on zonation pauems. Ecology
64: 331-344,

Keddy, P.A. 1989, Competitive hicrarchies and centrifugal organization in plant communities, In: J. Grace and
D. Tilman (cds.), Perspectives on plant ;:ompcl.il.ion. Academic Press, N.Y.

Lubchenco, J. 1978. Plant specics diversity in a marine intertidal community: Importance of herbivore food
preference and algal competitive abilities, Amer. Nat. 112: 23-39.

Moore, D.R.J,, P.A. Keddy, C.L. Gaudet and X.C. Wisheu. 1989. Conscrvation of wetlands: Do infertile
wetlands deserve a higher priority? Biol. Conserv, 47: 203-217.

Pielow, E.C. 1979. On A.J. Underwood's model for a random pattem, Oecol. 44: 143-144.

Pielou, E.C. and R.D. Routledge. 1976. Salt marsh vegetation: Latitudinal variation in the zonation patems.
Occol. 24: 311-321.

Shipley, B. and P.A. Keddy. 1987. The individualistic and community-unit concepts as falsifiable hypotheses.
Vegetatio 69: 47-55.

Tilman, D. 1982. Resource competition and community structure. Princeton University Press, Princeton.

Vermeer, J.G. and F. Berendse. 1983, The relationship between nutrient availability, shoot biomass and species

richness in grassland and wetland communities. Vegetatio 53: 121-126.

32



Vermeer, J.G. and J.T.A. Verhoeven. 1987, Species composition and biomass production of mesotrophic fens
in rclation 1o the nutrient status of the organic soil. Oecol. Plam, 8: 321-330.

Walker, J. and R.K. Peet. 1983. Composition and species diversity of pine-wiregrass savannas of the Green
Swamp, North Carolina. Vegetatio 55: 121-126.

Wheeler, B.D. and K.E, Giller, 1982, Specics richness of herbaceous fen vegetation in Broadland, Norlolk in
relation to the quantity of above-ground plant material, J, Ecol. 70: 179-200.

Willems, J.H. 1980, Observations on north-west European limestone grassland communities, An experimental
approach to the study of species diversity and above-ground biomass in chalk grassland. Proc. K. Ned.
Akad. Wet. Serics C, 83: 279-306.

Wilson, S.D. and P.A. Keddy. 1985. Plant zonation on a shorcline gradient: Physiological response curves of
component species. J. Ecol. 73; 851-860.

Wilson, S.D. and P.A. Keddy. 1986. Measuring diffuse competition along an cnvironmental gradient: Results
from a shoreline plant community. Amer. Nat. 127: 862-869.

Wisheu, I.C. and P.A. Keddy. 1989. The conservation and management of a threatened Coastal Plain plant

community in Eastern North America {Nova Scotia, Canada). Biol. Conserv. 48: 229-238.

33



Table 2.1. The location and mean standing crop (g/0.25 m?) for cach of the fificen wetland sites sampled in this
study. Tt was predicted that low standing crop sites (<26 g /0.25 m?) would have a positive specics richness-standing
crop relationship whereas high standing crop sites (>263/0.25 m?) would have a ncgative relationship. The slope

(r) and significance level of r are indicated.

Location Mean 8.C r P
Luskville
Site 1 327 -0.16 0.58
Site 2 40.0 -0.34 0.22
Site 3 923 -0.30 0.27
Site 4 1246 «0.06 0.82
Site 5 2713 -0.11 0.69
Presqu'ile
Sitc 1 17.8 <0.18 0.52
Sic 2 67.0 -0.18 0.51
Site 3 86.8 -0.06 0.84
Site 4 173.1 042 0.12
Site 5 421.6 -0.20 047
Westmeath
Sie 1 40 047 0.08
Site 2 54.5 0.17 0.55
Site 3 163.0 -0.25 0.37
Site 4 1319 -0.06 0.84
Site 5 3158 0.23 040
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FIGURE CAPTIONS

Fipure 2.1. Specics richness plotted against standing crop in a broad range of wetland vegetation types located in
Ontario (Presqu'ile and Westmeath) and Quebee (Luskville)(n = 224 0.25 m® quadrats). The second order
polynomial regression,

y = -0.91 + 16.52(log,o(x + 1)) - 5.81(log,e(x + 1))
where x is standing crop {g/0.25 m?) and y is species richness (#5p/0.25 m?), was found to be highly significant

(muitiple r = 0.59, ©* = 0.34, p < 0.0001).

Fipure 2.2. Species richness versus standing crop at the within vegetation type level in cach of fifteen sites located
in Quebec (circles = Luskville, sites 1-5) and Ontario (squares = Presqu'ile, sites 1-5; triangles = Westmeath, sites

1-5). Linear regressions performed for each site were all found to be non-significant (p > 0.05).

Figure 2.3. Specics richness plotted against standing crop in cach of fifteen random draws (n = 15 quadrats) from
the total data set (n = 224). * indicates a significant {p < 0.05) second order polynomial regression between specics

richness and standing crop. N.S, indicates a non-significant polynomial regression.

Figure 2.4. Mean species richness ploited against mean standing crop for fifteen equivalent standing crop classes
as calculated on a logarithmic scale. In each class mean species richness and standing crop were calculated and a
significant second order polynomial regression was tested for. The polynomial regression,

y = -1.10 + 15.54(log,o(x + 1)) - 5.23(log,o(x + 1)%)
where x is mean standing crop (2/0.25 m®) and y is mean species richness (#sp/0.25 m?), was found 1o be highly

significant (multiple r = 0.90, r* = 0.81, p < 0.0001).

Figure 2.5. Different pattemns and processes are found at different levels of organization. For instance, zonation

patterns along environmental gradients are concemned with the among vegetation types level of organization while
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patterns of recruitment in gaps are concerned with the within vegetation type level of organization. Similarly,
important processes vary between the among vegetation types (¢.g., competition intensity gradients, stress gradicnis)

and the within vegetation type (c.g., recruitment, competitive hicrarchies) levels of organization,
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CHAPTER 3

ASSEMBLY FORCES: THEIR IMPORTANCE IN THE ESTABLISHMENT

AND MAINTENANCE OF WETLAND VEGETATION STATES
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“The most incomprehensible fact about Nature is that it is comprehensible.”

Albert Einstein
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INTRODUCTION

Ecological communitics are constantly subjected 10 a varicty of forces, both natural and man-made, that
influence the structure and dynamics of the sysiem. One major objective of community ecology is 1o determine
which forces maintain communitics in a given siate and which forees drive communitics to altermative states (Paine
1969; Sutherland 1974; Peterman 1980; Holling 1977, 1986). In scveral systems, these forces are known and their
importance in maintaining or cstablishing specilic community states are understood. For example, in Minnesota old
fields, rates of supply of the limiting nutrient, nitrogen, and the past history of the vegetation are two major forces
determining the observed community states (Tilman 1987; Inouye and Tilman 1988). In the fouling communitics
ut Beaufort, North Carolina, the order of larval recruitment and the presence or absence of important consumers
determined the states observed (Sutherland 1974). However, in most systems it is difficuit 1o establish cause and
effect relationships between potential forces and observed community states because the actions and interactions of

these forces are complex.

Assembly forces can be defined as including any force, biotic (¢.g., coral recf predators, invasive exotics)
or abiotic (c.g., nitrogen supply rates, firc), upon which the cstablishment and maintainance of community states
depends. All environmental variables may ultimately be important in maintaining community states; however, only
assembly variables are those which can account for a significant portion of the variance between different community
states. In this chapter, I explore a variety of forces which could potentially establish, maintain or alter states in

wetland herbaccous communities.

In wetlands, numerous potential assembly forces exist. These include fertility (Morgan and Phillip 1986;
Vermeer and Verhoeven 1987; Day et al 1988), exposure to waves {Keddy 1985), {uctuating water levels (Keddy
and Reznicek 1986), hurricanes (Vog!l 1980}, liter accumulation (van der Valkr 1986), invasion by exolic species
{Moore and Keddy 1989) and many others (see Spence 1967; Hutchinson 1975}, However, very few of these forces

have been experimentally manipulaied and thus their potential to cstablish and maintain community states is
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unknown. In this study, artificial weland microcosms were created with an initially identical species mixture 10
explore how potential assembly forces the establishment and maintenance of different wetland community suates.

These included: vegetation history, length of growing scason, substriae texture, liver accutmulation, water depth and

fluctuating water levels.

Chapter 1 indicated that in herbaceous wetands in castem Canada, there was an inverse relationship between
the number of wetland vegetation types and standing crop. This obscrvation suggested that increased soil fentility
in high standing crop sites may have the potential to reduce the effects that assembly forces would otherwise have
on the range of vegelation types observed. Thal is, given the same range of variability in habitat conditions, (ewer
vegetation types will be observed at high fertility and standing crop. Cbapter 2 found that another measure of
diversity, species richness, was also reduced at high fertility and standing crop when a range of vegetation types were
considered. To test whether soil fertility was the underlying cause of the diversity pattems observed in chapters 1

and 2, each of the wetland treatments in the microcosm experiment was duplicated at high and low {ertility.
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METHODS
Generul

This study used a replicaled microcosm approach, which permitted the manipulation of specific variables.
Each microcosm consisted of a high-density polyethylene container (intemal dimensions: 630 x 420 x 260 mm) filled
to a height of 130 mm with sterilized 002 grade washed concrete sand.  All microcosms were connected to a central
water source via vinyl plastic tubing and were watered twice daily during the growing season with City of Ottawa
treated water, Water inlet valves of diameter 6 mm were located at a height of 220 mm in each microcosm.
Controlled water depths were maintained by means of a 6 mm outlet valve located at the designated depth opposite
the inlet valve. The microcosm study was conducted at an outdoor compound located at Carleton University, Ottawa,
Canada (45925'N, 75%45'W). This compound was relatively flal, received full sun exposure and was regularly
mown to minimize weed specics dispersal near the experiment. Black plastic sheeling was also plaoe(‘l between
microcosms and around the immediate perimeter of the experiment and covered with sand 1o further reduce weed

species dispersal inlo the microcosms.
Experimental Design

The microcosm study was designed to explore two or three levels for each of the six potential assembly
forces under investigation (e.g., no litter, light litter, heavy liter). The "control” treatment was the same for each
of the forces under investigation (i.e., constant water depth of 0 cm with no alterations to the substrate surface).
Altogether, the microcosm study included twelve antificial wetland habitats, each of which was duplicated at two
fentility levels (infertile’ and ‘fertile’). At the end of the two year experiment, standing crop in the infertile
treatments was similar to that observed for the "moderate” standing crop sites described in chapters 1 and 2.

Conversely, the fertile treatments produced standing crop levels which were equivalent 1o the "high” and "very high"
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sites described in chapters 1 and 2. In cach of five blocks, the 24 treatments were completely mndomized. The

habitats were created by manipulating a single specified variable as described below:

A. Water Depth

Constant water depths of -5 cm (submersed), 0 cm (at substrate surface), and +5 cm (emersed) were used

to create three wetland habitat reatments.

B. Fluctuating Water Depths

Two habitat treatments were created by manipulating water depths throughout the growing scason. In the
first treatment, water depth was high at the beginning of the growing season (-5 cm) and was lowerd 1o 0 cm in

mid-July. The second habitat treatment was similarly treated except that the water depth was further lowered 10 +10

cm in late August.

C. Texture

Two habitat treatments were created by placing stones of different sizes on the substrate surface. The water
depth was maintained at a constant 0 cm in both habitats. In the first treaiment, rounded cobblestones 2.5 10 7.5 cm
in diameter were placed as close together as possible in a single layer on the soil surface. In the second treatment,

small pebbles 0.5 w0 1.25 cm in diameter were scattered on the soil suiface to a depth of 1.25 cm.

D. Liuer

Two habitat reatments were crealed by scatering differing amounts of liter on the substrate surface in

wreatments which were maintained at a constant water depth of 0 cm. The litter was collected from a riverine
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shoreline in late May, 1987 and was composed primarily of Seirpus fluviatilis with minor amounts of S. americanus,
Eleocharis smallii, and Typha angustifolia. In the first habitat treatment, S0 g of litter (167 g/m?) was spread cvenly
across the soil surface 10 form a litter layer 0.5 cm deep. In the second habitat reatment, 150 g of litter (500 g/m?)

was spread on the surface o form a litter layer 1.5 cm deep.
E. Length of Growing Scason

Two habitat wreatments which had a constant water depth of 0 cm were sown at later dates to simulate
reduced growing scasons. The first was sown 14 days later than all other wreatments, while the second was sown
28 days later.
F. Invasion by a Clonal Perennial

In onc habitat treatment, four Typha angustifolia shoots were added at the beginning of the second growing
scason 10 determine the effects of invasion by a large, clonal perennial on the observed wetland community states
and species richness. This weatment was maintained at 0 cm water depth before and afier the addition of T.

angustifolia.

The experiment was construcied from 27 May, 1987 10 4 June, 1987 and was allowed to equilibrate for one

week prior to the sowing of sced mixtures.
Seced Mixtures

Seeds of twenty wetland species of varying morphology and life-history were collected in the fall of 1986

and placed in dark storage at 4°C in sand which was 75% saturated (Table 3.1). Subsequent germination trials
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conducted for 14 days in April, 1987 in a growth chamber (25°C/15°C during 2 2 hour light/12 hour dirk regime)

revealed that the species selected were at least 20% viable.

A 1wl of 120 cquivalent seed mixtures were made up during the period 20 May to 4 June, 1987, To
prepare the mixtures, seeds of cach specics were removed from storage, counted into equal lots, mixed with
previously counted seeds and placed back in cold, dark storage in sand prior to sowing. Between 11 June and 13
June, 1987, the sced mixtures were evenly scattered over the soil surface of each treatment. In the wo lier
treatments, the litter was added immediately after sowing; all other wreatment conditions were established prior to

sowing. Seeds of several specics were observed Lo float {or up to seven days after sowing in the flooded treauments,
Fertilization

On 22 June, 1987 all *fertile’ treatments were fertilized with a complete hydroponic mixture (7-11-27 and
15-0-0)(Table 3.2) at a rate of 37.4 g for cach fertilizer per microcosm (124.5 g/m?). The fertilizer additions were
then repeated every 21 days at a reduced rate of 9.3 g per microcosm (31.0 g/m?) until the end of the growing scason
(26 August, 1987). The rate of fentilization used for the fertile’ treatments had been shown to be an optimat rate
for maximum biomass accumulation in a calibration experiment conducted using Lythrum salicaria as a phylometer.

This fertilization regime was repeated for the 1988 growing season,

The "infertile’ treatments did not receive any fertilizer additions until 10 Auvgust, 1987 at which time 0.58
g per microcosm w;as added for each fertilizer (1.9 g/m?. The fertilizer additions were repeated in 1987 on 24
August aﬁd in 1988 on 23 June, 20 July, 11 August and 15 Seplember. The rate of fertilization used for the
*infertile’ reatments was previously found to stimulate low o moderate growth of Lythrum salicaria in a calibration

experiment (as compared to a no fertilizer treatment).
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Overwintering

On 4 October, 1987 plants in cach microcosm were tied together in the centre to minimize seed dispersal
outside the container. Flowering stalks were also shaken periodically to disperse seceds within the microcosm. All
containers were then flooded to a depth of -10 cm between 19-25 November in order to simulate natural wetland
conditions and to form a protective ice cover during the winter. From 1-5 December, straw was packed around cach
microcosm to prevent freczing from the sides. All treatments were restored (o growing scason conditions on 18 May,

1988.
Surveys

All microcosms were surveyed between 5-13 August, 1987 and between 22-30 August, 1988 using a non-
destructive point sampling I;cchnique. In each microcosm, a 50 ¢ x 25 cm quadrat was placed above the centre
of the container. The quadrat had intersecting steel wires at each 5 cm interval for a total of 50 sampling points.
Sampling was conducted by dropping a 2 mm thick steel rod from each wire intersection to ground level and
counting the numiber of contacts each species made with the rod. Relative above-ground abundance for each species

was then estimaled by summing the total nu.aber of contacts for each container.

Data Analyses

The sampling data were summarized in the form of a 20 x 240 table (species x microcosms in 1987 and
1988). Thq data were then ordinated using detrended correspondence analysis (DCA; Hill and Gauch 1980). For
cach trcalmént. 95% confidence limits were calculated using the results from the first two DCA axes (n = 5
replicates)(1988 data only). The variables having a significant effect on wetland species composition were
determinined by comparing the 95% confidenc- . mit envelope for each treatment to the 95% confidence limit

cnvelope from the 0 cm constant water depth wreaiment.  The comparisons were conducted separately for cach
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fentility level. The same procedure was used 1o determine whether fertility significantly affected species composition
in each of the 12 habilat treatments. The anatytical techaique is an extension of the multivariate approach with the
added advantage that hypotheses concerning possible reatment effects can be tested with a geomctric stistical

analysis.

To test whether more wetland vegetation types existed at low fertility, each microcosm was classificd by
two-way indicator species analysis (TWINSPAN), The analysis was repeated separately for 1987 and 1988. The

DCA and TWINSPAN analyses were conducied using the ECOSURVEY program package (Carleton 1985).
A two-factor ANOVA was used to test the effects of fertlity and habitat treatment on species richness.

Scheffe’s procedure for multiple contrasts was used to determine for which treatments and fenility levels, significant

effects were being exerted. These analyses were performed with the STATGRAPHICS version 3.0 software package.
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RESULTS
Assembly Forees

‘The comparison of treatment 95% confidence limit envelopes on the data produced by the first two DCA
axcs indicated that a constant water depth treatment of -5 cm, both fluctuating water level treatments, and the
heaviest litter treatment (500 p/m?) cach had significant (p < 0.05) effects on species composition with each feritity
level, when compared to the O cm constant water depth treatment (Figure 3.1; Table 3.3). In addition, the inferniile
surface texture treatment with copblestones had a signiﬁcantly different species composition from the infertile 0 cm
constanl water depth treatment. ‘The first two axes of the DCA accounted for 78% of the variation in the data set

indicating that an examination of the remeining axes of variation was unnecessary 10 compare treatments.
Fentility
A. Towl Abundance

After two growing scasons, the total abundance of plants was 4 to 18 times higher in the fertile treatments
than in the corresponding infertile treatments (Figure 3.2). The two litter treatments followed by the Lm;o surface
texture treatments (cobblestones and pebbles) had the highest total abundance in the infentile treatments, possibly
indicating that these treatments were providing additional nutrients. The two reatments which had a shorter growing
season in 1987 had reduced total abundance at both fertility levels after the first growing season. However, by the
end of the second growing scason these two treatments, when compared to the 0 cm constant water depth treatment,

had similar towal abundance levels.
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B. Species Richness

In cach of the twelve habitat ircatments, species richness was higher in the inferile reatents than was
found in the comesponding fertile treatments after (wo growing scasons (Figure 3.3). The differences in richness
between fenile and infentile treatments was significant (p < 0.05) for all habitat treatments except the censtnt waler
depth of -5 cm treatment, the two fluctuating water level treatments, and the treatment which had a reduced growing
scason (28 days). In addition, the constantly flooded water depth (-5 cm) treatment and the two Nuctuating water
level treatments had significantly reduced species richness when compared to the 0 cm constant water depth
trcatment. The constant water depth of +5 cm treatment had significantly higher species richness when compared

to the 0 cm constant water depth treatment (Figure 3.3)

C. Species Composition

The comparison of 95% confidence limit envelopes for cach habitat reatment using the dita produced by
the first two DCA axes indicated few significant differences in specics compaosition between high and low lenility
levels (Figure 3.1; Table 3.4). The only two treatmenis with specics composition differcnces between fertility levels
were the 0 cm and +5 cm constant water depth treatments. The DCA, from which the above analyses were
conducted, downweighted the contribution of rare specics in the analysis in order to specifically emphasize
differences due to numerically dominant species. Therefore, there were few major differences in the numerically
dominant species between fertility levels for each habitat ueatment. However, as indicated in figure 3.3, specices
richness was generally higher in low fertility treatments, thus indicating that rare species were more frequent at this
fenility level. These rare species were generally small in stature (e.g., Gnaphalium wliginosum, Hypericum majus,

Penthorum sedoides),

To test whether fertile conditions reduced the number of wetland vegetation types observed across the 12

habitat treatments, a TWINSPAN classification was conducted using all 120 microcosms. It was found that the
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number of TWINSPAN groups detected in the analysis was slightly higher in infertile treatments after two growing
scasons (Figure 3.4). However, this difference was more pronounced afler the first growing season. Therclore, given
sufficicnt time, there is no evidence o suggest that the number of vegetation types observed for all 12 habitat

treatments wili be higher under infertile conditions.
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DISCUSSION

Assembly Forces

This study demonstrated that water depth, fluctuating water levels, litter, and surface texture are all capable
of influencing species composition in artificially created herbaccous wetlands, However, the use of detrended
comespondence analysis 10 recover underlying community paticrns has been the subject of recent criticism (c.g.,
Kenkel and Orloci 1986; Minchin 1987). The criticisms were direcied at the general lack of robustness and erratic
performance of detrended correspondence analysis in data scts with high specics wmover, irregular sampling of
gradients, and bimodal or multimodal species response curves. However, in this study specics turnover was relatively
low with all microcosms having at least one species in common, gradient sampling was regular (e.g., water depth
= -5 cm, 0 cm, +5 cm; litter = none, low, high), and species were observed to have unimodal distributions along the
artificially created gradients. Kenkel and Orloci (1986) and Minchin (1987) indicated that in these cases, detrended
correspondence analysis gives a consistently superior performance 1o other ordination methods such as

correspondence analysis, principal coordinates analysis and gaussian ordination.

In the surface level (0 cm) constant water depth treatment, the most atundant specics were leafy perennials,
particularly Lythrum salicaria and Bidens cernua (Figure 3.5). However, when a 1.5 cm thick litter layer was added
to this treatment (heavy litter treatment), emergence of L. salicaria was inhibited. Other species such as Carex
crinita, a narrow leaved, tussock species, Scirpus acutus, a leafless perennial, and Epilobium ciliatum, an ercct dicol
species increased in abundance as a result (Figure 3.5). This shift in species composition may be due to the fact that
L. salicaria has an absolute light requirement for germination (Shamsi 1974). Further, the morphology of specics
such as C. ¢rinita and S, acutus may provide a mare effective means of penetrating the leaf litter than is the case
with L, salicaria. ‘This situation is analogous to the effects of tree leaf liter on herbaceous vegetation in deciduous
woodlands studied by Sydes and Grime (1981). In this study, it was found that tree litter had the least inhibitory

effect on species with the most cffective means of penctrating the leaf liter.
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In the treatments that were flooded for all (constant water depth of -5 cm) or part (-5 cm to O cm, -5 cm
to +10 cm) of the growing scason, a leafy annual species, Bidens cernua, was the dominant species (Figure 3.5).
B. cernua was the only species which could both germinate (underwater or floating) and emerge above the water
surface before the seed reserves were exhausted, 8. cernua is commonly found in a wide varicty of wetland habitats,
including beaver ponds that are flooded throughout the growing scason (Keddy, pers. obs.). In the treatments that
were flooded for part of the growing season, another leafless perennial, Eleocharis smallii, germinated underwater
but did not grow until the water lcvel§ were droppcd 10 the soil surface level (0 cm). E. smallii is commonly found

on scasonally flooded riverine shorelines (Day et al. 1988).

In this experiment, several potential assembly forces such as a shorter growing season or invasion by a
clonal perennial did not have any effect on wetland species composition.  However, the shorter growing season
treatment could only be maintained during the first growing season. Had this treatment been maintained over several
growing seasons, effects on species composition might have been more likely. Similarly, invasion by a clonal
perennial (Typha angustifolia) had litle effect on species composition because the shoots of T. angustifolia did not
become established. Other treatments including litter loading to a depth of 0.5 ¢cm, a constant water depth of +5 cm,
and a pebble surface layer also had no effect on species composition. In these cases, the weatments may not have
been severe enough to affect species composition. For example, when the thickness of the litter layer was increased

10 1.5 cm, specics composition was significantly altered.
Specics Richness

In most of the twelve habitat treatmenis, species richness was significantly lower in the fertile treatments
than was found in the corresponding infertile treatments (Figure 3.3). This result suggests that large differences in
feniility may reproduce the among vegetation types pattern of species richness along the standing crop gradient (see
chapter 2), even when a wide range of habitat treatments are considered. The likely mechanism for this result was

'
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that species of small stawre and cover were competitively eliminated by large, rapidly growing species such as

Lythruwm salicaria under high fentility conditions (Gaudet and Keddy 1988).

Figure 3.3 also indicates that relatively small differences in water depth or the presence of o fluctmating
waler level regime can have significant effects on species richness, independent of microcosm fertility level. This
result suggests that microsite differences may account for the observed variation in species richness within vegetation

types (sce chapter 2).

Number of Vegetation Types

This experiment found little evidence to suggesi that wetland specics composition differed between fertilily
levels of the same habitat treatment, except that small, rare species were not found at high fertility. Ficld
observations, however, havc‘ indicated little similarity in species composition between fertile and infcnilc--wclland
sites (see chapter 1). This discrepancy may be the result of natural fertile and infentile wetand sites having other
habitat differences, which was not the case in the microcosm experiment. However, nutrient additions in previously
infertile wetlands not only reduced species richness, but also led to major changes in the species that dominated the
wetlands (Willis 1963; Morgan and Phillip 1986). For example, Willis (1963) found that when nutricnts were added
to several dune pasture plots, species composition changed from a mixture of small cryplogams to a thick, tall growth
of Festuca rubra. The control plots experienced no such changes in species composition. Altematively, species
composition similarity between corresponding high and low fertility treatments may have been the result of the initial

limited species pool or because the immigration of other wetland species was prevented during the course of the

experiment.

In wetlands, it has been observed that there was an inverse relationship between number of vegetalion types
and standing crop and fertility (see chapter 1). Fentile, undisturbed sites were usually dominated by large, clonal

species such as Typha spp. or Phragmites communis which formed dense, nearly monospecific stands. Conversely,
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in infertile or disturbed sites, a vast array of life forms and morphologics were found including annuals, isoctids and

camivorous plants,

The microcosm experiment results indicated that an inverse relationship between number of vegetation types
and fertility was apparent after one growing scason as predicted (Figure 3.4). However, this relationship had all but
disappeared by the end of the sccond growing season. In essence, fertility did not dampen the effects of the
asscmbly forces, and thus more vegetation types occurred al high fertility than would have been predicled by the

centrifugal organization model. Several possibilitics could account for this anomaly:

(1) In nawre, there are fewer unique habitats at high fertility and the number of observed
vegelation types simply corresponds to the number of available habitats. This possibility would
indicate that competitive exclusion is not the mechanism controlling the centrifugal organization
of wetland vegetation types as suggested by Keddy (1989). In this scenario, the results of the
microcosm experiment were as expected.  However, Moore ef al. (1989) cbserved Typha stands
in such contrasting high fertility habitats as riverine bays, sandy lakeshores, and interdunal swales.
The corresponding infertile habitats at each of these sites had unique vegetation types associated

with cach.

(2) There may have been insufficient time for compelitively superior species to have eliminated
inferior species and thus reduce the number of vegetation types at high fertility. However, Figure
3.4 indicates that the trend is towards an equivalent number of vegetation types at both fertility
levels, not the opposite. Nevertheless, the possibility exists that founder effects, which are simply
a function of initial habitat conditions, are still the primary mechanism controlling species
composition in fertile and infertile sites after two growing seasons (see Noble and Slatyer 1980;
Grace 1987). If the centrifugal organization model is correct, the expectation is that fertile

treatments will begin to converge in composition as competitive exclusion eliminates and replaces
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inferior species. Since competitive exclusion is likely to be more rapid at high fenility (Wilson
and Keddy 1986), convergence will proceed more quickly at this fertility level. ‘This scenario is
similar 10 onc found by Christensen and Peet (1985) for forests during sccondary succession. In
their study, it was found that chance variables, such as site history and seed min, played important
but transicnl roles in determining composition of young tree stands. These chance variables had

litde effect on species composition in older stands,

(3) Another variable, not included in the microcosm experiment, is required in the centrifugal
organization model to explain, in nature, the observed inverse relationship between number of
vegetation types and fertility, A likely candidate is disturbance. In the microcosm experiment,
none of the habitat treatments were disturbed. However, in nature disturbance is an important
phcnomenori affecting community structure in wetlands (¢.g., drawdowns, Mecks 1949; fluctuating
water levels, Keddy and Reznicek 1986; grazing, Walker and Wehrhahn 1971; invasion by an
exotic species, Moore and Keddy 1989). 1If species composition in infertile sites is more sensitive
to the effects of disturbance, then over time there is likely to be a greater divergence in
composition of infertile sites than would occur in the fertile sites. Thorhaug (1980) has shown that
plant communities under stress (e.g., iufertility) have a very slow recovery period after

perturbation, while fertile communities (e.g., a marsh) often have high recovery rates.

This chapter has demonstrated that the manipulation of single variables, or assembly forces, can have

significant effects on species composition of wetland communities. Further, this chapter has shown that increasing
fertility differences may account for the observed variation in specics richness at the among vegetation types level
of organization, while microsite differences may account for the observed variation in species richness at the within
vegetation types level of organization. Finally, this chapter has shown that fertility did not reduce or dampen the
effects of the assembly forces on wetland species composition as was predicted from the field observations discussed

in chapter 1. Whetfter this result was due (o the absence of a perturbation regime in the microcosm experiment was
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tested by imposing various disturbances on riverine shoreline ptant communitics of differing fertility and standing

crop. The results of this experiment will be discussed in chapter 4.
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Table 3.1. The specics used in the microcosm experiment and their associated morphologics and life-histories.

Species Name Characteristics Lile-History
Acorus calamus Monocol with v.riical lcaf blades Perennial
Aster nemoralis Ercct dicot Percnnial
Bidens cernua Erect dicot of variable size Annual
Carex crinita Tussock, monocot Perennial
Eleocharis smallii Large monocot reed - Perennial
Epitobium ciliatum Erect dicot Perennial
Eupatorium perfoliatum Tall, ercct dicot Perennial
Glyceria canadensiy Erect grass Perennial
Gnaphalium uliginosum Small, creeping dicot Annual
Hypericum majus Small, crceping dicot Perennial
Juncus filiformis Small, leafless monocot Perennial
Lythrum salicaria Tall, erect dicot Perennial
Mpyrica gale Shrub Perennial
Panricum longifolium Small, rosctte grass Perennial
Penthorum sedoides Small, erect dicot Perennial
Rumex veriicillatus Large rosette dicot Perennial
Scirpus acutus Tall, leafless monocot Perennial
Typha angustifolia Tall, erect monocot Perennial
Verbena hastata Tall, ercct dicot Perennial
Xyris difformis Small, rosettz monocot Perennial

‘nomcl_lclature as in Gleason and Cronquist (1963) except E. smallii Britton and X. difformis Chap.:1,
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Table 3.2. Hydroponic fertilizer mixtures used in the microcosm experiment.  Both mixtures were used in equal

proportions.

Mixture Element Relative Percenage

7-11-27 Niwrogen 70
Magnesium 375
Phosphorus 11.0
Potash 270
Sulphur 4.8
Iron 0.1
Manganese 0.085
Zinc 0.03
Boron 0.027
Copper 0.0041
Molybdenum 0.009

15-0-0 Calcium 190
Nitralc 15.0
Magnesium 3.98
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Table 3.3. Summary of the cffects of the 12 habitat treatments on wetland species compaosition in the microcosm
experiment. Effects were tested by comparing 95% confidence limit envelopes using the data generated by the first
two axcs of a dewrended correspondence analysis (DCA). Statistical effects were tested for between reaiments for
cach potential assembly force. In cases where the * symbols are not vertically aligned, significant differences (p <

0.05) were obscrved.

Fentility Level Habitat Treatment DCAI DCA 1l
Infertile Constant Water Depth, 0 cm * *
Constant Water Depth, -5 cm * *
Constant Water Depth, +5 cm * »
No Fluctuating Water Levels * *
Fluctuating Water Levels, -5 to 0 cm * *

Fluctuating Water Levels, -5 to +10 cm

No Typha Added * *
Typha Added * *
No Liuter .

Light Liuer *x

Heavy Litler .

Surface Texture, Sand b

Surface Texture, Pebbles *

Surface Texture, Cobbles *

Full Growing Season *

Reduced Growing Scason By 14 Days
Reduced Growing Scason By 28 Days

Fertile Constant Water Depth, 0 cm b *
Constant Water Depth, -5 ¢cm * *
Constant Water Depth, +5 cm = b
No Fluctuating Watcr Levels * *
Fluctuating Water Levels, -5 to O cm . *
Fluctuating Water Levels, -5 to +10 cm * *

No Typha Added
Typha Added
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No Liuer
Light Liuer
Heavy Liter

Surlace Texture, Sand
Surface Texture, Pebbles
Surface Texture, Cobbles

Full Growing Scason
Reduced Growing Scason By 14 Days
Reduced Growing Scason By 28 Days
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Table 3.4, Summary of the effccts of fertility on species composition in 12 habitms. Effects were tested by using
the data generated by a detrended correspondence analysis (DCA) and comparing 95% confidence limit envelopes

* = significant cffecy; N.S. = not signiflicant cffect).

Habium Treaument DCAl DCA Il
Constant Water Depth, 0 cm N.S. .
Constant Water Depth, -5 cm N.S. N.S.
Constant Water Depth, +5 cm N.S. *
Fluctuating Water Levels, -5 10 0 cm ' N.S. N.S.
Fluctuating Water Levels, -5 10 +10 cm N.S. N.S.
Typha Added N.S. N.§,
Light Liuer N.S. . NS,
Heavy Liter N.S. N.S.
Surface Texture, Pcbbles N.S. N.S.
Surface Texture, Cobbles N.S. N.S.
Reduced Growing Scason By 14 Days N.S. N.S.
Reduced Growing Scason By 28 Days N.S, N.S.
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FIGURE CAPTIONS

Figure 3.1, 95% confidence limits (n = 5} of specics composition after two growing seasons in twelve artificially
created wedand habitats plotted from a two-dimensional DCA model. The results from the wwo fenility levels are

shown. The treatment abbreviations are explained more fully in Table 3.3.

Figure 3.2. Total above-ground abundance (#contacts for all species/microcosm) after two growing seasons for

twelve antificially created wetland habitats at two levels of fertility.

Figure 3.3. Specics richness (#specics/microcosm) after two growing scasons for twelve artificially created wetland
habitats at two levels of fertility. A * symbol indicates for which treatments fertility had a significamt effect on
specics richness {p = 0.05). In addition, four habitat treatments (constant water depth of +5 cm and -5 cm, and the

two fluctuating water level treatments) had signficantly different richness levels when compared 1o the 0 cin constant

water depth treatment (p = 0.05).

Figure 3.4. Number of TWINSPAN groups produced at six division levels for 60 microcosms (12 habitat reatments
x 5 replicates) at each of two fertility levels after the first and second growing season. The raw data matrix for this

analysis was 20 species (#contacts for cach species/microcosm) by 240 microcosms (1987 and 1988 data, two fertility

levels).

Figure 3.5. Specics composition in twelve habitat treatments at two fertility levels after two growing scasons in the
microcosm experiment. The five most common species are shown for each wreatment. The abbreviations are as
follows: (i) Bc = Bidens cernua, (ii) Cc = Carex crinita, (iii) Ec = Epilobium ciliatum, (iv) Es = Eleocharis smallii,
(v) Ge = Glyceria canadensis, (vi) Ls = Lythrum salicaria, (vii) Rv = Rumex veriicillatus, (viii) Sa = Scirpus acutus,

(ix) Ta = Typha angustifolia, and (x) Vh = Verbena hasiata.
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FIGURE 3.2
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FIGURE 3.3
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FIGURE 3.5a

Fertile Infertile

Ec Bc c Bc
Constant f
UBDth (0) Other Ec
> RVSG > < Other
Constant o
Depth (-5)
Gg.- Cc
Constant  “° Be
Depth (5] Other
Sa
Ge Bce
Typha
is Sc:]CI
Ec Ce
Pebble L B¢
Surface Other
Sa
: Bc
Cobble o
Surface Ee Other Ls

Sa Other
Vh

Ls
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CHAPTER 4

DISTURBANCE OF WETLAND VEGETATION:

EFFECTS OF STANDING CROP AND THE LEVEL

OF ORGANIZATION UNDER CONSIDERATION
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"The description of the physical state of DNA, even 1o the details of quantum
mechanics, would give no more clue to the meanirg of the strand than the

chemistry of this ink would give a clue to the meaning of my words.”

Pauce (1978)
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INTRODUCTION

Disturbance cffects are a function of its size, frequency and magnitude and the spatial (¢.g., organism size)
and temporal {c.g., organism lifespan) dimensions of the system under consideration (Sousa 1984; White and Pickett
1985; Pickett et al, 1989). Within any given system there are various levels of organization and corresponding state
variables that may be affected by disturbance (Allen and Starr 1982; O°Neill et al, 1986; Pickeut et al. 1989). At
one hicrarchical extreme (the community level), disturbance can affect state variables such as species/number
relationships and standing crop (Kohlmaier 1989). At the other extreme, disturbance can affect the presence, absence
or abundance of particular species (the specics level) (O'Neill et al. 1986). In between these two levels of
organization is u‘1c guild lcvel of organization where disturbance can affect the abundance of groups of species that

arc functionally retated (Terborgh and Robinson 1986).

: .-’.r'{-';:i:hi.d;inl species may vary in their response to a disturbance treatment becauss of differing sensitivities
10 d.h:':".»._rh.? «e, differing recovery and growth rates, or because of temporary changes in the competitive hierarchy
(!.‘: j-'islow 1985). However, these effects are not necessarily translated to higher levels of organization because a
‘reduction in the abundance of some species may be "balanced” by an increase in the abundance of other species, such
 that overall community structure and function remains unaffected. Thus, the effects of a disturbance acting at one
level of organization are not, as a rule, transmitted to higher levels of organization. This statement is one of the
foundations of hicrarchy theory as proposed by Allen and Starr (1982). Conversely, in cases where the severity of
the disturbance is such that community level changes do occur (e.g., a decrease in community biomass), then
hicrarchy theory would predict that lower level variables (e.g., abundance of species A) will already have been

seriously disrupted. Therefore, one of the basic tenels of hierarchy theory is the following prediction:

(1) The magnitude and duration of disturbance effects will increase as the level of organization

considered decreases.
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In this study, I 1ested this prediction by performing a disturbance treatment {removal of above ground biomass) and
monitoring the ¢ffects of this treatment at each of three levels of organization: the species, guild and community

levels in five natural wetland sites.

System responses to a disturbance are dependent not only on the level of organization examined but also
on the history of the system itself {O'Neill et al. 1986). In this study, the effects of the disturbance treatment were
examined in five wetland sites located at different points along a standing crop gradient. According 1o Grime (1979),
high standing crop sites are likely to be have had a history of limited disturbance and should therciore be sensitive
to the effects of a diswrbance ucatment. Low standing crop sites can, however, vary widely in their history of
disturbance. If onc considers Grime's C-S-R model, low standing crop sites may exist in arcas with low disturbance
and high stress or in arcas of high disturbance and low stress. A priori, on¢ cannot make a prediction concerning
the expected effects of a disturbance on a low standing crop commaunity without first knowing its disturbance history.
Therefore, an expt;rimcnl was also conducted to determine the relative importance of various stress and disturbance
factors in the low standing crop communities used in this study. Based on the outcome of this experiment, one of

two predictions can be made:

(2A) If the standing crop gradient is the result of an underlying gradient of disturbance, the effects

of the disturbance treatment will increase as site standing crop increases.
(2B) If the standing crop gradient is the result of an underlying gradient of stress, the effects of

the disturbance treatment will be severe at all points along the gradient, but particularly in the low

standing crop sites because of low species growth rates (Shipley and Keddy 1988).
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METHODS

Study Location

The study location was located along the Ottawa River near Luskville, Quebec (45931'N, 76°6'W).
approximatzly 60 km northeast of Ouawa, Canada. This scction of the Ottawa River is onc of the few remaining
arcas on the river with a gently sloping shorcline that has remained relatively undisturbed by agriculture, industry
or recreation. A wide (100 - 500 m) emergent macrdphyte zone extends for approximately 3 km from an exposed
sand spit 10 a large, sheltered bay. At this study area, five sites of varying standing crop and equivalent water depth
were selected. The five sites were the same sites utilized in the Lus;kvillc wetland survey described in chapters 1
and 2. Site 1 was located on the tip of the sand spit and was a low standing crop wetland (mean = 32.7 g/0.25 m?%)
exposed Lo intense wave action and ice scour. Site 2 was located on the lee side of the sand spit and although not
a; expased as site 1, this site was also a low standing crop wetland (mean = 40.0 g/0.25 m?). Site 3 was a moderate
standing crop wetland (mean = 92.3 g/0.25 m?), approximately 150 m from site 1 in a small bay which was partially
protecied from wave action by the sand spit. Sites 4 and 5 were both located in a large sheltered bay approximately
1.5 km downstream of the sandspit. Site 4 was a high standing crop wetland (mean = 124.6 g/0.25 m?) and was
located stightly closer to the main river flow than was the very high standing crop (mean = 277.7 g/0.25 m? site

5 wetland,

In 1986, community species composition in cach of the five sites was relatively homogeneous over large
areas (>25 m?), making each si'c amenable to large scale field experiments. In addition, there were marked
differences in richness, evenness, species composition, and species life-history pattems among sites. In 1986, site
1 was dominated by small, facultative and obligaie annual species, particularly Leersia oryzoides, while site 2 was
dominated by a small, interstitial reed species, Eleccharis erythropoda. Sites 3 and 4 were dominated by erect
perennial species (e.g., Lythrum salicaria, Scirpus americanus, S, fluviatilis) and site 5 was dominated by the tall,

clonal perennial specics, Typha xglauca (see table 1.1),

69



Description of Standing Crop Gradient

Soil samples, ground-level light intensity readings, and e measure of ice scour and wave action intensity
were taken in 1986 to further characterize conditions at each of the five sites. Five soil smnples were tken from
cach of ten 0.25 m? quadrats randomly located on the perimeter of each site and sent 1o Agri-Food Laboratories (503
Imperial Rd., Guelph, Ontario) to determing NO,, P, K and Mg levels. Ground-level light intensity readings were
taken at the four comers and centre of each control plot (n = S)(control plots are described below) at each site
between 1230 and 1400 hours on 25 September, 1986, To determine relative disturbance intensity along the standing
crop gradient, the following experiment was conducted: (i) 50 pegs with a length of 20 cm and a diameter of 0.6
cm were sunk 10 cm into the ground at each site on 28 October, 1986, and (ii) broken, missing and intact peps were
cnumerated at each site from 16 10 24 June, 1987 as an indicator of relative disturbance intensity from ice scour and

wave action during the spring high water period.

In addition to the above, a preliminary experiment was conducted to determing the relative importance of
stress from soil infertility versus disturbance (sand deposition, wave and wind action, ice scour) to site standing crop
and community composition. In this experiment, ramets of three species of differing morphology were placed at each
site in pots with two soil type treatments: (i} soil collected from the site in which the pots were placed ("native’ soil),
and (ii) soil collected from the most fertile site at the study location, site 5 ('fertile’ soil). The species used were
Eleocharis erythropoda, a clonal reed that was abundant at site 2, Lythrum salicaria, a 1all perennial that was
abundant at site 3, and Scirpus fiuviatilis, a tall, clonal perennial that was abundant at site 4. At cach of the five sites
from 19 to 26 August, 1986, six replicate pots of each treatment (3 specics x 2 soil types) were arranged in a Jatin
square design and the pots sunk to ground level in an area cleared of surrounding vegetation. Prior to potting,
collected ramets for each species were soried, weighed (fresh weight), and randomly assigned to each site and
treatment. Ramets were replaced as necessary until 24 September, 1986 and the experiment was harvested 8

September, 1987. The number of survivors for each treatment was noted and ramet shoot and root biomass were
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determined by drying cach to constant biomass at 60°C. The results from site 5 were not included in the anzlyses

because most ramets had either been trampled or caten by cows which had escaped from a ncarby pasture.
Disturbance Experiment

This experiment investigated the effects of a disturbance treatment involving the complete removal of above
ground vegetation midway through the growing season at cach site. At each of the five sites, 15 - 25 permanent
quadrats were amranged in a grid design. Each site was divided into five blocks, coniaining onc replicate of the
contro! and of qach treatment. In each quadrat, a 1 m x 1 m arca was used 10 assess treatment effects. Each quadrat
had a double buffer zone - the inner 25 cm zone also received the treatment but was not recorded and the outer 25

cm zone received no treatment (Figure 4.1).

Estimates of species cover prior to mceiving treatments in cach quadrat were us;ed as a covariate in the
analyses of this experiment to remove confounding effects of spatial heterogeneity (Fowler 1981). Species
composition was determined in each quadrat using a non-destructive optical point cover sampling technique which
has been described as providing the best and least biased estimate of species composition from the range of
techniques available (Greig-Smith 1964). The surveyer used at each permanent quadrat was 1 m x 1 m and defined
~ 400 points on the ground - 20 rows of 20 points each. At each point, the identity of the species directly underneath
the crossed threads of the plotter were recorded, together with the coordinates of the point. In cases of overlapping
species, all species encountered were recorded; thus in some quadrats total cover exceeded 100%. However, for any
given point no species was recorded more than once because vertical, leafless ramets had the potential for an infinite
number of contacts. Litter and bare ground were not distinguished in the surveys. Voucher specimens for all species
encountered in the pre-and post-treatment surveys were collected and sent w0 the Biosystematics Research Centre of
Agriculure Canada for verification and were deposited in their herbarium (DAO) or in the University of Ouawa

herbarium (OTT).
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Following the pre-treatment survey, a complete removal treatment was performed (31 July to 11 August,
1986) at cach site, This treatment involved clipping and removing all of the above ground vegettion in cach of five
replicates at each site. A control treatment in which no vegetation was removed was randomly assigned to cach
block (n = 5) in which a complete removal weatment was performed. In addition 1o the complete removal treatment,
single species removal treatments were conducted for the most abundant specics at cach site. The species removal

treatments were conducted for reasons not central to this thesis and will not be considercd any further here,

Treatment effects wcrc assessed by repeating the non-destructive survey described above several times
during the following two growing seasons. Post-treatment surveys were conducted from 29 September 10 9 Oclober,
1986, 21-29 July, 1987, and 11-19 July, 1988. The first post-treatment survey did not include sites 4 and S because
an carly frost had heavily damaged the vegetation in these sites. However, the results of this survey and periodic
observations during the latter part of the 1986 growing scason indicated that only site I underwent significant
changes in specics composition from the mid to latter part of the growing season. For this reason, site 1 was also
surveyed on 9 September, 1987. Site 5 could not be surveyed in July, 1988 because of exlensive damage from

trampling by cows which had escaped [rom a nearby pasture.

To determine if the effects of the complete removal treatment were scale dependent, the data were organized
into threz levels of organization: community, guild and specics level variables. The three community level variables
considered were richness (number of species/m?), total abundance of species (number of contacts/m?) and evenness.

Evenness was calculated using the following formula as detailed in Legendre and Legendre (1983):
R = HH,,, = -(., plogp)flog n

where p, is the relative frequency of species i and n is the total number of specics in the quadrat. The guild level
classification was developed by Boutin and Keddy (in press) based on a multivariate classification of 42 species of

wetland plants grown under standardized field conditions. From the resvlts of the classification analyses, Boutin and
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Keddy determined that there were seven major functional guilds in wetland plant communitics: obligate ruderals,
faculative ruderals, interstitial (or gap) reeds, clonal interstitials, interstitial tussocks, matrix stress tolerators, and
matrix clonal dominants. The obligate ruderal guild includes all species which are true annuals while the facultative
ruderal guild includes perennial specics but only those which have high growth rates and set sced in the first growing
season. The three interstitisl species guilds include perennial species which have compact above-ground growth
forms and shallow below-ground structures, The interstitial reed guild consists of species with numerous, but
essentially leafless, acrial shoots. The interstitial tussock guild includes large perennial species which are highly
clumped while the clonal interstitial guild includes species which are neither reed-like nor tussock-like and which
are weakly spreading. The matrix clonal dominant guild includes specics which are tall, robust and capable of
vigorous lateral spread, characteristics that frequently produce large monospecific stands in fortile habitats. The
matrix stress tolerators have a similar growth form but are smaller and do not form dense canopies. Of the 43
species classified by Boutin and Keddy, 31 occurred in the five experimental wetland sites described above, including
nearly all of the most abundant and common species at cach site. The remaining species encountered during the ficld
experiment were classified into one of the seven functional groups on the basis of personal observations, reference
to herbarium vouchers, and reference 1o Gleason and Cronquist (1963). This Laiter group of species had their
classification confirmed by Dr. Paul Keddy. Following the classification step, the relative abundance of each guild
was determined by calculating the total number of contacts for each guild and dividing by the total number of
contacts for all seven guilds for each quadrat and sampling date. Similarly, at the species level of organization, the

rclative abundance of each species for each quadrat and sampling date was calculated.

This study was designed to test whether the effects of the removal treatment were dependent on (i) position
of the wetland site along the standing crop gradient, (ii) the level of organization considered, and (iii) the date of
sampling. For each site and variable (3 community level variables, 7 guild level variables, 4 - 10 species level
variables depending on the site), a two-factor Analysis of Covariance (factors = treatment, date; covariate = pre-
treatment level) was performed (Zar 1974). For the guild Ievel and species level variables an arcsine u*ansfo'xmation

| was performed 10 ensure that the data had an underlying normal distribution (Zar 1974). Scheffe's procedure for
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multiple contrasts was used to determine for which sampling dates the complete removal treatment was exerning

significant elfects. All analyses were performed with the STATGRAPHICS version 3.0 software package.

For cach level of organization and for cach of two sampling dates (onc and two growing scasons after the
removal treatment) a correlation between the magnitude of removal treatment effzcts and site sianding crop was
tested for, For the community level of organization, the three variables caleulated for each site were considered
together in the correlation test (total number of contacts, richness, evenness). For the guild and species levels of
organization, the number of variables selected for inclusion in the correlation test varied between sites and was based
on the number of guilds and specics which were deemed to be important components (defined below) of the site.
The following test proczdure was used: (1) For cach sclected variable, mean control and treatment levels were
calculated for each sile and sampling date; the guilds and specics selected for cach site were those that had at least
1C% relative abundance in at least one treatment on at least one sampling date. (2) The data were translormesd by

the following equation to delermine the magnilude of removal effccts on the relative abundance of cach selected

variable (Ravera 1989):

Z = (X9« Y (X Yo

where x, is the mean value. for the variable in the control treatment during the pre-treatment survey, x, is the mean
value in the control treatment during the post-trcatment survey, y, is the mean valuc measured in the removal
treatment during the pre-treatment survey, and vy, is the mean value measured in the removal treatment during the
post-treatment survey. The Z value is independent of initial variable levels and is independent of variations resulting
from natural temporal changes. A Z value of 1,0 indicates no removal treatment effects while values above or below
one indicate an increase or decrease in the variable, respectively. In this study, it is the magnide of the variable
change afier the removal treatment which is important, rather than the direction of the change. Therefore, all
calculated Z values less than one were recalculated using the formula, 2" = 1/Z, For site 1, Z values were

calculated without the data from the pre-treatment survey (i.c., Z, = y,/x) because this communily was essenliaily

74



an annual community and thus the date from the post-treatment surveys were independent of the data from the pre-
treatment survey. (3) A Spearman Rank Correlation coefficient (r)(Siegel 1956) was calculated between Z values
and mean site standing crop for cach level of organization. The calculation was performed scparately for the 1987

(ali Nive sites) and 1988 (sites 1 o 4) growing scasons.

75



RESULTS

Description of Standing Crop Gradient

The data in figure 4.2 indicate that, in general, soil nutrient levels increased as site standing crop increased.
Soil nutrient differences were most pronounced between the sites occurring on or near the sand spit (sites 1, 2 and
3) and those occurring in the sheltered bay (sites 4 and 5). However, caution should be exercised when interpreting
this data since soil samples were taken on only one date and soil nutrient levels may vary seasonally. In addition,
it is not known if the observed soil nutricnt levels were limiting (see experiment below). Figure 4.3 indicates that
there was an inverse relationship between light intensity at ground level and site standing crop as would be cxpected
given that high standing crop sites were observed to have higher, denser caropies. Figure 4.4 indicates that siwe 1
was exposed 1o intense disturbance from ice scour and wave action during the winter of 1986 and spring of 1987,
while the remaining sites ‘were relatively unaffecied. There was also deposition of fresh sediment on low standing

crop siles with approximately 5 cm of sand bcing deposited on the soil surface of site 1, and 2 to 4 cm of sand

deposited on the site 2 soil surface.

Figure 4.5 indicates that the low soil fertility at site 1 (see figure 4.2) was relatively unimportant when
compared to the effects of other environmental variables, since no ramets of any of the test specics survived in either
soil weatment. In sites 2 to 4, survivorship of the three test species was relatively unaffecied by site or soil type.
However, two-factor ANCOV As (factors = sile, soil type; covariale = initial ramet fresh weight) conducied for each
test species revealed that total shoot and root biomass increased significantly for Lythrum salicaria and Scirpus
fluviatilis as site standing crop increased; soil treatment had no effect on these species (Figure 4.6). Conversely,
Eleocharis calva biomass was not affected by site position on the standing crop gradient, but did increase

significantly with the 'fertile’ soil treatment in site 4 (Figure 4.6).
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Disturhance Experiment

At the community level of organization, most obscrved effeets (p < 0.05) were restricted to the first
sampling date after the complete removal ureaument for sites 1,2 and 3 (sites 4 and 5 were not sampled on this date).
Within one growing scason, there were few observable cffects of the removal treatment at any of the sites (Figure
4.7). Figure 4.7 also indicates that the low standing crop control treatments at sites 1 and 2 underwent dramatic

increases in the total number of species contacts and richness during the two year cxperiment

Few changes in guild composition occurred as a result of the remg val reatment at any of the sites (Figure
4.8). However, at cach site significant minor changes in guild composition did occur. Those ¢ffects that were
observed gencratly did not persist beyond October, 1986 in the low standing crop sites (sites 1, 2 and 3). In sites
4 and 5, changes in guild composition tended to be more persistent.  For instance, in site 4 the matrix clonal
dominant guild was found 10 have a significantly higher abundance onc an;I two growing scasons afier the removal

trcatment.

Al the specics level of organization, significant removal treatment effects were more frequently observed
than was found with the two higher levels of organization (Figure 4.9). Figure 4.9 further indicates that the most
abundant species at each site in 1986 (site 1 = Leersia oryzoides, sile 2 = Eleocharis erythropoda, site 3 = Lythrum
salicaria and Scirpus americanus, site 4 = Scirpus fluviatilis, site 5 = Typha xglauca) were all significantly affected
by the removal treatment with all b;xt L. salicaria experiencing a significant decrease in abundance. As well, there

was a suggestion that the removal treatment had a longer-lasting effect on species from the high standing crop sites

(sites 4 and 5).

Figure 4.10 indicates a significant correlation between species Z values and site standing crop one growing
scason after the removal treatment (r, = 0.802; p < 0.01). Therefore, the effects of the complete removal treatment

at the species level of organization increased as standing crop increased. Figure 4.10 also indicates that this
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relationship was evident two growing seasons after the removal eatment (r, = 0.584: p<0.03). At the next highest
level of organization, the guild level, the magnitude of removal treatment effects increased as standing crop increased
for the first growing scason after the treatment (r, = 0.477; p < 0.05)Figure 4.11). However, wt this level of
organization the correlation did not persist to the cnd of the second growing scason (r, = 0.393; p > 0.05)(Figure
4.11). At the highest level of organization examined, the community level, there was no relationship between the
magritude of removal trcatment cffects and position of the site along the standing crop gradicnt in 1987 (r, = 0.320;

p > 0.05) or 1988 (r, = 0.091; p > 0.05)(Figurc 4.12).
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DISCUSSION

Description of Standing Crop Gradient

There are scveral lines of evidence to suggest that disturbance was the primary factor controlling community
structure and standing crop in the five wetland sites examined in this study. First, as indicated in figure 4.8, the
dominant guild in site 1 was composed of facultative ruderal specics, particularly Leersia oryzoides. L. oryzoides
has been shown to have a high relative growth rate (Shipley and Keddy 1988), low competitive ability (Gaudet and
Keddy 1988), and flowers during the first growing scason (Boutin and Keddy, in press). According to Grime (1977,
1979), these characteristics are indicative of a ruderal species. At site 2, the dominant guild was composed of
interstitial reed species, particularly Eleocharis erythropoda. This species also has a high growth rate (Shipley and
Keddy 1988) and is a poor competitor (Gaudet and Keddy 1988), but devotes less resources to seed production
during the first growing scason than docs L, oryzoides. If soil infertility was the primary factor reducing standing
crop in these sites, one would instead expect to find a large proportion of "isoetid’ species which are small, evergreen
rosetie species with low growth rates and poor competitive ability (Boston 1986; Boston and Adams 1987; Moore

er al. 1989). No isoctid species were found in any of the five experimental wedand sites.

Second, personal observations suggest thal at sites 1, 2 and 3, ice scour and wave action during the spring
high water period each had the poteniial to remove large patches of vegetation. Further, the observed sand deposition
between growing seasons in siles 1 and 2 may be severe enough to eliminate all but ruderal species. The latter
species can escape the effects of sand deposition by either recolonizing the site each growing season (the case at site

1) or by possessing sufficiently rapid growth rates to penctrate the layer of sand deposited each year (the case at site

2).

Third, the results from the transplant experiment indicated that no ramets of the three perennial species

examined could overwinter and survive at site 1 ¢ven when the ramets were placed in fertile soil (Figure 4.5),
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Further, while the two large, perennial specics, Lythrum salicaria and Scirpus fluviatilis, both produccd significantly
less biomass when placed in sites of lower standing crop, increased soi! fentility did not affect this response (Figure
4.6). Therefore, for these species the standing crop gradicnt is not the result of an underlying nutrient stress gradient
and it is likely disturbance that prevents these specics from dominating the low standing crop sites. The smaller reed
species, Eleocharis erythropoda, was relaiively unaffected by the transplant site except in the extreme situation at
site 1. This species did not respond 10 increased soil fertility in sites 2 and 3, the two sites in which E. erythropoda
was most abundant (Figure 4.6). Although, E. erythropoda produced significantly more biomass in site 4 when
ramets were placed in fertile soil, it is likely that this species is normally excluded from this site because it is a poor
competitor. Based on this preliminary experiment and the supporting evidence cited above, it can be concluded that

the experimental standing crop gradient and the community composition patterns observed along this gradient were

likely the result of a natural disturbance gradient,
Disturbance Effects Along the Standing Crop Gradicnt

The results of this study indicated that the low standing crop wetlands with a history of disturbance were
less affected by a single disturbance event than were the high standing crop wetlands which did not have a history
of disturbance (Figures 4.8, 4.9, 4.10, 4.11). This result is in agreement with the generally accepted notion amongst
ecologists that systems that have been assembled in relatively unstable environments are more likely to resist new
disturbances, especially those that mimic historical disturbance events (Denstow 1985; Rapport et al. 1985), Wau
(1974) calls this the "Titanic effect”, in which the less likely a disaster is to occur, the more disastrous will be the
effects when it does. For example, Turner (1985) found that when surfgrass, Phyllospadix scouleri, was removed
from an otherwise rarely disturbed surfgrass bed, recovery over the 3 year experiment was shown to be very slow
with less than 1% recovery of space by P. scouleri. Similarly, tropical forests that are rarely subject to large-scale
disturbances are highly susceptible to clear-cut logging and may require several hundred years to recover (Denslow
1985). Conversely, fire-adapted systems such as the garrigue vegelation in southern France (Malanson and Trabaud

1987) and grasslands in North America (Loucks et al. 1985) both recover quickly from imposed burns. Even coral
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reels, which were previously thought to be highly stable systems, have shown rapid recovery times from severe
disturbances {(e.g., sca star predation, low tides) for which the system had a past history of exposure (Loya 1976;

Colgan 1987).

The resulls indicated that wetland communitics dominated by ruderal species or ruderal guilds were
disturbance tolerant and that wetland communities dominated by matrix stress tolerators or matrix clonal dominants
were disturbance intolerant. ‘This result is not surprising and is consistent with the theory of r- and K selection
(MacArthur and Wilson 1967) and Grime's (1979) C-S-R model. However, the expectation that ruderal species and
guilds would also be the major benefactors l‘fom a disturbance in a distarbance intolerant community was not
supported by the results of this study, For example, the two species at site 4 that demonstrated a sigﬁiﬁcam increase
in abundance after the removal treatment were Agrostis stolonifera, a matrix stress tolerator, and Phalaris
arundinacea, a matrix clonal dominant. No ruderal species or guilds had a significant increase in 2bundance in sites
4 and 5 after the removal treatment. This apparent anomaly was probably because the effects of the disturbance were
short-lived and not repeated. Therefore, the *window of opportunity’ was 100 narrow for ruderal species to disperse

to and colonize these sites.

Prior to the complete removal treatment, each experimental site except site 3 was dominated by one species
(Figure 4.9). Most of the observed short-ierm removal treatment effects at the community level of organization were
consistent with the prediction that a temporary release from dominance produces conditions which favour an increase
in species diversity (Grime 1979). In sites 1, 2 and 4, the complete removal treatment led to a significant short-term
increase in richness and/or evenness (Figure 4.7). However, the removal treatment had the opposite effect in site
3 where richness and evenness were high prior to the complete removal treatment. Within one growing season, the
dominant species had recovered in sites 1 and 2 and, as a consequence, no effects on richness or evenness were
observed on this or subsequent sampling dates. At site 4 the dominant species, Scirpus fluviatilis, was significantly
reduced by the removal treatment for the duration-of the experiment and, as expected, richness remained elevated

at this site for the 1987 growing season.
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The Importance of Scale

This study considered three levels of Biologicnl organization in assessing the effects of a disturbance to
wetland communitics arranged along a standing crop gradient. The resuls indicated that the effects of the
disturbance treatment were most strongly felt at the specics level of organization, the finest-grained level of
organization examined (Figures 4.10, 4,11, 4.12). At this level, the dominant species at each site were significantly
affected by the disturbance treatment and the effects were longer lasting, particularly in high standing crop sites
(Figure 4.9). However, at the highest level of organization examined, the community level, few disturbance effects
that persisted o the next growing season were observed (Figure 4.7). This trend was evident in spite of a general
decrease in the sensilivity of the data analyses at the lower levels of organization. For example, at the community
level of organization, most control-treatment differences of greater than 20% (Z > 1.2) were detected as significant
cffects. However, at the species level of organization, control-treatment differcnces of 20 - 40% (Z = 1.2 -1.4) were
rarcly detected as significant and in several cases differences of >100% (Z > i.O) were not detected as significant.
The decreased sensitivity of the analyses at the species level of organization was due o greater intra-treatment

variability and reduced signéﬁcancc of the pre-treatment covariate at this level,

The experimental results indicated that the effects of the disturbance treatment evident at the lowest level
of organization become incorporated in successively higher levels of organization (sensu O'Neill et al. 1986). For
example, at the species level of organization, Scirpus fluviatilis was significantly reduced as a result of the removal
treatment in site 4. S, fluviatilis belongs to the matrix stress tolerator guild. However, this guild was not affected
by the removal treaiment because another matrix stess tolerator species, Agrostis stolonifera, significantly increased
as a result of the removal treatment (Figure 4.9). A similar trend was described by Kimmerer and Allen (1982) in
their study of the bryophyte communitics on the cliffs of the Kickapoo River. In this study it was observed that the
factor determining patch composition within a given vegetation zone was the interval of time since the previous
disturbance. However, this faclor was incorporated at a higher level of organization, such that bryophyte zonation

patterns were not affected by time since the most recent disturbance, but were instead controlled by a higher level
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process, disturbance frequency. In chapter 3, it was obscrved that microsite differences in water depth could account
for within vegetation type variations in specics richness but that these effects were incorporated at the among
vegetation types level of organization. The results presented in this chapter indicated that microsite differences as
a result of localized disturbance cvents could also account for variations in specics richness at the community (or
within vegetation type) level of organization. However, these effects were not translated to predictable effects on

species richness al the among vegetation types level of organization,

The general effects of disturbance can be measured as resilience and stability. Resilience is the degree to
which & system's long-standing composition and structure can be disturbed and yet return to the normal operating
range (ensu Gulati 1989) and function as before (Holling 1973, 1977, 1986). By this definition, it is apparent that
at the species, guild and community levels of organization, the wetlands considered in this study were quite resilicnt
to the effects of a single disturbance treatment in which the above-ground vegetation was removed. In order to
compare the relative resilience of wetlands arranged along a d‘ismrbance gradient, a longer, more intense disturbance
regime than was used in this study would be required. Stability can be defined as the propensity of a system to resist
any departure from the normal operating range and, if disturbed, return rapidly to it with the least fluctuation (Holling
1973, 1977, 1986). In this smdy, the low standing crop wetlands with a history of disturbance were found to have
2 higher stability (higher resistance to disturbance, higher return rate following disturbance) than did the high
standing crop wetlands which did not have a previous history of disturbance (lower resistance to disturbance, lower
reiun rate following disturbance). However, this relationship was only evident at the fincr-grained levels of

organization and is thus scale dependent (Figure 4.13).

Ythe within vegetation type level of organization includes all communities in a landscape with the same dominant
specics - when discussing a single homogeneous site, the use of these terms are synonymous.
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FIGURE CAPTIONS
Figure 4.1. Layout of quadrats in the ficld experiment showing borders, pathways and distance between quadrals.

Figure 4.2. Mcan macronutrient levels (ug/g) in each of the five experimental wetland sites sampled on the Otlawa
River near Luskville, Quebec. The sites were arranged nlong a standing crop gradient with site 1 having the lowest

standing crop and site 5 having the highest standing crop.

Figure 4.3. Mean light intensity (microcinsteins/m’/sec) at ground leval in each of the five experimental wetland

sites. Readings were taken between 1230 and 1400 hours on a clear day.

Figure 4.4. The intensity of disturbance from ice scour and wave action during the 1987 spring high water period
at each of the five experimental wetland sites. Disturbance intensity was estimated by placing 50 pegs in the soil

snrface at each site in late apwmn, 1986 and enumerating the number of removed and broken pegs in spring, 1987.

Fipure 4.5. The number of survivors for each of three species from a one year transplant experiment in four of the
five experimental wetland sites. At each site, six ramets of each species were placed in one of two soil types: (i)

"native" soil from the transplant site, and (ii) "fertile” soil from site 5.

Figure 4.6. Mean total biomass of survivors for each of three species from the transplant experiment described in
figurc 4.5. There were no survivors in site 1. Significant differences (p < 0.05) in biomass are indicated for
comparisons between sites 2, 3 and 4 for each species. Significant differences in biomass as a result of sail type

treatment are indicated by a * symbal for each site and species (p < 0.05).

Figure 4.7. Mean (otal abundance of species (# contacts/m?), richness (# species/m?), and evenness in control and

complete removal treatments at cach of the five experimental wetland sites. The sampling dates were July, 1986

87



(#1, sites 1-5), October, 1986 (#2, sites 1-3), July, 1987 (#3, sites 1-5), Scptember, 1987 (#4, site 1), and July, 1988
(#5, sites 1-4). The complete removal treatment was conducted after the first sampling date. Significaat difterences

between control and removal treatments are indicated by a * symbol for each variable at cach site on each sampling

date (p < 0.05).

Figure 4.8, Mean relative abundance of seven functional guilds in control and complete removal treaiments at each
of the five experimental wetland sites. The sampling dates are the same as described in figure 4.7, Significant
differences between control and removal treatments are indicated by a * symbol for cach guild at each site on each

sampling date (p < 0.05).

Figure 4.9. Mean relative abundance of individual specics in control and complete removal treatments at each of
the: five wetland sites. Only those species which had at least 10% relative abundance on at least one sampling date
and which had a signficant response (p < 0.05) to the removal treatment are shown, The samﬁling dates are the same
as described in figure 4.7. Significant differences between control and removal wreatments are indicated by a *

symbol for each species at each site on each sampling date {p < 0.05).

Figure 4.10. The magnitude of effects as a result of the removal treatment (Z, see text for details) at the species
level of organization for the experimental wetland sites. Sites 1-5 were sampled onc growing scason alter the
removal treatment (July, 1987) and sites 1-4 were sampled two growing seasons after the removal treatment (July,
1988). A Spearman rank comrelation between Z and site standing crop was found to be significant for the 1987 (1,

=0.802; p < 0.0t) and 1988 {r, = 0.584; p < 0.05) growing scasons.

Figure 4.11. The magnitude of effects as a result of the removal treatment (Z} at the guild level of organization for
the experimental wetland sites. A Spearman rank correlation between Z and site standing crop was found to be

significant for the 1987 growing scason (r, = 0.477; p < 0.05), but not the 1988 growing scason (r, = 0.393; p >
0.05).
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Figure 4.12. The magnitude of effects as a result of the removal treatment (Z) at the community level of
organization for the experimental wetland sites, The three communitly variables inciuded were total number of
contacts (triangles), richness (squares) and <venness (circles). When all thiree variables were considered together,
the Spearman rank correlation was found e be not significant for both the 1987 (r, = 0.320; p > 0.05) and 1988 (r,

= 0.091; p > 0.05) growing scasons.

Figure 4.13. A summary model describing -ue predicted level of effects for differcnt Ievels of organization to a
disturbance event in herbaceous communitics arranged along a disturbance gradient. In general, plant communities
which arc regularly exposed to disturbance are expected to be much less affectcd by a single disturbance event than
arc communitics not regularly exposed to disturbance. The effects of the disturbance event are predicted to be
greater at finer levels of organization (specics > guild > community). In addition, the cfiects of the disturbance event

arc expecled to decrease as time from the disturbance event increases.
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FIGURE 4.6
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FIGURE 4.10
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CHAPTER 5

IMPLICATIONS FOR THE CONSERVATION AND

MANAGEMENT OF WETLANDS

%0



“The first rule of intelligent tinkering is to save all the parts.”

Thomas Lovejoy
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INTRODUCTION

Wetland losses duc to human exploitation have been extensive in the last century. In spite of their many
ccological, economic and social values, more than 50% of original wetland areas have been lost in the United States
{(Frayer et al. 1983) and Southern Canada (Lynch-Siewart 1983; Bardecki 1984; van Patier and Hilts 1985). Though
attitudes have shified to conservation rather than exploitation of wetlands, conflicts with agriculture, industry, cottage
development and urban sprawl arc inevitable, Therefore it is of primary importance that clear scientific criteria be

utilized for sctting priorities in selecting wellands for conservation (McCormick 1978).

Much rescarch into the functioning of wetlands has focussed on cyclically disturbed wetlands (e.g., van der
Valk and Davis 1976, 1978: van der Valk 1981; Pederson and van der Valk 1984; Keddy and Reznicek 1982, 1986).
Such wetlands require cyclical disturbance to permit regeneration from buried seeds. Much of this research has been
done in prairic potholes (Pederson and van der Valk 1984). As a consequence, current w;zlland evaluation and
management practices are often based on principles derived from this rather narrow range of wetland systems (e.g.,
Weller 1978; Pederson and van der Valk 1984). However, there is another class of wetlands typified by chronically
low standing crop. The low standing crop of thcsc*wetlands may be the result of any number of factors (e.g., soil
infertility, exposure to waves or ice scour, sand deposition) but, in general, these wetlands are characierized by plants
of small stature (e.g., Keddy 1981, 1983, 1985; Boston and Adams 1987; Day et al. 1988; see examples in Table

5.1).

Low standing crop wetlands have been found to contain a wide array of species morphologies (e.g., reeds,
isoctids, insectivorous species) and life history types (annuals and perennials)(Table 5.1). Table 5.1 shows that many
low standing crop wetlands in eastern Canada contain isoetid and insectivorous plant specics, both of which may be
an indicator of poor soil fertility (Givnish ef al. ‘1984: Boston and Adams 1987). Other low standing crop wetlands,

such as those found at siles 1 and 2 at Luskville (sce chapter 4), are dominated by ruderal plant species characteristic
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of highly disturbed sites. At present, we lack the necessary information 1o make appropriale conservation and

management decisions concerning low standing crop wetlands,

If the ultimate goal of nawre conscrvation is o prescrve genctic diversity as stated in the World
Conservation Strategy (International Union for the Conscrvation of Nature and Natural Resources 1980), then the
most efficient means of reaching this goal is o conserve systems with high specics richness and numerous rare
species. In fact, tradition! methods of ecological site evaluations have included species richness and number of rare
species as important selection criteria (Margules and Usher 1981). More recent studics have emphasized community
species composilion as an important selection criterion, the goal being to preserve the maximum range of vcgcla.tion
types (Nilsson 1986). The purpose of this chapter is to compare a large number of wetlands in eastern Canada which
vary in standing crop and represent much of the variation in Temperate zone wetlands, The dependent variables of
species richness, number of raru species, and number of vegetation types will be uscd to determing the relative value
of low standing crop wetlands in wetland conservation. The management implications of the experimental

microcosm (Chapter 3) and field (Chapter 4) studies will also be discussed for low standing crop wetlands.
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CONSERVATION VALUE OF LOW STANDING CROP WETLANDS

Study Locations and Descriptive Surveys

The three primary study locations at Prcsqﬁ'ilc, Westmeath, and Luskville were described in chapter 1.
Additional wetlands were also surveyed at Wilsons Lake in the Tusket River valley of Nova Scotia (43°55‘N. 65°
53*'W)(Wishcu 1987) and in 22 sites on the Canadian Shicld in the Georgian Bay area of Ontario. These wetlands
were found on lake shorelines and were also characterized by low standing crop. Corresponding high standing crop
wellands were not surveyed at these locations as was done at the three primary study locations. The descriptive
surveys conducted at Presqu'ile, Westmeath and Luskville were described in chapter 1. At Wilsons Lake, the species
present in each of 119 quadrats (0.25 m x 1.0 m) arranged along a standing crop gradient were determined during
1-26 August, 1984. In the Georgian Bay arca a total of 57 0.5 1n x 0.5 m quadrats were randomly located and
sampled from 22 lakes during 19 - 27 August, 1987. In each quadrat, the species present within each of nine
cquivalent subdivisions were recorded. Quadrat standing crop at both of these additional locations was then
determined as previcusly described in chapter 1. All voucher specimans were deposited at the DAQ herbarium

Py

cxcept those from the Georgian Bay locations which were deposited at the University of Toronto herbarium,

Species richness was calculated as the number of species per 0.25 m*quadrat and the results ploted against
quadrat standing crop for all 401 quadrats. Nationally rare plant spcies were determined by reference to The Rare
Vascular Plants of Canada (Argus and Pryer, unpubl). The number of rare plant species per 0.25m? quadrat was
then calculated and the results plotted against quadrat standing crop for all 401 quadrats. The methods used to
determine the relationship between number of vegetation types and standing crop were previously described in

chapter 1,
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Species Richness, Number of Rare Species and Number of Vegetation Types

At very low standing crop (1 - 25 g/m® specics richness varied from 2 - 12 species (Figure 5.1). As
standing crop increased, specics richness rapidly increased 10 a maximum of 12 - 20 specics between 60 to 400 g/m?
Above 400 g/m? species richness gradually declined to 2 - 6 species at high standing crop (>600 g/m?). Figure 5.2
indicates that the low standing crop wetlands surveyed often had many nationally rare species while high standing
crop wetlands did not (>600 g/m®). Furiher, scveral of the rare species encountered are not only nationally rare but
are threatened (¢.g., Sabatia kennedyana Femald) or endangered (e.g., Coreopsis rosea Nutt.) in Canada (Argus and
Pryer, unpubl.). The rare species encountered in this study are listed in table 5.2 along with their current national
status. In low standing crop wetlands, almost every wetland observed had a unique vegetation type as was described

in chapter 1 {Figure 1.1).

These results clearly indicate that low standing crop wetlands have a much higher conscrvation value than
do high standing crop wetlands. Therefore, if the goal of preserving genetic diversity (International Union for the
Conservation of Nature and Natural Resources, 1980) is to be realized, then low standing crop wetlands must be

<

given high conservation priority.
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MANAGEMENT OF LOW STANDING CROP WETLANDS

There arc three major threats to the low standing crop wetlands described in this thesis other than from
direct habitat losses (e.g., to infilling, drainage, cic.). These are: (1) human disturbances (e.g., trampling, all-terrain
vehicles), (2) eutrophication, and (3) invasion by Lythrum salicaria, Each of these will be discussed in turn with

data included from the microcosm and field experiments where appropriate.

Human Disturbances

The low standing crop wetlands examined in this thesis can be divided into two classes to describe their
predicted response 10 human diswrbances: infertile and disturbed wetlands. Plant species of infertile wetlands share
a number of characteristics important in their response to human distarbances. For instance, infertile wetland species
arc often evergreen (Boston 1986; Boston and Adams 1987; Keddy and Wisheu 1989; Wisheu and Keddy 1989),
have relatively low growth rates (Shipley and Keddy 1988) and are small (Wishen 1987). Therelore, these species

can be classified as stress-tolerators (sensu Grime 1977; Boston and Adams 1987). In general, habitats dominated

<o

by stress-lolerators are sensitive to and recover very slowly from disturbance events (Thorhaug 1980), in part because
of the inherently slow growth rates of stress tolerators (Grime 1979). For example, Hylgaard and Liddle (1981)
demonstrated that a Danish sand dune plant community experienced a 50% reduction in plant cover and a2 75%
reduction in number of species with a relatively light trampling regime of 200 passages by one person spread over
3-4 months. Keddy and Wishcu (1989} found that all-terrain vehicles eliminated 90% of one of the largest remaining
stands of a threatened infeniile wedand specics, Sabatia kennedyana. Further, Keddy et al. (1989) found that infertile
wetland sced banks were reduced in sites damaged by all-terrain vehicles (550 seeds/m? in damaged sites versus
10,000 sceds/m? in intact sites). Together, these studies demonstrate that infentile wetlands are very sensitive to the

effects of human disturbances both in the initial damage phase and in the slow recovery period afterwards.

96



Low standing crop sites may also occur in relatively fertile conditions in highly disturbed arcas. Sites )
and 2 at the Luskville study location are examples of these types of wetlands,  Typically, these wetinds are
dominated by annual species with rapid growth rates and large seed banks. The results from chapter 4 indicate that
low standing crop wettands dominated by annual specics are tolerant of disturbances such as the removal of above
ground vegetation. Thus, the sensitivity of low standing crop wetlands (o disturbance is variable. This variability
emphasizes the point raised earlier - wetland management based on the principles of a narrow range. of wetlands (i.c.,

cyclically disturbed wetlands) are not appropriate for all wetlands.

Eutrcphication

Many low standing crop wetlands are also being subjected to increasing cutrophication pressures as a result
of agricultural runoff, sewage and, in some cases, by direct fertilizer applications by wetland managers. The negative
elfects of nutrient loading on aquatic communities have been well docunientcd (c.g., UC 1980), but the elfects of
cutrophication on wetlands have received less attention. Previous studies have indicated that nutricnt loading in
previously infertile systems has the effect of reducing species richness (Silvertown 1980; Tilman 1987) and
converting unique vegetation types to types which ax; more commonly observed (Ehrenfeld 1983; Morgan and Phillip
1986; Tilman 1987). Many rare species which are usually of small stature will also be competitively ¢liminated by
large, rapidly growing species such as Typha spp. (Wilson and Kcddy 1986; Gaudet and Keddy 1988). The
‘centrifugal organization’ model of wetlands shown in Figure 1.1 illustrates these points. As fertility and standing
crop increase, vegetation types converge on the central region of Typha dominance. Because Typha is a large clonal
perennial, it competitively eliminates the smaller, less aggressive low standing crop wetland species including those

species which are rare, threatened or endangered (Table 5.3). Therefore, species typical of inferiile wetlands will

progressively disappear from the landscape as eutrophication continues,

The effects of fertility level on speciesrichness in a wetland microcosm experiment was described in chapter

3. The results indicated that by the end of the second growing scason, species richness was much lower in the
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*fertile’ treatments for all twelve habitat treatments (Figure 3.3). Qualilative observations suggest that it was the
smaller plant species which were being climinated from the *fentile’ treatments by larger, more aggresive specics.
Therefore, this study demonstrated the potential negative effects of eutrophication on low standing crop wetlands.

Lythrum salicaria

Lythrum salicaria is a tall, perennial European species thal is rapidly invading native wcllz_mds and forming
dense, self-perpetuating stands, At preseat, approximately 190,000 hectares of welands are lost 1o L. salicaria per
year in the United States alone (Keddy 1988). Further, it appears that not only is species richness being reduced
in native wetlands by invasion of L. salicaria, but many rare species are also being eliminated. Personal observations
indicates that L. salicaria can invade a wide range of wetland habitats including wet ditches, riverine shoreliues and
cattail marshes. However, it is not known what impacts, if any, L. salicaria is likely to have on low standing crop

wetlands.

In the microcosm experiment described in chapter 3, L. salicaria was included in all treatments. In the first
growing scason (1987);[.. salicaria became mlabl.ished in most treatments but, in general, was not a major
component of the végclau'on. However, by the second growing season (1988), L. salicaria had dramatically
increased in abundance in all weatments except those that were flooded for ali or part of the growing season (Figure
5.3). In terms of absolute abundance, L. salicaria produced more biomass in *fertile’ weatments. However, relative
to the other species present, L. salicaria experienced the same dramatic increases in abundance in both the ’fertile’
and ‘infertile’ treatments. Given that mature L. salicaria plants can survive for up to 20 years and produce
2,000,000 sceds per year (Keddy 1988), it scems certain that these trends are likely to continue until most other

species have been climinated,

Further evidence from field experiments confirms the threat posed by L. salicaria to low standing crop (and
high standing crop) wetlands, Figure 5.4 shows that in a wide range of wetland habitats along the Ottawa River;

L. salicaria seedlings were far more abundant than seedlings of native species. Only in the deeper water,
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Sparganium dominated habitats were L. salicaria seedlings occurring in relatively low numbers. Figure 5.5 shows
that L. salicaria has been increasing in abundance in a wide range of native wetland habitats over the last three
growing scasons. These increases occurred in both low standing crop (e.g., Eleocharis erythropoda site) and high
standing crop (e.g., Scirpus fluviatilis site) wetlands and in both disturbed and control treatments. Together, the
results of the microcosm and field experiments demonstrate that L. salicaria poses a major threat to low standing

crop wetlands,
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IMPLICATIONS

Most wetland evaluations wend to favour fertile, high standing crop wetlands particularly in cases where low
standing crop wetlands do not have rare specics (¢.g., Ontario Minisury of Natural Resources 1983).  Simitarly,
management strategics are often designed to produce high standing crop wetlands (e.g., by fertilization) as a means
of maximizing wildlifc productivity (e.g., Weller 1978). However, the results presented in this chapter clearly
demonstrate that low standing crop wetlands have high conservation value and therefore conservation priorities and
management stralegics need to adjusted to better reflect this value and to better reflect the priorities of the World

Conscrvation Strategy.

The three major threats 10 low standing crop wetlands ountlined in this chapter are not easily climinated.
However, several measures are possible. (1) In arcas where significant low standing crop wetlands occur, particularly
infertile wetlands, human traffic must be kept at a low level and the use of all-terrain vehicles eliminated altogether,
In provincial and federal parks, this measure can best be achieved by declaring infertile, low standing crop wetlands
as nature reserves and providing adequate buffer zones. (2) To preserv.e low standing crop wetlands in their present
stawe requires dealing with the indirect cuu'ophicatio: 'cffccts from agricultural runoff and sewage. This is a difficult
problem for the wetland manager. Purchasing buffer zones around low standing crop wetlands is one possible
measure which could prevent unwanted nutrient enrichment. Managing watersheds to minimize eutrophication is
discussed in IC (1980). (3) Pechaps the most difficult problem with regards to low standing crop wetlands is how
to prevent the invasion and establishment of Lythrum salicaria. No reliable means of eliminating L. salicaria, once
present, has yet been demonstrated, although prolonged flooding may be an effective measure in certain habitats.
However, flooding and other drastic treatments (e.g., chemical spraying) are likely to have severe negative impacts
on the native vegetation and thus are probably unsuitable. With possible biological control of L. salicaria years
away, it scems that preventative measures are the only measures likely 1o be effective. These include: (i) regular
surveys of low standing crop wetlands to find L. salicaria before it becomes established and (ii) immediate

climination of L. salicaria when found (e.g., by handpulling or contact herbicides).
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Figure 5.2 speaks louder than any words could on the essential importance of conserving low standing crop
wetlands o protect rare and endangered species. This function of wetlands, one of the three pillars of the World
Conservation Strategy, needs greater emphasis.  Changing public autitudes about the value of low standing crop
wetlands, and reducing the threats to them are high priorities to cnable us to develop a truly representative system

of protected wetland habitats in Canada.

o
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Table 5.1, Variation in life form and life history type in various wetlands with low standing crop. Specics

nomenclature follows Gleason and Cronquist (1963) except where authorities are given.

Low stunding crop

wetlands

Annual specivs

Reeds?

Isoetids*

Insectivorous species!

Nova Scoun
Giliillun L

Wilsons L.f

Ontirio

Axc L4

Ouawa R

Presqu'ile f

Westmeath /

Elatine minima

Bidens sp.

Aristida fongespicy
Bidens cormua

8. frondunsa

Panicum flexile

Scleriu verticillata
Sporoholus vaginiflorus

Biidens cernna

B. fromdosa

Fimbristelis autumnalis
Gratiola neglecia
Impatiens cupensis Meerb,
Lidwigia pualusiris
Polygonum lapathifolivm
. neglection Bess,

P. persicariu

Sporoholus vaginiflorus

Eleocharis smallii Britl,
E. temiis

Equisctum arvense

E. fiuviatite

Juncus filiformis

Eleocharix rabbinsii
E. smallii Brin,

E. tenuis
Equisetum fluviatile
Juncus filiformis
Scirpus validus

Eleocharis smallii Britl.
Juncus filiformis
Scirpus torrevi

ot

Eleacharis erythropada
E. smallii Briw.
Equisctum fluviatile
Scirpus acutus

S. americanus

Eleocharis elliptica Kunth.

Eynisenem fuviatile

E. varicguatim

Junicns alpinsarticulutus
Choix. ex. Vill.

J. balticus

Riynchospora capiflacea

Scirpus americunus

Eleacharis elliptica Kunth,
E. smuallii Briu.

Equisetum fluviatile
Svirpus acnius

S. americanus 1062

Eleochuris aciculuris
Eriocaulon sepiangulare
Gratiola aureq

Isoetes acadiensis Kotw,
Juncus pelocarpus
Lobelia dortmannu
Lycopodium inundarum®
Ranunculus reprans L,
Sabatia kennedvana
Xyris difformis Chupm.®

Eleocharis aciculuris
Eriocaulon septangulare
Isoetes tuckermuni A. Br.
Juncus pelocarpus
Lobelia dorimanna
Lycopodium inundatun®
Myriophytlum tenellum
Ranunculus reptens L.
Sabatia kennvdyana
Xyris difformis Chapm.®

Eriocaulon septangulare
Juncus pelocarpus
Lobelia dortmunna
Lycopodium inundatum®
Myriophyllum tenellum

Xyris difformis Chapm.®

Eleocharis aciculuris
Eriacaulon septanguiare
Isvetes echinospory
Juncus pelocarpus
Muyriophyllum tenellum
Potamogeton gramineus
Ranunculus reptans L.
Sagitraria graminea

Carex aurea®
Parnassia glavea®

Eleacharis aciculuris
Erivcanlon septangulure
Juncus pelocarpus
Rammenlus reprans L.,

Drosera intermedia
D. rotundifolia
Sarracenia purpurea
Utricularia cornuta
U, gentiniscapa

U. subnlata

U. viigaris

Drosera intermedia
D. rowundifolia®
Utricularia cormuta
U. purpurea®

U. resupinata

U. vulgaris*

Drosera imermedia
D. rowndifolia®
Utricularia cornuta
U. gibba

U. intermedia

U. purpurea

U. resupinata

U. vulgaris

Utricularia minor

Drosera intermedia®*
Utricularia cornuta®®
U, vulgaris**




Low standing crop Annual species Reeds* Asoetids

Insectivorous species'

wetlunds
Quebeg Bidens cernua Eleocharis acicularis Eleochuris aciculuris

Luskville/ 8. frondosa E. erythropoda
Cuallitriche deflexa E. smallii Britt.
Cyperus aristatus Equisetum fluviatile
C. diandrus Juncus bufonius
C. rivularis J. effisus
Eleacharis obtusa Sch. J. nodosus
Gnaphalium uliginosum Scirpus acutus
Juncus bufonius S. americanus

Lindernia dubia
Panicum capitlare
Xantlium strumarium

* Species nomenclature follows Gleason & Cronquist (1963) except where authorities are given.
* Unpublished dala analysed in Keddy (1984).

* Wisheu (1987); see also Keddy (1985).

4 Keddy (1981); see alsc Keddy {1983).

*Day et al. (1988).

fC. Gaudet, D. Moore & P. Keddy (unpublished data}.

* As defined in Day et af. (1988); ‘leafless’ shoots.'

*From Table 1 in Boston & Adams (1987); * similar speciés.

! * personal observations; ** unpublished reports.
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Table 5.2. Mcan macronutrient levels (ppm) and mean above ground standing crop {g/0.25 m¥)(n=15) in cach of

five wetland sites sampled at cach of three swudy locations (Presqu'ile, Westmeath and Luskville):.

Location Sunding Crop NQ, P K Mg
Presqu'ile
1 17.8 7.33 L13 173 433
2 670 9.07 133 345 699
3 868 780 100 352 539
4 173.1 8.93 1.00 527 631
5 4216 920 420 155 329
Westmeath
1 40 1800 327 367 743
2 545 707 527 383 1305
3 1319 787 1940 625 2437
4 163.0 1640 1093 590 3450
5 3158 2733 2573 934 2389
Luskville
1 327 693 680 569 1912
2 40.0 493 873 620 1873
3 923 507 527 1323 3266
4 124.6 11.60 967 1503 3830
5 2. 1573 1567 1594 3869

S

' the data from the three study locations were collected at different points in the growing season and in different years
and therefore caution should be exercised when comparing between Presqu’ile, Westmeath and Luskville.
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Table 5.3. The current status of rare specics from over twenty wetlands sumpied in Ontario, Quebec and Nova

Scotia, Specics nomenclature follows Gleason & Cronquist (1963) except where authoritics are given,

Location Specics Status
Nova Scotia
Wilsons Lake Coreopsis rosea h
Solidago galetorum *
Habenaria flava .
Hydrocotyle umbellata A
Panicum longifolium *
Rhexia virginica *
Sabatia kennedyana b
Xyris difformis Chapm, *
Ontario
Georgian Bay arca Panicum’ rigidulum Nees,
var. rigidulum *
Rhexia virginica *
Xyris difformis Chapm, *
Presqu’ile Aristida longespica *
Scleria verticillata *
Westmeath - --
Quebec
Luskville Lindernia dubia *

* Nationally rare
** Nationally threatened
*** Nationally cndangered
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FIGURE CAPTIONS

Figure 5.1. Specics richness versus standing crop in 401 0.25 m?* quadrats from wetlands located in Ontario
(Presqu'ile Provincial Park, Westmeath and near Georgian Bay), in Quebee (Luskville marshes) and in Nova Scotia

(Wilsons Lakc),

Figure 5.2. Number of nationally rarc species versus standing crop in each of 401 quadrats from wetlands located

in Ontario, Quebec and Nova Scotia.

Figure 5.3. Percent Lythrum salicaria cover changes over a two year period in twelve wetland habitat reatments
cach duplicated at two fertility levels (‘infentile’, 'fertile’}(n = 5). See the text of chapter 3 for 2 more complete

description of the wetland habitat treaiments and the experimental design.

Figure 5.4, Densitics (N0./0.25 m?) of the three most common species of seedlings in eight vegetation types found
along the Ottawa River (data from Day et al, 1988). Dominant genera in cach of the vegetation types are indicated.
Figure 5.5. Percent Lythrum salicaria cover changes over a three year period in each of five vegetation types along
the Ottawa River, The arrow indicates the timing of a complete removal of above-ground vegetation in the disturbed
treatments {n = 5). The dominant species in each vegetation type are indicated. Standing crop and soil fertility are

lowest at the top left of the figure and increase to the highest levels at the bottom right of the figure,
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FIGURE 5.5
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GENERAL SUMMARY

The first major conclusion from this thesis is that models of pattern and process in plant communitics have
limitations defined by the level of organization for which they are applicable. Grime's species richness/standing crop
model has received much suppont in studies which considered a broad range of vegetation types, that is, at the among
vegelation types level of organization. However, the model was found to have no predictive power when a single
vegelation type was considered. At this finer-grained level of organization, other features of the local environment
such as microsite differences or time since the most recent disturbance were shown (o be more uscful vartables for
predicting species richness.  Similarly, at a much coarser-grained level of organization, the global level, the
independent variables which have been shown to best predict species richness and number of vegetation types were

climatic variables such as evapotranspiration and geographical variables such as degree of isolation.

The second major conclusion from this thesis is that processes acting at one level of organization are not
likely to be transmitted to higher levels of organization. For example, a single disturbance event in wetlands was
shown to have large cifects on the abundance of individual species, particularly in high standing crop wetlands.
However, the clfects of the disturbance treatment wcrc reduced at the next highest level of organization, the guild
level. The disturbance treatment had litle effect on community level variables such as species richness and evenness.
In essence, increases in the abundance of one species were "balanced” by decreases in the abundance of another

species from the same guild. Thus, the effects of the disturbance treatment were not transmitted to higher levels of

organization.

The two conclusions reached above are two of the major principles embodied by hicrarchy theory, Many
of the past sterile debates in ecology occurred because groups studying diiferent scales interacted without first
specifying the level of organization which they were exploring. Future progress in ecology hinges on the willingness
of ccologists to accept the principles of hierarchy theory, and to use these principles in dcvelobing models of pattern

and process.
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