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Hi Gerry and Jonathan,
I meant to send this to you earlier but got caught up in some other projects. Gerry I incorporated
your last round of comments and changed the reporting of salamanders/m2 instead of /cm2 to
make the data more “readable”.
We have finished up the 2015 salamander rain year and I am in the process of updating the excel
files to include the entire time period for the final report due in September. I will be working on this
on and off over the summer to get it into the format and shape we discussed at the meeting.
Here is a quick breakdown of my island time as and FYI:
On island: 30 May – 28 Jun (4 weeks)
Off island: 29 Jun – 10 Jul (2 weeks) – will be in the Petaluma office during this time
On island: 11 Jul – 8 Aug (4 weeks)
Off island: 9 Aug – early/mid Dec (~ 4 months) – I will be taking vacation time in August once I get off
the island otherwise I should be in the area
Thanks and hope you two are doing well,
Ryan
Ryan Berger, M. Sc., Farallon Program Biologist
Point Blue Conservation Science
3820 Cypress Drive, Suite 11, Petaluma, CA 94954
707-781-2555
Fax: 707-765-1685
www.pointblue.org | Follow Point Blue on Facebook!
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LIMITED RIGHTS DISCLOSURE



All data contained in this FARALLON ARBOREAL SALAMANDER REPORT 2014 (“report”) is the copyright of Point Blue Conservation Science and collected in coordination with the USFWS, Farallon National Wildlife Refuge under the terms of Cooperative Agreement # 81640-5-J046.



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:



Berger, R. W. 2015. Farallon Arboreal Salamander Report 2014. Unpublished report to the US Fish and Wildlife Service. Point Blue Conservation Science, Petaluma, California. Point Blue Contribution Number 2008.



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




CHAPTER 1 EXECUTIVE SUMMARY: TRADITIONAL SALAMANDER SURVEY AREA



1) Under Cooperative Agreement with the U.S. Fish and Wildlife Service (Farallon National Wildlife Refuge), Point Blue monitors the seasonal activity and demographics of Farallon Arboreal Salamanders, Aneides lugubris farallonensis, on Southeast Farallon Island (SEFI), California and has done so since the 2006-2007 (2007) rain year. This report provides a preliminary assessment of salamander surveys conducted during the 2014 (fall 2013 to spring 2014) rainy season when salamanders are active at the surface. 



2) Salamander surveys were conducted twice per month from 15 Oct 2013 to 18 May 2014. A total of 232 salamander detections (not unique individuals) were found during 15 surveys (4 surveys resulted in no salamanders detected). This is the 2nd lowest total since the project’s inception and well under 50% of the totals seen in the past 4 years.



3) The 2014 rain season (early Oct 2013-early May 2014) resulted in 28.3 cm of total rainfall which is one of the lowest on record for this study. With the drought seen in 2014 there was a near absence of surface activity by salamanders until the end of Feb when the one significant rainfall event of the season occurred. This resulted in the increased detection of salamanders through Mar with a peak of 60 in early Apr which quickly declined thereafter. 



4) The majority (79%) of salamanders were in the large (i.e., adult; >40 mm SVL) size class. Detection of hatchlings and young were some of the lowest ever recorded despite high effort (2014 - 39 small and 10 tiny in 15 surveys; 2013 – 60 small and 46 tiny in 12 surveys).



5) Of the 183 detections of large size class individuals, there were 7 females, 15 males and 161 not sexed. The detection of gravid females per survey was the second lowest recorded since the inception of the study (2014 = 7; 2009 = 6). This suggests a poor breeding year but capture-recapture analyses are needed to determine the total number of unique breeding females. Note: not all detections are of unique individuals as many are likely recaptured between surveys.



6) When comparing the use of habitat in the 5 study plots between 2014 and 2013 we see subtle changes in plots 1-4. Percentage of salamanders/cm2 by study plots 1-5 respectively for the 2014 rain year are as follows: 28.5, 16.9, 28.2, 24.4 and 2.1% compare to 2013: 15.4, 23.1, 38.7, 20.0 and 2.8%. Areas on the south-facing (e.g., sunnier, drier) Marine Terrace (plot 5) are used much less in both seasons.



7) Starting in 2013, 50 small cover boards were placed next to every other pair of large boards in the original study in hopes to increase the detection of juvenile animals. Of the 49 small and tiny salamanders, 5 (or 10% of the total) were found under small cover boards in 2014. The other 44 salamanders were found under large cover boards (41 animals) or irregular boards (3 animals). In 2013, a total of 106 small and tiny salamanders were found with 12 (or 11% of total) of these animals being found under small cover boards.



8) The results from percent soil moisture readings are inconclusive due to problems obtaining consistent and accurate measurements, likely because of shallow soil depth.  Further exploration of methods to measure soil moisture, and examine potential effects on salamander abundance, are necessary.



INTRODUCTION



The arboreal salamander, Aneides lugubris, is a California near-endemic, occurring in coastal oak and interior live oak forests from Humboldt County to northern Baja California, Mexico; the coastal redwood belt of Marin, Sonoma and southern Mendocino counties; an isolated region of yellow pine and black oak forests in the foothills of the central-southern Sierra Nevada; and in chaparral, coastal sage scrub, and riparian woodlands in southern California (Anderson 1960, Petranka 1998).The species also has been recorded on the Los Coronados, Catalina, and Año Nuevo Islands (Stebbins 1951), as well as on several smaller islands in the San Francisco Bay (Anderson 1960).The arboreal salamander is the only year-round native, non-avian, terrestrial vertebrate inhabiting the South Farallon Islands, a set of offshore rocky islands situated on the edge of the continental shelf 43 km west of San Francisco. The distinctive spot pattern of the salamanders on the South Farallon Islands led Van Denburgh (1905) to propose the population as a sub-species A. lugubris farallonensis.  



The earliest collection of a Farallon arboreal salamander was in 1896.  A few short-term studies of this species were conducted in the 1950s, 1960s and 1970s (Anderson 1960, Boekelheide 1975). From those studies it was determined that animals were active at the surface during the rainy season (approximately October-May yearly), but retreat into crevices, burrows and hibernacula during dry weather (approximately May-September yearly). Furthermore, eggs are deposited in June/July in clusters of 12-18 with adult females standing guard over their eggs and recently hatched young for approximately 3 months (Anderson 1960). The young of each year can be first detected in the early fall.  Estimates of population density from those early studies varied from 100-200/acre (Anderson 1960) to 700/acre (Boekelheide 1975).  In 1974, Boekelheide area-searched along a transect from the marine terrace up to the lighthouse and found the greatest densities on the talus slope above PRBO house and on the cliff below the lighthouse.  



Salamander populations throughout the world currently are experiencing mounting extrinsic threats from chemicals (Davidson et al. 2001, Sparling et al. 2001, Sparling and Fellers 2009), new infectious diseases like chytridiomycosis (Longcore et al. 1999), global warming and increasing climatic variability (Wake and Vredenberg 2008), and the potential synergistic effects of these factors.  Moreover, localized management activities at the South Farallon Islands such as eradication of invasive plants and mice could potentially impact salamanders.  There may also be positive effects of mouse eradication due to removal of competitors for insect prey.  Baseline demographic data are critical to documenting effects of existing and future changes to salamander populations (Baily et al. 2004). This report provides preliminary results of salamander surveys for the 2014 rain year in efforts to continue monitoring the population for long term management purposes.



Goals:

· To determine salamander seasonal activity and relative abundance using simple, standardized, annual surveys. 

· To assess status, trend and reproduction of the salamander population on Southeast Farallon Island.

· To establish baseline information on salamanders to measure potential impacts of the planned mouse eradication.



METHODS



Research was conducted on the 70 acre Southeast Farallon Island (SEFI) which reside 43 km west of San Francisco, CA and 32 km southwest of Point Reyes, CA (37° 40’ N, 123° 00’W). SEFI is part of the Farallon National Wildlife Refuge (FWNR), which is managed by the U.S. Fish and Wildlife Service (FWS). Since 1968 biologists from Point Blue Conservation Science have been collecting data on the wildlife that inhabit the islands. More intensive research on the Farallon arboreal salamander population has been conducted in recent years.



This study was initiated during the rainy season of 2006–07 (hereafter, 2007 rain year) with the placement of 106 cover objects on SEFI.  One hundred cover boards were redwood planks 30 x 30 x 5 cm placed in pairs approximately every 600 cm along a path from the north to the south side of the island.  Five larger cover boards of irregularly sized plywood, and one of 3 planks joined into a 150 x 150 x 2 cm board, were also used.  Boards were placed directly on the soil surface alongside (about 0.5 to 2 m off trail) a trail that curves around Little Lighthouse Hill from North Landing to near Corm Blind Hill.  Ninety-six cover boards were placed in talus slope and cliff habitat and 10 were on the marine terrace. The larger boards were placed haphazardly near the main cover board trail. In 2013, 50 additional 30 x 15 x 2.5 cm planks of wood (“small” boards) were placed next to every other original pair of 30 x 30 cm “large” boards in an attempt to attract smaller-sized salamanders. The study area was further divided into study sub-plots characterized by geographic and sub-climatic differences. These plots include North Landing (12 large, 6 small and 3 large irregular boards), North Landing Trail (16 large, 8 small and 2 large irregular boards), Auklet Trail and Gap (18 large and 10 small boards), Gull K plot/Sea Lion Cove (30 large, 14 small and 1 large irregular boards) and Corm Blind/Marine Terrace (24 large and 12 small boards) (Figure 1). To account for differences in cover board numbers in each plot we calculated the total cover in square meters (m2) for the boards in each plot in order to more accurately compare among plots. As such the total number of animals caught in each plot was divided by total cover to result in number of salamanders/m2. Total cover in m2 for Plots 1-5 are as follows: 31.17; 35.36; 20.61; 44.86 and 26.96.



In an attempt to further understand the relationship between salamander presence and moisture, we implemented a procedure by which the percent soil moisture (%SM) was recorded during the 2013 and 2014 rain years (Oct-May). During each survey the %SM was taken in the center portion of the soil under each cover board. This was done using a standard digital soil moisture probe and inserting into the substrate at least one inch. Percent soil moisture was taken to the nearest tenth of a decimal point. This procedure was implemented until the probe broke shortly after the 17 Mar 2014 survey.



Biologists checked for the presence of salamanders on the 1st and 15th of each month from 15 Oct 2013 – 18 May 2014. Captured animals were measured snout to posterior end of vent (SVL) in mm and categorized as large = >40 mm; small = 30-40 mm; tiny = <30 mm, weighed to the nearest 0.1 g, and sexed (when eggs or mental gland were present). A photo database of captured salamanders >35 mm has been developed for long-term mark-recapture monitoring. Only individuals >35 mm were photographed because smaller individuals are still growing at a high rate and have not developed large enough spot patterns to be recognized on the individual level. Data were collected on rainfall by checking a permanent rain gauge every day at noon. 



Results provided are preliminary assessments of capture data.  It is important to note that the photo database has not yet been examined. This means that determining unique individuals has not been analyzed and numbers presented are based on total captures and not unique individuals since many animals have likely been captured multiple times. However, in an attempt to standardized minimum population numbers by year the data was examined by taking the maximum number of salamanders detected at each cover board in any given survey throughout the year. This resulted in one maximum number at each cover board by year (2007-2014). The maximum counts at each cover board were then summed to come up with a best estimate of a minimum salamander population per year.



RESULTS



The 2014 rain year resulted in 232 total captures (not unique individuals). Since its inception in 2006, this study has 3,608 records of captured salamanders (16 Dec 2006 to 18 May 2014).  A total of 28.3 cm of rain fell in the 2014 rain year. The highest amount of rain was recorded in Feb with 14.7 cm accounting for over half of the total rainfall during the entire 2014 season. Of the 156 individual cover boards in the study, 65 of them were found to have salamanders on at least one survey (42% use of all cover boards).



Similar to previous years, peak salamander counts per survey continued to follow rainfall patterns in 2014. A survey conducted in early Feb resulted in no salamanders found which in the past has resulted in some of the highest numbers of the season. This season there was only one significant rainfall recorded in late Feb. This resulted in the increased detection of salamanders through Mar with a peak of 60 animals in early Apr. Numbers quickly declined thereafter and no other major rain events occurred for the duration of the season (Figure 2).  



Of the 232 salamanders handled 79% were measured to be in the large size class, 17% fell into the small size class and 4% were found to be tiny. The average (± SD) SVL for the large, small and tiny size classes were 55.4 ± 9.4 mm, 35.1 ± 2.5 mm and 27.4 ± 2.5 mm, respectively. The average (± SD) weight for the large, small and tiny size classes were 3.83 ± 1.8 g, 1.22 ± 0.4 g and 0.64 ± 0.4 g, respectively. Again it should be noted that much of this data contains pseudo-replication because many individuals are being captured more than once throughout the rain year. Of the 183 individuals in the large size class 7 individuals were sexed as females, 15 as males and 161 could not be sexed (i.e., did not possess obvious signs of mental gland or eggs, respectively) (Table 1). 



This year’s salamander numbers per survey by size class are compared to those found in previous years in Table 2.  This year’s seasonal activity of young salamanders (small = 5.0 salamanders/survey; tiny = 3.8 salamanders/survey) was less than the peak seen in 2008 (small = 8.5 salamanders/survey; tiny = 4.5 salamanders/survey). Detection of large sized salamanders has shown more variability among years; after a season high detection in 2013, numbers per survey in 2014 were the lowest ever recorded. Among the 50 new small boards first implemented in the 2013 season, 11 (6 large, 5 small, 0 tiny) occurrences of salamanders were found, or 5% out of the total 232 individuals surveyed, 13% of small, and 0% of tiny.  Table 3 was created to compliment data in Table 2 as it provides maximum number of animals sampled in a year. The best estimated minimum number of salamanders utilizing cover boards for years 2007-2014 are 91, 182, 143, 157, 131, 152, 207 and 112, respectively. These numbers come from summing the maximum number of salamanders found under a single cover board within a year.  Lee et al. 2012 determined that salamander movement patterns and territory size was minimal and that movement between neighboring pairs of cover boards very rarely occurred.



The number of salamanders found by year is compared in Table 4 which relates each finding to the amount of rainfall as well as start and end dates of the salamander sampling period. The least number of salamanders found was in the 2007 rain year and likely reflects  low rainfall, shorter sampling period, and reduced time for salamanders to discover cover boards (since it was the first year of the study). The 2014 season resulted in more salamanders compared to 2007 but there was a longer sampling period. Overall there was low detection of salamanders in 2014 which is likely related to rainfall amounts where roughly the same amount fell as in 2007 (2014 = 28.3 and 2007 = 24.8 cm; Table 4). For each year the rainfall data was summarized from early October to early May.



The average SVL (± SD) of the 7 gravid females surveyed was 63.0 ± 6.8 mm while their average weight (± SD) was 5.70 ± 1.2 g. The number of eggs detected in females ranged from 1-4. Furthermore, the detection of gravid females per survey was the lowest recorded since 2009 (2007=1.3, 2008=2.5, 2009=0.5, 2010=2.9, 2011=2.0, 2012=4.3, 2013=2.5 and 2014=0.5). The average SVL (± SD) of the 15 males surveyed was 62.6 ± 7.7 mm while their average weight (± SD) was 5.16 ± 1.5 g. The peak detection of females and males was low this season with a high of only 2 females identified in early Mar and May and a high of 12 males identified in early Apr (Figure 3). 



The frequency distribution of salamanders caught by SVL and weight can be viewed in Figure 4. The range for SVL in large animals was 41-77 mm, 30-40 mm for small individuals and 23-29 mm for tiny salamanders. Similarly the range for weight per size class is as follows: large = 0.7-7.9 g, small = 0.2-2.5 g and tiny = 0.2-1.4 g. As has been recorded in the past it appears that SVL and weight have a strong relationship and the majority of individuals caught on the Farallones fall in the middle of the large size class frequency distribution for SVL and weight.



In accounting for differences in the number of boards and total cover in each plot, total salamanders were divided by the total cover in square meters (m2) for more accurate comparisons between plots. North Landing plot 1 accounted for 19.6% of total cover and resulted in 2.05 salamanders/m2. NL trail plot 2 accounted for 22.2% of cover with 1.22 salamanders/m2. Auklet Trail/Gap plot 3 had 13% of cover which resulted in 2.04 salamanders/m2. Gull K plot 4 made up 28.2% of the cover where 1.76 salamanders/m2 was recorded. Finally, Marine Terrace plot 5 was 17% of all cover but only accounted for 0.15 salamanders/m2 in the 2014 rain year (Table 5).



In relating the variability of %SM recorded at each cover board, Figure 5 details the standard deviation around the average %SM reading (taken during each survey starting on 15 Oct, 2013 but ending the 17 Mar, 2014 when the probe broke) at each individual cover board. The average %SM reading resulted in high variability between surveys as indicated by the error bars. To see if a relationship exists between average %SM and the presence of salamanders the sum total of salamanders over the survey period were placed into groupings of 5% SM readings with the exception of 0% SM as its own category (Figure 6). The majority of salamanders were found in the 11-25% SM range. It should be noted that in the 2013 season when the average %SM was 0 there was a total of 25 salamanders found; however, this season resulted in no salamanders found at 0%SM.



DISCUSSION



The 2014 season resulted in the lowest number of salamander detections per survey since the inception of the study in 2007. This was also the case for the large sized (>40 mm) salamanders which are considered the adult population. Of the 183 large individuals measured only 15 and 7 were detected as either breeding male (having a mental gland) or gravid female (possessing eggs; breeding), respectively. Also having bearing on the level of breeding activity is the detection of “young” individuals (small and tiny). This season we detected 39 small and 10 tiny individuals, respectively. With this past year resulting in one of the driest years on record for the salamander season (Oct-May), it may be assumed that the lack of rainfall impacted the surface activity and potential breeding capabilities of adult salamanders. Perhaps as a result of low amounts of rain, conditions were not met to prompt breeding activity at the surface and as such active breeders remained underground where breeding occurred.  Further analysis (e.g., capture-recapture) is necessary to determine the total number of unique individuals captured.  This may provide more meaningful comparisons to past years and investigating methods of more accurately marking/following small and tiny individuals will give us better results of annual productivity. 



This year’s data will be added to the long term capture-mark-recapture (CMR) Farallon arboreal salamander database that was initiated in 2006-2007. Quantifying life-history and demographic parameters such as age at first reproduction and age-specific survival enables ecologists to interpret and understand wildlife population dynamics (Lebreton et al. 1992; Burnham and Anderson 2002).  For example, age at maturity and age-specific survival are crucial parameters in life-history models (Cole 1954, MacArthur and Wilson 1967).  CMR studies provide important demographic data for basic research and applied management purposes.  A larger proportion of amphibian species are at risk of extinction than of any other taxon (Wake and Vredenberg 2008), yet few demographic studies of marked individuals have been conducted on salamanders (Tilley 1980, Marvin 2001, Waldron and Pauley 2007).



Lee et al. (2012) recently documented the growth, age at maturity and age specific survival for the Farallon arboreal salamander (A. lugubris farallonensis). The estimates from this study are the first of its kind to document annual survival of any Aneides species. In moving forward the models for predicting age based on size and growth rates will facilitate management decisions and assist in providing more robust data for these reports. By continuing the methods outlined in this article the Farallon population can be monitored with greater detail and ensures detection of potential changes in age specific survival and population size.  This year’s data will be used in these demographic models and will assist management decisions specifically geared towards the Farallon arboreal salamander.



Plethodontid, or lungless salamanders (family Plethodontidae) offer unique attributes that make them good indicators of ecosystem health (Welsh and Droege 2001).  Cutaneous respiration and osmoregulation through moist, well-vasularized skin renders them vulnerable to changes in water or air quality (Wake and Vredenberg 2008).  Most plethodontids are relatively long-lived, slow to mature, and have lower fecundity than most anurians (Petranka 1998).  Plethodontids have no aquatic larval stage, eggs are laid in terrestrial nests, and hatchlings resemble miniature adults (Wake and Hanken 1996).  The largest species of the genus Aneides, the arboreal salamander (A. lugubris) is unusual among plethodontids in that it has enlarged toe tips and a prehensile tail adapted for climbing, as well as relatively large teeth and powerful jaws (Storer 1925, Holland and Goodman 1998, Petranka 1998). The arboreal salamander is more tolerant of dry conditions than other lungless salamanders, and is often the last species to retreat beneath ground as the summer dry season begins (Storer 1925, Rosenthal 1957, Petranka 1998). Rainfall has been documented as directly affecting the surface activity of arboreal salamanders (Petranka 1998). Results from this study have shown this to be true; however, examining the pattern of rainfall and when it occurs may garner greater insight than simply looking at total rainfall during the year. It is recommended that this be examined in future summaries.



Populations of plethodontid salamanders are surprisingly stable over time in undisturbed environments (Welsh and Droege, 2001).  Therefore evidence of population decline or reduced adult survival could indicate some alteration in environmental conditions that may have serious, negative, long-term consequences, particularly for such a long-lived species that is relatively slow to mature (Benton and Grant, 1996).  Long-term CMR studies supply critical baseline data to investigate impacts of localized management activities and help to facilitate life-history comparisons among populations.



To expand our understanding of distribution and abundance of Farallon salamanders, and specifically the abundance of juveniles, we increased our studies in 2013 to include an additional 378 large covers boards and 190 small cover boards throughout island habitats. The results from that study can be found in the Chapter 2: Island wide salamander surveys (assessing distribution and abundance of Farallon arboreal salamanders on SEFI). For similar reasons we also expanded the historic salamander project by placing 50 small boards next to existing adult boards. For this study, we had 11 salamander detections under small boards in 2014, including 5 in the small and 0 in the tiny size classes. This compares to a total of 16 detections in which 8 were small and 4 were tiny in the 2013 season.  Further analyses, likely after further data collection, will be needed to examine the utility of small cover boards for attracting young salamanders.



RESEARCH/MANAGEMENT RECOMMENDATIONS



To better understand the presence and absence of salamanders within the study plot it is best if multiple factors are taken into consideration. There should be an effort to measure not only soil moisture but to some aspect the temperature, amount of suitable cover, amount of sunlight/shade along with an index of prey availability. The current method of measuring percent soil moisture appears to be highly variable and based on results from this preliminary data other measures should be considered. Further exploration of soil moisture measurements will be needed to determine the utility of these data.



The Farallon Arboreal Salamander has a life history similar to seabirds such as Cassin’s Auklet with delayed maturity and long lifespan, and is particularly sensitive to any management action that may affect adult survival.  Therefore, evidence of population declines or reduced adult survival could indicate some alteration in environmental conditions that may have serious, negative or long-term consequences. 



We recommend that management plans take salamanders into consideration with the same weight as when impacts to seabirds or marine mammals are considered.  This is a special, insular population and is the only native terrestrial vertebrate of the Farallones whose individuals and habitat needs levels of protection equal to other island fauna. Continuation of this and the expanded study should occur prior, during and post implementation of the mouse eradication project.
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TABLES



Table 1. Summary of salamanders caught during the 2014 rain year by size class, average SVL ± SD, average weight ± SD and sex. A total of 15 surveys were conducted in the year (4 surveys resulted in no salamanders detected). Large = >40 mm, Small = 30-40 mm and Tiny = <30 mm. Some individuals may have been measured multiple times and not all measurements are of unique animals. Future analyses of photographs will aid in determining pseudo-replication of counts and measurements.

		Size class

		Count

		SVL (mm)

		Weight (g)

		Male

		Female



		Large 

		183

		55.4 ± 9.4

		3.83± 1.8

		15

		7



		Small 

		39

		35.1 ± 2.5

		1.22 ± 0.42

		n/a

		n/a



		Tiny 

		10

		27.4 ± 2.5

		0.64 ± 0.39

		n/a

		n/a















Table 2. Summary of mean (±SD) salamanders caught per survey during rain years 2007-2014 by size class and total. To standardize across years the number of salamanders caught was divided by the number of surveys conducted per year. Number of surveys conducted in 2007=7, 2008=13, 2009=13, 2010=20, 2011=21, 2012=16, 2013=12 and 2014=15.

		Size Class

		

		Rain Year



		

		

		2007

		2008

		2009

		2010

		2011

		2012

		2013

		2014



		

		Large

		18.9 ±14

		33.2 ±25

		25.2 ±25

		31.3 ±22

		23.3 ±21

		25.8 ±20

		34.2 ±18

		12.2 ±17



		

		Small

		4.7 ±4

		8.5 ±6

		3.5 ±3

		1.1 ±1

		0.4 ±0.7

		2.3 ±2

		5.0 ±5

		2.6 ±3



		

		Tiny

		3.4 ±2

		4.5 ±5

		0.9 ±0.9

		0.6 ±0.8

		0.6 ±0.7

		3.7 ±3

		3.8 ±

		0.7 ±1



		

		Total

		27.0 ±20

		46.2 ±35

		29.6 ±28

		32.9 ±23

		24.2 ±22

		31.8 ±25

		43.0 ±22

		15.5 ±21

















Table 3. Summary of max salamanders caught during rain years 2007-2014 by size class and total. These data compliment data in Table 2 as mean salamanders/survey bias data towards years when more rain is present throughout the year. Totals do not represent the sum of size classes but rather the max count of any one survey within a year.

		Size Class

		

		Rain Year



		

		

		2007

		2008

		2009

		2010

		2011

		2012

		2013

		2014



		

		Large

		41

		70

		80

		61

		62

		66

		66

		49



		

		Small

		12

		21

		8

		4

		2

		7

		15

		10



		

		Tiny

		7

		15

		2

		2

		2

		9

		10

		3



		

		Total

		57

		106

		87

		67

		64

		79

		79

		60



















Table 4. Summary of rain fall per sampling period from 2006 to current. In rain year 2007 the time period was truncated as it was the inception of the study. In 2011 rain fell late into the summer. Salamander numbers reflect total sampled in the rain year start and end date listed below. Rainfall time period was standardized from early October to early May regardless of whether salamanders were sampled after early May.

		Rain Year

		2007

		2008

		2009

		2010

		2011

		2012

		2013

		2014



		Start Date

		15 Dec 06

		1 Nov 07

		1 Nov 08

		15 Sep 09

		4 Oct 10

		15 Oct 11

		29 Oct 12

		15 Oct 13



		End Date

		1 Mar 07

		1 May 08

		1 May 09

		15 Jul 10

		18 Aug 11

		1 Jun 12

		18 Apr 13

		18 May 14



		Rain (cm)

		24.8

		35.5

		38.0

		48.5

		57.3

		36.4

		43.4

		28.3



		# salamanders

		186

		601

		385

		653

		510

		508

		519

		232















Table 5. 2014 Summary of the number of salamanders caught per plot by size class and overall total. The total (large + small + large irregular) cover boards in each plot are represented by #CBs. The total cover (m2) was calculated by taking measurements in meters of all cover boards within a plot and summing all square meters of ground covered by cover boards. Proportion of total cover was calculated by taking the cover within a plot and dividing it by the total cover.  Salamander/ m2 was calculated within plots (total # salamanders/plot cover).

		

		Salamander Size Class

		



		Transect

		Large

		Small

		Tiny

		Total

		# CBs

		Total Cover (m2)

		Proportion of Total Cover

		Salamander/ m2



		Plot 1

		54

		10

		0

		64

		21

		31.167

		0.196

		2.05



		Plot 2

		36

		5

		2

		43

		26

		35.361

		0.222

		1.22



		Plot 3

		28

		10

		4

		42

		28

		20.610

		0.130

		2.04



		Plot 4

		64

		13

		2

		79

		45

		44.864

		0.282

		1.76



		Plot 5

		1

		1

		2

		4

		36

		26.964

		0.170

		0.15



		Total

		183

		39

		10

		232

		156

		158.966

		1
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Figure 1. Map of the salamander cover board path on Southeast Farallon Island (SEFI). The entire study area was subdivided into 5 plots (1-5) based on geographic and apparent sub-climatic differences. 




Figure 2. The total number of salamanders per survey during the 2014 rain year. The peak number surveyed was 60 on 2 Apr 2014. Surveys were conducted twice a month from 15 Oct 2013 – 18 May 2014. The solid line is the moving average rainfall measured in centimeters (cm) per month. Peak rainfall was recorded in Feb at 14.7 cm. A total of 28.3 cm of rain was recorded in the 2014 rain year.













Figure 3. The distribution of female and male salamanders by survey date over the 2014 rain year. In the large size class a total of 7 females and 15 males were surveyed (with 210 not being sexed as they lacked eggs or mental gland). A high of 2 females were found on Mar 1 and May 2 while 12 males were found on 2 Apr. The detection of males and females was much less when compared to previous years.




















































Figure 4. Frequency distribution of Snout-Vent Length (SVL) and weight for each salamander caught during the 2014 rain year.




Figure 5. The average %SM taken at individual cover boards starting on 15 Oct 2013 and ending on 17 Mar 2014 is represented by the dotted gray line. The %SM increases from 0 on the left to over 30% on the right. Error bars show the high variability in %SM taken at each cover board between surveys. Higher %SM readings did not necessarily show larger variability when compared to lower %SM as indicated by error bar sizes.






Figure 6. The sum total number of salamanders found at 5% SM intervals. This season there were no salamanders found at 0% readings. There were four salamanders found in the 46-50% grouping with none recorded in the 31-45% range. The majority of salamanders were found in the 11-25% SM groupings.






CHAPTER 2 EXECUTIVE SUMMARY: ISLAND WIDE SALAMANDER SURVEY (ASSESSING DISTRIBUTION AND ABUNDANCE OF FARALLON ARBOREAL SALAMANDERS ON SEFI) 



1) Under Cooperative Agreement with USFWS/Farallon NWR, Point Blue monitors the population size and reproductive success of endemic Farallon arboreal Salamanders, Aneides lugubris farallonensis, on Southeast Farallon Island (SEFI), California and has done so since 2007. Island-wide surveys for arboreal salamanders was initiated in November 2012 to examine distribution and abundance, establish baseline develop a protocol for long-term monitoring. 



2) This report summarizes island wide survey results found in rain years 2013 and 2014 with comparisons between years and examines the data with years combined. A total of 186 salamanders were found during 13 surveys (6 and 7 surveys completed in 2013 and 2014, respectively) which included 99 large (adults), 65 small (immatures or small adults) and 22 tiny (juveniles or small immatures) size classed animals. In 2013, 99 salamanders were surveyed while 87 were found in 2014.



3) A total of 18% of all salamanders found were under smaller “juvenile” cover boards and within that group 58% were either small or tiny. Additionally, 82% of salamanders were found under larger boards with 44% of those being small or tiny animals. This indicates that use of small boards is still relatively low yet they may be attracting juvenile animals more than adult individuals. More time is needed for higher recruitment to these newly placed boards.



4) The highest numbers of salamanders detected were in months when the most cumulative rainfall was recorded (December 2013 and February 2014). The 2014 season resulted in the second driest season since the inception of the historic study in 2006. As a result no salamanders were found in October – December of the 2014 rain year. This is likely why overall numbers of salamanders surveyed were fewer in 2014 compared to 2013 despite the cover boards being in place for two seasons.



5) With over half of all salamanders found along one transect (transect 13) while accounting for only 5% of checked cover boards, prime salamander habitat appears to be in an area characterized as having high moisture, shade, cover and a northwesterly aspect. In contrast, with all marine terrace transects combined there was less than 5% of salamanders surveyed while consisting of 31% of all cover boards checked. The marine terrace is characterized by a southerly aspect, dry, sunny, windy and having flat, sandy soil.



6)  After increasing the sample size by combining data from both seasons it still appears that the current measure of soil moisture may not be effective in determining salamander presence.



INTRODUCTION



In the fall of 2012, we began a study to assess the distribution and relative abundance of endemic Farallon arboreal salamanders (Aneides lugubris farallonensis) on Southeast Farallon Island, California.  This study is complimenting other salamander studies begun in 2006 that have mainly focused on documenting salamander life history characteristics (Lee 2006, Lee et al. 2012).  Like the previously established study, we are utilizing cover boards for locating and counting salamanders, but now have included a much larger area for examining salamanders in various habitats around the island.  



The purpose of this project is to provide assistance to the USFWS to expand existing arboreal salamander studies to meet the following goals: 1) gain additional knowledge about the distribution and abundance of Farallon arboreal salamanders across island habitats, and 2) increase detectability of juvenile salamanders, a key metric for assessing potential population impacts from introduced house mice (Mus musculus) pre and post proposed eradication.



COVER BOARD STUDY DESIGN



Like the previously established salamander study, for cover boards we used highly aged, untreated redwood collected from abandoned water tanks on the island. From this redwood, 378 new “large” cover boards (30cm x 30cm x 5cm) were cut and placed around the island– each paired in sets of 2 and placed between 5m to 20m apart.  These new large boards are numbered from 301 to 680. Along with every second set of new large boards is a set of 2 smaller boards (30cm x 15cm x 5cm), numbered 751-940. These “small” boards are designed to hopefully increase cover board use by juvenile salamanders. To prevent dislodging, a small rock collected nearby was placed on top of each board.



To reduce habitat disturbance, in most areas we utilized existing paths for development of cover board “transects” (Figure 1).  The basic design of new boards begins at the end of the previously established cover board grid on the northwest portion of the island, located along the North Landing trail from just west of Russia House to North Landing (see Chapter 1). The existing salamander study, initiated by Point Blue in 2006, contains a transect of over 100 large cover boards placed in pairs, approximately every 10 m along with 6 irregularly large boards haphazardly placed in the survey area. These boards are numbered from 18 to 214, but not all numbers were used. In the Fall of 2012, 50 new small sized boards were placed next to every other large board within the old transect (numbered 701-750). A total of 378 large (numbered 301-680) and 140 small (numbered 751-940) boards for a total of 518 boards were placed around the island within the new transects.



In the description of the transects for new salamander boards, the range of board numbers corresponding to the transect is indicated in parentheses.  Board numbers include a range of large and small boards. New cover board transects are as follows:

· Along the north side of the trail and cart path from just west of Russia House, heading East to East Landing (Transect #1: 301-348 & 751-774). 

· At the southwestern end of the study area, there are 4 transects of boards that lead southwest and perpendicular to the cart path onto the marine terrace. Starting at the SE end, these transects begin at  Transect #2: the junction of the Road to Nowhere out towards Mussel Flat (349-362 & 775-780); Transect #3: just west of the NW corner of the helicopter pad heading toward the domes (363-378 & 781-788); Transect #4:  by the weather station box just across the path from the PRBO house out to west of Sewer Gulch (379-392 & 789-796); and Transect #5: at the junction of Corm Blind and NL trails and leading to Mirounga Beach (393-420 & 797-810). 

· Transect #6 begins at the cart path junction near Twitville, heading toward the base of Shubrick Point, with a detour around the eastern Carp shop wall (421-472 & 811-834).

· Transect #8 runs along the path and boardwalk form the Carp Shop to the Powerhouse, passing under the Monterey Pine (491-518 & 845-860). 

· Up slope transects are Transect #7: from NW corner of the catchment pad up the hill to the former old water tanks (473-490 & 835-844); Transect #9: from the SW corner of the catchment pad up to Rabbit Cave (519-538 & 861-870); Transect #10: from the cornered boardwalk behind the Powerhouse up LHH (539-566 & 871-884); Transect #11: from the path behind CG House up the trail to the Lighthouse (567-630 & 885-914) including a small number of boards heading west above the gravity tank in the “defacto” wilderness area looking down at North Landing (599-604 & 899-900); Transect #12: from behind the PRBO house up Little Lighthouse Hill (631-660 & 915-930); and 6) a horseshoe style transect up Little Lighthouse Hill from K plot (661-680 & 931-940). 



For comparison purposes data of corresponding traditional study surveys (survey #91-115) for the 5 plots are included. For description of these plots see the methods section in Chapter 1. To account for differences in cover board numbers in each plot we calculated the total cover in square meters (m2) for each plot in order to more accurately compare among plots. As such the total number of animals caught in each plot was divided by total cover to result in # of salamanders/m2 (Table 1). 

CENSUS METHODS



Schedule

The new boards were checked monthly, from October through April at the end of the month. May censuses were initially planned, but cancelled due to seabird disturbance issues in both 2013 and 2014. Cover boards were not checked in June-September during the dry season since previous studies showed that salamanders were not typically present under cover boards during that time. The traditional study was conducted twice a month around the 1st and 15th of each month. For comparison to the island wide distribution study the one survey conducted at the end or beginning of each month was used as it represented the closest date to when the island wide survey was conducted.



Cover Board Checks

The basic protocol for checking new cover boards was  similar to that of existing studies initiated by Point Blue in 2006 (Lee 2006, Lee et al. 2012). Observers hands were thoroughly washed with water before the check and no oils or residues were put in contact directly with salamanders. In this study, we did not attempt to identify each individual by taking photos. Data collected at each cover board included: 1) numbers of salamanders present; 2) measurements of each salamander – by size class for all individuals, and exact measurements for smaller animals; and 3) soil moisture.  Surveys were conducted by at least two observers, and usually by 4 observers.  Upon checking a cover board, we first removed the rock weight from the top of board.  We grasped the board and lifted directly vertically, while another observer was ready to gently capture any salamanders. Salamanders were captured by hand.  If multiple salamanders were present, all animals were placed in a wet Ziploc bag before initiating measurements.  

 A visual estimate of the length from the tip of the snout to the posterior vent was made for for each individual in mm (SVL; Figure 2).  The length of the salamander was categorized into one of the following three size classes:  1) Large, > 40mm; 2) Small, 30-40mm; or 3) tiny, < 30mm following previous methods. For small and tiny salamanders (any animal which looked to be <45mm SVL from visual inspection), an exact SVL measurement was taken using a ruler with the animal in a wet Ziploc or similar plastic bag to prevent excessive drying of the skin. 



When measurements were completed, we replaced the cover board in its original position, and then replaced the rock weight on top of the board.  Salamanders were rinsed in fresh water, and then gently released outside the board at its edge head first so the animal could crawl back under the board. 



Measurements of soil moisture (in %) were taken at each large board and small board using the General Digital Soil Moisture Meter, With Probe, Model # DSMM500. The probe was inserted 10cm deep into the soil under the center of each large board. If the soil was too dry at this point or there was a rock at that spot, we moved the shortest distance possible in any direction to insert the probe 10 cm deep into the soil. If it is not possible to insert the probe 10cm, we measured as deeply as we could insert the probe. Soil moisture measurements began in January 2013 and ended in late February 2014 when the probe broke. 



All data were recorded on a standardized data book made from a Rite in the Rain Notebook and then entered into a database file. The first page of data listed observers, date, and time of survey. For each board checked the following fields were be recorded: board #, # salamanders, size class, SVL, and soil moisture (%) (Figure 3 - sample). Fields that were not applicable were filled with “.”



[bookmark: _GoBack]RESULTS: 2013 & 2014 Rain Years



There were a total of 13 surveys of the new cover boards conducted from November 2012 to April 2014 (6 and 7 surveys in Rain Years 2013 and 2014, respectively). During this time period a total detection (not unique individuals) of 186 salamanders were caught and processed which included 99 large, 65 small and 22 tiny size classed animals. With respect to the type of cover board used (large vs. small) there were a total of 33 animals (14 large, 14 small and 5 tiny) found under small boards and a total of 153 animals (85 large, 51 small and 17 tiny) found under large boards. This means 18% of all salamanders found were under small cover boards and within that group 58% were either small or tiny, while 82% of all salamanders were found under large boards with 44% of those being small or tiny. This indicates that use of juvenile boards is still relatively low yet they may be attracting the small to tiny sized animals more than large individuals. 



The number of salamanders surveyed by size class and total per survey throughout the duration of the survey can be examined in Table 3. The results show that the highest numbers of salamanders detected were in months when the most rainfall was recorded. The series (3-A to C) in Figure 3 provides more description of salamanders surveyed per month by size class for the 2013, 2014 and combined seasons. The month with the highest number of salamanders found was February with 59 individuals. For comparison to the same sampling period in the traditional study results from corresponding surveys were included and presented in Table 3. Data from the traditional study shows higher abundance of salamanders recorded after significant rainfall months. 



Results for salamanders/m2 for both the traditional and island wide studies can be viewed in Table 4. These results emphasize that despite the traditional study plots only accounting for 27% of the total ground cover they produced 2/3 of the total salamanders found. Also apparent is the drastic difference in detection at transect 13 (on the northwest-facing slope of Little Lighthouse Hill above K-plot) compared to the other transects within the island wide study. Transect 13 has by far the highest salamander/m2 (4.41) compared to the other transects despite only accounting for 4% of the total cover area which is on the magnitude of what was found in the traditional study’s Plot 3 (4.75). It should be noted that Transect 13 is the only transect added in the area of where the traditional study was already established. The next closest transect is 11 (high on the south slope of Lighthouse Hill) which accounts for 12% of total cover and had 0.82 salamanders/m2 and also includes many different habitat types. Furthermore, when combining transects that are on the marine terrace (transects 1-5), results show minimal use of this habitat type with 23% of the total cover yet only accounting for 1.2% (9/567) of total salamanders found for both studies combined. Habitat on the marine terrace is generally dry and has sandy soil that may be less suitable for salamanders.



In examining the potential relationship between salamander detections and soil moisture no trend was apparent when combining the data from the past two seasons. The collection of soil moisture did not occur until the survey conducted at the end of January 2013 and ended after the probe broke during the survey conducted in February 2014. After increasing the sample size by combining data from both seasons it still appears that the current measure of soil moisture may not be affective in determining salamander presence. Of relative importance is the amount of variability in percent soil moisture found in each transect (and more specifically at each cover board) between surveys. Figures 5A-C indicate that for most average percent soil moisture in a transect the standard deviation is often larger than the average itself. In attempting to relate salamander presence to soil moisture we need to reassess the method of measuring soil moisture to reduce variability. This series of figures allows for comparisons between the 2013 and 2014 seasons along with seasons combined.



DISCUSSION



As was the case for Chapter 1 it should be noted that salamander numbers presented here are not of unique individuals but rather total numbers caught throughout the season(s). Throughout the various surveys conducted in a season it is likely that many individuals are sampled multiple times. However, unlike the traditional study a photographic database of individuals is not being stored and so analyses of mark-recapture data cannot be performed in this island wide salamander distribution study. From preliminary data it appears that salamanders may prefer an island micro-habitat near the Northwest facing talus slope aspect as indicated by the skewed detection in transect 13 compared to other transects and the continued higher detection of animals from the traditional study area. This potential habitat preference is also supported by the minimal detection of salamanders in combined transects on the Marine Terrace (transects 1-5). Various island habitats have yet to be scientifically classified which will be an important part in drawing conclusions about salamander habitat preference. Once this is done cover boards could be categorized by habitat types and data analyzed in this manner.



After the first two seasons of the expansion of the salamander study on SEFI it is recommended that the developed protocol continue with some adjustments. While it is encouraging that salamanders are using new cover boards, it is believed that more time is needed for salamanders to “recruit” to the newly placed cover boards. It is expected that more salamanders will be found during surveys the longer the boards are in place.  However, despite the boards being in place longer we found fewer salamanders in 2014 compared to 2013 (87 in 2014 and 99 in 2013). Rainfall on Southeast Farallon Island totaled 43.4 cm in 2013 and 28.3 cm in 2014, and 2014 was one of the lowest rain years in the history of our long term salamander study. Similar to this study, we saw a dramatic decrease in salamander detection of the long term study in 2014 compared to previous years (see Chapter 1; 232 salamanders in 2014 compared to 500 or more in 5 of the 7 other years). 



On the other hand, once again habitat types may play a factor in the recruitment of salamanders to these boards. When examining the trends of salamander use of cover boards over the length of the original study (2007-2014) we detected a total of 186, 601, 385, 653, 510, 508, 519 and 232 salamanders, respectfully (see Chapter 1). From these data we can see the marked increase in salamander use of cover boards after the first season. Perhaps there was more suitable salamander habitat in the area where the original study began which resulted in quicker recruitment to cover boards. It could be that we never see a large increase in salamanders detected in areas where we have recently placed new cover boards simply because it is not preferred habitat. But as mentioned previously, from data collected during the original study we do know that salamander surface activity is closely associated with rainfall. It could also be that the recruitment rate may be a factor of the prolonged drought we have seen in California and more time is needed to see if there is increased detection overtime in the newly placed cover boards. Further data collection during a more normal rain year will provide confirmation on whether the recruitment rate to these new boards are a result of the drought or that they are simply placed in less suitable salamander habitat.



To better understand salamander distribution and abundance on the island, cover boards will need to be characterized by habitat types.  Habitat metrics may include aspect, slope, substrate type, soil moisture, vegetation cover, prey availability or others.  The method used in 2013-2014 for measuring percent soil moisture appears to be highly variable and based on results from this data other measures should be considered to create more reliable and repeatable measurements. Seasonal surveys should begin in October prior to the start of a typical rainfall year and end at the end of April, when sensitive seabirds begin nesting and salamander activity begins to decline with the onset of the dry season.
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TABLES



Table 1. Summary of Large and Juvenile Salamander Cover Board locations by general area and transects as described above. Brief description also included. Numbers in (_) indicate total number of boards. Plot 1-5 represent the 5 transects from the traditional study (see Chapter 1). Plot 1 also includes 3 irregularly shaped large boards while Plot 2 has 2 and Plot 4 contains 1. Total cover is the sum total square meters (m2) in a Plot/Transect which takes in to account all cover boards (large+small+irregular) within that Plot/Transect.

		Transect

		Large CB #s

		Small CB #s

		Total Cover (m2)

		Description



		Plot 1

		18-35 (15)

		701-706 (6)

		31.167

		Starting from NL to first bend left in the trail



		Plot 2

		36-59 (18)

		707-714 (8)

		35.361

		From first bend L in the trail up to NL Auklet trail



		Plot 3

		60-91 (18)

		715-724 (10)

		20.610

		NL auklet trail up to the Gap



		Plot 4

		92-128 (31)

		725-738 (14)

		44.864

		From the Gap through K plot and SLC area



		Plot 5

		177-214 (24)

		739-750 (12)

		26.964

		From K plot around to MT near Russia House 



		1

		301-348 (48)

		751-774 (24)

		53.928

		Along path from Russia House to Shark Shack



		2

		349-362 (14)

		775-780 (6)

		15.342

		Road to nowhere south towards Mussel Flat



		3

		363-378 (16)

		781-788 (8)

		17.976

		West of helo pad south towards domes



		4

		379-392 (14)

		789-796 (8)

		16.116

		PRBO weather box south towards Sewer Gulch



		5

		393-420 (26)

		797-810 (14)

		31.458

		Base of Corm Blind south towards eseal blind



		6

		421-472 (52)

		811-833 (24)

		57.648

		Twitville path to base of Shubrick



		7

		473-490 (18)

		834-844 (10)

		20.610

		NW corner catchment pad to old water tanks



		8

		491-518 (28)

		845-860 (16)

		32.232

		Pipe shop along board walk to Power House



		9

		519-538 (20)

		861-870 (10)

		22.470

		SW corner of catchment pad  to Rabbit cave



		10

		539-566 (28)

		871-884 (14)

		31.458

		Behind Power House north up LHH



		11

		567-630 (64)

		885-914 (30)

		71.130

		LHH trail at CG House up to Light House



		12

		631-660 (30)

		915-930 (16)

		34.092

		Behind PRBO House north up LLHH



		13

		661-680 (20)

		931-940 (10)

		22.470

		Horseshoe type transect on LLHH above K-plot







Table 2. Example of field data collection. 

		Board #

		# sallys

		Size Class (L, S, T)

		SVL (mm)

		Moisture (%)



		301

		1

		L

		.

		21.4



		302

		2

		1S, 1T

		28,39

		16.2



		751

		0

		.

		.

		.



		752

		1

		L

		.

		8.8








Table 3. Summary of Farallon arboreal salamanders surveyed by size class and total per survey from November 2012 - April 2014 (performed at the end of each month listed). There were no salamanders found during surveys 7-9. The highest numbers of salamanders were sampled in December 2012 and February 2014 which was closely tied to the major rain events of each season. Rainfall is the cumulative recorded for the entire month in centimeters (cm). Also included are the closest corresponding traditional survey (survey #91-115) results from the same time period as a comparison to what was found in Plots 1-5 of this long-term study.

		

		Date

		Salamander Size Class

		

		



		Survey #

		Month-Year

		Large

		Small

		Tiny

		Total

		Rainfall (cm)



		1

		Nov-12

		7

		0

		1

		8

		4.70



		2

		Dec-12

		19

		9

		3

		31

		13.18



		3

		Jan-13

		6

		4

		4

		14

		15.41



		4

		Feb-13

		6

		13

		2

		21

		1.60



		5

		Mar-13

		5

		13

		2

		20

		2.00



		6

		Apr-13

		3

		2

		0

		5

		2.64



		7

		Oct-13

		0

		0

		0

		0

		3.23



		8

		Nov-13

		0

		0

		0

		0

		2.67



		9

		Dec-13

		0

		0

		0

		0

		0.05



		10

		Jan-14

		0

		1

		0

		1

		0.05



		11

		Feb-14

		29

		3

		6

		38

		14.71



		12

		Mar-14

		12

		10

		2

		24

		7.84



		13

		Apr-14

		12

		10

		2

		24

		2.65



		

		Total

		99

		65

		22

		186

		70.71



		91

		1-Dec-12

		50

		3

		3

		56

		4.70



		93

		2-Jan-13

		36

		4

		4

		44

		13.18



		95

		31-Jan-13

		28

		6

		4

		38

		15.41



		97

		28-Feb-13

		23

		6

		0

		29

		1.60



		99

		4-Apr-13

		61

		15

		2

		78

		2.00



		100

		18-Apr-13

		9

		1

		0

		10

		2.64



		103

		30-Oct-13

		0

		0

		0

		0

		3.23



		105

		30-Nov-13

		9

		3

		0

		12

		2.67



		107

		30-Dec-13

		1

		1

		0

		2

		0.05



		109

		1-Feb-14

		0

		0

		0

		0

		0.05



		111

		1-Mar-14

		32

		5

		3

		40

		14.71



		113

		2-Apr-14

		49

		9

		2

		60

		7.84



		115

		2-May-14

		10

		2

		0

		12

		2.65



		

		Total

		308

		55

		18

		381

		70.71






Table 4. Summary of the number of salamanders caught by plot/transect and size class along with total numbers from the inception in 2012 until April 2014. Study age refers to the “plots” in the old study initiated in 2006 and “transects” for the new island wide study. There were no salamanders found in transects 4, 5 and 10. Over half of the salamanders were surveyed in transect 13 on LLHH above K-plot. The total (large + small + large irregular) cover boards in each transect are represented by #CBs. The total cover (m2) was calculated by taking measurements in meters of all cover boards within a plot/transect and summing all square meters of ground covered by cover boards. These data were collected from 13 surveys conducted at the end of the month from Nov 2012 – Apr 2014. Also included are the closest corresponding traditional survey results from the same time period as a comparison to what was found in Plots 1-5. Salamander/ m2 represents the total salamanders/total cover within each plot/transect.

		

		

		Size Class

		

		

		

		

		



		Study Age

		Plot or Transect

		Large

		Small

		Tiny

		Total

		# CBs

		Total Cover (m2)

		Proportion of Grand Total Cover

		Salamander/ m2



		Old

		Plot 1

		54

		10

		0

		64

		21

		31.167

		0.053

		2.05



		Old

		Plot 2

		75

		5

		6

		86

		26

		35.361

		0.060

		2.43



		Old

		Plot 3

		69

		22

		7

		98

		28

		20.610

		0.035

		4.75



		Old

		Plot 4

		103

		15

		3

		121

		45

		44.864

		0.077

		2.70



		Old

		Plot 5

		7

		3

		2

		12

		36

		26.964

		0.046

		0.45



		

		Plot Total

		308

		55

		18

		381

		156

		158.966

		0.271

		2.40



		New

		1

		5

		1

		1

		7

		72

		53.928

		0.092

		0.13



		New

		2

		1

		0

		0

		1

		20

		15.342

		0.026

		0.00652



		New

		3

		0

		1

		0

		1

		24

		17.976

		0.031

		0.00556



		New

		4

		0

		0

		0

		0

		22

		16.116

		0.028

		0



		New

		5

		0

		0

		0

		0

		40

		31.458

		0.054

		0



		New

		6

		6

		1

		3

		10

		76

		57.648

		0.098

		0.0173



		New

		7

		3

		0

		1

		4

		28

		20.610

		0.035

		0.0194



		New

		8

		1

		1

		2

		4

		44

		32.232

		0.055

		0.0124



		New

		9

		1

		0

		0

		1

		30

		22.470

		0.038

		0.00445



		New

		10

		0

		0

		0

		0

		42

		31.458

		0.054

		0



		New

		11

		40

		17

		1

		58

		94

		71.130

		0.121

		0.0815



		New

		12

		0

		0

		1

		1

		46

		34.092

		0.058

		0.00293



		New

		13

		42

		44

		13

		99

		30

		22.470

		0.038

		4.41



		

		Transect Total

		99

		65

		22

		186

		568

		426.930

		0.729

		0.0436



		

		Grand Total

		407

		120

		40

		567

		724

		585.896

		1

		








FIGURES
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Figure 1. Array of new salamander boards on Southeast Farallon Island, locations obtained by Trimble GPS.  Numbers shown are the first board number in the set.
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Figure 2. Measurement of SVL (snout-vent length) in millimeters.  




Figure  3-A. Rain Year 2013: The number of salamanders surveyed per month by size class (and total) from November 2012 to April 2013. In total there were 99 individuals caught of which 46, 41 and 12 were of the large, small and tiny size class, respectively. Total salamanders caught per month for November-April were 8, 31, 14, 21, 20 and 5, respectively. 



Figure  3-B. Rain Year 2014: The number of salamanders surveyed per month by size class (and total) from October 2013 to April 2014. No salamanders were found in the October-December surveys. In total there were 87 individuals caught of which 53, 24 and 10 were of the large, small and tiny size class, respectively. Total salamanders caught per month for October-April were 0, 0, 0, 1, 38, 24, and 24, respectively. 






Figure  3-C. Rain Years 2013 and 2014 combined: The number of salamanders surveyed per month by size class (and total) from November 2012 to April 2014. In total there were 186 individuals caught of which 99, 65 and 22 were of the large, small and tiny size class, respectively. Total salamanders caught per month for November-April were 8, 31, 15, 59, 44 and 29, respectively. 

 




Figure 5-A. Rain Year 2013:  The average (+SD) percent soil moisture (%SM) and total sum of salamanders surveyed at each transect. Soil moisture measurements did not begin until the January survey which means averages are taken from 4 surveys. Also, only data at adult cover boards were used for this figure as only adult cover boards were measured for %SM during every survey (as opposed to juvenile boards where %SM was taken only if a salamander was present). Note the variation around the average %SM at each transect is often higher than the average itself.



Figure 5-B. Rain Year 2014:  The average (+SD) percent soil moisture (%SM) and total sum of salamanders surveyed at each transect. Soil moisture measurements began in October and continued until February when the probe broke after use in the middle of March. This meant 5 surveys with %SM were conducted in 2014. Also, only data at adult cover boards were used for this figure as only adult cover boards were measured for %SM during every survey (as opposed to juvenile boards where %SM was taken only if a salamander was present). Note the variation around the average %SM at each transect is often higher than the average itself.




Figure 5-C. Rain Years 2013 and 2014 combined:  The average (+SD) percent soil moisture (%SM) and total sum of salamanders surveyed at each transect. Soil moisture measurements began in January 2013 and ended February 2014 which includes averages taken from 9 surveys. Also, only data at adult cover boards were used for this figure as only adult cover boards were measured for %SM during every survey (as opposed to juvenile boards where %SM was taken only if a salamander was present). Note the variation around the average %SM at each transect is often higher than the average itself.
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LIMITED RIGHTS DISCLOSURE 
 
All data contained in this FARALLON ARBOREAL SALAMANDER REPORT 2014 (“report”) is 
the copyright of Point Blue Conservation Science and collected in coordination with the 
USFWS, Farallon National Wildlife Refuge under the terms of Cooperative Agreement # 
81640-5-J046. 
 
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: 
 
Berger, R. W. 2015. Farallon Arboreal Salamander Report 2014. Unpublished report to 
the US Fish and Wildlife Service. Point Blue Conservation Science, Petaluma, California. 
Point Blue Contribution Number 2008. 
 
Outside the scope of the government’s license, this report shall not be used without 
written permission from the director of the California Current Group at 
marinedirector@pointblue.org or Point Blue Conservation Science, 3820 Cypress Drive 
#11, Petaluma, CA, 94954. 
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CHAPTER 1 EXECUTIVE SUMMARY: TRADITIONAL SALAMANDER SURVEY AREA 
 
1) Under Cooperative Agreement with the U.S. Fish and Wildlife Service (Farallon 


National Wildlife Refuge), Point Blue monitors the seasonal activity and 
demographics of Farallon Arboreal Salamanders, Aneides lugubris farallonensis, on 
Southeast Farallon Island (SEFI), California and has done so since the 2006-2007 
(2007) rain year. This report provides a preliminary assessment of salamander 
surveys conducted during the 2014 (fall 2013 to spring 2014) rainy season when 
salamanders are active at the surface.  


 
2) Salamander surveys were conducted twice per month from 15 Oct 2013 to 18 May 


2014. A total of 232 salamander detections (not unique individuals) were found 
during 15 surveys (4 surveys resulted in no salamanders detected). This is the 2nd 
lowest total since the project’s inception and well under 50% of the totals seen in 
the past 4 years. 


 
3) The 2014 rain season (early Oct 2013-early May 2014) resulted in 28.3 cm of total 


rainfall which is one of the lowest on record for this study. With the drought seen in 
2014 there was a near absence of surface activity by salamanders until the end of 
Feb when the one significant rainfall event of the season occurred. This resulted in 
the increased detection of salamanders through Mar with a peak of 60 in early Apr 
which quickly declined thereafter.  


 
4) The majority (79%) of salamanders were in the large (i.e., adult; >40 mm SVL) size 


class. Detection of hatchlings and young were some of the lowest ever recorded 
despite high effort (2014 - 39 small and 10 tiny in 15 surveys; 2013 – 60 small and 46 
tiny in 12 surveys). 


 
5) Of the 183 detections of large size class individuals, there were 7 females, 15 males 


and 161 not sexed. The detection of gravid females per survey was the second 
lowest recorded since the inception of the study (2014 = 7; 2009 = 6). This suggests a 
poor breeding year but capture-recapture analyses are needed to determine the 
total number of unique breeding females. Note: not all detections are of unique 
individuals as many are likely recaptured between surveys. 


 
6) When comparing the use of habitat in the 5 study plots between 2014 and 2013 we 


see subtle changes in plots 1-4. Percentage of salamanders/cm2 by study plots 1-5 
respectively for the 2014 rain year are as follows: 28.5, 16.9, 28.2, 24.4 and 2.1% 
compare to 2013: 15.4, 23.1, 38.7, 20.0 and 2.8%. Areas on the south-facing (e.g., 
sunnier, drier) Marine Terrace (plot 5) are used much less in both seasons. 


 
7) Starting in 2013, 50 small cover boards were placed next to every other pair of large 


boards in the original study in hopes to increase the detection of juvenile animals. Of 
the 49 small and tiny salamanders, 5 (or 10% of the total) were found under small 
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cover boards in 2014. The other 44 salamanders were found under large cover 
boards (41 animals) or irregular boards (3 animals). In 2013, a total of 106 small and 
tiny salamanders were found with 12 (or 11% of total) of these animals being found 
under small cover boards. 


 
8) The results from percent soil moisture readings are inconclusive due to problems 


obtaining consistent and accurate measurements, likely because of shallow soil 
depth.  Further exploration of methods to measure soil moisture, and examine 
potential effects on salamander abundance, are necessary. 


 
INTRODUCTION 
 
The arboreal salamander, Aneides lugubris, is a California near-endemic, occurring in 
coastal oak and interior live oak forests from Humboldt County to northern Baja 
California, Mexico; the coastal redwood belt of Marin, Sonoma and southern 
Mendocino counties; an isolated region of yellow pine and black oak forests in the 
foothills of the central-southern Sierra Nevada; and in chaparral, coastal sage scrub, and 
riparian woodlands in southern California (Anderson 1960, Petranka 1998).The species 
also has been recorded on the Los Coronados, Catalina, and Año Nuevo Islands 
(Stebbins 1951), as well as on several smaller islands in the San Francisco Bay (Anderson 
1960).The arboreal salamander is the only year-round native, non-avian, terrestrial 
vertebrate inhabiting the South Farallon Islands, a set of offshore rocky islands situated 
on the edge of the continental shelf 43 km west of San Francisco. The distinctive spot 
pattern of the salamanders on the South Farallon Islands led Van Denburgh (1905) to 
propose the population as a sub-species A. lugubris farallonensis.   
 
The earliest collection of a Farallon arboreal salamander was in 1896.  A few short-term 
studies of this species were conducted in the 1950s, 1960s and 1970s (Anderson 1960, 
Boekelheide 1975). From those studies it was determined that animals were active at 
the surface during the rainy season (approximately October-May yearly), but retreat 
into crevices, burrows and hibernacula during dry weather (approximately May-
September yearly). Furthermore, eggs are deposited in June/July in clusters of 12-18 
with adult females standing guard over their eggs and recently hatched young for 
approximately 3 months (Anderson 1960). The young of each year can be first detected 
in the early fall.  Estimates of population density from those early studies varied from 
100-200/acre (Anderson 1960) to 700/acre (Boekelheide 1975).  In 1974, Boekelheide 
area-searched along a transect from the marine terrace up to the lighthouse and found 
the greatest densities on the talus slope above PRBO house and on the cliff below the 
lighthouse.   
 


Salamander populations throughout the world currently are experiencing mounting 
extrinsic threats from chemicals (Davidson et al. 2001, Sparling et al. 2001, Sparling and 
Fellers 2009), new infectious diseases like chytridiomycosis (Longcore et al. 1999), global 
warming and increasing climatic variability (Wake and Vredenberg 2008), and the 
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potential synergistic effects of these factors.  Moreover, localized management activities 
at the South Farallon Islands such as eradication of invasive plants and mice could 
potentially impact salamanders.  There may also be positive effects of mouse 
eradication due to removal of competitors for insect prey.  Baseline demographic data 
are critical to documenting effects of existing and future changes to salamander 
populations (Baily et al. 2004). This report provides preliminary results of salamander 
surveys for the 2014 rain year in efforts to continue monitoring the population for long 
term management purposes. 
 
Goals: 


 To determine salamander seasonal activity and relative abundance using simple, 
standardized, annual surveys.  


 To assess status, trend and reproduction of the salamander population on 
Southeast Farallon Island. 


 To establish baseline information on salamanders to measure potential impacts 
of the planned mouse eradication. 


 
METHODS 
 
Research was conducted on the 70 acre Southeast Farallon Island (SEFI) which reside 43 
km west of San Francisco, CA and 32 km southwest of Point Reyes, CA (37° 40’ N, 123° 
00’W). SEFI is part of the Farallon National Wildlife Refuge (FWNR), which is managed by 
the U.S. Fish and Wildlife Service (FWS). Since 1968 biologists from Point Blue 
Conservation Science have been collecting data on the wildlife that inhabit the islands. 
More intensive research on the Farallon arboreal salamander population has been 
conducted in recent years. 
 
This study was initiated during the rainy season of 2006–07 (hereafter, 2007 rain year) 
with the placement of 106 cover objects on SEFI.  One hundred cover boards were 
redwood planks 30 x 30 x 5 cm placed in pairs approximately every 600 cm along a path 
from the north to the south side of the island.  Five larger cover boards of irregularly 
sized plywood, and one of 3 planks joined into a 150 x 150 x 2 cm board, were also used.  
Boards were placed directly on the soil surface alongside (about 0.5 to 2 m off trail) a 
trail that curves around Little Lighthouse Hill from North Landing to near Corm Blind Hill.  
Ninety-six cover boards were placed in talus slope and cliff habitat and 10 were on the 
marine terrace. The larger boards were placed haphazardly near the main cover board 
trail. In 2013, 50 additional 30 x 15 x 2.5 cm planks of wood (“small” boards) were 
placed next to every other original pair of 30 x 30 cm “large” boards in an attempt to 
attract smaller-sized salamanders. The study area was further divided into study sub-
plots characterized by geographic and sub-climatic differences. These plots include 
North Landing (12 large, 6 small and 3 large irregular boards), North Landing Trail (16 
large, 8 small and 2 large irregular boards), Auklet Trail and Gap (18 large and 10 small 
boards), Gull K plot/Sea Lion Cove (30 large, 14 small and 1 large irregular boards) and 
Corm Blind/Marine Terrace (24 large and 12 small boards) (Figure 1). To account for 
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differences in cover board numbers in each plot we calculated the total cover in square 
meters (m2) for the boards in each plot in order to more accurately compare among 
plots. As such the total number of animals caught in each plot was divided by total cover 
to result in number of salamanders/m2. Total cover in m2 for Plots 1-5 are as follows: 
31.17; 35.36; 20.61; 44.86 and 26.96. 
 
In an attempt to further understand the relationship between salamander presence and 
moisture, we implemented a procedure by which the percent soil moisture (%SM) was 
recorded during the 2013 and 2014 rain years (Oct-May). During each survey the %SM 
was taken in the center portion of the soil under each cover board. This was done using 
a standard digital soil moisture probe and inserting into the substrate at least one inch. 
Percent soil moisture was taken to the nearest tenth of a decimal point. This procedure 
was implemented until the probe broke shortly after the 17 Mar 2014 survey. 
 
Biologists checked for the presence of salamanders on the 1st and 15th of each month 
from 15 Oct 2013 – 18 May 2014. Captured animals were measured snout to posterior 
end of vent (SVL) in mm and categorized as large = >40 mm; small = 30-40 mm; tiny = 
<30 mm, weighed to the nearest 0.1 g, and sexed (when eggs or mental gland were 
present). A photo database of captured salamanders >35 mm has been developed for 
long-term mark-recapture monitoring. Only individuals >35 mm were photographed 
because smaller individuals are still growing at a high rate and have not developed large 
enough spot patterns to be recognized on the individual level. Data were collected on 
rainfall by checking a permanent rain gauge every day at noon.  
 
Results provided are preliminary assessments of capture data.  It is important to note 
that the photo database has not yet been examined. This means that determining 
unique individuals has not been analyzed and numbers presented are based on total 
captures and not unique individuals since many animals have likely been captured 
multiple times. However, in an attempt to standardized minimum population numbers 
by year the data was examined by taking the maximum number of salamanders 
detected at each cover board in any given survey throughout the year. This resulted in 
one maximum number at each cover board by year (2007-2014). The maximum counts 
at each cover board were then summed to come up with a best estimate of a minimum 
salamander population per year. 
 
RESULTS 
 
The 2014 rain year resulted in 232 total captures (not unique individuals). Since its 
inception in 2006, this study has 3,608 records of captured salamanders (16 Dec 2006 to 
18 May 2014).  A total of 28.3 cm of rain fell in the 2014 rain year. The highest amount 
of rain was recorded in Feb with 14.7 cm accounting for over half of the total rainfall 
during the entire 2014 season. Of the 156 individual cover boards in the study, 65 of 
them were found to have salamanders on at least one survey (42% use of all cover 
boards). 







P a g e  | 8 


 


  


 
Similar to previous years, peak salamander counts per survey continued to follow 
rainfall patterns in 2014. A survey conducted in early Feb resulted in no salamanders 
found which in the past has resulted in some of the highest numbers of the season. This 
season there was only one significant rainfall recorded in late Feb. This resulted in the 
increased detection of salamanders through Mar with a peak of 60 animals in early Apr. 
Numbers quickly declined thereafter and no other major rain events occurred for the 
duration of the season (Figure 2).   
 


Of the 232 salamanders handled 79% were measured to be in the large size class, 17% 
fell into the small size class and 4% were found to be tiny. The average (± SD) SVL for the 
large, small and tiny size classes were 55.4 ± 9.4 mm, 35.1 ± 2.5 mm and 27.4 ± 2.5 mm, 
respectively. The average (± SD) weight for the large, small and tiny size classes were 
3.83 ± 1.8 g, 1.22 ± 0.4 g and 0.64 ± 0.4 g, respectively. Again it should be noted that 
much of this data contains pseudo-replication because many individuals are being 
captured more than once throughout the rain year. Of the 183 individuals in the large 
size class 7 individuals were sexed as females, 15 as males and 161 could not be sexed 
(i.e., did not possess obvious signs of mental gland or eggs, respectively) (Table 1).  
 
This year’s salamander numbers per survey by size class are compared to those found in 
previous years in Table 2.  This year’s seasonal activity of young salamanders (small = 5.0 
salamanders/survey; tiny = 3.8 salamanders/survey) was less than the peak seen in 2008 
(small = 8.5 salamanders/survey; tiny = 4.5 salamanders/survey). Detection of large 
sized salamanders has shown more variability among years; after a season high 
detection in 2013, numbers per survey in 2014 were the lowest ever recorded. Among 
the 50 new small boards first implemented in the 2013 season, 11 (6 large, 5 small, 0 
tiny) occurrences of salamanders were found, or 5% out of the total 232 individuals 
surveyed, 13% of small, and 0% of tiny.  Table 3 was created to compliment data in 
Table 2 as it provides maximum number of animals sampled in a year. The best 
estimated minimum number of salamanders utilizing cover boards for years 2007-2014 
are 91, 182, 143, 157, 131, 152, 207 and 112, respectively. These numbers come from 
summing the maximum number of salamanders found under a single cover board within 
a year.  Lee et al. 2012 determined that salamander movement patterns and territory 
size was minimal and that movement between neighboring pairs of cover boards very 
rarely occurred. 
 
The number of salamanders found by year is compared in Table 4 which relates each 
finding to the amount of rainfall as well as start and end dates of the salamander 
sampling period. The least number of salamanders found was in the 2007 rain year and 
likely reflects  low rainfall, shorter sampling period, and reduced time for salamanders 
to discover cover boards (since it was the first year of the study). The 2014 season 
resulted in more salamanders compared to 2007 but there was a longer sampling 
period. Overall there was low detection of salamanders in 2014 which is likely related to 
rainfall amounts where roughly the same amount fell as in 2007 (2014 = 28.3 and 2007 = 
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24.8 cm; Table 4). For each year the rainfall data was summarized from early October to 
early May. 
 
The average SVL (± SD) of the 7 gravid females surveyed was 63.0 ± 6.8 mm while their 
average weight (± SD) was 5.70 ± 1.2 g. The number of eggs detected in females ranged 
from 1-4. Furthermore, the detection of gravid females per survey was the lowest 
recorded since 2009 (2007=1.3, 2008=2.5, 2009=0.5, 2010=2.9, 2011=2.0, 2012=4.3, 
2013=2.5 and 2014=0.5). The average SVL (± SD) of the 15 males surveyed was 62.6 ± 
7.7 mm while their average weight (± SD) was 5.16 ± 1.5 g. The peak detection of 
females and males was low this season with a high of only 2 females identified in early 
Mar and May and a high of 12 males identified in early Apr (Figure 3).  
 
The frequency distribution of salamanders caught by SVL and weight can be viewed in 
Figure 4. The range for SVL in large animals was 41-77 mm, 30-40 mm for small 
individuals and 23-29 mm for tiny salamanders. Similarly the range for weight per size 
class is as follows: large = 0.7-7.9 g, small = 0.2-2.5 g and tiny = 0.2-1.4 g. As has been 
recorded in the past it appears that SVL and weight have a strong relationship and the 
majority of individuals caught on the Farallones fall in the middle of the large size class 
frequency distribution for SVL and weight. 
 


In accounting for differences in the number of boards and total cover in each plot, total 
salamanders were divided by the total cover in square meters (m2) for more accurate 
comparisons between plots. North Landing plot 1 accounted for 19.6% of total cover 
and resulted in 2.05 salamanders/m2. NL trail plot 2 accounted for 22.2% of cover with 
1.22 salamanders/m2. Auklet Trail/Gap plot 3 had 13% of cover which resulted in 2.04 
salamanders/m2. Gull K plot 4 made up 28.2% of the cover where 1.76 salamanders/m2 


was recorded. Finally, Marine Terrace plot 5 was 17% of all cover but only accounted for 
0.15 salamanders/m2 in the 2014 rain year (Table 5). 
 
In relating the variability of %SM recorded at each cover board, Figure 5 details the 
standard deviation around the average %SM reading (taken during each survey starting 
on 15 Oct, 2013 but ending the 17 Mar, 2014 when the probe broke) at each individual 
cover board. The average %SM reading resulted in high variability between surveys as 
indicated by the error bars. To see if a relationship exists between average %SM and the 
presence of salamanders the sum total of salamanders over the survey period were 
placed into groupings of 5% SM readings with the exception of 0% SM as its own 
category (Figure 6). The majority of salamanders were found in the 11-25% SM range. It 
should be noted that in the 2013 season when the average %SM was 0 there was a total 
of 25 salamanders found; however, this season resulted in no salamanders found at 
0%SM. 
 
DISCUSSION 
 
The 2014 season resulted in the lowest number of salamander detections per survey 
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since the inception of the study in 2007. This was also the case for the large sized (>40 
mm) salamanders which are considered the adult population. Of the 183 large 
individuals measured only 15 and 7 were detected as either breeding male (having a 
mental gland) or gravid female (possessing eggs; breeding), respectively. Also having 
bearing on the level of breeding activity is the detection of “young” individuals (small 
and tiny). This season we detected 39 small and 10 tiny individuals, respectively. With 
this past year resulting in one of the driest years on record for the salamander season 
(Oct-May), it may be assumed that the lack of rainfall impacted the surface activity and 
potential breeding capabilities of adult salamanders. Perhaps as a result of low amounts 
of rain, conditions were not met to prompt breeding activity at the surface and as such 
active breeders remained underground where breeding occurred.  Further analysis (e.g., 
capture-recapture) is necessary to determine the total number of unique individuals 
captured.  This may provide more meaningful comparisons to past years and 
investigating methods of more accurately marking/following small and tiny individuals 
will give us better results of annual productivity.  
 
This year’s data will be added to the long term capture-mark-recapture (CMR) Farallon 
arboreal salamander database that was initiated in 2006-2007. Quantifying life-history 
and demographic parameters such as age at first reproduction and age-specific survival 
enables ecologists to interpret and understand wildlife population dynamics (Lebreton 
et al. 1992; Burnham and Anderson 2002).  For example, age at maturity and age-
specific survival are crucial parameters in life-history models (Cole 1954, MacArthur and 
Wilson 1967).  CMR studies provide important demographic data for basic research and 
applied management purposes.  A larger proportion of amphibian species are at risk of 
extinction than of any other taxon (Wake and Vredenberg 2008), yet few demographic 
studies of marked individuals have been conducted on salamanders (Tilley 1980, Marvin 
2001, Waldron and Pauley 2007). 
 
Lee et al. (2012) recently documented the growth, age at maturity and age specific 
survival for the Farallon arboreal salamander (A. lugubris farallonensis). The estimates 
from this study are the first of its kind to document annual survival of any Aneides 
species. In moving forward the models for predicting age based on size and growth rates 
will facilitate management decisions and assist in providing more robust data for these 
reports. By continuing the methods outlined in this article the Farallon population can 
be monitored with greater detail and ensures detection of potential changes in age 
specific survival and population size.  This year’s data will be used in these demographic 
models and will assist management decisions specifically geared towards the Farallon 
arboreal salamander. 
 
Plethodontid, or lungless salamanders (family Plethodontidae) offer unique attributes 
that make them good indicators of ecosystem health (Welsh and Droege 2001).  
Cutaneous respiration and osmoregulation through moist, well-vasularized skin renders 
them vulnerable to changes in water or air quality (Wake and Vredenberg 2008).  Most 
plethodontids are relatively long-lived, slow to mature, and have lower fecundity than 
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most anurians (Petranka 1998).  Plethodontids have no aquatic larval stage, eggs are laid 
in terrestrial nests, and hatchlings resemble miniature adults (Wake and Hanken 1996).  
The largest species of the genus Aneides, the arboreal salamander (A. lugubris) is 
unusual among plethodontids in that it has enlarged toe tips and a prehensile tail 
adapted for climbing, as well as relatively large teeth and powerful jaws (Storer 1925, 
Holland and Goodman 1998, Petranka 1998). The arboreal salamander is more tolerant 
of dry conditions than other lungless salamanders, and is often the last species to 
retreat beneath ground as the summer dry season begins (Storer 1925, Rosenthal 1957, 
Petranka 1998). Rainfall has been documented as directly affecting the surface activity 
of arboreal salamanders (Petranka 1998). Results from this study have shown this to be 
true; however, examining the pattern of rainfall and when it occurs may garner greater 
insight than simply looking at total rainfall during the year. It is recommended that this 
be examined in future summaries. 
 
Populations of plethodontid salamanders are surprisingly stable over time in 
undisturbed environments (Welsh and Droege, 2001).  Therefore evidence of population 
decline or reduced adult survival could indicate some alteration in environmental 
conditions that may have serious, negative, long-term consequences, particularly for 
such a long-lived species that is relatively slow to mature (Benton and Grant, 1996).  
Long-term CMR studies supply critical baseline data to investigate impacts of localized 
management activities and help to facilitate life-history comparisons among 
populations. 
 
To expand our understanding of distribution and abundance of Farallon salamanders, 
and specifically the abundance of juveniles, we increased our studies in 2013 to include 
an additional 378 large covers boards and 190 small cover boards throughout island 
habitats. The results from that study can be found in the Chapter 2: Island wide 
salamander surveys (assessing distribution and abundance of Farallon arboreal 
salamanders on SEFI). For similar reasons we also expanded the historic salamander 
project by placing 50 small boards next to existing adult boards. For this study, we had 
11 salamander detections under small boards in 2014, including 5 in the small and 0 in 
the tiny size classes. This compares to a total of 16 detections in which 8 were small and 
4 were tiny in the 2013 season.  Further analyses, likely after further data collection, will 
be needed to examine the utility of small cover boards for attracting young 
salamanders. 
 
RESEARCH/MANAGEMENT RECOMMENDATIONS 
 
To better understand the presence and absence of salamanders within the study plot it 
is best if multiple factors are taken into consideration. There should be an effort to 
measure not only soil moisture but to some aspect the temperature, amount of suitable 
cover, amount of sunlight/shade along with an index of prey availability. The current 
method of measuring percent soil moisture appears to be highly variable and based on 
results from this preliminary data other measures should be considered. Further 
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exploration of soil moisture measurements will be needed to determine the utility of 
these data. 
 
The Farallon Arboreal Salamander has a life history similar to seabirds such as Cassin’s 
Auklet with delayed maturity and long lifespan, and is particularly sensitive to any 
management action that may affect adult survival.  Therefore, evidence of population 
declines or reduced adult survival could indicate some alteration in environmental 
conditions that may have serious, negative or long-term consequences.  
 
We recommend that management plans take salamanders into consideration with the 
same weight as when impacts to seabirds or marine mammals are considered.  This is a 
special, insular population and is the only native terrestrial vertebrate of the Farallones 
whose individuals and habitat needs levels of protection equal to other island fauna. 
Continuation of this and the expanded study should occur prior, during and post 
implementation of the mouse eradication project. 
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TABLES 
 
Table 1. Summary of salamanders caught during the 2014 rain year by size class, average 
SVL ± SD, average weight ± SD and sex. A total of 15 surveys were conducted in the year 
(4 surveys resulted in no salamanders detected). Large = >40 mm, Small = 30-40 mm and 
Tiny = <30 mm. Some individuals may have been measured multiple times and not all 
measurements are of unique animals. Future analyses of photographs will aid in 
determining pseudo-replication of counts and measurements. 


Size class Count SVL (mm) Weight (g) Male Female 


Large  183 55.4 ± 9.4 3.83± 1.8 15 7 


Small  39 35.1 ± 2.5 1.22 ± 0.42 n/a n/a 


Tiny  10 27.4 ± 2.5 0.64 ± 0.39 n/a n/a 
 


 
 
 
 
Table 2. Summary of mean (±SD) salamanders caught per survey during rain years 2007-
2014 by size class and total. To standardize across years the number of salamanders 
caught was divided by the number of surveys conducted per year. Number of surveys 
conducted in 2007=7, 2008=13, 2009=13, 2010=20, 2011=21, 2012=16, 2013=12 and 
2014=15. 


Si
ze


 C
la


ss
 


 Rain Year 
2007 2008 2009 2010 2011 2012 2013 2014 


Large 18.9 ±14 33.2 ±25 25.2 ±25 31.3 ±22 23.3 ±21 25.8 ±20 34.2 ±18 12.2 ±17 


Small 4.7 ±4 8.5 ±6 3.5 ±3 1.1 ±1 0.4 ±0.7 2.3 ±2 5.0 ±5 2.6 ±3 


Tiny 3.4 ±2 4.5 ±5 0.9 ±0.9 0.6 ±0.8 0.6 ±0.7 3.7 ±3 3.8 ± 0.7 ±1 


Total 27.0 ±20 46.2 ±35 29.6 ±28 32.9 ±23 24.2 ±22 31.8 ±25 43.0 ±22 15.5 ±21 


 
 
 
 
 
 
Table 3. Summary of max salamanders caught during rain years 2007-2014 by size class 
and total. These data compliment data in Table 2 as mean salamanders/survey bias data 
towards years when more rain is present throughout the year. Totals do not represent 
the sum of size classes but rather the max count of any one survey within a year. 


Si
ze


 C
la


ss
 


 Rain Year 
2007 2008 2009 2010 2011 2012 2013 2014 


Large 41 70 80 61 62 66 66 49 


Small 12 21 8 4 2 7 15 10 


Tiny 7 15 2 2 2 9 10 3 


Total 57 106 87 67 64 79 79 60 
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Table 4. Summary of rain fall per sampling period from 2006 to current. In rain year 
2007 the time period was truncated as it was the inception of the study. In 2011 rain fell 
late into the summer. Salamander numbers reflect total sampled in the rain year start 
and end date listed below. Rainfall time period was standardized from early October to 
early May regardless of whether salamanders were sampled after early May. 


Rain Year 2007 2008 2009 2010 2011 2012 2013 2014 
Start Date 15 Dec 06 1 Nov 07 1 Nov 08 15 Sep 09 4 Oct 10 15 Oct 11 29 Oct 12 15 Oct 13 


End Date 1 Mar 07 1 May 08 1 May 09 15 Jul 10 18 Aug 11 1 Jun 12 18 Apr 13 18 May 14 


Rain (cm) 24.8 35.5 38.0 48.5 57.3 36.4 43.4 28.3 


# salamanders 186 601 385 653 510 508 519 232 


 
 
 
 
 
Table 5. 2014 Summary of the number of salamanders caught per plot by size class and overall 
total. The total (large + small + large irregular) cover boards in each plot are represented by 
#CBs. The total cover (m2) was calculated by taking measurements in meters of all cover boards 
within a plot and summing all square meters of ground covered by cover boards. Proportion of 
total cover was calculated by taking the cover within a plot and dividing it by the total cover.  
Salamander/ m2 was calculated within plots (total # salamanders/plot cover). 


 Salamander Size Class  


Transect Large Small Tiny Total # CBs 


Total Cover 


(m2
) 


Proportion of 
Total Cover 


Salamander/ 
m


2
 


Plot 1 54 10 0 64 21 31.167 0.196 2.05 


Plot 2 36 5 2 43 26 35.361 0.222 1.22 


Plot 3 28 10 4 42 28 20.610 0.130 2.04 


Plot 4 64 13 2 79 45 44.864 0.282 1.76 


Plot 5 1 1 2 4 36 26.964 0.170 0.15 


Total 183 39 10 232 156 158.966 1  
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FIGURES 
 


 
 


Figure 1. Map of the salamander cover board path on Southeast Farallon Island (SEFI). 
The entire study area was subdivided into 5 plots (1-5) based on geographic and 
apparent sub-climatic differences.  
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Figure 2. The total number of salamanders per survey during the 2014 rain year. The 
peak number surveyed was 60 on 2 Apr 2014. Surveys were conducted twice a month 
from 15 Oct 2013 – 18 May 2014. The solid line is the moving average rainfall measured 
in centimeters (cm) per month. Peak rainfall was recorded in Feb at 14.7 cm. A total of 
28.3 cm of rain was recorded in the 2014 rain year. 
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Figure 3. The distribution of female and male salamanders by survey date over the 2014 
rain year. In the large size class a total of 7 females and 15 males were surveyed (with 
210 not being sexed as they lacked eggs or mental gland). A high of 2 females were 
found on Mar 1 and May 2 while 12 males were found on 2 Apr. The detection of males 
and females was much less when compared to previous years. 
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Figure 4. Frequency distribution of Snout-Vent Length (SVL) and weight for each 
salamander caught during the 2014 rain year. 
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Figure 5. The average %SM taken at individual cover boards starting on 15 Oct 2013 and 
ending on 17 Mar 2014 is represented by the dotted gray line. The %SM increases from 
0 on the left to over 30% on the right. Error bars show the high variability in %SM taken 
at each cover board between surveys. Higher %SM readings did not necessarily show 
larger variability when compared to lower %SM as indicated by error bar sizes. 
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Figure 6. The sum total number of salamanders found at 5% SM intervals. This season 
there were no salamanders found at 0% readings. There were four salamanders found in 
the 46-50% grouping with none recorded in the 31-45% range. The majority of 
salamanders were found in the 11-25% SM groupings. 
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CHAPTER 2 EXECUTIVE SUMMARY: ISLAND WIDE SALAMANDER SURVEY (ASSESSING 
DISTRIBUTION AND ABUNDANCE OF FARALLON ARBOREAL SALAMANDERS ON SEFI)  
 
1) Under Cooperative Agreement with USFWS/Farallon NWR, Point Blue monitors the 


population size and reproductive success of endemic Farallon arboreal Salamanders, 
Aneides lugubris farallonensis, on Southeast Farallon Island (SEFI), California and has 
done so since 2007. Island-wide surveys for arboreal salamanders was initiated in 
November 2012 to examine distribution and abundance, establish baseline develop 
a protocol for long-term monitoring.  


 
2) This report summarizes island wide survey results found in rain years 2013 and 2014 


with comparisons between years and examines the data with years combined. A 
total of 186 salamanders were found during 13 surveys (6 and 7 surveys completed 
in 2013 and 2014, respectively) which included 99 large (adults), 65 small 
(immatures or small adults) and 22 tiny (juveniles or small immatures) size classed 
animals. In 2013, 99 salamanders were surveyed while 87 were found in 2014. 


 
3) A total of 18% of all salamanders found were under smaller “juvenile” cover boards 


and within that group 58% were either small or tiny. Additionally, 82% of 
salamanders were found under larger boards with 44% of those being small or tiny 
animals. This indicates that use of small boards is still relatively low yet they may be 
attracting juvenile animals more than adult individuals. More time is needed for 
higher recruitment to these newly placed boards. 


 
4) The highest numbers of salamanders detected were in months when the most 


cumulative rainfall was recorded (December 2013 and February 2014). The 2014 
season resulted in the second driest season since the inception of the historic study 
in 2006. As a result no salamanders were found in October – December of the 2014 
rain year. This is likely why overall numbers of salamanders surveyed were fewer in 
2014 compared to 2013 despite the cover boards being in place for two seasons. 


 
5) With over half of all salamanders found along one transect (transect 13) while 


accounting for only 5% of checked cover boards, prime salamander habitat appears 
to be in an area characterized as having high moisture, shade, cover and a 
northwesterly aspect. In contrast, with all marine terrace transects combined there 
was less than 5% of salamanders surveyed while consisting of 31% of all cover 
boards checked. The marine terrace is characterized by a southerly aspect, dry, 
sunny, windy and having flat, sandy soil. 


 
6)  After increasing the sample size by combining data from both seasons it still 


appears that the current measure of soil moisture may not be effective in 
determining salamander presence. 
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INTRODUCTION 
 
In the fall of 2012, we began a study to assess the distribution and relative abundance of 
endemic Farallon arboreal salamanders (Aneides lugubris farallonensis) on Southeast 
Farallon Island, California.  This study is complimenting other salamander studies begun 
in 2006 that have mainly focused on documenting salamander life history characteristics 
(Lee 2006, Lee et al. 2012).  Like the previously established study, we are utilizing cover 
boards for locating and counting salamanders, but now have included a much larger 
area for examining salamanders in various habitats around the island.   
 
The purpose of this project is to provide assistance to the USFWS to expand existing 
arboreal salamander studies to meet the following goals: 1) gain additional knowledge 
about the distribution and abundance of Farallon arboreal salamanders across island 
habitats, and 2) increase detectability of juvenile salamanders, a key metric for assessing 
potential population impacts from introduced house mice (Mus musculus) pre and post 
proposed eradication. 
 
COVER BOARD STUDY DESIGN 
 
Like the previously established salamander study, for cover boards we used highly aged, 
untreated redwood collected from abandoned water tanks on the island. From this 
redwood, 378 new “large” cover boards (30cm x 30cm x 5cm) were cut and placed 
around the island– each paired in sets of 2 and placed between 5m to 20m apart.  These 
new large boards are numbered from 301 to 680. Along with every second set of new 
large boards is a set of 2 smaller boards (30cm x 15cm x 5cm), numbered 751-940. 
These “small” boards are designed to hopefully increase cover board use by juvenile 
salamanders. To prevent dislodging, a small rock collected nearby was placed on top of 
each board. 
 
To reduce habitat disturbance, in most areas we utilized existing paths for development 
of cover board “transects” (Figure 1).  The basic design of new boards begins at the end 
of the previously established cover board grid on the northwest portion of the island, 
located along the North Landing trail from just west of Russia House to North Landing 
(see Chapter 1). The existing salamander study, initiated by Point Blue in 2006, contains 
a transect of over 100 large cover boards placed in pairs, approximately every 10 m 
along with 6 irregularly large boards haphazardly placed in the survey area. These 
boards are numbered from 18 to 214, but not all numbers were used. In the Fall of 
2012, 50 new small sized boards were placed next to every other large board within the 
old transect (numbered 701-750). A total of 378 large (numbered 301-680) and 140 
small (numbered 751-940) boards for a total of 518 boards were placed around the 
island within the new transects. 
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In the description of the transects for new salamander boards, the range of board 
numbers corresponding to the transect is indicated in parentheses.  Board numbers 
include a range of large and small boards. New cover board transects are as follows: 


 Along the north side of the trail and cart path from just west of Russia House, heading 
East to East Landing (Transect #1: 301-348 & 751-774).  


 At the southwestern end of the study area, there are 4 transects of boards that lead 
southwest and perpendicular to the cart path onto the marine terrace. Starting at the SE 
end, these transects begin at  Transect #2: the junction of the Road to Nowhere out 
towards Mussel Flat (349-362 & 775-780); Transect #3: just west of the NW corner of 
the helicopter pad heading toward the domes (363-378 & 781-788); Transect #4:  by the 
weather station box just across the path from the PRBO house out to west of Sewer 
Gulch (379-392 & 789-796); and Transect #5: at the junction of Corm Blind and NL trails 
and leading to Mirounga Beach (393-420 & 797-810).  


 Transect #6 begins at the cart path junction near Twitville, heading toward the base of 
Shubrick Point, with a detour around the eastern Carp shop wall (421-472 & 811-834). 


 Transect #8 runs along the path and boardwalk form the Carp Shop to the Powerhouse, 
passing under the Monterey Pine (491-518 & 845-860).  


 Up slope transects are Transect #7: from NW corner of the catchment pad up the hill to 
the former old water tanks (473-490 & 835-844); Transect #9: from the SW corner of the 
catchment pad up to Rabbit Cave (519-538 & 861-870); Transect #10: from the cornered 
boardwalk behind the Powerhouse up LHH (539-566 & 871-884); Transect #11: from the 
path behind CG House up the trail to the Lighthouse (567-630 & 885-914) including a 
small number of boards heading west above the gravity tank in the “defacto” wilderness 
area looking down at North Landing (599-604 & 899-900); Transect #12: from behind 
the PRBO house up Little Lighthouse Hill (631-660 & 915-930); and 6) a horseshoe style 
transect up Little Lighthouse Hill from K plot (661-680 & 931-940).  


 
For comparison purposes data of corresponding traditional study surveys (survey #91-115) 
for the 5 plots are included. For description of these plots see the methods section in 


Chapter 1. To account for differences in cover board numbers in each plot we 
calculated the total cover in square meters (m2) for each plot in order to more 
accurately compare among plots. As such the total number of animals caught in 
each plot was divided by total cover to result in # of salamanders/m2 (Table 1).  


CENSUS METHODS 
 
Schedule 
The new boards were checked monthly, from October through April at the end of the 
month. May censuses were initially planned, but cancelled due to seabird disturbance 
issues in both 2013 and 2014. Cover boards were not checked in June-September during 
the dry season since previous studies showed that salamanders were not typically 
present under cover boards during that time. The traditional study was conducted twice 
a month around the 1st and 15th of each month. For comparison to the island wide 
distribution study the one survey conducted at the end or beginning of each month was 
used as it represented the closest date to when the island wide survey was conducted. 
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Cover Board Checks 
The basic protocol for checking new cover boards was  similar to that of existing studies 
initiated by Point Blue in 2006 (Lee 2006, Lee et al. 2012). Observers hands were 
thoroughly washed with water before the check and no oils or residues were put in 
contact directly with salamanders. In this study, we did not attempt to identify each 
individual by taking photos. Data collected at each cover board included: 1) numbers of 
salamanders present; 2) measurements of each salamander – by size class for all 
individuals, and exact measurements for smaller animals; and 3) soil moisture.  Surveys 
were conducted by at least two observers, and usually by 4 observers.  Upon checking a 
cover board, we first removed the rock weight from the top of board.  We grasped the 
board and lifted directly vertically, while another observer was ready to gently capture 
any salamanders. Salamanders were captured by hand.  If multiple salamanders were 
present, all animals were placed in a wet Ziploc bag before initiating measurements.   
 A visual estimate of the length from the tip of the snout to the posterior vent was made 
for for each individual in mm (SVL; Figure 2).  The length of the salamander was 
categorized into one of the following three size classes:  1) Large, > 40mm; 2) Small, 30-
40mm; or 3) tiny, < 30mm following previous methods. For small and tiny salamanders 
(any animal which looked to be <45mm SVL from visual inspection), an exact SVL 
measurement was taken using a ruler with the animal in a wet Ziploc or similar plastic 
bag to prevent excessive drying of the skin.  
 


When measurements were completed, we replaced the cover board in its original 
position, and then replaced the rock weight on top of the board.  Salamanders were 
rinsed in fresh water, and then gently released outside the board at its edge head first 
so the animal could crawl back under the board.  
 
Measurements of soil moisture (in %) were taken at each large board and small board 
using the General Digital Soil Moisture Meter, With Probe, Model # DSMM500. The 
probe was inserted 10cm deep into the soil under the center of each large board. If the 
soil was too dry at this point or there was a rock at that spot, we moved the shortest 
distance possible in any direction to insert the probe 10 cm deep into the soil. If it is not 
possible to insert the probe 10cm, we measured as deeply as we could insert the probe. 
Soil moisture measurements began in January 2013 and ended in late February 2014 
when the probe broke.  
 
All data were recorded on a standardized data book made from a Rite in the Rain 
Notebook and then entered into a database file. The first page of data listed observers, 
date, and time of survey. For each board checked the following fields were be recorded: 
board #, # salamanders, size class, SVL, and soil moisture (%) (Figure 3 - sample). Fields 
that were not applicable were filled with “.” 
 
RESULTS: 2013 & 2014 Rain Years 
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There were a total of 13 surveys of the new cover boards conducted from November 
2012 to April 2014 (6 and 7 surveys in Rain Years 2013 and 2014, respectively). During 
this time period a total detection (not unique individuals) of 186 salamanders were 
caught and processed which included 99 large, 65 small and 22 tiny size classed animals. 
With respect to the type of cover board used (large vs. small) there were a total of 33 
animals (14 large, 14 small and 5 tiny) found under small boards and a total of 153 
animals (85 large, 51 small and 17 tiny) found under large boards. This means 18% of all 
salamanders found were under small cover boards and within that group 58% were 
either small or tiny, while 82% of all salamanders were found under large boards with 
44% of those being small or tiny. This indicates that use of juvenile boards is still 
relatively low yet they may be attracting the small to tiny sized animals more than large 
individuals.  
 
The number of salamanders surveyed by size class and total per survey throughout the 
duration of the survey can be examined in Table 3. The results show that the highest 
numbers of salamanders detected were in months when the most rainfall was recorded. 
The series (3-A to C) in Figure 3 provides more description of salamanders surveyed per 
month by size class for the 2013, 2014 and combined seasons. The month with the 
highest number of salamanders found was February with 59 individuals. For comparison 
to the same sampling period in the traditional study results from corresponding surveys 
were included and presented in Table 3. Data from the traditional study shows higher 
abundance of salamanders recorded after significant rainfall months.  
 
Results for salamanders/m2 for both the traditional and island wide studies can be 
viewed in Table 4. These results emphasize that despite the traditional study plots only 
accounting for 27% of the total ground cover they produced 2/3 of the total 
salamanders found. Also apparent is the drastic difference in detection at transect 13 
(on the northwest-facing slope of Little Lighthouse Hill above K-plot) compared to the 
other transects within the island wide study. Transect 13 has by far the highest 
salamander/m2 (4.41) compared to the other transects despite only accounting for 4% 
of the total cover area which is on the magnitude of what was found in the traditional 
study’s Plot 3 (4.75). It should be noted that Transect 13 is the only transect added in 
the area of where the traditional study was already established. The next closest 
transect is 11 (high on the south slope of Lighthouse Hill) which accounts for 12% of 
total cover and had 0.82 salamanders/m2 and also includes many different habitat 
types. Furthermore, when combining transects that are on the marine terrace (transects 
1-5), results show minimal use of this habitat type with 23% of the total cover yet only 
accounting for 1.2% (9/567) of total salamanders found for both studies combined. 
Habitat on the marine terrace is generally dry and has sandy soil that may be less 
suitable for salamanders. 
 
In examining the potential relationship between salamander detections and soil 
moisture no trend was apparent when combining the data from the past two seasons. 
The collection of soil moisture did not occur until the survey conducted at the end of 
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January 2013 and ended after the probe broke during the survey conducted in February 
2014. After increasing the sample size by combining data from both seasons it still 
appears that the current measure of soil moisture may not be affective in determining 
salamander presence. Of relative importance is the amount of variability in percent soil 
moisture found in each transect (and more specifically at each cover board) between 
surveys. Figures 5A-C indicate that for most average percent soil moisture in a transect 
the standard deviation is often larger than the average itself. In attempting to relate 
salamander presence to soil moisture we need to reassess the method of measuring soil 
moisture to reduce variability. This series of figures allows for comparisons between the 
2013 and 2014 seasons along with seasons combined. 
 
DISCUSSION 
 
As was the case for Chapter 1 it should be noted that salamander numbers presented 
here are not of unique individuals but rather total numbers caught throughout the 
season(s). Throughout the various surveys conducted in a season it is likely that many 
individuals are sampled multiple times. However, unlike the traditional study a 
photographic database of individuals is not being stored and so analyses of mark-
recapture data cannot be performed in this island wide salamander distribution study. 
From preliminary data it appears that salamanders may prefer an island micro-habitat 
near the Northwest facing talus slope aspect as indicated by the skewed detection in 
transect 13 compared to other transects and the continued higher detection of animals 
from the traditional study area. This potential habitat preference is also supported by 
the minimal detection of salamanders in combined transects on the Marine Terrace 
(transects 1-5). Various island habitats have yet to be scientifically classified which will 
be an important part in drawing conclusions about salamander habitat preference. Once 
this is done cover boards could be categorized by habitat types and data analyzed in this 
manner. 
 
After the first two seasons of the expansion of the salamander study on SEFI it is 
recommended that the developed protocol continue with some adjustments. While it is 
encouraging that salamanders are using new cover boards, it is believed that more time 
is needed for salamanders to “recruit” to the newly placed cover boards. It is expected 
that more salamanders will be found during surveys the longer the boards are in place.  
However, despite the boards being in place longer we found fewer salamanders in 2014 
compared to 2013 (87 in 2014 and 99 in 2013). Rainfall on Southeast Farallon Island 
totaled 43.4 cm in 2013 and 28.3 cm in 2014, and 2014 was one of the lowest rain years 
in the history of our long term salamander study. Similar to this study, we saw a 
dramatic decrease in salamander detection of the long term study in 2014 compared to 
previous years (see Chapter 1; 232 salamanders in 2014 compared to 500 or more in 5 
of the 7 other years).  
 
On the other hand, once again habitat types may play a factor in the recruitment of 
salamanders to these boards. When examining the trends of salamander use of cover 
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boards over the length of the original study (2007-2014) we detected a total of 186, 601, 
385, 653, 510, 508, 519 and 232 salamanders, respectfully (see Chapter 1). From these 
data we can see the marked increase in salamander use of cover boards after the first 
season. Perhaps there was more suitable salamander habitat in the area where the 
original study began which resulted in quicker recruitment to cover boards. It could be 
that we never see a large increase in salamanders detected in areas where we have 
recently placed new cover boards simply because it is not preferred habitat. But as 
mentioned previously, from data collected during the original study we do know that 
salamander surface activity is closely associated with rainfall. It could also be that the 
recruitment rate may be a factor of the prolonged drought we have seen in California 
and more time is needed to see if there is increased detection overtime in the newly 
placed cover boards. Further data collection during a more normal rain year will provide 
confirmation on whether the recruitment rate to these new boards are a result of the 
drought or that they are simply placed in less suitable salamander habitat. 
 
To better understand salamander distribution and abundance on the island, cover 
boards will need to be characterized by habitat types.  Habitat metrics may include 
aspect, slope, substrate type, soil moisture, vegetation cover, prey availability or others.  
The method used in 2013-2014 for measuring percent soil moisture appears to be highly 
variable and based on results from this data other measures should be considered to 
create more reliable and repeatable measurements. Seasonal surveys should begin in 
October prior to the start of a typical rainfall year and end at the end of April, when 
sensitive seabirds begin nesting and salamander activity begins to decline with the onset 
of the dry season.
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TABLES 
 
Table 1. Summary of Large and Juvenile Salamander Cover Board locations by general area and 
transects as described above. Brief description also included. Numbers in (_) indicate total 
number of boards. Plot 1-5 represent the 5 transects from the traditional study (see Chapter 1). 
Plot 1 also includes 3 irregularly shaped large boards while Plot 2 has 2 and Plot 4 contains 1. 
Total cover is the sum total square meters (m2) in a Plot/Transect which takes in to account all 
cover boards (large+small+irregular) within that Plot/Transect. 


Transect Large CB #s Small CB #s 
Total Cover 


(m
2
)


 
Description 


Plot 1 18-35 (15) 701-706 (6) 31.167 Starting from NL to first bend left in the trail 


Plot 2 36-59 (18) 707-714 (8) 35.361 From first bend L in the trail up to NL Auklet trail 


Plot 3 60-91 (18) 715-724 (10) 20.610 NL auklet trail up to the Gap 


Plot 4 92-128 (31) 725-738 (14) 44.864 From the Gap through K plot and SLC area 


Plot 5 177-214 (24) 739-750 (12) 26.964 From K plot around to MT near Russia House  


1 301-348 (48) 751-774 (24) 53.928 Along path from Russia House to Shark Shack 


2 349-362 (14) 775-780 (6) 15.342 Road to nowhere south towards Mussel Flat 


3 363-378 (16) 781-788 (8) 17.976 West of helo pad south towards domes 


4 379-392 (14) 789-796 (8) 16.116 PRBO weather box south towards Sewer Gulch 


5 393-420 (26) 797-810 (14) 31.458 Base of Corm Blind south towards eseal blind 


6 421-472 (52) 811-833 (24) 57.648 Twitville path to base of Shubrick 


7 473-490 (18) 834-844 (10) 20.610 NW corner catchment pad to old water tanks 


8 491-518 (28) 845-860 (16) 32.232 Pipe shop along board walk to Power House 


9 519-538 (20) 861-870 (10) 22.470 SW corner of catchment pad  to Rabbit cave 


10 539-566 (28) 871-884 (14) 31.458 Behind Power House north up LHH 


11 567-630 (64) 885-914 (30) 71.130 LHH trail at CG House up to Light House 


12 631-660 (30) 915-930 (16) 34.092 Behind PRBO House north up LLHH 


13 661-680 (20) 931-940 (10) 22.470 Horseshoe type transect on LLHH above K-plot 


 
Table 2. Example of field data collection.  


Board # # sallys Size Class (L, S, T) SVL (mm) Moisture (%) 


301 1 L . 21.4 


302 2 1S, 1T 28,39 16.2 


751 0 . . . 


752 1 L . 8.8 
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Table 3. Summary of Farallon arboreal salamanders surveyed by size class and total per survey 
from November 2012 - April 2014 (performed at the end of each month listed). There were no 
salamanders found during surveys 7-9. The highest numbers of salamanders were sampled in 
December 2012 and February 2014 which was closely tied to the major rain events of each 
season. Rainfall is the cumulative recorded for the entire month in centimeters (cm). Also 
included are the closest corresponding traditional survey (survey #91-115) results from the 
same time period as a comparison to what was found in Plots 1-5 of this long-term study. 
 Date Salamander Size Class   


Survey # Month-Year Large Small Tiny Total Rainfall (cm) 


1 Nov-12 7 0 1 8 4.70 


2 Dec-12 19 9 3 31 13.18 


3 Jan-13 6 4 4 14 15.41 


4 Feb-13 6 13 2 21 1.60 


5 Mar-13 5 13 2 20 2.00 


6 Apr-13 3 2 0 5 2.64 


7 Oct-13 0 0 0 0 3.23 


8 Nov-13 0 0 0 0 2.67 


9 Dec-13 0 0 0 0 0.05 


10 Jan-14 0 1 0 1 0.05 


11 Feb-14 29 3 6 38 14.71 


12 Mar-14 12 10 2 24 7.84 


13 Apr-14 12 10 2 24 2.65 


 Total 99 65 22 186 70.71 


91 1-Dec-12 50 3 3 56 4.70 


93 2-Jan-13 36 4 4 44 13.18 


95 31-Jan-13 28 6 4 38 15.41 


97 28-Feb-13 23 6 0 29 1.60 


99 4-Apr-13 61 15 2 78 2.00 


100 18-Apr-13 9 1 0 10 2.64 


103 30-Oct-13 0 0 0 0 3.23 


105 30-Nov-13 9 3 0 12 2.67 


107 30-Dec-13 1 1 0 2 0.05 


109 1-Feb-14 0 0 0 0 0.05 


111 1-Mar-14 32 5 3 40 14.71 


113 2-Apr-14 49 9 2 60 7.84 


115 2-May-14 10 2 0 12 2.65 


 Total 308 55 18 381 70.71 
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Table 4. Summary of the number of salamanders caught by plot/transect and size class along 
with total numbers from the inception in 2012 until April 2014. Study age refers to the “plots” in 
the old study initiated in 2006 and “transects” for the new island wide study. There were no 
salamanders found in transects 4, 5 and 10. Over half of the salamanders were surveyed in 
transect 13 on LLHH above K-plot. The total (large + small + large irregular) cover boards in each 
transect are represented by #CBs. The total cover (m2) was calculated by taking measurements 
in meters of all cover boards within a plot/transect and summing all square meters of ground 
covered by cover boards. These data were collected from 13 surveys conducted at the end of 
the month from Nov 2012 – Apr 2014. Also included are the closest corresponding traditional 
survey results from the same time period as a comparison to what was found in Plots 1-5. 
Salamander/ m2 represents the total salamanders/total cover within each plot/transect. 


  Size Class      


Study 
Age 


Plot or 
Transect Large Small Tiny Total # CBs 


Total Cover 


(m2
) 


Proportion 
of Grand 


Total Cover 
Salamander


/ m
2
 


Old Plot 1 54 10 0 64 21 31.167 0.053 2.05 


Old Plot 2 75 5 6 86 26 35.361 0.060 2.43 


Old Plot 3 69 22 7 98 28 20.610 0.035 4.75 


Old Plot 4 103 15 3 121 45 44.864 0.077 2.70 


Old Plot 5 7 3 2 12 36 26.964 0.046 0.45 


 Plot Total 308 55 18 381 156 158.966 0.271 2.40 


New 1 5 1 1 7 72 53.928 0.092 0.13 


New 2 1 0 0 1 20 15.342 0.026 0.00652 


New 3 0 1 0 1 24 17.976 0.031 0.00556 


New 4 0 0 0 0 22 16.116 0.028 0 


New 5 0 0 0 0 40 31.458 0.054 0 


New 6 6 1 3 10 76 57.648 0.098 0.0173 


New 7 3 0 1 4 28 20.610 0.035 0.0194 


New 8 1 1 2 4 44 32.232 0.055 0.0124 


New 9 1 0 0 1 30 22.470 0.038 0.00445 


New 10 0 0 0 0 42 31.458 0.054 0 


New 11 40 17 1 58 94 71.130 0.121 0.0815 


New 12 0 0 1 1 46 34.092 0.058 0.00293 


New 13 42 44 13 99 30 22.470 0.038 4.41 


 Transect 
Total 99 65 22 186 568 426.930 0.729 0.0436 


 Grand 
Total 407 120 40 567 724 585.896 1 
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FIGURES 
 
 


 
Figure 1. Array of new salamander boards on Southeast Farallon Island, locations 
obtained by Trimble GPS.  Numbers shown are the first board number in the set. 
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Figure 2. Measurement of SVL (snout-vent length) in millimeters.   
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Figure  3-A. Rain Year 2013: The number of salamanders surveyed per month by size class (and 
total) from November 2012 to April 2013. In total there were 99 individuals caught of which 46, 
41 and 12 were of the large, small and tiny size class, respectively. Total salamanders caught per 
month for November-April were 8, 31, 14, 21, 20 and 5, respectively.  


 
Figure  3-B. Rain Year 2014: The number of salamanders surveyed per month by size class (and 
total) from October 2013 to April 2014. No salamanders were found in the October-December 
surveys. In total there were 87 individuals caught of which 53, 24 and 10 were of the large, small 
and tiny size class, respectively. Total salamanders caught per month for October-April were 0, 
0, 0, 1, 38, 24, and 24, respectively.  
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Figure  3-C. Rain Years 2013 and 2014 combined: The number of salamanders surveyed per 
month by size class (and total) from November 2012 to April 2014. In total there were 186 
individuals caught of which 99, 65 and 22 were of the large, small and tiny size class, 
respectively. Total salamanders caught per month for November-April were 8, 31, 15, 59, 44 and 
29, respectively.  
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Figure 5-A. Rain Year 2013:  The average (+SD) percent soil moisture (%SM) and total sum of 
salamanders surveyed at each transect. Soil moisture measurements did not begin until the 
January survey which means averages are taken from 4 surveys. Also, only data at adult cover 
boards were used for this figure as only adult cover boards were measured for %SM during 
every survey (as opposed to juvenile boards where %SM was taken only if a salamander was 
present). Note the variation around the average %SM at each transect is often higher than the 
average itself. 


 
Figure 5-B. Rain Year 2014:  The average (+SD) percent soil moisture (%SM) and total sum of 
salamanders surveyed at each transect. Soil moisture measurements began in October and 
continued until February when the probe broke after use in the middle of March. This meant 5 
surveys with %SM were conducted in 2014. Also, only data at adult cover boards were used for 
this figure as only adult cover boards were measured for %SM during every survey (as opposed 
to juvenile boards where %SM was taken only if a salamander was present). Note the variation 
around the average %SM at each transect is often higher than the average itself. 
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Figure 5-C. Rain Years 2013 and 2014 combined:  The average (+SD) percent soil moisture 
(%SM) and total sum of salamanders surveyed at each transect. Soil moisture measurements 
began in January 2013 and ended February 2014 which includes averages taken from 9 surveys. 
Also, only data at adult cover boards were used for this figure as only adult cover boards were 
measured for %SM during every survey (as opposed to juvenile boards where %SM was taken 
only if a salamander was present). Note the variation around the average %SM at each transect 


is often higher than the average itself. 
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