
Table 7.  Ashy storm-petrel survival values used to model current conditions with no owl reduction. Four different baseline scenarios are
modeled: A) “Observed Steep Decline”, 14.4% decline per year; B) “Moderate Decline”, 6.10% per year; C) “Moderate Increase”, 3.03%
increase per year; D) “Historic Decline”, 2.86% decline per year; see text and Appendix B for details.

Age Survival Relative

to Adult1
Scenario A

Survival 2
Scenario B

Survival 2
Scenario C 

Survival 2
Scenario D  Survival 2

1 0.72 0.549 0.608 0.672 0.630
2 0.86 0.656 0.726 0.803 0.753
3 0.98 0.748 0.827 0.915 0.858
Age 4-15 1 0.763 0.844 0.933 0.876
16+ 0.95 0.725 0.802 0.887 0.832
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To: McChesney, Gerry
Cc: Shore, Jonathan
Subject: RE: Need your input on Farallon Target Viability
Date: Sunday, May 7, 2017 11:08:12 AM
Attachments: NFWF progress report 11_2016.pdf
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Hi Gerry
 
I will try and help you the best I can with this. But there are challenges, here are my initial thoughts. First of all I’m out here on the island
and busy all week without too much time for extra projects. I can give you my best opinion on these but keep in mind this is your process,
and whatever info I give shouldn’t be interpreted as an official “point blue endorsement”.  That would likely be difficult to get, and
definitely not by your timeline and not without a lot more debate from our end. Higher up the chain There’s so much subjectivity in these
definitions of what is poor, fair etc. we will still always focus our analysis on actual trends.
 
 
On ASSP you should check out this interim progress report we did for NFWF on updated trends (through 2015), more coming on that front
and on our revised ASSP paper which is ALMOST done and we should be ready to share soon. On ASSP pop size, I think modelled population
size index is better as an overall metric than just CPUE. That is what we are using for updated analysis and the paper. For survival, keep in
mind that the trends in survival are an excellent time series to be compared to itself in terms of changes in trend, but the actual values they
generate are too low to considered on their own due to low recap rates and some methodological challenges. You have to adjust the
survival in the modeling to match pop trends. Examples of those values (see adult values below) would be values you might consider for
your survival definitions. This comes from the ASSP/Owl/Mouse paper analysis through 2012.
 
 

1 - Nur et al. 1999a.
2 - Adult survival calibrated to produce baseline trend for that scenario
 
 
I think your general seabird repro and pop size is ok. How the definitions work is different than pinnipeds though, as it seems like here you
are considering single species (which I would argue makes more sense), vs pinnipeds where you are looking at suites of species. For
pinnipeds, we do have current trends on all species, see this draft report with my comments in it that Ryan put together. Final draft should
be ready soon, you can get from him. But there’s tons of stuff in here that can help with that element.
 
Hope this is helpful, we can talk further on the phone if need be and go back and forth with definitions etc. Lots going on here, and lots of
time contraintss so I’ll try to help the best I can.
 
Russ
 
PS. This is a separate issue we can follow up on later but on ecosystem report – separate to pinniped and seabird report, I never received
feedback on the design and layout of that in the 2015 version. We all thought that was crucial to get your input on that front before moving
forward on those because they were new. We should try and keep them as simples as possible going forward, and budget cuts may impact
that as well.
 
---------------------------------------------------------
Russell Bradley, MSc, Farallon Program Leader
Point Blue Conservation Science
3820 Cypress Drive, Suite 11, Petaluma, CA 94954
707-781-2555 ext.314

mailto:rbradley@pointblue.org
mailto:Gerry_McChesney@fws.gov
mailto:jonathan_shore@fws.gov
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Investigate the population impacts of a drought-caused reduction in burrowing owl 
abundance in 2015 on Ashy storm-petrel (ASSP) survival and breeding success. Project 
will evaluate whether recent declines for ASSP have continued, will help strengthen overall
support for management actions to benefit ASSP, and has the potential to provide strong 
scientific support for eradicating mice to reduce burrowing owls and thus increase ASSP 
survival and breeding success.


Project Status and 
Accomplishments


In year one of our project, Farallon Ashy Storm-Petrel Population Status Evaluation, Point 
Blue analyzed the survival rates of ashy storm-petrels in recent years; estimated the total 
size of the Farallon ashy storm-petrel population; and determined that after a marked recent
drop in survival and population size of ashy storm-petrels (observed from about 2007 
through 2011), survival rates are no longer declining and population size has stabilized. 
This is consistent with an observed reduction in overwinter attendance on the Farallones by
burrowing owls. These results provide support for proceeding with efforts to reduce 
burrowing owls on the Farallon National Wildlife Refuge as a means to aid a species of 
conservation concern and facilitate recovery in the future.
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Description Enter the number of studies completed whose findings are used to


adapt management/ inform mgmt decisions


# studies used to inform mgmt - Current 3.00
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Notes a) Strengthen scientific support for management actions to 
benefit ashy storm-petrels.  Through validation of our previous 
modelling efforts, this project could show strong scientific 
support for the quantified population level impacts to ashy storm-
petrels by reducing burrowing owl numbers through mouse 
eradication. We have the unique datasets, expertise, and 
experience to achieve this outcome, which would provide insight 
on potential benefits to Farallon ashy-storm-petrels through a 
“natural experiment” in owl reduction.


b) Provide the scientific basis, in terms of estimated colony 
population status, for listing or not listing the ashy storm-petrel 
under the Endangered Species Act. Evaluation of current 
demographic trends for the Farallon storm-petrel population will 
determine if recent declines have continued.  These analyses 
could provide further solid science basis to conservation action. 
We have the unique datasets, expertise, and experience to achieve
this outcome, which would be critical in any consideration of 
listing for the species. 


c) Increase quality of long-term monitoring data.  Utilize 
high quality reproductive success data to obtain a better 
understanding of how ashy storm-petrel populations can be 
expected to behave in the future, when coupled with the better 
information on survival and trends in b) and also in a), above. 
Increased use of high quality cameras and pilot studies using PIT 
tags will allow us to monitor a minimum of 50 active storm-petrel
breeding sites annually for many years to come, ensuring 
collection of high quality reproductive success data for the 
Farallon ashy storm-petrel population. We have the unique 
experience and expertise to achieve this outcome, which will 
provide critical maintenance and expansion of the most 
comprehensive time series of key ashy storm-petrel demographic 
parameter. This type of high quality data on reproductive success 
is crucial for long term conservation assessments for this species.
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 Farallon Ashy Storm-Petrel Population Status Evaluation 
Interim Programmatic Report Narrative  


to the Pacific Seabird Program of the National Fish and Wildlife Foundation   
 


 
1. Summary of Accomplishments 
 
In year one of our project, Farallon Ashy Storm-Petrel Population Status Evaluation, Point Blue analyzed 
the survival rates of ashy storm-petrels in recent years; estimated the total size of the Farallon ashy storm-
petrel population; and determined that after a marked recent drop in survival and population size of ashy 
storm-petrels (observed from about 2007 through 2011), survival rates are no longer declining and 
population size has stabilized. This is consistent with an observed reduction in overwinter attendance on 
the Farallones by burrowing owls. These results provide support for proceeding with efforts to reduce 
burrowing owls on the Farallon National Wildlife Refuge as a means to aid a species of conservation 
concern and facilitate recovery in the future.   
 
2. Project Activities & Outcomes 
 
Activities  
 
a) Test whether reduced burrowing owls in 2012-2015 led to increased survival and abundance of ashy 


storm-petrels.  
 
Burrowing owl occurrence and activity at the Farallon National Wildlife Refuge reached a peak in 
2010/2011. During that same year, ashy storm-petrel survival reached its lowest level in the last decade, 
having shown a multi-year decline; population size was also declining during this same period (2007 to 
2011) that showed a steep increase in burrowing owl attendance. Thus, the evidence clearly points to the 
increased abundance and activity of burrowing owl leading to predation of ashy storm-petrels, thus 
decreasing survival and contributing to the observed population decline. However, since 2011, burrowing 
owl numbers have been lower than those observed in 2009-2010 and 2010-2011. As part of this project, 
we added data from 2012 to the present for ashy storm-petrels and burrowing owls and carried out new 
analyses for these years (our previous analysis was only through 2012). We analyzed survival and 
population size in the most recent years, to determine whether the decrease in burrowing owl 
abundance/activity resulted in increased survival and/or change in the abundance of the ashy storm-
petrels population. We hypothesized that with a lower abundance of burrowing owls, the previous decline 
in population size would be reduced or eliminated, and might even lead to population increase. Such a 
change in survival and population trend was predicted by our initial modeling exercise1. The additional 
years of data, and the analysis that it allowed, provides the opportunity to confirm our modeling efforts, 


                                                 
1 Nur, N., Bradley, R., Salas, L., & Jahncke, J. 2013. Modeling the impacts of house mouse eradication on Ashy Storm-Petrels on 
Southeast Farallon Island. Unpublished report to the U.S. Fish and Wildlife Service. PRBO Conservation Science, Petaluma, California. 
PRBO Contribution Number 1880. 
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and refine our understanding of the interaction of burrowing owls and one of their key prey species, ashy 
storm-petrels. 
 
In this regard, we paid specific attention to the 2014-2015 year, since in fall 2014 the Farallon mouse 
population crashed earlier than usual, resulting in especially low burrowing owl overwintering attendance, 
the lowest observed since 2007/2008. In short, the reduced abundance of burrowing owls in recent years, 
provided the opportunity to confirm the hypothesized benefits to ashy storm-petrels resulting from the 
proposed eradication of house mice on the Farallones, those benefits arising from an increase in survival 
and/or change in population trend of the storm petrel. 
 
As part of this project, we found that burrowing owl attendance in the fall/winter was 40% lower in recent 
years (2011/2012 to 2014/2015) compared to the previous 2 years (2009/2010 and 2010/2011; Figure 1). 
Overall, this change in burrowing owl attendance was associated with the observation of a modest change 
in survival of ashy storm-petrels: average survival for the four most recent 12 month periods (2011/2012 
to 2014/2015) was greater than the estimate of survival for 2010/2011, the year of peak burrowing owl 
attendance, by 6.0% (Figure 2). This comparison suggests that further decrease in burrowing owl 
attendance, such as that resulting from the proposed eradication of house mice on the Farallon islands, 
would indeed result in further increases in survival and thus help support recovery of this depleted 
population. However, survival of ashy storm-petrels for 2014/2015, the year of markedly low burrowing 
owl attendance, was indistinguishable from survival observed in the previous three years, when burrowing 
owl attendance was on average 68% higher than it was in 2014/2015 (Figure 2). It is important to note that 
results of the statistical analysis provided low confidence in the estimates for any single year. The power of 
the results of our statistical analysis lies in estimates based on multiple years of data, rather than basing 
comparison on any single year. The same point applies to consideration of population size of storm petrels: 
the focus should be on the pattern of change over time and not the value for any one year. 
 


 
 


Figure 1. Burrowing owl index of overwinter attendance, 2001-2016, on Southeast Farallon Island.  
Monthly average of maximum observed owls per month; for September of previous year to April of the 
listed year, and Standard Error of the estimate).   
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Figure 2. Variation among years for annual survival probability of ashy storm-petrels on Southeast 
Farallon Island to the year shown in the Figure; thus “2002” refers to survival from 2001 to 2002. 
Shown are year-specific model estimates and the 95% Confidence Interval around those estimates. 
2016 was last year of study and thus survival could not be estimated for that year. Recapture data 
were inadequate to estimate annual survival from 2000 to 2001 or from 2008 to 2009. 


 
We found that the ashy storm-petrel population trend in recent years has indeed evidenced a change, 
concomitant with the reduction in burrowing owl attendance (Figure 3). Looking at the full time series, in 
the first seven years, from 2001 to 2007, the population displayed a strong increase in population size 
(increasing at 17.5% per year, P < 0.015), confirming results from our earlier analysis. However, from 2007 
to 2012 the population decreased by 7.0% per year (P < 0.1), this decrease coinciding with the period of 
increase in burrowing owl overwinter attendance. However, from 2012 to 2015 the population showed 
stability: the estimated change in size is less than 0.1% per year. Thus, the time series indicates that, after 
2011 (the year of peak burrowing owl attendance), the population trend changed from decline to stability, 
just as the level of burrowing owl changed from high (averaging 7.2 for 2009/2010 and 2010/2011) to 
moderate (averaging 4.3 for the period 2011/2012 to 2014/2015).  
 


 
 


Figure 3. Change in estimated population size index of ashy storm-petrels over time, derived from the 
best year-specific statistical model, based on captures of individually-banded ashy storm-petrels, 2000 
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to 2016. The index reflects the natural log of estimated population size. Shown is the 95% Confidence 
Interval around the year-specific estimate and a smoothing function through the results. Note that 
population size in 2014 was not estimable due to constraints on estimating model components for that 
year. 2016 was the last year of capture in the dataset, and so population size could not be estimated 
for that year.  
 


Thus, the moderate decline in burrowing owls observed for 2011-2015, compared to the peak in 2010-
2011, was associated with a change in population trend, from decline to stability; furthermore, this change 
in trend was consistent with the observed pattern of survival for the storm petrels over this time period. 


 


b) Assess the current status of the Farallon population of ashy storm-petrels through updated 
demographic modelling.  


 
The datasets compiled and the statistical analysis completed will contribute to updated demographic 
modelling, allowing us to better project future impacts of the proposed mouse eradication. Such work will 
be completed in the next year of the project. However, we have made important strides in the analysis. 
We have added four years of capture histories not previously available, which has allowed us to estimate 
survival up to 2015, population size up to 2015, and in particular, to use the full dataset to statistically 
estimate the effect of a change in burrowing owl attendance on ashy storm-petrel survival. That result is a 
key component of the modeling we will undertake. The statistical analysis has confirmed a strong 
relationship between the index of burrowing owl overwinter attendance in a year and the survival of ashy 
storm-petrels to the spring of that year. The estimated relationship is statistically significant (P < 0.01) and 
is depicted in Figure 4. As the burrowing owl index increases from 2 to 8, estimated survival of ashy storm-
petrels decreases from about 0.70 to about 0.50. Thus, a decrease in the burrowing owl abundance index 
by 1 unit, is expected to increase ashy storm-petrel survival by about 3%. The modeling to be completed in 
year two will explore the implications of a change in burrowing owl overwinter attendance, resulting from 
the proposed mouse eradication, on future trends of the Farallon Island ashy storm-petrel population.   
 


 


 


Figure 4. Graphical presentation of the statistical model of ashy storm-petrel annual survival in relation 
to the burrowing owl abundance index (reflecting overwinter attendance), based on captures of ashy 
storm-petrels on the Farallon Islands, 2000 to 2016. Depicted are annual estimates from the preferred 
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model and the statistical relationship between storm petrel survival and burrowing owl index (P < 
0.01); the shaded region provides the 95% CI around the slope of the relationship. 
 


c) Improve our capacity to detect storm-petrel breeding sites for long-term monitoring. 
 
We increased our capacity to collect high quality reproductive success data for ashy storm-petrels 
breeding on the Farallon Islands in 2016 by utilizing one new crevice camera system. During the next field 
season, we will purchase another camera system and implement, (contingent on approval from our 
partners at USFWS) a pilot study using Passive Interrogated Transponder (PIT) tags on banded storm-
petrels to link our mistnet and breeding studies. The use of PIT tags has the potential to greatly increase 
our detection of breeding sites for birds that we capture in our mist-net efforts. These efforts will ensure 
continued and expanded monitoring of ashy storm-petrel reproductive success on the Farallones.  
 
Outcomes  
 
a) Strengthen scientific support for management actions to benefit ashy storm-petrels. Through 


validation of our previous modelling efforts, this project could show strong scientific support for the 
quantified population level impacts to ashy storm-petrels by reducing burrowing owl numbers through 
mouse eradication.  
 


We determined that after a marked recent drop in survival and population size of ashy storm-petrels 
(observed from about 2007 through 2011), survival rates in the most recent years are now no longer 
declining and population size has stabilized, consistent with an observed reduction in overwinter 
attendance on the Farallones by burrowing owl. These results provide support for proceeding with efforts 
to reduce burrowing owl on the Farallon National Wildlife Refuge  


 
b) Provide the scientific basis, in terms of estimated colony population status, for listing or not listing the 


ashy storm-petrel under the Endangered Species Act. Evaluation of current demographic trends for the 
Farallon storm-petrel population will determine if recent declines have continued.  These analyses 
could provide further solid science basis to conservation action.  
 


We have made progress towards better estimation of population size and status. The recently observed 
declining trend in population size appears to have been reversed: population stasis, not decline, has been 
observed. Full population modeling to inform conservation status will be completed in project year 2. 
 
c) Increase quality of long-term monitoring data. Utilize high quality reproductive success data to obtain a 


better understanding of how ashy storm-petrel populations can be expected to behave in the future, 
when coupled with the better information on survival and trends in b) and also in a), above. Increased 
use of high quality cameras and pilot studies using PIT tags will allow us to monitor a minimum of 50 
active storm-petrel breeding sites annually for many years to come. 
 


Our new camera system helped us to monitor 43 active storm petrel breeding sites in 2016. With the new 
camera system and PIT tag pilot studies, we will meet our goal of following 50 active sites.  
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Any reference to or use of this report, or any portion thereof, within the scope of the government’s license, shall include the following citation: 



Berger, R.W.  2017.  Population Size and Reproductive Performance Pinnipeds on the South Farallon Islands, 2016-17. Unpublished report to the U.S. Fish and Wildlife Service.  Point Blue Conservation Science, Petaluma, California. Point Blue Conservation Science Contribution Number 2135????. 



Outside the scope of the government’s license, this report shall not be used without written permission from the director of the California Current Group at marinedirector@pointblue.org or Point Blue Conservation Science, 3820 Cypress Drive #11, Petaluma, CA, 94954.



EXECUTIVE SUMMARY

(1) Under cooperative agreement with USFWS/Farallon NWR, Point Blue (formerly PRBO) monitors the population size and reproductive success of pinnipeds on Southeast Farallon Island and West End Island, California and has done so since 1970.   

(2) During the December 2016 – March 2017 winter season the Northern elephant seal breeding population decreased by 4 adult females compared to last season (107 in 2017; 111 in 2016) and was in the middle of the range for the past decade (range: 84-162). Pup production increased this year compared to last season (99 in 2017; 93 in 2016) and is the second highest since 2010 (120).

(3) Pup survival (weaned pups/pups) increased this year (to 67%) compared to last season (63%) and is among the lowest record since 1994 (63%). This is also lower than the long-term mean value of 75% ± 10 SD. Reproductive success (weaned pups/cows) also increased this season (62%) compared to last year (53%) and is similar to the long-term mean value of 68% ± 10 SD.

(4) After experiencing two of the lowest breeding success values in our time series (2015 – 16), it was promising to see an increase rebound in breeding success despite the winter of 2017 displaying similar patterns to other El Niño years. However, the 2017 season was not without its challenges and overall breeding success remained below the long-term mean. The 2017 increase is likely attributed to more cows breeding on Sand Flat this year (70) when compared to the 2015 (51) and 2016 (65) seasons. 	Comment by Russell Bradley: Though breeding success was actually much lower than other El Nino years	Comment by Russell Bradley: You should add brief context here about this occurring due to the failure of Mirounga Beach

(5) The 2016 pinniped breeding populations increased or remained stable for all other species with maximum pup counts of 1,126 for Northern fur seals, 7 for Harbor seals, 265 for California sea lions and 29 for Steller sea lions. This year’s breeding period resulted in the highest max pup counts for fur seals and California sea lions (also for the entire time series) in the last decade but decreased for Steller sea lions. For Northern fur seals, max total animals counted from the lighthouse (976) was the highest seen ever in our time series.

(6) For four seasons in a row aerial photographic surveys of the Northern fur seal colony resulted in the highest number of pups (401 in 2013 and 1,126 in 2016) recorded since recolonization and was 2.8 and 5.3 times greater than the peak pup counts obtained from Lighthouse (447) and West End ground (212) surveys, respectively. The percent increase from 2013-2016 for AM, AF/Imm and Pup is 413%, 378% and 181%, respectively. Aerial surveys provide the best method for fur seal colony counts and investigation into continued monitoring with the use of Unmanned Aerial Systems (UAS) is ongoing.



(7) The health of marine mammals reflects the health of the ecosystems upon which they depend. Changes in reproductive success, individual survival, and breeding propensity may demonstrate shifts in prey abundance and food web structure among other marine related alterations. As such, pinnipeds of the Farallon Islands provide insight into environmental health and may act as sentinel species. We recommend continued efforts in monitoring the island’s pinniped populations with suggestions on avenues of new research and analyses.

INTRODUCTION

This report contains information on the reproductive performance and population size of pinnipeds (seals and sea lions) on the South Farallon Islands (SFI) which is comprised of Southeast Farallon Island (SEFI) and West End Island (WEI), California. Data presented here is for 2016 for all pinnipeds except Northern elephant seals which includes the winter season of 2016-2017 (Dec 2016 – Mar 2017).  We monitored five species: Northern elephant seals (Mirounga angustirostris; NES), Northern fur seals (Callorhinus ursinus; NFS), Harbor seals (Phoca vitulina; HS), California sea lions (Zalophus californianus; CSL) and Steller sea lions (Eumetopias jubatus; SSL).



METHODS

Research was conducted on the 120 acre SFI which resides 30 miles west of San Francisco, CA. The islands are managed by the U.S. Fish and Wildlife Service (FWS) as the Farallon National Wildlife Refuge (FNWR). The waters surrounding the FNWR lie within the Gulf of the Farallones which is a National Marine Sanctuary managed by the National Oceanic and Atmospheric Administration (NOAA). Since 1968 biologists from Point Blue Conservation Science have been collecting data on the wildlife that inhabit the islands. Research on the breeding NES population began in 1972 and weekly pinniped census from the lighthouse have been conducted since 1970.



Northern elephant seals

Our studies focus on three breeding areas on SEFI, Sand Flat (SF), Marine Terrace Sand Flat (MTSF) and Mirounga Beach (MB) (Figure 1). Seals were also monitored on WEI at Indian Head Beach (IHB)/Pastel Cave Highlands (PCH) and Shell Beach (SB) (Figure 1). WEI was visited on the 14 December, 16 January, no trips in February and 7 March. We spent at least 4 hours each day resighting tagged seals, assessing reproductive status, and surveying cows and live, dead and weaned pups on SEFI from 11 December 2016 to 18 March 2017. We also conducted NES population surveys either by foot or by foot and lighthouse (weather permitting for the latter) on Thursday and Sunday of each week throughout the season and classified all individuals by age (cow, pup, weaner, immature, subadult [sa1, sa2, sa3, sa4] or bull) and sex class (male, female or unknown). As part of the cooperative agreement with FWS data presented on NES will include the following information on the breeding population: numbers of breeding males (Sub-adults - Bull), cows, pups, weaned pups, pup production (#pups/#cows), reproductive success (#weaned pups/#cows), pup survival (#weaned pups/#pups) and how this season’s results relate to last season and the long term data.



Northern fur seals

Aerial Photographic Survey - We planned to conduct two aerial photographic surveys of the SFI NFS colony between 25 July and 15 August 2016 when annual pup numbers were expected to be at peak.  However, because of extremely foggy conditions through the period, only one survey was conducted on 4 August between 1602 and 1633 h.  The survey was conducted in a fixed-wing, high-wing Partenavia PN68 aircraft (Aspen Helicopters, Inc.).  Major fur seal breeding areas were photographed from a height of ~900 feet ASL. Weather conditions were high overcast with light wind.  More detailed methods on photographs taken and creating a canvas to conduct counts are given in the 2013 NFS annual report (Berger et. al. 2013). From the aerial photograph canvas, NFS were identified and marked by age/sex class, then tallied using the programs counting tool.  Age/sex classes were: adult male (AM); sub-adult male (SAM); adult female or immature (AF/Imm); or pup. With the ability to zoom in and out on a high resolution photograph along with behavioral cues, we were able to place all individuals into an age/sex class of AM, SAM AF/Imm, and pups. Individual in the water were not photographed this year so no non-identified (Non-ID) class was counted this year. 



Land-based Surveys – To compare survey methods, the weekly pinniped census data that is collected from the top of Lighthouse Hill on SEFI is included in the results. Because of the long viewing distance, it is too difficult to age and sex most of the NFSs.  Typically, only AM and pups can be aged and sexed confidently.  Most other animals were categorized simply as Non-ID.  It is also important to note that counts conducted from the lighthouse do not allow for full view of the main NFS breeding colony located at IHB on WEI. To further compare counts found in the aerial survey, Point Blue biologists made three trips in the Fall of 2016 to WEI (Figure 1) to count pinnipeds and improve our understanding of their demographics. Surveys were conducted on 1 and 20 October and 22 of November 2016. Because of the closer viewing distance, a higher proportion of NFSs can be identified to age/sex class than from surveys conducted from the lighthouse.



Other pinnipeds

Land-based Surveys – NFS, HS, CSL and SSL were counted at haul out and breeding sites from vantage points located at Lighthouse Hill and Corm Blind Hill every Thursday generally between 1000 and 1400. If fog precluded Lighthouse surveys on Thursdays, they were attempted on Friday or Saturday.  During census the species, age (if distinguishable), sex (if distinguishable), location of haul out area and number of individuals were noted. This report summarizes the weekly lighthouse census data of each species from 2006 to 2016 including total numbers and those of adult males (AM), sub-adult males (SAM), adult females (AF), immatures (Imm), Non-ID (NI) and pups during the breeding season (June-July) on SFI. Average numbers (±SD) along with maximum counts are included in the results from 1970-2016. Some results may be coarse for this section and may not provide the detail of max numbers by age/sex class. However, in most cases total max numbers presented during the breeding season should only include those of AM, SAM, AF, Imm and pups.



RESULTS



Northern elephant seals

During the 2017 breeding season there were 107 cows on SEFI and WEI; 4 less than the 111 seen in 2016. This number was well below the 43 year average of 195 ± 97 (average ± SD for all averages). Of those 107 cows, 93% of them produced pups. Of the 99 pups born, 82 of those were born on SEFI and 17 on WEI. Pup production was up this year compared to last year (99 in 2017 and 93 in 2016; Figure 2). 



Pup survival (PS) for SFI was 67% compared to last year’s 63% and the long term average of 75% ± 9. On SEFI, PS this year was 60% compared to 63% in 2015 and the average of 72% ±10. This year’s PS on WEI was 100% which was up 20% from 2015 and higher than the 76% ± 19 average. Pup survival has steadily increased over the past decade (Figure 4), however the past three years saw a nearly 20% reduction compared to 2014. Similarly, reproductive success (RS: defined as the ratio of weaned pups per cow) increased slightly on SFI with 62% compared to last year’s 53% and the long term average of 68% ± 10. On SEFI RS was 54%, up 2% from last year (52%) and the average of 66% ± 10. This year’s RS (100%) on WEI increased dramatically compared to 2015 (57%) and the 66% ± 25 average. It should be noted that fewer trips to WEI were made this winter season compared to last year (Table 1).



Because of less data precision (fewer trips to WEI this season) only PS collected on SEFI was standardized and presented. Standardizing PS [(annual PS - 43yr average PS)/SD] for more accurate comparisons across the years indicates that survival has increased over the last decade but experienced a relatively large decline the last three seasons (Figure 4). Seven of the last 10 years have shown a positive survival anomaly with the past three seasons resulting in negative anomalies for PS. RS was also standardized for more accurate comparison across years [(annual RS – 43yr mean RS)/SD]. During the past decade productivity anomaly has shifted between both positive and negative values with the lowest RS in 20 years occurring the past three seasons (Figure 5).



The first cow arrived at SEFI on 21 Dec 2016 compared to last season’s 20 Dec 2015 and to the long term average first arrival date of the 16 Dec (SD = 8 days). The first cow to pup arrived on 21 Dec 2016 while the last to pup arrived on 20 Feb 2017, a 61 day difference. Last season the first cow to pup arrived on 20 Dec 2015 while the last to pup arrived on 10 Feb 2016, a 52 day difference. Median arrival date on SEFI this season was 15 Jan (SD = 10 days) which is the same as last season and within range of the long term average of 14 Jan (SD = 3 days) (Figure 6). The last cow departed on 21 Mar 2017. Mean cow departure date was 18 Feb 2017 (SD = 10 days). SEFI’s first pup was born 25 Dec 2016 while the last pup was born 20 Feb 2017; a 57 day difference. The long term average for first pupping date on SEFI is 24 Dec (SD = 6 days). Mean pupping date in 2017 on SEFI was 21 Jan (SD = 10 days) compared to the long term mean pupping date of 19 Jan (SD = 2 days) (Figure 7). Mean nursing duration of weaned pups this year was 28 days (SD = 3 days) with a range of 23-35 days. The long term average for nursing duration is 28 days (SD = 1 day). The sex ratio of the 82 pups born on SEFI was 26 males, 25 females and 32 of unknown sex (all of these unsexed either died in the middle of the colony or were washed out to sea). The summary of the total number of animals by age and sex class per census throughout the 2016-2017 breeding season is presented in Figure 8. These trends have been consistent throughout monitoring efforts.	



Northern fur seals

Table 2 provides the details of the age/sex class distribution for NFS counted from the aerial surveys conducted in August of 2013-16. There was a 181% increase in pup production from 2013-16. This is the highest pup count to date and is over twice the maximum count of 447 pups from the SEFI Lighthouse pinniped census on 4 August 2016 (Table 3). Total numbers of NFS were 666, 1,019, 1,233 and 2,238 for 2013-16, respectively. This is a 236% increase in overall numbers from 2013-16. There were nearly double the number of pups and total animals when comparing aerial survey results from 2015 to 2016 (Table 2).



With respect to SEFI lighthouse counts, the first pup detection in 2016 was in mid-June (Table 3). Peak pup numbers occurred in late July to early/mid-August in all years and declined sharply thereafter until no pups were detected in late September and early October. Numbers of AM peaked by late July and began declining in early August. The total count of 2,238 from the aerial survey is 2.3 times greater than the maximum total count from the lighthouse of 976 individuals on 4 August 2016. NFS counts from WEI ground-based surveys are presented in Table 4.  Pup counts varied from a low of 20 (10 October) to a high of 212 (1 October). Total counts ranged from 869 (22 November) to 1,430 (1 and 20 October). 



Over the last five years we have consistently documented max pup counts occurring during the month of August except for in 2015 (Table 7).  The average number of NFS in 2016 was 266.9 (± 312) compared to the 10 year average of 87.9 (± 133). This season’s average counts per month followed similar patterns seen in previous years with highest averages in August (Figure 9). From a historical perspective, the max counts of NFS on SFI has shown an exponential increase since the first pup was born in 1996 with our current numbers far exceeding the 78.3 (± 165) long term mean of maximum counts per year (Figure 10).



Harbor seals

The HS population on SEFI peaked in January of 2016 with a maximum count of 182 adults however around the time of peak breeding the high count of 115 adults was documented in June. The maximum pup count was 7 in the month of July but 3-4 pups were consistently counted in the months of April - August (Table 6). This compares to a maximum pup count of 4 in 2015. The max count of 182 is the second highest (behind 2014 counts) number of animals counted in the last 10 years and the 7 pups documented is consistent with the variability (range 4-12 pups) of detection over the past decade (Table 5). The July 2016 max pup count is consistent to the last five years when max counts have been documented during June and July (Table 7).  The average number of HS in 2016 was 56.5 (± 45) compared to the 10 year average of 59.3 (± 40). As shown in Figure 10, the max count of 182 HS this season is the second highest ever recorded since we began the pinniped census in 1970. 



California sea lions

The CSL population on SEFI peaked mid-May 2016 with a maximum count of 160 AMs, 5,395 Non-IDs and 0 pups. The maximum pup count was 265 in the month of June (Table 6) which was 11 more than the max of 254 seen in July of last year. The max total count of 5,555 ranks seventh highest in the last 10 years, and the 265 pups continues the trend of increase in the highest count over the last decade (Table 5). After the max total seen in mid-May there was a decrease in population with variable numbers ranging from 2,500 – 5,000 individuals. Over the last five years we have consistently documented max pup counts occurring during the month of June and July (Table 7).  The average number of CSL in 2016 was 3,082 (± 981) compared to the 10 year average of 3,059 (± 1,672). According to Figure 10 this year’s max count of CSL is ~1,000 individuals higher than average for our time series. 



Steller sea lions

The SSL population on SEFI peaked in December of 2016 with a maximum count of 152 animals however around the time of peak breeding the high count of 141 individuals was documented in June. The peak breeding count included 16 AMs, 5 SAMs, 51 AFs, 30 Imms, 29 pups and 10 Non-IDs. The maximum pup count during the breeding season was 29 at the end of June (Table 6). The max total count of 152 and max pup count of 29 rank as the eighth highest count in the last 11 years (Table 5). For the last five years we have consistently documented max pup counts occurring during the months of June and July (Table 7 which coincides with peak AFs that actually pup on the island).  The average number of SSL in 2016 was 73.2 (± 31) compared to the 10 year average of 10.0 (± 9). According to Figure 10 this year’s max count of 152 SSLs is well below the highest records of 372, 339 and 304 seen in 2003, 1998 and 2002, respectively. 



DISCUSSION



Northern elephant seals

Northern elephant seals recolonized the SFI in 1972 (LeBoeuf et al. 1974). From 1973-1983 the number of pups born increased at an average rate of 56% per annum (Sydeman and Allen 1999). The Farallon pup population declined from 1984 to 2016 at an overall rate of 4.9% per annum. Over the last decade (2007-2016) the rate has seen a 6.9% decline per annum. The decrease has been mostly attributed to the reduction in pup production on WEI (14.9% drop over the last decade) while production on SEFI has dropped less severely at 2.7%. During this period there was a brief increase at an average rate of 8.0% from 2003 to 2006 with more recent increases seen since 2014 (Figure 2; Point Blue, unpublished data).



In 2017, there was a 6.5% increase in pup production compared to the 2016 season (99 pups from 107 cows in 2017 and 93 pups from 111 cows in 2016). From 2006 to 2014 there has been a steady decrease in the number of pups produced on the Farallones with 2014 numbers accounting for less than half of the production in 2006 (186 pups produced in 2006 and 67 produced in 2014). However, since 2014 there has been another increase in pup production of 82, 93 and 99 for 2015, 2016 and 2017, respectively. The 82 pups on SEFI and 17 on WEI are the same and below the long-term averages for each respective island (SEFI: 82 ± 32, WEI: 133 ± 119). There continues to be much variation in median cow arrival and pupping dates. The last decade has mostly seen earlier cow median arrival dates compared to the long term standard with the second season in a row being later than the long term standard. Similarly, seven years out of the last decade have seen earlier median pupping dates with this season being later than the long-term average on SEFI.



The 2017 elephant seal breeding season could be characterized as slightly positive in terms of population size and negative with respect to pup survival and reproductive success when comparing to the past decade. This is similar to 2015 and 2016 but contrasts the 2014 season where there was a continued slow decline in population size, an above average pup survival and an average reproductive success. The 2017 season’s 67% pup survival is among the lowest documented since 1995 when it was 64%. The NES breeding population on SFI decreased by 4 cows this season compared to last year but has remained generally stable over the past decade. It is likely that the fewer pups being born on the islands over the past decade is a result of continued emigration by cows to other colonies. A report by Condit et al. (2013) indicates that the Point Reyes (PORE) colony is one of the few colonies still expanding across the range and suggests that much of its expansion is due to immigration of first time breeders from other colonies. It has been shown that immigration rate is proportional to the distance of the natal colony (Huber 1987, Zeno et al., 2012). Zeno et al. (2008) showed more immigrants at PORE from Año Nuevo than from the further rookery at Piedras Blancas. Results from this study also suggest that much of PORE’s increase is due to immigration of first time breeders from other nearby colonies. Similarly, studies have shown that once a female northern elephant seal is seen breeding at a particular rookery there is high site fidelity (Le Boeuf et al., 2000). The PORE colony, which is relatively close (18 miles) to the Farallones colony, has experienced a consistent rate of increase in their elephant seal population over the last few years which is likely a recruitment site for animals that historically bred on the Farallones (Sarah Allen, pers comm.).



The number of cows utilizing WEI this season was similar when compared to recent past seasons but long-term data indicates continued decrease from peak counts in the 1980s and 90s (17 in 2017, 28 in 2016, 14 in 2015, 9 in 2014, 8 in 2013 and 14 in 2012). WEI comprises two areas where elephant seals breed, Shell Beach (SB) and Indian Head Beach (IHB). In the 1980s, Shell Beach was the major breeding area on both islands, being a large, relatively flat area, accommodating as many as 250 breeding cows. In one year, from the strong 1997-1998 El Niño to the 1999 breeding season, the SB colony declined 64% from 188 to 67 cows. Elevated mortality due to the El Niño, and the disappearance of the small beach which was the main access route are likely responsible for the dramatic decline in the WEI numbers over the years. Cows first started breeding at SB in 1975, peaked at 270 cows in 1995 and no cows bred there this season. This is the first time no cows have bred on SB since recolonization. Sandy haul out sites and beach access routes in other areas of both SEFI and WEI have seen similar erosion effects and combined with the proximity of the expanding PORE colony could help explain why there is a decreasing number of cows breeding at the Farallones.



For the second season in a row pup production was once again higher when compared to the previous year. However, there has been a large drop in overall pup survival and reproductive success when comparing the past few seasons. SEFI survival rate this year was 60% compared to 2016’s 59%, 2015’s 63% and 2014’s 83% (long-term average: 72% ± 10).  The decrease in this year’s pup survival and reproductive success may be attributed to a number of reasons. Once again this season there was very low success of the Mirounga Beach colony. There were 17 cows that produced 17 pups yet successfully weaned only 3 pups. This harem is a narrow channel that lies at the water’s edge and is subject to frequent storm surges. This El Niño like season resulted in more frequent storm surges that created large swells (>25 feet) in which we documented many pups being washed out to sea. In one large storm event the entire MB colony was inundated repeatedly with water which subsequently resulted in all of the cows moving to Sand Flat the following day. Additionally, 2 pups were born in Breaker cove gulch and were immediately washed out to sea. 



Another likely contribution to decreased pup survival and productivity this season was a result of sea conditions related to El Niño and ocean climate impacts. One of the most consistently productive harems on SEFI is Sand Flat; however, this year that area only had 73% pup survival. This is the sixth lowest pup survival in the entire time series in which 50% was seen in 1975 and 64% was documented in 1995. This season’s pup survival is the lowest when compared to other El Niño years: 1982-83 80%, 1991-92 81%, 1997-98 76%, 2002-03 75%, and 2009-10 81%. Furthermore, results from this season are much lower than the long-term average of 80% ± 10 SD. In 2005 Le Boeuf and Crocker found that the weaning weight of northern elephant seal pups is closely linked to maternal condition and indirectly reflects prey availability and foraging success of pregnant females in deep waters of the northeastern Pacific. This study concluded that annual fluctuations in weaning mass, in turn, reflect the foraging success of females during the year prior to giving birth and signals changes in ocean temperature cycles. Although we do not weigh pups on the island the results from this study may support the idea that the high incidence of pup abandonment on Sand Flat is related to adult females not having the energy reserves to successfully wean their pups this season. It is hypothesized that due to ocean conditions in the year leading up to the past breeding season, adult females could not locate sufficient prey and after giving birth a large proportion chose to abandon their pups to conserve energy during difficult times ahead. For perspective, the causes for pup mortality this breeding season include 12 pups washed out to sea, 2 pups crushed to death, 9 pups abandoned, 2 pups were stillborn and 2 pups died of unknown causes. As we continue to face the effects of climate change, and have observed unique ocean warming conditions in the past few years (Di Loreno and Mantua 2016),  patterns seen this elephant seal breeding season may repeat themselves.



Northern fur seals

Ground based survey efforts and standardized weekly pinniped censuses from the top of Lighthouse Hill at SFI over the past 15 years have revealed an exponentially increasing population fueled largely by immigration from San Miguel Island (Point Blue, unpublished data).  Prior to 2013, the recent peak count numbered 521 individuals in 2012 (Tietz 2013). However, while these surveys have been effective in assessing overall population growth and resighting tags of immigrant animals, they have limitations. Location of the current fur seal colony on WEI precludes extensive ground-based examination of the colony at peak breeding, due to disturbance concerns with breeding seabirds. Lighthouse based censuses cannot see a large portion of the fur seal colony area. Therefore, in 2013 we initiated a new annual aerial assessment of the fur seal colony at SFI to produce more accurate estimates of peak adult abundance and pup production – metrics of great interest to managers at National Marine Fisheries Service (NMFS) and the FNWR.



Comparisons of counts obtained from aerial and land-based techniques in 2013 - 2016 indicate that aerial photographs provided a more complete survey of the Farallon NFS colony.  For four seasons in a row aerial photographic surveys resulted in the highest number of pups (401 in 2013, 656 in 2014, 665 in 2015, and 1,126 in 2016) recorded on SFI since the islands were recolonized in 1996 and was considerably greater than the peak pup counts obtained from Lighthouse and WEI ground surveys. The total aerial count was also substantially greater than the peak total counts from the lighthouse but was similar to the peak counts obtained from WEI ground counts. The percent increase from 2013-2016 for AM, AF/Imm and Pup is 413%, 378% and 181%, respectively. The quality of the aerial photographs also allowed for better aging and sexing than surveys from the lighthouse. It should be noted that on most visits to WEI for ground counts (as well as LH census) there were many NFS swimming in the waters between Sewer Gulch and Indian Head Beach and these numbers are not included in the totals. 



The NFS is a pelagic-feeding, polygynous otariid that currently ranges across the North Pacific Ocean and Bering Sea (Kajimura 1984; Ream et al. 2005) as far south as 34°N latitude (Kenyon and Wilke 1953).  Approximately 70% of the current world population breeds on the Pribilof Islands (~750,000 animals; Testa 2007), but recent declines at the Pribilofs, where pup production has fallen by ~50% over the past 3 decades have elevated concern for this species (Towell et al. 2006).  Fur seals likely numbered at least in the tens of thousands at the SFI before being locally extirpated by American, British, and Russian sealers during the early 19th century1800s (Starks 1922; Townsend 1931; Scheffer and Kraus 1964).  The first confirmed pup born on SFI since extirpation was in 1996 (Pyle et al. 2001).  Since the 1960s, other rookeries have been re-colonized at San Miguel Island (SMI), California, and colonized at Bogoslof Island (BI) in the eastern Aleutians, Alaska (York et al. 2005).



The decline of the Pribilof’s NFS population is not accounted for by increasing populations at the three newer rookeries (SFI, SMI, BI), even though it is clear they are connected demographically (Towell et al. 2006).  Despite the declining population on the Pribilofs, the SFI, BI, and SMI populations have all grown (Melin and DeLong 1994; Ream et al. 1999; Melin and DeLong 2000, Berger et al. 2016 in prep).  Within the southern range of fur seal distribution, SFI and SMI are substantially affected by the productive but highly variable California Current upwelling system (Hickey 1979, Melin et al. 2008). Annual variation in ocean climate and productivity within the southern California Current can have significant impacts on upper trophic marine predators, affecting survival and reproductive rates primarily through changes in prey availability (Sydeman et al. 2001, Lee et al. 2007).  During El Niño events NFS at SMI are in poor condition and the population experiences reduced reproductive success and high mortality of pups and adults (DeLong and Antonelis 1991, Melin and DeLong 2000).  We expected the SFI colony to behave similarly to the SMI population in regards to ocean climate variation including large population decreases associated with El Niño events. However, results from the 2016 breeding season did not support this hypothesis and SFI pup numbers nearly doubled from 2015 to 2016.



We believe the difference between SMI and SFI may be related to the 2015 “warm water blob” (Di Lorenzo and Mantua 2016) and 2016 ENSO creating poor conditions in the southern portion of the California Current, which resulted in the northern movement of many animals in search of suitable prey. Perhaps once SMI individuals located SFI on their travels they decided to remain for the breeding season. Evidence of this is found in the high number of new SMI immigrant tag sightings on SFI in 2015 and 2016. In displaying high breeding site-fidelity (Baker et al. 1995), the new SFI breeding females documented in 2015 - 16 may be expected to remain at SFI for future breeding seasons considering many of these females were young (age 3 - 6 years) and were new to the breeding group. If these patterns of immigration persist in future anomalous environmental conditions, SFI is likely to continue seeing high recruitment of breeding females from the SMI population. Further aerial surveys and documentation of the SFI NFS population will continue in order to provide recommendations for managing this rapidly expanding, distinct sub-population.



Harbor seals

The max counts of HS on SFI appears to have steadily increased until 1993 where it has since leveled off and is now well above the 96 (± 56) long term mean of maximum counts per year.  Since pinniped surveys began on SFI in 1970, the first HS pup was not documented until 1991 and max pup numbers have shown a gradual increase to current numbers (Figure 8). The island habitat on SFI is not thought to be ideal for pregnant females to pup during the breeding season and there has been little documentation of pupping at the island. With that said HS pups are highly precocial and enter in to the water shortly after being born which may contribute to the low detection at the island. Also many of the haul-out sites on SFI (i.e. Mussel Flat) are very tide dependent and survey counts vary considerably based on tide (lower numbers if survey time coincides with high tide and higher numbers at low tide). Surveys are conducted in the standardized time window, independent of tide height. It is thought that SFI are an important haul out and resting site for the sub-species of HS in California and we plan to continue monitoring these pinnipeds through our weekly census. The maximum count of 182 HS on SFI in 2016 represents a small portion of the overall population estimates for California. However, no research has been conducted on the number of unique individuals that utilize the islands throughout the year.



Harbor seals are a coastal species that hauls out regularly in modestly tight social groups along coastlines throughout much of the north temperate region in both the Pacific and Atlantic Oceans (Riedman 1990, Godsell 1988). General haul out patterns include seasonal, circadian and tidal rhythms in the number of animals ashore as well as marked preferences being displayed for warm, dry weather (Cronin et al. 2009, Thompson et al. 1989). Furthermore, HS generally exhibit strong fidelity to haul-out locations (Bjorge et al. 1995, Sharples et al. 2012). A complete count of all harbor seals in California is impossible because some are always away from the haul out sites and a complete pup count is also not possible because of their precocial nature. Population size is estimated by counting the number of seals ashore during the peak haul-out period (May to July) and by multiplying this count by a correction factor equal to the inverse of the estimated fraction of seals on land. Harvey and Goley (2011) calculated a correction factor of 1.54 based on 180 seals radio-tagged in California. Based on the most recent harbor seal counts (20,109 in May-July 2012; NMFS unpublished data) and the Harvey and Goley (2011) correction factor, the harbor seal population in California is estimated to number 30,968 seals. The maximum statewide count in the 1981-2009 time series occurred in 2004 and the population has been on a sharp decline in 2009 and 2012 after  surveys were conducted but no report available on current data to 2015 (NMFS California HS Stock Assessment 2014; unpublished data updated July 2015). The report states that the population appears to be stabilizing at what may be its carrying capacity and mortality due to fisheries is declining. There are no known habitat issues that are of particular concern for this species.



California sea lions

Since 1970, the max counts of CSL on SFI appears to have steadily increased with this season’s max counts being slightly greater than the 4,237 (± 2,739) long term mean of maximum counts per year.  CSL pups were first documented on SFI in 1983 and since then max pup numbers have shown low numbers until two small peaks in 1998 and 2000 followed by a sharp increase in pup production from 2009 to present. It appears that the islands are becoming more of a breeding ground perhaps as a result of an expanding population. Based on tag and brand resight data collected on SFI over the last 10 years it seems as if many of the individuals visiting the island outside of the breeding season are animals resting between foraging trips as they move up and down the West coast and out to sea in search of prey (Point Blue, unpublished data). Many of the brands recorded are not repeated within a year which seems to indicate high turnover of individuals but further investigation into the data is necessary in order to draw full conclusions. The large increase in overall numbers that was seen in 2015 subsided in 2016. This may be related to the return of more average ocean conditions in 2016 when compared to the anomalous “warm water blob” experienced in 2015. The maximum count of 5,555 CSL on SFI in 2016 represents a small portion of the overall population estimates for California.



According to the CSL stock assessment compiled by NMFS and updated in 2014, the estimated total population size is 296,750 with a minimum U.S. stock at 153,337 (NMFS unpubl. data 2014). The 2014 assessment includes all CSL counted during the July 2011 census at the Channel Islands in southern California and at haul out sites located between Point Conception and Point Reyes, California. Trends in pup counts from 1975 through 2008 are from four rookeries in southern California and for haul outs in central and northern California. Studies indicate that some characteristics representative of El Niño years result in higher pup and juvenile mortality rates (DeLong et al. 1991, NMFS unpublished data) which affect future recruitment into the adult population for the affected cohorts. Early in 2016, biologists on the island documented many adult females aborting their fetuses (end of April 2016 a total of 213 aborted fetuses) and many animals appeared to be in poor body condition (emaciated). However, this trend did not continue throughout the breeding season and in fact the highest number of pups recorded on the island occurred this season. We will continue to document CSL presence on the island through our weekly pinniped census.



Steller sea lions

Since the pinniped surveys began in 1970, the max count of SSLs on SFI appears to show much variability among years with a peak in the late 1990’s and early 2000’s. This season’s max count of 152 were slightly lower than the 181 (± 59) long term mean of maximum counts per year. Based on surveys since 1970, SSL pups were first documented in 1973 and since then max pup numbers steadily increased through the late 1970’s, plateaued through the 1980’s and ‘90’s, dipped through the early 2000’s and has been on the rise over the last five years . However, as mentioned earlier the total and max pup numbers are well below those seen prior to the surveys conducted by Point Blue starting in 1970. The 29 pups documented at the height of the breeding season is among the highest counts in the last decade (range 8-45 from 2007-2016).



Two of the most southerly haul out and breeding areas for SSL are located on Año Nuevo Island (ANI) and the SFI, where SSL breed in small numbers and haul-out in slightly larger numbers throughout the year. Historically, SFI contained a much larger SSL colony than today that was considered one of the largest in California.  Counts conducted between 1927 and 1947 averaged between 600 and 790 animals (Bonnot et al. 1938, Bonnot and Ripley 1948).  A previous assessment of the Farallon colony showed declines from the mid-1970s to 1996 in total numbers of animals (all seasons combined, -0.4%), numbers of adult females during the breeding season (-5.9%), pup production, and adult female to adult male ratio (Hastings and Sydeman 2002).  Reproductive rates of adult females were extremely low during this period, averaging 10.7% (range 2.0 to 21.2%).  Reproduction also suffered from a high incidence of premature, stillborn births.



Exact causes of the decline of the Farallon colony are uncertain.  Contaminant studies in the early 1990s revealed elevated levels of organochlorines and trace metals such as mercury and copper that may have impacted reproduction (Jarman et al. 1996, Sydeman and Jarman 1998).  Disease, declines in prey availability, and competition with increasing numbers of other pinnipeds (e.g., Northern fur seals and California sea lions) also may have contributed to declines and lack of recovery of this colony (Sydeman and Allen 1999, Hastings and Sydeman 2002). A similar scenario has occurred to the populations in southern California. Moreover, Pitcher et al. (2007) has documented a northward shift in the overall breeding distribution, with a contraction of the range in southern California and new rookeries established in southeastern Alaska. As SEFI is one of two breeding colonies at the southern end of the SSL range we will continue to monitor the population year round in order to document variation among years.



RESEARCH AND MANAGEMENT RECOMMENDATIONS



In a general sense, the health of marine mammals reflects the health of the ecosystems upon which they depend. Changes in reproductive success, individual survival, and breeding propensity may demonstrate shifts in prey abundance and food web structure among other marine related alterations. As such, pinnipeds of SFI provide insight into environmental health and may act as sentinel species. A declining population or a reduction in reproductive success may indicate a threat to other wildlife or people. By examining our long term pinniped datasets we hope to explore the variability of ecosystem productivity and health and how it relates to changing climatic variables. To fully understand this it seems essential to incorporate the biology and ecology of pinnipeds and other marine top predators in multidisciplinary programs of research. 



As the frequency of El Niño and other warm-water oceanographic events has increased in recent times (Di Lorenzo and Mantua 2016;Johnson 2014; Cai et al. 2013), population-level effects may be more pronounced in the future. These broad-scale events may disrupt or prevent upwelling, which in turn effects the development of the food web. As such, marine mammals generally demonstrate reductions in population size, productivity, and/or survival during years of poor oceanic productivity. By continuing to census the pinniped populations on SFI combined with other oceanic data that Point Blue collects our efforts may be helpful in mitigating these threats and ultimately aid in the sustainability of these species. In addition to the continuation of current research efforts, we recommend the following actions for enhancing the protection, conservation and management of pinnipeds on SEFI:



1. To examine the growth rate of the SFI NFS colony in comparison to other recolonization sites (SMI and BI). This paper will be submitted in the Spring of 2017. Continued efforts should be made to conduct aerial surveys of the NFS colony as results have shown that this method provides the most accurate counts of pup production and overall breeding population. With the difficulty of flying aerial surveys because of weather and the associated cost we recommend the continued pursuit of using quad-copters (unmanned aerial vehicles – UAV) with built in GPS and video/photo capabilities to fly aerial surveys in a timely manner. It is recommended that a number of Point Blue and FWS staff be trained and certified in operating this technology on a National Wildlife Refuge and over the waters of a Marine Protected Area. Currently there is a proposal written describing the project, benefits to refuge resources and an estimated budget.



2. Analysis of NES data in relation to population decline as a result of continued habitat degradation due to increased frequency and intensity of storms. Analysis would yield population demographic parameters including estimates of age specific survival, breeding propensity, and reproductive success as well as temporal variation in these parameters due to ocean climate fluctuations (e.g. El Niño and other climate indices), population density, and predation pressure. Data is currently being compiled with analyses scheduled for Summer and paper submission for Fall 2017.



3. To further our understanding of the foraging ecology of SEFI pinnipeds (particularly CSL), we recommend continuation of novel monitoring techniques in collaboration with other researchers (Dan Crocker at SSU) including deployment of GPS tags (combined with analysis of brand resight data) and measurements of physiological state (e.g. body condition scoring, fecal analysis for diet composition). Novel monitoring tools will greatly enhance our ability to understand Farallon population trends (e.g. how food availability is affecting CSLs) in support of management decisions for FWS and NMFS. Novel technology will also allow us to examine marine habitat use and foraging behavior, which is critical to the evaluation of current and potential new marine protected areas around the Farallon NWR. Information on pinniped foraging ecology would complement our on-going dataset on seabird foraging ecology and would provide an area of comparison between species and other areas where this data is being collected.



4. To understand the rate at which marine debris and in particular entanglement is impacting wildlife on the FNWR we recommend examination of the islands historic entanglement data. It has been over 10 years since this data has been analyzed and by updating and comparing the data we may gain more insight into the rate of increase or decrease in detection at the islands. In the winter of 2014 we created a more robust protocol for collecting entanglement data which will aid in fine tuning our understanding of these events (see 2014 NES report). 
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TABLES



Table 1. 2017 Population dynamics of 4 Northern Elephant Seal harem locations on SEFI and 2 harem locations on WEI. Total numbers reflect each island separately and combined together. *Numbers presented for WEI may be influenced by the limited number of visits. SF=Sand Flat, MTSF=Marine Terrace Sand Flat, MB=Mirounga Beach, IHB/PCH=Indian Head Beach/Pastel Cave Highlands, SB=Shell Beach. C=cows, P=pups, W=weaners.

		Island

		Harem Location

		α Male

		# Cows

		# Pups

		# Wean

		Natality P/C

		Pup Sur W/P

		Pup Mor 1-W/P

		Rep Suc W/C



		SEFI

		SF

		Chant

		70

		62

		45

		0.89

		0.64

		0.36

		0.64



		SEFI

		MTSF

		Danny

		1

		1

		1

		1.00

		1.00

		0.00

		1.00



		SEFI

		MB

		Matthew

		17

		17

		3

		1.00

		0.18

		0.82

		0.18



		SEFI

		Gulches

		Cumberbatch

		2

		2

		0

		-

		0.00

		-

		-



		SEFI

		Total

		

		90

		82

		49

		0.91

		0.60

		0.40

		0.54



		



		WEI

		IHB/PCH

		No ID

		17

		17

		17

		1.00

		1.00

		0.00

		1.00



		WEI

		SB

		No ID

		0

		0

		0

		-

		-

		-

		-



		WEI

		Total

		

		17

		17

		17

		1.00

		1.00

		0.00

		1.00



		



		Winter 2017

		Total

		

		107

		99

		66

		0.93

		0.67

		0.33

		0.62













Table 2. Numbers of Northern fur seals counted from aerial photographic surveys of the South Farallon Islands

on 6 August 2013, 5 August 2014, 4 August 2015, and 4 August 2016. AM, adult male; AF/Imm, adult female/immature; SAM, subadult male. Nearly all animals were found in the IHB breeding area although increasing numbers of animals have been seen at Jordan Channel and Weather Service Peninsula from 2013-16. In 2014, no photos were taken of Jordan Channel where NFSs are known to regularly haul out. In 2015, animals in the water were counted as unknown and was the first year that photos were taken of the water just off IHB. Percent changes (%Δ = (y2-y1)/y1)*100) are included to emphasize colony expansion.

		Year

		AM

		AF/Imm

		Pup

		SAM

		Unknown

		Total



		2013

		24

		207

		401

		34

		nd

		666



		2014

		27

		317

		656

		19

		 nd

		1019



		2015

		41

		250

		665

		33

		244

		1233



		2016

		123

		989

		1126

		23

		nd

		2261



		%Δ 2013-14

		12.5%

		53.1%

		63.8%

		-44.1%

		-

		53.0%



		%Δ 2015-16

		200%

		296%

		69.3%

		-30.3%

		-

		83.4%



		%Δ 2013-16

		413%

		378%

		181%

		-32.4%

		-

		239%










Table 3. 2013 - 2016 Pupping season counts of Northern Fur Seals on the South Farallon Islands from weekly pinniped censuses conducted from the Lighthouse. Blue highlighted rows indicate the peak number of pups detected from the lighthouse and correspond to the aerial survey period. AM, adult male; Non-ID, unidentified age/sex.

		DATE

		AM

		Pup

		Non-ID

		Total



		7/11/2013

		30

		142

		288

		460



		7/25/2013

		27

		219

		232

		478



		8/1/2013

		14

		254

		199

		467



		8/8/2013

		12

		183

		136

		331



		8/20/2013

		6

		167

		319

		492



		8/27/2013

		5

		32

		143

		180



		DATE

		AM

		Pup

		Non-ID

		Total



		7/25/2014

		38

		293

		239

		570



		8/2/2014

		5

		280

		154

		439



		8/7/2014

		24

		304

		293

		621



		8/15/2014

		5

		361

		201

		567



		8/21/2014

		5

		231

		232

		468



		8/28/2014

		5

		323

		132

		460



		9/25/2014

		8

		62

		243

		313



		DATE

		AM

		Pup

		Non-ID

		Total



		7/16/2015

		51

		252

		355

		658



		7/23/2015

		51

		309

		340

		700



		7/30/2015

		30

		287

		206

		523



		8/6/2015

		39

		285

		358

		682



		8/13/2015

		15

		273

		196

		484



		8/20/2015

		3

		231

		348

		582



		8/27/2015

		7

		111

		303

		421



		DATE

		AM

		Pup

		Non-ID

		Total



		6/30/2016

		48

		142

		297

		487



		7/16/2016

		.

		.

		.

		.



		7/21/2016

		60

		338

		405

		803



		8/4/2016

		36

		447

		493

		976



		8/18/2016

		5

		339

		559

		903



		8/25/2016

		7

		199

		378

		584



		6/30/2016

		48

		142

		297

		487









Table 4. Northern fur seal counts conducted during visits to the West End Island colony in Sep and Oct of 2013 (n=3), 2014 (n=4) and 2015 (n=4). AM, adult male; AF, adult female; SAM, subadult male; Imm, immature; Non-ID, unidentified age/sex. Numbers in brackets [ ] indicate an incomplete survey.

		DATE

		AM

		AF

		Pup

		SAM

		Imm

		Non-ID

		Total



		9/8/2013

		13

		[1]

		79

		[6]

		[3]

		[380]

		[482]



		9/13/2013

		10

		83

		164

		40

		0

		373

		670



		10/7/2013

		11

		72

		29

		5

		173

		296

		586



		Average

		11.3

		52.0

		90.7

		17.0

		58.7

		349.7

		579.3



		Std Dev

		1.5

		44.5

		68.3

		19.9

		99.0

		46.6

		94.2



		DATE

		AM

		AF

		Pup

		SAM

		Imm

		Non-ID

		Total



		9/7/2014

		7

		63

		134

		29

		11

		581

		825



		9/15/2014

		5

		22

		59

		6

		83

		352

		527



		9/30/2014

		23

		87

		61

		0

		0

		557

		728



		10/14/2014

		11

		0

		212

		7

		0

		754

		984



		Average

		11.5

		43.0

		116.5

		10.5

		23.5

		561.0

		766.0



		Std Dev

		8.1

		39.3

		72.6

		12.7

		40.0

		164.7

		191.1



		DATE

		AM

		AF

		Pup

		SAM

		Imm

		Non-ID

		Total



		9/1/2015

		2

		7

		191

		12

		362

		647

		1221



		9/15/2015

		4

		14

		180

		0

		350

		640

		1188



		9/30/2015

		9

		31

		208

		166

		107

		688

		1209



		10/15/2015

		5

		21

		165

		234

		87

		479

		991



		Average

		5.0

		18.3

		186.0

		103.0

		226.5

		613.5

		1152.3



		Std Dev

		2.9

		10.2

		18.1

		115.5

		149.8

		92.1

		108.4



		DATE

		AM

		AF

		Pup

		SAM

		Imm

		Non-ID

		Total



		10/1/2016

		5

		1

		212

		9

		96

		1107

		1430



		10/20/2016

		6

		10

		10

		6

		420

		978

		1430



		11/22/2016

		5

		0

		68

		311

		69

		416

		869



		Average

		5.3

		3.7

		96.7

		108.7

		195.0

		833.7

		1243.0



		Std Dev

		0.6

		5.5

		104.0

		175.2

		195.3

		367.4

		323.9







Table 5. Max counts of total population and pups from LH surveys for pinniped species by year from 2006-2016. 



		

		

		YEAR

		



		

		

		2006

		2007

		2008

		2009

		2010

		2011

		2012

		2013

		2014

		2015

		2016

		2006-2015 Average



		PINNIPED SPECIES

		NES Total

		572

		462

		457

		374

		420

		468

		476

		517

		479

		495

		390

		187.0 ± 136



		

		NFS Total

		188

		174

		115

		132

		248

		251

		375

		492

		637

		700

		976

		87.9 ± 133



		

		HS Total

		117

		112

		108

		155

		129

		145

		152

		136

		195

		181

		182

		59.3 ± 40



		

		CSL Total

		10529

		7693

		11326

		7785

		7451

		9380

		5386

		4408

		4917

		9442

		5555

		3059.0 ± 1672



		

		SSL Total

		170

		177

		169

		94

		124

		121

		167

		196

		181

		163

		152

		63.7 ± 35



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		PINNIPED SPECIES

		NES Pups

		95

		125

		81

		86

		74

		61

		42

		53

		42

		50

		40

		30.5 ± 28



		

		NFS Pups	Comment by Russell Bradley: Why is 2006 blank?

		

		62

		66

		80

		127

		180

		213

		254

		361

		309

		447

		73.4 ± 86



		

		HS Pups

		5

		4

		7

		5

		5

		11

		4

		12

		8

		4

		7

		2.8 ± 2



		

		CSL Pups

		16

		17

		16

		44

		38

		84

		86

		156

		194

		254

		265

		48.0 ± 55



		

		SSL Pups

		9

		8

		11

		13

		28

		25

		34

		26

		45

		37

		29

		10.0 ± 9
















 







Table 6. Average (± SD) of total population, max counts of the breeding population (Adults, AM, SAM,

		

		Harbor seals (HS)

		California sea lions (CSL)

		Steller sea lions (SSL)



		Month

		Ave ± SD

		Max Adult

		Max pup

		Ave ± SD

		Max AM

		Max NI

		Max pup

		Ave ± SD

		Max AM

		Max SAM

		Max AF

		Max Imm

		Max pup



		Jan

		95.5 ± 64

		182

		0

		3383 ± 313

		103

		3585

		0

		53.0 ± 12

		1

		1

		31

		30

		0



		Feb

		27.8 ± 32

		72

		0

		3042 ± 811

		92

		4165

		0

		35.5 ± 14

		0

		4

		17

		19

		0



		Mar

		86.0 ± 58

		139

		0

		2675 ± 305

		55

		2984

		0

		55.3 ± 22

		0

		7

		34

		40

		0



		Apr

		54.8 ± 39

		109

		0

		2317± 522

		59

		2857

		0

		59.3 ± 28

		1

		3

		41

		54

		0



		May

		54.3 ± 50

		99

		3

		3377± 1515

		160

		5395

		1

		75.3 ± 7

		8

		7

		37

		33

		0



		Jun

		89.0 ± 19

		115

		4

		2785± 127

		273

		2593

		265

		120.8 ± 29

		18

		5

		72

		32

		29



		Jul

		108.0 ± .

		101

		7

		2824 ± .

		246

		2378

		200

		103.0 ± .

		7

		2

		50

		24

		20



		Aug

		63.7 ± 36

		103

		3

		3610± 628

		120

		3831

		243

		73.0 ± 20

		0

		2

		53

		27

		21



		Sep

		46.8 ± 37

		86

		0

		3980 ± 779

		59

		4664

		142

		65.8 ± 20

		0

		0

		59

		25

		11



		Oct

		35.8 ± 25

		62

		0

		4265 ± 825

		100

		4833

		109

		89.3 ± 16

		0

		3

		62

		44

		14



		Nov

		6.0 ± 7

		14

		0

		2693 ± 634

		37

		3137

		112

		88.3 ± 9

		0

		0

		53

		28

		21



		Dec

		40.8 ± 48

		104

		0

		1652 ± 767

		107

		2405

		65

		87.5 ± 51

		0

		2

		89

		61

		15



		2015

		56.5 ± 45

		 

		 

		3082 ± 981

		 

		 

		 

		73.2 ± 31

		 

		 

		 

		 

		 





NI/AF and IMM) and pups from LH surveys for HS, CSL and SSL by month for 2016.	Comment by Russell Bradley: Maybe add something in the legend about no error in July because there was only 1 survey.













		

		           NFS Max Pups

		         HS Max Pups

		           CSL Max Pups

		        SSL Max Pups



		‘YR

		‘12

		‘13

		‘14

		‘15

		‘16

		‘12

		‘13

		‘14

		‘15

		‘16

		‘12

		‘13

		‘14

		‘15

		‘16

		‘12

		‘13

		‘14

		‘15

		‘16



		Jan

		0

		0

		0

		0

		0

		0

		0

		0

		0
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Table 7. Max pup counts from LH for NFS, HS, CSL and SSL by month for the last 5 years (2012-2016). 
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Figure 1.  A schematic of the study area is shown with labels indicating the major harems on SEFI and WEI. Gulches in yellow include North Landing, Garbage Gulch, Sea Pigeon Gulch, Sewer Gulch and Breaker Cove.



















Figure 2.  Northern Elephant Seal pup production on the Farallones (total), SEFI and WEI from 1972-2017. There has been at 10% rate of increase in pup production from 1972-2017. The 45 year mean is 212 pups (SD=134). The mean over the last decade is 104 (SD = 35). In 2017 there were a total of 99 pups produced (82 on SEFI and 17 on WEI).









Figure 3.  Pup survival (pups successfully weaned/pups born) on SEFI and WEI. Survival rate in 2017 was 60% for SEFI and 100% for WEI. Standard errors are presented from the variation that occurred in pup survival at each harem on each island (3 on SEFI and 2 on WEI).




Figure 4.  Standardized pup survival (PS) anomaly [(annual PS – long term average PS)/SD] calculated on SEFI from 1975 – 2017. WEI data not included because of data precision. Prior to the past three seasons, there were 8 years of higher than mean pup survival on SEFI. The 2017 PS is one of the lowest in the past 20 years.





Figure 5.  Standardized reproductive success (RS) anomaly [(annual RS – long term average RS)/SD] calculated on SEFI from 1975-2017. WEI data was not included because of data precision. The last decade has shown 6 years of positive and 4 years of negative anomalies from the long term standard. 





Figure 6.  The median cow arrival date (MCAD) anomaly [(annual MCAD-long term average MCAD)/SD] at SEFI from 1974-2017. The median arrival date this year was 15 Jan (SD = 10 days). The 42 year cow arrival date average is 14 Jan (SD = 3 days).





Figure 7.  The median pupping date (MPD) anomaly [(annual MPD-long term average MPD)/SD] from 1974-2017. This season the MPD was later when compared to the standardized long term average with only 3 out of the last 10 years resulting in later MPD compared to the average.





















Figure 8.  The northern elephant seal population for the winter 2016-2017 breeding season (start date: 3rd Nov 2016, end date: 16th Mar 2017). This data was summarized from twice weekly censuses of SEFI. The number of immatures was put on its own axis because of the higher number of occurrence prior to the breeding season. SA1-Bull represents all potential breeding males of sub-adult and adult age classes. 










































































Figure 9.  The average (± SD) total count of NFS, HS, CSL and SSL by month from Jan 1 to Dec 31 2016. Data are summarized from weekly pinniped surveys conducted from the island’s lighthouse. Note the difference in scale on the y-axis. 




[bookmark: _GoBack]	Comment by Russell Bradley: Remove negative counts on y axis for NFS and HS

 





























































Figure 10.  The maximum total count of NFS, HS, CSL and SSL by year from 1970 to 2015. Data are summarized from weekly pinniped surveys conducted from the island’s lighthouse. We fitted a third polynomial trend line (in black) for each species to help illustrate long term trends. The solid gray line is the long term mean from 1970-2015 (except for NFS who recolonized the island in 1996). Note the difference in scale on the Y-axis. Maximum total counts in 2016 for NFS, HS, CSL and SSL are: 976, 182, 5,555 and 152. Long term means for NFS, HS, CSL and SSL are: 78, 98, 4,237 and 182.






































































Figure 11.  The maximum pup count of NFS, HS, CSL and SSL by year from 1970 to 2016. Data are summarized from weekly pinniped surveys conducted from the island’s lighthouse. We fitted a third polynomial trend line (in black) for each species to help illustrate long term trends. The solid gray line is the long term mean from 1970-2015 (except for NFS who recolonized the island in 1996). Note the difference in scale on the Y-axis. Maximum pup counts in 2015 for NFS, HS, CSL and SSL are: 447, 7, 265 and 29. Long term means for NFS, HS, CSL and SSL are: 86, 3, 23 and 26. 
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PD	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1.9371245494593525	1.5366439727673222	0.33520224269123083	0.33520224269123083	1.1361633960752917	-6.5278334000799645E-2	-0.4657589106928301	-0.4657589106928301	-0.86623948738486056	-1.266720064076891	0.33520224269123083	-0.4657589106928301	0.33520224269123083	0.33520224269123083	0.33520224269123083	-6.5278334000799645E-2	-6.5278334000799645E-2	0.7356828193832613	0.33520224269123083	-0.86623948738486056	-0.4657589106928301	1.5366439727673222	1.1361633960752917	1.9371245494593525	1.9371245494593525	1.5366439727673222	0.33520224269123083	-0.86623948738486056	-1.6672006407689215	-0.86623948738486056	-6.5278334000799645E-2	-1.266720064076891	-2.0676812174609518	-0.4657589106928301	0.33520224269123083	-1.266720064076891	-1.6672006407689215	-6.5278334000799645E-2	-0.4657589106928301	-0.4657589106928301	-6.5278334000799645E-2	-0.4657589106928301	0.33520224269123083	0.7356828193832613	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Year



Median pupping date anomaly





SA1-Bull	42677	42691	42698	42705	42720	42722	42726	42729	42733	42736	42740	42743	42747	42750	42754	42757	42761	42769	42771	42776	42782	42789	42792	42796	42799	42804	42806	42810	19	17	19	22	43	46	41	37	36	34	20	19	22	25	21	18	19	27	20	26	25	24	19	15	9	17	13	11	Cow	42677	42691	42698	42705	42720	42722	42726	42729	42733	42736	42740	42743	42747	42750	42754	42757	42761	42769	42771	42776	42782	42789	42792	42796	42799	42804	42806	42810	0	0	0	0	0	3	3	4	5	5	16	19	37	45	57	55	76	79	76	69	52	29	19	6	5	4	7	12	Pup	42677	42691	42698	42705	42720	42722	42726	42729	42733	42736	42740	42743	42747	42750	42754	42757	42761	42769	42771	42776	42782	42789	42792	42796	42799	42804	42806	42810	0	0	0	0	0	0	0	1	2	4	6	6	10	21	26	22	34	48	46	44	35	19	12	4	3	1	1	0	Immature	41950	41956	41964	41970	41987	41991	41994	41997	42001	42006	42008	42012	42015	42018	42022	42026	42033	42036	42039	42043	42047	42050	42054	42057	42061	42064	42068	42071	42075	42082	42090	42096	42103	42110	42117	196	120	116	118	128	120	105	64	70	58	34	42	34	39	28	4	13	8	4	4	0	0	2	0	0	4	2	5	Day and Month



Total number of SA1-Bulls, cows & pups



Total number of immatures





NFS

Average	22.276669409945463	38.195767653847028	18.85691738681944	23.158871590242331	12.767145334803704	184.06882770673946	0	208.46822299813465	117.89698893525633	204.28819512313154	41.198705481281124	67.451216939849701	22.276669409945463	38.195767653847028	18.85691738681944	23.158871590242331	12.767145334803704	184.06882770673946	0	208.46822299813465	117.89698893525633	204.28819512313154	41.198705481281124	67.451216939849701	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2016	26.75	41.75	29.75	38.5	16.5	248	803	821	756.8	418.5	361.33333333333331	82.5	Month



Average





HS

Average	64.007812023221035	32.170120712653016	59.794091123900643	39.22902836760894	49.540387564087546	19.356308187943966	0	36.115555282084934	37.157771730823683	24.716728478232444	7	48.051187983926752	64.007812023221035	32.170120712653016	59.794091123900643	39.22902836760894	49.540387564087546	19.356308187943966	0	36.115555282084934	37.157771730823683	24.716728478232444	7	48.051187983926752	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	95.5	27.75	86	54.75	54.25	89	108	63.666666666666664	46.8	35.75	6	40.75	Month



Average





CSL

Average	312.65476167811676	811.86139005785128	305.28948011136362	522.29940328002169	1515.7709809422618	127.36397973262822	0	627.52397032570161	779.48701079620309	825.40818185105638	633.65789929056666	766.60610268029211	312.65476167811676	811.86139005785128	305.28948011136362	522.29940328002169	1515.7709809422618	127.36397973262822	0	627.52397032570161	779.48701079620309	825.40818185105638	633.65789929056666	766.60610268029211	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3382.5	3042.25	2674.5	2317	3376.5	2785.25	2824	3609.6666666666665	3980	4265	2693.3333333333335	1652.25	Month



Average





SSL

Average	11.74734012447073	14.177446878757825	21.960191255997749	28.123240685715199	7.4105780251385696	29.101832702884309	0	19.924858845171276	20.029977533686846	16.070158679988197	9.4516312525052495	51.468436929831086	11.74734012447073	14.177446878757825	21.960191255997749	28.123240685715199	7.4105780251385696	29.101832702884309	0	19.924858845171276	20.029977533686846	16.070158679988197	9.4516312525052495	51.468436929831086	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	53	35.5	55.25	59.25	75.25	120.75	103	73	65.8	89.25	88.333333333333329	87.5	Month



Average





NFS

Max of TOTCAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	9	0	1	0	0	0	1	1	1	1	3	1	3	2	1	1	0	3	4	3	2	1	5	1	1	4	8	6	4	9	13	16	35	22	38	90	188	174	115	132	248	251	375	492	637	700	976	Ave CAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	78.3	Year



Maximum Count





HS

Max of TOTPHO	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0	4	3	13	15	16	21	28	37	33	42	64	70	76	61	55	73	64	82	66	85	102	128	170	142	151	144	141	149	125	128	150	163	178	166	136	117	112	108	155	129	145	152	136	195	181	182	Ave PHOL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	98.1	Year



Maximum Count





CSL

Max of TOTZAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	124	493	561	290	1403	1374	1163	1593	2360	1699	2573	2907	3609	5570	6783	4187	2468	2664	2639	1996	1944	3770	4574	3883	3416	4594	4303	4990	7837	5270	2423	3301	4480	5633	5292	4412	10529	7693	11326	7785	7451	9380	5386	4408	4917	9442	5555	Ave ZAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	4237	Year



Maximum Count





SSL

Max of TOTEUM	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	87	119	136	134	218	176	187	235	173	192	155	188	192	141	208	291	219	191	140	186	206	181	138	118	187	138	213	148	339	133	128	261	304	373	149	202	170	177	169	94	124	121	167	196	181	163	152	Ave EUM	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	181.5	Year



Maximum Count





NFS

Max of PUPCAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0	1	4	1	3	3	5	13	8	11	24	97	62	66	80	120	180	213	254	361	309	447	Ave CAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	86.4	Year



Maximum Count





HS

Max of PUPPHOC	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1	0	1	0	0	0	0	2	7	0	0	2	0	2	4	5	4	7	5	5	11	4	12	8	4	7	Ave PHOL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	3.4	Year



Maximum Count





CSL

Max of PUPZAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0	0	0	0	0	0	0	0	0	0	0	0	0	1	1	0	1	5	0	0	2	1	1	1	2	2	0	1	16	5	33	12	13	13	12	18	16	17	20	44	38	84	86	156	194	254	265	Ave ZAL	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	22.8	Year



Maximum Count





SSL

Max of PUPEUM	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0	0	0	6	0	13	5	24	40	38	28	25	27	27	58	22	54	53	23	49	4	7	15	43	49	46	49	35	37	33	32	35	37	20	12	9	9	8	11	20	28	25	34	26	45	37	29	Ave EUM	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	26	Year



Maximum Count
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Fax: 707-765-1685
www.pointblue.org  | Follow Point Blue on Facebook!
Point Blue—Conservation science for a healthy planet.
 
From: McChesney, Gerry [mailto:gerry_mcchesney@fws.gov] 
Sent: Friday, May 05, 2017 5:01 PM
To: Russell Bradley
Cc: Jonathan Shore
Subject: Need your input on Farallon Target Viability
 
Hi Russ,
 
We're trying to finish off the target viability worksheet.  If you recall, you helped us get this started several weeks ago. We need
this wrapped up before our next workshop on May 16.
 
We've been forced to narrow this down further. Categories are now ASSP pop size, ASSP survivorship, seabird (non-ASSP) repro
success, seabird population size, native plant cover and composition, and pinniped population size.
 
Can you please look this over and provide any comments you have. Keep in mind that what we decide in this process will impact
the surveys that are done on the island, so your input is important.  
 
In particular, I'd like you to review:
- Indicator, 
-  the definitions for Poor, Fair, Good and Very Good condition;
- Scale Information Source, 
-  Current measure year (should use most recent available)
-  Trend (this is best estimate of current trend).  
-  Goal statement.
 
I know you're in the field and tough to work on this now, but whatever you can do would really help.  
 
For ASSP pop size and survivorship, we gleaned what we could from the Nur et al. report, but I'm not sure we interpreted the info
correctly. The actual estimates were not provided; only models.  Is that information more readily available?  The values we give
now can be modified later, but we're trying to provide the best we can now and at least make sure the method we're proposing
makes sense.
 
For  seabird breeding success rating, we debated whether to use current method of comparing annual to long-term mean or going
with long-term trend to measure status (basically, the way Sydeman et al. looked at breeding success and identified that WEGU
and ASSP were on declining trend). We end up going with current method because that's what we have now, but we could modify
if we feel trend is better. One of the hard parts of this is how to identify Poor, Fair, etc. for seabirds as a whole.  So I'd appreciate
your feedback on this. 
 
For pinnipeds, we decided that best measure for population trend was adult and pup counts during the breeding season. I think this
works ok for most but maybe not for Zalophus, which are still mainly a non-breeder and peak numbers are in usually in fall. But
since the main one goal is to provide what the minimum survey effort would be, breeding season counts (June-July for most, Jan-
Feb for E Seals), that's what we decided on.  However, I'm not sure we have current trends for all species.  Please take a look. I'm
not aware of a 2016 ecosystem report. Is there one?
 
If you want to go over this on the phone, we can do that.  Let me know what would work for you.
 
Thanks!
 
Gerry
 
---------------------------------------------------------------------------------
Gerry McChesney
Manager, Farallon National Wildlife Refuge and
Common Murre Restoration Project
U.S. Fish and Wildlife Service
San Francisco Bay National Wildlife Refuge Complex
1 Marshlands Road
Fremont, CA 94555
Phone: 510-792-0222, ext. 222, cell: 510-435-9151
Email: Gerry_McChesney@fws.gov
http://www.fws.gov/refuge/farallon/
http://www.fws.gov/sfbayrefuges/murre/murrehome.htm
Follow us on Facebook!
---------------------------------------------------------------------------------
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