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INTRODUCTION

The Little Tern Sternula albifrons lays its eggs directly on coastal 
beaches and riverbeds, in nests having clear vistas to detect 
predators (Ehrlich et al., 1994). Because their nests are visible, 
predators can easily locate eggs and chicks (Japan Ministry of the 
Environment, 2014). Additionally, high water or tides may lead to 
flooding (O’Connell et al., 2014), reducing breeding success. The 
species is listed as Endangered on the Red List of Japan by the 
Ministry of the Environment (Category II). The unstable nesting 
environment of the Little Tern, the presence of predators, and 
human disturbance may be factors in egg abandonment, which can 
be a frequent occurrence within breeding colonies. 

One possible strategy for restoring the Little Tern population is 
to utilize the abandoned eggs. In 2001 and 2002, abandoned eggs 
that were found submerged were put into incubators until hatching 
(Chiba City Zoological Park, 2023). A similar program has been in 
place for Piping Plovers Charadrius melodus since 1992 (Powell et 
al., 1997), and the method has contributed to population recovery 
(Roche et al., 2008). However, no cases have been confirmed of 
captive-reared Little Terns maturing and returning to Japan the 
following year. Artificial incubation and release programs have 
also been conducted for the closely related Least Tern Sternula 
antillarum in the USA (Faulkner, 2009), but with no confirmed 
cases of released individuals surviving into the following year. 
Unlike Piping Plovers, Little and Least tern chicks and juveniles 
continue to be fed by their parents after leaving the nest (Faulkner, 
2009). It is thought that juvenile Little Terns gradually learn to 
catch fish on their own in the short period after fledging during 
which they continue to live with their parents. Since artificially born 
chicks do not have the opportunity to watch their parents catch food, 
they may have less ability to forage than individuals who have spent 
time with their parents. Thus, they may have difficulty surviving to 
the next year.

In Japan, many Little Tern colonies are situated in areas that 
are visible to the public, such as coastal beaches, and regular 
monitoring by researchers is not allowed because of this visibility. 
There is an issue with egg abandonment, and O’Connell et al. 
(2015) proposed a method for artificially fostering abandoned Little 
Terns eggs by placing them in nests with eggs of the same hatching 
date, which were found by frequent monitoring. However, in 
Japan, there is a strong preference for minimizing human intrusion 
into bird colonies, and because researcher presence in colonies 
is usually visible to the public, on-site monitoring of colonies is 
discouraged. Thus, information on the daily age of individual eggs, 
obtained through frequent entry into the colony, is unavailable. 
In addition, there is often depredation by crows Corvus spp. on 
disturbed colonies, which creates more incentive to minimize entry 
by researchers into colonies.

Therefore, I developed a technique to address the inability to 
estimate the age of eggs in the colony and to minimize predation 
by crows. This included determining the status of the eggs 
(abandoned or not), collecting the abandoned eggs, and placing 
them in an incubation facility. Once they had developed to the 
point just before hatching, I placed eggs into the nests of Little 
Terns in the colony, where they were raised by  and having foster 
parents raise the eggs. 

METHODS

Discovery of abandoned eggs and artificial incubation 

On 03 June 2019, I conducted a single preliminary survey at a 
colony of about 50 Little Tern nests on a natural sandy beach in 
Oamishirasato City, Chiba Prefecture (35°49′N, 140°43′E). To 
ensure that the location of the nests could be determined from 
outside the colony, I marked nest locations with 18-cm bamboo 
strips placed in the sand 20–30 cm from each nest.
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I conducted observations from outside the colony. If I determined 
that parents were not incubating their eggs, I collected them to 
avoid the risk of the eggs dying due to overheating when the 
surface temperature of the sand reached 50  °C (Andes, 2018; 
Kasielka, 2009). Little Tern parents temporarily leave the nest to 
mob when a natural predator (or researcher) approaches, and to 
avoid mistakenly interpreting the eggs as abandoned during such 
an episode, I chose to continue observation for a specific period 
when the parents were not in the nest. Koyama (2018) found that 
when Little Terns temporarily leave the nest for mobbing, only 
4% of them do not return for more than 20 minutes. Based on 
these data, eggs in nests where the parents were away for more 
than 30 minutes were considered abandoned. I also decided to 
search for abandoned eggs in the morning, before the sunlight 
made the sandy ground surface too hot. Little Terns usually lay 
one egg per day and begin incubation after reaching a full clutch 
(2–3 eggs). I accounted for the possibility that the unincubated 
eggs were abandoned and collected them, placing commercial 
Japanese Quail Coturnix japonica (hereafter, quail) eggs of 
similar size and pattern in the nests. If the parent birds were not 
observed incubating the quail eggs for more than five days, it 
was determined that Little Tern eggs originally in the nest were 
in an abandoned state. The quail eggs used for confirmation of 
abandonment were then collected.

The abandoned eggs were transported to the incubation facility 
in Chiba City Zoological Park (CCZP) in Styrofoam boxes lined 
with cushioning material to reduce vibration and kept at about 
37 °C during transportation. At the incubation facility, I used an 
egg candler to determine if the eggs were alive or dead (Daniels, 
2019). In the incubators, I kept the eggs at 37.5  °C and 65%–
67% humidity (the preferred factors for best hatching; Kasielka, 
2009). Eggs were also automatically rotated 90° once per hour 
(Kasielka, 2009). Embryo development was checked daily using 
an egg candler.

Artificial brood parasitism of abandoned eggs

In the UK, O’Connell et al. (2015) promptly shifted abandoned tern 
eggs to other nests. However, owing to the high predation pressure 
on Little Tern eggs in Japan by the Large-billed Crow Corvus 
macrorhynchos and Carrion Crow Corvus corone (Japan Ministry 
of the Environment, 2014), an extended artificial incubation period 
was implemented to minimize predation damage. In the Lesser 
Elaenia Elaenia chiriquensis, artificially hatched chicks are returned 
to the nest to avoid high egg predation rates in the field (Lobo & 
Marini, 2013). However, given that terns establish a parent-chick 
relationship through vocal communication before hatching (Saino 
& Fasola, 2010), pre-hatched eggs must be more carefully placed 
into selected nests. Given that the average incubation period of the 
Little Tern is 19–22 days (Brazil, 1991) or 19–21 days (Nakamura 
& Nakamura, 1995), artificially incubated eggs should be placed 
in nests at 17–20 days; this is considered 1–2 days before hatching 
and the stage when unhatched chicks begin to vocalize. Eggs were 
returned to the colony using the same Styrofoam boxes that were 
used to transport them to the incubation facility, taking care to avoid 
vibration and heat retention.

If the developmental stages of the eggs in the nest and the 
artificially incubated eggs do not coincide, the timing of hatching 
may be off, and eggs that hatch late may be abandoned. Therefore, 
I sought nests at the developmental stage just prior to hatching, 

before placing the foster eggs. The method used to locate pre-
hatching eggs in the field involved immersing the eggs in water 
and determining the developmental stage based on how well they 
floated (Hays & LeCroy, 1971), in combination with the presence or 
absence of calls by pre-hatched chicks. The floating egg technique 
does not affect hatchability (Hansen et al., 2011).

Ground-nesting seabirds are known to readily accept eggs other 
than their own (Divoky & Harter, 2010; Morales et al., 2010; Silva 
et al., 2007). To investigate whether Little Terns accepts eggs other 
than their own, I placed Japanese Quail eggs at different distances 
from Little Tern nests at another colony in Chiba, Japan, to see if the 
eggs would be transported to the nest by the next day. Little Terns 
actively accepted eggs placed within 30 cm of the nest (Table 1). 
When adding foster eggs for Little Terns, it is necessary to choose 
nests with one or two eggs to avoid exceeding the full clutch of 
three eggs, which would compromise incubation. I continued 
observation to see if the eggs in the nest hatched and if the chicks 
were cared for by their parents.

The ethical treatment of animals was approved by the Uekusa 
Gakuen University Animal Research Committee (URAC17-05). 
Additionally, permission to capture the birds was obtained from the 
Ministry of the Environment (Kanto Regional Environmental Office 
18120712). Moreover, I am qualified to handle wild bird eggs by 
Yamashina Institute for Ornithology (No. 170779).

RESULTS AND DISCUSSION

Discovery of abandoned eggs and artificial incubation

As mentioned, nests were marked during a preliminary survey on 
03 June 2019. At 10h00 on 16 June, fresh car tracks were observed 
upon my arrival, indicating potential human disturbance (Fig.  1). 
I examined each nest from outside the colony and decided that 
those in which parents were absent for more than 30 minutes had 
been abandoned. After collecting the tern eggs from these nests, 
quail eggs were substituted and the nests were monitored for 
five days. I observed no incubation of quail eggs or laying of new 
eggs, a pattern that indicated abandonment. Four eggs believed to 

TABLE 1
Acceptance of Japanese Quail Coturnix japonica eggs by  
Little Tern Sternula albifrons in Chiba, Japan, in 2001a

Distance from nest (cm) Quail egg uptake rate (%) n

10 100 5

20 100 5

30 100 5

40 40 5

50 0 5

60 0 3

70 0 3

80 0 1

90 0 1

100 0 1

a	 Japanese Quail eggs were placed at various distances from Little 
Tern nests, and egg acceptance was evaluated after one day. Data 
modified from Hayakawa (2001).
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have been abandoned were rescued and transported to the CCZP 
incubation facility by car. The entire process, from egg collection 
to transportation to the incubation facility, took approximately 
70 minutes. Through observation with an egg candler, it was 
established that one egg (egg A) was ~17 days old. Two eggs 
(eggs B and C) were considered either alive or dead, and one egg 
(egg D) was confirmed dead.

Eggs A, B, and C were heated in an incubator. Given that Egg A was 
collected 3–4 days before hatching on 16 June, it was incubated for 
only 2 days. Egg B was found to be in a pre-warming state at the 
time of collection. Therefore, it was kept warm until the nineteenth 
day. Egg C was found to be dead.

Artificial brood parasitism of abandoned eggs

Egg A was transported to the colony on 18 June. Among the 
nests in which parents were incubating eggs, we found a nest 
(Nest 1) containing one egg that was determined to be close to 
hatching and inserted Egg A. When observed on 20  June, both 
chicks had hatched (Fig. 2). On 21 June, the parent was observed 
attending two chicks in the nest, indicating that the foster egg had 
been accepted. No chicks were sighted in the nest after 22 June. 
However, given that Little Terns are nidifugous and no dead chicks 
were observed, it appears likely that the parent bird relocated with 
the chicks.

Egg B was transported to the colony on 05  July, and efforts 
were made to locate a nest containing eggs just before hatching. 
However, owing to the limited number of nests present during the 
late breeding stage, it was not possible to find nests with eggs 
on the verge of hatching. Therefore, Egg B was placed in a nest 
containing two eggs aged ~16 d (Nest 2). By 08  July, only the 
parasitized egg had hatched, resulting in two eggs and one chick. 
On 09 July, three chicks were observed, and the parent bird was 
keeping them warm. No chicks were observed on 10 July. Similar 
to Nest 1, no dead chicks were found, suggesting that the parent 
bird likely moved the chicks to a grassy area with plenty of places 
to hide. In Nest 2, the hatching dates were 1–2 days apart, but 
both the parasitized egg and the original eggs were successfully 
hatched and raised (Table 2). 

It is known that ground-nesting birds generally lay one egg per 
day and incubate them after a full clutch is formed, so that they 
hatch at the same time (Ehrlich et al., 1994). However, Hayakawa 
(2001) surveyed entire active nests in a Little Tern colony and 
reported that only 13.4% of nests had all eggs hatch in a single 
day (Table 3). I have observed cases in which incubation begins 
before a full clutch is formed, and the surface temperature of the 
ground at the nesting site is high, so it is possible that effective 
incubation begins even before eggs are actively incubated. Since 
there is a difference in the hatching date even in the natural 
state, this suggests that it is acceptable for the hatching date of 
an artificially parasitized egg to differ by one or two days from 
that of the host eggs. Since fledging success is possible even if 
the expected hatching dates do not exactly match, artificial nest 
parasitism appears to be a viable method, even in small colonies 
or in late breeding stages with a small number of nests. Use of the 
described technique may be an effective technique for restoring 
the Little Tern population, a colonial ground-nesting bird that is 
threatened with extinction in Japan.

Fig. 1. Tracks of a car that likely disturbed the Little Tern Sternula 
albifrons colony in Oamishirasato City, Chiba Prefecture, Japan. No 
nests are visible in this image. Photo credit: Masaharu Hayakawa, 
10h00 on 16 June 2019

Fig.  2. Little Tern Sternula albifrons chicks hatched from Egg A 
and a host egg at a colony in Oamishirasato City, Chiba Prefecture, 
Japan. Photo credit: Masaharu Hayakawa, 20 June 2019



Marine Ornithology 53(1): 35–39 (2025)

38	 Hayakawa: Rearing abandoned Little Tern eggs in Japan	

CONFLICT OF INTEREST

The author declares no conflict of interest.

ACKNOWLEDGMENTS

I thank Yasushi Ito and Syuichi Banno of Chiba City 
Zoological Park for rearing abandoned eggs and observing 
the developmental stages. I also thank Kohei Kawamura and 
Tatsuo Sato for their cooperation in the field survey. This work  
was supported by Suntory Fund for Bird Conservation 
(shiba076-1-11). Constructive comments on the manuscript by 
P. Baird and D. Robinette were very helpful, and I thank them 
for their efforts.

REFERENCES

Andes, A. K. (2018). Evaluation of nest fate classification 
accuracy, research activities and nesting behaviors of Least 
Terns and Piping Plovers on the Missouri River [Doctoral 
dissertation, University of North Dakota]. UND Scholarly 
Commons. https://commons.und.edu/theses/2162/ 

Brazil, M. A. (1991). The Birds of Japan. Smithsonian Institution 
Press.

Chiba City Zoological Park. (2023). History of Chiba City 
Zoological Park. Chiba Zoological Park. https://www.city.
chiba.jp/zoo/guide/history.html 

Daniels, T. (2019, April 06). Candling Eggs. poultrykeeper.com. 
https://poultrykeeper.com/incubation-brooding/candling-
eggs/ 

Divoky, G. J., & Harter, B. B. (2010). Supernormal delay in 
hatching, embryo cold tolerance and egg fostering in the Black 
Guillemot Cepphus grylle. Marine Ornithology, 38(1), 7–10. 
http://doi.org/10.5038/2074-1235.38.1.872 

Ehrlich, P. R., Dobkin, D. S., Wheye, D., & Pimm, S. L. (1994). 
The Birdwatcher’s Handbook. Oxford University Press. 

Faulkner, M. 2009. Seagulls and Terns. In L. J. Gage & R. S. 
Duerr (Eds.), Hand-Rearing Birds. (Chourui no jinkou fuka 
to ikusuu [in Japanese], T. Yamazaki, Translation supervisor). 
Buneido-shuppan. (Original English work published 2007.) 

Hansen, J., Schmidt, N. M., & Reneerkens, J. (2011). Egg 
hatchability in high Arctic breeding wader species 
Charadriiformes is not affected by determining incubation 
stage using the egg flotation technique. Bird Study, 58(4), 
522–525. https://doi.org/10.1080/00063657.2011.601411 

Hayakawa, M. 2001. Breeding ecology of the Little Tern along 
the coast of Tokyo Bay [in Japanese, Master’s thesis, Tokyo 
Gakugei University].

Hays, H. & LeCroy, M. (1971). Field criteria for determining 
incubation stage in eggs of the Common Tern. The Wilson 
Bulletin, 83(4), 425–429. https://www.jstor.org/stable/4160139 

Japan Ministry of the Environment. (2014). Guidelines for 
conservation and consideration of Little Tern breeding sites 
[in Japanese]. Wildlife Division, Nature Conservation Bureau, 
Ministry of the Environment Japan. https://www.env.go.jp/
content/900494427.pdf

Kasielka, S. (2009). Incubation. In L. J. Gage & R.S. Duerr (Eds.), 
Hand-Rearing Birds. (Chourui no jinkou fuka to ikusuu [in 
Japanese], T. Yamazaki, Translation supervisor). Buneido-
shuppan. (Original English work published 2007.) 

Koyama, N. 2018. Development of a method for identifying 
abandoned eggs of Little Terns using nest patterns [in 
Japanese, Environmental Studies thesis, Tokyo City 
University].

Lobo, Y., & Marini, M. Â. (2013). Artificial incubation, egg 
replacement and adoptive parents in bird management: A test 
with Lesser Elaenia Elaenia chiriquensis. Bird Conservation 
International, 23(3), 283–295. https://doi.org/10.1017/
S0959270912000111 

Morales, J., Torres, R., & Velando, A. (2010). Parental conflict and 
blue egg coloration in a seabird. Naturwissenschaften, 97(2), 
173–180. https://doi.org/10.1007/s00114-009-0624-8 

Nakamura, T., & Nakamura, M. (1995). Birds’ life in Japan with 
color pictures: Birds of marsh, shore and ocean [in Japanese]. 
Hoikusha. 

TABLE 3
Synchrony of hatching in Little Tern Sternula albifrons  

nests in Chiba, Japan, in 2001a

Clutch size 2 eggs 3 eggs

Hatch by one day 7 nests 6 nests

Hatch by two days more 25 nests 59 nests

a	 The percentage of eggs hatching in a single day was low 
(13.4%). Whether the clutch size was two eggs or three eggs, 
the last eggs laid were always the last to hatch. Data modified 
from Hayakawa (2001).

TABLE 2
Observations of the brood parasitism method employed in Little Tern Sternula albifrons nests  

near Oamishirasato City, Chiba Prefecture, Japan, in June–July 2019

Time

Egg 16 June 18 June 20 June 21 June 22 June 05 July 08 July 09 July 10 July

A

Collected 
the 17-day 
egg

Placed 
one egg in 
Nest 1

Two chicks 
hatched

Parental 
bird 
incubated 
two chicks

Lost track 
of two 
chicks

B

Collected 
the 0-day 
egg

Placed 
egg in the 
artificial 
incubator

Placed two 
eggs in 
Nest 2 

Observed 
one chick 
and two 
eggs

Observed 
three chicks

Lost track 
of three 
chicks

https://commons.und.edu/theses/2162/
https://www.city.chiba.jp/zoo/guide/history.html
https://www.city.chiba.jp/zoo/guide/history.html
https://poultrykeeper.com/incubation-brooding/candling-eggs/
https://poultrykeeper.com/incubation-brooding/candling-eggs/
http://doi.org/10.5038/2074-1235.38.1.872
https://doi.org/10.1080/00063657.2011.601411
https://www.jstor.org/stable/4160139
https://www.env.go.jp/content/900494427.pdf
https://www.env.go.jp/content/900494427.pdf
https://doi.org/10.1017/S0959270912000111
https://doi.org/10.1017/S0959270912000111
https://doi.org/10.1007/s00114-009-0624-8


Marine Ornithology 53(1): 35–39 (2025)

	 Hayakawa: Rearing abandoned Little Tern eggs in Japan	 39

O’Connell, D. P., Power, A., Doyle, S., & Newton, S. F. (2014). 
Nest movement by Little Terns Sternula albifrons and Ringed 
Plovers Charadrius hiaticula in response to inundation by high 
tides. Irish Birds, 10(1), 19–22.

O’Connell, D. P., Power, A., Keogh, N. T., McGuirk, J., Macey, 
C., & Newton, S. F. (2015). Egg fostering in Little Terns 
(Sternula albifrons) in response to nest abandonment following 
depredation. Irish Birds, 10(2), 159–162.

Powell, A. N., Cuthbert, F. J., Wemmer, L. C., Doolittle, A. 
W., & Feirer, S. T. (1997), Captive-rearing Piping Plovers: 
Developing techniques to augment wild populations. Zoo 
Biology, 16(6): 461-477. https://doi.org/10.1002/(SICI)1098-
2361(1997)16:6<461::AID-ZOO1>3.0.CO;2-8 

Roche, E. A., Cuthbert, F. J., & Arnold, T. W. (2008). Relative 
fitness of wild and captive-reared piping plovers: Does egg 
salvage contribute to recovery of the endangered Great Lakes 
population? Biological Conservation, 141(12), 3079–3088. 
https://doi.org/10.1016/j.biocon.2008.09.014 

Saino, N., & Fasola, M. (2010). The function of embryonic 
vocalization in the Little Tern (Sterna albifrons). Ethology, 
102(2), 265–271. https://doi.org/10.1111/j.1439-0310.1996.
tb01124.x 

Silva, M. C., Boersma, P. D., Mackay, S., & Strange, I. (2007). 
Egg size and parental quality in Thin-billed Prions, Pachyptila 
belcheri: Effects on offspring fitness. Animal Behaviour, 74(5), 
1403–1412. https://doi.org/10.1016/j.anbehav.2007.01.008 

https://doi.org/10.1002/(SICI)1098-2361(1997)16:6%3c461::AID-ZOO1%3e3.0.CO;2-8
https://doi.org/10.1002/(SICI)1098-2361(1997)16:6%3c461::AID-ZOO1%3e3.0.CO;2-8
https://doi.org/10.1016/j.biocon.2008.09.014
https://doi.org/10.1111/j.1439-0310.1996.tb01124.x
https://doi.org/10.1111/j.1439-0310.1996.tb01124.x
https://doi.org/10.1016/j.anbehav.2007.01.008

	_Hlk147915025
	_Hlk159349732
	_Hlk159396515
	_Hlk159349894
	_Hlk159434755
	_Hlk170296179
	_Hlk159438424
	_Hlk159511204
	_Hlk159512170
	_Hlk159512903
	LDL_Tnamed_7
	LDL_Tnamed_8
	_currentPosition
	_currentPos
	LDL_Tnamed_9
	_Hlk170047366
	_Hlk170050268
	_Hlk170080818
	_Hlk170050634
	_Hlk183514525
	_Hlk183593972
	Contributed Papers
	PAGENAUD, A., BOURGEOIS, K., PAYANDI, L., WEISS, W., VIDAL, É., & RAVACHE, A. Decrypting the breeding biology of the elusive and declining Tahiti Petrel Pseudobulweria rostrata 
	Titmus, A. J., & Lepczyk, C. A. Modeling breeding habitat preferences of Tahiti Petrel Pseudobulweria rostrata on Ta‘u¯, American Samoa 
	HENTATI-SUNDBERG, J., BERGLUND, P.-A., OLIN, A. B., HEJDSTRÖM, A., ÖSTERBLOM, H., CARLSEN, A. A., QUEIROS, Q. & OLSSON, O. Technological evolution generates new answers and new ways forward: A progress report from the first decade at the Karlsö Auk Lab 

	Book Reviews
	WAGNER, E. Conservation of Marine Birds (Young)
	RAUZON, M.J. Science, Secrecy and the Smithsonian: The Strange History of the Pacific Ocean Biological Survey Program (Regis)
	WAGNER, E. New(ish) and Noteworthy (Burnell et al.; Gerhardt; Hauber; Kooyman & Mastro)
	INSTRUCTIONS TO AUTHORS

	_Hlk181550724
	_Hlk166002463
	_Hlk164259390

