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Abstract 

Fisheries-related mortality has been a threat to Burmeister’s porpoises in Peru for decades. However, the magnitude of its impacts on 

porpoise populations has not been assessed. This study reports the first concurrent abundance and bycatch estimates to evaluate the 
status of Burmeister’s porpoises in northern Peru. We conducted systematic line transect surveys with 770 km of effort and concurrent 
towed passive acoustic monitoring as well as semi-structured interviews with gillnet fishers from Salaverry. We recorded 87 porpoise 
sightings during 9 survey days in February 2023 using a repurposed gillnet fishing vessel and trained observers. Using density surface 
modelling of the line transect sighting data Burmeister’s porpoise abundance was estimated at 1 696 individuals (CV = 0.23) in the 
3 500 km2 study area. Porpoise distribution showed a spatial gradient with highest densities close to shore ( < 25 km) and in shallow 

waters ( ≤50 m). Visual and acoustic detections and fishers’ descriptons of bycatch areas matched closely in space. The majority (66%) of 
fishers interviewed ( n = 32) reported porpoise bycatch in the previous year. For the area matching the abundance survey, the estimated 

mean bycatch rate per vessel was 6 porpoises/year which equates to an annual bycatch of 420 (95% CI: 210–700) porpoises when scaled 

to the entire artisanal gillnet fishing fleet of Salaverry. We then considered the potential biological removal reference limit to put into 

context abundance and bycatch estimates in the study area which shows that current bycatch rates by far exceed sustainable limits and 

highlights the urgent need for bycatch mitigation measures. 
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Introduction 

Off the coast of Peru, the upwelling ecosystem of the Hum- 
boldt Current System (HCS) is a highly productive but 
oceanographically variable region exposed to El Niño South- 
ern Oscillations (Swartzman et al. 2008 , Gutiérrez et al. 2016 ). 
The HCS supports important megafauna and large artisanal 
fisheries of around 18 000 vessels that employ over 50 000 

people and represent the main source of marine products 
for domestic consumption (Castillo Mendoza et al. 2018 , 
Salazar et al. 2020 ). These artisanal fleets overlap substan- 
tially with marine megafauna which has led to high levels 
of human-induced mortality of small cetaceans, sea turtles, 
seabirds, and non-target elasmobranchs from accidental catch 

(bycatch) and intentional take for bait and wild meat (Awk- 
erman et al. 2006 , Mangel et al. 2010 , Alfaro-Shigueto et al. 
2011 , Pajuelo et al. 2018 ). 

Small cetaceans have been subject to exploitation for at 
least the last five decades in Peru with some of the high- 
est levels globally of documented fisheries-related mortalities 
(Read et al. 1988 , Van Waerebeek and Reyes 1994b , Man- 
gel et al. 2010 ). Reports from the early 1990’s suggested that 

around 15 000–20 000 cetaceans were killed per year, with the 
highest bycatch rates in ports located in northern and cen- 
tral Peru (Van Waerebeek and Reyes 1994b ). Gillnets have 
been the main fishing gear involved in small cetacean by- 
catch in Peru (Van Waerebeek et al. 2002 , Mangel et al. 2010 , 
Campbell et al. 2020 ) and are used by around 7 900 ves- 
sels ( ∼40%) of the artisanal fishing fleet, targeting over 200 

coastal and pelagic fish species (Castillo Mendoza et al. 2018 ). 
Even though gillnets are set along the Peruvian coastline, they 
are most frequently used by fishers from northern and cen- 
tral ports (6◦24’S–13◦20’S) (Castillo Mendoza et al. 2018 ). 
The gillnet fishing fleet from one northern port, Salaverry 
(8◦13’S, 78◦58’W), was estimated to catch around 2 400 small 
cetaceans (CI: 1 092–4 303) per year from 2002 to 2007 

(Mangel et al. 2010 ). Salaverry port harbours about 140 gill- 
net fishing vessels (Castillo Mendoza et al. 2018 ). This port 
has a long history of high bycatch of small cetaceans (Van 

Waerebeek et al. 1997 , Campbell et al. 2020 ) and has been a 
focal area for studies of small cetaceans and their interactions 
with fisheries (Mangel et al. 2010 , Mangel et al. 2013 , Clay et 
al. 2018 ). 

© The Author(s) 2025. Published by Oxford University Press on behalf of International Council for the Exploration of the Sea. This is an Open Access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

D
ow

nloaded from
 academ

ic.oup.com
/icesjm

s/article/82/8/fsaf144/8236360 by guest on 05 O
ctober 2026

https://orcid.org/0000-0002-0396-7845
https://orcid.org/0000-0003-4752-0348
mailto:caoa1@st-andrews.ac.uk
https://creativecommons.org/licenses/by/4.0/


2 Ortiz-Alvarez et al.

Figure 1. Distribution range of Burmeister’s porpoise in South America (shade area) taken from the IUCN website (Félix et al. 2018 ). (a) Inset map shows 
the study area off Puerto Morin and Salaverry port (polygon), (b) photo of three Burmeister’s porpoises to illustrate species characteristics; note the 
photo was taken in southern Chile (by S. Heinrich), and (c) observation platform (circle) on the repurposed fishing vessel used during at-sea surveys. 

The Burmeister’s porpoise ( Phocoena spinipinnis ) is one of 
the main small cetacean species affected by bycatch in the 
gillnet fisheries in Peru, with reports of 200–600 porpoises 
caught per year from each of the five ports that were assessed 

(Van Waerebeek and Reyes 1994a , Van Waerebeek et al. 1997 , 
Mangel et al. 2010 ). Burmeister’s porpoises occur in neritic 
and continental shelf waters from Peru to southern Brazil 
( Fig. 1 ). There are no abundance estimates for Burmeister’s 
porpoises anywhere, but bycatch has been reported through- 
out their range (Reyes and Brownell, Jr 2025 ). The species 
has been classified as Near Threatened on the IUCN Red List 
of Species, but the Peruvian porpoise population would likely 
qualify for a more severe threat listing if more information 

was available (Félix et al. 2018 ). 
Burmeister’s porpoises are cryptic and challenging to ob- 

serve at sea given their unobtrusive surfacing behaviour and 

backward sloping small dorsal fins. It is thus no surprise 
that they are one of the least observed small cetacean species 
in South America. Based on mostly incidental sightings and 

records of bycaught specimens, Burmeister’s porpoises seem 

to occur in coastal waters up to 55 km from shore and in wa- 

ter depths of < 200 m (Goodall et al. 1995 , Molina-Schiller et 
al. 2005 , Clay et al. 2018 ). The lack of information on por- 
poise ecology limits our understanding of how environmental 
processes and anthropogenic threats affect Burmeister’s por- 
poises. It also hampers an evaluation of the impacts of bycatch 

on porpoise populations and makes it difficult to devise and 

implement effective management strategies for conservation 

(Sucunza et al. 2020 , Hammond et al. 2021b ). 
This study presents the first estimate of abundance for 

Burmeister’s porpoises derived from vessel-based line tran- 
sect surveys off northern Peru and density surface modelling 
(DSM). For cryptic species, such as porpoises, visual detec- 
tions can be complemented by passive acoustic detections with 

towed hydrophones (Akamatsu et al. 2001 , Gerrodette et al. 
2011 , Booth et al. 2013 , Fleming et al. 2018 ). Burmeister’s por- 
poises produce narrow-band high frequency (NBHF) clicks, 
with no spectral energy below 100 kHz, similar to those of 
other porpoise species (Reyes Reyes et al. 2018 ). Although 

Burmeister’s porpoises co-occur with several delphinid species 
in Peru, their NBHF clicks are sufficiently distinct to enable 
robust acoustic species identification (ProDelphinus unpub- 
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Concurrent bycatch and population assessments of Burmeister’s porpoises in northern Peru 3

lished data). Thus, our study trialled the use of passive acous- 
tic methods alongside visual surveys to establish the feasibility 
of this approach and corroborate the sighting data and the ob- 
served distribution pattern. 

When abundance is known, human-induced mortality such 

as bycatch can be put into perspective. Information on bycatch 

rates is usually gathered via on-board observer programmes or 
fisher interviews (Moore et al. 2010 ). Independent onboard 

observer programmes are considered ideal to obtain high 

quality information about bycatch but are usually not feasi- 
ble in the large and unregulated fleets of small-scale fisheries 
(Lewison et al. 2004 , Northridge and Fortuna 2008 , Moore 
et al. 2010 , Panagopoulou et al. 2017 , Dewhurst-Richman 

et al. 2020 ). Interviews with fishers represent an alternative 
and attainable low-cost method to determine the characteris- 
tics and rates of fisheries bycatch (Moore et al. 2010 , Pilcher 
et al. 2017 , Alfaro-Shigueto et al. 2018 , Ortiz-Alvarez et al. 
2020 , Costanza et al. 2021 ). We interviewed gillnet fishers 
from Salaverry to investigate the scale of current porpoise 
bycatch and compare the reported level of fisheries-related 

mortality with the estimated porpoise abundance to better 
understand the conservation concerns about Burmeister’s por- 
poises in northern Peru. 

Methods 

At-sea surveys 

At-sea surveys focussed on the coastal waters off the nation- 
ally important fishing port Salaverry (8◦13’S, 78◦58’W) in 

northern Peru where substantial porpoise bycatch had been 

recorded previously (Mangel et al. 2010 ). Surveys were con- 
ducted over 9 days from 11 to 19 February 2023 using a 9 m 

long repurposed artisanal gillnet fishing vessel ( Fig. 1 ) with 

an inboard engine. The fishing vessel was not engaged in fish- 
ing activities during our surveys, but all crew had experience 
fishing in these waters. 

All surveys were conducted as day trips during daylight 
hours from the small port Puerto Morin (8◦24’S, 78◦53’W) to 

the south of Salaverry ( Fig. 1 ). Puerto Morin provided access 
to different coastal habitat types (including islands and pro- 
tected areas) and offered safe overnight anchorage for the ves- 
sel. Given the logistic constraints of starting and ending in the 
same port each day, triangular blocks of connected transect 
lines were preferred over zig–zag or parallel line placement. 
The resulting star-shape design provided efficient and repre- 
sentative coverage of the study area of 3 500 km2 1 encom- 
passing coastal waters up to 40 km (25 nm) offshore. Surveys 
started at first light around 6 a.m. and lasted 8–10 h. During 
the surveys, the vessel maintained passing mode (i.e. the vessel 
did not deviate from the transect line) and a constant speed of 
5–6 knots (maximum vessel speed), which facilitated towing a 
hydrophone array (see below) and enhanced opportunity for 
observers to sight porpoises. 

The survey team consisted of trained observers (from the 
NGO ProDelphinus) and data recorders who rotated posi- 
tions every 30 min. The data recorders logged the sighting and 

effort data, liaised with the vessel crew, and monitored the safe 
towing of the hydrophones. The data recorders (and crew) 
were instructed not to cue observers onto a sighting but could 

support them during species ID and group size estimates once 
the sighting had been called. The two designated observers 
were positioned on either side of the vessel and on top of the 

wheelhouse ( Fig. 1 , inset), which served as a secure (fenced) 
observation platform with an average observer eye height of 
4.9 m above sea level. Prior to the surveys all observers re- 
ceived training in distance estimation including the use of a 
‘porpoise model’ floated at different distances from the vessel. 
During surveys the observers searched for Burmeister’s por- 
poises with naked eyes but had 10 × 42 reticle binoculars 
available for closer inspection, species identification, and as- 
sistance with distance estimation. When a sighting occurred, 
the observer provided an estimate of the radial distance and 

the angle to the sighting using an angle board affixed to the 
centre line of the vessel. Radial distance estimates were later 
multiplied by the sine of the respective angles to calculate the 
perpendicular distances to all sightings. The observers also 

provided species identification and a relative measure of their 
confidence in species ID (low, medium, and high), cue of de- 
tection, an estimate of group size, and the number of calves 
present. The predominant behavioural state at first sighting 
and the animals’ movement direction in relation to the ves- 
sel (towards, away, and neutral) were recorded as an indi- 
cation of potential responsive movement of porpoises to the 
vessel. 

All sighting and effort data were recorded using a 
rugged tablet with a customised CyberTracker app ( www. 
cybertracker.org/) that logged GPS positions every 10 s. These 
data were used to plot survey track lines and sightings. Sight- 
ing conditions were recorded when observers rotated or when- 
ever conditions changed and included sea state (Beaufort 
scale), swell height (m), presence of sun glare, and a relative in- 
dex for sightability of porpoises, reflecting the observers’ per- 
ceptions of sighting conditions in four categories (3 = poor, 
2 = moderate, 1 = good, and 0 = excellent). 

Porpoise density and abundance estimation 

We used DSM to estimate porpoise abundance which involved 

modelling porpoise density as a function of spatial and en- 
vironmental co-variates along the track lines and using this 
model to estimate density for the entire study area (Miller et al. 
2013 ). Only medium to high confidence sightings of porpoises 
made in Beaufort sea state of < 3 and with good to excellent 
sightability were used in the analyses. 

The detection function was fitted to the perpendicular dis- 
tances to estimate the effective strip half-width (esw). We 
tested Half normal and Hazard rate functions and inclusion 

of categorical covariates Beaufort sea state, sightability, and 

observer with untruncated and truncated distances. The trun- 
cation distance was set at 200 m following standard dis- 
tance sampling methods to exclude the most distant detections 
(Buckland et al. 2001 ). The best fitting model was selected 

using Akaike’s information criterion (AIC) and was used to 

obtain the average detection probability ( P ). Given the single 
platform set up, we could not estimate a correction factor for 
imperfect detection on the transect line [i.e. g(0) potentially 
not being 1]. Models for the detection function were created 

using the package Rdistance (McDonald et al. 2025 ) in the sta- 
tistical software R (version 4.4.3, R Development Core Team 

2025 ). 
For the DSM, track lines were split into segments of 1 km 

length with a buffer of 100 m either side (total width of 200 m) 
based on the calculated esw. Criteria to define segment length 

were based on the resolution of the available environmental 
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co-variate data ensuring minimal variation within each seg- 
ment and the calculated esw (Miller et al. 2013 ). We consid- 
ered water depth, sea surface temperate (SST), chlorophyll a 
concentration (Chl a), shortest distance to coast, as well as 
spatial variables (X and Y coordinates, in Universal Trans- 
verse Mercator, UTM). Given the coastline layout, the X- 
coordinates reflect distance patterns from the coast whereas 
Y-coordinates captured potential longitudinal patterns along 
the coast (north–south). Water depth data (m) were available 
on a 15 arc-second grid (GEBCO Compilation Group 2023 ). 
Monthly composites of satellite-derived SST and Chl a were 
available at 1 km (MUR SST Analysis fv04.1) and 4 km (Aqua 
MODIS, NPP, L3SMI) resolutions, respectively (NOAA ERD- 
DAP version 2.23) (NOAA 2023 ). Upon closer inspection, 
SST and Chl a did not vary sufficiently spatially during our 
short-term study to provide biological insights and were there- 
fore not considered further. Thus, five variables were available 
for each segment: spatial coordinates X and Y derived at the 
midpoint of each segment, shortest distance to coast calcu- 
lated from the segment’s geographical midpoint, median wa- 
ter depth (m), and standard deviation (SD) of water depth as a 
proxy of rugosity to capture changes in the sea floor elevation 

(Forney et al. 2023 ). Depth and derived values were calculated 

for the segment area using zonal statistics (following Franchini 
et al. (2020) ). Only segments surveyed in Beaufort sea state of 
< 3 and with good to excellent sightability were used in the 
analyses. 

Generalized additive models (GAMs) were built using 
the estimated abundance of porpoises per segment (via the 
Horvitz–Thompson estimator) as the response variable and 

different combinations of median depth, SD of depth, and 

X and Y coordinates as covariates. X-coordinates, median 

depth, and shortest distance to the coast were not used in 

the same model to avoid issues of collinearity. Tweedie and 

negative binomial distributions were considered with the dif- 
ferent covariate combinations. The best model was selected 

using AIC and considering deviance explained and model fit. 
Model diagnostics were checked for satisfactory fit using the 
gam.check function. The variance of the predicted density 
estimates including uncertainty from the detection function 

was calculated following Miller et al. (2022a) with asymp- 
totic confidence intervals obtained using the delta method. 
All modelling was undertaken in the statistical software R 

(version 4.4.3 R Development Core Team 2025 ) with the li- 
braries Distance (Miller et al. 2016 ) and DSM (Miller et al. 
2022b ). 

The best model was used to predict porpoise density on a 
grid with 2 km x 2 km cell sizes and density estimates were 
summed for total abundance across the 3 500 km2 study area. 
We explored potential effects of segment and grid cell sizes 
by repeating the analyses for different combinations of survey 
segments (1 or 2 km lengths) and prediction grid cell sizes 
(1 and 4 km2 ), but these did not affect the results or con- 
clusions (different models not shown). We therefore present 
model outputs for segments of 1 km length and a prediction 

grid of 2 km x 2 km. For each grid cell, median depth and SD 

of depth were calculated. X/Y-coordinates and shortest dis- 
tance to coast were determined at the grid cells’ centre points. 
The coefficient of variation (CV) of the estimates were plotted 

across the prediction grid to give an overview of spatial vari- 
ation in uncertainty. All mapping and data preparation were 
conducted with the software QGIS v. 3.36.1 (QGIS Develop- 
ment Team 2024 ). 

Complementary acoustic detections of porpoises 

A hydrophone array consisting of two SoundTraps 4300 HF 

(Ocean Instruments, New Zealand equipped with two HTI- 
96-Min hydrophones, High Tech, Inc.) contained in a flooded 

towbody (Barlow 2021 ) was towed around 180 m behind the 
vessel whenever conditions allowed. The main requirement 
was for water depth to be > 12 m depth to ensure sufficient 
clearance for safe towing of the hydrophone array. Each hy- 
drophone had a sampling rate of 288 kHz, which captured 

most of the porpoise click energy but cut off some of the upper 
frequency content. We note that this should not have affected 

click detection given porpoise click characteristics (ProDel- 
phinus unpublished data). After each survey, the recordings 
were downloaded and Burmeister’s porpoise clicks were iden- 
tified using bespoke classifiers developed during this study 
(Ortés-Villauriz et al. unpublished data) using the software 
PAMGuard (Version 2.02.07, 2023) (Gillespie et al. 2009 ). 
The trigger threshold was set to 10 dB above the background 

noise. A four-pole Butterworth high pass pre-filter was set at 
70 kHz, and an eight-pole Butterworth high pass trigger fil- 
ter was set at 100 kHz to identify potential porpoise clicks 
in the recordings. Clicks were further classified as noise, po- 
tential Burmeister’s porpoise clicks or remained unclassified. 
A control frequency band at 50–90 kHz (considered noise) 
was compared against a test band at 110–144 kHz (porpoise 
click frequencies). Whenever the control band exceeded the 
test band by 2 dB, the detection was classified as noise. Clicks 
identified as potential porpoise clicks were checked manually 
using the spectrogram view of PAMGuard. Only NBHF clicks 
that occurred in click trains were considered as indication of 
porpoise presence. As no other NBHF click-producing species 
occur in our study area, there was no risk of misidentifica- 
tion with other odontocete species. Only manually confirmed 

porpoise click trains were paired with the vessel’s GPS tracks 
using the time stamps of detection to derive location informa- 
tion and were mapped alongside visual detections to inspect 
overlap ( Fig. 2 ). Click train detections were also associated 

with 1 km segments to calculate the number of segments and 

percentage of segments with acoustic detections and segments 
with concurrent visual and acoustic detections. 

Fisher interviews for porpoise bycatch estimation 

We conducted in-person interviews with the captains of ar- 
tisanal gillnet fishing vessels from Salaverry to characterize 
Burmeister’s porpoise bycatch. These interviews were part of a 
larger effort to study fisheries–cetacean interactions along the 
Peruvian coastline (ProDelphinus, unpublished data). We at- 
tempted to interview at least 20% of the captains with vessels 
registered in Salaverry ( n = 140) based on the last fisher census 
conducted by the Peruvian fisheries authorities (Castillo Men- 
doza et al. 2018 ). Interviewers liaised with local contacts to de- 
termine the best time and place to encounter fishers and used 

a snowball method to identify further interviewees. All inter- 
views were conducted by trained and experienced personnel 
from the NGO ProDelphinus using semi-structured question- 
naires based on the protocol developed by Pilcher et al. (2017) 
and Alfaro-Shigueto et al. (2018) . The questionnaires con- 
sisted of 49 open and closed questions covering a wide range 
of bycatch-related aspects. For the purpose of this study, we 
only considered information from 18 questions related to fish- 
ers’ background and Burmeister’s porpoise bycatch. Fishers’ 
background information included age, main occupation, and 
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Figure 2. Visual (circles) and acoustic (triangles) detections of Burmeister’s porpoises off Puerto Morin overlaid on survey track lines indicating the sea 
state (Bft) in 1 km segments. 

fishing experience (age they started fishing). Bycatch-related 

questions aimed to characterize the nature of cetacean by- 
catch, including the species caught, months when bycatch oc- 
curred, distance from the coast at which bycatch events usu- 
ally occurred, and the estimated number of porpoises caught 
in the previous year (2022). We focused on fishing activities 
and animals caught in the previous year to reduce recall bias 
(Costanza et al. 2021 , Tubbs and Berggren 2024 ). Informa- 
tion about fishing grounds, target catch species, and charac- 
teristics of the fishing gear (mesh size, measure between oppo- 
site knots, in inches) involved in bycatch was also collated. To 

better understand spatial patterns of porpoise bycatch, fish- 
ers were asked to draw on printed maps the extent of their 
fishing grounds and mark areas where porpoise bycatch oc- 
curred. Clean paper copies of the maps were used for each 

fisher. To reduce knowledge bias (Tubbs and Berggren 2024 ), 
all questions included ‘no response’ and ‘do not know’ options 
which were considered in the analysis (Pilcher et al. 2017 ). 
Interviewers used printed species guides to assist fishers in 

small cetacean identification (Moore et al. 2010 , Turvey et al. 
2013 ) and performed screening questions which involved ask- 
ing fishers to describe species to ensure correct identification 

(Tubbs and Berggren 2024 ). Interviewers also provided an in- 
dependent post-hoc assessment of the reliability of a partici- 
pant’s responses. This included a self-assessment of an inter- 
viewer’s perception of the integrity of information provided by 
the interviewee based on confidence, knowledge, and honesty 
ratings (Pilcher et al. 2017 , Alfaro-Shigueto et al. 2018 , Tubbs 

and Berggren 2024 ). Only interviews considered reliable and 

with high confidence ratings were included in the following 
analyses. 

Prior to being asked questions, each participant had to con- 
sent to be interviewed and was informed of the study’s aims, 
that participation was voluntary and anonymous and who 

would have access to the information provided and data stor- 
age. 

Descriptive analysis 

Only interviews considered reliable were used to calculate the 
percentage of fishers reporting bycatch and the number of an- 
imals bycaught in the previous year. Temporal patterns of por- 
poise bycatch were investigated using the proportion of fishers 
reporting bycatch per month, using the total number of fish- 
ers engaged in fishing activities per month as the basis. Spa- 
tial patterns of fishing effort and bycatch were derived from 

the hand-drawn areas on the maps which were photographed, 
imported into Geographic Information System (GIS), georef- 
erenced, and then overlaid to generate composite maps. 

Bycatch estimation for the vessel-based survey area 

For comparison with the abundance estimate, we calculated 

a porpoise bycatch rate in the area covered during our vessel- 
based surveys. For fishers who identified areas inside and out- 
side of the vessel-based survey area, we calculated the number 
of porpoises likely captured inside the vessel-surveyed area 
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from the total number reported by each fisher scaled by the 
overlap of their bycatch area with our survey area. For fishers 
who reported not to have had porpoise bycatch, a value of 
zero was included in the resampling. We used ordinary non- 
parametric bootstrap with 10 000 replications to generate the 
mean and confidence intervals of porpoise bycatch per vessel. 
All analyses were performed using the boot package in the sta- 
tistical software R (version 4.4.3, R Development Core Team 

2025 ). Overall porpoise bycatch in 2022 was then estimated 

for our study area by scaling the estimated mean number of 
porpoises caught per vessel by the number of gillnet vessels 
from Salaverry expected to have bycatch inside the vessel- 
based survey area. 

Contextualizing porpoise bycatch rates and 

abundance 

We used the potential biological removal (PBR) control rule 
to contextualize the bycatch and abundance estimates and to 

provide a perspective on the reported fisheries-related mortal- 
ity of Burmeister’s porpoises off Salaverry. The PBR formula 
is comprised of three parameters: the minimum abundance 
estimate ( NMIN) ) multiplied by one-half of the maximum in- 
trinsic rate of population growth (0.5 RMAX 

) and a recovery 
factor ( FR 

) (Wade 1998 ). NMIN 

was derived as the 20th per- 
centile of the log-normal distribution (Bettridge 2023 ) of the 
model-based abundance estimate and corresponding CV ob- 
tained from the best fitting dsm-model. We chose the default 
value for RMAX 

of 0.04 for cetaceans and FR 

of 0.5 as recom- 
mended for species with unknown population trends (Wade 
1998 , Punt et al. 2020 , Wade et al. 2021 ). We also used a re- 
verse approach and considered the estimated annual bycatch 

level in our study area as a putative PBR reference limit. Using 
the same equation and solving for NMIN 

gave an indication of 
the number of porpoises required under the estimated level of 
bycatch to meet the PBR control rule to reach or maintain an 

optimal sustainable porpoise population (Wade 1998 ). 

Results 

At-sea surveys 

A total of 770 km of line transect survey effort were completed 

during 9 consecutive days, with daily surveys averaging 87 km 

in length (min: 40 km, max: 98 km). During surveys 90 sight- 
ings of Burmeister’s porpoises were recorded, of which three 
sightings had low confidence in species identification and were 
not included in the subsequent analyses. Using the remain- 
ing 87 porpoise sightings, the encounter rate was estimated at 
0.12 (SD ± 0.13) porpoise sightings/km. Mean group size was 
of 1.6 (SD ± 0.7) individuals with a maximum group size of 4. 
Only 5 sightings contained a calf. No porpoises were seen be- 
yond the 50 m depth contour or further than 25 km from the 
coast with 94% of sightings recorded in waters shallower than 

25 m and within 20 km (11 nm) from the coast ( Fig. 2 ). Al- 
most all observed groups (94%) showed a neutral orientation 

towards the vessel. Only one mother-calf pair was observed 

heading away from the vessel. Most surveys were conducted 

in sea states of 0–2 Bft (Beaufort) including the offshore areas 
and deeper waters (where no sightings were made). Twenty 
three percent of the survey effort (175 km) was conducted in 

0 Bft, 57% (437 km) in 1 Bft and 15% (119 km) in 2 Bft. 
Only some nearshore sections in the southern part were sur- 
veyed in 3–4 Bft, which represented 5% (39 km) of the survey 

Figure 3. Frequency distribution of perpendicular distances of porpoise 
sightings ( n = 84) with the detection curve fitted using Hazard rate model 
and truncation distance of 200 m. 

effort. Visual detections of porpoises were registered only in 

conditions of < 3 Bft and in good to excellent sighting con- 
ditions ( Fig. 2 ). Thus, only segments surveyed in conditions 
when porpoise sightings occurred were included in the DSM 

analyses. 
Over 95% of acoustic detections also occurred within 

20 km from the coast and in waters shallower than 50 m 

matching the distribution of porpoise sightings ( Fig. 2 ). Of 
the 731 1 km-long segments of the transect lines, there were 
56 segments (8%) with visual detections and 134 (18%) with 

acoustic detections with a 34% overlap between these ( Fig.
2 ). Passive acoustic monitoring allowed for detection of por- 
poises in all sea states including in 3–4 Bft when no sightings 
occurred. The overall spatial pattern of porpoise occurrence 
was consistent between visual and acoustic detections ( Fig. 2 ). 
For example, both visual and acoustic methods yielded many 
porpoise detections inshore and to the south of Guañape is- 
land, but detections varied between survey days with differ- 
ent sea states. The independently collected PAM data corrob- 
orates the visual sighting data to be representative of porpoise 
distribution during the survey period. 

Porpoise density and abundance estimation 

Of the 87 porpoise sightings, only three had perpendicular dis- 
tance values > 200 m, so truncation distance was set to 200 m. 
The best model for the detection function used Hazard rate 
with truncated distances and no covariates. Detection prob- 
ability was highest close to the track line and declined sub- 
stantially after 100 m ( Fig. 3 ). Average detection probability 
( P ) was estimated at P = 0.49 (CV = 0.08) and effective strip 

half-width (esw) at 100 m. 
The best-fitting DSM model used a Tweedie distribution 

with a log link and retained shortest distance to the coast and 

Y coordinates ( Table 1 , Fig. 4 ). It explained 29.6% of the de- 
viance and model diagnostics showed a good fit to the data. 
Predicted density per grid cell ranged from 0 to 34 porpoise/4 

km2 and summed to a total abundance of 1 696 porpoises 
(95% CI: 1 087–2 648; CV = 0.23) in the 3 500 km2 study 
area. The model that retained median depth and Y coordinates 
had a higher AIC and lower deviance explained (21.7%, Table 
1 ) but gave a nearly identical estimate of abundance of 1 748 

porpoises (95% CI: 1 144–2 674; CV = 0.22). We present 
predicted density surface maps for both models ( Fig. 5 ) as the 
spatial pattern in the predicted densities from the depth model 
( Fig. 5 , panel right side) better reflect the observed spatial 
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Concurrent bycatch and population assessments of Burmeister’s porpoises in northern Peru 7

Table 1. Summary of candidate models incorporating different combination of variables. 

Model components Significance of covariates Exp. Dev AIC 

Y-coordinate 0.22 6.1% 629.9 
Depth (median) < 0.001 – 13.6% 607.3 
Depth (median) + Y-coordinate < 0.001 0.07 21.7% 599.4 
Shortest distance to coast < 0.05 – 19.4% 592.9 
Shortest distance to coast + Y-coordinate < 0.05 < 0.05 29.6% 578.5 

Shown are the significance of model covariates, % of deviance explained (Exp. Dev.) and AIC. In bold selected models. 

Figure 4. (Upper panels) Smooth terms of shortest distance to the coast (m) and spatial coordinate (y) for porpoise density. (Lower panels) Smooth 
terms of median depth (m) and spatial coordinate (y) for porpoise density. Dashed lines represent 95% confidence intervals. Rug plots indicate 
co-variate values covered by survey effort (segments). 

distribution of Burmeister’s porpoises when compared with 

the visual and acoustic detections. 
Predicted porpoise densities (from both models) were high- 

est in the inshore and southern parts of the study area between 

Guañape and Chao islands ( Fig. 5 ). Predictions from the depth 

model also captured some higher density areas of porpoises 
between Puerto Morin and Salaverry ( Fig. 5 , panel right side) 
which also matched information reported by fishers (see be- 
low). 

Fisher interviews for porpoise bycatch estimation 

Descriptive analysis 
A total of 36 interviews with vessel captains were conducted 

at Salaverry port. However, four interviews were excluded 

because the interviewers considered the responses to contain 

contradictions in answers or errors in the reliable identifica- 
tion of Burmeister’s porpoises. The 32 remaining interviews 
represent 23% of the total number of gillnet vessels registered 

in Salaverry. The mean age of fishers interviewed was 50-year- 
old (SD ± 10 yrs) with an average fishing experience of 33 

(SD ± 13) years, (min: 6 yrs, max: 60 yrs). Thirty-one (97%) 
fishers reported fishing as their main occupation and 23 (72%) 
fished all-year around. Some fishing grounds extend from 4◦S 
to 18◦S, and beyond 100 nm from the coast ( Fig. 6 ), but the 
majority of fishing effort was concentrated between San Jose 
(7◦21“S, 79◦27”W) and Pucusana (12◦25“S, 76◦47”W) and 

within the first 100 nm ( Fig. 6 ). 
Twenty-one fishers (66%) reported to have had porpoise 

bycatch during the previous year (2022) with 11 (52.4%) fish- 
ers reporting bycatch of 2–10 porpoises, 7 (33.3%) fishers said 

they caught 15–40 porpoises, and 3 (14.3%) fishers reported 
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8 Ortiz-Alvarez et al.

Figure 5. (Upper panels) Estimated density of Burmeister’s porpoises overlaid with visual (circles) and acoustic (triangles) detections, and (lower panels) 
associated uncert aint y (CV) of the estimates. (Left panels) Results from the model incorporating shortest distance to shore (m) and Y-coordinates, and 
(right panels) results from model incorporating median depth (m) and Y-coordinates. 

bycatch of up to 100 porpoises. Fishers’ self-reported numbers 
sum to a total of 541 Burmeister’s porpoises captured in 2022. 
Porpoise bycatch was reported to occur in most months but 
71% of fishers identified February as the month with more 
bycatch events. 

Twenty of the 21 fishers reporting bycatch were able to 

pinpoint areas on maps where bycatch events had occurred 

( Fig. 6 ). Bycatch was reported from San Jose (7◦21“S, 
79◦27”W) to Supe (10◦48“S, 77◦44”W), but most fishers 
identified bycatch areas close to Salaverry ( Fig. 6 ) and within 

the first 10 nm (19 km) from the coastline. Only 4 (17%) fish- 
ers reported to have bycatch beyond 10 nm from the coast. 
Sixteen fishers reported porpoise bycatch inside our vessel- 
based survey area ( Fig. 6 ) and of those, six fishers highlighted 

bycatch near islands such as Macabi, Guañape, and Chao. 
There was close congruence of fisher-identified bycatch areas 
in our study area and our observed porpoise distribution ( Fig.
4 , Fig. 6 inset). 

Sixty-five percent of fishers reported rays ( Myliobatis sp) as 
their target catch when Burmeister’s porpoise were bycaught 
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Concurrent bycatch and population assessments of Burmeister’s porpoises in northern Peru 9

Figure 6. Fishing grounds (large map left, shades of blue) and areas of Burmeister’s porpoise bycatch (overlay and inset right, shades of orange ) 
reported by fishers from Salaverry during interviews. Inset map shows a close-up of our vessel-based survey area (polygon) along with visual (circles) 
and acoustic (triangles) detections of Burmeister’s porpoises. 

followed by those fishing for striped mullet ( Mugil cephalus ) 
(17%) or other bony fishes (18%). Rays were targeted mostly 
with surface driftnets of 14 inches mesh size, but mid-water 
driftnets and bottom nets of different mesh sizes (7–15 inches) 
were also used. Bony fishes were targeted with surface and 

midwater driftnets of smaller mesh sizes (2.5–8 inches). 

Bycatch estimation for the vessel-based survey area 
From the total number of fishers interviewed, 16 (50%) re- 
ported to have bycatch inside the survey area. Estimated mean 

porpoise bycatch inside our study area was 6 porpoises per 
vessel per year (95% CI: 3–10 porpoises). By extrapolating 
the bycatch estimate per vessel to the Salaverry gillnet fleet of 
140 vessels, we estimated that 420 (95% CI: 210–700) por- 
poises were captured inside the study area in 2022. 

Contextualising porpoise bycatch rates and abundance 
We applied the PBR control rule to provide a perspective on 

porpoise abundance and bycatch estimates off Salaverry. Us- 
ing the abundance estimate of 1 696 porpoises (CV = 0.23) 
from the best DSM-model provided an NMIN 

of 1 425 por- 
poises and a PBR reference limit of 14 porpoises. In contrast, 
using the estimated bycatch of 420 porpoises in the study area 
as the PBR reference limit would require at least 42 000 por- 
poises to reach or maintain an optimal sustainable population. 

Discussion 

In Peru, Burmeister’s porpoises have been known almost ex- 
clusively from dead individuals bycaught in fisheries (Reyes 
and Brownell 2025 ). Here, we present the first estimates of 
abundance and fine-scale distribution of Burmeister’s por- 
poises off the coast of Peru obtained using dedicated at-sea 
surveys. We show that it is both feasible and effective to apply 
line transect methodology using a repurposed fishing vessel 
to detect porpoises at sea. Although the single platform sur- 
vey set up did not allow us to estimate the number of animals 
missed on the track line [i.e. apply g(0) correction], the esti- 
mated detection probability and effective strip half-width are 
well within the range expected for cryptic species and the type 
of survey platform used (Barlow et al. 1997 , Dawson et al. 
2004 , Gerrodette et al. 2011 , Kuit et al. 2021 , Li et al. 2023 ). 
Abundance estimates for porpoises are generally considered to 

be biased low without g(0) correction. For example, for har- 
bour porpoises uncorrected estimates of detection probability 
were two to four times larger than the g(0) corrected estimates 
(Hammond et al. 2013 , Hammond et al. 2021a , Zerbini et al. 
2022 ) which, if not addressed, would have led to abundance 
to be underestimated by the same magnitude. Assuming that 
our uncorrected detection probability could be biased high by 
similar quantity would mean that there could be more than 

twice as many porpoises in our study area than estimated. Any 
bias in this order of magnitude would not affect any of the 
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10 Ortiz-Alvarez et al.

conclusions drawn (see below), and there is no indication that 
our estimates were afflicted by worse biases. We were fortu- 
nate to have excellent survey conditions with calm seas ( ≤2 

Bft) and no swell present across the study area which greatly 
facilitated detecting porpoises visually. A small portion of the 
transect lines (5% of survey effort) to the south was covered 

in higher seas states (3–4 Bft) and was excluded from further 
analysis to reduce visibility bias. We also surveyed this south- 
ern area again on a different day in good conditions with many 
porpoise sightings ( Fig. 2 ) which were included in the analyses 
reducing potential spatial bias in survey coverage. 

We used acoustic detections of porpoises to confirm that 
the spatial pattern of visual detections provided a good rep- 
resentation of porpoise distribution. In most areas where we 
had sightings, we also had acoustic detections with the hy- 
drophone array towed 180 m behind the vessel. Given por- 
poise echolocation characteristics, the animals must have re- 
mained well within 100 m of the transect line and the towed 

hydrophones to have been detected (Clausen et al. 2021 ). Al- 
though acoustic detections can, in some circumstances, be 
used to correct for animals missed on the transect line (Ol- 
lier et al. 2023 ), there is no established process of using this to 

correct the overall abundance estimation. Our acoustic anal- 
ysis did not allow identification of distinct detection events 
that could be associated reliably with individual sightings, but 
a more detailed analysis could be explored in the future. Be- 
havioural changes to avoid an approaching vessel have been 

described for other porpoise species (Akkaya Bas et al. 2017 , 
Oakley et al. 2017 ), but we did not observe any obvious 
short-range avoidance behaviours of Burmeister’s porpoises. 
We cannot rule out porpoises having responded to the ves- 
sel over larger distances. There is no indication of responsive 
movements in the shape of the detection function. 

Model-based abundance of Burmeister’s porpoises was esti- 
mated at 1 696 individuals (CV = 0.23) in the 3 500 km2 study 
area off Salaverry. The second best DMS-model with depth in- 
stead of distance to coast as co-variate produced a near identi- 
cal estimate (1 748 porpoises, CV = 0.22) but seemed to bet- 
ter reflect porpoise distribution when compared to the visual 
and acoustic detections ( Fig. 5 ). Both observed and predicted 

porpoise distributions showed a clear spatial gradient from 

inshore to offshore areas with highest densities of Burmeis- 
ter’s porpoises in shallow waters ( < 50 m depth) and within 

the first 25 km from the coast. Porpoises were conspicuously 
absent from offshore transects (including no acoustic detec- 
tions) despite excellent survey conditions. More extensive sur- 
veys across broader environmental conditions and longer time 
frames are needed to understand if this distribution is consis- 
tent across seasons and climatic events (e.g. El Niño events). 

In this study, we relied on fishers’ knowledge through in- 
terviews to characterize and estimate porpoise bycatch. This 
approach has been applied widely to gain insights into species 
ecology and conservation issues including bycatch (Liu et al. 
2017 , Alfaro-Shigueto et al. 2018 , Ayala et al. 2019 , Ortiz- 
Alvarez et al. 2020 , Costanza et al. 2021 ), due to its cost- 
effectiveness and ease of implementation compared to on- 
board observer programmes (Moore et al. 2021 ). While it 
is not possible to fully verify the accuracy of self-reported 

data, we addressed common sources of bias—such as re- 
call bias, misidentification, and response bias—by following 
the established best-practice approach (Pilcher et al. 2017 , 
Costanza et al. 2021 ). This included limiting questions to a 
specific time frame (e.g. past year) and incorporating verifi- 

cation questions to confirm species identification. All inter- 
views were conducted one-to-one to reduce peer influence 
and encourage honest processes (Ayala et al. 2019 , Tubbs 
and Berggren 2024 ). Although there are some limitations to 

non-probabilistic methods such as snowball sampling, this ap- 
proach has shown to enhance respondents’ trust—since re- 
ferral come from previous participants (Tubbs and Berggren 

2024 )—and is suitable for engaging dispersed, hard to reach 

communities while still capturing a representative sample of 
fishers’ knowledge (Ayala et al. 2019 , Tubbs and Berggren 

2024 ). In our case, interviewed fishers had an average of 33 

years of experience, providing valuable information grounded 

in extensive experience. 
Fishers mainly identified shallow areas within the first 

10 nm (19 km) from the coast and near islands as bycatch 

hotspots off Salaverry. These locations are consistent with por- 
poise bycatch areas reported two decades ago by on-board 

observers in the same fisheries (Mangel et al. 2010 ). By- 
catch hotspots also aligned with the observed and predicted 

higher density areas for Burmeister’s porpoises identified dur- 
ing the vessel-based surveys ( Figs 4 and 6 ). Fishers reported 

that Burmeister’s porpoise were bycaught most frequently in 

nets targeting rays which matches observations from the early 
2000s (Mangel et al. 2010 ). Two species of eagle rays, Mylio- 
batis peruvianus and M.chilensis , are the main target species 
for net fisheries in Salaverry (Mangel et al. 2010 , Mangel et al. 
2013 , Marín Soto et al . 2017 ). Nets used for rays have mesh 

sizes up to 19 inches (Marín Soto et al . 2017 , Salazar et al. 
2020 ) which fit with the nets of 14-inch mesh size used fre- 
quently by fishers in this study. Burmeister’s porpoises and ea- 
gle rays are known to prey on Peruvian anchovies ( Engraulis 
ringens ) when these forage fish congregate inshore (Reyes and 

Van Waerebeek 1995 , García-Godos et al. 2007 , Coasaca- 
Céspedes et al. 2018 , Gonzalez-Pestana et al. 2021 , Peña- 
Cutimbo et al. 2025 ). This spatial overlap between anchovy 
predators might explain why Burmeister’s porpoise are by- 
caught frequently in surface and mid-water driftnets target- 
ing rays. Some porpoise bycatch also occurred in bottom set 
nets for bony fishes that are well known to cause porpoise 
entanglements (Read et al. 1988 , Read 2008 , Van Waerebeek 

and Reyes 1994a ). The diet of Burmeister’s porpoises is not 
well studied but Peruvian anchovies and demersal fish species 
have been listed as common prey species (Reyes and Brownell 
2025 ). A better understanding of porpoise habitat use and diet 
is needed before targeting particular fisheries or gear types for 
bycatch mitigation measures. 

The majority of Salaverry fishers reported bycatch of 
Burmeister’s porpoises with individual reports summing to 

over 540 porpoises caught in 2022 between San Jose and 

Supe. Bycatch levels are likely to vary between years, but it 
is unlikely that the level reported for 2022 was exceptionally 
high. Our interview-based estimate is consistent with historic 
estimates for Salaverry gillnet fishers of 105–699 porpoises 
caught annually obtained via on-board observer programmes 
(Mangel et al. 2010 ). The fishers interviewed in this study rep- 
resent only around 23% of all vessels registered in Salaverry. 
In addition, there are more than a dozen smaller fishing coves 
with artisanal gillnet fishers ( Fig. 1 ) that also fish in the same 
area with unknown levels of bycatch. Thus, the reported by- 
catch is a minimum estimate based on only a fraction of the 
active fishing fleet. 

In order to compare bycatch levels and porpoise abun- 
dance, we rescaled the reported bycatch to the survey area and 
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Concurrent bycatch and population assessments of Burmeister’s porpoises in northern Peru 11

extrapolated to all fishers registered in Salaverry likely fishing 
in the study area. The resulting estimate of 420 Burmeister’s 
porpoises bycaught annually off Salaverry by Salaverry fishers 
constitutes around 1/4th of the estimated abundance of 1 700 

porpoises in the same area. The PBR reference limit for a por- 
poise population of around 1 700 individuals is only 14 por- 
poises per year. Conversely, a population of over 42 000 por- 
poises would be required to maintain or recover its optimum 

sustainable size under the reported bycatch level of hundreds 
of porpoises per year. This order of magnitude mismatch re- 
mains even if our abundance estimate might be biased low (see 
above). For example, doubling our abundance estimate still 
falls several tens of thousands of porpoises short for the re- 
ported bycatch level to be considered sustainable. Conversely, 
the bycatch level would need to be 30 times smaller to be sus- 
tainable under the estimated abundance of porpoises in the 
study area. Given this persistent mismatch, the current (and 

historic) levels of fisheries-related porpoise mortality cannot 
be considered sustainable, and it is likely that the number of 
porpoises estimated for Salaverry now represent a fraction of 
their past abundance. 

There are some important caveats to the comparisons above 
but these should not distract from the conclusion that Pe- 
ruvian Burmeister’s porpoises have long been subject to un- 
sustainable levels of bycatch and the current population size 
might be severely reduced (see also Félix et al. (2018) . Our 
survey area captured only a small portion of Burmeister’s por- 
poise habitat in Peru ( Fig. 1 ). For the observed level of by- 
catch (let alone the bycatch from all fishing fleets) to be sus- 
tainable however, there would need to be many tens of thou- 
sands of porpoises in other parts of Peru that range along the 
coast as one mixing population (and considered one stock). 
Seasonal changes in porpoise distribution either along the 
coast or inshore–offshore are possible but currently unknown. 
Burmeister’s porpoise habitat seems to be limited to neritic 
waters out to 200 m depth (Goodall et al. 1995 , Molina- 
Schiller et al. 2005 , Clay et al. 2018 ). The continental shelf is 
much narrower in southern than northern Peru which limits 
availability of suitable habitat for porpoises. A better under- 
standing of distribution and habitat use is needed to identify 
important porpoise habitat and its overlap with human activ- 
ities. Extending spatial survey coverage to obtain abundance 
and bycatch estimates for the entire Peruvian coastline should 

be considered a high research priority. 
We used the PBR approach only to contextualize bycatch 

and abundance estimates. We do not propose to apply the 
PBR reference limit to manage bycatch of Salaverry fishers. 
The PBR reference limit is a conservative estimate of animals 
that can be removed from a defined stock without impact- 
ing an optimal sustainable population (Wade 1998 ). Although 

stock structure has not been defined for Burmeister’s por- 
poises, Peruvian Burmeister’s porpoises are considered geneti- 
cally distinct from Chilean and Argentinian populations (Rosa 
et al. 2005 ). Weak but significant genetic differences were 
also found between Peruvian porpoises sampled < 200 km 

apart which might indicate sub-population structuring (Rosa 
et al. 2005 ). Further research is needed to clarify existence 
of population structure in Peruvian Burmeister’s porpoises as 
sub-populations would be more vulnerable to human-caused 

mortality and have a higher risk of extinction (Frankham et 
al. 2002 , Read 2008 ). Porpoises also face many other pres- 
sures including reduced prey availability from overfishing and 

intensifying climatic events (e.g. El Niño), pollution, coastal 

developments (García-Cegarra et al. (2024) , and infectious 
diseases, e.g. highly pathogenic avian influenza that caused 

mass mortalities among marine mammals in Peru (Leguia et 
al. 2023 ). 

Potential bycatch mitigation measures 

The integration of genetics, demographics, and environmental 
factors have been recommended to define conservation objec- 
tives and management actions (Paudel and Koprowski 2020 ). 
However, such types of research may require some time to be 
planned and implemented. Immediate actions should focus on 

bycatch mitigation measures. Studies conducted in Peru have 
shown that pingers and light emitting diodes reduced small 
cetacean bycatch in fishing nets (Mangel et al. 2013 , Clay et 
al. 2019 , Bielli et al. 2020 ). Those devices are, however, rela- 
tively costly and require careful maintenance which limit their 
uptake and effective use by small-scale fishers (Dawson et al. 
2013 , Secchi et al. 2022 ). Low-cost acoustic alarms such as 
rattling or reflective plastic bottles have shown some success 
in reducing bycatch of some small cetaceans (Sucunza et al. 
2024 ) but did not yield promising results when trialled with 

small cetaceans in Peru (ProDelphinus, unpublished data). 
Other approaches should be explored urgently such as oper- 

ational changes in fishing practices (Secchi et al. 2022 ), avoid- 
ing areas of high likelihood of bycatch or high density areas of 
Burmeister’s porpoises. Potential areas for spatial mitigation 

measures are Guañape, Chao, and Macabi islands which are 
already part of the protected area system in Peru (DS-N◦024–
2009-MINAN). Having protected areas already in place rep- 
resents an opportunity to facilitate the development of mon- 
itoring plans and bycatch mitigation measures in coordina- 
tion with government representation and local communities 
within an existing institutional framework. In fisheries that 
use overnight net soaking times (Mangel et al. 2010 ), adapting 
practice to monitor nets or modify soak times might help to 

increase the likelihood of finding and releasing porpoises alive. 
Bespoke training guides and workshops for fishers to learn to 

handle and release entangled marine mammals and sea tur- 
tles alive have already been implemented in Peru (Córdova- 
Zavaleta et al. 2020 , ProDelphinus 2025 ). Such live release 
efforts should be promoted among fishers and monitored for 
effectiveness. 

Given the importance of fishing for local communities, by- 
catch mitigation actions should be co-developed and imple- 
mented in consultation with fishers to consider their expertise 
in fishing practises and concerns about the effect of these ac- 
tions on their livelihoods (Senko et al. 2014 , Alava et al. 2019 ). 
Involving fishers can lead to more successful adoption and 

compliance with changes in fishing practice through commu- 
nity buy-in and social pressures (Danilewicz et al. 2010 , Senko 

et al. 2014 , Secchi et al. 2022 ). The engagement of govern- 
ment authorities is also key in the development of effective by- 
catch mitigation strategies. Fisheries management authorities 
should aid in the implementation of monitoring programmes 
to evaluate the species population status and the effectiveness 
of the adopted interventions considering biological/ecological 
factors and socioeconomic implications for the local com- 
munities (Danilewicz 2007 ). Bycatch mitigation plans require 
clear, achievable, measurable, and time-bound goals (Gilman 

et al. 2022 ) that are monitored to allow for responsive and ef- 
fective interventions when required. Monitoring programmes 
should be collaborative between authorities and local 
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communities to avoid trust issues (Alava et al. 2019 ). Having 
a monitoring plan is key for assessment and improvements to 

achieve the bycatch mitigation goals. Gaining support of influ- 
ential members of the fishing community and setting positive 
examples can promote wider participation and better engage- 
ment across fishers (Danilewicz 2007 ). Putting in place strate- 
gies requires political will and appropriate assignation of re- 
sources. Notwithstanding the difficulties and regardless of the 
preferred strategies, we emphasize the immediate and critical 
need to implement bycatch mitigation measures to ensure that 
viable population(s) of Burmeister’s porpoises remain along 
the Peruvian coast. 

Conclusions 

This study presents the first estimate of abundance for 
Burmeister’s porpoises in the northern part of Peru (and any- 
where in their range). Porpoise density in neritic waters dur- 
ing summer was highest close to shore and in shallow wa- 
ter and overlapped with important gillnet fishing areas which 

was reflected in reported bycatch of 100s of porpoises per 
year. The high and unsustainable levels of bycatch described in 

this study alongside the long history of bycatch (Van Waere- 
beek and Reyes 1994a , Van Waerebeek and Reyes 1994b , Van 

Waerebeek et al. 2002 ) raise serious concerns for the long- 
term survival of Burmeister’s porpoises in Peru. Bycatch miti- 
gation measures should be implemented as a matter of urgency 
and require the active participation of fishers and governmen- 
tal authorities. Further research is also needed to better un- 
derstand porpoise population structure and assess abundance 
of Burmeister’s porpoises and their interactions with fisheries 
along the entire Peruvian coast. 

Acknowledgements 

We thank the reviewers for their constructive comments. We 
are deeply grateful to the dedicated observers S. Pingo, J. Ro- 
driguez, N. Peña from ProDelphinus and Mr Raúl Beltrán and 

his crew for their tireless efforts during fieldwork. We thank 

Dr Magnus Wahlberg for the generous loan of the acoustic 
equipment. We thank the Navy personnel in Salaverry for 
help with navigation permits. We also thank all the fishers 
who participated in the interviews and, J. Rodriguez and C. 
Cordero for their help conducting the interviews. We dedi- 
cate this publication to the memory of the late Professor Si- 
mon P. Northridge who was a friend and colleague to SH 

and an academic mentor to COA. Simon frequently reminded 

us that bycatch should be seen in the context of abundance 
which inspired the approach used in this research. This study 
was conducted with the approval of the Institutional Com- 
mittee on Ethics in Animals and Biodiversity Research from 

the Universidad Científica del Sur—Peru (approval code 029–
2021-PRO99) and the University of St Andrews School of 
Biology Ethics Committee [BL17413 (Human Ethics) and 

BL16883(Animal Ethics)]. 

Author contribution 

Conceptualization: Clara Ortiz-Alvarez, Sonja Heinrich, Jef- 
frey C. Mangel, Joanna Alfaro-Shigueto. Data curation: Clara 
Ortiz-Alvarez, Ruth Ortés-Villauriz. Formal analysis: Clara 
Ortiz-Alvarez, Ruth Ortés-Villauriz. Funding Acquisition: 
Clara Ortiz-Alvarez, Sonja Heinrich, Joanna Alfaro-Shigueto, 

Jeffrey C. Mangel. Investigation: Clara Ortiz-Alvarez, Sonja 
Heinrich, Methodology: Clara Ortiz-Alvarez, Ruth Ortés- 
Villauriz, Sonja Heinrich. Project Administration: Clara Ortiz- 
Alvarez, Joanna Alfaro-Shigueto. Resources: Clara Ortiz- 
Alvarez, Ruth Ortés-Villauriz, Sonja Heinrich. Software: 
Clara Ortiz-Alvarez, Ruth Ortés-Villauriz. Supervision: Sonja 
Heinrich. Validation: Sonja Heinrich. Visualization: Clara 
Ortiz-Alvarez. Writing—original draft: Clara Ortiz-Alvarez. 
Writing—review & editing: Sonja Heinrich, Joanna Alfaro- 
Shigueto, Jeffrey C. Mangel, Ruth Ortés-Villauriz 

Conflict of interest : None declared. 

Funding 

This project was funded by the International Whaling Com- 
mission Small Cetaceans Research Fund to ProDelphinus. 
C.O.A. was supported by WWF Russel E. Train Fellowship 

from the World Wildlife Fund (WWF), Programa Nacional de 
Becas y Crédito Educativo de la República del Perú, and the 
Handsel Tuition Fee Scholarship from the University of St An- 
drews. 

Data availability 

At-sea survey data will be available at https://doi.org/10.1 

7630/bd08e679- 8c7f- 41d5- 97ad- b99038a4fadd after an em- 
bargo period. Fishers interview data underlying this article 
cannot be shared publicly as the terms of participants’ con- 
sent do not allow the data to be made publicly available. These 
data will be shared on reasonable request to the corresponding 
author. 

References 

Akamatsu T , Wang D, Wang K et al. Comparison between visual and 
passive acoustic detection of finless porpoises in the Yangtze River, 
China. J Acoust Soc Am 2001; 109 :1723–7. https://doi.org/10.1121/ 
1.1356705 

Akkaya Bas A , Christiansen F, Amaha Öztürk A et al. The effects of ma- 
rine traffic on the behaviour of Black Sea harbour porpoises ( Pho- 
coena phocoena relicta ) within the Istanbul Strait, Turkey. PLoS 
One 2017; 12 :e0172970. https://doi.org/10.1371/journal.pone.017 
2970 

Alava JJ , Tatar B, Barragán MJ et al. Mitigating cetacean bycatch 
in coastal Ecuador: governance challenges for small-scale fisheries. 
Mar Policy 2019; 110 :102769. https://doi.org/10.1016/j.marpol.2 
017.05.025 

Alfaro-Shigueto J , Mangel JC, Bernedo F et al. Small-scale fisheries 
of Peru: a major sink for marine turtles in the Pacific. J Appl 
Ecol 2011; 48 :1432–40. https://doi.org/10.1111/j.1365-2664.2011 
.02040.x 

Alfaro-Shigueto J , Mangel JC, Darquea J et al. Untangling the impacts of 
nets in the southeastern Pacific: rapid assessment of marine turtle by- 
catch to set conservation priorities in small-scale fisheries. Fish Res 
2018; 206 :185–92. https://doi.org/10.1016/j.fishres.2018.04.013 

Awkerman JA , Huyvaert KP, Mangel J et al. Incidental and inten- 
tional catch threatens Galapagos waved albatross. Biol Conserv 
2006; 133 :483–9. https://doi.org/10.1016/j.biocon.2006.07.010 

Ayala L , Ortiz M, Gelcich S. Exploring the role of fishers knowledge 
in assessing marine megafauna bycatch: insights from the Peruvian 
longline artisanal fishery. Anim Conserv 2019; 22 :251–61. https:// 
doi.org/https://doi.org/10.1111/acv.12460 

Barlow J , Gerrodette T, Silber G. First estimates of vaquita abundance. 
Mar Mamm Sci 1997; 13 :44–55. https://doi.org/10.1111/j.1748-7 
692.1997.tb00611.x 

D
ow

nloaded from
 academ

ic.oup.com
/icesjm

s/article/82/8/fsaf144/8236360 by guest on 05 O
ctober 2026

https://doi.org/10.17630/bd08e679-8c7f-41d5-97ad-b99038a4fadd
https://doi.org/10.1121/1.1356705
https://doi.org/10.1371/journal.pone.0172970
https://doi.org/10.1016/j.marpol.2017.05.025
https://doi.org/10.1111/j.1365-2664.2011.02040.x
https://doi.org/10.1016/j.fishres.2018.04.013
https://doi.org/10.1016/j.biocon.2006.07.010
https://doi.org/https://doi.org/10.1111/acv.12460
https://doi.org/10.1111/j.1748-7692.1997.tb00611.x


Concurrent bycatch and population assessments of Burmeister’s porpoises in northern Peru 13

Barlow J . Design of a flooded houssing for a towed autonomous 
hydrophone recording systems. (NOAA Technical Report NMFS- 
SWFSC-647). U.S. Department of Commerce. National Oceanic and 
Atmospheric Administration, 2021. https://doi.org/10.25923/rmzp- 
fh90 

Bettridge S . Guidelines for preparing stock assessment reports pursuant 
to the Marine Mammal Protection Act. In: K Damon-Randall (ed.), 
U.S. Department of Commerce, National Oceanic and Atmospheric 
Administration—National Marine Fisheries Service, 2023, 02204–
01. https://www.fisheries.noaa.gov/s3/2023- 05/02- 204- 01- Final- G 

AMMS- IV- Revisions- clean- 1- kdr.pdf
Bielli A , Alfaro-Shigueto J, Doherty PD et al. An illuminating idea 

to reduce bycatch in the Peruvian small-scale gillnet fishery. Biol 
Conserv 2020; 241 :108277. https://doi.org/10.1016/j.biocon.2019. 
108277 

Booth CG , Embling C, Gordon J et al. Habitat preferences and distribu- 
tion of the harbour porpoise Phocoena phocoena west of Scotland. 
Mar Ecol Prog Ser 2013; 478 :273–85. https://doi.org/10.3354/meps 
10239 

Buckland ST , Anderson DR, Burnham KP et al. Introduction to Dis- 
tance Sampling: Estimating Abundance of Biological Populations . 
Oxford, UK: Oxford University Press, 2001.

Campbell E , Pasara-Polack A, Mangel JC et al. Use of small cetaceans as 
bait in small-scale fisheries in Peru. Front Mar Sci 2020; 7 :534507. 
https://doi.org/10.3389/fmars.2020.534507 

Castillo Mendoza G , Fernández J, Medina Cruz A et al. Tercera encuesta 
estructural de la pesquería artesanal en el litoral peruano. Resulta- 
dos generales. Informe del Instituto del Mar del Peru 2018; 45 :299–
388.

Clausen KT , Teilmann J, Wisniewska DM et al. Echolocation activity 
of harbour porpoises, phocoena phocoena , shows seasonal artificial 
reef attraction despite elevated noise levels close to oil and gas plat- 
forms. Ecol Solut Evid 2021; 2 :e12055. https://doi.org/10.1002/26 
88-8319.12055 

Clay TA , Alfaro-Shigueto J, Godley BJ et al. Pingers reduce the activity 
of Burmeister’s porpoise around small-scale gillnet vessels. Mar Ecol 
Prog Ser 2019; 626 :197–208. https://doi.org/10.3354/meps13063 

Clay TA , Mangel JC, Alfaro-Shigueto J et al. Distribution and habitat 
use of a cryptic small cetacean, the Burmeister’s porpoise, monitored 
from a small-scale fishery platform. Front Mar Sci 2018; 5 :220. http 
s://doi.org/10.3389/fmars.2018.00220 

Coasaca-Céspedes JJ , Segura-Cobeña E, Montero-Taboada R et al. Pre- 
liminary analysis of the feeding habits of batoids from the genera 
Mobula and Myliobatis in Northern Peru. Rev Biol Mar Oceanogr 
2018; 53 :367–74. https://doi.org/10.22370/rbmo.2018.53.3.1368 

Córdova-Zavaleta F , Acuña-Perales N, Alfaro-Córdova E et al. 
Guía para la evaluación y mitigación de capturas incidentales 
de tortugas marinas y otros depredadores superiores en pes- 
querías artesanales: guía basica de campo. In: Primera edición 
(edn.), 2020. https://www.prodelphinusperu.org/_f iles/ugd/94e16f_
de14c67a431e43f bbf64ac68185e1c74.pdf 

Costanza AB , Guidino C, Mangel JC et al. Participatory risk assessment 
of humpback whale ( Megaptera novaeangliae ) and leatherback tur- 
tle ( Dermochelys coriacea ) bycatch in Northern Peru. Front Mar Sci 
2021; 8 :776965. https://doi.org/10.3389/fmars.2021.776965 

Danilewicz D , Moreno IB, Ott PH et al. Abundance estimate for a 
threatened population of franciscana dolphins in southern coastal 
Brazil: uncertainties and management implications. J Mar Biol As- 
soc UK 2010; 90 :1649–57. https://doi.org/10.1017/S00253154099 
91482 

Danilewicz D . A toninha, Pontoporia blainvillei (Mammalia: cetacea), 
no litoral norte do Rio Grande do Sul : mortalidade acidental em 

redes de pesca, abundância populacional e perspectivas para a con- 
servação da espécie. In: Faculdade de Biociências, Pontifícia Univer- 
sidade Católica do Rio Grande do Sul, 2007. https://tede2.pucrs.br 
/tede2/handle/tede/148 . (18 September 2024, datelast accessed).

Dawson S , Slooten E, DuFresne S et al. Small-boat surveys for 
coastal dolphins: line-transect surveys for Hector’s dolphins 
( Cephalorhynchus hectori ). Fish Bull 2004; 102 :441–51.

Dawson SM , Northridge S, Waples D et al. To ping or not to ping: 
the use of active acoustic devices in mitigating interactions be- 
tween small cetaceans and gillnet fisheries. Endanger Species Res 
2013; 19 :201–21. https://doi.org/10.3354/esr00464 

Dewhurst-Richman NI , Jones JPG, Northridge S et al. Fishing for the 
facts: river dolphin bycatch in a small-scale freshwater fishery in 
Bangladesh. Anim Conserv 2020; 23 :160–70. https://doi.org/10.111 
1/acv.12523 

Félix F , Alfaro J, Reyes J et al. Phocoena spinipinnis . The IUCN Red List 
of threatened species 2018: e.T17029A50370481, 2018. https://do 
i.org/10.2305/IUCN.UK.2018-2.RLTS.T17029A50370481.en . (22 
April 2025, date last accessed).

Fleming AH , Yack T, Redfern JV et al. Combining acoustic and 
visual detections in habitat models of Dall’s porpoise. Ecol 
Model 2018; 384 :198–208. https://doi.org/10.1016/j.ecolmodel.20 
18.06.014 

Forney KA , Benson SR, Becker EA. A habitat-based spatial density 
model for harbor porpoise ( Phocoena phocoena ) off Oregon and 
Washington based on 2021–2022 aerial surveys. 2023; https://doi. 
org/10.25923/xap3-r721 

Franchini F , Smout S, Blight C et al. Habitat partitioning in sym- 
patric delphinids around the Falkland Islands: predicting distribu- 
tions based on a limited data set. Front Mar Sci 2020; 7 :277. https: 
//doi.org/10.3389/fmars.2020.00277 

Frankham R , Ballou JD, Briscoe DA. Evolution in small populations. 
In: Introduction to Conservation Genetics . Cambridge: Cambridge 
University Press, 2002, 175–96.

García-Cegarra AM , Hall A, Martínez-López E. Bycatch and pollution 
are the main threats for Burmeister’s porpoises inhabiting a high- 
industrialized bay in the Humboldt Current System. Environ Res 
2024; 251 :118621. https://doi.org/10.1016/j.envres.2024.118621 

García-Godos I , Van Waerebeek K, Reyes JC et al. Prey occurrence 
in the stomach contents of four small cetacean species in Peru. 
Latin Am J Aquat Mamm 2007; 6 :171–83. https://doi.org/10.5597/ 
lajam00122 

GEBCO Compilation Group . GEBCO 2023 Grid 2023. https://doi.org/ 
10.5285/f98b053b- 0cbc- 6c23- e053- 6c86abc0af7b . (12 July 2023, 
date last accessed).

Gerrodette T , Taylor BL, Swift R et al. A combined visual and 
acoustic estimate of 2008 abundance, and change in abundance 
since 1997, for the vaquita, Phocoena sinus . Mar Mamm Sci 
2011; 27 :E79–E100. https://doi.org/10.1111/j.1748-7692.2010.0 
0438.x 

Gillespie D , Mellinger DK, Gordon J et al. PAMGUARD: semiauto- 
mated, open source software for real-time acoustic detection and 
localization of cetaceans. J Acoust Soc Am 2009; 125 :2547. https: 
//doi.org/10.1121/1.4808713 

Gilman E , Hall M, Booth H et al. A decision support tool for integrated 
fisheries bycatch management. Rev Fish Biol Fish 2022; 32 :441–72. 
https://doi.org/10.1007/s11160- 021- 09693- 5 

Gonzalez-Pestana A , Silva-Garay L, Quiñones J et al. Geographic and 
ontogenetic variation in the diet of two commonly exploited ba- 
toids (Chilean eagle ray and Pacific guitarfish) off Peru: evidence 
of trophic plasticity. Environ Biol Fish 2021; 104 :1525–40. https: 
//doi.org/10.1007/s10641- 021- 01157- w 

Goodall RNP , Norris KS, Harris G et al. Notes on the biology of 
the Burmeister’s Porpoise, Phocoena spinipinnis , off Southern South 
America. In: A Bjorge, GP Donovan (eds.), Biology of the Pho- 
coenids . Cambridge: Report for the International Whaling Commis- 
sion: International Whaling Commission, 1995, 317–47.

Gutiérrez D , Akester M, Naranjo L. Productivity and sustainable man- 
agement of the Humboldt current large marine ecosystem under cli- 
mate change. Environ Dev 2016; 17 :126–44.

Hammond P , Lacey C, Gilles A et al. Estimates of cetacean abun- 
dance in European Atlantic waters in summer 2016 from the 
SCANS-III aerial and shipboard surveys. Final project report, 
2021a. https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-I 
II_design-based_estimates_final_report_revised_June_2021.pdf. (8 
July 2025, datelast accessed).

D
ow

nloaded from
 academ

ic.oup.com
/icesjm

s/article/82/8/fsaf144/8236360 by guest on 05 O
ctober 2026

https://doi.org/10.25923/rmzp-fh90
https://www.fisheries.noaa.gov/s3/2023-05/02-204-01-Final-GAMMS-IV-Revisions-clean-1-kdr.pdf
https://doi.org/10.1016/j.biocon.2019.108277
https://doi.org/10.3354/meps10239
https://doi.org/10.3389/fmars.2020.534507
https://doi.org/10.1002/2688-8319.12055
https://doi.org/10.3354/meps13063
https://doi.org/10.3389/fmars.2018.00220
https://doi.org/10.22370/rbmo.2018.53.3.1368
https://www.prodelphinusperu.org/_files/ugd/94e16f_de14c67a431e43fbbf64ac68185e1c74.pdf
https://doi.org/10.3389/fmars.2021.776965
https://doi.org/10.1017/S0025315409991482
https://tede2.pucrs.br/tede2/handle/tede/148
https://doi.org/10.3354/esr00464
https://doi.org/10.1111/acv.12523
https://doi.org/10.2305/IUCN.UK.2018-2.RLTS.T17029A50370481.en
https://doi.org/10.1016/j.ecolmodel.2018.06.014
https://doi.org/10.25923/xap3-r721
https://doi.org/10.3389/fmars.2020.00277
https://doi.org/10.1016/j.envres.2024.118621
https://doi.org/10.5597/lajam00122
https://doi.org/10.5285/f98b053b-0cbc-6c23- e053-6c86abc0af7b
https://doi.org/10.1111/j.1748-7692.2010.00438.x
https://doi.org/10.1121/1.4808713
https://doi.org/10.1007/s11160-021-09693-5
https://doi.org/10.1007/s10641-021-01157-w
https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-III_design-based_estimates_final_report_revised_June_2021.pdf


14 Ortiz-Alvarez et al.

Hammond PS , Francis TB, Heinemann D et al. Estimating the 
abundance of marine mammal populations. Front Mar Sci 
2021b; 8 :735770. https://doi.org/10.3389/fmars.2021.735770 

Hammond PS , Macleod K, Berggren P et al. Cetacean abundance and 
distribution in European Atlantic shelf waters to inform conserva- 
tion and management. Biol Conserv 2013; 164 :107–22. https://doi. 
org/10.1016/j.biocon.2013.04.010 

Kuit SH , Ponnampalam LS, Hammond PS et al. Abundance esti- 
mates of three cetacean species in the coastal waters of Matang, 
Perak, Peninsular Malaysia. Aquat Conserv: Mar Freshw Ecosyst 
2021; 31 :3120–32. https://doi.org/10.1002/aqc.3699 

Leguia M , Garcia-Glaessner A, Muñoz-Saavedra B et al. Highly 
pathogenic avian influenza A (H5N1) in marine mammals and 
seabirds in Peru. Nat Commun 2023; 14 :5489. https://doi.org/10.1 
038/s41467- 023- 41182- 0 

Lewison R , Crowder L, Read A et al. Understanding impacts of fisheries 
bycatch on marine megafauna. Trends Ecol Evol 2004; 19 :598–604. 
https://doi.org/10.1016/j.tree.2004.09.004 

Li Y , Cheng Z, Zuo T et al. Distribution and abundance of the East 
Asian finless porpoise in the coastal waters of Shandong Peninsula, 
Yellow Sea, China. Fishes 2023; 8 :410. https://doi.org/10.3390/fishe 
s8080410 

Liu M , Lin M, Turvey ST et al. Fishers’ knowledge as an information 
source to investigate bycatch of marine mammals in the South China 
Sea. Anim Conserv 2017; 20 :182–92. https://doi.org/10.1111/acv.12 
304 

Mangel JC , Alfaro-Shigueto J, Van Waerebeek K et al. Small cetacean 
captures in Peruvian artisanal fisheries: high despite protective leg- 
islation. Biol Conserv 2010; 143 :136–43. https://doi.org/10.1016/j. 
biocon.2009.09.017 

Mangel JC , Alfaro-Shigueto J, Witt MJ et al. Using pingers to re- 
duce bycatch of small cetaceans in Peru’s small-scale driftnet fishery. 
Oryx 2013; 47 :595–606. https://doi.org/10.1017/s0030605312000 
658 

Marín Soto W , Medina Cruz A, Castillo Mendoza G et al. Atlas de 
la Pesca Artesanal del mar del Perú. Instituto del Mar del Perú. 
In: RB Guevara-Carrasco, B Arnaud (eds.), Primera ediciónedn. 
p.183. Lima, Perú: Instituto del Mar del Perú (IMARPE), Institut 
de Recherche pour le Développement (IRD), 2017.

McDonald T , Carlisle J, McDonald A et al. Rdisance: Density and 
Abundance from Distance-Sampling Surveys. 2025.

Miller DL , Becker EA, Forney KA et al. Estimating uncertainty in den- 
sity surface models. PeerJ 2022a; 10 :e13950. https://doi.org/10.771 
7/peerj.13950 

Miller DL , Burt ML, Rexstad EA et al. Spatial models for distance 
sampling data: recent developments and future directions. Meth- 
ods Ecol Evol 2013; 4 :1001–10. https://doi.org/10.1111/2041-210x. 
12105 

Miller DL , Rexstad E, Burt L et al. Density surface modelling of distance 
sampling data. In: 2.3.3 edn., 2022b. https://cran.r-project.org/web 
/packages/dsm/dsm.pdf

Miller DL , Rexstad E, Thomas L et al. Distance sampling in R. Journal 
of Statistical Software 2016;063891. https://doi.org/10.18637/jss.v 
089.i01 

Molina-Schiller D , Rosales SA, Freitas T. Oceanographic conditions off 
coastal South America in relation to the distribution of Burmeis- 
ter’s porpoise, Phocoena spinipinnis . Latin Am J Aquat Mamm 

2005; 4 :141–56.
Moore JE , Cox TM, Lewison RL et al. An interview-based approach to 

assess marine mammal and sea turtle captures in artisanal fisheries. 
Biol Conserv 2010; 143 :795–805. https://doi.org/10.1016/j.biocon 
.2009.12.023 

Moore JE , Heinemann D, Francis TB et al. Estimating bycatch mortality 
for marine mammals: concepts and best practices. Front Mar Sci 
2021; 8 :752356. https://doi.org/10.3389/fmars.2021.752356 

NOAA . Environmental research Division’s Data Access Program. In: 
National Centers for Environmental Information . 2023, https://co 
astwatch.pfeg.noaa.gov/erddap/files/. (30 January 2023, datelast ac- 
cessed).

Northridge SP , Fortuna CM. Protocol for data collection on bycatch 
and depredation In the ACCOBAMS region: a standardised method- 
ology for use in the collection of data on cetacean bycatch and depre- 
dation of nets. In: Report of the International Workshop on Bycatch 
Withing the ACCOBAMS Area : General Fisheries Council of the 
Mediterranean, 2008, 1–37.

Oakley JA , Williams AT, Thomas T. Reactions of harbour porpoise 
( Phocoena phocoena ) to vessel traffic in the coastal waters of South 
West Wales, UK. Ocean Coast Manage 2017; 138 :158–69. https: 
//doi.org/10.1016/j.ocecoaman.2017.01.003 

Ollier C , Sinn I, Boisseau O et al. Matching visual and acoustic events 
to estimate detection probability for small cetaceans in the AC- 
COBAMS Survey Initiative. Front Mar Sci 2023; 10 :1244474. https: 
//doi.org/10.3389/fmars.2023.1244474 

Ortiz-Alvarez C , Pajuelo M, Grados D et al. Rapid assessments of 
leatherback small-scale fishery bycatch in internesting areas in the 
Eastern Pacific Ocean. Front Mar Sci 2020; 6 :813. https://doi.org/10 
.3389/fmars.2019.00813 

Pajuelo M , Alfaro-Shigueto J, Romero M et al. Occurrence and bycatch 
of juvenile and neonate whale sharks ( Rhincodon typus ) in Peruvian 
Waters. Pac Sci 2018; 72 :463–73. https://doi.org/10.2984/72.4.6 

Panagopoulou A , Meletis ZA, Margaritoulis D et al. Caught in the same 
net? Small-scale fishermen’s perceptions of fisheries interactions with 
sea turtles and other protected species. Front Mar Sci 2017; 4 :180. 
https://doi.org/10.3389/fmars.2017.00180 

Paudel S , Koprowski JL. Factors affecting the persistence of endangered 
Ganges River dolphins ( Platanista gangetica gangetica ). Ecol Evol 
2020; 10 :3138–48. https://doi.org/10.1002/ece3.6102 

Peña-Cutimbo N , Córdova-Zavaleta F, Velarde-Vílchez M et al. Com- 
parative feeding analysis between the Chilean eagle ray Myliobatis 
chilensis (Philippi, 1982) and the Peruvian eagle ray Myliobatis pe- 
ruvianus (Garman, 1913) from northern Peru. Reg Stud Mar Sci 
2025; 81 :103915. https://doi.org/10.1016/j.rsma.2024.103915 

Pilcher NJ , Adulyanukosol K, Das H et al. A low-cost solution for doc- 
umenting distribution and abundance of endangered marine fauna 
and impacts from fisheries. PLoS One 2017; 12 :e0190021. https: 
//doi.org/10.1371/journal.pone.0190021 

ProDelphinus . Pro Delphinus Resources. 2025. https://www.prodelphin 
usperu.org/resources . (07 June, date last accessed).

Punt AE , Siple M, Francis TB et al. Robustness of potential biological 
removal to monitoring, environmental, and management uncertain- 
ties. ICES J Mar Sci 2020; 77 :2491–507. https://doi.org/10.1093/ic 
esjms/fsaa096 

QGIS Development Team . QGIS Geographic Information System. Open 
Source801 Geospatial Foundation Project. 2024, http://qgis.osgeo.o 
rg . (30 July 2025, datelast accessed).

R Development Core Team . R: Language and Environment for Statis- 
tical Computing . Vienna: R Foundation for Statistical Computing, 
2025. http://R-project.org 

Read AJ , Van Waerebeek K, Reyes JC et al. The exploitation of small 
cetaceans in Coastal Peru. Biol Conserv 1988; 46 :53–70. https://do 
i.org/10.1016/0006- 3207(88)90108- 5 

Read AJ . The looming crisis: interactions between marine mammals and 
fisheries. J Mammal 2008; 89 :541–8. https://doi.org/10.1644/07-m 

amm- s- 315r1.1 
Reyes JC , Brownell RL. Chapter 15–Burmeister’s porpoise Phocoena 

spinipinnis Burmeister, 1865. In: TA Jefferson (ed.), Coastal Dol- 
phins and Porpoises . Oxford, UK: Academic Press, 2025, 537–56.

Reyes JC , Van Waerebeek K. Aspects of the biology of Burmeis- 
ter’s porpoise. Report for the International Whaling Commission 
1995; 16 :349–64.

Reyes Reyes MV , Marino A, Dellabianca NA et al. Clicks of wild 
Burmeister’s porpoises ( Phocoena spinipinnis ) in Tierra del Fuego, 
Argentina. Mar Mamm Sci 2018; 34 :1070–81. https://doi.org/10.1 
111/mms.12489 

Rosa S , Milinkovitch MC, Van Waerebeek K et al. Population structure 
of nuclear and mitochondrial DNA variation among South Ameri- 
can Burmeister’s porpoises ( Phocoena spinipinnis ). Conserv Genet 
2005; 6 :431–43. https://doi.org/10.1007/s10592- 005- 4988- 9 

D
ow

nloaded from
 academ

ic.oup.com
/icesjm

s/article/82/8/fsaf144/8236360 by guest on 05 O
ctober 2026

https://doi.org/10.3389/fmars.2021.735770
https://doi.org/10.1016/j.biocon.2013.04.010
https://doi.org/10.1002/aqc.3699
https://doi.org/10.1038/s41467-023-41182-0
https://doi.org/10.1016/j.tree.2004.09.004
https://doi.org/10.3390/fishes8080410
https://doi.org/10.1111/acv.12304
https://doi.org/10.1016/j.biocon.2009.09.017
https://doi.org/10.1017/s0030605312000658
https://doi.org/10.7717/peerj.13950
https://doi.org/10.1111/2041-210x.12105
https://cran.r-project.org/web/packages/dsm/dsm.pdf
https://doi.org/10.18637/jss.v089.i01
https://doi.org/10.1016/j.biocon.2009.12.023
https://doi.org/10.3389/fmars.2021.752356
https://coastwatch.pfeg.noaa.gov/erddap/files/
https://doi.org/10.1016/j.ocecoaman.2017.01.003
https://doi.org/10.3389/fmars.2023.1244474
https://doi.org/10.3389/fmars.2019.00813
https://doi.org/10.2984/72.4.6
https://doi.org/10.3389/fmars.2017.00180
https://doi.org/10.1002/ece3.6102
https://doi.org/10.1016/j.rsma.2024.103915
https://doi.org/10.1371/journal.pone.0190021
https://www.prodelphinusperu.org/resources
https://doi.org/10.1093/icesjms/fsaa096
http://qgis.osgeo.org
http://R-project.org
https://doi.org/10.1016/0006-3207(88)90108-5
https://doi.org/10.1644/07-mamm-s-315r1.1
https://doi.org/10.1111/mms.12489
https://doi.org/10.1007/s10592-005-4988-9


Concurrent bycatch and population assessments of Burmeister’s porpoises in northern Peru 15

Salazar CM , Bandín R, Castagnino F et al. Informe: Propuestas para 
reducir conflictos e impactos a los ecosistemas dentro de la “Zona 
reservada para la pesca artesanal,” a partir del análisis de los artes 
y métodos de pesca empleados en el Perú por la flota artesanal y de 
menor escala. In: Sociedad Peruana de Derecho Ambiental , 2020.

Secchi ER , Monteiro D, Claudino R. Chapter 10–is the franciscana by- 
catch in gillnet fisheries sustainable? In: PC SimÕEs-Lopes, MJ Cre- 
mer (eds.), The Franciscana Dolphin , Oxford, UK: Academic Press, 
2022, 201–34.

Senko J , White ER, Heppell SS et al. Comparing bycatch mitiga- 
tion strategies for vulnerable marine megafauna. Anim Conserv 
2014; 17 :5–18. https://doi.org/10.1111/acv.12051 

Sucunza F , Danilewicz D, Andriolo A et al. Distribution, habitat use, 
and abundance of the endangered franciscana in southeastern and 
southern Brazil. Mar Mamm Sci 2020; 36 :421–35. https://doi.org/10 
.1111/mms.12650 

Sucunza F , Larre G, Barth A et al. Evidence of dolphin bycatch reduction 
with low-cost passive acoustic devices attached to bottom set gill- 
nets. Paper SC/69B/HIM/16 Presented to the IWC Scientific Com- 
mittee, Bled, Slovenia, April–May 2024 . 2024, 10.

Swartzman G , Bertrand A, Gutiérrez M et al. The relationship of an- 
chovy and sardine to water masses in the Peruvian Humboldt Cur- 
rent System from 1983 to 2005. Prog Oceanogr 2008; 79 :228–37. 
https://doi.org/10.1016/j.pocean.2008.10.021 

Tubbs S , Berggren P. Questionnaire surveys to investigate marine mam- 
mal fisheries bycatch: systematic review and best practice. Front 
Mar Sci 2024; 11 :1481840. https://doi.org/10.3389/fmars.2024.148 
1840 

Turvey ST , Risley CL, Moore JE et al. Can local ecological knowl- 
edge be used to assess status and extinction drivers in a threat- 
ened freshwater cetacean? Biol Conserv 2013; 157 :352–60. https: 
//doi.org/10.1016/j.biocon.2012.07.016 

Van Waerebeek K , Alfaro-Shigueto J, Montes D et al. Fisheries related 
mortality of small cetaceans in neritic waters of Peru in 1999–2001. 
International Whaling Commission, Scientific Committee Docu- 
ment SC/54/SM10 , Cambridge, 2002.

Van Waerebeek K , Reyes JC. Interactions between small cetaceans and 
Peruvian fisheries in 1988/89 and analysis of trends. Rep Int Whal 
Comm 1994a; 15 :495–502.

Van Waerebeek K , Reyes JC. Post-ban small cetacean takes off Peru: a 
review. Rep Int Whal Comm 1994b; 15 :503–19.

Van Waerebeek K , Van Bressem M-F, Félix F et al. Mortality of dolphins 
and porpoises in coastal fisheries off Peru and southern Ecuador in 
1994. Biol Conserv 1997; 81 :43–9. https://doi.org/10.1016/S0006- 
3207(96)00152-8 

Wade PR , Long KJ, Francis TB et al. Best practices for assess- 
ing and managing bycatch of marine mammals. Front Mar Sci 
2021; 8 :757330. https://doi.org/10.3389/fmars.2021.757330 

Wade PR . Calculating limits to the allowable Human-caused mortality 
of cetaceans and pinnipeds. Mar Mamm Sci 1998; 14 :1–37. https: 
//doi.org/10.1111/j.1748-7692.1998.tb00688.x 

Zerbini AN , Goetz KT, Forney KA et al. Estimating abundance of an 
elusive cetacean in a complex environment: harbor porpoises ( Pho- 
coena phocoena ) in inland waters of Southeast Alaska. Front Mar 
Sci 2022; 9 :966489. https://doi.org/10.3389/fmars.2022.966489 

Handling editor: Anita Gilles 

© The Author(s) 2025. Published by Oxford University Press on behalf of International Council for the Exploration of the Sea. This is an Open Access article distributed under the terms of the 

Creative Commons Attribution License ( https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work 

is properly cited. 

D
ow

nloaded from
 academ

ic.oup.com
/icesjm

s/article/82/8/fsaf144/8236360 by guest on 05 O
ctober 2026

https://doi.org/10.1111/acv.12051
https://doi.org/10.1111/mms.12650
https://doi.org/10.1016/j.pocean.2008.10.021
https://doi.org/10.3389/fmars.2024.1481840
https://doi.org/10.1016/j.biocon.2012.07.016
https://doi.org/10.1016/S0006-3207(96)00152-8
https://doi.org/10.3389/fmars.2021.757330
https://doi.org/10.1111/j.1748-7692.1998.tb00688.x
https://doi.org/10.3389/fmars.2022.966489
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Author contribution
	Funding
	Data availability
	References

