
Avian response to habitat restoration at Fernhill Wetlands 
 

 
 

  
  

Interim report to Clean Water Services from the Audubon Society of Portland 
 

Joe Liebezeit, Candace Larson, Jay Withgott, and Jon Plissner 
 

 
February 2017  

Candace Larson 

Candace Larson 



2 
 

Table of Contents 

I. EXECUTIVE SUMMARY .......................................................................................................................... 3 

II. BACKGROUND ....................................................................................................................................... 4 

III. PROJECT GOALS AND OBJECTIVES .................................................................................................... 4 

IV. STUDY SITE ........................................................................................................................................ 6 

V. PROJECT METHODOLOGY ..................................................................................................................... 7 

A. Community science avian surveys .................................................................................................... 7 

B. Formal avian surveys......................................................................................................................... 9 

C. Data analysis ................................................................................................................................... 11 

1. Historic eBird data analysis ......................................................................................................... 11 

2. NTS formal survey analysis and NTS eBird comparison .............................................................. 12 

3. Other data ................................................................................................................................... 14 

VI. RESULTS .......................................................................................................................................... 14 

A. Historic data – eBird summary ........................................................................................................ 14 

B. Historic data – Species Richness:  pre- vs. post-restoration ........................................................... 16 

C. Historic data – Species relative abundance: pre- vs. post-restoration ........................................... 16 

D. Historic data – Species-specific abundances: pre- vs. post-restoration ......................................... 18 

1. Secretive marsh birds .................................................................................................................. 18 

2. Waders (Herons, Egrets, Bitterns) .............................................................................................. 19 

3. Wintering Grebes ........................................................................................................................ 20 

4. Diving Ducks ................................................................................................................................ 21 

5. Dabbling Ducks ............................................................................................................................ 23 

6. Songbirds..................................................................................................................................... 24 

7. Migratory Shorebirds .................................................................................................................. 26 

8. Raptors ........................................................................................................................................ 28 

E. NTS formal survey results and NTS eBird comparison (post-restoration) ...................................... 29 

1. Species Richness ......................................................................................................................... 29 

1. Overall species Abundance ......................................................................................................... 30 

2. Waterfowl Abundance ................................................................................................................ 31 

3. Waterbird Abundance ................................................................................................................. 32 

4. Songbird Abundance ................................................................................................................... 33 

5. Shorebird Abundance ................................................................................................................. 35 

F. Other variables:  water level & vegetation characteristics ............................................................. 36 

VII. Discussion & preliminary conclusions ............................................................................................. 37 

VIII. Acknowledgements......................................................................................................................... 40 

IX. Appendices ...................................................................................................................................... 41 



3 
 

I. EXECUTIVE SUMMARY 

Fernhill Wetlands has historically been an important birding location in the Portland Metro 

region and is a designated Important Bird Area providing ecological connectivity for local 

wildlife. In 2014-15 Clean Water Services (CWS) implemented a massive habitat restoration 

project within the larger Fernhill Wetlands complex that transformed 90 acres of unused 

sewage ponds into a complex of native wetland habitats designed to naturally treat 

wastewater. The Audubon Society of Portland (ASOP) has been working with CWS since spring 

2015 to assess bird response to the habitat restoration effort at Fernhill Wetlands, through a 

community science effort involving local birders, formal bird surveys designed and conducted 

by ASOP, and analysis of historical birder surveys conducted at the site for decades and housed 

in eBird. Our general predictions were that use of the restored area by bird species dependent 

on open water will diminish while use by uncommon / vulnerable marsh species (e.g. rails, 

bitterns) and other species dependent on native wetland habitats will increase. Our key 

preliminary findings include the following: 

1. Both historic and formal surveys indicate an increase in species richness post-restoration 

which is particularly accentuated during the summer season. 

2. Overall species abundance does not appear to have changed significantly between pre- and 

post-restoration periods, however, at the individual species level we see some dramatic 

shifts in abundance. Most of these shifts (8 of 13 species) are occurring as we had originally 

predicted. In general, most waterbird species (including Virginia Rail and Sora), most 

wetland-dependent songbirds (including Red-winged Blackbird and Common Yellowthroat), 

and dabbling ducks (Mallard and Gadwall) have higher abundances post-restoration while 

wintering grebes and fall migratory shorebirds have lower abundances post-restoration.  

3. Both species richness and overall bird abundance were higher in fall 2016 compared to fall 

2015 indicating a delayed response in many bird species / bird groups in utilizing the 

restored site until the second year post-restoration. This lagged bird response, in turn, 

suggests the newly planted vegetation took two growing season to mature enough to 

provide sufficient quality habitat for many bird species. 

4. We provide evidence that community science eBird surveys and the more rigorous transect 

surveys were comparable (not statistically different) for fall surveys although the eBird 

surveys provided significantly lower abundance estimates for spring surveys.   

Moving forward, ASOP will continue formal surveys for a total of three years post-

restoration and continue to support and recruit community science volunteers. All in all, we 

find it impressive that there are already a number of strong patterns that make biological sense 

in the short time period since the restoration work was completed. Data in coming years should 

bring further clarity to many of the outstanding questions. We will report findings to the wider 

conservation community, while raising awareness of the multiple benefits that can be achieved 

through integration of green infrastructure strategies to manage stormwater and wastewater. 
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II. BACKGROUND 

The greater Fernhill Wetlands site (encompassing more than 700 acres) has historically been 

an important birding location in the Portland Metro region and is officially designated as an 

Important Bird Area (IBA) by National Audubon. This site provides habitat connectivity for local 

wildlife including marsh, lake, and riparian habitat for resting and foraging migratory birds 

travelling the Pacific Flyway. Waterfowl populations at Fernhill can number in the thousands 

daily from November through March, and the site has traditionally been an important stopover 

area during migration for waterfowl and other migratory birds (Rakestraw 20141). 

From June 2014 - February 2015 Clean Water Services (CWS) implemented a massive 

habitat restoration project within the larger Fernhill Wetlands complex that transformed 90 

acres of old unused sewage ponds into a complex of native wetland habitats designed to 

naturally treat wastewater (Natural Treatment System – NTS). The goal is to create quality 

wildlife habitat, while at the same time improving wastewater treatment in a manner that will 

end up saving ratepayers money. This restoration effort is innovative and builds on the success 

of other high-profile constructed wetland projects at wastewater treatment plants, such as 

Arcata Marsh in California and Sweetwater Wetlands in Arizona.  

The Audubon Society of Portland (ASOP) is working with CWS to document the bird 

community response to the restoration effort at this site. This contribution will help aid CWS’s 

efforts to quantify the avifaunal response and potential ecological benefits of the restoration 

project. Such quantification will provide information that may help foster similar restoration 

projects at other water treatment facilities across the nation. In addition, an important 

component of this effort is to engage the birding community through direct participation in bird 

surveys as “community scientists” (also known as “citizen scientists”) while raising awareness of 

the multiple benefits that can be achieved through integration of green infrastructure 

strategies to manage stormwater and wastewater. 

 

III. PROJECT GOALS AND OBJECTIVES 

The main goal of this project is to assess bird response to the habitat restoration effort at 

Fernhill Wetlands, through a community science effort that involves the local community of 

birders combined with formal bird surveys (point counts, transect counts, area [lake] census) 

conducted by ASOP. This assessment is intended to clarify whether bird diversity and bird 

abundance increase or decrease at this site in the wake of the restoration project, and to 

document which species benefit most from the habitat restoration. Our general predictions are 

that use of the restored area by bird species dependent on open expanses of water (e.g. diving 

waterfowl) will diminish while use by certain uncommon / vulnerable marsh species (e.g. rails, 

bitterns) and other species dependent on native wetland habitats will increase (Table 1). 
                                                           
1
 Rakestraw, J. 2014. Birding Oregon: A guide to the best birding sites across the state.  
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Response by migratory shorebirds is of particular interest from a conservation perspective 

because many shorebird species are declining (Brown et al. 20002), as well as from a 

recreational birding perspective because shorebird birding locations are limited in the Portland 

metro area. 

Specific objectives include:  1) Quantify avian relative abundance, overall species richness, 

and individual species abundance trends during multi-year pre- and post-restoration periods 

using historic eBird data collected by trained community scientists; 2) Quantify avian 

abundance and species richness during the initial three years post-restoration with respect to 

seasonality (fall vs. spring), habitat change (vegetation attributes), and water level information; 

3) Test the comparability of the formal surveys and the community-science eBird surveys; and 

4) Engage the local community through direct participation and outreach, and inform the wider 

public about the progress of this project. 

In this interim report, we summarize work conducted during the first phase of this project 

(spring 2015 to November 2016). 

 

Table 1. Predicted response of bird groups to restoration at the Fernhill Wetlands NTS site. 

Species group Predicted response  Biological Justification 
 

Secretive marsh birds (i.e. 

Virginia Rail, Sora) 
Increase More habitat available for nesting, 

foraging, cover 
Waders (i.e. herons, egrets) Increase More foraging and roosting habitat 
Wintering Grebes (e.g. Western 

Grebe) 
Decrease Reduction in large water bodies & 

water deep enough for diving 
Diving Ducks (e.g. Bufflehead, 

Ruddy Duck) 
Decrease Reduction in large water bodies & 

water deep enough for diving 
Dabbling Ducks (i.e. Mallard, 

Gadwall) 
Stable Flexible in habitat usage 

Wetland-associated songbirds 
(i.e. Red-winged Blackbird, Common 
Yellowthroat, Marsh Wren) 

Increase More habitat available for nesting, 
foraging, cover 

Migratory shorebirds (e.g. 
Western Sandpiper)  

Uncertain Response dependent on area and 
temporal availability of primary 
habitat (mudflats). 

Raptors (i.e. Northern Harrier) Stable/Increase More habitat available for nesting, 
foraging, cover 

 

                                                           
2
 Brown, S., C. Hickey, B. Harrington, and R. Gill, eds. 2001. The U.S. Shorebird Conservation Plan, 2nd ed. 

Manomet Center for Conservation Sciences, Manomet, MA. 
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IV. STUDY SITE 

The study area for this project includes the 90-acre area of Fernhill Wetlands that was the focus 

of the intensive habitat restoration effort. Historically this site included three large sewage 

holding ponds (Figure 1) that had been used for wastewater treatment from the 1940s until 

1972 when they were decommissioned. Since that time, water levels in the ponds have been 

governed by the prevailing precipitation and weather conditions. In summer months, the 

southern holding pond often completely dried up (due to soil composition that allowed better 

water penetration than in the central and northern ponds).  

The massive habitat restoration effort took place from June 2014 - February 2015. During 

this time, the surface topography was completely restructured. More than 200,000 cubic yards 

of soil was excavated, some of which was redistributed into precise contours and depths (Figure 

2). Water control structures and piping were installed to distribute water to the 750,000 native 

wetland plants and 3.5 billion seeds that were planted. One hundred and eighty logs and snags 

were also placed on site to create habitat and perches for birds and other wildlife. 

As of fall 2016, much of the emergent plantings have established themselves (See cover 

page photo), while woody shrubs are still coming in. CWS continues to manage invasive plant 

species at the site and to plant native species when needed.  

 

 
Figure 1. Fernhill Wetlands wastewater holding ponds prior to restoration (Image 
courtesy of GoogleEarth). 
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V. PROJECT METHODOLOGY 

A. Community science avian surveys 

In the spring of 2015, ASOP developed a community science protocol that formalized the 

general methodology that had historically been performed by birders at the Fernhill Wetlands 

site. The aim of this protocol was to achieve reasonable standardization of effort among 

observers, while keeping the methods simple and as close to normal recreational birding as 

possible to allow for personal freedom and flexibility, and to maintain continued interest.   

The protocol instructs birders to walk a predetermined route around the perimeter of the 

restoration area (NTS; Figure 3) and enter data (number of each species and effort) directly into 

eBird3, a web-based tool for recording site-specific bird observation data. We worked with 

eBird administrators to develop two new “hotspots” so that observers could separately enter 

bird data for the restored habitat (NTS area) and for regions outside the NTS area4. It is 

important to point out that prior to establishing these new hotspots (i.e., before April 2015), 

birders entered bird observations into the “Fernhill Wetlands (general)” hotspot, which does 

not differentiate birds seen within or outside the restored NTS. This has important implications 

for the analysis discussed below.   

The protocol includes measures to minimize double-counting, provides decision points on 

assigning birds into the appropriate hotspot areas (NTS vs. non-NTS), and includes instructions 

to correctly assign flyover birds to the appropriate hotspot. Click this link to view the full 

protocol.  

ASOP held a training session on March 30, 2015, during which approximately 30 volunteers 

reviewed the new community science protocol.  Since that time ASOP has provided regular 

reminders to volunteers to be sure to use the protocol for data collection, has clarified 

questions from volunteers, and has attempted to ensure good year-round coverage of the site. 

ASOP has also recruited new volunteers and provided a link to the project and protocol on the 

ASOP website (http://audubonportland.org/issues/citizen-science). 

 

 

                                                           
3
 For more information on eBird visit here. eBird launched in 2002 and contains a mix of data entered in real-time 

and historical data adapted for entry into ebird format. 
4
 Two new eBird hotspots:  “Fernhill – NTS-Area (ASoP/CWS survey)” and “Fernhill – non-NTS-Area (ASoP/CWS 

survey)”. 

http://audubonportland.org/files/research/fernhill
http://audubonportland.org/issues/citizen-science
http://ebird.org/content/ebird/
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Figure 2. Restoration of Fernhill Wetlands in progress in summer 2014.  Photo: CWS. 

 

 
Figure 3. Fernhill Wetlands Community Scientist survey route (in yellow) (Imagery courtesy 
of GoogleEarth). 
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B. Formal avian surveys 

In the spring/summer of 2015, ASOP developed a formal survey protocol to conduct 

intensive bird monitoring within the NTS area at Fernhill Wetlands starting in fall 2015. The 

formal surveys were designed to allow a more detailed examination of post-restoration bird 

response with respect to habitat type, specific restored habitat vegetation attributes, and water 

levels recorded at the site. The intention is to conduct these surveys over the critical three-year 

period after the initial habitat restoration is completed and the native habitats mature. ASOP 

focused the formal surveys on the fall and spring migration seasons since it did not have 

capacity for year-round intensive sampling, and those periods have historically been important 

for migratory birds. ASOP defined the “spring migration period” as the 10-week period from 

late March to early June and the “fall migration period” as the 10-week period from mid-August 

to mid-October.   

We stratified habitat type into 

four categories:  1) Emergent 

wetland, 2) Scrub-shrub wetland; 

3) Berm/edge; and 4) Large lake 

(Figure 4). These habitat 

designations were delineated by 

CWS and correspond with the 

general habitat restoration 

planting regimen implemented 

during the major restoration 

activities from June 2014 - 

February 2015 (J. Kinnear, pers. 

comm.): 

 Emergent Wetland: native 

wetland plant mix focused 

on species that can 

withstand periods of limited 

water supply. 

 Shrub-scrub Wetland: 

slightly elevated areas but 

same mix of plants as 

Emergent Wetland habitat 

except for a higher density 

of woody shrubs, primarily 

Geyer willow (Salix 

geyeriana) and Douglas spiraea (Spiraea douglassi). 

Figure 4. Fernhill Wetlands Formal survey study site map, including point 
count stations, transect route, lake survey station, and habitat types. 
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 Berm/edge:  upraised berms on NTS border and within the NTS that includes a higher 

density of woody vegetation and upland grasses compared to the wetland habitats. 

 Large Lake:  Large body of water in the northeast section of the NTS retained as waterbird 

habitat – a remnant of the original suite of sewage ponds that dominated the site prior to 

restoration.   

The formal bird survey protocol includes both a point count and line transect survey 

protocol based on standard protocols developed by others (Ralph et al. 19955, Lancia et al. 

19966, Huff et al. 20007). We decided to conduct both types of surveys in order to evaluate 

which survey type provides the most comprehensive data set and also to evaluate how each of 

them compare to the community science eBird surveys. Two highly skilled biologists (Candace 

Larson and Shawneen Finnegan) conducted the formal surveys. 

The line transect and point count survey design included a 1,100m transect centrally located 

on a berm within the NTS and included six point count stations, roughly equally spaced at least 

150m from one another along the transect (Figure 4). Line transect and point count surveys 

were conducted as one continuous survey, although data from each survey type were recorded 

on separate data forms. All birds detected using the vegetated habitat (not the large lake) 

within the NTS were recorded while slowly walking along each section of the line transect. 

When a point count station was reached, the counter switched to conducting an 8-minute point 

count where all birds detected within the NTS were recorded. Birds were recorded in distance 

bands (0-25m and 26-50m for point counts; 0-25, 26-50, 51-100, >100m for line-transect 

counts). These surveys were initiated within 15 minutes of sunrise, and binoculars (8x42 or 

higher magnification) were used for bird observation and identification. Surveyors conducted 

one survey per week during the spring and fall migration periods, targeting 10 surveys each 

season. 

In addition, a separate survey was conducted of all birds seen on the large lake using 

methods similar to Conway (20088). The observer used a spotting scope to count all birds seen 

using the lake, shoreline, and mudflat (if exposed) in the lake basin from a location on the 

northwest side of the lake. After this initial count, the observer then walked the perimeter of 

the lake to count any additional species missed in the initial count. This count was conducted 

                                                           
5
 Ralph, C.J., G.R. Geupel, P. Pyle, T.E. Martin, and D.F. DeSante. 1993. Handbook of field methods for monitoring landbirds. 

Gen. Tech. Rep. PSW-GTR-144. Albany, California: Pacific Southwest Research Station, Forest Service, U.S. Department of 
Agriculture. 41 p.  
6
 Lancia, R.A., J.D. Nichols, and K.H. Pollock. 1996. Estimating the number of animals in wildlife populations. Pps. 215-253 In T.A. 

Bookhout, ed. Research and management techniques for wildlife and habitats. Fifth ed., rev. The Wildlife Society, Bethesda, 
MD.  
7
 Huff, M.H., K.A Bettinger, H.L. Ferguson, M.J. Brown, and B. Altman. 2000. A habitat-based point count protocol for terrestrial 

birds, emphasizing Washington and Oregon. General Technical Report PNW-GTR-501. U.S. Department of Agriculture, US. 
Forest Service. 
8
 Conway, C. J. 2008. Standardized North American Marsh Bird Monitoring Protocols. Wildlife Research Report #2008-01. U.S. 

Geological Survey, Arizona Cooperative Fish and Wildlife Research Unit, Tucson, AZ. 
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immediately after the line transect and point count surveys on each survey visit. Additional 

detail on the formal survey protocol is provided as an addendum to this report.  

 

C. Data analysis 

1. Historic eBird data analysis 

All available eBird data for Fernhill Wetlands from 1978 until August 31, 2016 (continuous 

yearly coverage did not begin until 1988) was downloaded. We excluded the following data 

from the eBird dataset for subsequent analysis: 1) Any reports that did not quantify the number 

of birds detected (in some early eBird surveys some observers indicated bird presence with an 

“X”); 2) Any surveys that included only a partial count of bird species; 3) Observations that did 

not identify birds to the species level (e.g., reports of unknown species or species groups); 4) 

Observations of domestic species, hybrids, or intergrades; and 5) Surveys with eBird protocol 

types other than “traveling” or “historical.” In order to control for data quality, for all analyses 

(other than the historical community science effort summary), we only used survey data 

collected by observers that we knew used our protocol (post-restoration) and that were 

experienced birders. 

It is important to note that for data recorded before April 2015, we only include data 

recorded for the hotspot “Fernhill Wetlands (general),” which includes birds counted both 

inside and outside the NTS. For data recorded after April 2015, we combined data from the two 

new hotspots (Fernhill Wetlands – Natural Treatment System AND Fernhill Wetlands – area 

outside NTS) so we could comparatively analyze historic data across both the pre- and post-

restoration periods. The main caveat here is that this historical analysis cannot discriminate 

between NTS data and outside-NTS data. The historical results must be viewed with this caveat 

in mind.  

Using the eBird data, we summarized community scientist effort and overall bird numbers 

at the site. To compare pre- and post-restoration species richness and relative abundance, 

while controlling for level of effort, season, and experience level of volunteers, we used the 

following data: 

 Pre-restoration: We randomly selected two surveys per season (spring, summer, fall, 

winter9) conducted by vetted observers for years 2010-2013 (n=32). We did not include 

data earlier than 2010 because the number of surveys dropped off significantly prior to 

that year. We did not include 2014 data because the site was undergoing restoration for 

most of that year. 

 Post-restoration: We used the same procedure as for pre-restoration data selection, 

except we randomly selected eight vetted surveys per season for a 1-year period (fall 

2015 to summer 2016) (n=32). 

                                                           
9
 We used dates for the Astronomical seasons (i.e. equinoxes and solstices to mark beginning and ending dates for seasons).  
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We assessed species richness as the number of species detected, with each survey 

considered as a sample unit.  tested for statistically significant differences in species richness 

pre- and post-restoration using a 2-sample T-test—or the non-parametric equivalent (Mann 

Whitney test/ Kolmogorov-Smirnov test) when assumptions of normality and/or equal 

variances were not met (Zar 199910). To test for statistical differences among seasons (fall, 

spring, summer, and winter) and between treatments, we used a 2-way ANOVA test. We used 

post-hoc multiple comparison Dunn’s Tests to determine the weight of group differences in the 

ANOVA. 

We tested for differences in overall species abundance between the pre- and post-

restoration treatments using a 2-sample T-test or the non-parametric equivalent. Because 

Cackling Geese were the most numerous yet most variably detected bird, we excluded them 

from a secondary analysis of overall species abundance to better understand the influence of 

other bird species on the overall abundance estimate. We also tested for relative species 

abundance differences among treatments by species guild, which included eight categories:  

dabbling duck, songbird (including near-passerines), goose and swan, diving duck, waterbird 

(rails, grebes, herons, egrets, etc.), gull, raptor, and shorebird.  

Finally, we selected a subset of individual species in each guild to examine historical trends 

over time.  For this analysis, we included species for which we had established a priori 

predictions of bird response to the restoration (see Table 1). The sample unit for this analysis 

was the sum of detections11 divided by the number of surveys per year. Depending on the 

species, we limited analysis to particular time frames (e.g. breeding season) and period of the 

day (e.g. many bird species most active in the morning). These “filters” on data inclusion are 

specified in the figures provided in the results section. For each single-species results graph, we 

depict all community science data and separately that of Steve Nord (an experienced birder 

who is the most active community scientist at this site). This provides a quick comparison of a 

vetted observer compared with all other observers combined. To test for statistical difference 

among pre- and post-restoration periods for individual species we used a 2-sample T-test, or 

equivalent tests if assumptions were not met. We used only the Steve Nord data for the 

statistical tests. 

 

2. NTS formal survey analysis and NTS eBird comparison 

Three seasons of post-restoration data available to date (fall 2015, fall 2016, and spring 

2016) were analyzed. In each of these seasons, we conducted three types of “formal surveys” 

(point count, line transect counts, and lake surveys). For the analysis we lumped the transect 

survey and lake count data together (referred to as “transect+lake” in rest of the report) so that 

we could provide estimates for the entire NTS area that could be compared to the eBird 

                                                           
10

 Zar, J.A. 1999. Biostatistical Analysis (4
th

 edition). Prentice Hall, NJ. 
11

 Detections=sum of individuals 
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community science estimates. For the transect+lake counts we included data from all distances 

as well as associated flyover detections. The point count sampling only included birds up to 

50m out from each of the six point count stations; so we did not include analyses for that data 

set in this report. To compare transect+lake count data with eBird data, we selected eBird data 

collected by vetted observers within 3 days of the line transect survey (Mean=1.42 days 

different from paired survey) and used morning eBird surveys unless these were not available 

(26 out of 30 were morning surveys). 

We developed species richness and relative abundance estimates for the transect+lake 

count and the paired eBird count data separately. As with the historical data, if assumptions of 

normality and/or equal variances were not met, we used the equivalent non-parametric 

statistical tests to perform the analysis.  Species richness was estimated as the average number 

of species detected per survey (sample unit: n=10 per season). We compared species richness 

between fall 2015 and fall 2016 as well as between fall and spring for 2016. We estimated 

species abundance as the average number of detections per survey (n=10). We grouped species 

into five guilds for this analysis (waterfowl, waterbird [includes gulls], songbird [includes near-

passerines], shorebird, and raptor). For the comparison of abundance between fall 2015 and 

fall 2016 we used a 2-sample one-tailed T-test because we predicted abundance would be 

higher in fall 2016 compared to fall 2015 (because of more fully matured vegetation post-

restoration in 2016). To compare results between the two survey types (transect+lake and 

paired eBird) we used a 2-sample two-tailed T-test. For all tests, if statistical assumptions were 

not met we used the equivalent non-parametric test. 

We decided not to compare species richness and bird abundance among the different 

habitat types for a number of reasons. First, although we recorded birds in respective habitat 

types during the surveys, because of the relatively small sizes of habitat patches at this site (see 

Figure 4) it is likely that many of the birds moved in and out of the various delineated habitats; 

and it would be a stretch, based on our mode of data collection, to assign habitat preference 

based on these snapshot observations. Secondly, and perhaps most importantly, the within-

habitat variation at the site was very high both spatially and temporally. For example, emergent 

habitat at the north end of the NTS consisted of a very different of habitat structure than at the 

south end of the site (both in term of proportion of vegetative species composition and physical 

structure; J. Kinnear, pers. comm.). Although planting prescriptions were the same across the 

site for the emergent habitat category, differences in soil type, landscape structure, and other 

factors enabled some plants in the mix to take hold in some areas, while other plantings faired 

better in other areas. With respect to temporal differences, because of the recent restoration, 

habitat structure has changed significantly during the post-restoration period and the full 

maturation of habitat has not yet been reached. 

For all analyses, results were considered statistically significant below the 0.05 alpha level. 

Statistical variability is depicted as ± one standard error throughout the report. 
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3. Other data 

NTS Water level:  Three staff gauges were installed in the NTS area (one gauge each in the 

north, middle, and south habitat cells) in September 2015 after the first season of formal bird 

surveys had already started. Gauges were in place only for the last four bird surveys so we 

report on water levels only for spring and fall 2016. We plotted the average mean water levels 

(from all 3 ponds), measured to the nearest hundredth of a foot.  

Vegetation data: Cascade Environmental Group (CEG) provided ASOP with vegetation data 

that they collected in August 2015 and delineated where their sampling points were with 

respect to the location the point count stations and transect line. We used descriptive statistics 

to summarize ground and shrub cover data within our sampling area. The 2016 vegetation data 

(requested from CEG in December 2016) was not available at the time this report was 

prepared. 

In the final report, we plan to include water level and vegetation variable information in a 

multivariate analysis to better understand how these attributes may influence both species 

richness and abundance.  

  

VI. RESULTS 

A. Historic data – eBird summary 

Fernhill Wetlands has long been a popular birding area. In recent years birders have been 

uploading bird observations into eBird for this site at a remarkable pace. Since 2010, bird lists 

have been submitted covering at least 150 days per year by over 80 observers (Figure 5). 

Since 1978, 234 species have been detected at the greater Fernhill site and entered into 

eBird. This includes nearly 3 million detections. Because of the extensive open water at this site 

during most past seasons and years, it is not surprising that most of the detections (over 70%) 

have been waterfowl species (Table 2). A full list of species can be viewed at 

http://ebird.org/ebird/hotspot/L163529. 
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Figure 5. Number of days Fernhill Wetlands surveyed and number of individual observers who have 
submitted bird lists to eBird, within the time period from 1978 to September 2016. 

 

 

Table 2. Top 15 species detected at Fernhill Wetlands and surrounding area, from 

checklists uploaded to eBird from 1978 to September 2016. 

Species % of detections 

Cackling Goose 38.7 

Northern Pintail 10.4 

Northern Shoveler 5.94 

Canada Goose 5.02 

Mallard 4.57 

Red-winged Blackbird 3.70 

European Starling 3.00 

Green-winged Teal 2.92 

Barn Swallow 1.39 

Gadwall 1.08 

American Coot 1.04 

Tundra Swan 0.91 

Song Sparrow 0.76 

Greater White-fronted Goose 0.72 

Common Merganser 0.71 

Total 80.9% 
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B. Historic data – Species Richness:  pre- vs. post-restoration 

While the total number of species observed was higher during the pre-restoration period 

(146 pre- vs. 136 post), average species richness per survey increased significantly in the post-

restoration period compared to the pre-restoration period (pre-restoration: mean= 47.5 ± 1.53 

species/survey, post-restoration: mean=50.6 ± 0.96 species/survey; Z=2.14, P=0.02). Seasonally, 

post-restoration species richness was higher in all seasons except the fall and was only 

significantly higher during summer (F=7.07, df=16, P=0.02; Figure 6).  

 
Figure 6. Seasonal comparison of species richness pre-restoration (2010-13) and post-restoration (2015-
16) at greater Fernhill Wetlands area. 

 

C. Historic data – Species relative abundance: pre- vs. post-restoration 

 

Overall bird abundance (the average number of bird detections per survey) was higher in 

the post-restoration period compared to the pre-restoration period.  However, this trend is 

driven by the much higher numbers of Cackling Geese recorded during the post-restoration 

period surveys.  When Cackling Geese are removed from the analysis, the abundance estimates 

are very similar between the pre- and post-restoration periods (Z=0.47, P=0.32; Figure 7).  

When the abundance estimate is split up among eight taxonomically related species groups 

(or “guilds”), some differences in bird abundance between the pre- and post-restoration 

periods emerge (Figure 8). Except for Cackling Geese, waterfowl (i.e. ducks, geese, and swan) 

mean detections are higher in the pre-restoration period, although these differences are not 

statistically significant. Conversely, songbirds, waterbirds, and shorebirds were detected more 
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often during the post-restoration period although, these differences were not statistically 

significant (although nearly significant for songbirds; Z=1.51, P=0.06).  

 

 
Figure 7. Average detections / survey of all birds and all birds except Cackling Geese during the pre-
restoration (2010-13) and post-restoration (2015-16) at Fernhill Wetlands and surrounding area. 

 

 

 
Figure 8. Relative abundance ± 1SE (average number of detections) for nine species groups during the pre-
restoration (2010-13) and post-restoration (2015-16) periods at the greater Fernhill Wetlands area. 
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D. Historic data – Species-specific abundances: pre- vs. post-restoration 

1. Secretive marsh birds  

 

At the species level, we documented a significant increase in detections of secretive marsh 

birds (i.e. Virginia Rail and Sora) in the post-restoration period (Z=6.16, P<0.001; Z=4.20, 

P<0.001, respectively; Figures 9 and 10). Surveys included for the post-restoration period in 

2015 occurred <2 to 5 months after the restoration was complete so the low number of 

detections during this period could be due to the early stage of vegetation growth immediately 

after the major restoration. It is also possible that this period may represent a lag time before 

birds from outside the NTS “discovered” the newly restored site. The overall increase in 

detections for these species during the post-restoration period fits our original prediction 

(Table 1). 

 

 
Figure 9.  Average detections per eBird survey of Virginia Rails during the pre-restoration (2010-2013) and post-

restoration (2015-16) periods at the greater Fernhill Wetlands area.  Analysis is restricted to counts conducted 

from 1 Apr – 31 July from 5am-10am.  Pink vertical bar indicates restoration period. 
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Figure 10. Average detections per eBird survey of Sora during the pre-restoration (2010-

2013) and post-restoration (2015-16) periods at the greater Fernhill Wetlands area.  Analysis 

is restricted to counts conducted from 1 Apr – 31 July from 5am-10am.  Pink vertical bar 

indicates restoration period. 

 

2. Waders (Herons, Egrets, Bitterns) 

 

We used Great Blue Heron as the individual species indicator for the “wader” group to 

examine response to restoration. Overall, there were significantly more detections of Great 

Blue Herons during the post-restoration period (mean=11.42 ± 0.65 detections/survey) 

compared to pre-restoration (mean=6.49 ± 0.28 detections/survey; Z=7.53, P<0.001). In the 

final year before restoration (2013), detections picked up noticeably with numbers similar to 

post-restoration. Despite the 2013 spike, overall the increased detections of Great Blue Herons 

during the post-restoration period supports our original prediction (Table 1). We also looked at 

response of American Bittern. Only four detections for this species occurred in the four years of 

pre-restoration data; whereas 14 detections occurred in the two years post-restoration 

suggesting a positive response to the treatment; but sample sizes were insufficient to 

demonstrate a significant difference. 
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Figure 11. Average detections per eBird survey of Great Blue Herons during the pre-restoration 

(2010-2013) and post-restoration (2015-16) periods in the greater Fernhill Wetlands area. 

Analysis is restricted to counts conducted from 1 Apr- 31 Aug (the 6-month period with data 

available for 2015 and 2016 at time of analysis). Surveys during all times of day were included. 

Pink vertical bar indicates restoration period. 

 

3. Wintering Grebes 

 

To examine wintering grebe response to the treatments across years we used data for all 

grebe species (except Pied-billed Grebe, a breeder and year-round resident). We documented a 

significant decrease in detections of wintering grebes in the post-restoration period 

(mean=0.68 ± 0.29 detections/survey) compared with the pre-restoration period (mean=3.08 ± 

0.25 detections/survey; Z=3.82, P<0.001, Figure 12). Because of the time frame, we had only 

one year of data for the post-restoration period. Additional years of data will allow us to 

determine if this trend holds. The decrease in detections post-restoration fits our prediction 

that the reduction in open water and overall water depth would lead to a reduction in use of 

the site by wintering grebes (Table 1). 
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Figure 12. Average detections per eBird survey of wintering grebes during the pre-restoration (2010-
2013) and post-restoration (2015-16) periods in the greater Fernhill Wetlands area. Analysis is 
restricted to counts conducted from 1 Nov - 29 Feb. Surveys during all times of day were included. 
Pink vertical bar indicates restoration period. 

 
4. Diving Ducks 

 

To examine wintering diving duck response to the treatments we selected two of the most 

numerous diving ducks:  Ring-necked Duck and Ruddy Duck. For Ring-necked Ducks we 

documented a decrease in detections during the post-restoration period (mean=9.75 ± 2.59 

detections/survey) compared to the pre-restoration period (mean=17.56 ± 4.19 

detections/survey) although this was not a significant difference (Z= 0.79, P=0.21; Figure 12). In 

contrast, for Ruddy Ducks mean observation rates were higher during the post-restoration 

period (mean=23.25 ± 5.74 detections/survey) compared with the pre-restoration period 

(mean=20.43 ± 3.41 detections/survey), approaching statistical significance (T=-1.51; P=0.06, 

Figures 13).  

The results for Ring-necked Ducks met our prediction that diving ducks will use the restored 

site less because of less available habitat (i.e. open, deep water, Table 1) although this trend 

was not significant. For Ruddy Ducks we documented the opposite. Overall, both Ring-necked 

and Ruddy Duck numbers were highly variable inter-annually during the pre-restoration period.  

At this point we have only one season of data for the post-restoration period for this analysis. 

Additional data for future years will determine whether we obtain a stronger signal that either 

supports or does not support our response prediction.  
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.  
Figure 13. Average detections per eBird survey of Ring-necked Ducks during the pre-restoration (2010-
2013) and post-restoration (2015-16) periods in the greater Fernhill Wetlands area. Analysis is restricted 
to counts conducted from 1 Nov - 29 Feb. Only morning surveys were included (7:45- 11:45am). Pink 
vertical bar indicates restoration period. 

 

 

 
Figure 14. Average detections per eBird survey of Ruddy Ducks during the pre-restoration (2010-2013) and post-
restoration (2015-16) periods in the greater Fernhill Wetlands area.  Analysis is restricted to counts conducted 
from 1 Nov - 29 Feb. Only morning surveys were included (7:45- 11:45am). Pink vertical bar indicates restoration 
period. 
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5. Dabbling Ducks 

 

To examine dabbling duck response to the treatments we selected the two most numerous 

dabbling ducks documented at the site:  Mallard and Gadwall. For Mallards we documented a 

significant increase in detections in the post-restoration period (mean=53.05 ± 3.91 

detections/survey) compared with the pre-restoration period (mean=36.36 ± 1.63 

detections/survey; T= 4.65, P<0.001; Figure 15). Similarly, Gadwall detections were significantly 

higher in the post-restoration period (mean=37.04 ± 1.82 detections/survey) compared with 

the pre-restoration period (mean=19.40 ± 0.88 detections/survey; T= 8.38, P<0001; Figure 16). 

We had predicted that dabbling duck numbers would remain stable (Table 1) because they 

utilize both open water habitats and more vegetated wetland habitats, such that a moderate 

change in the ratio of these habitats might not be expected to have a major impact. Instead we 

documented a significantly positive response for the two most common dabbling duck species 

during the spring/summer months. 

 

 
Figure 15. Average detections per eBird survey of Mallards during the pre-restoration (2010-2013) 
and post-restoration (2015-16) periods in the greater Fernhill Wetlands area.  Analysis is restricted to 
counts conducted from 1 Apr- 31 Aug (the six month period with data available for 2015 and 2016 at 
time of analysis). Surveys during all times of day were included. Pink vertical bar indicates restoration 
period. 
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Figure 16. Average detections per eBird survey of Gadwall during the pre-restoration (2010-2013) 
and post-restoration (2015-16) periods in the greater Fernhill Wetlands area.  Analysis is restricted 
to counts conducted from 1 Apr- 31 Aug (the six month period with data available for 2015 and 
2016 at time of analysis). Surveys during all times of day were included. Pink vertical bar indicates 
restoration period. 
 

6. Songbirds 

 

To examine response of wetland-associated songbirds to the treatments, we selected the 

three most numerous species in this group that occur at the site: Red-winged Blackbird, Marsh 

Wren, and Common Yellowthroat. All of these species utilize the emergent wetland/scrub-

shrub wetland habitats at the site. For Red-winged Blackbirds we documented a significant 

increase in detections in the post-restoration period (mean=66.76 ± 6.42 detections/survey) 

compared with the pre-restoration period (mean=48.30 ± 12.35 detections/survey; Z=2.70, 

P=0.003; Figure 17). Similarly, Common Yellowthroats were detected more frequently during 

the post-restoration period (mean=10.77 ± 1.66 detections/survey) compared with the pre-

restoration period (mean=8.10 ± 0.54 detections/survey; Figure 18); however this difference 

was not statistically significant (T=-1.09, P=0.14). Marsh Wrens, on the other hand, were 

detected significantly more in the pre-restoration period (mean=6.52 ± 0.36 detections/survey) 

compared with the post-restoration period (mean=2.57 ± 3.11 detections/survey; T=-7.61, 

P<0.001; Figure 19).  

For all three songbird species, detections during the post-restoration period were much 

lower in 2015 compared with 2016. Surveys included for the post-restoration period in 2015 

occurred <2 to 5 months after the restoration was complete, so the low number of detections 
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during this period are likely due to the early stage of vegetation growth immediately after the 

major restoration. If 2015 data is removed from the analysis, detections of both Red-winged  

 

 
Figure 17. Average detections per eBird survey of Red-winged Blackbirds during the pre-
restoration (2010-2013) and post-restoration (2015-16) periods in the greater Fernhill 
Wetlands area.  Analysis is restricted to counts conducted from 1 Apr- 31 Jul and to 
morning surveys (5-10am). Pink vertical bar indicates restoration period. 

 

 
Figure 18. Average detections per eBird survey of Common Yellowthroats during the 
pre-restoration (2010-2013) and post-restoration (2015-16) periods in the greater 
Fernhill Wetlands area.  Analysis is restricted to counts conducted from 1 Apr- 31 Jul 
and to morning surveys (5-10am). Pink vertical bar indicates restoration period. 
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Figure 19. Average detections per eBird survey of Marsh Wrens during the pre-
restoration (2010-2013) and post-restoration (2015-16) periods in the greater 
Fernhill Wetlands area.  Analysis is restricted to counts conducted from 1 Apr- 31 
Jul and to morning surveys (5-10am). Pink vertical bar indicates restoration period. 

 
Blackbirds and Common Yellowthroats are significantly higher during the post-breeding period.  

By this measure, these two species meet our original predictions for songbird response to the 

restoration (Table 1). Additional years of data will determine whether the post-restoration 

trend of higher detections for these species holds. It is unclear why Marsh Wrens did not show 

the same response. There are a number of biotic and abiotic factors which we did not measure 

which may have influenced this result. 

7. Migratory Shorebirds 

 

To examine response of migratory shorebirds to the treatments across years, we included 

data from the 16 shorebird species recorded at the site during this time frame except for 

Killdeer, which is detected primarily during the breeding season. The most common shorebirds 

included Western Sandpiper, Least Sandpiper, and Long-billed Dowitcher (84% of total 

shorebirds). Shorebird detections were highly variable among pre-restoration years with low 

average detections in 2010 and 2011 (<50 detections / survey) and higher detections in 2012 

and 2013 (>125 detections / survey). For the one post-restoration year, detections were slightly 

higher than in years 2010-11 (Figure 20).  

Overall, shorebird detections were higher during the pre-restoration period (mean=110.80 

± 11.31 detections/survey) compared with the post-restoration period (mean=72.82 ± 13.89 

detections/survey), although this difference was not quite statistically significant (Z=-1.39, 
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P=0.08). This result fits with our prediction that shorebird detections would decrease post-

restoration if less mudflat habitat would be available, particularly during the few years 

 

 
Figure 20. Average detections per eBird survey of fall migratory shorebirds during the pre-restoration (2010-
2013) and post-restoration (2015-16) periods in the greater Fernhill Wetlands area.  Analysis is restricted to 
counts conducted from 1 Aug- 30 Sep. Surveys during all times of day were included. Pink vertical bar 
indicates restoration period. 

 
after restoration plantings as CWS plans to keep water levels higher than will be typical to 

facilitate vegetation establishment (J. Kinnear, pers. comm.). 

In the two years of high shorebird use (2012 and 2013), more mudflat habitat was exposed 

(primarily on the northern holding pond) compared with 2010 and 2011 in the late 

summer/early fall (Figure 21). In 2012 this was due to natural evaporation/precipitation 

patterns while in 2013 water from the north holding pond was partially drained to allow 

construction of the demonstration wetland at the north end of the site (J. Kinnear, pers. 

comm.). This year-to-year pattern demonstrates the importance of mudflat habitat for 

migratory shorebirds at this site. 
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Figure 21. Water level (mudflat exposure) at Fernhill Wetlands NTS (pre-restoration) 
during last summer 2010-13. Imagery courtesy of GoogleEarth. 

 

8. Raptors 

 

To examine raptor response to the treatments, we selected the Northern Harrier, which is 

the only raptor in the area that can be considered to have a relatively strong wetland 

association. In general, Northern Harrier detections at the site were sparse with an average of 

0.20 detections pre-treatment and 0.13 post-treatment. We could not test for differences 

among treatments because of lack of data (too many surveys with zero detections). In general, 

the number of harrier detections was highest in 2013. A possible explanation is that there was a 

nesting pair near the site resulting in more activity and survey detections that year. In general, 

raptor breeding and foraging ranges are quite large, making it difficult to draw strong 

conclusions on response to treatment for this species at this relatively small site. 
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Figure 22. Average detections per eBird survey of Northern Harrier during the pre-restoration (2010-
2013) and post-restoration (2015-16) periods in the greater Fernhill Wetlands area.  Analysis is 
restricted to counts conducted from 1 Apr- 31 Aug (the six month period with data available for 
2015 and 2016 at time of analysis). Surveys during all times of day were included. Pink vertical bar 
indicates restoration period. 

 
E. NTS formal survey results and NTS eBird comparison (post-restoration) 

1. Species Richness 

Species richness (average number of species detected per survey) in the NTS area increased 

significantly from fall 2015 to fall 2016 for the transect+line count analysis (T=-5.56, P<0.001) as 

well as for the eBird counts (T=-2.15, P=0.04; Figure 22). Comparing spring versus fall, species 

richness was not significantly different between fall 2016 and spring 2016 for transect+line 

counts (T=1.23, P=0.23), nor for eBird counts (T=1.03, P=31). Comparing the survey types, in fall 

2015 the eBird and transect+line estimates for species richness were nearly identical. However, 

in both spring 2016 and fall 2016 the species richness estimate provided by the eBird counts 

was lower than for the transect+line counts. This result was statistically significant for fall 2016 

(T =-2.48, P=0.02) but not for spring 2016 (T=-1.71; P=0.10).   
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Figure 22. Species richness estimates for both the transect+lake survey and eBird community scientist 
surveys at the Fernhill Wetlands NTS site for fall 2015/2016 and spring 2016. 

1. Overall species Abundance 

Overall species abundance (average number of birds detected per survey) in the NTS area 

increased significantly from fall 2015 to fall 2016 for both the transect+line count analysis (Z=-

2.34, P<0.01) as well as the eBird counts (Z=-2.24, P=0.03). After removing Cackling Geese from 

the analysis, the significant increase of bird detections still holds for transect+line counts (Z=-

2.54, P<0.03) but not for the eBird counts (Z=-1.84, P=0.10; Figure 23). With Cackling Geese 

removed, in both fall seasons the eBird and transect+lake counts provide estimates that are 

statistically similar (T=-0.88, P=0.39; Z=-0.60, P=0.55, respectively). However, for the spring 

comparison, the transect+lake count estimate was significantly higher than the eBird count 

estimate (T=-4.73, P<0.0001; Figure 23). 
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Figure 23. Species abundance estimates (average detections per survey) for all species for both the 

community scientist eBird and transect+lake surveys at the Fernhill Wetlands NTS site for fall 2015/2016 

and spring 2016. 

 

2. Waterfowl Abundance 

Waterfowl species abundance (not including Cackling Geese) was similar between fall 2015 

and 2016 according to the transect+line data (T-0.46, P=0.65); however, the eBird data 

indicated significantly more waterfowl (not including Cackling Geese) in fall 2016 compared to 

fall 2015 (T=-2.23, P=0.04; Figure 24). With Cackling Geese removed from the overall waterfowl 

analysis, in both fall seasons the eBird and transect+lake counts provide estimates that are 

statistically similar (T=-1.12, P=0.28; T=1.24, P=0.24, respectively). However, for the spring 

comparison, the transect+lake count estimate was significantly higher than the eBird count 

estimate (T=-2.22, P=0.04).  

Comparing the five most numerous waterfowl species, four of five species were detected 

more on eBird counts (with only one significantly more – Canada Goose; Table 3). For 

transect+lake counts, only two of four counts indicated more detections in 2016 and one of 

these differences was significant (Gadwall). None of the species on either survey type were 

detected significantly more in fall 2015 versus fall 2016 (Table 3). 
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Figure 24. Species abundance estimates (average detections per survey) for all waterfowl species 
(except Cackling Geese) for both the community scientist eBird and transect+lake surveys at the 
Fernhill Wetlands NTS site for fall 2015/2016 and spring 2016. 

  
Table 3. Average detection rate per survey (± SE) of the five most numerous waterfowl species between fall 2015 

and 2016 counted during eBird and Transect+lake surveys. Trend of change (+ = higher in 2016, - = lower in 2016) 

and significance level (values that are statistically significant are bolded). 

 Fall 2015 Fall 2016 Trend of change & 
significance level 

Species eBird Tran+lake eBird Tran+lake eBird Tran+lake 

Cackling Goose 0 426.9 ± 257.4 228.3 948.8 ± 500.5 +  + P=0.54 

Canada Goose 5 ± 5 26 ± 7.48 35.4 ± 15.2 12.5 ± 3.2  + P<0.01  - P=0.12 

Cinnamon Teal 3.3 ± 1.2 3.9 ± 1.4 2.1 ± 0.8 2.2 ± 1.0  - P=0.41  - P=0.34 
Gadwall 12.1 ± 4.7 7.9 ± 3.4 20.3 ± 5.1 24.5 ± 5.1  + P=0.25  + P=0.02 

Mallard 54.2 ± 12.6 64.8 ± 10.4 59.5 ± 10.4 54.2 ± 7.5  + P=0.75  - P=0.42 

 

3. Waterbird Abundance 

Overall waterbird species abundance was significantly higher in fall 2016 compared with fall 

2015 according to both the eBird and transect+lake data analysis (T=-3.64, P=0.002, Z=-2.01 

P=0.04, respectively; Figure 25). For the overall waterbird analysis, in both fall seasons the eBird 

and transect+lake counts provide estimates that are statistically similar (Z=1.22, P=0.22; T=-

0.44, P=0.67, respectively). However, for the spring comparison, the transect+lake count 

estimate was significantly higher than the eBird count estimate (Z=-3.12, P=0.002). 
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Comparing the six most numerous and/or targeted12 waterbird species, four of six species 

were detected more on eBird counts; although none of these differences were statistically 

significant (Table 4). For transect+lake counts, mean number of birds for all six species were 

higher in 2016, and four of these differences were significant (Table 4). None of the species on 

either count were detected significantly more in fall 2015 versus fall 2016 (Table 4). 

 

 
Figure 25. Species abundance estimates (average detections per survey) for all 
waterbird species for both the community scientist eBird and transect+lake 
surveys at the Fernhill Wetlands NTS site for fall 2015/2016 and spring 2016. 

 
Table 4. Average detection rate per survey (± SE) of the six most numerous and/or “restoration response target” 

waterbird species between fall 2015 and 2016 counted during eBird and Transect+lake surveys. Trend of change (+ 

= higher in 2016, - = lower in 2016) and significance level (values that are statistically significant are bolded). 

 Fall 2015 Fall 2016 Trend of change & 
significance level 

Species eBird Tran+lake eBird Tran+lake eBird Tran+lake 

American Coot 2.1 ± 0.82 1.6 ± 0.97 1.7 ± 0.54 2.4 ± 0.97  - P=0.85  + P=0.31 

Great Blue Heron 5.4 ± 0.69 5.4 ± 1.29 4.8 ± 0.89 7.6 ± 1.21  - P=0.49  + P=0.04 

Great Egret 4 ± 0.73 3.9 ± 1.0 8.8 ± 3.29 11.6 ± 3.0  + P=0.18  + P=0.03 

Pied-billed Grebe 6.6 ± 0.70 2.8 ± 0.53 8.5 ± 1.0 4 ± 0.97  + P=0.13  + P=0.29 

Sora 0.6 ± 0.31 0 2.5 ± 0.82 1.2 ± 0.44  + P=0.11  + P=0.02 

Virginia Rail 2.8 ± 0.61 1.5 ± 0.31 4.4 ± 0.83 4.4 ± 0.56  + P=0.14  + P<0.01 

 

4. Songbird Abundance 

Overall songbird species abundance13 was significantly higher in fall 2016 compared with fall 

2015 according to transect+lake data analysis (T=-2.47 P=0.03), but differences were not 

statistically significant for the eBird analysis (T=-1.79, P=0.10; Figure 26). This increase in 

                                                           
12

 Targeted species = species we focused our restoration response predictions on (see Table 1).  
13

 We removed two outlier observations from the analysis: a flock of 4,000 and 5,000 starlings during the second and third eBird 
count replicates in fall 2016.  
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songbird detections from fall 2015 to 2016 was driven largely by a significant Red-winged 

Blackbird increase (Table 5). When Red-winged Blackbirds were removed from the analysis, 

there was still an increase in songbird detections from fall 2015 to 2016 but it was not a 

statistically significant change (Z=-1.17, P=0.24). Comparing survey types, in both fall seasons 

the eBird and transect+lake counts provide estimates that are statistically similar (T=-0.71, P= 

0.49; T=-1.29, P=0.21, respectively). However, for the spring comparison, the transect+lake 

count estimate was significantly higher than the eBird count estimate (T=-5.37, P<0.001). 

Comparing the five most numerous and/or targeted12 songbird species, three of five species 

were detected more in fall 2016 on eBird counts, although none of these comparisons were 

statistically significant (Table 5). For transect+lake counts, four of the five species had average 

detections that were higher in 2016, and differences for two of these species (Red-winged 

Blackbird and Common Yellowthroat) were significant (Table 5). None of the species on either 

count were detected significantly more in fall 2015 than in fall 2016 (Table 5). Marsh Wrens 

were detected less frequently in fall 2016 compared to fall 2015 for both count types (though 

not statistically significant). We were expecting more Marsh Wrens in 2016 because of the 

presence of more mature restored vegetation. Barn Swallows were not detected on eBird 

counts in either fall 2015 or 2016.   

 

Figure 26. Species abundance estimates (average detections per survey) for all songbird species for both the 
community scientist eBird and transect+lake surveys at the Fernhill Wetlands NTS site for fall 2015/2016 and 
spring 2016. 
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Table 5. Average detection rate per survey (± SE) of the five most numerous and/or “restoration response target” songbird 

species between fall 2015 and 2016 counted during eBird and Transect+lake surveys. Trend of change (+ = higher in 2016, - 

= lower in 2016) and significance level (values that are statistically significant are bolded). 

  Fall 2015 Fall 2016 Trend of change & 
significance level 

Species eBird Tran+lake eBird Tran+lake eBird Tran+lake 

Red-winged Blackbird 203.7 ± 49.0 258.8 ± 53.7 415 ± 100.5 846.9 ± 231.8  + P=0.08  + P=0.03 

Common Yellowthroat 9.4 ± 4.3 11.9 ± 4.0 18 ± 4.3 29.1 ± 5.4  + P=0.17  + P=0.02 

Barn Swallow 0 18.6 ± 8.2 0 25.4 ± 7.9 N/A  + P=0.51 

Marsh Wren 6.3 ± 1.7 35.1 ± 19.1 6.1 ± 1.0 20.6 ± 1.9  - P=0.70  - P=0.18 

Savannah Sparrow 3.3 ± 1.2 13.9 ± 3.5 4.1 ± 1.3 15.7 ± 5.0  + P=0.81  + P=0.77 

 

5. Shorebird Abundance 

Overall shorebird species abundance was slightly higher in fall 2016 compared with fall 

2015, according to both transect+lake and eBird data, although these differences were not 

statistically significant (T=-0.74, P=0.47, T=-0.19, P=0.85, respectively; Figure 27). Comparing 

survey types, in both fall seasons the eBird and transect+lake counts provide estimates that are 

statistically similar (Z=-1.1, P=0.29; T=-1.63, P=0.12, respectively). However, in spring 2016, the 

transect+lake count estimate was significantly higher than the eBird count estimate (Z=-2.7, 

P=0.01). 

Among the five most numerous and/or targeted12 shorebird species, mean abundance was 

greater in fall 2016 than in fall 2015 on both eBird and transect+line counts for three of five 

species, although none of these differences were statistically significant (Table 6). 
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Figure 27. Species abundance estimates (average detections per survey) for all shorebird species for both 
the community scientist eBird and transect+lake surveys at the Fernhill Wetlands NTS site for fall 
2015/2016 and spring 2016. 

 
Table 6. Average detection rate per survey (± SE) of the five most numerous and/or “restoration response target” 

shorebird species between fall 2015 and 2016 counted during eBird and Transect+lake surveys. Trend of change (+ = 

higher in 2016, - = lower in 2016) and significance level (values that are statistically significant are bolded). 

 Fall 2015 Fall 2016 Trend of change & 
significance level 

Species eBird Tran+lake eBird Tran+lake eBird Tran+lake 

Greater Yellowlegs 0.6 ± 0.3 0.1 ± 0.1 0.4 ± 0.4 0.9 ± 0.4  - P=0.20  + P=0.10 

Killdeer 4.3 ± 1.3 6.1 ± 1.6 4.7 ± 1.6 4.7 ± 1.3  + P=0.84  - P=0.50 

Long-billed Dowitcher 1.4 ± 1.2 0.7 ± 0.6 0.3 ± 0.3 0  - P=0.54 - 

Least Sandpiper 0 1.3 ± 0.9 0.1 ± 0.1 3 ± 1.8 +  + P=0.35 

Wilson’s Snipe 0.3 ± 0.2 1.6 ± 0.7 0.5 ± 0.3 2.1 ± 0.8  + P=0.53  + P=0.64 

 

F. Other variables:  water level & vegetation characteristics 

In spring 2016 the average water level in the NTS area during the bird survey period 

increased gradually over the season from approximately 0.35ft to 0.5ft, whereas in fall 2016 

water was overall higher (~0.8ft) for the first 5 bird surveys (16 Aug. to 13 Sept.) and then 

dipped to ~0.5ft from late Sept. to early Oct. before increasing to early season levels by the last 

survey (Figure 28).  

In August 2015, percent cover of native wetland plants (41 species) at the site was 83.2%, 

non-native cover was 1.5% with seven non-native species detected, and bare substrate (algal 
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mat, bare ground, open water) was 15.3%. Within the Scrub-shrub habitat, shrub cover 

(measured as stems/acre) was 30.19.  

 

 
Figure 28. Average water levels in the NTS area (in Feet) as measure by three staff gauges during the bird 
monitoring periods in spring 2016 and fall 2016.  

 

VII. Discussion & preliminary conclusions 

 
Historic data 

At Fernhill Wetlands we are fortunate to have a wealth of bird survey data compiled in 

eBird stretching back several decades. Since 2010 the coverage at this site has been particularly 

high, allowing the ability to rigorously examine avian trends at the site in relation to habitat 

modifications.  

The increased diversity and structure in wetland habitat in the NTS area post-restoration 

likely resulted in the observed increase in consistently higher species richness (per survey) 

compared with the pre-restoration period. The higher species richness was most evident in the 

spring and summer which corresponds with the maximum annual extent of wetland vegetative 

habitat and suggests greater usage by many species during the nesting season. The decline in 

open water (and mudflat habitat availability) likely deterred a number of rarity species that 

tend to show up in small numbers in the fall and bolstered fall richness in the past (e.g. 

Bonaparte's Gull, Red Phalarope, diving ducks, gulls, open-mudflat shorebirds, etc.). 
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Exclusive of Cackling Geese, total abundance was not different between the pre- and post-

restoration periods. The increase in Cackling Geese numbers is not likely reflective of any 

changes in habitat at the site but more an artifact of the regional increase in this species in the 

Northwest in recent years (Warren 200614). Despite the similarity in overall abundance 

between the pre and post-restoration periods, there were many changes at the individual 

species level. Species-specific abundance trends across treatments provide the clearest 

evidence of a positive response to the post-restoration treatment. Individual species / species 

group responses matched a priori predictions of responses to the restoration for 8 of 13 

comparisons. The response of secretive marsh birds (Virginia Rail and Sora) is particularly 

dramatic with a 4-fold increase in detections post-restoration.  

The four species that did not match our predictions included Marsh Wren, Ruddy Duck, and 

the two dabbling ducks (Mallard and Gadwall). The Marsh Wren response is particularly 

surprising since it appears that they now have significantly more breeding/foraging habitat at 

the site; yet the number of detections of this species has decreased. At this time we can only 

speculate that this species potentially has more of a lag time in responding to the restored site. 

Another few seasons of data may shed more light on this response. The response of Ruddy 

Ducks is not as surprising. Although this species is a “diving duck” it is not as tied to diving as 

some other ducks in this category (e.g. scaup) and will often forage by skimming the water 

surface (Brua 200215). The strength of the positive response by the two dabblers was more than 

expected. Although the site now lacks the large water bodies it had pre-restoration, CWS 

created a series of long, sinuous ponds throughout the NTS that appear to be attractive to 

dabblers (among other species), and so perhaps this is an important factor driving the 

unexpected increase in dabblers. An examination of dabbling duck use outside of the breeding 

season could help clarify this finding (we did not examine for this report). If the dabbling duck 

response is lower in winter months that would strengthen the case that breeding season 

habitat use may be driving the positive response by dabblers.  

NTS formal and NTS eBird surveys (post-restoration) 

Both species richness and overall bird abundance were higher in fall 2016 compared to fall 

2015 for both eBird and transect+lake data. For bird abundance, this trend held true among all 

four species groups (waterfowl, waterbirds, songbirds, and shorebirds) as well as for 15 of the 

21 individual species examined (transect+lake data only). This also matches our observations 

                                                           
14

 Warrant, K. 2006. Identification field guide to the geese of the Willamette Valley and Lower Columbia River, 2
nd

 ed. 
Unpublished report. Wild Spirit Resources, LLC. 83pp. 
15

 Brua, Robert B.. (2002). Ruddy Duck (Oxyura jamaicensis), The Birds of North America (P. G. Rodewald, Ed.). Ithaca: Cornell 

Lab of Ornithology; Retrieved from the Birds of North America: https://birdsna.org/Species-Account/bna/species/rudduc DOI: 

10.2173/bna.696  

 

https://birdsna.org/Species-Account/bna/species/rudduc
http://dx.doi.org/10.2173/bna.696
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for individual species abundance trends with the historical data (seven of the eight species for 

which we had two years of post-restoration data) in that those species were detected in greater 

numbers in the second post-restoration year (2016) compared with the first year post-

restoration (2015). At the individual species level, the most significant increases from 2015 to 

2016 were documented in the waterbird group, particularly among secretive marsh birds and 

waders. This result also matches what we observed with the eBird historic data.  

These findings indicate a delayed response in many bird species / bird groups in utilizing the 

restored NTS site until the second year post-restoration. This lagged bird response, in turn, 

suggests that the newly planted vegetation (restoration completed Febuary 2015) took two 

growing season to mature enough to provide sufficient quality habitat for many bird species. 

We will sample for another fall and two more spring seasons to determine if this trend 

continues. We would expect at some point the vegetation will fully mature and bird responses 

(i.e. abundance, species richness) will plateau as the habitat reaches a stable successional stage 

and carrying capacity. 

Our findings suggest that the community science eBird data and the more time-intensive 

transect+lake surveys are comparable in estimating relative abundance during the fall season. 

For 15 total comparisons of survey types (for total birds + four guilds for three seasons) we 

found that the mean number of birds for transect+line counts was not statistically different 

compared to the eBird counts for all comparisons during the fall season although the 

transect+line counts typically provided a higher abundance estimate. However, during the 

spring all five comparisons indicated significantly higher abundance for the transect+line 

compared to the eBird counts. This seasonal difference in survey type estimates is likely due to 

inherent differences in the methodologies for the two survey types. A primary reason for the 

underestimate of eBird counts is likely related to survey effort. The average eBird survey was 

106 minutes while the average transect+lake count was 196 minutes. Despite this, we provide 

evidence of compatibility between community science and more “rigorous” survey techniques 

at least during part of the year.   

In conclusion, we document an overall increase in species richness post-restoration, 

supported by multiple data sets. While overall species abundance does not appear to have 

changed significantly between pre- and post-restoration periods, at the individual species level 

we see some dramatic shifts in abundance. Most of these shifts are occurring as we had 

originally predicted they would occur, although there are some surprises. In most cases, the 

picture will become clearer with additional years of data. Moving forward, we will continue the 

monitoring effort for two more spring seasons and one more fall season, in order to gain three 

years of data for each season. We may possibly conduct a multivariate analysis that looks at the 

influence of detection probability, water level, vegetation characteristics, and environmental 

factors (e.g., temperature) on overall species richness and abundance. All in all, we find it 

impressive that there are already a number of strong patterns that make biological sense in just 
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the short time period since the restoration work was completed. Data in coming years should 

bring further clarity to many of the outstanding questions and uncertainties.  

We will encourage, support, and recruit community science volunteers to monitor the 

Fernhill Wetlands NTS following the ASOP protocol. We will report on our findings to the wider 

birding community, the conservation community, and the ecological restoration community. 

 

VIII. Acknowledgements 

We thank Clean Water Services for providing funding to support this work. In particular, we 

thank Carol Murdock and Jared Kinnear at CWS for their support.  We thank the many eBird 

community scientists for using the protocol we developed in conducting their bird counts for 

the site.  We thank Cascade Environmental Group for sharing their vegetation data.  



41 
 

IX. Appendices 
 

Appendix 1. List of all birds detected (in order of abundance) during transect+lake surveys at Fernhill Wetlands NTS 

in fall 2015-16 and spring 2016. 

Common Name # of detections  Common Name  # of detections 
Cackling Goose 16851  Lesser Goldfinch 12 
Red-winged Blackbird 12058  Lesser Scaup 12 
Mallard 1475  Lincoln's Sparrow 12 
Canada Goose 793  American Crow 11 
Marsh Wren 598  Eurasian Collared Dove 10 
Barn Swallow 528  Red-breasted Merganser 10 
Gadwall 501  Golden-crowned Sparrow 9 
Common Yellowthroat 418  Greater White-fronted Goose 9 
Savannah Sparrow 324  Northern Harrier 8 
Green-winged Teal 268  American Bittern 7 
Killdeer 217  Eared Grebe 7 
Tree Swallow 214  Northern Rough-winged Swallow 6 
Great Blue Heron 193  Western Grebe 6 
European Starling 175  California Gull 5 
Great Egret 167  Solitary Sandpiper 5 
Least Sandpiper 120  American Robin 4 
Sora 109  Bonaparte's Gull 4 
Vaux's Swift 106  Brown-headed Cowbird 3 
Virginia Rail 105  Caspian Tern 3 
American Goldfinch 97  Horned Grebe 3 
Cinnimon Teal 93  Osprey 3 
Spotted Sandpiper 82  Willow Flycatcher 3 
Belted Kingfisher 76  American Kestrel 2 
American Coot 75  American Pipit 2 
Pied-billed Grebe 72  Bewick's Wren 2 
Song Sparrow 71  Clark's Grebe 2 
Violet-green Swallow 71  Common Raven 2 
Common Merganser 70  Peregrine Falcon 2 
Wilson's Snipe 69  Pectoral Sandpiper 2 
American Wigeon 67  Ring-necked Duck 2 
Mourning Dove 53  White-crowned Sparrow 2 
Double-crested Cormorant 49  Barn Owl 1 
American White Pelican 46  Black-Crowned Night Heron 1 
Northern Pintail 36  Black-headed Grosbeak 1 
Western Sandpiper 35  Cooper's Hawk 1 
Cliff Swallow 34  Dunlin 1 
Ruddy Duck 34  Glaucous-winged Gull 1 
Greater Yellowlegs 33  House Finch 1 
Hooded Merganser 33  Lesser Yellowlegs 1 
Northern Shoveler 29  Mew Gull 1 
Wood Duck 29  Northern Flicker 1 
Green Heron 27  Semipalmated Sandpiper 1 
Brewer's Blackbird 26  Surf Scoter 1 

Bufflehead 25  Western Meadowlark 1 

Cedar Waxwing 23  Willet 1 

Long-billed Dowitcher 20  Yellow-headed Blackbird 1 

Bald Eagle 16    
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Appendix 2. List of all birds detected (in order of abundance) during paired eBird surveys at Fernhill Wetlands NTS 

in fall 2015-16 and spring 2016 

Common Name # of 
detections 

 Common Name  # of 
detections 

European Starling 10266  Long-billed Dowitcher 18 

Red-winged Blackbird 6463  Ring-necked Duck 18 

Cackling Goose 2420  House Finch 17 

Mallard 1305  American Robin 14 

Barn Swallow 832  Cedar Waxwing 14 

Canada Goose 531  Wilson's Snipe 14 

Gadwall 388  Northern Harrier 12 

Common Yellowthroat 277  Lesser Scaup 11 

Killdeer 168  California Gull 10 

Green-winged Teal 158  Eurasian Collared-Dove 10 

Tree Swallow 153  Golden-crowned Sparrow 9 

Pied-billed Grebe 151  Mourning Dove 9 

Marsh Wren 147  Western Grebe 8 

Vaux's Swift 138  White-crowned Sparrow 8 

Great Blue Heron 133  American Pipit 7 

Great Egret 133  Lincoln's Sparrow 7 

Virginia Rail 104  Northern Rough-winged Swallow 7 

Sora 91  American Bittern 5 

Wood Duck 91  Cooper's Hawk 5 

American Goldfinch 88  Eared Grebe 5 

Savannah Sparrow 84  Northern Flicker 4 

Cinnamon Teal 80  American Kestrel 3 

American Coot 75  Brown-headed Cowbird 3 

Northern Shoveler 74  Bonaparte's Gull 2 

Common Merganser 68  Lesser Yellowlegs 2 

Violet-green Swallow 63  American Crow 1 

American Wigeon 56  American White Pelican 1 

Song Sparrow 51  Bank Swallow 1 

Spotted Sandpiper 49  Black-headed Grosbeak 1 

Belted Kingfisher 45  Blue-winged Teal 1 

Ruddy Duck 44  Common Raven 1 

Northern Pintail 43  Eurasian Wigeon 1 

Hooded Merganser 39  Glaucous-winged Gull 1 

Double-crested Cormorant 34  Greater Scaup 1 

Cliff Swallow 28  Horned Grebe 1 

Greater Yellowlegs 22  Pectoral Sandpiper 1 

Green Heron 21  Peregrine Falcon 1 

Least Sandpiper 21  Ring-billed Gull 1 

Bufflehead 20  Snow Goose 1 

Greater White-fronted Goose 20  Swamp Sparrow 1 

Brewer's Blackbird 18  Turkey Vulture 1 

Lesser Goldfinch 18    

 


