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• Microtopography Islands: In addition to collecting measurement, vegetation, and inundation data 
on a subset of microtopography islands, we will also document their progression with photos. Figure 
11 below shows an island (ISL_SUOM_015) created in September 2021 (Example 4). In September 
2021, the island was dominated by S. alterniflora with no thatch and some bare areas. In October 
2022, while still dominated by S. alterniflora, the island is nearly completely covered in vegetation, 
including additional species such as D. spicata, Suaeda sp., S. patens, and Salicornia. In addition, 
the vegetation data reported moderate thatch cover for this island. 

 

 
Figure 11. A microtopography island composed of removed ditch plug material immediately after creation (2021) and a year 

later (Example 4). 
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Quantitative Monitoring 
In addition to the qualitative assessment, we will also collect quantitative data to measure response of 
vegetation, hydrology, elevation, and saltmarsh sparrows, as detailed below.  See Appendix A for maps of 
monitoring locations and Appendix B for monitoring protocols.     

Vegetation Transects 
Vegetation transects have been established for each of the pilot innovative studies.  We will continue to 
monitor a subset of these transects and add additional transects as needed. Transects typically run along salt 
marsh gradient (i.e., healthy high marsh to inundated areas targeted for restoration work, or upland to creek). 
Vegetation surveys are conducted in late summer or fall, and we collect point intercept and cover breaks 
data for all plant species, thatch, wrack, bare ground, and open water. We typically collect data for at least 
one year prior to restoration and multiple years after restoration. This monitoring technique allows us to 
assess local impacts of restoration actions on plant communities. While it is limited in spatial scope, this 
technique provides high quality quantitative data that can be readily interpreted in post-restoration analysis. 
Increases in total vegetation coverage indicate successful restoration at severely impacted sites. Transitions 
from Spartina alterniflora to high marsh communities with high thatch coverage indicate restored 
hydrology that supports high marsh and species like saltmarsh sparrows. 

Completed monitoring: 
• 2021: Point intercept and cover break surveys were conducted on a subset of 14 vegetation 

transects between August 25th and November 9th, 2021. 
• 2022: One new vegetation transect was added and two transects were extended by adding 

additional plots. Point intercept and cover break surveys were conducted on a subset of 12 
vegetation transects between September 6th and October 17th, 2022.  

Results to Date: 
We expect to see changes in vegetation within three to five years (McKown et al. 2023) and complete 
recovery of the vegetation communities may take at least a decade to occur (McKown et al. 2023). 
Therefore, we will continue to monitor vegetation and will analyze after at least another year’s worth of 
data. While we don’t yet have results from this project, data from previous pilot studies indicate hydrology 
and vegetation respond well to runneling. The following example is from a vegetation transect 
(VEG_SAPA_005) in the same location as Example 2 above.  

Point-intercept data from 2017 and 2022 were converted to percent cover. Figures 12 and 13 show the 
average percent cover for each cover class in 2017 and 2022. Figure 14 shows the change in percent cover 
for each cover class between 2017 and 2022. Data show an increase in vegetation cover and reduction in 
bare ground from 2017 and 2022. However, it is important to keep in mind that in 2017 an inconsistent 
definition of the “bare ground” led to variability in surveyors’ measurements of this cover class; this 
definition has since been defined more clearly. There was also an increase in species richness following 
restoration, with the establishment of seven new species by 2022.  Most notable is the shift in dominance 
from S. alterniflora (low marsh species) in 2017 to S. patens (high marsh species) in 2022. In addition, the 
presence of other typical high marsh species, such as D. spicata and Solidago sempervirens, indicates that 
metrics of success are being met at this site. 
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Figure 12. Average percent cover along transect VEG_SAPA_005 in 2017, prior to ditch plug removal (Example 2). 

 
Figure 13. Average percent cover along transect VEG_SAPA_005 in 2022, after ditch plug removal (Example 2). 

 
Figure 14. Difference in average percent cover along transect VEG_SAPA_005  between 2017 and 2022 (Example 2). 
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Water Level 
We deploy water level loggers (WLL) in PVC wells driven roughly one meter into the marsh peat. We 
typically deploy loggers in replicate at both restoration sites and on healthy areas of the marsh (to serve as 
a control for comparison). These devices measure water depth within the well at 15-minute intervals 
throughout the entire spring, summer, and fall.  We compare the hydroperiod (flood and ebb water levels 
through a monthly lunar cycle) to a control site to evaluate success of restoration. Other data, like tidal 
connectivity and the frequency of flooding can all further elucidate restoration success. Primary indicators 
of restoration success are lowered average water levels, reduced percentage of time the marsh surface is 
inundated, increased percentage of time under tidal influence, and decreased tidal lag.  

Completed Monitoring: 
• 2021: Eight new water level monitoring wells were established. A total of 13 WLL were deployed 

between April 9th and November 16th, 2021. 
• 2022: A total of eight WLL were deployed between July 11th and November 18th, 2022. One WLL 

well (WLL_MP_SAPA_007) was lost during ditch remediation, therefore we only have data from 
deployed to the mid-season data download which occurred on August 30th. 

Results to Date: 
The following is a summary of the Refuge staff’s 2021 analysis of water level data from ditch plug 
removal pilots that occurred north of and around the Salt Pannes from 2015 to 2020 (Stuntz 2021). 
Basic water level metrics and tidal connectivity data suggest that restoration of hydrology on the marsh 
platform was largely successful (Table 3, Figure 15). Following ditch plug removal, mean water level and 
the average percent of time the marsh surface was inundated declined. These conditions are only slightly 
wetter than those observed at the control sites. The percent of time during which water levels were tidally 
influenced increased and average tidal lag decreased at marsh platform and ditch sites following ditch plug 
removal. Data loggers deployed within pools did not show a change in tidal lag, however, following 
restoration, pool edges that were once inundated 100% of the time began to drain periodically. These results 
indicate that metrics of success were largely met for this pilot project. 

Table 3. Water level and tidal connectivity data for marsh platform sites within the 2015-2020 ditch plug removal pilot project. 

 
Mean 
Depth 
(cm) 

% Marsh 
Platform 
Inundated 

% Tidally 
Influenced Tidal Lag 

Mean 
Depth 
(cm) 

% Marsh 
Platform 
Inundated 

% Tidally 
Influenced Tidal Lag 

Logger ID Before Treatment After Treatment 

WLL_MP_CONO_003 8.3 95.5 24.7 1 hr, 26 
min -4.2 13.2 51.2 1 hr, 15 

min 

WLL_MP_SAPA_001 7.1 87.7 24.7 1 hr, 38 
min -0.4 41.0 52.5 55 min 

WLL_MP_SAPA_004 9.7 93.4 29.9 1 hr, 41 
min -15.5 4.6 65.0 1 hr, 13 

min 
Control Sites     

WLL_MP_CONO_002 -9.9 19.5 59.5 1 hr, 24 
min         

WLL_MP_CONO_001 -4.2 38.5 35.8 1 hr, 14 
min         
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Figure 15. Hydrographs showing water depth (meters) relative to the marsh surface for a pilot runnel project at Parker River 

NWR. The top graph (bound in red) shows the water levels for a control site in 2017. The two lower graphs (bound in blue) show 
the water levels before (2017) and after (2019) ditch plug removal that was completed in May 2019. The mean water depth at the 

treatment site decreased to -0.15 m post restoration, which is close to the target of -0.20 m. In addition, the percentage of time 
that the marsh platform was inundated decreased from 93% (always inundated) to 5% (flooded only during the highest tides) at 

the treatment site following restoration. 

Sufficient before and after water level data are not yet available for the entirety of the 100-acre Marsh 
Restoration Project, therefore a more comprehensive analysis will take place after at least another year 
of data collection. We can provide an example of a site that does currently have sufficient data for a 
preliminary assessment, WLL_MP_SUOM_005 (Example 6). The results are from water level data 
collected before (2020 and 2021) and after (2022) the completion of runnels on September 21, 2021 
(Figure 16, Table 4). This water level logger was deployed in a well located on the marsh platform. 
Following restoration, mean water depth decreased from 0.51 cm to -9.6 cm (10 cm decrease) and the 
average percent of marsh platform inundated decreased from 45% to 17%. Tidal influence increased 
by about 6% and tidal lag increased by an hour. Aside from the increase in tidal lag, the other results 
are on target with the metrics of success. We will continue to monitor this and the other sites, so we 
have sufficient data for a more comprehensive analysis.  
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Figure 16. Example 6 hydrographs for 2021 to 2022. Green line = marsh surface, Yellow = restoration date. 

 
Table 4. Water level and tidal connectivity data for Example 6 (Logger WLL_MP_SUOM_005. Runnels completed September 21, 

2021. The table compares data from before the restoration (April - November 2020 and April - September 2021) and after 
restoration (September - November 2021 and July - November 2022) 

Before Treatment After Treatment 
Mean 

Depth (cm) 
% 

Inundated 
% Tidally 
Influenced 

Tidal 
Lag 

Mean 
Depth (cm) 

% 
Inundated 

% Tidally 
Influenced 

Tidal Lag 

0.51 44.6 35.5 56 min -9.6 17.1 41.2 1 hr, 52 min 

 

Elevation Monitoring 
We use a combination of tools to measure changes in elevation in the restoration area: laser levels, feldspar 
marker horizons, and Sediment Elevation Tables (SETs). Protocol was changed slightly to use laser levels 
instead of Real-Time-Kinetic GPS (RTK-GPS) for elevation measurements. This new protocol is easier for 
new technicians to learn and has fewer technical difficulties than the RTK-GPS, while still offering a high 
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degree of accuracy (Stuntz 2021).  Using a laser level, we measure elevation along a transect (typically 
along the staked vegetation transects). In addition, laser levels are used to measure the elevations of the 
microtopography islands. Five SETs were established in the restoration area, and these will be monitored 
as part of this project. Additional feldspar plots were established along inundation gradients in order to add 
additional resolution to the SET data. These monitoring techniques allow us to evaluate whether our 
interventions have resulted in positive or negative elevation trajectories. 

Completed Monitoring: 
• 2021: Laser levels were used to take elevations at 59 microtopography islands. Eight of which were 

more intensively surveyed, with five elevation measurements taken on the islands and five taken on 
the adjacent marsh platform. The other 53 only received one elevation measurement per island. In 
addition, laser level elevations were taken along eight vegetation transects, six WLL wells, and at 
two established elevation control points. Readings were taken at 21 SETs. 

• 2022: Laser levels were used to take elevations at 11 microtopography islands. This subset was 
more intensively surveyed, with five elevation measurements taken on the islands and five taken on 
the adjacent marsh platform. Readings were taken at four SETs. 

Results to Date: 
• Ditch Remediation: Ditches generally occur at higher density than creeks, are deeper causing 

aeration of root zones, leading to loss of elevation through accelerated decomposition. The pattern 
of marsh elevation subsidence from aeration of root zones, due to oxidation of the peat when the 
sides of the ditches are exposed to air is referred to as the Oxidation Subsidence Trajectory. Wright 
(2012) found that ditched marshes are 20-25 cm lower in elevation compared to low density ditch 
areas. This finding is collaborated through monitoring of pilot studies (Burdick et al. 2017, Pau et 
al. 2022). See Figure 17 for an example of oxidation subsidence’s effects on elevation in a ditched 
marsh. Through elevation monitoring along transects within ditch remediation areas, we hope to see 
increases in elevation within the treated ditches (target of at or <15 cm below marsh platform; see 
Example 5 above) and on the adjacent marsh platform. While we do not yet have sufficient data to 
see effects from the 2022 remediation, we will continue to monitor and perform an analysis of 
changes in the future. 
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Overview of 100 Acre Marsh restoration plan changes 

Reference  Change 

1  Removed planned runnel 

2  Added runnels 

3  Added runnel 

4  Removed planned ditch remediation, added runnel 

5  Added runnel 

6  Reduced runnel length, added ditch remediation 

7  Removed planned ditch remediation 

8  Removed planned ditch remediation 

9  Adjusted runnel design 

10  Adjusted runnel design 

11  Removed planned ditch remediation 

12  Added ditch remediation 

13  Added ditch remediation 

14  Removed planned ditch remediation 

15  Reduced planned ditch remediation length 

16  Removed planned runnel 

17  Added runnel 

18  Added runnel 

19  Adjusted location of ditch remediation 

20  Removed planned ditch remediation 

21  Adjusted runnel design 

22  Removed planned ditch remediation 

23  Removed planned ditch remediation 

24  Added ditch remediation 

25  Removed planned ditch remediation 

26  Added ditch remediation 

27  Added ditch remediation 

28  Adjusted runnel design 

29  Added runnel 

30  Added runnels 

31  Added runnel 

 

 

 

 

 

 



Explanation of changes 

Changes 1‐5: Adjusted runnel design based on site visit observations of marsh inundation and drainage 

points of megapools 

Change 6: Shortened runnel length and remediated ditch to first creek based on hydrology flow path. 

Second creek naturally remediated. 

Change 7‐8: Removed planned remediation to leave ditches open to address site inundation 

Change 9: Changed runnel design to work with naturally forming drainage 

Change 10: Adjusted runnel design based on site visit, the existing creek had increased in the length 

making it more suitable to connect the runnel to 

Changes 11‐12: Switched which ditch to remediate versus keep open based to further spacing between 

open ditches 

Changes 13‐15: Adjusted ditch remediation based on site visit for ditch spacing and formation of a new 

ditch 

Change 16: Removed planned runnel, connecting creek naturally remediated 

Change 17: Adjusted runnel design based on site visit to address marsh inundation 

Change 18: Added runnel where ditch plug removal was not successful 

Change 19: Adjusted ditch remediation based on site visit and naturally remediated ditch 

Change 20: Removed planned runnel for potential megapool breach 

Change 21: Changed runnel design to work with naturally forming drainage 

Change 22: Planned ditch remediation naturally remediated 

Change 23: Planned ditch remediation naturally remediated 

Change 24: Added ditch remediation to address new ditch forming 

Change 25 Planned remediation left open for drainage 

Change 26: Added ditch remediation to address ditch forming 

Change 27: Switched which ditch to remediate versus keep open based to further spacing between open 

ditches 

Change 28: Changed runnel design to work with naturally forming drainage 

Change 29: Added runnel to drain OMWM ditch 

Change 30: Changed runnel design to work with naturally forming drainage  

Change 31: Added runnel to work with naturally forming drainage 
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