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[bookmark: _Toc56169798][bookmark: _Toc56760448]EXECUTIVE SUMMARY
The goal of the first phase of the Seabird Colony Legacy Project (IAA No. M16PG00019) was to create a stable archive of images and associated data taken by the US Fish and Wildlife Service of Oregon and Washington seabird colonies, preventing any further loss of information due to age-related degradation of 35 mm slides. We designed and populated a catalog of data associated with slides of Oregon from 1979 to 2008 and slides of Washington from 1995 and 2002 (63,393 slides total). Labels containing a unique number were affixed to slides to link each slide to a specific entry in the catalog. Data in the catalog and on slides were checked for accuracy and errors. The slides were scanned to produce high-resolution digital images in Tiff format and packaged sequentially in acid-free slide boxes approved by the National Archives and Records Administration. We adapted a sampling plan from the USFWS Protocol Framework for Monitoring Common Murres (Uria aalge) and Brandt’s Cormorants (Phalacrocorax penicillatus) to conduct four complete censuses of murres and Brandt’s cormorants roughly every 10 years in 1988, 1994, 2003 (cormorants) or 2006 (murres), and 2014. In addition we completed counts of common murres at 45 subsampled colonies in five additional years (1997, 2000, 2003, 2009, and 2012) using a random sampling approach, stratified by geographical location and size class. All seabird species present on the colonies were counted in subsampled years, however due to time and budgetary constraints, subsampling was focused on primarily on common murre populations, and would have to be supplemented with additional colony counts to infer population trends for other species such as Brandt’s cormorant. We completed a total of 325 colony counts using images taken throughout the study period including a total of approximately 1.2 million murres and more than 32,000 cormorant nests. Count data were incorporated into the Oregon Seabird Colony Catalog database which is maintained by the USFWS and contains all USFWS seabird survey data in the state. The estimated breeding population of common murres in Oregon decreased by 23% from the 1988 census to the 2014 census with notable distributional shifts in the north and central regions; over this period the north decreased by 74%, while the central region increased by 105%. The south region remained relatively stable over the study years. Oregon coast Brandt’s cormorant populations decreased by 21% from 1988 to 2014, however when we integrated population data from the Columbia River Estuary, overall population decline over the same time period was only 7%. 


[bookmark: _Toc56169799][bookmark: _Toc56760449]Introduction
Since the Energy Policy Act was enacted in 2005, the Bureau of Ocean Energy Management (BOEM) has increasingly focused its efforts on the potential of alternative renewable energy from marine resources on the East Pacific Ocean Outer Continental Shelf. Offshore energy development and infrastructure would increase anthropogenic interactions and influence on the marine environment, in particular, on seabird populations within the California Current System (CCS; Suryan et al. 2012). There are 15 species of seabirds, approximately 1.3 million individuals, which breed along the coast of Oregon (Naughton et al. 2007). In the non-breeding season, millions of non- or seasonally resident seabirds utilize the waters off the coast of Oregon and Washington as a high-use migration corridor (Briggs et al. 1987, Strong 2009, Adams et al. 2014). Because seabirds occur in densest concentrations on the continental shelf, there are potential direct and indirect impacts resulting from overlap between seabird foraging and migration habitat and areas of future marine renewable energy development. 
The USFWS has conducted aerial surveys to photograph surface-nesting seabird colonies annually within the Oregon Coast National Wildlife Refuge Complex (OCNWRC) since 1988. These surveys were conducted by helicopter over two – three days in early- to mid- June, coincident with late incubation/early hatching of common murres. During each survey, photographs were taken at an oblique angle and at 260-330 m flying altitude by two photographers using 35 mm cameras and 100-400 mm lenses. Beginning in 2009, photographs were taken using digital cameras. More than 63,000 images from these surveys of Oregon and Washington seabird colonies were available only in 35 mm film slide format. The inevitable degradation of these slides, some of which are now nearly 40 years old, made conversion to a stable digital format critical in order to prevent loss of data. 
As part of BOEM’s mission to conduct comprehensive environmental impact analyses in proposed project areas, the agency established an Inter-Agency Agreement (IAA) with the US Fish and Wildlife Service (USFWS) to acquire baseline marine bird abundance and distribution information along the coast of Oregon that could be incorporated into planning processes and risk assessment of renewable energy siting and decision making. To this end, the USFWS secured proper data management, synthesized count data collected from seabird colony photographs, and utilized historical seabird colony data to complete a detailed regional assessment two important species of seabirds breeding in the CCS along the coast of Oregon. The USFWS contracted Oregon State University to aid in completion of the project.
The project was completed in three phases: I) the digitization and archiving of the large catalog of 35 mm film slides; II) the development, population, and management of a database containing count data; and III) the generation of analyses, summaries, and reports which provided baseline breeding populations of common murres and Brandt’s cormorants in Oregon from 1988 – 2014. The initial plan to count colonies along the Washington coast was unnecessary, because the colonies had already been quantified. Instead, the 35 mm slides, along with a digital copy and catalog of slide information, were returned to the Washington Maritime National Wildlife Refuge Complex once slide scanning was complete. Project phases and specific deliverables are described in detail throughout the remainder of this report.  
[bookmark: _Toc56169800][bookmark: _Toc56760450]Phase I 
The primary objectives of Phase I of the IAA were to catalog, scan, and archive the 35 mm film slides. First, we created, populated, and performed a quality control check on a catalog of all data associated with the slides. Second, slides were scanned to produce high-quality stable digital images. Third, we archived the slides using methods approved by the National Archives and Records Administration. Lastly, we developed a plan to prioritize slides in preparation for counting seabirds within colonies that occurred during Phase II of the study. The Phase I deliverable was completed March 2018, and included the scanned images, associated metadata, and slide catalog.
[bookmark: _Toc56169801][bookmark: _Toc56760451]Slide Scanning
59,727 of the 63,393 slides were scanned and saved as high-resolution images (2400 dpi) in .tiff format by a contracted third party. A relatively small number of slides (3,666 slides), discovered in early 2018, were scanned in-house at 5,000 dpi using a slide scanner (Pacific Image Powerslide 5000) purchased by the USFWS for this purpose. 

Each slide was given a unique numerical identifier between 1 and 63,439 and this identifier was used to generate a slide label and file name in a standardized format: colony#_YYYY-MM-DD_unique slide number. Digital images of slides were saved within folders corresponding to the colony number prefix which in turn is based upon the degree of latitude and the USGS 1:250,000 topographic map number where the colony is located. The folders “SeabirdColony_Images_155” and “SeabirdColony_Images_174” include images from Washington. Folders “SeabirdColony_Images_195”, “SeabirdColony_Images_219”, “SeabirdColony_Images_243”, and “SeabirdColony_Images_270” include images of Oregon colonies. The folder “SeabirdColony_Images_other” include images from unidentified colonies from either Oregon or Washington. The final folder within the digital slide archive, “Slide_Rescans_5000dpi”, contains a small number of digital scans completed in-house at 5,000 dpi that were compared with slides scanned by a third party at 2400 dpi.   


To explore image quality prior to counting, we selected images from the first year that all seabird colonies were photographed (1979). The resolution of these images (2400 dpi) appeared to be too low to count common murres and the same images scanned in-house at 5000 dpi were noticeably sharper. We made the decision to not pursue re-scanning images taken in 1979 although higher resolution images would improve image quality because survey methods in this year precluded comparison with counts completed in other years. In fact, the data already collected from these photographs was excluded from prior population estimates of common murres because the helicopter was positioned further from the colonies during the survey making counts difficult, the helicopter flushed large number of murres during the survey, and the survey was partially completed in mid-July far too late to capture peak colony attendance (Carter et al. 2001). Although, we did not assess all ~63,000 images, we did not need to re-scan images from any year that was counted during course of this project. As a result, we do not recommend that any images, including those from 1979, be re-scanned at a higher resolution.

[bookmark: _Toc56169802][bookmark: _Toc56760452]Slide Archive
Slides were placed sequentially by the assigned unique slide number into acid-free slide storage boxes approved by the National Archives and Records Administration (NARA). Each of the few unique slide numbers not associated with any slide (n=46), were indicated on placeholders identifying the skipped number and placed in slide boxes so that all slide numbers were represented sequentially. There is a total of 368 slide boxes each containing between 11 and 240 slides. Each slide box is labeled with a unique number (1 through 368), the start and end slide numbers, and skipped slide numbers where applicable. There are 27 file boxes, each containing between 5 and 18 slide boxes and labeled with a unique number (1 through 27). The location of slides are recorded in the Inventory_SlideBox_IndexFileBox table within the slide catalog, including file box number, slide box number, start and end slide numbers, skipped slide numbers (where applicable), colony regions (USGS 1:250,000 topographical map number), and years (See Appendix A for details). Following completion of the project, slides were sent to the National Archives Building in Washington, D.C. for long-term storage. 
[bookmark: _Toc56169803][bookmark: _Toc56760453]Slide Catalog
We created a slide catalog in 2010 Microsoft Access format to house all data associated with each of the 63,393 slides. There are eight tables within the catalog and descriptions of each table are available in Appendix A. Data associated with the slides include the colony number, the date the photograph was taken, name of photographer, text written on the slide, comments on the condition of the slide, the number stamped on the slide by the developer (usually 1-36), creator of the record, date of record creation, information on corrections made to the database during the quality control process, and the archive location. The latitude, longitude, and name associated with each colony number within Oregon and Washington was added to the catalog as was the physical location of slides (slide and file boxes). 

Database Owner/Manager: 
· USFWS – Shawn Stephensen

Database Editors:
· Nyssa Landres – Records 1 - 10434
· Rikeem Sholes – Records 10435 – 47304
· Karen Lange – QAQC Records 10435 – 47304
· Kirsten Bixler & Jessica Porquez – Records 47305 – 63439


[bookmark: _Toc56169804][bookmark: _Toc56760454]Slide Data Entry
Slide data were entered into the database using a data entry form to standardize entries within sites and among editors. The colony number, site name, description, and coordinates were automatically populated when a colony was selected from the drop down menu. A unique record number, or slide number, was assigned sequentially to each slide entered into the database. There are more records then slides because a few unique record numbers were skipped and not associated with any slide (n = 46).
[bookmark: _Toc56169805][bookmark: _Toc56760455]Labeling
Slide labels were generated by querying the slide catalog for the date, colony number, and unique slide number, which were imported into XBL Barcode Generator 6.6.41. Printed labels contained a title, and a unique ID in barcode format with the same unique ID printed in numerical format below it. Since the size of the labels was constrained by the dimensions of slides, the amount of data that could be included in the barcode was also limited. As the slide number increased the amount of additional data that could be included in the unique ID barcode decreased. This, combined with technical issues, resulted in changes in the labels through time. Labels for slide numbers 1 – 10434 contained the colony number in the title and the unique ID included the date and slide number in barcode and numerical formats. Labels for slide numbers 10435 – 47304 included the unique slide number in barcode and numerical formats. Slide numbers 47305 – 63439 were labeled with the date and colony number in the title and the slide number in barcode and numerical formats. 
[bookmark: _Toc56169806][bookmark: _Toc56760456]Quality Control
The accuracy of the data entered within the catalog and on slide labels was checked carefully, particularly for slide numbers 10435 – 47304. Errors were discovered and corrected for approximately 6% of these slides and a record of these changes was added to the slide catalog (see Appendix A for details). Additional errors discovered in subsequent phases were corrected within the catalog and/or slide labels as needed.

[bookmark: _Toc56169807][bookmark: _Toc56760457]Phase II 
The primary objectives of Phase II were to process aerial images, perform colony counts, and create and populate a database with breeding bird counts. 
[bookmark: _Toc56169808][bookmark: _Toc56760458][bookmark: Table1][bookmark: _Toc365025242][bookmark: _Toc482077834]Count Prioritization
In preparation for Phase II of this project, we generated a strategy to prioritize colony counting. We used a colony selection criteria based on the National Protocol Framework for Monitoring Common Murre (Uria aalge) and Brandt’s Cormorant (Phalacrocorax penicillatus) Breeding Colonies in the California Current System (hereafter Protocol Framework) that was developed by the USFWS (Bridgeland et al. 2018), with details on modifications outlined below. We consulted with bio-statisticians to develop a subsampling approach adapted from the Protocol Framework, which used a size and location based sampling method.
[bookmark: _Toc56169809][bookmark: _Toc56760459]Census Counts
The Protocol Framework recommends a complete census of all colonies every ten years. Prior to this study, the USFWS completed censuses for all common murre and cormorant colonies (Phalacrocorax spp.) within Oregon in 1988 and 2006. To supplement these censuses, we counted all coastal murre and cormorant colonies in Oregon in 1994 and 2014. We selected these years to conduct census counts based in part upon the availability of high quality images and as a result our censuses did not occur at precisely 10 year intervals. Our final census sample included whole colony counts of all known Oregon coast colonies in 1988, 1994, 2003 (Brandt’s cormorants) or 2006 (common murres), and 2014, all considered years with “typical” breeding conditions in Oregon.

[bookmark: _Toc56169810][bookmark: _Toc56760460]Subsampled Counts: common murre colonies
Following the completion of the census counts described above, we counted a subsample of Oregon coast colonies using a size- and geographical-based stratified random sampling approach for all other survey years. The subsample was selected based on common murre populations, therefore no inferences can be drawn about Brandt’s cormorants without additional colony subsampling. The subsampling approach was informed by recommendations from bio-statistical experts based on colony size and location, with consideration of budget and time constraints on the remaining project timeline. We subsampled 45 colonies, which were counted over time. Including census year counts, our subsample years were 1988, 1994, 1997, 2000, 2003, 2006, 2009, 2012, and 2014.

Colony Stratification
Colonies were stratified by geographic location and size based loosely on recommendations in the Protocol Framework, however changes were deemed necessary after consultation with both project personnel and statisticians. Within the Protocol Framework, colonies of the CCS were categorized into eight regions (Fig. 1, Table 1). For this project we focused on regions along the Oregon coastline: 1) Northern Oregon; 2) Central Oregon; and 3) Southern Oregon and Northern California. We shifted the boundaries of the regions so that they were limited by Oregon state boundaries and so that there were roughly the same number of colonies by size class in each (Table X, Figure X).

[bookmark: _Toc56760481]Table 1. Regional boundaries recommended in the Protocol Framework and amended for the Legacy Project 

	
	Protocol Framework
	Legacy Project
	Description of Change

	North
	46° 3' to 45°
	46° 16' to 45°
	Extend north to OR state boundary

	Central
	45° to 43° 30'
	45° to 43°
	Extend southern boundary to just north of Cape Blanco; equivalent to regions “243” + “270 North Coos Bay” in Catalog of Oregon Seabird Colonies

	South
	43° 30' to 40° 8'
	43° to 41° 60'
	Truncate at OR state boundary; equivalent to region “270 South Cape Blanco” in Catalog of Oregon Seabird Colonies




. [image: ]
[bookmark: _Toc56176133]Figure 1. Redefined regions of coastal Oregon
The new regions are shown with shaded boxes and labels, overlaid on the originally proposed regions (grey outlines), with black points designating individual colonies. Redefining the boundaries provided a more even ‘pool’ of colonies per size class from which we randomly subsampled.

Common murre colony size classifications within the Protocol Framework were defined as the following estimated breeding population:

· Small: 1-4999
· Medium: 5000-15,000
· Large: >15,000

Because there was high spatiotemporal variability in colony size of common murres throughout our study period, each colony was categorized into one of the size classes above based upon the maximum breeding population of murres observed during the study period, 1988 - 2014. For example, if a colony was considered large in one year, it was considered a large colony, even if no murres were counted at this location in all other study years.  

After extensive consultation with statisticians and project personnel, we pooled the size classes into two groups based upon their maximum size during 1988 - 2014:

· Small: < 5,000
· Medium/Large: ≥ 5,000

This change was made because two medium colonies required about the same amount of time to count and were roughly equivalent in size to one large colony during the 2014 census count.  

Random Sampling
A power analysis for the sampling design recommended for the Protocol Framework indicated that a minimum of 16 common murre within each region needed to be counted each year in order detect an average decline of 3.35% per year over a 15-year period (cumulative 40% decline) with 80% probability. With guidance from two statisticians, we modified the sampling approach (see section 3.1.2.1 Colony Stratification) and randomly selected 6 small and 9 medium/large colonies per region for a total of 45 colonies to be counted each year. 
[bookmark: _Toc56169811][bookmark: _Toc56760461]Image Selection
All counted images were selected from the principle Oregon coast seabird colony survey completed each year during 2 – 4 days in early- to mid-June. Although additional aerial photos were collected over multiple flights in some cases (e.g. partial survey completed in mid-July), the counts from these photos would not be comparable to other data given the difference in timing of the survey. From the pool of photographs available for each colony in each year, observers manually checked and selected the highest quality photos based upon a variety of factors including whether or not: 

· individual birds were distinguishable from each other
· individual birds were distinguishable from the background, particularly in shadows caused by topographical features
· individual birds were not blocked by other birds or topographical features 
· the image was part of a series of images that could be stitched together

[bookmark: _Toc56169812][bookmark: _Toc56760462]Image Stitching
We stitched images together where possible in order to reduce the time required to both orient images on a colony and delineate areas to count. We compared stitched images created by two readily available software packages, Adobe Photoshop and Microsoft Image Composite Editor, to determine which we preferred. Photoshop included many image editing features such as distortion removal and a contrast slider tool in addition to a stitching function, but we found the processing time lengthy and resulting file size often prohibitively large. In contrast, the sole function of Image Composite Editor was to stitch images and in most cases, this program produced comparable or even superior stitches in much less time than Photoshop. As a result, we used Image Composite Editor whenever possible. Photoshop was utilized for some poor quality photos that Image Composite Editor could not process, as Photoshop allowed some manual manipulation of image placement in the final stitch. After photos were stitched together the resulting image was inspected for smooth transitions and seams. Stitched images were saved as a Tiff unless the file was so large that a lossy compression format was required (i.e. Jpeg). Photos were imported into ArcMap (v10.5-10.6.1 depending on date and computer) to be counted. 
Images counted by the USFWS during the study period (1988-2014) prior to the Legacy Project, were stitched using Adobe Photoshop and processed/counted as Jpeg files. 
[bookmark: _Toc56169813][bookmark: _Toc56760463]Colony Counts
All 325 counts completed during this project, including a total of approximately 1.2 million murres, 32,000 cormorant nests, 16,000 gull nests, and 250 individuals of three other species, were conducted manually using ArcGIS software. A concerted effort was made to explore the potential application of semi-automated or automated counting techniques to the digitized colony images using off-the-shelf software, however attempts were consistently unsuccessful, primarily due to limitations of image quality, topographical features of the colonies, and the high density of murres. See Appendix B for details.
In addition to direct colony counts of individuals, a general k-correction factor of 1.67 was applied to common murre counts to estimate the adult breeding population. This correction factor was based upon data from California because an Oregon specific k-correction value has not been established (Naughton et al. 2007, Carter et al. 2001). When all counts were completed, the direct count of individuals on the colonies as well as the estimates of adult breeding population were added to the Oregon Seabird Colony Catalog database. These files were also compiled in a digital package for archiving. Image Grading
We established a numerical grading scale based on absolute visual characteristic grading (Ludewig et al. 2010) to assess image quality of each colony counted. The following aspects were considered with respect to image grading:
· Sharpness/contrast and distance: are individuals distinguishable? Are birds distinguishable from the background?
· Coverage: is entire colony visible? Is topography obscuring birds?
· Angle: are birds blocking other birds, are birds closest to photographer approximately the same size as those further away?
Using the following grading scale, each counted image was given a grade which was entered into the Seabird Colony database along with the count record. Grading scale:
1. Excellent image quality: no limitations for counting
2. Good image quality: minimal limitations for counting
3. Sufficient image quality: moderate limitations for counting but no substantial loss of information
4. Restricted image quality: relevant limitations for counting, clear loss of information
5. Poor image quality: image not usable, loss of information
Each colony count received one grade for image quality, regardless of the number of images included. For the 325 colony counts completed during the course of this project, the majority (n =  216; 66%) received an image grade of 2 or 3. A smaller number of colony count images received a grade of 1 (n = 50; 15%) or 4 (n = 59; 18%). Colony images received a grade of 5 on one occasion because the image quality was too poor to count. 

[bookmark: _Toc56169815][bookmark: _Toc56760465]Counts in ArcMap v10.5-10.6.1
The 1988 and 2006 censuses of all colonies along the Oregon Coast were counted by projecting 35 mm slides onto a wall lined with paper or whiteboard, marking birds with a pen or marker, and counting the marks. For the 1994 and 2014 censuses and all counts of sub-sampled colonies completed during this project (n = 325 colony counts), individual birds and nests were enumerated using digital images imported into ArcGIS software. A portion of the sub-sampled colonies was counted by the USFWS prior to this project and the counting method shifted in 2010 from projection of 35mm slides to digital images imported into ArcGIS. Resulting .mxd file names included the six digit colony number identifier and year ‘col_######_YYYY.mxd’. 
In each colony count, every individual murre present in the colony photo(s) was enumerated in order to estimate the breeding population of murres at a colony site. We also counted individuals on the water in the immediate vicinity of the colony in order to capture murres that flushed either due to the helicopter or other causes. Nests of Brandt’s cormorants, double-crested cormorants (Phalacrocorax auritis), and pelagic cormorants (Phalacrocorax pelagicus) were counted if the nest appeared to be active and attended. “Empty” cormorant nests, or nests with no adults located in or immediately adjacent to the nest regardless of the contents of the nests, were counted separately. Western/glaucous-winged gull hybrid (Larus occidentalis x glaucescens) nests, pigeon guillemots (Cepphus Columba), black oystercatchers (Haematopus bachmani), and tufted puffins (Fraturcula cirrhata) were also quantified. However, due to limited image coverage with respect to nest type and location, the data were insufficient to draw trends for any species other than common murres, Brandt’s cormorants, and double-crested cormorants. If there was only one or a few partial photos of a rock on which a historical colony was located (e.g. only one side) and no birds were present, we assumed the count of individuals and nests was zero.
Count Methods
Stitched photo(s) of each colony were imported to a new ArcMap .mxd file and moved to the vicinity of the colony location using a georeferenced Oregon coast seabird colony layer and the georeferencing toolbar. 
Shapefile templates for likely seabird species were then added to the ArcMap file. Depending on year, this either consisted of a point layer for each species or a single point layer classified for species. Classifications were uniquely colored for quick identification. The point layer(s) included the following classifications:
· COMU: common murres
· BRAC: Brandt’s cormorant nests
· DCCO: double-crested cormorant nests
· PECO: pelagic cormorant nests
· WEGU: western/glaucous-winged gull nests
· PIGU: pigeon guillemots
· BLOY: black oystercatchers
· TUPU: tufted puffins
· BRAC_empty: abandoned Brandt’s cormorant nests
· PECO_empty: abandoned pelagic cormorant nests
· DCCO_empty: abandoned double-crested cormorant nests
The counter manually added count lines/boundaries where applicable to delineate the area of the photo that was counted. This prevented double-counting in areas where multiple images covered the same area of the colony and ensured that all of the colony was counted.
To count the seabirds present in the images, a point was added to every individual bird or nest visible in the photos. An effort was made to place the points in the center of the bird/nest in order to minimize confusion during count review and proofing. In cases where it was clear that murres were located in recessed rocky overhangs or heavily shadowed areas but individuals could not be distinguished, points were added at a density comparable to adjacent visible murres. Even with the addition of these points, overall murre counts were likely conservative. 
Nests of the three cormorant species breeding in Oregon were distinguished by the size of nest materials used, physical characteristics of the birds attending nests, and the location of the nests. Although not always visible, physical features used to identify cormorants to species include blue gular skin and white whisker like plumage on the neck and shoulders of Brandt’s cormorant; white flank patches on pelagic cormorants, and large size; and yellow or orange gular skin on double-crested cormorants face. Nest material was often twigs and stick material in double-crested cormorants and often grasses, forbs, and seaweed in Brandt’s and Pelagic cormorant nests. Nests were often clumped and located towards the top of islands in double-crested and Brandt’s cormorants, whereas pelagic cormorant nests tended to be lower in elevation and much more dispersed. Because they were difficult to detect in photos of heavily shadowed, near-vertical cliffs and because colony photos were often focused primarily on the tops of islands, pelagic cormorant nest counts were underestimated and likely not adequate for the estimation of population trends.
Empty cormorant nests were marked when they were well structured, and appeared to have been recently in use.
All other detected and identified species were marked and the count was included in the database, however these counts were incidental and not intended as use for population estimates. 
The counter reviewed the colony after the initial count was completed in order to fill in missing birds and nests. Each colony count was then proofed, in most cases by a different counter. All count and geodatabase files were given to the database manager to rectify with the Seabird Colony Catalog.

Count Data Entry 
The count data were entered into Microsoft Excel spreadsheets along with the colony number, count year, whether or not stitched images were used, the file names of images counted, image grade, name of the counter, name of the individual that proofed the count, notes, the date that the colony count was completed, and the time required to each select/stitch images, count the colony, review the count, and proof the count. All count data was proofed to prevent transcription errors between the bird/nest totals in ArcMap and the spreadsheet. The spreadsheets were then used to rectify census counts with the Oregon Seabird Colony Catalog.
[bookmark: _Toc56169816][bookmark: _Toc56760466]Seabird Colony Database
All data collected during the course of this project was incorporated into the Oregon Seabird Colony Catalog database which is maintained by the USFWS and contains all seabird survey data collected by the service as well as survey data shared by collaborators. Seabird database manager Steve Holzman rectified our sub-sampled counts as well as the 1994 and 2014 census data, with the Oregon Seabird Colony Catalog vX. The Catalog is available: xxxxx. 

[bookmark: _Toc56169817][bookmark: _Toc56760467]Phase III 
Phase III includes analyses, and the submission of a final digital package and a final full summary report to BOEM.
[bookmark: _Toc56169818][bookmark: _Toc56760468]Final Digital Package
[Include description of metadata]
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The most abundant seabird in Oregon is the common murre (Naughton et al. 2007), specifically Uria aalge californica, the southern of two subspecies that occur in the North Pacific nesting from British Columbia to California (Ainley et al. 2020). It is estimated that in 1988, nearly 20% of the total population and 66% of the California Current population of this subspecies nested in Oregon (Carter et al 2001). Despite their relative importance, the understanding of historical regional population trends of this species was limited prior to this project. Census counts of common murres nesting along the coast of Oregon had been completed in just two years (1988 and 2006), and there was evidence that annual subsampled counts completed by the USFWS were not representative of the state population (Horton 2015).
Using a portion of the more than 63,000 35mm slides that were digitized during the course of this project, we completed 325 counts of seabird colonies along the coast of Oregon. We completed two census counts of all common murre colonies in the state in 1994 and 2014, for a census count roughly every 10 years beginning in 1988. We selected and counted a subsample of colonies approximately every three years from 1994 to 2014 (see Section 3.1 Count Prioritization and Section 3.2 Colony Counts for further details).    
Murres nested at a total of 107 colonies along the Oregon coast during the study period (1988-2014) and each colony was counted in the four census years. The majority of colonies (61%) were small (peak size < 5,000 murres) and the remainder (31%) were medium/large colonies (peak size > 5,000 murres, Table 2).   
[bookmark: _Toc56760482]Table 2. Size class of all common murre breeding colonies by region along the coast of Oregon in census years, 1988, 1994, 2006, and 2014.
 
	Region
	Size Classa
	Total

	
	Small
	Medium/Large
	

	North
	32
	17
	49

	Central
	16
	11
	27

	South
	17
	14
	31

	Total
	65
	42
	107


aColonies were considered small if the maximum size of the estimated breeding population during study years was < 5,000 murres and medium/large if the size was >5,000 murres.
We counted a subsample of 45 colonies in each of 8 years from 1994 through 2014. The colonies were split evenly across three geographic regions and two size classes; 6 small and 9 medium/large colonies from the north, central, and south regions. The majority of these subsampled colonies were considered medium/large (60%; note that given our classification definitions, medium/large colonies could have been small in some years). 
There was a 23% decline in the estimated breeding population of common murres in the state of Oregon between 1988 and 2014 (Table 3). The change in population size in the three regions differed dramatically; the population in the north region declined by nearly 75%, the population in the central region doubled in size, and the south region remained relatively stable during the study period.   
[bookmark: _Toc56760483]Table 3. The total estimated breeding population of common murres at all colonies along the Oregon coast in census years 1988, 1994, 2006, 2014.

	Region
	1988
	1994
	2006
	2014
	Change
	% Change

	
	Number
	% Total
	Number
	% Total
	Number
	% Total
	Number
	% Total
	
	

	North
	355,170
	51%
	287,243
	42%
	180,052
	32%
	93,700
	18%
	-261,470
	-74%

	Central
	96,291
	14%
	110,409
	16%
	180,159
	32%
	196,932
	37%
	100,641
	105%

	South
	239,782
	35%
	293,616
	42%
	204,837
	36%
	238,843
	45%
	-939
	0%

	Total
	691,243
	100%
	691,268
	100%
	565,048
	100%
	529,475
	100%
	-161,768
	-23%


There was a southward shift in the distribution of common murres during the study period. In the 1988 census count, 51% of murres were located in the north region and this declined to 18% by 2014. At the start of the study, 14% of murres breeding in Oregon were located at colonies in the central region and this increased to 37% by 2014. The percentage of all murres located in the south remained fairly stable between 35% and 45%.  
This pattern in population change was similar with the subsampled colonies. There was a, 28% decline in the estimated breeding population of common murres in the subsampled colonies between 1994 and 2014 (Table 4). The population of murres in the subsampled colonies experienced a 71% decline in the North, an 84% increase in the Central region, and a 28% decline in the South during this time period. 
[bookmark: _Toc56760484]Table 4. The total estimated breeding population of common murres in Oregon at subsampled colonies by region, from 1994 - 2014. 

	Region
	1994
	1997
	2000
	2003
	2006
	2009
	2012
	2014
	Change in Murres
	% Change

	North
	171,666
	178,715
	101,532
	110,351
	128,683
	28,089
	17,358
	49,709
	-121,957
	-71%

	Central
	66,973
	52,433
	82,586
	97,217
	128,200
	134,239
	112,265
	123,305
	56,332
	84%

	South
	215,892
	143,299
	132,245
	147,119
	156,986
	173,225
	152,733
	154,554
	-61,338
	-28%

	Total
	454,531
	374,447
	316,363
	354,687
	413,869
	335,553
	282,356
	327,568
	-126,963
	-28%


Horton 2015 found a decline and in the population and a southward shift in distribution in the census data that was previously available (1988 and 2006). We find that this trend continued through 2014. Further analysis is forthcoming.
[bookmark: _Toc56169820][bookmark: _Toc56760470]Brandt’s cormorant trends
Brandt’s cormorants are endemic to North America along the NE Pacific coast; breeding primarily within the CCS. Although extensive monitoring efforts have occurred in California, our understanding of Brandt’s cormorant distribution and abundance in Oregon is limited. A coast wide census of Brandt’s cormorants in Oregon, was conducted in 1988, identifying [~11,000] nests along the coast. In 2003, a second census was conducted, however information about the overall status and distribution of the breeding population of Oregon was limited to these two counts. We completed two additional coast wide census counts of Oregon in 1994 and 2014. 
Brandt’s cormorants nested in a total of 111 colonies along the Oregon coast in our census years, 1988, 1994, 2003, and 2014. We categorized Brandt’s cormorant colonies into three size-classes:

· Small <200 nests
· Medium 201-500 nests
· Large >500 nests

Brandt’s cormorant colony size was highly dynamic, and over our study years only seven sites (6.2%) retained the same size classification through all four census years. Six of these colonies were small and never exceeded 150 nests in any year (Fig. 2). This fluctuation in colony size through time could reflect skipped breeding, redistribution of the birds to more optimal nesting sites, or possibly die-off cycles.
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[bookmark: _Toc56176134]Figure 2. Regional Brandt’s cormorant breeding populations off the Oregon coast 1988-2014. 
Regions delineated by dashed lines. Graduated symbols (green) indicate regional population sizes (nests/region) placed at arbitrary center point of region and black points represent colonies with Brandt’s cormorant breeding at any point during our study. Over our four sampled years the northern Brandt’s cormorant population decreased as the central and Columbia River Estuary regions increased. The south remained relatively stable over our sampled years.

There was a 7% decline in the number of Brandt’s cormorant nests from 1988 to 2014. However, the decline in more coastal nesting populations (excluding the Columbia River Estuary colony) was greater over the same time period (21%; Table 5). The decline detected was not strictly linear from 1988 to 2014, and population sizes in 1994 and 2006 demonstrate both growth and reduction in the number of breeding Brandt’s cormorants over our study period. This may reflect the cyclical “boom-bust” breeding nature of the species as described by Ainley et al (2018). Regionally, there appeared to be a decrease in the population in the northern region coincident with an increase in the Columbia River Estuary, however this does not account for the entire north region decrease from 1994 to 2006. In 2006 Brandt’s cormorant nest counts were lower in all study regions, however without additional censuses it was difficult to discern whether this reflected a real decrease in the overall breeding population, or if 2006 was simply a ‘bust’ year.
[bookmark: _Toc56760485]Table 5. Total estimated breeding population of Brandt’s cormorant along the coast of Oregon, by region and census year. 

	Region
	1988
	1994
	2006
	2014
	Change
(overall 1988 to 2014)

	Columbia River Estuarya
	0
	0
	97
	1630
	+16.3

	North
	4682
	5335
	3540
	1991
	-0.57

	Central
	4064
	5247
	2887
	3241
	-0.20

	South
	2427
	3395
	2432
	3504
	+1.44

	Legacy Project totalb
	11,173
	13,977
	8859
	8736
	-0.21

	Total
	11,173
	13,977
	8965
	10,366
	-0.07


aColumbia River Estuary was not included in the Seabird Legacy Data Project. Data were obtained by OSU/USGS aerial surveys because it provided a more complete summary of spatial changes of Oregon’s Brandt’s cormorant breeding population over our study period.
bSub-total counts of coastal nests in north, central and south regions. These data do not include the Columbia River Estuary

The Oregon coastal breeding population of Brandt’s cormorants appeared to be relatively stable when the Columbia River Estuary group was included. This suggested that the Columbia River Estuary might provide higher quality breeding and/or foraging habitat for cormorants when coastal nesting is less favorable. It is unknown how the recent dramatic decline in number of Brandt’s cormorants nesting in the Columbia River Estuary has impacted the statewide population of the species. In 2019, there were just 111 Brandt’s cormorant nests counted at East Sand Island, down from the previous year where 2120 nests were counted.

[bookmark: _Toc56169821][bookmark: _Toc56760471]Phase IV
Phase IV includes optional presentation of results to appropriate scientific and management audiences via virtual or in person conferences, seminars and webinars and the production of peer-reviewed scientific paper. If time and funding allows, optionally provide BOEM with technical assistance with application of products.
Two presentations were given at the annual Pacific Seabird Group (PSG) meeting 2020:
Bixler, K.S., Porquez, J.M., Stephensen, S., Swift, R., Lowe, R., Lyons, D.E. (2020, February 12-15). Changes in Population Size and Spatial Distribution of Common Murres in Oregon, 1988-2014 [Conference presentation]. PSG Annual Meeting 2020, Portland, OR, United States.
Porquez, J.M., Bixler, K.S., Stephensen, S., Swift, R., Lowe, R., Lyons, D.E. (2020, February 12-15). Long term trends of Brandt’s cormorant nesting along the Oregon coast (1988-2014): Preliminary Findings [Conference presentation]. PSG Annual Meeting 2020, Portland, OR, United States.
The following abstract was submitted to the 2020 World Seabird Conference, however the conference was postponed due to the COVID-19 pandemic:
Bixler, K.S., Porquez J.M., Stephensen, S., Swift, R., Lowe, R.W., Lyons, D.E. (2020, October 19-23). Changes in population size and spatial distribution of common murres (Uria aalge) and Brandt’s cormorants (Phalacrocorax penicillatus) in Oregon USA, 1988 – 2014. [Conference presentation]. World Seabird Conference 2020, Hobart, Tasmania, Australia.

Collaborators are currently composing a peer-reviewed manuscript on common murre population trends in Oregon. 
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Appendix A: Slide Catalog Data Table Description

The Seabird Colony Monitoring database contains the following tables: 
Date_SlideSet 
An accounting of the slides, date captured and colony. This table generates a set of records where each colony and date combination is unique. It is used as a lookup for entering the slide records. 
Inventory_SlidesBox_IndexFilebox 
A complete inventory of slide boxes and file boxes. 
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Inventory_SlidesBox_IndexFilebox Table Fields 
ID – auto-generated number. This also serves as the primary key. There is one row of data for each slide box. 
File Box – File Box Archival box number 
Slide Box – Slide Box Archival box number 
Slide Number Range Start – the first slide number in the sequence of slides within the slide box. 
Slide Number Range End – the last slide number in the sequence of slides within the slide box. 
Colony Number – the first three digits of the colony numbers associated with slides within the slide box (USGS 1:250,000 Quad map number) 
Years – the survey years for slides included in the file box 
Notes – describe, elaborate, and/or qualify data in previous fields 
Lkp_Comments 
Standard set of comment types related to QAQC. 
Lkp_CommentsNew 
Standard set of comment types related to the slide media or cataloging anomalies. 
Lkp_Observers 
A unique set of observers, this table was generated by mining the CompleteData table. In general, the observer name is taken from the slide itself. 
Note: This table, from USFWS legacy database, is not standardized. 
New_DigitalFileNames 
Unique file names for digital images. Includes unique slide number, colony number, and the date that the photograph was taken. 
Sites 
Unique set of records with details of the colony sites in Oregon and Washington. 
Note: If a slide had an unknown colony, as was found in a few instances of marine mammal slides. A COLNO was generated (e.g. 999-999) and given a site name if written on the slide (e.g. Black Rock – Blanco Reef).
[image: ]

SitesThis table includes a complete list of all seabird colony names, unique colony numbers, and locations in decimal degrees from the Catalog or Oregon Seabird Colonies and the Catalog of Washington Seabird Catalog.

Slides 
This is the full inventory of slides.
[image: ]

Slides Table Fields 
BarCode – auto-generated number. This also serves as the primary key. 
COLNO – used to populate the colony number. If the slide had no text on it to indicate the colony, or if the colony ID did not match an option in the database Shawn Stephensen was consulted to find out if it was associated with a colony based on any other text written on the slide. If there was still not a match, the colony was given a unique identifier 999-XXX after consulting the database (descending order from 999-999). ‘Unknown’ was not used as a repeated identifier because it would be challenging to tease multiple sites apart. New colonies or other identifiers along with a description were added to the database within the Sites table. Once the new site was added to the Sites table it was included in dropdown menus in the slide data entry form. 
Notes_On_Slide- field captured any text written on slide. No quotes or prefixes required unless that is how it appears on the slide. This field was used to capture each colony ID if the slide included multiple colonies. Multiple Colonies was also added to the Comment field. 
Comment – field used to generally describe, elaborate, or qualify text on slide. 
Lkp_CommentsNew for controlled set of comments. New entries were added as needed to the lookup. 
Date_Slide – YYYY-MM-DD format. 
Original_Slide_Name – field used to capture any additional information on the slide such as stamped slide number or other identifier on the slide frame. This is typically numeric but can also be alphanumeric. 
Notes_Codn – field used to capture any notes on the condition of the slide. Such as damage, bad exposure, lack of metadata (text on slide). 
Observer – field used to capture the observer. This is typically found on the slide but may also be crosschecked to CompleteData table if no observer is written on slide. This field is restricted to one observer. If more than one, use primary or first name in order as it appears. 
Created By – individual entering the records. 
CreatedOn – date the record was created. Is set to automatically capture todays date. 
ModifiedBy – person doing QAQC 
ModifiedOn – date QAQC was performed 
Correct_COLNO – QAQC corrected value 
Correct_Notes_On_Slide– QAQC corrected value 
DB_Correction Type - field used to generally describe, elaborate, or qualify error in data entry for the slide. Lkp_Comments for a controlled set of comments. New entries were added as needed to the lookup. 
Label_CorrectionType- field used to generally describe, elaborate, or qualify error in labelling for the slide. Lkp_Comments for a controlled set of comments. New entries were added as needed to the lookup. 
Correct_Date_Slide– QAQC corrected value 
Correct_Original_Slide_Name– QAQC corrected value 
Correct_Notes_Codn– QAQC corrected value 
[bookmark: _GoBack]Correct_Observer– QAQC corrected value
Slides QAQC 

Table used to capture all changes made to the database and slides during the QAQC process. See Slides Table Fields for details. 
1
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