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EXECUTIVE SUMMARY 

Purpose: This report describes the results of effectiveness monitoring of tidal hydrology, plant community 
composition, and plant community extent (vegetation mapping), at the Ni-ƭŜǎΩǘǳƴ ǘƛŘŀƭ ǿŜǘƭŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ 
site, Bandon National Wildlife Refuge, Coquille River estuary, Oregon.  The parameters monitored are a 
subset of the full suite of parameters that have been monitored at Ni-ƭŜǎΩǘǳƴ ŘǳǊƛƴƎ ǘƘŜ ōŀǎŜƭƛƴŜ ŀƴŘ Ǉƻǎǘ-
restoration periods. The monitoring described in this report was conducted during 2015, which was the 4th 
year after ǘƘŜ ǎƛǘŜΩǎ ŘƛƪŜǎ ŀƴŘ ǘƛŘŜ ƎŀǘŜǎ ǿŜǊŜ ǊŜƳƻǾŜŘΣ ǊŜǎǘƻǊƛƴƎ ǘƛŘŀƭ Ŧƭƻǿǎ ǘƻ ǘƘŜ ǎƛǘŜΦ Effectiveness 
monitoring was designed to determine whether the project is meeting its goals, and to provide information 
to help guide other restoration projects. The ǊŜǎǳƭǘǎ ŀƴŘ άƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘέ through the monitoring at this 
landmark project are already helping to advance restoration science at many projects in Oregon, the Pacific 
Northwest, and beyond.  
 
Who did the work: This study was conducted by the Estuary Technical Group of the Institute for Applied 
Ecology. Laura Brophy led the monitoring effort.  
  
Approach and presentation: To determine project effectiveness, ǿŜ ǳǎŜŘ ŀ άōŜŦƻǊŜ-after-control-ƛƳǇŀŎǘέ 
(BACI) approach, comparing the 2015 and 2013 data to baseline (pre-restoration) data collected in 2010-
2011 (or earlier) at Ni-ƭŜǎΩǘǳƴ ŀƴŘ the Bandon Marsh Unit reference site. Year 4 post-restoration 
monitoring of tidal hydrology was conducted from late winter/early spring through summer 2015 (March 
through September); vegetation was monitored during August 2015.  This report provides summaries, 
representative results, and interpretation of the 2015 monitoring. Additional data are available from the 
Estuary Technical Group upon request. Throughout this report, we focus on year 4 post-restoration 
monitoring results, highlighting key comparisons to pre-restoration and year 2 post-restoration conditions. 
Further details on pre-restoration conditions are contained in the baseline monitoring report (Brophy and 
van de Wetering 2012), and details on year 2 post-restoration monitoring (which included the full suite of 
parameters) can be found in Brophy et al. (2014).  
  
Summary of results: Post-restoration monitoring in 2015 showed a consistent trajectory towards full 
recovery of tidal wetland functions at Ni-ƭŜǎΩǘǳƴΦ Tidal hydrology was completely restored to the site, with 
daily maximum tides matching precisely between Ni-ƭŜǎΩǘǳƴ ŀƴŘ ǘƘŜ ŀŘƧŀŎŜƴǘ /ƻǉǳƛƭƭŜ wƛǾŜǊΦ tlant 
communities remain very dynamic in response to the reintroduction of tidal hydrology and salinity, with 
salt-tolerant early colonizers spreading across the site and pasture grasses continuing to decline. Plant 
community changes observed between 2013 and 2015 indicate that plant communities are far from 
stabilization and can be expected to continue to change substantially for a number of years. Key findings 
are listed below.  
 
 
  



Ni-ƭŜǎΩǘǳƴ ¢ƛŘŀƭ ²ŜǘƭŀƴŘ wŜǎǘƻǊŀǘƛƻƴ Effectiveness Monitoring: Year 4 Post-restoration (2015) 02/21/16, P. 5 of 53 

Key findings  

To jump to figures or tables illustrating key findings, click on the hyperlink (underlined text). To return to 
ǘƘƛǎ ƭƛǎǘΣ ǳǎŜ ǘƘŜ άǇǊŜǾƛƻǳǎ ǾƛŜǿέ ōǳǘǘƻƴ όƻǊ !ƭǘ-left arrow) in Acrobat Reader,  

Tidal hydrology and wetland surface elevation 
1. The tidal inundation regime at Ni-ƭŜǎΩǘǳƴ ǿas successfully restored to fully match the adjacent 

river. Average daily high tides inside the restoration site were 2.1 m NAVD88 -- identical to 
those in the mainstem river, showing the site had full tidal exchange.  

2. Even the transects at the highest elevations were tidally inundated for at least part of the year, 
compared to zero inundation before restoration. 

3. Inundation time was higher at all restoration transects in 2015 compared to 2013, supporting 
our conclusion that the tidal inundation regime has been fully restored.   

4. Average wetland surface elevation in sample transects at Ni-ƭŜǎΩtun was 2.1 m NAVD88. 
Samples transects at the Bandon Marsh Unit were slightly higher (2.3 m).. 

5. The elevation of sample transects at Ni-ƭŜǎΩǘǳƴ ŀƴŘ .ŀƴŘƻƴ aŀǊǎƘ was, on average, 4.6 cm 
higher in 2015 than 2011. This result could be due to differences in survey methods and survey 
conditions, or to sediment accretion.  

Emergent wetland plant community composition  
6. Within vegetation sample transects, there were no significant changes to species richness, 

total cover, native plant cover, or non-native plant cover from 2013 to 2015. 
7. Plant species richness and total cover were still significantly lower in 2015 compared to 

baseline (2010) at the Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜ ς the product of reduced diversity as 
vegetation adjusts to the increased stress of inundation and salinity. 

8. Across all transects at Ni-ƭŜǎΩǘǳƴ, percent cover of two species changed significantly between 
pre-restoration (2010) and year 4 post-restoration (2015): common orache (a native species) 
increased from 0.1% average cover in 2013 to 10.6% in 2015, and birdsfoot trefoil (a non-
native) dropped from 11.7% average cover in 2013 to < 0.01% in 2015. 

9. At the Bandon Marsh reference site, cover of two low marsh species increased significantly 
between 2010 and 2015: fleshy jaumea (5.0% in 2010 versus 11.5% in 2015), and pickleweed 
(3.1% in 2010 versus 9.6% in 2015).  

10. The composition of plant communities at the restoration site appeared to be moving towards 
low salt marsh rather than precise convergence with the reference site. This result was not 
unexpected, since the reference site transects were chosen to represent the original high 
marsh that was found at Ni-ƭŜǎΩǘǳƴ ƘƛǎǘƻǊƛŎŀƭƭȅΣ so their elevation is higher than the subsided 
wetland surface at Ni-ƭŜǎΩǘǳƴΦ   

Emergent wetland plant community mapping  
11. Plant communities at Ni-ƭŜǎΩǘǳƴ ŎƘŀƴƎŜŘ ǎǳōǎǘŀƴǘƛŀƭƭȅ ōŜǘǿŜŜƴ нлмо ŀƴŘ нлмрΦ bŀǘƛǾŜ-

dominated communities increased by about 17 ha (42 acres), and non-native dominated 
communities decreased correspondingly.  

12. Salt-tolerant early colonizing species such as brass buttons and common orache dominated a 
larger area of the site in 2015 compared to 2013, indicating vegetation is far from stabilized 
and is still changing rapidly in response to the 2011 restoration actions. 

13. The area dominated by the non-native pasture species tall fescue was halved in 2015 (39.4 ha) 
compared to 2010 (94.8 ha). Prior to restoration, tall fescue was the most prevalent grass at 
the site. In 2015, most areas formerly dominated by tall fescue were dominated by the native 
high tidal marsh species Baltic rush.  

14. Plant community patterns in 2015, even more than in 2013, showed intergraded distributions 
of individual colonizing species, and corresponding lack of zonation. These characteristics 
indicate the site is still in the early stages of vegetation recovery.  
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Lessons learned from 2015 monitoring at Ni -ÌÅÓȭÔÕÎ 

We designed our monitoring not only to evaluate the effectiveness of the restoration at Ni-ƭŜǎΩǘǳƴΣ ōǳǘ ŀƭǎƻ 
ǘƻ ǇǊƻǾƛŘŜ ƎǳƛŘŀƴŎŜ ŦƻǊ ƻǘƘŜǊ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ ŜŦŦƻǊǘǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ άƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘέ Ŏŀƴ ƘŜƭǇ 
others benefit from this project:  
 

1. Longer duration is better for tidal hydrology monitoring. Like all monitoring, tidal hydrology 
monitoring presents a trade-ƻŦŦ ōŜǘǿŜŜƴ Ŏƻǎǘ ŀƴŘ ƛƴǘŜǊǇǊŜǘƛǾŜ ǇƻǿŜǊΦ CƻǊ ǘƘƛǎ ȅŜŀǊΩǎ 
monitoring, our scope of work included one month of tidal hydrology monitoring in winter and 
one month in summer. Although we monitored for a much longer period (March 2015 through 
August 2015), we used shorter analysis periods (1 month) for some comparisons. These shorter 
analysis periods produced some unexpected results, because the observation periods were not 
necessarily typical of long-term conditions. Even when tides are monitored for a full year, year-
to-year variability may obscure site differences or long-term trends. Optimally, we recommend 
modeling of tidal inundation regimes based on a master station approach (NOAA 2003).  

2. Plant communities at tidal wetland restoration sites may take much more than 5 years to 
stabilize. Although some studies have indicated that plant communities may stabilize by 5 
years after restoration, this does not appear likely at Ni-ƭŜǎΩǘǳƴΦ ¸ŜŀǊ п όнлмрύ ƳƻƴƛǘƻǊƛƴƎ 
showed that plant communities are still changing rapidly in response to the restored tidal 
inundation and salinity regimes. To gain a reasonable understanding of the trajectory of 
vegetation recovery, monitoring should be conducted for a period of 10 or more years, rather 
than just 5 years.  

3. Vegetation monitoring frequency after year 5 post-restoration should be based on field 
reconnaissance by a knowledgeable botanist. Vegetation monitoring in this report (year 4) 
provided valuable information on the trajectory of vegetation change at Ni-ƭŜǎΩǘǳƴΦ For cost 
efficiency, the frequency of future monitoring should be determined through annual 
qualitative reconnaissance by a tidal wetland vegetation expert. This annual review is 
recommended for at least 10 years post-restoration. The annual visit should identify major 
changes in plant communities (if any) that would warrant a new round of monitoring, and 
reveal undesirable changes in vegetation that may call for adaptive management. In most 
cases, our experience shows that annual or biennial quantitative monitoring (every 1 or 2 
years) is needed during years 1-5 to adequately document early vegetation changes. However, 
after year 5, the frequency of rigorous quantitative monitoring frequency can be decreased, 
based on the results of annual reconnaissance.  
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REPORT ORGANIZATION: RESTORATION AND MONITORING OBJECTIVES 

Monitoring at Ni-ƭŜǎΩǘǳƴ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛƴ ƳŜŜǘƛƴƎ ƛǘǎ restoration 
objectives. These restoration objectives were listed in the 2009 OWEB restoration grant proposal (DU 
2009). From these restoration objectives, a series of monitoring objectives were built. To address the 
monitoring objectives, specific monitoring questions were developed and suitable monitoring parameters 
were selected that could be used to answer those monitoring questions. 

In 2015, funding was available for monitoring of two parameters: tidal hydrology and emergent wetland 
vegetation (the latter including plant community composition and vegetation mapping). These parameters 
address restoration objective 1 (άRestoration of coastal tidally influenced wetlands through hydrological 
reconnectionέύ and monitoring oōƧŜŎǘƛǾŜ м όάaŜŀǎǳǊŜ ǊŜǎǘƻǊŀǘƛƻƴ ƻŦ ǘƛŘŀƭ ƘȅŘǊƻƭƻƎȅΣ ǘƛŘŀƭ wetland 
vegetation, and the physical attributes that control tidal wetland functions across the 418-ŀŎǊŜ ƳŀǊǎƘέύΦ  

The full text of Restoration Objective 1, Monitoring Objective 1, and the associated monitoring questions 
and parameters are provided below. ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ƻǘƘŜǊ ǊŜǎǘƻǊŀǘƛƻƴ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ƻōƧŜŎǘƛǾŜǎ ŀǊŜ 
provided in the year 2 monitoring report (Brophy et al. 2015).  

   

Restoration Objective 1: Restoration of coastal tidally influenced wetlands through hydrological 
reconnection 

Monitoring Objective 1:  Measure restoration of tidal hydrology, tidal wetland vegetation, and the 
physical attributes that control tidal wetland functions across the 418-acre marsh. 

Monitoring Questions:  

Q1a) Was tidal hydrology successfully restored?  

Parameters: Tidal hydrology (inundation frequency and duration) at restored and reference sites; 
elevation of wetland surface. 

Q1b) Are tidal wetlands developing, with physical and biological characteristics trending towards least-
disturbed reference conditions?   

Parameters: Wetland plant community composition and extent.  
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PROJECT TIMELINE 

The timeline for the Ni-ƭŜǎΩǘǳƴ ǘƛŘŀƭ ǿŜǘƭŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ ǇǊƻƧŜŎǘ ŜȄǘŜƴŘŜŘ ŀŎǊƻǎǎ ǎŜǾŜǊŀƭ ȅŜŀǊǎΦ aŀƧƻǊ 
tidal wetland restoration and monitoring activities are listed in Table 1. Information on the timing of 
other activities on the Refuge is available from Bandon Marsh National Wildlife Refuge.  
 
Table 1. Dates of major tidal wetland restoration and monitoring activities at the Ni-ƭŜǎΩǘǳƴ ǎƛǘŜΦ 

Year Restoration activities Monitoring activities2 

20031 ¶ None 

¶ Emergent wetland plant communities 

¶ Forested wetland plant communities 

¶ Soils 

20051 ¶ None 
¶ Low tide fish density 

¶ Juvenile salmonid tidal migration 

20071 ¶ None ¶ Benthic macroinvertebrates 

2009 
¶ Removal of livestock 

¶ Excavation of a few restored tidal channels 

¶ Ditch disking (minor ditches) 

¶ None 

2010 
¶ Excavation of most restored tidal channels 

¶ Ditch filling (major ditches) 

¶ Tidal hydrology 

¶ Channel morphology 

¶ Emergent wetland plant communities 

¶ Groundwater (emergent wetlands) 

¶ Soils 

¶ Low tide fish density 

¶ Juvenile salmonid tidal migration 

¶ Benthic macroinvertebrates 

2011 

¶ Excavation of the last few restored tidal 
channels 

¶ Filling of lower Fahys Creek ditch 

¶ Completion of E and W protection dikes 

¶ Dike removal (final removal: 8/18/11) 

¶ Tide gate removal (final removal: 8/18/11) 

¶ Tidal hydrology 

¶ Groundwater (emergent wetlands) 

¶ Forested wetland plant communities 

¶ Groundwater (forested wetlands) 

¶ Surface water temperature and salinity 

2013 
¶ Pilot tests of methods for connecting tidal 

channels to small pools (mosquito breeding 
sites) 

¶ Tidal hydrology 

¶ Channel morphology 

¶ Emergent wetland plant communities 

¶ Forested wetland plant communities 

¶ Groundwater (emergent and forested wetlands) 

¶ Soils 

¶ Surface water temperature and salinity 

¶ Low tide fish density 

¶ Juvenile salmonid tidal migration 

¶ In-stream habitat 

¶ Wood and non-wood habitat use by fish 

¶ Benthic macroinvertebrates 

2014 
¶ Excavation of new tidal channels to improve 

tidal connection and reduce mosquito 
breeding sites 

¶ None 

2015 ¶ Continuation of minor tidal channel excavation 
¶ Tidal hydrology 

¶ Emergent wetland plant communities 
1 2003, 2005 and 2007 monitoring activities were supported by non-OWEB funding. 
2 Only monitoring activities by our team are listed here. Several other groups are conducting research and 
monitoring at Ni-ƭŜǎΩǘǳƴΤ ŦǳǊǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ .ŀƴŘƻƴ aŀǊǎƘ b²wΦ 
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METHODS AND RESULTS BY MONITORING OBJECTIVE 

This section presents methods and results organized by monitoring objective and metrics. Methods are 
described briefly under each objective, and summarized in Table 2. Throughout this report, we focus on 
year 4 (2015) post-restoration monitoring results, highlighting key comparisons to pre-restoration 
conditions. Further details on pre-restoration conditions are contained in the baseline monitoring report 
(Brophy and van de Wetering 2012), and further details on year 2 post-restoration monitoring can be 
found in Brophy et al. 2014.  
 
¢ƘŜ ǘŜǊƳ άrestorationέ Ŏŀƴ ƘŀǾŜ ǎŜǾŜǊŀƭ ƳŜŀƴƛƴƎǎΦ Lǘ ƛǎ ƻŦǘŜƴ ǳǎŜŘ ǘƻ ǊŜŦŜǊ ǘƻ ǘƘŜ ƻƴ-the-ground actions 
taken to reǾŜǊǎŜ ƛƳǇŀŎǘǎ ŘǳŜ ǘƻ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΦ άwŜǎǘƻǊŀǘƛƻƴέ Ŏŀƴ ŀƭǎƻ ǊŜŦŜǊ ǘƻ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎ 
of recovery that follows those actions. In this report, even though we recognize that recovery will take 
many years, we use the term άǇƻǎǘ-ǊŜǎǘƻǊŀǘƛƻƴέ ǘƻ ǊŜŦŜǊ ǘo the period after final removal of the dikes 
and tide gates at Ni-ƭŜǎΩǘǳƴ ƛƴ Ŧŀƭƭ нлммΦ  
 
Table 2.  Summary of sampling and analysis methods for monitoring at Ni-ƭŜǎΩǘǳƴ ŘǳǊƛƴƎ нлмрΦ 
άCǊŜǉǳŜƴŎȅκǘƛƳƛƴƎέ ǎƘƻǿǎ ȅŜŀǊǎ ŦƻǊ ǿƘƛŎƘ ŦǳƴŘƛƴƎ Ƙŀǎ ōŜŜƴ ƻōǘŀƛƴŜŘΦ !ǘ ƭeast 5 years of post-
restoration monitoring are recommended; funding is being sought for this work. NOTE: This table is an 
excerpt from the full table of Ni-ƭŜǎΩǘǳƴ ƳƻƴƛǘƻǊƛƴƎ ŀŎǘƛǾƛǘƛŜǎΦ CƻǊ ǘƘŜ Ŧǳƭƭ ǘŀōƭŜΣ ǎŜŜ ǘƘŜ ȅŜŀǊ н 
monitoring report (Brophy et al. 2014). 

Para-
meter 

# Parameter Method/equipment 
Frequency / 
timing Sample locations1 

Protocol 
citation 

1 
Tidal 
hydrology 

Electronic water 
level logger 

15min interval 
Duration: 1 yr in 
2010-11, 2012-
2013; 1 mo in 
summer 2015 & 
winter 20152 

Ch 7 and adjacent Coquille River 
Roegner 
et al. 
2008 

2a 

Plant 
community 
composition ς 
emergent  

% cover by species 
1x/yr in 2010, 
2013, 2015 

18 permanent plots (14 restoration, 
4 reference) approx. 30X150 ft; 
random sampling within plots 

Roegner 
et al. 
2008 

2b 
Plant 
community 
extent 

Area of each plant 
community 

1x/yr in 2010, 
2013, 2015 

Entire restoration site3 
Roegner 
et al. 
2008 

1 Sampling is conducted at Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜ ŀƴŘ .ŀƴŘƻƴ aŀǊǎƘ ¦ƴƛǘ reference site, unless otherwise 
described.  
2 Although our scope of work called for only 1 mo of tidal hydrology sampling, we sampled for a longer period (7 
mo). See Tidal hydrology below for details.  
3 Plant community mapping was not conducted at the Bandon Marsh Unit reference site in 2015, as field 
reconnaissance indicated no substantial change in the extent of plant communities at that site since 2013. 
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1. Tidal wetland restoration  

Monitoring objective 1: Measure tidal wetland restoration 
 
In this objective, we measured the restoration of tidal hydrology and tidal wetland vegetation. 

1a. Tidal hydrology  
Monitoring question 1a: Was tidal hydrology successfully restored? 

 
Metrics: Tidal hydrology (inundation frequency and duration) at restored and reference sites; elevation 
of wetland surface. (Rationale: Tidal hydrology is a major controlling factor for biological and physical 
characteristics and processes in tidal wetlands. Elevation measurements allow linkage of tide heights to 
physical and biological site characteristics.)  
 

Tidal hydrology  

Methods 
 
Water levels were measured using automated water level loggers (Onset HOBO© loggers, models U20-
001-01) programmed to collect pressure data at 15 minute intervals. In 2015, loggers were located both 
inside the restoration site (NL Ch7 TG) and outside the restoration site (Coquille River TG) (Table 3, 
Figures 1 and 2). Water level data were collected from March 1, 2015 through October 1, 2015 at both 
gauges. The raw pressure data collected were converted to water levels using HOBOWare Pro© 
software; the conversion included barometric pressure adjustments (using local barometric pressure 
Řŀǘŀύ ǿƛǘƘ Ih.h²ŀǊŜ tǊƻϭ ǎƻŦǘǿŀǊŜΩǎ ōŀǊƻƳŜǘǊƛŎ ŎƻƳǇŜƴǎŀǘƛƻƴ ŀǎǎƛǎǘŀƴǘΦ Water levels were tied to an 
orthometric reference frame (NAVD88, GEOID12A) using a high-precision RTK GPS/GNSS system and 
greater than a 480 second occupation time at 1 Hz. Tested vertical accuracy of water level logger 
elevation was better than 5.5 cm at the 95% confidence level. The loggers were checked for vertical 
movement at each logger maintenance interval. 
 
To compare water levels pre- and post-restoration, we obtained water level data for 2009 (both inside 
and outside the restoration site) from Ducks Unlimited (Randy Van Hoy, personal communication), 
which were collected using Global© water level loggers (model WL-16), which automatically 
compensate for barometric pressure variations. Data collected by ETG in 2013 were also included (see 
Brophy et al. 2014 for details). Due to staggered sample timing in previous years (2009 and 2013), the 
overlapping dates (and therefore the dates used for analysis) for the two gauges (NL Ch7 TG and 
Coquille River TG) during all three years were March 1- July 8 and August 29-October 1. This is referred 
ǘƻ ŀǎ ǘƘŜ άŦǳƭƭ ŀƴŀƭȅǎƛǎ ǇŜǊƛƻŘέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΦ 
 
Daily maximum water levels were calculated for the full analysis period. Differences among daily 
maximum water levels were analyzed using Before-After-Control-Impact (BACI) (2-way ANOVA), with 
site (restoration site versus reference site), and year (2009, 2013, and 2015) as categorical independent 
variables. When distributions did not meet the normality assumptions, a non-parametric test was used.  
 
Percent inundation was calculated for the sample transects at Ni-ƭŜǎΩǘǳƴ ŀƴŘ ǘƘŜ .ŀƴŘƻƴ aŀǊǎƘ ¦ƴƛǘ 
reference site (Table 6, Figures 1 and 2). These sample transects are a major component of the sample 
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design for the overall Ni-ƭŜǎΩǘǳƴ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ōŀǎŜƭƛƴŜ ŀƴŘ ȅŜŀǊ 
2 monitoring reports (Brophy and van de Wetering 2014, Brophy et al. 2015). The same transects have 
been sampled during baseline (2009), year 2 (2013) and year 4 (2015) monitoring, and percent 
inundation has been calculated for these transects during each monitoring year. Water level data from 
inside the site (NL Ch7 TG) were used to calculate percent inundation of sample transects at the 
restoration site, while data from the Coquille River (Coquille River TG) were used to calculate percent 
inundation at the Bandon Marsh Unit reference site. Transect elevations measured in 2009 were used to 
calculate percent inundation for 2009 and 2013 (Brophy et al. 2014), and transect elevations measured 
in 2015 were used to calculate percent inundation for 2015. The analysis period was March 1 through 
July 8 and August 29 through October 1 (the dates when water level data were available for 2009, 2013, 
and 2015). Percent inundation was calculated for the full analysis period (3/1 - 7/8 and 8/29 - 10/1); to 
illustrate seasonal differences, percent inundation was also calculated for a summer analysis period of 
one month (9/1 - 9/30), and a late winter/early spring analysis period of one month (3/1 - 3/31). All 
analyses were completed in R (Version 3.1.1) using daily maximum water levels as the dependent 
variable.  
 
Table 3. Tide gauge locations at in the Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊation site and Coquille River, 2015 (GPS 
coordinates in meters, NAD83 UTM Zone 10N).  

Tide gauge Location Easting Northing 

NL Ch7 TG Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜ 387360 4778313 

Coquille River TG Coquille River reference site 386752 4777985 

 
 

 
Figure 1. Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜΥ нлмр ǎŀƳǇƭŜ transects for vegetation monitoring, and tidal 
hydrology gauge stations. Background: NAIP 2014.  
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Figure 2.  Bandon Marsh Unit reference site: 2015 sample transects for vegetation monitoring, and tidal 
hydrology gauge station. Background: NAIP 2014. 
 

Results and discussion 
 
Tidal inundation (daily maximum water level) was fully restored at the Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜ όCƛƎǳǊŜs 
3 and 4). Daily maximum water levels inside the site in 2015 were not statistically different from those 
outside of the site (2.1 m at both locations). Prior to restoration (2009), daily maximum water levels 
were lower inside the restoration site compared to the river (1.3 m and 2.1 m, respectively). During year 
2 after restoration (2013), daily maximum water levels inside the restoration site had increased 
significantly, to 2.0 m ς much higher than during 2009, but still significantly lower than levels in the river 
(2.1 m). Year 4 (2015) monitoring showed matching daily maximum water levels in the river and inside 
the restoration site (Figures 3 and 4).  
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Figure 3. Pre-restoration (2009) and post-restoration (2013 and 2015) daily maximum tide heights for 
the Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜΣ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŀŘƧŀŎŜƴǘ /ƻǉǳƛƭƭŜ wƛǾŜǊΦ wŜǎǘƻǊŀǘƛƻƴ occurred on August 
17, 2011. Data are shown for the analysis period of March 1 ς July 8 and August 29 ς October 1. 
 

 

Figure 4. Average daily maximum water heights for the Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜ ŀƴŘ /ƻǉǳƛƭƭŜ wƛǾŜǊΣ 
pre- and post-restoration. Error bars show one standard error; columns with no letters in common are 
significantly different (ANOVA, p < 0.05). Data are averaged from the full analysis period (March 1 ς July 
8 and August 29 ς October 1) in each year. 
 
Analysis of percent inundation revealed clear differences among locations, years, and seasons at Ni-
ƭŜǎΩǘǳƴΦ Prior to restoration (2009), there was minimal tidal influence at the Ni-ƭŜǎΩǘǳƴ ǊŜǎǘƻǊŀǘƛon site, 
but in 2013 and 2015 all transects were tidally inundated across the full analysis period, including both 
winter and summer (Figures 5-7). The two transects with the highest elevation (NL T12 and NL T17) were 
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never inundated in 2009, but were inundated from 0.2 to 0.9% of the time during the analysis period 
(March through September) in 2015 (Figures 5-7). The lowest-elevation transects at the restoration site 
(NL T18 and NL T02) had muted tidal inundation in 2009 (due to a leaky tide gate) and were inundated 
3.9 and 0.6% of the time, respectively. In 2015, these transects were inundated 28% and 19% of the 
time, respectively, indicating the restoration of tidal influence at Ni-ƭŜǎΩǘǳƴ. Tidal inundation at the 
Bandon Marsh Unit reference site did not change among years.  
 
Percent inundation was higher during 2015 compared to year 2 after restoration (2013) at the 
restoration site, but not at the reference site (Figure 5). This reflects full restoration of tidal forces at the 
site, and may also reflect the characteristics of the specific observation periods (see next paragraph). 
 
Surprisingly, percent inundation in September 2015 was similar to March 2015 (Figures 5-7), and 
considerably greater than September 2013 (Figures 6 and 7). Since late summer precipitation was similar 
in 2013 and 2015, we expect the higher inundation in September 2015 was probably due to the 
observation period encompassing two spring tide cycle peaks. (The March observation period 
encompassed only a single spring tide peak). Typically, Oregon tidal wetlands are inundated more often 
during winter and spring months compared to dry summer months (Seliskar and Gallagher 1983, Brophy 
et al. 2011); longer observation periods in winter and summer, or modeling of long-term tidal hydrology, 
would likely have revealed this more typical pattern. Although beyond the scope of this project, 
modeling tidal hydrology at Ni-ƭŜǎΩǘǳƴ would generate deeper understanding of this important 
controlling factor and the resulting site development.    

Figure 5. Percent inundation pre- (2009) and post-restoration (2013 and 2015) for sample transects at 
Ni-ƭŜǎΩǘǳƴ όb[ύ ŀƴŘ ǘƘŜ .ŀƴŘon Marsh Unit reference site (BM). Transects are ordered by ascending 
elevation (measured in 2015) within each site, with NL T18 and BM T1 having the lowest elevation, NL 
T17 and BM T4 the highest. Data are averaged from the full analysis period (March 1 ς July 8 and August 
29 ς October 1) for each year.  
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Figure 6. Percent inundation in September during pre- (2009) and post-restoration (2013 and 2015) 
periods for sample transects at Ni-ƭŜǎΩǘǳƴ όb[ύ ŀƴŘ ǘƘŜ .ŀƴŘƻƴ aŀǊǎƘ ¦ƴƛǘ ǊŜŦŜǊŜƴŎŜ ǎƛǘŜ ό.aύΦ 
Transects are ordered by ascending elevation (measured in 2015) within each site, with NL T18 and BM 
T1 having the lowest elevation, NL T17 and BM T4 the highest.  

 

Figure 7. Percent inundation in March pre- (2009) and post-restoration (2013 and 2015) for sample 
transects at Ni-ƭŜǎΩǘǳƴ όb[ύ ŀƴŘ ǘƘŜ .ŀƴŘƻƴ aŀǊǎƘ ¦ƴƛǘ ǊŜŦŜǊŜƴŎŜ ǎƛǘŜ ό.aύΦ ¢ǊŀƴǎŜŎǘǎ ŀǊŜ ƻǊŘŜǊŜŘ ōȅ 
ascending elevation (measured in 2015) within each site, with NL T18 and BM T1 having the lowest 
elevation, NL T17 and BM T4 the highest. 
 
Using the tide gauge data, we graphed percent inundation όƻǊ άŜȄŎŜŜŘŀƴŎŜέύ for a broad range of 
elevations at Ni-ƭŜǎΩǘǳƴ ŀƴŘ ƛƴ ǘƘŜ ŀŘƧŀŎŜƴǘ /ƻǉǳƛƭƭŜ wƛǾŜǊΦ Lƴ нлмрΣ tidal inundation of the wetland 
surface at Ni-ƭŜǎΩǘǳƴ (mostly at elevations of 1.8 to 2.5 m) closely matched the adjacent river, whereas in 
2013 (particularly in September), the wetland surface was less frequently inundated (Figures 8-10). The 
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closer match between inundation of the wetland surface and adjacent river levels in 2015 compared to 
2013 shows the effectiveness of the restoration actions in restoring full tidal exchange.  
 
Elevations below the general marsh surface (< 2 m NAVD88) ς that is, within channels -- were inundated 
slightly more often than the adjacent river during 2013 and 2015 (Figures 8-10). This indicates a slight 
άƭŀƎέ ƛƴ ŘǊŀƛƴŀƎŜ ŦǊƻƳ ǘƘŜ ǊŜǎǘƻǊŀǘƛƻƴ ǎƛǘŜ, typical of restoration sites where tidal channel networks are 
generally less dense than in least-disturbed tidal wetlands. Over time, as the channel system develops, 
we expect to see a reduction in this drainage lag.  
 

 

Figure 8. Percent inundation at a range of elevations during the summer period (September) at the 
restoration site and Coquille River tide gauges, pre (2009) and post-restoration (2013 and 2015). 
Average wetland surface elevation at Ni-ƭŜǎΩǘǳƴ ƛǎ нΦлу Ƴ b!±5уу όǎŜŜ ¢ŀōƭŜ пύΦ  
 


























































