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ABSTRACT 

 

WET MEADOW VEGETATION COMMUNITY ALONG A HYDROLOGIC GRADIENT 

AFTER PASSIVE RESTORATION,  

SOUTHERN CASCADES, CA 

by 

 

Allen LaGrange 

 

Master of Environmental Science 

 

California State University, Chico 

 

Spring 2018 

 I examined the vegetation community and structure of a wet meadow from 2013-2017 

across ecological, temporal and spatial scales, immediately following hydrologic restoration. I set 

out to determine if the natural seedbank can act as a primary source for passive revegetation. I 

collected soils from 20 vegetation plots across a hydrologic gradient and germinated potential 

seeds in a greenhouse. Obligate (OBL) and facultative wetland (FACW) seedbank species 

germinated in all plots along the hydrologic gradient. I compared seedbank composition with 

emergent vegetation using Sorensen’s similarity index and found a higher similarity with OBL and 

FACW species (35-55%) than with facultative upland (FACU) and upland (UPL) species (17-

29%) across all years. Annual vegetation surveys demonstrated that FACU species cover 

decreased gradually in drier plots by 2017, whereas the wettest plots were dominated exclusively 

by OBL and FACW species across all years. FACW species cover increased in plots between the 
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hydrologic extremes, while UPL and facultative (FAC) species cover decreased. The regeneration 

of OBL and FACW species was not constrained to only seed-producing species. The relative 

frequency of rhizomatous species Carex simulata and Juncus balticus remained stable throughout 

2013-2017, and both species were able to propagate across a wide-range of hydrologic conditions. 

Vegetation community composition was driven predominantly by depth to water (r2 = 0.444), soil 

moisture (r2 = 0.231), organic matter (r2 = 0.408), and organic carbon (r2 = 0.414). These results 

provide evidence that passive revegetation can be a successful strategy after hydrologic restoration. 
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CHAPTER I. 

INTRODUCTION 

Overview 

Wet Meadows 

Wet meadows are characterized by distinctive hydrologic processes, soil properties, and 

biological communities. Wet meadows are groundwater-dependent ecosystems with the majority 

of the hydrologic needs being met by surface water inputs through precipitation (rainfall) and 

snowmelt (Cooper 2007, Cooper et al. 2017, Patterson and Cooper 2007). Poorly drained mineral 

soils allow meadows to retain shallow water table depths with intermittent periods of inundation 

during the spring (March-June) months, and longer periods of saturation during the winter 

(December-February) (Hammersmark et al. 2008). Vegetation communities in these wetlands are 

made up of herbaceous plants consisting of obligate and facultative wetland rush (Juncus spp.), 

sedge (Carex spp.), and grass species (Poa and Danthonia spp.) (Allen-Diaz 1991, Patterson and 

Cooper 2007). Shrub species (Salix spp. and Artemisia spp.) are typically found along the edge 

of the meadow and can play an important role in edge dynamics, by creating a transitional zone 

between wet meadows and the surrounding conifer forests (Pinus spp., Abies spp., Picea spp.) 

(Allen-Diaz 1991, Mitsch and Gosselink 2007, Patterson and Cooper 2007, Rundel et al. 1988). 

Wet meadows also provide habitat for a diverse array of fauna.  

Ecological Functions and Services  

Aside from being a host for a diverse array of flora and fauna species, wet meadows are 

an important landscape and watershed feature because they provide several important ecosystem 
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functions and services (Mitsch and Gosselink 2015). Wet meadows in the southern Cascade and 

Sierra Nevada mountain ranges help regulate peak flows, prevent soil erosion and surface runoff, 

act as a source for water storage, improve water quality, sequester carbon and nutrients, and hold 

aesthetic, recreational, and cultural value (Allen-Diaz 1991, Cooper 2007, Cooper et al. 2017, 

Menke et al. 1996, Mitsch and Gosselink 2015, Menke et al. 1996, Patterson and Cooper 2007). 

However, because wet meadows are dependent on the functionality of distinct hydrologic and 

geomorphic properties, they are also among some of the most sensitive ecosystems to climatic 

and human-driven disturbances (Menke et al. 1996, Dull 1999, Mitsch and Gosselink 2015).  

Wetland Degradation 

Climate-driven disturbances such as increased temperatures cause changes in the timing 

of snowmelt, the frequency and magnitude of precipitation events (rainfall and snow), and 

increases water demands for vegetation and wildlife (Cooper et al. 2017, Patterson and Cooper 

2007, Schook and Cooper 2014). Hydrologic alterations which lead to decreased water table 

depths or reduce the period of inundation, cause shifts in vegetation (Rundel 1988, Simpson 

2001). Wet meadows once dominated by wetland sedge (Carex spp.) and rush (Juncus spp.) 

species, shift to more annual grass species often found in upland environments (Loheide et al. 

2008). Shifts in vegetation can diminish or eliminate the meadow’s ability to perform important 

ecosystem functions and services (Long et al. 2014). Transitions in the vegetation composition 

and structure also have a direct impact on dependent wildlife, as once viable habitat and foraging 

is lost (Long et al. 2014). 

Wetlands in the Cascade and Sierra Nevada mountain ranges have been largely impacted 

by anthropogenic actions and land-use changes since the western expansion of settlers in the 19th 
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and 20th century (Ratliff 1985, Dull 1999, Rundel et al. 1988). These actions have resulted in 

substantial changes to hydrologic and ecological conditions which eliminate or diminish 

important ecosystem functions and services. Adverse environmental responses to these actions 

have resulted in lowered water tables, increased soil erosion and surface runoff, and a loss or 

change in biodiversity (Cooper 2007, Long et al. 2014). Recognizing the effects of historic 

anthropogenic land uses on the structure and function of wet meadows provides important 

information for understanding the status of wetlands and provides the opportunity to practice 

adaptive management techniques (Blank et al. 2006, Long et al. 2014, Menke et al. 1996, 

Patterson and Cooper 2007). 

Human-caused disturbances to wet meadows in the Cascade and Sierra Nevada Mountain 

rage that have been attributed to wetland degradation include grazing, development, and actions 

associated with logging and mining (Cooper 2007, Loheide et al. 2008). The diversion of water 

through the construction of channelized drainage ditches was a common land management 

technique to support agriculture and livestock grazing practices (Mitsch and Gosselink 2015). 

Diverting water away from the meadow, greatly impacted wet meadow hydrology by reducing 

the duration of inundation and saturation and lowering water table depth (Cooper 2007, 

Hammersmark et al 2009, Patterson and Cooper 2007). These hydrologic alternations have 

negatively impacted the composition of biological communities and soil functionality (Loheide 

and Gorelick 2007).    

Unregulated domestic and wild ungulate grazing increases soil compaction, which 

increases soil bulk density and decreases infiltration rates and water holding capacity (Castelli et 

al. 2000, Loheide et al. 2008). This effectively reduces soil moisture and rooting density, which 
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make it more difficult for protective vegetation to become fully established (Allen-Diaz et al. 

1991). This leads to increases in soil erosion through surface runoff as soil stability declines, 

leaving behind bare soil where non-native and invasive species introduction becomes more 

extensive (Allen-Diaz et al. 1991). Ungulates also cause bank erosion and failure from repeated 

trampling along stream banks (Cooper 2007). Ungulates that practice selective grazing alter the 

natural competition for native and wetland plant species by selectively removing species and 

allowing those species left behind to flourish. The construction of roads and permanent structures 

increases surface runoff as impermeable surfaces cover parts of the marsh and concentrated flow 

paths are created (Patterson and Cooper 2007). This affects the timing and volume of flow, 

which results to stream incision and soil erosion.  Today, grazing is still an important land use. 

Historical conditions and grazing-use patterns are still a land management concern as many 

wetlands still show evidence of these effects nearly a century later (Copper 2007).  

Wetland Restoration 

The aim for past restoration efforts and studies on wet meadows has been focused on 

reversing the anthropogenic land-use disturbances to pre-settlement conditions (Cooper, 2007). 

Restoration techniques such as rewetting, topsoil removal, and the construction of check dams or 

culverts are all aimed to restore the hydrologic regime (Hammersmark et al. 2008). However, the 

information on whether human intervention is required to restore vegetation communities is 

debated in the field of wetland ecology (Cooper et al. 2017).  

Passive revegetation focuses on the removal of environmental stressors (e.g. removal of 

invasive species or grazing exclusion), and relies on natural regeneration processes to reestablish 

vegetation communities (Ruwanza et al. 2013). It employs the ‘Field of Dreams’ concept which 
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assumes that habitat enhancement is adequate enough to restore the biological community 

(Palmer et al. 1997). This is a promising approach for wet meadow environments because 

meadow seedbanks are the product of persistent seeds from recent to long-term past species and 

it is a less expensive solution than active revegetation (Haukos and Smith 1993, Lang and 

Halpern 2007, Patterson and Cooper 2007,). Seeds in the seedbank are able to stay viable for 

decades until environmental conditions are met (Lang and Halpern 2007). Active revegetation 

involves human intervention beyond the scope of removing environmental stressors, and requires 

the direct installation of species either though plugs or seeding species on exposed soils 

(Ruwanza et al. 2013).  

Restored wetlands are typically determined by measuring the similarity of species 

abundance or diversity and biochemical functionality to a targeted reference wetland with a 

known set of reference standards across a suite of functions (Moreno-Mateos et al. 2015). 

Reference wetlands can range from sites with the highest levels of functioning across a wide 

range of functions or sites that have been severely disturbed (Brinson and Rheinhardt 1996). The 

properties of these sites are used for conducting comparative functional assessments (Brinson 

and Rheinhardt 1996). The time it takes a wetland ecosystem to recover and mimic a targeted 

reference wetland is fundamentally unknown. Long-term studies in the field of wetland ecology 

predict that it can take up to several decades (Cooper et al. 2017, Moreno-Mateos et al. 2015). 

 

Research Objectives 

 

In this study, I examined the vegetation community response of a wet meadow along a 

hydrologic gradient after hydrologic conditions were restored. I was interested in understanding 
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the potential of passive vegetation restoration in wetland ecosystems and addressed the following 

objectives: 1. Characterize and define the modern hydrologic and soil conditions; 2. Explore the 

role abiotic variables have on wet meadow vegetation; and 3. Examine the 2013-2017 plant 

community responses in composition and structure across multiple ecological, temporal, and 

spatial scales in the subsequent years after restoration efforts took place in 2013. The objectives 

served as a way to determine if the natural seed bank at Papoose Meadows can act as a primary 

source for revegetation. 
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CHAPTER II. 

METHODS 

Site Description 

Papoose Meadows is a 109-hectare wet meadow complex located south of Eagle Lake in 

Lassen County, CA (40.523227’N, -120.7613443’W) (Figure 1). The climate is comprised of 

wide seasonal variations in temperature and precipitation is influenced by an orographic effect. 

The average annual maximum and minimum temperatures are 16.9°C in July and 0.1°C in 

January, respectively, with an annual average temperature of 8.5°C (NRCS NWCC 2017). 

Weather records show that annual temperatures remained relatively constant during the time of 

this study 2013-2017, 17.5, 17.9, 16.6, 17.4, 18.1°C, respectively (Table 1). Precipitation largely 

occurs from November-March with an average annual precipitation (rainfall) of 69.8 cm, and the 

average annual snowfall is 146.2 cm (U.S. Climate Data, 2017). Precipitation for the first four 

years since restoration varied with 33.5, 26.4, 41.9, 43.1, and 66.5 centimeters of rainfall during 

the 2013-2017 water-year (Table 1). The frost-free growing season for Papoose Meadows occurs 

from June to September. Precipitation during the 2013-2017 growing season was minimal on-site 

with 5.5, 3.5, 5.3, 1.3, and 4.3 centimeters, respectively (Table 1). Surface and groundwater 

recharge is maintained by a series of springs that discharge out of a lava outcrop along the 

eastern edge of the meadow before leading to Papoose Creek and Eagle Lake (Figure 1) (Cooper 

2007). 

Historically, Papoose Meadows was homesteaded beginning in 1873 (Bundy, 1982). 

From 1873-2005, the meadow was grazed by cattle and sheep during the summer and fall months 
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(Cooper 2007). In order to support livestock and grazing practices, the eastern edge of the 

meadow was channelized and ditched, which diverted water north to Papoose Creek and created 

a grazing pasture. Grazing practices continued until the allotment was closed in 2006 under the 

management of the United States Forest Service (USFS).  Ditching and ungulate grazing has 

resulted in alterations of meadow ecological functions and services which include a lowered 

water table, reductions to the duration of inundation, and a loss of wetland biodiversity.   

 In 2013, Papoose Meadows restoration project was initiated through a collaboration 

between Colorado State University, Fort Collins and the Eagle Lake District of the Lassen 

National Forest (Bovee 2016). The aim of the restoration efforts was to restore pre-settlement 

hydrologic and vegetative conditions. The channelized drainage ditches were filled using nearby 

Eagle Lake sediments amended with topsoil from the Butte Creek area roughly 320 km south of 

Papoose Meadows (Figure 1). The project also included a 0.05-acre mitigation site for the Old 

Bluff Road Maintenance Project. The filled ditches were replanted with native sedge (Carex spp.) 

and rush (Juncus spp.) plugs, and a rock grade structure was installed at outlet to prevent sediment 

transport into Papoose Creek (Figure 1).  

 In an internal document from the USFS, results from the mitigation site showed 

revegetation efforts met the success criteria of a minimum 80% of absolute vegetation cover 

(mean of 85%) with greater than 50 percent native wetland species (mean of 84%) (Bovee, 

2016). Hydrologic monitoring has also been found to meet the success criteria of having 

saturation occur in the upper 30 cm of soil with ponding less than 15 cm deep for over 30 

consecutive days. There are no further remedial actions proposed at the time this study was 

completed in 2017.  
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Study Site Design 

The study site consists of twenty 7 m2 vegetation plots distributed across four 

transects (North to South: 16-20, 1-5, 10-6, and 11-15) along the hydrologic gradient west to east 

(dry-wet) (Figure 1). Vegetation plots 1-5 contain groundwater monitoring wells, located at the 

center of the vegetation plots. For vegetation plots that did not have a monitoring well, rebar in 

the center of the plot marked the data collection point. Pressure transducers were installed in 

wells 1, 2, and 5. In addition, there are two staff gauges: one located approximately 200 m east of 

well 5 and the other near the outlet of Papoose Creek (Figure 1). A barometric pressure 

transducer (attached to a BaroTroll © logger) was affixed to a pine tree approximately 50 m 

adjacent to the location of staff gauge at the outlet (Figure 1). The establishment of vegetation 

plots, installation of pressure transducers, and well casings were installed by previous researchers 

from Colorado State University, Fort Collins in 2013.   

 

Field and Lab Analyses 

Groundwater Monitoring  

 In 2013, well boreholes were hand-augured, using a 10-cm diameter bucket auger, to a 

depth of 90-100 cm below the water table. Well casings are comprised of 4.2-cm inside-diameter 

PVC pipe slotted and capped on the bottom with a pre-fitted cap with hand drilled holes.  I hand-

measured depth to water (DTW) to the nearest half centimeter biweekly during the spring and 

summer months, May-September, in 2016 and 2017 with an electric tape. Well stick-up height 

above the ground surface was recorded monthly. Using the barometric pressure measurements 

from the BaroTroll logger, I corrected the well data using Win-Situ BaroMerge software, an 



 

10 

 

extension tool in WinSitu 5 software (version 5.6.28.6). Hand measurements were used as a final 

reference to correct instrumentation and hydrographs were created in Rstudio (version 1.0.143) 

to examine seasonal fluctuations in the water depth. 

Surface and Groundwater Mapping 

I collected standing surface water depth at the center of each vegetation plot in September 

2017. Standing water depth measurements were used to generate a surface/groundwater map 

using Kriging interpolation in ArcGIS 10.2. Kriging is an interpolation technique that uses 

measured values and weighted distances to create predicted values for unmeasured locations 

(Environmental Systems Research Institute (ESRI 2017). It is commonly used when there is 

directional preference in the measured values (ESRI 2017). Kriging interpolation is also able to 

provide measures of accuracy for the predicted values.  

Ground-level Surface Mapping 

 A prediction surface map that captured the micro-topography of the ground surface was 

generated using data collected from differential leveling method (Tx DOT, 2006). Due to the 

range limitations of the survey scope, reference points were set at each sampling plot. With the 

use of a staff gauge and leveling scope I determined the difference in elevation to the nearest 

tenth of a foot between each vegetation plot. The first vegetation plot in each transect was used 

as an elevational reference. The difference between plots and the elevational reference were 

recorded and applied to the subsequent plots in that transect. X, Y, and Z (elevation) coordinates 

were imported into ArcMap and a surface map was generated using kriging interpolation (ESRI, 

2017). 
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Soil Texture 

 I collected approximately 300 grams of soil at a depth of 0-10 cm just outside each of the 

twenty 7 m2 vegetation plots so as to not disturb the vegetation survey area. Samples were 

partitioned into one 25-gram sample for each plot and were later used to characterize soil texture 

class in the upper 10 cm. Soil textural classification was determined using the texture-by-feel 

method. A soil textural triangle was used to approximate the percentage of sand, silt and clay 

particles and derive a soil texture classification based on the particle proportions (Thien, 1979).  

Soil Moisture  

I determined the soil moisture content (%) in the upper 10 cm of depth for each 

vegetation plot (Heiri et al. 2001). Soil samples were standardized volumetrically by placing 

them into 4 oz. tin soil sample canisters. Each canister and lid was weighed to the nearest 

hundredth of a gram before and after the samples were oven dried at 105°C for 12-24 hours until 

a constant weight was reached (Heiri et al. 2001). Moisture content was calculated as a 

percentage of the dry soil weight using the following equation (Wood, 2015), where, WS is the 

wet sample mass (g) and LOI105 is the dry sample mass (g) (Wood, 2015). 

 

Moisture Content (%) =
WS − LOI105

WS
× 100 

Organic Matter 

Using the same samples from the LOI105 method, I determined the percent of organic 

matter (OM %) in the upper 10 cm of depth for each vegetation plot. Samples were weighed to 

the nearest hundredth of a gram and placed into a muffle furnace at 550°C (LOI550) for 8 hours 
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(Heiri et al. 2001). The samples were cooled to room temperature (25°C) inside the furnace to 

prevent rehydration and reweighed to the nearest hundredth of a gram. The difference in mass (g) 

before and after ignition was used to determine the total organic carbon as a percentage using the 

following equation (Wood, 2015), where, LOI105 is the dry sample mass (g) and LOI550 is the 

ignited sample mass (g). 

 

𝑂𝑀 (%) =  
(𝐿𝑂𝐼105) − (𝐿𝑂𝐼550)

𝐿𝑂𝐼105
∗ 100 

Organic Carbon 

I indirectly determined the percentage of organic carbon based on multiplying the 

percentage of organic matter by a factor of 0.58 (Vepraskas and Craft, 2016). This factor is 

highly debated, but for the scope and needs of this study a factor of 0.58 is a general estimation 

(Vepraskas and Craft, 2016). This assumes that the organic matter contained in the soil is 

comprised of 58% organic carbon (Vepraskas and Craft, 2016).  

 

OC (%) =  OM(%) ∗ 0.58 

Soil Seedbank Study 

 I conducted a soil seedbank study using 25 x 25 x 5 cm thick soil samples removed from 

a randomly selected location two meters outside of each vegetation plot. The sample was hand-

sieved to remove rhizomes and bagged (Schook and Cooper, 2012). Potting soil (Orchard Supply 

Hardware™ potting soil) was uniformly spread to a thickness of approximately four to five 

centimeters and the soil samples were spread on top to a thickness of approximately 2.5 cm in 
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standard thermoformed 1020 trays (28 W x 54 L x 6 cm D). Samples were left to germinate and 

propagate for 16 weeks in a greenhouse at Chico State University and were monitored weekly. 

Trays were watered by automatic overhead sprinklers twice a day to ensure that the soils were 

waterlogged for the length of the study. These conditions provided suitable and favorable 

circumstances for seed germination and the propagation of wetland species, over prolonged 

submerged conditions (Boedeltje et. al, 2001). Above and belowground plant parts of each 

individual specimen were collected from all 20 vegetation plots at the end of the propagation 

period and pressed for identification. Species were identified using Jepson Manual 2nd edition 

(Baldwin et al. 2012) and verified at the Chico State Herbarium. Species were assigned a 

wetland indicator status: Obligate upland (UPL), Facultative upland (FACU), Facultative (FAC), 

Facultative wetland (FACW), and Obligate wetland (OBL), using the United States Army Corps 

of Engineering: National Wetland Plant List (NWPL) (USDA NRCS 2006) for the Western 

Mountain Valley Coast (WMVC) region. 

Vegetation Cover 

In July 2017, I conducted a vegetation survey to supplement the USFS survey data 

obtained from years prior (2013-2016). Each plant species in the 7 m2 vegetation plot was 

identified and percent cover class was recorded using a cover midpoint in 5% intervals. Cover 

data were used to compare changes in the vegetation community structure across temporal 

(years) and spatial (plot position) scales.   

Statistical Analyses 

Vegetation Comparison 
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Sorensen’s similarity indices were calculated to determine the similarity between annual 

vegetation surveys (2013-2017) and the 2016 soil seed bank (Sorensen, 1948). I also compared 

the 2017 annual vegetation survey between the previous (2013-2016) vegetation surveys. I 

compared total species richness, species richness at the extremes of the hydrologic gradient, and 

floristic similarities based on wetland plant indicator statues. Sorenson’s index is widely used for 

ecological community data and most effective when applied to presence-absence data (Clarke 

and Warwick 2001, McCune and Grace 2002). The index ranges from 0 and 1, with 0 meaning 

there is no similarity and 1 meaning an exact copy occurred between the two variables 

(Sorensen, 1948). The equation follows where: A is equal to the amount (count) of unique above 

ground species, B is equal to the amount of unique belowground species, and W is equal to the 

amount of unique species that occur in both settings (seedbank and survey).  

 

Sorenson Index =  
2 ∗ W

(A + B)
 

Non-metric Multidimensional Scaling  

 I performed non-metric multidimensional scaling (NMDS) on vegetation plots based on 

floristic composition to examine correlations with environmental variables. Percent cover data 

recorded from the 2016-2017 vegetation surveys were normalized using a square root 

transformation. The data transformation was used to diminish the disproportionate influence 

between common and uncommon species that were found across all plots and all surveying 

years. The NMDS analysis was based on Sorenson (Bray-Curtis) distance with no penalty on 

handling ties. Dimensionality was addressed following the step-down method of Mather (1976) 
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and Kruskal (1964). An initial 6-dimensional NMDS stepping down to a 1-dimensional NMDS 

with a 0.20 step length was performed using a random starting configuration with 50 runs of real 

and random data at 500 iterations at a stability criterion of 0.0001. Using a scree plot, I 

determined that a three-dimensional solution with a stress value of 9.78 was adequate to account 

for most of the observed variability. A Monte Carlo test verified the dimensionality (p = 0.0392), 

indicating that the solution could not be replicated by chance. A final 3-dimensional NMDS was 

run with 500 runs of real and random data at 500 iterations with a stability criterion of 0.0001.  

Environmental variables used in the model to explain vegetation data included: depth to water, 

soil organic matter, soil carbon, soil moisture, elevation, soil texture class, years since restoration 

and bare ground cover. NMDS analysis was done using PC-ORD version 6.62 (McCune and 

Mefford 2006).  

PERMANOVA  

To determine if there was a significant difference in plant species diversity, I ran a 

permutation analysis of variance statistical test (PERMANOVA) with the variables years since 

restoration (YR), plot position (POS) and their interaction.  PERMANOVA is a non-parametric 

pairwise t-test that is capable of handling data that has a non-normal distribution and for data that 

was not independent, allowing multiple measures (McCune and Mefford 2006). 
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CHAPTER III. 

RESULTS 

Hydrology 

Groundwater monitoring    

Hydrographs for well one and two show that the mean depth to water during the 2016 

growing season (June-September) was 82.8 cm (sd = 8.0 cm) and 113.7 cm (sd = 11.9 cm) below 

ground, respectively (Figures 2 and 3). Depth to water decreased during the 2017 growing 

season, with the mean depth to water at 79.1 cm (sd = 12.0 cm) and 21.0 cm (sd = 20.6 cm) 

below ground for wells one and two. During the 2016-2017 water-year, depth to water remained 

in the upper 10 cm of soil for a total of 137 and 193 days for well one and two, respectively. The 

mean depth to water for well five (Figure 4) was 54.5 cm (sd = 30.3 cm) and 49.0 cm (sd = 12.6 

cm) above ground, respectively, during the 2016 and 2017 growing seasons. Standing water at 

well five occurred throughout the entire monitoring period in 2017 (Figure 4). Mean standing 

water for staff gage two was 5.7 cm (sd = 2.8 cm) and 26.0 cm (sd = 5.1 cm) above ground 

during the 2016 and 2017 growing seasons (Figure 5). There were frequent fluctuations with 

standing water greater than 0.5 cm for 327 days for staff gage two during the 2016 and 2017 

water-year. 

Surface and Groundwater map 

Groundwater depths were shallowest at 40 cm above the ground surface in plots 4, 

19, and 20. The deepest water depth was 89 cm below ground at plot 1 (Figure 6). The majority 

of the vegetation plots, 14 out of 20 (70%), had standing water in 2017. The surface and 
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groundwater map had a standardized prediction mean of -0.02 cm, indicating that the mean depth 

to water was 0.02 cm below ground with a standardized root-mean-square of 1.82 cm (se = 11.17 

cm). Cross validation results from the surface and groundwater map are provided in Appendix A.  

 

Topography 

Ground-level Surface Map 

Elevations in the meadow ranged from 1599 to 1604 meters (Figure 7). Vegetation 

plots with lower elevation values had an increase in depth to water at or above ground surface. 

Overall, elevations decreased west to east along the hydrologic gradient, and directional 

elevation changes south to north were consistent with those observed in the depth to water map 

(Figure 3). The interpolation model had a standardized prediction mean of 0.03 m below ground, 

and a standardized root-mean-square of 1.13 m (se = 1.0 m). The difference between actual and 

predicted surface elevations were 1.13 m. Cross validation results for the ground-level surface 

map are provided in Appendix D.  

 

Soil 

Soil Moisture, Organic Matter, and Organic Carbon  

Soil moisture increased along the hydrologic gradient (dry-wet). At a soil depth of 0-10 

cm the mean soil moisture was 16%. Soil moisture had a range of 11% in plot 7 and 28% in plot 

2 (Table 2). Mean organic matter percent was 49%. Organic matter content ranged from 20% in 

plot 2 to 85% in plot 14. Organic carbon ranged from 11% to 49% with an average of 28%, 

across all plots.  

Soil Texture 



 

18 

 

The textural classes Silty Clay Loam and Sandy Clay Loam each accounted for 30% of 

the soils sampled in the vegetation plots. Sandy Clay Loam soils were consistently located in the 

driest plots along the hydrologic gradient, whereas Silty Clay Loam texture was found in plots 

with a shallow depth to water that was near or above ground. Twenty-five percent of the 

vegetation plots had a soil texture that was best described as Silty Clay, and the Silt Loam texture 

accounted for fifteen percent of the vegetation plots (Table 2). Silt Loam and Silty Clay soils 

were found in vegetation plots where hydrologic conditions varied in between the hydrologic 

extremes. 

Silty Clay Loam samples had organic matter percentages that ranged from 22-62% 

and organic carbon content that ranged from 12-36% (Table 2). Vegetation plots consisting of 

Sandy Clay Loam soils have an organic matter and carbon content that ranged from 22-56% and 

11-32%, respectively. Silt Clay soils ranged from 40-75% organic matter and 23-46% organic 

carbon. Silt Loam soil samples had the highest percentage of organic matter and carbon content 

with 79-82% and 46-49%, respectively. A copy of the Texture-by-Feel flow chart and soil 

textural triangle is provided in Appendices B and C.  

 

Vegetation 

Dominant Species Rank 

Five dominant species were ranked based on relative distribution and frequency from 

2013-2017 vegetation surveys (Table 3). Juncus balticus was the most dominant species in all 

years, with the exception of 2015 when it ranked second to Carex simulata. On average, Juncus 

balticus presence was recorded in 15 of the 20 (75%) vegetation plots across the hydrologic 



 

19 

 

gradient. Bryophytes were used as a separate group, and included moss, liverworts, and 

hornworts. This group of species appeared in 65% of the vegetation plots across all sampling 

years. In the years where Carex simulata ranked in the top five (2013-2017), it was recorded in 

45% of the vegetation plots. Juncus nevadensis is another notable species where abundance has 

undergone a gradual increase in the most recent years (2016-2017), where it was recorded in 

52% of the vegetation plots. Poa secunda was recorded in 36% of the vegetation plots, 

predominantly in drier locations throughout the meadow, but was not dominant in 2017.  

Vegetation Comparisons  

There were 29 species identified at the conclusion of the propagation period in the seed 

bank study. Field vegetation surveys revealed species richness of: 33, 33, 30, 42, and 21 for 

2013-2017, respectively. The mean similarity between all years and the seed bank was 

determined to be 42% (Table 4). When I examined the similarities for species richness by 

combining all years at the hydrologic extremes along the gradient, wet plots showed a mean 

similarity of 45% and dry plots had a mean of 15%. When species were grouped by wetland 

indicator status, there was a mean similarity of 50% between OBL and FACW species in the 

seedbank and vegetation surveys (Table 4). A smaller similarity percentage of 19% was 

determined for UPL and FACU species.  

The mean similarity between species recorded in the 2017 field vegetation survey and 

previous years 2013-2016 was 37% (Table 5). The wettest plots had a mean similarity of 58% 

and the driest plots had a mean of 38%. The mean similarity for OBL and FACW species was 

41% and UPL and FACU species had a mean similarity of 77% when I compared the vegetation 
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survey results between 2017 and 2013-2016 (Table 5). Unique species lists from 2013-2017, 

including the 2016 seedbank, can be found in Appendices E-J. 

Vegetation Cover  

Examining annual vegetation composition cover over all plots, obligate species cover 

varied from 34% in 2013 to 13% in 2017 over the span of this study (Figure 8). Facultative 

wetland species accounted for the largest proportion of vegetation cover with a mean of 47%. 

Cover increased from 33% in 2015 to 57% in 2017. Facultative upland species cover decreased 

gradually from 27% in 2014 to 13% in 2017. Upland species accounted for the smallest 

proportion of vegetation cover with a mean cover of 1.4% across all years and decreased from 

2% in 2015 to 0% in 2017 (Table 6).  

In the drier plots that capture the dry-end of the hydrologic extremes, facultative wetland 

species cover increased from 6% in 2014 to 38% in 2017. Facultative species cover increased 

from 2% in 2013 and 2014, to 25% in 2017. Facultative upland species cover decreased 

gradually over time from 81% in 2014 to 65% in 2015 and 42% in 2017. Between 43% and 65% 

of the total species richness for the site could be accounted for in the 2013-2017 dry plots alone, 

with 64%, 44%, 65%, 43%, and 63%, respectively (Table 7). 

The vegetation community composition for the wettest plots along the hydrologic 

gradient were exclusively comprised of obligate and facultative species. The mean cover for 

obligate and facultative wetland species was 56% and 43% across all years (Table 7). There were 

no facultative, facultative upland, or upland species in the wettest plots that represent the wet-end 

of the hydrologic extreme at the time each survey was conducted.  
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In transition plots between the hydrologic extremes, facultative species cover 

increased from 40% in 2015 to 74% in 2017 (Table 8). Obligate species cover remained stable 

and ranged from 28% in 2013 to 25% at the end of the study in 2017. Similar to the wettest plots, 

in 2017 there were no facultative, facultative upland, and upland species observed in plots 

between the hydrologic extremes. All R-code used to create percent cover plots as well as the 

hydrographs previously discussed can be found in Appendix K.  

 

Statistics 

Non-Metric Multidimensional Scaling  

The NMDS revealed a change in depth to water (DTW), organic matter (OM), organic 

carbon (OC), and soil moisture (SM) between 2016 and 2017. NMDS ordination reached a 3-

dimensional final solution with a stress of 9.78 (Figure 11 and 12). Within the ordination space, 

depth to water decreased or became shallower, ultimately depicting a positive (above ground) 

water table level. As depth to water decreased, SM, OM, and OC content increased. Soil 

moisture was correlated with axis 1 (r2 = 0.231). OM and OC both showed a correlation of 0.408 

and 0.414, with axis 1 respectively. Depth to water has the highest correlation of any 

environmental variable tested with a correlation of 0.444 on axis 3. The majority of the 2017 

plots (green) are shown in the top right-hand corner of the ordination space, illustrating that the 

2017 plots had shallower water tables and increased SM, OM, and OC (Figure 11). The 2016 

plots (orange) have a greater amount of spatial variation, with 10 plots appearing on the left-hand 

side and 10 plots on the right-hand side with no clear justification vertically (Figure 11). A full 

list of all variables included can be found in Appendix L. 
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PERMANOVA  

The interaction between years restored (YR) and plot position (POS) was significant (p = 

0.0076) for differences in vegetation composition and structure in vegetation plots along the 

hydrologic gradient (Table 9). This validates the separation observed when vegetation plots were 

organized by year and plot position (YR-POS) in NMDS ordination. Pairwise comparisons 

determined that the wettest plots remained stable throughout the first 3 years since hydrologic 

restoration (2014-2017) and that the vegetation composition and structure at the wettest plots 

were significantly different when compared to any other plot position along the hydrologic 

gradient (p = 0.0002, p = 0.0004, p = 0.0002, and p = 0.001) (Table 10). 
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CHAPTER IV. 

DISCUSSION 

In this study, I characterized and defined the modern hydrologic and soil conditions at 

Papoose Meadows, explored the influence abiotic variables had on vegetation, and examined the 

vegetation community response across multiple ecological, temporal and spatial scales in the 

subsequent years after restoration. The results of this study demonstrate that filled drainage 

ditches and increased precipitation led to shallower water table depths and increased the duration 

of inundation at Papoose Meadows. The meadow vegetation responded, with increases in cover 

for obligate and facultative wet species, while non-wetland species cover decreased along the 

hydrologic gradient. The vegetation community and composition were predominately driven by 

hydrologic and soil properties. The successful germination and propagation of desirable wetland 

species from the seedbank, paired with high similarities between the seedbank and emergent 

vegetation, provide evidence that passive revegetation can be a successful strategy after 

hydrologic restoration. 

Hydrologic and Soil Conditions 

Filled drainage ditches and changing climatic conditions reestablished near-surface water 

tables and increased the duration of inundation by the end of year 4. Depth to water decreased by 

as much as 80 cm at monitoring wells two and five, with standing water occurring throughout the 

2017 growing season (June-September). For the vegetation plots that did not undergo continuous 

hydrologic monitoring, the generated surface and groundwater map showed that standing water 

occurred in 70% of the vegetation plots with a mean depth of 0.20 cm below ground at the end of 
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the growing season in year four. Because wet meadows are groundwater-dependent ecosystems 

and susceptible to increased hydrologic inputs (Cooper et al. 2017, Mitsch and Gosselink 2007, 

Patterson and Cooper 2007), climatic conditions that increased the amount of annual 

precipitation by 23 cm had the greatest contribution to the improved hydrologic conditions 

observed at the end of year four.   

Filling drainage ditches with sediment had a similar effect on soil properties to other 

rewetting techniques such as check dams. Finer particle clasts are deposited as sediment fills 

flow channels and decreases flow velocities (Hartman et al. 2014. Vegetation then becomes 

established on the newly exposed mineral surface (Hartman et al. 2014). These early 

successional habitat modifications typically account for large discrepancies between particle and 

organic matter concentrations over what may seem relatively small distances. Patterson and 

Cooper (2007) noted this, as they recorded a 32% difference in organic matter at a soil depth of 

0-15 cm between sites within the same meadow complex.  

The ground level surface map shows very little elevational change throughout the 

meadow complex but when paired with the surface and groundwater map, it supports the notion 

that soil characteristics follow moisture and vegetation patterns. There were four different soil 

textures determined in vegetation plots along the hydrologic gradient: Sandy Clay Loam, Silt 

Loam, Silty Clay Loam, and Silty Clay. Higher percentages for organic matter and carbon 

occurred in vegetation plots with shallower water table depths. Organic matter and organic 

carbon had the largest discrepancies between plots at the hydrologic extremes, with organic 

matter ranging from 20-85% and organic carbon ranging from 11-49%, despite the differences in 

soil moisture being only 17% (11-28%). This strengthens the role soil texture and fine particles 
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such as silt and clay have on creating hydric soil conditions needed for organic matter 

accumulation and carbon production (Patterson and Cooper 2007).   

Alternately, the discrepancies between organic matter and carbon with respect to the 

modern soil moisture, provide some insight into the pre-restoration historical conditions at 

Papoose Meadows. For example, relatively high organic matter and carbon content with low 

modern soil moisture and deep water tables, indicate that there has been historical fluctuations in 

the hydrologic regime at Papoose Meadows. Patterson and Cooper (2009) used these 

discrepancies in soil characteristics to successfully identify plots within Drakesbad Meadow that 

historically had favorable wetland characteristics, despite the modern conditions on-site.   

Influences on meadow vegetation 

Vegetation community composition at Papoose Meadows was driven predominantly by 

depth to water, soil moisture, organic matter, and organic carbon. This is consistent with multiple 

studies in the Sierra Nevada and Great Basin that have shown that primary drivers of vegetation 

community composition in wet meadows are the amount of available water, soil type, depth, 

slope, water table depth, aspect and exposure, and disturbance regime (Allen-Diaz 1991, Castelli 

et al. 2000, Cooper et al. 2017, Patterson and Cooper 2007). Vegetation plots with a near-surface 

water table had increased amounts of soil moisture, organic matter, and organic carbon, 

compared to drier sites. Sites with lower percentages of organic matter and carbon may be due to 

the lack of hydrologic recharge and recovery, which further dictates which species are most 

likely to occur in the drier plots. Spatial and temporal variability in the water table has been 

shown to strongly influence vegetation composition and structure, ecosystem productivity, 
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decomposition, nutrient cycling, and organic matter accumulation (Fites-Kaufman et al. 2007, 

Poptcheva et al. 2009, van der Valk 1999, Weixelman et al. 2011) 

Vegetation Response 

In the first three years since restoration (2013-2015), dominant species did not differ 

greatly. In the year of restoration (2013) and the following year, both frequency and density 

remained relatively stable for the most dominant plant species, and the only change occurred 

when Deschampsia cespitosa (FACW) was replaced with Lomatium bicolor var. leptocarpum 

(FACU). Carex simulata (OBL) and Juncus balticus (FACW) traded places for the most and 

second most dominant species in year two. In year three, Poa secuda (FACU), Juncus nevadensis 

(FACW), and Periderdia lemmonii were listed in the top five most dominant species. The 

vegetation at Papoose Meadows was dominated by obligate and facultative wetland sedge and 

rush species (C. simulata, J. balticus, and J. nevadensis), by the end of year four. The dominance 

of species was primarily dependent on vegetation that can regenerate from both seeds and by 

vegetative regeneration (Van Dijk et al. 2007). J. balticus was the most dominant plant species 

and occurred in 15 of the 20 (75%) vegetation plots by the end of the year 4 growing season. 

Research has shown that wet meadows with a history of grazing are typically dominated by J. 

balticus, as a result of selective foraging and the inability for animals to digest the stem once the 

plant has reached a mature age (Allen-Diaz 1991). 

The vegetative response in Papoose Meadows supports the findings of similar studies, 

where the distribution of plant species in wet meadows vary along hydrologic and edaphic 

gradients (Allen-Diaz 1991, Benedict 1983, Dwire et al. 2006). The wettest areas of the meadow 

are comprised of obligate hydrophytes that are tolerant of seasonal flooding and shallow water 
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table depths (Loheide and Gorelick 2007). The drier areas of a meadow are comprised of non-

hydrophytic species that are found in upland environments, and the transitional areas of the 

meadow contain a mixture of hydrophyte and non-hydrophyte vegetation (Dwire et al. 2006, 

Fites-Kaufman et al. 2007, Patterson and Cooper, 2007). Over the four-year span of this study, 

the vegetation response to fluctuations in the water table has been favorable across all plots. The 

percent cover gradually decreased for upland and facultative upland species, whereas the cover 

for facultative wet species increased over the same time period. Drought conditions in year one 

(2013) resulted in increased percent cover for facultative upland species and decreased the cover 

of obligate wetland species. Similar results were observed for the vegetation plots that 

transitioned between the hydrologic extremes, where there was an increase in facultative and 

facultative upland species cover and decrease in cover of facultative wet species. In year three, 

drought conditions lessened and facultative wet species cover greatly increased. By year four, 

after increased hydrologic inputs flooded the meadow for the 2017 growing season, upland, 

facultative upland, and facultative species were absent from all vegetation plots at Papoose 

Meadows. This supports similar studies that insist that the disturbance caused by flooding may 

be necessary to promote the germination of some wet meadow species (Hopfensperger 2007, 

Lang and Halpern 2007).  

Hammersmark et al. (2009) used hydrologic models to simulate the effects of restored 

hydrology on wet meadow vegetation by measuring differences in the habitat suitability for 

species based on wetland plant indicator status. They found that the habitat suitability increased 

for obligate and facultative wet species (0.11 to 0.47) in the wettest areas and decreased for 

upland and facultative upland species (0.97 to 0.34) in drier areas. For areas that transition 
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between the hydrologic extremes, they found that increases or decreases in habitat suitability 

varied. In the four years since restoration at Papoose Meadows, facultative and facultative upland 

plant species were more abundantly found in drier vegetation plots. The drier plots were still 

comprised of all wetland plant indicator statuses. Because these plots had more mesic or xeric 

conditions, upland and non-wetland plants were more suitable and favored. The wettest 

vegetation plots were exclusively comprised of obligate and facultative wetland species and the 

vegetation community composition remained stable, showing little change in the first four years 

after restoration despite drought conditions in the first two years since restoration. In the 

transition between the hydrologic extremes, the vegetation community composition was directly 

tied to the current hydrologic conditions. By the end of year four, due to the significantly wetter 

hydrologic conditions, facultative upland and upland species were absent along the transitional 

vegetation plots. 

The regeneration of obligate and facultative wetland species are not constrained to typical 

seed producing species. Patterson and Cooper (2007) measured the differences in the percent 

cover for similar wet and dry meadow species. One-year results of that study showed that the 

cover of upland and dry meadow species such as Dechampsia cespitosa, Hordeum 

brachyantherum, and Poa pratensis decreased, whereas rhizomatous wet meadows species 

Carex utriculata and Carex simulata cover increased. Two rhizomatous species C. simulata and 

J. balticus were found to be two of the most dominant species through the length of the study. 

These species are found in a wide array of water table depths and in wet meadows are 

opportunistic species that are often first to invade areas of recent disturbance while also being 

able to survive in water-logged conditions (Dwire et al. 2006, Patterson Cooper 2007, Allen-Diaz 
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1991). This accounts for the observed spatial variation and relatively high frequencies by J. 

balticus. Areas of disturbance are caused by the fluctuations in the water table, which wash away 

shallow rooted species exposing bare ground. Upland species like P. secunda ranked within the 

top five for dominant species despite being entirely confined to the drier plots in the meadow.  

The changes in percent cover for the most dominant species over the span of the study show that 

competition between species is evident, highlighting the natural differences in plant assemblages 

despite the lack of active revegetation occurring.  

Similarities between annual vegetation community compositions show that there was a 

higher similarity for upland and facultative upland species than for obligate and facultative 

wetland species. In a similar study, researchers compared species richness similarities of three 

meadows (dry, moist, and wet) and concluded that wet meadows had the fewest number of 

species, followed by moist meadows and dry meadows (Dwire et al. 2006). The three meadow 

types in their study were consistent with the vegetation plots at Papoose Meadows across the 

hydrologic gradient. In addition, Dwire et al. (2006) also concluded that wet and moist meadow 

communities were dominated by hydrophytic vegetation while the drier sites included species 

from all wetland indicator categories, and species richness was negatively correlated with depth 

to water. 

Meadow Seedbank 

The importance of the natural seedbank contributions to the composition of recovering 

vegetation is dependent on seed dispersion mechanisms, soil characteristics, surrounding 

vegetation, and how closely the reestablished hydrologic regime is to the germination 

requirements of desirable or target species (Lang and Halpern 2007, Pakeman et al. 2011, van 
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der Valk et al. 1999). Seeds in a wetland seedbank are known to stay dormant for years or 

decades until favorable conditions are met. Some of the known influences to seed longevity are 

moisture, temperature, soil type, and clay content (Long et al. 2009, Davis et al. 2005, Narwal et 

al. 2008, Pakeman et al. 2011). In this study, there were 29 species identified at the conclusion of 

the propagation period. Twenty-three of the species identified were obligate and facultative wet 

species, while three species were facultative, and three were facultative upland. Obligate and 

facultative wet species successfully germinated and propagated in all vegetation plots, despite 

the in situ hydrologic field conditions of the vegetation plot.  

Species similarities based on Sorensen’s similarity index to compare between the soil 

seedbank and aboveground vegetation are typically between 10-70% (Bantilan-Smith et al. 2009, 

Johnson and Anderson 1986) and species similarities are greater in early successional stages. The 

mean similarity between the seedbank and emergent vegetation at Papoose was 42%. Similar 

restored meadow studies have shown 42-50% for seedbank species (Hopfensperger 2007, Van 

Dijk et al. 2007). High similarities between the seedbank and emergent vegetation show a close 

link between seedbank replenishment and seedling recruitment (Bossuyt et al. 2006). This 

provides evidence that the seedbank already contributes species to the modern emergent 

vegetation (2013-2017). Several species that were found in the seedbank were also found in 

multiple annual vegetation surveys, including: Carex nebrascensis, Carex simulata, 

Deschampsia cespitosa, Deschampsia danthanoides, Juncus balticus, Juncus nevadensis, Poa 

secunda, and Veronica peregrinus ssp. xalapensis. The seedbank indicates that these species 

were once present and left seeds behind, only to germinate when the environmental conditions 

were met. A low seedbank similarity for upland and facultative upland species in the driest plots 
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could be a result of wind-driven seed dispersion from the nearby upland and the understory of 

nearby mixed conifer forest. Seeds may also be introduced and transported by native ungulates 

and waterfowl that flock the area in the winter and spring months.  

Implications for Restoration 

In situations where hydrologic conditions have been restored but plant communities have 

not been successfully re-introduced, active and passive revegetation techniques have been 

applied. The effectiveness of these efforts are site-specific and it remains unclear whether active 

or passive revegetation efforts differ as a result. Moreno-Mateos et al. (2015) compiled a 

literature review comparing 628 restored wetlands with 499 reference wetlands and concluded 

there was no significant difference between active revegetation and passive restoration when 

examining recovery trajectories. In the first fifteen years of recovery, they found that biotic 

assemblage structure did not differ between created or restored sites. Fifteen years into recovery, 

created and restored sites both showed a decrease in effect size for biochemical functionality, but 

the difference was not significant. Fifteen to thirty years into recovery, the effect size for biotic 

assemblage structure and biochemical functionality was linear. Another study noted that even 

after twenty years post restoration, the vegetation in wet meadows has not reached an 

equilibrium and changes still occur (Poptcheva et al. 2009).  

The implications of these findings are emphasized by the cost of active revegetation, 

which was estimated on average to account for 22-73% of a project’s total budget (Moreno-

Mateos et al. 2015). My results build upon these findings and may provide public and private 

land managers with cost-saving and less intrusive restoration considerations by providing 

evidence that the seedbank and natural recruitment methods can ideally revegetate a site after 
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hydrologic restoration efforts. Further, this can eliminate the need for subsequent planting and 

reduce both the overall costs of restoration projects for public and private land managers and the 

intrusive impacts caused by large-scale revegetation projects. 
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CHAPTER V. 

CONCLUSION 

Limitations 

 I was limited in my ability to examine hydrologic change and the effects it had on 

vegetation for 2013-2015. Although data exists for these years, the hydrologic data could not be 

reliably used due to the lack of hand measured depth to water readings needed for post-

atmospheric hydrologic corrections. I was also unable to compare pre- and post-restoration 

environmental and ecological conditions due to the lack of any pre-restoration data at Papoose 

Meadows. For that reason, all analyses were limited to a time scale that ranged from 0-4 years 

since restoration occurred. The 2016 and 2017 data were used as a snapshot and were primarily 

used to examine multi-variant relationships due the fact that it was the most complete dataset I 

was able to obtain. I am unable to say for certain how much of the data and results that were 

gathered and achieved during this study are simply due to significantly different climate 

conditions. For example at Papoose Meadows, 2017 was a knowingly wetter year than 2016, and 

the depth to water measurements captured by these two years is most likely due to climate rather 

than being a result of the restoration efforts that took place in 2013.    

Future Research and Recommendations 

 Due to the time in which it takes wetlands to fully recover, these results are preliminary. 

Further monitoring efforts should be continued to add to the growing knowledge in the field of 

wetland restoration ecology. While many short-term studies exist based on standard regulations 
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or private contracts, questions still arise on the recovery of wetland plant communities after 

hydrologic improvements have been.  
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Table 1: NRCS climate data for 2013-2017. The following climate variables were gathered from 

the NRCS national Water and Climate Center, Eagle Lake Site# 2192 database: Growing Season 

(GS) (June-September) Precipitation, Water-Year (WY) Precipitation, Average temperature 

during the growing season, annual maximum and minimum temperature, and maximum snow 

depth recorded.   

 

NRCS National Water and Climate Center: Eagle Lake, Site# 2192 

Year 
Precip. GS 

(cm) 

Precip. WY 

(cm) 

Avg. Temp. GS 

(̊C) 

Max 

Temp. 

(̊C) 

Min Temp. 

(̊C) 

Max Snow 

Depth (cm) 

2013 5.5 33.5 17.5 26.9 8.2 * 

2014 3.5 26.4 17.9 27.3 8.5 * 

2015 5.3 41.9 16.6 26.5 7.1 5.0 

2016 1.3 43.1 17.4 27.5 7.2 22.9 

2017 4.3 66.5 18.1 27.5 8.8 40.6 

*Data not available  
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Table 2: Soil moisture, organic matter, organic carbon, and textural class at 0-10 cm soil depth at 

each vegetation plot. Plot numbers are arranged respectively in each transect across the 

hydrologic gradient (dry-wet). Soils were gathered in September 2017 marking the end of the 

growing season. 

Plot  Soil Moisture (%) OM (%) OC (%) Textural Class 

16 12 22 12 Sandy Clay Loam 

17 20 37 22 Silty Clay Loam 

18 17 48 28 Silty Clay Loam 

19 21 62 36 Silty Clay Loam 

20 28 81 47 Silt Loam 

1 13 22 13 Sandy Clay Loam 

2 15 20 11 Sandy Clay Loam 

3 16 41 24 Silty Clay 

4 17 79 46 Silty Clay 

5 16 60 35 Silty Clay Loam 

10 12 36 21 Sandy Clay Loam 

9 16 45 26 Silty Clay 

8 14 46 27 Sandy Clay Loam 

7 11 40 23 Silty Clay 

6 17 60 35 Silty Clay Loam 

11 16 31 18 Sandy Clay Loam 

12 19 40 23 Silty Clay 

13 19 56 32 Sandy Clay Loam 

14 21 85 49 Silt Loam 

15 16 79 46 Silt Loam 
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Table 3: Top five dominant species for each survey year 2013-2017 based on rank abundance 

curves using percent cover and presence/absence data. (Relative Abundance=log(base 10) of 

total sum, Frequency = number of non-zero counts, SD = standard deviation, CV% = coefficient 

of variation). Moss was grouped with all species identified of being in the Bryophyte family.  

Species Rank 

Relative 

Abundance Frequency Mean SD CV% 

2013       
Juncus balticus  1 1.78 17 3.04 2.83 93.07 

Bryophytes  2 1.67 13 2.35 2.78 118.02 

Carex simulata  3 1.65 9 2.25 3.18 141.23 

Poa secunda  4 1.46 7 1.44 2.30 159.75 

Deschampsia cespitosa  5 1.45 8 1.43 2.46 170.97 

2014       
Juncus balticus  1 1.84 17 3.51 3.13 89.17 

Bryophytes  2 1.61 10 2.03 2.55 125.47 

Carex simulata 3 1.59 9 1.96 3.09 157.87 

Poa secunda  4 1.52 8 1.66 2.51 150.93 

Lomatium bicolor var. leptocarpum  5 1.51 6 1.61 2.78 172.11 

2015       
Carex simulata  1 1.74 10 2.81 3.75 133.71 

Juncus balticus  2 1.68 12 2.40 3.06 127.55 

Bryophytes 3 1.64 13 2.21 2.45 110.82 

Poa secunda 4 1.53 7 1.73 2.93 169.42 

Lomatium bicolor var. leptocarpum  5 1.44 6 1.40 2.52 179.01 

2016       
Juncus balticus   1 1.73 15 2.69 3.06 113.47 

Bryophytes 2 1.68 12 2.41 2.83 117.38 

Poa secunda  3 1.50 7 1.59 2.64 165.53 

Juncus nevadensis  4 1.48 9 1.53 2.74 179.08 

Periderdia lemmonii 5 1.43 8 1.37 2.28 166.51 

2017       
Juncus balticus  1 1.82 15 3.31 2.16 65.35 

Juncus nevadensis  2 1.66 12 2.31 2.08 90.07 

Carex simulata 3 1.42 9 1.33 1.76 132.58 

Myriophyllum spp. 4 1.31 5 1.03 1.99 192.62 

Bryophytes 5 1.29 5 0.99 1.81 182.75 
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Table 4: Sorensen similarity index expressed as a percentage based on presence and absence data 

gathered from vegetation surveys (2013-2017) and the soil seedbank study (2016 SB). Each 

survey year is compared with the soil seedbank for species similarities in; total richness, species 

composition in wet plots (16, 1, 10, and 11), species composition in dry plots (20, 5, 6, and 15), 

obligate/facultative wetland (OBL/FACW) species, and upland/facultative upland (UPL/FACW) 

species. 

 

 

Total 

species 

Species richness 

(%) 

Wet plot  

(%) 

Dry plot  

(%) 

OBL/FACW  

(%) 

UPL/FACU 

 (%) 

2013-2016 SB 32 43 31 26 55 17 

2014-2016 SB 33 42 43 23 54 17 

2015-2016 SB 30 41 46 14 53 18 

2016-2016 SB 42 42 29 21 55 15 

2017-2016 SB 21 36 40 30 35 29 

2016 SB 29      
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Table 5: Sorensen’s similarity index expressed as a percentage based on presence and absence 

data gathered from vegetation surveys (2013-2017). Each survey year is compared with 2017 

vegetation survey for species similarities in; total richness, species composition in wet plots (16, 

1, 10, 11), species composition in dry plots (20, 5, 6, 15), obligate/facultative wetland 

(OBL/FACW) species, and upland/facultative upland (UPL/FACW) species. 

 

 

Total 

species 

Species 

richness (%) 

Wet plot 

(%) 

Dry plot 

(%) 

OBL/FACW 

(%) 

UPL/FACU 

(%) 

2013-2017 32 38 57 44 43 77 

2014-2017 33 37 67 44 41 77 

2015-2017 30 39 57 40 38 83 

2016-2017 42 35 53 27 40 71 

2017 21      
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Table 6: Annual relative vegetation cover expressed as a percentage for all vegetation plots (1-

20).    

Annual Relative Vegetation Cover   
2013 2014 2015 2016 2017 

OBL 34 26 31 13 24 

FACW 46 42 33 55 57 

FAC 2 3 8 3 4 

FACU 14 27 24 25 13 

UPL 2 1 2 1 0 
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Table 7: Relative vegetation cover expressed as a percentage at the wet and dry hydrologic 

extremes along the hydrologic gradient. (Wet = plots 5, 6, 15, and 20; Dry = plots 1, 10, 11, and 

16) 

Relative Vegetation Cover at Dry 

Hydrologic Extreme 

 
Relative Vegetation Cover at Wet 

Hydrologic Extreme  
2013 2014 2015 2016 2017 

  
2013 2014 2015 2016 2017 

OBL 10 3 8 3 3 
 

OBL 69 56 67 29 56 

FACW 50 11 6 25 38 
 

FACW 30 43 32 70 43 

FAC 2 2 8 9 15 
 

FAC 0 0 0 0 0 

FACU 32 81 65 54 42 
 

FACU 0 0 0 0 0 

UPL 3 1 10 7 0 
 

UPL 0 0 0 0 0 
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Table 8: Relative vegetation cover expressed as a percentage for transitional plots in-between the 

hydrologic extremes (plots; 2, 3, 4, 9, 8, 7, 12, 13, 14, 17, 18, and 19).  

 

Relative Vegetation Cover In-Between Hydrologic Extremes  
2013 2014 2015 2016 2017 

OBL 28 21 22 13 25 

FACW 49 52 40 62 75 

FAC 4 5 12 2 0 

FACU 16 22 25 23 0 

UPL 3 1 1 1 0 
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Table 9: Distance-based permutation t-test (PERMANOVA) analysis with plot position (POS, p 

= 0.002) nested in years restored (YR, p = 0.002). Years since restoration (YR) had 2 factors 

(YR = 0, 1,) and plot position (POS= 1, 2, 3, 4, 5). %CV% = Coefficient of variation percent.  

Source  d.f. SS MS F p-value CV% 

YR 4 2.4175 0.60438 3.3323 0.0002 fixed factor 

POS 4 11.195 2.7988 15.431 0.0002 38.702 

Interaction 16 4.161 0.26006 1.4339 0.0076 5.999 

Residual 75 13.602    55.299 

Total 99 31.376    100 
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Table 10: Pairwise comparisons for differences in the 2016 and 2017 vegetation community 

composition based on vegetation plot position along the hydrologic gradient (Dry-Wet) (1 = Dry 

and 5 = Wet). 

Plot position  t  p-value 

1 vs 2 1.04 0.3396 

1 vs 3 1.04 0.3504 

1 vs 4 1.39 0.0736 

1 vs 5 2.51 0.0002* 

2 vs 3 1.14 0.2323 

2 vs 4 1.28 0.1116 

2 vs 5 2.39 0.0004* 

3 vs 4 1.23 0.1446 

3 vs 5 2.75 0.0002* 

4 vs 5 2.14 0.0010* 

*(p-value < 0.05
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Figure 1: Location of the study site and study site design. Left: The location of Lassen County in 

relation to the state of California. Right: Map of Lassen County depicting the location of nearby 

highways (HWY 36 and HWY 395), the town of Susanville, and Eagle Lake in relation to 

Papoose Meadows. Bottom: Study site design displaying; the surrounding elevation (m), 

vegetation plots (1-20), groundwater monitoring wells (1-5), staff gages (1 and 2), and the 

location of the barometric pressure logger
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Figure 2: Well 1 depth to water hydrograph for May 2016 - September 2017. A value of 0 

represents the surface ground level and negetative numbers indicate depth to water is below 

ground surface. 
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Figure 3: Well 2 depth to water hydrograph for May 2016 - September 2017. A value of 0 

represents the surface ground level and negetative numbers indicate depth to water is below 

ground surface. 
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Figure 4: Well 5 depth to water hydrograph for May 2016 - September 2017. A value of 0 

represents the surface ground level and negetative numbers indicate depth to water is below 

ground surface. 
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Figure 5: Staff gageGage 2 standing water hydrograph for May 2016 - September 2017. A value 

of 0 represents the surface ground level and negetative numbers indicate depth to water is below 

ground surface. 
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Figure 6: Predicted depth to water (DTW) map depicting surface and groundwater using Kriging 

interpolation, based on depth to water measurements taken at each plot by hand in September 

2017. Negative values indicate that the water level is belowground
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Figure 7: Predicted ground level surface elevation map using Kriging interpolation, based on 

topographical measurements determined from differential leveling and a handheld GPS in the 

summer of 2017. 
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Figure 8: Annual relative percent cover by wetland plant indicator status using the West 

Mountain Valley Coast region (WMVC) for the classification all 20 plots from each vegetation 

survey (2013-2017).  
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Figure 9: Annual relative percent cover based on wetland plant indicator status 2013-2017 using 

the West Valley Mountain Coast region (WVMC) at the hydrologic gradient boundaries (dry = 

plots 16, 1, 10, 11) and (wet = plots 20, 5, 6, 15).  
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Figure 10: Annual relative percent cover based on wetland plant indicator status at transitional 

plots 2013-2017 using the West Valley Mountain Coast region (WVMC) (transitional plots = 2, 

3, 4, 9, 8, 7, 12, 13, 14, 17, 18, 19).  
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Figure 11: Non-metric Multidimensional Scaling (NMDS) graph percent cover abundance data 

from 2016 and 2017 vegetation surveys and applying Bray-Curtis distance. Vector lines indicate 

environmental variable(s) that show correlation within the ordination space; organic matter (OM) 

(.408), organic carbon (OC) (.408), depth to water (DTW) (.444), and soil moisture (SM). Point 

labels show the survey year (16 or 17) and plot number (1-20), with the color and shape 

displaying the grouping variable of YR = years restored (3 or 4).   
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Figure 12: Non-metric Multidimensional Scaling (NMDS) 2-D ordination graph displaying 

species distance in ordination space relative to environmental variables. Vector lines indicate 

enivronmental varaible(s) that show correlation within the space; organic matter (OM) (0.408), 

organic carbon (OC) (0.408), depth to water (DTW) (0.444), and soil moisture (SM). Point labels 

indicate vegetation species with a corresponding 4-letter classification. A complete list of species 

abbrevations appear in the appendix (A-Z).  
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Cross Validation Results for Surface and Groundwater Map  
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Texture-by-Feel Flowchart 
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Soil Textural Triangle  
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Cross Validation Results for Ground-level Surface Map 
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Species List from 2016 Soil Seedbank Study  

 

2016 SB 

Arnica chamissonis FACW 

Agrostis idahoensis FACW 

Callitriche palustris OBL 

Callitriche heterophylla OBL 

Carex aquatilis var. aquatilis OBL 

Carex nebrascensis OBL 

Carex simulata OBL 

Danthonia unispicata FAC 

Deschampsia cespitosa FACW 

Deschampsia danthonioides FACW 

Deschampsia elongata FACW 

Downingia bacigalupii OBL 

Eleocharis acicularis OBL 

Epilobium ciliatum FACW 

Epilobium densiflorum FACW 

Festuca idahoensis FACU 

Gnaphalium palustre FACW 

Hordeum brachyantherum FACW 

Hypericum anagalloides OBL 

Juncus balticus FACW 

Juncus bufonius FACW 

Juncus nevadensis FACW 

Limosella acaulis OBL 

Limosella aquatica OBL 

Poa secunda FACU 

Stellaria crispa FAC 

Symphyotrichum spathulatum FAC 

Verbascum thapsus FACU 

Veronica peregrina ssp. xalapensis FACW 

Bryophytes none 
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Species List from 2013 Vegetation Survey  

 

2013 

Acmispon americanus UPL 

Agoseris heterophylla UPL 

Agrostis pallens FACU 

Antennaria rosea none 

Arnica chamissonis FACW 

Bistorta bistortoides FACW 

Carex nebrascensis OBL 

Carex simulata OBL 

Carex utriculata OBL 

Castilleja pilosa none 

Danthonia unispicata UPL 

Deschampsia cespitosa FACW 

Deschampsia danthonioides FACW 

Eleocharis palustris OBL 

Epilobium brachycarpum none 

Gnaphalium palustre FACW 

Hordeum brachyantherum FACW 

Juncus balticus FACW 

Juncus hemiendytus var. hemiendytus OBL 

Juncus nevadensis FACW 

Lomatium bicolor var. leptocarpum FACU 

Microsteris gracilis FACU 

Bryophytes none 

Navarettia intertexta/leucocephala FACW 

Nothocalais troximoides UPL 

Penstemon rydbergii FACU 

Perideridia lemmonii none 

Poa palustris FAC 

Poa secunda FACU 

Polygonum polygaloides FACW 

Psilocarphus brevissimus FACW 

Symphyotrichum spathulatum FAC 

Veronica peregrina ssp. xalapensis OBL 
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Species List from 2014 Vegetation Survey 

2014 

Acmispon americanus UPL 

Agoseris heterophylla UPL 

Agrostis pallens FACU 

Antennaria rosea none 

Arnica chamissonis FACW 

Bistorta bistortoides FACW 

Carex nebrascensis OBL 

Carex simulata OBL 

Carex utriculata OBL 

Castilleja pilosa none 

Danthonia unispicata UPL 

Deschampsia cespitosa FACW 

Deschampsia danthonioides FACW 

Eleocharis palustris OBL 

Epilobium brachycarpum none 

Gnaphalium palustre FACW 

Hordeum brachyantherum FACW 

Juncus balticus FACW 

Juncus hemiendytus var. hemiendytus OBL 

Juncus nevadensis FACW 

Lomatium bicolor var. leptocarpum FACU 

Microsteris gracilis FACU 

Bryophytes none 

Navarretia intertexta ssp. intertexta FACW 

Nothocalais troximoides UPL 

Penstemon rydbergii FACU 

Perideridia lemmonii none 

Poa palustris FAC 

Poa secunda FACU 

Polygonum polygaloides FACW 

Psilocarphus brevissimus FACW 

Symphyotrichum spathulatum FAC 

Veronica peregrina ssp. xalapensis OBL 
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Species List from 2015 Vegetation Survey 

2015 

Acmispon americanus UPL 

Agoseris heterophylla UPL 

Agrostis pallens FACU 

Antennaria rosea none 

Arnica chamissonis FACW 

Carex nebrascensis OBL 

Carex simulata OBL 

Castilleja pilosa none 

Deschampsia cespitosa FACW 

Deschampsia danthonioides FACW 

Epilobium brachycarpum none 

Epilobium campestre OBL 

Gnaphalium palustre FACW 

Hordeum brachyantherum FACW 

Juncus balticus FACW 

Juncus nevadensis FACW 

Lomatium bicolor var. leptocarpum FACU 

Microsteris gracilis FACU 

Montia linearis FAC 

Bryophytes none 

Navarettia intertexta/leucocephala FACW 

Navarretia intertexta ssp. intertexta FACW 

Nothocalais troximoides UPL 

Penstemon rydbergii FACU 

Perideridia lemmonii none 

Poa palustris FAC 

Poa secunda FACU 

Polygonum polygaloides FACW 

Potamogeton spp. OBL 

Symphyotrichum spathulatum FAC 

Veronica peregrina ssp. xalapensis OBL 
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Species List from 2016 Vegetation Survey  

2016 

Acmispon americanus UPL 

Agoseris heterophylla UPL 

Agrostis pallens FACU 

Antennaria rosea none 

Arnica chamissonis FACW 

Bistorta bistortoides FACW 

Carex nebrascensis OBL 

Carex simulata OBL 

Carex utriculata OBL 

Castilleja pilosa none 

Danthonia unispicata UPL 

Deschampsia cespitosa FACW 

Deschampsia danthonioides FACW 

Downingia bacigalupii OBL 

Eleocharis bella FACW 

Eleocharis palustris OBL 

Epilobium brachycarpum none 

Epilobium campestre OBL 

Gnaphalium palustre FACW 

Hordeum brachyantherum FACW 

Juncus balticus FACW 

Juncus bufonius FACW 

Juncus nevadensis FACW 

Lomatium bicolor var. leptocarpum FACU 

Microsteris gracilis FACU 

Montia linearis FAC 

Bryophytes none 

Navarettia intertexta/leucocephala FACW 

Navarretia intertexta ssp. intertexta FACW 

Nothocalais troximoides UPL 

Penstemon rydbergii FACU 

Perideridia lemmonii none 

Poa bulbosa FACU 

Poa palustris FAC 

Poa secunda FACU 

Polygonum polygaloides FACW 

Porterella carnosula OBL 

Potamogeton spp. OBL 

Psilocarphus brevissimus FACW 

Symphyotrichum spathulatum FAC 

Triteleia hyancinthina FAC 

Utricularia macrorhiza OBL 

Veronica peregrina ssp. xalapensis OBL 
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Species List from 2017 Vegetation Survey 

2017 

Agoseris glauca FACU 

Agrostis pallens FACU 

Allium acuminatum  none 

Briza maxima none 

Carex aquatilis var. aquatilis FACW 

Carex nebrascensis OBL 

Carex simulata OBL 

Carex utriculata  OBL 

Deschampsia danthanoides FACW 

Downingia bacigalupii OBL 

Festuca rubra  FAC 

Holcus lanatus FAC 

Iris missouriensis FACW 

Juncus balticus FACW 

Juncus nevadensis FACW 

Bryophytes none 

Myriophyllum spicatum/sibiricum OBL 

Penstemon rydbergii FACU 

Periderdia lemmonii  none 

Poa secunda FACU 

potamogeton gramineus OBL 

Symphyotrichum spathulatum FAC 
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R-code Used for Relative Cover Plots and Depth to Water Hydrographs 

Libraries Used 

library(knitr) 

library(ggplot2) 

library(ggthemes) 

library(extrafont) 

library(plyr) 

library(scales) 

library(readxl) 

library(gridExtra) 

library(reshape2) 

library(plotly) 

library(lubridate) 

opts_chunk$set(warning=FALSE, message=FALSE, fig.align='center')  

Theme 

windowsFonts(TimesNewRoman=windowsFont("Times New Roman")) 

theme_Publication <- function(base_size=14, base_family="TimesNewRoman") { 

  (theme_foundation(base_size=base_size, base_family=base_family) 

    + theme(plot.title = element_text(face = "bold", 

                                      size = rel(1.2), hjust = 0.5), 

            text = element_text(), 

            panel.background = element_rect(colour = NA), 

            plot.background = element_rect(colour = NA), 

            panel.border = element_rect(colour = NA), 

            axis.title = element_text(face = "bold",size = rel(1)), 

            axis.title.y = element_text(angle=90,vjust =2), 

            axis.title.x = element_text(vjust = -0.2), 

            axis.text = element_text(),  

            axis.line = element_line(colour="black"), 

            axis.ticks = element_line(), 

            panel.grid.major = element_line(colour="#f0f0f0"), 

            panel.grid.minor = element_blank(), 

            legend.key = element_rect(colour = NA), 

            legend.position = "bottom", 

            legend.direction = "horizontal", 

            legend.key.size= unit(0.2, "cm"), 

            legend.title = element_text(face="italic"), 

            plot.margin=unit(c(10,5,5,5),"mm"), 

            strip.background=element_rect(colour="#f0f0f0",fill="#f0f0f0"), 

            strip.text = element_text(face="bold") ))  
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scale_fill_Publication <- function(...){ 

  library(scales) 

  discrete_scale("fill","Publication",manual_pal(values = c("#D55E00","#0072B2","#e79f00","

#009E73","#000000")), ...)} 

 

scale_colour_Publication <- function(...){ 

  library(scales) 

  discrete_scale("colour","Publication",manual_pal(values = c("#386cb0","#fdb462","#7fc97f",

"#ef3b2c","#662506","#a6cee3","#fb9a99","#984ea3","#ffff33")), ...)} 

2013-2017 veg composition based on wetland indicator status 

coverp.data <- read_excel("C:/Users/Allen/Documents/Papoose Meadows/rcode/readinforR.xlsx

) 

coverp.data$WMVC <- factor(coverp.data$WMVC, levels=(coverp.data$WMVC)) 

View(coverp.data) 

c1 <- ggplot() + theme_Publication() + geom_bar(aes(y = cover, x = year, fill = WMVC), widt

h = 0.5, 

data = coverp.data, stat = "identity") + scale_fill_Publication() 

c2 <- c1 + theme(legend.position="bottom", legend.direction="horizontal",legend.title = elemen

t_blank()) 

c3 <- c2 + labs(title = "Relative Percent Cover by Wetland Indicator Status", x="Year", y="Relat

ive Percent Cover (%)")  

c4 <- c3 + scale_y_continuous(breaks=seq(0,100,10)) 

2013-2017 veg composition at hydrologic boundaries 

coverpdw.data <- read_excel("C:/Users/Allen/Documents/Papoose Meadows/rcode/readinforR.x

lsx", sheet = "Sheet2") 

coverpdw.data$WMVC <- factor(coverpdw.data$WMVC, levels=(coverpdw.data$WMVC)) 

View(coverpdw.data) 

c11 <- ggplot() + theme_Publication() + geom_bar(aes(y = cover, x = Year, fill = WMVC), wi

dth = 0.5, 

data = coverpdw.data, stat = "identity") + scale_fill_Publication() 

c12 <- c11 + facet_grid(~Site) 

c13 <- c12 + theme(legend.position="bottom", legend.direction="horizontal",legend.title = elem

ent_blank()) 

c14 <- c13 + labs(title = "Relative Percent Cover at Hydrologic Boundaries", x="Year", y="Rela

tive Percent Cover (%)") 

c15 <- c14 + scale_y_continuous(breaks=seq(0,100,10)) 

2013-2017 veg composition based on wetland indicator status at transitional plots 

coverp.data <- read_excel("C:/Users/Allen/Documents/Papoose Meadows/rcode/readinforR.xlsx

", sheet = "Sheet3") 

coverp.data$WMVC <- factor(coverp.data$WMVC, levels=(coverp.data$WMVC) 
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View(coverp.data) 

c21 <- ggplot() + theme_Publication() + geom_bar(aes(y = cover, x = year, fill = WMVC), wi

dth = 0.5, 

data = coverp.data, stat = "identity") + scale_fill_Publication() 

c22 <- c21 + theme(legend.position="bottom", legend.direction="horizontal",legend.title = elem

ent_blank()) 

c23 <- c22 + labs(title = "Relative Percent Cover at Transitional Plots", x="Year", y="Relative P

ercent Cover (%)")  

c24 <- c23 + scale_y_continuous(breaks=seq(0,100,10)) 

Well 1 

well1.data <- read_excel("C:/Users/Allen/Documents/Papoose Meadows/rcode/readinforR.xlsx"

, sheet = "well 1") 

View(well1.data) 

well1.data$Date <- as.Date(well1.data$Date) 

well1.1 <- ggplot() + theme_Publication() + geom_line(aes(y = DTW, x = well1.data$Date, gr

oup = Site), data = well1.data) + scale_x_date(date_breaks = "1 month", labels = date_format("

%b")) 

well1.2 <- well1.1 + theme(axis.text.x=element_text(angle=0, hjust=1)) 

well1.3 <- well1.2 + labs(x = "Date", y = "DTW (cm)", title = "Depth to Water: Well 1") 

well1.4 <- well1.3 + scale_y_continuous(breaks=seq(-90,20,10)) 

well1.5 <- well1.4 + facet_wrap(~Site, ncol=1, scales = "free_x") 

Well 2 

well2.data <- read_excel("C:/Users/Allen/Documents/Papoose Meadows/rcode/readinforR.xlsx"

, sheet = "well 2") 

View(well2.data) 

well2.data$Date <- as.Date(well2.data$Date) 

well2.1 <- ggplot() + theme_Publication() + geom_line(aes(y = DTW, x = well2.data$Date, gr

oup = Site), data = well2.data) + scale_x_date(date_breaks = "1 month", labels = date_format("

%b")) 

well2.2 <- well2.1 + theme(axis.text.x=element_text(angle=0, hjust=1)) 

well2.3 <- well2.2 + labs(x = "Date", y = "DTW (cm)", title = "Depth to Water: Well 2") 

well2.4 <- well2.3 + scale_y_continuous(breaks=seq(-130,30,10)) 

well2.5 <- well2.4 + facet_wrap(~Site, ncol=1, scales = "free_x") 

Well 5 

well5.data <- read_excel("C:/Users/Allen/Documents/Papoose Meadows/rcode/readinforR.xlsx"

, sheet = "well 5") 

View(well5.data) 

well5.data$Date <- as.Date(well5.data$Date) 

well5.1 <- ggplot() + theme_Publication() + geom_line(aes(y = DTW, x = well5.data$Date, gr

oup = Site), data = well5.data) + scale_x_date(date_breaks = "1 month", labels = date_format 
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%b")) 

well5.2 <- well5.1 + theme(axis.text.x=element_text(angle=0, hjust=1)) 

well5.3 <- well5.2 + labs(x = "Date", y = "DTW (cm)", title = "Depth to Water: Well 5") 

well5.4 <- well5.3 + scale_y_continuous(breaks=seq(-50,60,10)) 

well5.5 <- well5.4 + facet_wrap(~Site, ncol=1, scales = "free_x") 

Staff gage 

well6.data <- read_excel("C:/Users/Allen/Documents/Papoose Meadows/rcode/readinforR.xlsx"

, sheet = "well 6") 

View(well6.data) 

well6.data$Date <- as.Date(well6.data$Date) 

well6.1 <- ggplot() + theme_Publication() + geom_line(aes(y = DTW, x = well6.data$Date, gr

oup = Site), data = well6.data) + scale_x_date(date_breaks = "1 month", labels = date_format("

%b")) 

well6.2 <- well6.1 + theme(axis.text.x=element_text(angle=0, hjust=1)) 

well6.3 <- well6.2 + labs(x = "Date", y = "DTW (cm)", title = "Depth to Water: Staff Gage 1") 

well6.4 <- well6.3 + scale_y_continuous(breaks=seq(-30,150,10)) 

well6.5 <- well6.4 + facet_wrap(~Site, ncol=1, scales = "free_x") 
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Secondary Matrix Used for NMDS ordination  

 

          

Plot Elevation YR GDD P-GS P-WY SM OM OC DTW 

16-1 1599.93505 3 3803.75 0.55 17.06 13 22 13 -27.41 

16-2 1599.953338 3 3803.75 0.55 17.06 15 20 11 -29.53 

16-3 1599.928954 3 3803.75 0.55 17.06 16 41 24 36.32 

16-4 1599.861898 3 3803.75 0.55 17.06 17 79 46 25.13 

16-5 1599.587578 3 3803.75 0.55 17.06 16 60 35 40.232 

16-6 1600.092263 3 3803.75 0.55 17.06 17 60 35 16.97 

16-7 1600.238567 3 3803.75 0.55 17.06 11 40 23 31.9 

16-8 1600.470215 3 3803.75 0.55 17.06 14 46 27 12.728 

16-9 1600.689671 3 3803.75 0.55 17.06 16 45 26 17.5 

16-10 1600.976183 3 3803.75 0.55 17.06 12 36 21 0.211 

16-11 1601.763901 3 3803.75 0.55 17.06 16 31 18 0.824 

16-12 1601.684653 3 3803.75 0.55 17.06 19 40 23 13.61 

16-13 1601.465197 3 3803.75 0.55 17.06 19 56 32 22.31 

16-14 1601.178685 3 3803.75 0.55 17.06 21 85 49 26.45 

16-15 1600.867789 3 3803.75 0.55 17.06 16 79 46 39.35 

16-16 1604.892504 3 3803.75 0.55 17.06 12 22 12 -14.7 

16-17 1604.86812 3 3803.75 0.55 17.06 20 37 22 1.95 

16-18 1604.831544 3 3803.75 0.55 17.06 17 48 28 13.51 

16-19 1604.642568 3 3803.75 0.55 17.06 21 62 36 29.69 

16-20 1604.252424 3 3803.75 0.55 17.06 28 81 47 41.7 

17-1 1599.93505 4 3830.4 1.78 26.20 13 22 13 -89.5 

17-2 1599.953338 4 3830.4 1.78 26.20 15 20 11 -10 

17-3 1599.928954 4 3830.4 1.78 26.20 16 41 24 26.5 

17-4 1599.861898 4 3830.4 1.78 26.20 17 79 46 35.5 

17-5 1599.587578 4 3830.4 1.78 26.20 16 60 35 23 

17-6 1600.092263 4 3830.4 1.78 26.20 17 60 35 10.1 

17-7 1600.238567 4 3830.4 1.78 26.20 11 40 23 9.5 

17-8 1600.470215 4 3830.4 1.78 26.20 14 46 27 23.5 

17-9 1600.689671 4 3830.4 1.78 26.20 16 45 26 21 

17-10 1600.976183 4 3830.4 1.78 26.20 12 36 21 32 

17-11 1601.763901 4 3830.4 1.78 26.20 16 31 18 9.6 

17-12 1601.684653 4 3830.4 1.78 26.20 19 40 23 10.5 

17-13 1601.465197 4 3830.4 1.78 26.20 19 56 32 22.5 

17-14 1601.178685 4 3830.4 1.78 26.20 21 85 49 31.3 

17-15 1600.867789 4 3830.4 1.78 26.20 16 79 46 26.5 

17-16 1604.892504 4 3830.4 1.78 26.20 12 22 12 -1 

17-17 1604.86812 4 3830.4 1.78 26.20 20 37 22 -1 

17-18 1604.831544 4 3830.4 1.78 26.20 17 48 28 12.5 

17-19 1604.642568 4 3830.4 1.78 26.20 21 62 36 33.6 

17-20 1604.252424 4 3830.4 1.78 26.20 28 81 47 40 

 


