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Albatrosses, petrels and fisheries in Peru: Evaluating bycatch 

and seabird distribution and abundance.
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Executive Summary

Observations on board longline vessels were surveyed from September 2009 to August 2010, a total of 25 fishing trips. The main target was the common dolphin fish Coryphaena hippurus. They also captured sharks like Blue shark Prionace glauca and shortfin mako Isurus oxyrinchus in 7% of sets. During all longline trips were observed 334 850 hooks deployed in 199 sets. The days monitored per month varied from 14 to 40. We observed only the 0.41% of the total of hooks reported in a year in Peru according to Alfaro-Shigueto et al. (2010). We observed almost 335000 hooks during a year in two longline vessels with 6TM of storage capacity. Considering almost 1000 longline vessels fishing in Peruvian ports, the total number of hooks calculated in Peruvian artisanal longline fleet is conservative. No one seabird was reported as bycatch. We observed seabirds during 93 sets, from at least 10 species: Waved Albatross Phoebasthria irrorata, Gray hooded gull Larus cirrocephalus, Belcher’s gull Larus belcheri, Elegant Tern Sterna elegans, storm petrels, Sooty shearwater Puffinus griseus, Shearwaters Puffinus sp., Black petrel Procellaria parkinsoni, Petrels Procellaria sp., Cape Petrel Daption capense, Pomarine Jaeger Stercorarius parasiticus and Peruvian boobies Sula variegata. One seabird species try to take the baits: Procellaria sp. Flock sizes varied from a few to a maximum of 200 birds. Total seabird abundance varied significantly between stages of the fishing operation, being higher during setting than hauling. More seabirds were observed at summer than spring. The activities and progress of the project have been informed to CMS, CITES, CIAT, national institutes, ministries and general public trough technical reports, meetings, APECO website, Alas y Olas website, newspaper, magazines and letters.

Introduction

Bycatch is one of several issues that challenge fisheries sustainability (Soykan et al. 2008). Large marine vertebrates (e.g. sea turtles, seabirds, marine mammals, sharks) are among those most vulnerable to the negative effects of bycatch because of their late age at maturity and low reproductive rates (Lewison et al 2004). One of the world’s major fishing methods, the long-line fishing, take place in all oceans and seas (Tasker et al. 2000) and several petrel and albatross species are threatened because of that fishery (Furness, 2003).
Coker (1908) mentioned the "espinel" (longline) as one of the most effective methods of fishing in Peru. He reported a line of 1,500 hooks, catched 184 Kg of congrio at one haul, the line length was 1.8 Km, worked by a man with an assistant to control the boat. It took least than 17 hours. Later, artisanal longline fishing (boats with storage capacity under 30 m3) is reintroduced in Peru from the 1980s in shark fishery (Reyes, 1993). The main target species for these fisheries included dolphinfish and sharks mainly blue (Prionace glauca) and shortfin mako (Isurus oxyrinchus), but also included Porbeagle (Lamna nasus) and other archarinidae shark species. It is estimated, conservatively, an average of 80 million hooks set per year by longline vessels in Peru; equivalent to one-third of the annual effort of the global industrial swordfish longline fishery (Alfaro-Shigueto et al. 2010).

In Peru, incidental captures also exists, but is scarcely documented. Jahncke et al. (2001) report the minimum and maximum bycatch rates estimated were 0.74–1.75 birds/1 000 hooks form interviews with fishermen. According to the longline fishermen, albatross are the main species taken (42%), followed by boobies (22%), pelican (18%) and petrels (13%). Awkerman et al. (2006) report leg-band recovery information for waved albatrosses Phoebasthria irrorata revealed mortality from both incidental catch and intentional catch for human consumption in Salaverry Port, Peru. Ayala et al. (2008) reported intentional catch in three Peruvian ports. Also, Alfaro-Shigueto et al. (2010) reported bycatch of black-browed albatrosses Thalassarche melanophris and white chinned petrels Procellaria aequinoctialis.

In this report we present data on bycatch for the artisanal Peruvian longline fishery from interviews to fishermen, on board observations during nine months and participating in a dolphinfish survey. Also, we obtained available information of weather and oceanographic variables in fishing zones and have being correlated with dolphinfish catch and seabird distribution. Finally, public awareness was developed through web pages, newspaper, magazine and spreading materials for fishermen, environmental authorities and general public.

Objectives

 Evaluate the interactions between albatross and petrel and longline fishery using 
     on-board observers and interviews.

 Know the spatial and seasonal distribution of that interaction.

 Identify the species of albatrosses and petrels that interact with longline

     fisheries.

 Localize the fishing areas where interactions occur.

 Estimate mortality rates generated due to longline fishing.

 Identify the factors responsible for the by-catch rates.

 Formulate recommendations to reduce by-catch during fishing activities

Methods

Interviews

Study site

A first survey was conducted in Paita (5º2’S; 80º54’W), Chimbote: (9º4’S; 78º25’W), Ancon (11°45'51"S, 77°10'37"W), and Pucusana (12º 29' S; 76º 49' W) in 2009. A total of 48 fishermen were interviewed.

We conducted a second survey on 2010 in Paita, Chimbote, Pucusana, Matarani (16º 59' 51" S; 72º 06' 24" W), Ilo (17° 38' 29'' S; 71° 20' 52'' W) and Morro Sama (17º 59’ S, 70º 53’). (Map 1). A total of fishermen 206 were interviewed.

The ports was selected according to the landings of dolphinfish and sharks in Peruvian coast (Estrella et al. 2000)

Data collection

Data were collected from March to May 2009 and from July to August 2010, using a questionnaire.

The surveys were conducted as interviews. Initially, we asked some fishermen a number of questions from a format, but they did not trust in the interviewers because they were afraid from a punishment (due to incidental and intentional catch). They refused to answer a list of question from a format. In order to avoid collect wrong information, we decided to talk with fishermen and we did not show them a format. Artisanal fishermen were accessible to respond.

The survey consisted of 67 questions, providing information about gear type, fishing season, distances, target fish species, type of bait, incidental and intentional catch of albatross and other interactions.
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Map 1: Study area of surveys (2009-2010): Paita, Chimbote, Pucusana, Matarani, Ilo, and Morro Sama ports.

Observations on board

Fishermen were the observers. They departed from Ancon. Data were collected from September 2009 to August 2010

Observers were training to collect data and identify seabirds. They used data sheets, GPS units, Binoculars, photographic cameras and other equipment. The observer took the following information from each set: date and time at deployment, geographic position at the beginning and at the end of deployment, speed of deployment, date and time at retrieval, geographic position at the beginning and at the end of retrievement, speed of retrievement, mainline length, mainline material, gangions length, number of hooks deployed, hook type, hook material, distance between gangions, number of floaters, distance between floaters, bait, bait colour, total capture of fish.

Fishing Interactions with seabirds

During hauling and setting the observer identified and count groups seabirds (sometimes they identified species). Data collection consisted of visual scanning 100m from pope using 10X50 binoculars. Data collection was during hauling and setting: 1. First 5 minutes and 2. Last 5 minutes of hauling and setting.

Results

2009 Survey

The survey was conducted in Paita, Chimbote, Pucusana and Ancon. Seventy-three percent (n=35) of these fishermen captured only Common Dolphin Fish (Coryphaena hippurus) and 27% both sharks and Common Dolphin Fish. These small-scale longliners made from one to four trips each month, depending on the distance to the fishing grounds. On average each month they made 2 trips (n= 68). They set once every day. The length of the main line varied from 9-85 Km, averaging 33Km. Longlines carried an average of 1808 baited hooks, varying from 350 to 3800 hooks. All of them set the longline during the morning (7:00-12:00 hrs); some of them (6%) mentioned also the afternoon (12:00- 19:00 hrs). Fifty-three percent of the fishermen used Jumbo Squid (Dosidiscus gigas) as bait; 26% flying fishes Exocoetus sp., 8% the skipjack tuna Katsuwonus pelamis and others (3%).

Seventy-three percent (n=35) of these fishermen mentioned the bycatch of albatross and petrels, at least one in all 2008. The average of seabird bycatch was 2.3 by vessel for 2008 year. They identified Waved Albatross Phoebasthria irrorata (40%), petrels Procellaria sp. (42%), giant petrels Macronectes sp. (16%) and Thalasarche sp (2%). Seventy two percent mentioned that the bycatch was between October and February (Common Dolphin Fish Season). The distance to the coast was 211 Km on average (19- 518 Km). Ninety-four percent of fishermen said that they free birds if they were alive and discarded them if dead. A fisherman (3%) mentioned that he would kill and consume albatross. Also, fishermen mentioned some ports where "pajarotes" are eaten like: Chimbote (31%), Paita (25%), Salaverry (18%), Callao, Pisco and Ilo. However, we can not estimate how many fishermen participate in this activity or an index for intentional capture.

81 seabirds were captured in 1 619 279 hooks sets in 2008 (Total of hooks = Number of months fishing*Number of trips by month* Number of days fishing*Number of times fishing in a day*Number of hooks). It means 5 seabirds/100 000 hooks and 3 of them are waved albatrosses.

2010 Survey

Fifty one percent (n=105) of these fishermen captured only Common Dolphin Fish (Coryphaena hippurus) and 34% both sharks and Common Dolphin Fish. Fishermen have 1 to 39 years working in the sea (average: 15) .These small-scale longliners made from one to five trips each month, depending on the distance to the fishing grounds. On average each month they made 2 trips. They set once every day. The length of the main line varied from 1.7-35 Km, averaging 15Km. Longlines carried an average of 1389 baited hooks, varying from 100 to 3000 hooks. 86% set the longline during the morning (03:00-12:00 hrs). 85% of fishermen used Jumbo Squid (Dosidiscus gigas) as bait; 21% flying fishes Exocoetus sp., 16% Horse mackerel (Scomber japonicus), 7% the skipjack tuna Katsuwonus pelamis and others (3%, including dolphins).

Thirty one percent (n=64) of these fishermen mentioned the bycatch of albatross and petrels, at least one in all 2009. The average of seabird bycatch was 3.5 (Max=30, Min= 1, n=64) by vessel for 2009 year. They identified Waved Albatross Phoebasthria irrorata (57%), petrels Procellaria sp. (13%), Puffinus griseus (10%), Puffinus sp. (16%), Thalasarche sp (1%) and no identified procellariforme (5%). 57% mentioned bycatch was in summer (Mahi Mahi Season). The distance to the coast was 130 Km on average (30- 700 Km). All fishermen said that they free birds if they were alive and discarded them if dead. Also, fishermen mentioned ports where “pajarotes” are eaten, like: Tumbes (6%), Malabrigo (6%), Chimbote (11%), Salaverry (11%), Huacho (11%) and Pisco (28%).

Considering the same area of the 2009 survey (North and central Peru) 271 seabirds were captured in 21 960 375 hooks in 2009 (Total of hooks = Number of months fishing*Number of trips by month* Number of days fishing*Number of times fishing in a day*Number of hooks), and including Ilo and Matarani (south) hooks are 31 960 375 and 329 birds. It means 1 seabird/100 000 hooks.

Observations onboard

General description

We surveyed a total of 25 fishing trips from September 2009 to August 2010. The main target was the common dolphin fish Coryphaena hippurus. They also captured sharks like Blue shark Prionace glauca and shortfin mako Isurus oxyrinchus in 7% of sets.

During all longline trips were observed 334 850 hooks deployed in 199 sets. The days monitored per month varied from 14 to 40 (Table 1).

Bait used included unfrozen Giant Squid "Pota" Dosidicus gigas, used in 89 % of the sets observed. Also, fishermen used as baits: Peruvian puffer Sphoeroides sp (41%), Flying fish (8%), Chub mackerel Scomber japonicus (29%) and Skipjack tuna Katsuwonus pelamis (1%)

A pelagic longline is used. The mainline was held at the surface by buoys placed each ~50 m. Hooks Mustad classic type was used and the size varied from 2 to 5.

	Month 
	Days
	Sets
	Hooks

	Set 2009 
	14
	11
	19400

	Oct 2009 
	40
	40
	71700

	Nov 2009 
	20
	21
	38800

	Dec 2009 
	34
	24
	43050

	Jan 2010 
	34
	30
	46100

	Feb 2010 
	15
	13
	23400

	Mar 2010 
	30
	30
	47600

	Apr 2010 
	15
	14
	20800

	Aug 2010 
	16
	16
	24000

	Total
	218 
	199 
	334 850


Table 1. Total of fishing days, sets and hooks observed per month in longline vessels.

The fishing zone and CPUE

The study area is located at 5º - 17º S and 78 º- 85 º W (Map 2).

We estimated the catch per unit of effort (CPUE) consider the proposal of Solano- Sare et al. (2008) in their study of biology and fishery of dolphinfish:

CPUE = 
Dolphinfish catch (K)
     Fishery effort*

* Fishery Effort = # hooks x # effective hours of fishery

         1000

Solano et al. (2008) estimated the effective hours of fishery as 40% of fishery hours and it is calculated subtracting the date and hour of departure to the date and hour of arrival. In our study the number of effective fishery hours was calculated per set subtracting the date and hour of the set beginning to the final of it.

The maximum values of catch per effort unit were in December:

A. 91.3 located in 12.10º S and 78.62º W (coastal distance 86.8 nm)

B. 51.28 located in 11.91º S and 78.30º W (coastal distance 67.7 nm)

C. 47.15 located in 12.05º S y 78.59º W; (coastal distance 87.4 nm)

The average catches values were in November and February and during January the average was major.
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Figure 1. Seasonal variation of CPUE

Temporal variation is similar to Solano-Sare et al. (2008) description, large catches during spring (October – December) and summer (December – March) due to warm water masses (over 20°C) approach to the coast during those seasons.

Time and characteristics of sets

Gear was set in the morning, in average. The characteristics of set deployments are summarized in Table 2. Also, figure 2 shows the occurrence frequency per day period of settings on board longline vessels and the distribution of sets is in the Map 2 and 3.

	Characteristic 
	Value

	Set/trip 
	8 ± 1.96 (4-13, n=25)

	Set time 
	09:49 ± 0.2 h (00:10-23:44, n=199)

	Haul time 
	16:40 ± 0.3 h (00:30-23:50, n=199)

	Set duration 
	2:56 ± 0. 2 h (00:59-04:40, n=195)

	Haul duration 
	7.44 ± 1.55 h (3.07 – 12.18,n= 178)

	Soak duration 
	16.8 ± 2.79 h (6-27, n=181)

	Hooks per set 
	1682.7 ± 253.94 (600-2050, n=199)


Table 2. Characteristics of set deployments
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Figure 2. Occurrence frequency per day period of settings on board longline vessels.

Darkness: 00:01 – 04:00 / 20:01-24:00

Half length: 04:01 – 08:00/ 16:01- 20:00

Clarity: 08:01-12:00 / 12:01-16:00
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Map1. Sets made during Sep to August.
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Map 2: Set distribution observed from September 2009 (number 9) to August 2010 (number 8).

Dolphin fish fishery and seabirds: Correlations to weather and oceanographic variables

We analyzed the Dolphinfish fishery during September 2009 to Apr 2010 and its relationship with some oceanographic variable like: Air temperature, Superficial Sea Temperature, Humidity Relative, Anomaly of SST, among others, which were freely available from National Centers for Environmental Prediction – NCEP (http://www.ncep.noaa.gov/).

Programs to load the oceanographic and weather information were elaborated using Wget software and Grid Analysis and Display System (GrADS) was used to extract some weather and oceanographic values.

The Statistical Analysis System (SAS) was used to analyze the correlation between weather and oceanographic variables and CPUE, also with seabird observations. There is no significant correlation between the variables and CPUE or seabird abundance (Annex 1 and Annex 2).

Seabird observations

Seabird by-catch of longline fishery was assessed by direct observation. No one seabird was reported as bycatch.

We observed seabirds during 93 sets, from at least 10 species:

Waved Albatross Phoebasthria irrorata, Gray hooded gull Larus cirrocephalus, Belcher’s gull Larus belcheri, Elegant Tern Sterna elegans, storm petrels, Sooty shearwater Puffinus griseus, Shearwaters Puffinus sp., Black petrel Procellaria parkinsoni, Petrels Procellaria sp., Cape Petrel Daption capense, Pomarine Jaeger Stercorarius parasiticus and Peruvian boobies Sula variegata.

One seabird species try to take the baits: Procellaria sp. Flock sizes varied from a few to a maximum of 200 birds. Total seabird abundance varied significantly between stages of the fishing operation, being higher during setting than hauling.

Total abundance of seabirds around the boats was low (mean value < 8 individuals). More seabirds were observed at summer than spring.
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Figure 1: Average abundance of all seabird species observed around logline vessels (distance = 100m) during setting for each month.
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Figure 2: Temporal variation of Waved Albatross and Petrels Procellaria spp. Reported during dolphinfish catch.

[image: image11.jpg]8200 8120 8040 000 79N Ta T80

b oo
- S e

R

* 5 ¥
SO .

o
P
» ..
-

e
e





Map 3: Map showing the distribution of Waved albatross during sets.
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Map 4: Map showing the distribution of Black Petrels during sets.

Sea turtle bycatch
56 sea turtles were captured between 11° to 15° S and 78° to 73°, 17 W. Sea turtles like: Loggerhead turtle Caretta caretta (21.4%), Pacific green sea turtle Chelonia mydas agassizii (66%), Olive Ridley Turtle Lepidochelys olivacea (71%), Leatherback Turtle Dermochelys coriacea (3.6%) were captured in 19 trips (17 trips).
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Map 5: Distribution of sea turtles catched during longline work.

Dolphinfish survey
We observed the bycatch in a prospection of dolphinfish made on board IMARPE V on February 2010 along 5° to 10° S and 80° to 84° W (Map 2). Twelve sets were made in 8 days using 12000 hooks. Baits were Giant Squid "Pota" (92%) and Skipjack tuna (8%).
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Map 6: Distribution of sets in the dolphinfish prospection. Hauling: Circles (red: initiation, white: end). Setting: Triangles (yellow initiation, green: end).

No one bird or marine mammals were catched during logline work. At least 5 species of seabirds were observed during hauling and settings: Shearwaters Puffinus sp, Storm petrels, Magnificent Frigatebird Fregata magnificens and Franklin’s gull Larus pipixcan. Eleven sea turtles were captured during this prospection: Loggerhead turtle (27%), Pacific green sea turtle (45%) and Olive Ridley Turtle Lepidochelys olivacea (18%). CPUE of sea turtles was 0.92.
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Map 7: Distribution of sea turtles captured during dolphinfish prospection.

Spreading results
Some information about albatrosses and petrels project is available in the APECO web: 

http://www.apeco.org.pe/web/index.php?option=com_content&view=article&id=240%3Aalbatros-y-petreles&catid=49%3Aprograma-marino-costero&Itemid=288&lang=es
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Also, some information was published in local magazines like "Viajeros" and newspapers like "El Comercio".

http://elcomercio.pe/impresa/notas/navegar-internet/20100221/417486
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http:/www.viajerosperu.com/soloparaviajeros/edicion40/nota8.html
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Work with communities to conserve Waved albatross

Fishermen

Wings and Waves Website: Fisheries and conservation

Alas y Olas (Wings and Waves) web aimed at fishermen and general public. We provide some information about waves, tides, surface temperature of the sea, among others in order to interest fishermen in the main objective: albatrosses and petrels conservation. At this time we have more than 6000 visits in Wings and Waves web.
In Spanish and English:

http://apeco.org.pe/alasyolas
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Figure1. English and Spanish version: Alas y Olas (Wings and waves) web.
Besides, we have delivered some flyers to fishermen in Chimbote, Paita, Pucusana and Ancon. Some posters are in the springs of Paita, Chimbote, Ancon, Ilo and Pucusana.

Fisheries Logbook

This contained some information about albatross situation in Peru, radio stations with information to navigate, lunar calendar, illustrations of albatross species in Peru and fact sheets in order to obtain some information about longline work and bycatch.
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Figure 2: Information about albatross conservation, data sheets and illustrations to identified albatrosses in the logbook.

We have delivered some logbooks in Pucusana and Chimbote port to 20 longline fishermen.

They are reporting about catch and bycatch using the logbook.

Local authorities and institutions:

We have delivered some letters explain the objectives of the project and diffusion material (Flyers, poster and CDs) about seabird conservation to some institutions.

Also, we had conversations with some officers of these institutions in order to inform about our project.

Peruvian Sea Institute – IMARPE:

Director of IMARPE Huanchaco

Director of IMARPE Chimbote.

Director of IMARPE Paita

IMARPE Observers of those ports (Artisanal fishery).

National Fishing Development Fund: FONDEPES:

Director of FONDEPES Paita,

Sub Unidad de Promoción y Desarrollo FONDEPES-Paita:

Municipality of Paita

Health and environment Management of Paita

Regional Government of Tacna

Agrorural (Program of Rural Development, which manage the guano islands and headlands)

We have informed about the Alas y Olas web to:

Peruvian National Library

Direction of Captaincy

Hydrography Directorate and Navigation

National Fund of Fisheries Development

Peruvian sea Institute

Lima Regional Government

Hydrography

Ministry of Environment

Ministry of Education

Ministry of Foreign Affairs: ACAP focal point and Antarctic Affairs Office-Peru

Ministry of Production

National Service of Natural Protected Areas

Ministry of Agriculture: Wildlife Directorate

Federico Villareal National University

La Molina National University

Cayetano Heredia University

San Marcos Mayor National University

NGO Coastal Areas and Marine Resources

Minnig Company ANTAMINA S.A.

Ancash Association

Argentina Fishing Association

Association for Research and Biodiversity Conservation

NGO International Conservation -Peru

Conservation International

NGO Ornithology and Biodiversity Center

Peace Corps, U.S. Embassy

NGO ECOPLAYAS

Artisanal fisheries Latino Forum

Birds group of Peru

Fishery Guild San Pedro - Talara, Piura

HAYDUK. Fishing Company

TASA Fishing Company

NGO Mundo azul

Natural History Museum UNMSM

Parque de las Leyendas Zoo

NGO Peruvian Seaweeds

NGO PRODELPHINUS

PROFONANPE

PSW SA

Peruvian Society for Environmental Law

NGO The Nature Conservancy

South Science University

Ricardo Palma University

NGO World Wildlife Foundation-Peru

Also we have informed about Alas y Olas web to officers from:

St Louis Zoo

Australian Antarctic Division

Commonweal

Audubon Society

Pacific Seabird Group

Cambridge University

Muséum national d'Histoire naturelle

University of Canterbury, New Zealand

Mexican Autonomous University

Avian Demography Unit, University of Cape Town

Birdlife

NOAA

Western Cape Education Department, Cape Town

RSPB

Joint Nature Conservation Committee

U.S. Fish and Wildlife Service

Technical Meetings:

Our results were included in the Peruvian National Report in the Fifth meeting of

ACAP's Advisory Committee (AC5).

www.acap.aq/es/inglés/descargar-documento/1273-inf-03-es

Liliana Ayala is the coordinator of the seabird group for the categorization process

in Peru. The group is preparing some fact sheets about the threatened species of

seabirds in Peru and the final result will be a Presidential Decree with the list of

threatened species in Peru.

The focal point of ACAP in Peru (in the Foreign Affairs Ministry) and IMARPE (Top

predators’ area) have received some information about our activities and progress.

Also, we are participating in the Peruvian National Report to the Convention on the

Conservation of Migratory Species of Wild Animals (CMS), to the Inter-American

Convention for the Protection and Conservation of Sea Turtles (CIAT) and to the

Convention on International Trade in Endangered Species of Wild Fauna and Flora

(CITES) in the case of sharks.

Publications

We have sent the report of our activities to the Pacific Seabird Group. The

publication Pacific Seabirds will be published in spring 2010.

Our first results were presented in the First World Seabird Conference:

https://www.confmanager.com/communities/c1813/files/hidden/docs/webdocs/p2_p

osters_for_website.pdf

Discussion

We observed only the 0.41% of the total of hooks reported in a year for Peruvian longline according to Alfaro-Shigueto et al. (2010). We observed almost 335000 hooks during a year in two longline vessels with 6TM of storage capacity. Considering almost 1000 longline vessels fishing in Peruvian ports (Estrella 2007), the total number of hooks calculated in Peruvian artisanal longline fleet is conservative.

Probably, the seabird bycatch was a big conservation concern in 1999. Some fishermen report several birds (Puffinus sp) catched in longline, especially during ENSO (Ayala unpublished data). The reason for high catch rates would be: frozen baits, fishing near the coast, warmer period, considering Jahncke’s survey was made on January of 1999 and maybe the fishermen talked about 1997-1998 bycatch, during an ENSO period.

Nowadays the situation is different, the CPUE of longline in 1998 was 0.8 while in 2007 was 0.1 (Solano-Sare et al. 2008). Trips took more days, the main bait is Giant squid which is captured during fishing trips and only oceanic birds are captured. Waved albatross is the seabird most affected by longline fishery probably due to its distribution; far from the coast in winter and near in summer (in the same way like longliners) (Goya E., unpublished data in ACAP 2008).

Dolphin fish is associated with subtropical superficial waters, which are closer to the coast during warm periods such as summer and El Niño, when they become more available to the artisanal long line fishery, resulting in an increase in trips and catch per trip (Estrella & Swartzman, 2010). During this study, CPUE of dolphin fish was major during November to February and seabirds were abundant during September to January, last one could be associated to the nearness to the coast.

This overlap could increase the incidental catch of seabirds.

The seabird capture rate is the same of FAO (2008) recommendation for South Africa, 0.05 birds/1000 hooks. However, this rate is a minimal approximation and it would be higher during ENSO periods when the warm waters are near the coast and some species are concentrated, like waved albatrosses. Also, our sample effort is only 0.4% of the total hooks deployed in a year (Alfaro-Shigueto et al. 2010).

The most reliable method for collecting information on by-catches is through observations onboard. However, the vast magnitude of fleet and its fishing effort in Peru (80 mill of hooks according to Alfaro-Shigueto et al. 2010) means that adequate sampling of fishing trips is simply not feasible using on-board observers alone (Lopez et al. 2003).

The interview data in the present study suggest that seabird bycatch occurred. Also, the interviewer had extensive previous contacts with longline fishermen.

However, the interview data on by-catches are obviously subject to a range of errors and biases and may be regarded as providing, at best, a rough guide to the scale of the problem (Lopez et al. 2003).

Peruvian artisanal fisheries involve a large number of fishermen and it is typically poorly monitored and managed. Even, IMARPE (Peruvian sea institute) monitor only industrial fisheries in Peru. We need some strategy to monitor this fishery and fishermen could be our allies. Logbooks and fishermen as observers could be the beginning of this alliance.

Table 3: Comparison between results from Jahncke et al. 2001 and Ayala et al. 2006 and 2009: Seabird Bycatch in Peruvian artisanal longline fishery:

	Study/Characteristics 
	Jahncke et al 2001 
	2006 fishery 
	2008 fishery

	Longline trips per month 
	3
	2
	2

	Duration of trip (days
	5
	14
	15

	Sets per day 
	1-2
	1-2
	1

	Longitude of main line (Km) 
	6 (0.2-40) 
	unavailable data 
	33 (9-85)

	Hooks 
	350 (25-1300) 
	1400 (600-2200) 
	1808 (350-3800)

	CPUE 
	0.8 
	0.1 
	unavailable data

	Distance coast 
	unavailable data 
	285 
	200

	Fishers mentioned seabird bycatch 
	90%
	48%
	50-73%

	Capture of albatross 
	42%
	albatross and petrels) 
	42%

	Capture of petrels 
	13% 
	unavailable data 
	58%

	Boobies, pelicans and gulls 
	42%
	14%
	0

	Number of longline vessels in Peru (1999 and 2000) 
	190 
	947* 
	unavailable data

	Number of trips (1999-2000/ 2006-2007)** 
	937** 
	4662** 
	unavailable data

	Seabird Bycatch birds/1000 hooks 
	0.74 - 1.75 
	0.04 
	0.05

	Seabird Bycatch in Paita 
	0.38 - 0.81 
	unavailable data 
	0 - 0.347

	Seabird Bycatch in Chimbote 
	0.54 - 1.35 
	unavailable data 
	0.018 - 0.222


** Solano-Sare et al. 2008.
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Annex 1. Correlation Analysis between oceanographic, weather variables and CPUE

	VARIABLE

	DESCRIPTION

	MAHI

MAHI
	CPUE

	TTTT
	r 
	0.08182 
	0.08051

	
	PROB > |R| 
	0.2762 
	0.284

	
	n
	179
	179

	TDTD
	r 
	0.11847 
	0.12682

	
	PROB > |R| 
	0.1142 
	0.0907

	
	n
	179
	179

	FF
	r 
	-0.27408 
	-0.27859

	
	PROB > |R| 
	0.0002 
	0.0002

	
	n
	179
	179

	DDD
	r 
	0.28261 
	0.34933

	
	PROB > |R| 
	0.0001 
	0.0001

	
	n
	179
	179

	HRHR
	r 
	0.10584 
	0.13168

	
	PROB > |R| 
	0.1585 
	0.0789

	
	n
	179
	179

	ES
	r 
	0.07431 
	0.0719

	
	PROB > |R| 
	0.3229 
	0.3388

	
	n
	179
	179

	E
	r 
	0.11545 
	0.12153

	
	PROB > |R| 
	0.1238 
	0.1051

	
	n
	179
	179

	PPP
	r 
	0.03175 
	0.04859

	
	PROB > |R| 
	0.6731 
	0.5183

	
	n
	179
	179

	VVP
	r 
	-0.18068 
	-0.34757

	
	PROB > |R| 
	0.0155 
	0.0001

	
	n
	179
	179

	TSM
	r 
	0.10838 
	0.09543

	
	PROB > |R| 
	0.1442 
	0.1988

	
	n
	183
	183

	ATSM
	r 
	0.17822 
	0.13595

	
	PROB > |R| 
	0.0158 
	0.0665

	
	n
	183
	183

	EV
	r 
	-0.20334 
	-0.2093

	
	PROB > |R| 
	0.0063 
	0.0049

	
	n
	179
	179

	PER
	r 
	1 
	0.66611

	
	PROB > |R| 
	0 
	0.0001

	
	n
	183
	183

	CPUE
	r 
	0.66611 
	1

	
	PROB > |R| 
	0.0001 
	0

	
	n
	183
	183


TTT: Air temperature (C)

TdTd: Dew temperature (C)

fff: Wind velocity (knots)

DDD: Wind direction (degree)

HRHR: Relative humidity (%)

ES: Saturation vapor pressure (hPa)

E: Actual vapor pressure (hPa)

PPP: Atmospheric pressure at sea level (hPa)

VVP: Pressure vertical velocity (Pa/s)

TSM: Sea Surface Temperature (C)

ATSM: Anomaly of the Sea Surface Temperature (C)

EV: Representación de evaporación (Déficit desaturación)

PER: Catch of dolphin fish (K)

CPUE: Catch of dolphinfish per unit effort

r: Pearson Correlation Coefficient

n: Number of observations

PHO: Phoebastria irrorata

PRO: Procellaria
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	TENDIDO 
	RECOJO

	VARIABLE

	DESCRIPCIÓN
	PRO 
	PHO
	PRO 
	PHO

	TTTT
	r 
	-0.2022 
	-0.44158 
	-0.06284 
	-0.23396

	
	PROB > |R| 
	0.2441 
	0.0089 
	0.7811 
	0.3208

	
	n 
	35 
	34 
	22 
	20

	TDTD
	r 
	-0.16047 
	-0.37311 
	0.01228 
	-0.31270

	
	PROB > |R| 
	0.3571 
	0.0298 
	0.9567 
	0.1795

	
	n 
	35 
	34 
	22 
	20

	FF
	r 
	0.15779 
	0.50190 
	0.08399 
	0.11657

	
	PROB > |R| 
	0.3653 
	0.0025 
	0.7102 
	0.6245

	
	n 
	35 
	34 
	22 
	20

	DDD
	r 
	0.29735 
	-0.34630 
	0.11447 
	-0.02004

	
	PROB > |R| 
	0.0828 
	0.0448 
	0.6120 
	0.9332

	
	n 
	35 
	34 
	22 
	20

	HRHR
	r 
	0.09008 
	0.13470 
	0.27088 
	-0.30395

	
	PROB > |R| 
	0.6068 
	0.4475 
	0.2227 
	0.1926

	
	n 
	35 
	34 
	22 
	20

	ES
	r 
	-0.20013 
	-0.42620 
	-0.07738 
	-0.24101

	
	PROB > |R| 
	0.249 
	0.0120 
	0.7321 
	0.3060

	
	n 
	35 
	34 
	22 
	20

	E
	r 
	-0.15976 
	-0.37126 
	0.00072 
	-0.30336

	
	PROB > |R| 
	0.3593 
	0.0306 
	0.9975 
	0.1935

	
	n 
	35 
	34 
	22 
	20

	PPP
	r 
	0.19068 
	0.43570 
	0.26747 
	0.24699

	
	PROB > |R| 
	0.2725 
	0.0100 
	0.2288 
	0.2938

	
	n 
	35 
	34 
	22 
	20

	VVP
	r 
	-0.00719 
	0.07197 
	-0.15975 
	0.07798

	
	PROB > |R| 
	0.9673 
	0.6859 
	0.4776 
	0.7438

	
	n 
	35 
	34 
	22 
	20

	TSM
	r 
	-0.15735 
	-0.45539 
	-0.04454 
	-0.28034

	
	PROB > |R| 
	0.3667 
	0.0053 
	0.8440 
	0.2184

	
	n 
	35 
	36 
	22 
	21

	ATSM
	r 
	0.01497 
	-0.50408 
	-0.24370 
	-0.01693

	
	PROB > |R| 
	0.932 
	0.0017 
	0.2744 
	0.9419

	
	n 
	35 
	36 
	22 
	21

	EV
	r 
	-0.09828 
	0.02666 
	-0.26339 
	0.16410

	
	PROB > |R| 
	0.5743 
	0.8810 
	0.2363 
	0.4894

	
	n 
	35 
	34 
	22 
	20
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Photo 1: Fishermen and logbooks in Pucusana Port. Fishermen heard some instructions from Samuel Amoros to fill and use the logbook.
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Photo 2: Longliner vessel, 6 TM of storage
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Photo 3: Giant squid (Pota), bait to the dolphin fish.
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Photo 4: Hooking the bait.
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Photo 5: Dolphin fish, the main target of the longliners.
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Photo 6: Black petrels observed trying to take the baits in longline fishery.
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Photo 7: Black petrels observed interacting with longline in several trips.
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Photo 8: Waved Albatross observed interacting with longline.
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Photo 9: Sooty Shearwater, Puffinua griseus observed during longline work.
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Photo 10: Sun fish Mola mola, Swordfish Xiphias gladias and tunnidos, bycatch in the dolphinfish fishery.
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Photo 11: Leatherback Turtle (Dermochelys coriacea), accidentally catched.
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Photo 12: Waved albatrosses observed during the capture of Flying fish with gillnet (bait for dolphinfish).
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Photo 13: Interview with longline fisherman at Ilo port.
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Photo 14: Interview with longline fisherman at Paita port.
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Photo 15: Matarani port.
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Photo 16: Morro Sama port.
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