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INTRODUCTION

In March 2004 we concluded our third consecutive year of research on the conservation and ecology of the seabird community of the Juan Fernández Islands.  The research program continued to focus on the following four species: the pink-footed shearwater (Puffinus creatopus), Juan Fernández petrel (Pterodroma externa), Stejneger’s petrel (Pterodroma longirostris) and Kermadec petrel (Pterodroma neglecta).  Our previous season reports (2002 and 2003) detail activities and methods from our first two seasons.  Because the majority of our efforts this season were a continuation of existing investigations we will provide detailed explanations of methodologies only for aspects of our work that were new this season.  In this report we present a summary of our 2004 season, including preliminary analyses of our data.  We will publish the results of more detailed analyses in academic journals and will provide copies of all publications to the Corporación Nacional Forestal (CONAF, Chilean Federal Park Service when available.

OBJECTIVES

The general research objectives for the four focal species, summarized below, remain largely unchanged from previous seasons.  

Pink-footed shearwater (Puffinus creatopus), Juan Fernández petrel (Pterodroma externa), and Stejneger’s petrel (Pterodroma longirostris)
These three species breed in concentrations of burrows on Islas Robinson Crusoe and Santa Clara (P. creatopus) and Isla Alejandro Selkirk (P. externa and P. longirostris).  The accessibility of colonies allows us to investigate various ecological parameters simultaneously:

1) breeding population biology
2) breeding biology and behavior

3) foraging ecology

4) migratory behavior (pink-footed shearwater only)

5) competition with, and predation by, introduced mammals

Kermadec petrel (Pterodroma neglecta)
This species nests on small islets and rock outcrops offshore of Robinson Crusoe.  Due to difficult access to this species, we have established a basic monitoring program on a single outcrop, Morro Juanango, with the objective of determining the following: 
1) basic breeding biology parameters (laying effort and breeding success)

2) size of breeding population

3) aspects of foraging ecology (using stable isotope analyses)

Community involvement

As in our first two seasons, we continued to give considerable emphasis to developing and offering community-based educational programs.  In 2004, we made efforts to interact with a wide variety of audiences on the islands, introduce local youth to our research through school and community-based programs and use the newly-established community seabird reserve as an educational resource.

RESEARCH ON THE PINK-FOOTED SHEARWATER (Puffinus creatopus)

We continued to focus the majority of our work on this species on Isla Santa Clara, primarily because of the accessibility of nest cavities, and conducted additional studies on Robinson Crusoe.  In this section we summarize our combined research efforts on this species. All results are reported as mean ± 1 SD unless otherwise noted.
Breeding population estimates

Methods.  On Isla Santa Clara we continued to assess burrow occupancy in three subcolonies: Refugio, near base camp; Volcán Chico, on the slope of a mid-sized peak on the west side of the island’s central plain; and Cerro Alto, a saddle on the summit of the island.  We used an infra-red camera probe to determine burrow occupancy in a subset of burrows in each subcolony (n = 60, 56, and 60 burrows in Refugio, Volcán Chico and Cerro Alto, respectively).  We began checking burrows during the late incubation period (third week of January).  To be considered empty, a burrow had to be recorded as unoccupied on three separate days.  For burrows with adult shearwaters and/or eggs present, we checked status every other day through mid-February or until a chick was observed to determine burrow contents, timing of hatching and hatching success.  We checked burrows with chicks at the beginning of March and then again on 25 March to determine chick survival through the mid-chick period.  Because we were ultimately able to determine if burrows had an egg and/or chick present, our burrow occupancy estimates also serve as estimates of breeding activity.  Note, however, that these estimates are conservative because we were unable to check burrows immediately after egg laying.  Thus, it is possible that some burrows that failed soon after egg laying were recorded as empty when we first checked them.       

Due to the difficulty of determining burrow contents in most colonies on Robinson Crusoe, we were unable to collect comparable burrow occupancy data.  However, we did establish a small study plot (Bosque plot) in the Vaquería colony, within the luma (Myrceugenia fernandeziana) forest on the north side of the drainage.  In mid-January we used an infra-red camera probe to determine burrow occupancy of 28 burrows within this plot, but we were unable to collect subsequent hatching and chick survival data at this site.  


Results.  Estimates of percent burrow occupancy on Isla Santa Clara ranged from 50% (Cerro Alto and Volcán Chico) to 60% (Refugio) for the 2004 season.  In the Bosque plot at Vaquería, we were able to determine status for 27 of the 28 burrows checked.  Sixteen of the 27 (59%) were active.  

Discussion.  Our estimate of percent active nests was consistent between 2003 and 2004 at the Refugio subcolony but increased dramatically at both the Volcán Chico (38% in 2003) and Cerro Alto (32% in 2003) subcolonies in 2004.  The percentage of occupied burrows in these two subcolonies increased to nearly that of Refugio.  It is important to note that in September-October 2003 CONAF conducted an apparently successful rabbit eradication on Santa Clara.  Although we have only one season of post-eradication breeding data, the patterns observed may be instructive.  Occupancy levels in the Refugio plot did not change between pre- and post-eradication seasons.  This plot is located adjacent to the CONAF hut where rabbit hunters lived during the eradication program.  Thus, hunting pressure on rabbits may have been greatest, and competition for burrows between rabbits and shearwaters lowest, in this subcolony.  Interestingly, the Bosque plot on Robinson Crusoe had a comparable breeding activity level to that of Refugio, although rabbits are present in the Vaquería region.  In contrast to the consistent occupancy levels in Refugio, increased burrow occupancy in 2004 at the Volcán Chico and Cerro Alto subcolonies suggests that shearwaters may have already taken advantage of presumptive increased burrow availability due to the lack of rabbits.  However, there are other potential factors that may contribute to differences in burrow occupancy between subcolonies and breeding seasons including soil fragility, reappearance of vegetation, slope aspect, erosion, etc.  We have not attempted to address these potentially confounding factors.  

Continued burrow monitoring on Santa Clara in subsequent breeding seasons will help clarify shearwater responses to the absence of rabbits.  We also intend to increase our monitoring program at the Bosque plot so that we can compare not just burrow occupancy levels but also hatching success and chick survival between a colony on Robinson Crusoe and the Santa Clara subcolonies.     

Breeding biology and behavior

Methods.  On Santa Clara, we monitored incubation, chick hatching and chick survival with infrared burrow cameras throughout the season to assess breeding phenology (timing) and success.  We did not conduct any formal behavioral studies of adult colony attendance and surface behavior, as we did in previous seasons.  However, we did record behavior of breeding adults at burrows which contained an adult we were satellite tracking.

Results.  We monitored 94 nests determined to have an egg and/or chick during the monitoring period (19 January-25 March).  Of these, we collected hatching date data for 71 of 73 nests that produced a chick.  Hatching peaked from 30 January-4 February with 56% (40/71) of the chicks hatching during that period.  Hatch dates ranged from <20 January through 12 February.  Consistent with previous seasons, chicks were left unattended 1-3 days after hatching.  For the remaining 21 nests, we recorded definite failures at 17 of them (one evicted, one broken and 15 abandoned eggs) and possible failures at four nests (unknown fate).  We were able to determine survival for 70 of the 73 chicks monitored.  


Hatching success varied between subcolonies (Volcán Chico 86%, Refugio 78%, and Cerro Alto 70%) with a pooled estimate of 78% success (73/94).  Chick survival through the mid-chick period (25 March) was comparable between subcolonies, averaging 94% overall.  We calculated an overall breeding success (number of chicks surviving to 25 March divided by number of eggs) of 73% (66/91).  
Discussion.  Hatching success, chick survival and overall breeding success were extremely consistent between the 2003 and 2004 seasons (for 2003 data, please see 2003 Field Season Report p. 8), suggesting that environmental conditions were comparable.  Apparent differences in reproductive success between subcolonies warrant further attention.  In 2004, Cerro Alto had lower hatching success and overall breeding success than Refugio and Volcán Chico (which had the highest hatching success and chick survival rates).    

Although we did not focus on surface behavior of adult shearwaters in the colonies during this past season, comparing behaviors of individuals on Santa Clara (predator free) and Robinson Crusoe (predators) would provide insight into the behavioral plasticity of pink-footed shearwaters and their capacity to respond to introduced predators.

Foraging ecology 

Methods.  We examined the foraging ecology of pink-footed shearwaters on Santa Clara both directly and indirectly. To directly monitor foraging trip locations and durations, we deployed six battery operated satellite transmitters on twelve breeding adults from eleven active burrows (two tagged adults were a breeding pair).  Tags (3 each of Microwave Telemetry  PTT-100 and Northstar PTT-20G) weigh 20 grams, not including attachment materials.  Transmitters were attached with Tesa brand tape to 20-25 contour feathers on the dorsal side of the bird, slightly above the base of the rectrices. In 2003, we attached tags to only 5-10 feathers, and ultimately lost all (5) transmitters. Relying on significantly more feathers appears to have improved our retrieval success rate (see below).

Tags remained adhered to the birds for 5 to 18 days (mean = 9.7 ± 3.9), and ultimately two tags were lost. One bird returned without a tag attached, and another bird had not returned to its burrow by the end of our field season (7 March), after having departed 20 days prior.  All satellite tagged birds were marked with two plastic Darvic leg bands.

We also collected samples for diet and stable isotope analyses.  We obtained these samples opportunistically when handled birds regurgitated.  We obtained blood samples for stable isotope analyses from the brachial vein using needle and syringe.  Individual birds were either stomach flushed or bled (never both).  All samples were stored in 98% ethanol. 

Results . For two deployments, the transmitter batteries failed almost immediately after attachment, so data reflect the remaining 10 deployments. Nine of these 10 deployments tracked a single foraging trip, and one deployment tracked two consecutive trips by a single bird, yielding data for a total of 11 trips. Trip duration ranged from 5-15 days, with a mean trip length of 8.9 ± 2.7 days. These ranges are consistent with those observed for untagged birds, suggesting that tagging did not affect foraging trip duration.
Our data indicate that tracked birds headed primarily in an easterly direction (9 of 11 tracks) on their foraging trips.  Approximate maximum linear distances from the island ranged from 362 to 700 kilometers (mean = 535 ± 112 km).


We collected 10 stomach samples from breeding adult shearwaters captured on the colony surface to directly assess diet (prey identification and hard part analyses) and to determine reference stable isotope values for shearwater prey items.  We also collected 11 adult and 6 chick blood samples for stable isotope analyses of the trophic level at which shearwaters are feeding.  These samples are currently being analyzed.   

Discussion.  Foraging trip durations, locations, and distances of breeding pink-footed shearwater adults in the 2004 season appear to be similar to those of the 2003 season and markedly different from those of the 2002 season. 

Additional analyses, in particular the evaluation of remotely sensed oceanographic data, should allow us to investigate factors that relate to the observed patterns in foraging behavior.  We will compare satellite location data with oceanographic parameters such as sea surface temperature and chlorophyll a levels to examine how shearwaters may be using ocean conditions in their foraging.  Based on the dramatic differences in foraging trips in 2002 versus the 2003 and 2004 seasons, we predict that the data will reveal inter-annual differences in oceanographic conditions.

Migratory behavior

Methods.  In collaboration with the Tagging of Pacific Pelagics program (TOPP), we deployed seven dummy and five active Lotek geolocator tags to breeding pink-footed shearwaters in March 2003.  These lightweight tags measure light level, temperature and pressure.  Light levels can be used to calculate geographic position although the accuracy is considerably less than that of satellite transmitters.  Pressure and temperature data provide information on diving behavior and time spent in flight versus on the water.  

During this past season, we successfully recovered three of the deployed Lotek tags, two active and one dummy.  It appears that the attachment loop may have failed prematurely on at least some of the tags.  

Results/Discussion.  Data were successfully retrieved from one of the active tags with the second tag sent back to Lotek because we could not download data due to tag damage.  The single data set that we have thus far suggests that the tags may prove to be useful tools for determining migratory behavior of this species.  

Competition and predation

Methods.  We continued to assess competition and predation on both Santa Clara and Robinson Crusoe using established study plots in which we censused ejected eggs and carcasses of adult and nestling shearwaters (for detailed explanation of methods please see 2003 Field Season Report p. 12).  Because many of the carcasses were decomposed when we found them, it was difficult to determine categorically whether or not they had been predated.  For purposes of the analyses presented below, we use the term “mortality” to describe carcass data, thereby including carcasses that showed evidence of predation and those for which their status was inconclusive.

As in previous seasons, we conducted rat and mouse trapping at all three Robinson Crusoe study plots (Vaquería, Piedra Agujereada, and Puerto Francés) at two different times within the season, late January and mid-March, totaling 153 trap-nights at Vaquería, 244 trap-nights at Piedra Agujereada, and 167 trap-nights at Puerto Francés.  To determine diet of rats using stable isotope analyses, we collected muscle samples from each trapped individual and stored them in 98% ethanol.

Results.  Study plots on Santa Clara revealed a mean egg ejection rate of 22 ± 7% from burrows occupied by shearwaters.  Ejection rates varied considerably among the three plots, ranging from 17% in the Refugio plot to 31% in the Volcán plot.  Study plots from Robinson Crusoe suggest an egg ejection rate of less than 1% in 2004.

We found one dead adult and one dead chick during checks of our study plots on Santa Clara.  The adult showed no signs of predation, but the chick had been eaten.  On Robinson Crusoe, carcass counts during these semi-monthly checks varied considerably between sites.  In Table 1 we present estimates of mortality on Isla Robinson Crusoe based on the direct counts of dead shearwaters on the colony surface in our three study plots. 

Table 1. Mortality information from surveys of carcasses on surface of study plots on Robinson Crusoe
	
	Colony
	

	
	Vaquería
	Piedra Agujereada
	Puerto Francés
	Mean ±

1 SD

	# dead adults
	0
	13
	1
	-

	# dead chicks
	1
	9
	4
	-

	% adult mortality

   (# dead adults/# breeding adults)
	0%
	0.6%
	0.1%
	0.2 ± 0.3%

	% chick mortality

   (# dead chicks/# active burrows1)
	0.5%
	0.5%
	1%
	0.7 ± 0.3%

	% failed breeding adults2
	0.5%
	1%
	1%
	0.8 ± 0.3%


1 For information on estimates of numbers of active burrows and breeding adults on Robinson Crusoe, see Breeding population estimates: Results in 2003 Season Report
2 % failed breeding adults = # failed breeding adults ((# adult carcasses + # dead chicks) x 2) / # breeding adults
Adult mortality rates were highest at Piedra Agujereada, while chick mortality rates were highest at Puerto Francés.  We combined adult and chick deaths at each site to calculate the proportion of failed breeding adults potentially attributable to predation (please see 2003 Season Report for more detailed explanation).  The average rate of failed breeding adults due to chick and adult mortality on Isla Robinson Crusoe was 0.8 ± 0.3%, or 0.4% of shearwater nests.  
We collected two, five and 14 rat muscle samples at Vaquería, Piedra Agujereada and Puerto Francés, respectively, for stable isotope analyses.  
Discussion.  Egg ejection rates continued to remain low in the Robinson Crusoe colonies.  Following the eradication of rabbits from Santa Clara, we expected that egg ejection rates in the Santa Clara subcolonies would drop significantly.  However, overall ejection rates increased slightly, from 18% in 2003 to 22% in 2004.  This suggests that the high rates previously recorded on Santa Clara may not be directly or exclusively due to competition with rabbits, as suggested in our earlier reports.  We will continue to monitor egg ejection on both Robinson Crusoe and Santa Clara to try to better understand egg ejection patterns and the possible role that rabbits may play.  

As in previous years, levels of adult and chick mortality attributable at least in part to predation varied between sites.  Additionally, mortality rates continued to vary strongly between years.  The 2003 season had markedly higher levels of adult and chick mortality than the 2002 and 2004 seasons (please see 2002 and 2003 Season Reports).  In 2003, 12% of breeding adults on Robinson Crusoe failed due to chick and adult mortality with Vaquería having the highest rate (22%).  In contrast, the failure rate dropped to less than 1% in 2004 with Vaquería having the lowest rate (0.5%).     

Understanding interactions with introduced mammals is critical for conservation of the entire seabird community.  Thus, we will continue to monitor mortality and breeding failure rates in our study plots as a fundamental component of our efforts to better understand the impacts of introduced mammals on shearwater population dynamics.  Stable isotope analyses are an invaluable tool for assessing diets of introduced mammals, thereby allowing us to infer the importance of seabirds in the diets of these predators.  We intend to collect stable isotope samples from coatis and feral cats on Robinson Crusoe.  Investigating the impacts of introduced mammals remains a high priority for our program, especially given the global recognition of their effects on seabird communities worldwide.   

 RESEARCH ON THE JUAN FERNÁNDEZ (Pterodroma externa) and STEJNEGER’S PETREL (Pterodroma longirostris)

 
We continued with the research program on the ecology and conservation of the two endemic petrel species that breed on Isla Alejandro Selkirk, the Juan Fernández Petrel (Pterodroma externa) and Stejneger’s Petrel (Pterodroma longirostris).  Peter Hodum, Joanna Smith and Matthew McKown conducted fieldwork in the Tres Torres and Cordón de los Inocentes Bajos sectors from 29 January through 21 March 2004.  Dr. Tammy Steeves conducted preliminary fieldwork for two weeks at our field site in early March.


Our research continued to focus on the following four general areas: population biology, breeding biology and behavior, impacts of predation, and foraging ecology.  The objectives and methods are the same for both petrel species.  In addition, McKown initiated a study of vocalizations of both species, Smith began a study of foraging and provisioning strategies in Juan Fernández petrels, and Steeves undertook a pilot study of population genetics of the two species.  In the following sections we will use the following abbreviations for the two species: JFPE = Juan Fernández petrel and STPE = Stejneger’s petrel.  All results are reported as mean ± 1 SD unless otherwise noted. 

Population biology

Colony size and geographical extent


As part of our attempt to develop an estimate of population sizes of the two species, we have begun to survey the colony using GPS.   This work, still in its preliminary stages, will allow us to determine the spatial area of the colony and map its geographical extent.  During the 2005 field season we intend to complete the transects necessary for these estimates.  Ultimately, these data will be used to develop a digital map of the breeding colonies employing GIS.    

Nest density plots


To complement our previous work on nest densities of the two species, we conducted censuses along open ridge habitat on Cordón de los Inocentes Bajos and further characterized STPE nesting clusters along the ridge.  These data will provide us with a more thorough understanding of breeding habitat of the two species and will better enable us to develop the aforementioned digital map.    

Methods.  (1) Cordón de los Inocentes Bajos transect.  We measured burrow densities and vegetation cover in paired 5 x 5m quadrats every 25m in open habitat along a 600m length of Cordón de los Inocentes Bajos.  Every 25 m along the transect we established 2 quadrats, each of which began 2m from the transect line.  We used burrow entrance dimensions to distinguish between JFPE and STPE burrows (see Burrow identification section from 2003 Season Report for detailed explanation).  We estimated percent cover within each quadrat by using 6 general vegetation cover categories: grass, liverwort, herbs, liverwort on tree fern hummocks, exposed rock, and tree ferns.   

(2) Nest densities along predation transects.  To characterize the five 100m predation transects established in the tree fern forest on the Inocentes Bajos ridge (see Predation transects in “Predation” section below), we measured nest densities using 2m radius circular plots and vegetation density and height using the qualitative measures explained in the 2003 Season Report.  Nest densities and vegetation descriptions were recorded every 10m and 20m along the transect, respectively.  

(3) Nest densities in STPE nest clusters.  We selected eight STPE nest clusters/sub-colonies along the Inocentes Bajos ridge and recorded (1) nest densities within subplots in each and (2) approximate area of the cluster.  We defined a cluster as a concentration of STPE burrows, none of which were greater than 5m from any other STPE burrow entrance.  Depending on the substrate, some of these clusters also contained JFPE burrows.  We distinguished between STPE and JFPE burrow entrances using nest dimensions.  To determine nest densities we counted all burrow entrances within a 5m x 5m plot.  To calculate approximate area of the cluster we bounded the cluster by a polygon and measured the dimensions of each side of the polygon.  

Results.  (1) Cordón de los Inocentes Bajos transect.  Nest densities were highly variable along the open ridge habitat (0.14 ± 0.23 STPE and 0.42 ± 0.26 JFPE burrows/m2).  Preliminary analyses suggest that there was little/no relationship between JFPE nest densities and vegetation type.  In contrast, it appears that STPE nest densities were higher in quadrats dominated by herbs and grasses, although burrows were also found in low densities in quadrats with high percentages of liverwort.


 (2) Nest densities along predation transects. All of the burrows within the 50 circular plots were of Juan Fernández petrels.  Nest densities were consistent among the 5 predation transects, averaging 0.71 ± 0.24 burrow entrances/m2.  We have not yet analyzed the vegetation description data.     


(3) Nest densities in STPE nest clusters. Nest densities in the eight clusters averaged 0.72 ± 0.21 STPE and 0.04 ± 0.03 JFPE burrow entrances/m2.  

Discussion.  JFPE nest densities in the open habitat of the Inocentes Bajos ridge were significantly lower than those recorded in tree fern habitat in 2003 while densities recorded in tree fern habitat along the predation transects were comparable (see 2003 Season Report, p 15-16).  STPE burrows in the open-ridge habitat appeared to be concentrated in areas dominated by herbs and grasses with lower nesting densities in liverwort-dominated habitat.  These results are consistent with qualitative vegetation descriptions within STPE nest clusters.  

Burrow length measurements

To further characterize burrows of the two species we measured burrow lengths, defining burrow length as the distance from the burrow entrance to the center of the nesting chamber.  JFPE burrows were significantly longer than STPE burrows, averaging 111 ± 25 and 75 ± 14 cm, respectively.  

Adult mortality in the colonies


As in the previous two seasons, we encountered mortality of adult petrels that was not attributable to predation.  We found 13 recently dead petrels during the field season that died from non-predation causes, 12 of which were Juan Fernández petrels.  None of these carcasses showed evidence of having been scavenged.  The major factor leading to this mortality appeared to be collisions between petrels in flight over the colony at night.  Of the 12 JFPE adults, 3 had a broken wing and 2 more had a broken neck.  A sixth bird was found with its wing wedged into the base of tree fern fronds.  The gizzard of a seventh bird was completely blocked by thin plastic.  Five birds died of undetermined causes.  The single Stejneger’s petrel appeared to have a broken neck.    

Breeding biology and behavior


In 2004, we followed the nest activity for all of the marked nests from 2002 and 2003 and incorporated additional nests into our study.  For the Juan Fernández petrels, we monitored 34 nests in the Tres Torres plain study area and 27 nests in the Point Break study area.  We also followed a total of 65 marked Stejneger’s petrel nests, all but one of which are located along the central Cordón de los Inocentes Bajos ridge.  We used these marked nests, most of which have access holes to allow for nest status checks, to monitor breeding biology and nestling growth.

Breeding biology 
Methods.  We used an infrared camera probe to determine initial status of burrows of both species and an excavated hole that provided direct access to the nesting chamber.  We determined status, hatch date and chick survival for all marked burrows of both species and measured nestling growth for a subset of chicks.  For a detailed explanation of the methods used please see p. 17 of our 2003 Season Report.  

Nest status for the majority of STPE burrows was initially checked between 29 Jan.-6 Feb.  JFPE burrows were initially checked between 10-14 Feb.

Results: Juan Fernández petrels.  Table 2 summarizes the status and breeding success measures for the Tres Torres and Point Break study areas for the 2004 season.      

Table 2.  Status and breeding success of Juan Fernández and Stejneger’s petrels during the 2004 season.

	Species/Study area

(n=no. of nests)
	  Active nests1
(%)
	Hatching success2 (%)
	Chick survival3 (%)
	Overall breeding success4 (%)

	Juan Fernández petrel
	
	
	
	

	  Tres Torres (n=34)
	    68
	74
	76
	57

	  Point Break (n=27) 
	    67
	61
	73
	44

	Stejneger’s petrel
	
	
	
	

	  Inocentes Bajos (n=59)
	    83
	69
	87
	69


1 Number of nests with egg at time of initial status check divided by total number of nests
2 Number of chicks hatched divided by number of eggs
3 Number of chicks surviving through 21 March divided by number of chicks hatched
4 Number of chicks surviving through 21 March divided by number of eggs

The JFPE hatching period occurred from 20 February through 5 March with a peak occurring on 28 February (Figure 1).
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Figure 1. Hatching dates for Stejneger’s petrel chicks in the Inocentes Bajos study areas during the 2004 breeding season.
Results: Stejneger’s petrels.  Table 2 above summarizes the status and breeding success measures for the 2004 season.  In 2004, hatching occurred between 6 and 18 February with a peak from 8-12 February (Figure 1).    

Discussion.  Chick survival and overall breeding success was higher for Stejneger’s petrels than Juan Fernández petrels in both 2003 and 2004 (see 2003 Season Report).  The notable difference in breeding parameters between years for both species was the lower hatching success in 2004.  JFPE nest activity was lower at Point Break in 2004 than in 2003 but remained constant at Tres Torres.   

Although we were unable to follow the complete STPE hatching period in 2003, hatching appeared to occur later in 2004 compared to 2003.  In 2003, 75% of chicks hatched before 6 Feb. while no chicks had hatched before that date in 2004.   In contrast, the JFPE hatching period did not differ between the two seasons (see 2003 Season Report).  Thus, the offset in timing of hatching (Fig. 1) between the two species was not as pronounced in 2004 as it was in 2003.  

Nestling growth

We are attempting to use nestling growth (in addition to nestling survival) as an indicator of breeding season conditions.  By combining long-term data sets of nestling growth with dietary information and other breeding success parameters, we hope to gain insights into possible long-term changes in the marine environment.

Methods.  We collected nestling growth data from known-age nestlings of both species (n=22 JFPE and 25 STPE chicks), measuring mass (g), wing chord length (mm), tarsus length (mm), and culmen length (mm) every 6 days from the day of hatching (as described in 2003 Season Report, p. 19).  We have measurements through 30-31 and 42-43 days of age for the oldest JFPE and STPE chicks, respectively.  

We continued with the standard-date chick measurements that we began during March 2002.  For these measurements, we measured all accessible chicks, both known and unknown age, in our marked burrows on standard dates (15 Feb., 1 Mar. and 15 Mar.).  Because JFPE hatching had not begun on 15 Feb. we only have JFPE chick measurements for 1 and 15 Mar.  

Results: Juan Fernández petrels.  We have growth curve data through day 30-31 for all four morphometric parameters, but will present only nestling mass growth as an example (Figure 2).  We recorded standard-date measurements for 16 and 20 nestlings on 1 and 14 March, respectively.    

Results: Stejneger’s petrels.  We have measurements through 42-43 days of age but present only mass growth data here (Figure 2).  We recorded standard-date measurements for 24, 28 and 26 nestlings on 15-16 February, 29 February-1 March, and 14 March, respectively.    
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Figure 2.  Comparison of Stejneger’s and Juan Fernández petrel nestling mass growth curves for the 2004 breeding season.  Values are mean ± 1 s.d.
Discussion.  Growth rate data for known-age JFPE chicks suggest that growth was comparable between 2003 and 2004.  The similarity in standard-date measurements, which include data for all three seasons (2002-2004), lends further support to this conclusion.  


Based on data from known-age chicks in 2003 and 2004, STPE chick growth also appeared comparable between years.  Results from the standard-date nestling measurements, however, suggest that chicks in the 2002 season were slightly larger on the 15 March measurement date than chicks in 2003 and 2004.  Mean hatching date appeared to be later by at least 5-6 days in 2004, but nestling measurements did not reflect this difference.  


Egg and adult measurements

We measured length and width of eggs of both petrel species.  Most measured eggs were found on the ground outside of burrows but three STPE eggs were collected from abandoned burrows.  We continued to measure adults of both petrel species, most of which were captured as part of the stable isotope diet study (see below).  Most individuals were confirmed breeders.  For detailed methods please see 2003 Season Report.   

We are using these data to augment our datasets of egg and adult measurements.  There were no differences in mean measurements of either set of parameters between years (see 2003 Season Report).   As discussed in the 2003 Season Report, basic adult measurement data have various applications, including (1) classification of seabirds, (2) condition of adult birds during the breeding season, and (3) interpretation of nestling growth patterns.

Adult behavior and activity patterns in colonies

Methods.  We did not dedicate as much effort to behavioral observations on the colony surface during the 2004 season as we did in 2003, although we did obtain more observations of Stejneger’s petrels than in 2003.  Methods and behavioral definitions are described in our 2003 Season Report (p. 22-23). 

Results.  Overall our results are consistent with those of 2003 with birds of both species falling into two general categories: (1) those that land within 1.5m of a burrow entrance, walk directly to the burrow and enter with no hesitation and (2) those that, after landing, typically wander around the colony for at least several minutes and explore multiple burrows.  We have a few observations of banded adults of both species returning to feed chicks and in each case the bird exhibited the behavior in category 1 above.

Discussion.  Our additional data from this season provide further support for the conclusion that individuals from the first category are breeding birds, while those from the second category are non-breeding birds.  These interpretations are consistent with published research on the behavioral patterns of other species of burrow-nesting petrels.  We intend to continue similar observations in the future in conjunction with work by Joanna Smith and Matthew McKown.  Behavior on the colony surface can have conservation implications as it may impact an individual’s vulnerability to predation by cats.       
Foraging ecology

Methods.  We are continuing our study of the diet and trophic relationships of the Juan Fernández seabird community, using stomach content samples from adult petrels and stable isotope (carbon and nitrogen) analyses of blood samples collected from adult and nestling petrels.  We collected stomach content samples from 12 adult Juan Fernández and two adult Stejneger’s petrels that we found dead in the colonies.  For stable isotope analyses we collected blood samples (100-300 µL) from 14 and 11 adults and 10 and 11 nestlings of Juan Fernández and Stejneger’s petrels, respectively.  

Results/Discussion.  A qualitative examination of the JFPE stomach samples suggests similar diets, dominated by squid and fish, in the 2003 and 2004 seasons.  Each stomach/gizzard contained numerous squid beaks while several also contained remains of fish as well as fish otoliths (ear bones).  The STPE diet samples contained similar items.  We have found plastic fragments in four of the JFPE samples analyzed thus far.  

Foraging behavior

In 2004, Joanna Smith (University of Washington, PhD student) began a study of the foraging ecology and key oceanic habitats of the Juan Fernández Petrel.  The purpose of the study is to describe foraging behaviors during the chick-rearing period - a critical life history stage –  to assist with future assessments of population stability and understand factors that influence chick survival to fledging.

Methods.  Thirty study burrows were established in the Los Inocentos Bajos petrel colony.  Hatching dates and chick growth data were collected from each burrow. Nest attendance patterns and provisioning rates were collected from banded adults in active burrows (n=54 adults).  Chicks in study burrows were weighed each night one hour before sunset, and then immediately after feeding to determine meal size.  At-sea foraging activities were recorded using miniature bird-borne data loggers (Lotek Wireless) deployed on breeding adults. 


Results/Discussion.  Nearly one half of breeding adults (43%) returned to their chicks within one hour of sunset.  In the study burrows, 37% of the chicks were fed each night (range= 11 to 67%, SD =14). Adults made between one and three provisioning trips during the 24-night study period.  Foraging trip lengths averaged 4 days, with the shortest and longest trips being 2 and 14 days, respectively.  Temperature data from the Lotek tags indicated birds were occupying water masses ranging from 6° to 16° C (mean= 9.8 °C).  Diving activity was rare but recorded several times to depths of 3.4 m.  Future analyses include developing a detailed at-sea activity budget and identifying key oceanic habitats by overlaying temperatures recorded from the data loggers with remote-sensing sea surface temperature and chlorophyll a data.

Predation


We used a variety of methods to continue to investigate impacts of introduced mammalian predators on the breeding seabird population.  These methods included the establishment of plots and transects within the colonies in which we checked for predated petrels, direct observations in the colonies, and trapping for rats and mice.  

   
We discuss the characteristics of cat vs. red-backed hawk predation of petrels in the 2003 Season Report (p. 24).

Predation impacts plots 

Methods.  We used the same methodology described in the 2003 Season Report (p. 24) to conduct 16 predation impacts surveys in tree-fern forest plots along the north side of Cordón de los Inocentes Bajos.  We conducted surveys in 20 x 20m (n=11) and 20 x 10 m (n=5) plots (Tres Torres and Inocentes Bajos), counting dead adult petrels, dead chicks, and eggs on the surface and noting evidence of predation, if present.  We defined predated adults as those found with evidence consistent with predation by cats, namely wounds to the back and/or back of neck, or hawks, namely extensive disarticulation of the carcass.  While there is a possibility that carcasses with these types of wounds could be attributable to scavenging, for the purposes of this report, we include them all as predated individuals.

Results.  We found predated JFPE adults (n=9) in 7 of the 16 plots and one predated JFPE chick.  This equates to a predation rate of one predated Juan Fernández petrel adult per 600m2 of colony.  We did not find any predated STPE adults or chicks in these plots.     

Cat predation was documented in a wide spatial area of the colony, consistent with findings from the previous two years.  Predation rate appeared to be roughly comparable between years (1 JFPE adult per 561m2 and per 600m2 of colony in 2003 and 2004, respectively).  As we discussed in the 2003 Season Report (p. 25), although predation rates were low, even a small increase in adult mortality rates can have population-level impacts.


Predation transects

Methods.  We established six 100m predation transects in the colonies, five on the Inocentes Bajos ridge and one in tree-fern forest descending from the Tres Torres plain.  Transect width was 5m and 6m for four and two of the transects, respectively.  Each transect was marked every 10m with flagging tape and GPS coordinates were recorded at the start and at 50m and 100m.  We surveyed the transects, recording carcasses and predation status of adult and nestling petrels and eggs on the surface, approximately every two weeks beginning on 3 February for a total of three surveys per transect.  We removed carcasses from the transect after each survey to ensure that we did not count them in a subsequent survey.  Please see “Predation plots section” above for an explanation of our inclusion of data as predation events.   


Results.  We encountered predated adult petrels on four of the six transects and predated chicks on two of the six.  Of the 11 adult petrels found, eight of them were JFPE adults and three were STPE adults.  All three of the STPE carcasses were completely disarticulated with just wings and sternum present, consistent with hawk predation.  

Predation observations

Methods.  During our night-time colony observations we also opportunistically searched for feral cats using spotlights and night-vision equipment.  

Results.  We observed eight different feral cats (identified by individual markings and color) in the vicinity of our campsite on Cordón de los Inocentes Bajos during 10 different individual observations, recording markings of each cat to identify them individually.  We also found five cat scats along the Inocentes Bajos ridge.  All five of them contained petrel feathers.  We did not observe any direct predation by cats but we were able to observe them walking through the colony at night while numerous petrels were on the surface, apparently unconcerned by their presence.

Trapping

Methods.  We used the same basic methodology described in our 2003 Season Report (p. 27) to trap for Norway rats Rattus norvegicus and house mice Mus musculus within the petrel colony.  This season, for the first time, we set lines of snap traps along two sections of the Inocentes Bajos ridge.  No petrels were captured in any of our traps.  

Results.  In 8 nights of trapping in Tres Torres (92 trap nights; 11 Feb.-18 Mar.), we captured 12 rats and 23 mice.  In 12 nights of trapping on Inocentes Bajos ridge (198 trap nights; 25 Feb.-6 Mar.) we captured 3 rats and 34 mice.  We collected muscle samples from all rats and 28 of the mice trapped.  

Predation by red-backed hawks (Buteo polyosoma exsul)

Methods.  We continued to conduct censuses of the open areas along Cordón de los Inocentes Bajos ridge, recording counts of hawk-predated petrels and evidence of predation including wounds, condition of carcass, and presence/absence of hawks at the carcass.   

Results.  We did not witness predation directly, but on several occasions we encountered hawks with freshly killed petrels.  In our censuses of the open areas along the Inocentes Bajos ridge we regularly encountered the remains of Juan Fernández and Stejneger’s petrels which showed evidence consistent with hawk predation.  Stejneger’s petrel remains found in open areas were characterized most commonly by nothing more than one or both wings plus feathers, although we did find three STPE carcasses that appeared to be killed by cats (intact carcass with head removed).  On three occasions we observed adult Juan Fernández petrels departing the colony during daylight hours.  In each instance, the petrel was pursued aggressively and nearly captured by a hawk.  This indicates that hawks will actively hunt petrels in flight, although we have not yet observed this behavior at night.  We regularly observed hawks soaring above the ridge at dusk, at the time when Stejneger’s petrels start to arrive over the colony, suggesting that the hawks may be actively hunting at this time.   
Discussion.  As discussed in the 2003 Season Report (p. 27), predation by red-backed hawks is a natural selective pressure that breeding petrels have had to confront historically.  In contrast, introduced mammals such as cats and rodents pose a novel threat to breeding petrels and one for which the petrels appear to lack an effective response.  Rodent trapping indicated the presence of rats and mice both in the Tres Torres plain and Inocentes Bajos ridge.  Rat abundance in 2004 appeared to be considerably greater than 2003 in the Tres Torres plain based on trapping effort.  Because we used different trap types on the Inocentes Bajos ridge, we are unable to make interannual comparisons of rat abundance at that site.  We are currently awaiting the results of stable isotope analyses of muscle samples from trapped mice and rats.  These analyses will provide us with a measure of diet which we will use to determine if rats and mice are preying on petrel eggs and/or chicks.

Acoustic Communication 

Matthew McKown (University of North Carolina – Chapel Hill, PhD student) is researching acoustic communication in Stejneger’s and Juan Fernández petrels.  Both species use acoustic signals as the primary means of information transfer between individuals, making them ideal subjects for studies of vocal communication.  With tens of thousands of petrels vocalizing each night, the large, mixed species colony at Inocentes Bajos is also well suited for studying the challenges of communicating in a noisy environment.  Finally, information on the patterns of acoustic activity gathered as part of this study may inform conservation efforts at other petrel colonies, where “social attraction” techniques are presently being used to attract endangered species to restored colony sites.  

 
Methods. In the first two weeks of the field season, 40 active JFPE breeding burrows were identified and access hatches were excavated for each.  A total of 53 breeding adult JFPE were banded during the 2004 season.  Blood samples were taken from 26 birds in 24 burrows in order to determine the sex of at least one member of each breeding pair.  Access hatches were also excavated for 20 new STPE breeding burrows in seven separate sub-colonies along the Inocentes Bajos ridge, and a total of 12 adult STPE were banded during the 2004 season.

Data on the onset of vocal activity at the colony were collected through a series of point counts, each one consisting of five 10-minute recordings, and by documenting the arrival times of both species.  Burrow vocalizations of individual petrels in 24 different JFPE and 15 STPE burrows were also recorded.      

Results/Discussion. In all, 21 point counts (17 sunset counts, 3 dawn counts and 1 all-night count) were carried out at five different locations along the colony ridge.  Arrival times (defined here as the first bird heard vocalizing) for each species are shown in Figure 3.  As suggested by previous researchers, STPE consistently arrive and vocalize at the colony earlier than JFPE.  The smaller species, STPE, was the first to vocalize on 25 of the 27 nights on which data were collected.  On the other two nights, both species began vocalizing at the same time.  The mean arrival time for STPE was 21 ± 3 minutes after sunset, and average arrival time for JFPE was 28 ± 4 minutes after sunset.  Initial analysis suggests that the majority of STPE ceased their aerial vocal activity early in the night, possibly employing a strategy to avoid the cluttered signal space created by tens of thousands of vocalizing JFPE.  Future analysis will compare relative vocal activity between different segments of the evening, between different colony sites, and between nights in the season.  Information about the onset of vocal activity and peak calling rates at the Inocentes Bajos colony may be useful in restoration efforts at other petrel colonies.  Many such efforts have adopted “social attraction” techniques, including broadcasting recordings of vocalizations to try and attract prospectors to restored, predator-free breeding sites.


Sixty-three examples of burrow vocalizations were recorded at 24 different JFPE study burrows, including recordings from 10 marked individuals on multiple nights.  Vocalizations were also recorded from 15 marked Stejneger’s Petrels, including three individuals recorded on multiple nights.  Five different major call types for JFPE and four for STPE were recorded.  For descriptions and spectrograms of the call types, please contact Matthew McKown (email: mmckown@email.unc.edu).  Recordings of the same vocalization type from known individuals are being analyzed to look for variables that encode individual identity, as have been shown in a number of other procellariid species.  In each of these cases, temporal variables in the calls seem to be the most important acoustic cue to individual recognition.   The vocalizations of sexed individuals will also be analyzed to look for sexual differences in burrow calls. 


Next year, research will expand on this initial work, including gathering additional data on patterns of vocal activity at the colony, increasing the number of burrow calls recorded from marked individuals, and learning more about the behavioral context of the calls.
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Figure 3.  Plot of the first JFPE and STPE vocalizations heard at night.  STPE were the first to vocalize over the colony on all but two nights.
RESEARCH ON THE KERMADEC PETREL (Pterodroma neglecta)


We continued with our basic long-term monitoring program on the breeding population of Kermadec petrels (Pterodroma neglecta) in the archipelago.  In July 2003 we submitted a petition to BirdLife International to consider listing Kermadec petrels as a “vulnerable” species under IUCN criteria.  The petition is currently being considered with a decision pending later in 2004.  If Kermadec petrels are accorded vulnerable status, five of the six breeding seabird species of the archipelago will be globally listed.      

Methods.  During the 2004 season we marked an additional eight Kermadec petrel nests inside the study plot, thus increasing the total number of marked and mapped nests to 52.  We define a nest as an identifiable nest scrape/cleared area, characterized by guano around the perimeter and frequently with small pebbles within the scrape.  We visited Morro Juanango twice (23 January and 26 March 2004).  For each survey we recorded the status of every marked nest within the study plot.  During our 26 March visit we collected blood samples (100-200µL) from 10 chicks and morphometric measurements from 13 chicks for stable isotope analyses of diet composition and for interannual comparisons of nestling growth, respectively.

Results.  Of the 52 nests, 28 (54%) were active during the season, meaning that an egg was laid at the nest.  This estimate is conservative because eggs lost early in the incubation period may have disappeared before our first visit in late January.  Of the 28 eggs recorded in the study plot, 15 (54%) hatched and survived through the mid-chick stage at the end of March.  We were unable to visit the study plot in early February to obtain a hatching rate estimate.  

Discussion.  Egg laying had been completed by the time of our 23 January census and one nest already contained an unattended chick, the estimated age of which suggested that hatching had commenced as early as 19-20 January.  Eleven of the 44 nests for which we have two or three seasons of data have not been active since the inception of the monitoring program.  We have found evidence of breeding by DeFilippi’s petrel, a winter breeder, on Morro Juanango and, thus, some of these apparently disused nests may simply be those of DeFilippi’s petrels.  We will continue to monitor all marked nests and record all new nests in the study area.  Nestling body condition, as assessed by analyses of the standard-date morphometric measurements, has been comparable across all three years of the study.      

Other species on Morro Juanango

As in previous years, we found DeFilippi’s petrel eggs and eggshell fragments.  During our January census we found a recently hatched, unattended white-bellied storm-petrel nestling.  We rechecked the nest site in late March and the chick was nearly ready to fledge, with only a few tufts of down remaining on its plumage.  


COMMUNITY EDUCATION AND INVOLVEMENT 

Solid waste management activities

The Juan Fernández Islands Conservancy supported the activities of Mr. Guido Martínez, a Chilean student who has been conducting research and education on the archipelago’s solid waste management system.  During the 2004 season, Mr. Martínez continued his previous (2002) efforts to quantify the composition of trash generated by the island community.  He provided educational seminars to the public, and also targeted several organizations, such as the municipality, the fishermen’s syndicate, the primary school faculty and the parent-teacher association. 

On February 18, 2004, Mr. Martínez and members of our crew hosted a trash festival for the community in the primary school courtyard. We estimate that more than 150 residents attended. Activities were designed to be entertaining while educational, and included attractions such as puppet-making from trash, artisanal paper-making, paper-bead making, face-painting and plastic bottle ring toss and bowling. Signs and stations throughout the courtyard also explained and/or demonstrated topics such as the quantity of trash produced by the average islander, the persistence time of trash items in the environment, the process of composting, and the principles of reduce, reuse and recycle. 

Participants were asked to take an oath of commitment to caring for their islands, in particular by being aware of trash and recycling concerns and by keeping their environment clean. Of particular note was the extent of contributions by community members of works of art constructed from recycled/trash materials. Stunning sculptures of a lobster and an endemic palm were constructed from aluminum cans, purses and handbags were woven from audio cassette tape and created from 2-liter plastic bottles and discarded fishing twine, and a variety of other crafts were donated. It is clear that this event had a significant impact on the awareness of the community with regard to their current waste management situation, and alternatives for improvement.

Based on a finding that over half of the trash generated by the island is organic matter, Mr. Martínez is currently developing plans for implementing a composting program and researching the feasibility of transporting remaining recyclables to the continent for processing.

Local pink-footed shearwater reserve
We continued regular monitoring of the small (6 active burrows) pink-footed shearwater reserve on the eastern edge of town on Robinson Crusoe Island. A group of children and their parents known as the “Environmental Guardians” , organized by Ms. Milén Rojas, expressed an interest in the reserve and became involved in the weekly checks of burrow status. In addition, they took this burrow status information and wrote entertaining, partially anthropomorphized vignettes about the lives of the individual birds, and broadcast these stories during a weekly environmental radio program that they host (see Miscellaneous activities below for more on the radio program). 

Primary school activities

In March 2004, we conducted a series of environmental education activities in the kindergarten through eighth grade classrooms of the primary school on Isla Robinson Crusoe. We visited each classroom twice over a period of several days, and directed active-learning modules designed by an environmental education curriculum developer in the U.S. These activities were the first of a proposed 3-theme environmental education curriculum that we were assisting in developing with the school. 

Participation and enthusiasm of both students and teachers was generally very high, and the activities provided excellent exposure for many of the teachers, serving as a catalyst to help establish the idea of an integrated environmental education curriculum. However, while we consider the individual activities successful, we feel that this approach may not be the most effective long-term strategy for our involvement in implementing children’s environmental education. A new director was hired for the school, and she has extensive experience with environmental education and an interest in emphasizing it in the curriculum. With two to three of the school teachers (many of whom are also new), she is eager to develop an environmental education focus for the school. She is well aware of the fact that the school and town are enveloped by a National Park and World Biosphere Reserve, and feels it is obvious that the school’s overall mission should be developed in the context of the environment. We would like to encourage this development internally rather than continue to bring ready-made activities from afar. It will take the new director some time to develop an active and integrated environmental education component to the school’s curriculum, but we feel that ultimately it will be more effective than one provided externally via our efforts. We have offered to be a link to information available internationally, and believe this would be the ideal role for us in the near future (with regard specifically to the primary school).
Lobster fishery

In March 2004, we provided support for the visit of Drs. Jose “Lobo” Orensanz and Billy Ernst. Dr. Orensanz is a Pew Charitable Trust Marine Conservation Fellow and, along with Dr. Ernst, has considerable experience evaluating and developing locally- based management plans for artisanal fisheries in Chile, Argentina and Brazil. Drs. Orensanz and Ernst reviewed available data regarding catch and boat and trap site ownership, and conducted extensive interviews and visited fishing grounds with island fishermen. They suspect that the access rights to the artisanal lobster fishery on the Juan Fernández Islands are unique and are currently preparing a manuscript and material for presentation at 2004 conferences.

Miscellaneous activities

Our collaboration with the Environmental Guardians extended beyond the reserve visits and shearwater radio announcements (see Local reserve above). Several of our efforts were featured on the Environmental Guardians’ weekly radio program (see Local reserve above). This radio program presented information about environmental topics, and included two episodes concerning the seabirds of the archipelago, and two other episodes with interviews of Mr. Martínez (see Solid waste management above) concerning the island’s waste management issues and alternatives.

In addition, we participated in an overnight field trip conducted by the Environmental Guardians to Puerto Vaquería, where we discussed park conservation and hiked to a large pink-footed shearwater colony. We also engaged the Environmental Guardians in an activity focused on the satellite tracking data that we were receiving from tags deployed on the pink-footed shearwaters breeding on Isla Santa Clara. Using large wall maps of the ocean surrounding the archipelago, we had the children take latitude and longitude data transmitted by the satellite tags and plot them out with stickers on the maps. This activity gave them the ability to see and understand in real time where the seabirds nesting on their islands were traveling to obtain food for their chicks.

Because we found the Environmental Guardians program to be extremely valuable, we are supporting its future development. Ms. Milén Rojas was responsible for developing a 3-year curriculum for the program based on a small Chilean federal grant, and has currently completed 2 years with the first cohort of children. We are supporting her role as instructor for a third year of the program with the current cohort, as well as for the first year for a new cohort of children. We are also supporting the development of a program manual so that ultimately the program could continue in the absence, and to facilitate the participation of other adults in the community.

In March 2004, in collaboration with Hernán Gonzales of Servicio Agrícola y Ganadero (SAG) and Christian Díaz of CONAF, we helped coordinate a day of community involvement in invasive plant control in the area of Plazoleta del Yunque. Approximately 15 islanders, many of whom were part of a previous massive effort by Plan de Apoyo al Desarrollo Forestal (PADEF) to clear the area of invasives, returned to do follow-up mechanical and chemical control in areas where introduced species had begun to establish themselves again.
CONSERVATION CONCERNS
Eradication and restoration

In our 2002 and 2003 Season Reports, we discussed the devastating impact that introduced mammals and vegetation have on organisms native and endemic to the archipelago.  Until complete eradication efforts occur, these threats and impacts will continue.  From a seabird perspective, the presence of introduced predators is a particularly dangerous situation because, due to the life-history strategy of these birds (long lifespan, delayed reproduction, etc), even a small increase in adult mortality can have a disproportionately large impact on population stability. 

We are greatly encouraged by the CONAF rabbit eradication effort on Santa Clara.  With apparent success achieved, it is now essential to continue to monitor the island to ensure that (1) all rabbits have been eradicated and (2) that rabbits are not reintroduced.   This provides a wonderful opportunity to begin direct restoration efforts on the island.  Additionally, the island can serve as a restoration “laboratory” to investigate additional restoration strategies for Robinson Crusoe and/or Alejandro Selkirk.  

We have continued with our educational efforts in the local community, emphasizing the necessity and benefits of complete eradication and the threats of the continued presence of introduced species.  We feel that this education and understanding is critical to a lasting eradication and conservation effort in the Juan Fernández Islands.
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First_Calls

		

				Arrival of JFPE and STPE at Colony - Time of first vocalizations

				Camp Location:		Isla Alejandro Selkirk, Chile		Innocentes Bajos

				UTM:		WGS 84		17-519577 E		6261385 N

				Elevation:		1,200 m

				Start Date:		9-Feb-00

				End:		13-Mar-00

				Local Time:		(-3 GMT)

				* Sunset data:		From U.S. Naval Observatory - Astronomical Applications Department

						Colony		Local		STPE		Time after Sunset		JFPE		Time after Sunset		First Call		Difference

				Date		Location		Sunset*		First Call		(Minutes)		First Call		(Minutes)		STPE?		(Minutes)

				9-Feb-00		Far Side		21:21		21:41		20		21:46		25		0		5

				10-Feb-00		Far Side		21:20		21:39		19		21:50		30		0		11

				11-Feb-00		Stonehenge		21:19		21:39		20		21:39		20		0		0

				12-Feb-00		Stonehenge		21:18		21:41		23		21:50		32		0		9

				13-Feb-00		Stonehenge		21:17		21:37		20		21:43		26		0		6

				14-Feb-00		Point Break		21:16		21:40		24		21:42		26		0		2

				16-Feb-00		Point Break		21:14		21:39		25		21:41		27		0		2

				17-Feb-00		Point Break		21:13		21:34		21		21:37		24		0		3

				18-Feb-00		The Meadows		21:12		21:35		23		21:39		27		0		4

				19-Feb-00		Far Side		21:10		21:34		24		21:39		29		0		5

				21-Feb-00		Point Break		21:08		21:31		23		21:38		30		0		7

				22-Feb-00		Point Break		21:07		21:25		18		21:31		24		0		6

				23-Feb-00		Canelo Crest		21:06		21:25		19		21:29		23		0		4

				24-Feb-00		Far Side		21:05		21:20		15		21:28		23		0		8

				25-Feb-00		Point Break		21:03		21:19		16		21:19		16		0		0

				26-Feb-00		Far Side		21:02		21:20		18		21:31		29		0		11

				27-Feb-00		Stonehenge		21:01		21:17		16		21:29		28		0		12

				1-Mar-00		Point Break		20:57		21:12		15		21:31		34		0		19

				2-Mar-00		Canelo Crest		20:56		21:19		23		21:29		33		0		10

				3-Mar-00		Point Break		20:55		21:20		25		21:21		26		0		1

				4-Mar-00		Stonehenge		20:54		21:12		18		21:20		26		0		8

				5-Mar-00		Point Break		20:52		21:13		21		21:22		30		0		9

				6-Mar-00		Point Break		20:51		21:13		22		21:19		28		0		6

				7-Mar-00		Point Break		20:50		21:07		17		21:17		27		0		10

				9-Mar-00		Point Break		20:47		21:11		24		21:17		30		0		6

				10-Mar-00		Far Side		20:46		21:12		26		21:20		34		0		8

				11-Mar-00		Point Break		20:44		21:10		26		21:22		38		0		12

												STPE				JFPE

												Time after Sunset				Time after Sunset				Difference

												(Minutes)				(Minutes)				(Minutes)

										Mean		21				28				7

										Max		26				38				19

										Min		15				16				0

										Sdev		3.40				4.58				4.31

										n		27				27				27

										STPE first species to vocalize?

												25

												2

										Total:		27								7		9.1527088762

										Standard Error		0.654				0.881				24		32.1689470306819

												5.1962				5.1962				17		23.0162381545033

												1.1165				1.5025				28		37

																				14		18

												21.89426				29.09510

												19.66129				26.09008
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																																		STPE		JFPE

																																		Time after		Time After

																																		Sunset		Sunset										x-u1		x-u2				(x-u)^2		(x-u)^2

																																		0:20		0:25				20		25				-0.78		-2.59				0.605		6.722

																																		0:19		0:30				19		30				-1.78		2.41				3.160		5.796

																																		0:20		0:20				20		20				-0.78		-7.59				0.605		57.647

																																		0:23		0:32				23		32				2.22		4.41				4.938		19.425

																																		0:20		0:26				20		26				-0.78		-1.59				0.605		2.536

																																		0:24		0:26				24		26				3.22		-1.59				10.383		2.536

																																		0:25		0:27				25		27				4.22		-0.59				17.827		0.351

																																		0:21		0:24				21		24				0.22		-3.59				0.049		12.907

																																		0:23		0:27				23		27				2.22		-0.59				4.938		0.351

																																		0:24		0:29				24		29				3.22		1.41				10.383		1.981

																																		0:23		0:30				23		30				2.22		2.41				4.938		5.796

																																		0:18		0:24				18		24				-2.78		-3.59				7.716		12.907

																																		0:19		0:23				19		23				-1.78		-4.59				3.160		21.092

																																		0:15		0:23				15		23				-5.78		-4.59				33.383		21.092

																																		0:16		0:16				16		16				-4.78		-11.59				22.827		134.388

																																		0:18		0:29				18		29				-2.78		1.41				7.716		1.981

																																		0:16		0:28				16		28				-4.78		0.41				22.827		0.166

																																		0:15		0:34				15		34				-5.78		6.41				33.383		41.055

																																		0:23		0:33				23		33				2.22		5.41				4.938		29.240

																																		0:25		0:26				25		26				4.22		-1.59				17.827		2.536

																																		0:18		0:26				18		26				-2.78		-1.59				7.716		2.536

																																		0:21		0:30				21		30				0.22		2.41				0.049		5.796

																																		0:22		0:28				22		28				1.22		0.41				1.494		0.166

																																		0:17		0:27				17		27				-3.78		-0.59				14.272		0.351

																																		0:24		0:30				24		30				3.22		2.41				10.383		5.796

																																		0:26		0:34				26		34				5.22		6.41				27.272		41.055

																																		0:26		0:38				26		38				5.22		10.41				27.272		108.314

																																		0:20		0:27				20.78		27.59

																																																		Sum		300.667		544.519

																																																				27		27				54		729

																																								0.0000000893												26		26

																																								3.4006032647										s^2		11.5641025641		20.943019943

																																																				300.6666666667		544.5185185185				845.1851851852						-6.81

																																																										52										877.6923076923		14265.6256848565

																																																																								0.0013717421		0.037037037				-184

																																										1.8110372013																16.2535612536												10399641.1242604

																																								3.4006032647		4.5763544381		0.0000000893





Sheet3

		36565		20

		36566		19

		36567		20

		36568		23

		36569		20

		36570		24

		36572		25

		36573		21

		36574		23

		36575		24

		36577		23

		36578		18

		36579		19

		36580		15

		36581		16

		36582		18

		36583		16

		36586		15

		36587		23

		36588		25

		36589		18

		36590		21

		36591		22

		36592		17

		36594		24

		36595		26

		36596		26



JFPE

STPE

Date

Minutes After Sunset

25

30

20

32

26

26

27

24

27

29

30

24

23

23

16

29

28

34

33

26

26

30

28

27

30

34

38




_1150890627.unknown

