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ABSTRACT

Cueva, J., Iñiguez, W., Marshall, G., Sevilla, C., Coloma, A., Venegas, L., & Jiménez-Uzcátegui, G. (2026). Behavioral insights into the 
Galapagos Penguin Spheniscus mendiculus: A day in his life—an ethological portrait. Marine Ornithology, 54(1), 177–183. http://doi.org/
to come........................................

The Galapagos Penguin Spheniscus mendiculus, endemic to the Galápagos Archipelago, faces increasing ecological pressures threatening its 
population. This study aimed to characterize its daily behavioral patterns to better understand its adaptations and vulnerability to ecosystem 
changes. In one breeding locality, the Marielas Islets, we mounted a Crittercam on a male penguin to assess interactions with its mate and its 
behavior over a 24-hr period. Behaviors were classified as Diving, Foraging, Grooming, Intraspecific Interaction, Interspecific Interaction, 
Loafing, Prospecting, Resting, Surface Dipping, and Swimming. We analyzed behavioral data using chi-square tests and transition heat-
maps. Results revealed predominantly surface behaviors—Prospecting (41.2% of observed time) and Surface Dipping (38.4%)—with deep 
diving and socializing being rare (< 10%). Significant behavioral transitions (P < .001) included a strong association between Swimming and 
Diving, suggesting a structured foraging strategy. Activity durations varied diurnally, with peak surface behaviors occurring during daylight. 
These patterns indicate behavioral adaptation to prey availability. Although we had data from just one individual, the low frequency of deep 
diving was unexpected and contrasts with findings for other penguin species. Our findings provide insight into factors affecting foraging 
success for the Galapagos Penguin. We recommend expanded monitoring with a larger sample of Crittercams to evaluate behavioral patterns 
that could facilitate conservation strategies.
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INTRODUCTION

The Galapagos Penguin Spheniscus mendiculus (GAPE) faces 
increasing ecological pressures that threaten its population, while 
also being the only penguin species that copes with the equatorial 
region (Harris, 1973; Jiménez-Uzcátegui, 2022). Endemic to the 
Galápagos Archipelago, 95% of the population lives on two 
islands, Fernandina and Isabela, with small populations also at 
Bartolomé, Floreana, and Santiago (Harris, 1974; Vargas, 2006). 
This penguin is adapted to tropical conditions on land but inhabits 
a temperate marine environment similar to those of other low-
latitude penguins such as the Humboldt Penguin S.  humboldti 
and the African Penguin S. demersus. This combination sharply 
distinguishes it from its relatives in temperate and polar regions 
(Acosta Hospitaleche, 2005).

The Galápagos Archipelago is of volcanic origin and, though 
located at the Equator, is surrounded by cool, nutrient-rich 
waters due to the upwelling associated with the convergence of 
four currents: Humboldt, Cromwell, Ecuadorian, and Panama 
(Ainley & Wilson, 2023; Bjerknes, 1969; Karnauskas et al., 
2015). Owing to a highly variable ocean climate influenced 
by the El Niño Southern Oscillation (ENSO), prey availability 
for this generalist and opportunistic species can fluctuate 
considerably. Its breeding success depends on periods of 
abundant small pelagic fish (Boersma, 1976; Boersma et al., 

2013; Mills, 1998; Steinfurth, 2007; Vargas, 2006). GAPE 
forages nearby at shallow depths, ranging from 15 to 50 m deep 
(Steinfurth et al., 2008; Vargas et al., 2006).

The GAPE tendency to forage primarily in shallow waters 
suggests that doing so is energy-efficient, adequate, and 
associated with Cromwell Current upwelling (Ruiz & Wolff, 
2011). Their daily routine follows a consistent pattern: leaving 
the nest at dawn (05h00–05h30), resting on land mid-morning 
(10h00–11h30), and returning to the nest by late afternoon 
(17h45) (GJU, personal observations; Jiménez-Uzcátegui & 
Vargas, 2019; Steinfurth, 2007).

Directly studying the feeding behavior of marine species 
that hunt underwater is challenging due to the inaccessibility 
to humans of their environment, the depths they reach, and 
technological limitations for real-time observation (Karnauskas 
et al., 2015; Viviant et al., 2014). However, recent advances in 
tracking technologies have begun to overcome several of these 
limitations (Marshall et al., 2007). These indirect methods 
have been essential for defining ecological niches and food 
interactions, helping us to understand how species use available 
resources, as seen in other penguin species (Lynnes et al., 2002; 
Miller et al., 2010; Trivelpiece et al., 1987). This study aims 
to understand how a GAPE individual allocates its behavior 
throughout the day, mostly related to time in the water.
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METHODS 

Study Area

The study was carried out on the Marielas Islets, comprising the 
East, South, and North islets, located in the western portion of the 
Galápagos Archipelago, approximately 960  km from the coast of 
mainland Ecuador. The GAPE captured was from Mariela East 
(00°35′40.70″S, 091°05′25.1″W; Fig. 1; Snell et al., 1996).

Crittercam Placement

A Crittercam system (an integrated video device designed to study 
the behavior of animals in their natural habitats; see Marshall, 1998; 
Marshall et al., 2007) was attached to the back of a GAPE. This 
was done using a custom harness made of flexible and lightweight 
materials to ensure a secure attachment and minimize any potential 
discomfort or interference with the penguin’s movements. The 
harness included an easy-release mechanism that enabled quick 
removal of the device, minimizing both stress and the risk of 
injury. The physical condition and behavior of the GAPE were 
continuously monitored throughout the placement process to detect 
any signs of stress or discomfort, thereby ensuring its welfare at 
all times.

The study focused on a nesting adult male GAPE (approx. 4 years 
old), which was captured and equipped with the Crittercam on 
10 November 2016. For long-term identification within the capture–
recapture program at Charles Darwin Foundation, the individual 
had been previously marked with a microchip (9810981045-33600) 
on 18 July 2016. Notably, it was subsequently recaptured several 
times (15 July 2017, 26 July 2018, and 18 August 2019), allowing 
for data retrieval and health assessments. As a breeding adult with 
a chick, its behavior was expected to reflect provisioning strategies, 
providing insights into its foraging efficiency and interactions 
within the marine environment.

Data Analysis

This study is based on data collected from a GAPE monitored 
with a Crittercam. The device was deployed on 10 November 
2016 at 18h00 and retrieved 24 hr later, on 11 November 2016 at 
18h00. This deployment schedule enabled continuous monitoring 
beginning at dawn (05h00) on 11 November, when the species 
initiates its daily activity. As such, the dataset represents the 
behavior of one individual on one day and should be interpreted 
as an exploratory case study. Prior to analysis, two researchers 
independently reviewed the video footage to identify and classify 
observed behaviors. Based on this process, a reference framework 
was established for the construction of the ethogram. Behavioral 
categorization followed the principles of classical ethology (see 
Eibl-Eibesfeldt, 1975, 2012). The functional ethogram we developed 
included the following behaviors (see Table  1 for definitions): 
Diving, Foraging, Grooming, Intraspecific Interaction, Interspecific 
Interaction, Loafing, Prospecting, Resting, Surface Dipping, and 
Swimming. We analyzed the timing of each behavior, allowing 
us to identify the individual’s priorities, adaptive strategies, and 
behavioral transitions. Subsequently, detailed analysis was carried 
out using BORIS v.2.8 software (Friard & Gamba, 2016), dedicating 
1–1.5 hr to the review of each video, depending on the complexity 
of the interactions and the duration of the recorded behaviors.

Statistical Analysis

The Crittercam produced 12 video clips of approximately 20 min 
each. However, the files did not contain precise metadata indicating 
the exact start and end times of each segment, and recording was not 
continuous. For the analyses, we assumed that the video clips were 
consecutive and followed the order in which they were recorded. 
The recorder began operating at 06h00 on 11  November  2016, 
according to the device’s programmed ignition schedule, which 
approximates the expected start time in the absence of exact 
metadata. This assumption allowed us to organize the data into time 

Fig. 1. The rectangle inset at top right shows the Galápagos Islands within a rectangle. The right-hand panel displays the archipelago, with a 
symbol indicating the location of the Marielas islets. The left-hand panel illustrates the capture site and the possible movement range of the 
Galapagos Penguin Spheniscus mendiculus (GAPE) studied. The capture took place on East Mariela Islet, off the western coast of Isabela Island.
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bins for analysis, but the temporal distribution of behaviors should 
be interpreted with caution, given these limitations.

Statistical analyses were performed using the RStudio software 
(RStudio Team, 2020) to provide the distribution and transition 
of the observed behaviors. A chi-square test was applied to 
determine whether the frequency of the behaviors differed 
significantly and to assess whether the individual distributed its 
time evenly among them.

The significant transitions between behaviors were calculated 
using frequencies (Table 2). To compare the duration of different 
behaviors, we applied Dunn’s test to evaluate significant differences 
among them. Finally, we generated a transition diagram to visualize 
the relationships between behaviors and facilitate the interpretation 
of behavioral sequences (RStudio Team, 2020).

RESULTS

The behavioral repertoire described here corresponds to the activity of 
a single adult male GAPE during a 24-hr monitoring period. As such, 
the analysis is not replicated, and the results should be interpreted as 
preliminary insights into GAPE daily activity rather than population-
level patterns. A total of 12 video clips of 20 min each were available. 
While this totaled 4 hr of footage, the effective recording time totaled 
3  hr, 19  min, and 30  sec, the difference being due to interruptions 
and technical issues. Since the files lacked timestamps, the hourly 
distribution of behaviors should be interpreted as an approximate 
analytical framework. For consistency, the data were organized into 
one-hour intervals (06h00–10h00), used solely as a framework to 
facilitate comparisons. In practice, the sampling effort extended across 
daylight hours throughout the deployment. The behaviors considered 
in this analysis correspond to those defined in Table 1, with each coded 
and followed accordingly to ensure clarity and reproducibility.

The results showed that, when in the water, the individual’s most 
frequent and predominant behaviors were Prospecting as the 
dominant activity, accounting for 41.2% of total time, followed by 
Surface Dipping (38.4%). These two activities make up most of 
the individual’s behavioral repertoire, followed by Swimming (7%) 
(Fig. 2). While Resting is an established behavior in GAPE and 
was included in the ethogram (Table 1), it was not observed in this 
study, likely due to the limited recording duration and its occurrence 
during non-recording periods.

A chi-square test revealed highly significant differences in the 
distribution of behaviors (P < .001), indicating that the individual did 
not allocate time evenly across activities—i.e., certain behaviors were 
favored over others. Based on these results, we identified key patterns, 
including frequent, unlikely, and nonsignificant transitions. Among 
the most likely transitions, Swimming was often followed by Diving, 
Grooming by Loafing, and Foraging by Prospecting. Based on these 
observations, we quantified the probabilities of behavioral transitions 
and constructed a transition matrix (Table 2). These results demonstrate 
a structured temporal organization in the individual’s activities.

Looking at the differences in the duration of the behaviors, 
assessed using the Dunn’s test with Bonferroni correction, revealed 
two comparisons with significant differences: Interspecific 

TABLE 1
Galapagos Penguin Spheniscus mendiculus ethogram classified by type and event category recorded by Crittercam

Behavior Code Definition

Diving DV Penguin completely submerges for > 1 s

Foraging FR Active pursuit and capture of prey, usually involving repeated dives or underwater chases

Grooming GR Preening or feather maintenance

Interspecific Interaction ID Interaction with non-penguin species

Intraspecific Interaction IS Interaction between two or more penguins

Loafing LF Minimal movement, floating or standing

Prospecting PP Penguin scans, changes direction, without capturing prey

Resting RT Motionless penguin, eyes closed or relaxed posture

Surface Dipping SD Shallow immersion of head/upper body below the surface without a full dive

Swimming SW Continuous forward movement on the water surface

TABLE 2
Transition probability matrix describing the  

likelihood of sequential behaviors in the observed  
Galapagos Penguin Spheniscus mendiculus individual

Behavioral 
codesa DV FR GR ID IS LF PP SD SW

DV 0 0.02 0 0 0.03 0 0.1 0.34 0.51

FR 0.23 0 0 0.01 0.03 0 0.56 0.09 0.07

GR 0.02 0 0 0 0 0.23 0 0.75 0

ID 0.2 0 0 0 0.4 0 0.2 0.2 0

IS 0.12 0.02 0 0 0 0 0.38 0.41 0.06

LF 0 0 0.75 0 0 0 0 0.25 0

PP 0.42 0.23 0 0 0.15 0 0 0.19 0

SD 0.29 0.01 0.06 0 0.12 0.01 0.14 0 0.37

SW 0.13 0.01 0.01 0 0.02 0 0.36 0.48 0

a	 For behavioral codes, see Table 1. Codes listed in the first 
column refer to the initial behavior, and codes listed across the 
columns refer to the subsequent behavior observed. Behaviors 
are presented in alphabetical order, following Table 1, and do not 
reflect the sequence of occurrence.
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Interaction vs. Prospecting (P  =  0.002) and Prospecting vs. 
Surface Dipping (P  <  .001). Post hoc analysis using Dunn’s 
test with Bonferroni correction identified significant differences 
(P < .05) in mean duration among key behaviors (Fig. 3). Three 
general groups emerged, indicated by letter assignments where 
behaviors sharing the same letter show no significant differences 
from each other, while behaviors differing in letters indicate 
statistically significant differences. Prospecting (labeled “A”) 
was statistically distinct from Interspecific Interactions and 
from Surface Dipping, the only categories not sharing an “A” 
label. The Interspecific Interactions category (labeled “C”) was 
statistically distinct from Foraging as well as from Prospecting, 
the only categories not sharing a “C” label. Foraging (“AB”) and 
Surface Dipping (“BC”) occupied intermediate positions, sharing 
statistical similarities with adjacent groups and potentially 
serving as behavioral transitions. This labeling system clarifies 
which behaviors have significantly different durations and 
facilitates interpretation of temporal patterns.

To complement the interpretation of temporal dynamics, we 
constructed a behavioral transition diagram (Fig. 4). This visualization 
represents the flow and frequency of transitions between behavioral 
states, highlighting the most common routes and indicating how 
intermediate behaviors, such as Foraging and Surface Dipping, can 
function as bridges in the overall sequence of activities.

DISCUSSION

This study served as a proof of concept for the use of Crittercam 
technology, which was deployed on a single GAPE for an assembled 
24-hr monitoring period (10–11 November 2016) to describe fine-scale 
behavior. Given the exploratory nature and limited sample size (n = 1), 

the main objective was to demonstrate the methodological potential of 
these video systems to obtain detailed behavioral data, rather than to draw 
population-level inferences. Within this individual context, the analysis 
revealed specific behavioral patterns characterized by exploratory 
activity and frequent foraging, with passive behaviors occurring at low 
frequencies (see Table  1; Figs.  3,  4). This observed “daily routine,” 
consisting of multiple short foraging trips, may represent an adaptive 
strategy to maximize food intake while minimizing time away from 
the nest during periods of high energetic demand, particularly during 
breeding (Boersma, 1976).

The results not only provide a detailed view of individual behavior 
but also highlight the usefulness and potential of the methodology 
employed. The Crittercam yielded both qualitative and quantitative 
data that complement and enrich traditional metrics for studying 
animal behavior (Eibl-Eibesfeldt, 1975; Marshall et al., 2007; 
Viviant et al., 2014). However, it is pertinent to consider that this 
device increases the hydrodynamic resistance of the penguin, 
hindering its ability to perform deep dives, an incidence documented 
in other studies with penguins of the genus Spheniscus (Marshall et 
al., 2007; Steinfurth et al., 2008). This limitation should be taken 
into account when interpreting the low frequency of deep dives 
observed in this study.

Much of the penguin’s activity occurred on or near the surface, with 
dominant behaviors including Prospecting and Surface Dipping. 
These activities appear to be exploratory strategies prior to shorter 
foraging dives (Ainley et al., 2010; Boersma, 1976; Steinfurth 
et al., 2008; Vargas et al., 2007). The structured behavioral 

Fig. 3. Behavior groupings for observations of an adult male 
Galapagos Penguin Spheniscus mendiculus (GAPE) based on average 
duration according to post hoc tests. Three general groups of behavior 
were evident (indicated by letters), with some overlap. Behaviors 
are labeled with letters (A, B, C) that indicate statistical groupings: 
behaviors sharing one or more letters (e.g., “A,” “AB,” and “ABC”) 
show no significant differences from each other, while behaviors with 
no shared letters (e.g., “A” and “BC”) indicate statistically significant 
differences in duration. Box plots show the median (horizontal line), 
interquartile range (box), and range (whiskers).

Fig. 2. Percentage of time spent in different behaviors by the 
breeding adult male Galapagos Penguin Spheniscus mendiculus 
(GAPE) observed at Mariela East Islet, Galápagos. For definitions 
of behaviors, see Table 1. Resting is omitted because the individual 
was not recorded in this state.
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sequence shows how animal-based video technology clarifies the 
organization of marine behavior, offering a context that would 
not be obtained with immersion data alone. The behavioral 
transition diagram (Fig.  4) further supports this interpretation, 
showing structured, nonrandom sequences—such as Swimming 
to Diving and Foraging to Prospecting—shaped by environmental 
conditions and physiological constraints. Together, these findings 
highlight flexible and adaptive strategies that allow GAPE to forage 
efficiently (see Ainley & Wilson, 2023; Boersma et al., 2013; 
Steinfurth et al., 2008).

A few instances of “cooperative foraging” were observed; this is 
a behavior involving groups of up to six penguins coordinating 
their movements around seaweed and rocky areas, likely intended 
to increase foraging efficiency by herding schools of fish (Ainley 

& Wilson, 2023; Gómez-Laich et al., 2018; Steinfurth, 2007; 
Vargas et al., 2007). While this behavior has been described in 
other Spheniscus penguins (Friard & Gamba, 2016), the present 
study primarily illustrates the observational value of Crittercam and 
does not allow conclusions regarding established group foraging 
behaviors, which would require multiple deployments and broader 
analyses (Ainley & Wilson, 2023).

A key limitation of this study is that the data were obtained 
from a single monitored penguin, which restricts our ability to 
capture the full variability in the species’ behavioral repertoire. 
Importantly, this limitation did not arise from the equipment or 
methodology, but from permit conditions: managers at Galápagos 
National Park sought to evaluate the potential invasiveness of 
the technique before granting broader authorization. In addition, 

Fig. 4. Diagram illustrating the probabilities of behavioral shifts, with line thickness and color representing the likelihood of transitions 
between behaviors, for an adult male Galapagos Penguin Spheniscus mendiculus (GAPE) observed near Mariela East Islet, Galápagos.
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reproductive activity during the initial year was unusually low, 
and only one active nest was recorded, which limited the 
number of suitable individuals for deployment. Despite these 
constraints, the study demonstrates the feasibility, noninvasive 
nature, and usefulness of Crittercam deployments on Spheniscus 
penguins. It provides valuable baseline information, reveals 
detailed behavioral patterns, and highlights the strong potential 
of animal-borne video systems to advance our understanding 
of the species’ fine-scale ecology. Moreover, this research lays 
a solid foundation for future studies, in which expanding the 
sample size will allow exploration of individual variability, group 
dynamics, and responses to environmental changes. Continuous 
improvements in device design are expected to further minimize 
behavioral impacts, increasing the value of video monitoring for 
the conservation and understanding of GAPE.
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