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ABSTRACT 
 
 
Unoccupied aircraft systems (UAS, aka drones) have revolutionized how researchers sample 
cetacean behavior by improving the accuracy and detection of cetacean behaviors. Despite this 
advancement, only 16 published studies to date utilize drones to study cetacean behavior. A review 
of 1,657 behavioral studies published from 1980 to 2020 reveal that 39 species lack any behavioral 
research, and the majority of studies do not leverage key methodical and technological advances 
within the field, which can reduce observational biases. Ninety-six percent (96%) of studies lacked 
critical information about observations, protocols, and observed behaviors, and it was uncommon 
for studies to explicitly address biases and limitations within their research. The most favored 
sampling methods used were ad libitum (29%) and continuous sampling (22%) methods, which 
are often non-systematic and arduous for observers. The case study demonstrated that UAS can be 
used to accurately capture bubble-net foraging observations of humpback whales (Megaptera 
novaeangliae) while reducing disturbance and observational bias arising from traditional 
observational methods. Recommendations to improve accuracy and reduce bias in behavioral 
studies are provided to help address shortcomings revealed by the present study.

i 
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EXECUTIVE SUMMARY 
 

Understanding the way free-ranging animals move, interact, and communicate with their 
environment and with one another is an essential part of biology that has great potential to 
inform conservation efforts. One way to study animal behavior is through direct observations -- 
typically through what is coined “traditional methods,” such as land-based, boat-based, and 
aerial-based studies. This method becomes particularly challenging for studying those species 
living in marine environments. Researchers must get creative to solve the unusual challenges 
posed by studying behavior at sea. As a result, there have been several methodological and 
technological advances to improve researchers’ abilities to sample behavior in the marine 
environment through biologging (tags), remote sensing, passive acoustic monitoring, and 
unoccupied aerial systems (UAS or drones). Drones are changing the way researchers study 
marine mammals and prove to be an up-and-coming research method. This method could be 
used to reduce observational bias and accurately record behavior from a birds-eye view 
perspective to enhance traditional methods of study. 

Observer bias will always be present in any behavioral study of wild species, but 
mitigation of this bias can be achieved through methodological and technological techniques. 
Historical published literature of cetacean behavior consisted of whalers’ logbooks, traditional 
ecological knowledge (TEK), and opportunistic sightings that had no clear protocol or method of 
sampling. Jeanne Altmann’s 1974 publication, Observational Study of Behavior: Sampling 
Methods, set the standard practice for animal behavior research producing sampling methods to 
improve validity of free-ranging animal behavior studies. Two decades later, cetologist Janet 
Mann reviewed and critiqued the field of cetacean research in her publication, Behavioral 
Sampling Methods for Cetaceans, which revealed that despite Altmann’s research, standard 
practices and available technology were not adopted in most studies leading to biased estimates 
of observed cetacean behavior. As a result, she produced best practices for cetacean behavioral 
studies based on specific follow protocols and sampling methods. To date, it is one of the most 
cited pieces of literature for sampling methods of cetacean behavior.  

The research presented in this paper aims to harness the technological advances of sUAS 
to improve scientific accuracy in behavioral sampling methods for cetaceans by reducing bias 
and maximizing the validity of and comparisons within and between behavioral studies. It also 
aims to better understand the advantages, disadvantages, and limitations of using UAS to further 
identify optimum methodologies to detect cetacean presence, abundance, and behavior. A 
literature review was conducted based on ROSES (RepOrting standards for Systematic Evidence 
Syntheses)	systematic synthesis guidelines focused on peer-reviewed scientific articles from Web 
of Science on free-ranging cetacean species. Based on inclusion and exclusion criteria, 1,657 
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articles were reviewed at the full text level and sorted into a primary analysis (429 articles) that 
focused on direct observations of behaviors and a secondary analysis (450 articles) that focused 
on indirect methods through telemetry and acoustic monitoring to sample behaviors of cetacean 
species. Additionally, a case study was conducted on humpback whale bubble-net foraging 
behavior in the West Antarctic Peninsula to determine if drones could improve traditional 
methods by assessing their ability to sample behavior accurately and systematically, and reduce 
observational bias within behavioral studies.  

This literature synthesis conducted revealed the shortcomings in behavioral research, 
highlighted evidence gaps, and demonstrated a lack of consistency in reporting. 96% of papers 
lacked critical information, which reveals the lack of reproducibility or comparability in most 
cetacean studies, and 39 cetacean species had no direct behavioral research published. More than 
50% of the papers did not define group size or the behaviors observed, and it was uncommon for 
studies to address biases, challenges, limitations, or costs within their research. The results of this 
case study show that drones provided an observational advantage by continuously recording 
cooperative behavior, provided more detailed and accurate observations, and involved less risk to 
both human observers and the animals observed. These results directly contribute new 
information about bubble-net foraging behaviors of humpback whales off the Western Peninsula 
of Antarctica. Drones provide a unique aerial perspective of behavioral observations with 
minimal noise, risks, and costs. When used properly, drones can maintain or even improve 
cetacean welfare, enhance the accuracy of behavioral observations, provide spatial mapping, 
locate individuals, improve long-term studies, and reduce observational bias. 

The use of UAS for behavioral ecology is growing, and this platform opens new 
opportunities to reduce costs and human risk, while providing immense insights into behavioral 
ecology. Though drones have some limitations due to battery life, observational conditions, 
payloads, and regulations, they prove to be a revolutionary tool for behavioral studies. Many of 
these limitations can be addressed with future technological innovations. It is recommended that 
more researchers consider the use of UAS, following best practices, to enhance their behavioral 
studies of marine species. It is also recommended that future cetacean behavioral studies target 
under-researched species and focus their study design principles on sampling methods laid out 
by Altmann and Mann, as well as publication compositions, to improve consistency, 
methodology, and maximize the validity of behavioral studies. 
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DEFINITIONS 
 

Animal Behavior  The actions and reactions of whole organisms, which includes but not limited to 
interactions with other organisms, interactions with the physical environment, and 
changes in activity in response to a stimulus (internal, external, or both) (Martin and 
Bateson 2007) 

Cetacean  a marine mammal in the infraorder Cetacea; a whale, dolphin, or porpoise. 
Ethogram  a catalog or inventory of behaviors or actions exhibited by an animal. 
sUAS  Small Unoccupied Aircraft System or drone 
Azimuth / Standard Azimuth  a line perpendicular to the coastline, intersecting the survey site at the magnetic 

bearing of 241 degrees (Rugh et al. 2008) 

Follow Protocol   
Survey  encountering groups or individuals and staying with those animals for brief periods to 

senses 30 minutes or less.* 
Group Follow  encountering groups or individuals and staying with those animals for longer than 30 

minutes. * 
Individual Follow  observers monitor an individual (in a group or not) and focus on one animal and 

systematically record behavior. * 
Tracking  studies that electronically monitor individuals locations or behaviors (hydrophones, 

satellite tags, other devices). * 
Anecdote  a descriptive reporting of the single event or series of events (birth or predation). * 
Events  Brief behaviors measured in frequency. * 
States  long behaviors of measurable duration. * 

Sampling Methods   
Ad libitum  the lack of an explicit protocol for sampling. * 
Continuous  a systematic record for frequencies or generations for a specified set of behaviors. 

Measures the exact time and duration of behavioral states. * 
Focal Group  a continuous assessment of group activity scored at intervals ( every five minutes) or 

continuously. * 
Focal Sub-Group  a continuous sampling of more than one individual but all individuals must be 

continuously visible. * 
One-Zero  scoring whether or not the behavior occurs during an interval (30 seconds). *  
Point  scoring activity as a snapshot at a given moment (every 30 seconds). States include 

distance to others, activities, and surfacing. * 
Scan  taking a “point” or “instantaneous” sample of an individual’s behavior or location 

before moving to the next animal and doing same. This occurs at regular intervals 
sampling each animal at the same interval of time. * 

Predominate activity  scoring individual behavior as the predominant activity over some interval (30 
seconds) only if that behavior occupies 50% or more of the group. * 

Sequence  observer focuses on sequences of behavior or on particular interactions, rather than 
individuals, and systematically records all relevant behaviors that occurred during the 
event(s) and maintains the sequences of behaviors in the record. * 

Incident  scoring all behavioral events for specific type in a group. * 

 
* Definitions provided from Mann, J. 1999 and Altmann, J. 1974 
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INTRODUCTION 

 

Understanding the way free-ranging animals move, interact, and communicate with their 

environment and with one another is an essential part of biology that has great potential to 

inform conservation efforts. One way to study the behavior of animals is through direct 

observations. The most common technique used to directly observe behaviors in the environment 

are land-based, boat-based, and aerial-based studies. This method is used by researchers for 

many purposes such as understanding cognition, environments, how behavior has evolved, and 

how behaviors are used by organisms today. However, this method of study becomes particularly 

challenging for those species in remote regions of the world or living in marine environments, 

where researchers’ ability to collect behavioral data at sea is limited by logistics, environmental 

factors, and expenses which can all influence the sample size of a study. Therefore, researchers 

must get creative to solve the unusual challenges posed by studying behavior at sea. As a result, 

there have been several methodological and technological advances to improve researchers’ 

abilities to sample behavior in the marine environment, one of which is through the use of small 

unoccupied aerial systems (sUAS) or drones. Drones are changing the way researchers study the 

marine mammals and prove to be cost-effective and safe method for research (Johnston, 2019).  

Recently, UAS have been used in ecological studies and wildlife population assessments of 

marine megafauna such as cetaceans (Johnston, 2019; Christiansen et al., 2019; Dominguez-

Sanchez et al., 2018; Torres et al., 2018). Cetaceans are among some of the most studied marine 

mammals across the globe and are found in a variety of ecosystems. As a result of their diverse 

niches, they exhibit a wide range of behaviors. Some of their behaviors have been studied in 

detail; however a great deal remains to be discovered about the diversity and function of their 

behavior (Martin and Bateson, 2007). Drones have allowed researchers to captured cetacean 

behavioral observations that have, until now, been difficult to observe through traditional boat, 

land, or air-based surveys. 

 

Historically, the majority of behavioral observations and ethograms for cetaceans were derived 

from whalers and indigenous peoples. Whaling voyage logbooks provide information on 

population structure, species distribution, and detailed accounts of behavior (Reeves et al. 2011). 

Though species identification may be difficult to infer from these records, a number of 
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distinctive species could be extracted (Townsend, 1935). Based on maps of ship tracks, 

information could be gathered on the spatial and temporal distribution of cetaceans observed or 

hunted. Data from the logbooks included dates, times, positions, morphology, detailed behavioral 

observations, and catches. The findings of the whalers with regard to species occurrence and 

general distribution are largely consistent with what modern researchers have found in surveys 

proving to be a useful tool in spatial, temporal, and behavioral research (Reeves et al., 2011). In 

addition to whaling logbooks, traditional ecological knowledge (TEK) provided by indigenous 

communities has made substantial contributions to the current understanding of cetacean 

behavior (Breton-Honeyman et al., 2016). Through formal studies, informal conversations, and 

international documentation, TEK helped inform the some of the first population status 

assessments, reproductive behavioral observations, documentation of prey species, and 

distribution of species (Breton-Honeyman et al., 2016). They have guided researchers on where 

to conduct their studies and provided detailed behavioral ethograms of cetacean species. 

 

Opportunistic sightings of cetaceans or behavioral events comprised most of the early published 

articles in the field of animal behavior. Most of these published field notes were riddled with 

observational bias and had no clear protocol or method of sampling until Jeanne Altmann’s 1974 

publication, Observational Study of Behavior: Sampling Methods, which addressed 

methodological issues in non-experimental research design of behavioral observation research 

(Altmann, J., 1974). She pointed out the systematic lack of consistency across ethologists’ 

sampling methods and produced a detailed protocol of methods to maximize the validity of and 

comparisons both within and between behavioral studies (Altmann, J., 1974). Altmann coined 

the majority of sampling and follow protocols for the study of animal behavior in the wild. This 

became an Institute for Scientific Information citation classic in several categories and remains a 

standard practice for animal behavior research. Today, numerous cetacean researchers cite her 

methods of sampling.  

 

Two decades following Altmann’s publication, cetologist Janet Mann reviewed and critiqued the 

field of cetacean research in her publication, Behavioral Sampling Methods for Cetaceans: A 

Review and Critique, highlighting how the lack of explicit protocol for sampling led to biased 

estimates of observed behavior that could not be compared across studies (Mann, 1999). Her 
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literature review of 74 publications of cetacean behavior determined that a large proportion did 

not use reliable sampling methods and lacked essential study information (Mann, 1999). As a 

result, Mann recommended optimum best practices for cetacean behavioral studies based upon 

Altmann’s research, and proposed solutions through follow protocols and sampling methods 

(Table 1). To date, it is one of the most cited pieces of literature for sampling methods of 

cetacean behavior. 

 

Follow Protocols Sampling Method 
Survey Ad Libitum 
Group-Follow Continuous 
Individual-Follow Focal-Group 
Tracking Focal Sub-Group 
Anecdote One-Zero 
 Point 
 Scan 
 Predominate Activity 
 Incident 

 

Table 1: List of follow protocols and sampling methods for cetacean behavioral research (Mann, 

1999). 

 

Despite technical advances expanding the study of marine mammal behavior through telemetry, 

satellites, and video recordings, methods for free-ranging cetacean behavior continue to fall short 

(Mann, 1999). The research presented in this paper aims to harness the technological advances of 

sUAS to improve scientific accuracy in behavioral sampling methods for cetaceans by reducing 

bias and maximizing the validity of and comparisons within and between behavioral studies. 

This paper is, in part, a continuation of Mann’s literature review to determine if in fact 

behavioral scientists have reduced observational biases and facilitated comparisons between 

studies since publication in 1999, and assess a new technological solution, drones, to reduce bias 

and improve accuracy of behavioral studies of cetaceans. Thus, the current research aims to 

better understand the advantages, disadvantages, and limitations of using UAS to further identify 

optimum methodologies for detecting cetacean presence, abundance, and behavior.  

The objective of this research was to: (i) conduct a two-tiered literature review of cetacean 

behavioral field studies published from 1980-2020 to discern if behavioral scientists have 
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adopted methodologies proposed by Mann and Altmann; (ii) to analyze the most prevalent 

methodologies for sampling behavior in field studies today; (iii) to conduct a case study utilizing 

UAS to sample behavioral ecology of Antarctic humpback whale bubble-net foraging; (iv) to 

assess UAS as a reliable sampling method; and (v) to recommend the best methods, practices, 

and technology for sampling behavior of cetaceans. 

 

METHODS 

 

Published literature spanning a wide range of behavioral studies and monitoring methods of 

cetaceans were reviewed systematically to evaluate the current methods used by cetacean 

researchers. Data on species, sampling methods, behaviors observed, equipment, and bias were 

extracted from the text. Using Excel, RStudio (version 1.4.1106), and Nvivo, the evidence 

collected was further refined and synthesized into results. A case study was conducted and 

presented to assess the reliability of UAS to collect behavioral data of free-ranging cetaceans at 

sea. 

 

LITERATURE REVIEW 

The systematic literature review presented here follows the ROSES (RepOrting standards for 

Systematic Evidence Syntheses) forms and reporting standards to ensure compliance with 

Collaboration for Environmental Evidence (CEE) systematic synthesis guidelines (Haddaway et 

al., 2018). The scope of the study was limited to peer-reviewed scientific articles on free-ranging 

cetacean species. One publication database, Web of Science, was searched in August 2020 to 

capture a comprehensive and unbiased sample of literature on behavioral ecology of cetaceans. 

Search results were limited to the English language, from the available time period of 1980-

2020, and did not include grey literature due to limitations in time and resources.  

 

Search Terminology 

Search terms were developed to build a search string to comprehensively identify potentially 

relevant literature based on population, interventions, comparator, and outcomes (PICO) (Table 

2). The Advanced Search of All Web of Science Publication Databases using the field tag TS 

searched documents’ title, abstract, and keywords for the selected search terms. The Web of 



 8 

Science databases include: Web of Science Core Collection, BIOSIS Citation Index, Current 

Contents Connect, Data Citation Index, Derwent Innovations Index, KCI-Korean Journal 

Database, Medline, Russian Science Citation Index, Sci- ELO Citation Index, and Zoological 

Record. The search strings used are presented below in the Web of Science format: 

 

Qualifying String 

TS = ((behavior* OR cetologist* OR ethology OR “social behavior” OR forag* OR 

feed* OR reproduce* OR reproducing OR mating OR surfacing OR migrat* OR dive* 

OR diving OR parental OR communication OR maternal)) 

 

Population String 

TS = ((cetacea* OR dolphin* OR whale* OR porpoise* OR mysticet* OR odontocete*)) 

 

Intervention String 

TS = ((“field studies” OR observation* OR observer OR watching OR “ photo 

identification” OR tag* OR track* OR “electronic monitoring” OR record* OR scan* OR 

survey*))  

 

Outcome string 

TS = (( “group follow” OR “individual follow” OR protocol* OR “ad libitum” OR point 

OR “a priori” OR equipment OR sight* OR aerial* OR drone* OR UAS* OR video* OR 

camera*)) 

Population Intervention Comparator Outcome 

Individuals and/or groups of 

species from the infraorder 

Cetacea. This includes 90 

recognized subspecies of 

whales, dolphins, and 

porpoises. 

Field studies or 

observation methods 

used to collect 

behavioral data of 

cetacean species. 

Comparison of 

observation methods, 

temporal, spatial, 

against a control, or 

among groups. 

Behaviors observed, clear 

repeatable methods that 

define behaviors, methods 

used for sampling, 

equipment, and bias.  

 

Table 2: Population, interventions, comparator, and outcomes (PICO) of the literature review. 
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Article Screening Eligibility and Data Extraction 

In September of 2020, initial scoping exercises preformed in Web of Science yielded 

approximately 5,193 potentially relevant studies. Once searches were completed, the results from 

the search strategy were compiled into Endnote X8 and were further refined by removing 

duplicates via Endnote’s Find Duplicates tool (Brooks et al., 2020). Only one duplicate was 

found and removed, resulting in 5,192 potentially relevant studies. This set of articles was 

screened in Colandr, an open-access machine-learning assisted tool for conducting evidence 

syntheses, against a set of inclusion and exclusion criteria first applied to titles and abstracts and 

then applied to the full text (Cheng et al., 2018). Studies were included if they met the following 

criteria: 

 

Population 

The following populations will be included: 

• The study focuses on wild or free-ranging cetacean species. This includes 90 

species of cetaceans recognized by the Society of Marine Mammals [see 

Supplemental Material II]. 

 

The following populations will be excluded: 

• Captive cetaceans 

• Deceased cetaceans 

• Wild or free ranging cetaceans that have been captured and housed in an 

experimental facility or holding facility for any duration of time. 

• All other marine mammals that are not considered in the infraorder Cetacea. 

 

Intervention 

The following studies will be included: 

• Studies that conduct behavioral research on cetacean species through field work, 

observations, experiments, surveys, questionnaires, or biologging. 

The following studies will be excluded: 

• Any behavioral studies that include observations, surveys, or experiments on 

captive animal research, in experimental holding facilities, or simulations. 
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• Any studies that do not follow animal welfare guidelines. 

 

Outcome 

The following outcomes will be included: 

• The study describes the behavior of wild or free ranging cetaceans throughout the 

methods, results, and discussion of the paper. 

• The study mentions or describes (in detail that could be inferred) the sampling 

method and follow protocol. 

 

The following outcomes will be excluded: 

• The studies primary objectives do not include or describe behavioral observations 

of cetaceans, or if behavioral data is not discussed throughout the methods, 

results, and discussion of the paper. 

 

Study Design 

The following study designs will be included: 

• Study designs will be included if they attempt to sample behavior of cetaceans 

including experimental, quasi-experimental, non-experimental, narrative, and 

observational studies. 

• Relevant traditional ecological knowledge (TEK) or fishermen surveys studies 

will be included if they recount details of behavioral observations of cetaceans. 

 

The following study designs will be excluded: 

• Theoretical studies, opinion pieces, studies where outcomes are simulated or 

predicted, studies where the population is not defined, and literature reviews. 

• Secondary studies, unless they contain relevant TKE or fishermen surveys. 

• Studies where animal behavior is not the primary objective.  

 

Comparator 

The following study designs will be included: 
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• Studies that include temporal comparators (before/after, time series), spatial 

comparators (distance from sites, between different sites, distance from 

observers), among groups, studies that have control and experimental 

interventions. 

• Studies that document change or perceived change.  

 

Screening Process 

All articles retained in the search string were first reviewed at the title/abstract level in Colandr 

(Cheng et al., 2018). Articles were either included or excluded based on the criteria described 

above. Studies that were included at the title/abstract screening level were again assessed against 

the inclusion and exclusion criteria at the full text level (Haddaway et al., 2018). 

 

Screening Process: Isolating Cetacean Behavioral Studies  

The process of identifying and reviewing cetacean behavioral field studies occurred at the full 

text review/data extraction stage (Haddaway et al., 2018; Brooks et al., 2020). After screening 

title and abstracts, 2,109 studies were screened at the full text stage. Articles that did not actively 

study behavioral sampling of cetacean behavior were removed to either the second-tier literature 

review or the excluded file. The second-tier literature review specifically looked at indirect 

techniques such as telemetry, biologging, and acoustic studies of cetaceans. These studies were 

filed in the second tier because they focused on indirect methods of behavioral sampling that are 

critical to understanding cetacean behavior below the surface of the water. The excluded articles 

that were found at the full text screening passed through the initial title/abstract screening stage 

by not explicitly mentioning captivity, vague description of the study, or improper use of the 

term “behavior”. Of the 2,109 articles, 203 studies could not be retrieved, leaving 1,627 articles 

for full text (Figure 1). Of the 1,627 articles reviewed, 429 were considered first for the first tier 

of the literature review with an additional 748 articles that focused on cetacean abundance, 

photo-identification, or biologically sampling. The remaining 450 articles comprised of telemetry 

and acoustic sampling were placed in the second tier of the literature review. 
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Data Extraction Questionnaire 

Data extraction occurred following a full text screening. The initial framework for the data 

extraction questionnaire was identified through a review of similar systematic studies, and 

subsequently revised through an iterative process involving a team. Broad categories of data 

extracted included: (1) bibliographic information, (2) general information, (3) analysis, (4) study 

objectivity, and (5) additional notes on the study (Table 3; Supplemental Material II). 

 

Critical Appraisal of Study Internal Validity 

A critical appraisal of study quality and strength was not formally undertaken here due to time 

and resource constraints, although the internal validity of included studies can be heuristically 

evaluated using information from the data extracted. The primary objective of this review is to 

characterize the extent and distribution of the evidence base by identifying all relevant literature 

using a comprehensive search, detailed above (Haddaway et al. 2018; Brooks et al. 2020).  

 

Omitted Sections 

A search of organizational websites, reports, books, editorials, meetings, and papers in languages 

other than English for grey literature was not conducted for this study due to limitations in time 

and resources. 

 

Data Analysis 

Following the completion of screenings and data extraction, the resulting dataset was imported 

into RStudio (version 1.4.1106). Through data wrangling, an amalgam of statistics, percentages, 

matrices, and data visualizations were produced to evaluate the types of methods or protocols 

used, species, journal publications, behaviors studied, and equipment used. This will highlight 

gaps where evidence is lacking and potential areas for future research. Additionally, definitions 

of behaviors observed, groups, and ethograms will be compared in Nvivo to determine if studies 

use similar definition to describe behaviors. Trends and patterns observed in the data extracted 

will provide a critical review of the field of cetacean behavioral ecology and help maximize the 

validity of and comparisons both within and between behavioral studies globally. 
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Figure 1: Flow chart of systematic literature review based on Haddaway et al. 2018 

ROSES form. 
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Bibliographic 
Information 

General Article 
Information  

Analysis Study Objectivity 

Article ID number 
Title 
Author 
Year 
Journal 

Study objective 
Study country 
Years conducted 
Study design 
Species scientific name 
Species common name 
Spatial extent 

Number of animals observed 
Group minimum 
Group maximum 
Age 
Sex 
Individual identification 
Recording hours 
Observation conditions 
Follow protocol 
Method of sampling 
Direct or Estimated measurements 
Techniques 
Referral studies or protocols 
Definitions of behaviors 
Behaviors observed 
Treated the subject or treated the 
observation as an independent event 

Feasibility 
Bias 
Challenges 
Limitations 
Expenses 
Additional Notes 
Tags 
Definitions provided 
Systematic 

 

Table 3: Data extraction questionnaire. 

 

RESULTS 

 

Literature Review- First Tier  

429 articles were reviewed at the full text level across 108 different peer-reviewed journals from 

65 different countries (Figure 2; Supplemental Material II). Field surveys were the most used 

study design (88%), followed by field experiments (9%), interviews (1%), surveys & interviews 

(1%), participant observation (0.6%), questionnaires (0.2%), and field survey with field 

experiments (0.2%; Figure 3).  

 

Among these studies, five different follow protocols are defined as: survey, group-follow, 

individual-follow, tracking, and anecdote (Mann, 1999). Tracking follow protocol occurs in the 

second-tier literature review. A number of sampling methods may be used after a follow 
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protocol, including ad libitum, focal-group or focal sub-group, one-zero, point, scan, 

predominate activity, sequence, and incident sampling (Mann, 1999). Studies favored using one 

follow protocol (91%); however, 9% used at least two follow protocols. The majority of studies 

used two sampling methods (56%), followed by one sampling method (20%), three sampling 

methods (16%), three studies used four sampling methods (6%), and one study used five 

sampling methods (2%; Figure 4).  

 

 

Figure 2: List of peer-reviewed scientific journals used in literature synthesis.  
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Figure 3: Study designs used in reviewed literature. 

 

 

Figure 4: Broad overview of sampling methods. 

Figure 2. List of peer-reviewed scientific journals used in literature synthesis 
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Of the follow protocols, surveys were the most used protocol (38%; Figure 5). This means that 

most of the encounters with groups of individuals were brief observational periods of 30 minutes 

or less. Group-follow (23%) and individual-follow (15%) protocols were commonly used in 

studies. Reporting of a single observed event such as a birth, predation, infanticide, or unique 

socializing observation (anecdote) accounted for 13% of the studies reviewed. Three percent of 

the studies reviewed used both surveys and group-follows. An additional 3% of studies reviewed 

also used surveys with individual-follows. Two percent of the studies conducted individual and 

group-follows. Unknown or other behaviors accounted for 1% of the studies reviewed, and the 

remainder consisted of survey & anecdote (1%), other & group-follow (0.2%), and individual-

follow & anecdote (0.2%). The majority of studies still used ad libitum sampling (29%) to 

collect behavioral data on cetaceans (Mann, 1999). Continuous sampling was the second most 

commonly used sampling method (22%; Figure 6). Followed by predominate activity sampling 

(15%), scan sampling (12%), focal-group/focal sub-group (10%), incident sampling (3%), point 

sampling (3%), one-zero sampling (2%), and sequence sampling (2%).  

 

 

Figure 5: Breakdown of follow protocols used in studies. 
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Figure 6: Breakdown of sampling methods used in studies. 

 

Fifty-two species of cetaceans were represented in the literature (Figure 7 – Figure 8). Seventy-

nine percent (79%) of the papers included the total number of animals studied. Of the 21% that 

did not mention a total, 67% provided an estimated group minimum and group maximum. 

However, 7% of the studies reviewed provided no data on the number of animals observed in 

total or in group minimum and maximum estimates. Additionally, only 28% of the studies could 

individually identify animals observed. This was most often accomplished through photo-

identification, unique individual markings, or long-term study sites. The majority of the papers 

estimated measurements of distance between the observer to the animal and animal-to-animal 

proximity (87%). The remainder used direct measurements achieved through specific equipment, 

such as laser rangefinders. In contrast to Mann 1999 findings, the studies in this literature review 

treated each subject, rather than each observation, as independent events (67%) (Mann, 1999). 

However, 27% of the studies treated the behavioral observation as the independent event and 6% 

of the studies treated both the subject and the observation as independent events. 
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The behaviors considered for cetacean species are as follows: breathing, diving, feeding or 

foraging, milling, resting, socializing, surface displays, traveling, and other/unknown. The 

behavior observed the most throughout the review was traveling (21%), followed by feeding or 

foraging (18%), other (13%), surface displays (11%), socializing (10%), resting (9%), diving 

(7%), and milling (6%). Figure 9 provides a breakdown of the behaviors observed per species. 

Forty-eight percent of the studies did not provide a definition or ethogram of any of the 

behaviors observed in the study. Moreover, 55% of the studies did not define the term “group,” 

and those that did varied in their definition. Finally, no papers attempted to define the term 

“behavior.” 

 

The majority of the observations conducted were boat-based (78.6%), followed by land-based 

(17.1%), and aerial-based (2.8%). One percent (1.2%) conducted in-person interviews about 

traditional ecological knowledge, 0.5% were autonomous underwater video cameras, and 0.2% 

were questionnaires. Information about equipment was frequently reported (96% of studies). Of 

the studies that provided data on equipment, all studies used a GPS device; however, equipment 

varied across boat, land, and aerial studies (Figures 10-14). The most common equipment used 

were boats, binoculars, cameras, theodolites, video cameras, and aircrafts. Only 16 studies 

utilized UAS to conduct behavioral sampling, and the most common drone was the DJI phantom. 

 

In the evaluation of the reviewed studies, 96% lacked critical information, which includes 

information about observations, protocols, behaviors, and number of animals. Additionally, only 

36.5% of papers addressed the potential for observational bias or potential influence on the 

behavior of species observed. Moreover, only 41.4% of papers address limitations or challenges 

of the study. None of the studies addressed an issue in the feasibility of the study conducted, nor 

did they mention the monetary expense of the study. One paper mentioned that researchers had 

to cease observations due to a lack of funding, but never mentioned the upkeep cost of the study.  
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Figure 7: Distribution of species in literature. 



 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Heatmap describing the number of articles per behaviors observed per species. 
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Figure 9: Behaviors observed by species. 



 23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Types of field observations.  

Figure 11: Boat-based survey equipment. 
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Figure 12: Land-based survey equipment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Aerial-based survey equipment. 
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Figure 14: Brands of UAS equipment. 

 

There were an additional 748 articles reviewed that focused on cetacean abundance and habitat 

distribution (478 articles), photo-identification (212 articles), and biological sampling (57 

articles). These papers involved some aspects of direct behavioral sampling, and therefore were 

not ignored in the literature review. However, the majority of these papers were based on 

opportunistic sightings, did not define behaviors or group size, and rarely mentioned sampling 

protocols. 

 

Literature Review- Second Tier  

 

There were 450 articles that used indirect behavioral studies through tracking as a follow 

protocol achieved with biologging or acoustic monitoring. Three hundred and thirty-nine (339) 

articles used biologging such as A-Tags, DTAGs, and satellite-monitored radio tags (Figure 15). 

An additional 100 articles used hydrophones to collect behavioral data, and the remaining eleven 

used sonar and radar. The study designs favored surveys (94%) with the remainder focusing on 
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experiments (6%). Fifty-three (53) cetacean species were studied, and 37 species had no indirect 

behavioral studies conducted (Figure 16).  

 

The behaviors considered for cetacean species are as follows: breathing, diving, feeding or 

foraging, milling, resting, socializing, surface displays, traveling, other, and uncharacterized 

sounds. The behavior observed the most throughout the review was traveling (28%), followed by 

diving (25%), feeding or foraging (23%), uncharacterized sound (6%), socializing (5%), other 

(5%), resting (3%), surface displays (2%), milling (2%), and breathing (1%) (Figure 17). Eighty-

three percent (83.7%) of the studies did not provide a definition or ethogram of any of the 

behaviors observed in the study. Moreover, 68% of the studies did not define the term “group,” 

and those that did varied in their definition. Finally, no papers attempted to define the term 

“behavior.” 

 

In the evaluation of the reviewed studies, 30.96% lacked critical information, which includes 

information about recording hours, species, and number of animals. Additionally, only 18.3% of 

papers addressed the potential for observational bias or potential influence on the behavior of 

species observed. Moreover, only 35.8% of papers address limitations or challenges of the study. 

None of the studies addressed an issue in the feasibility of the study conducted, and only one 

paper mention the monetary expense of the study (0.22%).  
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Figure 16: Distribution of species in indirect literature.  
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Figure 17: Heatmap describing the number of articles per behaviors observed per species for the 

indirect analysis. 

Figure 15: Indirect survey equipment used. 
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CASE STUDY: USING UAS TO STUDY BEHAVIORAL ECOLOGY OF ANTARCTIC 

HUMPBACK WHALE (Megaptera novaeangliae) BUBBLE-NET FORAGING 

 

Introduction 

Humpback whales have unique behavioral and morphological adaptations that distinguish them 

from other baleen whales such as their vocalizations, socialization, and foraging patterns (Wiley, 

D. et al., 2011; Hain et al., 1981). Behaviorally, humpback whales capture prey by engaging in 

complex feeding maneuvers that are accompanied by explosions of air to create bubble clouds 

(individual or multiple bubble bursts) to corral or herd plankton (Ware et al., 2011). This 

behavior is known as “bubble-net foraging” and appears to vary in nature among individuals and 

regions (Hain et al., 1981). However, little is known about the behavior or aerial recordings of 

this complex foraging. Small unoccupied aircraft systems were used to understand the role of 

humpback whales in Antarctic ecosystems and capture behavioral observations that have, until 

now, been difficult to study. 

 

Methods 

Study location 

Surveys of humpback whales were conducted on January 19, February 2, and February 3, 2017 

at latitude -67.01925 and longitude -74.76861 off the coast of the West Antarctic Peninsula 

(Figure 18).  

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Location of study site. 
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Small unoccupied aircraft system 

The study was conducted with the Freefly Alta 6, a customized multi-rotor UAS produced by the 

company senseFly (Figure 19). The Freefly Alta has a light-weight carbon fiber airframe 

powered by a single lithium polymer battery. The UAS was configured with multiple sensors, 

high resolution barometer, laser altimeter, GPS, and a GoPro camera. The UAS was controlled 

by a trained and licensed remote pilot in command under a United States Federal Aviation 

Administration (FAA) Certificate of Authorization (CoA). The aircraft was manually launched 

and recovered by hand on a zodiac. All flights were logged including launch and retrieval GPS 

location and time. 

 

 

 

 

 

 

 

 

 

 

Figure 19: FreeFly Alta 6, a hexa-rotor drone used for aerial imaging. A quick release gimbal 

system allows for a variety of payload with a maximum payload of 15lbs. 

 

 

Once a whale surfaced, the UAS approached the whale and hovered above it at 25-62 m altitude. 

The UAS followed the whale at the surface and underwater as enabled by water clarity and 

whale behavior. The boat stayed with the whale and aircraft during flight operations at a safe 

distance to minimize impact on the animal. Depending on data capture success, multiple flights 

were sometimes conducted during a single sighting. A GPS location and time position was 

recorded at the end of each sighting. All flights were conducted according to sUAS rules and 

exemptions for flying small UAS in Antarctica (CCAMLR 2018).  

 



 31 

Behavioral data 

Behavioral data of humpback whales were collected through boat-based surveys across three 

days in 2017. The Freefly Alta was flown offshore of the West Antarctic Peninsula during a clear 

day with no fog, calm waters, wind speeds that did not exceed 15 knots, and a Beaufort Sea State 

that was less than 3. After detection of a whale, the vessel slowly approached, GPS location and 

time were recorded, and UAS was launched. Focal follows were conducted using a UAS 20-62m 

above the animals and collected by surveys and group-follows (variation in altitude during flight 

is due to wind, focal studies, and undulating flight paths) (Mann 1999). The sampling methods 

used were focal-group and continuous sampling (Mann 1999). Each flight averaged between 22 

and 25 minutes due to limited battery life and payload of UAS, and videographic data was 

collected sequentially. No more than four subjects were followed at a time to minimize bias. A 

group was defined as one or more whales within 100 m of each other, generally moving in the 

same direction, and coordinating their behavior (Shane et al., 1990). Humpback whales were 

observed feeding and foraging, traveling, breathing, and diving using the following definitions, 

and appeared to be undisturbed by the drone activity:  

Travel: whale shows directed travel in a consistent direction, with regular surfacing intervals. 

Speed of travel can vary (slow or fast).  

Feeding/Foraging: is characterized by directed effort toward locating or capturing prey, often 

involving rapid and irregular movement and direction changes, in particular, prey chases 

(Karinski et al., 2015).  

Breath: Explosion of air above the surface of the water. 

Diving: the time from when individual dives under the surface to when the individual reappears 

at the surface. Both short and shallow dives that occur during respiration bouts. 

 

A detailed visual ethogram of bubble-net feeding is described below (Figure 20).  

 

Data analysis 
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For the purpose of this study, only data obtained during focal follows were analyzed. The data 

collected by the Alta was trimmed through Windows Media Player to isolate specific bubble-net 

foraging events, resulting in 54 unique foraging events. Flight observations were logged in a 

detailed spreadsheet that included: dates, MP4 files, trim, number of observed individuals, 

bubble-net production, directionality, latitude and longitude coordinates, and duration of isolated 

foraging events within MP4 files. After visually determining bubble production patterns and 

directionality, Image J software was used to count individuals and unique bubble bursts. MP4 

video files were then uploaded to Behavioral Observation Research Interactive Software 

(BORIS) to log behavioral coding with live video observations of cooperative humpback bubble-

net foraging. 

 

Videographic footage was uploaded into BORIS to analyze individual observations of bubble-net 

foraging behaviors of two cooperative humpback whales, and four cooperative humpback whales 

(BORIS 2020).  An ethogram was set to define behavior type, key, code, and description. 

Specific behavioral codes observed breath (B), bubble (b), individual bubble (i), shallow dive 

(S), deep dive (D), feeding (F), orientation to forage left (L), orientation to forage right (R), and 

orientation to forage underneath (U). Subjects were defined as individual humpback whales such 

as “Humpback 1” and “Humpback 2.” Two MP4 files were run through the software, live 

observations were coded, and an analysis produced coded behaviors’ time budgets and plot 

events. 

 

Results 

Behavioral data from 32 humpback whales were observed across three days [day 1= two 

subjects, day 2= 11 subjects, day 3= 19 subjects]. Whales were not individually identified 

through photo-identification techniques. Each flight averaged between 22 and 25 minutes due to 

limited battery life and payload of UAS, and videographic data was collected sequentially. There 

was a total of 26.72 recording hours of whale behaviors [day 1= 9.63h, day 2= 7.96h, and day 3= 

9.13h]. Humpback whales were visible (above or below water) in UAS video records.  

 

Underwater exhalations (bubbling) behaviors were isolated in all MP4 video files, and feeding 

observations appear to be of two major formations: “bubble columns” and “bubble clouds” 
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(Hain, J. H. W. et al. 1981). As the bubbles are released, they rise vertically to the surface in the 

form of columns. Series of bubble columns are used to form lines, semicircles, circles, spirals, 

and any combination of these forms (Hain, J. H. W. et al. 1981). Nine types of bubbling 

behaviors were observed with foraging in humpback whales based on UAS footage, and one 

obscured pattern was unable to be identified due to sea ice cover (Figure 20). In Figure 20, 

bubble production patterns observed were: bubble cloud, bubble line, two bubble lines, two 

semi-circles, combination of bubble cloud and bubble line, bubble cloud triangle, combination of 

semicircles and bubble lines, spirals, and semi-circle formations with associated bubble lines 

aptly named “P” shaped. Corresponding with the bubble production patterns, directionality was 

also observed for each production of the bubble net. 

 

 

Figure 20: Bubble production patterns observed in humpback whales in the Antarctic. Photos 
taken by the Marine Robotics and Remote Sensing Lab under NOAA Permit No. 14809-03. 
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The results of individuals and unique bubbles did not reveal a significant variation in individual 

bubble production. Utilizing Image J software, 51 out of 54 images were used to count unique 

bubbles and the individuals that made the bubble-nets (elimination of three images is due to 

image quality and 

obstruction of sea 

ice). The process of 

counting entailed: 

counting of unique 

surface or near-

surface bubbles and 

individual humpback whales. Figure 21 demonstrates how unique bubbles were counted. The 

number of unique bubbles for two individual humpback whales averages to 38 bubbles, and the 

number of unique bubbles for four individual humpback whales averages to 43 bubbles. The 

largest deviation observed was five unique bubbles between cooperative feeding of two and four 

humpback whales. BORIS observed two specific behaviorally coded MP4 video files. The first 

observation consisted of two individual humpback whales bubble-net feeding off the Western 

Antarctic Peninsula. The coded ethogram and defined subjects were observed in point behaviors 

specifically evaluating individual bubbles, foraging orientation, foraging, diving, and breathing 

behavior. BORIS produced a time-budget analysis (Figure 22) and plot event graph of the point 

behaviors observed (Figure 23). The second observation consisted of four individual humpback 

whales bubble-net feeding. The coded ethogram and define subjects were observed in point and 

state behaviors specifically evaluating individual bubbles (point event), foraging orientation 

(point event), diving (point event), breathing behavior (point event), and state event durations of 

bubbles and foraging. BORIS produced a time-budget analysis (Figure 24) and plot event graph 

of the point behaviors observed (Figure 25). 

 

Figure 21: Counting unique bubbles with Image J software. 
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Figure 22: Plot-event of behavioral observations of two humpback whales foraging. 

 

 

Figure 23: Time budget of behavioral observations of two humpback whales foraging in BORIS. 
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Figure 24: Plot-event of behavioral observation of four humpback whales foraging in BORIS. 

 

 

Figure 25: Time budget of behavioral observations of two humpback whales foraging in BORIS. 
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The results of UAS image assessments indicate that nine bubble productions patterns exist with 

bubble-net foraging humpback whales in Antarctica. The two main bubble production patterns 

included: the spiral formation (25 observed foraging accounts) and semi-circle with bubble lines 

“P” formation (17 observed foraging accounts). The image assessment also revealed that all 

bubble-net patterns, not including singular bubble clouds or straight bubble lines, had a clear 

clockwise directionality. Of the 54 unique isolated foraging events, 42 bubble-net patterns were 

observed in a clockwise direction, and the remaining 12 isolated foraging events consisted of 

single bubble clouds or lines where directionality could not be applied. BORIS analysis revealed 

that foraging and bubble state events averaged 12 seconds for bubble-nets and 19.4 seconds for 

foraging behaviors. Diving states averaged 42 seconds. Despite the advantages of using 

advanced technology, this case study is limited by small sample size and lack of quantitative 

kinematics. A more inclusive survey of solo feeding humpback whales would provide greater 

insight to how these animals conduct bubble-net foraging. 

 

DISCUSSION 

 

Observer bias will always be present in any behavioral study of wild species, but mitigation of 

this bias can be achieved through methodological and technological techniques (Altmann, J., 

1974). Both Altmann and Mann provided protocols and sampling methods of free-ranging 

species to improve the field of behavioral ecology; however, researchers have still not made 

optimal use of the available methodological and technological advances, which results in a lack 

of comparability of results and loss of replication (Mann, 1999; Altmann, J., 1974). This 

literature synthesis conducted revealed the shortcomings in behavioral research, highlighted 

evidence gaps, and demonstrated a lack of consistency in reporting. Ninety-six percent of papers 

studied lacked critical information about observations, protocols, behaviors, and number of 

animals. This reveals the lack of reproducibility or comparability in most cetacean studies. More 

than 50% of the papers did not define group size or the behaviors observed. The most favored 

sampling methods used by researchers were ad libitum and continuous sampling, which can be 

replete with bias because they are non-systematic, cannot provide estimates rates of behaviors, 

cannot be compared across studies, and can be demanding tasks for observers without the aid of 

technology like biologging or UAS (Mann, 1999; Altmann, J., 1974). Additionally, it was 
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uncommon for studies to address biases, challenges, limitations or expenses within their 

research. The case study provided insight into the use of UAS and analytical software to improve 

the accuracy, detection, and detailed behaviors of cetaceans at sea. The results of the case study 

demonstrated that UAS provide great improvements to accurately record behavioral 

observations, while reducing the amount of disturbance and stress to these animals. Drone 

imagery was able to record behavior at and below the surface of the water, which directly 

contribute new information about bubble-net foraging behaviors detailed in the ethogram 

provided. In order to address these shortcomings and limitations, recommendations are provided 

to improve accuracy and reduce observational bias in behavioral studies.  

 

Literature Review First Tier – Direct Observations 

 

Shortcomings 

There was improved consistency in reporting behavioral data, sampling methods, observation 

hours, definitions, and study subjects; however, 96% of papers lacked critical information. This 

means that the majority of the studies could not be fully reproduced given the data that was 

provided in hopes of replication or comparability. Data on the number of animals and duration of 

observations allows for more statical analysis which can further conservation efforts, but 

researchers usually reported the number of groups observed without providing mean group sizes 

or total number of animals observed.  

 

The definition of the term “behavior” was not provided in a single study. Furthermore, one of the 

glaring results of the literature review was the overuse of the word “behavior.” Several of the 

studies that were included in the abstract and title screenings mentioned “behavior” as a key 

word and study objective, but it was never discussed within the published study. A number of 

studies mentioned that “behavior was recorded,” and that was the extent of the information 

provided without any elaboration or reference to another study focused on behavioral 

observations. Additionally, the word “behavior” was used in serval occasions to mean 

“abundance counts,” “spatial distribution,” or as a means to identify sexes of cetacean species. 

Researchers must be deliberate in their use of the word “behavior” and consider utilizing more 

accurate terminology to reference in their study. Definitions of group size and behavior were 
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absent from 55% and 48% of papers, respectively. Those studies that did provide definitions 

often varied across the definitions of each behavior. It is important to consider the adoption of a 

common definition for behavior, foraging, diving, breathing, resting, milling, socializing, 

traveling, and surface displays. Specific details or descriptions of these behaviors can still be 

added, such as specific surface displays like tail slaps, but an overarching agreement of 

definitions, such as how diving behavior was defined and observed, will greatly improve 

comparability across studies.  

 

In addition, it was uncommon for studies to address biases, challenges, or limitations within their 

research. Sixty-three percent of papers did not mention potential for observational bias, and 58% 

of papers did not discuss limitations or challenges to their study. In order to improve the field of 

behavioral ecology, it is important to recognize potential bias and limitations with sampling 

efforts. Lastly, it is important to consider the distribution of species in literature, and work to 

address evidence gaps in the field. Figures 6-8 clearly show a disproportional number of studies 

conducted on bottlenose dolphins (the most studied species in the literature across all behaviors), 

humpback whales, killer whales, Indo-Pacific dolphins, and dusky dolphins. Thirty-nine species 

of cetaceans are lacking any behavioral research, and the majority of the species studied only 

represent a small number of articles (1-6). Therefore, it is important to consider these evidence 

gaps for future behavioral studies of cetaceans.  

 

Sampling Methods 

The majority of papers provided basic methodical information, which is an improvement from 

Mann’s findings in 1999. It is encouraging that the majority of the studies (58%) referenced 

Altmann’s 1974 paper, Mann’s 1999 paper, Shane’s 1990 paper, and/or Martin & Bateson’s 

1993 paper on specific follow and sampling protocols. However, sampling bias in follow 

protocols and sampling methods are still prevalent throughout the literature. Surveys and group-

follows are a valuable method to understand the overall picture of group life through 

observations, which is exemplified in the literature reviewed (Figure 4). To reduce bias of these 

follow protocols, scan, incident, or sequence sampling methods should be used to allow for more 

systematic analyses (Mann, 1999). Individual-follow protocols are critical to understanding 

estimates of behavior. Moreover, data collected from each individual can provide more statistical 
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analysis and be compared across regions so long as they were collected through continuous, 

point, or predominate activity methods (Mann, 1999). Similar to the shortcomings described in 

the Mann 1999 article, ad libitum and continuous sampling were the favored sampling method of 

researchers. Ad libitum sampling is replete with bias because it is non-systematic, cannot provide 

estimates of rates of behavior, and cannot be compared across different ages, sex classes, or 

studies, yet 29% of the studies used this method (Altmann, J., 1974; Mann, 1999). Continuous 

sampling measures the exact times and durations of every single behavioral state for all 

individuals present, which is a demanding task for observers and can be easily compromised 

(Mann, 1999). However, continuous sampling can be conducted accurately with the use of video 

because observers can code behaviors for each individual present, and multiple observers can 

review the footage to ensure accuracy. Video provided by UAS highlights how continuous 

sampling of groups is possible and leads to more accurate and detailed behaviors observed.   

 

Types of Field Observations and Equipment  

Boat-based surveys were the most common method of field observation. This is to be expected 

because several species of cetaceans inhabit offshore regions beyond the reach on land-based 

observations. Land-based observations were also popular, especially among studies that focused 

on the impacts of whale or dolphin watching tourism. Equipment used to aid these observations 

varied. The most commonly used equipment across all studies were GPS, boats, cameras, 

binoculars, and video cameras. Boat-based observations consisted of cameras, binoculars, 

hydrophones, and video cameras. Land-based observations heavily favored binoculars, cameras, 

and theodolites. Aerial-based observations mostly used cameras and binoculars to aid their 

survey efforts. Of the 16 articles that used UAS to study behavior, DJI Phantoms (3, 4, 5) and 

DJI products were the most used UAS. This could be due to their relatively low cost and 

accessibility. 

 

Abundance Estimates, Photo-Identification, and Biological Sampling 

There were an additional 748 articles reviewed that focused on cetacean abundance and habitat 

distribution (478 articles), photo-identification (212 articles), and biological sampling (57 

articles). The majority of these papers were based on opportunistic sightings that did not define 

behaviors or group size, and rarely mentioned sampling protocols. The studies that focused on 
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cetacean abundance and habitat distribution used traditional methods of land, boat, and aerial-

based observations to conduct counts of species in a given area and how that area was used by 

the species. Behavior was briefly mentioned to determine areas that were feeding grounds, 

breeding grounds, or key areas of socialization based on behavioral observations. However, these 

behavioral observations or observation protocols were never described in the study and appeared 

as part of the abundance count where researchers recorded the animal as soon as it was sighted. 

Photo-identification studies comprised 212 articles that mentioned “cetacean behavior was 

collected” but rarely mentioned or described behaviors observed. Photo-identification is a key 

technique for researchers to reveal scientific information about cetacean species (Balance, 2018). 

These photographs can be used to link individuals to migrations, site fidelity, social structure, 

and even behaviors. However, these studies must be deliberate in mentioning which behaviors 

were logged, if any. This can further populate behavioral studies of cetacean species, but only if 

behaviors and observation protocols are explicitly mentioned in the study. Lastly, 57 articles 

collected biological samples of cetacean species, which involved direct methods of observation. 

This included biopsy, fecal, blow, and lesion samples from cetacean species, often collected 

opportunistically. Following the collection of the sample, the animal’s behavior was observed to 

ensure its welfare. There were often no protocols associated with sightings of animals or of 

behavioral sampling methods. Therefore, they were considered in this study but were not used in 

the primary literature analysis unless the objective of the paper was to study their behavioral 

reactions to biological sampling. These additional 748 papers involved some aspects of direct 

behavioral sampling, and therefore were not ignored in the literature review; however, these 

studies had the most overuse of the word “behavior” and often failed to mention any observation 

protocols or behaviors observed. 

 

Use of UAS 

Only 16 studies reviewed utilized UAS to conduct behavioral sampling of cetacean species. 

Drones have been used to study wildlife since 1998; however, the first published study to utilize 

drones to conduct behavioral sampling of cetacean species did not occur until 2015. The results 

of the literature review found that UAS have little to no impact on cetacean species, reduced 

interpretational bias, and provided more detailed behavioral observations (Christiansen et al., 

2020; Torres et al., 2018 ; Christiansen, Dujon, et al., 2016; Pirotta et al., 2017; Koski et al., 
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2015; Domínguez-Sánchez et al., 2018; Durban et al., 2016; Harman et al., 2020; Ticiana et al., 

2019). Drones improve observations from traditional land and boat-based studies by providing a 

higher overall detection, more detail of behaviors observed, and increased observational capacity 

of all behavioral states (Torres et al., 2018; Kosma et al., 2019). Torres et al., 2018 found that 

UAS provided three times more observational capacity than traditional boat-based observations. 

UAS also enabled greater descriptions of behavioral events leading to the identification on sub-

behaviors and previously undocumented behaviors of cetaceans (Torres et al., 2018; Fiori et al., 

2018). It was also used to create detailed spatial data related to animal distribution, spatial 

distancing between animals, and the area surveyed, which was superior to data obtained during 

manned aerial surveys. This tool increased the repeatability of data and sample collection relative 

to traditional methods and proved to be essential in improving direct observation studies of 

cetacean species (Torres et al., 2018).  

 

Literature Review Second Tier – Indirect Observations 

 

Indirect behavioral observations of cetacean species are less subjective than visual behavior 

coded because it is data driven based on biologs of individuals and acoustic production that 

denotes specific behavioral activities (Nowacek et al., 2016; Goldbogen et al., 2017). These are 

revolutionary tools for behavioral sampling because they have a greater detection range, can 

operate 24 hours a day across seasons, can collect data beneath the surface, and are less affected 

by observer subjectivity, which can provide insights into behaviors that direct observations miss 

(Dunlop and Mellor, 2008). This tool is systematic and can provide threshold and time-budget 

analysis via detectors of behaviors, and do not rely strictly on human judgement. Moreover, 

these tools have the ability to set specific time classifications of behavior to aid direct 

observational studies. They can determine how much time is needed to capture the behavioral 

state of a cetacean species. 

 

Methods for tagging or biologging cetacean species were fairly consistent across studies, but 

lacked clear protocols and fail to mention how cetaceans were spotted. Typically, cetaceans were 

spotted opportunistically, but researchers’ approach to the animal and the behaviors observed 

were not explicitly mentioned in the majority of the studies (52%). Moreover, 75.8% of the 
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studies failed to define behaviors or define groups (68%), and those that did, varied across the 

definitions of each behavior. In addition, it was uncommon for studies to address biases, 

challenges, or limitations within their research. Eighty-one percent of papers did not mention 

potential for observational bias, and 64.2% of papers did not discuss limitations or challenges to 

their study. In order to improve the field of behavioral ecology, it is important to recognize 

potential bias and limitations with sampling efforts.  

 

Lastly, it is important to consider the distribution of species in literature, and work to address 

evidence gaps in the field. Figures 15-17, clearly show a disproportional number of studies 

conducted on humpback whales, killer whales, blue whales, and sperm whales. Indirect studies 

heavily favor diving, feeding or foraging, and traveling behavioral studies. This is due in part 

because of their ability to conduct behavioral research underwater, for 24 hours, and can track 

species movements. Thirty-seven species of cetaceans are lacking any behavioral research, and 

the majority of the species studied only represent a small number of articles. When combining 

the results from the first and second tier literature review, 27 cetacean species have no behavioral 

research conducted- active or passive (Supplemental Material II). Therefore, it is important to 

consider these evidence gaps for future behavioral studies of cetaceans. 

 

Case Study 

The results of the case study demonstrate that multi-rotor UAS can provide improvements to 

accurately record behavioral observations of elusive marine mammal species, while reducing the 

amount of disturbance and stress to these animals. Drone imagery was able to record behavior at 

and below the surface of the water. These results directly contribute new information about 

bubble-net foraging behaviors of humpback whales off the Western Peninsula of Antarctica. 

 

The ability to observe bubble-net foraging behavior of humpback whales is severely limited 

through traditional land, boat, and aerial based studies. On land, it is difficult to observe the 

directional pattern of bubble exhalations and each individual’s role within the cooperative 

feeding event. Furthermore, the distance between the observer and the animal is considerable, the 

ability to measure distances between the animals is difficult, and the azimuth of the observer 

impedes the overall cooperative picture. Boat-based studies allow the observer to get close to the 
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group of whales; however, this approach could have a negative impact on the behavioral study 

and the animals’ welfare. Researchers get slightly more precise measurements compared to land 

because they can reference the dimensions of the vessel to the size of the whale or bubbles 

produced (Hain et al., 1981; Sharpe and Dill, 1997; D’Vincent et al., 1985). However, this 

involves constant maneuvering of the vessel, imprecise estimated measurements, and can cause 

several variations in observations (Hain et al., 1981). Moreover, this study is also impacted by 

the azimuth of the observer that is typically limited to horizontal observations and dominated by 

the position of the boat relative to the group. Traditional aerial based studies utilize aircrafts 

which have considerable noise impacts to cetacean species and are often flown at a considerable 

distance above the subject. As a result, this could disrupt this cooperative behavior negatively 

impacting the animal, and could lead to observational bias. Observers estimate the dimensions of 

feeding-associated structures with respect to references such as the whale's body or flipper 

length, which leads to imprecise measurements (Hain et al., 1981). The case study provides an 

alternative to these traditional methods by allowing for the exact metrics of bubble production 

including size of the bubble, the distance between the bubbles, and the number of bubbles 

produced. The results of this case study show that drones provide an observational advantage by 

continuously recording cooperative behavior, provided more detailed and accurate observations, 

and involved less risk to both human observers and the animals observed.  

 

Through image software, analysis indicates that nine bubble productions patterns exist with 

bubble-net foraging humpback whales in Antarctica. There were two main bubble production 

patterns: the spiral formation (25 observed foraging accounts) and semi-circle with bubble lines 

“P” formation (17 observed foraging accounts). The image assessment also revealed that all 

bubble-net patterns, excluding singular bubble clouds or straight bubble lines, had a clear 

clockwise directionality. Of the 54 unique isolated foraging events, 42 bubble-net patterns were 

observed in a clockwise direction, and the remaining 12 isolated foraging events consisted of 

single bubble clouds or lines where directionality could not be applied. 

 

The results of UAS counts and image assessments through Image J software indicate that there is 

no significant variation in individual bubble production. The number of unique bubbles for two 

individual humpback whales averages to 38 bubbles, and the number of unique bubbles for four 
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individual humpback whales averages to 43 bubbles. The largest deviation observed was five 

unique bubbles between cooperative feeding of two and four humpback whales. 

 

BORIS proved to be an invaluable research tool to record specific coded behaviors of humpback 

whale foraging. However, the software was unable to accurately count point events of unique 

bubbles without correlating it to acoustic data. BORIS analysis revealed that foraging and bubble 

state events averaged 12 seconds for bubble-nets and 19.4 seconds for foraging behaviors. The 

accessibility of time-budget graphs, plot-event graphs, and probabilities within the software 

advances behavioral ecology studies. It allows for the analysis to occur in one place, can easily 

code for different behaviors of different individuals all in one video, and can combine video with 

bioacoustics and environmental data collected. BORIS analysis would be used best in 

collaboration with DTAGs or bioacoustics to more accurately determine point and state 

behaviors observed in bubble-net foraging. 

 

There is still further research to consider within the data collected. Drone imagery should be 

paired with tracking data from DTAGs to provide a full picture of the cooperative feeding event 

that includes number of exhalations, vocalizations, and surface activities (Wiley et al., 2011). 

Understanding measurements of bubbles at the ocean’s surface could lead to a correlation 

between the size of an individual humpback whale and unique bubbles produced. Exploring 

BORIS software to create probabilities with bubble-net foraging behavior would be the next step 

in analysis of this unique behavior. Finally, creating a catalog of bubble-net feeding patterns 

observed aerially for different regions would be helpful in the future to compare differences in 

behavioral ecology of humpback whales. 

 

Advantages to UAS 

Drones have proven to be a valuable tool in assessing cetacean behavior. They provide a unique 

aerial perspective of behavioral observations with minimal noise, risk, and costs, which improves 

cetacean welfare, enhances the accuracy of behavioral observations, provides spatial mapping, 

improves long-term studies, and reduces observational bias. 

 

Improved Animal Welfare 
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Drones provide a non-invasive and low impact way to study cetaceans and other wildlife. Studies 

have shown that UAS have little to no impact on cetacean species with no avoidance behavior 

observed and low received noise levels underwater (harmonic bands from 200-700Hz) 

(Christiansen et al., 2020; Torres et al., 2018 ; Christiansen, D., et al., 2016; Pirotta et al., 2017; 

Koski et al., 2015; Domínguez-Sánchez et al., 2018; Durban et al., 2016; Harman et al. 2020 ). 

The reduction of noise afforded by drone surveys compared to aircrafts reduces behavioral 

impacts of study methods on species. On occasion, if a UAS approaches a subject head-on, there 

is a possibility be a slight behavioral response (Domínguez-Sánchez et al., 2018); therefore, it is 

recommended that a UAS approach an individual or group from the tail end of the subject(s). 

Moreover, the use of drones provides less human interaction, especially for behavioral studies 

that observe responses to biopsy, tagging, or stranding events. Following an individual or group 

with a drone post-interaction will help to reduce the stress of the animal. Traditional studies 

typically follow the animal via boat following a biopsy or tagging attempt, which could influence 

behavior and add additional stress. The use of drones could mitigate stress, reduce human 

interaction, and improve the welfare of the animal. Additionally, drones can be used to conduct 

photo-id, which could improve land-based efforts, and reduce the stress to animals posed by 

boat-based surveys trying to maneuver around animals to obtain ideal photographs. 

 

Observed Behaviors 

Drones improve observations from traditional land and boat-based studies by providing a higher 

overall detection, more detail of behaviors observed, and increased observational capacity of all 

behavioral states (Torres et al., 2018; Kosma et al., 2019). Traditional studies are often limited 

by a horizontal azimuth that could miss key behavioral observations. Torres et al., 2018 found 

that UAS provided three times more observational capacity than traditional boat-based 

observations. In addition, she found that traditional boat-based surveys had more observations of 

foraging and unknown behaviors compared to UAS that more accurately detected cetacean 

behavior. Drones provided greater insight into behavioral ecology, habitat use pattens, and social 

interactions among behaviors. UAS enabled greater descriptions of behavioral events leading to 

the identification on sub-behaviors and previously undocumented behaviors of cetaceans (Torres 

et al., 2018; Fiori et al., 2018). Moreover, it provided a better understanding of intra or inter-

specific interaction, synchronized behaviors, integrated pod behaviors, and predator-prey 
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interactions previously not understood (Orbach et al., 2019; Torres et al., 2018; Hartman et al., 

2020). Drones improved the accuracy of behavioral observations compared to traditional 

methods and provided new insights to behaviors, kinematics, energetics, respiration rates, BMI, 

morphometrics, direct measurements, frequencies, and rates of behavior (Torres et al., 2020). It 

provides video footage of behaviors that can be continuously observed from a bird-eye 

perspective. It can also be used to study acoustics, kinematics, energetics, sensory cues 

comparable to data derived from accelerometers, and DTAGs (Torres et al., 2019).  

 

Spatial Mapping and Location of Individuals 

UAS can help spatially map locations, social networks, composition, relatedness, and habitat 

uses of cetacean species. Through image analysis software, the data collected by the UAS can 

map exact locations of species, behavioral observations, and provide insights to animal 

distribution. Hodgson et al., 2017 used UAS to create detailed spatial data related to animal 

distribution, spatial distancing between animals, and the area surveyed, which was superior to 

data obtained during manned aerial surveys. In addition, drones can be used to help locate 

individuals for capture, assessment, and strandings specifically in remote areas. This method will 

increase efficiency for studies. UAS applications have the ability to expand and map out mass 

stranding events, as well as map disease transmission between species. 

 

Risk Reduction, Improved Long Term Studies, & Complementary to Indirect Studies 

UAS are a relatively inexpensive tool that significantly reduces human risks typically involved 

with traditional methods. The drone itself is generally lightweight, easily transportable, and can 

be launched in remote areas. Drones are not dependent on appropriate land-based observation 

points or data from other studies, providing data relevant to the survey’s particular location and 

timing (Baumgarter et al., 2014). Moreover, because of their low cost, long-term research efforts 

have the potential to increase with the use of drones (Johnston, 2019). This can be achieved by 

training local, indigenous peoples, or citizen scientists to utilize this tool to collect behavioral 

data year-round in specific regions. This would provide researchers with ample data on species 

that is crucial for their conservation. Lastly, drones can complement indirect observational data 

obtained through tagging or acoustic monitoring. One study reviewed attached a hydrophone to a 

drone at the surface of the water alongside a drone above an individual to conduct simultaneous 
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ariel and acoustic data on cetacean species (Frouin-Mouy et al., 2020). Post-processing of this 

data is simplified with BORIS, which allows simultaneous behavioral analysis of video imagery 

along with acoustic or tag data. 

 

Reduction of Bias 

Conducting aerial behavioral observations using UAS provides a more accurate assessment of 

availability than methods currently used such as land-based observations, boat-based focal 

follows, and satellite tagging (Hodgson et al., 2017). This tool increases the replicability of data 

and sample collection relative to traditional methods (Torres et al., 2018). Many randomly 

selected animals can be sampled over short periods of time, accounting for individual/group 

variability and reducing observation bias (Hartman et al., 2020). The creation of high-quality 

videos that can be reviewed multiple times by multiple people, offers improved assessments by 

reducing interpretational bias (Ticiana et al., 2019). In addition, previously undocumented 

behaviors could be described through reviewing this data and multiple observers can review the 

footage to ensure validity and accuracy of newly observed behaviors. 

 

Limitations to UAS 

There are several limitations that must be considered when using drones to conduct behavioral 

observations of cetaceans or other marine species. As with traditional field studies, UAS 

observations are restricted to surface behaviors or 10m into the water column in optimal 

conditions. Increased visibility underwater may be achieved in shallow depth regions, but for 

regions with vast depths, underwater observations are limited. Ground sampling distance can 

also impact accuracy of photogrammetry analysis from drone imagery. Additionally, limited 

battery life leads to shorter duration studies of species and payload tradeoffs. The more sensors 

added to the drone can reduce flight time and battery life. This makes long temporal studies 

difficult without coordinated drone efforts. Moreover, the majority of surveys are limited by 

observation conditions (glare, high winds, rain, fog), operating distances, and daytime studies. 

Few drone surveys have been conducted at night. Remote pilots in command must also have 

proper training, licensing, and permitting to conduct surveys, which can be time consuming. 

Analysis of drone imagery and data is often labor intensive, requires large data storage 

capabilities, and requires significant post-processing time (Torres et al., 2018). This can impact 
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the amount of data collected and analyzed; however, can be improved with software like BORIS 

or artificial intelligence that uses coded algorithms to detected behavior. Regulations and 

legislation pose additional limitations to the utilization of drones for wildlife studies, depending 

on the study area. Some countries have provided detailed drone operational guidelines that 

prevent or restrict flight times, times of flight, retrofitting gear, and alterations of UAS. For this 

reason, authorities have set up permitting applications that must be granted in order to conduct 

the study. Therefore, drones create an additional step in the study design process to obtain 

permits, go through the proper regulatory channels, and abide by strict regulations. Lastly, in 

some cases other methods such as biologging or passive acoustic monitoring may be better suited 

for the study of behavior depending on study objectives and goals.  

 

Recommendations  

The literature review conducted in this study revealed several shortcomings in the study of 

cetacean behavior, which can be remedied through five recommendations:  

 

Recommendation 1: Inclusion of two additional behavioral categories 

The first recommendation is to add two behaviors to the standard list: 1) parental and 2) human 

interaction. Several of the studies reviewed provided specific behavioral observations of parental 

care that differs from the traditional socializing category. This new method would include 

escorting, teaching, vocalizations, nursing, maternal care, etc. Moreover, several articles focused 

on studying human interactions with cetaceans leading to the development of specific behaviors. 

This includes begging for food, targeted bow riding, whale-watching effects, human feeding, etc. 

The anthropogenic influence of humans and the tourism industry has created new behaviors 

observed by cetacean species warranting new behavioral categories.  

 

Recommendation 2: Protocol of Best Practice (Design Principles and Composition) 

The results of the literature review highlighted the overuse of the word “behavior.” Several of the 

studies used the word “behavior” to mean “abundance counts” or “spatial distribution” of 

cetacean species. Therefore, it is recommended to reduce the broad use of the term “behavior” 

and include a more specific meaning either through a common definition, specified behaviors, or 

provide a citation directing the reader to the specific behavioral observations. Moreover, group 
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size, definition of groups, and definition of behaviors are needed. Fifty-five percent of the studies 

reviewed did not provide a definition of group, and 48% of papers did not define the behaviors 

observed. In the hopes that studies will be comparable or replicated, definitions of groups and 

behaviors must be provided. Proximity-based measures are quantifiable and do not rely on 

behavioral sampling to determine group membership, therefore, details of how behaviors were 

defined and sampled with increase standardization of cetacean studies (Mann, 1999). 

Furthermore, it is crucial to provide the reader information on how the behavioral observations 

were treated. Specifically defining whether the observation or the subject was considered an 

independent event will greatly improve the behavioral study. Throughout the composition of the 

study results, a checklist should be consulted before a paper submission. The checklist should 

include follow protocols used, sampling methods, group size, observation conditions, recording 

hours, definitions, spatial extent, potential bias or limitations of the study should be included. 

This information is critical to evaluating the claims of any study and will ensure reliable 

estimates of behavior, reproducibility, and accuracy in reporting. Finally, authors should 

embrace conversations about bias, limitations, challenges, and expenses in their studies and 

across academia. This discussion will foster improvements in the field and validity of the 

scientific study. 

 

Recommendation 3: Address Evidence Gaps in Cetacean Behavioral Research 

The heatmap procured from the literature synthesis showed significant gaps in behavioral 

research of cetacean species. However, this information can be used to guide future cetacean 

studies. From the literature review, 27 species of cetaceans lack any behavioral research and an 

additional 39 species lacked direct observational research. This could be due to several 

challenges and limitations of studying species at sea, but focusing efforts on these species will 

greatly improve the conservation of cetaceans. Moreover, targeting research on behaviors that 

are not as well documented will further inform conservation efforts of cetacean species (Figure 7 

and Figure 17). 

 

Recommendation 4: Utilize UAS as a Tool for Behavioral Research 

UAS can provide a unique perspective on cetacean behaviors augmenting the understanding of 

animal ecology, even though brief observations (Torres et al., 2018). Throughout this study and 
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others, drones have been a valuable tool in assessing cetacean behavior though improved animal 

welfare, accuracy in behavioral observations, spatial mapping, long-term studies, and reduced 

bias in observational studies. Moreover, it is a cost-effective and low-risk tool that can be easily 

transported to even the most remote environments. Though there are some limitations to this 

technology, the future innovations in battery life, storage space, and payload abilities will greatly 

improve this technology. Therefore, it is recommended that more cetacean researchers consider 

the use of UAS following best practices to enhance their behavioral observation research. This 

tool is not a complete solution to remedy the challenges of observing marine mammal species at 

sea, but it has proven to be useful in complementing traditional field study methods (Torres et 

al., 2018). This technology would benefit greatly from a combination of tools such as biologging, 

passive acoustic monitors, remote sensing, artificial intelligence, and underwater video to get a 

complete picture of cetacean behavior.  

 

Recommendation 5: Expand Literature Synthesis and UAS use to Behavioral Studies of Other 

Species 

The use of literature reviews is a powerful tool to evaluate any field of study. For this reason, it 

is recommended that a literature synthesis of behavioral ecology for other marine species like 

Pinnipeds, Sirenians, sharks, and rays be conducted to provide a critical review of the field of 

study, highlight evidence gaps, and provide guidance for future studies. In addition, it is also 

recommended that researchers utilize drones as a tool to enhance behavioral studies of other 

marine species. It is important to note that though drones have been proven an effective tool for 

cetacean behavioral research, when considering the use of drones for other studies, it is 

imperative to minimize any potential disturbance caused by the drone. Therefore, studies need to 

be conducted on the impact drones could have on physiology of Pinnipeds, Sirenians, sharks, and 

rays.  

 

Conclusion 

The use of UAS for behavioral ecology is growing, and this platform opens new opportunities to 

reduce costs, human risk, and gain new insights to complement traditional methods of behavioral 

ecology (Johnston, 2019). The critical review revealed that the majority of studies are still using 

sampling methods with bias and lack critical information impacting the comparability of results. 
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Additionally, 27 species of cetaceans lack any behavioral information. This can have 

implications for the conservation of cetacean species. The results of the present study reveal that 

small UAS prove to be a vital resource in marine mammal behavioral ecology research. Multi-

rotor UAS had a negligible level of disturbance to wildlife, especially when compared to 

occupied aircraft surveys, and proves to be advantageous in remote areas of study. Considering 

these results, the potential reduction in costs and risks, and improved accuracy in behavioral 

studies, it is recommended that multi-rotor UAS-based approaches should be considered amongst 

best practices for observing and sampling behavior of cetacean species. In order to improve 

cetacean behavioral research, it is important to critically review the field through systematic 

literature reviews, continue to use quantitative sampling techniques which can be enhanced 

through UAS, and use heatmaps to direct future studies to improve our understanding of 

cetacean behavior and behavioral ecology as a whole.  
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