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Abstract

:

Experimental results from a multi-year exclosure study (2009–2015) demonstrate strong effects of geese on plant cover and species diversity in an urban, restored tidal freshwater wetland. Access by geese inhibited plant establishment and suppressed plant diversity, particularly of annual plant species. Our experimental results demonstrate that the protection of newly restored tidal freshwater wetlands from geese is a make-or-break management activity that will determine the composition and long-term persistence of vegetation at the site. The causal herbivore, in this case, was resident, non-migratory Canada geese (Branta canadensis), which have increased dramatically over the last several decades and had high population densities throughout the study period. These findings suggest that management activities to reduce the population sizes of non-migratory goose populations will support greater wetland plant diversity.
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1. Introduction


Ecosystem restorations of tidal freshwater wetlands offer opportunities to probe and reveal the ecological processes structuring these systems, while also increasing the area of an imperiled habitat and providing ecosystem services. In this paper, we present some of the lessons learned from a tidal freshwater wetland (hereafter, TFW) restoration in the highly urbanized setting of the Anacostia River in Washington D.C., USA, where the authors and partner agencies conducted an experimental manipulation of goose herbivory to test the role of top-down effects on plant establishment and community composition [1,2].



Strong top-down effects can influence the success of a restoration project [3,4,5]. Of particular concern for tidal freshwater wetlands is the impact that Canada goose (Branta canadensis) herbivory plays in restoration efforts. Migratory goose populations have had an extensive impact on TFW, dramatically reducing the abundance of annual wild rice (Zizania aquatica) in existing TFW [6]. The population sizes of resident, non-migratory Canada geese grew exponentially throughout the 1980s and 1990s in the eastern United States [7,8]. In 2012, the number of resident, non-migratory geese in North America surpassed the number of migratory individuals [7]. Resident goose populations have been shown to impact plant communities present in TFWs and to have their greatest effect on annual plant species [9,10]. Problems with resident geese are likely to persist into the future; due to low adult mortality and favorable habitat conditions for breeding, current resident goose flocks are able to double in size every five years [11]. This highlights the need to better understand the role geese play in the success of TFW restoration projects to inform future efforts.



Located in the upper regions of estuaries [12], tidal freshwater wetlands often have been displaced by development and have experienced some of the greatest losses of any coastal habitat [13,14]. Large quantities of TFW were converted into agricultural fields and industrial development by infilling [15,16,17]. Common “head-of-tide” tidal restrictions suggest elimination of this habitat along many tidal rivers and creeks [18,19].



To reduce and mitigate these habitat losses, TFWs have been the subject of restoration efforts [20]. Urban wetlands can have a greater societal benefit than those in rural regions, due to the present scarcity of wetlands in densely populated areas, as well as the larger populations that can benefit from the ecosystem services produced by wetlands [21]. These ecosystem services include water infiltration, climate regulation, air purification, human health benefits, and recreational opportunities [22]. The high societal value of urban wetlands has led to renewed interest in urban restoration and a higher priority being placed on restoration projects in urban landscapes [23].



The methods used to restore TFW vary considerably [20]. Restoration of TFW on the East Coast of the United States often involves excavation of upland soils or placement of dredged materials in open water regions to create platforms for plant growth [16]. The beneficial use of dredged material is sometimes a motivation and an opportunity for TFW wetland restoration [24,25].



Our study site of Kingman Marsh is a 13-ha TFW restoration site located in Anacostia Park within Washington D.C., USA. The site was subject to dredging, seawalls, and tide gates that destroyed TFW habitat in the 1950s [26]. Restoration efforts began in 1999 by the U.S. Army Corps of Engineers (USACE), when dredged sediment was placed on site. In 2000, planted and volunteer vegetation was established at the site. However, in 2001, vegetation sampling conducted by the U.S. Geological Survey (USGS), the University of Maryland (UMD, College Park, MD, USA), and the National Park Service (NPS) documented the decimation of vegetation by herbivores, following the removal of fencing around plantings [27]. Herbivory appeared to limit restored areas from revegetating. The current study was initially designed by USGS in collaboration with NPS to document the impacts of herbivory, suspected to be by resident, non-migratory Canada geese. In this paper, researchers with George Washington University (Washington, DC, USA) provide the results of new analyses that enhance and build on the earlier USGS work.




2. Materials and Methods


2.1. Study Site


Kingman Marsh (latitude and longitude: 38°54′19.75″ N, 76°57′39.9″ W) is one of four TFW sites along the Anacostia River that were restored between 1993 and 2006 when the U.S. Army Corps of Engineers (USACE) began placing dredged sediment as a foundation for wetland plants. Kingman Marsh was the second site to be restored, after Kenilworth Marsh. Two additional sites, one along the mainstem of the Anacostia and one adjacent to nearby Heritage Island, were restored after Kingman, creating a network of restored TFWs of different ages in this stretch of the Anacostia River. Sediment for the Kingman Marsh restoration was placed by the USACE in the early 2000′s to create 13 ha of TFW, after which 750,000 plants of 7 perennial species (Supplementary of Table S1) were planted in May 2000. Most restored areas were surrounded by goose fences that were removed in the following winter, based on the initial success of the nearby unprotected TFW restoration at Kenilworth Marsh [27]. When fencing was removed at the Kingman Marsh site, goose herbivory on the newly established vegetation was extensive.



Kingman Marsh is surrounded by the Langston Golf Course (Figure 1). Through the center of the marsh is a slow-moving, shallow tidal creek that drains almost completely at low tide. To discourage dominance by the invasive common reed (Phragmites australis) and purple loosestrife (Lythrum salicaria), the sediment elevation contours at the site were set slightly lower than those of the Kenilworth Marsh restoration, where particularly P. australis had become problematic at higher elevations [27]. While the invasive species P. australis and L. salicaria are present at the Kingman Marsh site, they have not become the dominant species at the elevation of the experiment in Kingman Marsh, although P. australis has become dominant at higher elevations and has been subject to herbicide control activities in nonexperimental areas of the study site. For more information about the site and the network of restored marshes, see published reports and reviews [1,2,20,25,27].




2.2. Exclosure Experiment


Sixteen experimental modules were installed in Kingman Marsh in May 2009 (Figure 1) [1,2]. Module locations were selected from points that fell within an elevation range considered suitable for establishment of native emergent vegetation, 0.25 to 0.37 m above sea level (m.a.s.l.) relative to the North American Vertical Datum 1988 (NAVD88) [2]. Eight of the modules were located in areas with existing vegetation at the beginning of the experiment, due to their location within pre-existing fencing and seeding efforts by the Anacostia Watershed Society, and eight were within unvegetated areas (Figure 1). Modules were located at a minimum of 6 m apart.



Each module consisted of a pair of plots measuring 1 × 2 m. Plot corners were marked with PVC poles. Within each pair, one plot was randomly assigned to the exclosure treatment and one to an unfenced control. Paired plots were separated by a distance of 3 m. Exclosures were constructed out of steel t-posts surrounded by fencing 1.2 m tall, with a mesh size of 5 × 10 cm. Exclosures were 3 × 4 m to include a 1 m buffer surrounding the study plot, which limited disturbance by researchers entering the exclosure during data collection. Exclosures were open at the top, where taut string and flagging were placed to deter aerial access. A gap was left between the bottom of the fencing and the sediment surface to allow entry of animals other than geese. Initially, this gap was 20 cm high, but after video footage confirmed that geese could enter this small space, the gap was narrowed to 15 cm in 2010 and further narrowed to 10 cm in 2011 to prevent entry by geese. Exclosures were maintained every spring in March or April to ensure fencing was intact and at the correct height above the substrate for the start of the growing season.



Plant community composition and abundance was monitored each June and August beginning in 2009. A 1 × 2 m PVC frame with a 25 × 25 cm grid was placed over plots and the cover of each plant species present in the plot was estimated independently. Estimates were made to the nearest 1% between 0–15% and 95–100%, because in these ranges it is straightforward to accurately estimate cover. Between 15 and 95% cover, estimates were made in 5% increments. Taxonomic nomenclature follows the ITIS online database [28]. Whenever possible, two researchers made independent estimates of each species and determined a final visual estimate by consensus. Total vegetative cover was calculated as the sum of the cover values for all of the taxa. Since species often overlap within the emergent herbaceous layer, the total vegetative cover frequently exceeded 100%. Along with cover of plant taxa, the percent cover of bare area (no plant cover) and detritus (dead, detached plant material) were also estimated.



Plant identifications were done visually, using known plant characteristics. When species could not be identified in the field, a specimen of the same morphospecies from outside the plot was collected, and the fresh sample was identified in the laboratory using a microscope and Flora of Virginia [29] as a primary reference and the PLANTS online database [30] as a secondary reference.




2.3. Goose Population Census


Each summer, in July 2009 and early to mid-June of each subsequent year, non-migratory Canada geese were surveyed at 30 sampling stations located around the network of Anacostia TFW restoration sites. The seasonal timing of the goose survey coincided with nesting and sedentary behavior, so that geese were less likely to take flight and more likely to be included within the count. At low tide on four to six subsequent days, observers counted goslings and adult geese across the network of TFW, with each observer assigned designated stations that were repeatedly sampled each year. The mean daily total across all sites was used as an estimate of the resident goose population, and the standard error of the estimate was calculated as the standard deviation of all days around the mean divided by the number of days of sampling.




2.4. Statistical Analyses


Analyses were done in R [31]. August data was used to assess interannual change. Monitoring data from June 2009 was used as a pre-experimental baseline. For each plot, we calculated total vegetative cover by summing each species’ percent cover, excluding bare ground and detritus. We also explicitly investigated the contribution of annual species to the total percent cover. We calculated species richness and Shannon–Wiener Diversity Index using the package ‘vegan’ [32]. For total vegetative cover, cover of annual species, species richness, and Shannon-Wiener Diversity Index, differences between paired fenced and unfenced control plots were calculated and analyzed using a mixed model for repeated measures, using the package ‘nlme’ [33] to compare data among years (2009–2015) and initial vegetation states (initially vegetated or initially unvegetated) and their interactions. This statistical approach was developed by J. Hatfield at the USGS [1,2]. All four response variables were transformed prior to analysis using a natural log transformation to improve normality. We performed the log transformation by taking the difference in logs since the difference between fenced and unfenced control plots was sometimes negative. Pairwise comparisons were made using Tukey’s Studentized Test of Least Squares Means to detect whether fenced–unfenced control differences varied over time and initial vegetation state. Then, three variance–covariance structures were modeled (compound symmetry, autoregressive, and unstructured), and the best model was selected using AIC comparisons to describe the independent and interactive effects of exclosure treatment, initial vegetation state, and time. Inspection of least square means and associated t-tests with Bonferroni adjusted p-values for multiple comparisons were used to determine the significance of the exclosure treatment.



To examine the species composition data, we used non-metric multidimensional scaling (NMDS) with Bray–Curtis dissimilarity in the ‘vegan’ package to generate an ordination of the community composition. We graphed the group centroids of the four different treatments (exclosure × initial vegetation state) through time, with individual plot points in the background. To analyze the relationship between year, initial vegetation state, and exclosure treatment on community composition, we performed a Permutational Multivariate Analysis of Variance (PERMANOVA).





3. Results


3.1. Exclosure Experiment


3.1.1. Vegetative and Annuals Cover


In the start of the study in June 2009, there was no difference in total vegetative cover between fenced and unfenced plots (initially vegetated: fenced 93.0 ± 6.4% vs. unfenced 103.6 ± 4.6%, t(7) = 1.30, p = 0.23; initially unvegetated: fenced 1.0 ± 0.6% vs. unfenced 0.5 ± 0.4%, t(7) = 0.894, p = 0.40; all p-values for t-tests represent Bonferroni-adjusted p-values, Table S2). By August 2009, in the initially vegetated plots, there was a significant effect of exclosures with fenced plots having more than double the percent cover of unfenced plots (fenced 98.5 ± 3.1% vs. unfenced 40.5 ± 16%, t(7) = −3.43, p = 0.01). Whereas, for the initially unvegetated plots, a significant exclosure effect did not occur until the following year in August 2010 (fenced 39.3 ± 14.5% vs. unfenced 1.6 ± 1%, t(7) = −2.69, p = 0.03). After 2010, the effect persisted in every year of the experiment, with fenced plots producing greater total vegetative cover than paired unfenced plots (Figure 2).



The mixed model for repeated measures utilized an autoregressive variance-covariance structure selected based on AIC comparisons to investigate the difference between the percent cover for the fenced and the paired unfenced control (Table 1). We found a significant interaction between initial vegetation state and year of study (    F  7 ,   112       = 2.80; p = 0.01, Table 1). The post-hoc comparison contrasted the exclosure effect in initially vegetated plots vs. initially unvegetated plots across all years. The exclosure effect (difference between fenced and unfenced control plots) began to diverge in initially vegetated and initially unvegetated modules beginning in 2013 (t(42) = 2.348, p = 0.02) and continued to persist the following two years (2014: (t(52) = 3.383, p = 0.001); 2015 (t(34) = 2.315, p = 0.03). Exclosures had a similar impact on initially vegetated and unvegetated plots for the first four years, until the rate at which percent cover began to asymptote in vegetated plots due to their high initial starting point and the additional vegetative growth in exclosures reaching a maximum. Additionally, several of the vegetated modules began with a higher cover of Peltandra virginica, an unpalatable, native, perennial species, leading to more persistent vegetation in unfenced plots that were initially vegetated than those that were initially unvegetated (Figure 1). Whereas, in the later years of the study, the unvegetated plots had a greater remaining capacity for differences between the fenced and unfenced plots, due to the lack of vegetation at the time of exclosure.



In nearly all surveys following the collection of baseline data in June 2009, cover of annual species was significantly greater in fenced plots than unfenced plots (Table S2). In the repeated measures mixed model, similar to total percent cover, there was a significant interaction effect between initial vegetation and year of study on the difference in percent cover of annuals between fenced and unfenced treatments (    F  7 ,   112       = 2.85; p = 0.01, Table 1). This was due to a single year, 2011, when the difference in annual cover between fenced and unfenced plots was smaller in initially vegetated plots than initially unvegetated plots. Generally, the percent cover of annuals in fenced plots of initially vegetated modules started very high and declined in the first year of the study, whereas it started very low in initially unvegetated modules and increased in fenced plots during the first year to converge on the same range in fenced plots of all types (Figure 3). Throughout the subsequent years, other than the dip in 2011 in fenced initially vegetated plots, the percent of annuals in all fenced plots stabilized at about 30% cover and remained very low (near 0%) for unfenced plots (Figure 3).




3.1.2. Diversity Measures


At the beginning of the study, fenced and unfenced plots within each of the initial vegetation states were similar in diversity, in both diversity metrics of species richness and the Shannon–Wiener Diversity Index (Table S2). Differences between fenced and unfenced plots in diversity began to emerge in 2010, when fenced treatments within initially unvegetated plots showed significantly higher species richness and diversity than unfenced plots (Richness: t(7) = −2.65, p = 0.033; Shannon Wiener Diversity Index: t(7) = −2.50, p = 0.041). Exclosure treatments within initially vegetated plots began to show the same effect in 2011 (Richness: t(7) = −4.46, p = 0.003; Shannon–Wiener Diversity Index: t(7) = −3.04, p = 0.019). Differences between fenced and unfenced plots remained and grew in magnitude throughout the remainder of the experiment (Figure 4).



Similar to the vegetative cover mixed model, the best model (i.e., lowest AIC) for describing the effects of initial vegetation state, exclosure treatment, and time on diversity was a mixed model for repeated measures with an autoregressive variance-covariance structure. In this model, only year significantly affected species richness (    F  7 ,   112       = 13.59; p = 0.0001) and diversity (    F  7 ,   112       = 12.31; p = 0.0001). The difference between fenced and unfenced plots steadily increased through time for species richness and diversity. Unlike the pairwise comparisons, this model suggested that unfenced plots had a slightly greater species richness than fenced plots at the start of the experiment in 2009. However, over the course of the experiment, species richness became much greater in fenced plots compared to unfenced control plots (by an estimated 1.16 ± 0.14 species). For diversity, there was no initial difference between fenced and unfenced plots (mean of 0.003 ± 0.033); by 2015, this difference had increased to 0.59 ± 0.07.




3.1.3. Community Composition


Ordination by non-metric multidimensional scaling (NMDS) produced a simplified description of community composition (three dimensions, stress = 0.094 after 170 iterations). The ordination shows differences in community composition between the exclosure treatments that grow through time and that differ by initial vegetation state (Figure 5). In ordination, it is easy to see the similarity between fenced and unfenced unvegetated communities in June 2009, as well as fenced and unfenced vegetated communities. Over time, fenced treatments of both initial vegetation states separate from unfenced treatments, whereas plant communities of both initial vegetation states in unfenced plots remained in a relatively confined and tight ordination space through time, indicating little change in community composition over time for unfenced treatments throughout the study. Permutational Multivariate Analysis of Variance (PERMANOVA) revealed a significant three-way interaction between fencing treatment, initial vegetation, and year (    F  1 ,   248       = 4.20; p = 0.01). In PERMANOVA, the largest proportion of the variation in plant community composition was explained by exclosure treatment (    R 2     = 0.189) and secondarily by initial vegetation state (    R 2     = 0.075). Time (    R 2     = 0.056), and the interaction of exclosure treatment and time (    R 2     = 0.058) explained smaller amounts of variation in community composition. The three-way interaction of exclosure treatment, initial vegetation state, and time explained very little variation in the NMDS ordination (    R 2     = 0.009). The species that contributed most to these compositional changes (Pontederia cordata, Peltandra virginica, Persicaria punctata, and Leersia oryzoides) are depicted by the longest species vectors in Figure 5.





3.2. Goose Population Census


During the study period, the counted goose population was relatively large. It ranged from a minimum of 402 individuals in 2010 to a maximum of 654 individuals in 2012 (Figure 6). The population increased between 2010 and 2012, but from 2012 to 2015, population levels returned to the level observed during the first years of study.





4. Discussion


At the restored tidal freshwater wetland at Kingman Marsh, plant communities exposed to herbivory by resident, non-migratory Canada geese are vastly different than communities protected from this top-down pressure. When these plant communities were protected in exclosures, total percent cover, percent cover of annuals, species richness, and diversity all increased compared to a paired, unfenced control plot. These differences occurred rather rapidly, within the first 2 years of the study, and remained consistent or increased through time. Not only did plant cover and diversity increase once herbivory was excluded, but the overall community composition shifted in response to the fencing treatment, becoming significantly distinct from the plant communities left unprotected, which hardly changed at all through the study period (Figure 5). These results highlight the striking effects that goose herbivory can have on TFW plant communities, especially in an urban restoration context, and the importance of considering the role of top-down forces in restoration success.



Often, restoration efforts target only historical abiotic conditions of the system, neglecting the role of biotic factors in restoration success [34] and the unexpected outcomes that can result when biotic factors are neglected [35]. In the case of Kingman Marsh, the impact of herbivory was underestimated for the nascent restoration project based on the initial success at the nearby unprotected Kenilworth Marsh restoration and fences were removed, with the outcome that the site was subsequently significantly denuded [27].



Other studies have also found resident Canada geese to play a significant role in TFW plant communities. However these studies have primarily focused on the impacts on a single plant species, annual wild rice (Zizania aquatica), and have been conducted in more rural or suburban contexts [6,10]. To our knowledge, no previous study has investigated the impact of resident geese on restoration success in an urban setting or investigated the effects holistically on the entire TFW plant community.



Our study did not just evaluate the effect of goose herbivory on the TFW plant community; it also looked at the effect of the starting point of the plant community on the effect of herbivory. In initially unvegetated plots, it took an extra year of recovery inside exclosures to observe the effect of herbivory on total percent cover and percent cover of annuals. However, the overall differences between initially unvegetated and initially vegetated modules were small. For example, in species richness and diversity, the initial vegetation state made no difference; diversity within exclosures climbed through time, whereas outside of exclosures, diversity remained very low (Figure 4). In community composition, as well, the effect of the initial vegetation state was small relative to the effect of the exclosure treatment.



When geese were excluded from the community, we observed high levels of vegetative cover and a preferred mix of annual and perennial species cover. Annual species are an important and unique component of TFW, in that their overall biomass is relatively stable year-to-year, even as species composition can be quite variable [36]. Leck and Crain [37] suggest a target for annual species cover in restored TFW that is between 20 and 50% cover. The cover of annuals in the experimental exclosures met this criterion within the second year of the experiment, and levels of annual cover remained relatively stable throughout the study. The high proportion of annuals in fenced plots suggests that, even in this urban setting, the seed bank is a resilient source of annual and perennial species that will promote high biodiversity, if only herbivory by geese can be kept in check.



Urban wetland restoration is a challenge because most sites are heavily degraded and multi-use is an important restoration goal that, preferably, can co-exist with ecological targets [38]. Also, urban wetlands are often geographically isolated from other wetland habitats by urban land use [39]. The isolated nature of urban wetlands may concentrate herbivore pressure and make urban wetlands particularly vulnerable to the impacts of goose herbivory. At the same time, resident geese are more rapidly increasing in urban and exurban areas due to the prevalence of lawns and stormwater infrastructure, and in this case, a golf course, as well as a relative paucity of predators and difficulty of implementing a hunting program [40]. In more rural regions, land and waterfowl managers can utilize early season control efforts that specifically target resident geese prior to the arrival of migratory individuals [10]. This is more difficult in an urban setting, since most cities have local ordinances prohibiting firearm discharges [41]. As urban wetlands do not have the benefit of utilizing hunting to reduce resident goose populations, there are fewer management options [42]. Effectively managing resident goose populations in urban areas can be especially challenging.



The impact of resident, non-migratory Canada geese on restoration success at Kingman Marsh, reported here, revealed the need to effectively control their population within the restored TFW of the Anacostia River in order to meet vegetation recovery targets and to support the high plant biodiversity typical of TFW communities. These experimental results were the impetus for the resident goose population control efforts (oiling eggs and cull roundups) directed by the National Park Service beginning in 2018. Since 2015, surveys of these modules and goose populations have continued and another unpalatable species, Nuphar advena, has increased in abundance (see the species established in 2015 in the photo in Figure 1B), results which will be reported in a subsequent article. We expect the differences between fenced and unfenced plots to decrease in magnitude and possibly disappear when the top-down control by resident geese is kept in check by population control measures.



The restoration practices presented here represent a case of adaptive management. The initial restoration activities of sediment placement have been successful in creating TFW habitats but have not met vegetation cover or biodiversity targets. Based on our findings, the level of goose herbivory was identified as the factor limiting development of this ecosystem and is now the focus of restoration efforts in the Anacostia River TFW network. The collaboration between agencies and institutions involved in the restoration of Anacostia River TFW has provided the monitoring and expertise necessary to make informed decisions in the adaptive management plan. The history of this site reiterates that continued monitoring and adaptive management are integral to positive restoration outcomes.




5. Conclusions


An exclosure experiment in an urban, restored, tidal freshwater wetland revealed the important role of resident, non-migratory Canada geese in vegetation establishment and community composition. Plant diversity, vegetative cover, and the proportion of annual plant species were reduced by goose herbivory. In the absence of goose herbivory, in exclosures, these metrics recovered quickly, in two growing seasons, and to levels considered acceptable and desirable in other restoration projects and contexts. Although the urban environment is a challenging context in which to manage resident Canada goose populations, goose control is necessary for restoration success in tidal freshwater wetlands.
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Figure 1. (A) Satellite image of the site, Kingman Marsh, with points to show each module and an inset to show the location of the marsh in Washington D.C., USA. Photos show a fenced and unfenced pair of plots in (B), an initially unvegetated module (number 5 in (A)), (C) an initially vegetated module (number 11 in (A)). Photos were taken in August 2015. Plot corners are designated with white PVC pipes (partially obscured by vegetation in the initial vegetated module). 
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Figure 2. Total percent cover through time in fenced (lighter colors) and unfenced (darker colors) plots of initially vegetated (green) and initially unvegetated (blue) modules. June 2009 data are included as a baseline; all other data presented were collected in August to reflect that year’s growing season. Labels of “NS” indicate a non-significant difference between control and exclosure treatments on that sampling date, color-coded to indicate initially vegetated state; on all other dates, differences were statistically significant. t-test statistics are reported in Table S2. Error bars are standard error. 
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Figure 3. Percent cover of annual species through time in fenced (lighter colors) and unfenced (darker colors) plots of initially vegetated (green) and initially unvegetated (blue) modules. June 2009 data are included as a baseline; all other data presented were collected in August to reflect that year’s growing season. Labels of “NS” indicate a nonsignificant difference between control and exclosure treatments on that sampling date and color-coded to indicate initially vegetated state; on all other dates, differences were statistically significant. t-test statistics are reported in Table S2. Error bars are standard error. 
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Figure 4. Species richness (top) and Shannon–Wiener Diversity Index (bottom) through time in fenced (lighter colors) and unfenced (darker colors) plots of initially vegetated (green) and initially unvegetated (blue) modules. June 2009 data are included as a baseline; all other data were collected in August to reflect that year’s growing season. Labels of “NS” indicate a non-significant difference between control and exclosure treatments for that sampling date, color-coded to indicate initially vegetated (green) or initially unvegetated (blue) modules; on all other dates, differences were statistically significant. T-test statistics are reported in Table S2. Error bars are standard error. 
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Figure 5. Ordination of the vegetation plots by non-metric multidimensional scaling (NMDS). June data is only included in 2009, as baseline data; all other years are August only. The June 2009 symbols are smaller; the June 2009 symbol for the Unvegetated Unfenced treatment is slightly more difficult to identify but can be found in the cloud of points located in the far left of the plot. Colored centroids symbolize the average position across each treatment and year combination. Hollow squares represent community composition of an individual plot in a single year. Vectors describe the plant community compositional changes in plots. Vectors are included only for species that had a significant effect in NMDS (p < 0.05). Species vectors are coded with the first three letters of the genus and first three letters of the species name: AMACAN: Amaranthus cannabinus; BARE: Bare (no vegetation or detritus cover), BIDLAE: Bidens laevis; DET: Detritus; ECHMUR: Echinochloa muricata var. muricata; LEEORY: Leersia oryzoides; LYCRUB: Lycopus rubellus; NUPADV: Nuphar advena; PELVIR: Peltandra virginica; PERPUN: Persicaria punctata; PONCOR: Pontederia cordata; SAGLAT: Sagittaria latifolia; TYPLAT: Typha latifolia. 
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Figure 6. Daily total count of resident, non-migratory geese in the Anacostia restored tidal wetlands censused in the years of 2009 to 2015. Error bars are standard error. 
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Table 1. Repeated Measures ANOVA Results of the Effects of Initial Vegetation State and Year on the Difference in Total Percent Cover, Cover by Annual Species, Species Richness, and Shannon–Wiener Diversity Index between Fenced and Unfenced Treatments.
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Model Terms

	

	
Total Percent Cover

	
Cover by Annual Species

	
Species

Richness

	
Shannon–Wiener Diversity Index




	

	
d.f.

	
F

	
p

	
F

	
p

	
F

	
p

	
F

	
p






	
Intercept

	
1112

	
0.02

	
0.89

	
1.39

	
0.24

	
47.12

	
<0.01

	
39.54

	
<0.01




	
Init. Vegetation

	
1112

	
4.30

	
0.04

	
0.87

	
0.35

	
0.10

	
0.76

	
1.87

	
0.17




	
Year

	
7112

	
17.32

	
<0.01

	
16.29

	
<0.01

	
13.59

	
<0.01

	
12.31

	
<0.01




	
Init. Vegetation × Year

	
7112

	
2.80

	
0.01

	
2.85

	
0.01

	
1.23

	
0.29

	
0.79

	
0.59
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