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Abstract:  'We noculated 120 wetland microcosms representing 24 different environmental treatments with
seeds from a carefully chosen pool of 20 wetland plant species. The treatments were chosen to represent a
variety of riverine and lacustrine. wetlands, including those with slow-growing, rare specics. In the first
season, an annual (Bidens cernya) was most abundant in all the microcosms. Both flooding and high fertility
negatively effected the other species establishment. Short-term information about establishment was not
predictive of longer-term trends. After 5 years, most of the microcosms became dominated by Lythrum
salicaria and, when this occurred, other dicot species were extirpated. After 3 vears, flooding and fertility
remained the main factors affecting species composition in the microcosms. Lythrum establishment (and
dominance) was minimal when fertility was low and when the microcosms were seasonally flooded. Estab-
Yishment and growth of Typha angustifolia was poor, and this was attributed to coarse substrate. These results
sugpest possible measures to minimize the growth of unwanted plant species in created or restored wetlands.
Gur results also suggest that high diversity, low biomass wetlands will be difficult to create; therefore,
protection of such wetlands may deserve a higher priority.
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INTRODUCTION

The general importance of seed banks in wetland
regeneration is now well established (van der Valk
1981, Keddy and Reznicek 1986, Leck 1989, Wilson
et al. 1993). However, the manner in which different
sets of environmental factors can constrain vegetation
development from seed banks is poorly understood.
We know that a wide range of environmental factors
can conceivably affect germination. These inciude soil
texture (Keddy and Constabel 1986), litter (van der
Valk 1986), moisture (van der Valk 1981, Keddy and
Ellis 1985), and burial by sediment (van der Valk et
al. 1983), In this experiment, we explore the mmpacts
of combinations of these and other factors in estab-
lishment of species from a known seed bank.

We have assembled a known seed bank and allowed
it to establish in 24 different controlled and replicated
treatments. The experiment was conducted in order to
observe how the assembly of wetland plant commu-
nities was affected by environmental conditions. The
treatments were chosen to represent a variety of riv-
erine and lacustrine wetlands, including those with
slow-growing, rare species. In this paper, we focus on
three key issues: (1) What were the general effects of

the treatments on seedling establishment in the first
year? (2) Are the effects on establishment useful pre-
dictors of trends over a longer time period (3 years)?
(3) What are the management implications of these
observations?

METHODS

The experimental conditions were chosen in order
to approximate the variation in northeastern temperate
riverine and lacustrine wetlands. The wetlands found
along the Ottawa River (in eastern Ontario, Canada)
and described by Day et al. (1988) were used as a
model for choosing species and treatment levels. Day
et al. (1988) found that the main factors affecting com-

 munity structure were water depth, litter, and fertility.
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Ottawa River wetlands vary from highly productive
cattail marshes to wave- and ice-disturbed sand beach-
es. The sand beaches are highly diverse and support a
rich array of life-forms (e.g., evergreen isoetids, tus-
sock-forming sedges, interstitial dicots, grasses, and
annuals). Qligotrophic river and lakeshores with pro-
nounced water-level fluctnations can also support
coastal plain plants, many of which are rare (Keddy
1981, Hill and Keddy 1992). Intermediate to these ex-
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'.I‘able 1. Species lsi, functional types, numbers of seeds per microcosm, germination rate in the laboratory, and mean cover
in vear 5. Species names as in Gleason and Cronquist (1963) except E. smallii Britton and X. difformis Chapm,

Germ. Rate in

Number of Growth Mean %
Seeds in Seed  Chamber Cover in
Species Functional Type! Mixture? (%) Year 5
Acorus calamus L. tussock 100 87 <0.02
Aster nemoralis Alt. stress tolerator 50 50 )
Bidens cernua L. obligate annual 106 95 6.96
Carex crinito Lam. tussock 50 80 35.36
Eleocharis smallii Britton reed 50 5 374
Epiiobium ciliarum Raf. facultative annual 109 100 0.28
FEupatorium perfoliatum L. facultative annmal 100 30 0.38
Glyceria canadensis (Michx.)

Trin. clonal dominant/tussock 100 85 133
Graphalium uliginosum L. obligaie annual 100 50 0
Hypericum ellipticum Hook. interstitial clonal 100 10¢ 0
Juncus filiformis L. reed 100 100 3.02
Lyvithrum salicaria 1.2 facultative annual 100 100 190.16
Myrica gale L. shrub 50 80 0
Panicum longifolinm Torr, reed 50 35 QO
Penthorum sedoides L. interstitial clonal 100 70 0.12
Rumex verticillatus L. tussock 50 67 <0.02
Scirpus dcntus Muhl. clonal dominant 100 §3 2438
Typha angustifolia L. clonal dominant 100 75 2.84
Verbena hastata L. facuitative annual 100 90 <002
Xyris difformis Chapm. stress tolerator 100 83 0

! Functional types from Boutin and Keddy 1993.
? Appount of seed per species was determined by availability.
3 Non-native species.

tremes are wet meadows, which may be dominated by
monocots (e.g., Eleocharis smallii, Carex crinita) of
by Lythrum salicaria.

Seed Mixture

Seeds from 91 candidate species were screened for
viability. From this group, 20 species were carefuily
chosen to represent the range of morphologies and life
history types found in eastern temperate riverine and
lacustrine wetlands (see Table 1 for a species list). The
seeds were collected over a 3-vear period from eight
wetlands in Ontario and one in Nova Scotia. Seeds
were stored in the dark at 4°C in wet sand. Because
the seeds had been siored, they were screened for vi-
ability. The purpose of testing for viability was to en-
sure thai the seeds were not ali dead; it was not done
{o estimate seed germination in the experiment. Via-
bility screening occurred in a growth chamber with 12
hr/12 hr photoperiod, at 25°C day and 15°C night tem-
peratutes (n=100). Species with less than 20% ger-
mination were excluded from further consideration,
except Eleocharis smallii. Although its germination
rate was low, this species was included because it is

very common. Seeds were counted into uniform lots
of seed mixture (Table 1).

General Growth Conditions

The seed mixture was sown onto 120 microcosm
containers in June, 1987 and was grown in an outdoor
garden for five years. There were 12 general treatments
repeated at two fertility levels. A randomized block
design was used with 5 replicates. Each container was
63 by 42 cm (internal dimensions) in area, 26 ¢m high,
with 13 cm washed (non-sterile) concrete sand (nom-
inal particle size 0.6 mm, range 0.075-6 mm, approx-
imately 60% quartz, 20% feldspar, 20% others includ-
ing carbonates). The size of the container corresponds
to the standard quadrat size used in taking field ob-
servations (Day et al. 1988). Wetland soils along the
Ottawa River average about 80% sand and less than
6% organic matter (Day et al. 1988), making sand a
reasonable and pragmatic choice for a substrate. The
containers were placed on plastic sheeting to minimize
unwanted weed growth in the outdoor compound at
Carleton University (Ottawa, Canada 45° 25’ N, 75°
45’ W). Within each block, the containers were placed
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in a double row 40 cm apart, and blocks were sepa-
rated by 150 cm. The containers were watered with
municipal tap water. Drain holes were used to adjust
water level. For overwintering, the containers were
flooded to 10 cm above the soil surface.

Experimental Treatments

The microcosms were fertilized at two levels that
we refer to as “fertile” and “infertile.” Two liquid
(hydroponic) fertilizers were used for both treatmenis
(B and B Hydroponics). Part 1 (15-0-0) contained, by
weight, Ca (19%), N {(as nitrate 15%), and Mg
(3.98%). Part 2 {7-11-27) contained, by weight, N
(7%}, Mg (3.75%), P (11%), K (27%), S (4.8%), Fe
(0.19%), Mn (0.085%), Zn (0.03%), B (0.027%), Cu
(0.0041%), and Mb {0.009%). The two fertilizers were
mixed in equal proportions. The fertile treatments re-
ceived an initial soil P concentration of about 19 ug
P g~' soil. This value is about twice the mean soil P
in the fertile wetlands described by Day et al. (1988),
but it is less than the maximum found. Fertilization
occurred every three weeks during the growing season
to give an annual P loading rate of 8.21 g P yr~’' con-
tainer—!. The infertile treatments received the same fer-
tilizer at 1/16 the concentration of the fertile treat-
ments; thercfore, soil P was initially about 1 pg P g!
soil, and anpual P loading was 0.51 g P yr !,

Six habital varnables were manipulated; each is
known to affect the distribution of wetland plant spe-
cies. The treatment levels were carefully chosen based
partly on the observed variation described by Day et
al. (1988} and on the counstraints imposed by working
with containers in a garden setting. Decisions regard-
ing treatments and their levels were tnade based on
three simple conceptual goals: (1) to recreate a diver-
sity of wetland conditions that correspond to real gra-
dients found in nature, (2) to set the levels of each
treatment toward the ends of the observed gradients,
and (3) to recognize the logistical limitations of a
semi-controlled experiment (e.g., sand rather than de-
seeded weiland soil, discreet freatment levels, balanc-
ing replication with diversity of treatments).

The experiment was designed to model the devel-
opment (assembly) of wetland plant communities in
different kinds of wetland habitat, Strictly speaking,
rather than modeling several environmentally distinct
wetlands, the experiment was more similar to a single
created wetland or wetland complex with many envi-
ronmentally distinct microhabitats, The distinction is
largely due to the constraint of having a single garden
for experimentation and the possibility of cross-inno-
culation of the microcosms after year one. This aspect
of the design adds reality to the experiment, as real
wetlands are not absolutely insular.

Six main factors were included in the experiment.
‘Water depth was included because it is a fundamental
determinant of wetland community stracture (see also
Hutchinson 1975, Spence 1982, Day et al. 198%). Sea-
sonal fluctuation in water depth was included because
it can also strongly affect wetland community structure
(van der Valk 1981, Keddy and Reznicek 1986, Keddy
1991, Hill and Keddy 1992). Leaf litier is known to
affect seed germination and esiablishment in wetlands
(van der Valk 1981) and can affect comumunity struc-
tare {Day et al. 1988). Similarly, soil surface texture
can alse affect seed germination and establishment
(Keddy and Constabel 1986), and some rare species
are associated with gravel or cobble shorelines (Moore
et al. 1989). The timing of the start of the experiment
was altered because little is known about how smafl
changes in the timing of disturbances or flooding
events might alier communities. Lastly, invasion of
communities by a large clonal species (cattail) was
also included,

Five water level regimes were employed as freat-
ments: (1) water level was maintained at 5 ¢m below
the soil surface {Low); (2) water level was maintained
at the soil surface (control); {3) water level was main-
tained at 5 om above the soil surface (High); (4) water
ievel was held 5 cm above the soil surface until mid-
Iuly when it was lowered to the soii surface (High/0);
and (5) water level was held 5 cm above the soil sur-
face until mid-July when it was lowered to 10 cm be-
low the soil surface (High/L.ow). For all other treat-
ment factors, the water level was held constant at the
soil surface.

Leaf litter was added at a high level (LITTER, 150
g container™’ or 1.5 cm) and at a Jow level (Litter, 50
g container™ or 0.5 c¢cm). Along the Ottawa River,
mean leaf liiter is about 40 g per 0.25 m? and ranges
from 0 to 320 g. Leaf litter was collected just before
the experiment commenced (mainly Scirpus fluviatilis,
with some S, americanus, Eleocharis smallii, and Ty-
pha angustifolia), To alter soil surface texture, small
pebbles (0.5 to 1.25 cm in diameter) were added to a
uniform depth of 1.25 cm (Pebbles), or a single layer
of Iarger rocks (2.5 to 7.5 c¢m in diameter) was added
(Cobbles). We aitered the length of the initial growing
season by delaying seed inoculation, where the seeds
were added two weeks after the other treatments (+14
days) or four weeks later (+28 days). In order to sim-
ulate the successful invasion of a large clonal species,
Typha tamets were added in the spring of the second
vear, Four tamets, each with one shoot and approxi-
mately 10 cm of thizome were placed in the corners
of the containers. Note that in the first year this ireat-
ment was identical to the control (Typha).

Each of these 12 treatments were grown at the two
fertility levels and replicated five rimes. The treatments
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Table 2. The dominant and co-dominant species in each treatment in year 1 (mean percent cover values are shown in
parcntheses, the range of values is shown in subscript). Co-dominants are shown if cover was at least one in one of the
containers. The treatments were ordered according to the class;ﬁcauon shown in Figure 1. Note: F = Fertile, I = Infertile, p

= present but not touched by a sampling rod.

Treatment

Dominant

Co-dominant

Co-dominant

Flooded
High Water-F
High Water-I

Bidens (185.2,, 515)
Bidens (12.8,5 5,)

High/Q-F Bidens (181.6,5 315)
High/Low-F Bidens (1604, 5.,
High/O-1 Bidens (6.8, 9
High/Low-I Bidens (8.8,,,)
Not Flooded
Fertile
LITTER-F Bidens (92.4; 55
Cobbles—F Bidens (200.0y,, 276)
Pebbles-F Bidens (164.8,¢ .5,)
Litter-F Bidens (219.2, 555)
(Typha)-F Bidens (192.0y 3}
LITTER-1 Bidens (1.6,.)
+14 days-F Bidens (157,640}
Low-F Bidens (69.2,;, o)
Control-F Bidens (306.8,3; s00)
Infertile
+14 days—1 Bidens (3.6,)
Pebbles-1 Bidens (3.6,.,)
+28 days—1 Bidens (4.0, )
Low-I Bidens (2.8, ;)
Control-1 Bidens (3.6,)
(Typha)-1 Bidens (3.2,.)
Cobbles-1 Bidens (3.2,4)
Litter—I Bidens (3.2, )
+28 days—F Bidens (29.6,;_ )

© Rumex (04 )

p-2

Glyceria (0.4,;)

Epilobium (44.8,; )
Verbena (96.4, .}
Rumex (32.4, )
Epilobium (56.4, ;)
Lythrum (41.6,,,0)
Rumex (1.2,.,)
Lythrum (13.2, )
Lythrum (42.0,.56)
Lythrum (24.4,, 5,)

Epilobium (0.8, ;)
Verbena (3.2, )
Rumex (1.2, )

3 spp. (0.8,..)
Rumex (1.2.,)
Verbena (1.2,)
Rumex (2.0,
Carex (2.0,)
Verbena (10.0,_9)

Rumex (26.05 )
Lythrum (28.8,,_5)
Lythrum (25.6, )
Rumex (39.64_,,)
Epilobium (24 .4, ;)
Carex (1.2,.,)
Rumex (1205,
Verbena (31.6,.,,)
Verbena (21.6, )

3 spp. (0.4)
Carex (0.8,

3 spp. (0.4,.,)
Verbena (1.2,.,)
Carex (0.8,2)
Verbena (1.6,.,)
2 spp. (1.6,.)
Eythrum (6.8,

with water Jevel at the soil surface (with no other mod-
ification) can be considered as shared controls because
they represent a common reference point to which all
the other weatments can be compared. The design can
therefore be considered as series of six factorial de-
signs (with factors: water level, water-level fluctuation,
litter, surface texture, starting date, and Typha addition
cach crossed with fertility) (Manly 1992a).

A rnon-destructive point sampling technique was
used to survey the plant assemblage in the late summer
of each year. A gridded quadrat was placed over the
whole microcosm and was used to drop 50 small rods
into the container in a uniform patters. The total num-
ber of contacts for each species was used to measure
percent cover {percent cover for species i = 2 350, (no.
of times species i touched rod n)) (Kershaw 1973,
Mueller-Dombois and Ellenberg 1974). Because each
species can touch a rod more than once, the procedure
is synonymous with “‘cover repetition” (Goodall
1952). Although cover repetition also tends to be cor-
related with yield and biomass, such relationships vary

with taxa and enviroument (Mueller-Dombois and El-
lenberg 1974).

We have presented our data as two dependent vari-
ables: percent cover and incidence (from presence/ab-
sence data). Both variables are important. Cover in-
formation provides a picture of the plant assemblage
based on the dominant species. Incidence is the num-
ber of microcosms in which each species was able to
become established; therefore, low incidence scores
mean low establishment and low diversity.

SYSTAT was used to classify the treatments using
mnweighted pair-group mean averaging of Euclidean
distances from incidence data that will be presented in
Table 3. Manly’s program RT (Randomization Testing,
Manly 1992b) was used to test for differences in mean
species richness in the flooded vs. non-flooded treat-
ments. The test is equivalent to a t test, The program
uses Monte Carlo methods to compute exact proba-
bilities; we used 20,000 randomizations for each test.
Manly’s RT was also used to test for differences be-
tween the mean number of species in the non-fooded
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fertile treatments as compared to the non-flooded in-
fertile treatments. Sigmastat (Jandel Corp.) was used
to perform a Chi-squared test to check if the number
of times species were able to establish was dependent
on fertility level. Similarly, species were grouped as
monocots and dicots, and the Chi-squared test was re-
peated. In order to test if fertility affected individual
species incidences of establishment, Manly’s RT was
used to perform a Monte Carlo t test. A Pearson prod-
uct-moment correlation was computed between species
tota] incidence (number of occurrences) in year 1 and
year 3 using Sigmastat.

RESULTS
Species Establishment

After one season, Bidens cernua was the dominant
species in every treatment (Table 2). At high fertility,
several other dicots also often had relatively high cov-
er (Epilobium ciliaturm, Rumex verticillatus, Lythrum
salicaria, Verbena hastata), while monocots tended o
have low cover values. Many species had negligible
cover but were preseni. As might be expected, low
fertility brought about a nearly uniform reduction in
mean cover of Bidens.

Species incidence is shown in Table 3 in order o
show the number of times each species became estab-
lished in each treatment. Table 3 was used to compuite
a classification ta show the relative similarities in how
the treatments affecied species establishment {(Figure
1). The strongest effects on establishment occurred in
the flooded treatments, where many species were un-
able to become established (Table 3). Establishment
was lower in the flooded treatments (testing mean spe-
cies richness in the fiooded vs. non-flooded treaiments,
difference between the means = 9.06, p < 0.0001).
After flooding, fertility showed the strongest effects.
This was due to lower establishment (species richness)
at high fertility, as the mean number of species In the
non-flooded, fertile treatrnents was less thaa the mean
number of species in the non-flooded, infertile treat-
ments (difference between the means = 2.37, p =
0.0114). At high feriility, several soil texture treat-
ments (Cobbles, Pebbles, Litter) also formed a small
group (Figure 1).

Within the different flooding treatments, constant
high water of only 5 cm effectively inhibited the es-
tablishment of most species; only Bidens prospered.
When flooding was testricted to the carly sornmer
(High/0, High/L.ow), an additional group of species be-
came established (Rumex, Glyceria canadensis, and to
some extent Juncus filiformis and Acorus calamus),
but none of these species were abundant. Even within
the fluctuating water-level treatments, the effects of

High Water - F
High \Water - |
High/70-F
High/tow - F
High /0 -1
High / Low -1
LITTER -F
Cobbles -F
Pebbles - F
Litter - F
{Typha} - F
LITTER - |
+14 days - F
Low - F
control - F
+14 days - 1
pebbles - |
+28 days - |
Low - [
control - |
{Typha) - 1 -]
Caobbles - 1-1

flooded

not ficoded

infertite

T T i i T
0 10 20 30 40 50

Euclidean distance

Figuire 1. Classification of the treatments by UPGMA of Eu-
clidean distances, the data is shown in Table 3. Treatmenis
within branches tend to effect species establishment simitarly.

fertility were evident, as the infertile treatments
formed a group that was different from the other high
water treatments (Figure 1). Here, Acorus and Typha
angustifolia had higher establishment at low fertility,
while Scirpus acutus preferred high fertility (Table 3).

Within the unfiooded groups in the classification,
only two fertility treatments were misaligned (Figure
1). High titter (but low fertility} apparently cansed sim-
ilar effects on species establishment (in terms of pres-
ence and absence) as did high fertility. Its average spe-
cies richness was 10.8, which was lower than any other
low fertility, unflooded treatments. The fertile +28 day
treatment had total species incidence and average di-
versity that was more similar to the infertile treat-
ments, and in fact, it had the highest average diversity
(16.0) of any treatment. The shorter growing season
apparently allowed more species to coexist in the first
year. '

In general, most species had higher establishment
(incidence) at low fertility, but there were notable ex-
ceptions. The species varied in their relative abilities
to establish at the two fertility levels (X* = 52.052, p
< 0.001, d.f. = 19, when testing if species incidence
was independent of fertility level). Three species that
showed nearly uniform establishment were also nearly
ubiquitous among the microcosms (Bidens, Lythrum,
Verbena). One species (Hypericum ellipticum) tended
to have higher establishment in the fertile treatments,
but the pattern was not significant (Monte Carlo com-
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Species Pool =

20

. waz‘er leve! < sorl surface -

Iow fen‘.rhty $

{}

ﬂuctuatfng water Ieve! “constant level .

Bidens (24),, Eieocharis (134).:,
Eleocharis (18),,u | Lythrum (84), s,
Scirpus (7)), Scirpus (5),.,
Lythrum (2),.,, Glyceria (3),5
Juncus (<1),, Typha {<1),,

Typha (<1),,

L

mean species
richness:
3.5, 2.8,

mean species
richness:

Lythrum (153)45_2] Lythrum (58),.,
Scirpus {16),,, Carex (38),.,5
Glyceria (15),,,; | | Eleocharis (7).,
Carex (T)p.qo Scirpus (7),;
Eleocharis {5}, Glyceria (1)y.
Typha (2),, Typha (<1},
Epilobium (<1},
Penthorum (<1),.

Eupatarium {(<1),.4
Acorus {<1),,
Bidens (<1)g.e
Juncus (<1),.4
Penthorum {<1),,
Verbena (<1),,

mean species mean species
richness: richness:
31, 45,,

Figure 2. The major community types after five years (mean percent cover values are shown in parentheses, with the range
of values shown as subscript) and the major factors associated with their development (adapted from Weiher and Keddy 1995).
Each of the five factors can be thought of as a fiiter that removes species or alters abundances. Note the common control
treatments (constant water at the soil surface, sand) are included in the two communities o the right.

parison of means, p = 0.152, Manly 1992b). Two oth-
ers showed widely varying responses to fertility and
had no clear pattern (Eupatorium perfoliatum, Juncus
Sfitiformis). Monocots did not differ from dicots in
terms of apparent fertility preference (X = 3.453, p
= 0.178, d.f. = 2, testing if total incidence of mono-
cots and dicots was independent of fertility level).

Establishment Versus Persistence

One critical point for long-term prediction and man-
agement is the degree to which year one establishment
controls later vegetation composition. The microcosms
were therefore allowed to grow for five years. In year
five, the species assemblages had converged on four
main community types that corresponded to combi-

nations of flooding and fertility. Figure 2 graphically
shows species mean cover and the major factors that
gave rise to the different community types, while Table
4 shows the mean percent cover values for the most
abundant species in each treatment in year 5. The fac-
tors in Figure 2 are arranged in order of importance in
determining community assembly and are not arranged
to simply maximize parsimony. Water levels have a
strong effect on establishment and on initial commu-
nity trajectory. However, early differences can be oves-
come through fertilization. Treatments with constant
high water and high fertility eventually converged with
microcosms with low water levels and high fertility
(Figure 2, center). More specifically, most of the mi-
crocosms became dominated by Lythrum (Table 4).
Early dominance by Bidens was generally not sus-
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Table 4. The dominant and co-dominant species in each treatment in year 5 (mean percent cover values are shown in
parentheses, the range of values is shown in subscript). Co-dominants are shown if cover was at least one in three of the
containers. The treatments were ordered according to the classification shown in Figure 1. Note: F = Yertile, I = Infertile, p
= present but not tonched by a sampling rod.

Treatment

Dominant

Co-dominant

Co-dominant

Flooded

High Water-F
High Water-I

Lythrum 3716, 50
Bidens (24.0,.5,)

High/O-F Eleocharis (272.8, 5.}
High/Low—F Eleacharis (266,44 50
High/0-1 Bidens (624, ,,)
High/Low-1 Bidens (57.2, 123)
Not Flooded

Fertile
LITTER-F Lythrum (256.4,55_5,)
Cobbles-F Lythrum (277240 _36¢)
Pebbles-F Lythrum (328.8,5_150)
Litter—F Lythrum (310.05, 43)
{Typha)-F Lythrum (228.05 5.2)
LITTER-IL Lythrum (1400, 5.0}
+14 days-F Lythrum (355.6,5,_535)
Low-F Lythrum (340.8,55_436)
Control-F Fyrhrum (326,45 000}

Infertile
+14 days—1 Lythrum (107.6,_ 156}
Pebbles-1 Lythrum (15205 1)
+28 days-1I Lythrum (62.45 ¢)
Low-1 Lythrum (199.64,_.,4)
Control-[ Lythrum (620 ,,)
(Typha)-I Lythrum (992, 3)
Cobbles-1 Evthrum (128.44;_105)

Scirpus (66.0, ;)
Eleocharis (18.8, )
Lythrian (155.6, 55}
Lyehram (182.0,_;..)
Eleocharis (41.2,, 9
Eleocharis (30.d,_¢:)

Carex (10.6,_ 42
Carex (39.2,5)
Glyceria (1108, 1q)
Scirpus (T2, 156)
Typha (43.6,4 )
Carex (70.64_s,)
Scirpus (31.2,...)
Scirpus (31.2,.5)
Scirpus (50.4,4_¢)

Carex (94.8,5 520)
Carex (63.045 1)
FEleocharis (24.8,, 4)
Carex (112.8,_,.¢)
Carex (36.4,_.5:)
Carex (22.8, )
Carex (1232050

Bidens (12.0,.5,)
Scirpus (16.4, )
Scirpus (11.2 )
Scirpus (19.2, 5,)
Lythrum (13.2, )

Scirpus (24.8,5_:)
Scirpus (37.6,5 ¢5)
Scirpus (20.4, )
Scirpus (20,8, )
Scirpus (24.8,,.,)

Carex (17.2, )

Scirpus (23.0,.5,)
Scirpus (18.5,; 54)
Scirpus (18.453,)
Eleocharis (7.6, 5)
Scirpus (23.2,3,)
Typha (15,2, 5,)
Eleocharis (24.8,; .5)

Litter—1I Lythrum (116.8,, ..

Carex (110.04.0,0)
Eleocharis (24.4,.)

Eleocharis (12.4, ,,)
Scirpns (20-4$48)

+28 days—F Lyvthrum (349.2,,,_55)

tained over the course of five years growth, except in
the infertile and flooded treatments. The changes in
dominance that occurred over time imply that infor-
mation about establishment was generally unreliable
for longer-term predictions,

In year 5, 13 species were present in at least one
microcosm, however, only 7 were present with cover
values large enough to be classified as dominant or
co-dominant (Table 4), Of these, Typha was a co-dom-
inant only whete it was planted as ramets, While Ty-
pha was often present in other microcosms, its cover
was low. Even though Lythrum was, on average, the
dominant species for many treatments, at low fertility
there were several instances where Carex was most
abundant (e.g., within the Litter-] and +14 day-1
Zroups).

When the species are grouped by simple functional
groups (monocots, dicots, and Lythrum) and plotted
over five years, the decline of dicots appears to be
linked with the spread of Lythrum and monocots (Fig-
ure 3), Where water levels were kept at the soil sur-

face, early dominance by mixed dicots (mostly Bidens)
gave way to monocots and Lythrum. Lythrum domi-
nance occurred quickly in the fertile treatments, while
at low feriility, Lythrum or Carex became most abun-
dant. In both cases, the dicots other than Lythrum were
all extirpated by year 5. In the fluctuating water-depth

treatment (High/0) with low fertility, Lythrum estab-

lishment was poor and remained so throughout the ex-
periment. In the near absence of Lythrum and without
extremely large numbers of monocots (mostly Eleo-
charis), Bidens remained as a codominant species. At
higher fertility, Bidens (and Rumex) sharply declined
in year 4, and they were extirpated by year 5. This
coincided with the spread of Eleocharis and Lythrum.
Lythrum was likely released from suppression by soil
accretion. By the end of the experiment we counld see
that litter accumulation had made the 5-cm flooding
negligible, so that water levels remained at or below
the soil surface.

The weak correlation between species incidence in
year 1 and incidence after five years was not signifi-
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Figure 3. Percent cover (* standard error) of functional groups of species versus time. Note that cover scales for the fertile

and infertile treatments are not equal.

cant (Figure 4). The majority of species declined pre-
cipitously, and many were extirpated from the exper-
iment, Only three species increased in incidence after
year 1, and we cannot know if this was due to lon-
gevity in the seed bank or due to cross-inoculation of
the microcosm containers. The experimental contain-
ers were open systems, and it would have been un-
realistic to cover them and stop birds and frogs {from
visiting,

In all treatments other than flooded with low fertil-
ity, Lythrum was present. Conversely, Scirpus expand-
ed to more flooded microcosms, None of the species
that had low incidence in the first year increased with

time. There were, however, some apparent early suc-
cessional species that did well in the first year but did
not persist. Among these, Rumex, Verbena, and Epi-
lobium showed the most striking declines. Similarly,
Acorus, Eupatorium, Gnaphaliwm, and Penthorum
may also be considered as early successionals. Nearly
all of these species are dicots. While the dicots de-
clined, Lythrum and several monocots persisted.

DISCUSSION

Short-term information about establishment was not
predictive of longer-term trends in these wetland mi-
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Figure 4. The total incidence for each species (number of
microcosms where present) in year 5 plotted as a function
of total incidence in vear 1. The dashed hine represents no
net change over the course of the experiment. Codes for
species are abbreviations based on genus and species names,
see Table 1 for complete species names. Pearson product-
moment correlation (r) and significance level are shown.

crocosms. Over the course of the experiment, early
successional species either declined in numbers or
were extirpated, leaving only a few species to domi-
nate in most of the microcosms. The final assemblages
were relatively similar, with Lythrum often dominat-
ing. This suggests that for the species pool and range
of conditions used, there is one strong “atiractor” to
which the assemblages are drawn. Therefore, it may
be unlikely that stochastic founder effects are of over-
riding importance in temperate riverine wetland plant
assemblages. Furthermore, if the strong attractor for
Lythrum dominance is more generally applicable. then
it may be exceedingly difficult to create wetlands that
are free of Lythrum dominance, given its capacity for
producing large numbers of small seeds (Thompson et
al. 1987},

This experiment also points out several potential
Iessons about creating, managing, and restoring wet-
lands.

1. Lythrum (purple loosestrife) establishment may
be greatly reduced with flooding to a depth of only 5
cm, although this may also restrict establishment of
other taxa. No other factors successfully controlled
Lythrum establishment. Annual flooding of only 5 cm
inhibited Lythrum establishment for 5 years when fer-
tility was low. In the high fertility treatments, Lythrum
establishment was also low for the first several years,
but the inhibition was broken, apparently due to soil

accretion. Therefore consistent spring and early sum-
mer flooding can inhibit Lythrumn establishment even
where soil fertility is high. Increasing water levels and
hoiding them at 60 cm has been shown to reduce adult
Lythrum cover {Thompson et al. 1987). QOur results
strongly confirm that Lythrum infestations are best
dealt with early and that avoiding Lythrum establish-
ment is easier than its eradication (Thompson et al.
1987). Although Lythrum cstablishment can be re-
duced with herbicide (Welling and Becker 1993) or by
heavily seeding (non-native) competitors such as Ech-
inochloa crus-galli var frumentacea (Roxb.) Wight
(Fapanese millet, Malechi and Rawinski 1983), our re-
sults suggest that spring and early summer flooding is
another possible option.

2. Typha (cattail) establishment might be kept low
where sand or other coarse material can be used as a
substrate. Unwanted Typha dominance is a problem
for wetland restoration (Odum 1988), parily because
natural recolonization can often lead to monospecific
Typha stands (Levine and Willard 1990, Reinartz and
Warne 1993). In the microcosm experiment, Typha did
not dominate in any of the treatments; one common
factor was the use of coarse substrate. Typha angus-
tifolia was shown to have decreased recruitment when
grown on substrate with particle sizes of =>4 mm (Ked-
dy and Constabel 1986, recruitment was defined as
having occwred upon the appearance of the first leaf).
We have repeatedly grown wetland plants, including
Typha spp., in garden plots (e.g., Boutin and Keddy
1993, Gaudet and Keddy 1994, Keddy et al. 1994, and
others cited above), and Typha spp. do not establish
well on sand. We have observed in 1993 and 1994 pot
experiments that the addition of commercial potting
soil to sand {1:3) can dramatically increase the size of
Typha plants even when sopplied with high levels of -
fertilizer. Our experiments were not designed to find
conditions under which Typha spp. are intolerant, but
our experience is that they are difficuit to grow from
seed in sand-filled pois. The use of sand and other
coarse-textured substrates in wetland restoration pro-
jects may supress unwanted Typha growth.

3. High species richness is difficult to maintain. Al-
though all the species germinated and reached the
seedling stage, only six species were found in large
numbers after 5 years (Bidens, Carex, Eleocharis, Gly-
ceria, Lythrum, Scirpusy. This was the case even
though many of the species in the experiment that
failed to persist (Aster, Epilobium, Eupatorium, Gra-
phalium, Hypericum, Mbyrica, Panicum, Penthorum,
Verbena, Xyris) are found on the infertile, sandy
shores that we were attempting to model. Furthermore,
Lythrum dominance coincided with the loss of other
dicots. The rapid loss of species suggests that in the
absence of disturbance, competitive exclusion by Lyth-
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rum can be swift—as little as five years or less. Con-
sistent with our experimental results, wetland restora-
tion projects have also seen rapid dominance and loss
of biological diversity (e.g., Levine and Willard 1988,
Erwin 1990).

4. Although low biomass wetlands having high di-
versity are desirable because of the many rare and en-
dangered species they support (Keddy 1985, Moore et
al. 1989), it is apparently very hard to artificially create
them. The experiment was designed to model river or
lake shorelines with slow growing, rare species (such
as Xyris and Panicum, Keddy 1985, Wisheu and Ked-
dy 1989) by including such variables as cobbles and
water-level fluctuations. The convergence of commu-
nities in this experiment attests to the difficulty man-
agers and restorers will likely have when dealing with
such habitats. Our results again support the idea that
infertile wetlands may deserve a higher conservation
priority because of the difficulty of reconstructing
them,
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