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Point Reyes Bird Observatory 		DUNS No.: 119744100

Cooperative Agreement No.: F14AC00237		EIN: 94-159250

Report Period: 4/1/2018 to 3/31/2019	



Performance Narrative for Cooperative Agreement F14AC00237

The Point Reyes Bird Observatory (dba Point Blue Conservation Science) completed all work under agreement F14AC00237, including monitoring the population and breeding performance of seabirds, marine mammals and other wildlife; promoting public awareness of the Farallon National Wildlife Refuge; protecting wildlife; maintaining facilities; and providing all data requested by USFWS for effective management of the Refuge. Status reports were submitted to the USFWS, Farallon National Wildlife Refuge monthly. Seasonal reports (see below) detailing research activities for Seabirds, Pinnipeds, White Sharks, Migrating Songbirds, and Salamanders are being completed or have been submitted according to the guidelines specified in the Agreement and any Modifications. In addition we completed and published a series of manuscripts in peer reviewed journals that highlight the importance of the Refuge for local and regional wildlife populations and to provide the scientific background in support of the proposed Farallon Islands Restoration Project (mouse eradication).

Reports and manuscripts completed by Point Blue under Cooperative Agreement F14AC00237 and submitted to USFWS for work conducted from 4/1/2018 to 3/31/2019
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White sharks (Carcharodon carcharias) are highly mobile animals, and due to the vastness of their environment, it is logistically difficult to monitor their populations (Baum et al.  2003). However, because mature white sharks show site fidelity and feed on the surface, it is possible to monitor the frequency of their predation events, and this may provide an index to populations of sharks that utilize discreet foraging areas.  The large pinniped haul-out and rookery provided by the Farallon Islands has made this a world-renowned location for viewing sharks. For the past 32 years, Point Blue (formerly PRBO) biologists have been conducting standardized surveys from the lighthouse to record white shark predation events.  Long-term datasets, such as these, are important for assessing annual variation and potential trends in white shark predation.

Following protocols described by Tietz (2014), we conducted 498 hours of standardized shark surveys from 2 Sep to 27 Nov 2018, which was a 13% decrease from the long-term mean (Figure 1).  Due to occasionally inclement weather and fluctuating numbers of biologists available to conduct shark surveys, the average number of observation hours per day varied over the season (Figure 2).  The lowest number of shark watch hours occurred during the end of Sep and end of Nov, when fog, wind, and/or rain exceeded protocol. Good coverage occurred through all of Oct and most of Nov.

The first confirmed shark predation event of the fall season occurred on 13 Sep, and the final shark predation occurred on 6 Dec, after surveys concluded on 27 Nov.  During the survey period of 1 Sep to 30 Nov, a total of 22 shark feeding events were noted around the island (Figure 3); two of these feeding events were confirmed scavenging events, while one other could not be confirmed as a predation event because blood was not visible from the island.  From the lighthouse, we recorded 17 of the 19 shark predation events during our standardized shark watch surveys, while two were seen incidentally from the island.  Numbers of attacks peaked in Oct, with 16% occurring in Sep, 47% in Oct, and 37% in Nov (Figure 3).  The attack rate per survey effort was similar to the overall number of attacks (Figures 4).

[bookmark: _Toc404688991]DISCUSSION

	Shark predation rates increased slightly this year and continued a slowly increasing trend since shark predation rates bottomed out in 2013 (Fig. 5 & 6). The 20 confirmed shark predation events in 2018 is the 8th fewest attacks in the history of the project and is 52% below the previous 32-year mean of 42.1 attacks per year. The seasonal distribution of attacks was similar to the long-term distribution of 16.5% in Sep, 42.5% in Oct, and 37.5% in Nov.

Brown et al. (2010) found that the total number of pinnipeds, especially elephant seals, counted during weekly surveys is the most important factor in determining annual variation in the number of shark attacks at SE Farallon Island.  California sea lion numbers were nearly average overall this season, but numbers were well above average during the first half of the season, and then fell to an average of 27% below average from mid-Oct through Nov. Northern elephant seals averaged 24% below the previous 10-year mean over the entire fall season, and only surpassed the mean on a single survey in mid-Nov. The low numbers of elephant seals almost certainly contributed to the overall low predation rate in 2018.  One reason for reduced numbers is that the breeding population at SEFI is declining as larger storms due to climate change have washed away the sandy beaches and finer rocky material that allowed the seals to more easily access these site.  With the reduced numbers of elephant seals at the Farallones, the white sharks may have shifted their diet to consume more sea lions, which would make spotting the predation events more difficult as sea lion blood is darker and the prey sinks rapidly causing the event to be less detectable.  

Another cause for reduced numbers of attacks could be that fewer sharks were present due to the presence of killer whales (Orcinus orca) near the Farallon Islands during past years. On 4 Oct 1997, a well-documented killer whale depredation of a white shark occurred at the Farallon Islands, which caused many of the sharks at the island to flee the area for the remainder of the fall (Pyle et al. 1999). Because the depredation occurred in early Oct, the number of shark predation events on pinnipeds that season ended well-below average (Fig. 5). Interestingly, the number of predation events on pinnipeds the following year was 25% below the previous 10-year mean (excluding 1997), but numbers of predation events continued to recover the following two years (Fig. 6). On 19 Nov 2000, another shark depredation by a killer whale occurred and caused the remaining sharks to flee, but because it was late in that season, the number of attacks was unaffected. The following year, though, number of shark predations on pinnipeds declined by 29%. On 2 Nov 2009, a group of killer whales depredated two pinnipeds and possibly a shark, which caused the remaining sharks to flee the islands. In 2010, the shark predations on pinnipeds were 40% lower than the previous 10-year mean (excluding 2009). On 31 Oct 2013, killer whales were seen near the island, which caused the white sharks to flee, and in 2014, shark predation events on pinnipeds were 74% lower than the previous 10-year mean (excluding 2013). Although these results are purely correlational, there does appear to be a pattern of declining shark predation events following a year when killer whales caused the white sharks to evacuate the islands. This may be caused by long-lived sharks that avoid areas they remember as dangerous. This, combined with an underlying declining trend in elephant seal numbers at SEFI, may be responsible for the long-term decline in shark predation events at the island.
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FIGURES



Figure 1. Annual hours of standardized observation conducted at the lighthouse from 1987 to 

2018 on Southeast Farallon Island, CA.





Figure 2.  Average numbers of standardized daily observation hours during 2018 averaged by weekly periods.  Standardized observations were conducted from the lighthouse on Southeast Farallon Island, CA.





Figure 3.  Weekly seasonal distribution of white shark predation events during 2018 at Southeast Farallon Island, CA.  This includes both standardized and incidental observations. 



Figure 4.  Daily attack rate during 2018 based on average number of standardized observation hours within a given week.  Standardized observations were conducted from the lighthouse on Southeast Farallon Island, CA.





Figure 5.  Total number of white shark predation events seen at SE Farallon Island, CA by year from 1987 to 2018.  This includes observations seen during standardized shark watches and incidental observations, but does not include unconfirmed attacks that may have been scavenging events.





Figure 6.  Frequency of white shark predation events at SE Farallon Island, CA by year from 1987 to 2018.  Data used to create this figure were restricted to standardized shark watches conducted from the lighthouse between September 1st and November 30th.
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LIMITED RIGHTS DISCLOSURE


All data contained in this Bird Migration Report on Southeast Farallon Island: Totals and Analyses for the 2018 Fall Season (“report”) is the copyright of Point Blue Conservation Science (formerly PRBO) and collected in coordination with the USFWS, Farallon National Wildlife Refuge under the terms of Cooperative Agreement # 81640AJ008.

The Government's rights to use, modify, reproduce, release, perform, display, or disclose the data set forth in this report are restricted by section 36(a) of OMB Circular A-110 “Uniform Administrative Requirements for Grants and Agreements With Institutions of Higher Education, Hospitals, and Other Non-Profit Organizations” as incorporated in the above identified contract.  Any reproduction of data, or portions thereof, in this report must also reproduce this Limited Rights Disclosure and all copyright markings.  Requests to distribute, use, modify, reproduce, release, perform, display, or disclose data, or portions thereof, in this report beyond the scope of the government’s license, must be submitted to Point Blue Conservation Science at the referenced address.


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: 


Tietz, J.R.  2018.  Bird Migration Report on Southeast Farallon Island: Totals and Analyses for the 2018 Fall Season.  Unpublished report to the US Fish and Wildlife Service.  Point Blue Conservation Science, Petaluma, California. Point Blue Contribution Number 2234.

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

Summary


During the fall of 2018, we used several standardized surveys to monitor bird migration on Southeast Farallon Island.  A total of 59,224 individuals of 195 migrant species were recorded.  We used six mistnets to capture 563 landbirds of 79 species, excluding Burrowing Owls.  Overall numbers were well above average, but this was due primarily to the large increases in Sooty and Pink-footed Shearwaters – excluding shearwaters from the total, showed the remaining species were 43% below average. Burrowing Owl numbers were 58% above average, and our capture rate for this species was 3% above average.  Numbers of seabirds migrating past the island during PM sea watch were 39% above average. Migratory gull numbers were 33% below average.

Methods/Results


Bird Observations


From Aug 18 to Nov 30, surveys of migratory birds and incidental sightings were used to achieve a Daily Estimated Total for each species at the end of each day (Table 1; see Tietz 2009 for an explanation of the Daily Estimated Total).  For landbirds and gulls, we calculated arrivals of birds that landed on the island or used the bays around the island by subtracting a higher daily total from a previous day’s total.  For Brown Pelicans, we followed Pyle and Henderson (1991), while for intertidal shorebirds (Wandering Tattler, Willet, Whimbrel, and Black Turnstone) and waterbirds, we followed Tietz (2009).

We conducted area searches and used incidental sightings to estimate the number of landbirds on the island as described by Tietz (2007 and 2009).  Area searches were conducted twice daily for the first three months, but reduced to once daily in mid-November due to shorter days and decreasing numbers of birds as is typical during late-fall migration.  From a total of 189 area searches, 7,733 individuals of 119 species were counted.  The tally of individuals includes many that were counted multiple times.  The abundance of fall migrants started out well above average, then dropped far below average in mid-Sep, but returned to near average for the remainder of the season (Figure 1).

The overall numbers of landbirds were 41% below average, but removing European Starlings, typically the most abundant migrant, from the analysis revealed that the remaining species declined by 19%.  Compared to the previous ten-year period, 54% of the common landbird species declined (Table 2).  Numbers of early fall migrants were above average for several species such as Willow Flycatcher (+204%), Western Flycatcher (+184%) and Hermit Warbler (+127%). Yellow Warbler, though, which has traditionally been one of our most abundant early fall migrant species was still below average (-13%).  Late fall migrants, including most sparrows, kinglets, Hermit Thrush, European Starling, and Yellow-rumped Warblers, were all below average.

We monitored seabirds migrating past the island using a 5-min morning survey and a 30-minute afternoon survey following protocols described by Tietz (2007).  Observers conducting the afternoon survey recorded 11,244 individuals of 21 species (Table 3), which includes 39 unidentified seabirds (mostly phalaropes, jaegers, and Sooty/Short-tailed Shearwaters).  Total seabird numbers counted during the afternoon survey in 2018 were 39% above the previous 10-year mean.  However, the increase was mostly caused by a large increase in the number of Sooty Shearwaters (Figure 2) and removing that species caused the overall total to decline by 73%.  Furthermore, Sooty and Pink-footed Shearwater daily estimated totals were greatly enhanced by massive feeding flocks southwest of the island during late Aug.  Counts of loons were quite unusual this fall; Pacific Loons declined by 74% on the afternoon survey and 92% on daily estimated totals, while Common Loons increased by 472% on the daily estimated totals. Although only three Common Loons were counted during the standardized afternoon survey, large flights during early Nov greatly increased the overall totals relative to previous years.

We conducted daily Brown Pelican and Sulidae counts from the lighthouse every morning that visibility was clear enough to see all the way around the island. The vast majority of pelicans roosted on Sugarloaf Islet, although occasionally large numbers roosted on Maintop as well. Brown Pelican numbers were 41% above the previous 10-year mean. 21% of these birds were juveniles, which is similar to the previous two years.  Four species of the family Sulidae were also present throughout the fall. The long-staying Northern Gannet was present on only two days during the fall; the bird still roosts predominantly on the mainland now.  Two juvenile Red-footed Boobies showed up this fall, which were the third and fourth records for the island – the previous two also occurred in the same year, 1975. The island’s second Masked Booby was seen on two consecutive days in Nov on Saddle Rock. Only four Brown Boobies were seen this fall, which was a 38% decline from the previous 10-year mean.

We counted shorebirds using the daily high tide survey protocol as described by Tietz (2008).  However, during the much of the fall, California sea lions covered the Marine Terrace from Sea Pigeon Point to Low Arch, which forced us to survey these locations from the lighthouse with a spotting scope so long as weather permitted.  Combining shorebirds seen incidentally with data collected during the shorebird walk, we counted a total of 866 shorebird arrivals of 19 species (Table 1), which included 543 Red-necked and Red Phalaropes.  Red-necked Phalarope numbers were 94% below average, while Red Phalarope were 78% below average.  Excluding phalaropes, the remaining shorebird numbers were only 3% below average.

We counted migrant gulls that roosted on or near the island following the protocol described by Tietz (2007 and 2008).  Overall this survey recorded a total of 3,199 gull arrivals of 11 species.  California Gull numbers were 10% above the previous 5-year mean, but declined by 44% when compared to the 10-year mean.  Apparently the Mono Lake colony had another very poor reproductive year in 2018 (pers. comm., K. Nelson).  All of the large gulls, including Glaucous-winged, Thayer’s, Herring, Glaucous, and various hybrids had above average numbers, while all other species, except Ring-billed Gull, were below average. A third-cycle Lesser Black-backed Gull, a new gull species for the island, was identified on 12 Nov bringing the total number of species for the island up to 431.

Peregrine Falcon numbers were average with 36.  A male-female pair was seen all fall, while another adult was frequently seen on Saddle Rock during Oct-Nov.  The high count for this fall was six, which occurred twice in Nov.

Combining these surveys and incidental sightings resulted in 59,224 arrivals of 195 species (Table 1).  When compared to the previous ten years of standardized data, the total numbers of birds increased by 37%.  This increase, though, was mostly caused by the large increase in Sooty and Pink-footed Shearwaters, and when shearwaters as a group were removed, the total actually decreased by 43%.

Mist-netting/Banding:

We opportunistically used six mistnets to capture songbirds on the island.  The nets were located among the sprawling Heligoland Tree (1, 6m), in Twitville among the Malva arborea, on the Lighthouse Hill trail just below the lighthouse, and on the southeast side of the Coast Guard Trees (1, 12m) and Rixford Tree at the PRBO House (2, 12m; stacked).  The traditional stacked net at the Coast Guard Trees was not useable this fall because one of the trees fell across the net lane. Hence, a single 12m net was placed about 2 m beyond the normal net lane. When weather permitted, a daily designated bander would open nets in areas where birds were present.  Weather that prohibited banding is described in Tietz (2009).  Net-hours are defined as one 12-meter net open for one hour.  A few vagrant warbler individuals were target-netted with a mobile net for a special study (see below).

From 19 Aug to 24 Nov, we opened nets for a total of 789.5 net hours, which is 37% below the previous 6-year mean (1,248.6 ± 534.6).  This season, we banded 544 individuals of 65 species, excluding Burrowing Owls.  In addition, we processed 209 recaptures and 19 birds of 10 species that we did not band.  This translates to a capture rate of 0.74 new captures per net-hour and 1.01 total captures per net-hour.  Despite a 37% decrease in the numbers of net-hours for 2018, the capture rate was 68% higher than the previous 6-year mean (0.44 ± 0.08).  While Aug captures were greatly above average, Sep was far below average. Oct and Nov, though, were nearly average (Figure 3).  As with the observation data, the early migrants were generally above average, while the late species tended to be below average (Table 4).  Although most species were captured in proportion to the numbers observed, both Audubon’s and Myrtle Warblers were captured at above average numbers, while observations were below average, an odd result for a species that is not difficult to detect.

The primary goal of banding songbirds on the island is to mark individuals to help determine daily estimated totals for the island and determine stopover duration.  For the tenth straight year, we color-banded the most abundant species to increase our ability to identify individuals.  This fall, we color-banded a total of 145 individuals of the following species: Yellow Warbler (20), Townsend’s Warbler (22), Yellow-rumped Warbler (49), Oregon Junco (2), White-crowned Sparrow (30), and Golden-crowned Sparrow (22).  Area searches and focused hour-long color-band searches were employed for resighting these birds.  Minimum stopover durations were calculated (Table 5) as the number of days elapsed between the day the bird was banded and the last day it was resighted.  Overall, stopover duration for these songbirds in 2018 was 2.64 ± 2.67 days, which was only slightly longer than the previous 10-year mean of 2.24 days.  A Golden-crowned Sparrow that was color banded in 2013 (S/BOB) returned to the island in Dec 2018 to ostensibly spend its sixth winter on the island.

This year, we continued our collaboration with master’s student Benjamin Van Doren of the University of Oxford and Cornell University to examine the origins of vagrant wood-warblers to Southeast Farallon Island.  This project uses feather isotope signatures and DNA obtained from blood to compare with potential source populations on the breeding grounds.  In addition, we continued our collaboration with the University of Copenhagen for a second year to attach transmitters to these same vagrant warblers in hopes of learning their departure headings.  The combination of these two studies utilizing the same individuals will inform us whether they intend to continue following the same trajectory they used to arrive at the island, or whether they have the ability to correct their course and head back towards the mainland.  Understanding where East Coast vagrants originate and their departure heading will provide a baseline and a comparison for future research to examine West Coast migrants.  Currently, it is unknown whether the preponderance of juveniles that show up on the West Coast each fall are headed south to their normal wintering ground, or are misorienting like the fall eastern vagrants that show up on the Farallones.  In 2018, we attached transmitters to three western warbler species (Audubon’s, Black-throated Gray, and Yellow) as well.

Fortunately, there were several days during the first half of the fall season that had weather conducive to bringing good numbers of warblers to the island. Of the 74 vagrant warblers we detected from our daily surveys, we were able to capture and obtain blood samples from 39 individuals of 13 species and feather samples from 40 individuals of 12 species (table 6).   For the telemetry study, we attached transmitters to a total of 27 birds of 12 species.  Ten of these birds were of three western species, which should provide an interesting comparison once the data are analyzed (Table 6).  Unlike last year, no tags fell off of birds this year, and we got successful departure data from at least 14 individuals.  The remaining tags failed for a variety of reasons, such as the tag frequency was too noisy to determine departure direction, or the battery died before the bird departed.

Burrowing Owls:

This fall, we continued collecting baseline data on Burrowing Owls to determine data on owl stopover duration and over wintering behavior.  On 16 Sep, we initiated the Burrowing Owl roost survey described by Tietz (2010).  Using the roost survey, area searches, and incidental observations, we determined a daily estimated total for Burrowing Owls on the island, and a number that we estimated to be new arrivals (Tietz 2012). When weather permitted, we captured owls using mist nets (mesh size = 61 mm) and audio lures and individually marked them with field-readable bands (Tietz 2008).

On 22 Sep, we detected our first owl of the season during an area search.  On 23 Oct, we determined that there were 17 Burrowing Owls present on the island, which was the highest single day count this fall.  Over the entire fall season, we estimated that there were at least 35 arrivals to the island, which was a 58% increase from the mean number (22.2 ± 11.7) estimated to have arrived during the previous ten fall seasons.  During the fall season, the owl nets were opened for a total of 261.0 net hours, which was a 57% increase compared to the previous 10-year average.  On 24 Sep, we captured our first of 27 Burrowing Owls (Table 6), 14 of which were never resighted or recaptured.  The capture rate of 0.134 per hour was a 3% increase from our previous 10-year mean capture rate of 0.130 per hour.  Two owls banded in previous years, D15 in 2015 and M78 in 2017, were resighted many times in 2018, but never captured.  The average number of stopover days for all banded owls was 12.9, with a range of 1-74 days; this includes owls that are overwintering.  As many as 9 owls are overwintering this year, 5 wearing bands and 4 without bands; all were resighted as late as mid-Dec. Another owl (M79) was banded on 3 Oct and recaptured on 19 Nov without being resighted, so this owl may be overwintering as well.

Discussion


Landbirds:


 The fall of 2018 was generally above average for early landbird migrants at SEFI and below average for late fall migrants.  In mid-Aug, just as the fall crew arrived on the island, overcast skies and light winds provided the right weather conditions for a good number of early migrant birds to find the island (see Pyle et al. 1993 for an explanation of local weather effects on arrivals).  Flycatchers and most warbler species showed large increases.  Surprisingly, Yellow Warbler, typically one of our most abundant early fall migrants, declined by 13%.  The weather remained conducive to migration until the end of Aug, when the winds increased and shifted to northwest during the middle of Sep, which prevented birds from migrating offshore and greatly reduced the number of arrivals at SEFI.  During the final week of Sep, weather conditions improved, and we saw average migration for the remainder of the fall season.  However, despite an average number of landbirds detected during area search for the second half of the season, most late-fall migrants declined.  This was true for most late-fall western sparrows, such as Golden-crowned, White-crowned, Lincoln’s, and Savannah Sparrow, but especially for Fox Sparrow, which declined by 79%.  Other typically abundant late-fall species, like Ruby-crowned Kinglet, Yellow-rumped Warbler and Hermit Thrush, were also reduced.  Even European Starling, our most abundant landbird migrant, declined by 81%.  This seeming paradox was mostly caused by many late-migrants stopping over longer than average and getting counted on area searches over multiple days.

Seabirds:


Overall numbers of seabirds detected during our PM seawatch increased by 


39% when compared to the previous 10-year mean, but declined by 73% when Sooty Shearwaters were removed.  Hence, Sooty Shearwaters had a remarkably good year and averaged 3.8 birds per minute during our PM seawatch surveys, which is the highest number since standardized PM seawatch surveys began back in 2006.  Our daily estimated totals for this species were further augmented by large counts of this species over several days in late Aug, which we observed southwest of the island in immense feeding flocks near the continental shelf.  These feeding flocks consisted of thousands of individuals of Sooty and Pink-footed Shearwaters along with many humpback whales.  The Pink-footed Shearwaters, though, showed a decline in our PM seawatch surveys, which would seem to indicate that this species was tracking this food source more closely, whereas Sooty Shearwaters, which appeared to be more widespread, may have opportunistically aggregated on this food source.  For several other migratory seabird species that showed declines, such as Black-vented Shearwater and Northern Fulmar, it is likely that productive waters closer to their breeding grounds prevented them from dispersing as far as the Farallones.  

Both Red and Red-necked Phalarope numbers were far below average, declining by 78% and 94% respectively.  Our Red Phalarope counts showed a similar trend to that of the Point Pinos seawatch and the rest of California (eBird data), with most of our observations in Aug and again in late Nov.  According to eBird, most Red-necked Phalaropes were observed closer to shore during the fall of 2018, which is typical for the species (Kuroda 1955, O’Brien et al. 2006), and helps to explain why our counts were so low for this species.


Typically we see many more Pacific Loons than Common Loons, but in 2018, there were over twice as many Commons as Pacific.  Compared to the previous 10 years of data, Common Loons increased by 472% and Pacific Loons decreased by 92%.  The decline in Pacific Loons was echoed in eBird data from California which observed ~70% fewer birds in fall of 2018 compared to the previous fall.  However, eBird data also showed a large decline in Common Loon numbers.  Perhaps this means that Pacific Loons actually declined, but that Common Loons just flew farther offshore.


Burrowing Owls: 


The 35 Burrowing Owls estimated to have arrived on the Farallones by the end of Nov was a 58% increase, and the slightly higher than average percentage of those captured and banded (77%) resulted in the second highest number of owls (27) banded during a fall season.  The 57% increase in net hours was partly responsible for more owls being captured, but the number of net hours were greatly inflated on 19-20 Nov when we opened several songbird nets in hopes of passively (no call back) capturing unbanded owls that had been eluding us.  Unfortunately, two owls that hit the songbird nets escaped the net before we could capture it; songbird nets have smaller mesh size which prevents larger birds from getting entangled. Netting in 2018 was also helped by fewer Cassin’s Auklets flying into the nets during the latter half of the season.  When these auklets are abundant and several of them are captured, a person or a few people need to spend more time standing at the net to extract them, which will cause an owl to lose interest in the caller.
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Table 1.  Total numbers of migratory birds observed on Southeast Farallon Island, Aug 18 to Nov 30, 2018.

		Species

		Arrivals

		

		Species

		Arrivals

		

		Species

		Arrivals



		Greater White-fronted Goose

		24

		

		Scripps's Murrelet

		2

		

		Northern Flicker

		3



		Snow Goose

		2

		

		Ancient Murrelet

		5

		

		American Kestrel

		6



		Black Brant

		737

		

		Black-legged Kittiwake

		2

		

		Merlin

		10



		Cackling Goose

		6

		

		Sabine's Gull

		1

		

		Peregrine Falcon

		36



		Canada Goose

		4

		

		Bonaparte's Gull

		4

		

		Western Kingbird

		5



		Wood Duck

		1

		

		Heermann's Gull

		41

		

		Olive-sided Flycatcher

		3



		American Wigeon

		1

		

		Mew Gull

		3

		

		Western Wood-Pewee

		14



		Northern Pintail

		19

		

		Ring-billed Gull

		9

		

		Willow Flycatcher

		14



		Green-winged Teal

		4

		

		California Gull

		2261

		

		Least Flycatcher

		6



		Canvasback

		1

		

		Herring Gull

		473

		

		Dusky Flycatcher

		1



		Surf Scoter

		238

		

		Iceland Gull

		61

		

		Western Flycatcher

		36



		Red-necked Grebe

		3

		

		Lesser Black-backed Gull

		1

		

		Black Phoebe

		24



		Eared Grebe

		93

		

		Glaucous-winged Gull

		205

		

		Say's Phoebe

		9



		Western Grebe

		11

		

		Glaucous Gull

		1

		

		Hutton's Vireo

		1



		Clark's Grebe

		1

		

		Hybrid Gull

		139

		

		Cassin's Vireo

		5



		Eurasian Collared-Dove

		29

		

		Caspian Tern

		1

		

		Warbling Vireo

		22



		Mourning Dove

		9

		

		Arctic Tern

		175

		

		Warbling Vireo (eastern)

		1



		Vaux's Swift

		90

		

		Elegant Tern

		26

		

		Red-eyed Vireo

		1



		Anna's Hummingbird

		17

		

		Red-throated Loon

		2

		

		Yellow-green Vireo

		1



		Rufous Hummingbird

		4

		

		Pacific Loon

		112

		

		Purple Martin

		9



		Virginia Rail

		1

		

		Common Loon

		247

		

		Tree Swallow

		7



		Sora

		1

		

		Black-footed Albatross

		7

		

		Violet-green Swallow

		26



		Semipalmated Plover

		22

		

		Northern Fulmar

		66

		

		N. Rough-winged Swallow

		6



		Killdeer

		11

		

		Buller's Shearwater

		367

		

		Cliff Swallow

		4



		Whimbrel

		15

		

		Short-tailed Shearwater

		12

		

		Barn Swallow

		7



		Marbled Godwit

		6

		

		Sooty Shearwater

		36695

		

		Rock Wren

		3



		Ruddy Turnstone

		3

		

		Pink-footed Shearwater

		11656

		

		House Wren

		1



		Black Turnstone

		222

		

		Masked Booby

		1

		

		Pacific Wren

		2



		Baird's Sandpiper

		2

		

		Brown Booby

		4

		

		Marsh Wren

		1



		Least Sandpiper

		10

		

		Red-footed Booby

		2

		

		Blue-gray Gnatcatcher

		11



		Buff-breasted Sandpiper

		1

		

		Northern Gannet

		1

		

		Golden-crowned Kinglet

		2



		Pectoral Sandpiper

		4

		

		Brown Pelican

		2493

		

		Ruby-crowned Kinglet

		24



		Western Sandpiper

		12

		

		Great Blue Heron

		4

		

		Mountain Bluebird

		1



		Short-billed Dowitcher

		10

		

		Great Egret

		3

		

		Townsend's Solitaire

		2



		Long-billed Dowitcher

		1

		

		Snowy Egret

		1

		

		Swainson's Thrush

		25



		Wilson's Snipe

		3

		

		Green Heron

		2

		

		Hermit Thrush

		9



		Spotted Sandpiper

		4

		

		White-tailed Kite

		1

		

		American Robin

		16



		Wandering Tattler

		10

		

		Northern Harrier

		13

		

		Varied Thrush

		6



		Greater Yellowlegs

		3

		

		Sharp-shinned Hawk

		7

		

		Sage Thrasher

		1



		Red-necked Phalarope

		74

		

		Barn Owl

		2

		

		Northern Mockingbird

		2



		Red Phalarope

		469

		

		Burrowing Owl

		35

		

		European Starling

		179



		South Polar Skua

		2

		

		Long-eared Owl

		2

		

		Cedar Waxwing

		18



		Pomarine Jaeger

		11

		

		Short-eared Owl

		11

		

		American Pipit

		52



		Parasitic Jaeger

		15

		

		Belted Kingfisher

		4

		

		House Finch

		10





Table 1. continued

		Species

		Arrivals

		

		Species

		Arrivals



		Purple Finch

		5

		

		Brewer's Blackbird

		19



		Pine Siskin

		4

		

		Ovenbird

		4



		Lesser Goldfinch

		38

		

		Northern Waterthrush

		5



		Lawrence's Goldfinch

		1

		

		Black-and-white Warbler

		1



		American Goldfinch

		4

		

		Tennessee Warbler

		7



		Lapland Longspur

		23

		

		Orange-crowned Warbler

		15



		Green-tailed Towhee

		1

		

		Nashville Warbler

		17



		Spotted Towhee

		4

		

		Virginia's Warbler

		2



		Chipping Sparrow

		25

		

		Connecticut Warbler

		3



		Clay-colored Sparrow

		19

		

		MacGillivray's Warbler

		9



		Brewer's Sparrow

		7

		

		Mourning Warbler

		2



		Vesper Sparrow

		9

		

		Common Yellowthroat

		14



		Lark Sparrow

		6

		

		American Redstart

		8



		Lark Bunting

		1

		

		Magnolia Warbler

		1



		Savannah Sparrow

		33

		

		Blackburnian Warbler

		7



		Grasshopper Sparrow

		2

		

		Yellow Warbler

		43



		Fox Sparrow

		8

		

		Chestnut-sided Warbler

		10



		Lincoln's Sparrow

		14

		

		Blackpoll Warbler

		9



		Swamp Sparrow

		2

		

		Western Palm Warbler

		22



		White-throated Sparrow

		22

		

		Audubon's Warbler

		45



		Harris's Sparrow

		1

		

		Myrtle Warbler

		48



		White-crowned Sparrow

		53

		

		Prairie Warbler

		1



		Golden-crowned Sparrow

		46

		

		Black-throated Gray Warbler

		23



		Oregon Junco

		13

		

		Townsend's Warbler

		44



		Slate-colored Junco

		5

		

		Hermit Warbler

		15



		Yellow-breasted Chat

		3

		

		Wilson's Warbler

		19



		Yellow-headed Blackbird

		3

		

		Canada Warbler

		5



		Bobolink

		4

		

		Summer Tanager

		1



		Western Meadowlark

		28

		

		Western Tanager

		13



		Orchard Oriole

		1

		

		Rose-breasted Grosbeak

		1



		Hooded Oriole

		2

		

		Black-headed Grosbeak

		9



		Bullock's Oriole

		9

		

		Lazuli Bunting

		8



		Red-winged Blackbird

		17

		

		Indigo Bunting

		1



		Brown-headed Cowbird

		37

		

		

		





		Table 2.  Comparison of selected species counted on Southeast Farallon Island from 2008-2018.  % change compares numbers from 2018 to the mean from 2008-2017 ± the standard deviation.



		Species

		Mean 08-17

		2018

		% change



		Red-breasted Nuthatch

		41.2 ± 66.8

		0

		-100%



		Golden-crowned Kinglet

		22.1 ± 25.5

		2

		-91%



		European Starling

		920.6 ± 469.9

		179

		-81%



		Fox Sparrow

		38.1 ± 37.8

		8

		-79%



		Hermit Thrush

		38.6 ± 36.0

		9

		-77%



		Oregon Junco

		41.7 ± 22.0

		13

		-69%



		Savannah Sparrow

		89.0 ± 45.6

		33

		-63%



		Audubon's Warbler

		102.7 ± 135.1

		45

		-56%



		Golden-crowned Sparrow

		95.4 ± 78.3

		46

		-52%



		Ruby-crowned Kinglet

		41.2 ± 31.6

		24

		-42%



		Myrtle Warbler

		64.1 ± 28.7

		48

		-25%



		White-crowned Sparrow

		67.7 ± 47.4

		53

		-22%



		Western Meadowlark

		34.6 ± 24.7

		28

		-19%



		Yellow Warbler

		49.6 ± 26.5

		43

		-13%



		Western Wood-Pewee

		12.5 ± 11.7

		14

		+12%



		Townsend's Warbler

		38.8 ± 15.6

		44

		+13%



		Western Tanager

		11.2 ± 4.5

		13

		+16%



		Swainson's Thrush

		18.8 ± 8.3

		25

		+33%



		Warbling Vireo

		15.2 ± 14.2

		22

		+45%



		Burrowing Owl

		22.2 ± 11.7

		35

		+58%



		Black-throated Gray Warbler

		12.0 ± 6.2

		23

		+92%



		Hermit Warbler

		6.6 ± 1.7

		15

		+127%



		Nashville Warbler

		6.0 ± 2.4

		17

		+183%



		Western Flycatcher

		12.7 ± 7.8

		36

		+184%



		Willow Flycatcher

		4.6 ± 3.9

		14

		+204%



		Short-eared Owl

		3.2 ± 2.7

		11

		+244%



		Lapland Longspur

		6.3 ± 3.2

		23

		+265%





		Table 3.  Total numbers of birds counted during the PM seawatch from Aug 20 to Nov 30, 2018.  This standardized seawatch consisted of six 5-min counts from the Carp Shop on the east side of Southeast Farallon Island.



		Species

		Totals



		Brant

		155



		Surf Scoter

		45



		Red-necked Grebe

		1



		Red-necked Phalarope

		115



		Red Phalarope

		81



		South Polar Skua

		2



		Pomarine Jaeger

		8



		Parasitic Jaeger

		8



		Scripps's Murrelet

		1



		Black-legged Kittiwake

		1



		Arctic Tern

		113



		Elegant Tern

		26



		Red-throated Loon

		1



		Pacific Loon

		75



		Common Loon

		3



		Black-footed Albatross

		2



		Northern Fulmar

		40



		Buller's Shearwater

		249



		Short-tailed Shearwater

		10



		Sooty Shearwater

		9703



		Pink-footed Shearwater

		566



		Unidentified seabirds

		39



		Total

		11244





		Table 4. Comparison of selected species banded on Southeast Farallon Island from 2008-2018. % change compares numbers from 2018 to the mean from 2008-2017 ± its standard deviation.



		Species

		Mean 08-17

		2018

		% change



		Red-breasted Nuthatch

		35.2 ± 66.4

		0

		-100%



		Fox Sparrow

		11.6 ± 10.5

		0

		-100%



		Oregon Junco

		17.4 ± 12.5

		3

		-83%



		Hermit Thrush

		12.0 ± 8.7

		4

		-67%



		Chipping Sparrow

		12.1 ± 8.2

		6

		-50%



		Lesser Goldfinch

		6.6 ± 6.8

		4

		-39%



		Wilson's Warbler

		10.6 ± 6.3

		9

		-15%



		Yellow Warbler

		38.6 ± 26.6

		34

		-12%



		Orange-crowned Warbler

		6.5 ± 3.1

		6

		-8%



		Ruby-crowned Kinglet

		28.2 ± 22.9

		27

		-4%



		Townsend's Warbler

		24.7 ± 14.7

		26

		+5%



		Western Wood-Pewee

		9.9 ± 12.8

		11

		+11%



		White-crowned Sparrow

		29.2 ± 19.7

		34

		+16%



		Common Yellowthroat

		5.8 ± 3.6

		7

		+21%



		Golden-crowned Sparrow

		27.5 ± 16.4

		35

		+27%



		Palm Warbler

		10.5 ± 9.7

		14

		+33%



		White-throated Sparrow

		7.4 ± 4.5

		11

		+49%



		Black Phoebe

		9.4 ± 4.9

		14

		+49%



		Myrtle Warbler

		27.5 ± 13.6

		41

		+49%



		Blackpoll Warbler

		4.3 ± 4.2

		7

		+63%



		Black-throated Gray Warbler

		6.1 ± 3.2

		10

		+64%



		Audubon's Warbler

		20.2 ± 12.8

		34

		+68%



		Swainson's Thrush

		7.7 ± 5.4

		14

		+82%



		Warbling Vireo

		11.0 ± 11.2

		20

		+82%



		Western Flycatcher

		10.2 ± 6.2

		27

		+165%



		Nashville Warbler

		3.3 ± 1.7

		9

		+173%





		Table 5.  Stopover duration for six color-banded species on Southeast Farallon Island comparing naive estimates for 2018 ± SD against the mean from 2008-17 ± SD.  Numbers in parentheses next to species name represent sample size from 2018.



		Species

		Stopover duration



		

		2008-17

		2018



		Golden-crowned Sparrow (22)

		2.31 ± 2.99

		1.59 ± 1.14



		Oregon Junco (2)

		3.12 ± 3.97

		3.50 ± 0.71



		Townsend's Warbler (22)

		1.92 ± 1.38

		2.23 ± 2.09



		White-crowned Sparrow (30)

		2.44 ± 3.33

		3.70 ± 3.94



		Yellow Warbler (20)

		2.15 ± 1.81

		2.05 ± 1.64



		Yellow-rumped Warbler (49)

		2.14 ± 2.09

		2.84 ± 2.66





		Table 6. A summary of the number of wood-warblers sampled in 2018 from Southeast Farallon Island for blood and feathers to determine their origins, the number of individuals that received transmitters to determine their departure headings, and the total number of individuals sampled.



		Species

		Blood

		Feathers

		Transmitter

		Individuals



		Audubon's Warbler

		0

		0

		3

		3



		Blackburnian Warbler

		4

		4

		0

		4



		Blackpoll Warbler

		6

		6

		2

		6



		Black-throated Gray Warbler

		0

		0

		1

		1



		Canada Warbler

		1

		1

		1

		1



		Connecticut Warbler

		2

		2

		2

		2



		Chestnut-sided Warbler

		4

		4

		3

		4



		Magnolia Warbler

		1

		1

		1

		1



		Mourning Warbler

		2

		2

		2

		2



		Northern Waterthrush

		1

		1

		2

		2



		Ovenbird

		1

		1

		1

		1



		Prairie Warbler

		1

		1

		0

		1



		Tennessee Warbler

		3

		4

		3

		5



		Virginia Warbler

		1

		0

		0

		1



		Western Palm Warbler

		12

		13

		0

		13



		Yellow Warbler

		0

		0

		6

		6



		TOTAL

		39

		40

		27

		53





		Table 7.   Capture and resight histories for each banded Burrowing Owl on Southeast Farallon Island in 2018. Records are ordered based on date of first capture. Minimum stopover duration is in days; owls with > in front of number are currently overwintering. Two owls detected this year were originally banded in previous years.



		Band ID

		First captured

		First Detected

		# times recaptured

		# days resighted

		Last day resighted or recaptured

		Minimum stopover duration



		D15

		10/13/2015

		10/24/2018

		0

		40

		12/18/2018

		>56



		M78

		10/6/2017

		10/18/2018

		0

		26

		12/14/2018

		>58



		M84

		9/24/2018

		9/24/2018

		0

		0

		9/24/2018

		1



		N12

		9/29/2018

		9/24/2018

		2

		54

		12/17/2018

		>85



		M94

		9/29/2018

		9/29/2018

		0

		6

		10/4/2018

		6



		M83

		10/1/2018

		10/1/2018

		0

		0

		10/1/2018

		1



		K87

		10/2/2018

		9/29/2018

		2

		12

		10/15/2018

		17



		P58

		10/2/2018

		9/28/2018

		0

		6

		10/3/2018

		6



		P35

		10/2/2018

		10/2/2018

		0

		0

		10/2/2018

		1



		M79

		10/3/2018

		10/3/2018

		1

		0

		11/19/2018

		48



		P67

		10/22/2018

		10/22/2018

		0

		0

		10/22/2018

		1



		N17

		10/23/2018

		10/23/2018

		0

		0

		10/23/2018

		1



		P41

		10/23/2018

		10/23/2018

		0

		2

		10/28/2018

		6



		M92

		10/28/2018

		10/28/2018

		0

		0

		10/28/2018

		1



		P32

		10/28/2018

		10/28/2018

		0

		0

		10/28/2018

		1



		P55

		10/31/2018

		10/31/2018

		0

		0

		10/31/2018

		1



		P66

		11/1/2018

		11/1/2018

		1

		0

		11/6/2018

		6



		P71

		11/1/2018

		11/1/2018

		1

		1

		11/10/2018

		10



		P54

		11/9/2018

		11/9/2018

		0

		0

		11/9/2018

		1



		P30

		11/9/2018

		11/2/2018

		0

		4

		12/18/2018

		>47



		P50

		11/12/2018

		11/12/2018

		0

		0

		11/12/2018

		1



		M82

		11/12/2018

		11/12/2018

		0

		0

		11/12/2018

		1



		P48

		11/13/2018

		11/13/2018

		0

		0

		11/13/2018

		1



		M87

		11/13/2018

		11/13/2018

		0

		0

		11/13/2018

		1



		P31

		11/17/2018

		11/17/2018

		0

		0

		11/17/2018

		1



		P39

		11/19/2018

		11/19/2018

		0

		0

		11/19/2018

		1



		P42

		11/27/2018

		11/27/2018

		0

		0

		11/27/2018

		1



		P78

		11/27/2018

		11/27/2018

		0

		0

		11/27/2018

		1



		P62

		12/8/2018

		12/8/2018

		0

		1

		12/18/2018

		>11
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Figure 1. A comparison of the average daily abundance of total landbirds counted during area searches on Southeast Farallon Island from 23 Aug to 1 Dec from 2008 to 2017 against those counted in 2018.  Each data point is a five-day average. In the past, Eurasian Collared-Doves (ECDO) had been included in this analysis, but they are not a fall migrant, and as their numbers increased they began to represent a larger proportion of the total migrants. The red line shows the data artificially inflated by ECDO. The last ECDO departed or was depredated by 21 Oct.
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Figure 2. Numbers of seabirds counted from 2008 to 2018 during the afternoon seawatch at SE Farallon Island.  Numbers of seabirds were standardized per 100 minutes of observation.


[image: image11.png]oMean
=2018

350

300

250

o o
o 0
[ -~

papueq spiig

100

Nov

Oct

Sep

Aug

Month






Figure 3. Numbers of birds banded by month on Southeast Farallon Island comparing the average number of birds banded during 2008-17 (± standard error) with 2018.
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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 (SEFI) and West End Island (WEI), California and has done so since 1970.   

(2) During the December 2017 – March 2018 winter season the Northern elephant seal breeding population increased by 19 adult females compared to last season (126 in 2018; 107 in 2017) and is the highest since 2010 (147). Pup production also increased this year compared to last season (104 in 2018; 99 in 2017) and is the highest since 2010 (120).

(3) Northern elephant seal pup survival (weaned pups/pups) was significantly lower this year. (55% survival in 2018 vs 67% in 2017) and the lowest record since 1974 (40%). For reference, the long-term mean pup survival value is 74% ± 9 SD. Similarly, reproductive success (weaned pups/cows) decreased by 17% this season compared to last year (45% in 2018 vs 62% in 2017) and again is the lowest on record since 1974 (40%), much lower than the long-term mean value of 67% ± 10.

(4) This season’s pup survival and breeding success were the second lowest ever documented on SFI and only slightly better than in 1974, when 5 cows pupped and 2 weaned. The reasons for this are not clear but the abnormally low survival rate on West End greatly skewed the overall pup survival. Pup survival on SEFI was only slightly lower than last year (58% in 2018 vs 60% in 2017) but still well below the long term mean value of 72% ± 10. In comparison, WEI had an inexplicably low survival rate or 44%, the lowest ever recorded.

(5) The 2017 pinniped breeding populations increased or decreased only slightly for all other species, with maximum pup counts of 967 for Northern fur seals, 3 for Harbor seals, 509 for California sea lions and 44 for Steller sea lions. This year’s breeding period resulted in the second highest max pup counts for Northern fur seals, the highest pup count of California sea lions for the entire time series and the highest pup count of Steller sea lions over the last decade. For Northern fur seals, max total animals counted from the lighthouse (1185) was the highest seen ever in our time series.

(6) 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 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 2017 for all pinnipeds except Northern elephant seals which includes the winter season of 2017-2018 (Dec 2017 – Mar 2018).  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). In addition, we also monitored cetaceans (dolphins and whales) during 2017 and a summary as an index of their population numbers acquired through standard surveys and incidental sightings are provided in the Appendix.



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 two breeding areas on SEFI, Sand Flat (SF) 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 12 and 27 December, 13 January, 7 and 23 February and 14 March. At least 4 hours each day were spent resighting tagged seals, assessing reproductive status, and surveying cows and live, dead and weaned pups during the period from 19 December 2017 to 15 March 2018. NES population surveys were also conducted either by foot or from the 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 male [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

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 Lighthouse survey, Point Blue biologists made six trips in the fall of 2017 to WEI (Figure 1) to count pinnipeds and improve our understanding of their demographics. Surveys were conducted on 4, 17 and 29 September, 18 October and 2 and 25 of November 2017. 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 1100 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 2007 to 2017 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 1970-2017. 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.



Aerial Surveys – Aerial surveys were not conducted during 2017.



RESULTS



Northern elephant seals

During the 2018 breeding season there were 126 cows on SEFI and WEI; 19 more than the 107 seen in 2017. This number was well below the 43 year average of 190 ± 96 (average ± SD for all averages). Of those 126 cows, 83% of them produced pups. Of the 104 pups born in the 2017 breeding season, 77 of those were born on SEFI and 27 on WEI. Pup production was up this year compared to last (104 in 2018 and 99 in 2017; Figure 2). 



Pup survival (PS) for SFI was 55% compared to last year’s 67% and the long term average of 74% ± 9. On SEFI, PS this year was 58% compared to 60% in 2017 and the average of 72% ± 10. On WEI PS was 44%, a stark difference from last year’s 100% pup success. This is well below the 77% ± 19 average. Over the last decade pup survival steadily increased until 2013 and then steadily declined until the abrupt drop this year. Similarly, reproductive success (RS: defined as the ratio of weaned pups per cow) was down on SFI with 45% compared to last year’s 62% and the long term average of 67% ± 10. On SEFI RS was lower than last year (51%) compared to 54% in 2017 and the average of 66% ± 10. This year’s RS on WEI was 32% compared to 100% in 2017 and less than half the average 66% ± 24 average (Table 1).



Because of less data precision (few trips to WEI) only PS collected on SEFI was standardized and presented. Standardizing PS [(annual PS - 42yr average PS)/SD] for more accurate comparisons across the years indicates that survival has fluctuated greatly in the last decade with the latter years experiencing a large decline. (Figure 4) From 2007 to 2013, pup survival anomaly was positive and for the most part increasing, but the last five years have shown consistently low and negative pup survival anomalies. RS was also standardized for more accurate comparison across years [(annual RS – 42yr mean RS)/SD]. During the past decade productivity anomaly has shifted between both positive and negative values, but all four of the lowest RS in 10 years occurring the past four seasons (Figure 5).



The first cow arrived at SEFI on 25 Dec 2017 compared to last season’s 21 Dec 2016 and to the long term average first arrival date of the 16 Dec (SD = 8 days). The first cow to pup arrived on 25 Dec 2017 while the last to pup arrived on 5 Feb 2018, a 42 day difference. Last season the first cow to pup arrived on 21 Dec 2016 while the last to pup arrived on 6 Feb 2017, a 47 day difference. Median arrival date on SEFI this season was 16 Jan (SD = 12 days) which is one day later than last season and within range of the long term average of 14 Jan (SD = 3 days) (Figure 6). The last cow departed on 15 Mar 2018. Mean cow departure date was 15 Feb 2018 (SD = 10 days). SEFI’s first pup was born 29 Dec 2017 while the last pup was born 12 Feb 2018; a 45 day difference. The long term average for first pupping date on SEFI is 23 Dec (SD = 6 days). Mean pupping date on SEFI was 21 Jan (SD = 9 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 = 2 days) with a range of 21-35 days. The long term average for nursing duration is 28 days (SD = 2 day). The sex ratio of the 77 pups born on SEFI was 13 males, 20 females and 44 of unknown sex (Most 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 2017-2018 breeding season is presented in Figure 8. These trends have been consistent throughout monitoring efforts.	



Northern fur seals



Weekly counts from the lighthouse peaked in mid-July with 1185 animals including 95 adult males, 568 non-ID (females & sub-adult males), and 522 pups. The peak counts by age class were 95 adult males on July 20, 656 non-ID on July 6, and 530 pups on August 3 for a maximum of 1,281 animals observed during the census. The average number of NFS in 2017 was 347 (± 326) compared to the 10 year average of 112. This season’s average counts per month followed similar patterns seen in previous years with highest averages in July (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 121 (± 158) long term mean of maximum counts per year (Figure 10). 



The first pup was seen on 22 June. As in previous years, the peak pup numbers based on lighthouse counts occurred in late July to early/August. NFS counts from WEI ground-based surveys were conducted on 4, 17 and 29 September, 18 October and 2 and 25 of November 2017 and are presented in Table 3.  Both total animal and pup counts during the fall season were considerably higher than those observed from the lighthouse. In addition, due to the greater distance, larger pups are more likely to be classified as Non-ID. During 2017, ground counts averaged 3x greater than lighthouse counts conducted within a few days of West End visits. The high count was 1,672 total fur seals observed on October 18, with a season high of 967 pups/immatures observed on November 2. 



On September 17, we visited West End to tag pups as part of a new demography study examining the survival, recruitment, and dispersal of fur seals at the Farallones. Working with Tony Orr from NOAA’s Marine Mammal Lab, we tagged a total 64 pups at Indian Head Beach and Pastel Cave Highlands. We also collected data on sex, molt status, length, and mass of each pup handled. The tagging effort resulted in flushing 20 fur seals and moving an additional 600. There were also 93 California sea lions which moved >1m during fur seal tagging efforts. In addition, getting to the colony on West End necessitated disturbing pinnipeds at Sand Flat, Falcon’s Roost, Weather Service Peninsula, Jordan Channel, and Raven’s Cliff. In total, transit to Indian Head resulted in the flushing of 40 fur seals and moving 100, while flushing 67 sea lions and moving 372. These numbers are roughly equivalent to our standard visits to West End for fur seal census and tag resighting.



Harbor seals

Harbor seal counts are dependent on tide and swell height. As such, weekly counts are highly variable but can still provide an index of abundance for animals using the Refuge. The peak number observed on any given census was 146 total animals on January 5. Overall, the highest monthly average was achieved in July with an average of 109 animals and the maximum pup count was 3 on May 18 (Table 5). This compares to a maximum pup count of 7 in 2016 and a 10 year average of 3 (range 3-12 pups). The max pup count occurred slightly earlier in the year compared to previous years when max pup counts have been consistently documented during June and July (Table 6).  The average number of HS in 2017 was 57 (± 41) compared to the 10 year average of 59 (± 10). As shown in Figure 10, the max count of 146 HS this season was approximately 20% lower than in the past three seasons. 



California sea lions

The CSL population on SEFI peaked in August with an average of 4,840 individuals counted during the weekly census. The maximum count for the year was 7,776 animals, including 391 adult males, 6,932 Non-ID (females/sub-adult males), and 453 pups observed on August 10. The maximum pup count was 500 observed on July 28 (Table 5) which was almost twice the maximum count of 265 seen in July of last year. The max total count of 7,776 was 40% higher than last season and the 500 pups counted is the highest count ever observed at the Farallones (Table 4). After the max total seen in August, there was a second peak in mid-October with a peak of 5,822, representing an increase in immature animals hauling out at the island, possibly including animals from other colonies. Over the last five years we have consistently documented max pup counts occurring during the month of June and July (Table 6).  The average number of CSL in 2017 was 2,620 (± 1,319), slightly lower than the 10 year average of 3,043 (± 431). According to Figure 10 this year’s max count of CSL is one of the highest recorded in our time series. 



In addition to population surveys, during 2017 we collected scat samples from CSL haul out areas to examine diet. A total of 100 scat samples were collected over 4 sampling sessions in March, July, September, and December. The diet in 2017 was dominated by Pacific hake, flatfishes (sandabs and sole), and anchovy with smaller amounts of rockfish and squid. Squid was more prevalent during the spring, while hake and flatfish dominated the summer months, and anchovy and hake were the dominant items during the winter (Figure 12).



Steller sea lions

The SSL population on SEFI peaked in June 2015 with a maximum count of 25 AMs, 1 SAMs, 92 AFs, 8 Imms, 23 pups and 14 Non-IDs for a total of 163 animals. The maximum pup count during the breeding season was 37 in mid-July (Table 5). The max total count of 163 ranks as the eighth highest count in the last 11 years. The max pup count of 37 in July at peak breeding season would tie for the highest count over the last 11 years (Table 4). For the last five years we have consistently documented max pup counts occurring during the month of July (Table 6 which coincides with peak AFs that actually pup on the island.  The average number of SSL in 2015 was 72.1 (± 31) compared to the 10 year average of 62.0 (± 36). According to Figure 10 this year’s max count of 163 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 2014 at an overall rate of 5.5% per annum. Over the last decade (2007-2016) the rate has seen a 6.6% decline per annum. The decrease has been mostly attributed to the reduction in pup production on WEI (16.1% drop over the last decade) while production on SEFI has dropped less severely at 2.6%. During this period there was a brief increase at an average rate of 7.7% from 2003 to 2006 (Figure 2; Point Blue, unpublished data). The last decade has mostly seen earlier cow median arrival dates compared to the long term standard with this season being later than the long term standard. Similarly, eight 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 2018 elephant seal breeding season could be characterized as positive in terms of population size but negative with respect to pup survival and reproductive success. This is in contrast to 2017, when the SFI experienced a drop in population, and slightly higher reproductive success and pup survival than the previous year.



Overall, there was a 5% increase in pup production compared to the 2017 season (104 pups from 126 cows in 2018, and 99 pups from 107 cows in 2017). Since 2006 there has been several fluctuations in pup production but is steadily decreasing overall. In the last 5 years there has been a slight increase, from 67 pups produced in 2014. The 77 pups on SEFI and 27 on WEI are both below the long-term averages for each respective island (SEFI: 95 ± 30, WEI: 76 ± 71). There continues to be much variation in median cow arrival and pupping dates. 



In the SEFI breeding colony the 2018 season’s 58% pup survival is the lowest documented since 1995 when it was 64%. In addition, the WEI pup survival was nearly the lowest in our data set, only 44%. This is in stark contrast to the rate of the previous season, 100%, the highest pup survival rate in our data set. The cause of this abnormally low survival rate is unclear but a possible explanation is the unusually warm and dry weather experienced just after the peak of the breeding season. Without any puddles or sand to keep cool, cows were observed prematurely weaning their pups by jumping into Breaker Cove, a gulch adjacent to but approximately 25’ lower than the Sand Flat harem area. Some pups followed but several of them were injured from the fall or drowned subsequently. In addition, it seems likely that young weaned pups from the colony on WEI dispersed earlier this year than during typical weather patterns, thus resulting in a lower observed pup survival.



For the fourth season in a row pup production was higher when compared to the previous year. However, there was a large drop in overall pup survival and reproductive success when comparing the last three seasons. SEFI survival rate this year was 51% compared to 2017’s 54% and 52% for the two years prior to that. (long-term average: 66% ± 10).  



The number of cows utilizing WEI this season was the highest since 2007. (38 in 2018, 40 in 2007) The trend of cow attendance on West End Island has increased slightly in recent seasons but long-term data indicates continued decrease from peak counts in the 1990s (38 in 2018, 17 in 2017, 28 in 2016, and 14 in 2015 compared to 300 in 1995). 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. Just as was the case last year, no cows were seen this season on SB during either lighthouse census or trips to West End for pinniped research. 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.



Also contributing to low survival and productivity this season was the very low success of the Mirounga Beach colony. There were 20 cows that produced 17 pups yet successfully weaned only 6 pups in the Mirounga Beach colony. One cause was the occurrence of a large storm event on January 18th that produced over 19 foot swells from the northwest. These very large waves funneled into an adjacent narrow channel and drained into Mirounga Beach, ejected all the animals. Several pups as well as the harem master disappeared. Two weeks later, during one of the trips to West End Island, it was discovered as the new harem master on Indian Head Beach.



For perspective, the causes for pup mortality include 9 pups washed out to sea, 7 pups crushed to death, 5 pups vanished and are presumed dead, and 8 fell off a cliff and are presumed dead. In addition, there was one stillbirth and two instances of pup mortality after weaning. Separation anxiety or crushes are the likely cause of these mortalities. As we continue to face the effects of climate change, patterns seen this elephant seal breeding season may repeat themselves as conditions continue to warm and access points to breeding sites degrade on SEFI.



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 (Lee at al. 2019).  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, aerial surveys were conducted between 2013 and 2016 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.  Aerial surveys produced pup counts that were, on average, 33.6% greater than lighthouse counts for the same season. Therefore, we applied a correction factor to the 2018 ground counts to account for pups missed during lighthouse surveys, resulting in a total estimated pup production of 1,292 pups produced in 2018 (see Lee et al. 2018).  



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 century (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, Lee et al. 2018).



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 expect the SFI colony to behave similarly to the SMI population in regards to ocean climate variation including large decreases associated with El Niño events. Results from the 2016 breeding season are expected to support this hypothesis. 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 on continuing to monitor these pinnipeds through our weekly census. The maximum count of 181 HS on SFI in 2015 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 4,121 (±2,654) 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. 



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 163 were slightly lower than the 182 (± 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 37 pups documented at the height of the breeding season is tied for the highest count in the last decade (37 in 2002) in falls short of the 49 documented in 1996 (45 pups were counted in 2015 but that number was seen in October when many adult females who pupped at other colonies dispersed to SFI).



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 (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. 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. Alternatively, exploration of remote cameras could prove potentially useful in documenting NFS population growth while FWS is waiting for the proper permits to allow for the use of UAVs.



2. We currently have a proposal in place to solicit funds and collaborative support for Point Blue to host an on-line pinniped data portal. The long-term goal of the Pinniped Data Center is improved conservation and management of pinnipeds in the U.S. and the world in the face of climate change, while our short-term goal is to develop an online tool that enables pinniped researchers and managers a way to efficiently share tag resight data so that research questions can be answered collaboratively and accurately. The Pinniped Data Center will produce and share population status, trends, indices, interactive maps, and other visualizations on regional, national, and global scales. The objectives of developing this tool are as follows:

1. Data portal should allow entering, storing and sharing tagging data among researchers (any tagged animal that is resighted at a different colony and entered in the database is immediately reported to the scientist/institute that performed the tagging).

1. Data entry capabilities that can integrate all population data for pinniped adults and pups by species at multiple locations.

1. Data portal can quickly grow to include rookeries along the U.S. West Coast (pilot), then expand to the U.S. East Coast, Alaska, Hawaii, and then globally (Canada, Mexico, South America, Antarctica, and so on).

1. Data portal can be used to develop a citizen science component with an App and/or web-based data entry tool.



3. 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. This paper is currently in preparation and hope to submit in 2017. On a related front we recommend the examination of minimal habitat restoration on the island that would be more suitable for breeding elephant seals. Specifically we recommend acquiring the funds to pursue the construction of ramps/inclines in the intertidal area of access points that lead to elephant seal breeding sites. These sites include but are not limited to Log Channel, the Alley, and Mirounga Beach. If restoration proved fruitful and led to an increase in breeding females on the island then there could be the potential to do similar habitat restoration at WEI’s IHB and SB harems.



4. 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.



5. 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 fine tuning our understanding of these events.



LITERATURE CITED

NORTHERN ELEPHANT SEALS

Carretta, J.V., E. Oleson, D.W. Weller, A.R. Lang, K.A. Forney, J. Baker, M.M. Muto, B. Hanson, A.J. Orr, H. Huber, M.S. Lowry, J. Barlow, J.E. Moore, D. Lynch, L. Carswell, R.L. Brownell, Jr. 2014. U.S. Pacific Marine Mammal Stock Assessments, 2014. U.S. Dep. Commerce, NOAA Technical Memorandum NMFS-SWFSC-549. 414 p. [doi:10.7289/V5/TM-SWFSC-549]

Clinton, W. L. and Le Boeuf, B. J. 1993. Sexual selection’s effects on male life history and the pattern of male mortality. Ecology, 74: 1884–1892.



Clutton-Brock, T.H. 1988. Reproductive Success : Studies of Individual Variation in Contrasting Breeding Systems. University Of Chicago Press.



Condit, R., B. J. Le Boeuf, P. A. Morris, and M. Sylvan. 2007. Estimating population size in asynchronous aggregations: a Bayesian approach and test with elephant seal censuses. Marine Mammal Science 23:834.



Condit, R., J. Reiter, A. Betcher, R.W. Berger, P.A. Morris and B.J. LeBoeuf. 2013. Lifetime survival rates and senescence in Northern Elephant Seals. Marine Mammal Science.



Condit, R., M.S. Lowry, A. Betcher, S.G. Allen, D. Adams, B. Hatfield, D.E. Lee, D.A. Aurioles, M.C. Garcia-Aguilar, P.A. Morris, and B.J. LeBoeuf. In preparation. Population status of the Northern Elephant Seal. Marine Mammal Science.



Hindell, M. A. and G. J. Little. 1988. Longevity, fertility and philopatry of two female southern elephant seals (Mirounga Leonina) at Macquarie Island. Marine Mammal Science 4: 168-171.

Huber, H. R. 1987. Natality and weaning success in realation to age of 1st reproduction in northern elephant seals. Canadian Journal of Zoology 65: 1311-1316.



LeBoeuf, B.J. 1974. Male-male competition and reproductive success in elephant seals. American Zoology 14:163-176.



LeBoeuf, B.J., D.G. Ainley, and T.J. Lewis. 1972. Perinatal behavior of northern elephant seal females and their young. Behaviour 34:121-156.



LeBoeuf, B.J., D.G. Ainley, and T.J. Lewis. 1974. Elephant seals at the Farallones: population structure of an incipient breeding colony. Journal of Mammalogy 55:370-385.



LeBoeuf, B.J. and D.E. Crocker. 2005. Ocean climate and seal condition. BMC Biology 3:9 doi:10.1186/1741-7007-3-9



LeBoeuf, B.J. and Reiter. 1988. Lifetime Reproductive Success in Northern Elephant Seals. P.344-362 in Reproductive Success: Studies of Individual Variation in Contrasting Breeding Systems. University of Chicago Press.



Le Boeuf, B. J., Crocker, D. E., Costa, D. P., Blackwell, S. B., Webb, P. M. and Houser, D. S. 2000. Foraging ecology of northern elephant seals. Ecological Monographs 70: 353-382.

Lowry, M. S., Condit, R., Hatfield, B., Allen, S. G., Berger, R. W., Morris, P.A., Le Boeuf, B. J. and Reiter, J. 2014. Abundance, distribution and population growth of the Northern elephant seal (Mirounga angustirostris) in the United States from 1991 to 2010. Aquatic Mammals 40(1): 20-31.



Sydeman, W.J., & S.G. Allen. 1999. Pinniped population dynamics in central California: correlations with sea surface temperature and upwelling indices. Marine Mammal Science 15: 446-461.



Tivers, R.L. 1972. Parental inivestment and sexual selection. In: Sexual Selection and the Descent of Man. 1871-1971 (Ed. By B. Campbell), pp. 136-179. Chicago: Aldine.



Zeno, R. L., R. Condit, D. P. Costa , D. E. Crocker, B. Hatfield, B. J. Le Boeuf , D. E. Lee, P. A. Morris , J. Reiter , S. G. Allen. 2008.  Population trends for the Point Reyes National Seashore northern elephant seal colony and predictions for future growth. Natural Resource Symposium poster presentation.



NORTHERN FUR SEALS

Kajimura, H. 1984. Opportunistic feeding of the northern fur seal, Callorhinus ursinus, in the eastern North Pacific Ocean and eastern Bering Sea. NOAA Technical Report NMFS SSRF-779. 49 pp.



Kenyon, K. W., and F. Wilke. 1953. Migration of the northern fur seal, Callorhinus ursinus. Journal of Mammalogy 34:86–98.



[bookmark: _GoBack]Lee, D. E., R. W. Berger, J.R. Tietz, P. Warzybok, R.W. Bradley, A.J. Orr, R.G. Howell, and J. Jahncke (2018). Initial growth of northern fur seal (Callorhinus ursinus) colonies at the South Farallon, San Miguel, and Bogoslof Islands. Journal of Mammalogy, 99(6), 1529-1538.



Pyle, P., D. J. Jones, J. Schonewald, R. E. Jones, and J. Roletto. 2001. Historical and recent colonization of the South Farallon Islands, California, by northern fur seals (Callorhinus ursinus). Marine Mammal Science 17:397-402.



Ream, R. R, J. Sterling, and T. R. Loughlin. 2005. Oceanographic features related to northern fur seal migratory movement. Deep-Sea Research II 52:823 843.



Reeves, R.R., B. S. Stewart, P. J. Clapham, J.A. Powell and P.A. Folkens. 2002. Guide to Marine Mammals of the World. Pg 88.



Scheffer, V. B., and B. S. Kraus. 1964.  Dentition of the northern fur seal. Fishery Bulletin, U.S. 63:293-315.



Starks, E. C. 1922. Records of the capture of fur seals on land in California. California Fish and Game 8:155-160.



Testa, J. W. (editor) 2007.  Fur seal investigations 2004-2005. U.S. Department of Commerce, NOAA Technical Memorandum NMFS-AFSC-174. 76 pp.



Tietz, J. R. 2013. Pinniped surveys on West End Island, Farallon National Wildlife Refuge 2011. Unpublished report to the US Fish and Wildlife Service. PRBO Conservation Science, Petaluma,California. PRBO Contribution Number 1923.



Towell, R. G., R. R. Ream, and A. E.York. 2006. Decline in northern fur seal (Callorhinus ursinus) pup production on the Pribilof Islands. Marine Mammal Science 22:486-491.



Townsend, C. H. 1931. The fur seal of the California islands. New York Zoological Society 9:443-457.



York, A. E., R. G.Towell, R. R.Ream, and C. W. Fowler. 2005. Population assessment of northern fur seal on the Pribilof Islands, Alaska, 2002-2003. Pages 8-28 in J. W. Testa, ed. Fur seal investigations, 2002-2003. U.S. Department of Commerce, NOAA Technical Memorandum NMFS-AFSC-151. 72pp.



HARBOR SEALS

Bjorge A, Thompson D, Hammond P, Fedak M, Bryant E, et al. (1995) Habitat use and diving behaviour of harbour seals in a coastal archipelago in Norway. In: Blix AS, Walloe L, Ulltang O, editors. Whales, seals, fish and man: proceedings of the international symposium on the biology of marine mammals in the North East Atlantic, Tromso, Norway, 29 November-1 December 1994. Amsterdam: Elsevier. pp. 211–224.



Cronin MA, Zuur AF, Rogan E, McConnell BJ (2009) Using mobile phone telemetry to investigate the haul-out behaviour of harbour seals Phoca vitulina vitulina. Endangered Species Research 10: 255–267.



Godsell J (1988) Herd formation and haul-out behaviour in harbour seals (Phoca vitulina). Journal of Zoology London 215: 83–98.



Harvey, J.T. and D. Goley. 2011. Determining a correction factor for aerial surveys of harbor seals in California. Marine Mammal Science 27(4):719-735.



Riedman M (1990) The pinnipeds. Seals, sea lions, and walruses. Berkeley/Los Angeles: University of California Press. 439 p.



Sharples RJ, Moss SE, Patterson TA, Hammond PS (2012) Spatial variation in foraging behaviour of a marine top predator (Phoca vitulina) determined by a large-scale satellite tagging program. PLoS ONE 7: e37216. doi:37210.31371/ journal.pone.0037216.



Thompson PM, Fedak MA, McConnell BJ, Nicholas KS (1989) Seasonal and sex related variation in the activity patterns of common seals (Phoca vitulina). Journal of Applied Ecology 26: 521–535.



CALIFORNIA SEA LIONS

DeLong, R. L., G. A. Antonelis, C. W. Oliver, B. S. Stewart, M. S. Lowry, and P. K. Yochem. 1991. Effects of the 1982-1983 El Niño on several population parameters and diet of California sea lions on the California Channel Islands. In F. Trillmich and K. A. Ono (editors), Pinnipeds and El Niño: Responses to environmental stress. p. 166 -172. Springer-Verlag, Berlin Heidelberg New York.



STELLER SEA LIONS

Allen, B. M. and R. P. Angliss. 2011. Alaska marine mammal stock assessments, 2010. NOAA Technical Memorandum NMFS-AFSC-223, Alaska Fisheries Science Center, Seattle, Washington.



Bonnot, P., G. H. Clark, and S.R. Hatton. 1938. California sea lion census for 1938. Calif. Fish Game 24:415-419



Bonnot, P. and W.H. Ripley. 1948. The California sea lion census for 1947. Calif. Fish Game 34:89-92



Hastings, K.K. and W.J. Sydeman. 2002. Population status, seasonal variation in abundance, and long-term population trends of Steller sea lions at the South Farallon Islands, California. Fish. Bull. 100:51-62



Jarman, W.M., Bacon, C.E., Estes, J.A., Simon, M., Norstrom, R.J., 1996. Organochlorine contaminants in sea otters: the sea otter as a bio-indicator. Endangered Species Update 13, 20±22.



LeBoeuf, B. J., K. Ono, and J. Reiter. 1991. History of the Steller sea lion population at Año Nuevo Island, 1961-1991. Southwest Fish. Sci. Center Admin. Rep. LJ-91-45C. U.S. Dep. Commer., La Jolla, CA, 9p



NMFS (National Marine Fisheries Service). 2008. Recovery plan for the Steller sea lion (Eumetopias jubatus). Revision. National Marine Fisheries Service, Silver Spring, Maryland.



Pitcher, K. W., P. F. Olesiuk, R. F. Brown, M. S. Lowry, S. J. Jeffries, J. L. Sease, W. L. Perryman, C. E. Stinchcomb, and L. F. Lowry. 2007. Status and trends in abundance and distribution of the eastern Steller sea lion (Eumetopias jubatus) population. Fisheries Bulletin 107:102-115.



Sydeman, W.J. and S.G. Allen. 1999. Pinniped population dynamics in central California:  Correlations with sea surface temperatures and upwelling indices. Marine Mammal Science 15(2): 446-461



Sydeman, W.J., Jarman, W.M., 1998. Trace metals in seabirds, Steller sea lion, and forage fish and zooplankton from central California. Mar. Pollut. Bull. 36, 828–832.



GENERAL

Johnson, N. C., 2014. Atmospheric Science: A boost in big El Niño Nature Climate Change 4, 90–91. Published online 29 January 2014. http://www.nature.com/nclimate/journal/v4/n2/full/nclimate2108.html 

Wenju Cai, Simon Borlace, Matthieu Lengaigne, Peter van Rensch, Mat Collins, Gabriel Vecchi, Axel Timmermann, Agus Santoso, Michael J. McPhaden, Lixin Wu, Matthew H. England, Guojian Wang, Eric Guilyardi & Fei-Fei Jin, 2013. Increasing frequency of extreme El Niño events due to greenhouse warming. Nature Climate Change 4, 111–116. Published online 19 January 2014. http://www.nature.com/nclimate/journal/v4/n2/full/nclimate2100.html










TABLES



Table 1. 2018 Population dynamics of 3 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 and three dead pups were found at IHB on the first trip of the season. 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 Mort  1-W/P

		Rep   Succ  W/C



		SEFI

		SF

		Becky(aka Chunt)

		65

		58

		39

		0.86

		0.70

		0.30

		0.60



		SEFI

		MB

		Cumberbatch/Danny

		20

		17

		6

		0.82

		0.21

		0.79

		0.18



		SEFI

		Gulches

		None

		3

		2

		0

		0.67

		0.00

		1.00

		0.00



		SEFI

		Total

		

		88

		77

		45

		0.88

		0.58

		0.42

		0.51



		



		WEI

		IHB/PCH

		No ID

		38

		27

		12

		0.70

		0.79

		0.21

		0.56



		WEI

		SB

		No ID

		0

		0

		0

		-

		-

		-

		-



		WEI

		Total

		

		38

		27

		12

		0.70

		0.79

		0.21

		0.56



		



		Winter 2018

		Total

		

		126

		104

		57

		0.83

		0.55

		0.45

		0.45









Table 2. 2015 - 2017 Pupping season counts of Northern Fur Seals on the South Farallon Islands from weekly pinniped censuses conducted from the Lighthouse. AM, adult male; Non-ID, unidentified age/sex.

		DATE

		AM

		Pup

		Non-ID

		Total



		6/18/2015

		16

		3

		98

		117



		6/25/2015

		28

		38

		132

		198



		7/9/2015

		46

		211

		419

		676



		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



		9/3/2015

		2

		41

		241

		284



		9/18/2015

		6

		83

		242

		331



		9/25/2015

		3

		35

		357

		395



		10/1/2015

		3

		18

		313

		334



		

		

		

		

		



		DATE

		AM

		Pup

		Non-ID

		Total



		6/16/2016

		38

		8

		173

		219



		6/23/2016

		33

		7

		207

		247



		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



		9/1/2016

		10

		242

		643

		895



		9/8/2016

		12

		264

		576

		852



		9/15/2016

		11

		168

		575

		754



		9/22/2106

		6

		222

		434

		662



		9/29/2016

		12

		143

		466

		621



		10/6/2016

		1

		0

		375

		376



		

		

		

		

		



		DATE

		AM

		Pup

		Non-ID

		Total



		6/9/2017

		39

		0

		105

		144



		6/22/2017

		77

		36

		132

		245



		6/29/2017

		42

		240

		377

		659



		7/6/2017

		89

		291

		656

		1036



		7/13/2017

		63

		367

		605

		1035



		7/20/2017

		95

		522

		568

		1185



		7/28/2017

		31

		332

		592

		955



		8/3/2017

		35

		530

		226

		791



		8/10/2017

		20

		353

		485

		858



		8/17/2017

		23

		335

		343

		701



		8/24/2017

		10

		422

		416

		848



		9/1/2017

		3

		183

		197

		383



		9/7/2017

		5

		140

		309

		454



		9/15/2017

		7

		154

		254

		415



		9/21/2017

		6

		224

		282

		512



		9/28/2017

		12

		274

		409

		695



		10/6/2017

		9

		204

		376

		589



		10/12/2017

		2

		35

		508

		545



		10/20/2017

		10

		23

		506

		539



		10/26/2017

		7

		118

		440

		565



		11/1/2017

		5

		127

		319

		451







Table 3. Northern fur seal counts conducted during visits to the West End Island colony from Sep to Nov 2017. AM, adult male; AF, adult female; SAM, subadult male; Imm, immature; Non-ID, unidentified age/sex.

		DATE

		AM

		AF

		Pup

		SAM

		Imm

		Non-ID

		Total



		9/4/2017

		12

		336

		898

		22

		10

		355

		1638



		9/17/2017

		0

		0

		415

		0

		0

		830

		1245



		9/29/2017

		30

		205

		691

		45

		17

		546

		1539



		10/18/2017

		42

		208

		902

		62

		30

		428

		1672



		11/2/2017

		2

		145

		967

		7

		0

		475

		1596



		11/25/2017

		19

		237

		619

		6

		20

		371

		1272



		Average

		18

		189

		749

		24

		13

		443

		1435



		Std Dev

		16

		112

		212

		25

		12

		72

		301







Table 4. Max counts of total population and pups from LH surveys for pinniped species by year from 2007-2017. 





Table 5. 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

		59 ± 63

		146

		0

		1882 ± 247

		131

		2049

		0

		96 ± 33

		1

		1

		75

		60

		0



		Feb

		63± 34

		81

		0

		1679 ± 476

		163

		1978

		0

		66 ± 26

		0

		4

		62

		36

		0



		Mar

		64 ± 33

		89

		0

		1595 ± 290

		103

		1810

		0

		68 ± 27

		0

		2

		35

		65

		6



		Apr

		25 ± 34

		74

		1

		1644 ± 543

		90

		2088

		0

		84 ± 42

		0

		5

		47

		65

		0



		May

		38 ± 34

		82

		3

		1912 ± 645

		366

		2516

		31

		133 ± 89

		4

		5

		26

		75

		0



		Jun

		69 ± 44

		128

		2

		2206 ± 298

		277

		2016

		393

		132 ± 47

		23

		8

		45

		33

		32



		Jul

		109 ± 33

		142

		0

		3334 ± 1235

		700

		3786

		500

		157 ± 77

		16

		7

		84

		11

		44



		Aug

		57 ± 30

		81

		0

		4839 ± 2460

		391

		6932

		453

		103 ± 43

		0

		1

		44

		19

		19



		Sep

		48 ± 42

		96

		0

		3043 ± 171

		37

		2920

		379

		90 ± 22

		0

		1

		77

		18

		22



		Oct

		38 ± 42

		80

		0

		3930 ± 1450

		71

		5512

		509

		76 ± 14

		1

		2

		48

		28

		23



		Nov

		61 ± 37

		119

		0

		3200 ± 824

		87

		4262

		193

		97 ± 13

		1

		1

		54

		54

		37



		Dec

		55 ± 52

		115

		0

		2037 ± 265

		65

		2246

		0

		91 ± 20

		0

		0

		56

		57

		0



		2015

		57 ± 41

		 

		 

		2620 ± 1319

		 

		 

		 

		99 ± 47

		 

		 

		 

		 

		 





NI/AF and IMM) and pups from LH surveys for HS, CSL and SSL by month for 2017.





		

		

		YEAR



		 

		 

		2007

		2008

		2009

		2010

		2011

		2012

		2013

		2014

		2015

		2016

		2017

		2007-2017 Average



		PINNIPED SPECIES

		NES Total

		462

		457

		374

		420

		468

		476

		517

		479

		495

		390

		353

		445 ± 50



		

		NFS Total

		174

		163

		132

		282

		251

		375

		492

		637

		700

		976

		1185

		488 ± 335



		

		HS Total

		112

		108

		155

		129

		145

		152

		136

		195

		181

		182

		146

		149 ± 27



		

		CSL Total

		7693

		11326

		7785

		10000

		9380

		5386

		4408

		4917

		9442

		5555

		7776

		7606 ± 2190



		

		SSL Total

		177

		169

		94

		124

		121

		167

		196

		181

		163

		152

		255

		164 ± 41



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		PINNIPED SPECIES

		NES Pups

		125

		81

		86

		74

		61

		42

		53

		42

		50

		40

		50

		64 ± 25



		

		NFS Pups

		62

		66

		80

		127

		180

		213

		254

		361

		309

		447

		530

		239 ± 151



		

		HS Pups

		4

		7

		5

		5

		11

		4

		12

		8

		4

		7

		3

		6 ± 3



		

		CSL Pups

		17

		20

		44

		38

		84

		86

		156

		194

		254

		265

		509

		152 ± 142



		

		SSL Pups

		8

		11

		20

		37

		25

		34

		26

		45

		37

		29

		44

		29 ± 12













Table 6. Max pup counts from LH for NFS, HS, CSL and SSL by month for the last 5 years (2013-2017). 



		

		           NFS Max Pups

		         HS Max Pups

		           CSL Max Pups

		        SSL Max Pups



		‘YR

		‘13

		‘14

		‘15

		‘16

		‘17

		‘13

		‘14

		‘15

		‘16

		‘17

		‘13

		‘14

		‘15

		‘16

		‘17

		‘13

		‘14

		‘15

		‘16

		‘17



		Jan

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



		Feb

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



		Mar

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		6



		Apr

		0

		0

		0

		0

		0

		2

		0

		3

		0

		1

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



		May

		0

		0

		0

		0

		0

		5

		4

		3

		3

		3

		0

		11

		1

		1

		31

		0

		0

		0

		0

		0



		Jun

		21

		6

		38

		142

		240

		12

		8

		1

		4

		2

		85

		121

		254

		265

		393

		23

		17

		23

		29

		32



		Jul

		219

		293

		309

		338

		522

		5

		6

		0

		7

		0

		156

		194

		246

		200

		500

		26

		34

		37

		20

		44



		Aug

		254

		361

		285

		447

		530

		7

		3

		4

		3

		0

		109

		134

		247

		243

		453

		12

		20

		22

		21

		19



		Sep

		88

		181

		83

		264

		274

		0

		0

		0

		0

		0

		67

		144

		153

		142

		379

		11

		31

		10

		11

		22



		Oct

		0

		120

		61

		65

		204

		0

		0

		0

		0

		0

		89

		65

		109

		109

		509

		20

		45

		19

		14

		23



		Nov

		0

		1

		0

		0

		127

		0

		0

		0

		0

		0

		39

		104

		93

		112

		193

		22

		40

		26

		21

		37



		Dec

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		37

		0

		92

		65

		0

		19

		0

		12

		15

		0
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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 1972-2018. There has been at 10% rate of increase in pup production from 1972-2018. The 45 year mean is 207 pups (SD±133). The mean over the last decade is 76 (SD±19). In 2018 there were a total of 104 pups produced (77 on SEFI and 27 on WEI).









Figure 3.  Pup survival (pups successfully weaned/pups born) on SEFI and WEI. Survival rate in 2018 was 58% for SEFI and 44% for WEI. Standard errors are presented from the variation that occurred in pup survival at each harem on each island (2 on SEFI and 2 on WEI).






Figure 4.  Pup survival (PS) anomaly [annual PS – long term average PS] calculated on SEFI from 1975 – 2018. WEI data not included because of data precision. Prior to this report the PS anomaly was reported as a standardized PS anomaly, scaled by the standard deviation of the long term mean.





Figure 5.  Standardized reproductive success (RS) anomaly [(annual RS – long term average RS)/SD] calculated on SEFI from 1975-2018. WEI data was not included because of data precision. Prior to this report the PS anomaly was reported as a standardized PS anomaly, scaled by the standard deviation of the long term mean.





Figure 6.  The median cow arrival date (MCAD) anomaly [annual MCAD-long term average MCAD] at SEFI from 1974-2018. The median arrival date this year was 16 Jan (SD = 9 days). The 41 year cow arrival date average is 15 Jan (SD = 2 days).





Figure 7.  The median pupping date (MPD) anomaly [annual MPD-long term average MPD] from 1974-2018. Median pup date has been later than the long term mean for the last 3 years. Before this period, median pup date has typically been at or before the long term mean since 2000.





















Figure 8.  The northern elephant seal population for the winter 2017-2018 breeding season (start date: 1th Nov 2017, end date: 15th Mar 2018). This data was summarized from twice weekly censuses of SEFI. 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 2015. Data are summarized from weekly pinniped surveys conducted from the island’s lighthouse. Note the difference in scale on the y-axis. 


 

Figure 10.  The maximum total count of NFS, HS, CSL and SSL by year from 1970 to 2017. Data are summarized from weekly pinniped surveys conducted from the island’s lighthouse. We fitted a polynomial trend line (in black) for each species to help illustrate long term trends. Note the difference in scale on the Y-axis. Maximum total counts in 2017 for NFS, HS, CSL and SSL are: 1185, 195, 11326 and 373. Long term means for NFS, HS, CSL and SSL are: 97, 100, 4265 and 181.




Figure 11.  The maximum pup count of NFS by year from 1995 to 2017 and HS, CSL and SSL by year from 1970 to 2017.  Data are summarized from weekly pinniped surveys conducted from the island’s lighthouse. We fitted a polynomial trend line (in black) for each species to help illustrate long term trends. Note the difference in scale on the Y-axis. Maximum pup counts in 2015 for NFS, HS, CSL and SSL are: 530, 3, 509 and 44. Long term means for NFS, HS, CSL and SSL are: 121, 2, 28 and 26. 

[image: ]

Figure 12.  California sea lion diet composition based on fish hard parts (otoliths, spines) collected from sea lion scat samples on the Farallones for 2014 to 2017. 
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Pup survival (weaners/pups)









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	2018	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	PS	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	2018	0.10364405469866744	0.23189080794542061	8.5462236516849255E-2	6.3240014294627001E-2	-3.7846034159842556E-2	-5.3668198265759526E-2	-5.3380738689762341E-2	7.856568479271131E-2	4.935112540573805E-2	-1.1089487621081862E-2	0.12508487802628321	-3.4125392349130146E-2	-2.703776348315079E-2	3.9699524652442419E-2	-4.787109681648416E-2	-0.11671167652662906	6.9246020300632982E-2	-6.1476538993354923E-2	-9.5981062452222932E-2	-0.16716934243051917	-0.19072823967362695	4.2218993273606009E-2	-2.9606256633835759E-2	2.5188263914109443E-2	3.546223651684921E-2	8.5462236516849255E-2	0.11440960493790187	3.8708989763602486E-2	-6.5601593270384839E-2	1.1877330856471802E-2	-3.737240915244211E-2	-5.2883628144804962E-2	5.4118952934759657E-2	2.9051980106592823E-2	1.2734963789576503E-2	3.546223651684921E-2	7.767002872464146E-2	0.12417191393620408	0.20609715715176979	0.11304844341340092	-8.2184822306680227E-2	-0.12549666759273981	-0.11697678787339472	-0.1301221790675664	Year



Pup survival anomaly





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	2018	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	RS anomaly	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	2018	0.16596700281127863	0.29421375605803179	0.14778518462946044	0.10163133847561423	-2.7214815370539602E-2	-5.3789618520145854E-2	-2.7214815370539602E-2	7.7943914788190516E-2	8.6040218186507422E-2	-1.0705381408275483E-2	0.11502656393980526	-2.9573305936577365E-2	9.4393199678062256E-3	-2.9837192992917205E-2	-1.77320567498499E-2	-0.12336866152438575	0.13156896841324417	-9.5693076240104813E-2	-6.3979521252892524E-2	-0.17948754264326688	-0.19860656794785919	3.0712013897753132E-2	5.6799214715657076E-3	1.4451851296127027E-2	5.2133010716416961E-2	7.0676750894520635E-2	0.10682132920777365	6.3834567345509741E-2	-2.3348835989096317E-2	-5.155991841127805E-3	-4.2285737356355213E-2	-1.9121290190683538E-2	8.3499470343746163E-2	3.282455470820056E-2	8.3356433450567646E-3	-6.1663634268177447E-2	4.096700281127863E-2	3.1995710945249889E-2	0.10103193787621367	5.3194312048028269E-3	-0.13414252621391309	-0.13414252621391309	-0.1077703709260952	-0.14085117900690325	Year



Reproductive success anomaly





baseline	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	2018	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	0	anomaly	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	2018	4	4	1	1	4	1	0	-3	-1	-3	1	-2	-2	0	2	-2	-3	0	-1	-1	-1	2	-2	1	4	3	2	-1	-3	-3	-2	-2	-6	0	0	-1	-6	1	-2	1	0	0	0	0	1	Year





Medain Cow Arrival Date Anomaly







baseline	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	2018	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	0	anomaly	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	2018	2	4	1	1	3	2	0	0	1	-2	1	-1	1	0	2	0	0	2	-1	0	-2	0	2	2	3	6	3	-1	0	-2	0	-1	-4	0	1	-3	-4	0	-1	0	0	-1	1	2	2	Year





Medain Pup Date Anomaly







SA1-Bull	43040	43047	43056	43062	43069	43083	43086	43090	43093	43098	43100	43104	43107	43111	43114	43119	43121	43125	43128	43131	43135	43139	43142	43147	43150	43153	43156	43160	43163	43170	43174	0	4	7	7	4	15	24	30	19	25	29	27	26	31	20	21	24	23	23	21	14	18	17	14	13	15	17	15	8	9	6	Cow	43040	43047	43056	43062	43069	43083	43086	43090	43093	43098	43100	43104	43107	43111	43114	43119	43121	43125	43128	43131	43135	43139	43142	43147	43150	43153	43156	43160	43163	43170	43174	0	0	0	0	0	0	0	0	0	2	3	13	19	31	43	54	64	75	78	76	72	67	54	38	31	25	16	7	3	3	4	Pup	43040	43047	43056	43062	43069	43083	43086	43090	43093	43098	43100	43104	43107	43111	43114	43119	43121	43125	43128	43131	43135	43139	43142	43147	43150	43153	43156	43160	43163	43170	43174	0	0	0	0	0	0	0	0	0	1	1	1	6	11	18	25	28	49	50	57	56	51	35	28	20	16	10	3	1	1	0	Immature	43040	43047	43056	43062	43069	43083	43086	43090	43093	43098	43100	43104	43107	43111	43114	43119	43121	43125	43128	43131	43135	43139	43142	43147	43150	43153	43156	43160	43163	43170	43174	157	162	193	244	294	291	239	227	206	182	151	100	113	83	73	13	17	25	23	8	14	13	8	5	3	5	5	3	1	10	14	Day and Month



Counts of Individuals



CSL

Average of TOTZAL	246.80407208958283	475.97225059170557	289.97155032864862	543.29450270241705	645.05781394641929	297.81985606515002	1234.9829620956991	2459.9663107449255	170.86456625058122	1449.8584701043524	824.18729667472996	264.56757170900596	246.80407208958283	475.97225059170557	289.97155032864862	543.29450270241705	645.05781394641929	297.81985606515002	1234.9829620956991	2459.9663107449255	170.86456625058122	1449.8584701043524	824.18729667472996	264.56757170900596	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1881.75	1679.25	1595	1643.75	1912.25	2206	3333.75	4839.25	3042.8	3930.25	3200.2	2037	





NFS

Average of TOTZAL	23.45207879911715	12.449899597988733	28.474550040343029	19.261360284258224	11.324751652906125	252.2107253865307	95.987412369192114	71.99305522062528	123.35193553406452	22.590558499809902	95.024733622357559	20.256686138984655	23.45207879911715	12.449899597988733	28.474550040343029	19.261360284258224	11.324751652906125	252.2107253865307	95.987412369192114	71.99305522062528	123.35193553406452	22.590558499809902	95.024733622357559	20.256686138984655	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	46	46.5	135.4	111.5	54.75	290.25	1052.75	799.5	491.8	559.5	432.8	70.666666666666671	





HS

Average of TOTZAL	63.298235889056706	34.179672321425201	33.391615714128001	33.668729309751704	33.648922716782479	44.010415433925033	33.070631482732026	29.540932054806035	41.620908207294086	42.129759869558555	37.191396854649057	51.675268101223558	63.298235889056706	34.179672321425201	33.391615714128001	33.668729309751704	33.648922716782479	44.010415433925033	33.070631482732026	29.540932054806035	41.620908207294086	42.129759869558555	37.191396854649057	51.675268101223558	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	59	63.25	64	25.25	38.25	69.25	108.5	57	48.4	38.25	60.8	55.333333333333336	





SSL

Average of TOTZAL	32.664965942122151	26.004807247891687	27.382476148076897	41.641325627314025	89.347169326547032	47.303100673564025	77.008116455345146	42.68782027698299	22.286767374386102	14.032699906527847	13.2211951048307	19.502136635080113	32.664965942122151	26.004807247891687	27.382476148076897	41.641325627314025	89.347169326547032	47.303100673564025	77.008116455345146	42.68782027698299	22.286767374386102	14.032699906527847	13.2211951048307	19.502136635080113	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	95.5	65.75	67.599999999999994	84	132.75	132.25	156.75	102.75	89.8	76.25	97.4	90.666666666666671	





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	2017	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	1185	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	2017	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	146	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	2017	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	7776	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	2017	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	255	Year



Maximum Count





NFS

Max of PUPCAL	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	0	1	4	1	3	3	5	13	8	11	24	97	62	66	80	120	180	213	254	361	309	447	530	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	2017	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	3	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	2017	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	509	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	2017	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	44	Year



Maximum Count
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EXECUTIVE SUMMARY

(1)

(2)

(3)

(4)

(5)

(6)

Under cooperative agreement with USFWS/Farallon NWR, Point Blue (formerly PRBO)
monitors the population size and reproductive success of seabirds on Southeast Farallon
Island (SEFI), California and has done so since 1968. We also collect information on oceanic
conditions (sea surface temperature) and prey use (diet composition).

In general, the number of birds attempting to breed were similar to last season but
breeding success varied between species during 2018 relative to recent years.

Generally normal conditions persisted during 2018. The mean seasonal SST for 2018 was
slightly cooler than 2017 but remained higher than the long-term mean. Monthly values
were similar to the mean for all individual months except August, which was colder than
normal.

During 2018, breeding populations where higher for some species and lower for relative to
2017. Brandt’s Cormorants rebounded slightly from a general decline in recent years, while
Cassin’s Auklets and Western Gulls exhibited moderate increases. We observed a
substantial increase in our estimate of Pigeon Guillemots compared to last year. Double-
crested Cormorants exhibited modest declines while Common Murres and Pelagic
Cormorants exhibited large declines relative to last season.

Reproductive success was higher for all species except Pelagic Cormorants, Pigeon
Guillemots, Ashy Storm-petrels, and Cassin’s Auklets when compared to 2017. Western
Gulls and Common Murres exhibited productivity rates higher than the long-term mean for
those species.

Anchovy replaced juvenile rockfish (Sebastes spp.) as the dominant component of chick diet
for the Common Murre and Rhinoceros Auklet. Juvenile rockfish was nearly absent from
Rhinoceros Auklet diet, and less than half as abundant in Common Murre diet compared to
2017. Krill once again seemed to be available for Cassin’s Auklets throughout the season,
however, auklets still showed only moderate breeding success with no successful second
broods.
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INTRODUCTION

This report contains information on the reproductive performance and population size
of seabirds on Southeast Farallon Island (SEFI; Farallon Islands National Wildlife Refuge) and
West End Island (WEI), California, during 2018. We monitored eleven species: Ashy Storm-
petrel (ASSP), Double-crested Cormorant (DCCO), Brandt’s Cormorant (BRCO), Pelagic
Cormorant (PECO), Western Gull (WEGU), California Gull (CAGU), Common Murre (COMU),
Pigeon Guillemot (PIGU), Tufted Puffin (TUPU), Rhinoceros Auklet (RHAU), and Cassin’s Auklet
(CAAU). In addition, small numbers of Leach’s Storm-petrels (LHSP) breed on the island but are
grouped with ASSP for monitoring. Peregrine Falcon and Common Raven have also bred on SEFI
in recent years but did not attempt to do so in 2018, and have not for several years. At least 2
pairs of Canada Geese bred on the island and fledged a total of 8 chicks.

METHODS AND RESULTS

Reproductive Performance

The reproductive performance of seabirds on SEFI is summarized in Table 1 and
compared to previous years (Fig. 1a, b). All reproductive parameters reported in Table 1 are
based on nests in which at least one egg was produced. Clutch size, brood size, hatching
success, and fledging success were determined for first attempts only. Hatching success is
calculated as the number of chicks hatched divided by the number of eggs laid. Fledging success
is calculated as the number of chicks fledged divided by the number of chicks hatched, for
clutches in which at least one egg hatched. Productivity (number of chicks fledged per pair) was
determined for first attempts and for all attempts (including first attempts, relays, and second-
broods). We compared productivity for all attempts to values from the past 50 years for each
species. For a detailed description of the methods used to determine reproductive success and
breeding population size see Sydeman et al. (1987, 2001). Due to inaccessibility of TUPU
crevices, poor visibility of DCCO and CAGU nesting areas, and limited number of BLOY, detailed
reproductive data were not collected for these species.

Brandt’s Cormorant — BRCO productivity remained similar to last season. Mean
productivity for the Corm Blind colony was 1.86 fledglings per pair. This is approximately 3%
greater than last season and 30% higher than the long-term mean productivity for this species
(Fig. 1a). The first eggs were observed on May 5% at both the Corm Blind and the Sea Lion Cove
colonies. Median laying date for the colony was 20 May, 3 days later than the long-term median
for this species (Fig. 2). All nests where at least one egg was laid were attended regularly,
though a few nests still failed. California sea lions continued to haul out high in the Sea Lion
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Cove colony but cormorant nests were already well established and the sea lions did not appear
to cause nest loss, at least among followed sites. Mean clutch size was 2.83 eggs per nest and
hatching success was 75%. Mean brood size was 2.26 chicks per nest, 79% of which survived to
fledging age. A total of 430 chicks were banded this season with the last chicks departing the
colony by early September.

Pelagic Cormorant — PECO experienced a near reproductive failure this year, similar to
what was observed in 2016. Of the 75 sites followed for productivity estimates, 36 were
regularly attended during the season and only 24 were confirmed to have laid eggs. Mean
productivity for the colony was 0.34 chicks fledged per breeding pair. This is approximately 66%
lower than the long-term mean productivity for this species. Hatching and fledging success are
difficult to determine for this species due to the small number of nests where we can see the
entire contents. For those we were able to observe, mean clutch size was 2.53 eggs per nest
and mean brood size was 0.86 chicks per nest. Birds began attending sites and building nests in
early March, but the first eggs were not observed until June 14™. The first chicks were observed
on July 4t the same as 2017.

Western Gull = WEGU productivity was 1.27 chicks per pair, approximately 65% higher
than last season an 28% higher than the long-term mean productivity for this species (Fig. 1a).
The first eggs were observed on the island on April 26", Of the eggs laid, 70% hatched and 60%
of those chicks survived to fledge. Mean clutch size was 2.80 eggs per nest and mean brood size
was 2.02 chicks per nest. There were 649 chicks banded at the colony this season with the last
chicks fledging and departing the colony by the end of August.

California Gull — Very few birds established nests and only a handful were confirmed
breeding. As in previous years, we monitored productivity of this species by counting the
number of birds, nests, and young from the lighthouse every 5 days throughout the season.
Based on these counts we were able to determine that at least 3 CAGU were seen on well-built
nests, but no chicks were ever observed. Continual disturbance from California sea lions in the
two main breeding areas on the marine terrace, coupled with persistent breeding failure likely
contributed to the low breeding effort.

Common Murre — During 2018, 280 Common Murre sites were monitored daily in the
Upper Shubrick Point (USP) study plot, of which 231 were breeding sites (where an egg was
laid). Productivity was 0.74 chicks fledged per pair. This is approximately 28% higher than last
season and 4% higher the long-term average of 0.71 (Fig. 1a). Egg laying was slightly earlier
than average with the first egg observed in this plot on 29 April. Median laying date for the plot
was 13 May, equal to the long-term this colony. Eighty-eight percent of eggs hatched but only
84% of the hatched chicks survived to fledge.
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The colony of Common Murres in Upper Upper (UU), under the Cormorant Blind, had
similar reproductive success to the colony at USP. The first eggs were observed on 2 May this
season, and the median lay date for the plot was 14 May, just a day after the first egg at USP.
There were a total of 184 sites monitored in UU this season, 146 of which were breeding sites.
Reproductive success for this colony was 0.79 chicks fledged per breeding pair. Ninety-six
percent of the eggs hatched and 81% of the chicks hatched surviving to fledge (Table 1). There
was a much lower incidence of egg loss and gull predation when compared to the USP colony
and to previous years at the UU colony.

Pigeon Guillemot — A total of 101 sites were monitored during 2018, of which 77 were
observed with at least one egg, the same number of active sites as in 2017. The majority of nest
sites were located on Lighthouse Hill or at Garbage Gulch, but there were also four sites in the
Habitat Sculpture, three in Rhinoceros Auklet nest boxes and one in a Cassin’s Auklet nest box.
Productivity for 2018 was 0.55 fledglings produced per pair (Table 1). This was approximately
5% lower than 2017 and remains 32% below the long-term mean productivity for this species
(Fig. 1a). The first eggs were observed on 17 May, and the median egg laying date was 1 June
(Fig. 2). This was 10 days earlier than last season and 4 days later than the long-term median
laying date for this species. The mean clutch size was 1.31 eggs per nest with 65% of those eggs
hatching successfully. Mean brood size was 0.83 chicks per nest with 67% of the chicks
produced survived to fledging age. No sites were successful at fledging a complete brood of two
chicks, and only 44 of the 77 active sites were able to fledge a single chick. There were a total of
42 guillemot chicks banded on SEFI this season.

Rhinoceros Auklet — There were a total of 150 sites (boxes, crevices, and cave sites)
monitored in 2018, 69 of which were occupied by a breeding pair. This includes sites in CAAU
nest boxes, PIGU nest boxes at Garbage Gulch, and the Habitat Sculpture. Forty percent of nest
boxes were occupied compared to 70% of camera sites, both slightly higher than the occupancy
rates in 2017. Productivity during 2018 was 0.72 fledglings per pair. This is approximately 13%
higher than the productivity observed in 2017 and 26% above the long-term mean productivity
for this species (Fig. 1a). The first eggs were observed on 17 April, the same as in 2017, and the
median laying date was 27 April. This is approximately 9 days earlier than the long-term median
for this species (Fig. 2). Eighty-three percent of the eggs successfully hatched and 88% of those
chicks produced survived to fledge. There were a total of 26 Rhinoceros Auklet chicks banded
this season with the last chick fledging from a followed site on by the end of August.

Cassin’s Auklet — Productivity of Cassin’s Auklets breeding in PRBO study boxes
remained high with 0.84 chicks fledged per breeding pair (including relay attempts). This was
10% lower than 2017 and 12% higher than the long-term average of 0.75 chicks per pair for this
species (Fig. 1a). Seventy-five percent of the eggs hatched and 97% of those chicks survived to
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fledge. There were 7 double brood attempts this season, none of which were successful. The
first egg was observed on 22 March and the median laying date for PRBO boxes was 1 April.
This was approximately 30 days earlier than last season and 13 days earlier than the long-term
average (Fig. 2).

We also report the productivity of all followed sites in addition to that of the PRBO
study boxes. This is done to account for years of low breeding propensity (such as 2005) by
increasing the sample size to more accurately reflect the success of the whole island
population. The same is probably true for years of very high productivity (such as 2010). If all
followed sites where an egg was laid were included in the analysis for this season, productivity
would be 0.78 chicks per pair (n=207). This is approximately 7% lower than the estimate
derived from PRBO boxes. There were 33 double brood attempts across all sites, 2 of which
were successful. Island wide, there were a total of 346 chicks banded.

Ashy Storm-Petrel — ASSP pairs laid eggs in 69% of the 90 followed sites (n=62) during
2018, approximately 20% higher than the occupancy rate observed last season. There were 5
new breeding sites discovered during 2018 while 19 previously followed sites were dropped
from the study either due to collapse of the LHH wall or because they had not been occupied
for at least 6 years. There were an additional 2 sites in which an adult bird was observed on at
least two occasions but no eggs or chicks were ever confirmed. It is possible that these birds
attempted to breed but lost the egg before it could be observed, but for the purposes of our
study, they were not considered breeding sites. The first eggs were observed on 9 May and the
median laying date for the colony was 29 May. This is approximately 17 days earlier than last
season (Fig. 2). Overall productivity for this species was 0.64 chicks fledged per pair (including
all relay attempts). This is approximately 15% lower than last season and 5% below the long-
term average productivity for this species (Fig. 1a).

Other breeders — In past seasons, Peregrine Falcons, Common Ravens and Canada Geese
have bred on SEFI during the seabird season. However, during 2018, it appears that only the
Canada Geese attempted to breed. Four pairs of Canada Geese were present on the island by
mid-March and three attempted to nest. The first nest was discovered atop Little Lighthouse
Hill on 9 March with at least 3 eggs. Tall grasses and reduced search efforts likely lead to
missing nests, however, 2 pairs were observed wandering around the Marine Terrace by April.
Eight chicks (7 from one nest and 1 from another) were frequently seen accompanying the
adults and were seen flying for the first time in early July. All geese departed the island by 23
July.

From mid-March until mid-May, 1-4 Peregrine Falcons were seen daily, however, by
early May there was only one falcon sporadically seen around the island and showed no signs of
nesting behavior. Peregrines last nested on the island in 2011. Common Ravens were not
observed at the island this season and there has been no evidence of nesting since 2011.
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Population Estimates

Population size and island-wide chick production was estimated for all species except
ASSP and RHAU; breeding population size estimates (number of individuals) are presented in
Table 2 and Figure 5. All estimates include West End Island unless otherwise stated.

Ashy and Leach’s Storm-petrels — We continued our long-term mark/recapture study to
estimate ASSP population trends. We operated our regular netting locations (Lighthouse Hill
and Carp Shop) on 9 evenings between April and August. As a result, we banded a total of 528
new Ashy Storm-petrels and recaptured 48 that had been previously banded, for a total of 576
birds handled. The mean standardized capture rate during 2018 netting sessions was 22.43
birds per hour (s.e. = 3.41, n=9; Fig. 10). This is approximately 50% higher than during 2017 and
13% lower than the mean capture rate for the previous 10 years. Our most productive netting
session was on 17 June during which we captured 119 birds. There were also 6 new Leach’s
Storm-petrels banded this season.

Double-crested Cormorant — The DCCO colony is located on Maintop on West End
Island. Counts of this colony were conducted every five days from atop Lighthouse Hill on SEFI
using a spotting scope. A total of 17 counts were made in 2018, beginning on 26 April and
ending on 15 July, when juveniles became indistinguishable from adults. On 21 May we counted
a peak number of 107 “well-built” nests with birds in incubating posture. To estimate the
minimum population size we multiplied the number of well-built nests by two, which yields a
total of 214 breeding birds. This estimate is approximately 5% lower than 2017 and 15% below
the 10-year average population for this species (Table 2). There was a high count of 143 chicks
observed during the 10 July census.

Brandt’s Cormorant — The BRCO breeding population was censused during ground- and
boat-based surveys. During the surveys we counted 3,623 “well-built” nests (Fig. 6). We then
multiplied the number of nests by 2 to yield an overall population estimate of 7,246 breeding
birds (Table 2). This estimate is 58% higher than 2017 and approximately 50% above the 10-
year average (Table 2). This is the first time the population has grown since a brief increase in
2013. We multiplied the total number of nests by the mean productivity to estimate an island-
wide production of approximately 6,883 fledglings.

Pelagic Cormorant — The PECO breeding population was censused during ground- and
boat-based surveys, where a total of 80 fair to well-built nests were counted (Fig. 7). We then
multiplied this number by 2 to yield an overall breeding population of 160 birds (Table 2). This
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estimate for Pelagic Cormorants is approximately 49% lower than 2017 and 47% lower than the
10-year average.

Western Gull — The WEGU census was conducted on 31 May. To facilitate counting, the
island was sub-divided into plots that were counted individually. Breeders and non-breeding
(roosting) birds were counted separately. Counts of roosting birds were not included in the
population estimate. The total number of birds counted on the island was 8,964, approximately
775 fewer than last season (Fig. 8). Because not all breeding birds were present at the time of
the census, we calculated a correction factor to convert counts of individuals into breeding
pairs. The correction factor was derived by multiplying the number of nests in the three study
plots (C, H, and K) by 2, then dividing the product by the mean number of adults present in the
plots during 3 replicate counts conducted at the same time as the all island census. We then
multiplied the average correction factor (1.536) of these three plots by the total number of
adults counted to arrive at our population estimate (Appendix |). Therefore, we estimated a
total breeding population of 13,769 birds (Table 2). The population estimate for WEGU is
approximately 4% higher than 2017 and 15% lower than the 10-year average (Table 2). As with
other species, we estimated the overall chick production by multiplying the mean annual
reproductive success by the number of breeding pairs to estimate an overall production of
8,743 fledglings on SEFI in 2018.

California Gull — CAGU were censused every five days throughout the season beginning
on 1 May. A peak count of only 3 “well-built” nests was counted on 15 June resulting in a
breeding population estimate of just 6 birds. It’s safe to assume the breeding population of
CAGU on SEFI is no longer viable. The peak count for total birds was 9 on 25 June, down from a
peak count of 570 in 2014 and 18 last season. No chicks were produced this season.

Common Murre — The COMU breeding population is estimated in two ways. USFWS
conducts annual aerial photographic surveys and counts the number of birds present in the
photos when money for analysis becomes available. Unfortunately, while the raw photos exist,
counts are not completed for all seasons. So, in order to continue to track population trends on
an annual basis, Point Blue biologists count a subsample of the population contained within 23
individual Index Plots set up around SEFI and WEI. These are counted in early June during the
peak incubation period. Each plot was photographed using a DSLR and telephoto lens once a
day for 10 consecutive days. Total COMU within plots in photos are counted using the program
Imagel. Trends are determined by comparing the overall seasonal mean plot counts to the
counts from the previous year to develop an index of population change. The mean plot counts
for this season were approximately 8% lower than 2017 (Figure 11) but still 12% higher than
during the last complete all-island count in 2006. If we were to apply the percent difference in
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the index plots to the last complete all-island count, we may estimate a population of
approximately 240,703 birds (Figure 7).

As in previous years, a correction factor was calculated using data from two of our study
plots (Upper Shubrick Point and Upper Upper) to account for breeding adults not present
during the census (Nur and Sydeman 2002). The correction factor was derived by multiplying
the number of breeding sites in each plot by 2, and then dividing the product by the mean
number of adults present on the survey dates (Appendix Il), yielding a correction factor of 1.73.
This method assumes that the additional birds observed in the plots are the mates of breeding
individuals and not simply wanderers or non-breeders. This correction factor may be used to
convert the number of birds counted during USFWS aerial surveys into an estimate of breeding
pairs.

Pigeon Guillemot — Our estimate of the breeding population of PIGU is derived by
counting adults rafting on the water around SEFI at dawn (0700 - 0830) throughout the month
of April, before the birds begin regular attendance of sites. Our peak count during these
morning surveys was 3,500 birds on 20 April. This count was approximately 71% higher than the
peak count from 2017 and 10% higher than the 10 year mean for morning surveys (Table 2 and
Fig. 5).

Tufted Puffin — The island-wide TUPU survey was conducted primarily in two parts; from
24 May to 6 June and a second survey from 29 July to 11 August. The criteria for determining if
a site was occupied by a breeding pair were as follows: (1) two or more sightings of a bird
entering the site or two birds seen at the site on multiple occasions, (2) one or more sightings
of a bird entering the site with nesting material early in the season, or (3) one or more sightings
or a bird entering a site with fish late in the season. Note that survey methodologies were
changed after the 2007 season to include a more comprehensive late season survey. See the
2008 report for details.

During the 2018 surveys, a total of 203 active sites were observed. Based on these
observations, we estimated a breeding population of 406 birds (Table 2). This estimate is 3%
greater than 2017 and 40% greater than the 10-year average population for this species. The
2018 estimate once again surpassed the previous record high count in our time series (Fig. 5).
This is the 6! consecutive season and 9t time in the last 10 seasons that the puffin population
has set a new high count.

Rhinoceros Auklet — An island-wide estimate of breeding population size for RHAU is
difficult to obtain because they nest underground and are crepuscular (active only at dawn or
dusk). Netting for mark/recapture and diet sampling was continued in 2018. A total of 71 new
birds were banded and 91 were recaptured (13 birds were recaptured multiple times during the
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season). Recapture rates were much higher than last season, and the number of new birds
banded during netting sessions was approximately 78% higher than last season.

Cassin’s Auklet — Similar to the RHAU, CAAU is another burrow/crevice-nesting
nocturnal seabird that is difficult to census. In 1991 we established twelve 10 x 10m index plots
to monitor burrow density (Table 3). A complete census of nest sites on SEFI was conducted in
1989, at which time a breeding population of 29,880 birds was estimated (Carter et al. 1992).
To estimate the breeding population in prior years, we applied the percent difference between
the 1991 and current year counts in the index plots to the 1989 estimate. This calculation
assumed that burrow counts in our index plots did not differ substantially between 1989 and
1991. Although index plot counts from 1989 are not available to test this assumption, this
method provided our best estimate of population size and was employed until 2009. In
September of 2009, we conducted a new all island burrow count, replicating the methods used
by Carter et al. (1992). This method resulted in an estimate of only 14,512 Cassin’s Auklets on
SEFl and 17,640 including West End and the Islets.

During 2018, we counted a total of 412 burrows/crevices in the index plots. Therefore,
using the same methodology, but with the updated whole island estimate generated in 2009,
we estimated a 2018 breeding population of roughly 26,573 birds ([412/225] x 14512) on
Southeast Farallon Island. Total island-wide production (number of breeding pairs x mean
productivity) was estimated at 11,160 fledglings on SEFI. The breeding population estimate is
approximately 26% higher than in 2017 and 34% higher than the 10-year average (Table 2).

Ocean conditions and Seabird Diet

Sea surface temperature (SST) is measured daily from Water Temperature Point near
East Landing as an indicator of local ocean conditions. During 2018, the mean seasonal SST from
March to August was 11.82°C (Fig. 3). This was 0.42°C cooler than the 2017 season and 0.2°C
cooler than the long-term mean for these months. 2018 was considered a normal year in terms
of SST conditions, with monthly values close to the long-term mean for all individual, and below
average for August (Fig. 4a, b).

Chick provisioning data is collected throughout the chick-rearing period for five species
as a means of determining diet and feeding rates and as an indicator of local ocean conditions.
Diet data is determined from standardized diet watches (COMU and PIGU), collection of
dropped or regurgitated prey items (CAAU and RHAU) or by collecting regurgitated pellets of
indigestible materials at the end of the season (BRAC). During 2018, juvenile rockfish were a
less prevalent item in chick diet compared to previous seasons (Figs. 12 and 13). Rockfish
comprised 21% of the diet for Common Murres, 5% for Rhinoceros Auklets, and 16% for Pigeon
Guillemots. As was seen during the past two seasons, the vast majority of the juvenile rockfish
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that were identified to species this season were Shortbelly Rockfish (Sebastes jordanii). The
Shortbelly Rockfish were the main species encountered in seabird diet during the 70’s and 80’s
but have generally been less dominant over the past two decades when a more varied species
assemblage (including Yellowtail, Widow, Blue and Black Rockfish) has been more common.
Anchovies were a significant component of the diet for Common Murres and Rhinoceros
Auklets during 2018, which accounted for 72% of the diet for Common Murres and 65% of the
Rhinoceros Auklet diet (Fig. 12). Flatfish, sculpins, saury, and squid were other important
components of the diet this season but in relatively small proportions. Preliminary analysis of a
subsample of Brandt’s Cormorant pellets indicates a greater reliance on anchovy (46%) and
flatfishes (18%), and a reduced consumption of rockfish (20%) compared to recent seasons (Fig.
13). Cassin’s Auklet diet cannot be identified in the field and is still being analyzed but
preliminary results suggest that krill was abundant throughout the season.

DISCUSSION

Weather and Ocean Conditions

Local oceanic conditions were generally average to slightly above average during 2018,
with the seasonal average lower than the previous three summers. ENSO neutral conditions
were present during the late winter and spring, resulting in generally average oceanic
conditions throughout the summer. Typically, cool SSTs are correlated with greater ocean
productivity in the California Current System resulting from stronger upwelling along the coast
whereas warmer waters are generally nutrient poor and less productive (Barber et al. 1985). As
may be expected, the generally average oceanic conditions resulted in generally average
breeding success for most species with some just above the long-term mean and others just
below but no anomalously poor or exceptionally good results. For many species, breeding was
earlier relative to last season and the long-term median, another indication of favorable
foraging conditions.

Rockfish are an important component of seabird diet at the Farallones and a high
proportion of rockfish in the diet typically correlates with high productivity. During 2018,
juvenile rockfish were less abundant compared to previous years. Furthermore, rockfish in the
murre and guillemot diet appeared to be smaller this season, resulting in less energy gained per
fish delivery. The overall reduced abundance and smaller size likely played a role in lower than
average breeding success and reduced feeding rates this year. With the reduced abundance of
rockfish in the diet, seabirds relied more heavily on anchovy, flatfishes, and other alternate
prey to make up the difference. This often leads to longer foraging trips and more energy
expended by adults when provisioning dependent offspring (Warzybok et al. 2018).

Anchovies were the most important component of chick feedings for murres and auklets
between 2002 and 2008 and were also a major component of Brandt’s cormorant diet during
years of high reproductive success (Fig. 12). This important prey had all but disappeared from
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the diet of Farallon seabirds between 2009 and 2014 but has returned as a major diet
component during the last four years, surpassing juvenile rockfishes this year.

Productivity

The 2018 seabird breeding season was an average year in terms of productivity for most
of the followed species (Fig. 1a, b). All species, with the exception of Pelagic Cormorants that
showed a marked decrease in breeding success compared to last year, achieved fledging rates
similar to the long-term mean. Brandt’s Cormorant, Western Gulls, Common Murres,
Rhinoceros Auklets, and Cassin’s Auklets all exhibited greater than average success, while
Pigeon Guillemots and Ashy Storm-petrels fell slightly below average.

As in previous years, we have included the 80% prediction interval (dashed horizontal
lines) on the long-term productivity graphs (Fig. 1a) to help illustrate the signals in the annual
mean productivity and to highlight the extreme years (i.e. those years that fall into the upper or
lower 10% of the distribution). Note that strong El Nifio years (1983, 1992, and 1998) fall below
this range for most species while exceptionally good years will surpass the upper range. The
2015/2016 El Nifio was reported as one of the strongest on record, but only appeared to affect
certain species. This year all species were well within this range (Fig. 1a), further indicating
average conditions.

Cassin’s Auklets continued to exhibit relatively high productivity. This year, however,
marks the end of 9-year consecutive period where they have averaged greater than 0.9 chicks
fledged per pair after having only achieved that mark 4 times in the previous 39 seasons. Nearly
all of the chicks this year were fledged from first broods. Cassin’s Auklets are the only Alcid
capable of successfully fledging multiple broods in the same season; a behavior only exhibited
in the southern portion of their range (Ainley et al. 2011). Given the ability to double brood is
driven in part by the most capable breeders (Johns et al. 2018) during periods of prolonged
upwelling strength in the region (Johns et al. 2017), conditions were likely fair enough early in
the season to allow second brood attempts but declined late season before chicks from second
broods could hatch.

In contrast, reproductive success of Common Murres climbed above the long-term
productivity rate this year, breaking a 4-year period of lower than average rates. Although
Western Gull predation of chicks continues to be an issue for the USP study plot, improved
fledging rates led to higher productivity. Similar productivity rates were observed at the UU
colony. After 23 straight years during which the USP study plot had the highest productivity of
the followed sites on the island, the Upper Upper plot has now achieved higher success over
the last 5 seasons, albeit by a slimmer margin of only 5% during 2018 (Table 1). The reasons for
the switch seem to be related to higher predation by Western Gulls in the USP colony.

Rhinoceros Auklets exhibited higher than average breeding success for the 6%
consecutive year. The high productivity this year was likely sustained by an increase in anchovy
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abundance. Pigeon Guillemot productivity, in contrast, remained below average for the 4t
consecutive year due to reduced clutch sizes and poor fledging success. Years of high
productivity for guillemots are driven by their ability to successfully fledge a second chick, when
food availability and feeding rates are high enough to reduce sibling competition. During 2018,
only 24 out of 81 active sites (30%) contained a full clutch of two eggs, from which none were
able to fledge two chicks. As with the auklets, rockfish were far less prevalent in the chick diet
compared to previous years, with sculpins and flatfishes relatively more abundant.

Brandt’s Cormorants experienced slightly higher reproductive success this season
compared to 2017, but overall nest numbers particularly at the Sea Lion Cove colonies were
reduced compared to previous years. While several nests did ultimately fail, there were fewer
recorded cases of nest abandonment this season. Pelagic Cormorants, on the other hand,
experienced a near total failure this year following a somewhat average year in 2017. This
reduction in breeding success manifested itself into delayed egg laying, nest abandonment, and
a reduction in the total number of active nests.

Despite an overall downward trend in annual productivity rates since the 1970’s,
Western Gull productivity was above the long-term mean this year with just over 1 chick
fledged per pair. Intraspecific predation of neighboring chicks continued to be the single
greatest cause of mortality.

Ashy storm-petrel productivity was roughly equal to the long-term mean, following a
brief increase in 2017. As with other species, storm-petrels initiated breeding earlier this season
compared to the long-term median.

Populations

Breeding population sizes were higher than the 2018 estimates for all species except
Double-crested Cormorant, Pelagic Cormorant, and Common Murre. Decreases ranged from
approximately 5% for Double-crested Cormorants to 50% for Pelagic Cormorants when
compared to last season. Increases ranged from 4% for Western Gulls to 42% for Pigeon
Guillemots.

Pigeon Guillemot population estimates reported in this document do not necessarily
represent breeding birds because the census method does not distinguish between breeders
and non-breeders. The raft counts used to estimate the Pigeon Guillemots most likely reflect
the total population attending the colony during the pre-breeding period, but may not
represent the proportion of the population that breeds. That said, they typically rise or fall in
concordance with measures of nest site occupancy, suggesting that they are a reliable index of
overall trends in breeding guillemot abundance. During 2018, guillemot numbers increased by
about 42% relative to last year. In contrast, occupancy of monitored PIGU crevices was slightly
lower this season with approximately 79% of historically followed sites used by breeding
guillemots during 2018, down from 81% last season.
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Common Murres are by far the most abundant species present on the Farallones with
just under 250,000 birds. Though this remains low compared to historic estimates exceeding
half a million birds, it represents tremendous recovery from previous population declines
(Ainley and Lewis, 1974; Sydeman et al. 1997). While we no longer census the entire island, we
continue to track murre population trends using our index plots. Index plot counts indicated a
slight decrease (~8%) in murre numbers this year when compared to 2017 but overall counts
remain approximately 14% higher than the last full island census in 2006 with relatively little
change in the last 5 years, indicating that the rapid population growth experienced during the
early to mid-2000’s has reached an asymptote.

It should be noted that although we believe that overall index plot trend reflects the
population trend for the island, much of the change may be driven by differences in only a few
of the index plots, particularly in the lower density plots on Fertilizer Flat, West End and the
Islets. Other plots have remained stable or changed in opposition to the overall trend. The
relative ability to detect changes in murre numbers is related to the level of saturation in a plot.
Plots that are already very dense would not have the power to detect population growth
because there is simply no room for more birds to breed in these areas. Conversely plots that
are sparse have plenty of area for more birds to colonize but would not necessarily detect
declines. Therefore, we believe that by combining the data from all of the plots we get a
representative sample for the colony as a whole. It is also important to note that the change in
methods for counting plots (images vs. averaged daily replicate counts) may change annual
count numbers. We feel, however, with the increase in density of birds within some plots, using
photographs will make counts more accurate going forward.

Farallon Cassin’s Auklets declined considerably since the early 1970’s (Fig. 5), and
remain at less than one-third of the population estimate made in 1972. Unfortunately, no
information is available on population numbers between 1972 and 1989. This population
suffered substantial mortality during the strong 1997/1998 El Nifio event and reached its lowest
abundance (10,458 birds) in 1998. Between 2001 and 2004 the breeding population
experienced a rapid increase in numbers, before declining again during 2005 and 2006,
coinciding with reduced breeding effort and lower reproductive success. The population again
rebounded to approximate peak numbers by 2014. Warm ocean temperatures over the last
two seasons coupled with a large increase in the number of California sea lions that haul out on
the marine terrace have led to reduced burrow counts during the previous two seasons. Burrow
and crevice counts for 2018 were approximately 26% higher than in 2017 and 50% higher than
the long-term average number of burrows observed since the index plots were established in
1991 (Table 3). The greatest increases in burrow counts were in areas above where California
Sea Lions have access, with mass hauling out by sea lions likely leading to a reduction in burrow
densities on the Marine Terrace. Very high nest box occupancy during 2018 suggests the overall
number of birds breeding remains relatively stable. Our breeding population estimate assumes
that habitat availability and mean nest site occupancy rates are relatively stable and similar to





2018 Farallon Island Seabird Report Page | 18

those observed during the last full island census in 2009. The loss of some nesting habitat due
to the sea lion incursion may artificially lower our estimate if those birds were able to move to a
different location on the island.

Tufted Puffin population estimates are based on the overall number of active sites
observed during our surveys. The Farallon population has exhibited a continuous increasing
trend since 2008, with 2018 continuing this trend. While puffin numbers have been declining in
other regions along the west coast, the Farallon population appears to be doing very well.

Approximately 50% of the world population of Ashy Storm-petrels breeds on the Farallones,
but little is known about their true population status. Sydeman et al. (1998) reported a 35%
decline in their population between 1972 and 1992 while analysis of a population index derived
from catch per unit effort during netting suggests alternating periods of growth and decline
(Bradley et al. 2011; Nur et al. in review). The mean catch per unit effort this season was
approximately 33% higher than the capture rate for 2017.

A recent analysis, with updated methods and excluding suspected transients from the
mist net data, confirmed the strong negative relationship between the abundance of burrowing
owls during the winter-early spring and over-winter survival of ashy storm-petrels (Nur 2017).
Analyses of storm petrel population size indicated that the declining trend seen from 2005 to
2010, during the time of increasing burrowing owl attendance, has abated in the most recent
time period, 2010 to 2015, coinciding with a modest reduction in burrowing owl attendance
(Nur 2017). However, further reduction in owl numbers is needed to produce an increasing
population (Nur 2017). The population model we developed can provide guidance to managers
in planning and implementing steps to aid a species of conservation concern and facilitate
recovery.

Brandt's Cormorant and Pelagic Cormorant populations have gone through periods of
growth and decline since the early 1980’s (Nur and Sydeman 1999, Fig. 5) but began to recover
during the early 2000’s. The BRCO breeding population expanded rapidly from 1999 to 2007,
but declined rapidly following the 2007 season. It is likely that some of the apparent decline
was a result of birds either skipping breeding due to unfavorable conditions or moving to a
different colony. Recent regional population trends analysis have demonstrated a regional shift
in the population from the Farallones to more mainland colonies that has occurred over the last
decade in response to changes in the abundance and distribution of anchovy (Ainley et al.
2018). After a sharp increase in 2013, the Brandt’s population on the Farallones has declined
during each of the past five seasons. This was the first season where the BRCO breeding
population showed a substantial increase since 2013. The current population, however,
remains less than one-third of the population observed before the crash but equivalent to
estimates made during the early 2000’s. The Pelagic Cormorant breeding population crashed
following a peak in 2004, and has been slow to recover. Breeding populations were extremely
low through 2007 but had been slowly increasing in recent years before suffering additional
small-scale crashes in 2015 and this season (Fig. 5).
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Summary

The 2018 seabird breeding season was characterized by average sea-surface temperatures
(SST) throughout most of the season. The mean seasonal SST for 2018, though lower than last
season, was above the long-term average while with mean monthly values remaining slightly
warmer than average for most months. Warm water conditions, such as those observed during
the recent El Nifio, typically lead to unproductive ocean conditions, very low breeding success,
and even breeding failure for seabirds. The opposite is true with cold water, which typically
leads to greater productivity and breeding success. The generally average conditions observed
this season resulted in roughly average reproductive success.

During 2018, breeding populations were largely similar or slightly higher than last season.
California Gulls and Pelagic Cormorants were the only ones to exhibit significant declines while
Pigeon Guillemots and Brandt’s Cormorants were the only species to show significant growth.
The California Gull colony has been declining for the last several years and has been largely
unsuccessful since they colonized the island in 2008. However, populations in and around San
Francisco Bay continue to thrive so the decline of the Farallon population is not of great
concern.

Juvenile rockfish, always an important component of chick diet in productive years, was less
abundant for most species while anchovy, flatfish, and saury increased in importance. The
reduction in rockfish abundance likely prevented species from achieving higher productivity but
successful prey switching allowed them to still achieve average or better reproductive success.
Although diet analysis has not been completed, preliminary visual inspection of Cassin’s diet
samples indicated that krill remained the dominant item in auklet prey. This likely allowed for
the continued high breeding success for Cassin’s auklets and resulted in the production of
enough juvenile forage fish for other species.
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RESEARCH AND MANAGEMENT RECOMMENDATIONS

In addition to the continuation of research efforts, we recommend the following actions
(listed in order of priority) for enhancing the protection, conservation and management of
seabirds on SEFI:

1. Our results on the impacts of Burrowing Owls on Ashy Storm Petrel populations, form Nur
et al. (in review), provide support for proceeding with efforts to reduce burrowing owl numbers
on the Farallon Islands National Wildlife Refuge as a means to aid a species of conservation
concern and facilitate recovery in the future. Novel techniques to aid in our understanding of
ASSP populations should also be strongly considered. The first use of PIT tags and RFID readers
was implemented during 2017 but technical difficulties prevented us from fully evaluating their
success. We recommend continuing this work in 2019 and possibly integrating some
physiological studies to further our understanding of the linkages between birds caught during
mist-netting and breeding birds.

2. To further our understanding of the foraging ecology of SEFI seabirds, we recommend
continuation and expansion of novel monitoring techniques including deployment of time-
depth recorders, GLS and GPS tags (or similar devices) on multiple species of marine birds. This
work has begun for CAAU, RHAU, and PIGU and should be considered for BRAC and COMU.
Expanding the use of instrumentation to more species will allow us to inform management
challenges from a community (instead of individual species) approach and to understand
Farallon population trends (e.g. how food is affecting Cassin’s Auklets and Brandt’s Cormorants)
in support of management decisions. 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 Islands NWR.

3. Relatively little is known about the activities of Farallon seabirds during the non-breeding
season. We recommend the development of new research initiatives to examine the diet,
energy expenditure, behavior, habitat use and environmental interactions of seabirds during
the portion of their annual cycle when they are away from the colony in order to develop a
more complete understanding of the factors influencing the Farallon populations. The first step
in this direction was taken in 2015 with the deployment of small GLS tags on Cassin’s and
Rhinoceros Auklets, and in 2017 on Pigeon Guillemots. These data are currently being analyzed
and are showing some interesting patterns and we recommend increased efforts on these and
other species.

4. Tufted Puffins are difficult to monitor and little is known about their reproductive success
on the Farallones. With populations declining along much of the west coast of the U.S. it
becomes more important to develop an understanding of the factors influencing this species.
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We propose assessment and modification of our research methods, including the potential use
of nest boxes or nest cameras to allow limited monitoring of the breeding parameters for this
species.

5. To understand and mitigate the effects of increasing average air temperature on seabirds
nesting in artificial nest boxes, we have conducted a series of studies that examined differences
in microclimate among traditional nest boxes, new nest box designs, and natural burrows.
Several prototypes for new nest box designs and materials were deployed and tested during
2016 and 2017, leading to the development of a final design which will help facilitate research
and be adaptable to a changing climate. Support will be needed to continue with the
production and installation of more of these new style nest boxes in future seasons.

6. The Farallon Islands are a unique and fragile ecosystem which are likely to be greatly
affected by the impacts of climate change including increasing air temperature, rising sea level,
and disruption of ocean food webs. As such, it is important to conduct a SEFI specific climate
change vulnerability assessment and develop a comprehensive climate-smart restoration plan
for the Farallon Islands. Once completed, this plan can serve as a model for other coastal
islands and seabird breeding areas and lead to island ecosystems with increases in plant and
animal populations that are robust enough to survive the impacts of climate change.

7. For the last several years California sea lions have been hauling out on the marine terrace in
increasingly large numbers. This behavior was not previously observed and is having an impact
on several species of nesting seabirds, including Brandt’s Cormorants, Cassin’s Auklets,
California Gulls and Black Oystercatchers. To quantify this impact, we propose to continue
monitoring how sea lion distribution is changing and determine how much nesting habitat is
being lost as a result. We suggest further analyzing the overall impacts that these changes may
have on population estimates and productivity of these species.
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TABLES
Table 1. Mean (+ SD) productivity of eight species of seabirds at Southeast Farallon Island, California,
2018. Sample sizes in parentheses. All values based on first attempts only unless stated
otherwise.
Brood Si Chicks
. Clutch Size e ,'Ze Chicks Fledged/Pair Hatching Fledging
Species ) (no. chicks . .
(no. eggs laid) Fledged/Pair (includes Success Success
hatched)
relays)
BRCO 2.83+0.67 2.26+1.14 1.78 £1.01 1.86 £ 0.96 0.75+0.35 0.79+0.23
(53) (57) (58) (58) (53) (49)
PECO 2.53+1.06 | 0.86+0.94 0.34 £ 0.60 0.34+£0.60 0.60+0.57 | 0.54+0.40
(15)** (35)** (32) (32) (13) (12)
WEGU 2.80+0.47 | 2.02+1.07 1.27 £1.18 1.27+1.18 0.70£0.36 | 0.60+0.42
(206) (205) (194) (194) (205) (165)
comMuU* 1.00 0.88+0.33 0.74 £0.44 0.74 £0.44 0.88£0.33 0.84 £0.37
uUsP (231) (209) (209) (209) (209) (183)
comMu* 1.00 0.97 £0.18 0.79+0.41 0.79+0.41 0.97+0.18 | 0.81+0.39
uu (146) (146) (145) (145) (146) (140)
PIGU 1.30+0.46 | 0.83+0.68 0.51+0.50 0.55 +0.50 0.65+0.47 | 0.67+0.42
(77) (77) (77) (77) (77) (50)
RHAU® 1.00 0.83 £0.38 0.72 £0.45 0.72 £0.45 0.83+0.38 | 0.88+0.33
(69) (69) (69) (69) (69) (57)
CAAU* 1.00 0.76 £0.43 0.73+£0.45 0.84 +£0.37 0.76 £ 0.43 0.97+0.17
PRBO (45) (45) (45) (45) (45) (34)
CAAU* 1.00 0.81+0.39 0.70 £ 0.46 0.78 £ 0.45 0.81+0.39 | 0.86+0.34
ALL (207) (207) (207) (207) (207) (168)
ASSP* 1.00 0.73 £0.45 0.63 £0.59 0.63 £0.59 0.73£0.45 0.86 +0.35
(60) (59) (59) (59) (59) (43)

* COMU, RHAU, CAAU and ASSP lay only one egg per clutch
** PECO sites are difficult to see into. Numbers are based on the maximum number of eggs or chicks observed

Note: CAAU "PRBQO" productivity presented here is based on the PRBO study boxes only, and is the same as the
long-term timeseries. CAAU "ALL" is the mean productivity observed across all monitored sites including PRBO,
Known-Age and Habitat Sculpture boxes.
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Table 2. Breeding population size estimates of seabird species on the South Farallon Islands, 2008-2018.
Estimates include Southeast and West End Islands unless otherwise noted.

Species 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2233;2:28
DCCO 214 226 232 104 364 364 220 360 260 194 206 249
BRCO 7,246 4,582° | 4,824 5,742 6,566° | 7,412 3,450° | 4,916 5,132 1,248 4,840 5,063
PECO 160 312° 308 234 a40° 372 298° 206 320 268 250 288
WEGU 13,769 | 13,245 | 10,044 | 11,164 | 18,686 | 21,148 | 15846 | 17,406 | 18,218 | 15,747 | 20,152 15,948
CAGU 9 10 30 184 514 522 70 208 396 192 534 267
BLOY NA 38 28 38 46 36 40 48 38 38 40 NA
PIGU ¢ 3,500 2,044 2,009 3,157 4,459 3,880 3,645 3461 | 3,317 | 2,851 2,875 3,200
TUPU © 406 396 376 326 288 286 244 246 234 216 106 284
CAAU*® 26,573 | 21,026 | 20,059 | 25,606 | 28444 | 22,574 | 19,607 | 17,866 | 12,964 | 14,512 | 16,121 20,487

? Estimate for Southeast Farallon Island only. Estimate from 2009 to present based on 2009 whole island burrow/crevice count.
Prior to 2009 all estimates were based on 1989 survey (see text)

® No boat census conducted. Total estimate generated using correction factor for areas not surveyed.

€ TUPU population estimates were recalculated in 2008 to correct for unequal survey effort in prior seasons (see text)

4 Estimates derived from morning raft counts. Evening counts used prior to 2002 and are considerably lower (see text).
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Table 3. Cassin’s Auklet burrow counts from 12 (10m x 10m) index plots on Southeast Farallon Island
for 2018. The previous 10 seasons as well as the initial plot counts from 1991 are shown for
comparison.

Year MT1 | MT2 | MT3 S4 S5 S6 S7 MT8 R9 N10 EA EB | Total
1991 18 9 12 43 42 22 31 20 80 49 14 27 367
2008 17 13 20 20 15 8 14 2 53 20 2 14 | 198
2009 13 11 27 11 5 5 8 8 81 41 2 13 | 225
2010 14 9 16 10 9 3 11 9 73 29 0 18 | 201
2011 17 14 27 12 9 4 17 9 90 54 1 23 | 277
2012 31 25 33 15 " 4 14 - 91 48 6 26 | 304
2013 31 31 26 17 15 4 16 1" 98 60 7 34 | 350
2014 39 41 38 15 18 74 24 28 | 101 78 8 44 | 441
2015 39 25 23 29 27 17 21 26 90 54 14 32 | 397
2016 4 13 27 25 23 5 24 7 84 60 9 30 | 311
2017 10 14 37 24 27 8 4 20 83 47 16 36 | 326
2018 4 9 25 29 33 5 23 25 | 109 | 87 21 42 | 412
2005:2013 20 19 27 19 17 6 16 15 87 53 8 28 313
average

Note: Plot MT8 not counted in 2012 due to high pinniped numbers and cormorants breeding in the area. Low burrow counts in
plots MT1,2,3 and 8 in 2016 are likely due to extremely high numbers of California Sea Lions hauling out and crushing burrows in
those areas.
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Figure 1a. Productivity of 8 seabird species on Southeast Farallon Island, 1971 — 2018, measured as the number of
chicks fledged per breeding pair (includes first attempts, relays, and second broods). The solid orange line indicates
mean productivity from all attempts between 1971 and 2017. Dashed orange lines represent 80% prediction
intervals around the long-term mean.





2018 Farallon Island Seabird Report Page |28

BRCO PECO

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

WEGU COMU
0.5

0.0+

-0.54

-1.04

-1.54

-1'0- T T T T T T T T T T T T T T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

PIGU RHAU

0.54

Standardized Productivity

0.0+

-0.54

T T T U T T T T T T 0= T U T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

CAAU ASSP
2_
0.44
“ -
0.0+
0.
044
1
-0.84
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 1b. Standardized productivity anomalies (annual productivity — long-term mean) for 8 seabird species on
Southeast Farallon Island, 1971 — 2018.
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Figure 2. Phenology for 8 seabird species on Southeast Farallon Island, for the first egg in first attempts only.
Orange circle represents median lay date for 2018, grey bar corresponds to the range of lay dates in 2018 (min and
max). Median lay date for 2017 shown as orange dashed line, long-term median as blue dashed line, and years
with the earliest and latest median lay dates as grey dashed lines.
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Figure 3. Annual mean summer (March — August) sea surface temperature (SST) for Southeast Farallon Island, 1968
—2018. SST was measured daily from Water Sample Point, near East Landing. Lighter shades represent warmer
temperatures, darker shades cooler temperatures.
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Figure 4a. Monthly mean sea surface temperature (SST) at Southeast Farallon Island, 1971 — 2018. SST was
measured daily from Water Sample Point, near East Landing. The solid orange line indicates the long-term mean,
and dashed orange line the 80% prediction interval for the long-term mean.
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Figure 4b. Standardized monthly sea surface temperature (SST) anomalies (annual mean — long-term mean) for
Southeast Farallon Island from 1971 —2018.
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Figure 5. Population trends for 8 seabird species on Southeast Farallon Island, 1971 — 2018, determined by counts of
individuals or nests in all visible areas on SEFI and West End. Loess trend lines and shaded confidence intervals illustrate long-
term trend. For PIGU, blue points correspond to evening raft counts and orange dots to morning raft counts. Since 2006, COMU
estimates are based on changes in index plots (see Fig. 11 and text).
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Fig. 9.
Geometric mean burrow/crevice density in our 12 Cassin's Auklet Index Plots from 1991 to 2018. The blue line
represents the annual mean values. The dashed lines represent the upper and lower bounds of the 95%
confidence interval.
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Fig 10.

Mean number of Storm-petrels caught per hour of netting effort on SEFI from 1999 to 2018. Error bars
represent the standard error for the mean calculated from all capture sessions in a given season.
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Fig. 11.

Mean annual counts for Common Murre Index Plots from 1986 to 2018. Error bars represent the standard
error of the mean calculated from all plots counted in any given season.
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Figure 12. Percent occurrence of common prey items, by year, in the diet of three species of seabirds on
Southeast Farallon Island.
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Fig. 13 Mean percent occurrence per sample of common prey items by year in the diet of

Brandt's Cormorants on Southeast Farallon Island. Data for 2018 is based on analysis of
a subsample of pellets analyzed as of December and should be considered preliminary.
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APPENDICES
Appendix I. Calculation of correction factor for Western Gull census, 2018.
Area Nest Count Bird Count Correction Factor
C 85 117 1.368
K 88 128 1.636
H (H1 only) 193 267 1.603
Total 1.536
Appendix Il.
Calculation of correction factor for Common Murre colony attendance, 2018. The
correction factor was derived by multiplying the number of breeding sites in our
two main study plots (USP and UU) by 2, and then dividing the product by the
mean number of adults present in each plot on the census dates. The correction
factors generated for each plot were then averaged to derive a correction factor
for the entire population.
uspP
Date (Time) Breeding Sites No. of birds Correction Factor
June 3 (1000) 231 272 1.70
June 4 (1000) 231 260 1.78
June 5 (1000) 231 270 1.71
June 6 (1000) 231 264 1.75
Mean 231 267 1.73
uu
Date (Time) Breeding Sites No. of birds Correction Factor
June 3 (1000) 146 176 1.66
June 4 (1000) 146 162 1.80
June 5 (1000) 146 171 1.71
June 6 (1000) 146 165 1.77
Mean 146 169 1.73

Mean correction factor for SEFI 2018: 1.73






