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Appendix S1. Methods
Study sites

Midway Atoll NWR supports the largest Laysan Albatross Phoebastoria immutabilis colony in the world (408,000 breeding pairs; Flint 2005). Kilauea Point NWR supports a small breeding population of Laysan albatross (166 pairs in 2005, B. Zaun unpubl. data). Crater Hill is fenced along the base to protect breeding seabirds from predators and humans, but there is no fence near the release site. The release site at Crater Hill is a c.100 m2 shallow slope from which invasive trees have been removed.


In autumn 2006, following the Laysan Albatross pilot work, efforts were made to choose the most appropriate site for a new Short-tailed Albatross P. albatrus colony. Based on historical records, occasional visitation by prospecting Short-tailed Albatrosses over the past 10 years (Deguchi 2009), and researcher accessibility, Mukojima Island (27°41'N, 142°07'E) was selected as the best site for re-establishing a historical Short-tailed Albatross colony. Mukojima Island in the Ogasawara (Bonin) Island Chain is uninhabited and free of predators. The release site is a 2,500 m2 terrace on a headland on the west end of the island, surrounded on three sides by a 20-m cliff facing the sea (Fig. 1). Grass (primarily Zoysia tenuifolia) is the dominant vegetation at the site. Several Black-footed Albatross P. nigripes pairs breed on this site every year. We did not fence off this site because in the first pilot study we observed that Laysan Albatross chicks did not fledge prematurely due to the presence of a nearby sea cliff. This release site was also used for Black-footed Albatross pilot work.

Nakodojima Island is located about 5 km south of Mukojima Island and has a medium-sized Black-footed Albatross colony (200–300 pairs). More than 300 Short-tailed Albatross pairs breed annually at the main colony on the alluvial outwash fan (30–50 m asl) on Torishima Island.

Age estimation of translocated chicks
Precise ages of all translocated chicks were not known. We roughly estimated ages of Laysan Albatross chicks based on information from resident researchers on Sand Island, and ages of Black-footed Albatross chicks based on the previous hatching dates on Mukojima Island (H. Suzuki unpublished data). Ages of Short-tailed Albatross chicks were also estimated from previous hatching dates on Torishima Island (Hasegawa and DeGange 1982) and their wing length measured with a ruler: initial growth of wing length: ln Wing length (mm) = 0.025 x age (days) + 3.849.

Sex determination
The sex of hand-reared chicks of all three species and of parent-reared Black-footed Albatross chicks were determined by DNA sample extracted from 10 ml of blood taken from either the brachial or tarsus vein one month after their translocation, according to Fridolfsson and Ellegren (1999), or by necropsy for six hand-reared chicks that did not survive. The sex of parent-reared Short-tailed Albatross chicks were not determined.
Diet of translocated chicks

The diet of parent-fed Laysan Albatross chicks in the Hawaiian Islands is composed by volume of 64% squid, 10% fish and fish eggs, 9% crustaceans, and 17% other; that of Black-footed Albatross chicks is composed of 49% fish and fish eggs, 32% squid, 5% crustaceans and 14% other (Harrison et al. 1983). However, there are no studies documenting the quantity or types of food consumed by Short-tailed Albatross chicks.

Thawed squid (Nototodarus sloanii and Loliginidae; 50%) and lake smelt (Hypomesinae; 50%), that were sold locally for human consumption, were used as the food for translocated Laysan Albatross chicks (Harada et al. 2008). Lake smelt and small Loliginidae squid were fed whole, but large Nototodarus squid was chopped into bite-sized chunks. Laysan Albatross chicks were given 100–200 g of food daily for the first three days after they were placed in a garage to allow adjustment to the new diet and our feeding techniques. They were subsequently fed 250–550 g daily, according to the equation of daily amount of food and body mass based on Huin et al. (2000) for Grey-headed Albatross Diomedea chrysostoma, a species with similar growth pattern to Laysan Albatross (Fisher 1967). Food was kept frozen, and daily amounts were thawed in a refrigerator within 24 hours of feeding. We administered appropriate amounts of vitamins (Vitamin B-1TM, Vitamin ETM, Mazuri Vita-Zu Bird TabTM), and some Fish OilTM, to compensate for nutritional deficiencies in the frozen diet based on Bernard and Allen (1997), and 30 ml per day PedialyteTM electrolyte solution to prevent dehydration.


Black-footed Albatross chicks were fed darkedged-wing flying fish Cypselurus hiraii (56%) and Japanese common squid Todarodes pacificus (33%) flash frozen as sushi-grade food, along with canned oil sardine (Sild Sardines in Vegetable OilTM; 11%). Canned oil sardine was recommended for rearing Fairy Prion Pachyptila turtur by Miskelly and Gummer (2004). 


Based on the hand-feeding experience of Laysan Albatross chicks, to better match desired mass trajectory, Black-footed Albatross chicks were given 100–200 g of food daily for the first five days. Subsequently, the daily amount of food delivered (350–550 g) was adjusted to approximately 15% of Black-footed Albatross chick body mass up to about 100 days of age, when their body mass is at its maximum. Daily amounts were then reduced gradually to 3–5% of their body mass until fledging. The daily food supply was thawed in clean seawater 3–5 hours before feeding. For the first seven days, we pureed the food in a food processor to facilitate digestive absorption for young chicks, adding 1–4 g of AviproTM probiotic powder to reduce intestinal disorders. During the following 62 days, chopped or whole food was given. We also administered appropriate amounts of vitamin complex tablets (Mazuri Vita-Zu Bird TabTM, Mazuri Auklet VitaminTM) and 50–100 ml per day of liquid containing 70–95% electrolyte solution (Ion Supply DrinkTM) and 5–30% clean seawater for promoting development of chicks’ salt glands.


For Short-tailed Albatross chicks, during the first 2–5 days following translocation, 80–156 g of pureed therapeutic pet food (Prescription Diet a/dTM) and 300 ml of lactic Ringer’s solution or physiological salt solution, diluted twice by spring water, were administered daily to facilitate recovery from the stress of moving. Thereafter, we presumed the birds had recovered from this stress, and they were subsequently given darkedged-wing flying fish (2008: 51%, 2009: 42%, 2010: 22%), Japanese common squid (2008: 42%, 2009: 40%, 2010: 41%) and canned oil sardine (2008: 5%), similar to the Black-footed Albatross study, plus Pacific krill Euphausia pacifica (2008: 2%, 2009 18%, 2010: 14%). We hypothesized that wax esters in krill would increase water repellency of the chick plumage (Jacob and Ziswiler 1982). We fed thawed energy-rich Japanese sardine Sardinops melanostictus in place of canned oil sardine in 2010 (23%).


Short-tailed Albatross chicks were given 300–900 g of a mixture of these foods daily according to their daily metabolized energy per unit body mass (840 kJ kg-1) estimated from related species (Hodum and Weathers 2003, Philips et al. 2003) and the energy density of each food. This feeding regime was continued until chicks were about 100 days old (mid-April), when chick body mass was at its maximum. We then gradually reduced the amount of food by 50–66% to decrease chick body mass by 20–30% prior to fledging. Treatments of food administered to Short-tailed Albatross chicks were the same as for Black-footed Albatross. We administered the pureed foods and probiotics for the first 16–30 days, and then gave chopped or whole foods for the following 69–72 days. We also administered the same vitamin complex tablet for both Short-tailed Albatross and Black-footed Albatross. We gave 300–450 ml liquid containing 95% spring water and 5% clean seawater daily.


For all chicks, feeding commenced on the day following release. Although feeding was continued until fledging to increase their post-fledging survival, amounts were limited to 100–300 g food and 30–300 ml of liquid every two or three days for 2–3 weeks prior to anticipated fledging. 

Hand-feeding chicks

From February to May 2006, food for each Laysan Albatross chick was put in an individual plastic bag, heated in a water bath to 35°C, and transferred to the hand-rearing site within half an hour. Food was kept cool in an insulated bin during transportation from June. We inserted an individual catheter (internal diameter: 3 mm) fitted on a 50 ml syringe down the oesophagus of each chick to administer the electrolyte solution. Small pieces of food were force-fed to chicks by hand. We did not use gloves during food preparation or feeding operations. Plastic bags, catheters and syringes were reused after they were washed in hot water. We believe these methods provided insufficient sanitation and affected the health of Laysan Albatross chicks (see Results). We therefore modified our techniques in subsequent years.


The pureed, chopped, and whole food for each Black-footed Albatross chick was put in an individual soft plastic bottle (500 ml) or plastic bag and kept cool in an insulated bin until arrival at the hand-rearing site. These containers were then heated in 50°C water just before feeding. Feeding typically required two people when the pureed food or liquids were given, with one person restraining the chick, while the other inserted a silicon tube down the esophagus and operated the food bottle and a 100 ml syringe for giving liquids. Inside diameter of the silicon tubes fitted to the bottle and the syringe used to deliver the pureed food and liquid were 9 mm and 5 mm, respectively. A separate tube was used for each chick in all cases. Only one person was required to feed chicks chopped or whole food. We maintained high levels of hygiene by using disposable gloves for preparing meals and feeding activities. We sterilized all feeding equipment using 70% ethanol and no equipment that contacted chicks was reused without being sterilized. Used equipment was soaked in soapy and chlorine solutions recommended for baby bottles overnight (Miskelly and Gummer 2004). We did not feed chicks when it rained heavily because we could not maintain sufficient hygiene conditions for food and equipment.


Therapeutic pet food and pureed food for Short-tailed Albatross chicks were put in individual empty cartridges (350 ml). Their food was transferred to the hand-rearing site and warmed in the same way as we did for Black-footed Albatrosses. The therapeutic pet food and pureed food was administered by caulking guns (Figure S2a) through a silicon tube (internal diameter: 9 mm). We used 450 ml syringes fitted with a silicon tube (internal diameter: 5 mm) to give liquid. Short-tailed Albatross chicks were always restrained and handled by two persons during feeding, in the same manner used for Black-footed Albatross chicks (Figure S2a, S2b), except that young Short-tailed Albatross chicks were restrained with fleece blankets to prevent injury during handling. To minimise stress, handlers approached Short-tailed Albatross chicks in single file. We maintained appropriate hygiene of food and equipment in the same way as we did for Black-footed Albatrosses.
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Table S1. Energy density (mean ± SD) and organic composition (mean value of 5 samples) of food fed to hand-reared Black-footed and Short-tailed Albatross chicks. Energy density and organic composition were measured according to Niizuma and Yamamura (2004). Protein was determined by the Kjeldahl technique, total lipids by Soxhlet extraction in ethyl ether, and energy density by bomb calorimeter (IKAC 2000TM).

	Food
	Energy

(kJ/g)
	% Composition

	
	
	Water
	Protein
	Lipid
	Ash

	Flying fish
	5.20 ± 0.39
	73.9
	19.8
	1.5
	3.2

	Squid
	7.30 ± 0.56
	73.2
	17.6
	4.8
	1.7

	Oil sardine
	20.06 ± 1.58
	45.4
	14.5
	38.1
	1.7

	Krill1
	3.86 ± 0.09
	78.0
	16.5
	1.4
	3.1

	Sardine2
	10.5
	-
	-
	-
	-


1 Organic composition of krill is cited from Konno and Miyata (2003).

2 Energy value of sardine is cited from Watanuki (1992) and organic composition of this fish was not measured.
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Figure S1. (a) Hand-feeding of translocated Short-tailed Albatross chick (50–60 days of age) using a caulking gun in March 2008. Chicks were restrained with fleece blankets to prevent injury during handling. (b) Translocated Short-tailed Albatross chick (100-110 days of age) fed a whole squid in April 2010.
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