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Abstract
The monitoring of bird species across their geographic ranges is essential in order 
to assess population status and trends and to inform conservation action. However, 
undertaking monitoring, particularly in the long-term, is often resource-intensive 
and costly. In recent years, the use of passive acoustic monitoring (PAM) has 
emerged as a useful monitoring tool. Birds are especially appropriate for bioacoustic 
monitoring because they regularly produce species-specific vocalizations. Here we 
report on pilot deployments of autonomous recording units (ARUs) on the island of 
Anguilla. ARUs were deployed for up to 7 days and the recorded data was subject 
to analysis by BirdNET, an automated bird recognition software. BirdNET identified 
43,655 vocalizations from 75 species, of which 48 species were confirmed manually 
(27 were identified as false positives). The cumulative number of species recorded 
plateaued after approximately 3 days of recording and the highest level of activity 
(peak number of vocalizations) were found between 0400–0900 and 1800–1900. 
When compared to point counts, PAM identified more species at each site but did not 
record any species that had not been previously recorded in Anguilla. We conclude 
that PAM can serve as a useful tool for monitoring the presence of birds, particularly 
at remote sites where access may be difficult, and could prove to be valuable in the 
establishment of long-term monitoring programs.
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Resumen
Monitoreo acústico pasivo de aves en las Antillas Menores: ¿una herramienta útil 
para el monitoreo de sitios remotos? • El monitoreo de las especies de aves en toda 
su área de distribución geográfica es esencial para evaluar el estado y las tendencias 
poblacionales, y para fundamentar las acciones de conservación. Sin embargo, 
llevar a cabo el monitoreo, particularmente a largo plazo, a menudo requiere 
muchos recursos y es costoso. En los últimos años, el uso del monitoreo acústico 
pasivo (PAM) se ha revelado como una herramienta útil para el monitoreo. Las aves 
son especialmente apropiadas para el monitoreo bioacústico, porque producen 
regularmente vocalizaciones especie-específicas. Aquí presentamos un informe 
sobre la implementación piloto de unidades de grabación autónomas (ARU) en la isla 
de Anguila. Las ARU se utilizaron durante un máximo de 7 días y los datos registrados 
se analizaron con BirdNET, un software de reconocimiento automático de aves. 
BirdNET identificó 43.655 vocalizaciones de 75 especies, de las cuales 48 especies 
se confirmaron manualmente (27 se identificaron como falsos positivos). El número 
acumulado de especies registradas se estabilizó después de aproximadamente 3 días 
de grabación, y el nivel más alto de actividad (número máximo de vocalizaciones) se 
encontró entre las 0400–0900 y las 1800–1900. En comparación con los puntos de 
conteo, el PAM permitió identificar más especies en cada sitio, pero no se encontró 
ninguna que no se hubiera registrado previamente en Anguila. Concluimos que el 
PAM puede servir como una herramienta útil para monitorear la presencia de aves, 
particularmente en sitios remotos donde el acceso puede ser difícil, y que podría 
resultar valioso en el establecimiento de programas de monitoreo a largo plazo.
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Understanding the response of biodiversity to management, 
land use, and climate change is a major global challenge but is 
essential to halt the decline of biodiversity (Bretagnolle et al. 
2018). Monitoring the status and trends in animal diversity and 
population levels of indicator species is critical in assessing eco-
system health, identifying conservation priorities, and guiding 
decision making (McComb et al. 2010, Fitzpatrick and Rodewald 
2016). Birds are widely used as monitoring targets because they 
live in most environments and occupy almost every niche within 
those environments. They are also generally more conspicuous 
relative to other taxa that could be sensitive to similar ecolog-
ical factors (Uliczka and Angelstam 2000, Solomou and Sfoug-
aris 2015, Zingg et al. 2018, Plaza and Lambertucci 2019, Kahl 
et al. 2021). Systematic monitoring of bird species across their 
geographic ranges, including breeding and wintering sites and 
migration routes, is a critical part of conservation, but it is often 
resource-intensive, costly, and difficult to organize and maintain 
in the long-term (Neate-Clegg et al. 2020). However, without 
baseline data and systematic annual and long-term monitor-
ing, species can relatively easily slip away unnoticed or decline 
so rapidly that it is hard to re-establish or conserve populations. 
Unfortunately, this was the case for the Bahama Nuthatch (Sit-
ta insularis) which experienced a large decline that likely com-
menced sometime after the late 1960s but was only detected in 
2007, when extensive surveys on Grand Bahama resulted in very 
few sightings (Lloyd and Slater 2011). A concerted search effort 
on Grand Bahama in 2018 resulted in only 1–2 individuals being 
recorded (BirdLife 2023). 

There are many examples from the Caribbean where long-
term monitoring has been established and the data collected 
has proved to be invaluable for conservation management pur-
poses. One example is the impressive 20+ year monitoring pro-
gram that focuses on the Critically Endangered Grenada Dove 
(Leptotila wellsi). This long-term monitoring program revealed 
a severe population decline primarily caused by the occurrence 
of severe storms, habitat loss, small scale agriculture, and fire 
(Rusk 2017). There are also regional initiatives, such as BirdsCa-
ribbean’s annual Caribbean Waterbird Census (CWC). Since the 
beginning of the CWC in 2010, over 200 people from 21 countries 
in the region have surveyed more than 700 areas. Data collected 

by the CWC has been used to identify important shorebird areas 
and support their protection (Cañizares and Reed 2020). 

Most bird monitoring is undertaken in the field using tech-
niques such as point and transect counts (Bibby et al. 2000) and 
distance sampling (Buckland et al. 2005). These methods have 
been used regionally in long-term monitoring programs such as 
those that focused on the Grenada Dove (Rusk 2017) and Mont-
serrat Oriole (Icterus oberi; Oppel et al. 2014). Capture-mark-re-
capture surveys are also of value (White and Burnham 1999) and 
include the work conducted by Lloyd et al. (2016) who analyzed 
temporal trends in mist-net capture rates of resident and over-
wintering Nearctic-Neotropical migrants in the Dominican Re-
public. Recent publications have also highlighted the value of 
data collected by citizen scientists. For example, in the Bahamas, 
10 years of data submitted to eBird (eBird 2021) was analyzed 
to predict the occurrence of Bahamian bird species. During this 
analysis, 56 island populations were identified as having been 
unreported in recent years, thus flagging these populations as 
either potentially declining or extinct and meriting follow-up 
searches (Bagwyn et al. 2020). In addition to these more con-
ventional survey methods, technological advances have made 
the use of electronic bioacoustic methods which utilize autono-
mous sound recording devices, an increasingly popular tool for 
monitoring birds (Acevedo and Villanueva-Rivera 2006, Bardeli 
et al. 2010, Shonfield and Bayne 2017). 

Birds are especially appropriate for bioacoustic monitor-
ing because they regularly emit species-specific vocalizations 
(Obrist et al. 2010). Passive acoustic monitoring (PAM) provides 
a powerful approach to collecting species data noninvasively, 
continuously, and simultaneously across multiple sites for ex-
tended periods (Sugai et al. 2019). Moreover, because acoustic 
data provide a permanent record of the survey period, they of-
fer detailed information that can be used to address a variety of 
objectives, from studying rare, inconspicuous species to moni-
toring behavior to assessing phenological and temporal trends 
(Acevedo and Villanueva-Rivera 2006, Brandes 2008, Blum-
stein et al. 2011, Celis-Murillo et al. 2012, Lellouch et al. 2014, 
Sidie‐Slettedahl et al. 2015, Thompson et al. 2017, Darras et al. 
2018). While globally PAM has become a relatively widely used 
tool for the monitoring of birds, there are only a few examples 

Résumé 
Suivi acoustique passif des oiseaux dans les Petites Antilles – Un outil utile pour le suivi de sites éloignés ? • Le suivi des espèces d’oiseaux 
sur l’ensemble de leur aire de répartition géographique est essentiel pour évaluer l’état et les tendances des populations et pour orienter les 
mesures de conservation. Toutefois, la mise en œuvre d’un suivi, en particulier à long terme, est coûteuse et nécessite souvent des ressources 
importantes. Ces dernières années, le suivi acoustique passif (PAM – passive acoustic monitoring) est apparu comme un outil de suivi utile. Les 
oiseaux se prêtent particulièrement bien au suivi bioacoustique, car ils émettent régulièrement des vocalisations propres à leur espèce. Nous 
présentons ici le déploiement pilote d’unités d’enregistrement autonomes (ARU – autonomous recording units) sur l’île d’Anguilla. Les unités 
ont été déployées pendant 7 jours et les données enregistrées ont été analysées par BirdNET, un logiciel de reconnaissance automatique des 
oiseaux. BirdNET a identifié 43 655 vocalisations de 75 espèces, dont 48 espèces confirmées manuellement (27 ont été identifiées comme faux 
positifs). Le nombre cumulé d’espèces enregistrées a atteint un plateau après environ 3 jours d’enregistrement et le niveau d’activité le plus 
élevé (nombre maximal de vocalisations) a été observé de 04h00 à 09h00 et de 18h00 à 19h00. En comparaison avec les points d’écoute, le 
suivi acoustique passif a identifié plus d’espèces sur chaque site, mais n’a pas enregistré d’espèces qui n’avaient pas été contactées auparavant 
à Anguilla. Nous concluons que le suivi acoustique passif peut être un outil utile pour suivre la présence d’oiseaux, en particulier sur les sites 
éloignés où l’accès peut être difficile, et qu’il pourrait s’avérer précieux pour la mise en place de programmes de suivi à long terme. 
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of its application within the Caribbean region. Most bird-related 
bioacoustic work in the region has focused on single species or 
single sites over short periods of time. For example, in Grenada, 
PAM was used to investigate song plasticity in Grenada’s House 
Wren population (Troglodytes aedon grenadensis; Cyr et al. 2020) 
while Campos-Cerqueira and Aide’s (2017) study utilized PAM to 
evaluate the effect that elevational gradients have on the distri-
bution and composition of birds and frogs in Puerto Rico.

The island of Anguilla, a UK Overseas Territory located in the 
northern Lesser Antilles (Fig. 1), boasts one of the most compre-
hensive and longest-running wetland bird monitoring programs 
in the region (Lloyd and Mukhida 2021). The Anguilla bird mon-
itoring program was established in 2005 and records birds pres-
ent at 26 wetland sites on a monthly basis. To date, 112 species 
have been recorded during monthly counts and data have been 
used to inform the designation of Important Bird and Biodiver-
sity Areas (BirdLife International 2021) as well as to inform plan-
ning and development proposals. While there has been a great 
deal of effort placed on the monitoring of wetland and terrestri-
al birds on Anguilla’s mainland, the offshore cays have been less 
intensively studied. This is, in part, due to logistical difficulties in 
accessing the islets, particularly during the winter months when 
sea conditions are not favorable and the cost of boat transporta-
tion to the cays is relatively high.

In recent years, the Anguilla National Trust has led on several 
initiatives with the aim of restoring Anguilla’s offshore cays. Is-
land restorations have included a rat eradication on Dog Island 
(Bell and Daltry 2014) and Prickly Pear Cays, and a mouse erad-
ication and subsequent habitat revegetation initiative on Som-
brero Island with the hope that biodiversity will flourish and be-
come more resilient. As part of these restoration projects, data 
have been collected on breeding seabirds and turtles, and area 
and point counts of wetland and terrestrial birds, respectively, 
have been undertaken on an annual basis. However, there is still 
a lack of data on the presence and abundance of terrestrial and 
wetland bird species within and between years on the offshore 
cays. To improve our understanding of wetland and terrestrial 
bird populations, the use of PAM was suggested as an economi-
cal method that could be used to establish long-term bird moni-
toring at these relatively inaccessible sites.

Before embarking on the use of PAM for long-term monitoring 
of Anguilla’s offshore cays, we piloted the use of this approach 
on mainland Anguilla with the following objectives: (1) to ascer-
tain if avian species richness recorded on autonomous record-
ing units (ARUs) was comparable to that recorded during point 
counts; (2) to determine the optimum number of recording days 
required to represent the species present; and (3) to determine 
the optimum times of day to record data. Here we present the 
results of pilot field tests of ARUs on mainland Anguilla.

Methods
Comparing Bird Species Recorded by Passive Acoustic Moni-
toring and Fixed-Point Counts 

Field Deployment.—During the fall migration period between 
8–14 September 2020, we deployed five ARUs (SwiftOne, Cor-
nell Lab of Ornithology, Ithaca, NY, USA) at six sites for up to 7 
days on mainland Anguilla (Fig. 2, Table 1). Two of the deploy-
ment sites were located within dry forest while the others were 

deployed in wetland habitats. ARUs were set to record at 48 
kHz sampling rate and 16-bit resolution (WAV format) between 
0400–0800 and 1600–2000. The microphone had a sensitivity 
of -25 dB re 1V/Pa and a flat frequency response (± 3dB) in the 
frequency range 100 Hz 10 kHz. The amplification was set to 35 
dB and the clipping level of the analog-to-digital converter was 
± 0.9 V. ARUs were strapped to a tree trunk ~1 m from ground 
level. 

Point counts were undertaken by one to two trained observers 
accompanied by a data recorder between 0600–0800 on 20 Au-
gust 2020 and 20 September 2020 at six sites (West End Pond, 
Road Salt Pond, Road Salt Terrestrial, Katouche Forest, Ka-
touche Pond, and Savannah Pond). These were the same sites at 
which the ARUs were deployed (Fig. 2). Within each site, count 
stations were located within 10 m of a deployed ARU. Counts 

Fig. 1. Location of Anguilla and its offshore cays within the wider 
Caribbean.

Fig. 2. Deployment sites of autonomous recording units (ARUs) 
in Anguilla. ARUs were placed at each site for up to 7 days be-
tween 8–14 September 2020. Point counts were also undertaken 
at these sites. The site at Forest Pond was only used for deter-
mining optimum deployment times. 
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Table 1. Site characteristics and survey efforts across sites in Anguilla. Autonomous recording units (ARUs) were generally deployed 
to record between 0400–0800 and 1600–2000 for up to 7 days. Point counts were performed on two dates (20 August 2020 and 20 
September 2020) per site. 

Site
Latitude,

Longitude
Predominent Habitat 

Type
Dates of ARU 

Recording Hoursa
Dates of Point Count 

Recordings Durationb

West End Pond
18° 9'55.3"N,
63°9'26.6"W 4-ha brackish pond 8–14 September 2020 48

20 August 2020
20 September 2020

00:27
00:30

Road Salt Pond
18°12'11.5"N,
63°05'1.0"W 41-ha salt pond 11–14 September 2020 24

20 August 2020
20 September 2020

00:54
01:03

Road Salt Terrestrial
18°12'12.8"N,
63°05'1.0"W Coastal scrub/dry forest 11–14 September 2020 28

20 August 2020
20 September 2020

00:05
00:07

Katouche Forest
18°12'42.1"N,
63°04'26.2"W Dry forest 08–12 September 2020 36

20 August 2020
20 September 2020

00:11
00:13

Katouche Pond
18°12'42.1"N,
63°04'26.2"W 0.2-ha brackish pond 08–12 September 2020 36

20 August 2020
20 September 2020

00:11
00:03

Savannah Pond
18°10'31.5"N,
63°07'24.8"W  3-ha brackish pond 08–14 September 2020 56

20 August 2020
20 September 2020

00:26
00:19

Forest Pond
18°11'45.4"N,
63°02'54.3"W 2.7-ha brackish pond 20–23 May 2021c 72 N/A N/A

Road Salt Pond
18°12'11.5"N,
63°05'1.0"W 41-ha salt pond 20–23 May 2021c 72 N/A N/A

a Total number of recorded hours
b Length of Time spent conducting point count (hh:mm)
c ARUs deployed continuously for 72 hr

were conducted according to the methods of Lloyd and Mukh-
ida (2021). At each point, the observer used binoculars to scan 
the total area of visible habitat. All birds seen, heard, and flying 
over were recorded during each survey period that lasted up to 
1 hr (Table 1). If two observers recorded data, the highest count 
was used. 

Data Analysis.—Following the retrieval of the ARUs, data 
were downloaded and compressed to FLAC format using the 
audio file management software Sox-o-matic (www.birds.cor-
nell.edu/ccb/sox-o-matic/). Data were then subjected to analysis 
using the BirdNET algorithm, software that can identify more 
than 3,000 of the world’s most common bird species by sound, 
including all of the most common resident and migratory birds 
previously reported from Anguilla (Kahl et al. 2021). The result-
ing output file identified bird vocalizations and assigned them 
to a species from the BirdNET database with a corresponding 
confidence score (Kahl et al. 2021). Data were filtered manually 
to only show vocalizations that had a confidence score > 50% 
and were then sorted by the date and time of the recording. For 
the first record of any new species, the identified sound file was 
opened in Raven Pro 1.6 (K. Lisa Yang Center for Conservation 
Bioacoustics 2019) to view the spectrogram of the vocalizations 
and listen to the recording. Both the spectrogram and sound 
were compared with spectrograms and sound recordings ar-

chived in the Macaulay Library (macaulaylibrary.org; Appendix 
1 for example). For those vocalizations that were not easily iden-
tifiable audibly or by their spectrograms (e.g., when there may 
have been overlap with other bird vocalizations), we moved to 
the next date and time that that species was identified by Bird-
NET and again viewed the spectrogram and listened to the vo-
calizations until we could confirm that the species was present. 

We assessed the results of PAM against point count surveys by 
comparing the suite of species detected and calculating species 
richness.

Determining Optimum Deployment Periods
While the collection of acoustic data is not time-intensive, the 

time required for manual review of detections will ultimately 
limit the amount of data that can be reviewed, even if sound rec-
ognition software such as BirdNET is used. A balance should be 
achieved between the accuracy and representativeness of the 
data and the amount of time required for analysis.  

Optimum Number of Days for ARU deployment.—To deter-
mine how much sampling time would be required to capture 
most species present at the six study sites (Fig. 2), we plotted 
the cumulative number of species (species richness) recorded 
during each day of deployment at the six sites and plotted cu-
mulative totals for the 7 deployment days.  
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Optimum Time of Day for ARU deployment.—In temperate 
regions, it is widely reported that birds are most vocal in the 
hours following sunrise and again prior to sunset (Robbins 1981, 
Berg et al. 2006). Thus, to determine the optimum times of day 
or night that would capture the highest levels of vocal activity at 
our study sites, we deployed ARUs at two wetland sites, namely 
the Forest Pond and Road Salt Pond between 20–23 May 2021 
(Fig. 2, Table 1). Devices were set to record for the first 10 min of 
every hr for a 72-hr period. The number of vocalizations in each 
10-min recording period were counted manually by listening to 
and viewing the recordings in RavenPro 1.6. 

Results
Comparing Bird Species Recorded by PAM and Fixed-Point 
Counts 

Across six sites representing 228 hr of recordings, BirdNET 
detected 43,655 bird vocalizations and identified 75 species. We 
confirmed the presence of 48 of these species by visual assess-
ment of spectrograms, meaning that 27 species were misidenti-
fied by BirdNET. No sites contained all 48 species, and the num-
ber of species present at each site ranged from 8 to 38 (Appendix 
2). We detected a total of 35 species during a total of 4 hr 29 min 
of point count surveys at the six sites. No sites contained all 35 
species, and the number of species at each site ranged from 1 to 20 
(Appendix 2). Nine species were only recorded during point counts 
while 22 species were only recorded by the ARUs (Appendix 2). 

Optimum Deployment Periods
Optimum Number of Days.—The ARUs were set to record for 

up to 7 days between the hours of 0400–0800 and 1600–2000. 
The cumulative number of species recorded at each site ap-
peared to plateau after 2–4 days, with the steepest rise in the 
cumulative number of species occurring within the first 3 days of 
deployment (Fig. 3).

Optimum Time of Day.—Peak number of vocalizations were 
recorded between 0400–0700 for the Forest Pond site (Fig. 4a) 
and between 0500–0900 for Road Salt Pond (Fig. 4b). The great-
est number of species was recorded between 0500–0900 at the 
Forest Pond site (Fig. 4c) and between 0600–0900 at Road Salt 
Pond (Fig. 4d), with a second smaller peak in activity between 
1700–1900 at both sites. There was almost no activity between 
2000–0400 at the Road Salt Pond site, whereas there were low 
levels of activity recorded throughout the night at the Forest 
Pond site. All species recorded were identified as being present 
both during the dawn and dusk recording sessions. 

Discussion
This study set out to ascertain if avian species richness re-

corded on autonomous recording units was comparable to that 
recorded during point counts, and to determine the optimum 
number of recording days required to represent the species 
present and the optimum times of day to record data. ARUs 
in this study recorded more than 43,000 bird vocalizations  

Fig. 3. Cumulative number of species recorded by passive acoustic monitoring devices at six sites in Anguilla. Data were recorded 
during the morning (0400–0800) and evening (1600–2000) between 8–14 September 2020.
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representing 48 species, while point counts recorded 35 spe-
cies. Neither monitoring method performed perfectly. Notably, 
several small wading species were detected by ARUs but not by 
point counts, including Wilson’s Plover (Charadrius wilsonia), Wil-
son’s Snipe (Gallinago delicata), Solitary Sandpiper (Tringa soli-
taria), and White-rumped Sandpiper (Calidris fuscicollis). These 
species have only been recorded occasionally in Anguilla in low 
numbers or as solitary birds, so it is feasible to assume they were 
simply not visible during point counts. Similarly, several terres-
trial species including the Mangrove Cuckoo (Coccyzus minor), 
Black-faced Grassquit (Tiaris bicolor), Caribbean Elaenia (Elaenia 
martinica), Gray Kingbird (Tyrannus dominicensis), Yellow War-
bler (Setophaga petechia), and Belted Kingfisher (Megaceryle al-
cyon), while commonly sighted in Anguilla, were only recorded 
by ARUs and not by point counts. The short duration of the point 
counts could feasibly account for the lack of detections of these 
species. In contrast, point counts recorded several species that 
ARUs missed, including the American Flamingo (Phoenicopterus 
ruber) and Pied-billed Grebe (Podilymbus podiceps) (both detect-
ed as solitary individuals), Brown Pelican (Pelecanus occidenta-
lis), Caribbean Martin (Progne dominicensis), and Magnificent 
Frigatebird (Fregata magnificens) (all flying over the study site). 
It is feasible that these species were either not particularly vocal 
during the surveys given their low numbers or, as they are fairly 
conspicuous, could be observed from a greater distance during 
point counts but were too far from the ARUs for a vocalization 
to be detected. As seen in previous studies (Sedláček et al. 2015, 

Darras et al. 2018), the number of bird species and bird diversity 
recorded by PAM was higher but comparable to that recorded 
during fixed point visual counts.  

The number of species recorded by ARUs appeared to plateau 
towards day 3 of deployment and there were no new species re-
corded outside of dawn and dusk periods. These results suggest 
that ARU deployment periods of up to 5 days with recording 
occurring during times of peak activity (dawn and dusk) would 
capture the majority of species present at our sites. However, 
our data were collected over the course of up to 7 days during 
fall and spring migration and may not reflect conditions during 
other seasons, either in Anguilla or other parts of the Caribbean. 
The optimal time of day for monitoring and optimal length of 
the monitoring period needed to capture species diversity could 
vary due to many factors, including season and habitat type. 
For example, using ARUs, Ehnes et al. (2018) found that species 
richness of breeding Canadian woodland birds was greater in 
May (early breeding season) compared to June (late breeding 
season). Thus, longer-term deployments could also be advan-
tageous, and practical to conduct given the long battery life of 
most ARUs, to monitor changes in species composition within 
and between years. To this point, Frommolt (2017) deployed 
ARUs over a three-month period at a wetland restoration site in 
northeastern Germany to determine the presence of migratory, 
breeding, and rare vagrant bird species.

There are benefits and constraints to all types of monitoring 
(Tompkins 2012). Fixed point counts are useful because they 

Fig. 4. Avian activity at two sites in Anguilla (Forest Pond and Road Salt Pond) between 20–23 May 2021 represented by the number 
of (a, b) vocalizations and (c, d) species detected by autonomous recording units. Each bar represents the mean (± SE) number of 
vocalizations or species recorded during a 10-min period at the start of each hour for 3 consecutive days.



Passive Acoustic Monitoring for Remote StudiesSoanes et al. 2023. Vol. 36:62–74

Journal of Caribbean Ornithology Page 68 

provide an estimate of species’ relative abundance, which can 
help to determine the importance of sites and makes it possible 
to identify trends over time (Latta et al. 2017). However, fixed 
point monitoring is usually undertaken over a short time period; 
in the case of the Anguilla National Trust’s wetland bird moni-
toring program, counts are conducted monthly for up to 60 min 
at each site. Thus, each count only provides a snapshot of bird 
activity. In contrast, ARUs can record for much longer periods 
but only record the species present that can be detected aural-
ly and not the number of individual birds, although the num-
ber of detected vocalizations may still be an indicator of abun-
dance (Towsey et al. 2014). It can therefore be difficult to gauge, 
through ARUs, whether a site is being used by a few birds or a 
few hundred birds. PAM, however, may provide data to support 
the development of more in-depth field data collection. For ex-
ample, if a rare species is recorded by an ARU at any given site, 
then more in-depth field studies are warranted to gather more 
information on that species (Zhong et al. 2021).

One of the major advantages of PAM is its potential to collect 
data over longer time periods. For example, Campos-Cerqueira 
et al. (2021) reported on the use of PAM for the long-term moni-
toring of bird occupancy in a neotropical forest over a 17-yr peri-
od. However, this can also become a disadvantage with the vol-
ume of data collected often presenting challenges for storage, 
documentation, and analysis (Gaunt et al. 2005, Darras et al. 
2018). Some studies overcome this by randomly selecting short-
er segments of data from hours of recordings for further analysis 
(Wimmer et al. 2013), while others focus efforts on just one or 
a few species that can be easily detected by scrolling through 
spectrograms. In our study, the ARUs were set to record for 8 hr 
per day for up to 7 days and resulted in 228 hr of data recording, 
and more than 43,000 vocalizations identified by the BirdNET 
software. Full manual analysis of these vocalizations would rep-
resent a huge challenge, and, for most projects, the amount of 
time required for manual analysis and the level of experience 
required to allow for rapid bird vocalization identification is not 
available. The use of automated sound analysis software such as 
BirdNET has revolutionized the analysis of acoustic data and has 
decreased time for analysis dramatically (Kahl et al. 2021). While 
no sound recognition software is perfect and will always include 
some degree of misidentification of vocalizations—meaning 
that it should not be used without additional manual analysis—
programs such as BirdNET make the use of PAM for long-term 
monitoring much more achievable (Wood et al. 2020). BirdNET 
does not yet include sounds from every bird species, particularly 
when considering Caribbean endemics. In addition, even if the 
BirdNET software did hold vocalizations for all bird species oc-
curring in the Caribbean region, it may not yet hold adequate re-
cords (examples) of local dialects to enable accurate automatic 
detection of these species. While ARUs recorded more species 
than point count observations during this pilot study, they did 
not capture any species that we would not expect to find on 
Anguilla and that had not previously been recorded in Anguilla 
by the Anguilla National Trust during point counts at other sites 
or at other times of the year. This indicates that the chances of 
an ARU completely missing a species through misidentification 
may not be a major concern in this study. Along with the misin-
terpretation of anthropogenic noise (such as dogs barking and 

car horns), the primary cause of misidentification in this study 
was due to segments of song from birds with relatively diverse 
or similar vocal ranges being misidentified as a closely related 
North American-occurring species rather than a Caribbean re-
gional endemic. For example, while being positively identified 
several thousand times by BirdNET, short segments of the song 
of the Pearly-eyed Thrasher (Margarops fuscatus) were also oc-
casionally misidentified as a Carib Grackle (Quiscalus lugubris), 
which has not been recorded on Anguilla. The effectiveness and 
accuracy of sound recognition software such as BirdNET will ul-
timately improve over time as additional studies provide more 
acoustic data representing Caribbean endemics as well as Ca-
ribbean dialects that can be incorporated into the software to 
increase the accuracy of species detections. 

Bioacoustic monitoring has been used in the Caribbean region 
for studies of marine mammals (Swartz et al. 2003, Risch et al. 
2014, Heenehan et al. 2019), amphibians (Ospina et al. 2013), 
fish (Rowell et al. 2015, Ibrahim et al. 2018), and even coral reefs 
(Staaterman et al. 2013, Lillis et al. 2018). The use of PAM in avi-
an monitoring appears to be limited to several species-specific 
studies (Campos-Cerqueira and Aide 2017, Cyr et al. 2020) and 
its use in long-term monitoring programs has not yet been fully 
explored. While this study was conducted over a limited time pe-
riod, it highlights PAM as a useful tool for monitoring both wet-
land and terrestrial bird species in Anguilla. Our findings support 
those reported in Sugai et al. (2019) in that PAM is becoming an 
increasingly useful tool for biodiversity monitoring in a range of 
environments, particularly in remote or relatively inaccessible 
areas where there is potential for more data to be collected with 
far fewer site visits. 

Based on the data collected here, our next steps are to de-
ploy ARUs on Anguilla’s offshore cays during the next migratory 
bird season and, based on the data collected from these further 
studies, to establish long-term PAM sites on both Anguilla and 
its offshore cays. 
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Appendix 1. Example spectrograms created in RavenPro 1.6 of (a) Gray Kingbird (Tyrannus dominicensis) and (b) Black-necked Stilt 
(Himantopus mexicanus) recorded from Road Salt Pond, Anguilla, during this study.
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Appendix 2. Species recorded during point counts and passive acoustic monitoring (PAM) at six sites in Anguilla. Surveys occurred 
8–14 September 2020 during fall migration. X denotes that the species was recorded. Taxonomy follows the AOS Checklist of North 
and Middle American Birds (Chesser et al. 2022).

Species
West End

Pond
Road Salt

Pond
Road Salt  
Terrestrial

Katouche
Forest

Katouche
Pond

Savannah
Pond

Common Name
(Scientific Name)

 Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Green-winged Teal
(Anas crecca) X

White-cheeked Pintail
(Anas bahamensis) X X X X

American Flamingo
(Phoenicopterus ruber) X

Pied-billed Grebe
(Podilymbus podiceps) X

Common Ground Dove
(Columbina passerina) X X

Eurasian Collared-Dove
(Streptopelia decaocto) X

White-crowned Pigeon
(Patagioenas leucocephala) X

White-winged Dove
(Zenaida asiatica) X X X X X

Zenaida Dove
(Zenaida aurita) X X

Mangrove Cuckoo
(Coccyzus minor) X

American Coot
(Fulica americana) X X

Common Moorhen
(Gallinula chloropus) X X X X X

Sora
(Porzana carolina) X X

Black-necked Stilt
(Himantopus mexicanus) X X X X X

American Oystercatcher
(Haematopus palliatus) X

Black-bellied Plover
(Pluvialis squatarola) X X X X

Killdeer
(Charadrius vociferus) X X X X X X X

Semipalmated Plover
(Charadrius semipalmatus) X X X X X

Wilson’s Plover(
Charadrius wilsonia) X

Whimbrel
(Numenius phaeopus) X X X
Greater Yellowlegs
(Tringa melanoleuca) X X X X X X
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Appendix 2. cont.

Species
West End

Pond
Road Salt

Pond
Road Salt  
Terrestrial

Katouche
Forest

Katouche
Pond

Savannah
Pond

Common Name
(Scientific Name)

 Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Lesser Yellowlegs
(Tringa flavipes) X X X X X X X X

Baird’s Sandpiper
(Calidris bairdii) X X X

Least Sandpiper
(Calidris minutilla) X X X X X

Pectoral Sandpiper
(Calidris melanotos) X X X

Ruddy Turnstone
(Arenaria interpres) X X X

Sanderling
(Calidris alba) X X X X

Semipalmated Sandpiper
(Calidris pusilla) X X X X X

Solitary Sandpiper
(Tringa solitaria) X X X

Spotted Sandpiper
(Actitis macularius) X X X X X X

Stilt Sandpiper
(Calidris himantopus) X

Wilson’s Snipe
(Gallinago delicata) X

White-rumped Sandpiper
(Calidris fuscicollis) X X X

Short-billed Dowitcher
(Limnodromus griseus) X X X

Laughing Gull
(Leucophaeus atricilla) X X X X X X

Least Tern
(Sternula antillarum) X X X

Royal Tern
(Thalasseus maximus) X X X X X X X

Sandwich Tern
(Thalasseus sandvicensis) X X X X

Magnificent Frigatebird
(Fregata magnificens) X

Brown Pelican
(Pelecanus occidentalis) X

Cattle Egret
(Bubulcus ibis) X X X

Great Egret
(Ardea alba) X
Green Heron
(Butorides virescens) X X X X X
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Appendix 2. cont.

Species
West End

Pond
Road Salt

Pond
Road Salt  
Terrestrial

Katouche
Forest

Katouche
Pond

Savannah
Pond

Common Name
(Scientific Name)

 Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Point 
count PAM

Snowy Egret
(Egretta thula) X X X

Yellow-crowned Night-Heron
(Nyctanassa violacea) X X X X X

Osprey
(Pandion haliaetus) X X X

Belted Kingfisher
(Megaceryle alcyon) X X X X X

American Kestrel
(Falco sparverius) X X X

Peregrine Falcon
(Falco peregrinus) X

Caribbean Martin
(Progne dominicensis) X

Pearly-eyed Thrasher
(Margarops fuscatus) X X X X X X X X

Caribbean Elaenia
(Elaenia martinica) X X X X X

Gray Kingbird
(Tyrannus dominicensis) X X X X

Blackpoll Warbler
(Setophaga striata) X

Yellow Warbler
(Setophaga petechia) X X

Bananaquit
(Coereba flaveola) X X X X X X X X
Black-faced Grassquit
(Tiaris bicolor) X X X X X X

Total number of species 
recorded 16 38 19 36 5 15 3 12 1 8 20 21


