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EXECUTIVE SUMMARY

The pink-footed shearwater (Puffinus creatopus) breeds on three islands off Chile and undertakes trans-
equatorial migration to foraging grounds off the Pacific coast of Central America, Mexico, the United
States, and Canada. The species is categorized as Vulnerable by the IUCN due to its very restricted area
of occupancy that make it susceptible to human activity or stochastic events. The species currently has
an estimated breeding population of approximately 28,000 pairs. Known anthropogenic threats at their
breeding colonies include removal of chicks for human consumption, depredation by introduced species
and habitat degradation. Limited information is currently available regarding potential at-sea threats,
and specifically, fisheries interactions.

The purpose of this study was to review several existing data sets and implement one new project
toward better clarifying and quantifying pink-footed shearwater (PFSH) vulnerability to fisheries
interactions in the southeastern Pacific Ocean. More specifically, we determined the movements of
satellite tracked PFSH in relation to geographic and political boundaries and movements through known
fishing grounds. We also present results from onboard observer monitoring of small-scale fisheries in
Peru and their interactions with PFSH. Finally, we present results from a series of rapid assessment
surveys of fishing captains in Chile, Peru, and Ecuador designed to quantify fishery interactions with
seabirds, including PFSH.

The study provides evidence for PFSH interactions with fisheries in Chile, Peru and Ecuador and
highlights the potential for bycatch in multiple fisheries given our measured distribution of satellite-
tracked PFSH off South America. Rapid assessment surveys at 13 ports in Chile yielded an estimated
annual bycatch of 1,384 PFSH, with an estimated annual mortality of ca. 1,000 PFSH - a previously
unidentified source of mortality. The results from PFSH satellite tracking reveal fine-scale coastal
movements of the species and its affinity with waters over the continental shelf and shelf-break. This
distribution indicates spatial overlap and potential vulnerability to interactions with numerous fisheries
that use gillnets, purse-seines, and longlines. The greatest overlap of PFSH with fishing zones reported
here was for the driftnet fishery from the port of Salaverry. Onboard observer effort in this fishery
documented a PFSH bycatch rate of 0.004 PFSH set™. Given the size of the Peruvian gillnet fleet (ca.
3000 vessels, 80,000+ trips annually), this catch rate could result in considerable levels of total catch.

Based on our results we offer several recommendations for future actions including: (1) more intensive
monitoring of fisheries identified through the rapid assessments that interact with PFSH, (2) assessment
of the fisheries operating around the Juan Fernandez Archipelago, (3) increased observer effort along
the central and northern Peru coast coinciding with high-use PFSH areas identified using satellite
tracking, (4) satellite tracking during the breeding season to examine foraging ranges and associated
risks of fishery interactions, (5) targeted assessments of the risks posed by purse-seine fisheries in Chile
and Peru, (6) assessments of the coastal fisheries operating in Pacific Central America and their potential
for interactions, (7) collection of age class information from bycatch individuals, and (8) estimation of
demographic parameters to best model resilience to perturbations, including fishery bycatch. In light of



new fishery-related threats to PFSH, a reassessment by the appropriate institutions and agreements, of
national, regional and international conservation status for the species may be warranted.



1. INTRODUCTION

1.1 Population

Pink-footed shearwaters (PFSH), Puffinus creatopus, breed on three islands off Chile in the southeastern
Pacific Ocean: Isla Mocha (19,440 breeding pairs; Mufioz & Hodum pers. comm.), and in the Juan
Fernandez Archipelago (JFA) on Robinson Crusoe (5,075 breeding pairs; Hodum pers. comm.) and Santa
Clara (3,525 breeding pairs; Hodum pers. comm.).

Although the colonies in the Juan Fernandez Islands apparently are stable, the population on Isla Mocha
is believed to be declining, mainly due to the annual consumption from March to May of an estimated
3,000 to 5,000 chicks by island residents (Guicking 1999). Other terrestrial threats to the Juan Fernandez
Archipelago and Isla Mocha populations include habitat degradation and depredation by introduced
species including coatis, dogs, cats and rats (Hinojosa & Hodum 2007, COSEWIC 2004).

1.2 Conservation status

The PFSH is categorized by the IUCN as Vulnerable due to its very restricted area of occupancy that
makes it susceptible to human activity or stochastic events (criterion D2). The species is also included in
Appendix 1 of the Convention on the Conservation of Migratory Species (CMS). The species is
categorized as Threatened in Canada and a recovery strategy was published in 2008 (Environment
Canada 2008). The breeding areas of the species are listed as protected areas managed by CONAF in
Chile (Hinojosa & Hodum 2007) which focuses primarily on habitat preservation (COSEWIC 2004).
Current status of the PFSH in Chile is ‘Endangered’ (MINSEGPRES 2008). The Chilean government
recently has expressed interest in nominating the species for inclusion on Annex 1 of the Agreement on
the Conservation of Albatrosses and Petrels (ACAP), and this process is currently underway (ACAP link).

In Peru, where the species can be found at sea, the PFSH has been proposed for inclusion in the national
list of protected species, managed by the Ministry of Agriculture (MINAG). In Canada, the United States,
and Mexico, PFSH conservation activities are guided by the North American Conservation Action Plan
(CEC 2005) and the Recovery Strategy for the Short-tailed Albatross (Phoebastria albatrus) and the Pink-
footed Shearwater (Puffinus creatopus) in Canada (Environment Canada 2008).

1.3 At-sea distribution

PFSH are known to be present in all seasons off the coasts of Peru and Chile (Hinojosa & Hodum 2007,
COSEWIC 2004). In Ecuador, the PFSH occurs coastally, with sightings from July and August in low
numbers and increasing in October to December (Informe Pais Ecuador, 2012). Sightings in 2010 during
36 hours along 12 random days of a month, registered 220 birds by the Reserva Marina Costera Puntilla
de Santa Elena (Informe Pais Ecuador, 2012). There is limited information of the species’ occurrence in
Central America. Off Costa Rica, PFSH are present from May to June and from September to October
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(Stiles and Skutch 1989). PFSH were observed during every survey transect conducted offshore of Isla
Magdalena, Baja California Sur, Mexico in June-July 2008 (Hodum pers. comm.).

Previous satellite tracking has shown that post-breeding PFSH from Isla Mocha move north along the
western coasts of South America into Central and North America (Fig. 1; Guicking et al. 2001). Tracking
during the breeding season also revealed that PFSH from Isla Mocha regularly travelled within 1 km of
the mainland coast and to a major inshore foraging area located 250-300 km north of the colony, and to
another one, located a similar distance to the south, both coinciding with areas of sardine and anchovy
concentrations (Guicking et al. 2001). Tracking studies from Santa Clara indicate inter-annual variation in
PFSH foraging behavior but that the dominant pattern is for the birds to travel to the east-southeast
from Santa Clara and forage predominantly over the shelf-shelf break, with a foraging hotspot in the
Talcahuano region (Hodum and Wainstein 2002, 2003, 2004; Hinojosa & Hodum 2007). The proportion
of the breeding populations from JFA and Isla Mocha that winter off South America, Mexico, the US and
Canada remain unknown (Schlatter 2002). Ainley (1976) and Ainley et al. (1995), reported an annual
variation in PFSH abundance and density off the California coast, however the species is generally
associated with sea surface temperatures of 14°C to 19°C (Ainley 1976). Moving north from the Gulf of
California to British Columbia, PFSH travel along the continental shelf from April into November, with a
distribution associated with the outer edge of the continental shelf (COSEWIC 2004). From mid-
September through late October birds move back towards the breeding grounds in Chile. The breeding
season typically begins in Chile in October, with arrival of the first breeding birds, and lasts until May
with the fledging of chicks. Hyrenbach and Veit (2003) showed cross-correlations with near-surface (10
m) and subsurface (100 m) temperature anomalies off southern California.

1.4 Diet

In Chile, PFSH forage on sardine (Sardinops sagax) and anchovy (Engraulis japonicus) (Guicking et al.
2001). The same has been observed for over-wintering birds in Chile and Peru (Ainley 1976). Similarly, in
Peru data from at-sea cruises reported that shearwater presence was associated with concentrations of
anchovy (Jahncke et al. 1998a, 1998b). In Monterey Bay and off southern California, PFSH have been
observed foraging on squid and Engraulid fishes (in COSEWIC 2004), which suggests a shift in diet from
breeding to non-breeding distributions.

1.5 Density at sea

Information on at-sea numbers of PFSH is limited. In British Columbia, Canada, based upon the overall
average density of PFSH observed from at-sea surveys it was estimated that ca. 21,000 birds used the
region from June to October each year (CWS unpubl. data 2003 in COSEWIC 2004).

At-sea data from Peru in 1997/1998, covering 2,516 nautical miles (nm) observed, showed that the
largest seabird groups registered were shearwaters (54.1%), with sooty shearwaters (Puffinus griseus)
the most commonly sighted bird (33.9%). The greatest distance from shore of these transects was 105
nm. The average number of shearwaters sighted per nm was 33.7. PFSH were observed at latitudes 5°S,



8°S, and 11 to 12°S. (Jahncke et al. 1998a, Jahncke et al. 1998b). Off California between 1975 and 1983,
maximum numbers occurred in May — September with ca. 130,000 birds off central California and
60,000 to >400,000 estimated off southern California (Briggs et al. 1987). Mason et al. (2007) recorded a
maximum of 1.34 birds (km?)™ off southern California during September (2000-2001).

1.6 Fisheries bycatch

There is limited information on fisheries interactions and bycatch of PFSH throughout its distribution.
The species is, however, known to follow fishing vessels (Wahl and Heinemann, 1979), making it
potentially vulnerable to fisheries interactions.

Onboard observer data of PFSH are available for small-scale fisheries in Ecuador and Peru (Mangel et al.
2011). In Central America, surveys in Guatemala show that PFSH are also incidentally caught when using
sardine type (Ophistonema sp.) bait for sharks (Davila Perez et al. 2009).

While there is no PFSH bycatch reported in the northern hemisphere, their distribution associated with
the continental shelf break overlaps spatially and temporally with industrial longline fleets operating in
Canada and the United States (COSEWIC 2004).

1.7 Current study

Given the lack of information regarding potential at-sea threats to PFSH, the purpose of this study was
to review several existing data sets and implement one new project toward evaluating PFSH
vulnerability to fisheries interactions in the southeastern Pacific Ocean (Chile, Peru, Ecuador). More
specifically, we quantified movements of satellite tracked PFSH in relation to geographic and political
boundaries and movements through known fishing grounds. We also present results from onboard
observer monitoring of interactions with PFSH among small-scale fisheries in Peru. Finally, we present
results from surveys of fishing captains in Chile, Peru, and Ecuador designed to rapidly evaluate their
interactions with PFSH and all other seabirds.

2. METHODS

This report summarizes results from multiple studies, each of which improves our understanding of
PFSH vulnerability to fishery threats in the southeastern Pacific Ocean region and north to their
wintering grounds off the Pacific coast of North America. The studies described involve (1) rapid
assessment surveys of marine fauna bycatch, (2) satellite tracking of PFSH, and (3) onboard observer
monitoring of seabird bycatch in small-scale gillnet and longline fisheries in Peru.

2.1 Rapid assessment surveys

We report the results of three related studies that assessed the bycatch of seabirds, sea turtles and
marine mammals by small-scale fisheries in Ecuador, Peru and Chile (Table 1). Building upon work by



Moore et al. (2010), surveys forms were tested in the three countries prior to full-scale implementation
to help avoid ambiguous terms and to ensure wording and meaning were consistent in the three
countries. Surveys were undertaken by nationals from each country. Most questions used were closed
qguestions with options that were read to the interviewees.

To avoid surveying multiple members of the same vessel (i.e. to avoid pseudo-replication of data),
surveys were only conducted with fishing captains. In Ecuador and Chile, gillnets were separated into
surface nets (nets of multifilament and monofilament material were not treated separately), midwater
nets, trammel nets and bottom set nets. In Peru, surveys addressed gillnets as a single consolidated
category as this was part of a companion study addressing a wider range of fishery types.

2.1.1 Survey design and implementation

Surveys contained from 34 to 96 questions for fishermen and also included species identification
guides to assist respondents in categorization (see Appendix for survey forms). Surveys were initiated by
specifying the purpose of the surveys and the confidential nature of responses. Questions were
designed to provide a general description of the fishermen (e.g., age, experience, if a boat owner) and
the vessels (e.g., motor power, length). Bycatch questions were formatted to indicate the number of
bycatch events in an annual time frame (e.g., number of seabirds caught per year), species composition
(i.e., penguin, petrel, storm petrel, booby, albatross, cormorant, shearwater, pelican), and the final fate
of bycatch, as described in Alfaro-Shigueto et al. (2011; i.e. released live, dead at capture, or retained to
be commercialized, used as food, bait or for medicinal purposes). “Commercialized” refers to individuals
retained to be sold as food, bait or other purposes. It is important to note that animals categorized as
‘released alive’ could still have some level of injury so it is reasonable to assume that some unknown
percentage would also die as a result of being captured. While PFSH were not identified specifically on
the survey forms, the species was pictured on the ID guide representing the “shearwater” category and
there are few other shearwater species in the region with which it could be confused. It is likely that
responses confirming “shearwater” bycatch refer to PFSH. Other bycatch taxa, including marine
mammals (sea lions and cetaceans) and sea turtles, were also included. As these surveys were designed
to serve as a first assessment, bycatch species were generally identified to the level of categories (e.g.
“sea lion” or “penguin”). This helps keep the survey to a manageable size and adds confidence to the
species identifications. Questions also enquired as to the interviewee’s knowledge of legislation
pertaining to seabirds. The final few questions were completed by the interviewer and were an
assessment of the respondent’s degree of confidence and honesty during the interview.

The most recent of these three surveys was conducted specifically to query fishermen in Chile regarding
their bycatch of seabirds generally and PFSH specifically. Therefore, in addition to the more general
guestions on seabird bycatch which all survey efforts had in common, for those fishermen who indicated
a bycatch of PFSH, three additional questions were asked to explore in more detail the quantities, fates,
and seasonality of this catch.



Surveys were completed in Ecuador and Chile from August 2010 to November 2010 and in Peru from
November 2010 to March 2011 and again in Chile from June to August 2012 (Table 1). In total, 1515
fishing captains in 56 fishing ports and landing sites were interviewed (Table 2; Fig. 2).

2.1.2 Bycatch estimates

For each site and for the three countries, we calculated bycatch estimates by fishery, based on
the median survey responses for bycatch per year for each port (e.g. 0 seabirds per year, 1-3 seabirds
per year, 4-10 seabirds per year, etc.). These data were scaled according to the fleet size using the same
gear for a given port to obtain the estimate of annual seabird bycatch. Using data gathered on the fate
of seabirds, we were then able to estimate the total bycatch and fatal take. Total bycatch refers to the
total number of reported interactions, including animals reported as released alive. Fatal take is defined
as the number of seabirds killed as a consequence of fisheries and is obtained from captured dead
individuals and those reported as retained to be sold, eaten or otherwise used.

2.2 Satellite tracking

2.2.1 Study sites and transmitter deployments

In June-July 2009, we attached satellite tags to 5 PFSH captured at sea off Santa Barbara, CA
within southern California Current waters (34°25'33”N 119°42'51"W). In April 2011, we tagged 9
breeding PFSH at the breeding colony on Isla Mocha (38°22'15"”S 73°54'51"W), off the coast of south
central Chile. To this set, we included one individual captured on Isla Mocha and tracked in 2006. These
birds were tracked during the post-breeding dispersal (April - May) and non-breeding cycles (May -
November).

We attached depth-reinforced, Microwave Solar PTTs (17 g) using the suture-tape-glue method
(MacLeod et al. 2008, Adams et al. 2012). We could not assess detrimental tag effects by comparing the
behavior of tagged and control birds. The tags were programmed to follow two duty cycles designed to
prolong battery life.

2.2.2 Filtering and processing of shearwater location data

We obtained individual bird locations using the ARGOS satellite-linked tracking system (CLS
America, 2011) and archived the data via the Satellite Tracking and Analysis Tool (STAT; Coyne and
Godley 2005). We used STAT to flag and manually correct “mirror” locations and to remove duplicate
records (i.e., when ARGOS returned two records with same time), and retained those records with
location class (LC) quality of higher accuracy or the greater number of satellite messages. Remaining
ARGOS data (LC-3 through LC-B) were filtered using a speed-distance-angle (SDA) filter (modified
sddfilter function, argosfilter package in R; Freitas et al. 2008). We specified a 16.7 m s* speed threshold
and used default settings for distances and angles (Freitas et al. 2008). Our speed threshold is slightly
greater than the mean + 1 SE allometric prediction for flight speed over ground (15.9 m s™) among
diving shearwaters flying with a 5 m s™ tailwind (see Table 2 in Spear and Ainley 1997). In 2009 and
2011, we retained 84.3 + 4.3% locations and 81.3 £+ 9.8% locations after SDA filtering, respectively. To
estimate time spent per area (e.g., according to bathymetry, EEZ zones, and fishery areas) we used the



SDA filtered data and generated hourly locations according to the linear method in Tremblay et al.
(2006) for consecutive locations separated by <8 hrs. Thus, the total distances traveled by PFSH were
calculated from these locations and should be considered a minimum, as they assume travel in a straight
line from consecutive interpolated locations.

2.2.3 Association of tracked shearwaters with management jurisdictions

The data filtering and interpolation described above allowed us to produce maps of the time at
sea for individual birds, at a spatial scale fine enough to describe their overlap with bathymetry and
jurisdictions (e.g., EEZs). We followed a hierarchical approach to assess the overlap of PFSH movements
and management jurisdictions. Over the basin-scale, we calculated the proportion of the total tracking
time for all tracked PFSH combined within each national EEZ. Next, we addressed the proportion of time
PFSH off South America (i.e., with in the combined EEZs of Colombia, Ecuador [including the Galdpagos
Islands EEZ], Peru, and Chile) spent within fishery zones off Ecuador, Peru, and Chile.

2.2.4 Association of tracked shearwaters with bathymetric habitats

In addition to mapping shearwater movements and time at-sea, we wanted to identify
bathymetric habitats where these far-ranging seabirds spent time. To this end, we matched each of the
interpolated locations with depth values from the ETOPO2 2-minute global relief grid
(http://www.ngdc.noaa.gov/mgg/global/global.html).

2.3 Onboard observer monitoring

Seabird bycatch was monitored by trained onboard observers. All observers were biologists, fisheries
technicians or fishermen trained in relevant data collection methods, including seabird identification.
Data were gathered on the specific gear used (longline or gillnet), the timing and position (using GPS) of
each set, and any bycatch occurring. Bycatch characteristics recorded included timing of event (set,
soak, haul), species and quantity of bycatch, location of hooking or entanglement (beak, wing, etc.), and
state (live, dead) and fate (released alive, discarded dead, etc.) of the seabird. All observers were
equipped with cameras and photographed unusual or unidentifiable captures for later species
identification. Observers did not participate in fishing activity and the crews and vessels that hosted
observers were voluntary participants in the project. Except in cases when a fishery operated seasonally,
observers worked year-round to account for possible seasonal variations in fishing effort or seabird
bycatch.

From May 2005 to May 2011 a total of 309 fishing trips (2156 sets, 1990 fishing days) were monitored
for seabird bycatch in Peru (Fig. 3). Trips monitored were on longline and driftnet fishing vessels
operating from the port of Salaverry (08.23°S, 78.98°W) and longline vessels from the port of llo
(17.65°S, 71.35°W). Driftnet vessels targeted primarily blue (Prionace glauca), shortfin mako (/surus
oxyrinchus), thresher (Alopias vulpinus), and smooth hammerhead sharks (Sphyrna zygaena), and eagle
rays (Myliobatis spp.). Longline vessels set their gear at the ocean surface and seasonally targeted
either blue and mako sharks (March to November) or dolphinfish (Coryphaena hippurus; December to
February). Longline gear configurations between shark and dolphinfish seasons differ (e.g. branchline
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spacing, leader material, hook size); therefore bycatch results for these fisheries are considered
separately. Detailed specifications of these gear types and observer effort are given in Mangel et al.
(2011) and in Alfaro-Shigueto (2010).

3. RESULTS

3.1 Surveys

3.1.1 Survey effort 2010 & 2011

A total of 793 surveys from 43 index fishing ports were obtained for the three countries
(Ecuador: n =407, 7 ports; Peru: n = 342, 30 ports; Chile: n = 44, 6 ports; Tables 1 & 2, Fig. 2). Survey
coverage by gear across the ports varied between 3.8 to 100% but was on average 31.1% for Ecuador
37.0% for Peru and 62.7% for Chile. Most fishermen operated year-round, except in Chile where net
fisheries were seasonal. The main employment of respondents was fishing for most ports although other
employment was reported.

Seabird bycatch in Ecuador was reported in 42.9% of fishing ports (by 4.9% of respondents in those
harbors; Table 2). In Peru, seabirds were reported as being caught at 86.7% of the Peruvian ports (by
28.4% respondents in those harbors; Table 2). In Chile 66.7% of ports (20.5% of respondents in those
harbors) reported seabird bycatch (Table 2).

The reported seabird bycatch species composition varied from port to port (Table 3). From these species
the most commonly caught were boobies, cormorants and penguins. PFSH bycatch was reported in
Santa Rosa in Ecuador, several ports in Peru and in two ports in central Chile (Tables 2 & 3).

Seabird bycatch for the three countries was estimated as 8,271 seabirds (Table 4). The majority of them
were reported released alive and their final fate is unknown. Approximately 43% were reported as dead
or taken by the fisheries (3,537 seabirds), and the final fate of these birds was discarded dead, eaten or
commercialized locally (Table 4).

3.1.2 PFSH surveys, 2012

A total of 157 surveys were completed in 13 ports in Chile (Tables 2 & 5). The majority of
respondents (58%) used gillnets (surface, midwater or bottom) but fishermen using purse-seines and
longlines also constituted parts of the sample. Seventy percent of respondents reported having seabird
bycatch, and seabird bycatch was reported in all the ports assessed. This compares with 45% reporting
small cetacean bycatch and 12% reporting sea turtle bycatch. The Humboldt penguin was the most
frequently reported and most common bycatch species (27% of respondents) and was listed as one of
several bycatch species by 31% of respondents (Table 5). Shearwaters were the species group least
often listed as the primary bycatch species (7% of respondents) but were the second most common
species overall in reported bycatch (16% of respondents). Forty-four percent of interviewed fishermen
reported declines in seabird abundance since they began fishing (respondent’s average number of years



fishing: 31 + 12 years; range: 1-69 years; Table 6). Overall, there was an even split (50%) between those
fishermen who reported that seabirds were typically released alive versus discarded dead.

Diving birds, including boobies, cormorants and pelicans, were more likely to be listed as bycatch by
respondents of purse-seine vessels whereas respondents from gillnet vessels were more likely to list
other species — including penguins, shearwaters, petrels and albatrosses (Table 5).

Bycatch of PFSH was reported in eight of 13 ports (Table 7). This bycatch was almost exclusively
reported by respondents operating gillnet vessels (surface, midwater and bottom). Based on PFSH
bycatch rates reported and estimates of fleet sizes in each port we were able to construct port-based
estimates of PFSH bycatch and estimate annual mortality. Bycatch events were reported as fatal by
65.8% of respondents. Total bycatch of PFSH was estimated to be 1,384 birds year™ of which 911 were
estimated as fatal takes and 473 PFSH were released alive (Table 7). PFSH bycatch was reported as
occurring during the months of August through May, with more than 25% of respondents indicating that
bycatch was most common in the months of January and February, which coincides with pre-breeding
and breeding season (Fig. 4).

Reported catch rates were greatest on Isla Mocha where all respondents reported bycatch of PFSH. The
nearby coastal port of Tirua had the second greatest estimated annual bycatch, and estimates generally
lessened with increasing distance northward from Isla Mocha (Table 7).

3.2 Satellite tracking

Track durations ranged from 100 days to 248 days, with distances traveled ranging from 9,393 km to
29,291 km (Table 8). Latitudes traversed ranged from 46.4 to -39.7. Tracked PFSH spent the majority of
their time within EEZ waters and only 2% - 3% on the international high seas (Table 9, Fig. 5). In 2009,
tracked PFSH occupied 9 EEZs and portions of the international high seas (Table 9, Fig. 5). In 2011,
tracked PFSH occupied 13 EEZs (including Clipperton Island EEZ and Galapagos Islands EEZ), portions of
the international high seas, and the EEZ Area en Controversia, currently disputed by Peru and Chile.
With the exception of Canada and Mexico in 2006/11, in all years median bathymetric affiliation among
shearwaters was centered over continental slope waters, beyond the 200 m isobath that delineates the
outer reach of the continental shelf domain (Tables 9 & 10).

Combining all tracking data available for the South American EEZs (Colombia, Ecuador, Galapagos
Islands, Peru, and Chile), tracked PFSH spent generally < 5% of their time within 13 fishery use areas
(Table 11, Figs. 6 to 9). Greatest use by shearwaters occurred in the coastal fishing zone (“Salaverry 2”)
based out of Salaverry, Peru were shearwaters aggregated for extended periods of time and were
associated with the relatively broad continental shelf off northern Peru (Fig. 9).

3.3 Onboard observer monitoring

Bycatch of PFSH was reported in the surface driftnet fishery operating out of the port of Salaverry in
northern Peru (Fig. 10). From May 2005 to May 2011 there was an observed bycatch of four PFSH in 914
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sets (133 trips) resulting in a bycatch rate of 0.004 + 0.105 birds set™. There were two sets with bycatch,
one caught three PFSH and the other caught one. One PFSH was released alive while the other three
drowned. These bycatch events occurred in the months of May and August.

No bycatch of PFSH has been reported during 1,842 observed sets (176 trips) of the surface longline
fishery operating out of the ports of Salaverry and llo. Sightings of PFSH were occasionally reported by
observers in the llo longline fishery (Fig. 10).

4. DISCUSSION

In this study, we have compiled information from multiple projects using diverse methods as a first
effort to evaluate threats posed to PFSH by fisheries in the southeastern Pacific Ocean. This study
provides evidence for PFSH interactions with fisheries in Chile, Peru, and Ecuador and highlights the
potential for bycatch with multiple fisheries given the reported distribution of the species. This is the
first large-scale study in the region and provides the first detailed, quantified estimates of PFSH bycatch.

Results of the rapid assessment surveys in Chile, Peru, and Ecuador make clear that seabird bycatch is
common throughout the region. Respondents reporting bycatch of shearwaters were sporadic but were
reported in each country. The 2012 rapid assessments conducted in Chile support these findings and
also revealed evidence of PFSH bycatch specifically. PFSH bycatch was most commonly reported and
greatest at the ports on and near Isla Mocha. It is interesting to note that some of these ports lie directly
on one of the PFSH foraging zones reported by Guicking et al. (2001). The temporal distribution of
bycatch reported by fishermen also strongly overlaps with the annual breeding cycle for the species and
adds confidence in the study findings and in the ability of fishermen to correctly identify the species.
Moreover, Region VIII (Bio-Bio) the region in which Isla Mocha is located, hosts one of the highest levels
of fishing activity in Chile. The estimated annual bycatch of 1,384 PFSH, with an annual mortality of ca.
1,000 PFSH, is a previously unidentified source of mortality and should be considered in future
conservation action plans. About half of this total take was associated with gillnet fishermen from Isla
Mocha, indicating that the identification and introduction of bycatch mitigation measures here could be
particularly effective.

The results of the PFSH satellite tracking studies clearly reveal the coastal movements of the species and
its affiliation with waters over the continental shelf and shelf-break. Perhaps most striking was the
substantial amount of time spent by tracked PFSH off the central and northern coast of Peru. The broad
continental shelf along this portion of the Peru coast is also home to the majority of the more than
3,000 small-scale gillnet vessels currently operating (Alfaro-Shigueto et al. 2010).

The overlap with most Peruvian fishing zones reported here was low (Table 11, Figs. 6 to 9), primarily
because the majority of fisheries observed here were longline fisheries for sharks that typically operate
beyond the continental shelf. There is still some potential for a more substantial overlap with the
seasonal Peruvian small-scale longline fishery targeting dolphinfish which operates annually from
December to March and which fishes nearer the shelf break (Fig. 4), but this fishery also coincides



temporally with the PFSH breeding season when most birds would likely be at or near the Chilean
nesting sites. Bycatch of PFSH was also reported in the 2012 rapid assessment surveys by demersal
longline fishermen in the Chilean port of Lebu. And PFSH bycatch has been observed in the demersal
longline fishery for South Pacific hake (Merluccius gayi) operating out of the port of Santa Rosa, Ecuador
(Mangel et al. 2011).

The greatest overlap of PFSH and fishing zones reported here was for the driftnet fishery from the port
of Salaverry. It is this same fishery in which bycatch of PFSH has been confirmed through onboard
observations. While the reported bycatch rate was low (0.004 PFSH set™), with approximately 3,000
gillnet fishing vessels conducting an estimated 80,000 trips annually along the Peru coast (Alfaro-
Shigueto et al. 2010), even low rates of bycatch by individual vessels can result in considerable total
takes of seabirds. Given this observed catch rate and level of fishing effort it is reasonable to conclude
that the annual bycatch mortality of PFSH by Peruvian gillnet vessels is on the order of 500 to 1000
birds.

Largely missing from the current assessment is information on the potential interactions of PFSH with
the Peruvian and Chilean industrial purse-seine fisheries for anchovy and sardine. These fleets comprise
approximately 1350 and 205 vessels in Peru and Chile, respectively (Bertrand et al. 2008, OECD 2009). In
Peru, movements of the fishing fleet have been shown to be largely coastal and to track movements of
the target fish stocks (Bertrand 2008). Given their reliance upon anchovy and sardine as prey, their
feeding behavior and their attraction to boats, it is reasonable to expect that PFSH may be vulnerable to
interactions with these purse-seine fisheries. Representation of purse-seine vessel captains in our rapid
assessment surveys was insufficient, however, and this is an area that needs further research.

Anthropogenic threats to PFSH have been identified both at their nesting sites and at their oceanic
foraging grounds. These threats include direct take for human consumption, habitat loss, depredation
by introduced species including coatis, dogs, cats and rats and fisheries bycatch. The annual take of PFSH
chicks at Isla Mocha is estimated at 3,000 to 5,000 (Guicking 1999), although recent enforcement of the
law prohibiting chick harvest by the Corporacidn Nacional Forestal has greatly reduced the annual take
since 2011 (Hodum pers. comm.). Our estimate of PFSH bycatch mortality in Chilean net fisheries
derived from rapid assessment surveys was of an additional ca. 1,000 birds. We have also provided a
conservative estimate of annual bycatch mortality by Peruvian gillnet fisheries of another 500 to 1,000
PFSH. In addition to these values one must also consider the loss to the PFSH population at the nesting
colonies due to depredation and habitat loss. Moreover, one needs to keep in mind that the number of
fisheries monitored that fall within the range of the PFSH is exceedingly small. There are limited
examples of fishery monitoring in Central America and Mexico which have shown interactions with
threatened and endangered species, including sea turtles and small cetaceans (e.g. Peckham et al. 2007,
Koch et al. 2006, Vidal et al. 1994).

Here we have attempted to clarify some of the threats from fisheries interactions facing the PFSH in the
southeastern Pacific Ocean. Clearly though, additional efforts will be needed to more fully understand
the population status of the species, the risks it faces and the steps that should be taken to help ensure
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species viability. Rapid assessment surveys serve as a useful first step in identifying those fisheries that
have PFSH bycatch but to more accurately assess these interactions more intensive monitoring,
including onboard observers, is recommended. Given the high rates of fishery interactions reported
around Isla Mocha we recommend that similar assessments be conducted of the fisheries operating
around the breeding colonies in the Juan Fernandez Archipelago. Due to the relatively intensive use of
habitat off central Peru, additional efforts to monitor gillnet fisheries are encouraged. Targeted
assessments of the risks posed by purse-seine fisheries in Chile and Peru are also recommended.
Satellite tracking studies during the breeding season could also help identify any changes in foraging
ranges or strategies, and how they may impact their vulnerability to fishery interactions. There is also a
clear need for assessments of the coastal fisheries operating in Pacific Central America and their
potential for interactions with seabirds and other marine fauna. The demographic implications of the
varying forms of mortality must also be considered, as the take of juvenile or adult PFSH through
fisheries bycatch could have different population level effects than the take of chicks. The collection of
age class information from bycaught birds would also help clarify the relative impacts to the population
and would permit comparison to other mortality sources and to link mortality to population trends
(Lewison et al. 2012). Modeling the PFSH population would help clarify these population parameters, its
resilience to perturbations would help identify data gaps, and would help in setting targets for
reductions in anthropogenic threats, including fisheries bycatch. In light of the identified threats to the
species, a reassessment, by the appropriate institutions and agreements, of its national, regional and
international conservation status may be warranted.
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TABLES

Table 1. Summary of rapid assessment surveys performed from 2010 to 2012.

Survey Fisheries Ports Surveys Survey Focus
effort addressed surveyed completed dates of effort
Nov. 2010 to Fishery
1* Open 15 488
Feb. 2011 bycatch
Nets Oct. 2010 to Net fishery
2 33 870
only Jan. 2011 Bycatch
Jun. to Aug. Seabird &
3 Open 13 157
2012 PFSH bycatch

* Ecuador: 7 ports, 412 surveys.

Peru: 1 port, 30 surveys. Chile: 7 ports, 46 surveys.
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Table 2. Detailed summary of rapid assessment surveys, port where they were conducted and the
degree to which seabird bycatch was reported. Ports in bold also have PFSH bycatch recorded by
onboard observer monitoring. Registered vessels refers to government reports of vessels operating in
each port but the number of active fishing vessels is typically lower.

Registered Surveys Seabird % PFSH
Country Port Vessels completed bycatch? yes bycatch?
Esmereldas 600 41 N -
Manta 1800 71 Y 1
P. Lopez 280 52 N -
Ecuador x
2010-2011 Santa Rc.)sa 1200 118 Y 15 Y
Anconcito 370 34 N -
Chanduy 210 30 N -
P. Bolivar 650 66 Y 3
P. Pizarro No data 25 Y 24
Zorritos 150 24 Y 4
Cancas 127 8 Y 25
Mancora 96 21 Y 25 Y
Talara 554 5 N -
Paita 1980 N -
Constante 50 10 Y 40
Delicias 25 2 Y 100
Parachique 1050 Y 75
Bayovar No data 4 Y 75
Pimentel 18 12 Y 25
San Jose 160 50 Y 10
Chicama/Malabrigo 65 28 Y 4
Salaverry 200 30/17 Y 53 Y
Peru Chimbote 300 12 Y 33
2010-2011 Culebras 48 Y 50
Huarmey 55 3 N -
Supe 42 Y 67
Huacho 279 10 Y 50
Ancon 200 4 Y 75
Callao 134 7 Y 29
Pucusana 400 11 Y 45
Tambo de Mora 35 16 Y 47
San Andres 214 17 Y 35
San Juan de Marcona 208 Y 67
Atico 130 Y 100
La Planchada 101 Y 100
Matarani 940 15 N -
llo 744 Y 33
Morro Sama 284 3 Y 67

*Mangel et al. 2011. ACAP Report.



Table 2. (continued)

Registered Surveys Seabird % PFSH
Country Port Vessels completed bycatch? yes bycatch?
Caldera 11 5 N -
San Antonio 11 8 Y 13 Y
Coquimb 6 2 N -
Chile oquimbo
Quintero 2 2 N -
2010-2011 .
Valparaiso 11 10 Y 22
Tome 4 2 N -
Lebu 41 17 Y 24 Y
Coquimbo 95 27 Y 67 Y
Guayacan 40 12 Y 75 N
Pefiuelas 15 15 Y 60 Y
Guanaqueros 80 25 Y 82 N
Tongoy 120 13 Y 85 N
. Tirua 71 5 Y 80 Y
Chile
Isla Mocha 57 7 Y 100 Y
2012 o
Quidico 20 2 Y 100 N
Coliumo 100 6 Y 83 Y
Cocholgue 160 3 Y 100 Y
Dichato 68 4 Y 75 Y
San Vicente 214 4 Y 75 Y
Lebu 416 32 Y 47 Y
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Table 3. Seabird species composition reported by surveys to fishing captains from Ecuador to Peru,

using net fisheries. Fishing gear types are surface (S), midwater (M), trammelnet (T), and bottom (B).

Seabird species groups are: alb=albatross, pel=pelican, pet=petrel, shear=shearwater, storm=storm

petrel, corm=cormorant, boo=booby, pen= penguin. Some respondents grouped their responses and

those are represented in the rightmost two columns. Grey shaded columns indicate shearwater bycatch.

Ports

Gear

Surveys

# Do
Capture

%
Capture

alb  pel

pet shear corm storm boo pen pet+pen shear+oth

Ecuador
Esmeraldas

29
6
1
5

o O oo

Manta

65
3
2
1

[Eny
wv

100

Pto.Lopez

39
10
2
3

O OO0 0OO0OO0ORrRr|OO OO

Sta.Rosa

92
14
2
3

w

=
~N

47.1 353 17.6

Anconcito

Chanduy

Pto.Bolivar

TAZ 0| AZ2 0 AZEmAZ 0w A 0B 42 nomw 42w

P OORODOOOO0ODOOO(0OO OO

100

o o

5.6

100

100
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Table 3. (continued)

0,
Ports Gear Surveys C:p?u.?re Cap/:ure alb pel pet shear corm storm boo Pen pet+pen shear+oth
Peru
Pizarro G 25 6 24.0 33.3 16.7
Zorritos G 23 1 4.4 100
Cancas G 8 2 25.0 100
Mancora G 20 5 25.0 20.0 20.0 40.0 20.0
Talara G 5 0 0
Paita G 3 0 0
Constante G 10 4 40.0 25.0 50.0
Delicias G 2 2 100 50.0
Parachique G 8 6 75.0 16.7 16.7 16.7 16.7
Bayovar G 4 3 75.0 33.3
Pimentel G 12 3 25.0 66.7 33.3
San Jose G 49 5 10.2 60.0 20.0
Malabrigo G 28 1 3.6 100
Salaverry G 17 9 52.9 11.1 22.2 11.1 11.1
Chimbote G 12 4 33.3 75.0
Culebras G 6 3 50.0
Supe G 6 4 66.7 25.0 25
Huarmey G 3 0 0.0
Huacho G 10 5 50.0 20.0 40.0
Ancon G 4 3 75.0 33.3 33.3
Callao G 7 2 28.6
Pucusana G 11 5 45.5 20.0 40.0
Tho.Mora G 15 7 46.7 57.1 14.3
Sn.Andres G 17 6 35.3 83.3
Marcona G 6 4 66.7 25.0 25
Atico G 1 1 100
Planchada G 2 2 100
Matarani G 15 0 0
llo G 6 2 33.3 50.0 50.0
Morro G 3 2 66.7 50.0
Chile
Caldera S 5 0 0
Coquimbo S 2 0 0
Quintero S 2 0 0
Valparaiso S 10 2 20.0 50.0 50.0
Sn.Antonio S* 1 1 100 100
Md 7 0 0
Lebu S 17 4 23.5 50.0 50.0
Tome Trawl 2 0 0

*Surface and midwater
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Table 4. Estimates of seabird bycatch and seabirds take by gillnet fisheries. Final fate (released alive,

discarded dead, sold or commercialized, eaten, or retained for medicinal purposes. Gear types are

surface (S), midwater (M), trammelnet (T), and bottom (B). Fate category “released” refers to bycaught
birds released alive, “discarded” refers to drowned birds.

Fishing Total Fate Categories % Fatal Total
Port Gear Bycatch Released Discarded Sold Eaten Medicine Take Fatal take
Ecuador
Esmeraldas S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Manta S 53.3 38.9 14.4 0.0 0.0 0.0 0.27 14.4
M 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
T 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Subtotal 53.3 38.9 14.4 0.0 0.0 0.0 0.27 14.4
Pto.Lopez S 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
M 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
T 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Sta.Rosa S 473.5 329.6 143.9 0.0 0.0 0.0 0.30 143.9
M 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
T 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
LL 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Subtotal 473.5 329.6 143.9 0.0 0.0 0.0 0.30 143.9
Anconcito S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Subtotal 0.0 0.0 0.0 0.0 0.00 0.0
Chanduy S 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
M 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
T 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Subtotal 0.0 0.0 0.0 0.0 0.00 0.0
Pto.Bolivar S 2.0 14 0.6 0.0 0.0 0.0 0.40 0.6
M 155.0 120.6 34.4 0.0 0.0 0.0 0.22 34.4
T 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
B 3.9 2.2 1.7 0.0 0.0 0.0 0.44 1.7
Subtotal 160.9 124.2 36.7 0.0 0.0 0.0 0.23 36.7
Subtotal Ec 687.7 492.6 195.1 0.0 0.0 0.0 0.28 195.1
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Table 4. (continued). In Peru gillnets were not differentiated by type.

Fishing Total Fate categories % fatal Total
Port Gear Bycatch Released Discarded Sold Eaten Medicine take Fatal take
Peru
Pizarro G 142.0 52.0 85.2 0.0 4.8 0.0 0.63 90.0
Zorritos G 4.9 3.0 1.9 0.0 0.0 0.0 0.39 1.9
Cancas G 56.3 42.2 14.1 0.0 0.0 0.0 0.25 14.1
Mancora G 213.6 134.5 71.2 0.0 0.0 7.9 0.37 79.1
Talara G 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Paita G 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Constante G 53.5 41.6 11.9 0.0 0.0 0.0 0.22 11.9
Delicias G 116.0 0.0 116.0 0.0 0.0 0.0 1.00 116.0
Parachique G 300.0 233.3 333 0.0 33.3 0.0 0.22 66.7
Bayovar G 881.3 705.0 176.3 0.0 0.0 0.0 0.20 176.3
Pimentel G 11.0 8.1 2.2 0.0 0.7 0.0 0.27 2.9
San Jose G 36.0 30.4 4.9 0.0 0.7 0.0 0.16 5.6
Malabrigo G 4.5 11 0.4 1.2 1.8 0.0 0.76 3.4
Salaverry G 486.0 259.2 162.0 0.0 64.8 0.0 0.47 226.8
Chimbote G 33.3 9.5 16.7 0.0 7.1 0.0 0.71 23.8
Culebras G 137.0 68.5 34.3 11.4 22.8 0.0 0.50 68.5
Supe G 593.3 195.8 195.8 0.0 195.8 0.0 0.66 391.6
Huarmey G 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Huacho G 407.0 232.6 58.2 29.1 87.2 0.0 0.43 174.4
Ancon G 1275.0 637.5 637.5 0.0 0.0 0.0 0.50 637.5
Callao G 204.0 102.0 25.5 0.0 76.5 0.0 0.50 102.0
Pucusana G 559.1 279.5 248.5 0.0 31.1 0.0 0.50 279.5
Tho.Mora G 88.6 28.3 24.8 3.5 3.5 0.0 0.36 31.8
Sn.Andres G 1144.0 624.1 312.0 0.0 205.9 0.0 0.45 517.9
Marcona G 229.2 137.5 45.8 0.0 45.8 0.0 0.40 91.6
Atico G 50.0 25.0 25.0 0.0 0.0 0.0 0.50 25.0
Planchada G 175.0 58.3 0.0 0.0 116.6 0.0 0.67 116.6
Matarani G 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
llo G 184.2 122.8 61.4 0.0 0.0 0.0 0.33 61.4
Morro G 100.0 75.0 25.0 0.0 0.0 0.0 0.25 25.0
Subtotal Pe 7484.6 4106.7 2389.6 45.2 898.6 7.9 0.45 3341.3
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Table 4. (continued)

Fishing Total Fate categories % fatal Total
Port Gear Bycatch Released Discarded Sold Eaten Medicine take Fatal take
Chile

Caldera S 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Coquimbo S 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Quintero S 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Valparaiso S 9.9 9.0 0.9 0.0 0.0 0.0 0.09 0.9
Sn.Antonio S 22.0 22.0 0.0 0.0 0.0 0.0 0.00 0.0
Md* 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Lebu S 67.5 67.5 0.0 0.0 0.0 0.0 0.00 0.0
Tome Tra* 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0
Subtotal Ch 99.4 98.5 0.9 0.0 0.0 0.0 0.01 0.9

Total SUM 8271.8 4697.8 2585.6 45.2 898.6 7.9 0.43 3537.3

*Md = midwater, Tra = trawl
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Table 5. Seabird bycatch species composition as reported by rapid assessment survey to fishing captains in Chile, 2012, using net, trawl, purse-
seine and longline fisheries. The grey shaded column highlights shearwater bycatch.

Fishing # Catch % seabird group (% respondents)
Port gear surveys seabirds yes Albatross Pelican Petrel Shearwater Cormorant Storm Petrel Booby Penguin
Gillnet 5 3 60 40.0 40.0 20.0
Guayacan Purse-seine 1 1 100 100.0
Longline 7 5 71 12.5 25.0 12.5 25.0 25.0
Gillnet 19 13 68 9.5 333 4.8 52.4
Coquimbo Purse-seine 2 100 20.0 40.0 40.0
Longline 1 100 50.0 50.0
Gillnet 10 8 80 11.8 11.8 5.9 17.6 11.8 41.2
Pefiuelas Purse-seine 0 0
Longline 5 1 20 100.0
Gillnet 4 3 75 16.7 33.3 50.0
Guanaqueros  Purse-seine 15 12 80 15.0 45.0 40.0
Longline 3 3 100 33.3 33.3 33.3
Gillnet 7 6 86 9.1 27.3 9.1 54.5
Tongoy Purse-seine 0 0
Longline 6 5 83 9.1 18.2 9.1 27.3 36.4
Gillnet 3 2 67 25.0 25.0 25.0 25.0
Dichato Purse-seine 1 1 100 33.3 333 333
Longline 0 0
Gillnet 2 2 100 25.0 25.0 25.0 25.0
San Vicente Purse-seine 0 0
Longline 2 1 50 50.0 50.0
Gillnet 3 3 100 25.0 25.0 12.5 37.5
Cocholgue Purse-seine 0 0
Longline 0 0
Gillnet 3 3 100 18.2 18.2 27.3 9.1 27.3
Coliumo Purse-seine 2 2 100 20.0 20.0 20.0 10.0 20.0 10.0
Longline 1 0 0
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Table 5. (continued)

Fishing # Catch % seabird group (% respondents)
Port gear surveys seabirds yes Albatross Pelican Petrel Shearwater Cormorant Storm Petrel Booby Penguin
Gillnet 19 8 42 10.5 31.6 36.8 21.1
Lebu Purse-seine 0 0
Longline 13 7 54 23.1 46.2 30.8
Gillnet 2 2 100 100.0
Quidico Purse-seine 0 0
Longline 0 0
Gillnet 5 4 80 37.5 125 50.0
Tirua Purse-seine 0 0
Longline 0 0
Gillnet 7 7 100 53.8 46.2
Isla Mocha Purse-seine 0 0
Longline 0 0

25



Table 6. Summary of some key respondent characteristics, PFSH survey, Chile 2012.

Question Response
Age X = 46 (Range: 23-77)
Years fishing X =31 (Range: 1-69)
Fishing is sole occupation? 99% yes
Fish year-round? 47% yes
Vessel owner? 64% yes

Days fishing per month >15days=61%
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Table 7. Estimates of PFSH bycatch and mortality for 13 Chilean fishing ports based upon rapid
assessment surveys to fishing captains.

Fishing Total Condition %
Port gear bycatch Alive Dead dead
Guayacan Gillnet 0 0 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
Coquimbo Gillnet 0 0 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
Pefiuelas Gillnet 14 7 7 50
Purse-seine 0 0 0 0
Longline 0 0 0 0
Guanaqueros Gillnet 0 0 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
Tongoy Gillnet 0 0 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
Dichato Gillnet 21 21 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
San Vicente Gillnet 16 16 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
Cochalgue Gillnet 97 97 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
Coliumo Gillnet 128 128 0 0
Purse-seine 6 6 0 0
Longline 0 0 0 0
Lebu Gillnet 171 73 98 57
Purse-seine 0 0 0 0
Longline 60 30 30 50
Quidico Gillnet 0 0 0 0
Purse-seine 0 0 0 0
Longline 0 0 0 0
Tirua Gillnet 285 95 190 66.7
Purse-seine 0 0 0 0
Longline 0 0 0 0
Isla Mocha Gillnet 586 0 586 100
Purse-seine 0 0 0 0
Longline 0 0 0 0
TOTAL 1384 473 911
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Table 8. Summary of Pink-footed Shearwater satellite tracking data during 2006, 2009, and 2011
including, year and PTT ID, duty cycle (hours on:off), start and end dates, tracking duration (days), total
number ARGOS locations, total number locations post-filtering, minimum cumulative distance traveled

(km), and minimum and maximum individual latitudinal extent.

Duty Duration Total SDA-Filtered Distance Min Max
Year-PTT Cycle Start End (days) Locs Locs (km) Lat Lat
06-64378 10:48 4/21 7/30 100.8 330 279 10525 -36.4  27.9
09-39138 10:48  6/30/09 2/2/10 216.7 1118 903 29291 -39.5 46.4
09-39140 10:48 6/30 10/22 114.2 521 411 12277 -30.9 34.7
09-39141 10:48 6/30 12/9 162.1 772 687 18192 -34.1 47.4
09-39142 10:48 7/1 10/30 121.1 552 478 12837 -32.3 34.3
09-39144 10:48 6/30 12/17 169.6 752 649 16097 -39.5 345
11-96060 6:8 5/1 11/3 186.7 1803 1439 20409 -38.4 -3.7
11-96061 6:8 5/2 11/11 193.3 1928 1670 28593 -38.4 7.6
11-99579 6:8 5/1 9/7 130.0 1337 1232 10086 -36.1 -7.9
11-99580 6:8 5/1 8/27 119.0 1054 965 11272 -38.3 -7.4
11-99581 6:8 5/1 10/24 176.3 1858 1624 27946 -38.2 313
11-99582 6:8 5/1 9/21 144.0 2142 1686 19610 -38.3 495
11-102530 6:8 5/2 8/13 103.3 966 604 16696 -38.3 294
11-102531 6:8 5/2/11 1/5/12 248.3 2139 1765 28690 -39.7 31.5
11-102532 6:8 5/2 9/3 125.0 1083 766 9393 -38.4 -6.9

Table 9. Proportion of total PFSH tracking use of bathymetric habitat within each Marine Exclusive

Economic Zone during 2009. Data summarized include total hours transmitted, mean water depth (m),

median water depth, and percent time located over the continental shelf (i.e., water <201 m depth).

Marine Economic Zone Hours Mean Depth (m) Median Depth (m) % Shelf
Chilean EEZ (disputed - Peruvian point of view) 451 -1897 -677 35%
Colombian EEZ 51 -2629 -3016 4%
Costa Rican EEZ 22 -3045 -3103 0
Ecuadorean EEZ 56 -995 -1041 25%
Galapagos EEZ 6 -3059 -3117 0
International High Seas 152 -3459 -3569 -
Mexican EEZ 98 -2120 -2911 19%
Panamanian EEZ 23 -3072 -2969 0
Peruvian EEZ (disputed - Peruvian point of view) 361 -1268 -699 27%
United States EEZ 1641 -604 -523 28%
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Table 10. Proportion of total PFSH tracking use of bathymetric habitat within each Marine Exclusive
Economic Zone during 2006 and 2011 combined. Data summarized include total hours transmitted,
mean water depth (m), median water depth, and percent time located over the continental shelf (i.e.,
water <201 m depth).

Mean Depth Median Depth
Marine Economic Zone Hours (m) (m) % Shelf
Area en controversia (disputed - Peruvian point of view) 40 -4516 -4381 0
Canadian EEZ 250 -110 -110 98%
Chilean EEZ (disputed - Peruvian point of view) 910 -1934 -1055 34%
Clipperton Island EEZ (France) 13 -3671 -3626 0
Colombian EEZ 18 -2861 -2995 0
Costa Rican EEZ 81 -2308 -2393 0
Ecuadorean EEZ 40 -1340 -1005 18%
El Salvador EEZ 1 -3740 0
Galapagos EEZ 29 -2366 -2222 0
Guatemalan EEZ 10 -3878 -3819 0
International High Seas 323 -3184 -3568 -
Mexican EEZ 2899 -563 -124 63%
Panamanian EEZ 2 -2766 0
Peruvian EEZ (disputed - Peruvian point of view) 4722 -951 -270 39%
United States EEZ 1623 -909 -238 44%

Table 11. Proportion of total PFSH tracking time off South America associated with 13 port-based fishery
zones (minimum convex polygon [MCP]) including the national EEZs spanned by the fishery zones, and
the combined hours located within each zone as well as the total percent time off South America within
each zone.

Port-based MCP National EEZ(s) Hours (% of PFSH time w/in South America)
llo-Sharks (sets_MCPs) Peru/Chile 289 (4.3%)
llo-Mabhi (sets_MCPs) Peru/Chile 300 (4.5%)
Salaverry 2(sets_MCPs) Peru 2146 (32.1%)
Constante (sets_MCPs) Peru 0

Paita (all_ll_REDO) Peru 11 (0.2%)
San Juan Marcon (all_Il_REDO) Peru 25 (0.4%)
Ancon (all_ll_REDO) Peru 0
Chimbote (all_Il_REDO) Peru 88 (1.3%)
Callao (all_Il_REDO) Peru 125 (1.9%)
Salaverry 1 (all_Il_REDO) Peru 153 (2.3%)
Pucusana (all_Il_REDO) Peru 85 (1.3%)
llo (all_Il_REDO) Peru/Chile 327 (4.9%)

Tuna_sets_MCP Ecuador/Peru 16 (0.2%)
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FIGURES

Figure 1. Generalized range map of the PFSH. Isla Mocha is located at the southernmost limit of the
distribution approximately 35 km from the Chilean coast.
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Figure 2. Survey locations for rapid assessment surveys conducted between 2010 and 2012. Maps coincide with the survey efforts 1, 2 and 3
described in Tables 1 and 2.
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Figure 3. Locations of observed fishing sets by vessel type.
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Figure 4. Months during which PFSH bycatch occurs as reported by survey respondents. The PFSH breeding season occurs annually from

approximately November to May.
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Figure 5. Proportion of total PFSH tracking time during 2009 (right panel) and 2006, 2011, combined (left panel) within national Exclusive

Economic Zones (EEZs) and International High seas of the eastern Pacific Ocean off the Americas. PFSH in 2009 were captured and outfitted with

satellite transmitters in June-July off Santa Barbara, CA and PFSH in 2006 and 2011 were captured in April at their colony on Isla Mocha, Chile.
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Figure 6. Kernel utilization distribution for all PFSH within South American EEZs showing regions of concentrated use in space and time (left
panel). Right panel shows PFSH kernel distribution and hourly locations (black dots) within portions of the northern Peruvian and Ecuadorian
EEZ. The “Tuna Sets MCP” is delineated by the orange-hashed polygon. Thin grey line delineates the 200-m isobaths marking the outer reaches

of the Continental Shelf domain.
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Figure 7. Kernel utilization distribution and hourly locations (black dots) for all PFSH within South American EEZs showing regions of
concentrated use in space and time associated with 5 Peruvian fishery zones (left panel). Right panel shows PFSH kernel distribution and hourly
locations (black dots) within the large Callao fishing zone. Thin grey line delineates the 200-m isobaths marking the outer reaches of the

Continental Shelf domain.
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Figure 8. Kernel utilization distribution and hourly locations (black dots) for all PFSH within South American EEZs showing regions of
concentrated use in space and time associated with the Ilo mahi fishery zone (left panel). Right panel shows PFSH kernel distribution and hourly
locations (black dots) within the llo shark fishing zone. Thin grey line delineates the 200-m isobaths marking the outer reaches of the Continental
Shelf domain.
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Figure 9. Kernel utilization distribution and hourly locations (black dots) for all PFSH within South
American EEZs showing regions of concentrated use in space and time associated with three Peruvian
fishery zones. Thin grey line delineates the 200-m isobaths marking the outer reaches of the Continental
Shelf domain.
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Figure 10. Locations of PFSH bycatch and sightings by onboard observers based out of the ports of
Salaverry (driftnet) and llo (longline), Peru.
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APPENDIX

Rapid assessment form to assess PFSH bycatch

Mombre de entrevistadaor: Facha:

Murmers de ficha:

Lugar:

Al inicio 5o menciona a los entrevistad os:

fle || 2

. Hago un estudio en pesca artesanal. Esta es una entrevista voluntaria v andnima. No

mecesitamos su normbre o ninguna informacitn de contacio personal ni compartiremos su respuesta personal con

alguna persona fuera del equipo de Investigackdn, Wsted no tiene gue responder alguna pregunta gue ne quilera,

El obj=tiva principal es aprender sobee las tortugas, delfines ¢ aves marinas en [a pesca castera artesanal. Estamos

agradecides por su participacitn en este estudia, ¥ confiamos que nos ayudana a agrender mas sabre @ temia.

& | s oW

b

0.

¢Ha participado praviamente @n entrevistas o imvestigacionss reladanadas a [marque):

O pesca? O Tortugas marinas? O Mamdferos marinos? O Aves marinas? O Nunca participe

Describa

é0ué adad tiene?

¢ 0ue edad tenia cuands comenad & pescarn?

¢l pesca e su principal ooupacion? Osi Oka
ZEs usted durdio de un bate? Osi Owo
étual es su puerta de matricelay

e gue puerto operd principalmente en el Gitmo afo?

DESCRIPOION DEL BOTE

d0ud tan larpo [en metros) es el bote donde pesca?

{E5 el bate: O mlator interiar? O Fuera de harda?

fCumAnos caballos de fusrza tiens o motar?:

L] Sin meptary
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APAREIOS: PREGUNTAS D PESCA ¥ CAPTURA
|Responda las pregunias desoribsendo su experiencia personal, no de |a comunidad.)

1. LCué tipo de aparejo [u arbe) de pesca usa mas seguido durante el curso de un afio? Margue UNO:

2,
13,
14.
15,

16,

i7.

O Red de superfics O Redes de trasmalla O Esginel
O Red de media agua O nrrastre O Orra jdescribal:
O Red de fondo O Cerco

i Cuirtos poscadares, incluydéndese, van an ol bote a pescar con ese tigo da arte?

¢ Durante cuiles meses del afio utiliza este arte? E |E| E E |E| mm E El IE IE IE ! I‘IW

£ Cudl e tw principal especie objetivo con este arte?

i Cuantos dlas al mes pesca cuando esta wsando este arte?
O 1-7 O B-14 O 1521 O 2z2-31

i Ocasionalmente ke caen tortugas cuando utiliza este arte? Osi O Mo
Sila respuesto oF 55
08 especies de tortugas le caen cuando utiliza este arte? (use Hestraciomes| T Liste las especies de
miayar a menor fracuancia qua le caan an su aparaja,
1, Z, ER

4, 5

£ Durante qué meses dal afdo e caen mas tort ﬁs con gste arte

[£1[F] (] [a] pal (1121 [a] [5] fo] (6] [B] / [rono

iCuantas tortugas oree que le caweron en el ditimo afbo, con este arte?
Marqueuna: O0 0O 1-3 O 2-10 O 11-10 O 21-50 O =50

. iDcasipnalmente ke caen delfinflehofballena cuando utiliza este are? i T

5i o respuesto o5 5
0 especies de delfin/lobofballena le caen cuando uiiliza aste arte (wse Bustraciones]? Lista las
aspacies da mayor a menar frecuencia qua le caen en su aparejs.

1. i
3. 4.
LDurante EE-IE meses del afa le caen mds deﬁ allena mn este arte?
] [a] [l [ Ca] [a] [s]

fCuEntas delfinfloboy/ballena cree que le cayeron en el ul'lh'lu- afio, con este arte?
Margueuna: O 013 O 410 O 11-20 02150 0 =50

. iOcasipnalmente ke caen aves cuando utiliza este arte? Os O ko

Sile respuesto ex 5
{1 0w especies de aves le caen cuando utiliza este arte (use fustrociones)? Liste las especies de
mayar a menor frecueenda gue le caen en s apareja.

1. 2 3,

5

¢ Durante qué meses del afio le caen mas aves con aste arte?
‘El ul [a] el (D02 0a) [5) ) ) )/ fromo

JCuANTas aves cree gue e cayeron en el dGitimo afo, con este arte?
Marquewna: OD 013 O 4-10 O 11-20 O 21-50 O =50
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,

.

iComparade a cuando wsted comenzé a pescar, ila abundancia de aves marinas es ahora,., ¥
O naayor O Memor 0 1guial 0 Mo s

{0ue hace normalmente usted i le caen aves?
O comer D vender O Carnada O Botar [meerfas) O Uberar (vivas] O Mo caen

0. ¢Sahe usted silas aves marinas estdn legabnente protegidas? Os5 OMe OMNose
31, iSabessilas aves tenen otro wuso? (carmada, sefiuebs, atro) O si: (m
Si an la pregunia 35 sefislan & grupo de fardelas fopcidn 4], enfonces complatar esfa seccidn.
PREGUNTAS SOBRE LAS FARDELAS
312, iDurante gue meses dal aflo le caen mas fardelas con este arme Y
[e] (€] ba] [a] ] [][2][2] [s] o] W] [2] ¢
33, {Cudntas lardelas oree gue be cayeron en el ditima afio, con ete arte?
Marquewna: OG0 O -3 O 210 O 11-30 O 21-50 O =50

A, jComoencuentra a las fardelas cuando le caen en @l apare|o?

0 En buena condickin O Moribende O Muerte O Herido (D Otro

S0L0 PARA LOS ENCUESTADORES

a5, A0 tan ablerte v haneste parecia el pescadar contastanda las preguntas de pesca incidental?

O mtuy abiertofhonesta O rarcialmente ablerto/honests O Mada honesta
35, Otros comentarios
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UMD POR PUERTO: FORMULARID DE DESCRIPCHIN DEL LUGAR OE DESEMBAROUE
\fnclwir algunas fotas del puerto, embarcaciones ¥ o Usted trabajondo en entrevistas)

Fecha: MNambre del ireestigador:

Hora:

Infermacicn sehre la ubicacion:
Purto:
Latitusd:
Langitud:

$ Cuantos lugares de desembargue hay en el pusrto?

Tatal ded nimero de bates en @ste lugar de desembangue:

Longitud minima {m):
Longitud mis carndn [m):
Longitud mdxirma [m):

Progiarcion ded total de bates matorizades en este lugar:

Desintegre ba infarmaddn acenca de lod botes por &l lips de botes [e). Canoad pequerias, largas, eic.)

Hidmero de botes. | Hango de tamarfio
Tipa de bote im]

Proporcian
motorizada

Descripcicn

m|g| o
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FICHA DE IDENTIFICACION DE AVES MARINAS

1= Albatros o pajarotes

2=Pelicanos

6=Golondrina de tempestad, paifo 7=Piqueros

a4



FICHA DE IDENTIFICACION: FARDELA BLANCA

ABkive
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FICHA DE IDENTIFICACION DE TORTUGAS MARINAS
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