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The only best subset models for bird response variables that contained both open 

water class and watershed area were those for the number of birds per census in 2000 and 

bird species richness in 2001 (Tables 10 and 12). 

Overall and in general, the predictor variables that had the most effect on plant, 

amphibian and bird response variables using simple linear regression were open water class 

and watershed area. Watershed area was positively associated with six of the response 

variables. Open water class was positively associated with seven resp�mse variables, and 

negatively associated with just the proportion of T. latifolia (both years). Moreover, 

watershed area was part of four of the five best subset models for vegetation response 

variables in both 2000 and 2001. 
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DISCUSSION 

The objective of section 404 of the Clean Water Act of 1972 was to slow the loss of 

wetlands in the U.S. by establishing guidelines for their protection and regulation. The 

Committee on Mitigating Wetland Losses concluded that the goal of "no net loss" under 

the CWA had not been met (NRC 2001). The NRC suggested a number of reasons for 

the failure to meet this goal, one being insufficient data on lost wetland functions and the 

status of mitigation projects. In addition, they found that comparisons of ecological 

functioning of mitigated wetlands to natural wetlands were uncommon (NRC 2001) 

The success of a mitigated wetland should be determined by how completely it 

replaces not just wetland area, but also the functions of the natural wetland that were lost. 

Zedler (1996) suggests that mitigated wetlands should replace both the structural and 

functional characteristics of the lost wetlands, and that created wetlands that do not 

adequately replace functions, merely add to wetland loss. Although wetlands support 

many ecological functions, mitigation success historically has been determined only by the 

development or creation of proper hydrology and vegetation (Kusler and Brooks 1988, 

Galatowitsch and van der Valk 1994, Richter 1997). This approach to mitigation assumes 

that proper vegetation is an indicator of other wetland functions; therefore, if vegetation at 

a created wetland is similar in structure and diversity to vegetation in natural wetlands, 

then other ecological functions should be similar. However, many authors suggest that 

this assumption may not always be true (D'Avanzo 1986, Turner 2000, NRC 2001, 

Campbell et al. 2002). 

Many scientists suggest that the basis for success in a mitigated wetland project should 

incorporate all wetland functions, including wildlife utilization (Brooks and Huges 1990, 

Erwin 1990, Kusler and Kentula 1990, Mitsch and Gosselink 2000). However, few 



project designs incorporate methods or criteria to establish and monitor animals (NRC 

2001). 

Comparison of Created and Natural Wetlands 
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The initial purpose of my study was to use paired sample analysis to compare wildlife 

utilization at created and natural wetlands. I found no statistically significant differences 

among created and natural wetlands for any of the response variables evaluated. My 

results suggest that the created wetlands of this study were ecologically equivalent or at 

least structurally comparable to similar natural wetlands. My results also suggest that the 

created wetlands of this study have replaced not just lost wetland area, but also vegetation 

structure and composition, and the important function of providing amphibian and bird 

habitat. 

There have been a number of studies comparing the vegetation characteristics of 

created or restored wetlands, to natural wetlands, and the results have been varied. My 

vegetation results differed from a study conducted by Brown and Veneman (2001) in 

Massachusetts. In a study of 391 mitigation projects, they found statistically significant 

differences in plant communities between created and natural wetlands. Natural wetlands 

had significantly higher plant richness, total percent cover and plant species composition 

values than created wetlands. They suggest that these differences were likely caused by 

differences in hydrology and soils between the wetland types, and that restoration of 

wetlands, in which hydrology and soils are already established, may be more effective than 

the creation of wetlands where none had previously existed (Brown and Veneman 2001). 
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Campbell et al. (2002), in a study of wetlands in Pennsylvania, also found significant 

differences in vegetation characteristics between created and natural wetlands. Similar to 

Brown and Veneman (2001) they found that plant species richness and plant cover were 

significantly higher in natural wetlands than created wetlands. They also found significant 

differences within the set of created wetlands, and suggested that these differences may be 

due to the position of the. created wetlands within the landscape. Many of the created 

wetlands in their study were in uplands not near other wetlands, and they suggested that the 

lack of adequate seed sources may have contributed to low species richness values in 

created wetlands. I also found that there was variation in vegetation variables within the 

set of created wetlands. For example, in 2001, plant species richness varied from 3 to 17 

and plant species diversity ranged from 0.0702 to 0.7603 among created wetlands. 

Campbell et al. (2002) also found that created wetlands were typically dominated by 

common cattail, a clonal species that often out competes other plant species, resulting in 

lower species·richness (Mitsch and Gosselink 2000, Campbell et al. 2002). Most of the 

created wetlands in my study (78%) were also dominated by common cattail. However, 

the majority of natural wetlands in my study (67%) were also dominated by this aggressive 

species. While I found that the average proportion of common cattail in both 2000 and 

2001 tended to be higher in created wetlands than in natural wetlands, the difference was 

not statistically significant. 

Confer and Neiring ( 1992) in a paired study of created and natural wetlands in 

Connecticut, had results similar to mine. They found no significant difference in plant 

species richness between created and natural wetlands, though the mean species richness 

was slightly higher in created wetlands. 
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I found no significant relationships between created wetland age and vegetation 

variables. Interestingly, the five DOT wetlands, which were all built during the same year, 

had notable differences in plant variables. For example, the plant species diversity index 

for these five, same age wetlands ranged from 0.0702 (DOT D) to 0.6555 (DOT C) in 

2001. 

However, the two youngest created wetlands, Spall (3 years) and Tinker Created (2 

years) had the highest and second highest plant species diversity, respectively, in both 

2000 and.2001.; A possible explanation for this may have to do with early successional 

processes that occur soon after a wetland is built. The creation of a wetland is a 

disturbance, after which secondary succession proceeds and many early pioneer species 

invade the area and establish themselves (Barbour et. al 1999, Mitsch and Gosselink, 

2000). These pioneer species may contribute to an increase in plant diversity early in the 

life of a created wetland. Other plant species that follow are slower to establish but are 

more successful than the colonists and may out compete them, ,thereby reducing plant 

diversity. 

There are 14 species of calling amphibians commonly found in the Great Lakes Basin 

(Chabot and Helferty 1995), however, I detected only seven in this study. Still, the seven 

amphibian species I found are the most widely distributed species in the Great Lakes Basin 

(Weeber and Vallianatos 2000). These species were all found at both created and natural 

wetlands in both years. There was no significant difference in amphibian richness between 

created and natural wetlands in both 2000 and 2001, in fact this variable was nearly 

identical between wetland types in both years. Robinson (2000) had similar results in her 

comparison of natural wetlands to restored wetlands in Jefferson County, New York, and 



Petranka et al. (2003), in a long term study comparing created and natural wetlands in 

North Carolina, found that amphibian richness was higher in created wetlands. 
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While some studies have shown that amphibians tend to establish populations in 

created and restored wetlands rather quickly (Lehtinen and Galatowitsch 2.001,.Pechmann 

et al. 2001, Petranka et al. 2003), I found that created wetland age was not a significant 

factor affecting amphibian richness in either year. Similarly, Lehtinen and Galatowitsch 

(2001) comparing amphibian variables in restored and reference wetlands in Minnesota, 

found no significant relationship between amphibian richness and restored wetland age. It 

is likely that amphibian richness is more affected by the proximity and interconnectivity to 

other wetlands. Both of these fa�ors affect the source-sink dynamics of metapopulations 

common in many amphibian species (Gibbs 1993, Semlitsch et al. 1996, Semlitsch 1998, 

Guerry and Hunter 2002, Gibbons 2003). 

For nearly all avifaunal variables, the created wetlands of this study were comparable 

to natural wetlands. The only exceptions were in bird species diversity and in the 

proportion of obligate wetland birds. In both years, species diversity was slightly higher in 

natural wetlands while the proportion of obligate birds was higher in created wetlands 

(Tables 5 and 6). In 2001, the difference in diversity among the wetland types was not 

significant at an alpha of 0.05, but would be significant at 0.10. The presence oflarge 

flocks ofCanada_goose during a few survey periods contributed to the significant 

difference I found in obligate wetland bird species among the two wetland types. 

Reanalysis of these data without Canada goose changed the P value from O. 02 to O .40. 

There have been very few studies that have compared wildlife utilization of created 

and natural wetlands, and fewer still that have included avifaunal use. However, there 

have been a number of studies that looked at bird use in restored wetlands. Brown (1998) 
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compared bird abundance and density in recently restort:!d (3 years) and natural wetlands 

in upstate New York. He found no significant differences in either of these variables, but 

did find significant differences in percent similarity (Bray-Curtis) of bird communities 

between the wetland types. He suggested that over time successional development may 

minimize the differences found between restored and natural wetlands. 

Hemesath and Dinsmore (1993) investigated bird usage of restored wetlands in Iowa 

and found that the age of the wetland had no effect on bird species richness, but that bird 

species richness ·increased with wetland area. V anRees-Siewert and Dinsmore ( 1996) 

found that the number of breeding bird species in four-year-old restored wetlands in Iowa 

were significantly higher than breeding species in one-year-old restored wetlands. 

However, they did not find a significant relationship between restored wetland age and 

total bird species richness. They suggested that breeding bird species were more affected 

by wetland area than plant characteristics in restored wetlands, and that total bird species 

richness was affected by vegetation structure and characteristics. According to V anRees­

Siewert and Dinsmore ( 1996), long term wetland restorations will likely result in bird 

communities that are similar to natural wetlands due to the establishment over time, of 

similar vegetation characteristics. 

Based on my data, I conclude there were no significant differences in plant, amphibian 

and bird variables between the created and natural wetlands included in my study. The 

question then becomes, - what factors niight account for variation in response variables 

among wetlands? For example, plant species diversity values ranged from 0.0560 to 

0.7557 for created wetlands and from 0.1734 to 0.7143 for natural wetlands. Because the 

created and natural wetlands in my study did not differ from one another in plant, 

amphibian and vegetation response variables, I combined the two categories of wetlands 

= 



into a single group of 18 wetlands. I then examined the entire set of wetlands to 

determine which, if any predictor variables may have accounted for. the variance in 

response variables among .the wetlands. 

Univariate and Multivariate Analyses of Biotic Response Variables 
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I found that open water class and watershed area were positive significant predictor 

variables for amphibian species richness, plant species richness and diversity, and bird 

species richness, diversity and the number of birds per census. Tables 7 and 8 summarize 

the regression analyses for this study. 

Open water classification was positively associated with both plant species richness 

and plant species diversity using univariate analysis, the only negative significant 

relationship I found with open water class was with T. latifolia in both years (Table 8). 

Although open water class was not part of the best subset models for either plant species 

richness or plant species diversity in both years, it was part of the best subset models for 

the proportion of T. latifolia, amphibian species richness and the number of birds per 

census. Additionally, in 2000, this predictor was also part of the models for the 

proportion ofOBL+FACW+FAC birds, and in 2001 it was a component of the models for 

bird species richness and bird species diversity (Tables 9 through 12). 

The proportion of open water is related to the concentric zones of vegetation that 

form in marshes. The zonation of vegetation and the proportion of open water are 

affected by the depth and the topography of the wetland, and certainly by its hydrologic 

characteristics (Weller 1978). According to Mitsch and Gosselink (2000), plant species 

richness increases as the rate of water flow increases due to the transport and renewal of 

minerals and the deposition of sediments. 



-71-

Watersheds are areas of land that drain into a particular body of water, and the 

functioning of a wetland is affected by its position within the watershed. Wetlands and 

other sources of water within a watershed are connected through hydrology, and so the 

functions of the wetlands within a watershed are also connected (Mitsch aiid Gosselink: 

2000). While a number of studies have investigated the effects of surrounding landscape 

properties on plant variables (Findlay and Houlahan 1997, Gibbs 2000, De Steven and 

Toner 2004, Houlahan et al. 2006), I found none that tested watershed area. I found· 

significant positive relationships between plant species richness and plant diversity and 

watershed area. Watershed area may contribute to increased plant species richness and 

diversity because of hydrological connectivity to other wetlands and thus a source of 

propagules. 

I found that plant species richness and plant species diversity increased with both 

increasing wetland area and with the area of other wetlands within 500 m of the focal 

wetland. The relationship between plant species richness and wetland size has been well 

documented (Findlay and Houlahan 1997, Weiher 1999, NRC 2001, Houlahan et al. 

2006). and is not surprising. It also supports the thought that large wetlands overall have 

greater ecological value (Findlay and Houlahan 1997). 

The relationship between plant species richness and diversity and the area of 

surrounding wetlands might be explained by the processes by which wetland ecosystems 

are developed and sustained. Proper hydrology is foundational to proper wetland function 

and to the establishment and continuance of wetland vegetation structure and composition 

(Mitsch and Gosselink 2000, NRC 2001). Keddy and Reznicek (1986) stated that 

fluctuations and variability in hydrology lead to increased plant diversity because most 

seeds will not germinate in standing water, rather they require moist soil. Moreover, the 
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continuous introduction of seeds and propagules contribute to the successional processes 

and functional development of the wetland ecosystem. According to Mitsch et al. (1998), 

if a wetland is open to a continuous supply of seeds and propagules, it will naturally select 

the assemblage of organisms best adapted for the conditions at the wetland. This concept, 

described by :Mitsch et al. (1998) is known as ecosystem self-design. The presence of 

other wetlands near a particular wetland may .act as a source of seeds and propagules, 

assuming connectivity between wetlands, and thereby influence the plant species richness 

and diversity. 

The amount of paved road surrounding wetlands was important in predicting invasive 

plant species variables. I found in both years, that invasive plant species richness was 

positively associated with the length of the road within the watershed, and that invasive 

plant species cover was positively associated with the percentage of industrial, commercial 

and urban land within 1 km of the wetlands. These positive associations suggest a 

relationship between invasive plant species and paved areas surrounding wetlands. The 

best subset models for invasive plant species variables also suggested an important 

relationship with paved area surrounding wetlands. The best, subset models for both 

invasive plant species richness and invasive plant species cover, in both years, included 

distance to road and the percentage of industrial, commercial and urban land area within 1 

km of the wetland. 

Invasive plant species are good colonizers and tend to spread aggressively (Harper 

1965, Rejmanek and Richardson 1996). Some invasive plant species, such asLythrum 

sa/icaria and Phragmites austra/is, are· salt tolerant and therefore are likely found in 

wetlands near roads where road salt runoff enters the wetland (Galatowitsch et al. 1999). 

Schultz (2006) examined -the water quality in the wetlands of my study and found that as 



the length of roads within a 100 m buffer of the wetlands increased, sodium levels 

increased. The wetland Thruway is located adjacent to the highly traveled New York 

State Thruway, and was dominated in both years of the study by Phalaris drundincea. 

The second most common plant species at this wetland in both years �as Lythrum 

salicaria. This suggests that the establishment of these two invasive plant species are 

more likely in wetlands located near roads. that are salted during winter months. 
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Amphibians require both wetlands and uplands to complete their life cycle. Wetlands 

are required for reproduction and uplands are needed for migration, foraging and 

hibernation (Guerry and Hunter 2002). The requirement of amphibians for suitable 

terrestrial habitat surrounding wetlands and interconnectivity among wetlands has been 

well documented (Gibbs 1993, Semlitsch et al. 1996, Semlitsch 1998, Guerry and Hunter 

2002, Gibbons 2003). In my study, the best subset model for amphibian species richness 

in 200 l included three variables; open water class, the proportion of T. latifolia and the 

percentage of forest within 1 km of the wetland. In addition, significant positive 

univariate relationships were found with plant species richness and diversity, watershed 

area. The significant relationship between amphibian species richness and the proportion 

of T. latifo/ia was negative. 

Knutson et al. ( 1999) in a study of anuran abundance and richness in Iowa and 

Wisconsin, found positive relationships with habitat diversity and complexity. A number 

of studies have found that amphibian species richness increased with increased forest 

adjacent to the wetlands (Findlay and Houlahan 1997, Knutson et al. 1999, Lehtinen et al. 

1999, Guerry and Hunter 2002). I found that the percentage of forest within 1 km of 

wetlands approached positive statistical significance (P = 0.075) in 2001 using linear 

regression, and was part of the best subset model in 2001. I also found that the 
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relationship between amphibian richness and the percentage of agricultural land within I 

km of wetland in 2001 was negative and approached statistical significance (P = 0.058). 

Knutson et al. (1999) found a positive association between anuran.abu�dance and 

surrounding agricultural land in Wisconsin, but not in Iowa. They suggest that the 

positive association found in Wisconsin may be due to greater proportion of forested land 

surrounding these wetlands tha.J} those studied in Iowa. 

I did not find any significant associations between amphibian species richness and road 

length within the watershed or within a buffer surrounding the wetlands. However, 

Findlay and Houlahan (1997) did find a significant negative relationship between road 

density and amphibian richness. Carr and Fahrig (200 I) found a negative relationship 

between amphibian richness and traffic density surrounding wetlands. Both of these 

stud!es suggest that the construction or presence of roads near wetlands may have 

significant negative effects on amphibian richness and diversity in wetlands. 

The positive relationship between wetland area and bird species richness and 

composition has been well documented (Weller 1978, Brown and Dinsmore 1986, 

Hemesath and Dinsmore 1993, Hartman 1994, Brown 1995). I found no significant 

relationships between wetland area and either bird richness or bird species diversity using 

simple linear regression. However, in 2001, the best subset model for bird species 

diversity did include wetland area. The number of birds per census was positively 

associated with wetland area in both years using simple linear regression, but only the 

2001 best subset m,odel for number of birds per census contained wetland area. Larger 

wetlands likely support more bird species for a number of reasons. Large wetlands tend to 

have more zones of vegetation and, therefore, greater structural diversity. Also, there are 



more resources in the terms of space, food sources and water supply (Weller 1978, 

Hemesath and Dinsmore 1993, Naugle et al. 2000, Muir-Hotaling et al. 2002) 
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Plant species richness and plant species diversity were important positive predictors of 

bird species richness and bird species diversity in both years, and of the number of birds 

per census in 2001 (Tables 7 and 9). However, in 2001, these two predictors were not 

part of the best subset models for either bird richness or bird diversity, but were part of the 

three models for bird wetland dependency and the model for the number of birds per 

census (Tables 9 and 11). In addition, I found significant positive relationships between 

open water class and bird species richness, bird species diversity, the number of birds per 

census and the proportion of obligate birds in. both years. 

Weller (1978) described the vegetation of a marsh as series of concentric zones of 

plant communities surrounding an area of open water that creates horizontal structural 

diversity. The vegetative heterogenicity attracts a diversity of wildlife. 

Layers of vegetation in the form of vegetation zones can increase the number of available 

niches, and therefore, positively influence the species diversity in a wetland (MacArthur 

1958, Weller 1978). The open water in a wetland can be considered another layer and is 

attractive to waterfowl, especially near the vegetation-water edge. Moreover, many bird 

species prefer a 1: 1 ratio of cover to water, called a "hemimarsh" (Weller and Spatcher 

1965). Weller and Fredrickson (1974) found the proportion of open water in a wetland 

was positively associated with bird species richness, and that richness was greatest in 

wetlands that had a cover-water ratio of 1: 1 or I :2. Other studies have also found 

significant positive relationships between bird species richness and cover-water ratios 

(Kaminski and Prince 198.1, Murkin et al. 1982, Nelson and Kadlec 1984, VanRees-
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Siewart and Dinsmore 1996). However, in a study ofbird use of restored wetlands in 

Maryland, Muir Hotaling et al. (2002) found no significant relationship between bird 

species richness and cover-water ratio. Hemesath and Dinsmore (1993) found that bird 

species richness was significantly higher in restored wetlands having,more than 30% 

emergent vegetation, and that bird species richness was greatest in wetlands having 30 to 

70% open water. The structural diversity created by plant community zonation in th� 

wetlands likely affected bird richness and diversity because it offers a greater variety of 

habitats for nesting, protection and foraging. 

Watershed area was positively associated with bird species richness and the number of 

birds per census in both years, and positively associated with bird species diversity in just 

2000. In 2000, this predictor and the area of other wetlands within 500m were part of the 

best subset models for all three of these bird response variables. In 2001, watershed area 

and the area of other wetlands were part of the model for only the number of birds per 

census. 

Populations of many wetland animals are dependent upon metapopulation source-sink 

dynamics, and those that move over land require connectivity between wetland habitats via 

open terrestrial corridors (Gibbs 1993, Semlitsch 2000). Obviously, birds are not limited 

by obstructed terrestrial corridors. However, some wetland birds require a variety of 

wetland types to complete their life cycles. Some serve as feeding habitat, while others 

are better suited for breeding, and still others are better suited for rearing young (Batt et 

al. 1989, Gibbs, 1993, Naugle et al. 2000, Leibowitz 2003). Gibbs (1993) simulated the 

loss of small wetlands in an area of Maine to investigate the effect on metapopulations of 

turtles, mammals, amphibians and birds. In ms model, he found that turtles and birds were 

most likely to become extinct following the 
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loss of small wetlands. He suggests that mosaics of small wetlands in the landscape play 

an important role in the metapopulation dynamics of certain wetland animals. In my study, 

the inclusion of the area of other wetland within 500 m of the focal wetland in the best 

subset models for bird response variables suggests the importance of a mosaic of wetland 

habitats within the landscape. 

Management Recommendations and Future Research 

There were two questions I attempted to·answer in this study. The first was - are 

created wetlands similar to natural wetlands in terms of vegetation, amphibian and bird 

variables?, In essence, this question asks can we create wetland habitats that mimic the 

wildlife utilization and plant characteristics found in similar natural wetlands? Based on 

the results of my study, the answer is yes. I found no significant differences among the 

two types of wetlands. 

Many studies comparing created and natural wetlands have focused only on vegetation 

st11:1cture and composition. However, scientists warn that basing succe"Ss on this single 

wetland function does not necessarily assure other wetland functions have been restored 

(D'Avanzo 1986, Turner 2000, NRC 2001, Campbel
 

et al. 2002). Wetlands provide a 

number of functions and it is recommended that a more comprehensive set of these 

functions, including wildlife· utilization, be part of the assessment procedures and 

requirements for mitigated wetlands. 

Since the created and natural wetlands studied were not significantly different for any 

of the response variables, I grouped them into a larger set and addressed my second 

question - what accounts for the variation in vegetation, amphibian and bird variables 
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detected among wetlands? Based on my results, the variation can be attributed primarily 

to the position of the wetlands within the landscape. 

Wetland functions are affected by the surrounding landscape, therefore, the creation 

and subsequent management of wetlands must consider their placement.within the 

watershed. Understanding the relationship between wetland function and landscape 

position is important in determining where in the landscape a mitigation project should be 

built. 

Watershed area w.as an important positive predictor of many response variables. For 

example, species richness increased with increasing watershed area for all three groups of 

response variables (plants, amphibians and birds): However, I found no studies that 

compared wetland functions to watershed area. This is an important area for future 

research. Mitigation projects should be built in large watersheds. 

Open water class and plant species diversity and richness were important positive 

predict?rs of bird and amphibian response variables. These predictors suggest the 

importance of a wetland's structural diversity in attracting a diversity of wildlife. 

Managers should create and maintain wetlands in a "hemimarsh" state, such that the cover 

to water ratio is between I: 1 and 1 :2. In addition, efforts should be made to reduce the 

establishment and spread of T. latif olia within wetlands since this aggressive species can 

have a negative impact on plant species diversity, and hence structural heterogenicity. 

Invasive plant species were positively correlated with the amount of paved road 

surrounding wetlands. I recommend that mitigation projects be located as far from roads 

and urban land use areas as possible to reduce the presence of invasive plant species. 

Metapopulation dynamics are important for a number of wetland animals, including 

birds (Batt et al. 1989, Gibbs 1993, Naugle et al. 2000, Leibowitz 2003). Mitigation 
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projects should be built within a mosaic of other wetlands to maintain the metapopulation 

dynamics, and importantly, there should be terrestrial connectivity to other wetlands for 

those animals that move over land. 

In summary, wetland functions are affected by their position within the landscape and 

within the watershed. Therefore, it is important for project managers to carefully consider 

the placement of mitigation projects within the landscape. The results of my study suggest 

that mitigation projects should be located: I) in large watersheds, 2) far from roads and 

urban areas and 3) near other wetlands. In addition, mitigation projects should have a 

cover to open water ratio of between 1: I to 1 :2 and be managed to reduce the spread of 

aggressive plant species such as Typha /atifolia. 
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Appendix A: Location of created - natural wetlands pairs. 

Created Wetland 
Longitude 

Natural Wetland 
Longitude 

( Age in yr 2000 ) 
Latitude Latitude 

(approL center) (approx. center) 

DOTA 43.18182 
Smith 

"43.17909 
(6) 77.82573 77.83390 

DOTB 43.17701 
King Road 

43.11404 
(6) 77.79732 77.77618 

DOTC 43.17569 
Golden Road 

43.12209 
(6) 77.76913 77.75394 

DOTD 43.15979 
Blodgett 

43.16151 
(6) 77.72462 77.74642 

DOTE 43.17727 
Morgenbergyer 

43.17541 
(6) 77.78359 77.74390 

Tinker Created 43.06771 
Thruway 

43.04705 
(2) 77.57345 77.56733 

Roxbury 43.06811 
Tinker Natural 

43.05863 
(IO) 77.55619 77.57000 

Spall 43.06447 
Round Pond 

43.01929 
(3) 77.56852 77.56288 

Mason 43.07326 
Packard * ( 12) 77.39960 



Appendix B: Summary of plant species observed in created and natural wetlands. Species are 

listed alphabetically by scientific name. 

Common Name Scientific Name 
Created Natural 

Wetland Wetland 

Algae X 

Water plantain A lisma triviale X X 

Smooth aster Aster laevis X X 

New England aster Aster novae-angliae X X 

Bur marigold Bidens cernua X 

Fox sedge Carex vulpinoidea X X 

Water hemlock Cicuta bulbifera X X 

Swamp thistle Cirsium muticum X 

Knob-styled dogwood Cornus amomum X 

Red osier dogwood Comus sericea X 

Flat sedge Cyperus strigosus X 

Swamp loosestrife Decodon verticillatus X 

Teasel Dipsacus sylvestris X 

Blunt spikerush Eleocharis ovata X 

Creeping spikerush Eleocharis palustris X 

Elodea canadensis X 

rple-leaved willow-herb Epilobium coloratum X 

orther willow-herb Epilobium glandulosum X 

airy wiIIow-herb Epilobium hirsutum X 

ommon horsetail Equisetum arvense X 

ater horsetail Equisetum jluviatile X 

Equisetum hyemale X X 
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Common Name Scientific Name 
Created Natural 

Wetland Wetland 

Harbinger-of-spring Erigenia bulbosa X 

Hollow Joe Pye Weed Eupatorium .fistulosum X 

Purple boneset Eupatorium perfoliatum X 

Sweet Joe Pye Weed Eupatorium purpureum X 

Marsh pennywort Hydrocotyle americana X 

Spotted touch-me-not Impatiens capensis X X 

Soft rush Juncus effasus X 

Duckweed Lemna minor X X 

Butter-and-eggs Linaria vulgaris X 

Water horehound Lycopus americanus X X 

Bugleweed Lycopus virginicus X X 

Purple loosestrife Lythrum salicaria X X 

Wild mint Mentha arvensis X 

Water milfoil Myriophyllum spicatum X 

Water nymph Najas spp X 

Sensitive fem Onoclea sensiblis X 

Virginia creeper Parthenocissus quinquefolia X 

Reed canary grass Phalaris arundinacea X X 

Common reed Phragmites australis X X 

Clearweed Pi/ea pumila X 

Water smartweed Polygonum amphibium X X 

Cottonwood Populus deltoides X 

Floating pondweed Potamogeton natans X 

Sago pondweed Potamogeton pectinatus X 
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Common Name Scientific Name 
Created Natural 

Wetland Wetland 

Sweet crab apple Pyrus coronaria X 

Swamp rose Rosa palustris X 

Curled dock Rumex crispus X 

Broad-leaved arrowhead �agittaria latif olia X 

Weeping willow Salix babylonica X 

Peachtree willow Salix amygdaloides X X 

Chairmaker's rush Scirpus americanus X 

Hardstem bullrush Scirpus acutus X 

Softstem bulrush Scirpus validus X X 

Common skullcap Scutellaria galericulata X 

Meadow spikemoss Selaginella apoda X 

Water parsnip Sium suave X 

Bittersweet nightshade Solanum dulcamara X 

Canada goldenrod Solidago canadensis X X 

Giant bur reed Sparganium eurycarpum X 

Poison ivy Toxicodendron radicans X 

Common Cattail Typha latif olia X X 

Stinging nettle Urtica dioica X 

New England grape Vitis novae-angliae X 



Appendix C: Summary of bird species observed in created and natural wetlands. Species are 

listed alphabetically by scientific name. 

Common Name Scientific Name 
Created Natural 

Wetland Wetland 

Spotted sandpiper Actitis macularia X 

Red-winged blackbird Agelaius phoeniceus X X 

Wood duck Aixsponsa X 

Mallard Anas platyrhynchos X X 

Great blue heron Ardea herodias X X 

Cedar waxwing Bombycilla cedrorum X 

Canada goose Branta canadensis X X 

Green heron Butorides striatus X X 

Northern cardinal Cardinalis cardinalis X X 

American goldfinch Carduelis tristis X X 

Purple finch Carpodacus purpureus X 

Killdeer Charadrius vociferus X 

Marsh wren Cistothorus palustris X X 

Common flicker Colaptes auratus X X 

American crow Corvus brachyrhynchos X X 

Blue jay Cyanocitta cristata X 

Yellow-throated warbler Dendroica dominica X X 

Yell ow warbler Dendroica petechia X X 

Gray catbird Dumetella carolinensis X X 

Willow flycatcher Empidonax trail/ii X X 

Wood thrush Hylocichla mustelina X 

Northern oriole Jcterus galbula X 
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Common Name Scientific Name 
Created Natural 

Wetland Wetland 

t 
Tree swallow Jridoprocne bicolor X X 

Belted kingfisher Mega ceryle alcyon X X 

Swamp sparrow Melospiza georgiana X X 

Song sparrow M�lospiza melodia X X 

Black capped chickadee Parus atricapi/lus X X 

Pied-billed grebe Podilymbus podiceps X 

Virginia rail Rallus limicola X X 

European starling Stumus vulgaris X X 

American robin Turdus migratorius X X 

Eastern kingbird Tyrannus tyrannus X X 

Red-eyed vireo Vireo olivaceus X 



-94-

Appendix D: Summary of amphibian species observed in created and natural wetlands. 
Species are listed alphabetically by scientific name. 

Common Name Scientific Name 
Created Natural 
Wetland Wetland 

Green frog Rana clamitans X X 

Bullfrog Rana catesbciana X X 

Spring peeper Pseudacris cr:ucifer X .x 
American toad Bufo americanus X X 

Gray tree frog Hy/a versico/or X X 

Wood frog Rana sylvatica X X 

Chorus frog Pseudacris triseriata X X 

Northern leopard frog Rana pipiens X X 


