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Abstract

Residency and site fidelity are important param-
eters in population ecology for many species as 
they indicate the temporal and spatial use for indi-
viduals. Although both terms are clearly differ-
ent, they are used interchangeably due to lack of 
clarity in their definitions and the ways to assess 
them, especially in bottlenose dolphins (Tursiops 
spp.). Individuals with well-defined patterns of 
residency and site fidelity may be more vulnerable 
to anthropogenic disturbances; thus, the study of 
these parameters may help to better assess such 
impacts. However, interspecific differences and 
logistical restrictions for the study of dolphins have 
prevented consensus. We set out to investigate 
the factors that have influenced measurements of 
residency and site fidelity in bottlenose and a set 
of other dolphin species through a retrospective 
(~30 y: 1990 to 2019) literature review. We found 
117 scientific papers with a two-fold increasing 
trend approximately every 15 years, with 50% 
published in only four journals. Most of the stud-
ies were developed in the United States, followed 
by Australia and Europe, likely due to strict poli-
cies for marine mammal conservation. Author col-
laboration network analysis showed highly atom-
ized national groups in which North American 
organizations formed the biggest cluster, followed 
by Australia, Africa, and Europe. However, large 
worldwide gaps still exist, possibly because of the 
heterogeneity in marine mammal sampling efforts 

and limited information availability in the North 
Pacific, Central and South America, Africa, Asia, 
and the Indian Ocean. We found 30 different clas-
sification methods in which 12 were based on 
defined categories. We provide conceptual aid to 
distinguish between the use of both terms, as well 
as guidance to tackle the challenge of defining 
patterns of temporal use due to the variability of 
thresholds for classifying individuals. A paradigm 
shift is needed to create comprehensive, standard-
ized, and generalized assessments of residency 
and site fidelity, which can be compared based on 
their performance across different populations of 
bottlenose dolphins around the world.
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Introduction

Dolphins are considered a sentinel species for 
ecosystem and public health as a result of their 
high trophic position within aquatic food webs 
(i.e., apex predators) and their physiology in 
which elevated levels of pollutants bioaccumulate 
in their lipid-rich blubber (e.g., Wells et al., 2004; 
Bossart, 2011; Reif et al., 2015; Kershaw & Hall, 
2019). Also, the economic and cultural value of 
dolphins supports efforts for the conservation of 
their populations across the world (e.g., Lusseau 
et al., 2003; Fury & Harrison, 2008; Chabanne 
et al., 2012).
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Identifying individuals that are part of popula-
tions as well as classifying their residency and 
site fidelity are crucial parameters for assess-
ing population dynamics and, thus, developing 
effective management strategies, especially for 
conserving at-risk species (Zanardo et al., 2016; 
Arcangeli et al., 2017). Given that many species 
of marine mammals are at risk, these approaches 
are often common in population studies. 
However, over the past 30 y, definitions of resi-
dency and site fidelity have varied at the indi-
vidual, population, and species-specific levels; 
such is the case of bottlenose dolphins (Tursiops 
spp.). The methods to assess both metrics can 
also differ across temporal and spatial scales, 
depending on variations in study area and project 
goals (Rossi-Santos et al., 2007; Balmer et al., 
2019). Thus, the variability in these definitions 
has been an obstacle to the standardization and 
comparison of residency and site fidelity among 
populations, which are essential for developing 
robust management practices. 

In general, residency is defined in terms of the 
time an animal spends in a particular area (Wells 
& Scott, 1990). It is important to distinguish the 
use of residency and residence, which are often 
used interchangeably. For instance, residency 
refers to the state of being a resident, or a period 
of time during which one resides in a particular 
place; residence, on the other hand, refers to a 
place where one lives. Thus, residency is a status 
or condition, whereas residence is a physical loca-
tion. Ballance (1990) was the first to parameter-
ize residency for bottlenose dolphins, indicating 
that an individual with a high degree of occur-
rence, permanence, and periodicity should be 
considered a resident. However, there is a suite of 
literature that illustrates that this general defini-
tion and associated criteria pose significant chal-
lenges to classifying an individual as a resident 
or not. While the Ballance definition is widely 
accepted, different categories within the gradient 
of individual occurrence have been used to refer 
to residency in bottlenose dolphins during any 
given study period such as residents (e.g., Möller 
et al., 2002; Zolman, 2002; Rosel et al., 2009), 
partial residents (e.g., Martin & da Silva, 2004), 
multi-year residents (e.g., Ananias et al., 2008; 
Di Giacomo & Ott, 2016), and seasonal residents 
(e.g., Zolman, 2002; Ananias et al., 2008).

In addition, the parameters used to establish 
residency in bottlenose dolphins are highly influ-
enced by their behavior, the environmental condi-
tions, and the logistical constraints that may limit 
the access of researchers to a given study popula-
tion (Dinis et al., 2016). For instance, such studies 
typically require frequent fine-scale spatial and 
temporal assessments, which are difficult when 

studying these highly mobile species (Bassos-
Hull et al., 2013; Balmer et al., 2014). These limi-
tations can lead to biased information on the dis-
tribution and classification of resident individuals 
within a population depending on their ecology, 
the field methodology, the definition of residency, 
and the geographic and/or temporal scope of a 
given study (Gaspar, 2003; Morteo et al., 2012). 
Therefore, in many cases, different metrics to 
evaluate residency have been proposed accord-
ing to the research goals of a given study (Rossi-
Santos et al., 2007).

Also, the variability in migratory patterns derived 
from the wide distribution of many bottlenose dol-
phin populations makes it difficult to clearly define 
residency and distinguish between resident and 
nonresident individuals within a given stock and/
or study area (Silva et al., 2008; Litz et al., 2012; 
Balmer et al., 2013; Mullin et al., 2017).

Site fidelity, which is another term com-
monly used in dolphin research, corresponds to 
the tendency of an individual to return to a pre-
viously occupied place (Mayr, 1963; Switzer, 
1993) and is typically evaluated through the 
frequency of sightings (i.e., occurrence), an 
attribute that leads to evaluating the use of the 
habitat for each individual showing periodic 
recurrence. The use of occurrence as a measure 
of residency (as in Simões-Lopes & Fabian, 
1999) shows the ambiguity between these 
terms and the lack of standardized parameters 
used for their calculation. 

In particular, the techniques to identify resi-
dency are the focus of numerous peer-reviewed 
studies over the past 30 y to estimate abundance, 
classify site fidelity, and determine movement pat-
terns across populations (Möller et al., 2002; Parra 
et al., 2006; Balmer et al., 2008; Rosel et al., 2011; 
Chabanne et al., 2012; Morteo et al., 2012; Dinis 
et al., 2016; Tschopp et al., 2018; Bolaños-Jiménez 
et al., 2021). As stated earlier, these data are essen-
tial for developing effective conservation and man-
agement strategies as the impacts of anthropogenic 
activities are rapidly increasing on a global scale 
(Zanardo et al., 2016; Arcangeli et al., 2017). The 
goal of this review is to identify the metrics used for 
residency and site fidelity assessment in bottlenose 
dolphins, based on their units, scales, dimensions, 
and properties, to describe and provide insights into 
their different applications.

Methods

Data Collection
The metrics of residency and site fidelity were 
collated through an extensive review of pub-
lished literature. A general search was con-
ducted in Google Scholar, Scopus Web, the 
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ScienceDirect website, the JSTOR platform, 
the Web of Science platform (Clarivate), and 
BioOne Digital Library, considering mainly 
peer-reviewed published articles in English. 
The cumulative results from these scientific 
search engines provided a temporal scope of the 
peer-reviewed literature, collaborations among 
authors/geographic regions, and a rationale for 
this literature review in assessing residency and 
site fidelity. We also reviewed the literature cited 
in these publications for additional references 
since some of these papers classified residency 
or site fidelity as secondary research goals. 
Publications that mentioned residency or site 
fidelity in previous studies, but which did not 
evaluate either metric, were discarded.

These literature review analyses focused 
mainly on the genus Tursiops because of its wide 
geographic distribution, in addition to being the 
most studied species in terms of residency and 
site fidelity worldwide (Aurioles-Gamboa, 2009; 
Urbán & Rojas, 2009; Wells & Scott, 2009; 
Morteo et al., 2012). However, additional spe-
cies of dolphins were included in this review to 
gain a better understanding of the extent to which 
these methods have been applied. We only used 
bibliographies explicitly dedicated to assessing 
residency and/or site fidelity; therefore, the fol-
lowing key words and Boolean operators were 
used to refine the general search: “residency” 
OR “residence” OR “site fidelity” AND “dol-
phin” OR “bottlenose dolphin” OR “Tursiops.” 
Each entry was reviewed, and those with a clear 
description of some metric were selected to 
assess residency and/or site fidelity. Thus, the 
final database included mainly peer-reviewed 
scientific papers and specific gray literature 
available online that met our criteria and were 
published between 1990 (according to the pub-
lication date of Ballance’s seminal work, who 
formally proposed specific indicators to measure 
residency) and 2019.

Data Analysis
Key information was extracted from the reviewed 
articles and associated data such as authors, jour-
nal, year of publication, the method used to esti-
mate residency and site fidelity, species studied, 
country, and geographic coordinates of the study 
site(s). Reported geographic coordinates or the 
geographic center of each study area were plotted 
using QGIS, Version 3.12®, under the SCR WGS 
84 spheroid. Geospatial representation of sam-
pling sites from the publications served to deter-
mine possible spatial gaps where residency and 
site fidelity have not yet been assessed.

Authors were analyzed through a collaboration 
network, based on their co-authorships with other 

researchers and their number of publications. The 
network was generated in VOSviewer, Version 
1.6.18, a free software program used for biblio-
metric analyses (van Eck & Waltman, 2010). Node 
(i.e., author) sizes were presented proportionally 
to their degree of centrality (i.e., number of col-
laborations), allowing the representation of the 
number of links that each node has (Wasserman & 
Faust, 1994). The degree of centrality was used to 
identify the “key authors” (i.e., those publishing 
the most on the subjects).

A classification for the indices and parameters 
under study was performed, based on their units, 
scales, dimensions, and properties, to identify 
groups of indicators that share the same character-
istics. Since some metrics were used interchange-
ably in the publications to assess residency or site 
fidelity, all were listed without distinction. Initially, 
metrics were classified based on frequencies, pro-
portions, models, and other types of scales. Time 
scales of each metric were also used and divided 
into short (e.g., days, months), seasonal (e.g., stan-
dard, other type of season), intra-annual (through-
out the year), and inter-annual (multiple years). 
Afterwards, those metrics that provided some clas-
sification of degrees of residency were identified 
to determine ambiguity in the metrics. Finally, all 
analyzed papers were classified according to the 
time scale used in the study to find out the con-
ditions in which residency and site fidelity were 
assessed (e.g., sampling periods, climatic seasons, 
or years). This descriptive analysis was conducted 
in R, Version 2.0.0 (R Core Team, 2021).

Results

Trends in Publications and Journals
After the removal of duplicates and literature not 
meeting our selection criteria, we found 117 sci-
entific papers published between 1990 and 2019 
(77 of these exclusively for bottlenose dolphins). 
Despite variability in residency and site fidelity 
studies, there was a trend in increasing references 
to residency and site fidelity over time. Prior to 
1999, there were a few publications on the sub-
ject; however, there has been a clear increase since 
2011 as the inclusion of residency and site fidelity 
estimates in peer-reviewed publications was more 
evident leading to a two-fold increase approxi-
mately every 15 y. In this sense, 57% of the papers 
were published within the last decade (Figure 1), 
indicating greater relevance of this topic in recent 
years. Approximately 50% of the papers were 
published in only four journals: Marine Mammal 
Science = 20%, Aquatic Mammals = 11%, Journal 
of Marine Biological Association of the United 
Kingdom = 9%, and African Journal of Marine 
Science = 9% (Figure 2).
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Figure 1. Annual distribution frequency for scientific publications explicitly dedicated to the study of residency (red) and site 
fidelity (blue) for 17 species of dolphins published in peer-reviewed journals between 1990 and 2019 (n = 117). The dotted 
lines show the linear regression of each indicator. Bars show the total number of publications.

Collaboration Networks and Identification of 
Key Authors 
The co-authorship network represented the col-
laboration of multiple interconnected individu-
als (Figure 3). This network consisted of 375 
nodes (authors) and 2,668 links (collaborations). 
Node interactions reflected highly atomized 
groups (i.e., isolated from each other). Within 
the network, the authors with the highest degree 
of centrality (i.e., higher number of collabora-
tions) were represented mostly by researchers 
from the U.S. (i.e., green cluster) and Europe 
(i.e., red cluster). In addition, most American 
papers were connected by two authors (Balmer, 
B. C., degree of centrality = 33, and Wells, R. S., 
degree of centrality = 31). Authors from other 
countries like Australia (i.e., blue cluster), Brazil 
(i.e., light blue cluster), and Italy (i.e., part of the 
red cluster and also the left light blue cluster), 
although having a great number of contributions, 
are represented in smaller clusters due to a lim-
ited number of collaborations.

Taxonomic Trends
Our Boolean search limited the results to resi-
dency and site fidelity studies of only 17 species of 
delphinids from 10 genera. As expected, 66.13% 
of the peer-reviewed publications belonged to 
the genus Tursiops, but 12.10% also dealt with 
the genus Sousa. Over half of the papers focused 

on Tursiops truncatus (56.45%), followed by 
Tursiops aduncus and Sotalia guianensis (7.26 
and 6.45%, respectively) (Figure 4).

Geospatialization of Study Areas
The restrictions in our Boolean search showed that 
only a few nations have contributed significantly 
to the development of research on residency and 
site fidelity in dolphins—for instance, 14.43% of 
the study areas were located in the U.S., whereas 
35.14% came from Brazil and Italy, and also two 
continents, Australia and Africa (Figure 5). The 
spatial distribution of the species under study 
was reflected in many cases by the sites of the 
publications on residency and site fidelity, gener-
ally covering wide geographic areas (Figure 5). 
However, even the most studied species around 
the world (T. truncatus) showed geographic gaps 
(i.e., absence of studies on the topics), especially 
on the North Pacific coasts (U.S., Canada, Russia, 
and Japan), as well as Central and South America 
(northern Brazil, Surinam, Guyana, Venezuela, 
as well as Peru, Ecuador, and Colombia). Large 
areas with no data were also observed in Africa, 
Asia, and the Indian Ocean. Conversely, the most 
studied areas were the coasts of Florida in the U.S. 
and Europe.
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Figure 2. Frequency distribution of scientific journals that published studies explicitly dedicated to residency and site fidelity 
in 17 dolphin species between 1990 and 2019 (n = 117)

Characterization of Residency and Site Fidelity 
Metrics
From the 30 measurements of residency and site 
fidelity identified in the literature specifically for 
bottlenose dolphins (Supplemental Material 1; the 
supplemental materials for this article are avail-
able on the Aquatic Mammals website), 43% were 
expressed in frequencies, 40% in proportions, 
7% consisted of mathematical models, and 10% 
used a different metric (such as standard devia-
tions, among others; Figure 6A; Supplemental 
Material 2). Approximately half of these indica-
tors used some form of time scale; specifically, a 
quarter of these indicators expressly required sea-
sonal or year-level assessments to establish resi-
dency and/or site fidelity (Figure 6B; Supplemental 
Material 2). The other half of the indicators, in 
general, did not require this type of temporal scale, 

and thus their assessments were based on the whole 
study period.

A total of 12 categorical residency indices were 
identified, which corresponded to criteria pro-
vided by various authors using different classifi-
cations of individuals (Table 1). All of these con-
tained a categorical scale with two or three levels 
of classification. Those with two categories clas-
sified individuals as residents and nonresidents, 
whereas those that included three categories also 
identified occasional and transitory individuals. 
Also, some indices used categories such as multi-
year residents, year-round residents, permanent 
residents, and partial residents; accordingly, the 
multi-year category requires individual sightings 
across different years. Conversely, only two site 
fidelity indicators used categories for sighting 
frequencies.
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Figure 3. Network of co-authors with scientific publications explicitly dedicated to studying residency and site fidelity in 17 
dolphin species between 1990 and 2019 (n = 117). The size of the nodes and the names of the authors are proportional to the 
number of articles published. 

Given the wide variety of criteria among authors, 
we used a consistent definition of residency indi-
ces in which individuals were directly classified 
as either residents or nonresidents using different 
indicators of occurrence within a temporal scale 
(monthly, temporary, seasonal, and/or annual). 
Conversely, indicators using sighting frequencies 
to classify individuals, regardless of the temporal 
division or sampling period, were considered as 
indices of site fidelity.

The bulk of studies explicitly dedicated to 
assessing residency and/or site fidelity from our 
Boolean search (n = 117) collected data during 
different sampling periods. The largest proportion 

of studies were carried out during 3 y of sampling 
effort (28%). Sampling was carried out for 1 y in 
only 6% of studies, and 23% of the sampling was 
carried out in at least 5 y. Also, 35% of the studies 
used the four standard seasons of the year (spring, 
summer, autumn, and winter); on the other hand, 
studies that considered only three temporal catego-
ries (3.5%) considered at least the summer season 
in addition to autumn, spring, or winter. Studies 
with two categories (13%) considered at least the 
summer in addition to spring or winter. Only 7% 
of the studies were sampled in a single season, pre-
dominantly during summer, and 15% of the studied 
literature used different time scales such as climatic 
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Figure 4. Distribution frequency of studies explicitly dedicated to the assessment of residency and/or site fidelity in dolphin 
species (n =17) published in peer-reviewed scientific journals between 1990 and 2019 (n = 117)

Figure 5. Study areas of scientific papers explicitly dedicated to assessing residency and/or site fidelity in 17 dolphin species 
that were published in peer-reviewed journals between 1990 and 2019 (n = 117)
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Figure 6. Classification of the definitions of residency and site fidelity in bottlenose dolphins by (A) type of metric for both 
definitions and (B) temporal scale in residency categories

conditions, fieldwork season, and sampling peri-
ods, among others. Finally, it is noteworthy that 
28% of the studies did not mention any specific 
season in which the sampling effort occurred or 
that it was even carried out in a nonsystematic way, 
and, thus, these were represented in days, months, 
or years.

Discussion

Bibliometric and Taxonomic Descriptors
The different definitions of residency and site 
fidelity used for bottlenose dolphins have been 
an obstacle to the standardization and compari-
son of these important population and/or species-
specific parameters, particularly in recent years, 
with these data being applied to conservation and 
management strategies (e.g., Bolaños-Jiménez 
et al., 2021). Therefore, in many cases, the defi-
nition of residency has been adapted according to 
the needs of each study (Rossi-Santos et al., 2007). 
Since the work of Ballance (1990) and until 2019, 
the number of articles published to study residency 
and/or site fidelity, particularly in dolphins, has 
been increasing.

From our Boolean search, the sources of 
information for these topics identified two main 
journals with the highest number of publications 
due to their scope (i.e., Marine Mammal Science, 
founded in 1985, and Aquatic Mammals, 
founded in 1972; Dudzinski, 2014; Todd et al., 
2015). Thus, most of the literature was focused 
on T. truncatus globally. This was expected 
given the criteria used for the selection of biblio-
graphic material and also due to the ubiquitous 
distribution of the species and easy access by 
researchers (Aurioles-Gamboa, 2009; Urbán & 
Rojas, 2009; Wells & Scott, 2009; Palacios et al., 
2011; Szteren & Lercari, 2022; Escobar-Lazcano 

et al., 2023; Huesca-Domínguez et al., 2023). 
The low representation of other species may also 
be explained by highly migratory and/or open 
populations in which the calculation of resi-
dency and site fidelity is extremely challenging, 
which can limit the number of researchers and 
studies performed. However, there were a few 
examples of residency and site fidelity for other 
species, including the Commerson’s dolphin 
(Cephalorhynchus commersonii) sighted along 
the Argentine Sea coast (Righi et al., 2013); the 
Hector’s dolphin (Cephalorhynchus hectori), 
which inhabits the coastal waters of New Zealand 
(Brough et al., 2019); the Australian snubfin dol-
phin (Orcaella heinsohni) found along the coasts 
of northern Australia (Bouchet et al., 2021); the 
Guiana dolphin (Sotalia guianensis) distributed 
from Nicaragua to southern Brazil with possible 
records in Honduras (Azevedo et al., 2007); the 
Australian humpback dolphin (Sousa sahulen-
sis) inhabiting the coasts from northern Australia 
(Parra & Cagnazzi, 2016); the Atlantic hump-
back dolphin (Sousa teuszii) present in tropical 
and subtropical coastal waters of the eastern 
Atlantic of West Africa (Van Waerebeek et al., 
2004); and the Burrunan dolphin (Tursiops aus-
tralis) sighted in southern Australia (Charlton-
Robb et al., 2011).

Geospatialization of Study Areas 
Most of the publications on residency and site fidel-
ity were conducted in study areas within the U.S., 
followed by Australia and Europe. While T. trun-
catus is an abundant species in North America, an 
important aspect of this geographic pattern is that 
the large proportion of cetacean studies in the U.S. is 
driven by mandatory stock assessments as required 
by the Marine Mammal Protection Act (Kaschner 
et al., 2012). In addition, there are long-term research 
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Table 1. Indicators of residency and site fidelity that use categories to classify individuals (n = 14) cited in studies (n = 
117), published in peer-reviewed scientific journals between 1990 and 2019, which explicitly assessed residency and/or site 
fidelity for 17 dolphin species

Author(s) Categories

Keith et al., 2002 Residents, transients

Zolman, 2002 Residents, seasonal residents, transients

Möller et al., 2002 Residents, transients, occasional visitors

Chabanne et al., 2012 Residents, occasional visitors, transients

Quintana-Rizzo & Wells, 2001; 
Culloch, 2004

Common, frequent, occasional, rare

Martin & da Silva, 2004 Residents, permanent residents, partial residents, nonresidents

Ananias et al., 2008 Year-round residents, seasonal residents, transients

Rosel et al., 2011 Residents, nonresidents

Díaz-López, 2012* “Farmers” (i.e., annual and seasonal occurrence rates > 0.5), frequent visitors, 
 occasional visitors, sporadic visitors

Daly et al., 2014;  
Zanardo et al., 2016

Clusters determined by individual occurrences and/or sighting rates

Balmer et al., 2008* Bin size determined by the statistical distribution of individual occurrences

Di Giacomo & Ott, 2016 Multi-year residents, year-round residents, seasonal residents, transients

Conway, 2017 Residents, nonresidents

Dinis et al., 2016 Residents, transients, migrants

*Classification used to evaluate site fidelity

programs, such as the one in Sarasota, Florida, that 
allow periodic evaluations of population parameters, 
including residency and site fidelity (Wells, 2014).

It is noteworthy that the study areas with a 
higher number of publications on residency and 
site fidelity recorded in this article are consistent 
with habitats classified as critical or at high risk for 
marine mammal species (Avila et al., 2018) due to 
incidental capture, direct exploitation, pollution, 
and shipping traffic. This may be explained when 
considering that as apex predators, small cetaceans, 
particularly bottlenose dolphins, are often used as 
sentinels of the quality of their habitats; therefore, 
studying their movement patterns identifies spatial 
overlap between anthropogenic activities, land use 
changes, and potential population-level impacts 
(Adams et al., 2014; Greller et al., 2021). 

On the other hand, the publications considered in 
this review show worldwide spatial gaps where resi-
dency and site fidelity studies have not been carried 
out or are unavailable online or in the peer-reviewed 
literature. The review by Avila et al. (2018) argues 
that the lack of information on risk in certain loca-
tions does not mean an absence of threats; rather, 
it is a result of the heterogeneity in global marine 
mammal sampling efforts and the limited availability 

of information regarding the documentation of pos-
sible threats to marine mammal species in various 
areas of the world (Schipper et al., 2008; Kaschner 
et al., 2012; Avila et al., 2018; Escobar-Lazcano 
et al., 2023; Huesca-Domínguez et al., 2023). This 
heterogeneity may result in different levels of docu-
mentation regarding the residency and site fidelity 
(among other issues) of different species of ceta-
ceans, including the bottlenose dolphin.

Collaboration Network: Authorship Analysis
The co-authorship analysis showed that, given our 
stringent searching criteria, the scientific commu-
nity explicitly studying residency and site fidel-
ity in the selected dolphin species is for the most 
part segregated into small national groups with 
stronger internal collaborative interactions and 
very low or no interaction outside their respec-
tive groups. Two large groups connected by a few 
researchers were identified: one of them was led 
by researchers from North American organiza-
tions within the U.S., and the other corresponded 
to Australian and African organizations. Smaller 
clusters were also found for Italy and Brazil.

Although studies on residency and site fidelity 
make up a small proportion of the research that 
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is done on dolphins worldwide, it clearly reflects 
that this scientific community is regionally disag-
gregated (Palacios et al., 2011; Srinivasan, 2018; 
Szteren & Lercari, 2022; Escobar-Lazcano et al., 
2023; Huesca-Domínguez et al., 2023). This bias is 
well known since, for instance, at least 66% of the 
members of the Society for Marine Mammalogy 
(the largest professional society of marine mam-
mologists worldwide) in 2017 were from North 
America, followed by Europe (Srinivasan, 2018).

This disaggregation in the scientific community, 
coupled with the different conditions of each study 
site, has resulted in local adaptations of the differ-
ent methods to assess residency and site fidelity, 
especially in bottlenose dolphins (Rossi-Santos 
et al., 2007). Although these varying approaches 
and goals have prevented a comprehensive posi-
tion, having a general approach would provide the 
basis for comparable frameworks. A standardized 
definition of residency needs to be achieved, along 
with the corresponding methodological recom-
mendations to tackle many or most of the potential 
scenarios for the different species and populations 
worldwide. Thus, collaboration is greatly needed 
among the different research groups around the 
world to know their needs, priorities, and the dif-
ficulties of the different study areas.

Characterization of the Metrics of Residency and 
Site Fidelity 
Traditionally, methodologies to assess residency 
have been presented as definitions (e.g., Rosel 
et al., 2011; Conway, 2017), criteria (e.g., Möller 
et al., 2002; Chabanne et al., 2012), indices (e.g., 
Koelsh, 1997; Quintana-Rizzo & Wells, 2001), 
and models (e.g., Pradel et al., 1997; Whitehead, 
2001). Similarly, site fidelity assessments have 
been proposed as indices (e.g., Balmer et al., 
2008; Simpfendorfer et al., 2011; Hunt et al., 
2017). However, given the complexity of the sub-
ject, it is essential to distinguish what a definition, 
a criterion, an index, and even an indicator refer to 
so that each concept is correctly classified.

An indicator is a measure that involves only a 
directly observable data flow, whereas an index 
corresponds to the quantitative aggregation of two 
or more variables (Moriarty et al., 2018). In this 
sense, several of the methods to assess site fidel-
ity meet the characteristics of an indicator since 
they usually evaluate only a flow of occurrence 
or number of resightings of individuals (also rep-
resented as rates or categories) on different time 
scales (monthly, seasonal, or annual). In contrast, 
residency often uses the combination of two tem-
poral occurrence flows such that it has character-
istics of an index. In this sense, high site fidelity 
in different temporal scales leads to classifying 
individuals in some category of residency.

In general, residency is defined in terms of the 
time an animal spends in a particular area (Wells 
& Scott, 1990). Although this definition is widely 
accepted, different categories within the gradi-
ent of individual occurrence have been used as 
a residency reference, particularly in bottlenose 
dolphins, during any given study period. For 
instance, the categories of “partial” and “sea-
sonal” residents both involve a sort of mid-term 
component; on the other hand, the categories of 
“permanent” and “multi-year” residents involve a 
long-term component (usually in multiple years). 
However, annual residents usually involve a com-
bination of short (usually monthly) and mid (usu-
ally seasonal) temporal scales. Interestingly, all 
the studied variations have at least one of these 
three temporal scales: (1) monthly, (2) seasonal, 
or (3) annual. The seasonal and annual scales may 
be based on the climatic/oceanographic patterns 
of each study site; however, monthly scales are 
likely associated with logistical challenges that 
require researchers to combine months to provide 
greater resolution or to obtain data to estimate 
other demographic parameters of importance for 
each study (e.g., abundance, birth rate, mortality, 
migration, population structure, etc.).

Likewise, site fidelity has been commonly 
assessed under the same temporal scales (i.e., 
monthly, seasonal, or annual) across different 
study areas (e.g., Quintana-Rizzo & Wells, 2001; 
Parra et al., 2006; Balmer et al., 2008). The dif-
ference observed between both cases (i.e., resi-
dency and site fidelity) is mainly that site fidelity 
is generally based on a count or proportion using 
only the most convenient scale, whereas residency 
is based on the combination of different metrics 
(e.g., frequencies and periods) using at least two 
different dimensions (spatial and temporal). Site 
fidelity uses numerical (e.g., Parra et al., 2006; 
Chabanne et al., 2012; Tschopp et al., 2018) and 
categorical (e.g., Möller et al., 2002; Balmer et al., 
2008; Díaz-López, 2012) metrics to represent the 
frequency of occurrence in the study area during 
a given period. However, although both terms are 
clearly different, in some cases, they have been 
used interchangeably due to a lack of clarity in the 
definitions and ways of evaluating them.

In the case of models such as the Lagged 
Identification Rate (LIR), rather than showing a 
classification of residency, it shows the estimated 
residency time for individuals (Whitehead, 2001). 
Other types of metrics are rarely reported and 
require additional data such as geographic dis-
tances between the range of movement of indi-
viduals in a particular area (Levine, 2002).

There are important aspects regarding the 
two essential dimensions (spatial and temporal) 
that make up both definitions for residency and 
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site fidelity. In the case of the spatial dimension, 
it is noteworthy that for site fidelity, the spatial 
extent of the study area does not usually repre-
sent a requirement for its assessment since it only 
needs to record the presence or absence of an indi-
vidual during a given period. On the other hand, 
residency does consider in some way (implicit or 
explicit) the probability that an individual is found 
(or not) in a given site of certain dimensions based 
on the time between consecutive recaptures. In this 
sense, the extent of the studied area should corre-
spond to the common habitat of the individual or 
the population. In summary, both definitions have 
a logical distinction that can be derived using an 
extreme example: the site fidelity of an individual 
cannot be evaluated if it cannot leave the planet, 
whereas the same individual can be considered a 
resident since it never leaves the planet.

In the case of the temporal dimension, there 
are important bio-ecological aspects to consider 
regarding the choice of scale. On the one hand, 
for individuals to be classified as “seasonal,” the 
temporal scales should reflect shifts that are known 
(or suspected) to affect their populations or species 
due to the occurrence of physical (e.g., water tem-
perature) or ecological (e.g., productivity) phenom-
ena (Urian et al., 1996; Zolman, 2002), although 
this is not always the case. Thus, information on 
abundance, mating, calving, weaning, and/or prey 
distribution and availability are typically useful for 
providing insight on temporal variations for species 
and their habitats (Reilly & Fiedler, 1994; Sprogis 
et al., 2018). 

Admittedly, classifying climatic seasons can be 
an obstacle to the assessment of sighting rates in 
different geographical areas. For instance, Zolman 
(2002) divides the year into four seasons (autumn, 
winter, spring, and summer); however, given that 
the duration of each season differs latitudinally 
or according to the study area, and the fact that 
seasons may influence migratory behavior of dol-
phins, each study area typically uses different time 
scales to assess the temporal/seasonal pattern of 
occurrence in estimates of residency and/or site 
fidelity (Zhang et al., 2002; Chang et al., 2005; 
Cruz-Escalona et al., 2007; Fury & Harrison, 2011; 
Morteo et al., 2014, 2017; Tsujimoto et al., 2018; 
Tubbs et al., 2020; Bolaños-Jiménez et al., 2021).

Time scales used in studies vary in number 
and duration, thus contributing fundamentally to 
the classification of individuals as temporary or 
annual residents. Although using different time 
scales may lead to methodological inconsisten-
cies between studies, it should be considered 
as a flexible standard practice. Each researcher 
should determine the most appropriate and rep-
resentative temporal division for their respec-
tive populations based on an evaluation of the 

periodicity and relevance of the environmental 
factors that affect the distribution of the popula-
tion studied.

Distinguishing between “transient” and “resi-
dent” individuals is crucial for population abun-
dance estimates as the inclusion of transient 
individuals tends to overestimate population size 
with potential implications for management deci-
sions (Ronje et al., 2020; Bolaños-Jiménez et al., 
2021). The categories, such as “occasional visi-
tors” (e.g., Möller et al., 2002; Chabanne et al., 
2012), “transitory animals” (e.g., Möller et al., 
2002; Ananias et al., 2008), and “nonresidents” 
(e.g., Martin & da Silva, 2004; Rosel et al., 2011; 
Conway, 2017), usually involve individuals seen 
just once, although not all residency metrics 
include these categories. For indices that include 
the category of “occasional visitors,” authors 
usually refer to individuals that were sighted 
multiple times during given seasons but with 
low frequency. The “transients” may also refer 
to individuals with very low frequency on differ-
ent time scales. 

Through our review, the biggest challenge in 
evaluating residency and site fidelity was that the 
criteria assigned different thresholds to classify 
individuals. For instance, classifications of “resi-
dent” individuals stand out for having intermedi-
ate to high monthly, seasonal, and annual sight-
ing rates, with thresholds usually greater than or 
equal to a sighting ratio of 0.3 (e.g., Möller et al., 
2002; Rosel et al., 2011; Chabanne et al., 2012; 
Conway, 2017). Conversely, “occasional visi-
tors” categories have low to intermediate rates, 
while “transient” categories have very low sight-
ing rates (e.g., Keith et al., 2002; Möller et al., 
2002; Chabanne et al., 2012). Establishing cut-
offs for binning proportional values into these 
categories of sighting frequencies may seem 
intuitive, but it is largely subjective, considering 
that the intention is to know if the individuals 
have high or low sighting frequencies within any 
given time scale. Moreover, sighting frequencies 
are known to vary naturally depending on the 
ecology of the population, or artificially due to 
the design of the sampling method (Morteo et al., 
2012).

Finally, our results are a first step to producing 
accurate information for management and con-
servation strategies by identifying the different 
aspects used in the assessment of residency and 
site fidelity, particularly in bottlenose dolphins. 
The results also pinpoint the lack of studies for 
various populations and areas around the earth 
which are needed to manage in a better way those 
highly mobile species. Also, a detailed quantita-
tive analysis of the variations and the perfor-
mance of all these methods and metrics used is 
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warranted to standardize methodologies around 
the scientific community targeting these spe-
cies. There is a clear need for more collaboration 
between the different research groups around 
the world. Developing multifaceted teams that 
extend across geographic boundaries will pro-
mote novel data analyses, increase the amount 
of data available, diminish data gaps across tem-
poral and spatial scales, and potentially decrease 
research costs.

Note: The supplemental materials for this article are 
available in the “Supplemental Material” section of 
the Aquatic Mammals website: https://www.aquat-
icmammalsjournal.org/index.php?option=com_con
tent&view=article&id=10&Itemid=147.
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