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upland species such as Abutilon theophrasti Medikus.
The timing of exposure of mudflats in 1996 also al-
lowed airborne seeds of Populus deltoides Marshall,
Salix cordata Michx., S. exigua Nutt., and S. fragilis
L. to germinate and grow across large areas of the
wetland. The invasion of trees prompted experimental
management actions by ODW. Portions of the tree-
dominated areas were cut during the drawdown in
1997, and portions were sprayed with 2, 4-D in 1998
and 1999. Some Lythrum salicaria was sprayed with
glyphosate in 1997. On USFWS property, an experi-
mental planting of Vallisneria americana tubers was
conducted in 1997 in water approximately 20 to 50 cm
deep, and exclosures made by stringing mylar tape be-
tween metal posts were tested in water <10 cm deep
where herbivory on Typha seedlings by Canada geese
was observed.

The wetland was reflooded in 1998 without lake
connection, and the control structure was opened in
March 1999. The water-control structure was designed
with five 2-m-wide channels that can be closed indi-
vidually. The size of the openings was based on cal-
culations of the potential flow rates between the lake
and the wetland that could be driven by seiches on the
lake, given the volume of the wetland, the hydrologic
head created by the seiche, and the period of the
seiche. Seiches with an amplitude of about 0.2 m and
period of about 14 hr occur regularly, with larger
seiches of about 1.5-m amplitude and 18- to 24-hr pe-
riod occurring occasionally. Sudden, storm-driven
seiches have also resulted in water-level changes of
about (.75 m in 4 to 5 hours. Sizing of the opening
was intended to prevent major dewalering and flooding
within the wetland that could affect fish-spawning or
bird-nesting areas. In reality, the water-control struc-
ture mediates the seiche effect just as the natural open-
ing in the barrier beach once did. The 5-channel design
provides an optien for management changes when en-
gineering plans are tested by actual conditions.

The water-control structure also contains an exper-
imental fish-control system that allows direct wetland
access by most small fish, yet restricts access by large
common carp while allowing passage of other large
fish. Each of the three central channels is spanned by
a grate containing vertical bars spaced 5 cm apart (with
cross-bars for stability). The design was based on stud-
ies at Cootes Paradise marsh on Lake Ontario indicat-
ing that 95% of the common carp seeking to enter the
wetland would be excluded (V. Cairns, pers. comm.).
The two outer channels contain fish passageways, one
for fish moving into the marsh and one for fish moving
to the lake. The entry side of each passageway can be
fitted with experimental grates of sizes and shapes that
allow larger fish, such as northern pike to pass
through, while minimizing the numbers of common

carp that gain entry, based on differences in body size
and shape (French et al. 1999). The exit side of the
passageway for entering the wetland is fitted with 5-
cm vertical grates to prevent comnumnon carp from pro-
ceeding into the wetland. The passageways each con-
tain fish baskets that can be lifted with an electric
hoist. The entry fish basket is operated daily during
open water scasons to capture, count, and measure fish
and selectively move all but common carp into the
wetland. The exit fish passageway is operated as nec-
essary to monitor and move large fish out of the wet-
land. The ability to change grates at both cnds of the
passageways also provides opportunities to study other
sizes and shapes of fish that move in and out of the
wetland.,

Pre-restoration studies were completed to measure
physical attributes (such as bathymetry) and to char-
acterize the wetland plant communities and most major
groups of fish and wildlife (fish, juvenile fish, shore-
birds, waterfowl, small mammals, herpetofauna, in-
vertebrates). Limited studies continued during the
drawdown and initial reflooding years. All studies are
scheduled to be repeated for multiple years following
hydrologic reconnection with the lake. The results will
be critical in evaluating the success of the techniques
employed, developing any necessary modifications,
and preparing guidelines for technology transfer to
other managers to assist them in opening diked wet-
lands, increasing wetland functions, and improving
habitat for a variety of both fish and wildlife. Once
completed. the Metzger Marsh restoration project is
expected to serve as a model for future coastal marsh
restoration projects in locations with severe sediment
deficits and could guide efforts to hydrologically re-
connect and manage other marshes that are currently
diked.

Cootes Paradise

Cootes Paradise is a 250-ha wetland, mostly marsh,
located at the west end of Lake Ontario near Hamilton,
Ontario, Canada and separated from the lake proper
by Hamilton Harbour (Figure 5). It is fed by a number
of tributaries, particularly Spencer Creek and the
small, but contaminated Chedoke Creek. Once almost
wholly covered by emergent and submersed aquatic
plants, the marsh lost 85% of its emergent vegetation
between 1934 and 1985, leaving coverage of only
about 15% of the total marsh area (Trotter and Hall
1998). Much of this disappeared after 1970, Numbers
of submersed plant species decreased from 24 to 10
between 1949 and 1970. Marsh vegetation typically
disappeared during the periods of high lake levels but
failed to recover as would have been normal during
low levels. The reasons for the lack of recovery seem
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Figure 5. Map of Cootes Paradise wetland restoration site, Hamilton, Ontario, Canada at the west end of Lake Ontario.

to include manipulation of Lake Onturio’s water levels,
inhibition of aquatic plant growth because of physical
uprooting by common carp, light-inhibiting high tur-
bidity also related to carp activity, and the heightened
input of fine urban sediments. (Painter et al. 1989,
Whillans 1996). However, there were numerous other
confounding factors, such as other exotic species, nu-
trient loading, fetch, waterfowl grazing, and algal
blooms.

Cootes Paradise is owned primarily by the Royal
Botanical Gardens. Since 1986, the marsh and adjacent
harbor have been managed through the multi-stake-
holder, decision-making process of a Remedial Action
Plan (RAP) that was stimulated by the International
Joint Commuission but is locally directed and managed.

The restoration of Cootes Paradise involved the ap-
plication of several key techniques: 1} installation of
a barrier to adult common carp, 2) reduction of in-
flowing, watershed-derived sediments and nutrients, 3)
naturalization of shoreline, 4) propagule-bank stimu-
lation and protection, and 5) strategic planting of veg-
etation. The need for these techniques was not im-
mediately clear at the outset of the restoration project.
In 1988-89, a diking solution was proposed for the
marsh. The expert workshop that was convened to
consider this option concluded that such an interven-
tion was premature. Rather, investigations into the ef-
ficacy and feasibility of excluding common carp and
strategically planting vegetation were recommended.

Experimental use of aquadams included a small pi-
lot project across a small bay in the northeast section
of the marsh for the period of one year and another
585 m in length mid-way along the north shore that
was functional at times in 1993 (V. Cairns pers.
comm.). The aquadam is described by Bowen (1998).
It was approximately 2-m high by 3-m wide and made
of geotextile over two parallel polyethylene water-
filled tubes. The double tubes prevent rolling. Instal-

lation labor required four weeks of preparing a flat,
smooth marsh substrate and a road for vehicle access
to the site and two weeks of intense assembling. In-
stalled in about .8 m water depth, the dam allowed
pumping to lower water levels over 11 ha of marsh.
Natural germination of vegetative propagules occurred
immediately throughout the site. However, the dam
was cut in an act of vandalism, and subsequent re-
flooding killed the vegetation. A repeat experiment in
1994 failed similarly. This project did not operate long
enough to allow dewatering to verify the effects of the
high density of common carp (1500 kg/ha) nor the
resilience and diversity of the propagule bank (V.
Cairns, pers. com.).

Beginning in 1991, various experimental exclosures
were constructed to evaluate the relation of common
carp and turbidity, some in conjunction with plantings
or transplants. The studies verified that these two fac-
tors, at least in combination, limited the growth of sub-
mersed vegetation (Sager et al. 1998). Exclosure of
common carp in 1988 in Mercer’'s Glen, a nearby
marsh, resulted in immediate recovery of submersed
and emergent vegetation. Common carp were excluded
by a weilr at a marsh near the mouth of nearby Grind-
stone Creek in 1994, The cover of aquatic vegetation
increased from around 20% to 80% over one year
(Bowen 1998). The conclusion, based on the accu-
mulated understanding from exclosure experiments
was that for submersed plants, a reduction of turbidity
in combination with exclusion of common carp would
enable revegetation. Based on these findings and te-
lemetry to verify common carp movements, the deci-
sion was made to construct a barrier to common carp
across the narrow connection of the former Desjardins
Canal between Cootes Paradise and Hamilton Harbour
(Whillans 1996, Bowen and Theijsmeijer 1998).

The above-mentioned turbidity exclosures and sed-
iment- and water-quality models resulted in the reali-
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zation that perhaps half of the fine sediments flowing
into the marsh were contributed from urban construc-
tion and much of the rest because of stormwater in-
flowing from storm sewers. Related nutrient budgets
implicated point sources of municipal/industrial sew-
age and diffuse storm sewage. As a result, two strat-
egies were adopted: 1) diversion of sewage outfalls
away from the marsh and 2) creation of very large
underground combined sewer outflow storage tanks to
intercept inflowing contaminated water. The first of the
tanks holds 7425 million L (Trotter and Hall 1998).
The turbidity exclosures, placed in a variety of loca-
tions, doubled as tests of planting techniques.

The foundation of the Cootes Paradise restoration
has been the common carp barrier and fishway. Iis
main purpose is to prevent the spring spawning mi-
gration of adult common carp from Hamilton Harbour
and the lake from reaching the marsh. Most common
carp leave the marsh in the fall through the narrow
passageway between the marsh and Hamilton Harbour.
The fishway was installed there to exclude mature
common carp (larger than 5-cm width and about 30-
cm length). Large individuals of other fish species are
lifted into and out of the marsh in eight large baskets,
each with a water tank in the bottom. Common carp
are releascd on the lakeward side of the structure; other
fish are transferred across the barrier in the direction
that they were moving. During 1997, the first full year
of operation, 25,379 large fish were handled, repre-
senting 25 species (Bowen and Theijsmeijer 1998).
About 82% of those attempting to enter the marsh
were common carp, goldfish (Carassius auratus L.),
or common carp-goldfish hybrids. Fin-clipping en-
abled the estimation that 97,000 common carp attempt-
ed entry. By 1998, the number of common carp han-
dled had dropped to 57% of the previous year. Within
the marsh in 1998, a young-of-the-year fish index sur-
vey of all species yielded 3,167 fish, compared with
the average of 1,180 fish In the years 1994-96 (V.
Cairns, pers. comm.).

The goal of the fishway was a density of adult com-
mon carp of less than 40/ha or 6,000 in total. It is
estimated that the population achieved was 2,000-
3,000 fish in 1997 (Bowen and Theijsmeijer 1998).
That same summer, substantially lower levels of sus-
pended sediment and widespread, spectacular growth
of submergent vegetation occurred across Cootes Par-
adise. Where negligible plant densities had existed pre-
viously, densities up to 60 stems/m were recorded. The
strongest responses were noted for sago pondweed
(Potamogeton pectinatus L.), coontail (Ceratophyllum
demersum L), curly pondweed (P. crispus L.), and
leafy pondweed (P. foliosus Raf.). Some species that
had not been seen for years also returned (Vallisneria
americana, Zanichellia palustrus L.). Large numbers
of emergent plant seedlings were observed in shallow
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Figure 6. Map of Oshawa Second Marsh wetland restora-
tion site, Oshawa, Ontario, Canada on the north shore of
Lake Ontario.

waters throughout the marsh. Giant burreed (Spargan-
ium ewrycarpum Engelm.) and arrowhead (Sagittaria
latifolia) were the most abundant (Bowen 1998).
Prior to and companion to operation of the common
carp barrier, large-scale planting of emergents was un-
dertaken through the nursery of the Royal Botanical
Gardens, classroom nurseries in local schools, and vol-
unteers. For example, in 1993-94, some 10,000 aquat-
ic plants were grown by students in their classrooms.
In total, tens of thousands of plants have been culti-
vated and planted in the marsh, in exclosures, unpro-
tected, and in biodegradable coconut-fiber mats. The
first phase was to establish tall emergents (e.g., Typha,
Sparganium, Scirpus) that would shelter other species.
The second phase was to increase biodiversity by
planting locally uncommon species (e.g.. Asclepias in-
carnata L., Decodon verticillatus (L..) ENl., Iris versi-
color L) (Bowen 1998). Accumulated experience in
planting demonstrated the importance and difficulty of
controlling water levels and dumage by wildlife.

Oshawa Second Marsh

Oshawa Second Marsh, a 123-ha marsh with some
swamp is located on the north shore of Lake Ontario
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within the City of Oshawa, Ontario, Canada (Figure
6). Prior to 1970, it was well-vegetated and provided
habitat for a diverse faunal community (Cecile 1983).
This changed in apparent response to a number of hu-
man and natural factors (City of Oshawa 1992). Efflu-
ent from a municipal sewage treatment plant emptied
into the marsh, Passage through the marsh of inflowing
water was made less direct by the inadvertently engi-
neered creation of a new outlet from the marsh. This
increased internal sedimentation. The formerly agri-
cultural watershed became heavily urbanized, with at-
tendant increases in fine sediment load and landscape
disturbances. Activity of exotic common carp around
stands of aquatic vegetation became more noticeable.
High water levels in the early 1970s eliminated much
of the emergent vegetation—not unusual in Great
Lakes wetlands, except that the usual recovery during
low water did not occur because lake-level regulation
sustained relatively high water levels. After some is-
sues of jurisdiction and responsibility were seitled in
the late 1980s, concerted efforts were made to restore
and perpetuate the biological, hydrologic, and societal
functions of the marsh (City of Oshawa 1992).

Implementation of the restoration plan to date has
involved a variety of techniques. The restoration chro-
nology is summarized generally by Henshaw (1996).
Three principles guided the selection of techniques: 1)
guidance was provided by the historic conditions,
where these could be determined and where restoration
was not prevented by current conditions; 2) natural
resilience of the marsh was used and fostered as much
as possible; and 3) foreign physical and biological ma-
terials and non-biodegradable materials were not used,
except temporarily.

The first prionty was to restore hydrologic function,
enabled by verification of acceptable sediment contam-
inant levels and the predictions of a water-circulation
maodel (FastTABS). The former western outlet trom the
marsh into Lake Ontario was reopened in the winter
of 1995 using heavy equipment. Once water began
flowing through the western outlet, the water course
of inflowing Farewelt Creek took the more direct route
through it to the lake, and the eastern outlet soon filled
in. The flow was aided by the earlier rechannelization
of Farewell Creek through a log and debris jam im-
mediately upstream from the marsh. This was done in
February 1994 by volunteers using hand tools and
light equipment. The channel of the creek through the
marsh was then redefined in the winters of 1995 and
1996 using four deflector islands, sand fill, and minor
back-hoe *‘dredging” of cattails and sediment. The
channel location was determined from historic aerial
photos. The deflector islands were constructed on the
ice in less than one meter of water. They totalled about
11,400 m? in area. The islands consisted of root wads,

with the roots facing the channel and trunks under the
islands, backfilled with sand overlaid by geocoir mat
and then topsoil. Since those interventions, the outlet
has maintained its western location, although it has
meandered by several meters and varied in profile, as
is common for north shore Lake Ontario marshes. In
February 1996, fill was added to the eastern exit to
minimize the risk of a climatically driven blowout.
This was stabilized additionally by natural revegeta-
tion.

The next priority was to recreate some of the in-
marsh physical features, mostly islands that were noted
on histeric aerial photographs to have existed previ-
ously. During the winters of 1995 and 1996, eleven
habitat islands ranging in area from 75 to 1,250 m?
were constructed on the ice (Figure 6). Some of these
were framed with stumps and infilled with discarded
Christmas trees, over which geojute mats and soil were
placed. Some floating islands were also built, using log
bundles as frames and with wooden decks. They too
were covered with geojute mats and then soil. Vol-
unteer vegetation was allowed to cover the islands.
Inspired by the unexpected and regionally exceptional
use of one brush-filled island by nesting common
terns, one of the floating islands was modified in 1996
for tern nesting and maintained free of vegetation and
gulls during the non-nesting period with plastic sheet-
ing.

During the winter of 1995, log barriers were con-
structed along the inside of the barrier beach and along
a cattail island at the eastern margin of the marsh.
These were designed as breakwaters, behind which
vegetation could be planted. Small, brush-filled log
cribs and root wads were also placed throughout the
marsh to enhance fish habitat; the root wads seemed
to function as desired.

In the winter of 1995, a fence was constructed
through the middle of the marsh to keep common carp
from entering the half of the marsh distant from Fare-
well Creek (Figure 6). It was constructed of 5-mm-
mesh, chain-link fence attached to cedar poles. The
poles were pounded into the sediment, and the chain
link was stretched from 0.3 m above the anticipated
spring maximum water level down into the sediments.
Turtle ramps were placed over the fence. Common
carp penetrated the fence in its first year, apparently
due to improper installation and because they bur-
rowed near high current locations. The following year,
four cells were created as a fail-safe in the carp-free
area using the same materials and design. Additionally,
silt screens and Christmas trees were attached to the
fencing of the cells to reduce the turbidity caused by
wind and common carp. None of these measures were
effective, except the turtle ramps. During a high water
period, the common carp were able to breach the
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fence. They were also found to be burrowing under it,
noticeably in locations of high flow. The silt screen
was not strong enough to withstand the buffeting of
wind and waves. Another area was partially protected
by fencing and log barriers in the winter of 1996—an
800 m?, roughly pie-shaped experimental unit divided
into four wedge-shaped sub-units. Two opposite
wedge cells were filled with Christmas trees; others
were untreated. In 1997, all of the common carp fence
was removed, except for the wedge exclosures and one
cell in a location that is comparatively protected and
where a planting program for emergents is planned,
based in part on the experiment just described.

Vegetation was planted in a number of situations.
Shoots (15-cm-long) of Juncus carnadensis 1. Gay,
Scirpus validus, and Sparganium eurycarpum were
planted behind the log barrier on the south shore. The
shoots were obtained from local stock that had been
cultivated in a commercial greenhouse. Emergent
plants 7-cm long, cultivated in public school class-
rooms, were planted in 1996 on the inside of the bar-
rier beach, on one of the brush habitat islands, and on
the deflector island. In total, 3,210 emergent plants
representing 18 species were planted in 1996. At the
barrier beach, small numbers of Sparganium eurycar-
pum were the only survivors beyond one year among
the 12 species planted. Canada geese, muskrats, and
common carp were observed foraging in the area and
were thus implicated in the mortalities, although quan-
titative evidence was not collected (Leadbeater 1998).
Plantings were also made at the flow deflector islands,
one root-wad island (7 species), in the above-men-
tioned four large partial exclosures (7 species), two of
which contained used Christmas trees, and two small
complete exclosures. Mortality was almost 100% at
the islands, although occasional volunteer plants were
observed. The exclosures fared much better. In the
complete exclosures, Sagittaria latifolia and Typha
survived and showed hardy growth., The water in the
large partial exclosures was too deep for emergents,
but submersed and floating vegetation thnived (Pota-
mogeton pectinatus, P. foliosus, Ceratophylium de-
mersum, Nymphaea odorata Aiton, and Elodea cana-
densis Michx.), mainly in the exclosures with Christ-
mas trees.

In general, the plantings did not fare well. In addi-
tion to the above-mentioned herbivorous animals, the
water depth during the period of planting was prohib-
itively high. In fact, when the bathymetry was exam-
ined in 1997, the decision was made to plant none of
the classroom-propagated plants in the main marsh be-
cause of excessive water depth. In all likelihood, a
combination of the above factors has contributed to
the failures. However, the Christmas tree technique
merits further consideration. The technique is inexpen-

sive and seems to function to discourage herbivorous
animals, even when they could have access.

Management attention in the last two years has fo-
cused on the limits to which restoration of vegetation
can occur under the influences of external factors such
as high water levels, high density of pest species, and
high silt input from the watershed. A watershed stew-
ardship plan has been developed for the long-term, and
diking is one of a variety of options being considered
for the marsh itself.

DISCUSSION
Relation of Techniques to Ecological Principles

If restoration techniques are to succeed and results
maintained for extended lengths of time, they must be
founded in the basic tenets of ecology. Restoration is
merely the management of ecological processes for a
specific purpose, and whatever the chosen endpoint,
attention to ecological theory should help in attaining
the goal (MacMahon 1987).

Intermediate Disturbance Hypothesis. As demon-
strated by Keddy (1983) for an Ontario lake and Wil-
cox and Meeker (1991) for regulated lakes in Minne-
sota, the underlying principle in the response of wet-
land vegetation to changes in water levels is that in-
termediate scales of disturbance (Connell 1978)
maintain the greatest diversity. Proposed changes to
the water-level-regulation plan for Lake Ontario
should increase diversity by reestablishing a range of
high and low water levels that periodically impacts
broad-canopy emergent plants and elicits a response
from the seed bank (Wilcox et al. 1993). Just as lack
of water-level variation on Lake Ontario minimizes
disturbance, ditches through wetlands of other lakes
can result in extreme dewatering during natural low
lake-level periods and potentially extirpate some plant
species because disturbance is too great.

Hardening of the shoreline is a sedimentological re-
mediation technique directed at minimizing shoreline
erosion, but it can actually result in an extreme level
of disturbance to wetlands. This disturbance may be
local in the case of scouring or backstopping; however,
when viewed from a landscape perspective, it can be
4 regional disturbance if the supply of sediments in the
littoral drift is diminished. The diversity of pulse-sta-
ble wetland plant communities might better be main-
tained in an environment where sediment erosion and
accretion both occur periodically.

Island Biogeography. Many wetlands of the Great
Lakes are separated from other wetlands by lake wa-
ters or long stretches of shoreline. Their restoration
needs might thus be viewed in terms of island bioge-
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ography because this isolation may limit dispersal and
colonization of relatively non-motile biota. Enhance-
ment of plant communities by seeding, transplanting,
or use of donor soil may be advisable if a wetland is
small in area and is far-removed from potential sources
of desired colonizing species (MacArthur and Wilson
1967, Pielou 1975). However, such efforts may not be
necessary in large wetlands or wetland complexes,
such as the barrier beach wetlands that extend along
most of the eastern shore of Lake Ontario, or in wet-
lands where seeds or propagules are likely to arrive
through natural processes. The landscape position of a
wetland should therefore be assessed before making
decisions on active enhancement of plant species or
relatively non-motile faunal species.

Secondary Succession. Much of the effort in a wet-
land restoration project involves initiation or manage-
ment of secondary succession. In freshwater marshes,
succession can follow a number of potential trajecto-
ries after disturbance, each with a certain probability
of occurring under set circumstances. Moreover, the
timing of successional stages along a trajectory de-
pends upon a number of complicating factors that are
even more difficult to pinpoint accurately. For this rea-
son, even the initial decision to intervene is subject to
question. On the scale of Great Lakes change, is a 20-
yr or 30-yr lapse between loss of emergent vegetation
during high water periods and recovery during low
water periods within the range of natural extremes? Is
intervention simply a symptom of impatience with a
naturally dynamic ecosystem? The answer to both
questions is a qualified yes; when viewed on a geo-
logic time scale, 20 to 30 years is insignificant, but
human lifespans and careerspans often dictate that ac-
tions take place in the near-term. The addition of in-
vasive species to the Great Lakes may also necessitate
faster action.

In the case studies presented, techniques applied in
Oshawa Second Marsh were calibrated to produce
conditions that would be consistent with some of those
identified in the historical record. It was assumed that
the conditions of the Lake Ontario nearshore ecosys-
temn at the site had not changed fundamentally and that
re-creation of a historic stage of succession would pro-
vide sufficient materials to enable the marsh to sustain
that successional trajectory. Thus, intervention was at
a lesser scale than in the other case studies. Landscape-
scale disturbance at Metzger Marsh (shoreline armor-
ing and loss of protective barrier beach) and Cootes
Paradise (fine sediments in urban runoff coupled with
other factors) suggested that the historic condition
might never be attained and that secondary succession
might never begin in the near-term without substantial

intervention. The trajectory for secondary succession
may, at best, have to mimic a natural pathway.

Invasion Windows. Succession may also be viewed
in terms of the ability of organisms to invade a habitat.
Johnstone (1986) proposed that the potential for in-
vasion and incorporation of plant species into an en-
vironment is based on removal of a barrier that pre-
viously excluded the species. Some of the described
time-dependent invasion windows relate to restoration
approaches outlined in this paper. Stable windows are
selective, non-botanical barriers to invasion that could
be opened by actions such as restoring wetland hy-
drology or restoring protection from wave attack.
These actions could result in a permanently open win-
dow that allows selected species to continue invad-
ing—a desirable, long-term result if the selected spe-
cies is a desired component of the restored wetland.
However, because selected species may include un-
desirable invasive taxa, managers should be aware of
the long-term consequences of opening a stable win-
dow. Temporary windows are non-selective, botanical
barriers to invasion that could be opened by eradicat-
ing undesirable vegetation during restoration activities
or by purposefully introducing desired plant taxa.
These changes could open an ephemeral window for
invasion on a first-arrival basis by species that were
previously excluded by the presence or lack of an
overstory canopy. Again, managers should consider
what species may take advantage of the opening. Fu-
ture windows are selective, botanical barriers that do
not exclude ingress of seeds or seedlings but delay
their growth and entry into the plant community. As
with temporary windows, the action of removing ex-
isting vegetation opens the window but, in this case,
releases invaders from the seed bank that have been
selected by their seed- or propagule-dispersal charac-
teristics. The successional implications of seed banks
described by van der Valk (1981) should thus be cou-
pled with understanding of invasion windows when
evaluating the relationship between ecological princi-
ples and restoration actions.

Philosophy of Mimicking Natural Processes

Magnuson et al. (1980) and Bradshaw (1984, 1987)
described three options for redeveloping degraded eco-
systems: 1) do nothing and allow continued degrada-
tion or slow recovery by natural processes, 2) attempt
to build back exactly what was there before, or 3} re-
place the original ecosystem with a new alternative
that may be simpler in structure. We see additional
options for Great Lakes wetlands: 4) eliminate the
cause of degradation and let nature prevail and 5) re-
store the wetland to a condition that mimics but does
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not replicate one that had been attained historically (a
hybrid of options 2 and 3), It could be argued in favor
of options 1 and 4 that natural forces wil! always be
the most important building blocks of a restored wet-
land. Proponents of option 3 might argue that ecology
is not fine-tuned enough to attempt more than mimicry
and that option 2 is unrealistic. Mimicry of features in
natural reference systems was, in fact, advocated by
Zedler et al. (1997) in a study of natural and con-
structed tidal channels in wetlands southern California.
It also could be argued that whereas all might be goals,
only option 3 is practical in an ever-changing ecosys-
tem.

In this paper, we emphasized option 5 because many
Great Lakes wetlands are too disturbed to make return
to historic conditions possible. In addition, our expe-
rience with the case studies showed that earlier efforts
along the lines of options 1 and 4 had not produced
satisfactory outcomes and “new” wetland conditions
targeted by stakeholders were not novel and had his-
toric precedents that were not always desirable. Func-
tional mimicry was deemed more likely to retain suc-
cess and do so with less continued management be-
cause it works with nature rather than against it. Suc-
cessful functional mimicry may also lead to natural
reversion (Gilbert and Anderson 1998), resulting in a
wetland more closely resembling the original than
might have been achieved by concerted efforts under
option 2. On the other hand, we described some bio-
logical restoration techniques that apply to individual
taxa and were not necessarily geared toward mimicry
of natural systems. Caims (1987) invoked several
questions that reduce some of the options above to a
species level. Should efforts be made to bring back
individual rare species or communities by targeting
restoration of preferred habitat to the historic condi-
tion? Conversely, should restoration target the larger
ecosystem? Should new species or communities with
greater chances for success be substituted for the orig-
inal biota? Should non-endemic strains of organisms
be substituted for strains that are not capable of sur-
vival? The answers to these questions are not simple
or straightforward and likely vary in different situa-
tions.

The concept of reproducing historic ecological
structure is simple in contrast to historic ecological
processes. Structure is relatively easy to identify and
quantify. Process is sufficiently difficult to character-
ize, even in the present, that reproduction of process
would be practically impossible to verify. Thus, res-
torationists must be satisfied with ecosystemic process
that at best mimics historical process, even though ex-
act reproduction may be a goal.

Underlying the goal of mimicking historical pro-
cesses is the expectation that such processes are pre-

adapted to the climatic, morphometric, and edaphic
conditions of the wetland setting. They may not, how-
ever, be adapted to the regime of anthropogenic stress
that has developed over the past 200 years. Thus, with
respect to the application of restoration techniques, it
is necessary to monitor indicators of the acceptance of
techniques by the wetland in the new stress regime.
Adjustments can be made post hoc that are consistent
with mimicry, recognizing that the historical processes
remain the core of the model for restoration. For ex-
ample, when common terns {previously present as
non-breeders) unexpeciedly nested on a constructed is-
land in Oshawa Second Marsh, it was taken as an in-
dicator that the marsh could assume a new function
for one species of waterbird, not at the expense of, but
in substitution for the loss of other historical breeders.
It was also recognized that conditions on that island
would be unlikely to remain suitable for the terns.
Hence, a more suitable island was created nearby. In
this and other cases where functional substitutions are
made, the difficult issue of evaluating the success of
techniques arises. How successful is a technique that
targets one ecological function for one species but ful-
fills the same function or a different one for another
species?

Measuring Success

Successtul wetland restoration is often determined
by a set of measures that describe how closely the
restored site resembles the structure or appearance of
the original or a similar undisturbed reference site. Be-
cause many restoration efforts are tied to regulatory
actions, such measures of success may be dictated by
the regulatory process rather than ecological princi-
ples. Most wetland restorations require considerable
time to allow biological components to equilibrate
with the altered or reconstructed environmental com-
ponents. Thus, short-term regulatory measures of suc-
cess are likely not indicative of long-term success. We
agree with Ewel (1987) that measures that capture the
essence of both the structure and function of a wetland
are more meaningful targets for restoration efforts. We
pose the five measures suggested by Ewel (1987) as a
series of questions. 1) Sustainability. Is the wetland
capable of perpetuating itself, or did the environment
change, or was the restored community a temporary
seral stage? 2) Productivity. Is net productivity of the
restored site equal to the original, or have all environ-
mental needs not been met? 3) Nutrient retention. Does
the restored site retain nutrients in an equivalent man-
ner to the original, or will it lose more nutrients and
be invaded by new species that are better adapted to
the new nutrient regime? 4) Invasibility. Does the re-
stored site resist invasion by new species, or are all
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environmental needs not met, thus leaving niches for
invaders? 5} Biotic interactions. Are the key species
that link food webs and other functional processes
present, or will missing links result in long-term failure
to met expectations?

The traditional ecological approach to evaluating
natural communities is reductionist, taking them apart
and studying the pieces in order to understand the
whole. Restoration, however, is synthetic, seeking to
start with the pieces and building the whole (Diamond
1987, Ewel 1987). Determining success in that effort
requires an understanding of not only what the whoie
looks like but how it functions. That challenge is the
reason that restoration has been described as the acid
test in determining if how much we understand about
ecology (Bradshaw 1987).
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