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Coastal soundscapes are complex systems composed of many 
biological sounds, among which fish often play a central role. 
Marine mammal vocalizations can also contribute substantially, 
either when animals pass through an area or because their loud 

calls can be heard from offshore. Sea lion colonies, known for 
their intense aerial vocalizations, may also represent a major 
sound source around breeding areas. However, how colonies 
shape the underwater acoustic environment remains poorly un- 
derstood. This study focused on the barking of California sea 
lions ( Zalophus californianus ) at Los Islotes (Gulf of California), 
to quantify diel and seasonal patterns of vocal activity and its 
interaction with the surrounding biophony. We developed an 
AI-based detector trained on BirdNET to identify major bio- 
phony components. Barks dominated the diurnal soundscape, 
while fish sounds dominated just after the end of twilight. Their 
diel peak coincided with a reduction in sea lion vocalizations. 
Fish sound abundance increased from April–May to June–July. 
Bark abundance remained stable. The negative diel correlation 
between bark and fish sound abundance highlights temporal 
partitioning among taxa, illustrating the integration of aquatic–
aerial soundscapes and demonstrating the potential of passive 
acoustics to study pinniped vocal behaviour and its interplay 
with reef biophony. 
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1. Introduction 

California sea lions ( Zalophus californianus ) breed on islands along
the eastern Pacific Ocean, from Southern California to the Baja
California Peninsula, including the Gulf of California [1 ]. Sea lion
presence begins to increase in May at the onset of the breeding sea-
son. From May through June, females give birth to a single pup and
enter oestrus approximately four weeks postpartum, after which
©2026 The Authors. Published by the Royal Society under the terms of the Creative Commons 
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use, provided the original author and source are credited. 

026/​6161163/​rsos.​252026.​pdf

https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.1098/rsos.252026&domain=pdf&date_stamp=2025-04-23
https://doi.org/10.1098/rsos.252026
mailto:xavier.raick@cornell.edu
https://doi.org/10.6084/m9.figshare.c.8598471
https://orcid.org/0000-0002-1977-0289
http://creativecommons.org/licenses/by/4.0/


2
royalsocietypublishing.org/rsos

R.Soc.OpenSci.
13:

252026
................................................................................

m eding sites, strong female mate choice 
a -type mating system [3 ]. Aggressive 
b males are about to enter oestrus [4 ]. 
T tions, particularly barking [2 ]. 

ocalizations during territory defence 
w s rely mainly on barking [6 ]. Barks 
a monic structure and an up-down-up 

f  raucous, and can be produced both 
i cks, although their function remains 
d

and sexual contexts. Barks and clicks 
p ater [8 ] and are called ’amphibious’ 
[  components, sounds can be emitted 

w  more common at high tide, when a 
l er barks are acoustically very similar, 
a  ]. A typical sequence may involve an 
a er, resurfacing to bark amphibiously 
a

a terrestrial perspective, but from an 
a e underwater soundscape, since they 
c first called the ’bio-spectrum’ [9 ], en- 
c l sounds [10 ]. In the marine environ- 
m y sounds emitted by fish [11 –13 ], in- 
v erential use of acoustic resources by 
s  Hypothesis (ANH) [20 ]. Just as the 
e imension represents a resource axis, 
t es acoustic resources (e.g. temporal, 
s efs are dominated by a fish biophony 
p  It is a ’fast pulse train’ pulse series 
w etween 400 and 1400 Hz. This sound 

t d in the northern Gulf of California 
[ h other taxa contribute locally to the 
s

olony sound like? Is it truly an inces- 
s of the underwater biophony? To try 
a l cycle of California sea lion acoustic 
a Gulf of California (Mexico), collected 

j eproductive colony in La Paz Bay re- 
g k represents a first attempt to apply 
p chnique [26 ], to track colony activity 
w season. 

2
2
T ipelago of Espiritu Santo-La Partida 
( art of a UNESCO Biosphere Reserve. 
I a with a healthy growing population 
[ 8–1981 [27 ] to 874 individuals in 2023 
[ maining stable [29 –31 ]. Los Islotes is 
a eriod extends from the last week of 
M he last week of June [32 ]. The peak of 
s he season advances [30 ,31 ,33 ]. 

north and south sides (24◦35 ́57.28“
N rders were either SNAP or LS1 units 
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ating occurs. The breeding season concludes in August. At the bre
nd male–male competition [2 ] result in a highly polygynous lek
ehaviours used to defend territories increase in intensity when fe
erritorial defence during this period is known to involve vocaliza
Unlike other otariid species, which produce a wide variety of v
hen reproductively active [5 ], breeding male California sea lion
re described as percussive sounds [6 ] characterized by a rich har
requency modulation [7 ]. Their bark is described as incessant and
n air and underwater [7 ,8 ]. In addition to barks, they can emit cli
ebated. 
During the breeding season, aerial barking is used in territorial 

roduced with the head above water can also be recorded underw
7 ]. In addition, as bulls’ territories have both terrestrial and aquatic
hen males patrol in the water or on land. Underwater barks are

arger portion of the territory is submerged [7 ]. Aerial and underwat
lthough produced with the mouth open or closed, respectively [7
nimal barking amphibiously, then submerging to bark underwat
gain, and repeating the cycle [7 ]. 
Whether produced underwater or in air may be relevant from 

quatic ecoacoustic standpoint, all these sounds are part of the sam
an both be detected underwater. The concept of the soundscape, 
ompasses biological sounds, anthropogenic noise and geophysica
ent, soundscapes typically exhibit strong diel variation, driven b
ertebrates [14 –16 ], cetaceans [17 ,18 ] or humans [17 –19 ]. The diff
pecies within an ecosystem forms the basis of the Acoustic Niche
cological niche can be defined as a hypervolume in which each d
he acoustic niche is a subset of this hypervolume that encompass
pectral and diel features) [12 ,21 ]. In the Gulf of California, rocky re
rimarily driven by a sound type referred to as ’highFPT-1’ [22 ].
ith no apparent frequency modulation, with most of the energy b

ype shares a similar pulse period with Sciaenidae sounds reporte
23 ], but differs in terms of frequency. However, the extent to whic
oundscape remains poorly understood. 
What does the soundscape near a California sea lion breeding c

ant acoustic environment, and how does it interact with the rest 
nswering these questions, this study aims to characterize the die
ctivity using underwater recordings from Los Islotes colony in the 
ust before and during the breeding season. Los Islotes is the only r
ion [24 ,25 ]. In addition to describing these soundscapes, this wor
assive acoustic monitoring (PAM), a non-intrusive monitoring te
ithout the need for land-based observations during the breeding 

. Material and methods 
.1. Sites and recordings 
he study was conducted at Los Islotes, an islet north of the Arch
La Paz Bay, Baja California Sur, Mexico), a Marine National Park p
t is known to host one of the few colonies in the Gulf of Californi
24 ]. Population size has increased from 195–209 individuals in 197
28 ]. By contrast, most colonies in Mexico are either declining or re
lso the most visited colony by tourists in Mexico [24 ]. The birth p
ay to the third week of July, with the peak of births occurring in t

uckling at this site occurs in June and decreases progressively as t
An autonomous acoustic recorder was deployed twice on the 

, 110◦24 ́6.53” W; 24◦35 ́55.17“ N, 110◦24 ́6.48” W; figure 1 ). Reco
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
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( hydrophones (sensitivity ≈ − 170 dB 

r t resolution. The recording schedule 
w as 1 min every 20 min. Because one 
d etections were rescaled to a common 
2 nts. Recorders were deployed at ap- 
p ly 10–12 m depth on the south side. 

Figure 1. Study site. Panel B is a zoom-in of panel A, and panel C is a zoom-in of panel B. Yellow stars indicate recorder deployment 
locations. N = north, S = south, A = Zone A, B = Zone B and C = Zone C. Map attributions: (A) SIO, NOAA, U.S. Navy, NGA, GEBCO, 
Landsat / Copernicus, LDEO-Columbia, and NSF; (B) SIO, NOAA, U.S. Navy, NGA, GEBCO, LDEO-Columbia and NSF; (C) Airbus. 

F  positioned at 22 m owing to stability 
c ), B (north) and C (west) versus inter- 
m redominantly occupied by territorial 
m e public-use area, where recreational 
a itted throughout the year, with the 
e , Zone C is situated in an area where 
a ntly constitute the main breeding ar- 
e e colony has expanded to the point 
t t females exhibit strong site fidelity 
w tuated in the so-called zones A and B, 
r
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Loggerhead Instruments; Sarasota, FL) connected to HTI-96-Min 
e −
 1 VμPa  1 ), recording at a sampling rate of 44.1 kHz with 16-bi
as 1 min every 10 min, except for one deployment in which it w
eployment used a 20-min recording cycle instead of 10 min, all d
0-min sampling interval to ensure comparability across deployme
roximately 8–10 m depth on the north side and at approximate
or the second deployment, the recorder at the north site had to be
oncerns. Sea lions are mainly concentrated in three zones: A (south
ediate zones ( figure 1 ). Each zone functions as a breeding area, p
ales, females and their pups. Zones A and B are located within th
ctivities such as swimming, snorkeling and scuba diving are perm
xception of the breeding season (1 June to 31 August). By contrast
ll recreational activities are prohibited [34 ]. The three zones curre
as. The intermediate zones also function as breeding areas, as th
hat the entire site is now occupied by breeding territories. Adul
ithin the colony [35 ]. The south and north deployment sites are si
espectively. 
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
 1 user
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Figure 2. Spectrogram of (A) background ambient noise, (B) sea lion barks (dotted lines highlighting one bark), (C) boat noise, (D) two 
sea lion series of clicks, and (E) five nocturnal Sciaenidae sounds. Sampling frequency = 44.1 kHz. FFT size = 2 048; Hann window; 
50% overlap. Confusion matrix for the sea lion bark detector after (F) the first independent test, (G) model improvement and second 
independent test, and (H) model improvement and third independent test. Timescale of the acoustic data collected between 1 April 
2024 and 1 August 2024 at (I) the north site, and (J) the south site. 

pril to 19 May 2024 at the north site, 
a econd deployment, recordings were 
c  27 May to 8 July 2024 on the south 
s  late April through September at Los 
I r giving birth, at which point males 
b  was conducted using data from 15 
A  ). All remaining data were used for 
t

2
A lop an AI-based automatic detector 
f ped using BirdNET software (model 
V odel. A foundation model is a large 
a ase, bird vocalizations, and adaptable 
t  is customized by modifying only the 
fi ing predictions or class probabilities 
s

2

E  data learned by a model [37 ,38 ]. This 
e le vocalizations, (step 2) generating 
e  by a human analyst [39 ]. For step 1, 
o elected from the data recorded on 16 
J  and sea lion click sounds ( figure 2 ). 
F 7 to 30 July at the north site, and from 

5 cided to maximize the independence 
o dependently on each recording day 
a ked in descending order of similarity. 
F mples were manually validated and 

e 50 bark examples, 1513 background 

e
mponent of the biophony, a detector 

w se sounds were previously described 

a emitting species is unknown. During 
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During the first deployment, recordings were collected from 4 A
nd from 4 April to 16 May 2024 on the south site. During the s
ollected from 27 May to 1 August 2024 on the north site, and from
ite. To put this into perspective, births are currently recorded from
slotes, with females entering oestrus approximately 20 days afte
egin to display territorial behaviour. The ecological investigation
pril to 14 May 2024 and from 1 June to 15 July 2024 ( figure 2I , J
raining or testing the automatic detectors ( figure 2I , J , see §2.2 ). 

.2. Acoustic analysis 
s manual analysis is highly time-consuming, we aimed to deve
or sea lion barks. A custom detector for sea lion barks was develo
2.4; Cornell University, Ithaca, NY, USA) based on a foundation m
rtificial intelligence model trained on an extensive dataset, in this c
o a wide range of applications. With a foundation model, the model
nal neural layer, which is the output layer responsible for produc
pecific to the new task [36 ]. 

.2.1. Embeddings search 

mbeddings are the lower-dimensional representations of acoustic
mbedding search involved four steps: (step 1) presenting examp
mbeddings, (step 3) measuring similarity, and (step 4) validation
ne high-signal-to-noise-ratio (SNR) example of a bark sound was s
uly, along with examples of boat noise, background ambient noise
or step 2, training data included recordings from 5 to 14 April and 1
 to 14 April and 28 to 31 May at the south site. The selection was de
f the training and testing datasets. Embeddings were searched in
nd independently at each site. For step 3, the embeddings were ran
or step 4, a maximum of 100 bark, 20 boat and 80 background exa
xtracted per recording day and per site. It resulted in a total of 33
xamples and 404 boat examples ( figure 3 ). 
As nocturnal Sciaenidae-like fish sounds were a predominant co
as trained for them using the same methodology as for barks. The
s ’highFPT-1’ [22 ]. They form a homogeneous sound type, but the 
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
 1 user
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t without fish sounds, but considered 

s A total of 1561 nocturnal Sciaenidae 
e

Figure 3. Design of the embeddings search, training and testing of the model illustrating the different steps of the AI model trained in 
BirdNet. 

2

U dding search), separate models were 
t nt noise were combined into a single 
n rameters of the model, with 50 trials 
(  bandwidth of 0–15 000 Hz. 

2

D 6 July from the north site were used 

f re used for training, 3 days for inde- 
p  (78.5%). 

tch analysis outputs with the ground 

t tection threshold (i.e. threshold for 
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he embeddings search step, negative examples (i.e. 3 s segments 
imilar in the embeddings search) were added to the noise class. 
xamples were used. 

.2.2. Training 

sing the training data (i.e. labelled classes obtained from the embe
rained for barks and clicks. For barks, boat and background ambie
oise category. Autotune was used to search for the best hyperpa
i.e. the number of training runs for hyperparameter tuning) and a

.2.3. Independent testing 

ata from 28 May at the north site, 15 May at the south site, and 1
or several independent testing rounds. In total, 38 days (19.9%) we
endent testing (1.6%) and 150 days for the ecological investigation
The model was tested on independent data by comparing its ba

ruth data obtained through manual analyses ( figure 3 ). The de
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
 1 user
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c threshold is the cut-off value to de- 
c on but reduce recall [40 ]. Improving 
r se vocal activity patterns over time. 
T  to a sample) was set to 0.5 s, and the 
s s established by visually and aurally 
i indow, 50% overlap; Cornell Univer- 
s een 272 and 1287 3-s segments with 
b  were naturally much less abundant, 
t icks and between 1176 and 1440 neg- 
a dence = 0.25, sensitivity = 1 (default 
v dwidth used previously. After each 
t ing dataset, resulting in a final total 
o ounds, precision increased from 0.91 
t r than or equal to 0.99 ( figure 2F –H ). 
A ods containing nocturnal Sciaenidae 
s e proportion of correct positive pre- 
d y identified and accuracy reflects the 
o

2

F al of 266 click examples were used 

( lly lead to false detections by the de- 
t ph) were included in the noise class. 
M  0.82 and accuracy remained greater 
t  bark detector, and its outputs should 

b r the ecological analysis. 

2
G  data presented in this study are ex- 
p ximum possible abundance is there- 
f erval. Sunset and twilight data were 
r d p -values ( α = 0.05) were calculated 

b  -test was used to compare bark abun- 
d . The same test was used to compare 
b ere made for clicks. 

3
3
I 90 ± 71.6 per 20-min interval at the 
s 81–380). Thus, when subdividing the 
b f the time in April–May. In June–July, 
t -min interval at the south site (range: 
1 gly, bark sounds were detected 72.2–
8 ly higher at the north site than at the 
s  < 0.0001) and June–July (343 versus 
2  observed at either site, with similar 
t 5, df = 90, p = 0.66; south: 290 versus 
2

nt at the north site than at the south 
s erval; t = 4.61, df = 130.63, p < 0.0001) 
a al; t = 19.68, df = 81.29, p < 0.0001). 
W ere detected 2.3–3.6% of the time in 
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lassifying a prediction as positive) was set to 0.1. The detection 
ide if a prediction is positive. Higher thresholds increase precisi
ecall is particularly important when predictions are used to analy
he minimum overlap (i.e. overlap needed to assign an annotation
ample duration (i.e. audio sample length) to 3 s. Ground truth wa
nspecting 1440 3-s sections in Raven Pro 1.6. (FFT = 2048, Hann w
ity, Ithaca, NY, USA). For barks, the testing datasets contained betw
arks and between 153 and 1168 segments without. For clicks, which
he testing datasets contained a maximum of 264 segments with cl
tive examples. Batch analysis was performed with minimum confi
alue), no overlap, no audio speed modification and the same ban
esting round, newly annotated detections were added to the train
f 4285 bark examples and 3862 ‘noise’ examples. Across testing r
o 0.94 and recall from 0.74 to 0.97, with accuracy remaining greate
 total of 266 222 3-s periods containing barks and 19 859 3-s peri
ounds were used for the ecological analysis. Precision measures th
ictions, recall quantifies the proportion of actual positives correctl
verall percentage of correct predictions. 

.2.4. Clicks 

inally, for sea lion clicks, the same process was applied. A tot
 figure 3 ). Because the pulsed nature of fish sounds could potentia
ector, pulse series from nocturnal Sciaenidae (see previous paragra
odel recall ranged from 0.82 to 0.99, precision ranged from 0.51 to

han 0.90. This model was therefore suboptimal compared with the
e interpreted with caution. A total of 6512 detections were used fo

.3. Statistical analysis 
raphs and calculations were performed in R [41 ]. All abundance
ressed as the number of 3-s segments per 20-min interval. The ma
ore 400, corresponding to the number of segments within the int
etrieved from timeanddate.com. Pearson correlation and associate
etween bark and Sciaenidae-like sound abundances. A Student’s t
ance between the two sites for April–May and again for June–July
ark abundance between the two periods. The same comparisons w

. Results 
.1. General abundance between April–May and June–July 
n April–May, the number of 3-s segments containing barks was 2
outh site (range: 171–371) and 347 ± 25.2 at the north site (range: 2
iophony into 3-s segments, bark sounds were detected 72.5–87% o
he number of 3-s segments containing barks was 289 ± 81.3 per 20
11–378) and 343 ± 69.3 at the north site (range: 74–384). Accordin
5.8% of the time in June–July. The number of barks was consistent
outh site in both April–May (347 versus 290, t = 6.39, df = 88.38, p
89, t = 4.28, df = 138.51, p < 0.0001). No monthly difference was
otals in April–May and June–July (north: 347 versus 343, t = − 0.4
89, t = − 0.049, df = 140, p = 0.96). 
Segments containing clicks were also consistently more abunda

ite, both in April–May (14.6 ± 8.05 versus 9.21 ± 5.94 per 20-min int
nd in June–July (74.6 ± 26.2 versus 11.7 ± 7.06 per 20-min interv
hen subdividing the biophony into 3-s segments, click sounds w
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
 1 user
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A ks, a marked seasonal difference was 
o –July than in April–May (74.6 versus 
1

Figure 4. Diel cycle of sea lion bark emission (plain lines) and Sciaenidae-like sounds (dotted lines) for the North site (red lines) and the 
south site (blue lines) at Los Islotes. April–May is represented with light lines, and June–July is represented with dark lines. Bark values 
are expressed as the abundance of 3-s segments per 20-min interval, while Sciaenidae sounds are shown on a relative scale in order to 
be presented in the same graph. 

ant source of biophony, nocturnal 
S rs. In April–May, the number of 3-s 
s erval at the south site (range: 10–158) 
a  the biophony into 3-s segments, such 
fi ne–July, the number of 3-s segments 
c the south site (range: 0–375) and 75.4 
± ere detected 10–18.8% of the time in 
J to June–July, more pronounced at the 
n . 

3
W ay, clear patterns emerged ( figure 4 ). 
B ay, a 25–50% decrease was observed 

b curred more rapidly at the north site 
t  sunset (occurring between 18:37 and 

1 :00). Night-time is also a known for- 
a ased around 01:00, reaching daytime 
l r of barks also declined at the begin- 
n  minimum values between 20:20 and 

2 een 19:57 and 20:09). After this low 

p se observed during April-May. 
e much more abundant in June–July 

a ase was observed between 20:00 and 

2 d showed 75–125 segments contain- 
i s decrease occurred during the same 
p

by counting the number of 3-s seg- 
m w throughout the day, except at the 

Downloaded from ro
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pril–May and 2.9–18.6% of the time in June–July. In contrast to bar
bserved at the north site, with substantially higher values in June
4.6; t = 18.58, df = 84.32, p < 0.0001). 
Besides sea lion vocalizations, which were the most abund

ciaenidae-like sounds were the second most abundant contributo
egments containing such fish sounds was 22.4 ± 25.3 per 20-min int
nd 28.3 ± 20 on the north site (range: 13.3–123). When subdividing
sh sounds were detected 5.6–7.1% of the time in April–May. In Ju
ontaining such fish sounds was 39.8 ± 80.7 per 20-min interval at 
 100 at the north site (range: 20–393). Accordingly, fish sounds w
une–July. An increase was observed at both sites from April–May 
orth site (28.3 versus 75.4) than at the south site (22.4 versus 39.8)

.2. Diel differences between April–May and June–July 
hen examining the abundance of barks as a function of time of d
arking was consistently more abundant during daytime. In April–M
etween 19:00 and 20:00 (local time), followed by a recovery that oc
han at the south site. This drop coincided with the period just after
9:05) and before the end of nautical twilight (between 19:27 and 20
ging period for female California sea lion [42 ,43 ]. Abundance incre
evels by 05:00–06:00. In June–July, the pattern differed: the numbe
ing of the night, but with a sharper reduction of 60–80%, reaching
1:00. This period followed the end of the nautical twilight (betw
oint, barking increased at both sites, reaching levels similar to tho
Clicks produced by sea lions were scarce in April–May but becam

t the north site (the open-ocean side of the islet). A marked decre
1:40, occasionally dropping to zero, whereas the preceding perio
ng click trains per 20-min interval (Supplementary materials). Thi
eriod in which bark emissions were reduced. 
The abundance of Sciaenidae-like sounds was also quantified 

ents containing them. These sounds were generally absent or lo
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
 1 user
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b 0 in April–May and between 20:30 
a ly 30 min after the end of the nautical 
t bundance was 2.2–3.2 times higher in 
J  side. This increase in Sciaenidae-like 
s  4 ). Bark abundance and Sciaenidae- 
l orrelation = − 0.50, p < 0.0001) when 
c showed that this negative correlation 
w e strongest correlation was observed 

a 01, Supplementary materials). 

4
4
T ion. First, a larger proportion of time 
w th site. 

re area of the islet. We did not record 

t lization recordings. However, previ- 
o tly more males than the south one 
( e summer seasons from 2020 to 2024, 
a ared with 3.75 ± 1.83 at the south site. 
A s are observed compared with older 
l eltered from waves) has the highest 
n

 is likely that some recordings include 
c l islet adjacent to the island and from 

t ls and narrow niches (e.g. activities 
r  correlated [45 ,46 ]. This relationship 

m ce of sea lions at the north site could 

e ite. 
lso explain part of the observed pat- 

t ost silent [47 ]. A higher proportion 
o ilar result. Behavioural context may 
a  series increases when a bull is loco- 
m urther complicated by differences in 
t t versus when stationary. Repetition 
r ies than when they are in the centre 
o  overall abundance of calls recorded. 
T duction, both aerial and underwater, 
w wo media [7 ]. Finally, barking occurs 
i , herding females, self-advertisement 
a retation of function, especially when 
c o determine whether call abundance 
i  to record male behaviour simultane- 
o

ositioning of individuals and, conse- 
q ighlighted that in zone A (south site), 
t rs upon their arrival. However, it is 
d ht but not during the daytime, since 
a search is therefore necessary at night, 
a ng is presumed, as copulations have 
n

rking during the daytime is similar 
b not known to vary during this period 

(  2010 to 2024), with peak values in 
J he cold season, subadult males arrive 
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eginning of the night when a peak was observed at 20:00–20:3
nd 21:00 in June–July. This peak reached its maximum approximate
wilight (April–May: 19:27–20:00, in June–July: 19:57–20:09). Peak a
une–July than in April–May and lasted slightly longer on the north
ounds coincided with the decrease in sea lion vocalizations ( figure
ike abundance were significantly negatively correlated (Pearson c
onsidering all sites and seasons together. A more detailed analysis 
as evident at all sites during June–July, but not in April–May. Th
t the north site in June–July (Pearson correlation = − 0.68, p < 0.00

. Discussion 

.1. Site differences 
wo main patterns were observed in the diel pattern of bark emiss
as occupied by bark vocalizations at the north site than at the sou
This may reflect a higher number of individuals using this offsho

he number of males present at each site at the time of the voca
us observations indicate that the north site generally hosts sligh
CJ Hernández-Camacho 2025, personal communication). During th
n average of 5.5 ± 3.07 males were recorded at the north site, comp
s the number of individuals has varied over the years, difference
iterature, which reported that the south site (Zone A, the most sh
umber of adult females during the breeding season [33 ,44 ]. 
In addition, there are males vocalizing all around the island, so it

alls from the males located there, as well as from those on the smal
he intermediate B-C site. In ecology, low abundance of individua
estricted to precise time windows) are often considered positively
ay also apply to acoustic niches [12 ,21 ]. Thus, the higher abundan
xplain why bark vocalizations spanned longer than at the south s
Alternatively, differences in vocal activity among males could a

erns, as submissive males are known to be less vocal or even alm
f highly vocal males at one site would, therefore, produce a sim
lso influence vocal output. For example, the number of barks per
oting compared with when it is stationary [6 ], although this is f

he proportion of aerial versus underwater calls during movemen
ate is also more rapid when bulls are at their territorial boundar
f their territories [6 ], suggesting that territory size could affect the
he system is further complicated by the dual medium of bark pro
ith repetition rates differing by up to a factor of two between the t

n multiple behavioural contexts, including chasing male intruders
nd patrolling territorial borders [6 ], which complicates the interp
ompared with species possessing a broader vocal repertoire [5 ]. T
s related to the rate of agonistic interactions, it would be necessary
usly with vocalizations. 
The configuration of the site could explain differences in the p

uently, in the recording of sounds underwater. Previous research h
he rocks prevented sea lions from seeing or hearing the researche
ifficult to understand why differences would be observed at nig
bundances were equivalent between sites during the day. More re
 period when foraging is known to occur and during which mati
ot been observed during daylight hours [42 ]. 
Finally, it is not surprising that the proportion of time spent ba

etween April–May and June–July, as the number of adult males is 
15–34 individuals during the breeding season, based on data from
anuary for males and in February–March for subadults [27 ,48 ]. In t
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
 1 user



9
royalsocietypublishing.org/rsos

R.Soc.OpenSci.
13:

252026
................................................................................

a la, which explains the increase in this 
a

4
T  activity (both barks and clicks) that 
c s represents a correlation rather than 
a ses may be proposed to explain this 
p

e two taxa, and according to theories 
s he use of the soundscape. Such pat- 
t it sounds simultaneously [12 ,21 ,49 ]. 
P xample, in marine mammals, sound 

m w acoustic niche; killer whales adjust 
t g at similar frequencies, are acousti- 
c f this hypothesis is that while barks 
a s production, the reverse is not nec- 
e Thus, competition for acoustic space 
c  of barks emitted in underwater ver- 
s  be assessed with the current dataset. 
H k of Sciaenidae sounds, appear to be 
p

 in alternative activities that involve 
r  islet for foraging). Because the iden- 
t  [22 ], it is not possible to determine 
w nown to travel more than 60 km away 
f lored further at present. However, it 
i o appear at sites without sea lions, in- 
d s of both taxa fall within each other’s 
h sounds for interception possible. 

espite the observed correlation. Low- 
f ergence of signals to optimize com- 
m sis. While a detection bias could be 
c uld have remained clearly visible in 
s

4
S Zones A and B are the two primary 
a e most popular activity, followed by 
s strictions, such as the prohibition of 
s  sea lions appear to be habituated to 
t ecommended to detect any potential 
c urism-related activities [34 ]. In this 
c both underwater and aerial sea lion 
a c and the presence of divers [26 ,52 ]. 
H isturbances at the breeding site with 
P  to the effective number of (distinct) 
v

E land where sea lions reside (not on the is- 
l nt is required according to both university 
a ot require an ethics permit. Additionally, 
t and retrieved afterward. We did not visit 
t essary. 
D
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t Los Islotes from the western coast of the Baja California Peninsu
ge class [27 ,48 ]. 

.2. Diel and seasonal differences 
he second observation is the sharp reduction in sea lion acoustic
oincides with the peak of Sciaenidae sound production. While thi
 causal relationship, it remains highly intriguing. Several hypothe
attern. 
There is a substantial overlap in the frequencies produced by th

uch as the ANH, temporal partitioning may occur to optimize t
erns are known in marine biophonies where many fish species em
artitioning can also take forms other than diel separation. For e
odulation has been shown as a possible adaptation to exploit a ne

heir vocalizations when leopard seals, another predator vocalizin
ally present during certain periods of the year [50 ]. A limitation o
re readily detected underwater, partly owing to their amphibiou
ssarily true; fish sounds may not be effectively perceived in air. 
ould occur only underwater. One possibility is that the proportion
us in air changes during this specific time window, but this cannot
owever, unlike barks, clicks, which also decreased during the pea
urely underwater vocalizations [8 ]. 
The second hypothesis builds on the first: sea lions may engage

educed barking during this specific time window (e.g. leaving the
ity of the fish species producing the sounds is currently unknown
hether these are of interest to sea lions, especially as sea lions are k

rom the colony to forage [43 ,51 ], and this hypothesis cannot be exp
s important to note that such patterns of Sciaenidae-like sounds als
icating a correlation rather than causation. Nevertheless, the sound
earing range, making the theoretical use of these communication 
A final possibility is that the two phenomena are independent, d

requency sounds propagate efficiently underwater, and the conv
unication is a central idea of the Acoustic Adaptation Hypothe
onsidered, masking is unlikely to explain the pattern, as barks wo
pectrograms during nocturnal sound emission. 

.3. Conservation bioacoustics 
ea lion watching is one of the main tourist activities in La Paz. 
nchorage areas at Los Islotes, where sea lion watching ranks as th
norkeling and scuba diving [24 ]. Protection measures include re
cuba diving and snorkeling during the breeding season. Although
he presence of boats, continued monitoring of the population is r
hanges in colony size and to understand potential impacts of to
ontext, PAM appears as a potentially valuable tool for tracking 
ctivities, as well as anthropogenic disturbances such as boat traffi
owever, further research is needed both to track anthropogenic d
AM and to establish a cue rate linking the number of individuals
ocalizations. 

thics. The data consist of underwater acoustic recordings made near the is
and itself). No animals were used in this study. Therefore, no ethics stateme
nd Mexican standards, as passive acoustic monitoring of pinnipeds does n
he recorders were deployed before the beginning of the breeding season 
he site during the breeding season, so no additional authorization was nec
ata accessibility. Data are openly accessible at [53 ]. 
Supplementary material is available online [54 ]. 
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​252026/​6161163/​rsos.​252026.​pdf
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