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INTRODUCTION

Tic
Shortly after my arrival in the Haweilan Islands in April, 1965, I
became interssted in the life history and ecology of the dark-rumped
petrel or uau (Pterodroms phasopysia ssndwichensis). The study was
further prompted by a statement in the Resource Study Proposal
No., HALE-N=6 entitled "Preservation of Dark-Rumped Petrels." The
statement reads:

After nearly 50 years of supposed extinction, a small
colony of the Hawaiian race of Dark-Rumped Petrel was
found nesting in Haleakala Crater, Investigators from
U, S. Natlonal Musaum, Smithsonlan Institution concluded

extlnction-from heavy predablcn of exntic animals.

The first summer, the study had 1itile directlon and organization and
it lost momentum in August. However, after evaluating the situation
and discussing the matter with interested persons, I was inspired to
attack the problem with added vigor during 1966, The information
gained in 1965 and 1966 has also proven valuable as control dats to
determine the effsctiveness of a predator control project initiated
in August, 196é6.

Uau, pronounced oo AH oo iz the Hawaiian name for the dark-rumped
petrel, For the sake of brevity, 1 will use uvau rather than the
English vernacular or scientific name.

HMETHODS OF STULY

The study began with g survey of Kalahaku Pali (cliff) in search of
burrows on June 15, 1965 by Fark Ranger James Potton and myself. Our
initial findings were encouraging and the field investigations continued
into November, 1966,

Thirtesn trips were made into the study area and other potential breed-
ing areas in 1965 and 62 trips were made in 1966. Some visits, not
ineluding driving time, to the study area consumed only 15 to 20
minutes, whereas other trips, in search of new nesting sites took one
to two days. About one~half of the time spent in the fleld was at
night. The nocturnal habits of the vau dictaled that the investigator
spent a considerable amount of time on the talus slope at night.

Uau are relatively unafraid of psople so no speclal blinds or secrstive
devices were used. Occasionally, I was able to walk up to a bird and
plck it up. HNormally, however, I had to remove the birds from their
burrows if I wished to examine, band, or photograph them, The simplest
means was to insert a four-foot stick with a rag attached to the end,
and tease the uau into grasping it with its bill. By gradually




rebrieving the stick, I pulled the nau within arms resach of the burrow
entrance. Then I reached into the burrow, coaxsd the bird to graep my
forefinger, and thsn clamped my thumb over the upper mandible. It was
then just a matter of pulling the bird ocut. I uliimately resorted to
wearing & lesthsr glove, becsuse the adullt uau is gnite capable of
biting hard enough to draw blood,

In the two burrows, where the adull blrds were readily chaerved, I
spray painted a amall amount of quick-drying yellew lacquer on the
white naok feathers of one of each mated pair. I could then debermine
which bird was on the nast by merely shining a light into the burrow.
The lacquer did not appear to harm the birds in any way and wore off
after two or three wonths.

—_——

A flaehlight was normally used to light a burrow. If the sun was not
pbyeured by clouds end at s proper angle, a small band mirvor was
someiimes used to direct the much stronger sunlight into the bwrrow,
A four~foot stick, with & sssll 2 irch by 3 ineh mirror attached to
the end, was sometimes inserted intc the burrow. In combination with
a flashlight, it was pomsible to “loock around cornera" and other
obstructions to search for birds and eggs.

The essiest and least time-consuming means of determining activity at
a burrow was o smboth all tracks at the entrance and part way into the
burrow. Uau and othaer tracks are readily cbserved in the loose soil
and it was usually possible to determine if a bird had entered and/or
departed 1te burrow.

By far the essiest time Lo locate burrews iz during the incubating
geason, During this perlod, the adults apend considerable time in
their burrows and defecate frequently naar the burrow entrance, The
whitish and grsenish droppings are readily visible and are a great aid
in losating burrows. Other indicstors of an acstive burrow are odor,
prasencs of flies, and tracks. A falrly good indicator 4f & successiul
rearing is the presence of shed down at the burrow entrance. It is
most evident just prior to fledging.

The arrangement of material in this report is, for the most part based
upon the Outline fer Gollahont Authors as pressnted in the

a { Hor erican Birds (1955) spensored by the American
ﬁmit.hnlugist.' !Jnion amd New York State Musews and Science Service,
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ENVIRONMENT

in Hawaii. The park covers 27 square wiles, and ranges from 3,847
foet above sea level in Kaupo Gap to 10,023 feet at the summit, The
primary feature of the park is Haleakala Crater, within which, the unau
nest.s TR LTAR

b 3 \i)

Geology: Haleaksla is a huge dormant volcane 33 miles long and 27
miles wide at ses level, Geclogical studies indicate that at one time
it was more than 11,000 feet high. During s long period when the
voleano was yelatively quist, water erovsion cut iwo deep valleys, the
Ksanme and Kaupo, into its sidea. These valleys joined at the top ef
the mountain and formed a long erosionsl, deprsssion.

When the volecanic activity started again within this depression,

lava flows poured through the Koolau (Keanae) and Kaupo Gaps into the
valleys and almost filled them. Numerous large cinder cones were
formed, creating a apactasular volcanic landscape, Thus, & waler-
carved erosional depression was partially filled by voleanic rock
and ereated what is now ealled Haleakala Crater.

The crater is 73 miles long, 2% miles wide, and 21 miles in circumference.
The erater fleor, 3,000 leet below the summit, covers an area of 19
square niles. The last voloanic activity within the crater has not been
accurately dated but probably ceeurred a.wi:ewf hundred years ago. L
T R R T P A e R A U
Climate: The climate in laleakala National Park is generally of a
temparate or sub-alpine nature rather than sub~tropical as is charac~
terdstic of lower reglons at this latitude, Temperatures at Park
Headquarters (7,000 feet elevation) range from winter lows around
+30°F. to summer highs in the mid 70's. Winter uwean temperatures are
abeut 8¢ lower than swmer means. The study area at 9,500 feet is
about 7° cooler than Park Headquarters.

Rainfall ranges from an estimated 4O inches in the center of the crater
to 150 inches at Paliku, Park Headquarters averages about 50 inches and
the study area probably slightly less. One or two snowfalls may be



expected each ywar at elevations sbove 8,000 fest,

The park is sublect to sirong winds, hall, lightning storms, and heavy
rains, usually of short duration., Fopgy conditions sceur freguently
particularly helow 7,000 feet and at higher elevations on the north
and east palis (cliffs).

Sbils: FKearly all the solls in the park have been classified as
1lithosols or regosels (Cline, 1955). Lithosols consist of sreas
dominated by masges of loose boulders with 1little fine material betwaen
them, or by wsathered or unweathersd bed rock. This includes as lava
flows and continueus outcreps of older lavas, Therse is litile or no
ganetic profile developmment other than small accumulations of organis

matter in the surfTace lmrmt. ol the uau nasting sited fall inm
this category.

Regosecls are desp soils der:i.wd from volcanic ash and cinders. They
compriss the seil of the center crater, cinder cones, the summii,
51iding Sands Trail, and the western slope of the wmountain, The only
avidence of a soil profile is the presence of an A horizon in the
immediate vieinity of planis.

Vegetation: Flant commnities can generally be categerized as semi-
arid sub-alpine and sub-humid sub-alpine. Moat of the park ls relatively
dry and plant species are fairly uniform throughout. The major changes
relate to plant eize and amownt of ground cover. Known wau nesting

spites are found only in semi-arid reglons which include the following
plants:

- Bracken fern (}
Native grasses

Tetmmalopium 18
Silversword (Arsy



Weitor areas of the park have many of the sare species but plant cover
is much greater and individual plants may grow much larger. In addition,
saveral spacies common to t.he uppar native rain forest overlap into the
wal areas. .

i There are no mls, amphibians, reptiles, or fishes native
to Halanka.la National Park, HKatlive faona are limited to a few species
of rds and ssversl invertsbrate species,

The first Polynesians to arrive in Hawadil brought along pige, which
have established feral populations extending into the park. When the
first Caucaslan axplorsrs and settlers arrivad, thsy pomdatsed the
islands with goats, catile, horses, sheep, cats, dogs, and uninten-

, Bice and rats. In addition, Dongootes wWore imporied Lo Hawail
in 1883 to eontrol rats, which were dodng significant demaze Lo gugar
cang. All of these animals were, al one Limes, or ars now preosent within
the park.

In addition to ithe uvau; biyrds found in the park lecinde:

HISTOHY OF PETRELS IH HaWAZl

According to ¥mrro (1944) the uau was historically endemic to the main
Lanal, Anclent Hawaiians collected {he old and young slike for food.
The young were considered a delicacy and reserved for the royalty,
whila the old strong-Llavered birds wers saion by the comson psople.
Hunro further indicatad that ths predsiory mougecse deatroysd the petrel
on Hawail, Maul, and ¥olokal wheress plgs gad cate killed them on Lanai.
He flatly aceuses anclent Hawalisns of extertinating the wau for food
an Caba, Since ithere are ne oongoosss on Kaual, Munro considers it
posaible thet wau may still nest thers, but it is now pensrally
believed thal uau are fournd only on Haleakala, Maul and Mguns Xea,
Hawpil., HRichardson and Woodaide sugpested in 1949 thadt uwau nusbers may
he in the hundreds and possibly the thousands,




LESCRIPTION

Potrals and thelr allies: The uau belongs to the family Procellariidae
which includes shearwaters, fulmars, and large petrels. The family is
characterized as follows: birds of the open sea; abouit the size of
gulls; tubslike external nostriis; narrow wings and amall tails; sexes
alike; a distinetive banking and skimming flight paltern; nest on
isiandsy quiet at sea pul nolsy at nesting sites; and feed upon fish,
squid, and crustaceans. They range the ocsans of the world and

number 33 species (Mayr-amadon), 56 species {(Van Tyne-Berger). There
aro six species in Mawaii (Petsrson, 1961).

Qggges. zgg;ggggggmggg__gxg§§_ggngwichansgs 1a a subspacies with

Hauaiian'raeoéwcanatituﬂa the onLy_fozma of a apaciss of which only
scanty, fragmentary informatien has been collected.

: gu: The uay measures 15 to 17 inches in length and is
aark brpwniah«black above and white below. It is distinguishad from
related specles by having & white forshead and flssh-colorsd legs and
upper halwves of the webbed feet, Moasuremsnis in 1956 of two adulis
vielded the following infeormation:

Biil From
bength Yingsprend Wing datl) Feathers  Tarsus
16k dnches 39 inches 5 3/h4 inches 124 inches 35 ma 42
i5 373 5 1/i 12 3 40

I did not obtain any weights of adult birds.

Newly hatched chicks are almost completely covared with long charcoal-
geay <down, After three weeks, feathers begin to develop but do not
show until the ohick is six to seven weeks old. Uy the time the chick
leaves tha nest; only traces of down can be seen on the legs.

Voice: Uau calls are varied and not sasily descrived. However, 1 will
attempt to describe the calls as I interpret them and then quote other
authors regerding their interpretations., It is evident from the

Hawaiian name of the bird that it{ was named afier its most prevalent call.

My notes from July 8, describing the calls heard that evening, read as
followa: VYoooaH, and KdocoiH repested over and over; duck-ilks
quacking; clucking like chickens; low-pitched gurgiing; and wany
¢ombinations of above and more too." In a4 few references thare is
mention of the peltrels sounding like dogs yipping. Only on one or two
oetasions did I hear calls that could be described that way.

Richardson and Woodside have this to say about the calla. PThe most



frequent call, usually starting scon after dusk, is a repsated a4 - - &0
with an inflection on the & oftan making it a sharp note, and the o
lasting about a second. The 60 may sound, especially if heard nearvy,
like a complex of growling squeaks, and may be followad by & sharp
kee-kae~kee, Additional notes are a drewn~ocut 9, a croak-like note,
and & high-pitched witch note."

Huber (1964) describes the calls in some detail: "the basic call may
be expressed as "ooo-—-wa-000." The middle syllable is short and high
pitched, acunding like the "wha in "what." Some of the other calls
were: "ooo-wa' (the a, shori and acecenied)}, "wa=oo* {both shert),
tgooe-wa~oo-wa" (the last a, shrill)., One bird continuwally called
“RA~AA" and "Ah=AA~—i~A? (harsh and rasping). Nearly all possible

comEbinations ol Lhe calls describsd wors heard except consscutive
Raoote, "

Calling was most prevalent during May, June, and July. Little calling
was hsard in Harch and April, primarily because fewer birds wers present
at any one time. Calling slowly deoresassd during August. After

August 31, no calling was heard, even though a few birds were still
flying arcund in the evenings,

The vau uswally began calling shortly after they arrived in the neste
ing area. They would begin arriving about one~balf hour after sunset
and calling would bulld to a psak during the next hour and then dis
down to infrequsnt calls about iwoe to three hours after sunset.

On ne occasion did I hear a bird utter a sound while in its burrow,
unless it was teased or if an adull was with its chick., The ealling
is related to flying in the nest area, and aot while on the ground,
Very little calling occurs after 10:¢00 p.m. although thers may be very
infrequent calling by flylng birde throughout the night.-

What function the calling serves was not determined. It may relate to
breading behavior, although, it seemad that wost avenings only one

bird, if any of a mated pair, would arrive at the burrow. Also csalling
begcomes more pronowiced after the eggs are laid., For various reasons,
I belisve the calling does not relate to locating burrows. First of
all, there normally is not an adult in a burrew to call down ite mate.
Only rarely did I find both adalis in the burrow at ome time. Ssecondly,
calling ceases in late swwmer, but birds still come to their burrows.
Thirdly, as stated befere, I naver heard adults calling from within
thelr burrows.

Bacause of the flight patterns assumed by the petrels, it is unlikely
that calling relates in any way te territorial bshavior., They typlcally
{1y parallel to the ¢liff and overlap numerous other burrow sites, The
significance of the calls rewainsg to be determined.



Hgbitat: Based upon burrow density and fledgling success, ths habitat
in the study area appears to be the most suitable within the crater for
the nau. It is locabted on the west c¢rater wall at an elevation about
9,400 feat, The area of concentrated study is 300 feel by 500 feet and
has a vertical relief of 350 feet. The slope of this area is roughly
60 to 70 per cent,

The ground surfacs is primsrily talus with numerous bed rock outeropa
and patches of cinders and ash. Occasional vertical cliffs up to 20
feat high bresk up the otherwise uniform appessrance of the stwdy area.
Rocke are tasalt and andesite.

Plant 1life covers five to ten per cent of the slope and is composed

prizarily Of Pukeave, KUpaGa, aid bunch grASY. ALSo present are omels,
silver geranium, kukaenene, gosmer, and tetramalopium, Plants rarely
exceed thres feet in héight.

The weather is relatively dry, ccol, and windy. Vinds normally blew
up the face of the crater wall. Freesing temperatures are common at
night during winter, spring, and fall. Foggy conditions are coumon
during midday and cccasiconally at night.

Uan also nest in more heavily vegetated areas, particularly on ihe south
pali between Haupaakea and Haleakale Pedk. Uhelo, mamane, pukeswe; pilo,
and kupaca, create a shriub thicket four to six fest high that covers
nearly 100 per cent of the ground in some areas. In such situations

the burrows were found only at small clearings at the bases of rock
outerops. HNesting density appsared relatively low in these situgtions.

On the Lelsiwi Pali, bunch grass is the dominant vegetation in sous
arsas and burrow entrances are scomelimes screened by graes and bracken
farn. Above Holua Cabin, a burrow was found on a steep slops covered
only with sod, The burrow had been dug under a large grass clump in
an area where Lhe soil was falvly well developed and dld not erumble
too readily. This 1a the enly burrew, without a reck layer overhead,
that was found. '

Burrcws were found from alevationa of 7,200 fest Lo 9,400 feet elevation.
The elevation did not seem to be critical withinmithis range, but rather
suitable habitat appeared to be the limiting factor. More burrows

were found above 8,000 fael than below, but this may be explained becauss
most of my surveys ware &t higher elevationg, whers wmore sultable habitat
is present.

Many burrows ares extremsly difficult to locate during most of the year.
When droppings are present arxd falrly conmpicuous in early sunmer, the
active burrows are roadily found. Before snd after this perlod consider-
able esarching way yisld poor resulta. The burrows were not dug in wille
canouflapged sites for protection, but becauss the rock and scil arrange~
wants were suitable for digeging. Generally, it appears that uau are



found throughout much of the west and south palis of Haleakalsa Crater
and posslbly on the palis below Hanakauhi.

Haleakala Creter may represent the last stronghold for the wau.

Bryan {1908} desecribes the uau as nesting in partly natural burrows in
wet forssted slopes bslow 4,000 feet on eastern Molekai in 1907. If
this was so, the range of the uau mey at one time have been much greater
on Haleakala as well as the other islands. Presumably the open sesa is
the uvau's habitat when away from the nesbting sites,

DISTRIBUTION

—————— ——Phe—only krown UGU TESting sites on Maul are in Haleakala Crater and,

to & very limited extent, on the crater rim, A4ll known sites fall within
arsas totaling only three square milea. Kalaheaku and Leleiwi Palis
support the grealest populations and Kapalaca Pali, a lesser population,
Although a rapld survey of the north pali did not turn up any sites,

it is conceivable usu nest there. King (1964) mentions FPinding one
burrow at the foot of Mauna Hina.

A population of uwau ls found on the east slope of Mauna Kea above 9,000
feet, but to my lnowledge, little is known about it, There have been
no reports of uau on other islands since 1907. This doss not mean they
are not there, howsver. The nocturnal habits and inconsplewcus nesting
sites of thls species makes it difficult to loeate,

Within Haleaksala Crater, population denaities vary considerably. The uau
does not appear te be colonisl in the typical sense, At the same time,
their territorial claims, if any, must be very smell, In one instance,
two burrows are within six feet of each other, while others may be
saparated by several hundred feet. Again, suitable burrowing sites
appear to be the determining factors.

Although the general range of potential nesting sites is limited, there
appesrs to be an infinite number of sites within this range that could
be used or developed by uau, Therefore, it is reasonably safe to
assume, that suitable nesting sites is not the most important factor
when discussing the Limlted uau populations.

I would like to be able to give an accurate estimate of the nmumber of
nesting uwau in the crater. However, the more I survey the park, the
lesa confident I am that I can make an accurate estimate., Nevertheless,
I will try, because it is important to know if the remaining numbers
are in the dozens, hundreds, or thousands.

I astimate there arve at least 300 breeding pairs on lLeleiwl and Kalahaku
Palis and at least 100 pairs on Kapalaoca Pali. I feel reasonably sure
these estimates are conservative and I can readily conceive that breeding



pairs may be twilce thess f{igures. Mesting success, on the othsr hand,
haa probabiy been low. Purther surveys are definltely needed to refine
these estimates--and Lo note population Lrends.

Where the birds are, when nok at their nesting sites, is not known, The
extont to which they range over the Central Pacific may be fairly limited,
but it is more likely they cover several hwdred miles 1n cne or mors
directions from the Hawailan lslands.

Banding Status: As of vecember 1966, oaly nine wau have besn banded.

One was bandsd in 1964 by Smithsonian investigators; two in 1965 by
Camoron Hepmpler, and six in 1966 by myself, Two recoveries were chtained
durdng the suwmmer of 1966. All banding hes been done in Haleakala Crater.

The Feliaowing chart shwws the breakdown of usu banding for the past
two years;

Sand, Nusber
b=l SG04 Adult July 2L, 1963 3
005 Adult July 21, 1965 3
Hinh28201 Adulb May 11, 1966 6
202 Adult June 13, 1946 I3
203 Hestling July 18, 19566 &
204 Adult July 18, 1966 5
205 Restling July 26, 19466 3
206 Aduli Avgust 17, 1966 b

Specific birds will bs relerred te by the last thres digits of their
band puvbers (e.g. 7203 and #208).

pping: It is highly improbable that uwau breed before

thsy m ane year ald. Breeding behavior begins a8 sarly as the first
of Farch and it 1s uwnlikely & bird having fledged ths previous Oetober,
would bes muture enough to participate successfully. Lockley (1961)
waz convinced shearwaters were unable to breed their first swemer after
hatehing.

gading grounds: In 1966, uan first arrived at the braeding
gwwxla abaut t,he rirat of Harch. The mubers of birde per evening was
relatively meall, and apparsntly, they made very infreguent visits for
the Lirst nmonth or two. Occasicnal chacks for tracks ab burrows
indicated an sarly visit at sach burrow and then a time lapse of one
te two months before the birde returaed. Calling activity is limlied
during thie pericd.
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istal ) srritory: The sarly arrivals did use burrows se
;n-aswmahly they wsre locating mates and establishing territorial rights.
I did not, howsver, see any activity indicating aggressive or defensive
tarritorial action by uau.

: A vory fortunats discovery was made in 1966. During the
summer of 1965, mated wau oocupying burrow #3 were bandsd by Cameron
Keppler of the Swithsonian Institubion and myself. These wsre the only
birds bandsed that year. In 1966, these same two birds were discovered
oceupylug the same burrow, 73. Statistically, I am on shaky ground to
flatly state that uau mate for life and ocoupy the same burrow each
aucceeding yoar. However, the information does fall in line with that
obtainsd on shearwaters by Lockley, and it seems reasonable to assuss

uan tend to mate for 11fe and use the same burrow year alfer year.
There is no indicatdon that matings are anything but monogamous.

Little is kneoun about pair formation. Very likely the flight bshavier
and talling, at least during mating, relate in someway to courtship.

Hoetr Old nest sites are used sach year. This is a matter of

expadiency if nothing eles. 7The effort involved In locating and digging
& new burrow suraly must encourage the birds to use ready-made situations.
Neo whare did 1 find evidence of a new burrow having been dug.

Thers 1s evidencs Lo imdicate sesw burrows ars used for purposes other
than nesting. Several burrowe showed aigns of ecoupuncy part ways
Lhrough the muwer, and theon abandoned. If these wore honest attempte
at nesting, 1t would appear that msting success is very low. There
ware no signs of predation in wost of thess nests.

Posaible alternate uses of some of these ‘gbandoned” nests are:
(1) uomated birds and/or adolescent birds occupying the burrows
and
(2) mated and establismhed birds simply checking out other burrows.

There i ne reaszon to think they are establishing auxiliary neests for
protsvtion purposes,

Fo attempt is vade to concesl a burrow entrancs. Prier to the arrival
of wan, the weu had no enemiee on land. The fact that many burrews

are vory wsll concealed related not Lo protecticn, but rather to suitable
sites for digging or the presence of natural openings. Site preparation
¥as not obsarved but presumably 1t involves & sort of hit or mias attempt
at locating & spot wherse a natural opsning is adeguate for nesting or
glse the scil and rock arrvangsment permits digging and soil support.

The most common aituation is a nearly level platform, upon which a
lecsaly censalidated layer of soil and/or cinders or ash depusits exist.
Over this, bedrock {lava flow) is present. The petrsl digs a tunnel
four {o eight inches high through the loose layer and siuply deposits
the moil sutslde the antrance.




Bocavss of the waak legs and small claws, it ls unlikely the uau uses
its feet for digging. The powerful, hooked haak, howsver, should de
an axeellent tool,

Burrows are generally nearly horizontal, altbough a few descend or
ascend sl steep anglss, Again, the rock and soll arrangement is the
determining factor. Burrow length ia from four Lo 15 or mors feet.
The longer burrows are those dug at the end of natural tunmels, scnme
of which, are large enocugh for a man to enter by crawling.

There is no pattern regarding streight tunnels varsus crocked tunnsls.
Many tunmels with bends in them are obviously constructed that way
bascausa of the rock and soil arrangement.

The nests ars merely shallow depreseions at the tunnsls' ends and are
skimpily linsd with a few twigs and feathera. The lining material is
80 seanty that it appears to serve no function a#s the egg freguently
rests directly upon the ground.

Most of the burrows I observed were constructed such that I could net
seg the nest. Of the 15 burrows in the study area, 1 could plainly see
only two nesta., Two additional nests were partially visible by using
a small mivror on the end of a atick ineerted into the tunnel.

Mogt nests had only one entrance. The few thal had two or more probably
were Lhat way Dy chance. DNesis and occupants cscasionally bacame scaked
by heavy rains, which fall infrequently during the nesting season,

Copnlation: No activity was cbsearved relating te this subject. Lockley

‘obaserved shearwsters nating on land within sight of the pair's burrow,

He considers the posgibility that it is the ahearwater's urge (o mate
that attracts it back to the nesting site in the epring. Thers apparently
is liitle chance that mated palrs would mate at ssa as they travel
bundreda of miles from land and probably rarely if ever tome in contact
with each other. These considerations can also be applied to the uau.

$gzs: Basad on observations made in 1956, 1 have narrowsd the laying
period down to a relatlvaely short peariocd in mid-May., O(ne egg was
layed about Muy 10 L one day and another between May 11 and Hay 16.
Cther evidence, based apon the fledgling period, indicates most or all
oggs are lald during that general time pericd.

A1) observations indicate only one egg is laid. It is white with a
semi~-glogay finish, Rather than stiempt to describe its ships, a
phctagra.ph and dtawing have bsen lncluded in this report. Two eggs

1 measured were as follows: 45am X Ghnm and 4omn x 6bom. An egg
measured by Huber (1964) had dimensions of 4émm x 67mm.



Incybation: Sased upon observations of two burrows, I determined the
incubation period to ba 50 to 55 days. My visite Lo the burrows at
natehing time were not frequent encugh to pin it down any closer, This
time period is consistent with Lockley's obsarvations relating to
shearwaters,

Each adult typically ilncubates for three to five days at a time, It sseums
likely that the incubating adult waits until its mate returns from fesd-
ing before leaving the nest. Based upen frequent observations, I feel
reasonably sure that an adult may incubate up to 12 days without leaving
the burrow for food or water, nor doss lts mate bring food to the burrow,
This unusual ability is shared by shearwaters as was observed by Lockley.
Because tracks are readily obaerved at the entrance and on the tunnel

flopr, 1 was @ ; 1 eeach visit; to determine when———— ———
birde antered and departed the burrows.

I visited burrow #3 sixteen times and burrow #6 fourteen times during
incubation. ©n 12 of the 16 btrips; uau #004 was on the nsxt at burrow

#3 while nau 7005 was present the remaining four times. In burrow #06,

uau #201 was present 13 of the 14 trips and uau #202 was prasent the

obher time. On no occcasicn were paired adults in their burrow simulta-
neously and on no cccasion were the nest and sgg deserted. After hatching,
the egg shell is either pushed to one side or fragments may be dragged
outside the burrow and left near the entrance.

Hatehing success is difficult to determine. The only known case of

an abandoned egg was at burrow §#7 on August 13, when I found the cold

agg rolled out of the burrow. IiL is quite conceivable the close proximiiy
{3ix feet) of burrows #6 and #7 cauwsed a territorisl dispute; resulting
in ong household triuwsphing over the other. The shell contained a
partvially formed embrye. Two burrows showed activity through August and
were then suddenly sbandoned. Thess burrows may represent futdle attempis
at hatching infertils eggs. This, howaver, is conjecture only. Lockley
statea thal four out of twelve shearwster burrows contained no eggs,
though birds, primarily from other burrows, fraquented the nest until
July. This wmay be a similar situation with the uau, although I am inclined
to think otherwisa, because of the fairly abundant droppings at the
“unsuccessfnlY burrows,

Excluding the four burrows thab were rajded by rats (to be discussed
later)}, we can arrive at zome estimates of fledgling success. Of the
remaining 11 burrows occupied during 1966, five and possibly seven were
fledged. Thio gives us a success ratic of 454 to 64%. One burrow (#7)
wvas definitely abandoned. If w2 assume that the other three burrows

were not used for nesting purposes, then the success rates are 624 to 874.

Statistically, we are not on very safe ground and because of too many

unknown factors 1t appears advisable to accept a conssrvative figure of
about 50% succees. This represents success in a predator-fras environment.
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Flightless Perioed: On only one occasion did I see an adult with its
young during daylight hours. On July 4, #202 was with 1te one-~to-two=
day old chick, Feeding takes place during the night and normally within
two hours after sunset,

During the firet 13 months of the chick's life, it was fed once every
day or two. Only one adult was &t the burrow any given night. The
duties were shared by bobh adulis, but probably not equally., In burrow
number 3, #004 was cobserved five times wheyeas #005 was not cbserved at
all. This does not mean that #005 was not active, however. At burrow
#4, I captured both adults, each on a different ocecaslon, as they were
about to enter thelr burrew and faed the chick. On both occasions, the
adults disgorged large quantities of partially digested food.

Fram about August 20 to September 22, chick #205 at burrow #3 was fed N
about onee & week. After September 22, the next and also the last feeding
was October 3 or 4, The chick fledged about Octoher 21,

The normal procedure for fesding was for the adult to enter the burrow
and occupy the nesi with the chick. The chick would peck at the adult,
apparently coaxing it to regurgitate food. The adulis were somewhat
inhibited by the llght from the flaahllght, and I was never satisfied
food was ever passed from the adult to the young while I was observing.

Adult petrel #004 arrived at its burrow at £:25 p.n. to fesed its chick and
departed at 9:15 p.m. It apparently was there only long enough to feed
its young. This appeared typlceal of the feeding vislita made by adults.

Unfortunately, I did not take a complete series of mesasurements to
determina growth rates during the entirve nestling stage. However, I will
list the measurements I did get.

Chick #205 Length
(days old) (inches) Wingspread Wing Tail Bill Tarsuys Welght

26 6 7/8 — 11/4"  w= 26mn 28mn e

61 10 3/8 ——— 53/8 2% 32 36 e

91 i 1/2 kTR 9 Y/L G 374 33 40 o
103 — o o — e - 17.5 os.
110 16 36 1 1/2 6 34 40 15.5

The chicks did not "enjoy" being handled, but &t the same time, there
appeared to be no ill effects from the handling, unless they had been fed
recaently. AL which time they would then regurgitate some or mest of the
food. They did peck quite a lot, but their jaws were not strong enough

to draw blood, as the adults can do,. They returned to their nests readily,
and sebtbled down immediately.




During mating and incubation, adults normally defecated oubside their
burrows within 2 to 10 feet of the entrance. In some of the larger and
longer burrows, droppings were founrd within the burrow near the entrance.
After hatching, adults spent little time at the nest and no longer left
their waste thers.

The chicks, having eatern partially digested feod, had little s0lid waste
to eliminate, and merely squirted liquid inte the porous cinder and ash
material surreunding the nest. The liquid was quickly absorbed and the
nests, although having a conspleuous odor, appeared surprisingly clean.

The time from hatching to fladging is about 115 days. This is an amazingly
long t.im; for a bird t.o develop. Whereas, the wau parallels ihs manx

reatly surpasses the develomment—tims of

’c.ha sheamter. Lockley racorcia & nestling periocd of 73 days for the
shearwater. Undoubtedly, the infrequent feeding by the uau iz a major
contributing factor Lo the slow development.

: : The normal time for chicks to lesve thedir burrows is the
end of Octeber, All five burrows which had young successfully reared
were vacated betwean October 18 and Hovember 2, I did not observe &
chick leave its nest so I do not know if it makes & successful fiight from
its burrow or makes trial flights and "bounces® down the pali until it

is finally capable of sustained flight.

It seems likely that the young leave their nests because of hunger as
much &8 any reason. Having gone two to three weeks without food, it
undoubtedly is encouraged to search for feod,

I saw no indication (tracks or actual cbservation) that the chick, prior
to flight, spent any time outside its burrow exercising eor in any way
preparing for fiight. This alsc is in contrast o the nanx shearwater,
which epends several nights out of its burrow Ylimbering up" and
practicing, prior to leaving the nest area.

HABITE

t8; Uau frequently arrive at the nesting siltes shortly after
aunset and at least on some occasions arrive alons. Unce ab the breeding
grounds; they frequently fly in pairs, although there is good evidence to
suggest the flight pairing is often not of mated pairs. On several
nights, I was able Lo observe bimds flying in pairs, but on only two
oocasions have I seen mated pairz in their burrows,

Astive veriods: Alwost all incoming flights ccecur durlng the early
hours of night. Departures may cceur any time at night prior to sunrise.
On July 15, 1965, I observed two blrds leaving at 5:10 a.m,, at which
time indirect sunlight was Just begimning to light the pali. Bunrise
was at 5150 a.m,
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I never observed an uau outside its burrew during daylight hours-—on
its own wvolition. However, a previocus park naburalist reported
observing a petrel eitiing on a rock in the crater at 10:30 a.m. When
approached, it flew away. The date was October 27, and corresponds
with the nest-lsaving period of young uau,

I was not able to detect any correlation of activity with weather patterns.
Uau wers capable of locating their burrows on dark, cloudy, woonless nights,
as well as clear, moon=-1it nights.

From about the first of Hovember t¢ the end of February, ithere is ne
indication of any uvan activity, day or night, In the erater, Apparently,
the birds Bpend abaut four mantha at sen, and perhaps are not in sight

on habitsrar Some Sea birds.

Flight: Because of the unau’s habit of {lylng only at night at the
breeding area, it is diffiecull to get a good look at them in flight.
Howsver, 1 was able to observe a few by using a flashlight and will try
to describe thedir flight as I saw it.

The birds gensrally fiew a minimm of 20 feel from the crater wall unless
they were preparing to land. Their flight was sometimes quite regular
and steady and other times very erratic. 1 concluded that their flight
was regular and steady based more upon fllght sowxl than sight,

When I shined my light on the birds, they fraquently began careening
from side to elds and incrmasing their altitude. If a peir of hirds
were flying together, they almost always split up when the light shone
directly upon them. Because 1 could only follow the birds for a few
seconds, I was never able to satisfactorily observe thenm.

It was very rewarding to simply sit and listen to their flying and ealling,
Normally, the birds fiew parallel to the crater wall for several hundred
yards, turned around, came back, and repeated this pattera for a half

hour or more. I was able to determine thls, because one partisular

bird made a most peculiar sound as the wind whistled through its feathers,
It sounded a great deal like a distant automobile speeding on a paved

~reoad, In fact, that is what I thought. it was at first becaunse of the

close proximity te the park road.

The normal flight pattern, just prier to landing at the neet site, was
to make ssveral passes o few feel over the site and finally land.
Landing, in some instances, mmst heve been guite traumatic. On one
occasion, #004 "crashed” on a ledge four feet ahove its burrow. I
pleked it up and carried it to the burrow entrance and released it.
Instead of going into the burrow, it jumped and flopped down the hillside
until I finally caught it and placed it in its burrow.
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I thought it was jJjust a navigational errver the first time the bird
craphed, but two nights later, it Janded in almost the same placs, only
this time it struck a kupaca shrub, The bird lay there for about 30
3econds and then crawled over to the 4 foot ledge and “fell" over the
side, making quite a clatier as it landed on the Havahart Live Trap.

It then woved immediately into the burrow.

A third night, I had taken up a post about 25 feet from the burrow
entrance and was crouching behind & reck. I covered myself completely
with an army blanket to be as inconspiouous as possible and to keep
warm, Uau #004 made many passes over the area during a half-hour
period, I finally feoll asleep, and the next thing I was aware of was a
floppinb noise a.nd baing h:zt on t}::a ba.ek by a f.}.ying ob,jact I aurmised

it away from mo. My conditioned reflex paid off becsuse #004 disgorged
a considerable amount of very foulw-smselling, fishy, oily, partially-
digaated food.

On angther occasion, I was wsiling at burrow fi for an adult to arrive.
It made & fow passes overhead and then made a pinpoint landing at the
very small ledge &t the burrow entrance. It rempined motlonless for a
leng enough tisma for me to capbure it for banding purposes.

The uay is expramely awkward on land. Because iits legs are sst far back,
it is incapable of standing sreet and relies upon rather unorthedox means
for locowotion. It may take a few running steps prior to taking flight.
If it does not fly, it falls forward onto its breast snd ncrmally rests
for & while. When crawling into:ite burrow, it sometimes appears to
rast part of its wiight on its brsast and, with its feel, prepels itselfl

forward. When aitenpting to aove rapidly in the open, it reseorts to using
- all five—~two feat, two wings, and one bill.

The wabbed feet and rsarward placement of bthe hind legs are indicators
of an efficient propelling system in water. Howsver, it is not known
if they actually spend much time in water.

Population dynamica: Nothing is known of short—term population fluctua-
tions. The long term trend, howsver, is clear and, 48 in o many cases,
& result of man's activitiea. The islands populations have undoubtedly
.declined dramgtlcally. Whether this decline c¢an ba halted will depend
again upon man and his activitias.

During my one and a half years of obssrvations, I have obsesrved several
desd uau. One is believed to have baen kKilled sy & dog; a secend
probgbly struck & power line in the vieinity of the nesting area; a
third died because it could not sxtricate itself from a tight hole it
had been “exploring”; a fourth died in one of my live traps, for which

I must accept full responsibility; and fifth, a two and a half nmonths
chick disd in a burrow~-cause of death unknown. In additlon, old remains
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of & half dozen other uau wers found in a variely of places. 1 could
not find any clues as to cause of dsath.

Circumstantial evidence of predator-killed uwau is very great, Thring

the summer of 1965, 1 observed mammal tracks in the three burrows I was
observing. I erroneously credited them to mongoose. My shservatlons
this wear prove they were roof ral (Rabttus raltus) tracks. Durrows

#1, 2, and 3, the ones I observed in 1965, wers, apparently, successiully
raided by rats during the end of Augnat. In 1956, burrows 2, 9, 10,

and 11 were raided by rats and the nestlings kilied, Had it not been

for preventive measures taken by the park staff, the number of birds
killed within the study arsa would probably have been much higher.

Feral 59&us—inﬁab1*—the—same"ranﬂa—as—th&ﬂﬂmr1uﬁ%ﬂmxy—eeﬁpe%e—fer—a?a"e.
Goats freguently 1like to rest in the shade of vertical cliffs, at the
bases of which, uwaun may have their burrows. This situation was not
present in the study area, but evidence in other areas indicate it is
not an uncommon situation., Chukars also roeost at the entrances of soms
of the burrows. I doubt that they prasent any major problem, however.,

In general, the primary thrsat to the future of the wau 1s predation,
rabher than lack of sultable habitat, food, or cother factors. The uwau
is present within the nesting area for eipght of the twelve calendar
months and, consequently, are eoxposed fo danger for a considerable
portion of thelr lives. The roof rat, in the higher usu breeding ranpes,
is the priwary predator, while cats, dogs, and mongooses are of limited
concern, AL lower elevation, all predators are potentlally sericus
threats. Man 1s not a serious direct threai to the popmulations any
longer, and hopefully, our culinary tasies NDTL never again be orlented
towards uau.

FOOD

Yot much is known of the food or feeding hablits of the wau. I was abls to
collect a few samples of regurgitated stomach contents from adulte and young
and have them analyzed. The information obtained frow Lhe analysia fits
into the general food habits of petrela and their allies.

Following, is a guotation from a lstter received from Dr., Andrew J. Dergsr,
Chairman, Department of Zoology, University of Hawaii.

Win Banke brought me the stomach contents of the Darkerumpsd Petrsl.
Thesa prove to ba very interesting., 8ill Gosline had the following

to say about the fish: "I can do nothing with any assurance on Lhe
large, headiess specimen. At & wild guess it is & jJuvenile bramid.
(The Bramidae is made up mostly of epipelagic, open sea forms.) The
smaller is a jJuvenile holocentrid, probably Holocentrus lacteaguttatus.
At this stage in development the species l1s all over Lhe place. OSome
of them are already inshore; on the other hand the sams stage is
conmon in tuna stomach contents. My only surprise is that the
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specimsn was close enough to the surface for a bird to get.
{Maybe it was dead when eaten?)"

5id Towneley has identified the invertebrateas as fellows, bul wants
to study them further to sse if he can identify two of then to apacies:

1. A squid ssprent; too small to identify further.

2, Another squid, Lojigo.
3. 4 stomatopod crustacean, perhaps Lysiosequilla in the last larval
instar stage.

Geantitatively; I can speak in relative terms only. Huch of the material

was wsll-digeated and cou,ld not be mmlyzed 43 to gource. However, of

PREDATION AND PRESERVATION IN HALEAKALA CRATER

Our statistical and control data relating to predation is admitiedly
limited. lowever, what we have collected is signiflcant and can be used
affectively for management purposes,

As mentlioned in the previouz section, the burrows that wersa under cbservation
in 1965 were raided by rats. During the summer of 1956, only one of these

- thres burrows was raided, The decline can be attributed i{o two factors -

trapping and poisoning of rats.

8ix Havahart live traps were placed at burrews #1 to 6 on July 5, prior
to the appearance of any predators in the study area. Shortly after that,
rate showad up and three wers trapped at burrows #2, &4, and 5. The rat
at #2 had entered the burrcw before being caught. I was not able to
determine if any predaticn had occurred, bubt usu activity at #2 declined
markedly after that and cessed completely by the end of Auguat. The rats
at #4 and 5 had not entered the burrows before being trapped.

On July 13, the study ares and other portions of the park were polsoned by
aerial broadeast of smgll pleces of horsemeat soaked in 1080 poison
(Potton, 1966), In addition, I hand-scattered poisoned meat near each
burrow in the study area to insure complete coverage.

I wiil digress brisfly to mention that the poisoning project was a joint
affort by the U. 8, F. & W. 8., Hawaii Fish and Game Division, and

National Park Service to attempt to destroy all predators within the crater.
The nene (Hawaiian goose) and uau ars the primary apecles threatsned by
predatien. One favorable aspect of Haleakala, relating to poisening, is
that there are no native mammals or carrion-sating birds to be conserned
about. Consequently, the situation 1s such that anything that will sat

the poiscned meat is considered undesirable within the park.
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There is evidence to indicate the poisoning was successful, at letst for
“a few months after application. One.dead rat was found in burrow 14,
presumably poisoned. Another was found in the Paliku rsgion. The¥e was
no slgn of dogs, cats, or nongooses throughout the poisoned areg mntil
about the end of November, when dog tracks were seen near Kapalac® Cabin.

The moat significant information was obtained at the uwau study arésd.
Between September 14 and 22, all three rim burrows (#9, 10, and 1L} wers
raided and the nestlings killed and eaten by rats. The numercus rat
tracks and stench of decaying flesh allow for no other conclusiop+ These
burrows were outside the poison and trapping area. Within the polsoned
area, the only signs of rats after July 13 were the dead rat at jl4

found on November 2, and a second rat caught in the trap at #2 on

August 16. Burrow /2 is barely inside the 1imits of the poisoned area.

All the evidence relating to the effectiveness of the roof rat as &
predator on nestling vau is cirvcumstantial., However, it is sufficiént, in
my estimation, to conclude that the roof ral is a distinct threat to the
last wan population on the island of Maul, and should continue t0¢ be the
gubject of an active, continued erradicafion program.

The most logical means is poisoning. The effectivensss of 1080 has &lready
been demonstrated, but perhaps & mors selective, non-controversisal poison
should be considered. Warfarin or some similar poison would, hopefully,

be more sconomical and easier to prepare and apply.

We still do not knmow if nongooses and cata are important predators on uau.
If they are, then 1080 or some similar poison will be reqgaired. Further

research will be needed at lower elevations to determine protectlon
requirements.

It i# highly probable that to be reasongbly successful, poisoning will have
to be an annual project. The udu bresding areas ars adjacent to the outer
slopes of Haleakals, which, for the most part, are outside the park.

These areas cannot, for a variety of reascns, be poisoned and consequently,
provide approach routes for nomadic rats.

It is essential that we continue field obgervations to further define
breeding areas, populations, and population trends. In addition; we
must continue investigations to determine the degree of predation and
the effects of our predator control program.
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Haleakala Crater and Koolau Gap from summit--Kalahaku Fali
on the left and Hanakavhi in the upper right,.

Haleakala Crater from Kalahaku Overlook--Kapalaca (South)
Falli beyond cinder cones. Island of Hawaii (Mauna Kea and
Mauna Loa) in distance.
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Kalahaku Pali from Sliding Sands Trail
(Study area located in circle)
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Study area on Kalahaku Pali-~this talus slope
has a relatively high nesting density

Entrance to Petrel burrow
(The tunnel is about 6 inches in diameter.)
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- actual size

Longitudinal-section of typical uau burrow



Ian shicli~-one menth 214
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Jau nooatling at burrow entrance=-3 1/2 monthe old,



Adult Uau
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