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 This email has been received from outside of DOI - Use caution before clicking on
links, opening attachments, or responding.  

Hi all,
 
As you know, Nadav and I have been working on a power analysis for the Ashy storm-petrel netting
efforts conducted at SEFI, the Channel Islands, and Mexico with data provided by you all. Well, we
finished that project in the early summer and submitted our final report to NFWF. I have been
meaning to send this to all of you for a while and was finally reminded by our meeting today.
 
While the results of the power analysis aren’t on the agenda for today’s meeting, maybe it is
something we can discuss the next time we are reviewing the monitoring program.  Some of the
quick take away findings.

We settled on evaluating the power to detect a 40% decline over a 15 year period. That trend
value was chosen because it is already the standard used for the California Current Breeding
Seabird Protocol Framework (Bridgeland et al. 2018), which in turn was based on IUCN
guidelines.
There isn’t really a good “one size fits all” netting protocol for all three locations. The capture
rates and variance at the different colonies are too different to allow that.
However, each colony can achieve sufficient power to detect meaningful trends over a 15
year period with some standardization of efforts in terms of the total number of netting
sessions conducted per year. Different scenarios for how to achieve those sample sizes,
including evaluating annual netting effort vs. netting every 3 or 5 years, are also examined.  
In many cases, we may be able to achieve sufficient power to detect the desired trend with
less effort than is currently employed, allowing for some flexibility when it comes to funding
and personnel requirements.

 
Please give it a read and let us know if you have any questions or other feedback. We would be
happy to set up a time to discuss.
 
Thanks,
Pete
 
---------------------------------------------------------
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​ Final Programmatic Report Narrative 


Instructions:  Save this document on your computer and complete the narrative in the format provided.  The final narrative should not exceed ten (10) pages; do not delete the text provided below.  Once complete, upload this document into the on-line final programmatic report task as instructed.

1. Summary of Accomplishments


In four to five sentences, provide a brief summary of the project’s key accomplishments and outcomes that were observed or measured. 


Understanding the abundance and population trends of a species is critical to implementing the most effective management practices. However, this can often be challenging from both a scientific and practical standpoint. The ashy storm-petrel (ASSP; Oceanodroma homochroa), is a long-lived species with a narrow geographic distribution within the California Current Ecosystem. The ASSP breeds primarily on the South Farallon and Channel Islands in California and a few scattered islets as far south as the Todos Santos Islands in northern Mexico. The species is currently listed as a California Species of Special Concern (Gardali and Shuford 2008), a USFWS Bird of Conservation Concern (USFWS 2021) and has been given Endangered status by IUCN (2014) owing to its limited breeding distribution, significant population declines, increased colony predation, and a high risk of at-sea mortality (Parker 2016).


Ashy storm-petrel population sizes are extremely challenging to estimate for multiple reasons – they nest primarily in cryptic or inaccessible locations, they are only active at the breeding colony at night, they are unlikely to respond to callback surveys, and large numbers of non-breeding or pre-breeding birds visit the colony during much of the breeding season. To date, the most effective methods for population estimation have been mark-recapture surveys conducted at breeding colonies periodically throughout the breeding season (Ainley et al. 1990, Sydeman et al. 1998). However, mist-netting is time-intensive and can only be conducted during periods of favorable weather and moon conditions. Furthermore, methodologies vary between monitoring sites depending on their accessibility, frequency of visitation, distribution of nesting sites, and staffing. It remains unclear how effective and comparable these various methodologies may be for detecting meaningful population change for this important species.


An additional major challenge with mist-net captures is the uncertainty about the breeding provenance of the individuals. Monitoring of the Farallon Islands’ ashy storm-petrel population has occurred for more than 50 years, through studies of reproductive success and long-term capture-mark-recapture (Nur et al. 2019), but the breeding/nonbreeding ratios of the population attending the colony during the breeding season that are based on field collected data remain unknown. Storm-petrels require several years to reach sexual maturity and individual birds may not breed every year. Recapture rates are extremely small relative to the number of birds banded and non-breeding or prebreeding individuals are known to regularly visit colonies during the breeding season (Ainley et al. 1990). In addition, at sea surveys in the California Current have encountered flocks of ashy storm-petrels whose abundance exceeds current breeding population estimates. Hence, it is possible that a large population of nonbreeding individuals are attending the colonies but are not regularly nesting. Therefore, the total population may be significantly larger than the breeding population estimates indicate.


2. Project Activities & Outcomes


2.1 Activities


· Describe and quantify (using the approved metrics referenced in your grant agreement) the primary activities conducted during this grant. 

· Briefly explain discrepancies between the activities conducted during the grant and the activities agreed upon in your grant agreement.

Activity 1. Assess and compare mark-recapture methods across monitoring sites throughout the ashy storm-petrel breeding range. 


Mist netting data have been collected for many years at major breeding sites throughout the ashy storm-petrel breeding range for the purpose of monitoring population trends. We found that the frequency of netting efforts (both within season and across years), number of netting locations, and methodologies have varied greatly. Point Blue has long-term netting data from the Farallones from the past 50 years, including standardized methods for the last 30 years. In contrast, work at the Channel Islands has been conducted largely opportunistically, by different researchers when time or funding allows.


Work at storm-petrel colonies in Mexico is more recent but has employed standardized methods like those used at the Farallones. For this activity, we have compiled capture-mark-recapture data from monitoring sites at Southeast Farallon Island, Farallon Islands National Wildlife Refuge (SEFI), Channel Islands National Park (CI; includes Anacapa Island, Prince Island, Scorpion Rocks, and Santa Barbara Island), and from the Coronado Islands and Todos Santos Island colonies in Mexico (MX). Activity 1 also compares the protocols and mist netting capture histories across sites to examine how differences in methodologies impact capture rates and estimates of population trends. 


Activity 2. Incorporate new estimates of the proportion of breeding vs. non-breeding individuals in mist net captures into mark-recapture models.


At the Farallon Islands, two complementary studies were conducted to address uncertainty in storm-petrel breeding/nonbreeding ratios. The first examines reproductive hormone levels in mist-netted birds as determined from blood, feather, and preen oil samples. Variation in the levels of reproductive hormones, such as testosterone and prolactin, have been shown to be good indicators of breeding condition in other species (Angelier & Chastel 2009). We have also experimented with using radio-frequency identification (RFID) tags to track individuals that were captured in the mist-net to locate their nest site and confirm breeding activity. Data from these ongoing studies are meant to improve our understanding of the mist-net data and aid in determining the efficacy of using mark-recapture methods to examine trends in breeding populations. 


Activity 3. Conduct a power analysis to determine sampling frequency, netting effort, and sample size required to detect meaningful change in storm-petrel populations at their main breeding sites.


Power analyses estimate the probability of detecting statistically significant trends (upward or downward) in a population given the number of samples, sampling variability, and magnitude of change. They are often employed in experimental design to determine the minimum number or precision of samples (in this case frequency and abundance of mist net captures) required to detect a meaningful trend. Statistical power to detect a trend over time depends on the following six components (Nur et al. 1999): 


1. Magnitude of the trend (i.e., percent change per year) for which power is being calculated. 


2. Number of years over which the trend is being assessed. 


3. Sampling effort. This includes both the number of netting sessions conducted each year, as well as the frequency of netting, e.g., annual or triennial.  


4. Variability of the response variable. 


5. Specific statistical test to be used. 


6. Alpha level (i.e., the Type I error rate) used in the statistical test.


The power analysis assumed that the trend to be detected corresponded to a 40% decline over 15 years, which is equivalent to an average decline of 3.35% per year. We also calculated the power to detect an increasing trend that was proportionally equivalent to the declining trend, which was an increase of 66.7% over 15 years, i.e., an average increase of 3.46% per year. We used these specific trend values because these were the ones used for the California Current Breeding Seabird Protocol Framework (Bridgeland et al. 2018), which in turn were based on IUCN guidelines. Here we also consider, for selected, typical netting scenarios, the magnitude of the trend that can be detected with 80% power.


Thus, the magnitude of the trend and interval (number of years) being assessed was assumed the same for all three locations (SEFI, CI, or MX).  However, regarding sampling effort and variability of the response variable, we tailored the power analyses to the individual location, based on prior netting practice (e.g., number of netting stations) and on the data that has previously been gathered. Thus, the power analyses, though based on explicit assumptions, are both specific and realistic.


Regarding sampling effort, there were four components.  First, we evaluate power for both annual and triennial mistnetting. In the latter case, netting surveys were assumed to be evenly spaced every 3 years. Secondly, we consider two netting sites (as on SEFI). or two to three netting sites (MX), or two to four netting sites per year (CI), depending on the number of netting sites that have been regularly used in recent years.  Thirdly, we considered either 3 or 4 months of netting.  Fourthly, we assumed a range of netting intensity varying between 1 and 3 netting sessions per site per month, depending on the location. 


The response variable was the ashy storm-petrel population index, defined as the number of unique storm-petrel captures per hour of netting effort per netting session (CPUE), ln-transformed. The unit of observation was the individual netting session. Repeat captures of an individual during a single netting session were not counted. Where netting sessions were truncated due to inclement conditions, the number of hours that the nets were open was used to determine CPUE. Further details are presented below. To conduct the power analysis, we analyzed recent netting data for each location (SEFI, CI, or MX), fitting statistical models to those data, and from those models obtained an estimate of the residual error (RMSE), which provides the appropriate measure of variability. These models accounted for potential variation in ln-transformed capture rates due to netting site, day of year within the netting season, year trends, and moon and/or cloud cover. 


Finally, the power analysis assumed that for trend detection a linear model would be fit to the data (ln-transformed capture rates), evaluating a linear trend in capture rates, either increasing or decreasing, as specified above, and the trend would be tested with a 2-sided t test, assuming alpha level, α = 0.05. 


Location-specific analyses


SEFI:  We analyzed capture data from the two netting sites from 2005 to 2020 for the months of April-July (effort and capture rates were reduced for August). We included all netting sessions except for five sessions that either deviated from the protocol or were conducted under extremely unusual conditions (119 sessions in the analysis).  


The statistical model of best fit included the following: cubic trend for year, quadratic trend for “day of year,” an effect of site (Lighthouse Hill vs. Carpentry Shop), and an index of moon illumination. The latter index was the percent of moon illumination during a session, provided that the moon had risen and that conditions were not overcast. Thus, moon illumination index was zero if the moon had not risen or if conditions were cloudy/overcast. The resulting RMSE, 0.4221, was used in the power analysis.


Channel Islands: We used data from 2004-2018 (no 2019 data were provided) for the standardized netting periods only (see Adams 2016). Netting effort was very variable among years and among netting sites.  We restricted data analysis to netting sessions in the months of May-August (there was low netting effort in April and September) and to netting conducted at the four principal netting sites: Arch Point and Elephant Seal Point (both on Santa Barbara Island), Prince Island (San Miguel Island), and “Southwest Corner” (Santa Cruz Island). 153 netting session were analyzed from the four months and four netting sites. We analyzed moon illumination itself, but unlike SEFI analyses we had no information on cloud cover, only whether the moon was up or not. 


The statistical model of best fit included the following:  quadratic trend for year and cubic trend for “day of year.” The effect of location was not significant, nor was the effect of the moon visibility index, which did not include any information on cloud cover. The resulting RMSE, 0.6453, was used in the power analysis.


Mexican islands: We analyzed data from all the years provided (2016-2019) and for the months of May to August (only 5 out of 70 sessions were conducted outside of this period). Statistical analysis was for the two principal netting sites Terrón de Azúcar (Coronados) and Todos Santos Sur. Only a small number of sessions were conducted at the other 2 sites. No information was available on cloud cover, hence the moon illumination index only referenced percent illumination and whether the moon had risen. Unlike SEFI and CI, netting sessions were often conducted when moon illumination was considerable (over 25% illuminated and the moon had risen). Moon illumination greater than 50% was not unusual. 


The statistical model of best fit included the following: effect of location, linear trend for year (note there were only four years of data) and quadratic trend for “day of year.” Inclusion of sessions with moderate to high moon illumination appeared to increase the variability in CPUE, hence, we restricted the analysis to nights when the moon was not visible (new moon or the moon had not yet risen). The recommended protocol for future monitoring is to restrict netting to nights when there is little or no moon visible, hence restricting the analysis as we have done is appropriate. The resulting RMSE, 0.8412, was used in the power analysis.


Calculation of statistical power:


Statistical power given the specified parameters for the six components listed above was calculated using the power oneslope command in Stata 16. Results of these analyses are shown under “Track 1.”  We also calculated the sample size needed to achieve 80% power (listed under “Track 2”) as well as the magnitude of trend that can be detected with 80% power (listed under “Track 3”).

Based on these analyses, we provide recommendations for conducting mist-netting studies for ashy storm-petrels at all monitoring sites throughout their range. These recommendations include “best practices” for achieving the highest detection power as well as recommendations for minimum effort required to detect meaningful trends. 


2.2 Outcomes


· Describe and quantify progress towards achieving the project outcomes described in your grant agreement. (Quantify using the approved metrics referenced in your grant agreement or by using more relevant metrics not included in the application.) 


· Briefly explain discrepancies between what actually happened compared to what was anticipated to happen. 

· Provide any further information (such as unexpected outcomes) important for understanding project activities and outcome results.

Outcome 1. Population monitoring efforts for ashy storm-petrel will be evaluated at major monitoring sites and compared for the first time.

We compiled ashy storm-petrel population monitoring efforts at major breeding colonies throughout their range and have compared differences in methodologies for the first time. We found that, due to logistical and funding challenges unique to each site, mist-netting mark-recapture methods have varied both between sites and between years at the same site (Table 1). For example, mist-netting efforts at the ashy storm-petrel’s largest colony on the Farallon Islands has been conducted monthly between April and August every year using standardized methods since the early 1970s. Netting was conducted once a month at each of two standardized netting sites on Southeast Farallon Island, resulting in an average of 8 netting sessions per year. The size of mist nets, use of storm-petrel vocalizations, and acceptable netting conditions were also standardized.  

At the Channel Islands regular mist netting efforts began in the early 1990s but have been much more sporadic and less standardized. Overall, mist netting occurred in 17 of 25 years. Further, during those 17 years in which netting did occur, the number of sessions, and number of netting locations varied greatly. There were a total of 21 different netting sites across 9 islands and 4 island groups (Anacapa, Santa Barbara, Santa Cruz, and San Miguel). Furthermore, mist netting efforts varied in the number of sessions conducted per month (average 1.4, range 0 – 9) and the protocols employed were not standardized across years, including changes to the size of the net, the vocalizations used, and the researchers leading the effort. 

At the storm-petrel colonies in Mexico, netting has been conducted annually between April and August since 2016 with a total of 49 netting sessions conducted at Todos Santos and 21 at the Coronados Islands. The majority of netting sessions (43 of 70) were conducted on Todos Santos Sur and it was the only site where netting occurred in all years. Netting also occurred at Todos Santos Norte in August of 2017, at Terrón de Azúcar in the Coronados Islands in 3 years, and at Coronado Norte in 2019. Mist-netting methods, including use of vocalizations and size of the mist net, were standardized. However, the frequency of netting effort varied between sites and years and included frequently netting on multiple consecutive nights, something that does not typically occur at the Farallones or Channel Islands.

Across all years, the mean CPUE rates vary dramatically between netting locations (Figure 1). At the Farallones, CPUE averaged 23 birds caught per hour across all years 1999-2019 whereas at the Channel Islands capture rates ranged from <1 to 5 birds per hour and the islands in Mexico averaged 1 to 3 birds per hour of netting. The variance in CPUE was also much higher at the Channel Islands and Mexico sites than at the Farallones. This provides a major challenge when attempting to compare population metrics between sites and when attempting to understand population trends across the storm-petrel breeding range. Therefore, we treated each island group separately in the subsequent power analysis. 

Outcome 2. Incorporating new estimates of the proportion of breeding vs. non-breeding individuals in mark-recapture models will advance our understanding of storm-petrel breeding population dynamics and lead to improved conservation actions. 

We have identified three metrics that can potentially be used to distinguish breeding vs. non-breeding individuals captured in mist nets. These include a relatively simple filter of the mist-net data based on the number of captures of an individual over time. Individuals that have been marked (first capture) and recaptured multiple times, either in the same year or across years at the same site, are likely breeding birds. Whereas individuals which are only captured once (when they are banded) are likely transient individuals that are just visiting the colony (see Nur et al. 2019). 

Other more accurate methods include the examination of blood hormone levels for mist-netted birds to determine if they are in physiological breeding condition. Although this method will not allow the classification of individuals from previously collected mist-netting data it can provide a ratio of breeding to non-breeding birds from the years in which it was collected. In collaboration with graduate student Amy Miles from U.C. Davis, we collected 154 blood samples during year 1 of the study and an additional 93 samples in year 2. An additional 20 samples were collected in early February of 2020 to use as a baseline for comparison. Birds visiting the colony during this period are assumed to be nonbreeding and therefore would be expected to have lower levels of reproductive hormones. The bulk of the bloodlaboratory analysis will be performed at UC Davis by collaborators at the Centre d'Etudes Biologiques de Chizé in France. Analysis was delayed due to the impact of the COVID pandemic. The labs were closed for several months and only began operating again in early 2021. Blood samples from the Farallones were sent to the lab in February of 2021 but with a large backlog of work from last year, it is unknown at this time when the sample analysis will be completed. We still hope to complete this work. 

Finally, the use of RFID to locate breeding sites for mist-netted birds was thought to have good potential to improve mark-recapture models by providing an additional “recapture” method for birds with known breeding status. This method however has proven to be too expensive and logistically challenging to be useful. It requires a significant amount of time dedicated to searching suitable habitat for marked breeding birds and even then, the chances of detection seem to be low. Of the approximately 360 birds equipped with RFID tags in year 1 (2017), only 34 were detected at the colony after banding (9.0%). Of those, 18 were detected multiple times suggesting breeding activity, 5 of which were confirmed with a nest camera. During year 2 of the study (2018), 342 birds were equipped with RFID tags and 19 were later detected at the colony (5.5%). Because of our limited success during the 2017 and 2018 field seasons and the significant labor involved with maintaining 50 stationary RFID readers, during year 3 (2019) we decided to take a more active approach by replacing the stationary RFID readers with a mobile backpack reader. This allowed us to scan a much greater area of potential storm-petrel nesting habitat. Unfortunately, 2019 was a very poor year for all breeding birds at the Farallones and ASSP capture rates were lower than previous years. This resulted in only 92 RFID tags being deployed and we did not detect any tagged storm-petrels using the backpack reader. 

Based on the failure of the backpack reader to detect any birds and tests we conducted with PIT tags hidden in the habitat, we concluded that the read range of the backpack reader is too limited to detect any nests, as any bird would both need to be close enough to the surface to be detected and be oriented in such a way that the tag could be read by the reader. We concluded that we would need far more powerful technology to detect birds this way. It is possible that we failed to detect birds because of the lower rate of tag deployment compared to the two previous years but given that the covered area was many times larger with a mobile reader than a stationary one, if the methodology worked, we expect we would have obtained at least a few detections from 92 RFID tags.  

Given the difficulty of using RFID readers to confirm known breeding sites for storm-petrels, we conclude that this method, while holding some potential to detect previously unknown breeding sites, is not likely to be useful in distinguishing breeding birds from non-breeding birds in our mist-net data. It is likely that the nature of the habitat is simply not conducive to RFID monitoring. It is possible that there are several potential entrances to nesting crevices and that the rocks interfere with the ability to detect RFID tags, limiting the effectiveness of the readers. RFID technology has incredible potential for improving conservation monitoring and our understanding of natural history. The difficulties we encountered in applying it to ASSP monitoring should serve to inform future applications and empower managers and researchers to realize the full potential of RFID technology in conservation research.

As a result, and despite much effort, we were unable to achieve the expected outcomes for Activity 2 during the timeframe of this project. Determining the ratio of breeding to non-breeding individuals in our mist-netting data remains a high priority and will undoubtedly improve our understanding of future monitoring efforts.

Outcome 3. Population trends will be effectively monitored using newly adopted standardized mist netting efforts throughout the breeding range of the ashy storm-petrel as part of a range-wide monitoring plan. 

Ashy storm-petrels have a small global population and limited geographic range, making them vulnerable to population declines resulting from predation, climate change, oil spills, or other stochastic events. To protect the species, researchers throughout their breeding range (with the support of NFWF) have convened an ashy storm-petrel conservation group with the purpose of pooling information and improving monitoring. This outcome provides a blueprint for the minimum effort required to achieve effective population monitoring at all major breeding sites throughout their range. To achieve this outcome, we conducted a detailed statistical power analysis using long-term mist-netting data from the Farallon Islands National Wildlife Refuge, the Channel Islands, and two breeding sites in Mexico (Islas Coronados and Todos Santos), as described in Activity 3 above. 

In summary, we found that statistical power and thus the recommended monitoring protocols differed among the three locations.  For the Farallon Islands, power was high under the current monitoring methods (i.e., netting once per month between April and July at each of the 2 standard netting sites). This resulted in greater than 99% power to detect the desired trend in the population index (ln CPUE; Table 2). Power was only slightly reduced (~96%) if netting was confined to the period of May to July (i.e., 6 sessions per year instead of 8, Table 2). In terms of minimum effort required to detect the desired trend at 80% power, we determined that effort could be significantly reduced from the current annual effort. For example, netting conducted every fifth year under the standard methods (once per month at each of two sites for 4 months) would still provide sufficient power to detect the desired trend (Scenario 3, Table 2). We also determined that the minimum trend (change in population index) that can be detected with 80% power is a 28% decrease over a 15-year period (Scenario 7, Table 2), smaller than the original target trend, but one that can be informative for a species of conservation concern.

For the Channel Islands, the power to detect the desired trend was lower than at the Farallones due to higher variance in capture rates. As noted in the results for Activity 1, mist-netting methods have not been as standardized at the Channel Islands, so we evaluated the power to detect the desired trend under different scenarios. First, we examined the power achieved with netting conducted once every three years, once per month, at each of 4 sites (AP, ESP, PI1, and SR1) from May to August, the only sites with regular effort in the time series. This resulted in 82% power to detect the desired change (Scenario 1, Table 3). We examined several alternate scenarios as well; we found that annual netting effort at only 2 sites for 4 months achieved comparable power (81%; Scenario 4).  However, netting every three years, either at three sites for 4 months or 4 sites for 3 months did not achieve sufficient power (Scenarios 2A, 2B, Table 3). As we did with the Farallon Islands, we determined the minimum trend that we would be able to determine given the preferred netting protocol (4 sites, 4 months, netting every three years), which was a decline of 39.2% (Scenario 7, Table 3). This represents a very modest improvement relative to the original target of detecting a 40% decline.

For the two sites in Mexico, the power to detect the desired trend is lower than the other sites. This is due to low overall capture rates and greater variance in capture rates between sessions. As with the Channel Islands, we examined the data to determine the best netting locations to include in the analysis and determined that mist-netting data from two sites, Todos Santos Sur and Terrón de Azúcar were the best represented in the timeseries. As mist-netting effort has not been standardized over the relatively short timeseries, we evaluated the power to detect the desired trend under different scenarios. We found that the greatest statistical power (~87%) was achieved with annual netting effort with netting conducted twice per month at each of the two netting sites across the 4 months of the storm-petrel breeding season (May – August). The minimal effort necessary to detect the desired trend at 80% power can be achieved in two ways (Scenarios 6 and 7, Table 4). With annual effort it is necessary to conduct an average of 13.375 netting sessions per year over a 15-year period. This could be achieved through 1-2 sessions per month for 4 months or 2-3 sessions per month for 3 months. The exact methods in terms of number of sites and number of sessions per month can vary as long as they add up to the desired sample size per year. Likewise, the desired trend can be detected by netting every 3 years with an average of 25.67 netting sessions per year. 

Given the results of the power analysis we suggest the following standardizations for mist-netting effort:

1. Continue historic annual mist-net monitoring effort at the Farallon Islands. These methods are repeatable, achievable both financially and logistically, and provide robust statistical power. 


2. For the Channel Islands focus on the four most important netting sites (AP, ESP, PI1, and SR1) with a minimal effort of sampling these sites every three years. Alternatively, conduct mist netting effort annually at two of the four sites but alternate sites between years (e.g. net at AP and ESP in year 1, then PI1 and SR1 in year 2 etc.). 


3. For the storm-petrel colonies in Mexico, focus effort on Todos Santos Sur and Terrón de Azúcar only. Conduct mist netting at these sites at least every three years with an average of ~26 netting sessions per year (roughly 3-4 per month at each of the two islands).

4. Standardize mist netting methods including mesh size, net length, net height, and use of vocalizations. 


5. Standardize collection of weather variables (wind speed, wind direction, cloud cover, fog) and moon visibility index (includes moon phase, whether the moon is above the horizon during netting, and whether the sky is obscured by clouds). These variables have been correlated with capture rates and can be controlled for in future analyses.


The ultimate outcome of this project is to ensure that standardized, statistically robust, mist netting methods are adopted incorporated in the ashy storm-petrel range-wide monitoring protocol. To achieve this outcome, we will share the results of the above power analysis and resulting recommendations for standardizing mist-netting efforts at each field sites with all members of the ashy storm-petrel working group; we have and will continue to participate in working group meetings to refine the range wide monitoring program; and we have secured commitments from the working group members and researchers to incorporate the final recommendations from this project into their long-term monitoring protocols. 
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Figure 1. Mean number of ashy storm-petrels captured per hour of netting effort at major breeding colonies between 2004 and 2019. Colonies where mist netting occurred were Southeast Farallon Island (SEFI), Santa Barbara Island (SBI; includes Arch Point and Elephant Seal Point), Santa Cruz Island (SCI; Southwest Corner), San Miguel Island (SMI; Prince Island), Coronado Island (CI), and Todos Santos Sur (TSS). 
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Table 1: Ashy storm-petrel netting effort at major colony locations from 2004 to 2019


[image: image2.emf]Year # Sites# Sessions# Sites# Sessions# Sites# Sessions# Sites# Sessions# Sites# Sessions # Sites # Sessions # Sites # Sessions


2004 2 6 0 0 2 9 1 7 0 0


0 0 0 0


2005 2 9 0 0 2 7 1 8 1 7


0 0 0 0


2006 2 9 0 0 0 0 1 8 0 0


0 0 0 0


2007 2 4 0 0 0 0 0 0 1 1


0 0 0 0


2008 2 7 0 0 0 0 0 0 0 0


0 0 0 0


2009 2 7 0 0 5 12 0 0 0 0


0 0 0 0


2010 2 5 0 0 2 5 1 1 0 0


0 0 0 0


2011 2 9 5 6 4 12 0 0 0 0


0 0 0 0


2012 2 6 1 1 0 0 0 0 0 0


0 0 0 0


2013 2 6 0 0 0 0 0 0 0 0


0 0 0 0


2014 2 6 0 0 4 12 3 4 0 0


0 0 0 0


2015 2 8 0 0 2 9 1 4 1 12


0 0 0 0


2016 2 7 0 0 3 15 1 11 1 11


1 7 1 12


2017 2 9 0 0 2 3 1 3 0 0


1 2 1 12


2018 2 9 0 0 2 10 1 7 1 10


1 7 1 11


2019 2


6 n/a n/a n/a n/a n/a n/a n/a n/a 0 0 1 8


Total 2 113 6 7 9 94 4 53 1 41


1


16


1


43


Mexican Islands


Southeast Farallon


Terrón de Azúcar Todos Santos Sur


Anacapa Santa Barbara Santa Cruz San Miguel


Farallon Islands Channel Islands




Table 2: Power calculations for selected mist netting scenarios at the Farallon Islands. Scenarios differ in the frequency of netting and the number of sessions per year. SEFI standard netting protocol represents netting once per month at each of 2 stations for four months a year (see text). N equals the total number of sessions conducted over the time span of the analysis, calculated as the number of months x number of sites x intensity x number of years of netting.   Bold values provided by Stata after inputting the other values. All scenarios shown assume a time span of 15 years and a target trend of +/- 0.03407 on natural log scale (see text).




[image: image3.emf]Track 1: Power under different Scenarios


Scenario Power Frequency Months Sites Intensity N N calcs


1 0.9907 annual 4 2 1/mo/site 128 4 x 2 x 1 x 16


1A 0.9613 annual 3 2 1/mo/site 96 3 x 2 x 1 x 16


2 0.8670 every 3 yrs 4 2 1/mo/site 48 4 x 2 x 1 x 6


3 0.8138 every 5 yrs 4 2 1/mo/site 32 4 x 2 x 1 x 4


4 0.7520 every 3 yrs 3 2 1/mo/site 36 3 x 2 x 1 x 6


Track 2:  N needed to achieve 80% Power


5 0.80 annual 3 - 4 2


1/mo/ 


alternate sites


56


3.50 per year x 


16 yr


6 0.80 every 3 yrs 3 - 4 2 1/mo/site 41


6.83 per year x 


6 yr


Track 3: Trend that can be detected with 80% power


7 0.80 annual 4 2 1/mo/site 128 4 x 2 x 1 x 16


Trend = +/- 0.0221, in ln(units) = 39.3% increase or 28.2% decrease over 15 years




Table 3: Power calculations for selected mist netting scenarios at the Channel Islands. See Table 2 legend for explanation. 



[image: image4.emf]Track 1: Power under different Scenarios


Scenario Power Frequency Months Sites Intensity N N calcs


1


0.82


every 3 yrs 4 4 1/mo/site 96 4 x 4 x 1 x 6


2A


0.698


every 3 yrs 3 4 1/mo/site 72 3 x 4 x 1 x 6


2B


0.698


every 3 yrs 4 3 1/mo/site 72 4 x 3 x 1 x 6


3


0.7940


every 3 yrs 3 3 1.667/mo/site 90 3 x 3 x 1.7 x 6


4


0.806


annual 4 2 1/mo/site 1284 x 2 x 1 x 16


Track 2:  N needed to achieve 80% Power


5 0.80 every 3 yrs TBD TBD 1/mo/site


92


15.33 per year 


x 6 years


6 0.80 annual TBD TBD 1/mo/site


127


7.94 per year x 


16 yr


Track 3: Trend that can be detected with 80% power


7 0.80 every 3 yrs 4 4 1/mo/site 96 4 x 4 x 1 x 6


Trend = +/- 0.0322


, in ln(units) = 64.5% increase or 39.2% decrease over 15 years




Table 4: Power calculations for selected mist netting scenarios at the Coronodos and Todos Santos Islands. See Table 2 legend for explanation. 



[image: image5.emf]Track 1: Power under different Scenarios


Scenario Power Frequency Months Sites Intensity N N calcs


1 0.600 triennial 4 2 2/mo/site 96 4 x 2 x 2 x 6


2A 0.773 triennial 4 2 3/mo/site 144 4 x 2 x 3 x 6


2B 0.773 triennial 4 3 2/mo/site 144 4 x 3 x 2 x 6


3 0.581 annual 4 2 1/mo/site 128 4 x 2 x 1 x 16


4 0.758 annual 4 2 1.5/mo/site 192 4 x 2 x 1.5 x 16


5 0.867 annual 4 2 2/mo/site 256 4 x 2 x 2 x 16


Track 2:  N needed to achieve 80% Power


6 0.80 every 3 yrs TBD TBD TBD 154


25.67 per year 


x 6 years


7 0.80 annual TBD TBD TBD 214


13.375 per year 


x 16 years


Track 3: Trend that can be detected with 80% power


8 0.80 triennial 4 2 2/mo/site 96 4 x 2 x 2 x 6


Trend = +/- 0.0433, in ln(units) = 91.5% increase or 47.8% decrease over 15 years


9 0.80 triennial 4 2 3/mo/site 144 4 x 2 x 3 x 6


Trend = +/- 0.0352, in ln(units) = 70.0% increase or 41.0% decrease over 15 years




3. Lessons Learned


Key lessons learned from this project include: the value of continuous long-term, standardized data collection and the importance of collaboration and data sharing across diverse agencies and NGOs to understand range-wide population trends. To conduct this analysis, long-term storm-petrel mist netting datasets needed to be compiled from multiple colonies in the U.S. and Mexico, requiring the cooperation of the U.S. Fish and Wildlife Service, the National Park Service, Point Blue Conservation Science, the California Institute of Environmental Studies, the USGS, and the Grupo de Ecologia y Conservacion de Islas in Mexico. Our work has helped to demonstrate the need for standardized protocols across sites to monitor changes in the population of a threatened seabird while also highlighting that sampling effort can be tailored to the specific logistical constraints of each site while maintaining sufficient statistical power to detect trends. Other conservation organizations can adapt their future monitoring based on the recommendations from this analysis to ensure that long-term monitoring is able to continue at all important ashy storm-petrel breeding locations. We also learned about the value of experimenting with new technologies and novel research to address conservation questions. While the methods used to address Activity 2 did not ultimately answer the desired questions, we learned a great deal about these new techniques and how they may or may not be applied to future research. 

4. Dissemination


Results of this work will be shared with the ashy storm-petrel working group, including managers at the USFWS’ Farallon Islands National Wildlife Refuge, Channel Islands National Park, and Conservation de Islas in Mexico.  These are the lead agencies that manage all important ashy storm-petrel colonies across their breeding range. The recommendations from this report and the netting protocols described in the power analysis will be incorporated into the ashy storm-petrel range-wide monitoring plan to standardize monitoring efforts in the future and ensure they will have sufficient statistical power to detect significant changes (up or down) in these populations. 

5. Project Documents


Include in your final programmatic report, via the Uploads section of this task, the following:


· 2-10 representative photos from the project. Photos need to have a minimum resolution of 300 dpi and must be accompanied with a legend or caption describing the file name and content of the photos; 


· report publications, GIS data, brochures, videos, outreach tools, press releases, media coverage; 


· any project deliverables per the terms of your grant agreement.  
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