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Abstract

The study of soundscapes is crucial to monitoring the relationship between organisms and their
environment. In this study, we characterize the marine soundscape of Cafio Island Biological
Reserve, Costa Rica, a popular diving destination and key breeding area for two humpback whale
populations. A single autonomous recorder was deployed during wet (July—November) and dry
(January—April) seasons from 2023-2025. Presence—absence of dolphins, humpback whales, fish,
and boats was scored. Generalized Linear and Additive Models were used to compare seasonal
soundscape composition. Results show significant seasonal differences in soundscape (p<0.0001).
Wet seasons were dominated by humpback whales from the BSG population, while dry seasons
were dominated by fish and boats. Overall, boat presence peaked between 9:00 a.m.- 3:00 p.m.,
which coincides with tour-boat activity. The findings underscore the value of long-term passive
acoustic monitoring and highlight the need for improved management of boat noise within this

marine protected area.



Chapter 1: Marine Soundscapes

1. Background and Literature Review

1.1. Marine Soundscapes

In the ocean, natural sounds originate from geophonic sources such as wind, waves, and
earthquakes, and biophonic sound sources, such as snapping shrimps, fish choruses, and marine
mammals (Pijanowski et al., 2011). The collection of these natural sounds is key in providing
sensory information to sonorous taxa about their environment (Duarte et al., 2021). More
recently, anthrophonic sources —human generated sounds—are becoming ubiquitous in many
marine habitats. These sounds include noise from the propellors of vessels, marine construction,
and oil drilling (Kunc et al., 2016), which frequency range and sound levels tend to overlap with
natural sounds, raising concerns their direct and indirect impacts on marine life (Hildebrand,

2009; Slabbekoorn et al., 2010)

Soundscapes are the combination of these three sound sources geophony, biophony, and
anthrophony. They generate a unique spatial and temporal acoustical pattern that varies at
various temporal scales, habitat, species composition, and human activities (Pijanowski et al.,
2011). For example, biological variations may occur due to diel rhythms, spawning seasons, and
changes in species distribution and occurrence. In contrast, geophony may vary by season as it
can be directly influenced by wind speed and tidal patterns, while anthrophony depends on the
type of human activities and how much the local economy depends on these activities (fishing

towns vs. marine ecotourism).

Soundscapes are often characterized by various metrics of ambient noise levels, acoustic

indices, and with presence-absent data of known sound sources (Giorli et al., 2025). Long-term



soundscape monitoring studies have found that naturally noisy soundscapes are also diverse in
species composition and can be used as indicators of healthy ecosystem when compared to a less
soniferous environment (Montgomery et al., 2006). For example, Lamont et al, (2022) studied
how loud and diverse soundscapes can indicate reef health and found that sound is a better
predictor of the biological community of the area than sampling using traditional visual surveys
(Lamont et al., 2022). Unlike light, sound has low attenuation in water, allowing acoustic sensors
to detect biological sounds at various distances, across behaviors, and activity patterns (e.g.,
nocturnal and cryptic) (Au & Hastings, 2008; Urick, 1983). Since the 1950s noise levels have
increased about 3.3 dB per decade, and this increase is attributed primarily to commercial
shipping activity (Frisk 2012). Several studies have shown that this increase has resulted in
marine animals changing their communicative signals. In Northern right whales, it has been
found that exposure to low frequency ship noise may lead to chronic stress in whales, and results
in changes in the intensity, frequency, and intervals of calls (Rolland et al., 2012). In a study
focused on Killer whales, results showed that whales increased their call amplitude by 1 dB for

every 1 dB increase in background noise levels (Holt et al., 2009).

Moreover, recent sound propagation models show that an increasingly warmer and acidic
ocean increases the speed of sound, potentially impacting species communication (Affatati et al.,
2022). Soundscapes are crucial for the survival of many marine organisms as they rely on them
for activities ranging from navigation and courtship to prey localization and predator avoidance
(Bolgan, 2025). Fish larvae use frequencies between 570-2,000 Hz to identify and settle on
healthy reefs (Butler et al., 2021). Further, oyster larvae have been found to swim from the open

ocean towards sounds of thriving reefs (Williams et al., 2022). Because these sounds play such a



key role in the biology of marine organisms, the study of the acoustic relationship between

humans and their environment, is more important than ever (Pijanowski et al., 2011).

1.1.1 Spatial patterns in soundscapes

Spatial patterns in soundscapes are often defined by geographic location and habitat type
(Van Hoeck et al., 2026). The distribution and abundance of sound producing organisms create
predictable spatial patterns, with acoustic communities changing in response to habitat
characteristics such as vegetation structure and exhibiting strong temporal (seasonal) variation
(Van Hoeck et al., 2026; Pijanowski et al., 2011; Sueur et al., 2008; Putland et al., 2017;
Siddagangaiah et al., 2022). Human activity from shipping lanes, coastal construction, tourism,
and fishing activities create concentrated patches of sound, that can change seasonally and are
often in coastal areas and shipping lanes (Hildebrand, 2009; McDonald et al., 2006; Rolland et

al., 2012; Holt et al., 2009).

Acoustic niche partitioning in marine environments occurs when species differentiate
their vocalizations by frequency, time, or location to successfully communicate without
interference (Krause, 1993). Blue, fin, and Bryde's whales partition their acoustic space finely,
with calls separated by only a few hertz. All their calls occur in distinct, low-frequency bands
(<100 Hz), minimizing overlap in a noisy environment (Stafford, Fox, & Clark, 1999;
McDonald, Mesnick, & Hildebrand, 2006; Thompson, Findley, & Vidal, 1992). Bocaccio
rockfish, white seabass, and plainfin midshipman share general geographical regions but divide
the soundscape by frequency to avoid overlapping. The plainfin midshipman produces low-
pitched hums, while other species occupy different frequency bands (Fish & Mowbray, 1970;

Luczkovich et al., 1999; Rowell et al., 2017).



1.1.2.Temporal patterns in soundscapes

Many marine vertebrates exhibit diel patterns in their vocalizations, with well-documented
variation in both cetaceans and fish (Cholewiak, 2008; Chereskin et al., 2019; Homfeldt et al.,
2022; Ruppé et al., 2015). For example, BSG humpback whales near Caio Island were found to
sing throughout the day, but with reduced activity during certain nighttime and morning periods
(Chereskin et al., 2019). In contrast, humpback whales at a migratory stopover site in Bermuda
showed increased singing activity at night (Homfeldt et al., 2022). This pattern has been
hypothesized to result from reduced visibility in darkness, making acoustic communication more

effective than visual communication (Homfeldt et al., 2022).

Numerous fish behaviors follow strong diel cycles, and acoustic communication reflects
these patterns, with species partitioning their calling activity into diurnal, crepuscular, or
nocturnal periods, likely influenced by factors such as foraging opportunities and predator
avoidance (Helfman, 1986; Ruppé et al., 2015). These temporally structured calling behaviors
produce distinct soundscapes at different times of day within the same habitat (Locascio and
Mann, 2011a; Mclver et al., 2014; Staaterman et al., 2014). Nighttime, in particular, is an
important period for reproductive activity in many fish species, and because acoustic
communication plays a key role in mate attraction and spawning, passive acoustic monitoring

provides a valuable tool for studying these behaviors (Bass and Rice, 2010; Rice, 2017).

Baleen whales (Mysticeti) use acoustic cues for navigation, communication, foraging, and
predator avoidance (Payne and McVay, 1971). Humpback whales (Megaptera novaeangliae) are
highly vocal and produce a variety of sounds ranging from low frequency grunts to high
frequency whistles (Thompson et al., 1986). Male humpback whales, specifically, are known for

complex songs and acoustic displays during their breeding season (Herman et al., 2013). Within



a population, males conform to shared songs over a breeding season that are regionally and
seasonally structured, with transmission occurring even through limited individual exchange

(Herman, 2017; Noad et al., 2000; Garland et al., 2011).

1.2. Studying soundscapes using passive acoustic monitoring (PAM)

The most efficient method to study marine soundscapes is using passive acoustic
monitoring technology (Hildebrand, 2009). Passive acoustic monitoring has been used in
terrestrial environments to monitor biodiversity in a cost-effective manner and in marine

fisheries to describe fish vocal behavior (Staaterman et al., 2017; Sugai et al., 2018).

Positive correlation between adult fish density, live coral cover, coral type, and the
acoustic output of the reef suggests that acoustic richness is determined by the organisms living
on the reef (Nedelec et al., 2015). Because of these connections between fish abundance and
coral cover, passive acoustic monitoring of the sounds produced by fish can be used to detect
overall habitat changes over periods of time (Kaplan et al., 2015). When there is an increased
diversity of fish calls, that means that there is a strong biotic reef community, indicating a
healthy reef. Therefore, a measure of natural sound noise levels can be good measures of
ecosystem health (Nedelec et al., 2015). Passive acoustic monitoring also allows for estimation
of species diversity using acoustic indices (Bertucci et al., 2016; Bolgan et al., 2018; Pieretti &
Danovaro, 2020) and habitat use of individual species (Samuel et al., 2023). For example,
several species of fish call during their spawning season to establish territories, attract mates, or
coordinate the timing of egg and sperm release (Myrberg et al., 1986; Lobel, 1992; Mann et al.,
2008) and in large whales this approach have been used to monitor fluctuation in population

occurrence (Todd et al., 2020; Weilun et al., 2022).



1.2.1 Bottom mounted

Bottom mounted passive acoustic monitoring systems are stationary devices anchored to
the seafloor (NOAA Fisheries, 2025). These are manually deployed and used for long term
recording of marine acoustics. Typically, these systems include a hydrophone, data logger, and a
battery pack. Many store data internally for retrieval later, though some can be part of buoy
systems that relay data in real time. Bottom mounted passive acoustic monitoring is ideal for

continuous monitoring of marine organism migration patterns and environmental noise.

1.2.2 Drifting buoys

Drifting buoys are acoustic recorders that move slowly with currents (NOAA Fisheries,
2025). These often contain a GPS for deployment and recovery of recorders; this can also allow
for synchronization of acoustic data and GPS location. Drifting buoys have a float, a submerged
drag or anchor, and a suspended hydrophone. Many of these systems provide satellite for real-

time data access and are used to provide data on marine life presence, ocean health, and currents.

1.2.3 Pros and Cons

Bottom-mounted acoustic systems are less affected by surface noise such as breaking
waves and water movement, making them ideal for long-term monitoring and the analysis of
seasonal trends (NOAA Fisheries, 2025; Massachusetts Division of Marine Fisheries, 2025).
These systems can capture vocalizations from deep-diving marine mammals and species
associated with seafloor habitats (Hildebrand, 2009; Mellinger et al., 2007). However, because
they record data internally, information is only accessible once the devices are physically

retrieved, preventing real-time monitoring (Stafford et al., 2018). Additionally, deploying and



recovering these recorders often requires divers or remotely operated vehicles, which adds to the

cost and logistical complexity of their use (NOAA Fisheries, 2025; Mellinger et al., 2007).

While drifting with ocean currents is the purpose of drifting buoys, this also means they
are subject to changes in currents caused by winds or storms and are at risk of damage or loss
from ship strikes or grounding. However, their drifting ability enables wide area coverage and
makes them a lower-cost alternative for passive acoustic monitoring compared to fixed platforms
(e.g., NOAA Fisheries, 2025; Massachusetts Division of Marine Fisheries, 2025; Stafford et al.,

2018).

1.3.Anthropogenic noise and its impacts on sonorous marine organisms

Relative to pelagic waters, coastal and inshore habitats are noisier because these waters
tend to sustain highly productive ecosystems like coral reefs, seagrass, and mangroves.
Additionally, these waters support a wide range of human activities including fishing, boat-based
tourism, water taxies and ferries, and commercial shipping. Depending on the area, each of these
activities can vary in their level of contribution to the overall soundscape. The main source of
underwater noise from these boats comes from the tiny air bubbles that are produced by a
propeller blade. This process, known as cavitation, covers a broad range of frequencies (range 1-
10 kHz) with an amplitude ranging from 130 to 195 dB re 1uPa (Yori 2023; DOSITS 2025).
Large vessels, including container ships and tankers, produce low-frequency noise, peaking at
50-150 Hz, primarily in and around shipping lanes. This noise can dominate deep-water
soundscapes. Small tourist and fishing boats contribute the soundscape intermittently, often
producing peak noise in the 1-10 kHz range. These boat noises dominate the low frequency

band, which is the band where many fish sounds and humpback whale vocalizations are created
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(Hildebrand, 2009; Payne and McVay, 1971). This may lead to overlap and potential interference

between natural biophony and noise produced by boats.

1.3.1. Signal masking

Masking occurs when anthropogenic or natural noise reduces an organism’s ability to
hear, detect, or interpret sounds (DOSITS, 2018). This happens when a loud sound drowns out a

softer sound, or when noise is at the same frequency as sound signals.

Boat noise usually overlaps with the frequency range in which fish hearing and sound
production occurs (Kunc et al., 2016). This can result in the masking of fish sounds and may
affect acoustic communication (Dooling et al., 2015). In fact, several studies on different
individual fish species have observed significant masking when investigating the effects of boat
noise (Alves et al., 2021; Codarin et al., 2009; Vieria et al., 2021) Further, in areas where boats
and ships are the most common sources of anthropogenic noise, it is more likely that fish are
exposed to repeated low intensity sounds, which may be associated with stronger behavioral

responses (Pine et al., 2016; Slabbekoorn et al., 2010).

To minimize masking, many animals change their behaviors (BOSITS, 2018). These
changes include producing more calls, louder class, longer calls, or changing call frequency. In a
study looking at the effects of shipping and tour boat noise on beluga whales, it was found that

noise from the boats caused a change in vocalization type and frequency (Vergara et al., 2025).

1.3.1. Recruitment

Fish larvae listen to their environment when they are searching for good quality habitat to
settle. In one playback study where juvenile fish were exposed to different noise levels

underwater, it was found that four times the number of juvenile fish selected noisy reefs as
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opposed to quieter ones (Simpson et al., 2005). These results been also found for pelagic mollusk
larvae (Pysanczyn, 2023). These studies suggest that healthy reef noise plays an important role in
larval recruitment. Early studies of anthropogenic noises speculated that these sounds have the
potential to mask or interfere with natural reef soundscapes that are attractive to larvae and have
negative effects on the replenishment of reef fish populations (Simpson et al., 2004). For
example, playback experiments with coral larvae have found that even boat noise at low
frequencies can disrupt stony coral larvae’s ability to detect and respond to settlement cues. The
authors show that the larvae avoided habitats with high boat presence even when they are high
quality, and instead settled on dead algae (Lecchini et al., 2018). This suggests boat noise can
reduce coral recruitment on healthy reefs and even impair recovery of degraded habitats. A study
that looked at Longspine cardinalfish —an Indonesian fish that relies heavily on corals reefs for
protection and food— found similar results, the fish avoided areas where the researcher played
boat noise (Holles et al., 2013). The results suggest that both coral and fish larvae will avoid

high quality habitat if there is boat noise present, impacting larval recruitment in coral reefs.

1.3.4 Calling activity

Other ways in which sonorous marine organisms can be impacted by boat noise is by
changing their calling activity. Matos et al., (2024) found that two fish species, the meagre and
the weakfish, react to ferry boats and small boats. The meagre fish reduced calling activity after
boat passages while the weakfish moved in a way that suggested an escape response. These

results further emphasize the effects of all boats on sonorous species behavior.

A study by Fournet et al. 2019 found that in the presence of whale-watching boats
humpback whales use several strategies to deal with the elevated noise levels (Fournet et al.,

2019). They saw that whales increased their call loudness in response to vessel noise. This
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strategy, known as the Lombard Effect, allows whales to maintain communication in noisier
settings. Humpback whales were also found to be 31-45% less likely to produce calls in the

presence of vessel noise than if only natural sounds are present.

It has also been found that boat noise is likely to influence the social behavior of dolphins
(Morrison, 2020). Further, when dolphins are foraging, their acoustic behavior changes in the
presence of tourist boats, and they emit lower frequency and longer whistles (May-Collado and
Quinones-Lebron, 2014). In Sarasota Bay, bottlenose dolphins were found to increase their
whistle rate as boaters approached (Buckstaff, 2004). Taken together, these findings suggest that
dolphin acoustic behavior is not only sensitive to boat presence but may also serve as a valuable

indicator of anthropogenic disturbance.

1.3.5. Increase risk of predation

Noise causes sensory confusion and can mask communication among reef organisms,
which produces sounds important for predator deterrence, reproduction, and territorial defense
(Myrberg and Fuimann, 2002). A study done during Carnival in Brazil found that human
activities on land cause noise pollution to reefs that affected the foraging behavior of local fish
and their escape responsiveness to potential threats (Leduc et al., 2021). In extreme cases,
motorboat noise even led to complete brood loss, which was seen in a study examining the
effects of motorboat noise playbacks on male parental behavior and offspring growth and
survival for spiny chromis, a western Pacific reef fish that raise their young (Nedelec et al.,

2017).
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Conclusion

Marine animals rely on sound for important biological activities, and increasing
underwater human noise has the potential to disrupt these behaviors and their associated fitness
(Ferrier-Pages, 2021). However, as described in this chapter, several studies also show that
marine animals are resilient and can use strategies that have evolved to reduce acoustic masking
from other organisms in their habitat, such as shifting calling times or modifying call frequency
and duration. In the next chapter, we use passive acoustic monitoring to study the soundscape of
Caio Island Biological Reserve off the southern coast off Costa Rica. This Marine Protected
Area protects coral and rocky reefs which are home to about 212 species of fish (Salas et al.,
2015) and is an important breeding location for two populations of humpback whales, the
Central American and the Southeastern populations (Calambokidis et al., 2020, Rasmussen et al.,
2007). The area is also one of the most visited sites in Costa Rica which had resulted in a rapid

increase of tour boats in the area (May-Collado et al., 2017, May-Collado et al., 2023).

Thesis objectives

1. To characterize the soundscape of the tropical marine protected area, Cano Island
Biological Reserve, by identifying the major sound sources.
2. Determine if the composition and contribution vary at various temporal scales: dry vs

wet season, month, day, and time
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Hypotheses:

We expect variation in soundscape composition between seasons due to the difference in
whale population sizes. As a result of tourism restrictions, boats are expected to exhibit
strong diurnal patterns that are associated with reduced humpback whale communication

during peak traffic hours as the literature suggests.

Chapter 2: A multi-year characterization of Cano Island Biological Reserve Soundscape

Introduction

Soundscapes are composed of geophony, biophony, and anthrophony, which together
create a unique acoustic environment. They vary with season, levels of human-generated noise,
and biological communication among species. This collection of sounds plays an important role
in providing information to soniferous taxa about their environment. In marine ecosystems, these
acoustic environments are especially important because they reflect both ecological conditions

and levels of human disturbance.

Marine Protected Areas (MPAs) are designed to safeguard biodiversity, by regulating
human activities from fishing to ecotourism. MPAs can benefit the economy of local
communities through ecotourism (Casimiro et al., 2023), but ecotourism can also become an
environmental stressor, if it is not regulated properly. For example, Dong (2025) found that in
the Pacific islands, ecotourism can result in habitat degradation, behavioral disturbances marine
organisms, and cumulative stress. Marine ecotourism is among the fastest-growing sectors of

sustainable tourism and while it can support environmental conservation (Ressureicao 2025),
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when it expands faster than management capacity, MPAs can suffer significant environmental
impacts (Smith et al. 2022). This is the case of the Cafo Island Biological Reserve off the coast
of Costa Rica, one of the most visited MPAs in the country (Naranjo-Arriola 2021). This area
has seen a rapid increase in marine ecotourism associated with the island’s multiple scuba and
snorkeling sites. Naranjo-Arriola (2021) described significant damage to benthic habitats and
rocky bottoms by divers with their fins and hands. In addition, the presence of humpback whales
for most of the year has catalyzed the whale-watching economy in the area, resulting in a rapid
increase of boats dedicated to this activity (May-Collado et al., 2017, May-Collado et al., 2023).
Together, these boat-based activities translate not only on a high tour-boat presence, but also
underwater noise associated to their engines. May-Collado et al., (2023) show the contribution of
boat noise when comparing the periods before, during, and after the Covid-19 lockdowns in the

arca.

The goals of this chapter are three-fold (1) identify the major sound sources contributing
the Caio Island Biological Reserve soundscape, (2) determine if these sound sources vary at
various temporal scales, and (3) evaluate if major biological sound sources vary with the

presence of tour-boat noise.

Materials and Methods

Study Site

Caio Island Biological Reserve offers a unique opportunity to study soundscape ecology.
Cano Island is in the southern Pacific of Costa Rica and houses 320 land hectares and 5,800
marine hectares (Canoisland, n.d.). Due to its status as a Biological Reserve, Cafio Island is

protected from fishing, which is a common source of degraded ecosystems (WWF, n.d.)
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However, it is a popular tourist destination for ecotourism, including whale watching, scuba
diving, snorkeling, and beach access. The island is accessible by boat and only open to tourists

during the day, which allows for the comparison between times of high and low boat traffic.

Acoustic data for this study were collected using an autonomous underwater recorder
deployed at a site known as El Jardin, located on the northeastern side of the island (8.719° N,
83.863° W, Fig A). The recorder was positioned at a depth of approximately 25 meters and about
0.8 km offshore. This site is characterized by a primarily sandy substrate and relatively open
seafloor conditions, which are conducive to sound propagation and have made it suitable for

previous acoustic monitoring efforts (Chereskin et al., 2019).

The waters surrounding Cafio Island are well recognized as critical habitat for humpback
whales, particularly individuals belonging to Breeding Stock G (BSG) in the southeastern
Pacific. Prior research has identified this region as an important breeding and reproductive area,
where behaviors such as singing, mating displays, and mother—calf interactions frequently occur
(Rasmussen et al., 2007; Palacios-Alfaro et al., 2012). These ecological characteristics make the
site especially relevant for studies examining marine soundscapes and cetacean acoustic
behavior. In addition to its ecological significance, Cano Island is a popular destination for
ecotourism. Daily boat traffic associated with whale and dolphin watching, as well as snorkeling
and scuba diving activities, introduces varying levels of anthropogenic noise into the marine
environment (May-Collado et al., 2023). This overlap between biologically important habitat and
human activity makes the site particularly valuable for investigating how natural and human-

generated sounds interact within a marine soundscape.
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Two humpback populations migrate to the South Pacific waters surrounding Cafo Island
to breed, the Central American population (DPS 6) and the Southeastern Pacific population (DPS
13) (International Whaling Commission, 1998). The Southeastern Pacific whales, designated
Breeding Stock G (BSG), migrate from feeding grounds near off the Antarctic Peninsula
(Acevedo et al., 2017; Rasmussen et al., 2007). This group of whales arrive in Costa Rica’s wet
season between late July and November but are found to be the most abundant in September and
October (Palacios-Alfaro et al., 2012). The Central American (CA) population arrives from
waters off California during Costa Rica’s dry season, between December and April (Steiger et
al., 1991; Calambokidis et al., 2000; Rasmussen et al., 2012). In 2016, the National Marine
Fisheries Service designated this population as threatened (NMFS, 2016). The waters around
Cafio Island and the nearby Osa Peninsula are also home to several dolphin species, most notably
the pantropical spotted dolphin (Stenella attenuata) and the bottlenose dolphin (7Tursiops

truncatus).
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Fig. A. Location of Cafio Island Biological Reserve off the Osa Peninsula in the South Pacific of
Costa Rica. The black star represents the location of the recorder. Reprinted with permission
from Southern Hemisphere humpback whales (Megaptera novaeangliae) (Artiodactyla:
Balaenopteridae) singing activity at Cario Island Biological Reserve, Costa Rica before, during,
and after COVID-19 lockdowns, by L. J. May-Collado et al., 2023, Revista de Biologia Tropical,
71, p. 4. Copyright 2023 by Laura J. May-Collado et al.*

Data Collection

Recordings

Recordings of the soundscape at Cafio Island Biological Reserve were made using a
regularly deployed autonomous underwater recorder (Ocean instruments, Soundtrap 600ST).

This recorder used a frequency range of 20 Hz-150 kHz +£3dB (self-noise of less than sea-state
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in the bandwidth 100 Hz-2 kHz, and sensitivity of -203 dB re V/uPa). It was deployed in El
Jardin (8.719 N/-83.863W) at a depth of 25 m. The recorder was programmed to record the
soundscape at a sampling rate of 48 kHz for 15 minutes every 60 minutes in 2020 to 2023, and
25 minutes 2024 and 2025. This recorder was placed in an area best expected to capture accurate

boat and whale noise for this location.

Data Collection

Consistent with current research methods in passive acoustic monitoring, we used
presence absence data to quantify the soundscape of Cafio Island (Chereskin et al., 2019; Jarriel
et al., 2024; May-Collado et al., 2023). To capture a range of tourist presences, each week three
24-hour recordings were analyzed (Tuesday, Thursday, Saturday). The months used were those
in Costa Rica’s wet season (July to November) and dry season (January to April) (Costa Rica
Guide). To standardize data collection, we recorded the presence and absence of boats, whales,
fish, and dolphins for the first 15 minutes of every recording. These acoustic files were inspected
for the presence of sound sources (whales, boats, dolphins, fish) visually and audibly in the
software RAVEN 1.5. If at any point a source was present in a recording, we manually annotated
the presence “1” in an excel file. In recordings where a source was not present, we annotated the

absence “0”.

Statistical Analysis

All statistical analyses were conducted in R version 4.5.3 using RStudio. Data were
cleaned and formatted using the dplyr and tidyr packages, and model outputs were summarized

using the broom package (Wickham et al., 2023; Wickham, 2023; Robinson et al., 2024).
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To examine differences in soundscape composition between seasons, presence—absence
data (1 = presence, 0 = absence) for whales, boats, fish, and dolphins were compared across wet
and dry seasons. A chi-square test of independence was used to determine whether the
distribution of sound sources differed significantly between seasons. Standardized residuals were

used to identify which sources contributed most to any observed differences.

To quantify the effect of season on the probability of detecting each sound source,
generalized linear models (GLMs) with a binomial distribution and logit link function were fit
using the glm() function in base R. Models were run separately for whales, boats, fish, and
dolphins, with presence as the response variable and season as the main predictor. Model
coefficients were exponentiated to calculate odds ratios, allowing for interpretation of effect
sizes. Additional GLMs were used to evaluate the influence of year and the interaction between
season and year (Season X Year) on detection probability. Temporal variation in detection
probability was further examined at monthly and hourly scales. Monthly patterns were analyzed
using binomial GLMs with month as a categorical predictor. Hourly (diel) variation was assessed
using chi-square tests for each sound source to determine whether presence varied significantly
across hours of the day, with standardized residuals used to identify hours with significantly

higher-than-expected detections.

To assess the relationship between anthropogenic noise and whale vocal behavior,
additional binomial GLMs were fit with whale presence as the response variable. Two models
were run separately by season: the first included boat presence as the primary predictor to
evaluate whether whale singing probability changed when boats were detected; the second

included time of day (day: 06:00—18:00 vs. night: 18:01-05:59) as the predictor to examine diel
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shifts in whale singing activity. Model coefficients were exponentiated to produce odds ratios,

and significance was assessed at o = 0.05.

To account for non-linear temporal patterns, generalized additive models (GAMs) were
fit using the mgcv package (Wood, 2017). These models included smoothing terms for hour of
day, with separate smooths by season, allowing for flexible modeling of diel variation in
detection patterns. Model selection was conducted using Akaike’s Information Criterion (AIC) to
compare alternative model structures and identify the best-fitting model. Overall, these analyses
were used to assess how biological and anthropogenic components of the soundscape vary across

seasonal and temporal scales.

Results

Across the full study period, a total of 5,039 recordings were analyzed, spanning wet
(n=2543) and dry (n=2449) seasons through 2023, 2024 and 2025. This allowed us to study

seasonal variation in the presence of four acoustic sources: humpback whales, fish, boats, and

dolphins.
Table 1. Summary data recording effort and analysis per season and year and major
sound sources
Year Dry (files/hours) | Wet(files/hours) | % of files with | % of files with
boats biological sounds
2023 0 1208 20.3 93.8
2024 1248 1263 21.3 88.6
2025 1201 72 243 91.4
Total 2449 2,543 21.9 90.5
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Seasonal Patterns

A significant difference in soundscape composition was detected between the wet and dry
seasons across the full study period (y* = 1763.8, df =3, p <0.0001, Fig. 1). Whale presence was
greater in the wet season (OR=45.705, p<.0001) than in the dry season (OR=.238,
p<.0001)(Table 2). Being in the wet season slightly reduced the odds of boat presence compared
to the dry season (odds ~ 19% lower, p<.002). The odds of fish presence are greatly reduced in
the wet season compared to the dry season (odds ~ 90% lower, p<.0001). Dolphin detections
were relatively infrequent across both seasons. However, the odds of detection were 1.6 times
higher in the wet season than in the dry season (p = 0.01), indicating a modest but statistically
significant increase in acoustic detectability. These patterns were consistent across the years
sampled in fish and whales (Appendix 1). However, when looking across years individually,
there was no longer a significant difference between seasons for boats (p=.61) or dolphins

(p=.82)(Appendix 1).

Table 2. Generalized linear regression model of seasonal effects on presence across sources

Source term estimate | Odds_Ratio | std.error | statistic | p.value
Whales (Intercept) | -1.435 0.238 0.051 -27.988 0
Whales SeasonWet | 3.822 45.705 0.088 43.471 0
Boats (Intercept) | -1.168 0.311 0.048 -24.585 0
Boats SeasonWet | -0.208 0.812 0.069 -3.029 0.002
Fish (Intercept) 1.47 4.347 0.052 28.356 0
Fish SeasonWet | -2.332 0.097 0.068 -34.493 0
Dolphins | (Intercept) | -3.934 0.02 0.147 -26.712 0
Dolphins |SeasonWet| 0.481 1.617 0.187 2.572 0.01

*Intercept is dry season
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Figure 1. Proportion of acoustic detections attributed to four primary sound sources (Boats,
Dolphins, Fish, and Whales) across dry and wet seasons. Proportion was calculated as the sum of
positive detections for each source divided by the total number of detections within each
respective season. A Chi-square test indicates a significant difference in the distribution of sound
sources between seasons (- =1763.8, df =3, p <0.0001).

Monthly Patterns

When looking at month-level GLM results, with January as the baseline month, all four
sound sources showed meaningful temporal variation (Appendix 2). Whales showed the
strongest monthly signal, with significant peaks in February, March, July, August, and October
(p <.0001), and near-total acoustic saturation in September, where every recording had whale
presence, resulting in complete separation in the GLM and preventing a finite odds ratio from
being estimated (OR = 1.8x10?, p = .981). Fish showed an opposing pattern, with a strong

positive peak in February (OR =9.03, p < 0.001) followed by significant decreases through the
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wet season months of July, August, September, and October (p <.0001), mirroring the inverse
relationship between fish and whale presence seen in the seasonal results. Boat presence
remained relatively stable across months compared to the biological sources, with no significant
deviation from January except for a notable decrease in October (OR = .432, p <.0001), likely
reflecting reduced tourism during the height of the wet season. Dolphins showed multiple
significant peaks in February, July, August, September, and October (p <.0001), suggesting a
sporadic but recurring presence throughout both seasons. These monthly trends are visualized in
Figures 2 and 3, where the inverse relationship between whale and fish presence across the

seasonal transition is clearly illustrated in both the observed and predicted panels.

Observed Proportion

Manth

Season Dry Wiet Source Boals Dolphing Fiat Whales
' Figure 2. Observed monthly proportion of acoustic detections for four sound sources (Boats,
Dolphins, Fish, and Whales) from July 2023 to July 2025. Background shading indicates Dry
(yellow) and Wet (blue) seasons. Whale presence peaks during wet season months while fish
presence dominates the dry season, illustrating a strong inverse relationship between the two
sources across the seasonal transition.
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Season Dry Wat Source Boats Dolphins Fish

Figure 3. Predicted monthly probability of detection for four sound sources derived from a
Binomial Generalized Linear Model (GLM), with January as the baseline month. The predicted
patterns closely mirror observed detections, confirming the robustness of the model and
indicating that the soundscape follows a highly structured seasonal pattern rather than random
variation. A highly significant interaction between sound source and month was detected (GLM,
p <0.0001).

Hourly Patterns

A Generalized Additive Model (GAM) was used to assess non-linear variation in
soundscape richness, defined as the number of sound sources detected per recording, ranging
from zero to four, across hours of the day by season. The GAM revealed that hour of day was a
highly significant predictor of richness in both the dry (edf = 5.45, p <0.001) and wet (edf =
4.97, p <0.001) seasons. The estimated degrees of freedom (edf) values near five indicate that
richness follows a complex, non-linear pattern across the day in both seasons, with
approximately five oscillations in sound source contribution rather than a simple peak-and-

trough cycle. Furthermore, the wet season exhibited significantly higher overall richness
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compared to the dry season (z = 5.44, p <0.001), meaning more sound sources were present on

average regardless of time of day.

The Chi-square analysis revealed distinct diel patterns for three of the four sound sources.
Boat presence showed the most robust temporal concentration (y> = 2123.03, p < 0.001), with
significant peaks occurring almost exclusively during daylight hours (08:00-15:00). Biological
sources showed more varied patterns; fish (x> = 64.94, p <0.001) and dolphins (3> =39.45,p <
0.001) exhibited significant peaks during crepuscular periods, with fish peaking at hours 7, 16,
and 18, and dolphins peaking at hours 6, 8, and 18, consistent with dawn and dusk activity
patterns. Whale presence did not significantly vary by hour (y*=9.71, p = 0.99), indicating a
consistent acoustic presence throughout the 24-hour cycle (Fig. 4, Fig. 5). As illustrated in Figure
3, during the dry season, fish were the dominant biological contributor during non-boating hours,
while boat presence coincided with reduced detections of other sound sources during midday. In
the wet season, whales dominated the soundscape for the majority of the 24-hour cycle,
accounting for over 70% of acoustic presence outside of peak boat hours. Figure 5 further
illustrates this seasonal contrast, showing that dolphin detections remained low and sporadic
across all hours in both seasons. Given the overlap between peak boat hours and active biological
periods, we further examined whether boat presence specifically reduced whale singing

probability across seasons.

To further examine the relationship between anthropogenic noise and whale vocal
behavior, binomial GLMs were used to assess the effect of boat presence on whale singing

probability across seasons.
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Figure 4. Relative detection probability for four acoustic sources at Cafio Island. Chi-square
analysis of diel partitioning revealed significant peaks in boat noise (Residuals > 1.96) during
daylight hours (09:00-15:00), which was associated with shifts in soundscape composition
compared to nocturnal hours. In the Dry Season, fish (blue) were the primary biological
contributor during non-boating hours. Conversely, in the Wet Season, a significant seasonal shift
was observed (p < 0.001, Binomial GLM), with whales (purple) dominating the soundscape for

over 70% of the daily cycle.
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Figure 5. The faceted bar chart illustrates the relative composition of the Cafio Island
soundscape over a 24-hour diel cycle. In both seasons, a significant influx of boat noise (green)
is observed during daylight hours (09:00-15:00). However, a major seasonal shift is evident in
cetacean activity. During the wet season, whales (pink) represent the primary acoustic
contributor for the majority of the day, whereas in the dry season, the soundscape is dominated
by fish (blue) during non-boating hours. Dolphin detections (orange) remain relatively low and
sporadic across both seasons and all hours.

The Binomial GLM analysis revealed that boat presence had a seasonally dependent
impact on whale singing (Table 3, Fig. 6). During the wet season, boat presence was a significant
predictor of decreased whale singing behavior (OR = 0.688, p = 0.023), meaning whales were
approximately 31.1% less likely to be detected when boats were present. In contrast, no
statistically significant relationship was found between boat presence and whale singing during
the dry season (OR = 0.813, p = 0.098), with the confidence interval crossing 1.0, indicating a
non-significant effect. Whale singing also exhibited a significant diel shift that was dependent on

season (Fig. 7). During the wet season, the odds of vocalization during daylight hours (06:00—
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18:00) were 34.5% lower than during nocturnal periods (OR = 0.655, p = 0.004), despite
absolute detection probability remaining high (>90%). The dry season showed no statistically

significant difference in singing activity between day and night (OR = 0.899, p = 0.302).

Table 3. Binomial GLM results for the effect of boat presence on whale occurrence across
seasons

term Season | estimate |std.error | statistic p.-value | Odds_Ratio

presence_boats| Dry |-0.206746|0.124997 | -1.654004 | 0.098127 | 0.813226

presence boats| Wet |-0.3728360.164038 | -2.272857 | 0.023035 | 0.688778
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Figure 6. Effect of boat presence on whale singing probability. Odds ratio of less than one
indicated a decrease in singing when boats are detected. Dots represent point estimate for OR
while horizontal lines show the 95% confidence interval. Error bars crossing 1.0 (the dashed
line) indicate non-significant results.
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Figure 7. Probability of whale singing by time of day and season. Bars represent the mean
probability of acoustic detection per hour, with error bars indicating the binomial standard error
(+ SE). A significant daytime decrease in the odds of presence of 34.5% is observed during the
wet season (p = 0.004), while the dry season shows no significant diel variation (p = 0.302) (Day
=06:00-18:00; Night = 18:01-05:59).

Discussion

This study found that there is a strong relationship between soundscape composition and
season in the waters surrounding Caio Island. The wet season is characterized by the
communication of the BSG Humpback whales while the dry season’s most significant
contributor is fish chorusing. Based on the difference in population size between the BSG and
CA whales, it makes sense that there is a smaller whale vocal presence during Costa Rica’s dry
season (International Whaling Commission). Fish choruses have been found to peak in summer
months (dry season), as chorus peak frequency positively correlated with temperature
(Bittencourt et al., 2023; Siddagangaiah et al., 2021). This provides further evidence for the

difference in soundscape makeup between the seasons.
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Monthly peaks for each sound source were also found to correspond to our hypotheses
and the current literature. 100% of the recordings in September had whale presence, which
doesn’t show the strong diel patterns in singing found by other researchers, but does indicate that
the full BSG population had arrived by that point as previously believed (Chereskin et al. 2019;
Homfeldt et al. 2022). For fish, peaks in monthly presence continued to correspond with warmer
expected water temperatures with the highest peak in February, the heart of Costa Rica’s
summer. Boat presence was slightly reduced in the wet season compared to the dry season and
there was a significant decrease in boats noise in October which aligns with a known patterns of
tourism in the area due to the increased rainfall (Costa Rica Guide). Finally, peaks in dolphin
whistle activity were sporadic, indicating a relatively consistent year-round presence in the area
(Marine Mammal Habitat). The fact that the predicted patterns calculated by the GLM so closely
mirrored these actual observed presences confirms the robustness of the model. This alignment

proves that the soundscape is a highly structured environment rather than just random noise.

Soundscape richness was quantified as a scale from zero to four, representing the number
of sound sources detected per recording. While this metric effectively captures temporal
variation in overall acoustic activity and highlights periods of elevated sound source diversity, it
does not distinguish between biological and anthropogenic contributions to the soundscape.
Despite this limitation, the analysis revealed significantly higher richness during the wet season
compared to the dry season, indicating that more sound sources were present on average during
this period. This finding is consistent with the dominance of BSG humpback whale vocalizations
during the wet season, which contributed substantially to overall acoustic complexity.

Importantly, because richness treats all sound sources equally, these results should be interpreted
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alongside the season-specific GLM and chi-square analyses, which provide the necessary

resolution to attribute changes in richness to specific biological or anthropogenic drivers.

To first determine hourly changes in sound source presence, a GLM was run; however,
the results showed no significant relationships between hours or seasons, which conflicted with
known biological patterns. A GAM was then run which determines that there was a nonlinear
relationship between hour, season, and the sound sources. This test showed that there are diel
patterns in the soundscape, and that there is a highly significant difference in the hourly
composition between seasons. The complexity of this model indicates about five oscillations in
sound source contribution. These bends in the data show that there are peaks in the data where
there are a higher number of sound sources present than average in the surrounding time. This
model also demonstrates the significant diel patterns in both seasons showing that the changes in
soundscape are not random. This is likely showing activity at dawn, mid-day boat peaks, and

evening choruses.

Diel patterns were found regardless of season for fish, boats, and dolphins. Fish
chorusing was the most common in the early morning and evening, which matches current
research that maximum chorus intensity occurs within an hour of sunset and just before sunrise
(Zhang and Katsnelson, 2021). It would be interesting to further examine the changes in fish
chorusing to see how they compare to lunar cycles and tides. Boats were most present during the
morning and early afternoon, which we hypothesized based on known patterns of tourism and
required permitting (Sistema Nacional de Areas de Conservacién). Dolphin detections were more
frequent during early morning and evening hours, suggesting potential crepuscular activity
patterns. However, the relatively low number of detections limits statistical power, preventing

robust conclusions about diel patterns or responses to boat presence. While previous studies
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suggest that dolphin acoustic behavior is sensitive to boat noise, our dataset was insufficient to
directly assess this relationship (May-Collado and Quifiones-Lebron, 2014; Morrison, 2020).
Future studies with greater sampling effort would be needed to evaluate potential behavioral
responses. Looking at all of these sound sources together, there are clear shifts in contributors to

Cafio Island’s soundscape throughout the 24-hr cycle.

As previously mentioned, the overall presence of whales varied with season, which
wasn’t expected but aligns with the difference in population sizes. Hourly, there were also
changes in whale presence that depended on the season. When using all recordings with whale
presence, there were no diel patterns of singing which does not support the findings of other
studies (Chereskin et al. 2019; Homfeldt et al. 2022; Kobayashi et al. 2021; Munger et al. 2012).
However, looking at the seasons individually, whales in the wet season did exhibit significant
shifts in singing between day and night, which is supported by previous research. In the dry
season the increase in singing at night fell within the margin of error, but we assume that with a

larger number of files that include CA whale presence, a stronger relationship might be seen.

We also looked to see if there was a specific change in whale singing when boats were
also detected. As demonstrated throughout this study, the effect of boats on whales exists in the
dry season but was not found to be significant. However, there was a marked decrease in the
odds of whale singing when boats were present in the wet season. This likely indicates the same
issue in the number of files with CA whale presence, as the behavior of CA whales should be
similar to that of BSG whales (Cascadia Research Collective). These findings correspond with
the known response of whales changing or stopping their songs in noisy environments (Norris,

1995; Parks et al. 2014; Tsujii et al. 2018). Our study shows that BSG whales are likely to
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modify their singing behavior in association with boat presence, which supports a well-defined

need for further research into the effects of anthropogenic noise on whales.

Conclusion

Significance

This study highlights the complex and rhythmic nature of the Cafio Island soundscape,
suggesting that the health of a Marine Protected Area cannot be measured by visual presence
alone. By documenting how the acoustic environment shifts, from the dominance of fish
chorusing in the dry season to humpback whale communication in the wet season, it is clear that
these species partition the area to survive and breed. The most critical finding is that this
biological rhythm is being disrupted by human activity. The observed reduction in the odds of
BSG whale singing during daylight hours, alongside the midday peaks in boat noise, suggests

that anthropogenic sound may be interfering with essential communication and habitat use.

Beyond individual species, noise pollution has the potential to influence ecosystem
structure and dynamics. The marine soundscape is a fundamental aspect of ocean life; the fish,
dolphins, and whales at Cafio Island rely on sound for everything from group coordination and
foraging to reproduction and navigation. If these animals adjust their natural behaviors in
response to noise or shift their singing to nocturnal hours to avoid interference, it could disrupt

key ecological relationships in ways that are not yet fully understood.

The findings of this study reinforce the need for more specialized management of
underwater noise. While Cafio Island is a designated biological reserve, our results show that
blanket protections may not be enough to safeguard the acoustic environment. Since the

interference from boat traffic is tied to specific seasons and daylight hours, this research suggests
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that adaptive management strategies could be effective in the area. By implementing "quiet
windows," reducing vessel speeds, or transitioning to electric motors during peak biological
periods, we can provide these animals with an acoustic refuge. Protecting this soundscape
ensures that as the global ocean becomes increasingly noisy, Cano Island remains a functional

space where the entire marine community can still be heard and thrive.

Future Directions

In future work, sound pressure levels should be used to quantify the effects of boat noise
on dolphins, whales, and fish in this area. Further, that method would allow for relative
contribution to soundscape, rather than just presence or absence at a specific time. Subsequent
research incorporating a triangulation approach with multiple autonomous recorders would allow
for spatial analyses of sound sources, enabling us to assess whether whales alter their position or
movement patterns in response to boat presence. Similar analyses could be extended to fish and
dolphins. However, these taxa present additional challenges, as fish choruses are less
individually distinguishable, and dolphin detections are relatively infrequent in this region,

necessitating a larger dataset.

Another area to study is how to reduce the impact of tourism boat noise on marine
organisms. Tourism is inevitable in this region as it is an important source of income, so the
question then becomes how it can be made more sustainable. There are already clear attempts to
limit the physical impact of tourism on Caio Island with its designation as a biological reserve
and permit requirements. But concerning the acoustic environment, there aren’t any clear
regulations. It would be interesting to investigate the effects of electric boats on soundscapes, as

preliminary results have indicated that they have less of an effect on the behavior of organisms in
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the area. That being said, these boats still produce significant noise through cavitation. It will be
important to work with local policymakers and community members when finding ways to limit

the impact of tourism on marine organisms.

Finally, as the ocean becomes increasingly noisy, monitoring potential adaptations to
anthropogenic pressure will be essential. Previous research has demonstrated that cetaceans
modify their vocalizations in response to background noise, either by increasing volume (the
Lombard effect) or shifting singing time to reduce overlap (Guazzo et al., 2020; Dunlop et al.,
2010; Dunlop et al., 2014; Holt et al., 2009). Similarly, dolphins have been shown to alter their
whistle tones in the presence of boats (May-Collado and Quifiones-Lebron, 2014; Morrison,
2020). By contrast, the effects of vessel noise on fish communication remain comparatively
understudied. Examining soundscapes both collectively and at the organism level will therefore
be critical for tracking how marine species respond to increasing noise pollution and whether

these behavioral shifts are detectable through long-term acoustic monitoring.
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Appendix

1
Source term estimate Odds_Ratio std.error statistic p.value
Whales (Intercept) -0.911 0.402 0.336 -2.711 0.007
Whales SeasonWet 291 18.366 0.324 8.984 0
Whales Year2024 -0.665 0.514 0.344 -1.931 0.053
Whales Year2025 -0.391 0.677 0.328 -1.189 0.234
Whales SeasonWet:Year2024 1.699 5.466 0.359 4.735 0
‘Whales SeasonWet:Year2025 NA NA NA NA NA
Boats (Intercept) -1.22 0.295 0.3 -4.069 0
Boats SeasonWet -0.149 0.862 0.291 -0.51 0.61
Boats Year2024 -0.011 0.989 0.307 -0.036 0.971
Boats Year2025 0.116 1.123 0.292 0.397 0.691
Boats SeasonWet:Year2024 -0.009 0.991 0.307 -0.031 0.976
Boats SeasonWet:Year2025 NA NA NA NA NA
Fish (Intercept) 0.513 1.67 0.266 1.927 0.054
Fish SeasonWet -1.966 0.14 0.256 -7.685 0
Fish Year2024 0.481 1.618 0.274 1.759 0.079
Fish Year2025 1.676 5.344 0.248 6.751 0
Fish SeasonWet:Year2024 0.502 1.652 0.27 1.86 0.063
Fish SeasonWet:Year2025 NA NA NA NA NA
Dolphins (Intercept) -3.065 0.047 1.042 -2.942 0.003
Dolphins SeasonWet -0.234 0.791 1.03 -0.227 0.82
Dolphins Year2024 -0.785 0.456 1.061 -0.74 0.459
Dolphins Year2025 -0.963 0.382 1.018 -0.946 0.344
Dolphins SeasonWet:Year2024 0.496 1.643 1.063 0.467 0.641
Dolphins SeasonWet:Year2025 NA NA NA NA NA
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2

Source term estimate Odds_Ratio std.error statistic p.value
Whales (Intercept) -0.578 0.561 0.085 -6.799 0
Whales MonthFebruary -0.442 0.643 0.126 -3.52 0
Whales MonthMarch -1.177 0.308 0.141 -8.327 0
Whales MonthApril -4.465 0.011 0.509 -8.777 0
Whales MonthJuly 1.516 4.556 0.121 12.522 0
Whales MonthAugust 4.087 59.57 0.248 16.49 0
Whales MonthSeptember 19.144 206133265.762 271.777 0.07 0.944
‘Whales MonthOctober 4.96 142.593 0.366 13.56 0
Boats (Intercept) -1.21 0.298 0.097 -12.481 0
Boats MonthFebruary 0.121 1.128 0.135 0.894 0.372
Boats MonthMarch 0.077 1.08 0.135 0.575 0.565
Boats MonthApril -0.03 0.97 0.136 -0.22 0.826
Boats MonthJuly -0.058 0.944 0.135 -0.429 0.668
Boats MonthAugust 0.18 1.197 0.132 1.369 0.171
Boats MonthSeptember -0.093 0.911 0.141 -0.664 0.507
Boats MonthOctober -0.869 0.419 0.158 -5.492 0
Fish (Intercept) 1.431 4.181 0.103 13.841 0
Fish MonthFebruary 0.61 1.841 0.164 3.709 0
Fish MonthMarch -0.236 0.79 0.14 -1.68 0.093
Fish MonthApril -0.076 0.927 0.143 -0.531 0.596
Fish MonthJuly -1.512 0.221 0.129 -11.696 0
Fish MonthAugust -2.893 0.055 0.144 -20.111 0
Fish MonthSeptember -3.157 0.043 0.156 -20.285 0
Fish MonthOctober -2.055 0.128 0.132 -15.545 0
Dolphins (Intercept) -3.478 0.031 0.239 -14.532 0
Dolphins MonthFebruary 0.058 1.059 0.334 0.172 0.863
Dolphins MonthMarch -1.001 0.367 0.449 -2.229 0.026
Dolphins MonthApril -1.855 0.156 0.626 -2.964 0.003
Dolphins MonthJuly 0.004 1.004 0.33 0.013 0.99
Dolphins MonthAugust -0.345 0.709 0.361 -0.955 0.34
Dolphins MonthSeptember 0.252 1.286 0.323 0.778 0.436
Dolphins MonthOctober 0.13 1.138 0.323 0.401 0.688
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