
























































































































































































































































































































































































































































































































































development of diverse marshes, however, in some cases seed banks may contain
plant propagule parts of unwanted exotic or invasive plants. Planting is frequently

—— —--————supplemented to promote desired plant species. Artificial plant productionand -
establishment commonly occurs through the introduction of propagation material
to restored or created wetlands and to restored riparian areas (Marburger 1992).
Planting is usually implemented to accelerate colonization to allow choice of plant
form and selection of species, to provide wildlife habitat, and to increase the
overall diversity of the wetland. However, a question emerges: “Is it necessary or
beneficial to propagate vegetation and import OWS into created wetlands?” In
addition, “What is the response of invertebrates and macrophytes to these wetland
creation activities?”

Several authors have indicated that OWS may not be suitable for plant
growth: (1) sediments containing excessive organic matter often contain high
concentrations of organic acids which can be toxic to vegetation (Ponnamperuma
1972), (2) often provide inadequate support for rooted aquatic plants (Allen et al.
1989, Kadlec and Wentz 1974), and (3) Barko and Smart (1983) found organic
matter additions to submersed plants in the laboratory actually decreased plant
growth. Organic matter composition can substantially influence macrophyte
growth rates and increased investigative attention should be addressed to organic
soils because it could account in part for changes in the species composition of

macrophyte communities during the natural or man-induced successional
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development of aquatic systems (Barko et al. 1982). Most experimental work on
macrophyte growth in relation to sediments has been carried out under laboratory
—--- —————conditions. In this paper I present the results of a field experiment designed to -
examine the effects of OWS and planting on standing crop and the
phytomacrofuana within wetland areas on two small created lakes.

The objectives for this study were to: (1) evaluate the response of
macrophytes and invertebrates to OWS and planting, (2) determine soil parameter
differences between organic wetland soil and controls, and (3) evaluate a new
sampling device that captures not only the submerged macrophyte community but

also associated invertebrates.

| STUDY AREA AND BACKGROUND

The wetland areas used in this study (1995 - 1996) were located at the
Fontaine Mitigation Site (FMS) (SE 1/4, NE 1/4, Sec. 31, T23N, R6E) and the
Nash Road Mitigation Site (NRMS) (NE 1/4, SE 1/4, Sec. 6, T22N, R6E) in Wood
County, Wisconsin. The FMS and NRMS were created with funding by
Consolidated Papers, Inc. of Wisconsin Rapids, WI in 1990 and 1992,
respectively, to replace the loss of 6.7 ha of mixed wetlands (i.e., open water
communities which were formerly sand borrow pits, sedge meadows, and
scrub/shrub meadows). Vering (1993), Pancher (1995), and Olson (1997) describe

in detail site descriptions, purpose for mitigation at each site, and surrounding area.
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The 9.5 ha FMS consists of a 1.8 ha created lake (FF) with wetland fringes

and the enhancement of approximately 2.4 ha of sedge meadows (excavated to
~~~~ -~ ——openwater ponds). Theaverage depth to bedrock was 4.0 m in 17 pits, across site"

FF. The top 0.3 m soil layer was characterized as upland mineral soils, (i.e., fine
reddish brown sand with traces of roots and organics, and clay-sandy areas) (STS
Consultants, LTD. 1989). In general, surface soils have a sandy texture and
subsoil ranges from sand to silt to clay. The soil substrate at the FF site is Point
loamy sand, an upland mineral soil.

The 14.6 ha NRMS consists of a 2.5 ha created lake (NA) with wetland

fringes and 2.1 ha of created and enhanced wetlands. Soil test pits results within

the NA site were described as weathered rock to bedrock with some gravel, sand
and clayey silt (STS Consultants, LTD. 1990). The soils within the submergent
zone at the NA study site were a rock/clay bedrock substrate, without organic
substrate, which was considered inappropriate for plant establishment (Pancher
1995). In general, topsoil was thin to nearly absent within the NA basin and
wetland vegetation is deficient (Pancher 1995, STS Consultants, LTD. 1990). The
substrate within the lower infralittoral zone was nearly impenetrable to plant roots,
in contrast, the middle and upper infralittoral zones have been covered by 10 cm of
organic wetland soil (September 1992) providing a topsoil. The wetland fringes

within the 2 created lakes at each mitigation site were used for this study.
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The sites have been monitored from 1991 to 1996 as required by a
mitigation permit issued to Consolidated Papers, Inc. by the U.S. Army Corp of
- - —Engineers (COE) (Vering 1993;Pancher 1995, Olson 1997). Wetland “functional”
development was assessed by collecting data on several wetland characteristics,
including, (1) chemical variables; water chemistry for surface and ground water,
soil, hydrology, and (2) biotic variables; bird, mammal, amphibian, reptile, and fish
surveys, terrestrial and aquatic vegetation, and invertebrate abundance (Vering

1993, Pancher 1995, and Olson 1997).

METHODS

Experimental Design

Random experimental units (plots) were established in February 1995
within each plant zone at both sites. Deep and shallow zones were established for
submergent and emergent (includes floating-leaf) vegetation types, respectively.
Water depth varied from 0.20-0.65 m for emergent plots to 1.00-1.68 m for
submergent plots. The untreated control and the three treatments - planting, OWS,
and OWS/planting, had four replicate plots at the FF and NA sites for submergent,
and at the FF site for emergent zones (16 total plots per zone).

Experimental units were 2.13 m wide by 4.57 m long, enclosing 9.73 m’.
Permanent plot corners were marked with 1.27 cm conduit pipe and/or 0.64 cm

steel fence posts by placing a stake at each plot corner. Experimental zone site
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selection was based on the following 3 criteria: (1) accessible shoreline to allow a
large truck to deliver OWS, (2) shallow littoral pond gradient allowing plot
locationsnet to exceed depths greater than 1.68 m,and (3)a consistent slope
allowing multiple plots to be set up side by side at an equal depth.

Soils

For this study, a hemic OWS was transplanted from a natural, narrow-
leaved, persistent, palustrine, emergent/wet meadow wetland with areas of
standing water. The source wetland was located 36.80 km north of the sites at the
NE 1/4, SW 1/4, Sec. 22, T25N, R6E in Portage County, Wisconsin. The
vegetation within the source wetland was dominated by Typha latifolia with a
mean standing crop of 584.64 g/m’® (6 =76.71,n=3).

The soil found within the source wetland was Markey mucky peat, a
histosol, which was also the same soil found within the impacted wetlands near the
study sites (STS Consultants Ltd. 1990). This soil series formed in 40.63 to
126.97 centimeters of organic reside over sand, it was only partly decomposed due
to anaerobic conditions. It has a high water capacity, a low fertility, a slight to
medium acidity, and is vegetated by sedges, reeds, and cattails (U.S. Department
of Agriculture 1977). Markey mucky peat represents the largest acreage, 22.12 %
or 3885 ha, of 8 organic soils, and 2.62% of 32 hydric soils (organic and mineral)
found in Wood County, Wisconsin. The OWS was transferred to the study sites

and dumped on the shoreline of the NA and FF sites on 22 and 23 February 1995,
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respectively. Sixty m® of OWS was delivered to each study site. A skid loader
was used to spread a layer of OWS on the ice within each OWS and OWS/planted
— . — —— plotto amean depthof25:5cm.— — - — T
Physical and chemical soil parameters were measured within the plots to
quantify habitat and treatment differences in soil characteristics. Initially, 2 core
samplers were tested for collecting soil samples at the sites, however, attempts
were unsuccessful because the samplers would not penetrate the bottom and hold a
soil sample for return to the surface. I fabricated a 5.08 cm diameter core sampler
that effectively penetrated bedrock, organic, and mineral (clayey) soils and
returned core samples up to 20 cm long. The sampler was used in depths to 1.67 m
(Olson 1997). Two random cores were taken from all non-OWS plots during
April/May 1995 and five random samples were taken from OWS. Soil samples
were delivered to the Soil and Forage Analysis Lab in Marshfield, Wisconsin, and
analyzed for pH (pH-water and SMP buffer method), percent OM (loss-of-weight
on ignition method), PO, (Bray P1 method), K (Bray P; method), exchangeable
Ca*? and Mg (1.0 N NH, acetate method), and soil particle analysis (hydrometer
method). Analysis for NH, (steam distillation' method), NO, + NO; (steam
distillation method), and field bulk density (core method?) were conducted in the

soils laboratory at the University of Wisconsin - Stevens Point.

! (Bremner and Keeney 1965)
2 A core sampler was taken with a standard core sampler and removed with a plunger. The core was sliced
into 2.54 c¢m sections and dried at 105°C for 24 hours and weighed to the nearest 0.01 g,
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Macrophytes

Four macrophyte species were selected for propagation. The following
plants were ordered from Wildlife Nurseries, Inc. in Oshkosh, WI; Potamogeton
perfoliatus, Vallisneria americana, Scirpus acutus, and Potamogeton nodosus.
Vegetative propagules were chosen over seed because they provide the most
successful and cost-effective plant establishment (Marburger 1992), are more
reliable, require less time to become established, and enabled me to plant uniform
numbers across all plots. Emergent zones were planted with S. acutus and P.
nodosus and the submergent plot zones were planted with P. perfoliatus and V.
americana. These species were chosen because they provide food and cover for
wildlife, have suitable growth requirements (e.g., planted at the proper depth),
were obtained easily, are common species, and were sampled easily because of the

structure.

Macrophyte Planting Techniques: Macrophytes were spaced approximately
45.72 cm apart (0.47 m on center spacing) with 2 tubers or roots per location. The
roots were planted in May 1995. Two planting techniques were employed. S.

acutus was planted with the “plunger technique”. This procedure was

accomplished as follows: (1) a slit was made in the substrate with a tree planting
bar; (2) a PVC pipe 1 m in length and 5.08 cm diameter was inserted in the slit;

(3) arootstock weighted with nails or stones (attached by rubber bands) was
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dropped into the top end of the PVC tube; and (4) a plunger was inserted to hold
the root in the substrate while the slit was sealed gently with the planters foot.

‘The remaining species were planted with the “floating planter” technique.
Plastic bowls were fastened at 0.46 m intervals on the top of a 2.13 m section of
5.08 cm diameter PVC tube. Two roots or tubers/bag/plant species were placed in
mesh bags with gravel. The bags were placed in the bowls and the floating planter
was positioned parallel to the shore. Planting started at the deepest depth and
progressed toward the shore. At each 0.46 m interval the planter was turned over
releasing the bags to sink to the bottom. This method of planting reduced
disturbance within the plots while accurately spacing the plants within the plot.

Predator Exclosures: Animals such as muskrats (Ondatra zibethica) and

waterfowl sometimes consume great quantities of marsh and aquatic plants
(Kadlec and Wentz 1974). Canada geese (Branta canadensis) can cause
significant depredation through grazing of young shoots and seedlings and
uprooting of rootstock (Warbuton et al. 1985). A brood of geese used the FMS
and pairs of Canada geese used the NRMS. Several duck species and muskrats
inhabited both mitigation sites during the planting period. To prevent depredation
of the propagated aquatic plants, a 5.1 cm mesh wire fence was erected around the
plots at FF (Olson 1997) and NA on 29-30 May and 31 May through 1 June 1995,

respectively. The fence was constructed with 1.22 m wooden stakes and 0.61 m
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steel stakes. The exclosure extended to the bottom and was 0.45 to 0.60 m above

the water surface.

Macrophyte / Invertebrate Collection and Processing

A highly effective and efficient remote phytomacrofauna sampler was used
to sample the macrophytes and associated phytomacrofauna (Olson 1997). The
macrophyte / phytomacrofauna samples were placed in coolers and taken back to
the laboratory (Golterman et al. 1988). Samples were floated in water, sorted to
species, air dried to constant weight at 105°C (48 h), and weighed (+0.01 g).
These dry weights were transformed to estimated dry weight per square meter
(Downing and Anderson 1985). Taxonomy and nomenclature followed Fassett
(1940) and Reed (1988). Invertebrates were preserved in 70% isopropyl alcohol
and later counted and identified to family. Taxonomy followed Hilsenhoff (1981),
Merrit and Cummins (1984 ), and Pennak (1989).

Samples of macrophytes and invertebrates were collected within the
submergent zone on 11-15 July 1995 and 12-16 August 1996 at FF, and on 18-22
July 1995 and 23-27 August 1996 at NA. Propagated species were 7.5 weeks old
for 1995 collection periods. Samples of macrophytes were also collected on
planted plots only during 15-17 August 1995 at FF and on 17 August 1995 at NA
when propagated species were 12.5 weeks old. Samples of macrophytes were

collected within the shallow emergent zone on 7-10 August 1995 when propagated
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species were 11.5 weeks old and on 5-6 August 1996 at FF. At the NA site
sampling was on 11-12 August 1995 when propagated species were 11.5 weeks
oldand 1-2 August 1996. =~ — — - T
Analytical Procedures

Standing crop, frequency, relative frequency, and species counts were used
to evaluate planting and soil treatments (Olson 1997). An analysis of variance
(ANOVA) statistical procedure was performed on invertebrate and macrophyte
data using Number Cruncher Statistical Systems (NCSS 6.0). Statistical
significance was determined at o = 0.05. Macrophyte standing crop and species
count data were transformed to [log;o(n+1)] and (/x + 0.5 ), respectively, to better
meet the assumptions of ANOVA (Steel and Torrie 1960, Sokal and Rohlf 1969,

Zar 1974, Spencer and Whitehand 1993, Madsen 1993). Comparisons among

means were made with Student-Newman-Keuls procedure (Sokal and Rohlf 1969).

Invertebrate counts were also transformed (+/x + 05 ) to account for instances
where observations included zeros and to better meet the assumptions of ANOVA
(Steel and Torrie 1960, Sokal and Rohlf 1969, Zar 1974). Macrophyte and
invertebrate data was compared separately. ANOVA’s were used to test whether
the following factors affected standing crop and species counts: planting, soil, and
planting x soil. A two-way ANOVA was first generated on the basis of standing

crop for all species combined for each site and zone. ANOVA’s were then
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separately calculated for naturally occurring dominant species and planted species

on soil/planting treatments and soil treatments, respectively. Data was collected

—(Table 1) for the emergent zone at site NA, however it was not used in analysis due

to small sample size (n = 2).
RESULTS
The phytomacrofauna sampler was used effectively to collect 352 and 336
samples at NA and FF, respectively, in 1995 and 1996 (Olson 1997).
Aquatic Macrophytes

Propagated Species on Control vs. OWS. -- Propagated species success varied. P.

nodosus became established and was found in 71.4% (1995) and 25.0% (1996) of
the OWS samples; and 29.2% (1995) and 37.5% (1996) of the control samples at
site FF. At site NA, P. nodosus was found in 43.8% (1995) and 87.5% (1996) of
the OWS samples; and 31.3% (1995) and 68.8% (1996) of the control samples.
Standing crop for P. nodosus was higher on OWS than control in 1995 (p = 0.043),
at site FF (Fig. 1). Visual observations conducted every two weeks after planting
revealed that no S. acutus plants became established. I suspect the rootstock was
not viable.

V. americana was the most successful of all propagated species (Tables 1-2
and 3-4). Propagated submergent macrophyte standing crop was consistently
higher on OWS than on control (Tables 3 and 4). In 3 of 4 sampling periods, V.

americana was the most abundant and relative abundant species found on OWS
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and on control at both sites (Tables 1 and 2). Mean V. americana standing crop

was higher on OWS than control in 5 of 6 comparisons at both sites (Tables 3 and

-4) and was significantly higher (p <0.01) in 2 of 3 comparisons at site FF (Fig. 2). @

ANOVA'’s on pooled data of both year (August sampling periods) and site showed
V. americana was higher, almost significant (p = 0.06), on OWS than control and
was significantly (p = 0.000) higher in 1996 than 1995. Site differences were not
significant (p > 0.10). V. americana standing crop was at least 80% greater within
the planted and over 93% greater on planted-OWS treatments then the next highest
plant species at site NA in 1995. No other macrophyte species at site NA
contributed more than 1 g/m” to the submergent zone total standing crop, (Table 4)
during 1995.

Potamogeton amplifolius at site FF occurred infrequently (3.8%) in 1995
and was absent in 1996 on controls, but occurred in 23.1% and 16.7% of samples

from OWS plots in 1995 and 1996, respectively (Tables 1 and 2). Since P.

 amplifolius was not abundant, no statistical tests were run, but it appears that

standing crop was greater on OWS than on control (Table 3) at site FF. P.
amplifolius occurred infrequently at site NA (Table 2).

All species standing crop -- Standing crop was consistently higher across

control and all treatments at site FF (x=69.0 - 140.0 g/m” July and August 1995,

x=127.0 - 200.0 g/m* August 1996) than site NA (x<6.0 g/m” July and August
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1995; x <73.0 g/m* August 1996) for all sampling periods (Tables 3 and 4).

ANOVA'’s on pooled site and year data from the submergent zone revealed

significantly higher (p=0.000) standing crop at site FF than site NA. No
significant differences were found for soil or planting factors across pooled data.
Total standing crop at site FF was significantly (p<0.05) higher on control than
OWS for July 1995; however, in August 1996, standing crop was significantly
(p<0.05) higher on OWS than control, no difference (p>0.05) was found for the
planting treatment at site FF. Elodea canadensis was dominant during 1996 and,
along with V. americana, accounted for the majority of the total standing crop. All
species total standing crop did not differ between control and planted treatment at
site FF. No significant differences (p > 0.05) were found between the treatments
at site FF, emergent zone. There was no consistent trend in standing crop
difference of control and treatments over the two years at site NA but it appears
that planting may have had some influence at site NA, in 1996 (Fig. 3). No

differences were illustrated between OWS and control at site NA (Fig. 3).

Response of Naturally Occurring Species. -- The following species of
submergent plants were plentiful in 1995: Potamogeton foliosus, Najas flexilis and
E. canadensis at site FF (Table 3). P. foliosus did not occur in 1996; in contrast, E.
canadensis occurred in all samples and N. flexilis was abundant at site FF.
Abundant (>50%) emergent zone species at site FF in 1995 included N. flexillis, P.

foliosus, E. canadensis, and Eleocharis acicularis. In 1996, E. canadensis, N.
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[lexillis, and Potamogeton strictifolius occurred in more than 25% of the emergent
zone samples at site FF. Sagittaria latifolia was 90% more abundant on OWS
plots than controls at site FF, emergent zone. S. latifolia standing crop was
significantly (p=0.02) higher on OWS than control in 1996. S. latifolia did not
occur elsewhere within the study pond but contributed greatly to the total standing
crop for OWS and planted-OWS treatments within the emergent zone at site FF.

N. flexilis was significantly higher (p = 0.000) in 1995 than 1996, in contrast, E.
canadensis was significantly (p = 0.019) higher in 1996 than 1995 (Fig. 4). In 2 of
4 comparisons of emergent and submergent zones, N. flexilis was significantly
(p<0.02) higher on control than OWS but no difference (p>0.05) was found for
planting. No difference (p>0.05) existed between controls and treatments for E.
canadensis in 1995. However, in 1996 E. canadensis standing crop was
significantly higher (p = 0.012) on OWS than control and planting but not
significantly (p>0.05) different than planted-OWS (Fig. 4). P. foliosus standing
crop was high in 1995 (>37 g/mz) but it did not exist in 1996 (Fig. 4).
Potamogeton vaseyi colonized the experimental plots at site NA in 1996 (Table 4).

Treatment Affects on Species Abundance. -- For all submergent zone

comparisons species counts were highest for planting, intermediate for control and
planted-OWS, and lowest for OWS treatments. ANOVA species counts were
compared for both sites each year (Fig. 5). Site and year data then was pooled and

ANOVA'’s were run for the number of macrophyte species. Species count for
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OWS was significantly lower (p < 0.05) than control, planted, and planted-OWS.
Species count for planted was significantly (p < 0.05) higher than control and
OWS, but not significantly different from planted-OWS at site FF, submergent
zone, in 1996. Within the emergent zone at site FF, no difference in species counts
were found during 1995, in contrast, counts were significantly higher (p < 0.05) on
OWS and planted-OWS than control and planted treatments in 1996.
Invertebrates

Total captures at FF were 62.7% and 94.9% higher than NA in 1995 and
1996, respectively. Invertebrate captures at the NRMS were infrequent and highly
variable, therefore data from this site was not analyzed for statistical differences
between control and treatments. A simplified list of phyla, classes, subclasses,
orders, and families with common names was put together to aid the reader (Olson
1997). Taxa counts were higher at site FF than NA in 1995 (17 vs. 14) and 1996
(32 vs. 14), respectively.

Site FF: -- The total invertebrate count was 79% higher during the second
year than the first. In order of decreasing frequency: odonata, emphemeroptera,
gastropoda, acarida, trichoptera, and diptera occurred in more than 40% of the
samples in 1995. Trichoptera, acarida, odonata, diptera, crustacea, cladocera, and
ephemeroptera occurred in more than 40% of the samples in 1996. The above taxa
groups and total invertebrate counts (includes infrequent taxa) were analyzed

separately for statistical differences between treatments and control. Mean
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invertebrates/m” for gastropoda and ephemeroptera were lower (p<0.05) on OWS
and OWS/planted than planted and control in 1995 (Table 5). The OWS/planted
treatment had a higher taxa count (16 and 26) than did the control (16 and 21),
planted (16 and 25), and OWS (11 and 24) in 1995 and 1996, respectively.

A 2-way ANOVA (soil and planted treatments) revealed that planting (V-
americana) had an insignificant affect on invertebrate densities in 1995 (Table 5)
and 1996 (Table 6). The planted treatment was found to be insignificant (p>0.05);
therefore, the soil treatment was analyzed by the one-way ANOVA procedure.
Soil type significantly (p<0.05) affected invertebrate numbers more drastically
than planting.

Total invertebrate counts (all taxa) and the following groups: trichoptera,
acarida, ephemeroptera, and oligochaeta were significantly (p<0.5) higher on OWS
than control in 1996 (Table 7). Diptera and cladocera were slightly higher
(p<0.10) on OWS than control during the second year (Table 7). The 1996 results
were significantly (p<0.05) different than the 1995 results. Animals were higher
on control (1101) than OWS (376) in 1995, (i.e., 65.9% more individuals on the
control). In contrast, total animals were higher on OWS (5035) than control
(1942) in 1996, (i.e., 61.4% more individuals from the OWS).

Site NA: -- No statistical tests were conducted for this site because of
infrequent and sporadic invertebrate captures. The total number of individuals

captured was 39.4% higher in 1996 than 1995 (Table 8). Diptera, ephmeroptera,
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and odonata comprised 88.4% of all captures in 1995 (Table 8). Planting did not
have a significant (p>0.05) affect on invertebrate numbers in 1995 (Table 8).

7,

Mean counts on OWS were 42.3/m2, 19.7 s.e. and 181.6/m2, 82.2 s.e. on the

control. Total counts were 430% and 193% higher on control than OWS in 1995
and 1996, respectively. More taxa (class/order) were found in 1996 than 1995 for
all treatments (Table 8).

Diptera, ephemeroptera, and odonata occurred in more than 38% of the
samples in 1995, and gastropoda occurred in 74% of the samples in 1996.
Gastropoda comprised 59.7 % of all invertebrate captures in 1996. Mean
gastropoda counts were lower on OWS (36.6/m2, 9.8 s.e.) than control (82.5/m’,
13.0 s.e.). Mean counts on planted were 46.7/m?, 9.0 s.e. and were 72.3/m?, 13.8
s.e. on controls. No differences between treatments were observed for the

remaining taxa in 1996.

Soils

The soil CEC, available POy, NO, + NO; - N, NH;, - 4, Ca"* and Mg*,
percent OM, bulk density, and pH were all significantly (p<0.05) higher on OWS
than control, for both emergent and submergent zones at site FF (Table 9). Soil
results were similar at the NA site, soil CEC, available PO,, NO, + NO; - N, Ca'™>
and Mg", percent OM, and bulk density, were all significantly (p<0.05) higher on

OWS than control within the submergent zone at site FF (Table 9). Fewer
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~Potassium was significantly (p<0.05) lower on OWS than control at the FF site

significant differences were found between OWS and the emergent zone at the NA

site (note: this zone had received OWS treatment 3 years prior to study).

(Table 9). Soil particle analysis suggests a sandy loam particle composition

dominates for all experimental zones.

DISCUSSION

The results presented here indicate that: (1) some macrophytes respond
favorably to the addition of OWS, (2) OWS offered macrophytes a greater nutrient
supply than controls, (3) invertebrates increased dramatically during the second
year of study on OWS, (4) there were more invertebrate taxonomic groups on
OWS, and (5) planting had little effect on total biomass or invertebrate counts but
increased species richness.
Macrophytes / OWS

The OWS affected planted species differently than species that already
occurred at the study sites. Planted species had greater standing crop on OWS than
control plots during the first year. In contrast, macrophytes already present at the
study sites were less frequent on OWS than control and, therefore, had lower
standing crop on OWS during the first year. During the second year planted and

un-planted species both tended to be higher on OWS than controls.
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I speculate that when OWS is transferred into a created wetland that is a
few years old, the plants inhabiting the wetland at that time are covered by the
OWS. Thenew propagated species then were able to grow without competition”
from these pre-existing species. Also, these new species were able to exploit the
greater nutrients found in the OWS. However, during the second year of the study
the pre-existing species were able to spread onto the OWS plot or grow up through
it and they also exploited the nutrient supply; therefore, a higher standing crop was
found on OWS than control during the second year. Barko and Smart (1983)
found that organic matter inhibited some macrophytes. V. americana and P.
amplifolius did not appear to be inhibited in this study; however, P. foliosus, N.
flexilis, and E. canadensis were inhibited during the first year following the
addition of the OWS.

“Is the addition of OWS really necessary for planned wetlands?” The
answer can be yes or no depending on the substrate within the planned wetland.
Most wetland plans today recommend that OWS be spread over the created
wetland bottom in areas where wetland vegetation is desired to provide a fertile
substrate on which wetland plants can be established (Svoboda 1996, Garbisch
1990). Garlo (1994) states, “organic wetland muck or topsoil must be added over
the subsoil for good vegetational development.” Atkinson and Cairns (1993)
suggested OWS additions to a created wetland could increase the likelihood of the

successful replacement of water quality functions. This is possible because carbon
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dioxide is increased when the microbial community consumes organic matter and

oxygen. This is important since water quality enhancement functions depend upon

anaerobic conditions which may not be performed if carbon availability is not
sufficient (Faulkner and Richardson 1989). Photosynthesis enables green plants to
convert this carbon dioxide to organic carbon. When a soil is flooded, oxygen is
quickly consumed by microbial respiration and chemical oxidation. Anaerobic
microorganisms use a variety of substances to replace oxygen as the terminal
electron acceptor during respiration. The soil components used in sequential
reactions after oxygen, include nitrate, manganic manganese, ferric iron to ferrous
iron, sulfate to sulfide, and finally carbon dioxide to methane.

Standing crop, species richness, and macrophyte frequency were much
higher at the FF than NA site. The density of the substrate, organic matter
composition, and nutrient availability affect macrophyte communities. Laboratory
studies have shown that both sediment texture (Barko and Smart 1986) and
sediment organic content (Barko and Smart 1983) effect aquatic macrophyte
growth. Variations in the composition of bottom sediments may strongly influence
the growth and distribution of freshwater plants (Macan 1977). Barko and Smart
(1986) found that sediment density rather than organic matter was the most
influential in regulating growth. The NA site was formally a gravel pit. Gravel
pits are inherently poor sites for plant growth due to dense substrates (basins

evacuated to subsoil “bedrock™) and are prone to steep slopes (Garlo 1994).
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Gentle slopes are recommended within the created wetland basin to maximize the

opportunity for wetland plant species zonation. The NA site is characterized by

- dense soils (i.e., clay, rubble, and in some areas bedrock). This is probably why

vegetation has not yet become thoroughly established at the NA site. In contrast,
the FF site basin was filled with a mineral upland topsoil which is more favorable
to plant establishment. The littoral zone at the mitigation sites is relatively narrow
due to steep slopes. Owen et al. (1989) suggests wetland creation is often centered
around ponds with slopes too steep for development of a gradual wetland edge and
a substrate which is too hard to support wetland plants. Natural wetlands have
softer, peat substrates, much more gradual slopes, and abundant wetland
vegetation.

Nitrogen, phosphorus, and potassium are important for macrophyte growth.
These nutrients became available as they are mineralized by soil microorganisms.
The soil contains an enormous supply of nutrients when compared to the overlying
water layer. Macrophytes fulfill their nitrogen and phosphorus requirements by
mobilizing these nutrients directly from the sediments, whereas potassium is
primarily obtained from the water (Barko and Smart 1986). Phosphorus is released
from the sediment due to the mineralization of organic matter (Sinke et al. 1990).
Invertebrates

Total invertebrates and most taxonomic groups tended to be lower on OWS

than controls during the first year. In contrast, total invertebrates and most
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taxonomic groups were significantly more abundant on OWS than controls during

the second year. The increase in the phytomacrofauna on OWS during the second

“~year can possibly be attributed to: (1) increased standing crop of finely dissected

submergent macrophyte specie such as, Elodea canadensis, and (2) organic matter
within OWS plots offered a greater food source. Most likely the combination of
the two was responsible for the increased invertebrate counts on OWS during the
second year. Krull (1970) found Elodea sp. to harbor large numbers of taxonomic
groups and numbers of organisms. V. americana dominated the OWS during the
first year. Since, V. americana is a long ribbon like plant, there are few structural
features and therefore little habitat is available to the phytomacrofauna.
Invertebrates were most likely lower on OWS during the first year, since it would
take at least a year for the invertebrates to fully colonize the new OWS. This is
because a diversity of macrophytes must first become established to provide
habitat for the phytomacrofauna. Submerged plants with greater surface area tend
to harbor more taxonomic groups, higher numbers, and weights of
phytomacrofauna than do plants with less surface area (Dvorak and Best 1982).
Conclusion

If a wetland is created in a gravel pit or is evacuated to the subsoil, then I
recommend that OWS be placed into the basin of the created wetland as a topsoil
to supply nutrients, add carbon to the system, and to provide a rooting medium for

macrophytes. However, if a created wetland is not evacuated to the subsoil or if
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topsoil is used from the site than OWS should not be necessary. OWS tends to
“jump start” a created wetland and leads to the development of a diverse
community.- Thecomposition of the basin influences the available nutrients, rate
of pioneering of plants, survival of plants, and the character of the plant structure
then determines the habitats available for the phytomacrofauna and fish

community.
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Table 1. Frequency and relative frequency of aquatic macrophytes found on control, planted, organic wetland soil (OWS), and planted-OWS
experimental plots within the submergent zone at the Fontaine Mitigation Site, Wood County, Wisconsin, July 1995 and August 1996.

Control ° Planted © ows*? Planted-OWS °© ' All Plots

Rel. Rel. ' Rel. Rel. Rel.
Genus Species Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

1995 |
Potamogeton foliosus 100.0 26.4 100.0 224 80.0 35.3 80.8 221 89.6 25.7
Najas flexilis 100.0 26.4 100.0 224 60.0 26.5 65.4 17.9 80.2 23.0
Elodea canadensis 79.2 20.9 73.1 16.4 13.3 5.9 23.1 6.3 i 453 13.0
Vallisneria americana?® 0.0 0.0 84.6 19.0 3.3 1.5 88.5 242 43.4 12.4
Nitella spp. 87.5 23.1 61.5 13.8 13.3 5.9 23.1 6.3 443 12.7
Potamogeton vaseyi 12.5 33 19.2 43 6.7 29 19.2 5.3 14.2 41
Potamogeton amplifolius® 0.0 0.0 3.8 0.9 0.0 0.0 231 6.3 6.6 1.9
Eleocharis acicularis 0.0 0.0 3.8 0.9 20.0 8.8 7.7 21 w 8.5 24

Alisma plantago-aquatica 0.0 0.0 0.0 0.0 30.0 13.2 30.8 84 16.0 46

Nymphaea tuberosa 0.0 0.0 0.0 0.0 0.0 0.0 3.8 1.1 | 0.9 0.3

1996 ‘
Elodea canadensis 100.0 27.3 100.0 21.2 100.0 42.9 100.0 25.5 100.0 27.4
Najas flexilis 91.7 25.0 100.0 21.2 83.3 35.7 100.0 25.5 93.8 25.6
Vallisneria americana® 20.8 5.7 100.0 21.2 0.0 0.0 87.5 22.3 152.1 14.2
Nitella spp. 87.5 23.9 79.2 16.8 12.5 54 0.0 0.0 144.8 12.3
Nymphaea tuberosa 0.0 0.0 4.2 0.9 0.0 0.0 42 1.1 2.1 0.6
Potamogeton amplifolius® 0.0 0.0 0.0 - 0.0 4.2 1.8 16.7 4.3 5.2 1.4

2 Propagated species, May 1995. ® n=24 (1995-1996), °n=26 (1995) n=24 (1996), ¢ n=26 (1995) n=24 (1996), ® n=26 (1995) n=24 (1996)
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Table 2. Frequency and relative frequency of aquatic macrophytes found on control, planted, organic wetland soil (OWS), and planted-OWS

experimental plots within the submergent zone at the Nash Road Mitigation Site, Wood County, Wisconsin, July 1995 and August 1996.
I

Control Planted OWsS Planted-OWS { All Plots

Rel. Rel. Rel. Rel. | Rel.
Genus Species Freq. Freq. Freq. Freq. Freq Freq. Freq. Freq. Hfreq Freq.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

1995° |
Vallisneria americana® 3.1 21 75.0 30.4 3.1 29 90.6 52.7 43.0 256
Eleocharis acicularis 28.1 19.1 40.6 16.5 219 20.6 18.8 10.9 27.3 16.3
Utricularia vulgaris 21.9 14.9 46.9 19.0 21.9 20.6 18.8 10.9 27.3 16.3
Alisma plantago-aquatica 6.3 4.3 6.3 25 344 324 281 16.4 }18.8 11.2
Sphaganum cuspidatum 15.6 10.6 344 13.9 3.1 29 0.0 0.0 “1 3.3 7.9
Luadwigia palustris 25.0 17.0 18.8 7.6 9.4 8.8 0.0 0.0 ‘1 3.3 7.9
Potamogeton spirillus 21.9 14.9 12.5 5.1 9.4 8.8 6.3 3.6 12.5 7.4
Eleocharis smalli 18.8 12.8 9.4 3.8 3.1 29 6.3 36 \ 94 5.6
Potamogeton amplifolius® 0.0 0.0 31 1.3 0.0 0.0 3.1 1.8 \ 1.6 0.9
Lycopus americanus 3.1 21 0.0 0.0 0.0 0.0 0.0 0.0 ‘ 0.8 0.5
Sium suave 3.1 21 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.5

1996° |
Potamogeton vaseyi 100.0 38.1 100.0 30.8 75.0 32.7 100.0 34.3 93.75 33.83
Vallisneria americana® 37.5 14.3 91.7 28.2 41.7 18.2 100.0 343 6%.71 24 .44
Utricularia vulgaris 54.2 20.6 66.7 20.5 33.3 14.5 41.7 14.3 4{3.96 17.67



Table 2. Continued.

Control

Planted

681

OWS Planted-OWS All Plots
Rel. Rel. Rel. Rel. Rel.
Genus Species Freq. Freq. Freq. Freq. Freq Freq. Freq. Freq. Freq Freq.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Eleocharis acicularis 41.7 15.9 37.5 11.5 58.3 25.5 41.7 14.3 4‘14.79 16.17
Alisma plantago-aquatica 16.7 6.3 25.0 7.7 8.3 3.6 4.2 1.4 13.54 4.89

|

Ludwigia palustris 12.5 48 0.0 0.0 12.5 5.5 4.2 1.4 7.29 2.63
Potamogeton epihydrous 0.0 0.0 4.2 1.3 0.0 0.0 0.0 0.0 11.04 0.38

|
|
2 Propagated species, May 1995.
® n=32 |
°n=24
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|
Table 3. Submergent zone aquatic macrophyte standing crop (g/m?) for three sampling periods within control, planted, organic vyetland soil
(OWS), and planted-OWS experimental plots (n = 4) at the Fontaine Mitigation Site, Wood County, Wisconsin, in 1995 and 1996.

Control Planted ows Planted-OWS
Genus species Mean S.E. Mean S.E. Mean S.E. Mgan S.E.
11-15, July 1995 1
Potamogeton foliosus 38.52 3.30 37.33 416 2962 14.67 2023 1117
Najas flexilis 35.65 9.64 39.90 7.76 7.31 4.55 h3.08 573
Nymphaea tuberosa 0.00 0.00 0.00 0.00 0.00 0.00 18.89 8.89
Vallisneria americana® 0.00 0.00 2.58 0.67 0.01 0.01 18.50 0.91
Elodea canadensis ' 5.55 2.38 3.46 1.03 413 4.02 13.20 3.19
Potamogeton amplifolius?® 0.00 0.00 0.01 0.01 0.00 0.00 11.45 0.62
Potamogeton vaseyi 0.26 0.15 0.42 0.24 11.09 0.92 0.93 0.44
Alisma plantago-aquatic 0.00 0.00 0.00 0.00 0.79 0.49 10.27 0.14
Nitella spp. 10.09 8.52 2.52 1.98 0.08 0.07 10.20 0.06
Unknowns 0.00 0.00 0.06 0.06 0.00 0.00 1 0.04 0.04
Eleocharis acicularis 0.00 0.00 0.01 0.01 0.16 0.11 0.02 0.01
Utricularia vulgaris 0.00 0.00 0.01 0.01 0.00 0.00 |0.00 0.00
All species® 90.06 3.51 86.30 5.09 4318 1843 56.81 15.19
15-17, August 1995 |

Unplanted species nd® 119.59 14.11 nd 82.71  29.89
Vallisneria americana® nd 6.06  1.04 nd 5368 17.73
Potamogeton amplifolius® nd 0.08 0.04 nd 4.26 1.28

All species® nd 125.73 13.66 nd 140.65 14.07
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Table 3. Continued.

Control Planted ows Planted-OWS
Genus species Mean S.E. Mean S.E. Mean S.E. Mqan S.E.
]
12-16, August 1996 \
Elodea canadensis 99.86 19.49 106.76 7.64 19436 16.15 1 J50.1 9 29.39
Vallisneria americana® 1.09 0.85 17.13 1.14 0.00 0.00 5.95 7.83
Potamogeton amplifolius ® 0.00 0.00 0.00 0.00 0.05 0.05 T1 15 10.24
Najas flexilis 12,93 4.44 12.38 2.70 3.33 2.03 18.91 2.34
Nymphaea tuberosa 0.00 0.00 4.09 4.09 0.00 0.00 2.15 215
Potamogeton strictifolius 0.85 0.40 1.26 0.57 0.20 0.10 ‘ 1.66 0.93
Nitella spp. 13.08 8.08 3.38 2.70 0.28 0.28 0.00 0.00
All species® 127.81  16.52 145.01 12.22 198.21 16.22 200.01  19.61

2 propageted species

® ho data, unplanted plots where not sampled during August 1995

° total of all species
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Table 4. Submergent zone aquatic macrophyte standing crop (g/m?) for three sampling periods within control, planted, organic wetland soil
(OWS), and planted-OWS experimental plots (n = 4) at the Nash Road Mitigation Site, Wood County, Wisconsin, in 1895 and 1996.
|

Planted-OWS

Control Planted ows
Genus species Mean S.E. Mean S.E. Mean S.E. Me%an S.E.
18-22, July 1995 |
Vallisneria americana® 0.06 0.06 2.54 1.02 0.01 0.01 i 2.80 0.25
Utricularia vulgaris 0.22 0.12 0.51 0.21 0.44 0.38 0.19 0.10
Alisma plantago-aquatica 0.04 0.04 0.04 0.04 0.14 0.07 ; 0.18 0.12
Eleocharis acicularis 0.58 0.55 0.92 0.55 0.60 0.50 '0.18 0.14
Potamogeton spirillus 0.58 0.57 0.14 0.10 0.11 0.06 10.03 0.03
Potamogeton amplifolius® 0.00 0.00 0.01 0.01 0.00 0.00 10.01 0.01
Eleocharis smalli 0.19 0.19 0.05 0.04 0.02 0.01 0.01 0.01
Sphaganum cuspidatum 0.11 0.11 0.17 0.07 0.01 0.01 0.00 0.00
Ludwigia palustris 0.49 0.31 0.19 0.09 0.09 0.09 0.00 0.00
Unknowns 0.03 0.02 0.02 0.01 0.04 0.02 0.00 0.00
Sium suave 0.23 0.23 0.00 0.00 0.00 0.00 0.00 0.00
Lycopus americanus 006 0.06 0.00  0.00 0.00  0.00 0.00  0.00
All species® 2.59 1.19 4.59 1.81 1.44 0.76 3.40 0.38
17 August 1995 !

Vallisneria americana® nd® 3.00 0.40 nd l5.24 1.61
Unplanted species nd 1.62 0.87 nd 0.73 0.47
Potamogeton amplifolius® nd 0.01 0.01 nd ‘0.01 0.01
All species® nd 463 1.24 nd 5.97 1.41
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Table 4. Continued.

Control Planted ows Planted-OWS
Genus species Mean S.E. Mean S.E. Mean S.E. Me@n S.E.
|
23-27, August 1996
Vallisneria americana® 2.40 0.97 4433 13.63 2.59 2.03 ‘*7.75 7.93
Potamogeton vaseyi 50.21 7.69 27.10 5.55 2210 8.85 12.45 6.44
Eleocharis acicularis 2.00 1.56 0.68 0.58 0.88 0.36 0.96 0.80
Utricularia vulgaris 0.32 0.14 0.33 0.17 0.15 0.08 0.18 0.07
Unknowns 0.01 0.01 0.22 0.18 0.00 0.00 0.08 0.07
Ludwigia palustris 0.13 0.13 0.00 0.00 0.05 0.04 10.01 0.01
Alisma plantago-aquatica - 0.03 0.01 0.07 0.05 0.02 0.02 0.01 0.01
Potamogeton epihydrus 0.00 0.00 0.06 0.06 0.00 0.00 10.00 0.00
All species® 55.09 9.61 7279  19.31 25.78 9.42 q1 43 9.25
i

2 propageted species

® ho data, unplanted plots where not sampled during August 1995

° total of all species
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Table 5. Mean number of animals/m? (+ s.e.) within control, planted (Vallisneria americana), organic wetland soil (OWS), and |

planted/OWS submergent vegetation plots at the Fontaine Mitigation Site, Wood County, Wisconsin, 11-15 July 1995.

Control Planted ows Planted / OWS

Taxa1 mean s.e. mean S.e. mean S.e. mean | S.e.
Gastropoda 172.22 723 146.32 49.1 32.5° 26.2 13.0° | 5.5
Ephemeroptera 106.4° 424 104.0° 44.5 27.6° 16.4 19.5° 131
Acarida 577 350 431 18.0 22.8 11.8 33.3 20.5
Odonata 57.7 225 96.7 39.2 29.3 17.6 276 183
Diptera 366 185 15.4 6.1 325 25.1 349 | 135
Trichoptera 244 9.3 27.6 15.2 11.4 6.3 13.0 | 7.0

All Animals? 457.4 171.7 437.1 154.2 158.4 75.4 147.1 46.1

' Taxonomy grouped to order, however some instances are at the class level.

2 Includes all taxa shown in table and others that occurred infrequently.

Means with different lowercase letters are significantly different (p<0.05)
There were 4 replicates per control and treatments.
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Table 6. Mean number of animals/m? (+ s.e.) within control, planted (Vallisneria americana), organic wetland soil (OWS), and
planted/OWS submergent vegetation plots at the Fontaine Mitigation Site, Wood County, Wisconsin, 12-16 August 1996.

Control Planted ows Planted / OWS
L
Taxa‘I mean S.e. mean S.e. mean S.e. mean ‘ S.e.
Trichoptera 472.1°  100.9 433.9° 148.4 1560.8° 312.9 1013.2° 2188
Acardia 2446° 673 190.1° 59.2 536.3 57.8 569.6° 139.6
Odonata 61.8 248 46.3 19.0 44.7 15.6 406 176
Crustacea 309 144 15.4 7.2 34.9 8.9 228 7.0
Diptera 179 86 10.6 6.3 333 4.1 187 47
Cladocera 114 43 8.9 52 29.3 6.6 146 4.1
Ephemeroptera 8.1 6.0 5.7° 2.4 40.6° 16.2 47.1° 19.2
Oligochaeta 6.5 3.0 3.3° 1.9 29.3° 6.2 26.0° i 12.2
Gastropoda 16 0.9 1.6 0.9 5.7 2.4 122 101

All animals’  858.0° 178.5

719.9° 123.7

2318.1° 312.8

T
1772.9° 3927

I

! Taxonomy grouped to order, some groups are at the class level.

2 Includes all taxa shown in table and others that occurred infrequently.

Means with different lowercase letters are significantly different (p<0.05).

4 replicates per control and treatments.



Table 7. Mean invertebrates/m? on control and organic wetland soil (OWS) at the

Fontaine Mitigation Site, Wood County, Wisconsin, 11-15 July 1995 and 12-16 August

1996. Significant differences tested with the one-way ANOVA procedure.

- — — — ~ — — “control Oows?

Taxa mean s.e. mean s.e.

1995
Gastropoda 159.25 2 40.74 22.75 12.94
Ephemeroptera 105.22 @ 28.49 23.56 9.84
Odonata 7719 2219 28.44 11.75
Acarida 50.38 18.42 28.03 11.12
Diptera 26 9.85 33.72 13.21
Trichoptera 26 8.26 12.19 4.38

All animals 447.28 106.92 152.75 40.93

1996
Trichoptera 453.0 83.4 1287.0 2 204.8
Acarida 217.3 42.7 552.9° 70.2
Odonata 54.0 14.8 42.7 10.9
Crustacea 23.2 8.0 28.8 5.7
Diptera 14.2 5.1 26.0° 4.0
Cladocera 10.2 3.2 219° 45
Ephemeroptera 6.9 3.0 43.9° 11.7
Oligochaeta 49 1.7 276° 6.4
Gastropoda 1.6 0.6 8.9° 4.9

All animals’ 788.9 103.9 2045.5° 254.2

! Includes taxa groups shown and other infreqent taxa not shown
2 8 replicates per treatment.
@ Difference between control and OWS was significant at p<0.05

® Difference between control and OWS was significant at p<0.10

192



Table 8. Total animals (order/class) captured with the phytomacrofauna sampler within
control, planted (Vallisneria americana), organic wetland soil (OWS), and planted/OWS
submergent vegetation plots at the Nash Road Mitigation Site, Wood County, Wisconsin,
18-22 July 1995 and 23-27 August 1996.

Taxa® Control Planted ows e

1995
Diptera 156 164 29 12
Ephmeroptera 48 35 17 20
Odonata 17 18 9 9
Trichoptera 3 2 4 4
Gastropoda 2 1 0] 0
Hemiptera 1 0 0 0
Total 227 220 59 45
Taxa Group 6 5 4 4

1996
Gastropoda 114 89 64 26
Acardia 1 5 5 3
Oligochaeta 1 3 1 0
Crustacea 0 2 0 0
Pelecypoda 0 2 0 1
Ephemeroptera 3 2 9 2
Odonata 5 1 2 1
Diptera 3 1 2 2
Cladocera 1 0 0 1
Heteroptera 0 0 0 1
Trichoptera 0 0 0 1
Total 129 107 82 40
Taxa group 7 8 6 9

®Taxonomy grouped to Order, some groups are listed at Class level. 6 subsamples were
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collected from each of 4 replicated experimental units per treatment.
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Table 9. Mean (+ SE) soil physical and chemical results from control and organic wetland soil (OWS) experimental plots in emergent

and submergent zones at the Fontaine (FF) and Nash Road (NA), Mitigation Sites, Wood County, Wisconsin, 1995.

Site FF Site NA

Parameter Emergent ® Submergent 2 Emergent ° Submergent ° OWs*®
Physical |
Bulk density (g/cm3) 1.65* (0.02) 1.74* (0.05) 0.91 (0.09) 1.12* (0.12) 0.25 (0.03)
pH 6.4* (0.11) 6.2* (0.16) 5.15 (0.18) 495 (0.18) 5.1E (0.04)
Organic matter (%) 1.65* (0.08) 2.24* (0.5) 10.25 (1.77) 4.16* (0.88) 29.42 (4.32)
Particle size (%)

Clay - 12.25 (1.39) 11 (1.04) 14 (1.55) 16.5 (1.34) 18 (2.7)

Silt 12.38 (1.18) 11.25 (0.73) 16.6 (1.5) 17.9 (2.45) 32.%9 (3.38)

Sand 75.38 (2.46) 77.75 (1.7) 69.4 (2.94) 65.6 (2.57) 49.2 (5.94)

sandy loam sandy loam sandy loam sandy loam Hpam

Chemical |
Est. Cation exchange 3.25* (0.25) 3.88* (0.3) 4.75* (0.48) 5.1* (0.48) 22.{4 (3.23)
Calcium (ppm) 715* (38.13) 778.75* (34.25) 585* (54.39) 702* (58.5) 1288 (54.26)
Magnesium (ppm) 86.25* (4.2) 98.75* (5.49) 100* (9.13) 163* (27.04) 24# (14.0)
Ammonium (ppm) 24.9* (1.55) 21.38* (3.21) 47.01 (0.36) 36.35 (8.58) 73.38 (8.27)
Nitrite + Nitrate-N (ppm) 2.41* (0.29) 2.58* (0.49) 7.1 (0.86) 4.11* (0.74) 11 (2.58)
Avail. Phosphorus (ppm)  5.87* (1.38) 7.75* (2.43) 24.75* (6.17) 12.9* (1.66) 133.6 (16.4)
Potassium (ppm) 79.75* (1.11) 73.75* (3.81) 50 (2.35) 106.4 (21.95) 27.4 (4.93)

Sample size=28,4,°10,and?5

*OWS is significantly (p < 0.05) different
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Fig. 1. Standing crop (mean + SE) for Potamogeton nodosus, grown on organic
wetland soil (OWS) and control within the emergent zone plots (n=4) at the Fontaine
Mitigation Site, Wood County, Wisconsin. Alpha levels shown were significant
(p<0.05).
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Fig. 2. Standing crop (mean + SE, n = 4) for Vallisneria americana, grown on organic
wetland soil (OWS) and control submergent plots at the Fontaine (FF) and Nash Road
(NA) and mitigation wetland sites, Wood County, Wisconsin. Alpha levels shown where
significant.
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\
Fig. 3. Standing crop (mean + SE, n = 4), on control, planted, organic wetland soil (OWS), and planted-OWS plots within the

submergent zone at the Fontaine Mitigation Site (FMS) and Nash Road Mitigation Site (NRMS), Wood County, Wisconsin. Means
with different lowercase letters differ significantly (p < 0.05), unless another alpha value is shown, according to Student-Nemen-
Keuls procedure. Data was not collected for unplanted plots during the August 1995 sampling periods.
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Fig 4. Standing crop (mean + SE, n = 4) for dominant unplanted aquatic plants (i.e.,
Potamogeton foliosus (POFO), Najas flexilis (NAFL), and Elodea canadensis (ELCA)),
found growing within the submergent zone on control, planted, organic wetland soil
(OWS), and planted-OWS plots at the Fontaine Mitigation Site, Wood County,
Wisconsin. Means with different lowercase letters differ significantly (p < 0.05), unless
another alpha value is shown, according to Student-Newman-Keuls procedure. POFO
was not found within plots in 1996.
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Fig. 5. Number of macrophyte species found in control, planted, organic wetland soil (OWS) and planted - OWS submergent zone |

experimental plots (n=4) at the Nash Road (NA) and Fontaine (FF) mitigation sites, 1995 - 1996. Means (+ SE) with different Iowerdase

letters differ significantly ( p<0.05), according to Student-Newman-Keuls procedure.
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Appendix A. Submergent and emergent zone experimental locations within the littoral zone of a created lake at the Fontaine Mitigatiqn Site,

Wood County, Wisconsin, 1995-1996.
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Appendix B. Submergent and emergent zone experimental locations within the littoral zone of an enhanced lake at the Nash Road Mitigation Site,

Wood County, Wisconsin, 1995-1996.




Appendix C. Soil methods used to analyze soil samples taken from organic

wetland soil and non-organic wetland soil within study sites, at the Fontaine and

— Nash Road mitigation sites, Wood County, Wisconsin. 1995.

Analysis Method

Est. cation exchange capacity Sum of K, Ca, and Mg.

pH

Organic Matter

Available Phosphorus
Available Potassium
Exchangeable Magnesium
Exchangeable Calcium
Nitrite and Nitrate
Ammonium

Field bulk density (Dbg)

Soil particle size

pH-water and SMP buffer
loss-of-weight on ignition
Bray P1

Bray P

1.0 N ammonium acetate
1.0 N ammonium acetate
steam distillation!

steam distillationl

core method?

hydrometer method

1 (Bremner and Keeney, 1965)

2 A core sample was taken with a standard core sampler and removed with a
plunger. The core was sliced into 2.54 cm sections and dried at 105° for 24
hours and weighed.
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Appendix D. A simplified list of phyla, classes, subclasses, orders, and
families with common names of animals captured in the

“phytomacrofauna” sampler at the Nash Road Mltlgatlon Site and the
 Fontaine M1t1gat1on Slte Wood County, Wlsconsm 12-27 August 1996.

Class Subcl Order Family

PLATYHELMINTHES
(flatworms)

TURBELLARIA  planarians

MOLLUSCA
(mollusks)

GASTROPODA snails, slugs, gastropods
Hydrobiidae
Planorbidae

BIVALIVIA (Pelecypoda) bivalues, oysters, clams, mussels pelecypods
Sphaeriidae

ANNELIDA
(segmented worms) annelids

'CHAETOPODA

Oligochaeta earthworms, angle-worms, night-crawlers
Naididae
HIRUDINEA leeches, bloodsuckers
Glossiphoniidae

ARTHROPODA
(arthropods)

ARACHNIDA  arachnids
Latigastra
Acarida®  mites, ticks, chiggers
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Appendix D. Continued.

Class Subcl Order Family

Limnesiidae
Unionicolidae
CRUSTACEA crustaceans
Branchiopoda
Cladocera water-fleas

Chydoridae
Macrothricidae
Polyphemidae
Ostracoda
Copepoda (Eucopepoda)
Cyclopidae
Malacostraca

Isopoda pillbugs, sowbugs
Amphipoda scuds
Talitridae

INSECTA (Hexapoda) insects
Exopterygota (Heterometabola)

Ephemeroptera mayflies
Baetidae
Caenidae
Siphlonouridae

Odonata dragonflies, damselflies
Aeshnidae
Coenagrionidae
Corduliidae
Gomphidae
Libellulidae

Hemiptera (aquatic bugs)
Corixidae
Gerridae
Mesoveliidae

Endopterygota (Holometabola)

Trichoptera caddis-flies, trout-flies, case-flies
Hydroptilidae
Leptoceridae
Limnephilidae
Molannida
Phryganeidae
Polycentropodidae
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Appendix D. Continued.

Class Subcl Order Family

Lepidoptera  butterflies, moths, caterpillars
Pyralidae

Diptera flies, gnats, mosquitoes, midges, bots, maggots
Ceratopogonidae
Chironomidae
Empididae
Tabanidae

Coleoptera beetles, weevils, fireflies,

water-pennies, white grubs, glow worms

Dytiscidae
Haliplidae

VERTEBRATA
(vertebrates)

OSTEICHTHYTES (bony fishes)
Actinopterygii (ray-finned fishes)
Teleostei
Centrarchidae sunfishes

a Acarida, commonly referred to the “Hydracarnia” group.
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OWS experimental plots within the emergent zone at the Fontaine Mitigation Site, Wood County, Wisconsin, August 7-10 1995 a

1996.

Appendix E. Frequency and relative frequency of aquatic macrophytes found on control, planted, organic wetland soil (OWS), aFd planted-
d August 5-6

Control ° Planted ° ows® Planted-OWS © Al Plots
Rel. Rel. Rel. Rel. Rel.
Genus Species Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

1995

Najas flexilis 83.3 21.5 100.0 21.6 80.0 19.4 96.4 19.1 89.6 20.3
Potamogeton foliosus 79.2 20.4 83.3 18.0 66.7 16.1 67.9 13.5 73.6 16.6
Elodea canadensis 70.8 18.3 87.5 18.9 50.0 12.1 42.9 8.5 61.3 13.9
Eleocharis acicularis 54.2 14.0 70.8 15.3 50.0 12.1 46.4 9.2 ‘54.7 12.4
Potamogeton strictifolius 333 8.6 50.0 10.8 233 5.6 25.0 5.0 82.1 7.2
Potamogeton nodosus?® 0.0 0.0 29.2 6.3 6.7 1.6 71.4 14.2 27.4 6.2
Sagittaria latifolia 42 1.1 0.0 0.0 333 8.1 46.4 9.2 22.6 5.1
Eleocharis smallii 12.5 3.2 4.2 0.9 233 5.6 28.6 5.7 17.9 4.1
Typha angustifolia 12.5 3.2 0.0 0.0 26.7 6.5 14.3 2.8 14.2 3.2
Potamogeton vaseyi 4.2 1.1 42 0.9 16.7 4.0 10.7 21 9.4 2.1
Alisma plantago-aquatica 0.0 0.0 12.5 2.7 13.3 3.2 10.7 21 9.4 21
Sparganium eurycarpum 0.0 0.0 0.0 0.0 10.0 24 25.0 5.0 9.4 2.1
Nitella spp. 42 1.1 8.3 1.8 0.0 0.0 14.3 2.8 6.6 1.5
Nymphaea tuberosa 8.3 2.2 42 0.9 6.7 1.6 0.0 0.0 47 1.1
Potamogeton pectinatus 12.5 3.2 0.0 0.0 0.0 0.0 0.0 0.0 2.8 0.6
Scirpus validus 8.3 22 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.4
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Appendix E. Continued.

Control ° Planted ° ows ¢ Planted-OWS ° __All Plots
Rel. Rel. Rel. Rel. ! Rel.
Genus Species Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Scirpus cyperinus 0.0 0.0 0.0 0.0 3.3 0.8 0.0 0.0 : 0.9 0.2
Leersia oryzoides 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.7 0.9 0.2

1996 |

Elodea canadensis 70.8 34.7 91.7 31.0 87.5 25.3 100.0 26.1 ‘87.5 28.5
Najas flexilis 25.0 12.2 66.7 225 62.5 18.1 87.5 22.8 60.4 19.7
Potamogeton strictifolius 25.0 12.2 50.0 16.9 45.8 13.3 66.7 17.4 ﬁ6.9 15.3
Potamogeton nodosus?® 8.3 4.1 37.5 12.7 20.8 6.0 25.0 6.5 229 7.5
Sagittaria latifolia 12.5 6.1 0.0 0.0 37.5 10.8 41.7 10.9 52.9 7.5
Sparganium eurycarpum 0.0 0.0 0.0 0.0 37.5 10.8 25.0 6.5 ]5.6 5.1
Eleocharis smallii 0.0 0.0 29.2 9.9 12.5 36 20.8 54 15.6 5.1
Nymphaea tuberosa 12.5 6.1 12.5 4.2 20.8 6.0 8.3 2.2 J|3.5 44
Scirpus validus 29.2 14.3 8.3 2.8 4.2 1.2 0.0 0.0 10.4 34
Typha latifolia 8.3 4.1 0.0 0.0 16.7 4.8 4.2 1.1 73 24
Nitella spp. 8.3 4.1 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.7
Scirpus cyperinus 0.0 0.0 0.0 0.0 0.0 0.0 4.2 1.1 ‘1 .0 0.3
Nuphar luteum 4.2 2.0 0.0 0.0 0.0 0.0 0.0 0.0 :ﬂ .0 0.3

® Propagated species, May 1995. ® n=24 (1995-1996), © n=28 (1995) n=24 (1996), * n=30 (1995) n=24 (1996), ° n=24 (1995-1996)
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Appendix F. Frequency and relative frequency of aquatic macrophytes found on control, planted, organic wetland soil (OWS), and planted-

OWS experimental plots within the emergent zone at the Nash Road Mitigation Site, Wood County, Wisconsin, 11-12 August 19F5 and 1-2
August 1996.
Control Planted Oows Planted-OWS | All Plots
Rel. Rel. Rel. Rel. | Rel.
Genus Species Freq. Freq. Freq. Freq. Freq Freq. Freq. Freq. Freq Freq.
(%) (%) (%) (%) (%) (%) (%) (%) %) (%)
1995°
Alisma plantago-aquatica 18.8 12.5 43.8 16.3 75.0 28.6 62.5 21.7 50.0 20.6
Utricularia vulgaris 50.0 333 50.0 18.6 18.8 71 12.5 43 32.8 13.5
Eleocharis obtusa 6.3 4.2 18.8 7.0 25.0 9.5 313 10.9 20.3 8.4
Eleocharis acicularis 12'.5 8.3 18.8 7.0 25.0 9.5 18.8 6.5 18.8 7.7
Potamogeton nodosus® 0.0 0.0 313 11.6 0.0 0.0 43.8 15.2 18.8 7.7
Ludwigia palustris 18.8 12.5 25.0 9.3 12.5 438 18.8 6.5 18.8 7.7
Ludwigia polycarpa 6.3 4.2 25.0 9.3 25.0 9.5 12.5 43 17.2 71
Leersia oryzoides 6.3 42 375 14.0 18.8 71 6.3 2.2 17.2 71
Typha latifolia 0.0 0.0 0.0 0.0 18.8 71 37.5 13.0 14.1 5.8
Eleocharis smalli 6.3 4.2 0.0 0.0 12.5 48 18.8 6.5 9.4 3.9
Sphaganum cuspidatum 12.5 8.3 0.0 0.0 0.0 0.0 12.5 43 \ 6.3 26
Glyceria borealis 0.0 0.0 0.0 0.0 12.5 48 6.3 2.2 | 47 1.9
Sium suave 0.0 0.0 6.3 23 6.3 24 6.3 22 47 1.9
Potamogeton spirillus 6.3 42 0.0 0.0 6.3 2.4 0.0 0.0 31 1.3
Sagittaria latifolia 6.3 4.2 6.3 23 0.0 0.0 0.0 0.0 31 1.3
Bidens aristosa 0.0 0.0 6.3 23 0.0 0.0 0.0 0.0 } 1.6 0.6
Linderina dubia 0.0 0.0 0.0 0.0 6.3 24 0.0 0.0 1.6 0.6
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Appendix F. Continued.

Control Planted OWS Planted-OWS | All Piots

Rel. Rel. Rel. Rel. i Rel.
Genus Species Freq. Freq. Freq. Freq. Freq Freq. Freq. Freq. Freq Freq.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

1996°
Eleocharis acicularis 37.5 214 87.5 20.9 75.0 245 75.0 28.6 ‘68.8 23.7
Potamogeton vaseyi 68.8 39.3 81.3 19.4 62.5 20.4 31.3 11.9 60.9 21.0
Potamogeton nodosus?® 0.0 0.0 68.8 16.4 37.5 12.2 87.5 333 ‘48.4 16.7
Utricularia vulgaris 50.0 28.6 62.5 14.9 56.3 18.4 25.0 9.5 48.4 16.7
Sphaganum cuspidatum 0.0 0.0 56.3 13.4 6.3 20 6.3 24 %1 7.2 59
Sagittaria latifolia 18.8 10.7 12.5 3.0 18.8 6.1 18.8 71 17.2 59
Ludwigia palustris 0.0 0.0 18.8 45 31.3 10.2 12.5 4.8 15.6 54
Typha latifolia 0.0 0.0 12.5 3.0 6.3 2.0 0.0 0.0 4.7 1.6
Glyceria borealis 0.0 0.0 6.3 1.5 6.3 2.0 0.0 0.0 3.1 1.1
Eleocharis smallii 0.0 0.0 6.3 1.5 0.0 0.0 6.3 24 | 3.1 1.1
Ludwigia polycarpa 0.0 0.0 0.0 0.0 6.3 20 0.0 0.0 16 0.5
Leersia oryzoides 0.0 0.0 6.3 1.5 0.0 0.0 0.0 0.0 16 0.5

® Propagated species, May 1995

® 24 samples per treatment combination
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Appendix G. Emergent zone aquatic macrophyte standing crop (g/m?) for two sampling periods within control, planted, organic wetland soil
(OWS), and planted-OWS experimental plots (n = 4) at the Fontaine Mitigation Site, Wood County, Wisconsin, from 1995 to 1996.

01¢

Control Planted OoWws PI#nted-OWS
Genus species Mean S.E. Mean S.E. Mean S.E. Megn S.E.
7-10, August 1995° |

Najas flexilis 101.39 17.02 113.28 9.08 40.14  21.01 7.74 18.83
Sagittaria latifolia 7.33 7.33 0.00 0.00 53.11 51.61 54.54 53.62
Potamogeton nodosus? 0.00 0.00 3.69 1.77 0.50 0.44 1‘7.06 4.91
Sparganium eurycarpum 0.00 0.00 0.00 0.00 8.42 8.42 16.97 13.85
Elodea canadensis 18.13 8.00 32.22 7.24 14.34 7.56 7.86 4.33
Potamogeton strictifolius 310 2.44 3.62 1.74 5.45 5.21 3.17 277
Leersia oryzoides 0.00 0.00 0.00 0.00 0.00 0.00 F.83 2.83
Potamogeton foliosus 14.73 5.1 7.32 2.02 8.72 3.74 2.26 0.36
Typha angustifolia 79.24 79.24 0.00 0.00 17.31 13.84 h.62 0.70
Eleocharis smallii 9.88 6.32 0.42 0.42 2175 17.35 1.54 0.61
Eleocharis acicularis 0.75 0.42 1.10 0.32 0.51 0.24 9.43 0.16
Unknown 1.00 0.86 0.40 0.29 1.65 1.11 0.28 0.12
Nitella spp. 0.07 0.07 0.28 0.24 0.00 0.00 9.12 0.10
Alisma plantago-aquatica 0.00 0.00 0.08 0.08 0.26 0.15 0.07 0.04
Potamogeton vaseyi 0.05 0.05 0.12 0.12 2.36 2.36 b.04 0.02
Typha latifolia 0.00 0.00 4.78 478 0.04 0.04 0.00 0.00
Potamogeton pectinatus 1.91 1.91 0.00 0.00 0.00 0.00 @.00 0.00
Scirpus validus 19.98 19.98 0.00 0.00 0.00 0.00 0.00 0.00
Nymphaea tuberosa 4.28 4.28 2.56 2.56 10.12 10.12 qJ.oo 0.00
Scirpus cyperinus 0.00 0.00 0.00 0.00 5.23 5.23 0.00 0.00

All species® 261.82 66.09 169.86 9.72 189.93 85.75 16¢.53 52.79
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Appendix G. Continued. |

Control Planted ows PIénted-OWS

Genus species Mean S.E. Mean S.E. Mean S.E. Me?n S.E.
5-6, August 1996° 1

Sagittaria latifolia 2.83 2.50 0.00 0.00 82.04 56.10 87.26  53.01
Sparganium eurycarpum 0.00 0.00 0.00 0.00 2498 16.21 ﬁ4.90 74.90
Elodea canadensis 89.28  33.22 50.27 18.60 4418  20.57 6‘7.60 21.34
Typha spp. 5512  48.31 0.00 0.00 141,99 111.02 1434 14.34
Potamogeton nodosus® 0.96 0.96 5.07 2.87 1415 1415 14.22 7.81
Eleocharis smallii 0.00 0.00 0.21 0.19 9.17 8.97 b.07 8.89
Scirpus cyperinus | 0.00 0.00 0.00 0.00 0.00 0.00 ?.68 8.68
Nymphaea tuberosa. 5.65 5.50 20.96 20.96 39.17 28.66 8.05 4.81
Najas flexilis 1.79 0.84 3.55 2.63 4.08 1.48 5.02 1.69
Potamogeton strictifolius 0.12 0.06 0.58 0.47 0.51 0.29 b.81 0.34
Scirpus validus 128.28 93.85 89.09 89.09 0.95 0.95 0.00 0.00
Nuphar luteum 9.35 9.35 0.00 0.00 0.00 0.00 b.OO 0.00
Nitella spp. 0.09 0.07 0.00 0.00 0.00 0.00 0.00 0.00
All species® 293.46 70.33 169.73  75.11 361.22 149.83 285.93 64.31

2 Propageted species
b Sampling methods differed during 1995 and 1996 sampling periods (i.e., phytomacrofauna sampler (504 m2) - 1995,
quadrat method (500 cm?) - 1996). ' ‘

° total standing crop for all species
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Appendix H. Emergent zone aquatic macrophyte standing crop (g/m?) for two sampling periods within control, planted, organic wetland soil
(OWS), and planted-OWS experimental plots (n = 2) at the Nash Road Mitigation Site, Wood County, Wisconsin, from 1995 to 1996.

Control Planted OWS Planted-OWS
Genus species Mean S.E. Mean S.E. Mean S.E. Me§n S.E.
11-12, August 1996 |

Alisma plantago-aquatica 0.39 0.16 1.23 0.14 16.38 13.55 9.83 6.08
Potamogeton nodosus® 0.00 0.00 1.10 0.67 0.00 0.00 ?.67 0.03
Ludwigia polycarpa 0.59 0.59 0.19 0.01 2.38 1.92 ' 1.48 1.43
Typha latifolia 0.00 0.00 0.00 0.00 5.06 5.06 3.34 1.59
Unknown - 0.05 0.05 0.59 0.22 0.05 0.03 1.02 0.65
Eleocharis obtusa 0.08 0.08 1.77 1.37 5.79 5.79 0.85 0.85
Sium Suave 0.00 0.00 0.28 0.28 1.47 1.47 0.46 0.46
Utricularia vulgaris 1.23 0.11 1.20 0.01 0.48 0.00 0.37 0.27
Ludwigia palustris 0.56 0.51 295 1.99 0.28 0.10 0.24 0.16
Eleocharis smallii 0.04 0.04 0.00 0.00 0.70 0.70 14 0.09
Sphaganum cuspidatum 0.05 0.00 0.00 0.00 0.00 0.00 g.ﬂ 0.06
Eleocharis acicularis 0.03 0.03 0.25 0.18 0.20 0.15 0.10 0.05
Leersia oryzoides 1.37 1.37 7.84 3.09 1.78 0.95 b.OS 0.08
Glyceria borealis 0.00 0.00 0.00 0.00 3.04 3.04 0.06 0.06
Sagittaria latifolia 0.18 0.18 0.49 0.49 0.00 0.00 6.00 0.00
Bidens aristosa 0.00 0.00 0.08 0.08 0.00 0.00 .00 0.00
Lindernia dubia 0.00 0.00 0.00 0.00 0.04 0.04 E.OO 0.00
Potamogeton spirillus 0.06 0.06 0.00 0.00 0.03 0.03 0.00 0.00

All species® 4.62 2.01 17.98 4.39 3767 30.74 2175  10.69
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Appendix H. Continued.
Control Planted ows Planted-OWS

Genus species Mean S.E. Mean S.E. Mean S.E. Mean S.E.

1-2, August 1996
Potamogeton nodosus? 0.00 0.00 19.21 5.88 0.29 0.10 8.66 0.11
Eleocharis smalli 0.00 0.00 3.36 3.36 0.00 0.00 2.36 2.36
Sagittaria latifolia 2.22 0.59 3.66 0.04 4.60 2.71 1.93 0.90
Eleocharis acicularis 1.31 1.09 8.65 0.26 3.43 3.02 0.91 0.07
Potamogeton vaseyi 2432 10.10 3.30 1.35 0.84 0.48 42 0.28
Utricularia vulgaris 0.17 0.05 1.29 0.19 0.52 0.44 ﬁ.OQ 0.05
Unknown 0.04 0.01 0.12 0.07 1.53 1.53 0.07 0.05
Ludwigia palustris 0.00 0.00 0.08 0.08 0.29 0.22 0.05 0.05
Sphaganum eurycarpum 0.00 0.00 0.28 0.09 0.01 0.01 ﬁ.OZ 0.02
Glyceria borealis 0.00 0.00 1.13 1.13 9.29 9.29 0.00 0.00
Leersia oryzoides 0.00 0.00 0.08 0.08 0.00 0.00 0.00 0.00
Ludwigia polycarpa 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
Typha latifolia 0.00 0.00 3.95 3.95 1.27 1.27 E.OO 0.00
All species® 28.04 8.37 4512 4.22 22.07 10.48 14.52 3.04

2 Propageted species

® total standing crop for all species



Elodea canadensis
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Appendix I. Standing crop (means + SE, n = 4 ) for Elodea canadensis and Najas flexilis
found growing within the emergent and submergent control, planted, organic wetland
(OWS), and planted-OWS experimental plots at the Fontaine Mitigation Site, Wood
County, Wisconsin. Means with different lowercase letters differ significantly (p < 0.05),

according to Student-Newman-Keuls procedure.
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Appendix K. Continued. Appendix L. Continued.

Taxa Frequency® AEelative Nurpper of Taxa Frequency® Relative Wl‘lur.n‘ber of
undance Individuals Abundance Individuals
Crustacea 56.3 104 128 Ephemeroptera 7.3 5.9 | 16
Cladocera 47.9 8.8 79 Oligochaeta 4.2 3.4 5
Ephemeroptera 45.8 8.4 125 Pelecypoda 3.1 25 3
Oligochaeta 354 6.5 80 Cladocera 2.1 1.7 | 2
Gastropoda 15.6 29 26 Crustacea 1.0 0.8 | 2
Copepoda 7.3 1.3 8 Heteroptera 1.0 0.8 | 1
Centrarchidae S 21 0.4 2 Trichoptera 1.0 0.8 | 1
Turbellaria 2.1 0.4 2 100 358
Lepidoptera 1.0 0.2 2
Heteroptera 1.0 0.2 1 |
Amphipoda 1.0 0.2 1
Hirundea 1.0 0.2 1
100 6971 |
|
Grand Total 8448 Grand Total 909

@ Calculated from 96 subsamples per year. @ Calculated from 96 subsamples per year.
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Appendix K. Frequency, relative abundance, and number of
animals captured with the phytomacrofauna sampler at the
Fontaine Mitigation Site, 11-15 July 1995 and 12-16 August
1996.

Relative Number of

Appendix L. Frequency, relative abundance, and number of
animals captured with the phytomacrofauna sampler at the
Nash Road Mitigation Site, 18-22 July 1995 and 23-27
August 1996. ‘

Taxa Frequency” apundance  Individuals
1995
Odonata 55.2 18.3 260
Ephemeroptera | 51.0 17.0 317
Gastropoda 49.0 16.3 448
Acarida 47.9 15.9 193
Trichoptera 41.7 13.8 94
Diptera 40.6 13.5 147
Coleoptera 7.3 2.4 8
Cladocera 5.2 1.7 6
Cyprinidae 31 1.0 4
Total 100.0 1477
1996
Trichoptera 99.0 18.2 4283
Acardia 99.0 18.2 1896
Odonata 69.8 12.9 238

Diptera 58.3 10.7 99

Taxa Frequency® AFerIative urpper of
undance Individuals

1995 :
Diptera 49.0 34.1 | 361
Ephmeroptera 39.6 275 120
Odonata 38.5 26.8 53
Trichoptera 12.5 8.7 13
Gastropoda 3.1 22 3
Hemiptera 1.0 0.7 1
100.0 551

\

|

1996

Gastropoda 74.0 59.7 | 293
Diptera 11.5 92 12
Acardia 10.4 8.4 | 14
Odonata 8.3 6.7 | 9



Appendix M. Total animals (order/class) captured with the phytomacrofauna sampler within
control, planted (Vallisneria americana), organic wetland soil (OWS), and planted/OWS
submergent vegetation plots at the Fontaine Mitigation Site, Wood County, Wisconsin, 1-15

July 1995.
Taxa™ Control ~ Planted ~ows Plgn\;veg—
Gastropoda 212 180 40 16
Ephemeroptera 131 128 34 24
Acarida 71 53 28 41
Odonata 71 119 36 34
Diptera 45 19 40 43
Trichoptera 30 34 14 16
Coleoptera 2 2 1 3
Cladocera 1 2 0 3
Cyprinidae 0 1 2 1
563 538 195 181
Taxa groups 8 9 8 9

2 Taxonomy grouped to order (some groups are at the class level).

Collected 6 subsamples from each of 4 replicated experimental units per treatment.
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Appendix N. Total animals (order/class) captured with the phytomacrofauna sampler within
control, planted (Vallisneria americana), organic wetland soil (OWS), and planted/OWS
submergent vegetation plots at the Fontaine Mitigation Site, Wood County, Wisconsin, 12-

16 August 1996.

Taxa® Control Planted Oows P'grssg
Trichoptera 581 534 1921 1247
Acardia 301 234 660 701
Ephemeroptera 10 7 50 58
Odonata 76 57 55 50
Oligochaeta 8 4 36 32
Crustacea 38 19 43 28
Diptera 22 13 41 23
Cladocera 14 11 36 18
Gastropoda 2 2 7 15
Copepoda 2 2 1 3
Coleoptera 1 2 0 3
Lepidoptera 0 0 0 2
Heteroptera 0 0 0 1
Centrarchidae 0 1 0 1
Amphipoda 0 0 1 0
Hirundinea 1 0 0 0
Turbellaria 0 0 2 0
1056 886 2853 2182

Taxa groups 12 12 12 14

& Taxonomy grouped to order (some groups are at the class level).

Collected 6 subsamples from each of 4 replicated experimental units per treatment.
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Appendix O. Total animals (family) captured with the phytomacrofauna sampler within
control, planted (Vallisneria americana), organic wetland soil (OWS), and planted/OWS
submergent vegetation plots at the Fontaine Mitigation Site, Wood County, Wisconsin, 11-15

July 1995.
Taxa® Control Planted OowWs Plgrxg
Hydrobiidae 152 142 22 10
Caenagrionidae 131 126 34 22
Libellulidae/Corduliidae® 7 118 36 33
Hydracarina 71 53 28 41
Planorbidae 60 38 18 6
Chironomidae 45 19 38 42
Leptoceridae 18 28 13 6
Polycentropodidae 12 6 0 0
Haliplidae 2 2 1 3
Cladocera 1 2 0 3
Cyprinidae 0 1 2 1
Ceratopogonidae 0 0] 2 1
Coenagrionidae 0 1 0 1
Baetidae 0 2 0 1
Siphlonouridae 0 0 0 1
Limnephilidae 0 0 1 1
Molannidae 0 0 0 9
Total 563 538 195 181
Tax. groups 10 13 11 16

& When possible identified to the family level.

® Too young to distinguish between families.
Collected 6 subsamples from each of 4 replicated experimental units per treatment.

220



Appendix P. Total animals (family) captured with the phytomacrofauna sampler within
control, planted (Vallisneria americana), organic wetland soil (OWS), and planted/OWS
submergent vegetation plots at the Fontaine Mitigation Site, Wood County, Wisconsin, 12-

16 August 1996.

Control

Planted

Planted

Taxa® ows OWS
Leptoceridae 580 529 1917 1243
Hydracarina 301 234 660 701
Caenidae 8 5 40 42
Coenagrionidae 5 5 38 37
Naididae 8 4 36 32
Ostracoda 38 19 43 28
Chironomidae 18 13 40 17
Baetidae 2 2 10 16
Hydrobiidae 0 2 6 14
Chydoridae 6 4 25 11
Corduliidae 10 15 3 8
Ceratopogonidae 3 0 1 5
Libellulidae 60 36 12 4
Macrothricidae 4 2 9 4
Cladocera” 4 2 2 3
Cyclopidae 2 2 1 3
Dytiscidae 1 2 0 3
Hydroptilidae 1 4 1 3
Pyralidae 0 0 0 2
Centrarchidae 0 1 0 1
Empididae 0 0 0 1
Gomphidae 1 1 1 1
Mesovellidae 0 0 0 1
Phryganeidae 0 0 2 1
Planorbidae 2 0 1 1
Aeshnidae 0 0 1 0
Glossiphoniidae 1 0 0 0
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Appendix P. Continued.

Taxa® Control Planted OWS PI?)n\;\(/ag
_ Polycentropodidae S T, E S 9
Polyphemidae 0 3 0 0
Tabanidae ' 1 0 0 0
Talitridae 0 0 1 0
Turbellaria 0 0 2 0
Total 1 4 4 0

Taxa groups 21 21 24 25

& When possible identified to family.
® Cladocera that could not be identified to family.
Collected 6 subsamples from each of 4 replicated experimental units per treatment.
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Appendix Q. Total animals (family) captured with the phytomacrofauna sampler within control,
planted (Vallisneria americana), organic wetland soil (OWS), and planted / OWS submergent
vegetation plots at the Nash Road Mitigation Site, Wood County, Wisconsin, 18-22 July 1995
and 23-27 August 1996.

Taxa? Control Planted ows Pclfvrvs/

1995
Chironomidae 153 163 28 10
Caenidae 48 35 17 20
Libellidae/Cordulidae® 8 9 5 6
Libellulidae 5 8 3 2
Ceratopogonidae 3 1 1 2
Gomphidae 3 0 1 1
Leptoceridae 3 2 2 2
Coenagrionidae 1 0 0 0
Hydrobiidae 1 1 0 0
Planorbidae 1 0 0 0
Gerridae 1 0 0 0
Aeshnidae 0 1 0 0
Polycentropodidae 0 0 0 2
Hydroptilidae 0 0 2 0
Total 227 220 59 45
Taxa groups 11 8 7 8

1996
Planorbidae 114 88 63 25
Hydracarina (mites) 1 5 5 3
Chironomidae 3 1 2 2
Caenidae 3 2 9 2
Corixidae 0 0 0 1
Hydrobiidae 0 1 1 1
Leptoceridae 0 0 0 1
Libellulidae 1 1 1 1
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Appendix Q. Continued.

Taxa® Control Planted ows ngr:;s/
_— _ ___ Macrothricidge- —~ -—— —1—  — —— 0 e - 14
Sphaeriidae 0 2 0 1

Coenagrionidae 4 0 0 0

Gomphidae 0 0 1 0

Naididae 1 3 1 0

Ostracoda 0 2 0 0

Total 129 107 82 40

Taxa group 8 9 8 10

2 |dentified to family when possible.
® Too young to distinguish between families.

Collected 6 subsamples from each of 4 replicated experimental units per treatment.
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CHAPTER 6

AN AQUATIC QUANTITATIVE SAMPLER FOR MACROPHYTES
AND

ASSOCIATED PHYTOMACROFAUNA.

NOTE

Written for the Journal of Freshwater Ecology
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ABSTRACT

A new phytomacrofauna sampler was used to quantitatively sample
submergent aquatic macrophytes and associated invertebrates. This remote
mechanical sampler was used effectively to sample Elodea spp., Vallisneria
americana, Najas flexillis, and many finely dissected Potamogetons. This device
samples an accurate representation of the plants and invertebrates efficiently,
effectively, and economically. In addition, this sampler does not appear to disturb
surrounding plants, invertebrates, nor the sediment (no suspended sediments). The
sampler works from a boat or while wading, and samples to depths of 3.25 m.
This device has several advantages over the diver-quadrate method and is superior
to traditional remote sampling techniques. The phytomacrofauna sampler
presented within is recommended to other researchers for use in future studies that
require samples of submergent plants and associated invertebrates in multiple
habitats.
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NOTE

Several techniques have been employed to determine the abundance of

— invertebrates and macrophytes imaquatic systems. Many samplers are available

for sampling the submergent macrophyte community, but they are usually limited
either to lotic or lentic systems and depths under 1 m. Most samplers are directed
toward assessing either the phytomacrofauna or the macrophyte community. A
thorough investigation of the literature revealed that no single sampling device is
capable of simultaneously collecting an accurate representation of submergent
macrophytes and associated phytomacrofauna.

Quantitative methods for sampling macrophytes and the phytomacrofauna
are usually in one of two categories; (1) scuba (under water) (Rickett 1922,
Korinkova 1971, Mackey 1976, Downing and Cyr 1985) or (2) remote sampling
devices (Juday 1942, Gerking 1957, Fish 1966, Gillespie and Brown 1966, Mackie
and Quadri 1971, McCauley 1975, Dromgoole and Brown 1976, Minto 1977,
Macan 1977, Shapovalova and Vologdin 1979, Freeman et al. 1984, Sliger et al.
1990, Oliver et al. 1991). Although the quadrate scuba method has been generally
accepted as the most accurate (Downing and Cyr 1985), it has many disadvantages
(i.e., time consuming; expensive; labor intensive; and disturbance of the wetland
bottom, macrophyte bed, and associated invertebrates. Downing and Anderson
(1985) and Downing and Cyr (1985) suggest remote samplers may underestimate

macrophyte standing crop and invertebrate counts when compared to the quadrate
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technique. However, remote samplers can effectively take representative samples
of the aquatic community efficiently and economically (Dromgoole and Brown
1976). Many of the above samplers were not appropriate for this study because of
the following problems; dislodging invertebrates from submersed vegetation,
disturbing bottom sediments and associated benthic invertebrates (Golterman et al.
1988), and uprooting or tearing macrophytes within the vegetation bed. I report a
new phytomacrofauna sampler that effectively and efficiently sampled a
quantitative sample of the submergent vegetation and associated invertebrates.

I designed a phytomacrofauna sampler (Fig. 1) which is a modification of a
sampler constructed by Mackie and Quadri (1971). My design included several
beneficial features that provided more efficient sampling. The new features
included: (1) surgical rubber tubing (power for cutter blade), (2) an extendible
handle (permitting deeper depths to be sampled up to 3.25 m), and (3) a smaller
sampling area (521.51 cm®). Downing and Cyr (1985) found smaller samples (~
500 cm?) are most efficient for macrophyte biomass and invertebrate research;
large numbers of small samples can result in a 30-fold savings in sample time and
yield high levels of precision. The sampler was used in a study to sample the plant
standing crop and the “phytomacrofauna” (invertebrates) living in association with
the plants.

The sampler consists of an extendible handle (A), a detachable tapered net

(B), and a cutter box (C) (Fig. 1). When fully assembled, the sampler (D) stands
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83 c¢m in height (without handle). The sampling procedure follows: (1) the blade
was powered by stretching the surgical rubber band, (2) the sampler was lowered
(3) a messenger weight was dropped down the sampler cable which released the
cutter blade, (4) the sampler was lifted and turned upside down so that the
macrophytes and invertebrates would be forced into the tapered net (by the water
draining force) when it was lifted from the water, (5) the cutter blade was opened
and a water hose' was used to dislodge any remaining plant or invertebrates that
were clinging to the sides of the sampler, (6) the bottom cutter box was removed
from the tapered net, (7) the end of the top section was placed inside a #30 mesh
sieve bucket and the top door was opened, (8) the remaining plant and
invertebrates were rinsed into the seining bucket with the water hose, (9) the
plant/invertebrate sample was placed within a plastic bag, and (10) a dip net (550
um screen) was used to sweep inside the bucket until 10 consecutive passes
captured no more macroinvertebrates (Oliver et. al. 1991

This phytomacrofauna sampler is superior to other remote collection
devices because it can repeatedly collect a quantitative sample of the submergent
vegetation and associated invertebrates without disturbing the bottom, surrounding

plants, and invertebrates. It also can be used in many different water bodies in

' An 800 gal/min bilge pump was modified by fastening it to a metal shaft connected to the side of
the boat during sampling periods. A switch was hooked to the pump and a hose was attached to
the bilge pump to act as a water hose. This device greatly improved the efficiently of the sampling
procedure.

230



depths up to 4 m or more. In addition, the cutter blade has enough force to cut

through beds of dense vegetation. This device allows researchers to express

invertebrates in numerous ways; (i.e.,Wnber/mz, number/plant surface area,
number/g of plant, and number/volume). It took approximately 4 minutes to
sample and process each sample (i.e., dislodge or clean plants and invertebrates
from screen sampler, sweep invertebrates from seining bucket, and place into a
locking plastic bag), however it takes less than 10 seconds from the time the

sampler is placed in the water body and is removed with the sample.
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Fig. 1 A submergent macrophyte and phytomacrofauna sampler, assembled and
unassembled .
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Appendix A. Current terminology for wetland creation, restoration, enhancement,

and success (Kentula et al. 1992).

Mitigation: The actual restoration, creation, or enhancement of wetlands to

compensate for permitted wetland losses.

Mitigation Banking: Wetland restoration , creation, or enhancement undertaken

for the purpose of providing compensation for wetland losses from future
development activities. It includes only actual wetland restoration, creation, or
enhancement occurring prior to the elimination of another wetland as part of a
credit program. Credits may then be withdrawn from the bank to compensate for

an individual wetland destruction.

Restoration: Returned from a disturbed or totally altered condition to a previously
existing natural, or altered condition, by some action of man; returning to a pre-
existing condition. The healing or rehabilitation of damaged or destroyed
wetlands. It is appropriate to know only what wetland type existed and have as a
goal the return of that same wetland type. Restoration also occurs if an altered
wetland is further damaged and is then returned to its previous, although altered

condition.
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Appendix A (continued).

—— — Creation: The conversion of a persistent non-wetland area (for at least 100-200
years) into a wetland through some activity of man.

Two types occur:
1. Artificial - A created wetland that exists only as long as some
continuous or persistent activity of man continues.
2. Man-induced (man-initiated) - A created wetland that resulted from a

one-time activity of man and persists on its own.

Enhancement: The increase in one or more values of all or a portion of an existing

wetland by mans activities, often with the accompanying decline in other wetland
values. The intentional alteration of an existing wetland to provide conditions
which previously did not exist and which by consensus increase one or more

values.

Success: Achieving established goals. Success must be defined separately for
each mitigation project. For some, achieving specific contract requirements,
replacement of all natural functions of a wetland system; for others, replacement of
some functions to a specific level. Criteria must be established initially before the

wetland can be evaluated for its success.
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Appendix B. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity for pond F (lake) at the Fontaine Mitigation
Site, Wood County, Wisconsin, from July 1991 to October 1996.
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" Date DO Temp. pH " Alkalinity ~ Conductivity
(mg/L) (%) (mg/l CaCO5) (umhos)
18-Jul-91 8.8 nd 7.5 59.0 209.0
4-Nov-91 9.2 nd 7.9 61.0 211.0
31-Jan-92 nd nd 7.2 73.0 252.0
21-May-92 8.8 nd 7.3 64.0 190.0
25-Sep-92 9.2 nd 7.6 55.0 164.0
1-Feb-93 3.5 nd 7.4 76.0 204.0
20-May-93 8.3 nd 7.6 60.0 144.0
26-Jul-93 7.5 nd 7.5 48.0 124.0
22-Feb-94 nd nd 6.6 53.0 130.0
13-Apr-94 nd nd 7.0 39.0 119.0
18-Aug-94 nd nd 7.4 69.0 126.0
4-Feb-95 9.0 4.0 7.6 nd nd
23-Feb-95 6.2 nd 6.4 nd nd
23-Apr-95 nd nd 7.6 nd nd
26-May-95 8.5 20.0 71 nd nd
7-Jun-95 8.5 25.0 7.3 471 119.0
21-Jun-95 7.8 29.0 8.4 45.6 111.6
5-Jul-95 7.5 22.8 7.8 411 113.3
19-Jul-95 9.0 244 9.2 52.0 137.0
2-Aug-95 9.4 27.2 9.8 48.0 115.2
17-Aug-95 7.6 26.5 8.4 48.0 125.0
13-Mar-96 0.8 4.3 7.0 96.8 130.0
1-May-96 10.8 8.2 7.5 53.0 133.0
22-May-96 10.0 16.0 7.8 492 110.0
4-Jun-96 9.0 18.0 8.0 49.5 120.0
9-Jul-96 6.5 23.2 9.3 50.5° 140.0
23-Jul-96 8.2 23.7 9.5 nd 120.0



Appendix B. Continued.

Date DO Temp. Alkalinity Conductivity
(mg/L) (C% (mg/l CaCQ;) (umhos)
T "~ 6-Aug-96 80 243 72 480 1150
20-Aug-96 7.1 25.0 8.8 50.56° nd
30-Aug-96 nd nd 8.6 52.0 98.0
17-Sep-96 10.1 16.1 7.6 56.0 124.0
11-Oct-96 10.6 10.8 7.9 53.0 127.0
nd - no data

? 59% Carbonate/hydroxide Alkalinity

® 2% Carbonate/hydroxide Alkalinity
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Appendix C. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity at pond A, Fontaine Mitigation Site, Wood
County, Wisconsin, from May 1992 to October 1996.

Date DO Temp.  pH  Alkalinity ~ Conductivity
(mg/L) [(o39) (mg/l CaCOs) (umhos)
1-May-92 6.1 nd 5.5 4.0 53.0
20-May-93 8.3 nd 7.7 56.0 137.0
26-Jul-93 5.7 nd 71 40.0 111.0
22-Feb-94 2.9 nd 7.0 76.0 164.0
13-Apr-94 15.4 nd 7.2 43.0 117.0
18-Aug-94 9.1 nd 7.3 41.0 103.0
23-Apr-95 nd nd 6.60 nd nd
26-May-95 5.4 18.3 6.7 nd nd
7-Jun-95 25 240 6.6 51.2 116.15
21-Jun-95 3.2 26.0 71 54.5 107.80
5-Jul-95 438 224 71 52.0 103.95
19-Jul-95 6.4 219 7.3 44.0 112.00
2-Aug-95 6.3 23.8 7.6 36.0 82.82
17-Aug-95 5.9 243 7.5 44.0 119.00
13-Mar-96 0.5 0.7 6.9 108.7 180.00
24-Apr-96 8.3 9.5 7.3 499 110.00
22-May-96 56 19.4 7.3 45.9 110.00
4-Jun-96 5.1 18.1 71 448 120.00
23-Jun-96 46 20.8 6.7 43.6 110.00
9-Jul-96 6.6 22.2 8.0 442 120.00
23-Jul-96 5.9 21.1 8.5 39.0 120.00
6-Aug-96 4.3 234 7.6 39.0 100.00
20-Aug-96 6.3 22.0 7.5 413 nd
30-Aug-96 71 19.1 7.7 43.3 100.00
17-Sep-96 10.2 14.7 8.0 51.0 86.70
11-Oct-96 8.8 5.3 7.3 46.4 92.00
nd - no data
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Appendix D. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity at pond B, Fontaine Mitigation Site, Wood

County, Wisconsin, from September 1992 to October 1996.
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~ Date =~ DO ~ Temp. = pH  Alkalinity  Conductivity
(mg/L) ((o39) (mg/l CaCOs) (umhos)
1-Sep-92 31 nd 6.1 9.0 61.0
20-May-93 59 nd 7.6 440 119.0
26-Jul-93 24 nd 6.7 40.0 103.0
22-Feb-94 9.0 nd 7.3 12.0 75.0
13-Apr-94 8.9 nd 6.8 30.0 88.0
18-Aug-94 9.0 nd 7.2 33.0 76.0
23-Apr-95 nd nd 6.1 nd nd
26-May-95 5.3 17.7 6.8 nd nd
7-Jun-95 0.4 21.0 6.8 33.7 87.7
21-Jun-95 1.0 25.0 6.7 33.9 80.0
5-Jul-95 5.3 222 6.8 36.0 73.5
19-Jul-95 5.8 225 7.0 40.0 89.0
2-Aug-95 51 243 7.5 36.0 70.7
17-Aug-95 6.1 24 4 6.8 28.0 84.0
13-Mar-96 0.3 1.6 6.7 107.6 170.0
24-Apr-96 6.0 9.3 6.9 50.5 100.0
22-May-96 48 19.1 71 43.4 110.0
4-Jun-96 4.1 18.4 6.9 37.4 110.0
23-Jun-96 5.6 211 7.3 37.9 120.0
9-Jul-96 4.1 225 7.7 38.0 100.0
23-Jul-96 6.0 20.9 8.3 nd 90.0
6-Aug-96 22 229 72 31.7 70.0
20-Aug-96 5.9 22.3 7.2 36.0 nd
30-Aug-96 71 19.7 71 28.3 70.0
17-Sep-96 9.5 13.7 7.2 30.1 56.6
11-Oct-96 8.6 6.2 7.4 29.2 59.1
nd - no data



Appendix E. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity at pond C, Fontaine Mitigation Site, Wood
County, Wisconsin, from May 1992 to October 1996.

Date DO 77Temip. pH Amllinriitiyi N Cé?ducg\;ityﬁ
(mg/L) [(o%9) (mg/l CaCOs,) (umhos)
20-May-93 5.6 nd 5.5 4.0 31.0
26-Jul-93 3.1 nd 47 4.0 22.0
22-Feb-94 8.8 nd 71 20 42.0
13-Apr-94 15.6 nd 5.6 2.0 33.0
18-Aug-94 8.9 nd 45 6.0 23.0
23-Apr-95 nd nd 49 nd nd
26-May-95 6.3 18.9 4.2 nd nd
7-Jun-95 3.8 23.0 4.3 0.0 227
21-Jun-95 2.8 25.0 45 0.0 21.0
5-Jul-95 3.7 21.4 4.7 0.0 23.5
19-Jul-95 6.8 21.8 44 2.0 38.0
2-Aug-95 6.9 25.6 46 0.0 343
17-Aug-95 6.6 251 438 0.0 31.0
24-Apr-96 7.3 11.3 5.1 1.9 20.0
22-May-96 6.3 17.3 4.8 1.9 20.0
4-Jun-96 6.0 18.5 4.8 1.0 20.0
23-Jun-96 5.2 20.3 4.9 1.8 20.0
9-Jul-96 6.3 22.5 4.8 1.6 20.0
23-Jul-96 5.0 20.2 4.9 nd 20.0
6-Aug-96 4.8 23.3 4.8 1.6 20.0
20-Aug-96 6.7 256 5.0 2.5 nd
30-Aug-96 5.0 19.6 47 1.2 20.0
17-Sep-96 10.1 18.9 4.7 1.2 19.6
11-Oct-96 9.7 4.6 4.7 1.8 20.6
nd - no data
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Appendix F. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity at pond D, Fontaine Mitigation Site, Wood
County, Wisconsin, from May 1992 to October 1996.

“Date DO Temp.  pH Alkalinity ~ Conductivity
(mg/L) (C% (mg/l CaCOs) (umhos)
1-May-92 6.0 nd 6.7 14.0 125.0
20-May-93 53 nd 5.0 8.0 320
26-Jul-93 4.1 nd 4.9 4.0 20.0
22-Feb-94 8.3 nd 7.3 2.0 47.0
13-Apr-94 15.3 nd 55 4.0 42.0
18-Aug-94 9.8 nd 4.3 2.0 21.0
23-Apr-95 nd nd 5.0 nd nd
26-May-95 7.0 17.9 4.8 nd nd
7-Jun-95 3.8 23.0 4.7 1.4 19.6
21-Jun-95 26 25.0 4.8 0.0 15.0
5-Jul-95 4.5 21.2 4.8 0.0 21.4
19-Jul-95 6.2 21.5 4.5 4.0 38.0
2-Aug-95 6.8 26.4 4.8 0.0 294
17-Aug-95 5.2 243 nd 0.0 29.0
24-Apr-96 7.1 10.3 5.1 4.3 20.0
22-May-96 54 18.1 52 3.4 20.0
4-Jun-96 54 17.6 4.9 3.8 20.0
23-Jun-96 49 20.0 5.0 3.2 20.0
9-Jul-96 51 22.2 49 2.8 20.0
23-Jul-96 6.0 20.8 4.9 nd 10.0
6-Aug-96 46 23.6 5.1 3.3 10.0
20-Aug-96 7.4 25.2 5.0 2.3 nd
30-Aug-96 5.0 19.6 5.1 23 20.0
17-Sep-96 9.8 15.8 5.2 3.2 17.9
11-Oct-96 10.0 53 5.1 44 17.1
nd - no data
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Appendix G. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity at pond E, Fontaine Mitigation Site, Wood
County, Wisconsin, from September 1992 to October 1996.

- “Date =~ DO Temp. pH  Akalinity  Conductivity
(mg/L) (o9 (mg/l CaCO3) (umhos)

1-Sep-92 7.0 nd 5.2 4.0 41.0
20-May-93 7.0 nd 52 8.0 32.0
26-Jul-93 3.8 nd 5.1 4.0 20.0
22-Feb-94 8.1 nd 71 6.0 50.0
13-Apr-94 15.1 nd 6.0 5.0 43.0
18-Aug-94 9.7 nd 45 3.0 23.0
23-Apr-95 nd nd 6.3 nd nd

| 26-May-95 6.3 18.9 5.0 nd nd
7-Jun-95 3.0 22.0 52 2.5 221
21-Jun-95 3.0 25.0 55 34 18.0
5-Jul-95 6.2 214 5.6 4.9 21.4
19-Jul-95 7.2 21.7 48 4.0 36.0
2-Aug-95 7.2 254 5.1 4.0 33.0
17-Aug-95 4.3 23.0 5.0 4.0 33.0

| 24-Apr-96 7.1 11.4 5.1 4.0 30.0

| 22-May-96 6.3 19.0 5.5 4.2 30.0
4-Jun-96 7.2 17.8 55 3.8 20.0

. 23-Jun-96 5.4 20.4 5.0 3.2 20.0
9-Jul-96 7.3 229 54 2.8 20.0
23-Jul-96 7.0 20.8 5.3 nd 20.0
6-Aug-96 3.7 23.9 53 33 20.0
20-Aug-96 8.0 25.6 5.5 3.8 nd
30-Aug-96 5.5 19.9 51 21 20.0
17-Sep-96 9.8 15.8 52 34 20.5
11-Oct-96 8.7 4.5 5.3 4.6 21.7

nd - no data
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Appendix H. Changes in dissolved oxygen (DO), temperature, pH,

alkalinity, and conductivity for pond A (lake) at the Nash Road Mitigation
Site, Wood County, Wisconsin, from January 1992 to October 1996.

“Date DO Temp. pH Alkalinity  Conductivity
(mg/L) (C° (mg/l CaCO,) (umhos)
1-Jan-92 17.9 nd 6.3 38.0 227.0
1-May-92 8.4 nd 6.4 8.0 217.0
1-Sep-92 9.3 nd 44 <4.0 310.0
1-Feb-93 8.0 nd 438 24,0 105.0
20-May-93 9.0 nd 49 4.0 319.0
26-Jul-93 7.8 nd 5.4 4.0 204.0
22-Feb-94 71 nd 6.8 20 184.0
13-Apr-94 14.8 nd 6.1 2.0 171.0
18-Aug-94 nd nd 6.5 3.0 158.0
4-Feb-95 nd nd 54 5.0 nd
8-Apr-95 8.7 nd 6.8 5.9 nd
17-Apr-95 8.1 8.2 7.0 nd nd
17-Apr-95 nd nd 5.9 2.4 nd
26-May-95 8.2 18.7 6.4 nd nd
7-Jun-95 5.2 26.0 6.3 27 118.6
21-Jun-95 33 27.0 6.8 22 108.5
5-Jul-95 2.1 20.9 6.6 17.0 123.1
19-Jul-95 46 220 6.6 20.0 169.0
2-Aug-95 8.6 26.6 8.2 240 145.5
16-Aug-95 6.2 21.9 6.3 12.0 71.0
13-Mar-96 35 44 6.1 8.4 160.0
1-May-96 10.4 8.2 6.9 8.0 127.0
22-May-96 8.0 16.0 6.3 56 120.0
4-Jun-96 74 18.0 6.3 6.2 110.0
23-Jun-96 6.8 21.0 6.8 8.9 130.0
9-Jul-96 6.5 235 7.2 9.8 120.0
23-Jul-96 7.3 23.7 7.2 nd 110.0
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Appendix H. Continued.

Date DO Temp. pH Alkalinity Conductivity
(mg/L) (C9 (mg/l CaCOy) (umhos)

~6-Aug-96 75 247 78 120 1120

20-Aug-96 6.9 243 6.8 11.2 nd

30-Aug-96 nd nd 7.5 12.0 107.0

16-Sep-96 8.6 16.7 6.5 10.5 82.0

11-Oct-96 10.4 10.8 7.0 13.0 115.0
nd - no data
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Appendix |. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity for pond B, Nash Road Mitigation Site, Wood
County, Wisconsin from May 1993 to October 1996.

“Date DO Temp.  pH  Akalinity  Conductivity
(mg/L) [(o39) (mg/l CaCO3) (umhos)
20-May-93 8.5 nd 7.3 56.0 133.0
26-Jul-93 7.2 nd 71 28.0 177.0
22-Feb-94 5.5 nd 7.3 24.0 63.0
13-Apr-94 15.2 nd 7.0 60.0 133.0
18-Aug-94 8.4 nd 7.2 47.0 137.0
26-May-95 7.5 19.5 7.5 nd nd
7-Jun-95 53 240 71 96.7 161.6
21-Jun-95 6.5 26.0 9.2 58.2 99.0
5-Jul-95 2.9 20.3 7.0 88.0 96.8
19-Jul-95 dp dp dp dp dp
2-Aug-95 dp dp dp dp dp
16-Aug-95 7.3 22.0 71 36.0 101.0
24-Apr-96 8.3 12.9 7.0 51.1 110.0
22-May-96 4.5 18.2 7.3 64.1 130.0
4-Jun-96 4.2 16.8 6.8 65.3 140.0
23-Jun-96 7.8 211 7.6 72.1 160.0
9-Jul-96 8.2 229 7.8 716 150.0
23-Jul-96 46 21.1 8.5 nd 140.0
6-Aug-96 27 233 6.7 64.3 140.0
20-Aug-96 9.2 255 7.4 69.3 nd
30-Aug-96 4.0 19.2 7.6 74.3 , 160.0
16-Sep-96 7.3 14.5 7.3 81.2 134.5
11-Oct-96 dp dp dp dp dp
dp - dry pond
nd - no data
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Appendix J. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity for pond C, Nash Road Mitigation Site, Wood
County, Wisconsin from May 1992 to October 1996.

~ pate 2 DO  Temp. = pH  Alkalinity  Conductivity
(mg/L) (C% (mg/l CaCO») (umhos)
1-May-92 5.8 nd 6.6 28.0 101.0
20-May-93 22 nd 7.3 28.0 90.0
26-Jul-93 3.7 nd 6.4 28.0 74.0
22-Feb-94 3.5 nd 7.0 27.0 75.0
13-Apr-94 9.8 nd 7.3 16.0 61.0
18-Aug-94 8.8 nd 7.0 25.0 58.0
26-May-95 7.5 19.0 6.5 nd nd
7-Jun-95 20 23.0 6.6 32,6 67.0
21-Jun-95 0.9 27.0 6.6 243 49.0
5-Jul-95 2.0 21.0 6.1 16.0 41.7
19-Jul-95 4.5 222 6.5 240 87.0
2-Aug-95 dp dp dp dp dp
16-Aug-95 6.7 223 6.2 8.0 60.0
24-Apr-96 7.3 13.4 6.3 19.4 70.0
22-May-96 3.6 18.8 6.8 26.4 80.0
4-Jun-96 2.8 17.2 6.3 26.6 80.0
23-Jun-96 4.2 21.0 71 27.7 70.0
9-Jul-96 1.9 23.0 71 26.6 70.0
23-Jul-96 3.7 21.5 8.3 nd 60.0
6-Aug-96 3.3 233 71 33.4 50.0
20-Aug-96 49 247 6.6 22.4 nd
30-Aug-96 3.2 20.2 6.6 20.4 60.0
16-Sep-96 6.3 141 7.0 23.7 55.0
11-Oct-96 3.3 6.1 6.7 32.2 89.8
nd - no data
dp - dry pond
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Appendix K. Changes in dissolved oxygen (DO), temperature, pH,
alkalinity, and conductivity for pond D, Nash Road Mitigation Site, Wood
County, Wisconsin from September 1992 to October 1996.

Date - DO Temp. pH Alkalinity Conductivity
(mg/L) ((o39) (mg/l CaCO3) (umhos)

1-Sep-92 6.9 nd 6.1 14.0 100.0
20-May-93 6.5 nd 71 24.0 104.0
26-Jul-93 3.0 nd 6.6 32.0 92.0
22-Feb-94 3.3 nd 71 37.0 117.0
13-Apr-94 15.7 nd 7.0 18.0 71.0
18-Aug-94 8.2 nd 71 36.0 61.0
26-May-95 9 18.3 6.8 nd nd
7-Jun-95 59 24.0 71 31.9 111.1
21-Jun-95 5.0 27.0 6.9 30.8 100.8
5-Jul-95 43 21.7 7.0 36.0 102.9
19-Jul-95 6.4 21.4 8.7 36.0 128.0
2-Aug-95 55 23.4 10.0 36.0 113.3
16-Aug-95 6.5 225 6.8 240 86.0
13-Mar-96 1.7 1.2 6.1 4.8 160.0
24-Apr-96 9.4 12.4 6.5 20.7 70.0
22-May-96 6.3 18.5 6.9 304 90.0
4-Jun-96 43 18.0 6.8 341 100.0
23-Jun-96 4.8 211 7.3 374 100.0
9-Jul-96 4.9 22.8 7.8 39.8 100.0
23-Jul-96 7.3 21.7 8.3 nd 90.0
6-Aug-96 42 23.8 71 334 90.0
20-Aug-96 7.3 23.8 7.2 38.9 nd
30-Aug-96 54 211 7.2 28.8 90.0
16-Sep-96 10.7 14.1 71 13.8 63.3
11-Oct-96 11.8 7.3 7.2 13.8 92.0

nd - no data
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Appendix L. Water test results from pond A, B, C, D and E over all sample periods at the Fontaine Mitigation Site,
Wood County, Wisconsin, from 1992 through 1994.

CcLT

Date T;}E:;d' Color® Nr\%: NH, TKN PO, Total P cl SO, Ci)tr]i;ﬂ
(mg/l) (mgh) __ (mgl) mg/)  (mgh) (ma/h) mgl)  (mgh)  (ugh)

Pond A
1-May-92 20.0 nd  <0.020 0.020 1.220 0.020 0.050 20 nd 12.1
20-May-93 60.0 39.0 0.020 0.020 0.780 0.005 0.028 36 16.5 1.1
26-Jul-03 480  100.0 0.030 0.080 0.085 0.010 0.035 4.1 12.2 8.5
22.Feb-94 83.0 56.0 1,620 0.580 1.980 0.060 0.148 9.0 10.0 9.6
13-Apr-94 51.0 30.0 0.000 0.000 1.450 0.017 0.091 5.0 14.0 13.9
18-Aug-94 47.0 39.0 0.030 0.000 1.070 0.000 0.110 3.0 11.0 6.8

Pond B
1-Sep-02 24.0 210.0 0.030 0.100 1.380 0.005 0.090 7.0 18.0 25
20-May-93 48.0 78.0 0.020 0.250 1.220 0.018 0.055 3.4 16.0 3.4
26-Jul-93 48.0 60.0 0.030 0.100 1.550 0.015 0.092 35 00 235
22-Feb-04 29.0 66.0 1.710 0.730 2.120 0.166 0.271 7.0 9.0 45
13-Apr-94 38.0 60.0 0.020 0.000 1.620 0.023 0.104 20 9.0 14.5

18-Aug-94 45.0 77.0 0.020 0.000 2.240 0.000 0.187 3.0 7.0 6.5
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Appendix L. Continued.

Date T olor N,\%: NH, TKN PO, Total P cl Sle) %E;ﬁ
(mg/) (mg/)  (mgl)  (mgl)  (mgl) (mg/) (mgl)  (mgl)  (ugl)
Pond C
20-May-93 80 350 0020 0050 1.800 0.025 0.120 0.6 20.1 3.3
26-Jul-93 120 4350 0020 0020 23800 0.042 0.460 2.5 123 491
22-Feb-04 60 3110 0780 0710 2700  0.361 0.559 7.0 6.0 8.5
13-Apr-94 100 3270 0020 0000 2300  0.024 0.174 6.0 60 188
18-Aug-04 100 3420 0020  0.000 1600 0023 0.145 2.0 1.0 9.9
|
Pond D ‘
1-May-02 60.0 nd <0020 0120  4.800 0.022 0.272 6.0 nd 125
20-May-93 120 3350 0020 002 2720 0.090 0.270 0.9 10.7 18
26-Jul-93 16.0 300 002 0120 1.820 0.038 0.162 1.8 99 194
22-Feb-04 80 2070 0530 0630 2520 0.254 0.418 6.0 50 144
13-Apr-94 100 1650 0020 0000 0160  0.024 0.113 3.0 50 308
18-Aug-04 60 2070 0030 0000 2390  0.093 0.257 1.0 4.7

ﬁ.o
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Appendix L. Continued.

Date Th::srd' Color® N’\%: NH, TKN PO, Total P Cl SO, %E;ﬁ
(mgh) (mg/) _ (mgh)  (mgh)  (mgh)  (mgh) (g (gl (ugl)
Pond E
1-Sep-92 12.0 183.0 0.020 0.020 1.100 0.008 0.072 5.0 12.0 <1.0
20-May-93 16.0 275.0 0.020 0.250 1.480 0.012 0.070 1.4 15.9 1.0
26-Jul-93 8.0 175.0 0.030 0.050 1.420 0.012 0.078 15 9.0 10.8
22-Feb-94 16.0 240.0 0.640 0.990 2,650 0.265 0.426 7.0 5.0 13.1
13-Apr-94 90 850 0.020 0.000 1.800 0.024 0.142 5.0 5.0 12,6
18-Aug-94 6.0 158.0 0.040 0.000 2.390 0.000 0.094 2.0 5.0 6.5

1991-1992 data is from Vering (1993) and 1993-1994 is from Pancher (1995). Zeros indicate no detectable results, nd - no data,

@measured in Standard Color Units
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Appendix M. Water test results from pond B, C, and D over all sample periods at the Nash Road Mitigatioﬁ Site, Wood

County, Wisconsin, from 1992 through 1994.

Date T'n::srd' Color? N,\%: NH, TKN PO, Total P cl S04 c;tr]i;ﬁ
(mg/h) (mg/l) (mg/l) (mg/l) (mg/h (mg/ (mg/l) (mg/l) (ug/h)

Pond B |
20-May-93 60.0 67.0 0.020 0.100 0.880 0.015 0.035 1.3 15.4 1.5
26-Jul-93 76.0 16.0 0.030 0.100 0.420 0.008 0.020 46 Sb.S 1.0
22-Feb-94 37.0 33.0 0.490 0.620 1.800 0.088 0.218 6.0 5.0 12.9
13-Apr-94 62.0 40.0 0.000 0.000 1.520 0.032 0.132 3.0 ?.0 6.5
18-Aug-94 83.0 81.0 0.050 0.000 2.100 0.023 0.215 20 15?.0 1.9

1

Pond C

1-May-92 40.0 nd <0.020 0.050 1.720 0.012 0.068 4.0 nd 04
20-May-93 36.0 176.0 0.020 0.060 1.420 0.070 0.130 1.6 26.1 1.0
26-Jul-93 32.0 125.0 0.030 0.060 3.020 0.018 0.218 24 §.5 9.5
22-Feb-94 25.0 48.0 0.490 0.890 3.180 0.082 0.304 6.0 2.0 111
13-Apr-94 17.0 37.0 0.000 0.000 1.380 0.017 0.107 3.0 q.O 8.6
18-Aug-94 23.0 100.0 0.020 0.000 0.022 0.145 20 4.0

1.910

%[0
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Appendix M. Continued.

Date T'n::;d' Color® N,\%: NH, TKN PO, Total P cl 30‘4 %E;ﬁ
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) _(mg/) (mg/l) (m%/I) (ug/l)y
Pond D |
1-Sep-92 36.0 100.0 <0.020 0.050 1.720 0.012 0.068 4.00 nd 04
20-May-93 40.0 25.0 0.020 0.080 0.900 0.020 0.078 1.40 2710 57
26-Jul-93 36.0 15.0 0.020 0.100 0.920 0.022 0.078 1.90 17.‘50 18.8
22-Feb-94 45.0 77.0 0.180 0.410 2.180 0.078 0.286 6.00 10.00 86
13-Apr-94 23.0 “115.0 0.000 0.000 2.020 0.034 0.188 3.00 8.100 93.2
18-Aug-94 29.0 70.0 0.020 0.000 2.210 0.019 0.097 1.00 3.00 4.9

1992 data is from Vering (1993) and 1993-1994 is from Pancher (1995). Zeros indicate no detectable results, nd - no data, |
2 measured in Standard Color Units
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Appendix N. Water test results from pond F (lake) over all sample periods at the Fontiane Mitigation Site, T/\Iood

County, Wisconsin.

Date Th::;d- Color® NI\%: NH,4 TKN PO, Total P cl soL %E;ﬂ
(mg/) (mg/) ___(mg/) (mg/l) (mg/h) (mg/l) (mg/)  (mgh)  (ugh)

18-Jul-91 92.0 nd 0.020 0.050 0.820 0.002 0.024 7.00 hd nd
4-Nov-91 93.0 nd 0.020 0.160 0.900 0.003 0.041 8.00 nd nd
31-Jan-92 108.0 nd 0.020 0.040 0.770 0.003 0.019 7.60 hd nd
21-May-92 84.0 nd 0.020 0.050 0.800 0.010 0.022 7.00 r‘1d 5.70
25-Sep-92 72.0 . 7.00 0.020 0.020 0.650 0.002 0.022 9.00 24.?0 <1
1-Feb-93 96.0 0.03 0.180 0.008 0.020 0.050 42.500 10.00 25.00 2.60
20-May-93 60.0 0.02 0.780 0.008 0.030 0.050 26.000 3.60 17.00 2.60
26-Jul-93 48.0 0.02 0.780 0.010 0.030 0.080 125.000 3.60 14.(#0 5.00
22-Feb-94 53.0 0.01 1.060 0.000 0.070 0.000 36.000 9.00 18.00 5.60
13-Apr-94 39.0 nd 1.000 0.000 0.040 0.000 30.000 3.00 14.00 14.60
18-Aug-94 69.0 0.21 1.100 0.000 0.000 0.000 4.000 3.00 17.30 7.60
1-May-96 56.0 18.00 0.020 0.010 0.770 0.008 0.022 1.70 10.50 nd
6-Aug-96 nd nd 0.100 0.050 0.570 0.007 0.016 nd Id nd
30-Aug-96 nd nd 0.140 0.190 0.640 0.005 0.012 nd nd nd
17-Sep-96 nd nd 0.090 0.020 0.740 0.012 0.039 nd rrd nd
11-Oct-96 56.0 21.00 0.130 0.100 0.580 0.004 0.009 2.20 8.50 nd

1991-1992 data is from Vering (1993) and 1993-1994 is from Pancher (1995). Zeros indicate no detectable resuits, nd - no data,  measured

in Standard Color Units |
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Appendix O. Water test results from pond A (lake) over all sample periods at the Nash Road Mitigation Sit

County, Wisconsin.

e, Wood

Date T'n:':;d' Color® N,\%: NH, TKN PO, Total P Cl SO, c;?i;ﬁ

(mg/h (mg/l) (mg/l (mg/l) (mg/h) (mg/M (mg/l) (mgll) (ug/ly
1-Jan-92 80.0 nd 0.400 0.080 0.250 0.005 0.010 16.00 nd nd
1-May-92 80.0 nd <0.02 0.020 0.200 0.015 0.028 11.00 nd nd
1-Sep-92 116.0 4.00 <0.02 0.050 0.080  <0.002 0.018 1500 11500  <1.00
1-Feb-93 164.0 79.00 0.040 0.120 0.880 0.012 0.032 500  175.00 nd
20-May-93 100.0 7.00 0.020 0.150 0.150 0.010 0.010 690  120.00 1.00
26-Jul-93 80.0 0.00 0.040 0.100 0.200 0.005 0.010 6.60 84.£0 2.40
22-Feb-94 81.0 8.00 0.050 0.000 0.390 0.000 0.081 9.00 81.00 0.40
13-Apr-94 63.0 nd 0.000 0.000 0.780 0.000 0.065 6.00 56.00 6.30
18-Aug-94 58.0 3.00 0.000 0.000 0.390 0.000 0.024 6.00 11.10 1.40
1-May-96 44.0 14.00 0.020 0.020 0.300 0.007 0.016 1.70 43.00 nd
6-Aug-96 nd nd 0.110 0.040 0.550 0.008 0.027 nd nd nd
30-Aug-96 nd nd 0.100 0.090 0.430 0.004 0.005 nd ﬁm nd
17-Sep-96 nd nd 0.060 0.020 0.420 0.005 0.015 nd nd nd
11-Oct-96 40.0 16.00 0.003 0.080 0.360 0.003 0.008 2.10 34.00 273

1992 data is from Vering (1993) and 1993-1994 is from Pancher (1995). Zeros indicate no detectable results, nd - no data,

®measured in Standard Color Units




Appendix P. Water level elevation (m) above sea level for ponds A, B, C, D,
E, and F (lake) at the Fontaine Mitigation Site, Wood County, Wisconsin,
from April 1995 to December 1995.

279

~—— Date — —— PondA —PondB ~— PondC ~— PondD ~—~ PondE — PondF
9-Apr-95 314.32 314.30 315.39 315.39 315.40 314.30
23-Apr-95 314.29 314.27 ND 315.41 315.41 314.29
3-May-95 314.25 314.24 315.35 315.35 315.36 314.24
26-May-95 314.24 314.23 3156.33 315.33 315.33 314.24
7-Jun-95 314.25 314.23 315.33 315.33 315.32 314.23
15-Jun-95 314.24 314.23 315.29 315.29 315.27 314.23
21-Jun-95 314.20 314.19 315.22 315.22 315.20 314.19
28-Jun-95 314.20 314.15 315.16 315.15 315.11 314.16
5-Jul-95 314.15 314.13 315.13 31512 315.07 314.14
13-Jul-95 314.14 314.11 315.10 315.09 315.04 314.13
19-Jul-95 31411 314.08 315.06 315.05 314.99 314.10
26-Jul-95 31411 314.07 315.05 315.05 314.98 314.10
2-Aug-95 314.08 314.03 315.01 315.00 314.93 314.06
10-Aug-95 314.07 314.03 315.01 315.00 314.92 314.06
17-Aug-95 314.23 314.22 315.35 315.35 315.35 314.22
31-Aug-95 314.23 314.22 315.35 315.35 315.35 314.22
8-Sep-95 314.22 314.20 315.27 315.28 315.29 314.20
20-Sep-95 314.22 314.20 315.28 315.28 315.25 314.20
5-Dec-95 314.26 314.27 315.29 315.29 315.27 314.27
ND - No data



Appendix Q. Water level elevation (m) above sea level for ponds A, B, C,
D, E, and F (lake) at the Fontaine Mitigation Site, Wood County, Wisconsin,
from April 1996 to October 1996.

—Date——— —Pond A— PondB —Pond C—— PondD —Pond E— Pond F—
17-Apr-96 314.32 314.28 F 315.41 F 314.28
19-Apr-96 314.30 314.28 F 315.43 F 314.29
24-Apr-96 314.27 314.26 F 315.39 F ND
7-May-96 314.27 314.22 F 315.39 F 314.25
15-May-96 314.27 314.25 F 315.39 F 314.24
25-May-96 314.26 314.24 F 315.38 F 314.24
27-May-96 314.25 314.24 F 315.37 F 314.23
29-May-96 314.24 314.23 315.44 315.35 F 314.23
31-May-96 314.24 314.22 315.41 315.32 315.41 314.22
2-Jun-96 314.26 314.24 315.44 315.35 F 314.23
4-Jun-96 314.27 314.25 315.45 315.37 315.44 314.25
6-Jun-96 314.27 314.25 F 315.37 F 314.25
10-Jun-96 314.26 314.28 F 315.37 F 314.25
23-Jun-96 314.27 314.25 F 315.39 F 314.25
28-Jun-96 314.25 314.23 315.34 315.35 F 314.24
2-Jul-96 314.27 314.25 ND 315.36 F 314.25
15-Jul-96 314.24 314.22 315.37 315.28 315.32 314.22
23-Jul-96 314.24 314.23 315.37 315.28 315.31 314.23
6-Aug-96 314.24 314.23 315.37 315.27 315.28 314.23
20-Aug-96 314.21 31419 315.30 315.23 315.19 314.23
30-Aug-96 314.18 314.16 315.23 315.12 315.13 314.16
17-Sep-96 314.14 314.12 315.18 315.06 315.08 314.12
11-Oct-96 314.10 314.08 315.13 315.01 315.04 314.08

F - Staff gauge flooded (no measurement taken)
ND - No data
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Appendix R. Water level elevation (m) above sea level for ponds A (lake),
B, C, and D at the Nash Road Mitigation Site, Wood County, Wisconsin,
from April 1995 to December 1995.

-~ Pate— — — PondA— — PondB — ~— PondC ~ ~ PondD
9-Apr-95 310.11 310.50 310.11 310.19
23-Apr-95 310.20 310.62 310.27 310.29
3-May-95 310.21 310.58 310.30 310.33
26-May-95 310.20 310.53 310.29 310.38
7-Jun-95 310.22 310.54 310.28 310.38
15-Jun-95 310.19 310.48 310.22 310.34
21-Jun-95 310.15 310.36 310.12 310.27
28-Jun-95 310.09 310.24 310.01 31020
5-Jul-95 310.05 310.19 309.92 310.15
13-Jul-95 310.05 310.19 309.85 310.11
19-Jul-95 310.05 310.19 309.78 310.07
26-Jul-95 310.05 310.19 309.72 310.04
2-Aug-95 309.92 310.19 309.63 310.01
10-Aug-95 309.96 310.19 309.63 310.00
17-Aug-95 310.18 310.60 309.84 310.25
31-Aug-95 310.26 310.50 310.21 310.39
8-Sep-95 310.24 310.40 310.16 310.36
20-Sep-95 310.21 310.39 310.10 310.32
5-Dec-95 310.29 310.59 310.28 310.41
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Appendix S. Water level elevations (m) above sea level for ponds A (lake),
B, C, and D at the Nash Road Mitigation Site, Wood County, Wisconsin,

from April 1996 to October 1996.

~— —Date —— — —Pond A—— —PondB — ——PondC — Pond D
17-Apr-96 310.48 310.76 310.60 310.67
19-Apr-96 310.51 310.76 310.62 310.70
24-Apr-96 310.53 310.75 310.60 F
7-May-96 310.57 310.75 310.62 F
15-May-96 310.57 310.74 310.61 F
25-May-96 310.59 310.71 310.57 F
27-May-96 310.52 310.69 310.56 F
29-May-96 310.50 310.67 310.55 F
31-May-96 310.49 310.64 310.52 F
2-Jun-96 310.50 310.66 310.54 F
4-Jun-96 310.50 310.68 310.54 F
6-Jun-96 310.50 310.68 310.54 F
10-Jun-96 310.51 310.67 310.52 F
23-Jun-96 310.52 310.75 310.58 F
28-Jun-96 310.49 310.69 310.53 F
2-Jul-96 310.50 310.70 310.54 F
15-Jul-96 310.41 310.57 310.43 310.59
23-Jul-96 310.39 310.56 310.41 310.59
6-Aug-96 310.34 310.45 310.29 310.48
20-Aug-96 310.28 310.30 310.14 310.36
30-Aug-96 310.22 310.27 310.08 310.29
17-Sep-96 310.15 DP 309.95 310.17
11-Oct-96 310.12 DP 309.81 310.03

F - Staff gauge flooded (no measurement taken)

DP - Dry pond
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A. Eye bolt attachment

Board or Flat
Log
Natural Log

eye bolt
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T

Nails

Appendix T. Procedure for flat and round floating turtle logs as used at the Nash
Road and Fontaine mitigation sites, May - August 1995.
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Appendix U. Amphibians and reptile species observed at the Nash Road

Mitigation Site and methods of observation, Wood County, Wisconsin,

1995 and 1996.

Species Common name Methods
Ambystoma laterale Blue-spotted salamander Tba2

Bufo americanus American toad AP, Ve, Th, Fd
Chelydra serpentina Snapping turtle V, Tb
Chrysemys picta Painted turtle V, Tb
Hyla chrysoscelis Cope’s frog A

Hyla crucifer Spring peeper ALV, F
Hyla versicolor Gray treefrog A, V,F
Pseudacris triseriata Western chorus frog AV, Tb
Rana clamitans Green frog A, V, Tb
Rana pipiens Northern leopard frog AV, Tb, F
Rana sylvatica Wood frog A,V, Tb, F
Thamnophis sirtalis Common garter snake \%

aTb = Bucket trap (pitfall) along drift fences

b A = Aural observation

¢V = Visual observation

d F = Funnel trap, along drift fences
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Appendix V. Amphibians and reptile species observed at the Fontaine
Mitigation Site and methods of observation, Wood County, Wisconsin,

1995 and 1996.

Species Common name Methods
Bufo americanus American toad A2, Vb Tbe
Chelydra serpentina Snapping turtle V, Tb
Chrysemys picta Painted turtle V, Tb
Hyla crucifer Spring peeper A, V, Tb
Hyla versicolor Gray treefrog AV
Pseudacris triseriata Western chorus frog A, Tb
Rana clamitans Green frog A, V, Tb
Rana pipiens Northern leopard frog A, V, Tb
Rana sylvatica Wood frog AV, Tb
Thamnophis sirtalis Common garter snake \%

a A = Aural observation
— - bV = Incidental visual observation
¢ Tb = Bucket trap (pitfall) along drift fences. Drift fences were not used

in 1995.
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Appendix W. Fish species discovered by three assessment techniques;

visual, fyke nets, and seines at the Nash Road and Fontaine mitigation

_sites, Wood County, Wisconsin, 25-27 April 1996,

Common name Species NRMS FMS
Bluegill Lepomis macrochirus Va, Fb V, F, Sc
Yellow bullhead Ictalurus natalis F V,F
Yellow perch Perca flavescens F V,F
Black crappie Pomoxis nigromaculatus V,F V,F
Horny chub Nocomis biguttatus S NDd
Walleye Stizostedion vitreum F F
Green sunfish Lepomis cyanellus F F
Rockbass Ambloplites rupestris F A%
Pumpkinseed Lepomis gibbosus ND F
White sucker Catostomus commersoni ND F
White crappie Pomoxis annularis ND F
Smallmouth bass Micropterus dolomieui \% ND

aV = Visual,
bEF = Fyke Net,
¢S = Seine,

dND = Not Detected
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Appendix X. Aquatic vegetation transect locations at the Fontaine Mitigation Site, Wood County, Wisconsin, in 1996.
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Appendix Y. Aquatic vegetation transect locations at the Nash Road Mitigation Site, Wood County, Wis}:onsin, in 1996.






