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ABSTRACT

At Midway Naval Station, 1,100 miles west-northwest of Honolulu,
military aircraft collide with flying albatrosses at the rate of about
300 to ^00 per year. One aircraft out of every five that hits an
albatross on takeoff either aborts (stops before it is airborne), or

dumps fuel and returns for appraisal of damage

.

About 70^000 pairs of Laysan albatrosses and 7^000 pairs of black-
footed albatrosses nest at Midway in any given year. The population
is declining. Two-thirds or more of the birds of breeding age nest
each year. The minimimi breeding age recorded is 5 years (each species),
but many individuals do not nest lontil at least 7 years of age. Young
birds begin to ret\irn to Midway at 3 years of age and are foiind more
frequently as breeding age approaches. They come ashore more frequently
in March and April (the high bird strike months) than in midwinter.
Even in midwinter the number of "walkers" (birds not on nests) may
comprise more than ^0 percent of the albatrosses present on Sand Island,
Midway. Maximum longevity of the Laysan albatross is believed to exceed
VO years j 6 out of 99 birds banded as breeding adults (7+ years old)
were still alive 2^ years after banding.

Control methods tested experimentally include disturbance, gunfire,
other sounds, radar beams, smoke, odors, destruction of nests, eggs,
chicks, and adiilts, moving of birds, eggs, and chicks, erection of
obstacles to flight, and habitat management. Habitat management (level-
ing and hardsurfacing of shoulders of r-unways ) has been the most effective

.

Albatrosses were counted over the runways at 10 locations in 1957^
1958^ and i960 to determine the effects of wind direction, wind speed,
and topography on the numbers of flying birds . Birds were most concen-
trated in areas where rising air currents were created as winds blew
against dunes or tall trees. Soaring and strike rate both increased
with greater wind speeds . There was a highly significant correlation
between strike frequency and wind direction. Soaring and strike rate
were greatest over rionway 6-2h when winds were from a northerly quadrant,
and greatest over runway 15-33 when winds were east to southeast. Counts
(nearly 7^000 observations) before and after the leveling of dunes along
part of the south side of the principal runway, 6-2k, showed a 61 percent
decrease in soaring over the principal runway as compared with a k percent
increase over runway 15-33 where no major habitat management had been done.

Studies of pop\ilation dynamics of Laysan and black-footed albatrosses
in h study plots (totaling ik^ acres) are yielding information on nesting
density, changes in nesting popiilation from year to year, frequency of
nesting of individual birds, closeness of retinrn, reproductive success,
rate of nest loss, age at which yo\mg birds begin nesting, age composition
of the population, and life expectancy of adults

.

Recommendations are made for reducing the bird hazard and for pro-
tecting birds that are not involved in the hazard.



YARDS

Figure 1. Sand and Eastern Islands^ Midway Atoll.
Aircraft runways are shown on the islands

.
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BIRDS AND AIRCRAFT ON MIDWAY ISLANDS

1959-63 Investigations

This report gives the results of research during calendar years

1959 through 1963 on the relation between bird populations and aircraft

operations at the U. S. Naval Station on Midway Atoll In the Worth
Pacific Ocean. The investigation is being conducted by the Division
of Wildlife Research of the Bureau of Sport Fisheries and Wildlife,

U. S. Fish and Wildlife Service, Department of the Interior. Funds
for the field investigations were provided by the Bureau of Yards and
Docks, Department of the Navy.

The resiilts of Investigations during the 1956-57 and. 1957-58
seasons were published as Special Scientific Reports --Wildlife Nos . 38
and kh (Kenyon et al., 1958 j Rice, 1959) and as papers in ornithological
journals (Kenyon and Rice, 1958; Rice and Kenyon, 1962a, 1962b).

Midway Atoll is 1,100 miles west -northwest of Honolulu near the

western end of the chain of Hawaiian Leeward Islands . The atoll is

composed of a ring of coral reef 5 miles in diameter with two Islands,

Sand Island and Eastern Island, near the southern edge of the enclosed
lagoon. Sand Island, which now contains about 1,000 acres, is the site

of the Naval Station, the aircraft runways of which occupy most of the
southern and western portions of the Island. Most of the human inhab-
itants of the Island, all Navy personnel or employees of firms on contract
with the Navy, live in the northeastern portion of the Island.

Eastern Island, which is separated from Sand Island by 1 mile of
lagoon, was used as an airfield during World War II, but is no longer
used for this purpose. A relatively small Navy outpost now occupies
this island.

In addition to its human population, Midway Atoll is the home of
several hundred thousand sea birds whose nesting seasons are so staggered
that most of the available land area of both Sand and Eastern Islands is

occupied by nesting birds at all seasons of the year. Because of the
large number of nesting birds and the large size of many of these birds,
the Navy is faced with a problem of damage to aircraft and of associated
human safety during the critical periods of landing and takeoff of

military aircraft.

During the period of this report, Midway was a vital link in the
operations of the Airborne Early Warning Barrier Squadron of the Pacific,
Midway also is a refueling station for some trans -Pacific flights of
military aircraft, and it serves as an emergency landing field for other
Pacific flights. While now primarily a Navy problem, the potential
danger of albatrosses to airplane crew members and passengers would be a

vital problem to commercial airlines or other parties using this con-
veniently located airfield, even if the Navy were to reduce or discontinue



its operations there

.

Hence ^ the problem reported on here is of long-term importance to
aviation interests other than the Navy^, which is currently sponsoring
the investigations . And since the future status of enormous numbers
of nesting sea birds is involved, this is an important world conserva-
tion problem.

Since most of the bird strikes involve flying Laysan albatrosses

(Piomedea immutabilis ) and black-footed albatrosses (Piomedea nigripes)
this report is concerned primarily with investigations of these two
species.

We take pleasure in acknowledging the excellent cooperation that
we have received from Navy personnel on all of the trips to Midway and
other islands in the Hawaiian Chain. All of the commanding officers
of the Midway Naval Station during these k years (Capt. W. L. Richards,
Cdr. I. A. Kittell, Capt. J. B. Burks, Capt. N. P. Johnson) have placed
the facilities of their Command at ovr disposal in such a way as to

expedite every phase of the investigations. Capt. J. E. Mishan and Capt.

E. W. Pailey of the AEW Barrier Squadron went out of their way to provide
advice and assistance and have taken a special interest in the progress
of these studies. Lt . Cdr. H. J. Norton and Lt . Cdr. H. Elliott, safety
officers of their staff, were especially helpful in many phases of the

work. Special thanks are extended to Public Works Officer Cdr. J. B.

Adams and Security Officers Cdrs . G. A. Wilson, K. W. Garwood, P. Moore,
and Lt. Wheeler, and to their staffs, especially Lts. Keller, Riley,

Ambrose, and Langbehn for arranging for transportation, equipment, and
supplies needed for our work.

We were greatly facilitated in our field work by several enlisted
men who volunteered to spend some of their free time assisting in the
details, in setting up population study areas, capt\;ring and banding
birds in the study plots; among the most frequent assistants in these
chores were W. Bristol, G. Johnson, C. F. Peters, and P. Schaefer.

Puring periods when we were not at Midway the continuity of the
studies was made possible through the cooperation of Cdr. G. A. Wilson
and Ens. R. F. Stockstad. Thaiiks are extended to the many Midway Naval
Station officers who provided air transportation to Kure Atoll and over
Pearl and Hermes Reef at various seasons of the year. We appreciate
the cooperation of Commanding Officers Miildoun, Bates, and McCann of the
Coast Guard Station at Kure Atoll for extending to us the use of their
facilities during the course of investigations at Kure. Similar assist-
ance was provided by Kincaid-Giuli, contractors, during the construction
of the Kure Coast Guard facilities. Transportation to Kure prior to the
installation of the Coast Guard Station was provided by the officers
of the Navy ship Safeguard and the Coast Guard ship Matagorda .

Mr. Michio Takata, Pirector, Hawaii Fish and Game Pepartment, and
his staff have continued their very active interest in the status of

bird life on all islands in the Hawaiian Chain and have extended many



courtesies on each trip. Their hearty cooperation is most gratefully
acknowledged- Mr. Alexander Cornelison and others of the Navy's
Department of Public Works office at Pearl Harbor have given valuable
technical assistance throughout the period of these studies

.

Special appreciation is extended to Cdr. Edward P. Wilson (USW

retired), who for 2 consecutive years (l959-60 and I96O-61), generously
assisted in the investigations on a volunteer basis . He worked from
dawn until after dark 7 days a week and made possible the completion
of the many phases of the study. The amount of data accumulated was
nearly doubled as a result of his eager and efficient cooperation.

Other personnel of the Bureau of Sport Fisheries and Wildlife
assisted materially in the field investigations. Thomas C. Horn, from
the Branch of Wildlife Refuges, was a member of the first expedition
to Kure in 1958- In addition to his principal duties of super'/rlsi-ig

the bulldozing operations he assisted with the population estimates of

nesting birds

.

Finally, Dr. Paul A. Stewart, biologist of the Patuxent Wildlife
Research Center, was the coinvestigator d\iring the field work in

January, February, and March I962, as was Game Management Agent John
Waters in January and February I963 • The large amount of data on

populations and population dynamics gathered during this period would
not have been possible without their untiring efforts.



POPULATION ESTIMATES OF BREEDING ALBATROSSES

Knowledge of the populations and population trends of breeding
and nonbreeding albatrosses at Midway and throughout the North Pacific
Ocean is of paramount importance in relation to the aircraft hazard
as well as to insure adequate protection of the species.

Because nesting populations vary from year to year even in iindis-

turbed areas ^ populations in the more accessible areas such as Midway
and Kure are estimated every year or two . A large segment of the
albatross population is always at sea^ so it is never possible to make
a total count of the birds associated with any particular nesting
island.

Most of the present section deals with nesting or nonnesting
populations of birds in adult plumage at Midway dixring the nesting
season. Studies still being continued will provide better estimates
of the populations at sea.

Methods of estimating albatross populations

19^6- 37 - During the winter of 1956-57 the population of black-
footed albatrosses on Sand and Eastern Islands was ascertained by
Goimting the occupied nests. A scratch mark was made in the sand at
each nest as it was counted. Estimates of the Laysan albatross popu-
lation on Sand Island were made by counts in U8 study plots of a fifth
of an acre each, distributed at random throughout the island. Similar
estimates were made for Eastern Island from counts in 28 random plots;
counts also were obtained for specific areas on Eastern Island in
January and February 1957- In addition to making nest counts, the
investigators banded large samples of chicks of both species of alba-
trosses in specific areas of Eastern Island. By making subsequent
visits to these areas the mortality from time of egg laying to fledging
was determined

.

1959-60 . During March and April I960, coiints were made of Laysan
albatross chicks in the central triangular area of Eastern Island that
is bounded by the three former runways (see fig. l), and in the areas
northeast and northwest of the central triangle . By banding each chick
the possibility of counting any chick twice was eliminated. In the
central triangle a subsequent check was made to determine the mortality
rate of the chicks.

On Sand Island, Laysan chicks were counted and banded on the Fuel
Farm, at the site of Gooneyville Lodge, back of the B.O.Q. (Bachelor
Officers Quarters), and between the Station Hospital and the Administra-
tion Building. A count was made of chicks in the triangle between the
Sand Island runways, and rough estimates were made for the remainder of
the island. Because of the great variation in density of breeding birds
in various parts of the island, a large number of sample counts would



have been required to obtain a firm estimate of the nesting population.

Populations of black- footed albatrosses were counted in specific
areas on both Sand and Eastern Islands . Birds were banded in certain
of the areas. On all areas of Sand Island where counts were not made,
the niimber of birds was estimated by observation. On Eastern Island a

nest count was made in the areas that contained U5 percent of the black-
footed albatross nests in 1956-57- The population change shown by this
large sample was believed typical for the island as a whole

.

1960-61 . From December 24, I96O, through February 1, I96I, the
nesting population of Laysan and black-footed albatrosses was ascer-
tained by counting occupied nests on Sand Island, Midway, and on Green
Island, Kure . An estimate of the nesting population on Eastern Island,
Midway, was made by co\mtlng occupied nests in the more open areas where
this could be done acciirately, and by taking sample counts in the more
heavily overgrown areas.

On Sand Island, separate counts were made by small units within
each of the nine numbered areas (fire districts) of the island (fig. 2).
Area h, for instance, was divided into 67 distinct units, separated by
streets, driveways, structures, and other landmarks; dates of coverage
and population of each unit were recorded separately so that future
changes in the nesting population could be pinpointed.

In most areas the counts were made by Wilson and Robbins, each work-
ing separate areas. In the larger unbroken tracts, the two men worked
together. In the dunes of area 7 a S-man team, which included Ens.

Ralph Stockstad, made the count; the observers kept within calling dis-
tance, each working between specified landmarks. No attempt was made
to mark birds or nests as they were counted, except in the various
study areas, in certain sections of Eastern Island, and at Kure.

I96I-62 and 1962-63 • Estimates of breeding populations in these
years were based on the changes in populations of the various study areas.

The increase in nesting Laysans on Sand Island from I96O-6I to I96I-62
was based on a 3^ percent increase in the total number of nesting pairs
in four study areas. The change in nesting black-foots on Sand Island,
based on a 32 percent nest count, was insignificant (l percent decrease).

On Eastern Island there was a I9 percent increase in nesting Laysans
in I96I-62, based on three study areas comprising 9 percent of the
island's population. Black- foots on Eastern Island increased 5 percent,
based on a 5-percent nest count.

I96O-61 populations

Table 1 shows the number of occupied nests in each of the 9 numbered
areas of Sand Island and on Eastern Island, together with the dates when
each count was taken. It also shows the computed number of nests at the
beginning of the season, based on a 6 percent loss per month of Inciiba-

tion (adapted from Rice, 1959 )•
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Table 1. Albatross nests at Midway, I96O-61

Number of nests



Table 2 shows the number of "walkers" counted in each of the nine
fire zones of Sand Island in I96O-61, the percentage of walkers among
the population present at the time of the count, and the total popula-
tion of adult birds (active nests plus walkers) present on the island
at any one time

.

Table 2. Number of walkers on Sand Island, I96O-61

Laysan albatross Black-footed albatross

Areas



may have lost their mates from aircraft strikes ;, but this alone could
not account for the high percentage of walkers- -especially considering
that other areas adjacent to the runways have a much lower percentage
of walkers

.

Summary of Midway pop^ulations

The available estimates of nesting albatross populations at Midway
over the years are given in table 3 • The record prior to the visit of
the Tanager Expedition in 1923 is very sketchy. The absence of live
birds on July 11, l891j, suggests that few if any Laysans nested at Mid-
way that season, as only two-thirds of the young would have departed by
that date; black-footed albatrosses, on the other hand, would probably
have left Midway by that date, so absence of live birds does not mean
none nested there that season.

Albatross populations in the North Pacific Ocean

For the popixlation changes at Midway to be studied in proper per-
spective, they should be compared with the best available estimate of
the world population of the two Midway species of albatrosses . World
population estimates of breeding pairs in 1956-57 and 1957-58 hy Rice
and Kenyon (l962a) are given in table h.

Reference to table 3 will show that there has been a k6 percent de-
crease in the nesting population of Laysan albatrosses at Sand Island,
Midway, since December 1956 and that Midway, although still ranking high
as a breeding area, no longer has the importance as an albatross nesting
island that it did in 1956.

A better estimate of the large segment of 1- and 2-year-old birds
and of older unemployed birds will be available after two or three more
nesting seasons . By this time most of the siirvivors of banded popula-
tions from the 1956-57 and 1957-58 nesting seasons will have returned to
nest at Midway.
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Table k. Estimated world populations (breeding pairs) of
Laysan and black-footed albatrosses^ 1956-57 and
1957-58*



BIRD STRIKES

Frequency of bird strikes

A record of bird strikes at Midway has been kept from October 30^

1957 to date. In addition, from November 20, 1956, through May 3I, 1957,
dead birds picked up on the runways were counted. Many of these birds
were hit by trucks and other construction vehicles. In order to obtain an
estimate of the proportion of dead birds that were killed by planes, con-
trol tower personnel watched all daylight takeoffs and landings during the
period April 7 through May 31^ 1957- Of 100 albatrosses picked up from the
runways during this period 29 were birds reported from the tower as having
been hit by aircraft in a total of 25 takeoff or landing operations.

From October 30j> 1957:> through April 17, 1958? control tower personnel
watched all daylight operations through 7 "by 50 binoculars. For each
strike incident they reported the type of aircraft, the date and time of

day, wind direction, wind speed, runway used, position on the runway
where the strike occurred, whether the plane was taking off or landing,
the number and species (if knoim) of birds struck, the damage reported,
the repairs required, and the part of the aircraft that was struck. Except
for a few short lapses these reports have been continued since that time.

Summaries of bird strikes or birds killed on the runways, and of
landings and takeoffs for I956-57 and the first 3 l/2 months of I958
were published in previous Special Scientific Reports (Kenyon et al.,

19585 Rice, 1959)- Table 5 gives a summary of the strike rate (strikes
per 1,000 operations) from November 1957 through September I96U. The
number of operations (takeoffs and landings) rose from kk"^ in January
1958 to 1,250 in August 1958. From that time to the present the number
of operations per month has averaged close to 1,060; only once has it

been below 825 and only three times has it been above 1,350- Thus, the
number of strikes per 1,000 operations in table 5 closely approximates
the actual number of strikes that occurred each month. The November-July
Index is the sum of the albatross strikes per month for the 9-nionth

albatross nesting season.

The number of strikes reported relates to the number of birds in-

volved, rather than to the number of aircraft operations that encountered
strikes. Thus, an aircraft that hit four albatrosses counts as four

strikes. The Navy records show this as only one strike, but it seems

more realistic to measLure the hazard in terms of albatrosses struck rather
than strike incidents. Since some of the older records that are no longer

available for examination showed only the number of strike incidents in-

stead of total albatrosses, the strike rate for 1958-59 "was actually
higher than shown in table 5-

In table 5? unidentified birds are included with the albatrosses and

only birds known to be species other than albatrosses are excluded. Since

most of the August, September and October strikes are by species other

than albatrosses, these three months are excluded from the Index values.

12



Table 5- Albatross strikes per 1^000 operations at Midway



the Naval Station for station and barrier aircraft combined. For ex-
ample^ during the first 10 months of I960 the Naval Station reported I78
strikes while the Barrier Squadron had 226 involving only their own
planes. The data for table 5 were compiled by comparing records from
both sources. Starting in November I96O the records are believed to
be reasonably complete. During 28 recent months for which strike re-
ports are available both from the Naval Station and the Barrier Squadron,
the Barrier Squadron reported 6U5 strikes and the Station summary in-

cluding the Barrier figures was 932 strikes. This indicates that on the
average TO percent of the strikes involved Barrier aircraft and the other

30 percent involved Station aircraft.

Time of day of bird strikes

About 91 percent of the albatross strikes occur between sunrise
and sunset. Albatrosses do very little flying at Midway at night,
although roosting birds in the vicinity of the runways readily take
flight if disturbed at night. Monthly strike reports currently specify
the nximber of aircraft operations during the daytime and the number at

night; but since similar information is not available for the entire
period of the study the figures given in table 5 s-xe not separated into
daytime and nighttime operations. During calendar year I962, 63-^
percent of the aircraft operations were by day. During this year ^38
bird strikes were reported and the time of day was known for ^4-28 of

these. Although the reports do not specify which strikes were classified
as occurring by day and which by night, very few strikes occurred close

to sunrise or sunset. Forty-nine of the strikes or 11. U percent of
the total (including all species of birds) are considered as having
occurred at night. The night strikes involve a lower percentage of

albatrosses and a higher incidence of petrels and terns. If only alba-
tross strikes are considered, approximately 9-6 percent occurred at

night and 90-^ percent by day. For the year as a whole about 1 percent
of all nighttime operations and 5 percent of daytime operations were
involved in albatross strikes.

Kenyon et al. (1958) stated that in 195^-57 all reported albatross
strikes occurred by day; but diiring that period 97 percent of all air-
craft arrivals and departures took place during daylight hours.

Damage to aircraft

Table 6 shows a summary of aircraft operations and of bird strikes

during calendar year I962. It will be noted that during this period h

percent of all takeoffs or landings involved bird strikes and that I8.8
percent of the strikes that occurred dioring takeoff were of serious

enough nature to cause the aircraft to abort or return.

Although there has been no fatal accident res\ilting from a bird
strike, there are four incidents known to us where loss of an aircraft
almost occLirred. In two of these cases the upper radome was weakened
by an albatross strike on takeoff and was lost in flight before the air-

ll^



craft returned to Midway. Had the departing radome hit vital portions

of the tail assembly it would have been impossible for the aircraft to

retiorn safely. A bird strike on the nose radome of another aircraft
covered the windshield with bird remains just after the aircraft had
accelerated through refusal speed and nearly resulted in a fatal acci-
dent; in order to save the aircraft and crew, the aircraft commander
gave the engines maximum throttle, jettisoned most of his fuel and
returned safely. This one incident required replacement of all four
aircraft engines as well as the nose radome (a cost of $3^^110-00).

Another near accident occiirred when an albatross severed a hydrau-
lic line on landing; by reversing pitch of the propellers and applying
maximiom power, the pilot succeeded in stopping the aircraft at the very
end of the runway.

Although the high cost of repairs at Midway is of minor concern
compared with the danger to human lives, it is appropriate to point out

that the reported cost of repairs to Barrier aircraft alone ran as high
as $lif-8,000.00 in calendar year 1959-

Table 6. Aircraft operations and bird strikes at Midway, I962



SUMMARY OF EXPERIMENTAL CONTROL METHODS TESTED ON ALBATROSSES
AT MIDWAY

This siimmary includes the principal methods that have been tried at

Midway by Bureau of Sport Fisheries and Wildlife personnel and other in-

vestigators . Some of these studies have been described in more detail

elsewhere (DuMont and Neff, 1955; Kenyon et al., 1958; Rice, 1959;Frings

and Frings^ 1959)- Except where otherwise specified, the methods were

tested by Bureau of Sport Fisheries and Wildlife personnel.

1. Disturbance :

a. Frequent chasing, capturing, and handling of adults:

Nesting birds became more alert, snapped more often at people;

a very few individuals deserted their nests . Non-nesting birds

soon became wary and attempted to avoid capture

.

b. Walking toward birds while holding 3-foot squares of colored cloth

or cardboard:
Hubert Frings reported success, especially with red, when tried

on a small scale . His belief that 20 to 30 men in 2 weeks

(November 5-20 ) could have freed areas 7, 8, and 9 of nesting

birds is not substantiated by the rapid repopulation that fol-

lowed destruction of adults and nests (8b).

2. Gunfire : Rifles, pistols, bazookas, mortars:

Some birds registered discomfort, but no appreciable number

deserted or changed their nest sites in subsequent years.

3

.

Other sounds :

a. Albatross distress calls:

Distress calls given during fights between albatrosses seem to be

regarded as a "personal" matter and do not alarm other albatrosses

nesting nearby. I have held an adult bird by the wingtip and

swung it around in a circle to make it scream; nesting birds a

few feet away did not even look to see what was causing the commo-

tion. Non-nesting birds, on the other hand, generally do notice

disturbance . Many non-nesting birds give the distress call at

least briefly when they are caught; other non-nesters nearby

react by walking away. Excessive disturbance, such as chasing

and catching hard-to-catch birds causes non-nesters to run or fly

away

.

b. Carbide exploders:
10 automatic carbide exploders were used at intervals of 135 feet

along the edge of runway 15-33 j
pointed toward the runway (down-

wind), in the area where flying birds were most numerous. There

was no decrease in number of flying birds either immediately or

after k days of operation.

16



c. Ultrasonic siren:

An ultrasonic siren with a peak output of 100 decibels of white
soirnd at about 20 kc . was tested on nesting birds and flying

birds . There was no decrease in number of birds flying over, or

in number of birds on the ground.

d. Jet engine sounds:

Amplified playback of a tape recording had no measurable effect
on number of birds flying over. A jet start miit operated in

the middle of runway 15-33 also had no measurable effect (as

judged by series of photographs taken before, during, and after
operation). In both cases the output in decibels was low as

compared with takeoff of a jet aircraft; no equipment was avail-
able to measure the output.

e . Signal generator

:

An amplifier with a rated potential of 35 decibels was used to

test the effect on Laysan albatrosses of tones from 20 to 20,000
cycles. Awareness seemed most pronounced between 900 and 1,000
cycles; no response was noted above 3^000 cycles. No birds were
repelled.

f . High intensity sounds

:

Hubert Frings stated that for flying birds, "almost any sound, if

the intensity was increased to above about 120 db . at 1 meter
from the speaker, became repellent at distances up to 100 feet

. . . with recordings of the sound of airplane engines, the

effects seemed much more intense and occurred at lower intensity

levels
.

" In the winter of I962-63 Frings studied the effects of

playing intermittent sounds at high intensity.

k. Radar :

A radar beam from a mobile unit had no visible effect on flying
birds. High intensity radar from the Navy's radar patrol air-

craft (WV2) was beamed on nesting albatrosses at distances as

close as 100 feet with no observed effect.

5. Smoke: Daylight flares, burning rubber tires:

No effect.

6. Odors: Naphthalene and paradichlorobenzene:
No effect.

7. Nest destruction :

a. Breaking eggs:

When eggs were broken early in the incubation period (95 nests),

adults remained in the general vicinity for several months; if

broken late in the incubation period (70 nests), the adults re-

mained for several weeks

.
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b. Poisoning eggs (80 nests):
Adults continued to incubate several weeks beyond normal incuba-
tion period^ then left the vicinity.

c. Killing small chicks (63 nests):
The majority of adults left the area within 2 weeks.

8. Destruction of adults :

a. Killing 1 member of each pair during incubation (67 nests):
Mate generally took its next turn at incubation, then deserted
and left the area.

b. Destruction of all nests, eggs, and adults present on one day early
in incubation (67 birds and 3^ nests destroyed on Dec, 2):

In 2 weeks, the number of birds present was three -fourths of che
original niomber and the number of nests half of the original
number.

c. Destruction of all nests, eggs, and adults half way through incu-
bation (kO birds, 15 nests):

In 2 weeks, the number of birds present was the same as before
the kill, but no more eggs were laid.

d. Large-scale destruction (4,788 adults along sides of runways, Apr.-
May 1957):

Immediate increase in birds over the runways (96 per hour before
kill, 2h6 per hour the day after the first kill of 1^495 adult
birds).

e. Large-scale destruction (30,04l adults along sides of runways,
Jan. -Mar. I958):

Wo decrease in soaring birds or in strike rate this season, but
the decrease the following two seasons probably was in part a
result of the reduction in number of nesting birds

.

9. Moving of birds or nests :

a. Adults:
Of 18 nesting birds flown to Japan, Philippines, Guan, Kwajalein,
Barbers Point, and Washington State, ik retiorned to their nests
on Midway the same season.

b. Nests with eggs:
Several moves of less than 5 feet have been successful. One bird
that attempted to nest on the chapel lawn accepted a move of
about 50 feet, but only after days of patient coaxing by the
chaplain

.
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c. Young chicks:

Normally adults will not accept nests (with chicks) that are

moved more than 6 feet. Chicks that have wandered from the nest

or have been moved will not he recognized and fed unless they

return to the immediate vicinity of the former nest site. In

two cases where adults were repeatedOy put on nests that had been

moved 6 feet, and appeared to have accepted the move for nearly 2

days, the chicks subsequently were deserted and died.

d. Full-grown chicks:

Dr. Harvey I. Fisher, transported 991 chicks from Sand Island to

Eastern Island in I961, 111 from Sand Island to Kure in I961, and

1,697 from Sand Island to Lisianski in I962. By the winter of

196^-65 a few of the I961 birds which survive should return briefly

to either the hatching island or the place to which they were trans-

ported, but no appreciable number are expected to nest until the

winter of 1967-68.

10. Obstacles :

Hiibert Frings found that birds would not fly under a strip of red

cloth, 10 by 3 ft., suspended from the tops of two 20-foot poles,

20 feet apart.

11. Habitat management :

a. S\a-faces not used for nesting:

Albatrosses do not nest on hard surfaces such as concrete, asphalt,

or hard-packed coral. They do not nest on ground covered with

poiiltry wire. Very few nest in low areas (along the runways) that

are subject to flooding.

b. Grid of elevated wires:

Frings set up a grid of electrically charged wires 10 feet apart

and 6 inches off the ground. In a plot ^0 by kO ft. no birds

nested; neither did they nest in a similar plot with uncharged

wires

.

c. Leveling of terrain and hard- surfacing:

This topic is discussed in detail in the next section.
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TERRAIN MODIFICATION ON SAND ISLAND, MIDWAY

This section reviews past albatross control experiments and habitat
modification. It summarizes the reasons why additional terrain modifi-
cation was reconmended and conducted. It describes methods used in
determining effects of terrain modification, and discusses the changes
in albatross distribution and abundance over the runways following
completion of the 1959-60 and I962 leveling and black-topping programs.
It also points out the effects of specific weather conditions on alba-
tross soaring, and discusses recommendations for additional habitat
management

.

Summary of habitat management and albatross control, 1956-1958

Studies of color-marked birds made in the winter of 1956-57 (Kenyon
and others, 1958) showed that two-thirds of the albatrosses flying over
the runways came from within "50 feet of the runways

.

In order to test the effect of removing birds from within 750 feet
of the runways, a large-scale control experiment was undertaken in the

triangular area (area 8) of 29 acres situated between rimways 6-2^,

15-33:, and former runway 3-21. About 85 percent of this area lies within

750 feet of the centerline of one or both of the runways . The number of

albatrosses using this triangle in January and February 1957 was estimated
at 8,727 (6,216 adults and 2,511 chicks). During 12 days from April 22

through May 23;, 1957;, 6,266 albatrosses were killed there. They included
100 adult black- footed albatrosses, k,6QQ adult Laysan albatrosses, 1;,371

young (mostly Laysans), and IO7 albatrosses of unspecified species and
age. Thus about 77 percent of the adults using the area were killed.
Nearly half the chicks in the area had been killed earlier by construction
operations, so the kill of young during the control operation was rela-
tively small.

The Navy conducted an expanded killing program in the following
season (1957-58) under the observation of Bureau biologists. This program
included not only the triangle (area 8) of the 1956-57 experiment but also
all other areas adjacent to the western half of runway 6-2^1 (west of Its

intersection with runway 15-33) within 750 feet of its centerline. This
killing program was conducted on 5 days or nights a week for 72" weeks,
from January 15 to March "J, 1958. The number of adult albatrosses de-

stroyed in the triangle area was 277 black-foots and 3;l60 Laysans. In

the new kill areas within 75O feet of runway 6-2k, 26,6ok adult Laysans

were destroyed. No chicks were permitted to hatch in any of these areas
in 1958.

As Rice (1959) pointed out, there was little reduction of birds
over the runways during the seasons that albatrosses were being eliminated.

From studies of their life history it is known that albatrosses are

attracted to, not repelled by, an area of suitable nesting habitat from
which other albatrosses have been removed; thus additional birds keep
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arriving during the nesting season and not even a temporary absence
of birds can be expected as a result of an intensive killing program.

Studies conducted by Kenyon and others and by Rice (Kenyon et al.^

1958^ PP- ^0-ii5j Rice, 1959. PP- 24 and 33-39) showed that albatross
distribution over the runways is extremely variable, depending upon
wind conditions, and that there is a strong tendency toward an increase
in soaring in the vicinity of dunes and vegetation under certain wind
conditions

.

Consequently, the Bureau of Sport Fisheries and Wildlife recom-
mended that changes be made in the terrain adjacent to the runways. In

order to reduce rising air currents along the runways they suggested
removing trees and leveling dunes; and in order to eliminate nesting
sites within 750 feet of the centerline of the runways they recommended
that the shoulders to that extent be hardsurfaced

.

Most of the triangle (area 8) had been flattened and nearly all
trees had been removed in 1957- The area adjoining the north side of

the east half of runway 6-2U was already level, but much of it was
covered with ironwood trees ( Casuarina eqioisetifolia ) . These trees
subsequently were removed; thus the only tall vegetation remaining
within 750 feet of the center of runway 6-24 was on the south side of

the west half of the runway (the area south of the eastern half was
already level and bare).

Land leveling along runway 6-2h in 1959-60

In accordance with recommendations by the Bureau of Sport Fisheries
and Wildlife, plans were made to remove vegetation and to level the dunes

on the south side of the western half of runway 6-2k within 750 feet of

the centerline and so reduce the upward deflection of wind currents con-

ducive to soaring of albatarosses. In addition to leveling, it was decided
to cover the area with a sealing material. This decision was made (l)

to prevent the denuded sand from blowing onto the runway, (2) to render
the area imsuitable for nesting albatrosses, (3) to hamper regrowth of

vegetation, and (k) to serve as rainwater catchment for use of the
Naval Station.

Construction was begun by a Seabee crew under the direction of
C.W.O-. Munson on November 26, 1959^ ^'^^ was completed on March I7, I960.

Albatross counts over the runways, I96O

Series of 10-minute coimts of albatrosses flying over the runways
were made by Robbins and Wilson from March 20 through April 10, I960.

The counts were made from locations where similar counts had been made
in the springs of 1957 and I958 (Kenyon et al., 1958, pp. 40-44; Rice,

1958, pp. 33-39)' The locations of the counting positions are shown in

figure 3- No coimts were made at position 7 after 1957 because, after
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dimes in the central triangle were leveled, conditions at position 7
were similar to those at position 6.

Figure 3« Positions from which soaring albatrosses were counted on
Sand Island, Midway, are numbered from 1 to "J, some with
east and west or north and south positions . Runway niimbers

are shown on the runways

.

Counts in 1957 and 1958 were made by a single observer, who counted

at each position successively. In I960, there were two observers, and

counts were made simultaneously from two positions. At positions 1, 3^

and h, observers stood on opposite sides of the runway, 175 feet from
the centerline, and made simultaneous counts. Positions 2 and 6 were
covered simultaneously, as were positions 5W and 5E. Observers shifted
positions from day to day in order to eliminate bias in counting at the
various locations. In I960, the presence of an observer on each side
of the runway made it possible to obtain a much more accurate count than
could otherwise have been achieved. The observers developed a series of

hand signals to tell each other which borderline birds were inside and
which were outside the counting area.

In order to study the effect of wind conditions on the distribution
of birds over the rmiways, only those birds were counted that flew
through a vertical triangle whose base extended 350 feet (to the opposite
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side of the runway) and whose angle of elevation from the observer was
10°. Thus each observer was counting primarily those birds that were
flying over the opposite side of the runway. In this way the relation
between bird concentrations and local topography could be studied
\jnder various wind directions and wind speeds.

In 1957 and 195^ "the observers counted only those birds that were
within an angle of 7 l/2° from the ground. At some locations this angle
was estimated by sighting in line with a tall tree; at other locations,
such as at 5E, no vegetation was present and the angle was simply judged
by the observer. In I96O, angles were judged by sighting over a millimeter
rule (held at arm's length) marked with distances equivalent to angles of
elevation of 7 l/2° and 10°. l/ In I96O an additional record was kept of
all albatrosses flying between observers, regardless of the angle of
elevation.

Comparison of albatross counts of 19^8 and I96O

Counts during the period March 20 through April 10, I96O, were com-
pared with those made at corresponding positions during the period March
1 through May 2, 1958? before terrain modification. Observations at
positions 1, 2, 3? and h were grouped according to "favorable" and "un-
favorable" wind directions as defined by Kenyon and others (1958)-
Although terrain modification has since reduced the differences that
occur between winds from directions "favorable" for soaring and winds
from opposite or "unfavorable" directions, data were analysed separately
to emphasize effects of terrain modification. The mean number of birds
recorded per hour at each counting position is shown in table 7^ to-
gether with the percentage change from 1958 to I960. The same informa-
tion, as well as comparable data for 1957j, is shown in figure h. The
decrease in 1960 at counting positions h and 3? adjacent to the recently
leveled and black-topped strip along the principal operational runway,
is most striking. The average decrease in birds flying over runway 6-2^4-

at these positions was 75 percent. At the other location where bird
concentrations have been high (position 1 on runway 15-33)? the average
decrease was 28 percent. At positions 2 and 6 along rimway 15-33 and
positions 5W and 5E along riinway G-2h increases occurred. Although the

1/ The standard angle used in I96O was 10°, but enough observations were
made simultaneously of the number of birds between 0° and 7 l/2° and
between 7 l/2° and 10° to provide a correction factor. In a subsequent
conversation with Rice it was learned that the base line of his count-
ing area extended about 25 feet beyond the far edge of the runway at
positions IW and 5E, and 50 feet beyond it at positions 2, 3, k, 5W,
and 6, depending in part on proximity of reference trees to the runway.
The resulting conversion factors correcting for a decrease in angle of
elevation and an increase in base line were O.858 for converting 196O
observations to 195T and 1958 equivalents at stations 1 and 5E, and
0.976 at all other locations.
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Hourly variation in coimts

Hoiirly variation in counts was studied for positions IW and IE,

where the large niiniber of birds near the height of land along runway

15-33 gave the best opportiinity to detect differences . Data for the

two years differed: average afternoon counts were about 20 percent
higher than average morning counts in I96O, but average morning counts
were higher in 1958- Further study of the I96O data showed that the
morning and afternoon differences were related to differences in wind
speeds . There was a trend toward higher numbers of birds at high wind
speeds and lower numbers of birds at lower wind speeds. For example,

when winds were from the southeasterly qtiadrant, the four lowest
counts at position JH were obtained when the wind speed was 10 knots

or less, and two of the three highest counts were obtained when the

wind speed exceeded 20 knots

.

Comparison of counts on sunny days and on overcast days

Coimts on sunny days were compared with counts on overcast days to
determine whether they were affected by the presence of thermals . Paired
observations (equal time periods on sunny and on overcast days) on some
800 birds showed no differences greater than 20 percent . At some

positions the average counts were a little higher on sunny days; at

other positions along the same runway the highest average counts were
on overcast days. These conclusions were drawn from analyses of counts

from all positions. Positions IW, IE, 2, and 6 were considered sepa-

rately; positions along the north side of runway 6-2k were grouped
because of the small sample, as were positions along the south side of

the same runway. Comparisons were limited to days when winds were from
the southeasterly quadrant. Observations were restricted further to
Include only those days when winds were light (6 to 12 knots), the best
conditions for detecting effects of thermals.

Effects of wind direction on counts

The effects of wind direction on numbers of soaring albatrosses
were studied by comparing counts made when winds were from different
compass directions . Counts for each of the 16 directions were plotted
separately for 1957j» 1958j> and I960. Frequency of winds from the

different directions was similar in the different years . The principal
difference was that in 1958 winds were preponderantly from the southeast
and south- southeast, whereas in I96O winds were preponderantly from the

south. Winds from between south- southwest and north- northeast were in-

frequent in all three years, but especially so in I960. Other wind
directions were just about equally represented in 1958 and I96O.

Percentages of albatrosses soaring under different wind conditions

are shown in figures 5 and 6. Data for the figures were obtained by
computing the mean numbers of birds counted when winds were from each

compass direction, then converting these figures to percentages. Solid
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Figure 5. Relative abundance of soaring albatrosses in relation to

wind direction. Percentages are based on mean numbers of

birds counted. Solid bars represent averages based on 3

or more days and outlined bars 1 or 2 days each (from 1960
counts at position IW, runway 15-33).
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Figure £> . Relative abundance of soaring albatrosses in relation to wind
direction (1960. Positions 3 and 4, Runway 6-24). See Figure
5 for explanation.
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bars in the figures represent averages from 3 or more days; outlined
bars represent one or two observations each. The figures show that the
highest concentrations of birds along runway 15-33 occurred when winds
were from the east to southeast ;, whereas the highest concentrations
along runway 6-2k occurred when winds were from north to northeast.
Effects of winds from north to northwest could not be appraised becaiise

there were too few days with winds from the north, and no day of sus-

tained winds from between north and west

.

The different effects of wind direction on the two rimways s\:iggest

that it may be advantageous to operate all aircraft flights from runway
6-2^4- when winds are from the southeast or south-southeast and are light
enough to make this feasible . Flights of light aircraft might well be
diverted from runway 6-24 to runway 15-33 when winds are from north to
northeast. Further data are needed before these suggestions can be
established as positive recommendations

.

The effect of the angle of incidence of the wind on the n\M)er of

flying albatrosses is shown in figure "J. The figure shows relative
frequency of albatrosses at position 1 on runway 15-33 and at positions

3 and k on runway 6-2k. Data were grouped according to the angle of

incidence of the wind to the runway, irrespective of the quarter from
which the wind was blowing. There were 3^37^ sightings at position 1.

The highest average number of birds per 10-minute period (29 percent)
occurred when the wind was blowing at an angle of ^5° "to the runway.
Lower numbers were observed on days when the wind was blowing from an
angle of 22° or 67°. The lowest n\imbers (l3 percent each) were observed
when the wind was blowing parallel to the runway, and when the wind was
blowing at right angles to the runway.

There were 276 sightings at position 3 and 512 sightings at position
k on runway 6-2k. Results closely resemble those for position 1 on run-

way 15-33-

The preponderance of birds coionted when the wind was at a U5 angle
to the runway would not be expected if birds were moving at random. With
random movements and counts made by sighting directly across (at right
angles to) the runway, the number of birds counted in a 10-minute period
would be expected to be least when birds were moving at right angles to
the runway and greatest when birds were flying directly down the runway.

Also, with random movements, the highest counts would be expected when
winds were blowing parallel to the runway, and progressively lower
coiants would be expected as the angle approached 90°- Results also
would differ from those found if the birds were depending primarily upon

thermals . For then the greatest soaring would take place on days when
the wind was blowing directly down the runway so that the air warmed by
the runway would be drifted along it rather than blown off to the side.
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Angle of Incidence of Wind to Runway.

Figure 7. Relative numbers of soaring albatrosses in relation to angle
of incidence of the wind to the runways. See figure 3 for
location of counting positions 1, 3, and 4.
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Distribution of birds over and adjacent to runway 6-2k

The numbers of birds over the runway, over the adjacent black-topped
area, and over the adjoining dunes were compared by a series of photo-
graphs . The principal pixrpose of the comparison was to appraise the
effects of leveling and black- topping the area along the south side of
the principal operational runway, 6-2k. Casual observations had shown
that flying birds were concentrated at all daylight hours over the
narrow strip of dunes between the black-topped area and the south shore
of Sand Island. In the early morning and again in the evening, nearly
all the birds soaring over the dunes were Laysan albatrosses . In the
middle of the day, the number of albatrosses was comparatively low and
the number of red-tailed tropicbirds (bosun birds) exceeded the number
of albatrosses

.

Photographs were made at hourly intervals throughout the day of
April 1, i960. Each series of photographs was started 10 minutes before
the hour so as to be centered around the time weather observations were
made. Weather conditions that day were typical of those prevalent at
that time of the year at Sand Island. Winds were from the northeast at
6 to 8 knots, except that the I3OO hour reading showed winds from the
east-northeast instead of the northeast, the 160O reading showed a speed
of 10 knots, and the I8OO reading showed k knots. Temperatures ranged
from 63° to 67°- Skies were partly overcast at times, but there were
periods of full sunlight

.

All photographs were taken with a I6 mm. movie camera with a 4- inch
f.4.5 cine telephoto lens. Each hourly series of photographs consisted
of five instantaneous exposiires made at ^-minute intervals from each of
three locations: (l) west end of runway 6-2k, with the camera pointed
directly along the center line of the runway; (2) west end of the re-
cently black-topped area, with the camera pointed lengthwise through the
center of this area and parallel to the runway; and (3) near the south
extremity of the west end of the black-topped area, with the camera
pointed along the line of dunes that separates the black-topped area
from the beach.

The film was examined with a microfilm reader that magnified 2k
times. Counts were made of the niomber of albatross images that measiured
2 mm. or more on the screen. Figure 8 shows the combined counts of alba-
trosses for each series of five exposures from each of the three camera
positions. The mean number of birds within the view of the camera at
any one time thus was one-fifth of the value shown in the figure. The
mean number of albatrosses over the runway was 0.95- The mean number
over the adjacent black-topped area was I.80, and the mean nimiber over
the dunes was 5 -SI- There was considerable variation from hour to hour
for all areas, but especially for the dune area. The number of birds
over the black-topped area, nevertheless, was always lower than the
number over the dunes . The number over the runway itself was always
lower than or equal to the number over the black-topped area.
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The difference in numbers over the rtinway from those over the dunes
was quite striking. The field of vision was the same for each, but the
dunes concealed some of the birds so that the differences were even
greater than shown in the photographs

.

In all areas, there was a peak of activity in the early morning
hours. There was another brief peak in the evening, when large numbers
of birds apparently returned from the sea to spend the night on t he
island. There was no evidence of increased numbers during the warmest
period, when thermals would have been most prevalent.

Bird strikes in relation to wind direction

Wind conditions at the Midway control tower are recorded at the time
of each bird strike. This makes it possible to compare the number of
bird strikes when the wind is from any given compass direction with the
number that would be expected if strike frequency were proportional to
wind frequency from each compass direction. Wind direction frequencies
for the months of March, April, and May, I960, were compiled from the
hourly observations recorded from 6 a.m. to 8 p.m. at the Midway control
tower; these observations were made available by the National Weather
Records Center, Asheville, N. C. All except 5 of the strikes reported
dioring these 3 months occurred between 5:30 a.m. and 8:30 p.m.

By dividing the compass into four quadrants and comparing strike
freqiiencies and wind frequencies from each quadrant it was found that 36
percent of the 77 strikes (omitting 3 strikes that occurred when the wind
was calm) occi:u:-red when winds were from the north to east-northeast (25
percent of the time); 31 percent of the strikes occurred when winds were
from east to south- southeast (^9 percent of the time); 21 percent occurred
when winds were from south to west- southwest (21 percent of the time) and
12 percent occtirred when winds were from west to north-northwest (5 per-
cent of the time). These data show a higher proportion of strikes when
winds are from a northeast or northwest quadrant, and fewer strikes
when winds are from the southeast

.

The statistical significance of these data was tested by comparing
the number of strikes when the wind was from each of the four quadrants
with the number that would be expected from the niimber of days the wind
blew from each quadrant (if strikes occurred with eqiial frequency re-
gardless of wind direction). The differences between the expected and
observed strike frequencies were found to be highly significant (chi^ =

15.67, df. = 3j> p.-<::.005). A similar chi-square test was made for only
the daytime strikes . Another was made by lumping all three months to-
gether instead of treating them separately as was done in the first test.
In each case the probability that the difference between the observed
and expected strikes was due to chance was less than one-half of 1 per-
cent showing that the strike rate is higher under some wind directions
than others .
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Leveling and paving of Sand Island triangle

The triangular area between the Sand Island aircraft rimways has
long been considered a source of potential danger in that it represents
a considerable area of good albatross nesting habitat in close proximity
to both runways. Kenyon et al. (1958) determined that about two-thirds
of the birds over the runways came from within 750 feet of the runways

.

Consequently^ this was the area selected for the large-scale elimination
program in the spring of 1957'

On the basis of counts made on January 11^ 1957^ and February 2^,

1957^ it was estimated that a breeding population of 5j,20U Laysan alba-
trosses and 12if black-footed albatrosses occupied the triangle that
winter, and that the number of iinemployed birds using the area totaled
867 Laysans and 21 black- foots. During the killing program in the

spring of 1957^ ^,788 adult albatrosses (both species combined), 1,371
chicks, and IO7 birds of unspecified age were removed (Kenyon et al.,

1958).

In the spring of 1958, ^,739 additional adult albatrosses were re-

moved (Rice, 1959)' We have no report on the 1959 population of the

triangle; but in the spring of I96O, I96 chicks were counted in this
area (Bobbins, I960). In the following season (January I961), the nest-
ing population of the triangle more than doubled and then included U22
pairs of Laysans and 13^ pairs of black-foots . In January I962 there
were 9^0 nesting pairs of Laysans and I86 of black-foots . It was
strongly recommended that the habitat in the triangle be made less favor-

able, as otherwise the nesting population would be expected to contln\ie

its rapid increase . It was recommended that the area be leveled and
hard-siirfaced during the siimmer months when no albatrosses were present.
In order to study the future behavior of albatrosses made homeless by
the construction, nearly all of the adult Laysan and black-footed
albatrosses that were nesting on the triangle in the I96I-62 season
were captured and banded.

The triangle was leveled and paved in the summer of I962 while the
albatrosses were at sea.

When the birds returned in late October and November many of them
remained for weeks on the treated area. A few laid eggs, but the birds
were unable to build nests on the hard pavement and the eggs soon were
deserted. An unknown number of birds (probably at least 100 ) became
mired in the sticky seal coat and had to be killed. A few, apparently
fewer than 3 percent, moved across the runways to the nearest available
nesting area and nested successfully. These dispossessed Laysan alba-

trosses that did select new nesting areas were clustered along the edge
of the pavement, some ^00 feet from the triangle. A search in more
distant areas failed to reveal any displaced Laysans nesting more than
kO feet away from the closest available nesting sites along the very
edge of the pavement. Black- footed albatrosses appeared to be slightly
more adaptable as the proportion of nesting birds was higher (about 10

percent ) and they were not concentrated quite as close to the nearest
available nesting sites.
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Additional terrain modification proposed

As early as January 1958 (Kenyon et al., 1958) it was recommended
that "the entire area within 750 feet from the center and on each side

of rixnway 6-2k, which is now the main duty runway, be flattened as soon
as possible." It was fiorther recommended that if this leveling proved
successful in providing relief from the albatross hazard, the same
procedure be extended to runway 15-33

•

As pointed out earlier in this section, the initial leveling of the

area south of the west half of runway 6-2k reduced the strike rate con-

siderably. Strikes then gradually increased as the albatross population
increased in the triangle on the north side of this runway.

An unusually high rate of bird strikes during the first four months
of 1962 prompted the Navy to sponsor a task force to study the problem
and arrive at an acceptable solution on the basis that Midway Naval Sta-

tion is an essential defense installation and must be continued. The

task force consisted of: Dr. Ira N. Gabrielson, President, Wildlife
Management Institute; Dr. S. R. Galler, Chief, Biology Branch, Office of

Naval Research; Daniel H. Janzen, Director, Biireau of Sport Fisheries and
Wildlife; John R. Woodworth, Chief, Wildlife Branch, Hawaii Department
of Agriculture and Conservation; and Cdr. Charles F. Zirzow, Director of

Natural Reso\:irces Management, Department of the Navy.

This task force reviewed past reports and made a trip to Midway in

July 1962 to become thoroughly familiar with all aspects of the problem.
They approved the recommendations then offered by the Birreau of Sport

Fisheries and Wildlife for control measures based on research findings
over the years . They also concurred in other recommendations designed
to safeguard populations of sea birds in the Leeward Hawaiian Chain
(pp. 60-61).

Recommendations

1. Leveling and hard- surfacing of shoulders of runways . Because studies
have shown that the origin of two-thirds of the birds involved in the
hazard is within 750 feet of the centerline and because leveling and
hard- surfacing portions of the shoulders of runway 6-2h has been effec-
tive in reducing strikes and preventing nesting in treated areas, it is

recommended that the remainder of the shoulders of both runways be
leveled and hard-topped to a distance of 750 feet from the centerline.

This construction will serve the two-fold purpose of eliminating albatross
nesting habitat adjacent to the runways and reducing the up-drafts which
albatrosses use for lifting power. Studies by biologists of the Bureau
of Sport Fisheries and Wildlife have definitely proven that albatrosses
soar far more frequently over rough topography as now found along the
runways than over level terrain, and that the majority of the albatrosses
struck by airplanes came from the area to be hard- surfaced.
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2. Removal of albatrosses from areas to be hard- surfaced . (l) Past
experience has shown that dispossessed birds do not readily adjust to
loss of nesting grounds and actually increase the hazard to aircraft,

(2) the bird-strike problem at Midway is so serious that an Increase
in strike rate cannot be risked, and (3) full protection should be
given to those birds that are relatively infrequently involved in
strikes. The Biireau recommends that nesting and non-nesting albatrosses
in the area to be treated be selectively and hijmanely killed. The timing
of these operations during the last half of January and the first half
of February, immediately prior to the construction work, is most im-

portant in order to remove as many as possible of the birds that would
become an increased hazard and at the same time protect all other birds

.

Implementation of recommendations 1 and 2 .

To assist the Navy in planning the final steps of the recommended
control program, Robbins joined Lt . C. C. Hoffner, Jr., of the Givil
Engineer Corp, U. S. Navy, in making a study at Midway during the period
July 25- -August 13, 1962. Purposes of this trip were (a) to define pre-

cisely the boundaries of the areas to be leveled and hard-sixrfaced within
the 750 ft. limit; (b) to estimate, on the basis of the specific areas
involved and prior nesting populations in these areas, the number of

aduit birds that would have to be eliminated; (c) to determine the most
humane and least obnoxious means of elimination; (d) to determine what
manpower and equipment would be necessary to accomplish removal; and
(e) to determine the time schedule for elimination.

a. Definition of boundaries of the critical areas . Adherence to

the 750-foot distance from the centerline of each runway was recommended
except where this line penetrated barrier dunes that should be preserved
in the interest of preventing wind erosion. Small areas of grass in the

immediate vicinity of the air terminal also should be retained to main-

tain the good appearance of the station. Minor deviations from the

750-foot line were permitted to avoid underground structures. We recom-

mended that the nesting colonies of black-footed albatrosses along the
beach remain undistiirbed because (l) these birds reach their nesting
sites without crossing the r-unways, and (2) nearly all of the breeding
birds in these colonies are banded and none has yet been reported in an

aircraft strike

.

b . Estimate of the n\jnber of adult birds that will have to be
eliminated"! Although we dislike suggesting that healthy birds be killed,

we realize that we are dealing with a critical situation; several air-

craft have nearly met with disaster, and public opinion in the event of

loss of human life may result in strong pressure to eliminate all birds
from Midway Atoll. It is our considered opinion, therefore, that if the
Navy allocates funds for land management along one or both of the Sand
Island runways, carefully controlled removal of birds that are using the
specific areas to be treated should be conducted immediately before
treatment of the areas . If the birds using these areas are not removed
before bulldozing begins, they are likely to become even greater hazards
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than if they were nesting. Furthermore, shoiild it later become neces-

sary to initiate a killing program, it would not be possible to distin-

guish these homeless birds from individioals that nest in other parts of

Sand Island and only occasionally frequent the vicinity of the runways

.

We recommend, therefore, that both nesting and non-nesting birds
using the areas to be treated be picked up and disposed of immediately
before bulldozing.

On the basis of nest counts made in the winter of I96O-61, and
population trends in subsequent years, we estimate that about 4,000
albatrosses should be removed if funds are obtained for treating areas

adjacent to runway 6-2h and that about 12,200 additional birds should

be removed if the areas adjacent to the short rimway, 15-33:, also are

to be treated. These figures are separated by species and breeding
status in table 8.

Table 8. Estimate of n\imbers of albatrosses to be removed

Runway 6-2k Rimway 15-33 Both runways

,n albatross



c

.

Determination of the most hiimane and least obnoxious means of

elimination. In the experimental reduction of albatrosses on Midway in

1957-58 the birds were killed by a blow on the back of the head and were
subsequently carted away. In search of a more humane method of disposing
of the birds, seven crippled albatrosses were captured and placed in a
dump truck with a tight- fitting top, and exhaust from the motor was
piped into the body of the truck. It was concluded that this method, with
proper precautions, could be applied safely and efficiently with a mini-

mum of suffering by the birds.

d. Determination of manpower and equipment necesary to accomplish
removal . It was estimated that 6 trucks and 15 men would be required to

accomplish removal. It was recommended that three biologists of the
Bureau of Sport Fisheries and Wildlife be present to give any technical
assistance needed, to see that all banded birds captured in the operation
were examined, to obtain a series of measurements of birds of known sex,

and to collect biological material needed by research workers at various
Institutions

.

e. Time schedule for elimination . It was originally recommended
that bird removal be scheduled to start on January 10, I963, and con-

tinue until bulldozing was started. When funds were not made available
in 1963, the program was rescheduled for January 196^. Proper timing
of both the bird removal and the bulldozing is critical. The recom-
mended schedule will assure removal of the largest number of breeding
individuals and other birds definitely attached to the particular areas

to be treated. By waiting until the last 2 weeks of the incubation
period, there is greater assurance of capturing both members of each
nesting pair for two reasons: (l) as the incubation period progresses,
the rate of changeover of the mates becomes more rapid, so after one
member of a pair is removed the other can be expected to return in a
very few days; and (2) a nesting bird has a stronger attraction for a
well-incubated egg than for an egg in the early stages of incubation and
therefore is more likely to return to the egg in the midst of wholesale
disturbance to the nesting area.

If the killing is not followed immediately by bulldozing and hard-
surfacing, the unoccupied area will begin to attract non-breeding birds
that are seeking future nesting sites. In other words, birds that
normally would not be attracted to this particular area will be drawn
to it and will be killed unnecessarily.

It was also recommended that: (l) before the removal period the

exact areas to be treated be marked clearly and (2) a series of truck
trails be bulldozed through the more densely vegetated areas before the

beginning of the nesting season. These trails would permit effective
removal of albatrosses without the danger of breaking eggs or crippling
birds

.

Lt . Hoffner recommended grading and asphalting two areas where
erosion has resulted from water running off the runway. Since this
erosion occurred near nesting colonies of black-footed albatrosses.
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the grading and asphalting should be done during the siommer when the
birds are not present.

It was recominended that use of a sticky sealcoat on the treated
areas be avoided. In past treatments numbers of healthy birds became
mired in the sticky substance and either died or had to be killed.
Finally, we suggest that the Navy invite biologists of the Hawaii
Division of Fish and Game to conduct any studies at Midway they may
wish on the carcasses of the birds that will be sacrificed. The Biireau

desires that maximum use be made of any birds that are sacrificed.
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NESTING STUDIES

For the intelligent management of any species it is necessary to
know certain facts about its life history^ including reproductive rate,
mortality, longevity, age at first nesting, frequency of nesting,
attachment to natal and nesting areas, effect of nesting success on
retirrn the following year, and effects of disturbance on the birds'
behavior. Since none of these factors were known for either the Laysan
or the black-footed albatross at the beginning of the present investi-
gations, studies to determine these facts were begun in 1956 and are
still continuing.

Station hospital lawn

For 6 years (of the past 7)^ nest positions in the hospital study
plots were measured, and the band numbers of the adults associated with
each nest were recorded. Except for birds whose nests were destroyed
or deserted early in the season, all nesting adults were captured in
most years from 1956-57 through I962-63. The Bureau of Sport Fisheries
and Wildlife had no representative at Midway dixring the 1958-59 season,
and the trip the following winter was so late (March-April) that some
of the nesting adults were not captured.

Fuel farm study area

In January I961 a new area for nesting studies was established
along the western edge of the fuel farm, starting at the corner nearest
the MOQ and extending north for 300 feet and east for I50 feet; the
eastern edge of the study area also extends south to its intersection
with the boundary fence

.

Eastern Island study area (east of end of old runway 3-21
)

Another new study area in 196O-61 was staked out in the same manner
as the area on the fuel farm. The eastern edge of the pavement for old
runway 3-21 served as the western boundary for all but 50 feet of the
study area; the southern boundary was lined up with the southern edge
of the runway and extended from the end of the runway to the beach

.

The eastern boundary was the edge of high ground bordering the beach,
and the northern boundary was a line parallel to the runway and 350 feet

north of the southern boundary (or 50 feet north of the imaginary ex-

tension of the runway pavement). As on the fuel farm, nest positions
were paced from the corner markers, and nesting birds were banded and
plotted.

Through the cooperation of station personnel, aerial photographs
of both the fuel farm and Eastern Island study areas were made to measure
the position of each nest more precisely. Although suitable photos could
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not be made until too late in the I96O-61 season (because of lack of
proper camera equipment)^ photos in subsequent years, in conjunction
with a record of the band numbers of individual birds, provided precise
information on the composition and nest locations of an undisturbed
population of both the Laysan and black-footed albatross. The fuel
farm and Eastern Island study areas were selected after consultation
with the commanding officer, executive officer, and security officer,
as areas in which no disturbance is anticipated in the foreseeable
future . It was requested that these areas be outlined on master maps
of the station so that they will remain essentially imdisturbed if
possible

.

Table 9 shows the I9606I nesting population in each of the three
areas designated for intensive study. Nest counts include all nests
that contained an egg at the time the study area was mapped (about the
second week in Janiiary). Empty nest scrapes were not counted, because
it was not possible to determine which ones contained an egg prior to
the date of mapping. Nests were not located at random positions on
the study areas; instead, they were grouped close together in some
places, while in other places they were separated by many square yards
of unoccupied territory. Hence, the population densities in these
relatively small study areas give only a very rough approximation of
normal densities in imdisturbed areas

.

Table 9. Nesting populations of albatrosses on study areas in
1960-61.

Approx. Occupied nests Nests per acre
Study area



Rice and Kenyon banded 2,0d6 Laysan albatross chicks on the tri-
angle from May 27 to June h, 1957, and 2,100 Laysan chicks in June 1958.
No chicks were banded in 1959, but 2,l44 were banded in Miarch I96O by
Robbins, 1,^57 in Jmie-July I961 by Harvey Fisher, 2,468 in June I962
by Fisher, 65O in February I963 by Robbins, and 2,04^ from June 22 to
July 1, 1963 by Fisher.

In January and February I961, 4,300 nesting adults were banded on
the triangle by Robbins, and each winter since then as many nesting
birds as possible (about 95 percent of the active nesters in January
and February) have been captured and recorded. In addition, as many
banded walkers as possible were recaptured each winter to get informa-
tion on the age composition of the non-nesting population.

Sex determination

Bills of nesting albatrosses were measured in the hospital, fuel
farm and Eastern Island study areas in an effort to sex as many of these
birds as possible. The total culmen was measured, with dividers, from
the proximal edge of the horny portion to the greatest extremity of the
upper mandible (not to the point of the hook). The culmen from nostril
was measured from the proximal end of the nostril slit to the greatest
extremity of the upper mandible (not necessarily to the hook). In
addition, wing measiorements (chord) were recorded for many of these
same birds

.

On Janiiajry 8, I961, I measured and sexed (by internal examination)
86 Laysan albatrosses that had been killed by vandals early that morning
in the vicinity of the administration building (table 10 ). Seventy-nine
percent of these birds were females

.

Table 10. Measurements in millimeters of Laysan albatrosses killed
on January 8, I96I.



Although the wing measurements proved to be of little value as an
indication of sex, 68 percent of the Laysan albatrosses could be sexed
with a probability of 25:1 by the total culmen measurement alone. The
culmen-from-nostril measurement was nearly as diagnostic as the culmen
measurement, but there was such a close correlation between these two
measurements that the second one was helpful in only a few borderline
cases

.

Frings and Frings (1961) summarized head-width measurements of 172
black-footed and 2^1 Laysan albatrosses and bill length of 201 black-
footed and 309 Laysan albatrosses . They reported that 69 percent of the
Laysans could be sexed with probabilities of 8:1 or better from the head-
width and that 75 percent could be sexed with probabilities of 25:1 or
better from the bill length (angle of mouth to tip). They pointed out,
however, that the measurements given in their tables should not be used
directly by anyone else because the skin and feathers can be variably
compressed by different persons, resulting in different measurements of
the same bird. Their mean bill lengths (IO8.7 for males, 101. U for
females) differ by 7-3 mm.; their range of variation and amoimt of over-
lap between sexes is similar to that for my culmen measurements . The
big advantage of total culmen or culmen-from-nostril measurements over
the ones used by Frings is that measurements made by one investigator
can be used more readily for comparison by others. (The male/female
ratios for each measiurement in Frings ' tables are slightly distorted
because they were not corrected for the 26 percent excess of males in
their bill length sample, and I5 percent excess of males in their head-
width sample .

)

From the culmen measurements of birds of known sex, it was possible
to sex the great majority of the birds on the study areas. Birds with
short or very long bills could be sexed with a high degree of confi-
dence. Since both members of a pair usually were banded, the sex of
the mate also was known. Some birds had been sexed in previous years
immediately after egg laying when the difference in condition of the
vent in the two sexes of nesting birds was obvious . Study of the change-
over dates of incubating birds can be helpful in determining the sex of
birds whose measurements are in the overlapping zone, since males take
a long turn at incubation very soon after the egg is laid.

Return of young birds

Young albatrosses begin to return to Midway at the age of 3 years.
They are found there more frequently with increasing age until nesting
begins. The youngest nesting individuals on record are black- footed
albatrosses at age 5 (a minimum of 5 birds from a sample of 1,000 banded
as chicks), and a Laysan albatross at age 5 (l out of 1,700 banded as
chicks on Eastern Island triangle ) . Even at the age of 6 years very
few birds were found nesting, though scores were present as walkers

.

A special effort has been made to search for and captiAre birds that
had been color-banded as chicks on Eastern Island in the spring seasons
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of 1957 and 1958- The relatively small number seen (and captured) in
January I961 as compared with March-April I96O provided the first indi-
cation that 3-year-old and ^-year-old birds come ashore more frequently
in March and April than in January. This suggests also that the in-

crease in aircraft strikes in the springy before young of the year take
to the wing^ is at least partially a result of an infliix of subadult
birds that have not yet reached breeding age. It is logical to assume
that until these birds establish nesting territories ^ they may be
especially susceptible to aircraft strikes because:

(1) They are relatively inexperienced both in maneuvering over land
and in recognizing the danger of aircraft;

(2) They are not so strongly attached to any specific area and have
no nesting responsibilities; and

(3) Those that are searching for territories for future nesting will
be attracted to the more favorable habitats that are relatively under-
populated. The triangle adjacent to the Sand Island runways was such an
area; all nesting birds were destroyed here during the 195^-57 and 1957-
58 nesting seasons . From then until the area was paved in I962 the
nesting population nearly doubled each successive year.

Frequency of nesting

Rice (1959) studied 820 Laysan albatrosses of known nesting success
in the 1956-57 breeding season. Of I50 birds that raised a chick that
season, 9^ (63 percent) returned and nested the next season. Of 31^
birds whose eggs were sterile or were destroyed early in the incubation
period, 273 (87 percent) returned to nest the next season. From his en-
tire sample of 820 birds (including those that lost chicks or lost eggs
late in the incubation period), Skk (78.5 percent) returned the next
nesting season.

Subsequent studies were based on birds present at active nests
late in the incubation period (January I96I-I963) or when the chicks
were about 2 months old (March I960). Since birds whose nests were de-
serted or broken up in late November, December, or the first week or two
in January are not included in the following figures, these percentages
are lower than the actual return rates

.

In the fuel farm study area the percentage of adults that nested
in consecutive years (196O-61 to I96I-62 and I96I-62 to I962-63) was 6k
percent for the Laysan albatross (l62 out of 253 birds) and 63 percent
for the black-footed albatross (293 out of h66 birds). The percentages
varied considerably from year to year; 70 percent of the I96O black-
footed albatross adults retiirned and nested in I961, but only 57 percent
of the 1961 birds nested also in I962. Percentages for the Laysan alba-
tross in these same periods were 63 and 65; while only 63 percent of the
i960 Laysans nested in I961, 73 percent of the I960 Laysans nested in

1962. Of the 99 nesting Laysans that were captured in I96O-61 k^ percent
nested all 3 years; 42 percent of the 221 black-foots captured in I96O-6I
nested all three years.
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At the station hospital, vhere the mortality rate of chicks seems
to be higher than normal, 69 percent of the I96O-61 nesting Laysans
were recorded as nesting again in I96I-62. On the Eastern Island study
area and Eastern Island triangle only 88 and 9^ percent of the nesting
birds were captixred in I96I-62, but the computed rate of retiirn of
Laysans was 61 percent for the Eastern Island study area and 60 percent
for the triangle

.

Closeness of return

Rice (1959) measured the distances between the I956 and 1957 nest
locations of 101 pairs of Laysan albatrosses at the station hospital.
The average distance moved was 5 feet and none of the 101 pairs nested
more than 20 feet from their previous location. Rice stated that^ in
general, Laysans nesting close to an obvious landmark, such as a tree,
showed the least year-to-year deviation in location.

Subsequent studies have shown that in still more open areas the
distances moved from year to year are even greater. Thirty-one pairs
of Laysans on the fuel farm study area moved an average distance of 11
feet from I960 to I961, and 38 pairs moved an average distance of 12
feet in the 2-year period I960 to I962. The I96O to I962 birds include
those pairs that also nested in I961 as well as those that were not
found nesting in I96I. The greatest distance between I960 and I961
nests was 31 feet and the greatest distance between 1960 and I962 nests
was 62 feet

.

Black-footed albatrosses in the fuel farm study area moved an
average distance of 15 feet from I960 to I961 (69 pairs ) and I9 feet
from i960 to 1962 (53 pairs). The maximum distances moved were IO7
feet in the 1-year period and 104 feet in the 2-year period (the same
pair )

.

As pointed out in the section on leveling and paving of the Sand
Island triangle, black- footed and especially Laysan albatrosses are
slow in adjusting to destruction of their nesting territory, but a small
percentage of the displaced birds moved 400 feet to the nearest avail-
able habitat and nested successfully the first season.

Interchange between islands

The small-scale banding of albatross chicks In years preceding the
intensive studies that began in 195^-57 provided the first information
on the return of young birds to the breeding grounds. Of 100 black-
footed albatross chicks banded on Eastern Island In June 195^j> ^ were
captured as nesting birds in December 1960 and January I96I; two of these
were in a colony on the south shore of Sand Island, one was in the fuel
farm study area on Sand Island, and the other was at Kure Atoll. The
exact place on Eastern Island where these birds were banded is not known.
Since many of the nesting black-foots on Eastern and Sand Islands have
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not yet been captured by banders, it is likely that other birds from
this sample of 100 will be fo\ind nesting in future years

.

During the I96I-62 season four out of 1,000 black-footed alba-
trosses banded as chicks on Eastern Island in May 1957 were found nest-
ing. Two of them were at Kure, one on Sand Island, and the other at

Eastern Island.

Meager as these data are, they indicate that some young black-foots
can be expected to establish their nesting territories on islands other
than the one on which they were hatched, and that interchange of birds
between Midway and Kure or Midway and some other islands of the Leeward
Chain may not be unusual. There previously had been a few records of
Laysan chicks from Eastern Island establishing nesting territories on
Sand Island.

Longevity

Much interest has centered around the first 99 Laysan albatrosses
banded by F. C. Hadden as adult nesting birds in the vicinity of Pan-Am'

s

"Gooneyville Lodge" hotel on Sand Island, Midway, in November and December
1938- Although Hadden recaptured only 8 of these birds the following
year, as many as 15 were captured by Robbins, Aldrich, and Rice in Novem-
ber and December 1956, I8 years after banding. Eight were captured in
the winter of I96O-61, 7 in I96I-62, and 3 in I962-63, 2k years after
banding. Never yet have all surviving birds from the original 99 been
recaptirred in the same season. Hence any survival figiires for this
population are subject to change when birds that have not been captured
for one or more years again are found. Information presently available
shows that at least kk of the 99 birds were still alive 5 years after
banding, 30 were alive 10 years after banding, 22 were alive after I5
years, 12 after 20 years, 7 after 23 years, and 3 (later determined to
be 7) after 2k years. The actual age of these birds is assumed to be at
least 7 years greater than the elapsed time since banding, as very few
Laysan albatrosses nest before they are 7 years of age . By projecting
the survival ci^rve into the future it appears that at least 1 percent
of this population in downtown Midway will pass the age of kO years.
The birds are still fertile at the age of 31-

The first banding of black- footed albatrosses (^lOO adults) was
done at Midway in December 19^0 and January 19^1- This species has
sirffered heavy mortality from vandalism during the past decade, but at

least one of the original ^4-00 was still alive and nesting in January
1963, 22 years after banding. Very few black-foots nest before 5 years
of age, so this individual is assumed to be at least 27 years old. This
bird is nesting in the fuel farm study area, where it is protected from
vandalism.
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HABITAT MANAGEMENT ON GREEN ISLAND, KURE ATOLL

Introduction

Drs. Hiibert and Mable Frings (1959) suggested that Laysan, Llsi-
anski, or Kure Atoll might attract larger numbers of nesting albatrosses
if the habitats there were altered by "the planting of Bermuda grass or
other sand-holding grasses, introduction of ironwood trees, and reduc-
tion of Scaevola thickets, where necessary, to reasonable densities."
The planting of exotic vegetation on those islands that are still
essentially in their original native condition did not seem advisable
from the overall conservation standpoint; but it did seem likely that
the nesting population of Laysan albatrosses could be increased at
Green Island, Kure Atoll, if its open central plain were connected
with the outer beach by the construction of trails through the
surrounding dense growth of Scaevola bushes •

Kure Atoll, which is approximately 55 nautical miles west-north-
west of Midway, consists of a ring of coral reef surrounding Green
Island and three low sand bars that support no nesting birds

.

The albatross population of Kure in the 1957-58 nesting season con-
sisted of 700 Laysan albatrosses and lUO black-footed albatrosses (Rice,

1958)- Green Island is nearly the same size as Eastern Island, Midway,
which had an estimated nesting population of approximately 86,000
Laysan and 6,000 black- footed albatrosses in the same nesting season.

It was believed that construction of a series of bulldozed trails
between the interior of the island and the outer beach would serve a
twofold purpose: (l) It would make available new nesting habitat for
young albatrosses setting up nesting territories for the first time,
and probably would attract some birds that otherwise would nest at
Midway; (2) It would provide a safe nesting place for a larger portion
of the world population of Laysan albatrosses in the event of large-
scale reduction of albatrosses nesting at Midway.

Figure 9 shows Green Island before the bulldozing operation. It

was estimated that the vegetated part of the island had a maximum length
of 6,280 feet and a maximiom width of 1,900 feet. The total area covered
by vegetation was estimated at approximately I70 acres . The surrounding
beaches occupied about 50 additional acres . Dimes up to 15 feet in
height completely line the northwest side of the island. The dunes on

the east and south sides of the island are several feet lower.

Personnel and preparations

On September 21, 1959, Chandler S. Robbins of the Branch of
Wildlife Research and Thomas C. Horn of the Branch of Wildlife Refxxges,

B-ureau of Sport Fisheries and Wildlife, conferred with Navy and Coast
Guard officers, including representatives of COMNAB (Cdr. Gordon N.
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Riddlck), Midway Naval Station (former Commanding Officer Epps)^ Sea-
bees (Lt. Comdr. G. W. Bijrton and C. W. 0. Lloyd Munson)^ l^ith Naval
District Public Works Office (Alexander H. Cornelison^ Soil Conserva-
tionist), and other Navy and Coast Giiard officers. Messrs. Bobbins and
Horn summarized the objectives of Kure habitat modification and
answered questions from many of those present. Mr. Cornelison expressed
concern over a proposal that had been made for excavation of a lagoon
and was assiired that this part of the original plan had been dropped.
He also expressed concern over the possibility of severe wind erosion
as a result of the proposed 50-foot-wide bulldozed trails . He re-
quested that the trails be laid out so that at intervals of about 100
yards they either would be offset or blocked by heaps of brush to prevent
erosion. Final details of the location of the trails were left for com-
pletion after the party reached the island.

Mr. Cornelison had made arrangements for Dr. Horace G. Clay, Exten-
sion Botanist of the University of Hawaii, to accompany the expedition
for the purpose of identifying and mapping the distribution of all
vascular plants on Kure and seeing that endemic species and varieties
of plants were not destroyed as a result of the habitat alteration.

A conference was arranged with Mr. Michio Takata, Director of the
Hawaii Division of Fish and Game, Mr. J. R. Woodworth, Chief, Bureau of
Game; Mr. Cornelisonj and Messrs. Bobbins and Horn of the Bureau of
Sport Fisheries and Wildlife in order that complete agreement might be
reached regarding any details of the operation that might affect wild-
life or plants on the island.

On October 3, two 7D-l8 bulldozers and a party of eight were landed
on Green Island, Kure, as follows: C. W. 0. Lloyd Munson, two bulldozer
operators, a medical corpsman, a mechanic, and the three civilians,
Robbins, Horn, and Clay.

Bulldozing operations

Bulldozing was conducted from October 3 to October 8, 1959' All
trails to be bulldozed were laid out by Horn and Robbins, one or both
of whom rode on the bulldozers during much of the trail- cutting operation
to insure that all conservation interests would be protected.

Subsequent phases of the operation verified that losses to bird life
were restricted to a relatively small number of downy young wedge-tailed
shearwaters, which were hidden in their burrows under the dense growth
of Scaevola . The two Seabee bulldozer operators, Ryan and Clausen, were
especially conscientious about preventing destruction of birds . They
frequently stopped their dozers and moved birds before proceeding. In

all instances birds were visible from the dozers and the trails were
laid out in such a way as to avoid them.

In order to prevent destruction of plants in open areas in the
interior of the island, all trails ended abruptly at the edge of the
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open areas . The bulldozers were backed into the openings only far

enough to permit their blades to be lowered against the edge of the

bordering Scaevola .

Eighteen trails were constructed, as shown in figure 10. Each

trail was approximately ^8 feet wide {h bulldozer-blade widths), except

that some of them were much narrower at the point where they penetrated

the dunes on the northwest shore of the island, as shown in figure 10.

Full advantage was taken of the irregular shape of the plain; the bull-
dozer trails were placed in such a way as to cover the shortest distance

from the plain to the lagoon that was compatible with protection of

nesting birds, distribution of rare plants, and position of geodetic

markers . All bulldozed strips were smoothed prior to termination of

the project by the use of drags improvised from the unloading ramp.

Fresh-water exploration

Although the construction of a lagoon on Green Island had been
dropped from the plans, it was felt desirable to explore the fresh-water

level of the island's interior while bulldozers were available. A de-

pression was dug in the center of the island within a few hundred feet

of a former hand-dug depression. Very mildly brackish water (the top

of the Guyben-Hertzberg lens ) was found at a depth of 9 feet 9 inches

below ground surface. (During and immediately after the rainy season

a slight increase in this level could be expected and at that time water

at this depth might be completely sweet . ) The excavation was completely

filled in before the party left the island.

Vegetation survey

Dr. Horace F. Clay collected three sets of specimens of all species

of vascular plants found on Green Island, Oct. 3-8, I960, except for one

species that was represented by a single specimen and was not disturbed.

Two sets of specimens were deposited in the Bishop Museum in Honolulu,

and one was sent to the National Herbarium in Washington, D. C.

Dr. Clay's report listed the following seventeen species of vascu-

lar plants (those preceded by an asterisk were not found by the Tanager

Expedition in I923 ) : *Cynodon dactylon , Eragrostis variabilis ,

Eragrostis whitneyi var . caumii , Lepturus repens, *_Casuarina equisetifolia ,

Boerhavia diffusa, Lepidium owaihiense , Tribulus cistoides , Ipomoea

congesta (l. indica), ^Messerschmidia argentea, Solanum nelsoni , *Solanum

nigrum, Sicyos hlspidus, Scaevola sericea , Lipochaeta integrifolia ,

*Pluchea odorata, and Verbesina encelioides .

The two endemic species discovered in 1923^ Lepturus repens and

Solanum nelsoni, are still present on Green Island. Solanum nelsoni is

abundant in the central plain. Lepturus repens was found only in the

vicinity of the radar reflector tower.
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Two species found by the Tanager Expedition apparently have dis-
appeared from Green Island: Cenchrus agrimonioides var . Laysanensls
and Achyranthes splendens var. reflexa .

Black and white photographs of all 17 species of vascular plants
were secured by Horn, and kodachrorae transparencies of all but two

species were taken by Bobbins

•

April i960 appraisal of Kure habitat management

On March 28, I960, Bobbins and Comdr . E. P. Wilson spent three

hours on Green Island appraising the results of the bulldozing. Trans-

portation from Midway aboard the MATAGORDA was furnished by the Coast

Guard. The bulldozed lanes were still wide open, and there was very
little evidence of sprouting of Scaevola cuttings . There was no damage
to the nesting colonies of boobies or frigatebirds, and no wind erosion
had occurred.

Table 11 shows the estimates of the bird population on Green Island,
Kure on June ^, 1957 (Kenyon and Rice, I958); and during subsequent
trips from March 28, I960 through February 7, I963 . The columns "Tot.

ads." give the estimated number of adult birds present on the island
at the same time. For most species, the figures in table 11 are not
directly comparable, because the estimates were made at different
seasons of the year. For nesting albatrosses, however, the 1957 and
I96O-63 data may be compared provided allowance is made for mortality
as each season progresses . There was a 56 percent decrease in nesting
Laysan albatrosses between 1957 and I96O for which we have no explana-
tion. Approximately I50 non-nesting Laysan albatrosses were in the
central plain on March 28, I960. We believed these to be birds that
were establishing territories preparatory to nesting in subsequent
years . We do not know how many years in advance of egg laying the
Laysan and black-footed albatrosses establish their territories, but
certain larger species of albatrosses in the South Pacific establish
territories 2 years before egg laying. We could not obtain accurate
estimates of numbers and distribution of the non-nesting albatrosses
because a party of contractors was landed on the island before us . By
the time we reached the island, many of the albatrosses had been dis-

turbed and had moved or taken flight

.

With the assistance of Lt . William H. Bristol and three seamen
from the Coast Guard Cutter MATAGORDA, we made a coimt of albatross
chicks and of other nesting birds . We had planned to band all albatross
chicks on the island and mark them with blue celluloid bands so they
could be detected if they appeared on Midway. The signal to return to

the MATAGORDA was received earlier than anticipated, however, and only

17 Laysan chicks and 8 black-footed chicks were banded.

All adult albatrosses were checked for bands and one banded black-
foot was found. This bird. No. 597-36170, found with a chick, was cap-

tured by Lt . Bristol. It had been banded on Sand Island, Midway on
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November 23^ 1956, in or immediately adjacent to the area that vas
leveled and black-topped in the winter of 1959-60. It was not incuba-

ting at the time it was banded. The capture of this one individual
provided the first evidence that birds seen on one nesting atoll may

subsequently establish a nesting territory on another.

Subsequent appraisal of Kure habitat management

At the time plans were made for habitat management on Kure, it

was not known that a Coast Guard loran station and landing strip would

be constructed there in I96O-6I. This installation opened up the

island much more than did the 1959 bulldozing. This was especially
true in the antenna field, where radiating paths in which ground wires

were laid provided easy access to all portions of the antenna area.

Except in the antenna area, the landing strip, and the immediate

vicinity of the offices and barracks, habitat disturbance has been kept

to a minimum.

The offsetting of the original bulldozed trails was highly success-

ful in preventing wind erosion. The bulldozing of Scaevola was conducted

to sufficient depth that all the trails still remain easily passable.

The bulldozing and subsequent Coast Guard occupancy have been
successfiil in attracting more and more nesting Laysan albatrosses to Kixre,

as shown by the increase from 350 nesting pairs in 1957 and 1958 to 1^50
in 1963 (table ll). Wedge-tailed shearwaters and Bonin Island petrels

may have decreased some during this same period from loss of habitat;

more intensive checking of populations may determine whether this is so.

The limited information available on populations of other species does

not indicate any substantial increase or decrease.

Mammals on Green Island

Monk seals were observed frequently on the shore of Green Island

and also on the adjacent unvegetated sand spits. The highest count ob-

tained at one time was 53 along the eastern shore of Green Island on

September 28, prior to landing. Seals were seen daily after landing on

the island, but in smaller nimbers

.

Polynesian rats Rattus exulans were present by the thousands and

it was suspected that they were very destructive, at least to the smaller

species of nesting birds, especially the common noddy. Noddy eggs that

were left uncovered for just a few minutes disappeared. Two specimens

of R. exulans, an adult and an immature, were collected by Robbins for

the"~Bureau of Sport Fisheries and Wildlife mammal collection in the U. S.

National Museum, Washington, D. C.
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Methods of estimating bird populations on Green Island

During the period October 3-8^ 1959;. an effort was made to esti-

mate the total population of birds on Green Island. Although the island

is quite small;, several factors make it difficult to obtain accurate

population estimates: the dense vegetation that covers most of the

island^ the absence from the island of many breeding individuals at

any given time^ 3 breeding species not only nest in burrows but are

nocturnal in habits, several species have a long-drawn-out nesting

season, and many non-nesting individuals are present in the population.

Accordingly, it seems desirable to place on record the procedure

followed in arriving at the figixres given in table 11 for the period
October 3-8, 1959- Essentially the same methods were used in subse-

quent years. In cases where nests could be counted fairly acciu-ately,

the n\mber of pairs of each species actually nesting at the time of the

study was determined by a co\int of nests. For non-nesting species, and

other nesting species whose nests coiild not readily be counted, the pro-

cedure included banding a sample of the total population and then using

a ratio of banded to unhanded birds to compute the total number of

adults present. Unfort\mately, our stay on the island was \inexpectedly

terminated on about 3 hours' notice, so the co\ints of banded and unhanded

birds had to be very much smaller than had been planned. This was es-

pecially unfortunate in the case of the three nocturnal species, because

the sudden departure left no opportunity at all to make the detailed

count of banded and unhanded birds that had been scheduled for the

following night.

Wedge-tailed shearwater .--This was unquestionably the commonest bird

on the island. During October 3-7, 1^5 birds were banded by use of mist

nets in the western half of the island and by hand with the use of a

headlamp in the eastern half of the island. Of the ^5 birds banded on

the first h nights, only one was found among the 101 birds recaptured on

October 7. Fourteen additional birds were banded on the early morning

of the 8th but no banded bird was recaptured on this date . From the

portion of banded to unhanded birds captured on the 7th the total popu-

lation was estimated at ^,5^5. Because of the lack of precision of this

estimate the figure was rounded to 5^000.

Christmas Island shearwater and Bonin Island petrel . --Populations

of these species were estimated only from the number banded in compari-

son with the number of wedge-tailed shearwaters banded, as it was be-

lieved they were equally susceptible to being captured by the mist nets

or being picked up with the aid of a headlamp.

Red-tailed tropicbird . --These birds were widely scattered over the

island and almost all the nests were well hidden by Scaevola . No banded

adults were recaptured, so the population estimate was based solely on

an estimate of nest density in those parts of the island most frequently

visited.
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Blue-faced booby .--There were many more adults than occupied

nests. Thirteen adults were banded before October 8, and on October 8

two banded birds were among the 13 adults capt\ared. This observed
ratio resulted in the estimate of a total population of 85 adults

.

Brown booby .--Seven adults were banded before October 8, and 1

repeat was among the 3 adults captured on October 8. This sample was

too small to permit an accurate estimate of the population and the

figure of 50 adults is scarcely more than an educated guess.

Red-footed booby .--Nests of this species were prominent in many

parts of the island. The estimate was obtained by counting visible
nests in the tops of the Scaevola in various sections of the island.

Great frigatebird.--This is an estimated total of full-grown birds
present and is based on the highest count obtained in the middle of the

day when the birds were soaring over the island in one huge mass. Nest-

lings were large enoiigh so that few adults were fo\ind on the nests at
midday. If a sizable proportion of the population was at sea in the

middle of the day this figure would have to be increased accordingly.

Common noddy. --The population of this species was especially diffi-
cult to estimate for two reasons. In the first place ;, nests were very
susceptible to destruction by Polynesian rats, especially when the
presence of humans on the islands caused the birds to leave their nests

unprotected momentarily. Secondly, shortly after the young birds had
reached flying age they were indistinguishable in flight from the

adults. Thirty-five birds in adult plumage were banded, some of them
through the use of mist nets and others through the use of lights at

night. On October 8, out of 20 birds observed at close range, 3 wore
bands. This small sample indicated a total population in the neighbor-
hood of 233 birds. However, as many as 300 were seen at one time along

the beach, so this latter figure was used as the estimate of the popula-
tion.

American golden plover and ruddy turnstone

.

--These two shorebirds

were scattered in small flocks throughout the island as well as along
the outer beaches. It was never possible to observe the entire popu-

lation at one time . Only 1 banded bird was recaptured, and no banded
bird was observed among 35 turnstones examined with binoculars on

October 8. It is possible, therefore, that the population was consider-

ably in excess of the estimate.

The figures for J-une 'y , 1957^ were taken from Kenyon and Rice (1958)
These observers were on the island for 9 hours, and some details as to

their estimates were given in the above publication. The I960 estimates

were obtained between 12 and 3 p.m. by Robbins, Wilson, Bristol, and
Seamen Brimley, Schaeffer, and Motzkus from the Coast Guard Cutter

MATAGORDA. These observers worked in three parties, counting all nests

seen and making estimates of the niJinber of adult birds present. No

estimates could be obtained of nocturnal species, although a check of

shearwater burrows showed that wedge-tailed shearwaters were present in
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abundance. For all other nesting species except albatrosses^ counts
were made of either occupied nests or of adults ^ and no allowance was
made for possible presence of non-nesting birds. In the case of the
albatrosses^ on the other hand^ allowance was made for the estimated
destruction or desertion of 10 percent of the nests prior to the date
of the count. Kenyon and Rice added 10 percent to their estimate^
the same percentage of unemployed birds as had been foiind on Midway.
Counts of nestlings and adults made in I960 indicated that the per-
centage of adults present was considerably in excess of the numbers
computed on the basis of an estimated 17 percent unemployed birds.
The difference is believed due, at least in part, to an influx of non-
nesting birds that are establishing territories for use in subsequent
years . The I960 estimates of total adult albatrosses given in table
11 were obtained by doubling the number of chicks, adding 10 percent
for nest mortality, taking 10 percent of the resulting total as the
number of nesting adults present onihe island at any one time. The
remaining 90 percent was added to the number of birds actually coimted
on the island on March 28, 196O; from this total was subtracted two-
thirds of the number of adults whose nests were estimated to have been
destroyed before the day of the count

.
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STUDIES OF OTHER SPECIES AT MIDWAY

Since the primary hazard at Midway is from Laysan and black-footed
albatrosses^ comparatively little work has been done on populations and
habits of other bird species at Midway. Population estimates of the
various species have been made from time to time^ and relatively small
numbers have been captiired and banded in specific areas . It is hoped
that the preliminary data from these studies will be of value when and
if more intensive research on the species is required.

Bonin Island petrels and wedge-tailed shearwaters

These two species have not been recognized as a partic\ilar air-

craft hazard at Midway. It should be noted, however, that a heavj/

flight comes from the ocean shortly after sunset . During a short period
each evening these nocturnal pelagic birds might be a hazard to the op-

eration of jet powered aircraft. The petrels nest on Midway throughout
the winter and the shearwaters during the summer

.

The petrels begin coming ashore about 10 minutes after sunset, and
generally fly within 200 feet of the ground. By about 15 minutes after
siinset they arrive at the rate of approximately 1 per second within any
specified field of view. It is difficult to obtain counts beyond one-

half hour after svuaset because of darkness . Because of their small
size they are not believed to constitute a hazard to conventional
propeller-driven aircraft. It would be advantageous, however, to avoid
operation of jet-powered aircraft during the period between 15 minutes
and one hour after sunset . The departure of shearwaters and petrels
appears not to be concentrated like their arrival, and apparently takes
place gradually dirring the night.

Boobies and frigatebirds

Boobies and frigatebirds no longer nest on Sand Island, but they
do nest on Eastern Island. The boobies, except when incubating or pro-

tecting small young, go to sea early in the morning and return in the

evening. They very seldom pass over the runways on Sand Island.

Frigatebirds occur only in very small numbers on Eastern Island. Single

birds occasionally appear over Sand Island runways, but to our knowledge
there has not been an aircraft strike. These birds at times soar
several hixndred feet over Eastern Island or in thermals on the downwind
side of Eastern Island.

Tropicbirds

Red-tailed tropicbirds (bosun birds) nest on Sand and Eastern
Islands and are present through most of the year except in midwinter.
As many as several hundred may be in flight over each island in midday
starting as early as mid-March. These birds seldom are hit by aircraft.
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Shoreblrds

This group Includes the golden plover and ruddy turnstone, both
of which are present in numbers up to several h\mdred on both Sand and
Eastern Islands . Because of their small size they are not considered
a hazard, although an occasional bird is struck by aircraft. The
heaviest movement of these birds is the evening flight of turnstones
that takes place at about sunset when birds from all parts of Sand
and Eastern Islands leave to spend the night on the reef. Several
other species of shorebirds occur at various seasons, but seldom in
numbers exceeding 10 at any one time

.

Sooty terns

The harrassment programs in 1957 and 1958 were successful in moving
the large sooty tern colony from Sand Island to Eastern Island. These
birds are now well established in several large colonies on Eastern
Island. If they continue to be protected on Eastern Island, it is \m-
likely that they will attempt to re-establish themselves on Sand Island.

Other terns

Fairy terns and Hawaiian noddies nest commonly in the trees on Sand
Island. A few of these small birds occasionally are hit by aircraft,
but they are not considered a hazard. They occur in small numbers over
the riinways throughout the day and the largest groups (in loose flocks)
often return from the sea in the early evening

.
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RECOMMENDATIONS

Two recommendations relating to the leveling and hard-sirrfacing
of areas within 750 feet of the center lines of the Sand Island run-
ways and the removal of birds from these specific areas are given on
pages 35-36. Other recommendations relating to continued research on

the bird hazard problem and to protection of birds not involved in the
hazard are as follows

:

3. Continuation of bird hazard studies at Midway . It is recommended
that the Bureau of Sport Fisheries and Wildlife continue to cooperate
with the Navy^ to evaluate the results of the I96U construction, to
continue to gather data on population dynamics, and to investigate
additional means of reducing the bird strike hazard.

Protection of established study areas on Sand and Eastern Islands,
Midway, from intrusion as long as possible is recommended so that long-

term studies on population dynamics will not be interrupted. The lo-

cations of these study areas are given on pages ^O-Ul. It is also
recommended that native shrubs such as Scaevola be permitted to persist
on portions of Eastern Island to serve as nesting areas for the Midway
population of red-footed boobies and great frigatebirds . If these
nesting areas are eliminated there is danger that these large birds
will move to area 7 of Sand Island and possibly interfere with aircraft
operations

.

k. Complete protection for Hawaiian Islands National Wildlife Refuge .

Because of the ever increasing demand on the small remaining \indistiirbed

acreage at Midway it becomes increasingly important to take all possible
steps toward the preservation in their natural state of the other lee-

ward islands in the Hawaiian Chain and to take all necessary precautions
to protect the native vegetation and the wildlife on the other islands.
As long as the other islands remain as inviolate sanctuaries the future
of the unique avifauna and other wildlife of these areas will be assiired.

It is recommended that representatives of the Bureau of Sport
Fisheries and Wildlife make periodic visits to all islands in the Leeward
Chain to assure a very minimum of disturbance to wildlife and to conduct
any studies that may be desirable while most of the islands are still in

a relatively undisturbed state . Visits to Coast Guard installations at

French Frigate Shoals and Kure have indicated excellent cooperation of

the commanding officers and their staffs, and it is important that this

cooperation be encouraged and continued. Introductions of exotic species
of plants and animals (including pets) on these islands should be vigor-
ously discouraged.
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5. Protection of Tjirds that are not hazards to aircraft . It is recom-

mended that all native birds-**^ not directly associated with aircraft
danger be protected at all times at Midway and other inhabited islands

in the chain. It may be necessary at times to control local popula-

tions of some of the biorrowing species in residential areas ^ but in

general^ these birds do not constitute a serious hazard and should be
protected. The limited studies that have been conducted on Bonin
Island petrels at Midway have been hampered by slaughter of birds by
station personnel becaiise their burrows were considered a hazard.

* the feral pigeons are not native to Midway,
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