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ABSTRACT

It has been widely assumed that the diversity of coastal wetland plants and communities of
Lake Ontario has been negatively impacted by water level regulation. To assess the validity
of this statement I created a spatial model that determines the effect of lake level regulation
on wetland plant communities via plant response data. The model considers hydrology and
plant response in relation to microtopography, in two coastal wetlands on the eastern shore
of Lake Ontario: a medium fen and a freshwater marsh with fen elements. The model
results showed an expansion of swamp and 7jphe communities, in the medium fen and
marsh, respectively, similar to that seen in aenial photos from 1938 to 2001, seemingly
validating the original hypothesis. However, running the model with three 40-year
hypothetical lake level scenarios suggested that the current regulation plan would preserve a
larger portion of open fen habitat than the more natural scenarios with lengthy drawdowns.
Though the lake level regulation plan may have been beneficial for coastal fens and their
associated rare plants, it could possibly be modified to better meet the needs of all biotic
communities along the Lake Ontario shore.
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INTRODUCTION
Great Lake coastal wetlands are pulse-stabilized systems (Keough et al. 1999, Wilcox

and Whillans 1999), having developed under large lake hydrologic conditions and
disturbance regimes at several spatio-temporal scales. Under natural conditions, stable
woody and aquatic macrophyte plant communities are limited to relatively small areas at the
extreme opposite ends of the inundation gradient, leaving a large intermediate disturbance
area in between where diverse communities can develop (Wilcox and Whillans 1999). The
combined disturbances of seiches, storms, and interannual and decadal water-level
fluctuations historically maintained distinct communities within Great Lake wetlands (e.g.
swamp, wet meadow, marsh, and aquatic; Keddy 1990).

Since plans for construction of the Moses-Saunders Dam (Massena, NY) on the
Saint Lawrence River began, there have been serious concerns about how water level
regulation would affect the patterns and processes of Lake Ontario and Saint Lawrence
River shoreline wetlands (Dore and Gillett 1955). Outflow regulation, beginning in 1959,
greatly altered the hydrology of Lake Ontario and the Saint Lawrence River. Current lake
level management plans aim for monthly means, eliminating much annual and virtually all
interannual and decadal fluctuation (Busch 1990; Figure 1). The current conditions benefit
certain species, such as Typhu x gaua in emergent marshes and Ceratophyllum demrersumand
some Myrigphyllum species in aquatic beds, allowing them to dominate many wetlands (Busch
et al. 1990). Several authors have related the stabilization of water regimes to monospecific
dominance and to the expansion of species that benefit from stable water levels at the
expense of more disturbance adapted systems (Wilcox 1995, Wilcox and Meeker 1991, Jean

and Bouchard 1993, Keddy 1990).
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Figure 1. Lake Ontario hydrograph since 1938. Since 1960 water level regulation

has reduced fluctuation. The vertical line marks the beginning of regulation.

Though numerous ecologists have addressed the effects of changing water depth on
wetland plants (e.g. Harris and Marshall 1963, Auclair et al. 1973, Mallik and Wein 1986),
Van der Valk (1981) was one of the first to present a systematic, qualitative model of
wetland plant response to water level. His model stressed the importance of establishment
requirements, life span and propagule longevity in predicting the composition of future
wetland vegetation, making a clear dichotomy between species that germinate under flooded
versus draw down conditions, and between species that persist in the seed bank versus those
that are dispersal dependent. Van der Valk developed this model for prairie pothole
wetlands, which are fairly simple systems, devoid of woody species, that developed under the
influence of clear cycles of flooding and drawdown caused by the regional climate of the

northern Great Plains.



Orhers have since addressed water level responses of wetland species. Keddyand
Ellis (1985) performed an experiment to determine if shoreline wetland species had specific
depth preferences when germinated along a gradient from inundated soil to exposed shore.
They tested germination of 11 species in water depths ranging from 10 cm above the
sediment surface to five centimeters below. They found that some of the species germinated
equally well across the gradient while others showed a preference for a specific depth range.

Later, a general model emerged that outlined the main structuring processes of Great
Lake wetlands. Keddy and Reznicek (1986) emphasized the effect of fluctuating water levels
on shoreline plant communities of the Great Lakes. In their model, water levels alternately
expose sediment when low and kill woody plants when high, creating gaps for seedling
germination and controlling the areal extent of stability-adapted species (aquatic
macrophytes and woody plants) within the wetland. Keddy (1990) elaborated on these
concepts, proposing a qualitative model of vegetation in lakeshore wetlands as a function of
water level fluctuations (Figure 2), as part of a larger model including other types of
disturbance as drivers of wetland dynamics.

A fine-scale, quantitative model of Great Lakes coastal wetland dynamics would be
useful to fill a gap in wetland modeling research. To date, most models of wetland
vegetation have been qualitative, perhaps limiting their direct applications. The few
exceptions have dealt with structurally simple systems, such as prairie pothole wetlands
(Poiani and Johnson 1993), wet meadows (Ellison and Bedford 1995), or reservoir shoreline
communities (Nilsson and Keddy 1988). These models were spatially coarse regarding both
vegetation and topography. The Everglades Landscape Model (ELM; SFWMD 2001) dealt
quantitatively with the vegetation and hydrology of the Everglades system. However, the

ELM was also spatially coarse, out of necessity, as the authors had such a large systemto



model. In some wetland types though, such as bogs, fens, swamps and wet meadows,
microtopography (i.e. hummock-hollow topopgraphy) can be an important factor in
determining how plant communities will react to changes in water level (Ehrenfeld 1995).
Hummocks will be inundated for shorter periods than hollows, allowing plants adapted to
differing water regimes to survive in close proximity to one another, increasing the diversity
of the system and greatly affecting how the separate communities will react to the same

water level event.

amplitude of
long term
waoter level
fluctuations

aquatic

Figure 2. Keddy’s (1990) qualitative model of wetland community regulation by water level.
Under natural conditions (top) a more diverse array of species may coexist. With smaller

water level fluctuations species and communities adapted to stability predominate.

A quantitative model of a Great Lake wetland would also be useful as past
management scenarios for Lake Ontario water levels have focused on commercial and

recreational uses of the lake, largely ignoring the natural communities associated with 1t



(Busch 1990). Shoreline fens, such as those found in some areas along the Lake Ontario
shore, are generally recognized as medium fens by the New York Natural Hentage Program
(NYNHP) (G3G4/S283; Olivero 2001). They are uncommon systems that often contain
rare species, such as the bog buckmoth (Heraleua sp.) at Rainbow Shores fen, and have
received little artention from researchers (Olivero 2001). A quantitative model of hydrologic
and vegetative processes in Lake Ontario coastal wetlands could increase our understanding
of these systems, and of Great Lake wetlands in general, and help direct future management
scenarios for the lake and its associated wetlands.

Because of the afore-mentioned gaps in wetland research, especially for Great Lake
systems, I planned a study with two objectives: 1) to produce a spatial model capable of
determining changes in wetland vegetation as a function of water level, and 2) to calibrate
and validate this model using actual data from two Lake Ontario wetlands, one of which is a
coastal fen (Olivero 2001) and another that has fen-like components (preliminary fieldwork;
Hotaling and Kelsall unpublished). Based upon the literature cited above, I expect that there
has been an expansion of stability-adapted species/ communities (competitor species: Gnme
1977) in these wetlands at the expense of those adapted to fill gaps caused by larger water

level fluctuations (ruderal species: Grime 1977).

STUDY SITE DESCRIPTION

The wetlands used in this study are located on the eastern shore of Lake Ontario,
adjacent to two embayments in northem Oswego County, NY, between 76.20° W and
76.16° W longitude and 43.61° N and 43.64° N latitude (Figure 3). South Pond fen (50.5

ha) is located on the southern shore of South Sandy Pond and is bounded on the northwest

by an upland ridge and prominence that largely separate it from the pond. To the southwest



the fen is bounded by a road berm that separates it from Rainbow Shores fen and Lake
Ontario. To the southeast the fen is bounded by upland and to the northeast it is open to
South Sandy Pond (Figure 4). South Pond fen has essentally four community types,
including: graminoid emergent vegetaton, low ericaccous fen, tall shrub fen, and swamp

(preliminary fieldwork; Hotaling and Kelsall unpublished).

North Pond Little Sandy

Creek wetland

Little Sandy Creek

Lake
Ontario

South Pond

South Pond fen

N

900 0 900 1800 Meters A

Figure 3. Study wetlands in relation to Lake Ontario, North Pond and South Pond. In the

inset is shown the location of the wetland (box) on the eastern shore of Lake Ontario.






