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ABSTRACT

Mizukoshi, K., Kawakami, K., & Kamijo, T. (2026). Seabirds as ecosystem engineers: Providing arthropod habitat on oceanic islands.

Marine Ornithology, 54(1), 147-154. http://doi.org/to come................

Seabirds play several important ecological roles on oceanic islands through their high-density breeding. Their ecosystem functions—such
as nutrient cycling through excretion or terrestrial vegetation disturbance through trampling—are well known; however, little is known of
their roles as ecosystem engineers. Nests and burrows can be densely concentrated in seabird colonies, by which seabirds can affect adjacent
terrestrial ecosystems, especially affecting arthropods that use these structures as food or habitats. However, studies investigating the species
composition of arthropods that inhabit seabird nests are limited. To characterize the arthropod faunas in seabird nests, this study surveyed
and analyzed 90 nests of three seabird species nesting on the Ogasawara Islands, Japan. In total, 207 individuals of arthropods belonging to
nine orders were found. In addition, we found that more arthropods occurred in the burrows of Wedge-tailed Shearwaters Ardenna pacifica,
formed within soil, compared to nests of Brown Boobies Sula leucogaster, which nest on the surface. It appears that burrows, such as those of
shearwaters, maintain stable temperature and humidity, and thus they can greatly influence terrestrial arthropod communities on the islands.
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INTRODUCTION

Seabirds can play a significant ecological role on oceanic islands
where they breed in high densities. Seabirds forage at sea and breed
on land. As a result, organic matter and nutrients such as feces,
regurgitated food, carcasses, and nesting materials accumulate
at breeding sites. Seabirds also disturb vegetation through their
trampling or burrowing. Previous studies on the ecological function
of seabirds at breeding sites have focused primarily on their effects
on vegetation and nutrient cycling (Ellis, 2005; Magntisson et al.,
2014). However, several studies have shown that nests made by
stacking soil or plant materials or by digging burrows in the ground
serve as habitats for certain insect species (Nasu et al., 2014;
Sinclair & Chown, 2006).

Many studies have reported insects using bird nests, particularly in
land birds (Hamao & Nasu, 2022; Hicks, 1953; Nordberg, 1936;
Tryjanowski et al., 2001; Wilson & Bull, 1977; Woodroffe, 1953),
suggesting that birds engineer ecosystems through their nesting.
Similarly, some studies have reported that other arthropods also
inhabit seabird nests (Hicks, 1959; Matsumura et al., 2024; Nasu
et al., 2014; Sinclair & Chown, 2006; Wilhelm et al., 2001).
Among these studies, Sinclair and Chown (2006) focused on
seabird ecosystem engineering to show that the temperature in
nests of Snowy Albatross Diomedea exulans was higher than
that of the surrounding environment, creating an environment
that is favorable for insects such as Tineidae. Nasu et al. (2014)
reported three species of Tineidae and one species of Crambidae
inhabiting the burrows of Wedge-tailed Shearwaters Ardenna
pacifica and Bulwer’s Petrels Bulweria bulwerii, which are

burrow-nesters on the Ogasawara Islands, and also suggested
that seabird burrows were important habitats for keratin-eating
Tineidae. Many procellariiform species dig burrows in soil and
form tunnels up to a depth of > 1 m. These burrows formed in
soil can have unique physical environments because they are not
directly exposed to sunlight or rain, thus creating suitable habitats
for unique arthropod fauna.

Previous studies of arthropods in seabird nests are mostly fragmentary,
focusing on specific taxonomic groups such as Coleoptera, Ixodida,
and Siphonaptera, and therefore the characteristics of arthropod
communities, including important decomposers such as Isopoda
and Diptera, remain unclear. The only studies on ecosystem
engineering by seabirds and their effects on insects were conducted
by Sinclair and Chown (2006) and by Nasu et al. (2014); no studies
have evaluated the influence of differences in seabird nesting types
on the arthropod fauna.

The Ogasawara Islands comprise many islands and islets, including
islands uninhabited by humans that are important breeding sites
for several seabirds (Chiba et al., 2007). These islands are
among the most suitable study sites to observe and understand
the characteristics of arthropod communities in seabird nests,
because the arthropod fauna within nests can be compared
among seabird species on different islands. To date, 21 species of
seabirds have been confirmed to breed on the Ogasawara Islands,
and these seabirds employ three nesting types: ground-nesting
(e.g., albatrosses and boobies), burrow-nesting (e.g., shearwaters
and petrels), and tree-nesting (e.g., White Terns Gygis alba and
Red-footed Boobies Sula sula) (Chiba et al., 2007); however,
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the latter are few in number. Among these species, Black-footed
Albatrosses Phoebastria nigripes, Wedge-tailed Shearwaters, and
Brown Boobies Sula leucogaster are the dominant species in the
Ogasawara Islands (Chiba et al., 2007). In this study, we aimed
to (1) create inventories of arthropod fauna in the nests of the
three most widely distributed species of seabirds on uninhabited
islands and (2) clarify the relationship between seabird nesting
types (ground- or burrow-nesting) and the arthropod fauna (at the
order level) in these nests. This study provides insights into the
ecosystem engineering that occurs through seabird nesting on the
Ogasawara Islands.

METHODS
Study Sites
Nest samples were collected from the Ogasawara Islands, a cluster

of oceanic islands 1,000 km south of the Japanese mainland.
The Ogasawara Islands contain four island groups (Mukojima,
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Hahajima, Chichijima, and Volcano Islands) and three islets,
and all islands except for Hahajima, Chichijima, Iwoto, and
Minamitorishima are uninhabited by humans (Fig. 1).

Nest Analysis

To reveal the characteristics of arthropod faunas in the Ogasawara
Islands from a broad, comprehensive perspective, we analyzed
90 seabird nests on six islands (Torishima, Nakoudojima,
Minamijima, Nishinoshima, Kitaiwoto, and Minamiiwoto Islands),
collected from 2011 to 2019. We targeted Black-footed Albatrosses,
Wedge-tailed Shearwaters, and Brown Boobies, which are widely
distributed among the Ogasawara Islands. Black-footed Albatrosses
and Brown Boobies are ground-nesters, whereas Wedge-tailed
Shearwaters are burrow-nesters. The nests of the three species
were collected, dried in an oven, and stored in plastic bags. The
arthropods found in the nests were sorted by hand and identified
to species level as much as possible from their morphological
characteristics; their bodies were stored in plastic bags. It is

[

%
4
Mainland of
Japan
of

A) Mukojima A) Mukojima Islands
Islands -
Ni;hinoshima . , 0

i C) Volcano
Islands
0
Nakoudojima o
50km 3km
L 1
| E—

B) ChiChijim QZ’, @

Islands §

Hahajima
Islands

e Mukojima
Torishima

40°0°'0" —
B) Chichijima C) Volcano Islands
]
Islands \
g} Kitaiwoto
<X
30°0°0" —| é\;} <
Q Iwoto
“f LY
2 . Chichijima
© The Ogasawara Islands
Minamiiwoto
)
300km 3km % Mi 20km
inamijima
| I
130°0'0" 140°0'0"

Fig. 1. Location of the Ogasawara Islands, Japan. Minamitorishima is omitted from the figure because its location is approximately 1,300 km

east of Chichijima.
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important to note that we could not identify all the arthropods to
species level because some samples were collected over 10 years
ago and had become degraded and damaged.

Statistical Analysis

To investigate the differences in the arthropod fauna, we compared
the number of arthropods found in each nest among all islands
and bird species using the Kruskal-Wallis test and Dunn’s post
hoc test. The P value (P < .05) was adjusted by Holm’s correction
to control the familywise error rate. Furthermore, to elucidate
the differences in arthropod fauna in seabird nests caused by the
difference of nesting types of birds, we compared the number
of arthropods found in the Brown Booby and Wedge-tailed
Shearwater nests collected on Minamijima and Nishinoshima
Islands using the Wilcoxon rank-sum test (P < .05); the nests of
these two species were collected in sympatry on these two islands.
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For nest samples from Minamijima and Nishinoshima Islands, we
compared the numbers of the following arthropod taxa between
boobies and shearwaters—for Minamijima Island: Isopoda,
Ixodida, Coleoptera, Diptera, and Lepidoptera; for Nishinoshima
Island: Ixodida, Blattodea, and Coleoptera (Fig. 2). We drew up
non-metric multidimensional scaling (NMDS) plots and visualized
the dissimilarities of the arthropod faunas among each category of
sample (Fig. 3). The dissimilarities of the arthropod fauna in seabird
nests were calculated based on the average numbers of arthropod
occurrences (at order level) per nest. All statistical analyses were
performed using R software (R Core Team, 2024).

RESULTS
In the 90 seabird nests, we found 207 individuals of arthropods

belonging to nine orders (Table 1). Isopoda, seabird-parasitic
Ixodida, Coleoptera, and Diptera were the most frequently found
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Fig. 2. Bar graphs showing the average number of individuals of Lepidoptera and Diptera found in seabird nests sampled from three bird
species found in the Ogasawara Islands study area, Japan. Each abbreviation on the x-axis indicates the nest-sampling islands (indicated by
the first one or two letters) and host bird species (the second capital letter); islands: K (Kitaiwoto), Mi (Minamiiwoto), Mj (Minamijima),
N (Nakoudojima), Ns (Nishinoshima), T (Torishima); birds: A (Black-footed Albatross Phoebastria nigripes), B (Brown booby Sula
leucogaster), S (Wedge-tailed Shearwater Ardenna pacifica). The lowercase letters “a,” “b,” and “c” above each bar indicate significance
groups: groups that share any letters are not significantly different from each other.
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Fig. 3. A non-metric multidimensional scaling (NMDS) plot showing dissimilarities of the arthropod faunas in seabird nests, calculated based
on the average number of arthropod individuals per nest. The color of each point corresponds to the island at which the nest sample was
collected, and the shape of each point corresponds to the species of the host seabird; the circle, triangle, and square represent the Black-footed
Albatross Phoebastria nigripes, Brown Booby Sula leucogaster, and Wedge-tailed Shearwater Ardenna pacifica, respectively. The NMDS
ordination axes (MDS1 and MDS2) do not have inherent ecological meanings, as the analysis is based on rank orders of dissimilarities.
Instead, the relative distances between points in the ordination space reflect differences in community composition, with closer points

indicating more similar communities.

arthropod taxa; they were each found on four of the six islands
(Table 1). Lepidoptera (123 individuals), followed by Diptera
(32 individuals) and Isopoda (15 individuals), had the highest
number of individuals among the arthropod taxa found in the
seabird nests. Shearwater nests collected on Minamijima Island
included the largest number of arthropods per nest (12.8 individuals
per nest, Table 1). For the total number of arthropods found in nests,
the Kruskal-Wallis test showed a significant difference among
groups (H = 52.714, df = 7, P < .05), while a post hoc Dunn’s
test did not indicate any significant differences among the groups.
However, focusing on the number of individuals of each arthropod
taxon, some significant differences were found in the number
of Lepidoptera and Diptera. For the number of Lepidoptera, the
Kruskal-Wallis test showed a significant difference among groups
(H = 18.526, df =7, P < .001), and a post hoc Dunn’s test with

Holm correction indicated that nests of shearwaters on Minamijima
had significantly more Lepidoptera than all other groups (adjusted
P < .01); however, no significant differences were found among
the remaining groups (Fig. 2). By comparison, for the number of
Diptera, the Kruskal-Wallis test showed a significant difference
among groups (H = 47.297, df =7, P < .01), and post hoc Dunn—
Holm tests showed that nests of boobies on Minamiiwoto had
significantly more Diptera than nests of boobies on Minamijima,
Nakoudojima, and Nishinoshima; than nests of shearwaters on
Minamijima and Nishinoshima; and than nests of albatrosses on
Torishima (adjusted P < .01, Fig. 2). Nests of boobies on Kitaiwoto
also contained more individuals of Diptera than nests of boobies
on Minamijima and Nakoudojima, shearwaters on Nishinoshima,
and albatrosses on Torishima (adjusted P < .05, Fig. 2). No other
pairwise differences were significant.
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Focusing on shearwater nests collected on Minamijima Island
and booby nests collected on the Volcano Islands, each of which
contained one or more arthropods per nest on average (Table 1),
arthropod faunas composed mainly of animal decomposers
were found in these nests. Some of the Lepidoptera species
found only in shearwater nests from Minamijima Island were
Praeacedes atomosella and Crypsithyris spp., which belong to
Tineidae. In our study, the number of Tineidae accounted for
87.5% of the total number of arthropods found in shearwater
nests on Minamijima Island. By contrast, in the Volcano Islands,
the number of Diptera accounted for 65% of the total number
of arthropods found in booby nests on Kitaiwoto Island and
66.7% of the total number of arthropods found in booby nests
on Minamijima Island.

Referring to the differences among nests collected on Minamijima
Island, the total number of arthropods found in the shearwater nests
was significantly higher than the number found in booby nests
(W =157, P<.01), and the number of Lepidoptera was significantly
higher in the shearwater nests than in the booby nests (W = 36,
P < .01). On Nishinoshima Island, there were no significant
differences in the number of arthropods between the nests of
boobies and shearwaters, either in total (W = 30, P = .581) or in
terms of taxonomic levels.

An NMDS plot shows that the arthropod faunas in seabird nests
were similar among islands in proximity, regardless of the host bird
species (Fig. 3).

DISCUSSION

In total we found nine orders of arthropods from the nests of Black-
footed Albatrosses, Wedge-tailed Shearwaters, and Brown Boobies
collected on six uninhabited islands of the Ogasawara Islands.
Notably, this is the world’s first study that has comprehensively
investigated arthropod fauna in the nests of seabirds.

Characteristics of Arthropod Fauna in the Nests of Seabirds
Breeding on the Ogasawara Islands

The characteristic arthropods found from seabird nests in this
study were Isopoda, Tineidae, and Diptera (Table 1). Isopoda
play an important role as decomposers on the Ogasawara Islands
(Shinobe et al., 2017). Diptera larvae found in booby nests on
Kitaiwoto and Minamiiwoto Islands also serve as decomposers
and fill the niche of vertebrate scavengers on these two Volcano
Islands (Mori et al., 2018). Several studies have reported that
Tineidae larvae, which are keratin eaters, inhabit seabird nests
(Wandering Albatross: Sinclair & Chown, 2006; Wedge-tailed
Shearwater and Bulwer’s Petrels: Nasu et al., 2014). The Tineidae
larvae found in the shearwater nests were Praeacedes atomosella
and Crypsithyris spp., both of which are decomposers that
consume the feathers or feces of animals containing keratin
(Robinson & Nielson, 1993; Zimmerman, 1978). Decomposers
(Tineidae larvae, Diptera, and Isopoda) accounted for 76.8%
of the total number of arthropods found in this study (Table 1).
Yahiro et al. (2013) investigated the arthropod fauna in the nests
of cormorants, which form open nests near water, and found
that communities were dominated by corrosive insects, such as
Coleoptera. Decomposer-dominated arthropod communities also
occur in the nests of land birds and freshwater waterfowl (Nasu et
al., 2007, 2011; Takizawa et al., 2013).

On Nishinoshima Island, the number of individuals and species
of arthropods per nest were the lowest among the study islands,
which may be due to Nishinoshima Island being an actively
erupting volcano. However, some decomposers, such as Blattodea
and Coleoptera, and seabird parasites, such as Ixodida, did occur
in seabird nests collected on Nishinoshima. In 2019, when nest
samples were collected, most vegetation of Nishinoshima Island
had been destroyed by an eruption that had been occurring since
2013. Decomposers appear to provide an important ecosystem
function on this barren island by processing marine-derived organic
matter that seabirds bring into nests, which will later contribute to
soil formation, important in the restoration of the Nishinoshima
ecosystem. Seabird nests may be more important as habitats for
arthropods in areas with low biodiversity than in areas with high
biodiversity.

Differences in Environmental Engineering Functions Based on
Nesting Types

Boobies accumulate nesting materials on the ground, whereas
shearwaters dig burrows or nest in rock crevices. The number of
arthropods found in nests of shearwaters was significantly higher
than in booby nests. Tineidae larvae, especially, were significantly
more abundant in shearwater nests compared to booby nests.
On Minamijima Island, which is covered by grassland, nests on
the ground surface are exposed to high temperatures from direct
sunlight, rain, and wind. By contrast, burrows or rock crevices are
shielded from these factors (Nasu et al., 2014). Tineidae larvae
have low mobility and are vulnerable to desiccation despite having
pupal cases; thus, burrows, with their higher humidity, are superior
habitats for these arthropods. Species such as the Snowy Albatross
build elevated nests and use their bodies to maintain the temperature
and humidity in their nests during incubation, which can also create
a suitable environment for the growth of Tineidae larvae when
birds are present (Sinclair & Chown, 2006). However, seabird
burrows can easily maintain their internal temperature and humidity
regardless of host birds’ presence, making them invaluable habitats
for arthropods.

The arthropod faunas in seabird nests were similar within each
of the island groups regardless of host bird species (Fig. 3).
In particular, the arthropod faunas of booby nests collected on
Kitaiwoto and Minamiiwoto Islands (the Volcano Islands) were
dominated by Diptera and indicated different trends compared to
the other islands. Nesting types of seabirds affect arthropod faunas
in the nests, and furthermore, the local biota and environmental
factors of each region are also thought to affect them.

CONCLUSIONS

Seabirds accumulate nest materials—such as plants, feathers,
and regurgitated food—that provide decomposers with suitable
habitat. In addition, seabird burrows can maintain temperature and
humidity conducive to arthropod presence. Most previous studies
have focused on seabird ecosystem functions such as nutrient
cycling or seed dispersal, but our study revealed another ecosystem
function: maintenance of arthropod communities on oceanic islands.
Particularly underestimated thus far has been the contribution of
burrow-nesters in the presence of insular arthropod fauna.

To elucidate the mechanisms by which arthropods establish
themselves in seabird nests, future studies should measure
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temperature and humidity conditions in burrows and analyze the
feeding habits of arthropods in the nests. Furthermore, it will
be revealing to determine any symbiotic relationships with host
seabirds by evaluating not only the value of seabird nests for
arthropods but also the arthropods’ functions, such as cleaning.
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