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It is legendary that breeding albatro’sses re- All the evidence thus indicates that Laysan 
turn to the same nest site year after year. That Albatrosses of all ages are firmly attached not 
certain species actually do so has been demon- only to the island of their origin, but to the 
strated, for example, in the Royal Albatross, colony of origin, the vicinity of the nest of 
Diomedea epomophora ( Richdale 1950; Tickell origin, and the nest site previously used. We 
1968) ; Laysan Albatro’ss, D. immutabilis ( Rice also know from the experiments of Kenyon 
and Kenyon 1962; Fisher 1969); Black-footed and Rice (1958) that Laysans will home very 
Albatross, D. nigripes (Rice and Kenyon rapidly, sometimes from places outside the 
1962); and Wandering Albatross, D. exulans current range of the species. A4atthews (1968: 
(Tickell 1968). Rowan ( 1951) reported that 63) has described these homing flights as the 
at least some Yellow-nosed Albatrosses, D. longest successful ho’ming flights yet reported. 
chlororhynchos, returned to the same site. What we do no’t know is the age at which 

Studies in recent years have refined our Laysan Albatrosses first acquire sufficient in- 
views of this return of breeding birds. Fisher formation to make possible a later return to 
( unpubl. ) has found that only members of the nest site, the colony, and the island. And 
unbroken pairs and males of broken pairs of we know nothing of the cues the albatrosses 
Laysan Albatrosses return so precisely to the use for orientation o’r navigation. 
same site. Surviving females of broken pairs When I first became interested in albatrosses 
may nest at considerable distances, although and some of these problems in 1945, it seemed 
usually in the same colony. The basis for the unreasonable to expect that a young Laysan 
sexual difference in site attachment between could acquire the necessary cues for return 
survivors is apparently the fact that males to the colony and natal nest without actually 
maintain for life the small territories within flying osver and away from that site. How 
which the females select the nest sites. A could a chick, still bound to the earth and 
similar situation appears in the Royal and perhaps mostly hidden from its surround- 
Wandering Albatrosses ( Tickell 1968). There ings by dense vegetation or buildings, obtain 
is no firm evidmence that any Laysan Albatross, the proper cues for a return by flying? I also 
male or female, has ever nested on an island believed that breeding birds used nearby 
other than the one where it first nested. topographical features-trees, bushes, rocks, 

Only the Laysan Albatross has been studied runways, buildings-as cues for return to the 
long enough to determine the age, site, and specific nest site. The early experim’ents to test 
frequency of return of juveniles. Fisher and these views involved transporting flightlsess 
Fisher (1969) and Fisher (unpubl.) found chicks to other islands, as well as gross modifi- 
very few instances of young hatched on one cations of the terrain within a nesting colony. 
island breeding on another island. Most young Parenthetically, I should add that another 
settle to nest not far from their own hatching purpose in translocating young albatrosses 
sites, as will be discussed later. This is con- was to see if we could establish other colonies, 
trary to the early suggestion of Rice and Ken- should military o’perations and the control 
yon (1962:532) that “innubile birds wander program recommended by the U.S. Fish and 
and eventually establish territories some dis- Wildlife Service on Midway Atoll endanger 
tance from their hatching sites.” Fisher and the one-third of the worlds population of 
Fisher (1969) 1 a so established that juveniles Laysan Albatrosses that breed there. This aim 
usually visit the natal colonies several times in was developed in spite of several past failures 
each of the pre-breeding years after the third in attempts to establish or reestablish breed- 
year. ing populations of wild birds (McCabe and 

Nestlings also exhibit homing to the nest. Hale 1960). Past attempts had involved inter- 
Chicks 2-5 months of age regularly returned specific adoption and/or establishment in an 
to the nest site when displaced as far as 75 environment where there were no conspecifics 
yards ( Fisher, unpubl. ) . currently breeding. Our attempts would in- 

13891 The Condor, 73:389400, 1971 
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FIGURE 1. Sand Island, bfidway Atoll, showing sites (la, b, 2, 3, 4) of origin of Laysan Albatrosses used 
in the experiments. 

elude only intraspecific adoption and estab- 
lishment where at least small populations of 
Laysans were currently breeding. 

The purpose of this report is to present evi- 
dence on homing by Laysan Albatrosses in 
various stages of the life cycle, and some views 
on cues and the age at which they are used. 
Although not all of the transported birds are 
yet of breeding age, most are beyond the age 
when males select territories and forever at- 
tach themselves to one place. ConsequentIy, 
although the study is continuing, it is unlikely 
that any further accumulation of evidence wilI 
change substantially the results apparent now. 
The evidence is presented now at the urging 
of Mr. Frank Bellrose who suggested that the 
findings would be of current interest and aid 
in evaluating certain aspects of bird naviga- 
tion. Moreover, it may stimulate the further 
reporting of our experimental birds by resi- 
dents and the occasional ornithologist in the 
area, To encourage this, the numbers and 
colors of bands on transported birds are listed 
in the text. 

DESIGN AND EXECUTION OF 
THE EXPERIMENTS 

The design was established in major part by 
the natural and modified conditions on Mid- 
way, the location of other islands, and by the 
age at which we could move young birds. 

Availability of tugs, barges, trucks, pIanes, 
and personnel, and age of chicks determined 
the timing of the experiments. We could 
separate chick from parent only if the chick 
was nearly ready to leave the colony and be 
on its own, or if it was at an age to accept 
a foster nest and be accepted by foster par- 
ents. In Experiments 1 through 4, which in- 
voIved transporting chicks, later recapture of 
the birds was facilitated by obtaining the 
young, whenever possible, from a single cen- 
tral area of Sand Island (fig. 1, area 1). 

Experiments 1, 2, and 3 were designed to 
test the return to the natal colony in later 
years of fledglings ready to leave the nest but 
not yet capable of flight. The birds were es- 
sentially free of down (fig. 2) and approxi- 
mately 5.5 months of age. 

Experiment No. 1. This was a pilot experiment to 
test the feasibility of moving young albatrosses. It 
was so successful that the results are included. On 
15 and 16 July 1961 we moved 991 fledglings to the 
south shore of Eastern Island, an airline distance of 
3 mi. E. Trucks with stockracks were driven into the 
colonies in areas 1 and 2 of Sand Island (fig. 1) and 
the young lifted in. The trucks were then driven 
onto barges fomr the trip across the lagoon. It is im- 
portant to note that these young birds had complete 
access to whatever topographic, celestial, or other 
cues may have existed during the period of transport. 

The birds were released within 5 hr at the juncture 
of beach sand and brush and within 100 ft of the 
water in the lagoon in which many young Laysans 
were already paddling about. This release site was 
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FIGURE 2. A fledgling Laysan Albatross typical of 
those translocated. 

chosen because the reef is near the land and the in- 
tervening water is shallow. Thus, the young would 
encounter fewer sharks and have a shorter distance 
to travel to deep water, both important factors in 
the mortality of young Laysan Albatrosses. 

At the release site the birds were banded on the 
right leg with a standard numbered band (n#os. be- 
tween 6674000 and 66744481) and a blue plastic 
band. Nearly daily checks were made of the condi- 
tion of the transported birds at the release area and 
of their spread along the beaches of Eastern Island. 
Searches for these birds in the areas of origin and 
release have been made in each egg-laying season 
since, 15 December 1964-l June 1965, and 15 De- 
cember 1968-l March 1969. 

Experiment No. 2. This experiment was designed 
to test the return of fledglings to the natal colony 
when they had no access to visual cues during trans- 
port. 

On 24 July 1961 we moved 112 fledglings from 
area number 4 on Sand Island (fig. 1) to Green 
Island in Kure Atoll, an airline distance of 52 mi. NW. 
The young were placed in cardboard boxes in the 
colony, the boxes sealed, and then trucked to a sea- 
plane for the flight. They were trucked approxi- 
mately one-fourth mile across Green Island to the 
lagoon and, because there were no roads between the 
airstrip and the release area, they were carried by 
outboard motor boat to the sandy northeast tip of 
the island, where no Green Island Laysans were present. 
The birds were in the boxes approximately 8 hr. A 
standard band (numbers 667-44889 to 66745066, 
inclusive) and a blue plastic band were placed on 
each leg. 

Searches for these birds have been made as follows. 
At the site of origin, we searched weekly, 15 November 
1964-l Tune 1965.. and three times between 15 No- 
vember 1968 and 1 March 1969. At the site of release, 
James R. Fisher, a member of our group, checked 
the transported birds on 27 July 1961; James Hunt, a 
Coast Guardsman stationed on Kure, searched the 
island on 3 August 1961; and we have made four 
subsequent searches, once each in 1966 and 1967, and 
twice in 1969. Between 1963 and 1969, the Pacific 
Project of the Smithsonian Institution had one or two 
ornithologists on the island at virtually all times; 
they were working with albatrosses as well as other 
species and were informed of our experiment. 

FIGURE 3. The move to Lisianski Atoll in Experi- 
ment No. 3: upper, the barge; middle, the young 
Laysan Albatrosses in the barge; lower, after release 
on the beach of Lisianski. 

Experiment No. 3. The experiment was originally 
intended to test the return to the natal colony of 
fledglings moved a long distance and without access 
to visual cues. However, hot weather made some 
changes necessary, as is indicated below. 

On 15 and 16 July 1962 we loaded 202,l fledglings 
for transport to the northwest shore of Lisianski IS- 

land, approximately 250 airline mi. SE of Midway. 
The young albatrosses were picked up from areas 1, 
2, and 3 on Sand Island (fig. l), and loaded into 
open stock trucks for the trip to the harbor where 
they were transferred, 200 birds to each of 10 slat 
pens (15 x 18 x 3.5 ft high) on a 30 x 90-ft steel 
barge (fig. 3 1. 
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Two inches of sand on the deck provided better 
footing and a dry surface for the birds, and the top 
was roofed with screen overlaid by roofing paper. 
We had intended to have the roof entirely closed to 
prevent any vision of the sky, but hot weather made 
sosme ventilation necessary. This was finally provided 
by small holes punched through the roofing paper 
with the claws of a claw hammer (fig. 3). The degree 
to which the birds could view the sky is thus open 
to some speculation. However, the barge was very 
unstable at sea and it would seem improbable that 
the birds could ascertain celestial relationships, at 
least in any manner comparable to that used by man. 

At Lisianski on 17 and 18 July 19862, the albatrosses 
were put in discarded orange and onion crates and 
moved by small boat three miles across the reef to 
the shore. They were released on sand at the edge 
of the bunch grass cover of the island, above the 
high-water mark among the few fledgling Laysans 
reared on Lisianski (fig. 3). The birds carried band 
numbsers in the series 6~97-01000 to 697-16500 and 
a red plastic band on the left leg. The longest pos- 
sible period of confinement for any bird was 71 hr. 

All materials used in the transfer were returned to 
Sand Island to prevent the introduction to Lisianski 
of any other foreign living m,aterials. 

We could not check on the disnersal on the is 
land, or on the departure of the birds from it imme- 
diately after the transfer. Neither has any member 
of our group yet revisited the island. However, mem- 
bers of the Pacific Project and Eugene Kridler of the 
U.S. Fish and Wildlife Service have visited the island 
several times in the intervening years. They were 
aware of the significance of these birds to our work 
and presumably reported all banded birds found 
there. 

Experiment No. 4. This experiment was conducted 
in osrder to test the return to the natal colony in later 
years of chicks which were moved at the age of three 
or four weeks and without access to visu,al cues. On 
25 February 19615 we exchanged 97 chicks between 
the southcentral part of Eastern Island and area la 
of Sand Island (fig. 1). They were moved in closed, 
cardboard boxes and within 2 hr were nlaced in 
marked nests from which other chicks had been 
taken. Adoption was expected to be successful, as 
indicated by a few earlier, casual exchanges between 
nests in the same colony. 

At the time oh transfer the chicks were too small 
to retain standard numbered bands; they were marked 
with narrow red plastic bands. On 19’ March 1965 
we banded the survivors (63 ) on Sand Island (nos. 
757-70000 through 757-70062). A wide blue plastic 
band was placed on the left leg, along with the 
numbered band. A wide red plastic band was placed 
with the narrow red band on the right leg. Un- 
fortunately, the chicks moved to Eastern Island were 
banded earlier by a person not of our group, and I 
have been unable to determine the numbers used. 
Several of these chicks either lost their numbered 
bands because of too early b’anding osr were never 
banded; in April we found the carcasses of several 
that had only the narrow red plastic band. Con- 
sequently, one-half of this experiment must be elim- 
inated from consideration now and in the future. 

Several searches of the Sand Island site were made 
prior to 31 May 196’5. L,ater searches have been 
made as described for Experiment No. 1. 

Experiment No. 5. This experiment was designed 
to determine how clomse the return of experienced 
breeding Laysan Albatrosses to the nest site in sub- 

sequent ye,ars would be when all landmarks in the 
vicinity of the nest site had been removed. 

In the egg-laying seasons of 1961 and 1962 all 
nests in the permanent study plot (Fisher 1971) 
were marked with a numbered stake set 1 ft north 
of the rim of each nest. Stake numbers and band 
numbers of the pair using the nest were associated 
in the records. On 31 Tulv and 1 and 2 August 1963, 

” , 

after virtually all of the young and adult Laysans 
were goae, we plo#tted the po’sition of each nest site 
in the study area. At the same time we pulled all 
stakes, weeds, and grass and cut all brush and trees; 
the trees were hauled away, but the other vegetation 
was placed in windrows 10 feet apart. The small 
coral hillo’cks were leveled and the material shovelled 
into low places. Old nest sites were obliterated by 
raking. 

The plot was then free of all standing vegetation 
and other landmarks. It was nearly as level as the 
400-ft-wide runwav which bo’rdered it on the east. 
To the north and’ south there were grass and low 
weeds for a hundred yards and then a paved nm- 
way 400 ft wide. Old revetments with 25-ft iron- 
wood treles bordered the south half of the west line 
of the nlot: thev constituted the onlv landmarks dis- _~ ~~- Y 

cernible to’the human eye. They were 250 ft from 
some of the nests and more than 100 ft from nearly 
half of the 411 nests replotted in November and De- 
cember 1963. Before the clearing was done, birds 
on the ground in the east half of the plot could not 
see the trees because of dense intervening brush. 

Experiment No. 6. This experiment was structured 
to determine how close to the sites where they were 
hatched would be the nests of birds breeding for the 
first time. 

Chicks hatched in 1961 and 19162 in nests plotted 
in Experiment No’. 5 were idmentified with the nest 
of their natality. When the surviving chicks began 
to breed in 1968 and 19689, their nest sites were 
plotted, and the distance from the natal nest was 
measured. As an indication of mosvement into the 
plot by birds originating in the area which surrounds 
the plost on three sides, we banded 11.22 chicks in 
the summer of 1961. Survivors moving into the plot 
to breed were identified in 1968 and 1969. 

RESULTS 

It is thought that the recaptures reported in 
this study represent minimum numbers; more 
than 99 per cent have been made by our group 
of workers. It is almost incredible that the 
various ornithologists working the Hawaiian 
chain during all these years have found so few 
of these albatrosses. However, the scarcity of 
recaptures by other wo8rkers may be but an- 
other manifestation of th’e closeness of attach- 
ment of Laysan Albatrosses to’ a restricted 
area. If the specific area where the birds were 
banded is not searched, ‘one recaptures only 
vagrants. 

Another event affecting the results of Ex- 
periments 1-3, which was beyond our control, 
was the bulldozing and paving of the south 
part of area 2 on Sand Island; birds originating 
here had no suitable place to return to. This 
continuing control program also included the 
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killing of birds along the south edge of area 2 
in 1964. There is no way of estimating the 
scattering effect of the “terrain modification” or 
the decimation of experimental birds. 

Experiment No. 1. Of 991 fledglings moved, 
only 9 (1 per cent) died in transit. Forty- 
seven (5 per cent) were known to have died 
later on Eastern Island. Based ‘on other 
studies, it seems likely that a nearly equal 
number of dead were not found. Conse- 
quently, perhaps 900 flew from the island. 
The rate of departure was similar to that of 
young from our permanent study plot; 90 per 
cent departed before 28 July and none was 
found on the island after 5 August. Before 
departure they scattered along the mile-long 
south shore of Eastern, tending to work up- 
wind; only one was observed more than 100 
yards inland. Seven, one of which was dead, 
were found before mid-August on the eastern 
and southern shores of Sand Island, three 
miles downwind. 

In 1964-65, when they were 4.5 years old 
(from date egg was laid) but still 3 or 4 
years from breeding, 164 birds were recap- 
tured. These recaptures represented approxi- 
mately 18 per cent of the number estimated 
to have departed successfully as fledglings. 
One was taken on Kure, one at sea, 47 at the 
site of release on Eastern Island, and 115 at 
the place of origin on Sand Island. Three 
were recaptured at bomth origin and release 
points; two of these were on Sand Island first, 
then on Eastern 9 and 42 days later; one was 
taken on Eastern first and on Sand the next 
day. 

In 1968-69, when the birds were 8.5 years 
of age and starting to breed, 232 (26 per cent 
of number estimated to have departed as 
fledglings) were recaptured. Two were taken 
on Eastern Island, the remainder at or near 
their origin on Sand Island. Forty-six per 
cent of a group of 267 moved from area 1 
were retaken there. 

Experiment No. 2. All 112 fledglings trans- 
ported to Green Island of Kure Atoll on 24 
July 1961 survived the trip. A number flew 
into the lagoon as soon as released. Only 16 
were found by James Fisher on 27 July, and 
James Hunt reported that the birds were gone 
within a week of release. He found o’ne in 
the center of the island, one at the southwest 
tip, and one dead at the release site. The lat- 
ter was the only known dead; perhaps 105- 
110 lived to fly away. 

In 1964-65, 25 of these birds were retaken 
at the age of 4.5 years; this represented 24 per 
cent of the birds thought to have departed suc- 

cessfully in 1961. One was found at the release 
site on Green Island, one on Eastern, and 23 
in the area of origin on Sand Island. One was 
recaptured on Kure in 1966. 

In 1968-69 only seven birds were recap- 
tured, all at the place of origin. Despite an 
almost continuous search by two omitholo- 
gists on Kure during this entire season, none 
of these experimentals was found. It should 
be mentioned that our own search of the 
place of origin in this season was limited by 
the press of other studies. 

The months of first recapture of the 4.5- 
year-old birds in Experiments 1 and 2 were: 
Feb., 19 (10 percent); Mar., 65 (34 per cent); 
April, 77 (41 per cent); and May, 28 ( 15 per 
cent ) . 

Experiment No. 3. Of 2021 fledglings loaded 
at Midway for transport to Lisianski, 118 died 
on the barge enroate and 66 died on the beach 
within 24 hr. This excessive mortality ( 14 per 
cent) was due to an improperly repaired hole 
in a forward compartment of the barge. The 
compartment flooded, the bow of the barge 
was thus lowered, and waves surged in, drown- 
ing some birds and so chilling others that they 
soon died. 

The living birds were in go’od shape and 
within 24 hours had scattered along the entire 
west beach (1.25 miles) of Lisianski. Two were 
found on the eastern shore of the island the 
day following release. If the usual 90 per cent 
of the young to reach the beach survived to 
fly to sea, some 1600 of these transported birds 
left Lisianski. 

In 1964-65, we found 50 of these 3.5-year- 
old birds, 40 on Eastern Island and 10 on 
Sand Island at their origin. Lisianski was not 
visited by us in 1964-65, but two recaptures 
in 1966 were reported. Four were found in 
1966 on Sand Island and one on Eastern. 
Three were reported from Eastern in 1967. 

In 1968-69, when the birds were 7.5 years 
of age, we caught I47 on Sand Island, none 
on Eastern Island. Lisianski was searched 
briefly in March 1969 by Eugene Kridler and 
David Olsen, but they found no transported 
albatrosses. 

In all recaptures of albatrosses moved to 
Lisianski, note must be taken of the fact that 
the birds originated from far too large an 
area on Sand Island for us to make the same 
intensive search we made for birds in the 
other experiments. However, of a group of 
87 birds that came from area 1 of Sand Is- 
land, 34 (38 per cent) were recaptured there 
in 1968-69. 

The months of first recapture of the 3.5-year- 
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TABLE 1. Distance of 1963 nests of breeding Lay- 
san Albatrosses from nest sites of former years (1961 
or 1962) after removal of vegetation and other land- 
marks from the vicinity of the nest sites. 

Constant pairs Broken pairs 
Distance from 
nest site ( ft) (n=378) d (n=18) p (n=15) 

less than 1 78 : 0 
l-3 297 0 
3-6 3 10 1 
more than 6 0 0 14” 

a Distances ranged from 15 to 210 ft. 

old birds were: Feb., 1 (2 per cent); Mar., 8 
( 16 per cent); April, 32 (64 per cent); and 
May, 9 ( 18 per cent). 

Experiment No. 4. Only 63 of the 97 month- 
old chicks moved from Eastern to Sand Is- 
land nests on 25 February 1965 survived to 
be banded on 19 March. Only 47 were located 
on 28 March, 31 on 26 April, 30 on 28 May, 
and 27 on 31 May. Assuming that this rate of 
death persisted until the fledglings left the 
colony to go to the beaches, and that 10 per 
cent were lost there, it is likely that no more 
than 20 survived to depart the island. 

No recaptures were made until late in the 
1968-69 season when the birds were 4.5 years 
old. Seven were found then in area 1 of Sand 
Island, the area to which they had been moved. 
None was taken at the site of origin on East- 
em, but since the survivors were few, they 
could easily have been overlooked. Thus, 35 
per cent of the estimated number of survivors 
were known to have returned to the place of 
release. 

Experiment No. 5. By the time the breeding 
albatrosses returned in November 1963, wind 
action, decay, and the growth of new vegeta- 
tion had obscured the windrows of vegetation 
pulled or cut the preceding summer. 

The plotting of nest sites in November and 
December 1963 was limited to nest sites of 
birds whose nests were identified in 1961 and 
1962. The 411 sites were recorded in three 
categories: 1) those of constant pairs; 2) of 
males of 1961 from broken pairs; and 3) of 
females of 1961 from broken pairs. None of 
the survivors of broken pairs had been paired 
together and none of them bred in 1962. 
Birds with unbroken pair bonds returned as 
closely to the nest site as they did prior to the 
habitat disturbance ( table 1). 

Experiment No. 6. The results are given in 
table 2. Males tended to breed less than 50 ft 
from where they themselves were hatched; 
females selected sites approximately 80 ft from 
their natal nests. Sample sizes were small 

TABLE 2. Distance (ft) between natal nest and 
first breeding nest of Laysan Albatrosses. 

n Meall Mode Median Range 

Males 50 60 40 41 8-166 
Females 19 82 - 80 8-140 

but representative: 1) distribution of returns 
ranged from 8 to 24 in each of 7 series osf 100 
bands used in the 2 years; 2) the returns 
from 1961 represented only 21 per cent sur- 
vival vs. an expected 35 per cent, but a dis- 
proportionately small number of females were 
retaken, This is understandable since females 
usually leave the egg within 24 hr and are 
much less apt to be captured by us. Studies 
of non-experimentals indicate that we record 
approximately 30 per cent of the experienced 
breeding females in the egg-laying period (20 
November-15 December). Therefore, if the 
19 females taken represented 30 per cent of 
those that actually returned, some 50-60 of 
these females were in the plot and our total 
sample is 100-e, and represents 33 per cent of 
the chicks banded for the experiment. 

It is probable, since females do initiate nest- 
ing at a greater distance from the natal nest 
than males, that some few nested outside the 
area searched. That this number is small is 
indicated by the fact that only 22 of the 1122 
chicks banded in the area surrounding the 
plot initiated nesting in the plot. The small- 
ness of this movement is all the more remark- 
able when it is noted that the unmarked 600- 
foot border between the two areas traverses 
land densely occupied by nests. 

SUMMARY OF RESULTS 

These experiments on fledgling Laysan Alba- 
trosses and chicks were carried out in the 
Leeward Islands of Hawaii, primarily on Mid- 
way. There were native, breeding populations 
of Laysans on the four islands used. The 
transport or exchange of birds, with the ex- 
ception of two unusual situations, was effected 
with minimal mortality. The birds were re- 
leased in apparently usual situations for de- 
parture, and normal numbers survived to de- 
part, which they did at the same time as 
unmoved fledglings. They were recaptured 
in the expected months in later years (Fisher 
and Fisher 1969), and the numbers recap- 
tured corresponded well with recaptures of 
undisturbed juveniles of identical age (35- 
46 per cent in experimentals and 42-51 per 
cent in controls). Thus no great percentage 
of unrecorded experimentals could be expected 
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to be in areas other than those searched dur- 
ing recapture periods. 

The total percentage of recaptures of ex- 
perimentals of breeding age was comparable 
to recaptures of controls of the same age (26 
vs. 25 per cent ) . 

It may be concluded that the survivors 
among birds released after transport behaved 
in essentially no’rmal fashion. Since 3124 
fledglings were transported, with an estimated 
2700 surviving to depart from the islands, 
and since some 500 different birds were later 
recaptured at or near breeding age, the num- 
bers are sufficient to’ be meaningful. 

Recaptures at 3.5 or 4.5 years of age were 
predominantly at the natal colony rather than 
at the release point ( 83 vs. 17 per cent). At 
7.5 and 8.5 years, all but two recaptures were 
in the natal colony, indicating perhaps that 
some of the younger birds were initially “con- 
fused” by being moved and that they later 
regained the area of origin. 

Direction of transport was not a factor; 
birds returned equally well from 3 mi. E, 52 
mi. NW, and 250 mi. SE. It is unfortunate that 
the absence of islands within a reasonable 
distance to the northeast and southwest of 
Midway prevented releases in those directions, 
for all transpo’rt was in a generally SE-NW 
direction, following the line of islands and 
roughly parallel to or identical with the line 
of movement of many undisturbed juveniles. 
However, this unavoidable weakness in de- 
sign may not have been serious. Many juve- 
niles island-hop on their way southeast in the 
chain but few do so when they move north- 
west to the primary ocean feeding grounds. 
In 1964-1965 we color-painted albatrosses on 
Sand and Eastern Islands. Ornithologists of 
the Pacific Project on Kure also painted birds 
taken on Kure. By agreement we used dif- 
ferent colors and took special note of birds 
from the other island. March of 1965 showed 
typical results. By that time we had painted 
more than 10,000 birds; some 4000 were 
painted on Kure. We recaptured hundreds of 
Kure birds on Eastern, but the ornithologists 
on Kure, who handled more than 3000 juve- 
niles in March, retook only one Midway bird. 

It is also evident that presence or absence 
of native, non-transpolrted Laysan Albatrosses 
played no part in the return of the experimen- 
tals to their natal islands. Birds transported 
to a site on Green Island, where there were 
no young Laysans, returned to Sand Island, 
as did birds moved to Eastern and Lisianski, 
which already had numbers of fledglings 
ready to depart. 

Juveniles without access to visual cues dur- 
ing transport returned to the place of origin 
as well as those that could see the land, the 
sea, and the sky. It is evident that the Laysan 
Albatross can surmount the problem of ab- 
sence of celestial and landscape cues during 
transport. 

Of the survivors of chicks exchanged be- 
tween nests on different islands at the age 
of one month, 35 per cent returned at 
4.5 years to the site of release. None was 
taken at the point of origin. However, the 
numbers were few, and we still do not know 
certainly where they will breed; perhaps they 
were only temporarily “confused” as men- 
tioned above. Many did recognize the 
strangeness of the foster home (e.g., they wan- 
dered away from the foster nest), indicating 
that recognition of th’e home colony and natal 
nest may occur prior to one month of age. 

The suggestion is, however, that month-oId 
chicks have not yet acquired the proper cues 
for homing. This, combined with the success- 
ful homing of fledglings moved at 5.5 months, 
indicates that the requisite cues may be estab- 
lished between 1 and 5.5 months of age. 

Experienced breeding birds returned closely 
to the nest sites of former years after the land- 
marks within the colony had been destroyed. 

Birds breeding for the first time established 
themselves near the nest site where they were 
hatched. Males returned more closely than 
females (40-50 ft vs. 80 ft ) . 

DISCUSSION 

Any bird transported beyond the distance it 
can see, if it is to return to its home, must 
have learned the cues for “home,” must re- 
member them, and must know where home 
is in relation to its present location. Those 
requirements apparently necessitate a genet- 
ically coded memory combined with the 
ability to navigate by celestial cues or un- 
known cues combined with some sort of “early 
memory” or a combination of these factors. 

The problem for these Laysan Albatrosses 
was more than that posed by most homing 
experiments, indeed more than are naturally 
faced by most other species of birds. Laysans 
are truly pelagic during the non-breeding 
perio’ds of their lives; the only lands they 
ever visit are the small breeding islands far 
from continental shores. The North Pacific 
Ocean is unmarked by seascape cues yet dis- 
cernible by man. Juveniles do not usually 
return to the colony until sometime in their 
second year and perhaps only one in ten does 
so then (Fisher and Fisher X%9:201). It is 
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possible, but I think unlikely, that juveniles 
return only to the vicinity o,f the island or 
fly over it without alighting, and thus are not 
recaptured in these early years. Therefore, 
it would appear that most juveniles must re- 
tain for three or more years, without the re- 
inforcement of use in returning, whatever cues 
for homing they may have acquired before 
departure as fledglings. But perhaps this 
ability to remember is not unusual in birds, 
for Skinner (1950) showed that pigeons could 
remember an intricate visual pattern for as 
long as four years. 

An additional troublesome facet o’f alba- 
tross homing is that juveniles return the first 
time in April and May and each year there- 
after come to the colony at least a week or 
so earlier. Thus, by the breeding age of eight 
or nine years, they return in late November 
or early December. If they use celestial cues 
for navigation, the birds each year must ad- 
just for the seaso’nal difference encountered. 
This learning of new seasonal patterns of 
celestial cues prosbably ceases in experienced 
breeding birds which always return in No’- 
vember. However, the adults, which may fly 
1000 or more miles from November into July 
to seek food during incubation and later for 
the chick, evidently adjust for seasonal change 
each year or perhaps remember the seasonal 
celestial cues experienced in the pre-breeding 
years. 

It would seem that the first return of the 
solitary juvenile would be the mo’st difficult. 
The juvenile comes back six to eight weeks 
earlier than the date of its departure as a 
fledgling (Fisher and Fisher 1969). It en- 
counters seasonal change and presumably 
uses cues gained at least two years earlier. 
However, this may not be as difficult as first 
thought might indicate. Meyer (1966) has 
demonstrated long-term remembrance of sun- 
time by pigeons, and there is one constant in 
the sky-the inclination of the sun’s arc. The 
latter is the same at the natal colony when 
they leave and arrive because the young de- 
part and first return at times nearly equi- 
distant from the summer solstice. Thus, deter- 
mination of latitude may not be difficult. 
Longitude is another matter; the young are 
thought to be concentrated in the northwest 
portion of the Pacific ( Fisher, unpubl. ) and 
at a variance from the natal colony of as 
much as 50-60” longitude. The only plausible 
speculation about their ability to determine 
longitude seems to be that at sea they retain 
the local sun-time of the natal colony. In- 
deed, it may be these two factors, memory of 

the inclination of the sun’s arc and local sun- 
time imprinted so early in life that also “force” 
the birds into the firm and life-long attach- 
ment with the natal colony, discussed in the 
beginning of this paper. 

At present the above explanation appears 
to be the most likely one for the return to the 
natal colony of birds moved in the absence of 
visual cues. It is not possible to eliminate 
navigation by some sort of geophysical grid, 
especially in view of the fact that these alba- 
trosses return to volcanic islands, largely sub- 
merged though they may be. The Emperor 
Seamount Chain courses north and west from 
Midway to the tip of the Kamchatka Peninsula 
and lies east of the main concentrations of 
Laysan Albatrosses. Who yet knows what 
kind of “drift fence” or string of signpo’sts 
these submerged peaks may constitute? Alba- 
trosses may use magnetic fields, in spite oE 
the findings of some still confusing avian ex- 
periments, especially when one considers the 
responses of living things to direction, force, 
and change in the electromagnetic environ- 
ment documented by the studies of Frank A. 
Brown, Jr., and his associates at Northwestern 
University. But we do not know of any avian 
structure or process likely to function for 
navigation in magnetic or other fields of non- 
visual forces. The polssible exception is the 
olfactory organ which is well developed in 
procellariiform birds (Bang and Cobb 1968). 
The olfactory bulb is large and the anterior 
nasal chamber is designed so that air passes 
over the olfactory epithelium; Black-footed 
Albatrosses respond to odomr as evidenced by 
changes in heart and respiratory rates (Wen- 
zel, preprint). Further, procellariiform spe- 
cies have a strong and unique musky odor. 
That the odosr of a heavily populated bird is- 
land carries far to sea is attested to by the 
diaries of many captains of sailing vessels. 
Laysan Albatrosses are concentrated on land 
in the North Pacific only in a 800-mile-long 
string of islands. When one considers these 
bits of evidence, one cannot disregard the 
possibility that odor may be important in hom- 
ing, at least over the shorter distances, to an 
albatross island, but not to a specific island. 

Certain structural and functional aspects of 
the avian eye lead us to suspect, at least, that 
it could aid in detailed and minute orientation 
and navigation as well as in ordinary visual 
reception of grosser land or sea marks. Ex- 
periments on avian species other than alba- 
trosses have demonstrated a great visual 
acuity. Pigeons can resolve lights flickering 
150 times per second (Granit 1959; Dodt and 
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Wirth 1953)) and they can distinguish between 
movement and non-movement of an artificial 
sun arcing at the rate of 15 degrees per hour 
(Meyer 1964). Polyak ( 1957) has shown that 
Golden Eagles can resolve four seconds of 
arc. There is some evidence to indicate the 
presence of special retinal cells perhaps ca- 
pable of detecting movements of the magni- 
tude of 0.1 degree ( Maturana and Frenk 1963, 
1965), as also demonstrated in some insects 
(for example, the locust, Horridge 1966). 

I believe we may disregard the possibility 
that cloud columns over the islands act as 
signal beacons for these albatrosses. The 
atolls used for breeding are tao low and small 
to have constant or consistent formations. 

Laysan Albatrosses might use the direction 
of prevailing winds to return to the vicinity 
of the natal island, as Bellrose (1966) has 
suggested for waterfowl. Kuroda (1957) be- 
lieved that wind currents provided a means 
for certain members of the Procellariiformes. 
His “Pacific Circular Route” (p. 441) might 
apply to this albatross. Although the general 
wind currents in the North Pacific are fairly 
constant on a seasonal basis and might pos- 
sibly be used to return to the region of the 
Hawaiian chain of islands, they are neither 
sufficiently constant nor specific enough for 
use in returning to a certain island. One might 
think that, once the albatrosses reached the 
chain, they could island-hop until they recog- 
nized the topography of their natal island. 
Fisher and Fisher (1969) indicated that sig- 
nificant numbers of juveniles, but few adults, 
appeared on other islands. However, on their 
flights totoard the home island, pre-breeding 
birds visit mostly, if not solely, those islands 
lying northwest of the natal island in the chain. 
Thus Midway birds are found on Kure rather 
frequently but seldom on Pearl and Hermes, 
Lisianski, or Laysan Islands. Juveniles from 
the latter islands do appear on Kure and Mid- 
way. Consequently, a Midway bird encounter- 
ing Laysan Island would not recognize it or 
be in any better pomsition to proceed to Mid- 
way. Further, the birds in these experiments 
could have no memory of the topography of 
Midway, as observed from the air, and much 
less of the natal colony on Midway. These 
experimentals, it seems, would be forced to 
land and ‘explore each island on foot to find 
the set of topographic data they might re- 
member from fledgling days. There is no 
evidence that even juveniles do so. Fisher 
and Fisher (1969) did suggest that non- 
experimental juveniles retraced the terrestrial 
departure route used as fledglings between 

beach and colony, when they returned in pre- 
breeding visits. The experiments being dis- 
cussed indicated that this was not a necessary 
part of homing to the natal colony, and breed- 
ing birds come directly upwind to the colony. 

Identification of the natal colony and the 
return to the specific nest site impose great 
problems. Bellrose (X366394-96) believed 
that migrating waterfowl employed landscape 
features to make pinpoint returns to specific 
water areas frequented in previous migrations. 
He considered that the sun and/or stars were 
used, when visible, for directional guidance 
over regions devoid of significant landscape 
cues and at night. He felt that under overcast 
skies the wind provided directional guidance 
to home areas. Nestling Laysan Albatrosses 
spend approximately 5.5 months in the vicinity 
of the nest, and this must be the period in 
which they obtain the necessary cues for re- 
turn. However, the presence on Eastern of 
unusual numbers of Sand Island juveniles 
moved to Eastern and Lisianski four and three 
years earlier indicates that the cues may not 
have been completely or entirely accurately 
established by the age of 5.5 months. Since 
the survivors among the “confused” birds (of 
Eastern Island) have no’w settled down to 
breed in th’eir natal colonies, they must have 
resolved the problem between their fourth and 
eighth years, perhaps by trial and error search 
until they recognized the landmarks of “home.” 
Furthermore, the return of the surviving ex- 
changed chicks to the foster colony in subse- 
quent years indicates that the cues were ac- 
quired after a month of age. It is possible 
that they, as the “coInfused” transported 
fledglings moved from Sand to Eastern, will 
later seek their natal colonies on Eastern. If 
they do, it will of course show that they pos- 
sessed the cues prior to one month. 

If the exchanged chicks as well as the re- 
mainder of these “confused” transported birds 
do regain their natural home site, the experi- 
ments may well have accidentally demon- 
strated another aspect of the time or accuracy 
of acquiring cues. Earlier it was stated that 
determination of latitude appeared to be 
easier for the birds than determination of 
longitude. All the experimental transported 
birds originated on Sand Island and the ex- 
changed chicks originated on Eastern Island. 
Eastern and Sand are at the same latitude and 
the experimental areas on the two islands lie 
on the sam’e fractional degree of latitude and 
about two minutes apart in longitude. Lisian- 
ski is two degrees to the south and five de- 
grees east. Green Island of Kure is less than 
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one degree northwest. Thus, if the ability to 
determine latitude is acquired earlier or more 
accurately, one would expect all transported 
fledglings to hmome in first on the correct 
latitude (that of their origin). They did; few 
birds were ever found at Kure or Lisianski, 
located at latitudes different than Sand Is- 
lands. But at the same latitude and differ- 
ent longitude (Sand vs. Eastern) the birds 
were at least initially confused. At three and 
four years of age, one-third of the recaptures 
of Sand-to-Eastern Island transfers were on 
the latter island and four times as many Sand- 
to-Lisianski birds were taken on Eastern as 
compared with Sand. 

The early development of topographic rec- 
ognition of colony and home nest area is un- 
doubtedly abetted by the behavior of the 
adults feeding chicks. Adults will only feed 
the young on or in the immediate vicinity of 
the nest site, and as the multidirectional wan- 
derings of the chicks increase with age this 
means returns from different compass points 
and increasingly greater distances. It would 
ble difficult to devise a better method for in- 
stilling recognition of the nest site and for 
training of chicks to return to it. The restless- 
ness of chicks in strange nests indicates the 
probable effects of this training before one 
month of age; many of the chicks wandered 
from the foster nest even though being fed. 
These observations may indicate knowledge 
of home and an attempt to seek it even at this 
early age. The moot question is whether they 
sought to return by using topo’graphical, 
celestial, or other cues. Hamilton (1962) found 
that ducklings raised in an environment void 
of directional cues learned to use the sun and 
stars to locate water so8urces. Unfortunately, 
he did not initiate test observations until the 
ducklings were three weeks old. 

The results of Experiment No. 6 may also 
indicate that topographic cues are not neces- 
sary. Young raised in the plot before the 
landmarks were removed returned after the 
terrain was changed to breed near the nests 
in which they were hatched. On the other 
hand, they might have homed even more 
closely in the presence of the original land- 
marks. The experiment should be repeated in 
an undisturbed colony. 

Experiment No. 5 showed that experienced, 
breeding Laysan Albatrosses can also return 
very closely to the exact nest site of former 
years in the absence of all formerly existing 
landmarks. They homed as closely as con- 
trol birds returning to an undisturbed setting. 

Although in Experiments No. 5 and 6 one 

cannot discount the possible use by some birds 
of the trees remaining near the plot, the trees 
were originally obscured or invisible from 
many nests because of intervening vegetation. 
Such distant cues, if they are indeed used, are 
quite different than the proximity of the base 
of a tree, shrub, building, or runway edge, 
and they require a higher degree of visual 
acuity. But, since many young and many 
pairs that could not have used these tree cues 
in former years returned in the absence of 
nearer topographic clues, it is plausible that 
the trees were not over-ridingly significant. 
This leaves as cues the usual assemblage of 
hypothesized, yet virtually unproven, ones : 
odors, magnetic fields, celestial markers. 
Odors can be eliminated as a possibility, I 
think, despite the great development of the 
olfactory apparatus in albatrosses. The nests 
are so close in many instances that incubating 
birds often defecate on each other, the chicks 
wander and defecate away from the nest, and, 
most importantly, our activities of clearing 
the plot (pulling weeds, dragging brush, and 
raking) rather thoroughly mixed the top sand 
and debris of adjacent nests. Time and the 
natural forces of wind and rain would also 
tend to eliminate such nest-site specifics. 
Magnetic fields are even less likely cues for 
return to the nest than for returning to the 
island of natality. 

I think some kind or kinds of celestial cues 
are the primary guides by which these experi- 
mentals returned to the nest site. This does 
not mean that celestial navigation is neces- 
sarily the usual or only way undisturbed birds 
return, but these experiments and repeated 
field observations lead me to think that it is. 
Birds that nested alongside buildings con- 
tinued to nest in the same places after the 
buildings were removed. When males first 
return to the colony they neither land at the 
territory nor proceed directly to it. They often 
alight a hundred or more feet away, pause, 
look at the sky, wander off course, pause, look 
at the sky, change course, and thus zigzag to 
their former nest sites. Females on their first 
return of the season do some of this “survey- 
ing,” but not as much, and the reason may be 
that they soon recognize the mate which has 
usually preceded them to the territory. 

The male tends to maintain the same central 
position in his territory from year to year, and 
the female could use this position as a cue to 
the nest site of former years. The fact that 
some females make the first seasonal return 
precludes postulation of any absolute sexual 
difference in ability to home in on the region 
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of the territory, but I have never observed a 
female resting for long in the future nest site 
or any other place in or near the territory 
until after her mate has made his first return 
of the season. (S ee also Fisher and Fisher 
1969:X30.) She often returns by herself from 
the postcopulatory honeymoon at sea to ini- 
tiate nest construction, but this of course oc- 
curs after the first reunion at the nest and 
probable identification of the current topog- 
raphy at the nest site. My hypothesis is that 
the male is the primary and usual factor in 
the pair’s constant return to the same site, that 
he uses celestial cues to home in on the terri- 
tory, and that the female uses his position to 
locate her nest site. When the time of first 
seasonal arrival is reversed, she uses celestial 
cues to reach the general area of the territory 
but can not, or at least does not, identify the 
exact nest site until her mate has taken up 
his position. 

To suggest the use ‘of celestial cues to pin- 
point a territory, nest site, or food storage 
place seems preposterous in the current state 
of our knowledge. Perhaps it is best simply 
to record the event, without speculation, as 
Tickell ( 1962:12) did for the Dove Prion, 
Pachyptila desoluta. This species burrows 
through the snow to the exact nest site, even 
though the topography of the entire area is 
obliterated by snow drifts. And Swanberg 
(1951) observed that the nutcracker, Nuci- 
fraga, spends only a few minutes hiding nuts 
in the ground but is able to return unerringly 
months later even when the site is snow- 
covered. Perhaps we must agree with Adler 
( 1963:575) who concluded, after original 
studies and a review of the literature, that 
navigation pro’bably requires sensory capaci- 
ties beyond those already demonstrated and 
perhaps still undiscovered cues. 

Our efforts to establish breeding colonies 
of Laysan Albatrosses by transporting fledg- 
lings obviously failed, as past attempts with 
most other species have. Bellrose (1958) 
indicated that small percentages ‘of female 
Wood Ducks, Aix spoma, hand reared and 
displaced as far as 200 miles at an age of 6-8 
weeks, returned to the release site to breed 
the following year. Mauersberger (1957) also 
reported a measure of success, with Pied Fly- 
catchers, Ficedula hypoleuca. However, in 
view of these albatross experiments, it is pos- 
sible that at least the flycatchers returning 
to the release area were only temporarily 
confused. I am not aware that in his review 
of the experiments, Mauersberger reported 
any birds breeding there. 
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