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Abstract

The Australasian Grass-Owl (Tyto longimembris) is a primary
endangered species in Taiwan. Over the past decade, ecological
understanding of this species has advanced through the
implementation of field survey methodologies, including
standardized playback surveys, occupancy-based long-term
monitoring frameworks, satellite tracking, raptor perches, and
automated acoustic recording. This project, a continuation of the
"Study on population dynamics and habitat-friendly management
strategies of grass owl populations in Zengwun River and Yanshuei
River," conducted population monitoring, habitat inventory,

restoration, and conservation promotion from 2024 to 2026.

A total of 61 survey plots (45 in the Zengwun River and 16 in
the Yanshuei River) were established, with ten synchronized playback
surveys conducted between 2024 and January 2026, including a
supplementary survey in August 2024 to assess the impact of Typhoon
Gaemi. Grass-Owls were recorded in 45 plots across these surveys,
with peak sightings in April, corresponding to the late breeding season
and juvenile dispersal. Comparative analysis revealed that the
population in the middle and upper reaches of the Zengwun River was
severely impacted by Typhoon Gaemi, showing significant loss of
grassland habitat and a sharp decline in records. In contrast, the
Yanshuei River population remained relatively stable. Despite these
localized findings, overall population trends in both rivers indicate a
continuous decline, with a significant decrease observed in the

Zengwun River in 2024.



Regarding habitat management, four new raptor perches were
installed, bringing the total to 12, with 11 perches successfully
recording Grass-Owl activity. Habitat measurements consistently
identified Cogongrass (/mperata cylindrica) as the dominant
vegetation in stable habitats. While Cogongrass restoration reached
100% coverage by October 2025, no breeding activity was observed
within the restored plots by the project's conclusion. To promote owl-
friendly agriculture, demonstration perches were installed on
farmlands to enhance engagement with the "Ecological Service
Payment" policy and provide procedural recommendations.
Furthermore, the "2024 Grass-Owl Conservation Alliance Exchange

Meeting" was held in November to foster inter-agency collaboration.

This project also facilitated a comprehensive revision of the
"Friendly Habitat Management Strategy for Grass-Owls in the
Zengwun and Yanshuei Rivers" (Version 2). In addition to updating
agency names following the August 2024 governmental restructuring,
the revised strategy incorporates administrative responses to
emerging threats such as stray dog attacks, anthropogenic fires, and
photography disturbances. It further strengthens conservation binding
in river land leases by linking mandatory clauses with ecological
payments. Finally, a scientific manuscript analyzing Grass-Owl
activity patterns and passive monitoring methods using 2023-2024
camera and acoustic data has been submitted to the Journal of Avian

Biology and is still under review.
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Dual Perspectives: Comparing Passive Monitoring Tools for Elusive
Raptor Conservation

Abstract

Effective monitoring of nocturnal and elusive raptor species poses
significant logistical and methodological challenges. This study presents a
year-round evaluation of the Australasian Grass-Owl (Tyto longimembris)
in southwestern Taiwan using paired passive monitoring tools—camera
traps and acoustic recorders—deployed across critical habitats in the
Zengwun and Yanshuei river systems. We assessed seasonal and diel
activity  patterns, detection  probability, and methodological
complementarity between the two tools. Acoustic recorders exhibited
higher overall detection rates and broader temporal coverage, while camera
traps contributed unique visual context of behavioral events. A McNemar
test confirmed significant differences in detection efficiency, emphasizing
the need for tool integration. Our findings support the combined use of
passive visual and acoustic methods as a robust, scalable strategy for long-
term monitoring of cryptic raptor populations, with broad implications for
adaptive management and conservation planning in dynamic landscapes.

1. Introduction

Nocturnal raptors play critical roles in ecosystem functioning, acting as
apex or mesopredators that regulate small mammal populations and
contribute to food web stability. Despite their ecological importance, many
species remain poorly studied due to their elusive behavior, nocturnal
activity, and often low population densities (Wingert et al., 2018; Pérez-
Granados, 2023). These challenges are compounded by their occurrence in
remote, inaccessible, or seasonally dynamic landscapes, such as wetlands,
grasslands, or forest edges, where traditional diurnal survey methods are
largely ineffective (Campos-Cerqueira & Aide, 2016). Conservation
concerns are heightened by ongoing habitat fragmentation, agricultural
intensification, and climate-induced disturbances in many of these regions.
Yet, accurate monitoring of population status and distribution is often
limited by poor detectability, resulting in knowledge gaps that hinder
effective conservation planning (Wood et al., 2019). In this context, there

126



1s a growing need for innovative, non-invasive monitoring approaches that
can overcome these logistical and ecological constraints and provide
reliable data for long-term assessment of nocturnal raptor populations.
Recent technological advancements have significantly enhanced the
capabilities of passive monitoring tools, particularly camera traps and
autonomous recording units (ARUs). Traditionally, camera traps have been
widely employed in mammal research to monitor medium- to large-bodied
terrestrial species that move along predictable trails or at bait stations
(Burton et al., 2015; Steenweg et al., 2017). However, innovations in
camera placement—such as the use of perch-mounted setups—have
expanded their application to avian taxa, particularly raptors that use
elevated perches in open landscapes (Hong et al., 2022; Clucas et al., 2020).
These modified configurations have proven effective for documenting
raptor presence, activity patterns, and perch use in habitats where direct
observation is limited.

In parallel, autonomous recording units (ARUs) have become
indispensable tools for detecting vocal nocturnal birds, including owls,
nightjars, and other species that vocalize reliably but are difficult to
observe (Campos-Cerqueira & Aide, 2016; Pérez-Granados, 2023). Unlike
visual sensors, acoustic recorders can function effectively regardless of
lighting conditions and are particularly valuable in dense vegetation or
remote terrain (Jahn et al., 2021; Szymanski et al., 2021). When compared
to traditional human-based surveys, passive tools consistently offer greater
detection rates, longer monitoring durations, and reduced disturbance
(Burton et al., 2015; Darras et al., 2018). Studies comparing passive tools
across taxa further suggest that acoustic methods often outperform camera
traps for elusive or vocally active species, especially when vocalizations
are linked to territorial or breeding behavior (Crunchant et al., 2020; Joel
et al., 2024).

While both camera traps and acoustic recorders have proven effective for
monitoring elusive wildlife, most studies employ them separately, often
targeting different taxa or research objectives. As a result, there remains a
lack of systematic evaluation of how these tools compare in their ability to
detect and characterize the same species in shared environments. For
nocturnal raptors, this gap is particularly significant given their low
visibility and reliance on vocalizations for territory defense or mate
attraction. Without comparative studies, it is difficult to determine whether
one method consistently outperforms the other in terms of detection
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probability, behavioral resolution, or cost-efficiency—or whether their
combined deployment yields synergistic benefits. Recent research has
begun to explore the value of integrating multiple passive methods (Wood
etal.,2019; Jahn et al., 2021; Pérez-Granados, 2023), and camera—acoustic
comparisons have gained attention in studies of primates, frogs, and
passerines (Campos-Cerqueira & Aide, 2016; Darras et al., 2018; Rocha et
al., 2023). However, few studies have directly assessed their
complementarity under real-world field conditions, particularly in the
context of nocturnal raptor ecology. A rigorous comparison is therefore
essential not only to optimize resource allocation in long-term monitoring
programs but also to improve survey design for species that remain under-
detected by conventional means.

In this study, we present one of the first year-round evaluations of
Australasian Grass-Owl (Tyto longimembris) behavior and site use using a
combined passive monitoring approach. By deploying paired camera traps
and autonomous recording units across key habitats in the Zengwun and
Yanshuei river systems of southwestern Taiwan, we collected fine-scale
temporal data across both breeding and non-breeding seasons. Our aim is
twofold: (1) to compare the detection efficiency, behavioral information,
and temporal resolution provided by each tool independently, and (2) to
assess the added value of integrating both methods for long-term
monitoring of elusive raptors. Through this comparative framework, we
seek to demonstrate how complementary visual and acoustic data streams
can enhance detection sensitivity, reveal diel and seasonal activity patterns,
and inform more efficient survey designs. Ultimately, our findings
contribute to the development of practical monitoring strategies for
grassland raptors and offer guidance for implementing passive tools in
dynamic and human-impacted landscapes.

2. Methods

2.1 Study species

The Australasian Grass Owl (hereafter AGO) is listed as of Least Concern
(LC) by the IUCN, but it’s considered to be uncommon to extremely rare
across the majority of its distribution (del Hoyo et al., 1999). In Taiwan,
the population of the AGO is listed as of Nationally Endangered (NEN),
observed, estimated, or projected to experience a continuous decline of at
least 20% over 5 years or 2 generations (up to a maximum of 100 years
into the future) (Lin et al., 2016). The AGO spread plains and in shallow
mountains Chiayi south to the Kaohsiung-Pingtung area, and it’s the only
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resident owl species in Taiwan that does not rely on forests as its habitat
(Severinghaus et al., 2012). The Australasian Grass Owl primarily feeds on
mammals, with a strong preference for rodents. Among the mammalian
prey, rats dominated the diet, comprising 86.6% of identified prey items.
Shrews and moles followed at 8.2%, while hares and birds were consumed
only occasionally(Lin et al., 2007). The common call of the AGO consists
of 4-7 notes (Figure 1a), while a less common call comprises a single note
(Figure 1b); both calls are emitted at low frequencies.

RARAT T RN RN [ ARA] L aANSAA| L ANIAS| TENNRN T annal [ snn k] [rash

e T

a.call-A b.Call-B

Figurel. The call of the AGO.

2.2 Study area

The study area was set up on high riverbanks along the Zengwen and
Yenshui Rivers in southern Taiwan. Beck et al. (2018) proposed a global
Koppen—Geiger climate classification map with a spatial resolution of 1 km,
defining the tropical monsoon climate (Am) as having a mean monthly
temperature above 18 °C throughout the year, and precipitation in the driest
month between less than 60 mm and greater than (100 — annual
precipitation/25). According to their findings, southern Taiwan is
predominantly classified as Am climate. The landscape in the study area is
composed of a mosaic of agricultural lands and successional grassland after
abandonment of cultivation, and it has a tropical and humid climate
(average annual rainfall of 1,760.6 mm and mean annual temperature of ~
24.6°C).

2.3 Acoustic recording

We performed acoustic monitoring over a complete annual cycle at eight
monitoring stations separated by 1,446—14,829 m (Figure 2). One Song
Meter Micro recorder (Wildlife Acoustics, USA) was placed at each site
from 10 January 2023 to 10 January 2024 and was programmed to record
(in stereo and wav formats) from sunset to sunrise every day. Wildlife
Acoustics Song Meter Micro, recording at the maximum recording length
of 3 mins, a sampling rate of 16 kHz, the default microphone gain of 24
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dB. At each monitoring station, a Song Meter Micro recorder was installed
at a height of 1 meter above ground level (Figure 3). We used 64-gigabyte
microSD cards and checked the recorders once every ten days.

.

@ Suations

Orthophotomap
0
e —

Figure2. Location of the eight acoustic monitoring stations in southern
Taiwan. The inset shows the location of the study area (red square) and
Taiwan. Scale bar: 5 km.
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Figure3. Example of recorder installation in the field.
2.4 Acoustic data analyses
Owl vocalizations were automatically detected using the 'exp27' model in
SILIC. Following the detection protocol described in Wu et al. (2022), each
one-minute recording was segmented into a series of 3-second spectrogram
clips, and detections were performed using a 1-second sliding window.
When multiple sound classes were available in SILIC, the most commonly
detected type was chosen; for the AGO, sound classes #381 and #531 were
used. A confidence threshold was set for each sound class at the point
where precision reached 0.7. Labels with confidence scores exceeding this
threshold were regarded as positive detections. The signals detected by
SILIC were visually and/or acoustically checked by the same observer
(CCH) to differentiate false positives (mimetic sounds) from true positives
(correct classifications). All data were transformed into hourly binary
records indicating the presence (1) or absence (0) of the AGO.
2.5 Camera recording
We performed acoustic monitoring over a complete annual cycle at eight
monitoring stations separated by 1,446—-14,829 m (Figure 2). One
Keepguard KG795 (Keepguard Inc., Shenzhen, China) was placed at each
site from 10 January 2023 to 10 January 2024. Each camera was mounted
on an artificial perch at a height of at least 5 meters above the ground
(Figure 3), with the artificial perch design following the guidelines and
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considerations proposed by Hong (2022). Each camera was configured to
capture three still images and a 15-second video upon each trigger event,
with a I-minute delay before the next possible detection. Sensor sensitivity
was set to low, while both image resolution and video quality were
configured to optimal settings. Cameras operated continuously, 24 hours
per day, with the infrared flash set to short-range mode. We used 128-
gigabyte SD cards and checked the recorders once per month.

2.6 Camera data analyses

All camera data, including both photos and videos, were annotated for
species identification using “DetectiveKite” (Chen D., 2022). The labels
detected by DetectiveKite were visually and/or acoustically checked by the
same observer (CCH) to differentiate false positives (mimetic shape) from
true positives (correct classifications). All data were transformed into
hourly binary records indicating the presence (1) or absence (0) of the AGO.
2.7 Statistical analyses

Data from both survey methods—camera traps and audio recorders—were
compared based on their ability to detect species presence (denoted as 1)
or absence (denoted as 0) during identical time blocks. For each time block,
the detection results were categorized into four possible outcomes: (a) both
methods detected presence (1 1); (b) the camera trap detected presence
while the audio recorder did not (1 0); (c¢) the audio recorder detected
presence while the camera trap did not (0 1); and (d) neither method
detected presence (0 0). To evaluate differences between two paired binary
outcomes (e.g., detection by camera vs. audio recorder), we applied
McNemar’s Test (McNemar, 1947) using the “mcnemar.test()” function in
the “stats” package. To identify hours with significantly high calling
activity, we fitted a binomial generalized linear mixed model (binomial
GLMM) using the total number of presence hours recorded at each station
as the response variable, recording hour as a fixed effect (14 categorical
levels) and acoustic monitoring stations (eight categorical levels) as
random effects to control for variation in the calling activity owing to site.
To identify monthly variation in calling intensity, we also applied a
binomial GLMM. The total number of hourly calls detected per month at
each site was used as the response variable. Month (with 12 categorical
levels) was treated as a fixed effect, while acoustic monitoring stations
(eight categorical levels) were included as a random effect to account for
variation between sites. When a fixed effect was found to be significant (p
< 0.05), Tukey’s post hoc test was applied to assess pairwise differences
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among the levels.

All statistical analyses were performed with R 3.5.2 (R Development Core
Team 2016) using the packages ‘glmmTMB’ (Brooks et al. 2017) for
building the binomial GLMM, and ‘emmeans’ (Lenth R. 2025) for post hoc
comparison tests.

3. Results

Across all deployments from mid-2022 to mid-2023, acoustic recorders
documented 479 independent detection events of Tyto longimembris, while
camera traps yielded 44 detections.

Seasonally, detection frequency was highest from October to March (the
breeding season), especially in early months (October—December) (Figure
4). Both tools recorded significant reductions in detection rates during the
non-breeding season (May—August; both seasons p <0.01)

Detections peaked during early night hours (18:00-22:00), with a second
minor peak before dawn (Figure 4). This diel activity pattern was
consistent across both tools, though acoustic data provided finer temporal
resolution. Overall, owl activity was concentrated after dusk and before

dawn, aligning with known crepuscular and nocturnal foraging patterns (p
<0.001).
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Figure 4. Hourly and seasonal percentages of detections from cameras (left)
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and audio recorders (right).

A McNemar test comparing presence—absence data per site and season
revealed significant differences in detection efficacy between methods (>
=64.0,df=1,p <0.001), confirming that acoustic recorders captured more
presence events than cameras.

4. Discussion

Our study compared the effectiveness of acoustic recorders and camera
traps in detecting Tyto longimembris activity across diel and seasonal
timescales. Both tools revealed consistent patterns, with acoustic recorders
generally yielding higher detection rates. The results support the value of
method integration and emphasize the need to align monitoring tools with
species behavior.

Complementarity of Detection Methods

The marked difference in detection rates revealed by the McNemar test
underscores key methodological considerations for survey design.
Acoustic recorders detected nearly eleven times more owl presence events
than camera traps, reinforcing their utility in monitoring species that rely
heavily on vocalizations. This performance advantage is consistent with
earlier studies showing the sensitivity of acoustic monitoring in dense
habitats and during nocturnal periods (Campos-Cerqueira & Aide, 2016;
Szymanski, 2021; Pérez-Granados, 2023). In contrast, camera traps are
more sensitive to physical movement and line-of-sight limitations, which
can reduce detectability under vegetative cover or in complex terrain
(Darras et al., 2018; Hong et al., 2022).

However, while acoustic tools outperform in sheer detection counts,
camera traps contribute crucial visual context—documenting behavioral
states such as perching, prey delivery, or territorial defense, which cannot
be inferred from sound alone. This aligns with findings by Hong et al.
(2022), who demonstrated the value of perch-mounted camera traps in
capturing diurnal and crepuscular activity of farmland raptors.

Taken together, these differences suggest that the choice of monitoring
tools should be driven by specific ecological questions: recorders are
optimal for assessing vocal activity patterns and occupancy, while camera
traps are better suited for studying physical behaviors and habitat use. For
programs with limited resources, deploying acoustic recorders at a broader
scale with targeted use of cameras may offer an efficient compromise. For
long-term monitoring of elusive or low-density raptors, however, the
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complementary use of both tools offers a more reliable and behaviorally
comprehensive solution. This dual approach reduces detection bias
associated with a single method and enhances the robustness of ecological
inference.

Methodological Considerations and Monitoring Implications

Our findings offer several implications for conservation management of
Tyto longimembris and similar grassland raptors. First, the clear
seasonality in activity patterns emphasizes the need to align conservation
actions—such as mowing, grazing, or human disturbance mitigation—with
periods of reduced owl presence to minimize impact. For instance, the
lower activity levels observed during certain non-breeding months could
represent optimal windows for habitat intervention.

Second, the combined data from both passive methods can support
evidence-based identification of critical habitats. Camera trap images,
which capture specific behavioral contexts like roosting or territorial
displays, complement acoustic data in confirming repeated site use and
habitat preferences. This is particularly useful for advocating habitat
zoning or ecological compensation programs in agricultural landscapes,
such as those near the Zengwun and Yanshuei river systems.

Moreover, the approach provides a scalable and low-disturbance
monitoring protocol that can be integrated into long-term ecological
assessments or early warning systems for population decline. The ability
to detect owls year-round and across diel cycles allows conservation
managers to establish robust baselines and track temporal changes in
occupancy and behavior. This aligns with broader conservation
frameworks that emphasize adaptive management, habitat-specific
protection, and landscape-level planning.

Limitations and Future Directions

While our study demonstrates the utility of combining camera traps and
acoustic recorders for monitoring Tyto longimembris, several limitations
warrant consideration. First, detection probabilities may vary by
microhabitat conditions, such as vegetation density or perch availability,
which could bias the apparent effectiveness of each method. Although we
attempted to standardize deployment conditions, environmental
heterogeneity remains a source of uncontrolled variation.

Second, behavioral interpretations based on passive recordings are
inherently constrained. Camera traps cannot reliably distinguish between
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individuals or behaviors beyond what is visually apparent, while acoustic
recorders face challenges in parsing overlapping calls, especially in
acoustically complex environments. Integrating machine learning
techniques for call classification or image recognition may improve data
resolution but would require additional computational resources and
validation.

Third, our deployment design was limited in geographic coverage and
sampling effort per site, which may restrict the generalizability of results
to other regions or raptor species. Future work could adopt a replicated
landscape-scale design, incorporate additional habitat types, or extend
monitoring over multiple years to assess interannual variability.

We also acknowledge that our study did not evaluate cost-efficiency or
labor demands associated with each method. Comparative assessments of
financial and logistical feasibility will be important for informing large-
scale monitoring programs or community-based conservation initiatives.
Despite these limitations, our results strongly support the integration of
visual and acoustic tools to enhance the accuracy, scope, and
interpretability of passive wildlife monitoring efforts.

5. Conclusion

This study provides a rare year-round comparison of camera traps and
acoustic recorders for monitoring the Australasian Grass-Owl in dynamic
riverine landscapes. Our findings underscore the complementary strengths
of each method and advocate for their combined use in raptor ecology. By
integrating acoustic sensitivity with visual behavioral context, this dual-
method approach enhances detection accuracy and ecological insight,
while offering a practical framework for long-term, non-invasive
conservation monitoring. As anthropogenic pressures continue to reshape
grassland and wetland ecosystems, adaptable and efficient monitoring
strategies such as ours will be increasingly essential to inform timely and
targeted conservation actions.
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