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urban wetland

C.R. Owen
Natural Science Division, Franklin Pierce College, College Road, Rindge NH 03458, U.S.A.;
E-mail: owencr@fpc.edu

Key words:hydrology, land use, landscape ecology, vegetation, wetlands

Abstract

The impacts of changing land use on hydrology and dominant plant species from 1850-1990 were investigated in
a palustrine wetland in southern Wisconsin, USA. Aerial photographs, historic maps and water levels of the area
were used to determine changes in land use, wetland vegetation, and groundwater and surface flows over time.
Piezometers and water table wells were monitored weekly for two years. Vegetation was quantified in four one-
square meter quadrats at each water level measurement site. Linear regression models and multivariate ordinations
were used to relate wetland plant species to hydrologic, chemical and spatial variables. The current hydrologic
budget of the wetland was dominated by precipitation and evapotranspiration, although overland flow into the
wetland from the subwatershed has increased twenty-fold since 1850. Water level stabilization in the adjacent
Yahara River, creek channelization, and groundwater pumping have decreased inputs of groundwater and spring-
fed surface water, and increased retention of precipitaligohaspp. andPhalaris arundinace. have increased

in the wetland, whil&Carexspp. have decreasdehalaris arundinaceavas found most often in the driest sites, and

the sites with the greatest range of water levByghaspp. dominated in several hydrologic settings, indicating that
water depth was not the only factor controlling its distribution. The distributions of dominant plant species in the
wetland were most closely correlated with site elevation and average water levels, with some weaker correlations
with vertical groundwater inflows and specific conductance.

Introduction level alterations can change the plant community, and
hence the functions, of the wetland. Altered wet-
During the last 140 years, the watershed surround- lands often become dominated by non-native or inva-
ing what is now known as the Monona Wetlands sive plant species (Grace and Wetzel, 1981; Weisner,
Conservancy in Dane County, Wisconsin, has been 1993) which can lower the biodiversity of the wet-
increasingly urbanized, and the wetland itself has been and, decrease its functional value for humans and
greatly altered; over the same time, native grasses angother species, and even result in complete wetland loss
sedges have been declining, while invasive or exotic (Reed and Cahoon, 1992). Research has clearly doc-
species such as reed canary graRisafaris arundi- umented that different plant species require different
naceal.), narrow-leaved cattailsTgpha angustifolia combinations of water levels, water chemistry and soil
L.) and hybrid cattails Typha X. glauchhave been  tyPes (e.g., Nicholson, 1995), but only for very few
spreading. In addition, a functional assessment of the SPECies are these exact combinations understood. This
wetland showed that the wetland’s functions as well as /ack of information makes it difficult to predict the
its biodiversity have been severely degraded as the re-impacts of land use changes or to identify appropriate

sult of off-site impacts (Water Resources Management réstoration actions. S _
Workshop, 1990). The goal of this study is to investigate the re-

Changes in land use and land management fre- lationships petween vegetatio_n patterns, _hydrology,
quently result in alterations in the hydrology and Water chemistry and changes in land use in the wet-
water chemistry of wetland areas. These Iandscape-|a”d and the watershed, in order to determine possible

Article: wetl983 Pips nr. 184155 (wetlkap:bio2fam) v.1.1
wetl983.tex; 4/05/1999; 23:23; p.l


joyzedler
Highlight

joyzedler
Highlight

joyzedler
Highlight

joyzedler
Highlight

joyzedler
Highlight


210

SUBWATERSHED

W WATERSHED
BOUNDARY

5 km

X Groundwater pumping stations

Figure 1a.

Raitroad

N AN
— I e

v N Y, ¥ 1o v ie i
: prings Creek
gt e S

| Ca

Figure 1c.

residential/
commercial use

Agricultural
and

{ Phalaris arundinacea
dominated areas

Native upland
vegetation

Native wetland
J- ] vegetation

1em=224m

SUBWATERSHED i/ .-

gt N
Drainage ditches

e

. Rire Sp“ringsrc ook |

b
=

v, ¥
.V

S

sewage

— ine Springs Creek

sewage | lagoon PESE S S
lagoon v i i

Figure 1e.

Sewage
lagoon

Nine Springs Creek

Figure 1f.

Figure 1. Watershed and wetland use in the Monona Wetlands Conservancy, 1850-1990.
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causes for the decline in biodiversity of this highly im- were installed in the marsh, and three piezometer nests
pacted urban wetland and to determine the feasibility were installed in the upland next to the marsh. The
of restoration of native species. piezometer nest locations were chosen to get a good
coverage of the wetland to detect surface and ground-
water flow patterns. The marsh piezometers, con-
Site description structed of 3.175 cm diameter PVC pipe with 23.5 cm
screens and closed bottoms, were installed by hand
The site chosen for this study is a 92 ha urban peat- using a 5 cm diameter bucket auger in June of 1990.
land called the Monona Wetland Conservancy, located At each nest, a shallow piezometer was installed to the
in the City of Monona, in Dane County, Wisconsin bottom of the first layer, which was usually peat. The
(Figures 1a—f). The site and its hydrologic budget are screens on these piezometers were slotted with a hack
described in more detail in Owen (1993, 1995). The saw. Deep piezometers were installed to 30-60 cm be-
wetland is dominated by grasses and sedges, with alow the bottom of the peat, which in most cases was
few areas of shrubs. Underlying this vegetation is a glacial lacustrine silty clay with some marl and sand
layer of sedge peat (Histosol) which ranges from 0.6 mixed in at the top. These piezometers had 23.5 cm
to 1.8 m thick, followed by a 0.1-2.5 m layer of marl screens with 0.20 cm slots. Each nest also contained a
in many areas, and finally a layer of glacial lacustrine Stage gage in a 60 cm deep open well. Additional stage
clay and silt, between 3—15 m thick. Sandstone of the gages were installed at seven locations in the river or
late Cambrian age underlies these glacial lake depositscanal, as well as in the stormwater ditches leading
starting at a depth of 28-33 m. The wetland is bor- into the marsh. Leopold-Stevens (model #68 type F)
dered on its east side by the Yahara River, on the south8-day water table recorders were installed in the open
side by a railroad, and on the north side by a highway holes at 3 locations. Water levels in all piezometers
and local roads. and stage gages were monitored at least weekly from
June 21-Nov. 23, 1990, and from March 27—Nov.
2, 1991. Elevations of piezometers, stage gages, and
Methods ground surfaces were surveyed each year. Elevations
of the water level in each piezometer nest were used to

To characterize the historic hydrologic setting, land Calculate vertical horizontal hydraulic gradients, using
use patterns and vegetation in the wetland and its wa- Darcy’s Law.
tershed, aerial photos from 1937, 1950, 1968 and 1980  The electrical conductivity (specific conductance)
were used, along with descriptions of impacts to the and temperature of the water in the peat and clay
wetland and changes in vegetation (Bedford et al., and of the wetland surface waters at all piezometer
1974; Hollister, 1991). The configurations of the wet- Sites and stage gages were measured in situ in un-
land, watershed and streams in the 19th century werepurged piezometers using a downhole probe once each
characterized using historic maps (approx. 1850) and Season in 1991, using a Yellow Springs Instrument
historic accounts of pre-settlement vegetation in the Company Model 33 conductivity meter. One sample
Lake Monona and Lake Waubesa area (Mollenhoff, from each major area and depth of the wetland was
1982). To estimate the changes in surface runoff into taken in July of 1991 and analyzed for major cation by
the wetland resulting from changes in land use, the atomic absorption spectrophotometry in the University
Soil Conservation Service rainfall-runoff model was Of Wisconsin Soils and Water Analysis Lab. In addi-
used (Barfield et al., 1985). Changes in groundwa- tion, the pH of the water in all piezometers and wells
ter flow conditions were estimated based on historic at 8 of the piezometer sites was measured in July of
driller's logs (Wisconsin Geologic and Natural His- 1991 using a Beckman pH meter.
tory Survey, 1947) and on the results of groundwater ~ Vegetation in the wetland was mapped and quanti-
simulation models conducted by the U.S. Geological fied using aerial photos and ground surveys. Fifty-two,
Survey (1978). 1-m? quadrats were used to quantify the vegetation
To characterize the current hydrologic, chemical around each piezometer nest. One quadrat was placed
and biological conditions, a two-year study was con- in each of the first untrampled areas encountered on
ducted in 1990-91. A more detailed analysis of the the north, south, east and west sides of the piezome-
wetland’s hydrology is presented elsewhere (Owen, ter nest, no more than 2 m from the piezometer. The
1995). Thirteen piezometer nests and 27 stage gagedPercent cover and frequency of each species (Kershaw
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and Looney, 1985) were recorded in July of 1990, and tally numerous times, with documented burns in 1968,
the data from the four quadrats were averaged for each1980 and 1992. The wetland area south of this study
of the thirteen piezometer/stage gage sites. The aerialsite was converted to sewage lagoons in the 1960’s.
photos used to assist in the mapping of current veg- Part of the wetland was used as a dump for used
etation were orthographic color photographs taken in foundry sand from approximately 1968 to 1980. In
April of 1990 for the Dane County Regional Planning 1988 a highway was constructed through the wetland
Commission. Based on the quadrats and the visual (most of it is on a bridge over the wetland), foundry
inspections, the wetland was mapped into dominant sand was removed and ponds and wetlands were re-
plant association types. Ground elevations were takenstored as part of a wetland mitigation agreement for
at each piezometer nest, as well as in several otherthe highway (Owen et al., 1989).
points and the dominant vegetation at each point was  One of the streams that meandered through the
recorded, to estimate the average elevation in eachwetland was blocked off between 1880 and 1914, and
dominant vegetation type. its flow apparently was directed into the larger of the
The vegetation and environmental data were then two streams, called Nine Springs Creek, which was
analyzed using Bray-Curtis, TWINSPAN and DEC- deepened and straightened in an attempt to drain the
ORANA multivariate ordinations (Gauch, 1982) on wetland area. Before channelization of Nine Springs
the program PC-ORD (McCune, 1993) using linear Creek and the other unnamed creek that ran through
regression on the statistical package MINITAB to seek the wetland, the entire 3367 ha watershed of Nine
correlations between environmental parameters and Springs Creek drained into the wetland study area
plant species abundances (after arcsine square rooand the adjacent wetland to the south of it. Accord-
transformation where appropriate). The environmental ing to U.S. government surveyor’s notes of 1834, this
parameters examined, with their shorthand names in watershed was dominated by oak forest, oak savan-
parentheses, are as follows: Average, maximum andnah and prairie (Mollenhoff, 1982). Based on current
minimum depth to water table each year (=average knowledge of rainfall-runoff responses, the wetland
water table, maximum water table, minimum water ta- probably received little overland flow from the native
ble), the difference between maximum and minimum vegetation except in very large storms, with most of
water levels each year (=range), magnitude and direc-the surface flow coming from the creeks. Currently,
tion of vertical flow gradients from the upper level of no water flows from the creek into the wetland, al-
the peat to the lower level (=shallow gradients) and though there is some horizontal some subsurface flow
from the lower level of the peat to the clay layer below out from the wetland into the creek (Owen, 1995).
(=deep gradients), number of days with upward (dis- Once the creeks were blocked or channelized and their
charge) gradients (=duration of discharge), number of flow routed around the wetland, the size of the area
days with water standing over the surface (= standing draining into the wetland was reduced to 104 ha.
water), number of days with water levels less than As development continued in the 104 ha sub-
10 cm below ground surface (duratierilO cm), aver- watershed, surface runoff increased and was chan-
age specific conductance, pH, elevation, and distanceneled into the wetland through stormwater ditches on
to the river, canal or stormwater ditches. the west side of the wetland. By 1990, 63% of the wa-
tershed was paved, with a shopping mall and an indus-
trial park draining into the wetland through two large
Results stormwater ditches on the west side. Estimates from
the Soil Conservation Service rainfall-runoff model
Both the watershed of the Monona Wetland Conser- (Barfield et al., 1985), indicated that, if the same
vancy and the wetland itself have experienced many rainfall pattern and amount that occurred in April—
alterations in land use and water management (Fig- October 1991 (64.7 cm) fell on the land use shown
ures la—f, constructed from old aerial photographs). in aerial photos and historic maps of the watershed,
Historic maps of the area show that a railroad was con- surface runoff would have been 0.64 cm prior to 1850,
structed through the wetland between 1850 and 1855.5.5 ¢cm in 1937, 2.7 cm in 1950 (runoff decreased be-
The railroad bed does not appear to block subsurfacecause more of the watershed was in pasture than in
flow today (Owen, 1995). By 1937, the wetland was row crops), 10.1 cm in 1980, and 12.4 cm in 1990.
extensively tiled in a further attempt at drainage. The Therefore, the overland flow coming into the wetland
wetland was burned either deliberately or acciden- today represents a twenty-fold increase over the sur-
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Figure 2. Dominant vegetation in Monona Wetlands Conservancy, 1990.

face runoff that would have been experienced in 1850. land to the clay below. Two high-capacity municipal
All of this increased runoff is directed into the wet- wells were drilled within 0.5 mile of the wetland in
land through stormwater ditches on the north and west the mid-1960’s. Computer simulation models showed
sides of the wetland, and thence into unchannelized a 23 m drawdown in the sandstone aquiferand a 3-6 m
flow in the wetland. The adjacent Yahara River was drawdown in the surface water table resulting from
channelized and its water levels regulated for boating groundwater pumping (McLeod, 1978). Current maps
by 1937 (Hollister, 1991). Water levels in the Yahara of the aquifers do confirm the existence of this cone of
River are kept 30—60 cm higher since the construc- depression. Groundwater represented 2% and 1% of
tion of the Lake Waubesa dam in approximately 1937 the total inputs and 3% and 5% of the total outputs in
(Ken Koscik, pers. comm., 1997). Today, there is little 1990 and 1991 (Owen, 1995).
flow between the Yahara River and the wetland (Owen,  Water levels in the wetland were controlled by
1995), and it is reasonable to conclude that the water precipitation and evapotranspiration during the time
levels in the marsh are higher today than they were of this study (Owen, 1995). Precipitation contributed
prior to regulation of the river levels. 92% and 82% of the inputs to the wetland in 1990
There is also evidence to indicate that groundwa- and 1991; both years were 110-125% of normal pre
ter flow into the wetland has been diverted as a result cipitation for 1950-1980 (National Oceanic and At-
of groundwater pumping in municipal wells next to mospheric Administration, 1990 and 1991). Stormwa-
the wetland. Driller’s logs from 1947 (Wisconsin Ge- ter runoff into the wetland through the ditches on the
ologic and Natural History Survey, 1947) showed that north and west sides provided 6% and 17% of the
groundwater flowed upward, occasionally in artesian total inputs. Evapotranspiration constituted 97% and
flow, into the areas around the wetland; however, 94% of the outputs. Historically, groundwater inputs
recent hydrologic studies in the wetland (Wisconsin may have been larger, as discussed earlier, and surface
Dept. of Transportation (WDOT), 1978; Owen 1995) inputs via overland flow were much smaller.
showed that, in some parts of the wetland, there are
weak downward gradients, or recharge, from the wet-
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Figure 3. Average, maximum and minimum water levels and dominant vegetation at measurement sites in the Monona Wetlands Conservancy,
1990-91. Sites are presented from left to right in order of lowest to highest average water table.

Vegetation The drier parts of the wetland are dominated by
Phalaris arundinacea the slightly wetter sites are
dominated byCalamagrostis canadensisven wetter

. ) sites are dominated b@arex spp., and the wettest

Elgu_res la—f show the Iarge—scal_e changes in vegeta-gjios are dominated blypha angustifoligFigure 3).

tion in the WetlandPtharls aryndlnapeaandTyphg Depths to water table in the peat at different sites in

SPp. appeared to be increasing their coverage n thethe wetland were largely determined by the elevation

yvetland, wh|le Carex SPp- appeared _to be declin- of the site; correlations between average water levels

ing. These interpretations of the aerial photographs and site elevation were 0.68 in 1990 and- 0.67 in

aée dsfupgorteclj bi/glggg-lt\ilr_ne obierverf of the wetland 1991 pjstance to the river, the canal or the stormwater
(Bedford et al., ) _)' Inety-three plant species are iiopag jn the upland showed very poor correlations
known to occur in this wetland (Owen, 1993); 44 of | o\ oo jevels at each of the sites? & 0.10).

those species were found in the quadrats around the 13Higher-elevation sites, therefore, were drier even if

piezometer nests/stage gages. The yve_tland today Wa%hey were very close to the river or to other potential
dominated by four major plant associations, as named input sources

by the d-or;inra]mt plarl]nt species: r(lﬂ?halaris _";mlj,ndi' Table 1 presents the average percentage cover,
naceal..; (2) theTyphagroup, Typha angustifolid.., average, maximum and minimum water levels for

Typha latifoliaL., and the hyb.ridTypha X. glauca several of the most common species in the wetland.
(3) Calamagrostis canadensls; and (4) theCarex 5155 shown in Table 1 are the best correlations of

group, Carex Iasiqca_rpaEhrh.,Carex aquatiliswahl. each species with the hydrologic and chemical pa-
andCarex lacustrigilld. (Figure 2).
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Table 1. Average percent cover, water levels and best correlations for individual plant species. n=number of sites at which species was found

(out of 13 water level/piezometer nest sites monitored weekly).

Species % Cover Water levels Best correlation (see Methods)

n Avg. std. dev.  Avg. std.dev. Min. Max.
Calamagrostis canadensis 11 29.0 24.0 -6.3 6.4 —-34 15 Elevationr?=—0.45,p=0.017
Carex aguatilis 3 3.1 1.8 -19 3.1 -30 15 Conductivity:r2 =0.21,p=0.136
Carex lacustris 6 8.1 14.0 —-6.1 5.5 —-32 15 Duration of discharge? =0.28,p=0.075
Carex lasiocarpa 2 9.6 6.8 0.27 046 —-31 15 none possible
Galium tinctorium 9 0.8 0.40 -3.8 3.8 —-29 18 Standing water?Z = 0.57,p=0.005
Impatiens capensis 5 11.0 7.5 —-6.4 2.6 —-30 16 Max. water levelr? = 0.29,p=0.072
Lysimachia thrysiflora 10 4.7 3.1 —6.8 9.8 -32 21 Conductivityr?=—0.21,p=0.135
Phalaris arundinacea 4  47.0 46.0 —18.9 9.9 —-51 16 Avg. water levelr? = — 0.68,p=0.0001
Phragmites communis 4 5.0 4.2 -1.8 3.7 —-24 20 Distance to canal? = 0.35,p=0.043
Polygonum punctatum 6 1.3 1.6 —24 4.0 —-26 19 Minimum water levelr2 = 0.20,p=0.149
Polygonum sagittatum 7 0.63 0.2 -49 3.5 —-29 18 Elevationr? =0.45,p=0.017
Sagittaria latifolia 7 76 7.4 -31 4.0 —27 18 Maximum water levek?=0.27,p=0.086
Scutellaria galericulata 6 0.26 0.35 —-27 4.0 -31 17 Elevationr?=—0.23,p=0.112
Typha angustifolia 6 9.2 10.0 1.2 14.0 —-18 24 Avg. water levelr2=—0.12, 9=0.269
Typha latifolia 3 3.5 1.3 -49 2.8 —-35 16 Distance to river? = — 0.19,p=0.151

* Includes the hybrid'. X. glauca

rameters examined in each piezometer nest or stageter levels (greatest range), averaging 67 cm difference
gage (see Methods section for a description of each between the minimum water levels and the maximum
parameter). Low correlation coefficients for most of water levels observed in this study period. The per-
the plant species indicate that these hydrologic data centage cover d?halaris arundinaceavas correlated
do not explain much of the variation in vegetation. with low average water levelsq{=— 0.68, p <.001)
This could be the result of small sample size, since and high ranger =0.47,p=0.004). Site 1, with the
there were only thirteen piezometer nests/stage gageleastPhalarisof these three sites, also had the smallest
sites in the wetland with four quadrats around each fluctuations (Figure 3). Specific conductances of sur-
site, or this may simply reflect the complexity of the face water samples taken from tAkalarisdominated
system. Alternatively, this trend may indicate that cur- areas averaged quite high, 62472 . S/cm.
rent hydrologic and chemical conditions, at least as At slightly lower elevations, averaging 257.%&1
determined in this brief 2-year study period, are not 0.04 m AMSL, Calamagrostis canadensianada
the major cause of the distribution of plant species in bluejoint grass) dominated. Figure 3 shows the hydro-
this wetland. logic regime that was typical for this plant community;
The sites dominated yhalaris arundinacedPa) this hydrologic regime was very typical of the wet-
were the driest, and also had the largest hydrologic land, and much of the wetland was dominated by
amplitude. The sites dominated Bhalaris arundi- this plant community (Figure 2) o€alamagrostis
naceawere not diverse; an average of 75% of each plot canadensiswvhich commonly grew in association with
at these sites was covered wigthalaris, with local Carex aquatilis Carex lacustris Impatiens capensis,
abundances @olidago canadensand Aster simplex Lysimachia thrysiflora, Sagittaria latifolia, Solanum
in two of the plots, and very small amounts@dlam- dulcamara, Galium tinctorium, Rumex orbiculatus,
agrostis canadensis, Carex lacustris, Lathyrus palus- Polygonum sagitattum, Polygonum punctatama Ty-
tris, andLysimachia thrysifloraThe average ground pha latifolia. Sites 6, 7, 9, 10 and 15 were dominated
elevation for Phalaris-dominated sites in the wetland by Calamagrostis while site 16 was co-dominated
was 257.6740.09 m AMSL. These areas had the low- by Calamagrostisand Carexspp. Table 1 shows that
est average water table and the lowest minimum water abundance afalamagrostisvas negatively correlated
table (Table 1). The areas dominatedcHhalaris arun- with site elevation I =—0.45, p=0.03). Specific
dinaceawere also subject to the most extremes in wa- conductances of surface water in the areas dominated
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by Calamagrostisaveraged 452 198 £S/cm, which peat and 0.025 cm/cm in the lower layers, from the
is fairly low for this region.Calamagrostisvas found clay to the peat.
where the water levels averaged 6.3 cm below ground,  Interestingly, site 11, next to the Yahara River,
and ranged from a minimum of 34 cm below groundto was dominated by cattails but showed different hydrol-
a maximum of 15 cm above ground. This hydrologic ogy than the cattail area in the middle of the wetland
amplitude of 49 cm over the length of this study period at site 17 (Figure 3). The hydrologic regime at site
was not as extreme as the range of water levels seen inl1 was much more similar to that of Site 7 and 10,
theP. arundinaceadominated areas. which are both dominated yalamagrostis canaden-
Where the average water levels were near ground sis The elevation of site 11 was similar to that of the
level (Figure 3),Carex lacustrisand C. lasiocarpa Calamagrostisdominated sites, and was 34 cm higher
dominated, with someC. aquatilis Since little of than that of Site 17, whergyphaspp. also dominate.
the wetland area was dominated by sedges (FigureThis indicates that factors other than hydrology de-
2), only two of the piezometer nests were located termined the dominant species at this area along the
in sedge-dominated or mixed sedg@alamagrostisar- Yahara River.
eas. Sites 13 and 16 had higher average water levels Bray-Curtis ordination of the piezometer nest sites
than did the sites dominated Bhalaris arundinacea  according to all hydrologic and chemical factors indi-
or Calamagrostis canadensisCarex aquatilisand cated that one of the thrd@halarisdominated sites,
Carex lasiocarpgrefer the wetter sites, whil€arex site 5, was hydrologically and chemically similar to
lacustriswere found in a wider range of hydrologic a site dominated b alamagrostis canadensisite 6
conditions (Table 1). BottC. aquatilisand C. la- (Figure 4). This indicated that conditions here were
custris showed weak correlations with high specific adequate for establishment of native species, if the
conductances, which averaged 64290 uS/cm at Phalaris were physically removed. The hydrology and
these sites. Both species also showed a weak correla-chemistry of sites 1 and 14, on the other hand, are
tion with small upward flow (groundwater discharge) so dissimilar to any other sites where native wet-
gradients, which averaged 0.15 cm/cm at site 13 and land species are dominant that removalRi¥falaris
0.01 cm/cm at site 16. from these areas would be fruitless under current
The wettest sites are dominated Bypha angusti- conditions.
folia and possibly the hybrid. X. glauca(Figure 3).
The lowest elevations occurred in the middle of the
marsh, near site 17, where the average elevation wasDiscussion
257.28 m. This area had the highest average water lev-
els relative to ground level, and a small range in water These analyses indicate that the wetland may be re-
levels. Historic photographs and maps indicated that ceiving more stormwater-derived overland flow and
a small unnamed creek flowed through this area into |ess groundwater flow, from the spring-fed creeks or
the Yahara River before construction of the railroad from subsurface sources, today than in the past. Over-
and channelization of Nine Springs Creek (Figure 1a all water levels are higher in the wetland as result of
and 1b). Aerial photographs before 1968 showed a mix water level stabilization downstream, especially in the
of vegetation through the middle of the marsh where middle of the wetland.
cattails now dominate at site 17. It is likely that the timing of the water inputs may
The creeks that were channelized to run around, in- have also changed, since groundwater flow tends to
stead of through, the wetland are largely fed by springs pe steady, whereas surface runoff, particularly from
from a dolomite and sandstone aquifer (Dane County developed areas, tends to come in quickly and in large
Regional Planning Commission (DCRPC), 1992), so quantities, followed by long periods of no inflow, as is
presumably the historic wetland received more cold, the situation in the wetland today (Owen, 1993). These
high oxygen, alkaline spring-fed surface water from flashy inputs have probably contributed to the spread
these creeks as well as from subsurface seepage flowof Phalaris arundinaceawhich was found more often
from the larger, forested watershed. Specific conduc- jn the areas with the greatest fluctuation in water lev-
tances at thdyphadominated sites were the lowest e|s. All three of thePhalarisdominated sites receive
in the wetland, averaging 34846 uS/cm. Vertical ~ more surface or shallow subsurface flows of water
gradients were downward but extremely weak at these from the adjacent uplands than the rest of the wet-
sites, averaging 0.005 cm/cm in the upper layers of |and, but these inputs primarily occur only in spring

wetl983.tex; 4/05/1999; 23:23; p.8



217

14 Pa LOW
AVERAGE
WATER TABLE

1 Pa

e

THIRD
AXIS

7 Cc 6 Cc

11 Ts
16 Cc/Cs
9Cc

\ 4
15 Cc
HIGH

AVERAGE

10 Cc 8 Ts/Cc 13 Cs WATER TABLE

FIRST AXIS -
HIGH CONDUGTANCE

Figure 4. Bray-Curtis multivariate ordination of measurement sites into environmental factor spece. Bast correlation with first axis was average
specific conductancer?(:o.998), while the best correlation with the third axis was average height of the water table relative to the ground
surface (2 =0.90). Numbers shown are water-level measurements sites (see Figure 2); letter codes following represent the dominant vegetation
at each site. Cc Ealamagrostis canadensi€s =Caresspp.; Pa#halaris arundinaceaTs =Typhaspp.
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or after occasional very large summer storms. Other water running off parking lots, agricultural areas and
studies have also found thahalaris arundinace&as roadways in this area is typically warmer and higherin
better growth in drier sites than other hydrophytes sodium, heavy metals and nutrients (DCRPC, 1992).
(Coops et al., 1996), and that spring flooding does not Studies in this wetland show that the surface runoff
affect its growth, while prolonged summer flooding is indeed high in sodium and trace elements, while
reduced its total biomass (Klimesova, 1994), which groundwater from the aquifer below is higher in cal-
is consistent with the findings here. Restoration of ciumand magnesium (Kammerer, 1981; Owen, 1993).
one of thesdhalaris arundinacealominated areas is  The data in this study, however, did not show any cor-
possible because the physical conditions are still suf- relations betweeRhalaris arundinacear Typhaspp.
ficient to support native species, but removal of the and major cations or anions, indicating that changes in
Phalaris arundinacedirst would be necessary, using hydrology rather than in water quality were the cause
some combination of flooding, herbicides, burning or of their expansion, with one exception as noted below.
mowing (Apfelbaum and Sams, 1987; Gillespie and Carex spp. did show weak correlations with higher
Murn, 1992). specific conductances, indicating that they may have
The historic alterations in the watershed and the a preference for the groundwater-quality conditions.
wetland have also changed the quality of the ground-  One of the major changes noted in the wetland
water and surface water coming into the wetland. The vegetation besides the spreadPbfalaris arundinacea
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was the spread dlyphaspp. particularifyphaangus-  are now being outcompeted by exotic and more com-
tifolia and the hybridTypha X. glaucaThe center of ~ mon species. Restoration of native vegetation may be
the wetland, as well as the area bordering the Yaharapossible in a few areas, but in most parts of the wet-
River, appear from aerial photos and historic accounts land in which invasive species dominate, the physical
to have been dominated lyarex spp. andCalama- conditions can no longer support the native species.
grostis canadensisSince both of these species were
not found in deeper water such as that in the middle of
the wetland, the change in hydrology of this area easily
explains the invasion ofyphaspp. here, in the area of
one of the old creek beds. The water is deeper because

the level of the Yahara River has been raised betweenApfelbaum, S.I. and ngs, CE 1987. Ecology and control of reed
30-60 cm in the last 60 years through the construction gj”ary grassRhalaris arundinaced..). Natural Areas J. 7: 69—
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