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ABSTRACT

ANTAKY, C.C., YOUNG, L., RINGMA, J. & PRICE, M.R. 2021. Dispersal under the seabird paradox: Probability, life history, or spatial 
attributes? Marine Ornithology 49: 1–8.

Management of avian species threatened by land use and climate change requires a thorough understanding of their site fidelity and dispersive 
behaviors. Among long-lived colonial seabird species, the behavior of returning to the natal colony to breed, i.e., natal philopatry, may 
increase the likelihood that adequate resources and mates are available, but it may also increase the potential for inbreeding, competition, and 
ecological traps. Successful management of seabird populations—using chick translocation to encourage colony establishment to locations 
having minimal threats—must also be informed by the likelihood that birds will return to the new sites. However, the extent of philopatry, and 
the traits that dictate variation across seabirds, have yet to be fully summarized. We evaluated whether seabirds returned to their natal colony 
at rates greater than those predicted by colony size and various dispersal variables, based on data gathered for 36 seabird species nesting in 
the British Isles and the Hawaiian Archipelago. We compiled long-term banding and census data across 663 colonies. A linear mixed-effects 
model was employed to determine the relationship between philopatry and colony demographics, wingspan (mobility), and spatial variables. 
Our results indicate that philopatric rates are higher in the Hawaiian Archipelago than in the British Isles. Additionally, our research suggests 
that seabird management using chick translocation will have the greatest success with Procellariiformes species.
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INTRODUCTION

Many seabirds exhibit high rates of philopatry despite the often 
large differences between their breeding and wintering/non-
breeding areas, a phenomenon coined ‘the seabird paradox’ 
(Milot et al. 2008). Within colonial species, there are competing 
pressures for young seabirds to either disperse to a different colony 
to breed, thereby reducing intraspecific competition for resources 
(territories, mates, food; Furness & Birkhead 1984), or to return 
to their natal colony where the nesting habitat and resources are 
suitable, or at least at the level at which they departed (Schreiber 
& Burger 2002). The major advantage of dispersal, or recruitment 
to a new site, comes with finding a location where resources are 
more available, but dispersal may also bring additional risks, 
such as a higher potential to encounter unforeseen threats or 
the possibility that the novel area will provide habitat that is 
unsuitable for nesting. Philopatry, on the other hand, can increase 
the potential for inbreeding, competition, and ecological traps 
under climate and land-use change (Reynolds et al. 2015). Based 
on evolutionary theory (Van Valen 1971), philopatric tendencies 
evolved due to higher reproductive success and survival in 
individuals that returned to the natal site compared with those 
individuals that attempted to find new breeding grounds and 
experienced higher mortality and/or lower reproductive success. 
Philopatry varies among seabird taxa, but some seabird species 
exhibit highly philopatric tendencies (> 90%; Coulson 2016). 
This high degree of philopatry among certain seabird species is 
remarkable given their large foraging ranges and ability to fly long 
distances (Fisher 1976, Weimerskirch et al. 1984, Frederiksen & 
Peterson 1999, Huyvaert & Anderson 2004, Milot et al. 2008).

In the past, the term philopatry was used to describe birds returning 
to the place individuals fledged (Greenwood 1980), but its use 
was subsequently widened by some, making it synonymous with 
returning to the breeding colony at any life stage (Lawrence 1989). 
More recently, philopatry was used to define breeding site fidelity 
by adults (Frederick & Ogden 1997). Since then, the term natal 
philopatry was introduced to differentiate the terms in scientific 
publications (Thibault 1993, Weatherhead & Forbes 1994). In this 
paper, the term philopatry is used in its original sense to describe 
the tendency of individuals to recruit to their natal colony to breed.

A recent review (Coulson 2016) indicated that previous estimates 
of philopatry among seabirds may be inflated due to a failure to 
consider factors that may influence coloniality. Colonial breeding 
is a complex behavior exhibited by the vast majority of seabirds 
with a few exceptions (e.g., Marbled Murrelet Brachyramphus 
marmoratus, Kittlitz’s Murrelet B. brevirostris). Defense against 
predation has long been suggested as important in shaping the 
evolution of coloniality in birds (Lack 1968). Other hypotheses 
of coloniality include the information center hypothesis (Ward & 
Zahavi 1973) and the group foraging hypothesis (Richner & Heeb 
1995). More recently, the commodity selection theory (Danchin & 
Wagner 1997) posits that colonial animals assess environmental 
conditions—including predator avoidance, as well as nesting 
habitat, shelter, food, and mates—to choose where to breed. Hence, 
when assessing philopatric tendencies, one should consider the 
quality and condition of a potential breeding site. 

In the context of ‘commodity selection’, variation in philopatric rates 
across seabird taxa may also be due to multiple dispersal-associated 
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variables (Coulson 2016). For example, wing morphology may 
influence bird migration by shaping the capacity for long-distance 
flight (Lo Valvo 1988, Berthold 1996, Rolshausen et al. 2009). 
Taxonomy, linked to life history and classified by morphometrics 
and genetics (Sites & Marshall 2003), may help predict philopatric 
variation. The highest rate of success in seabird restoration 
programs, which rely on recruitment to the restoration site, was 
found in the Procellariidae family (Jones & Kress 2012). 

The degree of relaxation of philopatry can be affected by colony size, 
the number of colonies, and the space between breeding colonies 
(Lebreton et al. 1992). Social attraction studies and mark-recapture 
modeling have shown that the colony size of the recipient colony 
can be a driver of recruitment (Serrano et al. 2005, Gauthier et al. 
2010, Fernández‐Chacón et al. 2013). In this study, we determined 
whether fledglings return to their natal colony at rates greater than 
expected based on colony size and other potential explanatory factors 
(distance to the nearest colony, number of colonies as related to 
geographic scale, wingspan (i.e., mobility), taxonomy by order, and 
region). If the rates of observed philopatry within a given seabird 
species were proportional to relative colony size independent of other 
factors, we expected a linear relationship of philopatry to relative 
colony size, i.e., a higher philopatric tendency among larger colonies 
(Fig.  1A). If philopatry was consistent with ‘the seabird paradox’ 
theory, we expected consistently high philopatry regardless of relative 
colony size (Fig. 1B). In contrast, if natal dispersal was random, we 
expected there to be an equal chance of returning to the natal colony 
compared to nesting at a new colony with respect to relative colony 
size (Fig. 1C).

METHODS

Species data

Species were selected based on the availability of data, obtained 
from comprehensive nesting and long-term banding databases. 
Nesting databases indicating breeding colony size and location 
included the Bishop Museum Hawai‘i Biological Survey (Pyle 
& Pyle 2017) and the British Isles Seabird 2000 colony census 
(Mitchell et al. 2004). Banding data were provided by the United 
States Geological Survey (USGS) Bird Banding Laboratory (BBL) 
for Hawaiian species and by the British Trust for Ornithology (BTO) 
for British Isles species. Data from BBL were retrieved on 25 May 
2017 (USGS Bird Banding Laboratory 2017) and those from BTO 
on 25 July 2017 (British Trust for Ornithology 2017). Banding 
recapture data spanned over a century representing 36 seabird 
species within the orders Phaethontiformes, Procellariiformes, 
Suliformes, and Charadriiformes, including 19 Hawaiian species 
and 17 British species (Appendix, Table A1, Fig. A1, available 
on the website). Phaethontiformes were removed from the final 
analyses because only a single species was represented. 

The BBL and BTO data were filtered to include only recaptured 
adults that were banded as nestlings/fledglings, including dead 
or live recaptures. We assumed that any adult individual that was 
observed at the natal site during the nesting season had returned to 
breed. For the BBL data, at-sea captures and those found outside of 
the Hawai‘i colonies were excluded. The BTO data did not contain 
any at-sea captures. For both datasets, philopatry for each species 
was determined by dividing the number of recaptures at the natal 
site by the total number of recaptures for the species. Philopatry for 
a given colony was calculated by dividing the number of recaptures 

that returned to the natal colony by the total number of recaptures at 
the given colony. For this study, individuals returning to sites under 
20  km from their natal banding location were considered to have 
returned to the natal site, similar to previous studies (Coulson 2016).

For this study, the term ‘colony’ varied by study system due to 
geographic differences and the inherent nature of the size of 
the colonies. For the Hawai‘i seabird dataset, each major island 
in the Hawaiian Archipelago was treated as a single colony 

Fig . 1 . Potential relationships between colony size percentage and 
philopatric rate, where (A) depicts philopatric rate in proportion 
to relative colony size, (B) is consistent with the seabird paradox, 
where philopatric rate is consistently high when compared to 
relative colony size, and (C) shows a philopatric rate that is random 
with respect to relative colony size. 
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(median  =  4.14  km2). For the British Isles seabird dataset, each 
county was defined as a single colony (median = 236.75 km2). 
The difference between medians is largely due to the geographic 
differences between the two datasets. The Hawaiian Archipelago 
Islands are composed of small coral atolls, whereas the British 
Isles are made up of large continental islands, with some small 
offshore islets. Distances between colonies were determined by 
calculating the Euclidean distance between center GPS points of the 
focal colonies (i.e., island or county). The distances in the Hawai‘i 
dataset ranged 15–608 km (mean 184.88 km ± 10.36 SE), whereas 
the British Isles dataset ranged 10–302 km (mean 61.33 km ± 1.76 
SE). The fact that the colonies in both datasets had similar distance 
ranges suggested that our analyses were comparable, which lowered 
our concerns about colony bias between the two datasets.

Wingspan (cm) for each species was collected from online 
databases: Birds of North America (Poole, 2005); All About Birds 
(The Cornell Lab, 2017); United States Fish and Wildlife Service 
(USFWS) Hawaiian Island National Wildlife Refuge–Seabirds (US 
Fish & Wildlife Service 2017); Birds of the World (Billerman et 
al. 2020); and Wildscreen Arkive Species (Arkive 2017). Species’ 
metadata are provided in Appendix, Table A4.

Statistical analysis

All statistical analyses were conducted in the statistical environment 
of R version 3.3.3 (R Core Team 2013). The relationships of 
variables to rates of philopatry were measured using linear mixed-
effects models with R package “lme4”. Linear mixed-effects 
models allowed us to explicitly model and compare inherent 
groupings in our data using fixed and random effects. We designated 
species as a random effect to account for among-species variation 
when determining significance between philopatry and explanatory 
variables. The fixed effects were independent variables, which 
included distance to the nearest colony, number of colonies, 
colony size, wingspan, taxonomy by order, and region. First, we 
transformed all quantitative variables to meet the assumption of 
normality under linear regression (Appendix, Table A2) using 
the skewness test for normality (Shapiro et al. 1968). Then, we 
performed a sensitivity analysis, excluding from our analysis 
colonies with fewer than five, 10, and 15 recaptures that resulted 
in linear mixed-effects models with the same trends in slope and 
P-value for each predictor variable (Appendix, Table A3). Hence, a 
cutoff of fewer than five recaptures for a given species was applied 
to the final analysis. Next, we employed a stepwise term deletion 

TABLE 1
Akaike Information Criterion (AIC) and R2 values for the linear mixed-effects models  

using randoma and fixedb variables from all seabird species (n = 35) 

Variablesc used in the Linear Mixed-Effects Model AIC R2

Null (intercept only) 61.12 0.53

Percent Philopatry ~ Colony Size + Region + (1 | Species) 53.57 0.50

Percent Philopatry ~ Colony Size + Region + Distance to Nearest Colony + (1 | Species) 54.22 0.50

Percent Philopatry ~ Colony Size + Region + Distance to Nearest Colony + Wingspan + (1 | Species) 56.77 0.50

Percent Philopatry ~ Colony Size + Region + Distance to Nearest Colony + Wingspan + Taxonomy + (1 | Species) 63.75 0.50

Percent Philopatry ~ Colony Size + Region + Distance to Nearest Colony + Wingspan + Taxonomy + Number of  
Colonies + (1 | Species)

86.07 0.51

a Species was a random effect variable in all models. 
b The fixed effects variables included the colony size, region, distance to the nearest colony, wingspan, taxonomy by order, and number of 

colonies. 
c Number of colonies, wingspan, distance to the nearest colony, and colony size percentage were transformed to meet assumptions of normality.

TABLE 2
Dispersal variables among all seabird species in Hawai‘i and the British Isles (n = 35),  

with comparison to the rate of philopatry using a linear mixed-effects model 

Dispersal variable x̄ ± SE t value P value

Number of coloniesa 4 715.00 ± 176.78 t35/459=0.12 0.908

Colony sizea 0.187 ± 0.092 t35/459=1.68 0.094

Distance to the nearest colonya -0.535 ± 0.003 t35/459=1.47 0.142

Wingspana 4.60 ± 0.024 t35/459=-1.18 0.249

Taxonomy (Suliformes) 87 (18.9%) t35/459=-0.44 0.665

Taxonomy (Procellariiformes) 60 (13.0%) t35/459=1.23 0.226

Region (Hawai‘i) 98 (21.3%) t35/459=3.07 0.005*

a Number of colonies, colony size, distance to the nearest colony, and wingspan were transformed to meet assumptions of normality
* indicates statistical significance (P < 0.05)
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process, keeping colony size as the first variable and reordering and 
removing non-significant terms to produce the model of best fit as 
determined by Akaike Information Criterion (AIC), using the R 
“stats” package. The conditional R2, which gives a measure of the 
proportion of variance explained by both fixed and random effects, 
was determined using the R “MuMIn” package. Finally, we split 
the data by region (Hawai‘i and the British Isles) and repeated the 
stepwise term deletion process to determine the linear mixed-effects 
model of best fit, as well as the subsequent analyses. 

RESULTS

The model with the best fit produced a 53.57 AIC and explained 
50% of the variance (R2 = 0.50) within philopatry rates (Table 1). 
Procellariiformes and seabirds in the Hawaiian Islands exhibited 
higher than expected philopatry based on relative colony size 
(Table 2, Fig. 2). Overall, philopatry increased with relative colony 
size (Fig. 2A). Philopatry was higher in the Procellariiformes order 
than in the other seabird taxonomic orders (Fig. 2C). Additionally, 
seabird philopatry was higher in Hawaiian Islands than in the British 
Isles (Fig. 2B). When split by region, philopatry significantly 
increased with colony size in the Hawai‘i colonies (t18/97 = 2.01, 
P  =  0.050; Table 3). For seabird colonies in the British Isles, 
philopatry was more prevalent as the distance to the nearest colony 
increased (t17/361 = 2.20, P = 0.030; Table 4).

DISCUSSION

We investigated whether philopatry in seabirds is proportional to 
colony size, is consistently high regardless of colony size, or if it is 
random with respect to relative colony size. Although not directly 
proportional, colony size was positively correlated with philopatry 
rates. This suggests that relative colony size is an important 
consideration when making inferences about philopatric rates from 
single study locations, especially in large colonies (Deguchi et al. 
2017). This ties into the theories of coloniality, as large colonies 
may infer quality and play a role in recruitment (see Ward & Zahavi 
1973, Richner & Heeb 1995, Danchin & Wagner 1997).

The higher philopatric rate observed in the Hawaiian Archipelago 
compared to colonies in the British Isles is likely due to the 
higher sampling of Procellariiformes in the Hawaiian Archipelago. 
Overall, Procellariiformes returned to their natal colony at higher 
rates than those of Charadriiformes or Suliformes (Fig. 2). Our 
study validated previously published trends in philopatry within 
the Procellariiformes (Fisher 1976, Weimerskirch et al. 1984, 
Milot et al. 2008). Extensive banding records of albatrosses have 
exemplified ‘the seabird paradox’, showing over 99% return 
rates to some colonies (Fisher 1976, Weimerskirch et al. 1984). 
Additionally, seabird chick translocation programs have the highest 
success within the Procellariidae family (Jones & Kress 2012). 

A relationship between philopatry and taxonomic order was 
not found in colonies in the British Isles, likely due to the low 
sample size of Procellariiformes within the British Isles (n = 2). 
Furthermore, the Northern Fulmar Fulmarus glacialis, one of the 
two species of Procellariiformes in our study surveyed in the British 
Isles, had a much lower average philopatric rate (43%; Appendix, 
Table A1) than other species of Procellariiformes in the study. 
Research studying dispersive behavior of the Northern Fulmar 
in the British Isles indicates that this may be due to a genotype 
that favors range expansion and colonization (Lloyd et al. 2010). 

Overall, Procellariiformes had high philopatric tendencies, but there 
were exceptions within the order. 

Within the British Isles, philopatry was positively correlated with the 
distance to the nearest colony (Table 4). This suggests that seabirds 
are more likely to disperse if they have neighboring colonies. The 
behavior of dispersing to a neighboring colony may be beneficial 
because it increases access to new mates while avoiding the energy 
costs associated with long-distance dispersal, and it allows birds 
continue to benefit from the foraging grounds surrounding the 

Fig . 2 . Log colony size as a percentage of total population size 
(x-axis) compared to percent philopatry (y-axis) to (A) all seabird 
colonies (t35/459 = 1.68, P = 0.094), (B) region (t35/459 = 3.07, 
P = 0.005), and (C) taxonomic seabird order. 
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natal colony (Greenwood 1980, Hénaux et al. 2007). Other studies 
have concluded that a significant driver of seabird dispersal is the 
distance from the source colony, indicating that distance may be an 
important factor for some (Greenwood & Harvey 1982, Serrano et 
al. 2001, Hénaux et al. 2007; Oro et al. 2011; Buxton 2014) but not 
all (Jones & Kress 2012; VanderWerf et al. 2019) seabird species.

Other environmental factors may account for the difference in 
regional philopatry. Many of the seabirds observed in Great Britain 
and Ireland are coastal, inland, and roof nesters that breed in many 
locations within a county, allowing more options for dispersal in this 
region. Compared to inland colonies, some coastal seabird colonies 
tend to be more stable in occupancy, most likely because coastal 
colonies benefit from more predictable access to food (Schreiber & 
Burger 2002). In England and Wales, gulls readily moved between 
inland sites in response to factors such as disturbance and water 
levels, which may be responsible for the fluctuation in numbers 
observed at many colonies (Gribble 1976). The British Isles dataset 
contained a high number of inland colonies, whereas the Hawai‘i 
dataset had no such colonies, and it is this difference that accounted, 
to a large extent, for the perceived differences in philopatry. When 
contributing to global seabird colony data sets (e.g., USGS Seabird 
Colony Atlas, Global Seabird Data Portal), we highly recommend 
that, in addition to specifying the region, the geographic extent of 
colonies should be clearly delineated and there should be a clearly-
defined use of the term colony.

We addressed some potential dispersal variables across seabird 
species that explained over 50% of the variation in philopatric 
rates, but other confounding variables that we did not include were 
likely at play. For example, the presence of other species of seabirds 
may influence philopatry. Congeneric species may act as a social 
attraction, as observed within the Short-tailed Albatross Phoebastria 
albatrus (Deguchi et al. 2012), Black-legged Kittiwake Rissa 
tridactyla (Danchin et al. 1998), and Great Cormorant Phalacrocorax 
carbo sinensis (Schjørring et al. 1999). In contrast, other seabird 
species may serve as competitors, reducing philopatry. For example, 
Wedge-tailed Shearwaters Ardenna pacifica outcompete Newell’s 
Shearwater Puffinus newelli, Bonin Petrel Pterodroma hypoleuca, 
and Tristram’s Storm Petrel Oceanodroma tristrami for preferred 
burrowing space (Raine & Vynne 2016). Additionally, sex may 
influence dispersal, as seen in other long-lived species (Bowen et al. 
2005, Chang et al. 2014). Studies have shown no sex difference (Milot 
et al. 2008, Munilla et al. 2016), as well as male-mediated dispersal 
(Greenwood 1980, Young 2010) and female-mediated dispersal 
(Steeves et al. 2005, González-Jaramillo & Rocha-Olivares 2011) 
within seabirds, suggesting interspecies-level variation. Furthermore, 
foraging behavior and changes in food availability highly influence 
dispersal of some seabirds (Becker & Ludwigs 2004, Barraquand et al. 
2014). Foraging strategy, correlated with life history traits in seabirds, 
may influence dispersal (Weimerskirch 2007). Seabirds with small 
foraging ranges (e.g., some Phalacrocoracidae, Sterncorariidae, and 
Laridae) may have lower rates of philopatry because they rely on prey 

TABLE 3
Dispersal variables from seabird species in the Hawaiian Archipelago (n = 18),  
with comparison to the rate of philopatry using a linear mixed-effects model 

Dispersal variable x̄ ± SE t value P value

Number of coloniesa 153.70 ± 9.08 t18/97 = -0.61 0.550

Colony sizea 1.011 ± 0.218 t18/97 = 2.01 0.050*

Distance to the nearest colonya -0.473 ± 0.005 t18/97 = -1.27 0.210

Wingspana 4.668 ± 0.075 t18/97 = -1.03 0.322

Taxonomy (Suliformes) 27 (24.5%) t18/97 = 0.15 0.887

Taxonomy (Procellariiformes) 44 (44.9%) t18/97 = 1.17 0.263

a Number of colonies, colony size, distance to the nearest colony, and wingspan were transformed to meet assumptions of normality
* indicates statistical significance (P < 0.05)

TABLE 4
Dispersal variables from seabird species in the British Isles (n = 17),  

with comparison to the rate of philopatry using a linear mixed-effects model 

Dispersal variable x̄ ± SE t value P value

Number of coloniesa 5 950.00 ± 175.10 t17/361 = 0.24 0.812

Colony sizea -0.036 ± 0.097 t17/361 = 0.85 0.396

Distance to the nearest colonya -0.551 ± 0.003 t17/361 = 2.20 0.030*

Wingspana 4.59 ± 0.024 t17/361 = -1.04 0.321

Taxonomy (Suliformes) 60 (16.6%) t17/361 = -0.47 0.645

Taxonomy (Procellariiformes) 16 (4.4%) t17/361 = 0.59 0.565

a Number of colonies, colony size, distance to the nearest colony, and wingspan were transformed to meet assumptions of normality
* indicates statistical significance (P < 0.05)
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close to their nesting sites and are thus more likely to change nesting 
locations due to geographic shifts in food availability (Andersson & 
Götmark 1980, Weimerskirch 2007, Elliott et al. 2009, Isaksson et al. 
2016, Jovani et al. 2016, Wakefield et al. 2017). Future studies that 
address these variables (congeneric species, sex, foraging behavior, 
food availability, etc.) may help to explain the complex philopatric 
variation found among seabird species. 

Multiple researchers contribute data to long-term databases, inevitably 
creating sampling biases within the datasets. Individual observer 
efforts to recapture birds likely varied widely between colonies and 
species, potentially influencing rates of resighting. Because it is not 
possible to standardize search efforts across colonies in globally-scaled 
studies from pooled data sources, we have instead addressed this issue 
by omitting search efforts of fewer than five individuals at a colony, 
and we note that overall trends across higher taxa did not change 
(Appendix, Table A3). Secondly, due to the lack of continuous census 
data, we assumed a stationary population size as determined from the 
latest population censuses (Mitchell et al. 2004, Pyle & Pyle 2017). 
To minimize bias, we utilized relative colony size in the analysis. 
Additionally, following past studies and the format of the data set 
provided, we defined each major island or county as a single colony, 
although multiple smaller colonies were likely present. We assumed 
that seabirds returning to sites under 20 km from their natal area were 
philopatric, which works best for isolated oceanic islands, but there 
were some geographic exceptions, as some nesting islands fell within 
20  km of each other (Smith et al. 2002). Furthermore, any seabird 
banded as a fledgling that was resighted at their natal colony during the 
breeding season was considered philopatric, but it is possible that some 
of those seabirds were not nesting and only visiting, as this behavior 
has been observed in some seabird species (Young 2010). 

Seabirds occur in all seas and oceans worldwide, but due to the limited 
availability of census data, this study only focused on two distinctly 
different geographic regions. While our dataset is a large compilation 
of seabird recapture data, variation between regions not covered by 
our dataset may mean that conclusions drawn about higher taxa are 
not generalizable outside of our sample area. Results comparing 
the two geographic regions should be interpreted with caution due 
to some variation in colony size and isolation between the two 
datasets. Unlike the British Isles, the Hawaiian Archipelago consists 
of isolated oceanic islands, which could be a main contributing factor 
to the difference in philopatry between the two regions. Despite 
these inherent and unavoidable biases associated with data from 
long-term databases, our study compiled a large number of replicates 
with strong statistical trends within the datasets, and hence identified 
several important lines of future inquiry for seabird conservation.

Seabird populations are decreasing globally, with many colonies 
vulnerable to climate change, fishery depletion, and land-use change, 
leading to potential ecological traps under continued philopatric 
behavior (Mitchell et al. 2004). Although philopatry in seabirds is 
complex, this study suggests that taxonomic group, region, distance 
to nearest colony, and colony size affect some of the underlying 
mechanisms. Continued research on philopatry across multiple 
spatial scales within more seabird species, particularly through 
the use of GPS tracking on fledglings, is needed to support these 
findings. Non-philopatry is also an extremely important behavior 
in the formation and growth of new colonies (Coulson & Coulson 
2008, Coulson 2011, Jones & Kress 2012). Seabirds with variable 
philopatric rates, such as certain Suliformes and Charadriiformes 
(Fig.  2), may be more likely to naturally relocate their colonies in 

the face of sea-level rise or changes in food supply location. Seabirds 
with high philopatric rates, such as certain Procellariiformes (Fig. 2), 
may require translocation to sites that are protected from sea-level 
rise or invasive predators if they are globally threatened (Jones & 
Kress 2012). In the Main Hawaiian Islands, management goals 
include the establishment of safe seabird habitat through the use of 
translocation and predator control, due to habitat being lost to sea-
level rise on the low-lying Northwestern Hawaiian Islands (US Fish 
& Wildlife Service 2005, VanderWerf 2013, VanderWerf et al. 2019). 
This study suggests that Procellariiformes are good candidates for 
translocation actions within the Hawaiian Archipelago. 
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