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Abstract

Urban rats thrive in cities worldwide, yet little is known about the communicative
behaviors that support their survival. We conducted fieldwork on free-ranging rats
in New York City, combining thermal imaging and ultrasonic audio recordings
with artificial intelligence techniques for movement and acoustic analysis. Our
approach captures fine-scale locomotion, reconstructs the 3D geometry of foraging
environments such as subways, streets, and parks, and quantifies vocalizations
across ecological contexts. This work sets the stage for a larger scale species-
agnostic proposal to use integrated behavioral analysis systems and multimodal
modeling frameworks to study bioacoustics in the wild.

1 Introduction

Understanding animal communication in real-world environments requires tools that can bridge
laboratory science, field biology, and artificial intelligence. While rodents and other species have long
been studied in controlled settings, the dynamics of social signaling, collective behavior, and vocal
communication in natural environments are poorly characterized. Urban rats present a compelling
model for the study of vocal communication: they are abundant, highly social, produce rich repertoires
of vocalizations, and are closely embedded in human-dominated landscapes 8}, |16, 23} |10, 5} |31,
20, |4]. This work is crucial for informing rodent mitigation efforts, city design, and controlling
disease spread. Moreover, an understanding of behavior in a rat’s natural urban ecosystem is essential
for understanding the true biological relevance of rodent vocalizations, which remains mysterious.
Advances in Al for movement tracking, 3D environmental reconstruction, and bioacoustic analysis
now make it possible to study how communication and group behavior unfold in these naturalistic
contexts [21} |15} (18,34} 7} 27, 281 |9} 26].

We propose to use wild rats in New York City as a testbed for developing a multimodal analysis
system that integrates locomotion, vocalization, and 3D environmental reconstructions to uncover how
communication is shaped by ecological context. By combining thermal imaging and ultrasonic audio
recordings, we quantify locomotion and vocalization within urban environments such as subways,
streets, and parks. Our overarching goal is to establish a methodological blueprint for studying
animal communication under natural conditions, with applications across neuroscience, ecology, and
artificial intelligence. Although the work presented herein applies to rats, the framework is inherently
species-agnostic and stands to generalize easily to other biological domains.
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Figure 1: New York City fieldwork, rat tracking, and 3D environment reconstruction (A) Spatial
heatmap of rat sightings over a 15-year period generated from NYC311 reports. Recording locations
from the study are labeled with gray points (Subway, Park, Sidewalk). (B) (top) RGB image of an
area where rats were observed foraging in Central Park, New York, NY. Gray outline indicates field
of view for thermal imaging camera. (bottom) Frame from a thermal video of rats foraging in the
area outlined above. (C) Thermal image of a rat exploring a trash bag on the sidewalk. (D) Thermal
video frame overlayed with bounding masks of rats detected with YOLO. (E) Example RGB images
of a subway scene from different angles. (F) Inferred camera positions and points in the 3D scene,
from the COLMAP algorithm. (G) 3D scene composed of gaussians inferred by the gaussian splat
algorithm. (H) Top-down heatmap of this 3D scene, showing the standard deviation in the Z axis of
gaussian locations.

2 Results and Methods

2.1 Quantifying rat behavior and environment in New York City

We mined NYC311 reports of rat sightings to target field recording sessions to high-density sites in
Manhattan (Figure[TJA). There is a seasonality to rat sightings, with more rats reported in summer
months, thus we collected data throughout July 2024 from three distinct urban contexts — subway,
park, and sidewalk. Rats prefer to forage in the evening, and in shadowed areas, which poses a
challenge for standard videography methods, but thermal videography (FLIR E54) made it possible
to visually resolve rodents, even in dark shadowed areas (Figure [IB-C). Using these methods, it was
possible to observe groups of rats foraging in a variety of urban environments, including even areas
with some occlusion due to fencing and underbrush (data not shown). While multi-object tracking
is a well-researched area in Al and computer vision [[14]], and in particular in the context of animal
tracking [22, |15} 34} 13} 25, |30], application of existing approaches on thermal videos (Figure )
proved to be a nontrivial task. In outdoor real-world environments, specific challenges include varying
number of animals per frame, a wide distribution of animal sizes, multiple animal types (e.g. rats and
squirrels), occlusions, and inaccurate and missing detections. Our detection and tracking pipeline
included the most recent version of the YOLO (You Only Look Once) model [24,|12], fine-tuned
on 50 hand-labeled frames from our thermal videos of rats foraging, combined with the ByteTrack
tracking algorithm [35]], which is robust to occlusions and missing track segments, and utilizes
low-score detections and Kalman filtering for predicting new locations. In this proof-of-principle
application, we tracked a 10-minute video containing 0-23 rats.

Recent advances in computer vision make it possible to reconstruct 3D models of a scene from a
sparse collection of camera angles [17,|11]]. Urban environments where rodents forage pose some
potential challenges, because they can be highly %ynamic spaces, with shadowed areas, and limited



Figure 2: Ultrasonic recordings of NYC rat vocalizations. (A) Field recordings were taken using
an Audiomoth wireless ultrasonic microphone. (B) Multiple bouts of vocalizations recorded from
a sidewalk grate where rats were frequently seen entering and exiting. (C) Rat cautiously poking
its head out of a burrow hole from a sidewalk tree lawn. (D) Bout of calls recorded from a rat
foraging inside of a trashbag on the sidewalk. (inset) First syllable of bout, showing the time-varying
fundamental frequency of the vocalization (FO, white dashed line). (E) Projection of the vocalizations
bouts recorded in this study into duration-frequency space detailed in [33]]. Gray shaded regions
denote the historical distribution of durations and frequencies reported in an expansive literature
search from [33]]. Horizontal dashed lines denote the two predominant vocalization types studied in
rats. Legend indicates which context the vocalizations were observed in.

access. We wondered whether it was possible to reconstruct 3D models of such environments using
data acquired with a single handheld RGB camera (GoPro). Multiple camera views were collected
of a subway scene (Figure[TE), and run through the gaussian splatting model, which first involves
estimating camera positions using the COLMAP algorithm (Figure [TF), then constructing a 3D
model in the form of collection of 3D gaussians that best explain the data. These models capture
environmental geometry at a high level of detail (Figure[G). The models also allow for quantification
of aspects of the environmental statistics that may be relevant to rodent foraging, such as the degree
of shelter versus open-field. We found that this could be captured by analyzing the standard deviation
of gaussian centers in the z-axis (Figure [IH). Future applications will reproject tracking data into 3D
reconstructions to better understand the relationship between behavior and environment.

2.2 Ultrasonic recordings of rat vocalizations in New York City

There have been few attempts to document the social vocal lives of rats in their natural urban habitat.
Here, we used a wireless ultrasonic microphone (Figure[2JA) to record vocalizations emitted by rats in
different urban environments during social interactions (6 hours of total acoustic data). A session was
acquired if rat activity was detected or suspected to be observed in a given area. The device was either
handheld or placed on a surface pointed towards the area of interest at a distance of approximately 2
meters. The experimenter dictated field observations into a microphone, which detailed information
about the type of social interactions observed. Next, we extracted vocalization annotations from a
subset of raw audio using a deep neural network (Deep Audio Segmenter, [29]). Vocalizations mostly
occurred in bouts (sequences of vocalizations separated by less than 250 ms of silence) and were
observed in various types of social interactions (Figure[2B-D, see legend of E).

Next, we calculated acoustic features of vocalizations and compared them to a large-scale meta-
analysis of previously published rat vocalization features. Figure[2D shows an example vocalization
bout with a DAS-annotated onset and offset of the first syllable in the bout (red). Next, we estimated
the fundamental frequency at each time point in the spectrogram (Figure 2D left, using VocalPy
[19]]) and calculated the median for downstream analysis. We computed the median frequency +/-
1 standard deviation for all bouts recorded in the study, then projected their measurements into
a duration vs. frequency feature space detailed by [33] (Figure 2E). We find that wild NYC rat
vocalizations are consistently shorter duration and lie outside of the historical frequency-duration
range reported in the meta-analysis.
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