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The Breeding Cycles of 
Hawaiian Sea Birds 

By FRANK RICHARDSON 

DEPARTME>=T Ot' Zoo1.0GY, CxJ\"ERSITY OF \\'.,sHrxcTo>: 

.\XD \YASlllXGTO>: ST.\Tr. ~fl"SH")J 

IXTROl)UC'l'lO>l 

The problems related to cyclical. usually annual a11d sea,;011al. beha,·ior 111 

birds have received much atte11tion in rece11t years. The rcne,\·cd intcrc>st 111 

such subjects as cyclical breeding and migration. phc110111cna which han· im­

pressed ma11 ior centuries and abont \\'hich he ha,, ob::.en·ecl and \\Titten nmch. 

has been due. perhaps. both to nc\,·ly opened fields oi e,·irlence ,111d kef'nc>r 

observation and inquiry. l'robably the greatest ne\\" tield has liec11 the detailed. 

including microscopic. stud~· of the bird gonads a11d the comph·x oi the 
hormonal control of thci1· annual rccrndescence regnlated hy sca~on,1 l ch,rn~e,, 
in diurnal periods oi daylight and other factors. Ro\\"an ( 192<.J) \ntS c111incnt 
in starting this fi.elcl of i11ve~tigatio?1 and such \\·orkers as \\'olfs011 ( 1952) ;111d 

Hlanchard ( 19..J 1) have c,pandccl and rt"lined tlw field. 

Combined \,·ith the greater uncler~tanding of the rhythm oi gonadal <it-­
velopment has been the analvsis of environmental factors. especialh· iood and 

its seasonal changes such as \1·ith temperature and rainfall. that arc the 
more immediate explanation of cyclical bird hel11t\·ior. ( )utstanding in thes<' 

studies are such men as Thomson ( 1950). :Ii oreall ( 19.10). Lack ( 1950 l. anc l 
Skutch ( 1950). Their general consensus has been that the food supply during 

the raising of the young is the primary factor that has determined establishment 

of the typical spring breeding cycle of most birds of the ,\·orld. hm thi~ may he 
modified for each species by such factors as the particular feeding- halJit~. period 
of incubation. distribution as to latitude. and the effect of major rainy or drY 

seasons. 

The breeding cycle of birds which arc residents of tropical region,- ,1re 

at once of special interest. since in these regions changes in day length art> 
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relatively slight and photoperiodicity cannot be expected to assume the signi­
ficance il does in higher latitudes. ~vloreover. the correlation of food abundance 
with summer's maximum light and temperature is much modified in the 
tropics and the time of rainy seasons often determines breeding. Exceptions to 
spring or summer breeding are frequently found: and cycles. which may even 
lose their annual nature .. show many variations even within some species. 

The Hawaiian Islands extend f,-0111 about 19° to 28° ?-J. latitude, thus 
lying in both the Tropic and Temperate Zones. They show conditions inter­
mediate between these zones as well as characteristic of them. The islands 

thus afford an unusual opportunity to evaluate the factors related to breeding 
cycles of birds and to study their significance in both higher and lower lati­
tudes. ?,Jost of the ornithological work in Hawaii has been done on the unique 
endemic passerine family Drepaniidae. Hawaiian honey creepers. and it is in 
this grnup that the first detailed ecologic study. including reproductive cycles. 
has been made (Baldwin. 1953). 

Reproductive cycles of sea birds in general, especially insular populations. 
are often subject to somewhat different determining factors than arc the 
cycles of continental birds. Since sea birds obtain their food from the sea. 
their occurrence tends to be correlated with the temperature and biotic zones of 
the oceans. These zones. although tending to be latitudinal. are greatly affected 
by currents and other factors. and the distribution of oceanic birds mav be 
correspondingly influenced. r-lu,·phy ( I 936) emphasizes such relationships 
in his outstanding work on South A meric.m sea birds. r-.Joreau ( 1950) an::i­
lyzes more particularly the breeding cycles of African sea birds. 1:<'isher and 
Lockley ( 1954) have written the most complete recent analysis of sea birds 
of the Korth Atlantic. Sea birds, then. are much a part of their ,qte,· en­
Yironment and their time on land is often restricted solely to the breeding 
season. They may have great mobility over expanses of sea, but relatively in­
frequently have north-south migratory habits comparable to mainland migrants. 

'l'he nesting Hawaiian sea birds-namely 22 species of tube-nosed swim­
mers. pelecaniform birds. and terns-are. except for certain endemic varieties. 

mostly widespread or pan-tropical forms. However. the group of species and 
the complex of conditions under which they breed. many species over a range 
of more than 1,000 miles and with a latitudinal change of some nine degrees 
(623 miles), is not closely paralleled in any other archipelago. Though Ha­
Wctiian sea birds have been studied. especially on the main islands. and at 
Laysan and :\[idway Islands by Munro (1944) and others. except for a study 
of sea birds near Oahu (Richardson and Fisher, 1950). breeding cycles and 
the factors hearing on them have been little analyzed. The present study was 
undertaken with this in mind and with the hope of filling in gaps i11 the still 
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incomplete picture of the occurrence and breeding cycles of sea birds along 

the whole Hawaiian chain. 

Primarily. I wish to acknowledge the Yale-Bishop ~Iuseum fellowship 

which made this study possihlt>. Important. too. were the kindness and help 
of the ;\luseum's fine director. Dr. Alexander Spoehr. and staff. The parb 

played by Yale University and the Gniversity of Hawaii in enabling and 
encouraging my project, and by the -Cniversity o[ \,\'ashington in the com­
pletion of the manuscript. are also gratefully acknowledged. The United 
States Coast Cuarcl "·as of great help in affording transportation to distant 
and otherwise inaccessible islands of the Hawaiian chain. I also thank 111<•111-

!Jers of the Territory of l I a \1·aii l)ivision of Fish and Came for their help and 
for permission to study and collect 011 various islands. The Pacific Ocean 
Fisheries Jnvcstigation staff of the United States Fish and \\'ildlife Service 
was of real assistance. as were the Hawaii Audubon Society and the Honolulu 

Zoo. undPr the directorship 0£ Paul Breese. 1 sho11ld like lo give full credit 
to all of the individual ohservns whose work. \1·hether published or not. forms 
an important basis of my study. :\lany of these workers are cited in the text 
and bibliography. Lut iL has seemed unwise to attempt to cite them all. 

THE HA\\'.-\IL-\r-: ARCHlPET,AGO 

l\lajor environmental conditions on the Hawaiian Islands and in the seas 
around them are best summarized first. Then. following ,1 description of the 
breeding cycles of the sea birds. the importance of <:'rtviron111ental factors in 

regulating these cycles \\'ill he <:'valuated. 

THE Isr,Axn:; 

The main islands of H.awaii are primarily formed by Hawaii, :.\Iaui. Oahu. 
Kauai. i.\Iolokai, Lanai. and :t\iihau; hut the some 30. often widely spaced. 
small islands extending to Kure ( Orean Jsland). more than l.200 miles west­
nortl111·est of Oahu. arc no less a part of the archipelago and are of great in­
terest in a study of sea birds ( fig. 1). The main islands of the southeast end of 
the great oblique chain are large and mountainous. llawaii is -l-.030 square 
miles in area and up to 13.78-l-feet in altitude. haYing coastal and inland cliff:; 
available to sea birds. Small 1111111olested islands especially suitable for sea 
birds are numerous along the wi11clward or northeast ;;horc of Oahu. where 

there are some 13 islets: hut there are only about 10 altogether around the 
other main islands. :.\f oku :\lanu and ~ I anana arc the two islets off \\'ind ward 
Oahu on which most studies of sea birds have been mack. 

\i\•est and north of the main islands. \:ihoa (fig. 2) awl ):ecker are the 
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first islands. They are fairly sizable, each almost a mile long: are rocky an<l 
precipitous: and essentially lack beaches or level open areas. Heyond them. 
La .Perouse and Cardner Pinnacles are the only rocky island~. each of which is 
barren and less than 210 yards long. From French Frigate Shoal to the north­
west encl of the Ha,,·aiian chain at I(ure. all the islands except the two pinnacles 

FrGt'RE 2.-"\'ihoa Tsla11d from the southwe,L This great rocky island about 900 feel 
high and a mill' long offers not only extemive cliff nesting sites but also soil, bushes and, 
to a ,mall extent. tree, and barren areas. 

mentioned arc low. none more than -Li feet high. and composed of coral reel 
or sand ( fig. 3). Six of these islands are bet\\'ecn one and two miles long 
and all 27 have open sanely areas and varying amounts of usually lo\\· Yegeta­
tion. Bryan ( 194-2) gives much useful information. both physical and biological. 

on the Hawaiian chain. 

All of the Hawaiian Islands are of oceanic origin and are 11·id<::l_v sC'parated 
from continents and other islands. facts that have largely determined their 
flora and fauna. Sea birds, even though generally wide-ranging. reflect the 
is0lation of the Hawaiian Islands in the occurrence of several endemic races. 
The nearest islands to the J-lawaiian chain are Johnston and the Line Jslands. 
including l'almyra and Christmas: hut they arc approximately 500 and 1,000 



6 lfrrnice P. liislioj> .ll11sru111-H11/leti11 .!18 

FIGL'RE 3.-Laysan ( in foreground) and black-footed albatross(•,; on cgg-s on Frcnch 
Frigate Shoal. December 18, 19.,J. This island is an example of a Aat coral type. The 
two specie:; of albatrosse,, here nesting clo,e together, arc ordinarily more \1 itlel~ 
separated . .\."ote higher nest here built up by the Laysan albatros,. 

miles to the east and south respectively. J)ata from these islands and others. 
both in the Pacific and other ocean~. \\'ill nut be stres~ed i11 this stud1· !Jut ll'ill 
a trorcl some valuable con1parisons. 

CLJ~IATE 

Some salient and contrasting climatic features. especially of rhe t1\·o ends 
of the Hawaiian chain. may well be brought out here so that the possible 
roles of thrsr environmental factors in cletern1ining breeding cycles can be 
evaluated later. ,\dmittedly, conditions in surrounding seas arc most important 
for sea birds. but certain climatic conditions on their breeding islands arr also 
significant. l·nfortunately. little detail is known oi the climates on 1·,uious 
isolated Hawaiian Jslancls. so they must be judged-and they can be usuall_1 
fairly wdl-ou the basis of known station~. Temperature and precipitation 
data are from the Cnitecl States \\'eather Bureau ''Annual Summaries for 
Hawaii.'' 

Temperattu-es. as sho\\'11 in the following table. do not vary greatly either 
diurnally or st'asonally. compared to inland continental stations at Ha11·aiia11 
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latitudes. The moderating etfect of the ocean is apparent throughout the Ha­
waiian Islands, but temperature differences are still marked, especially in com­

paring high and low alliwdes or the ends of the chain. 

Table ! .-Selected monthly temperature means and annual 
extremes in degrees Fahrenheit 

STATIOX YE.\R FEIi. .IL'G. ~11.\Y X()I', THIP. EXTRDIF.S 

'.\[icl\\'ay 1917-38 64.6 78.3 71.7 70.6 91--15(1927?) 

1952 78.9 73.6 73.2 

1953 66.6 79,5 72.S 7-t.8 88-55 

195-1 6-t.9 78.7 70.2 72.1 86-55 

French Frigat.: 1952 71.8 78.l 7-1,7 

Shoal 1953 72.4 79.9 76.6 -63 

195-t 78.7 73.3 76.6 88-

:\f akapuu Point, 1952 70.9 75.3 71.S 72.7 86-63 

Oahu 1953 70.7 75.2 71.4 72.1 84-60 

195-t 70 .. , 75.8 71.8 75.2 89-59 

Haleakala, illaui 1952 -19.5 56.2 50.8 52.6 75-32 

Ranger Station 195J 50.7 58.5 54.5 55.5 80-34 
Alt. 7,030 ft. 195-1 52.8 58.4 53.2 56.7 75-30 

Rainfall, even at a given locality in the Hawaiian Islands, is quite variable 
-much more so than temperature. The general picture is that of considerable 
rainfall on the windward, northeast, sides of the main islands, but much less on 
the lee sides of the islands or their mountains. The low islands in the north­
western part of the archipelago are relatively dry: and this is true also of the 
small wind ward islands, such as :\Ioku :\ f am1 and }Ianana, in the main group. 
i\Ieteorological data from l\Jakapuu Point, near Manana, on Oahu, probably 
most closely represent these latter islands, since this point is not Yery high 
and ex:tends well out from the main mountain range. 

Prohahly the most significant rainfall, as regards its effect on sea birds, is 
in the form of cloudbursts. Sheeb of run-off water may, at such times, sweep 
eggs and young before them (l{ichardson, 1948). Unfortunately. such storms 
do not show in rainfall totals, especially since the storms may be of such 
local occurrence as to miss weather stations. This applies particularly to bird 
islands in the main group. It is less applicable to the data from flat coral is­
lands like French Frigate Shoal and ".\lidway, where, too. appreciable run-off is 
not to be expected. 
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Table 2.-Alonthly rainfall 

STATION' J,\~. FE:R. MAR. APR. ;\lAY JUN~ JUl.Y AUC. Sf.PT. OCT. NO\', Dl!C. 

.\I id way 
I 917-38 5.05 3.47 3.33 3.65 2.39 2.20 3.29 4.60 4.4.3 3.88 3.34 3.72 
1952 0.65 13.42 3.06 -US 4.11 2.88 1.96 1.10 
1953 9.28 2.44 2.74 3.80 4.92 2.66 300 2.01 7.38 3.39 2.79 230 
1954 2.76 089 1.76 5.78 0.27 1.56 .3.(19 1.19 5.73 0.70 1.66 1.80 

French Frigate 
Shoal 

1952 2.20 i..;s 0.57 0.i4 1.29 0.15 1.28 1.22 0.63 
1953 2.19 283 1.22 0 . .l4 0.72 0.9-l 1.63 0.61 2.00 1.79 1.00 2.76 
1954 6.05 2.03 4.51 0.53 0.58 1.73 2.25 2.77 2.12 3.33 2.SI 

:\fakapuu Pt. 

1952 2.6b 1.85 1.64 1.80 l.93 0.37 0.52 0.35 0.13 35-l 2.30 0.71 
1953 2.60 1.50 SAS 0.51 0.28 0.37 0.68 0.31 0.13 0.85 0.67 2.72 
1954 1.90 5.17 3.35 1.13 0.45 0.65 2.50 0.79 0.36 3.32 3.88 2.56 

Jialeakah 
Ranger Sta. 

]952 2.87 1.84 7.i8 0.64 0.99 0.48 2.-l0 0.37 0.75 2.24 6.92 
195.'\ 0.47 2.53 7.12 0.16 1.80 0.18 0.1.'\ 2.29 019 1.24 0.80 2.70 
1954 3.32 3.86 5.00 2.21 1.88 0.65 6 95 1.31 l.35 1.-17 2.84 37.63 

Then: is a fairly regular sec1.son of greatest rainfall irom late iall to early 
spring in the main islands and \\"est to :.\ihoa. This rainy sea,;on is sufficiently 
marked to be reflected 111 considerable vegetational chan"e on ,, some islands. 
;\fanana. for instance. becomes quite green during the winter and spring, and 
this IS true to a less noticrahlc degree 011 :-loku :-la nu and ~ihoa. French 
Frigate Shoal. perhap~ the dr·icst of all of the islands. showed some increase 
in plant growth in the late winter of 1953-195--1-. but this was not a ,·ery marked 
change. Su111111er months tend to be the driest on the main islands, including 

the high Haleakala area on :lla11i. but the amount of summer rainfall tends 
to 1ncrease toward the nurth1n:st encl of the archipelago and :lli<lway often 
receives its heaviest rams during these months. 

Table .3.-Total an11ual rainfall and departure [rom normal 

1952 1953 1954 
STATIO~ .\X~\."AL Ul:'.l'Al<T. .ANXl.;.H, Of.l~ART. A!l:NUAT, OF.P,\RT, 

1tidway 22.94 ( I 950 l -19.66 46.44 +3.84 27.19 

French Frigatt 
Shoal 18.03 28.4 l ( for 11 mouths) 

11akapuu Pt. 17.80 --1.28 16.07 -7.07 26.06 +2.92 

Haleakala 
Ranger Sta. .1-1.65 -18.01 19.61 68.47 

------
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Length of daylight may hP con,;idered ;i cli111atological phenomenon and tlw 
significance of facts presented here \\·ill he considered later in this study. The 
extremes of latitude in the Ha"·aiia11 blands are 18° 55' X .. at the southern 
tip of Ha\\'aii: and 28°25' X. at Kure Island. The principal sea bird breed­
ing localities from Oahu to :-lirkay "·oulcl span only about a degree less than 
this almost 10 degree change in latitude. Day length and rdated figures from 
the ".\merican Ephemeris and ::--;autical .\l111anac." are for e,·en 10 degree 
parallels: so rather than 111::ike uncertain interpolations. data for 20°::\'. and 
30° X. a1·e given belm1·. Corresponding- night lengths are included. since the\' 
ma_v be significam in nocturnal species. l'eriods of t\\'ilight extend approxi 
mately one hour 17 111inutcs before sunrise and after sunset and. accordingly. 
extend incomplete light or darkness. 

Table 4.-:\nnual n1aximu111 and rninin1t1111 period~ of daylight and darkne:-,:-, 
at approximate north and south extremes of Hawaiian !:,;lands 

1.r.Kr.'l"n or J>AYI.TGIIT DlPrrRrxn: D£TW1~F.X I.F.'\'C'l'H OF' :'\I(~Jti' 
(sunrise to sun~et) LOXC:t-~::-'t A~ll SHOR'H'.~1 (sun--.et to s.unri .. e) 

LAT, rn;c. 26 JL."~e 19 IM\'S IIN'O SIGHTS DF,C. 26 Jl'N~ 19 

20° ]\. 10 hr. 56 min. 13 hr. 20 min. 2 h,-, 2-1 min . 13 hr. 4min. 10 hr. 40 min. 
. ,001\. 10 hr. lJ min. 1-1 hr. 4min. .l hr. 51 min. 13 hr. 47 min. 9 hr. 56 min. 
Diff. 43 min. -14min. I hr. 27 min. -13min. 4-lmin. 

\\'inds, although essentially part of the extensive wind ~,·stem~ oi the 
:S.:orthcrn Hemisphere. may he briefly considered here for they impinge on the 
Hawaiian Islands ( fig. 1). Their effects on ;,ca birds ,nay he ~uch a~ to d(•­

termine breeding or possibly feeding succe:;s. and ability to take off. especially 
ll'ith young albatrosses. The folloll'ing discussion of ll'inds is hased on thl' 
"Atlas of Cli111atic Charts of the Oceans·· ( Cnited States \\'eathcr Bureau. 
1938) co111pilecl from some million obsen·ations cm·ering over 50 Year~ in 
the north Pacific. 

The usual surface winds throughout the year in the H,\\rniian Islands arc 
the northeast to east trade winds. They may blo"· CYen more than 80 percent 
of the time. especially dming thr stmmwr and spring: hut their force is !lot 

great. usually averaging from 10 to 16 miles per hour. There is con,;i<len1hk 
variability in the trade \\'incl regime. howe,·er. especially in late fall and ,,·inter 
and toward the northwest oi the archipelago. where west and southwest "·inds 
may predominate . .Islands from Laysan to ;\[id\\'ay are often on tile \'arinble 
borderline between trade \\'inds and calmer. more Yariahle. \\'est to north winds. 
\foderate gales. 32 to 38 111.p.h .. and occasionally stronger winds occur live 
to IO percent of the time from Laysan to l\Iidway between December and 
March. but are less frequent in the main islands. Calm. a condition probably 
unsuitable for gliding sea birds. especially procellariiforms. is almost unkno\\'n 
in the Ha11·aiian region. 
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Great and rather constant \\'ind systems occm over the Pacific Ocean 
north and south of the Hawaiian Islands and may well he important in helping 
sea birds return to their breeding islands .. ,-\ broad belt of regular trade winds 
extends across much of the ocean from the islands south to\\'ard the equator. 
The Pacific region from Japan to Canada is characterized by strong and 
constant northwest winds except in late spring and in summer ,,·hen south 
or southwest winds are more common. The most variable belt of ·winds ex­
tends across the Pacific usually north of the Hawaiian chain hut sometime:, 
including its more northern parts. 

Cloud cover averages about 0.4 to 0.5 of the sky during the year in the 
Hawaiian region; a relatively clear condition as compared to many oceanic 
areas. Fog. which would he inimical to some sea bird activity. is of insignifi­
cant occurrence in the islands. The northern north Pacific is. however, the 
foggiest region o[ the world's oceans. 

VEGETATION 

?dajor differences in the type or presence of plant cover may be sum­
marized here, but this study will not include detailed mention of plant specirs 
except in the unusual cases of a close interrelationship with sea birds. F.xcept 
for urban and agricultural areas. the main islands are generally covered with 
dense vegetation. Ho\\'ever. plant gro,,·th becomes low or sparse high on the 
mountains of Hawaii and Maui and on the lee sides of islands. ?\eighboring 
islets, such as Manana and :\Ioku Manu. are rocky but have some soil-covered 
slopes bearing a Yariety o[ annual and perennial plants. including a number of 
grasses and bushes up to about three feet in height. A few coconut palms are 
present on ]\,f anana but no other trees. 

As one goes out the chain tO the nortllwest, i'iihoa and Xcckcr lslamb 
a1·e rather similar to :\Ianana and :\loku :-fanu; although ::,-Jihoa is much higher 
and Kecker, rockier. The southerly slopes of :,.'ihoa arc largely covered with 
native plants, including bushy Che11-opodi111n 00l111ense. and an endemic palm 
tree gro1Ys in some canyons. All of these islands present a desert like, scrubby 
appearance except in the winter and spring when new growth 111ay make them 
relatively green. 

Beyond Necker, La Perouse and Gardner rocks and some of the small coral 
islands of shifting sands occasionally washed over by stormy seas are prac­
tically devoid of. vegetation. l\Jost of the larger coral islands have a cover of 
vegetation-very low and sparse on French Frigate Shoal where PorlHfaca. 
Boerham:ia, and the puncture vine, Tribullfs. are c:xamples. Perhaps most 
typical are the large perennial grass !:iragrostis ·variabilis and beach 11a11palw 
(Scaevola), which fonus thickets up to some 8 feet high. The most notable 
exception to this usual picture is the extensive growth of introduced ironwood 
(Cas11arina) trees on lV[idway. 
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The most important genrrnl relationship of plants lo ;;ca bird, in the 
Haw:,ii:rn lslands is their function of holding the sand or soil. 'fhis ll'as ii­
lust rated on La_v~an. ll'here earlier in this century introduced rabbit;, corn­
plctely de,·astaled the i,land\ once varied and dense vegetation of more than 
26 species and ldt a barren sand-blown ll'aste .. \!though there has been fair 
rel'egetation by a fe,,· plants. the once millions of sea birds have neyer re­
gained their earlier n11111bers and three of the four nati,·e and endemic land 
1,irds han'. l1een exter111inated. 

l•:xccpt for pan of the breeding season. albatrosses. pctrds. and ,hear­
ll'aters spend the 1,·hnle year at ,ea. :\lost other sea birds. although spending 
the night on islands. spend much of each clay at sea. '!'he sea is oi primary 
,,ignificance in understanding ,,ea birds. as it is thr source of their food and 
can thus determine the ,·ery presence of the birds and their succcs,;ful r,1ising 
of \'otmg. The food" and ieecling habits-how f,tr from islands. what times 
of day. and ~o forth-of tach :;pecies become important. as \\'ell a~ sea!>onal 
1·ari::1tio11 in the abund;:incc of food. 

Temperature:; of the sea's ~urface reflect the ahun<lance of life in the 
waters. and -:\1 urph_v ( 19.36) has forcefully correlated the occurrence and 
aliunclancc of sea birds 11·ith isotherms of the southern ocean,;. The cooler 
11·aters. especially ,1·he11 they originate by the up-welling from deep Jeye]s rich 
in nutrients. :-:upport the grratrst amount of plankw11 and hence the most fish 
and squid. the two chief types of food of l-1a1n,iian sea birds. Temperatures of 
I l;n1·aiian waters are giYen in the folloll'ing table. ,1·hicl1 ionns a ba~i:; for 
1;onsidt:>ration of their significance: 

Tal>lc 5.-. \ ,·erage monthly tempera tu res of surface 11·aters It) 

1 lall'aiian and othc1· regions in degrees Fahrenheit* 

01Ff. 

1U'.GIO!-- ]A~- .\tAR. MAY J l'I,\' Sf.PT. ;,,;ov, (warme--,t ;i,nd 
coldest month) 

:-rain l:fa,,·aiian I;;. 
155°-160' \\", 20•-2.:;• ;\ 7J..'i 72 .. 1 7-1.6 76.7 77.9 76.-1 5.6 

'.\\\'. end Ila\\'aiian ls. 
175°-180° \\" .. 25°-30° -'· 68..I 6n.-l 69 5 76.-1 78.1 7.12 11.7 

Line b. 
155°-160° \\· .. o·-s· :-:. 79.7 80 .. l 80.9 81.1 81.1 81.1 2.2 

'.\ orth Paci fie 
175°-180° \\' .. 40'--15° ~- -18.8 -16.-1 -17.5 56.3 61.-1 52.9 16.6 

• J,'rom .\tla~ 11f Climatic Charb of the Oct>anl!t. e.S,D.A .. \Yc~1ther llur., 1938. 
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Detailed temperature studies of main Hawaiian Island waters at different 
depths (Leipper and Anderson, 1950) show that at -+00 feet temperature 
ranges between about 70° to 72°, whereas at the surface the range is from 
ahout 73° to 79°. There is little indication. except in local areas. of up-welling 
of deeper cool 11·aters that might greatlv enrich surface waters. Major ocean 
currents 1vashing the islands apparently are not such as to bring deep waters 
to the surface. Ho1Yever. Hawaiian waters are always relatively cool and are 
not the warm tropical 1vaters of 80° and over that tend to be markedly poorer 
in life. ~Joreover. as ?vlurphy ( 1936) points out. the shallows around islands 
in a broad expanse of ocean concentrate the surface-water life. These condi­
tions indicate abundant aquatic life in Hawaiian seas throughout the year, 
probably especiallv in the winter and spring in the northwest islands 11·herc 
ocean temperatures are lower and great shallO\v areas exist. 

Ocean currents may greatly affect sea birds, as the cool rich Hu111holdt 
Current off western South America so strikingly sholl's by supporting 
multitudes of birds. There i~ some parallel in the Ha\vaiian Tslands: for the 
cool California Current s\\'eeps south and west Lo bathe the ishrnds. especially 
the more northern ones. more or less throughout the year ( fig. 1), The 
warmer )forth Equatorial Current Aows north from tropical America and 
then west to Ha\\'aii, but these waters are cooled by mixing with the California 
Current, and by the remoteness and relatively high latitudes of the I lawaiian 
.-\rchipelago. 

The seasonal abundance of plankton and aquatic vertebrate life in Hawaiian 
,yaters must have direct bearing on bird populations. but not too much is 
kno\\'n about this abundance. King and Demond ( 1953) show that zooplankton 
is decidedly more abundant within 10 degrees of the equator south of the 
Hawaiian Islands. in a zone \\'here currents converge and deep \\'aters come 
to the surface. than near the islands. However. a measure of 0.1 cc.of plankton 
in a cubic meter of water taken in the fall near the main islands was a 111axi11111111 
for all stations. It is likely that the most pelagic of Hawaiian sea birds. the 
procellarii forms. take advantage of the rich 111ore equatorial ocean region;; 
even during their breeding season, Fish and VVildlife Service records indicate 
that tunafish, feeding largely on smaller fish and squids. ,ts do sea hircls. ,u-e 
more abundant in these 1rnters, 

The correlation between abundance of sea birds and abundance of fish is 
strongly suggested by data of :.Iurphy and Ikehara ( 1955) and Royce and 
Otsu ( I 955). They observed by far the most flocks of birds feeding- at sea 
and associated schools of fish from April through August in Hawaiian waters. 
The commercial catch of tuna in this region is much the greatest from June 
to August. less fishing being clone in April and :1ray because the tuna are 
smaller. rt was found that some 85 percent of all fish schools observed were 
associated with birds: a measure. too. of the dependence o[ fishermen on birds 
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for locating fish. Since far frwer sea birds arc present bciore :-\pril,. it is s11g­
gestecl that fe,1·cT schools of fish are then present. 

:'If urphy and Tkehara have also compiled interesting information on the 
general abundance of sea birds at different distance;; fro111 the Hawaiian. Line, 
and Phoenix lslands. Their conclusion is that the number of birds is little 
diminished up to about 180 miles from islancl~. but beyond this. birds and, 

apparently. fish schools are much kwer. Birds are more frct1ucnt, perhaps 
because of migration. in these more pelagic ,yate1·s from September through 
X OYember-the same months they are most frequently seen near the Line 
Islands. 

DISTRlBL'TlO:\ .\XL) IJHEEDl>."G 

The 22 species oi ~ea bird~ regularly occmring and breeding 111 the lia­
waiian Islands lllay best he listed first. b,· ,1·a.1· of introduction. and their 
relationships hrietly <liscussed. hefore the separate species are considered. 
:'\omenclature follo,1·s Peters (1931 and 193-+) \\·ith some changes by :-lurphy 
( 1951 and 1952). The first vernacular names giYen. sometimes ,1·ith synonyms, 
are specific and follow :-[ urphy ( 1936). Fisher and Lockley ( 195-t). or 1\lex­
antler ( 195-t) .. \ second vernacular name is giYen for certain \Yell-established 
endemic lTa\\'aiian races and follo\\'s :-Iunro (1944) and other Ha\\'aiian 
11·orkers. 

Procel la riiformes 

Pelecani form es 

Charadriiformc, 

//io111cdca niyripcs: Black-footed Albatro,s 
Uio111cdca i11111111tabilis: Laysan Albatross 
,,11ffi1111s pacifirns cli/ororhy11c/111s: \V edge-tailed Shearwater 
l'11ffi1111s 11ati,·itatis: Chrislma, Island Shcarwater 
l,11.(li111ts p11f}i1111s 11c1t·clli: ).fanx Sht:anrnkr; X t:\\·ell's Shear water 
l'tcrodro111u phacopygia ,muh,•ichc11sis: Dark-rumped Petrel: 

H a11 aiian Petrel 
l'trrodro111a lc11coptcro hy/>olcuca: Collaretl Petrd: Bonin Island 

Petrel 
B11h,•Nio bu!.,•crii: Bulwer's Petrel 
Ocec,uodrvmu etulro cryptolt..•11c:1tr(I: )latll'ira11 Stunn Petrel; 

Ha\\ aiian Storm Petrel 
Oc,•,111odrt>1na 11rnr/d10111i trislro111i: ;\larkham's or Sootv Storm 

Petrel -

{

P/111;•//,o,1 n1hrica11da rollischildi: Red-tailed Tropic bird 
P/111cllion frptums rlorntlil'al': \\'bite-tailed Tropic bird 
Suln dorty/a/ra p,·r.w11ala: Blue-faced or ).fasked Booby 
Sula .rnla rul•ripes: Red-footed Booby 
Sula lc11cogaslcr p/ot11s: Bruwn Boobv 
Frcgcrla 111i11or pa/111ers/011i: Great F'rigate or ).Jan-o'-\\'ar hird 

[

Slcn1a lwwta: Grey-backed ur Spectacled Tern 
Stcma fusrnta ooh111'11sis: Soot\' Tern 
Proccl;ll'rna cerulru saxali/is: -Grey Tcrnlet or Blue-grey Xoddy: 

\' ecker hi and Tern 

1 

. .J11oiis slolidus pi/ca/11s: Brow11 or Common X odd1• 

.llroiis 111i1111/11s 11.u·l,111011rn_1·s: \\'hi le-capped or Bl;ck Xoddy; 
Tla11·aiia11 Tern 

Cypis a/bo rolliscl,i/di: Fairy or \\'hite Tern 
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Despite the isolation of the Hawaiian Islands and the great amount of 
endemism shown by their fauna. their sea birds apparently include no endemic 
genera or species. The closest approach to such species would be the two 
species of albatrosses whose breeding range is very largely just on the Hawaiian 

Islands. 
The number oi endemic races of sea birds may be considered a significant 

measure of the long existence and isolation of the islands. Such races would 
include the following ( although, as Peters remarks, Pacific races of at least 
Ste ma f uscata and Cygis alba are badly m need of revision) : 

Puffin us p110-inus newc!li 
Ptnodro111a plweopygia sa11dwicl1t'11sis 
Occa11odro111a caslro rryptole11c11ra 

Procl'lstana cerulea saxatilis 
//noiis 111inut11s 1111'/cmogenys 
Gygis alba rollisrliildi 

lt is interesting that the albatrosses and enden1ic races of procellariiforms. 
the most pelagic sea birds, are 111ore numerous than the endemic forms of the 
less oceanic terns and pelecaniforms. Perhaps petrels and their relatives were 
the first sea birds to become established in the Hawaiian Islands and have 
had a longer time to differ·entiate. The lack of any endemic pelecanifonn races 
may correspondingly indicate that this least pelagic group of sea birds arrived 
most recently in the islands. 

The affinities of Hawaiian sea bird species are indicated by the fact that 
12 of the 22 species have pan-tropical distributions, occurring in Pacific. 
Atlantic. and usually, Jndian Oceans. As an example, Murphy (1936) lists ten 
species of sea birds nesting on Fernando Noronha Island at -l-0 S. in the 
Atlantic. and eight of these species occur in Hawaii. Of the other JO of the 
22 Hawaiian species, eight are found just in the Pacific (two species of 
Dio111edea. l'u_8'in11s natir•itatis. two species of Pterodro111a. Ocmnodronw 
markhami. Stcr11a lunata. and Procclstcnw). while two ( Puffi11us pacifirus 
and Pharthon rubriw11da) also breed .in the J ndian Ocean. l\lost of the spe­
cies are tropical or subtropical throughout the year, but the albatrosses and 
some petrels and shearwaters regularly range into higher latitudes. The Ha­
waiian lslands mark the nonhernrnost breeding localities of nearly all the 
species and the highest breeding latitude of all Hawaiian races. However. 
H11/wcria buhvrrii breeds near ~fadeira, 32°).L; Oceanodro111a castro in the 
:\zores. 38°:1\.: P11ffi1111s p11ffin11s even north of 60°:'J. in the Atlantic: 
Phaethon le pt urns in the Bermudas, 32°N.; and S11la il'11cogaster off Baja 
California ro appro-"in1ately 30°X. At least three races of Hawaiian species 
breed at higher latitudes in the Southern Hemisphere: e.g., Anoiis 111in11t11s on 
Tristan de Cunha. 37°S.: P11ffin11s pacificus on southern South ·wales. 36°S.; 
and Phac/'1011 r11brica11da on Lord Howe, 31°S. 

[,'o\lowing the theories expressed by Serventy ( 1953) and Ekman ( 1953). 
\\'e may consider· the Hawaiian sea birds as chiefly part of a pan-tropical 
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,n·ifauna tracing its ancestry back to the Tertiary Tethys Sea south of Eurasia. 
Fisher and Lockley ( 195..J.) suggest an East Indian origin for Pelecanifor111cs. 
Added to this pan-tropical element primarily oi the pelecaniforms and terns 
would be the procellariiform species which have apparently had their chief 
origin in ;southern cold oceans. Some rube-nosed swimmers. n:1111ely Ocea11u­
dru111a and I'uff i1111s />11JTi11us. haYc probably e,·oh-ecl in northern oceans and 
later spread into the central Pacific. The presence on ] lawaiian Islands of 
species of essentially southern genera. such as species of JJiomedco and l'trro­
droma, may reflect a past climate such as that of a glacial period when cooler 
ocean waters enabled a trans-equatorial extension of southern forms which no 
long<.:r. at least in the case of Hawaiian albatrosses. habitually range south into 
l ropical 11·aters. 

r 
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FIGl'RE .J.-Lay,an and black-footed albatrosses \Yith young on Lisianski Island. 

~larch 26. l 954. :'.\ otc approximate uniformity in age oi young, here about ~ix to eight 
weeks old. :\lbatros,es nt,t relati\·ely little in the rather dense growth of lite grass /:ro­
grastis 1•ariabilis in the background. 

fn the folloll'ing species accounts, information is reasonably complete ior 
a fell' years on :-Ioku :1[am1. :.lanana. Laysan, and ::\lidway. but is often 
fragmentary and too frequently just from spring or summer on other islands. 
The breeding cycle for a species is thought to be essentially uniform on all of 
its breeding islands except \\·here variations are described. Hecords from 
Kaula are by Caum ( 1936) and may not indicate present conditions. for the 
island has been nsed for intensive bombing practicl:' in recent years. l•:xarnples 
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only are given of the sources. other than 111y observations, of Hawaiian dis­
tributions and cycles. The published notes of Fisher ( 1903), Don:1ghho ( 1953). 
and others have here been especial!_~-helpful. Fisher ( 19+7) has prepared a 
bibliography of Hawaiian ornirhology from 1890 to 19-1-5. Locations of is­
lands arc given onlv to the nearest degree of latitude. 

Diomedea nigripes-111ack-footed A lhatross ( figs. 3. -1-). 
Breeding distribution: Breeds 011 :'\ecker in small numbers on fairly 

level and open ridge-top areas. [s alnmclant on French Frigate. [ .aysan. I .isian­
ski, Pearl and Hermes. and ?lliclway ll'here Aat. relatively barren areas are 
preferred. 

Hreeding cycle: Adults arrive regularly during the last half of October. 
L•:ggs are laid starting ;ihout the micldlc of \: ovembcr. Yo\lng hatch starting 
in late January. Young and adults are generally all gone by end of July. 

Breeding elsewhere: Breeds also in -:\larshalls ( about 10°"'.\.) probably 
starting one to two months earlier. 

Diomedea immutabilis-Lays,m .-\lbatros;; ( fig~. 3. -+. 5. 9). 
lheecling distribution: Breeds rarely on rocky i\[oku :\lanu. in small 

numbers on Xihoa. and in fair numbers on ?\ecker. Uses high open areas hut 
also steep slopes and rncky recesses 011 :\ ecker and .:,.,: ihoa. Breed;; abundantly 
on oµen areas of French Frigate, l,aysan. [,isianski, Pearl aud Hermes. and 
\lid way. 

Breeding cycle: Similar lo n. 11igriprs, but about two weeks later \Yith 
adults arriving in early '.'\ove111ber and a few young relllaining into middle or 
late .-'\ugusl. 

Does n()t breed elsewhere. 

Puffin us pacific us chlororhynchus- \\"edge-tailed Shearwater ( l1g. 5). 
Breeding distribution: Breeds on -:\lanana. :\loku -:\fanu. anti at least eight 

other islets off windward O::ihu: 011 '.\folokini (between Maui and Kahoolawe): 
on 1,ilauea Point. Kauai: on Lehua and all leeward islands. including La 
Peronse lJinnacle. from Kanla to Kure. Typically burrows in sand or soil but 
also nests under vegetation and rocks ancl in rocky recesses and caves. 

Breeding cycle: Adults arrive as early as -:\larch 1. mostly somewhat later. 
and, although they leave irregularly. even for weeks. some are always present 
up to time of general egg-laying about the 111idclle of June. Yu11ng leave islands 
by encl of ?\ovember. adults two or 111ore weeks earlier. 

Breeding elsewhere: Breeds on ma1w Pacific islands. east to Revilla Gigedo 
( 19° 1\'.). as reported hy lllake ( 1953). Se,tson is close to six months earlier 
in southern Pacific (20° to 30°S.) but populations near equator agree more 
closely with southern regime (l\lurphy, 1951). 
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F1u·R1· 5.-1,aysan alhatro,, iceding- young- nn French Frigate Shoal, :\I arch 20. I 9.,4. 
Xote three 1YC'dgc-tailcd ,hcarwatcrs to the right. 

Puffinus nativitatis-Christmas bland Shearll'atcr. 
Breeding distribution: \'e,;ts on :\ loku :\ r anu. ~ ihoa. French Frigate. 

La_vsan. f.isianski, a11d :\lidll'ay: and probably on Lehua and Xecker. Csually 
found under nicks or vegetation but hinb \Yere-paired 011 open sand al French 
rrigate (Trig Ts.). Xever abundant. 

Hreeding cycle: .-\dults start arriving in early :\larch. Eggs are laid fro111 
early .-\pril to late Jul~-. Young- ar<' Ardged by September 01· October. occa­
~innally later. Bree-ding appears to ~tart later at :'llidway (28°X.) than at 
:\ I oku :\ f anu ( 21 ° X.). hut there is 011c record o[ a downy young 011 October 
3 from ;\J oku :.\fanu. 

Breeding elsewhere: On Christmas Island (2°X.). apparently the nearest 
11011-H,l\rnii:111 breeding localit\·. eggs and young arc known from both early 
_lune and :'\ovemher. On Cnnton (3°S. ). hirds 1Yrre mating in early June. 
1937 (Buddle. 1938). 

Puffinus puffin us newelli-:\lanx Shearwater: :\'c\1·cll's Shcarwater. 
Hreeding distribution: Bred nt least on :\[aui. Hawaii. Kauai. and :\[olo­

kai in 189-l-and before 1907 .. -\dults have since been seen at sea a few times 
and one was collected in 195-1 on Oahu ( Richardson. 195.3). ;\ es ting burrows 
ll'erc typically at the foot of cliffs 500 to 1.000 feet in altitude along 11·i11c1"-ard 
coasts or unro. 19-l--t). 
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Breeding cycle: From meager evidence it appears that the adults arrived 
in :\pril, laid eggs in i\fa_v <rnd June. and young were Aedgcd by late October. 

Breeding elsewhere: This 1·ariety of ;\fanx shearll'ater does not breed 
elsewhere but P. p. /n1ffi1111s starts nesting in the spring in the :N' orth Atlantic. 
Blake (1953) reports P. p. opistho111clas b,·ecding in the summer on islands 
off Raja California (27° to 30°1".). 

Pterodroma phaeopygia sandwichensis-Dark-rnmped Petrel : Ha 11· a i.i a 11 

Petrel. 
Breeding distrihutio11: Discovered breeding in 195-1-at 7.000 to 9.000 feel 

altitude on volcanoes of :.Jaui and .Ha11·aii (Richardson and \iVoodsicle. 195-1-). 
2\'ested as late as 1917 011 }lolokai and probably. originally. on other main 
islands. Recent nesting burro11·s are deep under rocks on high mountain slopes 
but earlier sites were in 1011 er, more forested areas. 

13reedi11g cycle: Said originally lo lay in ·\pril and ;\Jay. but recent records 
indicate laying in :1fay and June. Young ;:ipparentlv are fledged by late October 
or .\'ovrmher. 

Breeding elsewhere: The other race of this species breeds in the Galapagos 
lslancls (near equator) apparently laying in June and July. 

Pterodroma leucoptera hypoleuca Collared l'etrel: Bonin Island Petrel. 
Breeding distribution: lfreeds in western Hawaiian. lslands at least on 

Laysan. Lisianski. and :\Iid1,ay: possibly on T ,ehua hy J11ai11 islands. Typical I)· 
111akes deep hurro1,·s in sandy soil. 

Breeding cycle: Adults arrive regularly in large numbers in .-\ugust hut 
there are no records of eggs until January. Young- have usually all tloll'n by late 
June. 

Breeding clsell'here: Breeds in Bonin Islands (27°'1\.) .. \nother race 
breeds in Juan Fernandez (33° S.). probably about :\lay to ?\ovcmbcr. 

Bulweria bulwerii-13uh1·er's Petrel. 
Breeding distribution: Breeds 011 ,;mall islets (Keaoi. :'llolokini. :\Janana. 

;\lokulua, Popoia, :\loku :\lanu. and Kaoikaipu) off Hawaii. Maui. and Oahu: 
and at least on Kaula, .\'ihoa. Xecker. Laysan. and Midway. L'sually nests 
under rocks or in cliffs. also under thick vegetation such as SraC';•ola. 

Breeding cycle: ,\cl11lts arriw starting in early April. Eggs arc laid in 
late Jl[ay or early June. Young and adults are generally gone by late Septcllllicr. 
\'anderbilt and de Scha11e11see (19-11) found many cloll'ny young of thi~ 
species on ;-.;ihoa on August 7-16, 19-1-0. 

Breeding elsell'here: Breeds on several 11·estern Pacific islands including 
Bonins and Yolcanoes (25°-X.). On Descrtas (32°~.) and Salvage Islands 
(29°X.) of the Atlantic. this petrel lay~ in about J\fc1y and is gone by September 
( l,ockley, 1952). 
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Oceanodroma castro cryptoleucura-.;\ladeiran Storm Petrel: 11 a \\'a i ia n 

Storm Petrel. 
Breeding distribution: Probably nests in cliffs of large \'olcanic islands 

including Kauai. 
Breeding cycle: :--.;o nest or egg records arc kno\l'n. Se,·eral barely flying 

young were found in October in the late nineteenth century. indicating a breed­

ing season starting approximately in }.fay. 
Breeding elsewhere: One race lays in Salvage Islands (29°:::--r.) in July. 

another race in the Galapagos lays in :\lay or into July. and a fomth race 
on Ascension (8°S.) apparently lays in about September. The species Bests 
as early as :.farch in the Cape Verde Islands (16°;,:'.) according to }.lureau 

( 1950). 

Oceanodroma markhami tristrami-:\larkham·s or Sooty Storm Petrel. 
Breeding distribution: Rreeds on Laysan. Pearl and Hermes. !\lid way. 

and perhaps Xccker. I\'o\l' uncommon. 
Breeding cycle: Eggs arc recorded as laid on Laysan from January l -15 

(\\"illctt. 1919). hut there seems to be no record of when adult~ arri\·e. Young 
apparently fly by end of May. 

Breeding elsewhere: ,\ race occurs off western South America. but its 
hn:c-cling is unknown. 

Phaethon rubricauda rothschild.i-l{e<l-taile<l Tropic Bird. 
Breeding distribution: Breeds on Lehua. Ka11la. ;( ihoa. i\ eckcr. Carcl-

11er Pinnacle .. Laysan. Lisianski. and :\Iidway. Hred on Kauai in last century 
and possibly on Xiihau. i\ests may be found in steep. rocky areas but are 
typically on sand under thickets. as of Sco('7'0la. or under other protection. 

Breeding cycle: Adults arrive in late February or in ,:\larch. Some eggs 
arc laid in April but 111,ty be present eYen into .-\ug-ust. Young- are first re­
corded in micl-,:\Iay. Adults and young are usually gone by mid-XoYember. 
hut young not fully fledged may occur even in Dece111ber (Xccke1-. December 
20. 1953). 

Breeding elsewhere: This race hn•e<ls also in the Bonin Islands. Other 
races occur in the tropical Indian and Pacific Oceans. apparently breeding 
throughout the year. In the most southern part of their range ( 30°S. near 
>-' e11· Zealand). however. eggs are usually laid in December hut even on into 
,:\fay ( Oliver. 1955). 

Phaethon lepturus dorotheae-White-tailed Tropic Bird. 
Breeding distribution: Possibly nests 011 all main Hawaiian Islands: 

definitely nests on Hawaii. :\faui. and just off Oahu on ~lokolii. :--:ests are 
in holes or recesses of cliffs and are often inaccessible. 

Breeding cycle: Adults are present throughout the year. Eggs are known 
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at least from April. May, and .\ugust, indicating a prolonged breeding seaso11 
similar to that of the previous species. Both small and nearly fledged yot1ng 
are known from August. 

Breeding elsewhere: This pan-tropical species-the Hawaiian race extend­
ing through the tropical Pacific-breeds on hundreds of islands. Alexander 
( 1954) gives egg elates as December to September. 

FrcL·RE 6.-Bluc-[accd booby \\'ith young on Lisian~ki I slancl. March 26, 1954. The 
young is about three or four weeks old indicating laying by this pair in mid-January. 
1\lmost all blue-faced boohies on U,ian,ki \\'Cre still incuhati111s cg,:s at the time of th<' 
above picture. Sn,r,•olo frnlrsa11.1· is the plant in the background. 

Sula dactylatra-Blue-faced or :-Jasked Booby ( Fig. 6). 
Breeding distribution: Breeds on all islands from Kauh and :\'ihoa to 

Midway including Cardner but nut La Peruuse Pinnacle. Xest~ on sand or. 
less typically. open ridge areas as on \: ecker. One or a pair of these boobies 
were present on i\ 1 oku ;', I anu at least from September 1953 to _I une 19.S.-1-. but 
did not Jay eggs even though a nest was started. 

Rreeding cycle: Adults are present throughout the year. r;:ggs are usually 
laid from February through .-~pril but sometimes earlier or later. Young are 
generally fledged by late f\ugust or even by . .\pril. 

Breeding else\\'here: This pan-tropical species apparently breeds through­
out the yca1· in the trnpics. Fo1· example. l,ing- ( 1955) reports both fresh 
eggs and large young from Christmas bland ( 2° l\.) on Octobe1· z.,. 1953. 
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'.\ ear the southern limit oi its range. a~ in the Kcrma<lcc Islands ( 30° S.). 
eggs are generally present from late .-\ugust into XO\·ember (OliYer. 1955) . 
. \ fe{Y degrees ( 2° to l 0°) south of the c:quato,· in the west l ndian Ocean 
the species seems to be a spring breeder (Moreau. 1950). 

Sula sula rubripes-l{ed-footecl Booby ( fig. 7). 
Breeding distribution: !heeds from Oahu to .\[iclwa\· 011 all islands afford­

ing brushy or highe,· YCgctation for nesting. This excludes La Perouse and 
Cardner Pinnacles and such barren sandy islands as those comprising French 
Frigate Shoal. \\·here> a fc>11· of these boobies nesl on the only two bushes of 
the 111a111· islands. lfrceds on :\loku .:\Lam1 off Oahu. off }~ilauea Point of 
~ ,;nd on Clupau Head of .\lokapu Peninsula of O~e 
only locality on a main island. This latter colony appears to haYc started 
in I 9-+6. 

Breeding cycle: :\clult,-; are present the yc,1r around and eggs and young 
are known from all 111nnths. There is something of a peak of reprod11ction 
irom .\ larch through October. This tends to be less noticeable in the Oahu 
region. \1·here there is great irregularity and a moderate peak of breeding ac­
ti\·ity extends through the fall and 11·imer of ~orne years. 

F1t,L"1<E 7.-Rerl-footerl hoohies 011 tree heliotrope ( .1frsscrsch111idin ar_qrnten) on 
French F'rigate Shoal. Dec-ember 19. 1953. This ,mall 1rce and one other ""ere the only 
shrubby plants on the 13 islands of French Frigate Shoal and \\·en· the only nesting spots 
of this booby . .\'ote the great range in egg-laying time (at least three and a half month,) 
indic:ated hy stag<", from eggs through fledged young in this picture. 
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Breeding elsewhere:: This race breeds irregularly throughout the year in 
the tropical L'acific. ln September of 1953 on ral111yr::1 ( (>0;;:.) there were 
111any fledged and also large dom1y young. On Ch1·istmas I slancl south of 
Palmyra indications are that this 1100hr ne:;ts much of the year hut especially 
in Orto her to :\ pril. :\1 urphy ( 1936) records all three species of J-lcl\1·aiian 
hoohies nesting chiefly fro111 X o,•em!Jer to J unc. the drier season of the year. 
011 islets (11°X.) off \·enezucla. 

Sula leucogaster plotus-BrO\rn Boo!J_I'. 
Breeding distribution: lhcccls apparently just on ;\Jok11 :\[amt of the main 

group. but also on Xihoa and apparently less co111111onl~· and somewhat irregu­
larly on Kaula. ~ccker. La Perouse. Laysa11. Lisianski. and :.lidll'a)'. 

ficrnE 8.-Frigate birds nesting on French Frigate Shual, .\larch 20, 195.\. Egg­
laying wa;; starting at about thi, time. The large re<l gular pouches o[ the males are fully 
inflated 011l_v during the breeding ,eason. Frigate birds are usually tree or bu,h nesting but 
here build up nesting platforms chiefly of branches of Trib11/11s cistoidcs. the plant in the 
foreground. 

Breeding cycle: .:\dults are present throughout lhe ye,1r but nesting almost 
always starts in early winter. 1-'.ggs are occasionally laid a~ early as late 
October or early January. but usually somewhat later. and may he present 
even into .June. :-[ost young arc fledged by late September hut occ,1sional 
large young are k11011·11 :1s lat<: a~ Dece111ber. 
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Hn:cding elsewhere: This specie:-, appar<>ntly breeds throughout the year 
in tropical oceans. On Palmyra (6°X.) general egg laying of S. I. plot us had 
started dming .\ugust and September 1953. On :\larct1s (26°\:.) in August 
of 1902. Bryan ( l 903) found eggs LO half-grown young of this race. On Clip­

perton (9°X.) breeding may start regularly at the close of the spring and 
summer rainy season. In the Indian Ocean. the species may breed in October 

at 10°:-( .. hut in June and July at 27°\:. (;\loreat1. 1950). nlak<' (1 1J.=i3) re­
port,; the three aho\'e-mentiunecl :-.pecies of boobies breeding on i~lamb about 

20° to 30° \:. off l3aja Cal iiorni;i. 

Fregata minor palmerstoni-Great Frigate nr ~ r an-o ·-\\·ar Hird ( ligs. 8. 9). 

nreecling di~trilmtiun: Brcccb just on \\·estern Hawaiian Islands in­
cluding at least ,\;ihoa. Xecker. French Frigate. Laysan. Lisianski. :md ~Iicl­

way. Brush or higher vegetation is generally required for nesting ~ite~ but 
nn French !<'rig-ate the birch, pile up stems of the prostrate Trib11l1ts to make 
nests. ~ o nesting is yet kno_\\'ll on ;\loku :-lanu in spite of year-round presence 

of many frigate birch. 

Breeding n-cle: .\dult:i are pre~ent throughout the year. l·:gg laying starts 

F1GL·1u: 9.-lmmature frigate birds 011 built-up t\ng; 11e;ts on :'\ecker Island, Decem­
ber 20, 1953. All youi1!,!· frigat('s 011 :O:ecker, except l\rn half-gro\\'n ones. could fly at thi, 
timt'. Some l ,aysan albatrosses ( one i11 ioreg-rounrl m1<l one i11 Aight) \\'ere nesting atypically 
on thi, rocky ridge. The- upright ,tone, are part of an ancient marac, or temple, site. 
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regularly in l\Iarch and April although nest building may start even in De­
cember. Young a1·e first recorded from mid-:\lay ,ind urc mostly Ocdgccl by 
October. As an exception. two unfledged young. one not more than half-grom1. 
were found on ~ ecker. December 20. 1953. 

Breeding elsewhere: This frigate hird may breed in any month in such 
tropical Pacific islands as the Calapagos and Canton. but on Christmas Island 
and a numbC'r of other b1·eeding stations. its cycle seems much like that in 
Ha\\'aii. 

Sterna lunata-( :rey-backed or Spectacled Tern. 
Breeding distribution: Breeds on :\loku i\l'anu in small nurnl,ns. on ::s;ihoa. 

Kaula, French Frigate. 1,a,·san. l,isianski. and l\[idwa,·. Prefers flat areas with 
lo,,· vegetation but may nest on slopes and on flat. barren area~. 

Breeding cycle: .-\clults apparently arrive at breeding islands in late Febru­
ary or early :\larch. Eggs are laid in :\larch or April. .\ fell' _\'Oung are fledged 
by late May and all generally are by September. 

Breeding cbc\\'herc: The fc11· nesting records of this species from the 
tropical l_Jacific suggest a spring and summer breeding season comparable to 
that of the Hawaiian lslands. 

Sterna fuscata oahuensis-Sootv Tern ( fig. 10). 

Breeding range: Breeds on ?l[oku ;\fanu and :\lan:ma and all islands west 
of the main group with the exception of La Perousc and Cardm:r. Open flat 
or gently sloping areas on sandy or rocky islands are t~-pical for nesting h11t 
rather steep rncky ridges tllay also be used. as they are on \lnnana. 

Breeding cycle: . .\dults are generally away frorn the islands from late 
October to late February: arrive aftc1· this time: and lay in :\farch, , \pril. or 
\Iay. The 1·oung arc all fledged by late October. H m,-e,·er. on :\ loku :\fam1 
in some known years ( !YOO. 1937. 1938. 19-tO. 19-t6. and 1947). adults arri,·e. 
if ever entirely gone. in about October. ancl commence a late fall and winter 
breeding cycle that overlaps or replaces the spring and s11n1mer cyc]e ( Rich­
ardson and Fisher. 1950). Sooty terns on nearby ;\lanana seem regularlv to 
follow a late spring c_vcle similar to that of Midway and other ,,·estern 1--1 a11·aiian 
Islands. However. when this tern had just a spring breeding cycle 011 illoku 
:\lanu in 1954. it started in early ;\farch. 

Breeding else1d1ere: This 1x111-tropical species is noted for its breeding 
at slightly n1ore than nine-month intcrvab on :\scension (8° S.), as st;ited hy 
Chapin ( 1954). Such a cycle is not known elsewhere h11t much variation is 
known including vear-round breeding in various tropical localities. There is 
evidence of both a regular summer and 11·inter breeding cycle on l'almyra and 
Christmas Islands so11th of Hawaii. Breeding toward the southern limit of the 
species. as at Lord Jioll"e Island (32°S. ). starts in Septe111her to :--:ovemhc1·. 
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F1GL"RE 10.-Sooty terns Oocking preparatory to ne,tillK 011 French Frigate Shoal. 
\larch 20, 195-l. Thi, species typically \\'heel, and Aock, for many days after its remrn to 
its breeding islands before ,ettling to nest. 

corresponding to early spring of the :\:orthern Hemisphere. The species breeds 
from June to :\ugust off the east .\frican coast from 21°.'\. to 2f:0 S. ( :.loreau. 
1950 J. 

Procelsterna cerulea saxatilis-Bluc-Cn:y .:\:oddy; ):ecker Island Tern. 
Rreeding distribution: Kno\\'n only to breed. in the Hawaiian blands. on 

the rocky ledges and cliff~ of \'ihoa. :\'ecker. and T.a Pcrouse. Has been re­
ported to breed on Kaula. 

Breeding cycle: The few nesting records indicate a Yery extended breed­
ing cycle. with egg-laying starting in December and continuing at least throng-h 
.-\pril. '\csting and laying \\TIT apparently just starting on both \:'ecker and 
:(ihoa in late Deecmber 1953. 

Breeding elsewhere: This species nest::> on Christmas Island. at least in 
October and .:\:owmber: on Canton in July. 

An oils stolid us pileatus-BrO\nl or Common :\" odcly. 
Breeding distribution: Brreds on :\foku ~ra1111 and nearby ;,lokolea lfock. 

:\fanana (it~ greatest hree<ling population). l(aula . .:\"ihoa, ;s."ecker. French 
Frigate. Laysan, and at least on ;,J id way to the \1·est. although in small num­
bers. Flat areas an<l steep slopes are utilized as well as rocky ridges. \: ot 
fuund nesting in bushes or trees. 
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Breeding cycle: A iew aclnlts may be present. as on :\foku :\·Ianu, during the 

\\·hole year. but perhaps more typically the species is away during late fall and 
early winter. Egg-la_ving may start in February and ;'\[ arch but is later especially 

in big populations .. 0\ll young are usually Aedged by early Ortober. \'ariations 
of this already extended cycle arc not infrequent. On :\ecker. :\'ihoa, and 
French frigate fair numbers of this tern h::id started a definite breeding season 
in l'\ovember and Decemuer of 1953. The start of breeding in .'\ovember is 
also rcrnrded from l\l id way. although ~pring and summer seem lU be the usual 

season. 

Breeding elsewhere: Alexander ( 195-1-) ~peaks of this pan-tropical species 
as breeding throughout the year. The IJa waiian variety apparent] y has a 
spring and sun1111er cycle at ;1larcus ( 2()

0:\'.) hut breeds in both \\'inter and 

s1m1111er at Christ111as Island. The species lireeds during much of the year in the 
Galapagos (l,ack. 1950J: usually in the rainy season. January to A.pril, in 
the southern islands hut starting in July in the northern islands. \larshall 
( 1951) reports the species breeding in large numbers 011 Eni\\'rtOk ( 12° :,.;-. ) 
in October 19-1--1-, hut not breeding on Arno (7°X.) in June to September 
19-1-9. although numerous. lt breed;; chiefly in :\pril to .-\ugust in the ~ey­
chclles (4° to 10°S.) off east .·\frica n1oreau. 1950), 

Anoiis minutus melanogenys-\\.hite-capped or Hlack ":;ockh·: Ha\\'aiian 
Tern. 
Breeding distrihution: Drecds on ;\Joku .\!amt. :\Iokolea J{ock. Lehua. and 

coasts of T lawaii and :\faui and probably other 111ain islands . .-\bo breeds 011 

:-(ihoa. :S:ecker, La Perou,e. 1,aysan. Lisianski. and :\-1idway. :'.\ests only 011 

cliffs or in sea caves except on Lisianski and \I iclway \\'here iron\\'OOd 
(Ca.marina) trees are used. 

ilreeding cycle: .-\clulb are present all year. Eggs are recorded irom all 
months except .-\ugu,t ,rncl Septen1hcr. with perhaps the greatest nu111her~ 
laid from ;1farch into June. There may he a lesser cycle starting· in October 
or t\ovember. as indicated by young and eggs 011 0iecker and La ! 'crousc in 
late 1953. A small group that laid eggs in early January 1948. on ::\J"okolea 
Rock, and newly hatched yo1111g recorded on :\ugust lX. 19-1-3. from :\loku 
::\[anu, show even greater variation in the breeding of this species. 

Breeding clsc1Yhere: The classification of the white-capped noddies i~ 
confused hut records of other races of the species indicate hreecling during 
much of the year on Christmas Island. while egg-laying is usually in October 
in the Kermaclecs ( 30° S.) near the southern limit oi the species. A single 
nesting record from Marcus indicates young mosth· fledged hy early . \ugust. 
::\larshall ( 1951) reports the specie~ ln·eecling in la1·gc nu1111Jers un l~nill'etok 
in October 19H. 
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Gygis alba rothschildi-Fairy or \\'hite Tern ( fig. 11 ). 
Breeding distrib11tio11: Thi~ endemic race breeds only to the west of the 

main islands on J(aula, Xihoa, '.\ecker. La l'erou,e. Laysan. Lisianski. and 
'.\fichrny. Eggs an: laid in cliff.; or high ledges of the fJ1·,L iour i,bnds, but on 
bare brnnche~ of introduced trees. chiefly Cas11ariuu. on the last t\\·o. ;(ests 
arc rtcorclecl 011 loll' blocks of coral on Lnysan. 

Hn:'eding cycle: . \cl ult~ may he· pre~e11t the \1·liole _1 ear (Ir, a~ in ~ome 
_rears on :.\fid11·ay. may lca1·e iur about Dccc·mhn through February. Egg:; art 
knmrn fron1 all month:; except J nnuary and Septcrnber, with perhap,; the 
greatest numbers laid from '.\larch into July .. \ S('condan· c1·cle may start in 

F1<,L1<E 11.-\\"hite tern, on egg, on (<1.rnari11u ,p. branch,::;, Li,ia11,ki Island. \[arch 
26, 195-1. Sc,·eral ,mall, large\) dear\ clump, uf thi, intr0duccd iron\\ood tree afford the 
only like!) nc,ting ,ires oi the 1d1ite tt•rn 011 Li,iansl-:i. 

::--.:ovembcr and December, judging irum egg" and young found on La Perousc 
and Xe1:h:r in late 1953. A few nearly fledged young on Xecker in December 
1953. indicated a very e~tencled earlier breeding se:1son. 

TI reeding rlsell'here: , \lcxander ,,peak,, uf thi,, 1x111-trupic;1l -..pecie,, ;,s 
having eggs from ~fa,· to January. King- ( 1955) found it with lioth egg;., am] 
large young in '.\m·cmlJcr and early June 011 Christina~ Island. Hryan record" 
eggs and Aying yottng on ~l:ircus in .\ug11sl 1902. Oli\'cr state!- the adult~ 
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usually arrive to breed in September in the Kennadecs. Hecords from Canton 
indicate at least spring an<l summer breeding. On Palmyra on September I 9. 
JQ53. \\·hite terns \\·ere just starting to lay eggs. 

DTSTRIBCTIO\' \\'TIE'.\ ~OT RREEDT!\G 

Little is kno\\'n about the distribution of many 1-la\\"aii,rn sea hircls during 
months other than their breeding seasons. In genernl it may be ~aid that the 
procellariiforn1s :we on the open ocean. often quite distant; during these 
months: the pelecaniforms. with the chief exception of the tropic bird,;, u,11ally 
return each night to their breeding islands throughout the year: and the terns. 
with the exception of the Hawaiian tern and probably the :--:ecker Island and 
\\'hite terns, stay on the open ocean or go to distant islands \\'hen not breeding. 
Follo\1·ing the arrangement of sea birds as 11sed by Fisher and Lockie,· ( 1954) 
and others. Hawaiian procellariiforrns are pelagic. or oceanic. species: pelecani­
forms ( although the tropic birds may be considered pelagic) and terns are 
offshore or marine species: and inshore or coastal sea birds. such as \'arious 
gulls and terns of other regions, are lacking. lnsu!Ticient evidence is at hand tu 
indicate a definite migration of any Hawaiian sea bird. althoug·li it is likdy 
that at least certain petrels and shear\\'aters have such. \\'hat little informa­
tion is available, taken from personal ohservations and other records. is sum­
marized for each of the groups of sea birds in the following paragraphs. !land­
ing records arc so few that migrating or wan<lering in<lividuals arc indistin­
guishable. The significance of many oceanic records is uncertain. especially if 
made very far from the Hawaiian lslands. since individuals of breeding popu­
lations from other islands may be involved. :\ foreove1· sight identification of 
birds at sea. especially of different shearwaters and petrels. is often uncertain. 

under the Procellariifonnes something is known of the off-season dis­
tribution of the following: 

Black-footed albatross. Some breeding birds. as from the j\[arshalls, arc south of 
Hawaii lo about 10°:--: .. irom wintt-r tc: su,nmer. ~Jany birds are north to about 2.'1°:--:., both 
in summer and winter. Yokum (1947) records many individuals from Febrc,ary to Septem­
ber 400-800 miles west of San Francisco at about J7°X. Kuroda ( 1955) has many June and 
July records for 1954 chieAy off Honshu at about 40°\' .. but some a, far north as 52'. Ob­
servations (Miller. 1940) show the ,pccies is regularly present off southern Caliiornia. 
Blake (1953) reports the species as a visitor near Revilla Cigerlo ls. al 19°1'<. off Mexico. 

l.aysan albatross. This specie, ,etms lo stay consistently farther north than 1he black­
footed alhatros.,. perhaps preierring the r\ leutian region although scattering \\'idel_v in the 
north Pacific al all seasons. Bailey ( 1952) gives many Pacific records of this and the 
black-footed albatross. 

Bulwcr's petrel. In the Atlantic this species appears to 111igrate ~outh lo winter in 
tropical waters of northeast Hrazil (\·an Oonlt and Knight. 1953). 

Hawaiian stonn petrel. Sea records irom near the H,rn·aiiau I,lauds are from April. 
June, July, August. and Oct0ber. Kuroda (1955) 11:ivcs many July 1954 records off 
Honshu at about 40°;\',, suggesting a northern sprC'acling or migration of the spcciC"s \\'hen 
not nesting. 
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Of the Pelccaniforme,-. the rcd-laik·d tropic hird i;; the onh- specie, th;it 
regularly leaw~ when 1101 breeding. fl i~ occa~ionally seen near Oahu in 
winter and spring. t,,·o ,,·ere seen Xow111her 5. 1953. het,,·een Xihoa and Kauai. 
1111mhers were recorded between l'al111yra and Oahu by King. July 29 to 
. \ ug-11111 3. 19~0. and January 1953 .. \ large non-breeding population of frigate 
hir<b is pre,-cnr the year round. although with ,-0111e fluctuation in size. on 
:\Ioku :\lanu. The nearest certain breeding i»land of this !>pecie.~ is \" ihoa. 
some 300 miles northwest. :\lost of the flloku -:\fo1111 birds arc in adult plumage . 
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F1Gt:R.E 12.-Breeding sea,011, of Ha,,ai1an Procellariiformes. Black column, indi­

cate egg~; lined colt111111s, young; the thickness oi the column;; sho\\ ing approximate 
abundance. Length of i11cuhatio11 coincirles approximately, "hen information is suffickntlv 
complete. with time from start of black column 10 ,tart of decrease in column. Hea,·y dotted 
lines indicate arri\·al and occurrence oi adult, before hn·edinl!". Hollo\\ c:olumn, indicate 
scanty e,·idence. 
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The non-breeding distribution of terns in I la waiian \\·ate1·s is suggested hy 
these notes which seem tO indicate a lack of migration: 

Sooty tern. "'.\ umerom Aocks of ,ooty terns and a few of common nodclies 11·erc seen 
CFi>h and \\"ildlife re::orcls) in late January and early February 1953, in \\'aters 30 to 100 
miles off Hawaii. Flocks of this species and Stcma il11wla \\'ere ob,ernd Aying toward 
\Vake by Dixon and !'-tarrett (1952) \\·hen a.bout 80 milt's 1n·st-soutlrn·est of \Vake 011 

~larch 6, 1946. 
White tern. A 11u111her of small groups, two 10 20 bird,. of this tern wert' recorded 

Lbually with ,ooty terns i11 Fehruary I 953, off Hawaii (.,ee above). Fisher and Lock le) 
( 1954) state that this tern does 1101 often fly far from its breeding islands. 

Common noddy. Lack ( 1950) states the Galapagos race o[ this tern migrates south 
to Peru. 

_-\);:-\LYSJS OF FACTORS REJ..-\Tl:---G TO BREl-:LJr:---c CYCLES 

Inspection of figures 12 and 13. or study of the preceding breeding sum­
maries. show that Hawaiian sea birds may be grouped as: ( 1) spring and 
~11111111er breeders: (2) fall and winte1· breeders: ancl (3) inegular or ye;ir­
round breeders. These groups Yary and overlap in some degree. especially in 
certain species which may nest in any month but sholl' a tendency to1\·ard 
spring breeding. but \\'ill he a satisfactory basis for discussion. Of the 22 
species of Ha\\·aiian sea hir(I,,, 12 generally start breeding in the ~pring: five. 
in the fall or \\'inter: and fi,·e. in anv 111011th . .-\11 attempt to understand the 
factors \\·hich determine or have led to the establishment of the times of breed­
ing. or the lack of regular times. can best approach the problem on the ha:-i!> 
of these rather definite groups. (See table 6.) 

Tahk 6.-Brceding seasons* 

SPRl:XG A:Xll sc,Dt ER 

BREEDtRS 

\.Vedge-tailcd Shcar\\'atcr 
Christmas lsland Shearwater 
:S: ewell's Shearwater 
Dark-rumped Pet.rel 
Rulwer's Petrel 
Hawaiian Storm Petrel 

ried-tailed Tropic Bird 
White-tailed Tropic Bird 
Blue-faced :Roohy 
Jlrigate Bird 

Grey-backed Tern 
Sooty Tern 

F,\1.1. A :Xll \\'l:XTER 

Otli>EllEHS 

Black-footed Albatross 
Laysan A lhatross 
IJ011i11 lsland Petrel 
tlarkham's Storm Petrel 

Rro\\·11 Hoohy 

l'C,11(-l<Ol':XD OR 

tRtU:GL:LAR BREEDERS 

Red-footed Boohy 

.\' eek er Island Tern 
Common ~oddy 
Hawaiian Tern 
White Tern 

• The three onJer:--Procellani furnt~~. Pelec,mi f ormt::,. and. Charadriif onm·:-.-an: ~eJl.t r;t1e1I fo1 cum• 
pari.:;,on, Yari:1.1inn-. n1't' -.hnwn in fi,:?ttl"C" 12 anrl 13 and clc:-.triht·rl in thC' 1,·xt. 
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FrGL-RF. 13.-Brccding season~ oi Hawaiian Pelccaniformes and terns. Explanation is 

a, for figure 12. Isolated records nf egg, or young arc shown by black or lined bars. :-S:otc 
that adults arc present throughout the year c,pecially in pelecaniforms. Extensive periods 
of egg-laying in some species make it impossible to sho11 here the length of incubation or 
fledging. 

SPRJ:-;G .\1'D Sc~UIER BREEDERS 

Of the 12 species. about 5-1-percent of the total. oi spring and summer 
breeders. six are procellariiforms: four. pelecaniforms: and t,rn. terns-al­
though of these. the sooty tern breeds in the iall and winter in some years in the 
southern Hawaiian Islands. Of these I 2 species. seven start laying between late 
Pebruary (the blue-faced boohy) and early April. while the others start laying 
even as late as early June (the \\'edge-tailed shearn·ater). In spite of this range 
in start of laying and considerable variation in the length of time before laying 
that the adults arrive and commence nesting, we can consider the following 
underlying causes for the establishment of this general type of breeding cycle: 

1. Increasing periods of daylight in winter and spring .. .\s ~ho\\'n in table -I-. 
there is considerable change in the period of daylight even in the southern 
Hawaiian Islands. This change is decidedly greater in the most northern islands 
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and certain species. namely the sooty tern and red-footed booby. placed in the 
group of irregular breeders. are spring breeders here hut may nest in the fall 
or throughout the year respectively in the southern islands. These species illus­
trate the principle of progressiveh· later laying at increasing latitudes by a 
given species. as does also the Christmas Island sheanvater, which breeds 
f'arlier in the spring in the main Hawaiian Islands than at their nortll\\·est end, 
It is noteworthy. though. that the majority of the spring hrce<lers rlo not 
confirm this principle. 

2. Greater amounts of suitable food in spring and summer. Insufficient 
evidence is available on this subject hut tuna catches in the region of Oah11 
indicate a greater abundance of small fish in the summer ( see p. 12). 

3. Infrequent destructive storms in spring and summer. :deteorological 
data ( see pp. 8 and 9) indicate that <lownpours and violent winds are not 
likely at this time of year. This factor has been considered of importance by 
8alclwin ( 1953) in determining the usual spring breeding of Hawaiian 
honeycreepers . 

.J-. Seasonal temperature changes. At least in the case of the dark-rumped 
petrel. which nests even well above 7 .000 feet and where snow falls at times. 
wanner average or higher minimum temperatures in spring or summer ma\' 
he significant. The more marked seasonal temperature changes. as at }fidwa~­
compared to i\lanana (table I), may help explain the more regular spring 
breeding of some species. such as the sooty tern. al ;\[id way. Sea;;ona\ tempera­
ture changes. although not great in the southern Hawaiian region, make one 
of the most regular environmental cycles and so may possibly be of impor­
tance in determining spring or summer breeding. 

Although it is possible that some species of spring breeder;; have evolved 
in regions north of the Hawaiian T slands and retained an inherent breeding 
cycle. this is not known to be the case and seems unlikely. Rather. the abovf' 
factors seem to have been responsible for the establishment of a spring cycle in 
s1iecies with more tropical distribution and affinities. In at least fi,·e of the 
12 spring breeders. tropical populations of the species seem to have a more 
extended or a year-round breeding cycle. This suggest,; thc1t Ha,\'aiian condi­
tions have established spring cycles in these species. 

The fairly definite fall and winter rainy season on the major breeding is­
lets off windward Oahu ( see rainfall for l\1akapuu Point in table 2) suggests 
that spring breeding species may here respond to rainy seasons. However. this 
seems negated by the fact that many of the same species arc sprinl{ breeders 
on Midway and other north\\·est Hawaiian lslancls where rainfall is not notice­

ablv seasonal. 

Since a preponcle1·ance oi Hawaiian sea birds breed in the spring and 
~urnmer compared to other seaso11s, we may assume this to be the more nsual 
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result of Hawaiian conditions. Species breeding at other times may, as we 
shall later discuss. gain certain advantages. such a:; less cro,vded nesting condi­
tions or less competition for food. 

The possibility may be suggested that some of the species in this group 
are in more northern \\'aters in the fall and winter months and hence are affected 
by the greater spring clrnnges of higher latitudes. \Yith the possible exception 
of the 1-1 a waiian storm petrel. the meager off-season records do not support 
this explanation. 

Of the five species. about 2-J. percent of the total. in this category. four 
are procellariiforms: and one, a pelecaniform. The range in the start of laying 
is again extensive with the two species of albatrosses starting in about micl­
;(ovember, the Bonin lsland petrel and 1[arkham's storm petrel in early 
January, and the br01rn booby. variably from December through :\lay. Tile 
four species oi albatrosses or petrels are quite regular in starting egg-laying. 
\\'ith the exception of the Bonin Island petrel, which arrives some five months 
before laying. 11·inter-hreeding procellariiforms lay soon aiter returning to 
their islands. The brown hoohy, the only pelccaniform and only perrnanem 
resident of the fall and winter breeders. is the least regular in its laying. Its 
nesting activity seems to start fairly regularly about in Decembe1- but with just 
a part of a population involved and ,,·ithout much success until perhaps two 
months later. The blue-faced hoohy. even though apparently laying chiefly in 
late winter. has been placed with the spring and summer breeders since most 
of its cycle would fall in these seasons. :\ evertheless. this species would indi­
cate an almost intermediate condition. Factors ,1·hid1 111ay explain a fall and 
winter breeding cycle include the following: 

l. H.etention of a Southern Hemisphere ,;pring and sun1mer cycle. This 
factor seems likely to he especially significant in the Procellariiformes. which 
order is considered to be of southern origin where the lllajority of the species 
occur. The albatrosses. particularly. are a southern family with the Hawaiian 
species being c,rn or three subtropical or northern Pacific breeding species. 

nio111edca a/bairns. the only other northern species and one which is now ex­
tremely rare. also was known to lay in the fall ( Alexander, 195-+). It may be 
reasonable to suppose that since albatrosses rarely get to the tropics from their 
typical range in south temperate waters-there is one tropical species only. 
n. irrorata of the Galapagos region-species have only rarely become estab­
lished in the ;( orthern Hemisphere. The two Hawaiian species 111ay thus be 
fairly recent members of the Hawaiian avifauna and be the more likely to 

have retained the spring and summer breeding habits of all nine of the Southern 
I lemisphere species. The above explanations may apply to some degree to the 
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winter breeding Hon in Island petrel and i\J ark ham's storm petrel. but cannot 
apply to their brown booby. 

2. Longer nights during the breeding season. Significantly, the Hawaiian 
albatrosses have a non-breeding distribution. including winter and spring for 
immature birds. generally well north of their breeding islands: hut, i11 spite of 
this. retain a breeding cycle starting in the late fall. Since the Procellariiforme~ 
probably feed a great deal at night ( Alexander, 1954), when their chief food. 
squid. is most available. there may be this particular advantage to winter 
breeding. It must be pointed out. however., that the young are still being fed 
ll'hen nights have become shortest. 

3. Decreasing periods of daylight. This factor seems to regulate the breeding 
cycle in some mammals ( Rullongh. I 951 ) , so it may be considered as a pos­
sibility in birds. Such a factor might reinforce an inherent fall breeding cycle 
as found in the Hawaiian species of albatrosses, especially since thei1· non­
breeding distribution is in a northern region with greater decrease in day 
length. The same may be true of the ?IJarkham's storm petrel. 

-1. T.ess competition for nesting sites or food. Early authors have emphasized 
the advantage of seasonal succession of breeding times of species with similar 
nesting habits. This hardly seems valid in the spring when all winter breeders 
overlap the start of spring breeders. hut it is certainly true that the group of 
fall and winter-breeding procellariiforms start their nesting. and complete 
incubation. with the 111ininmm oi competition. Their periods of raising young. 
when food demands are heaviest. overlap very little with the young of spring 
and summer breeders. 

5. Long period of incubation and growth of young. Especially in the case 
of the two albatrosses. where incubation is over two months and the growth 
of the young about five months, spring laying with resulting fledging of young 
in fall or winter might be disadvantageous. lt is true that the large sea birds 
in general have a long incubation and growth period and the young of some 
species. such as boobies, are fledged in the fall. However, these species do not 
leave for distant ocean regions as do the albatrosses. Summer conditions may 
be more suitalJle for initial flying of the young of albatrosses. the most highly 
specialized of gliders. 

I1 may be pointed out that factors that were suggested as significant or 
advantageous in spring and summer breeders might be considered insignificant 
or disadvantageous in fall and winter breeders. Thus the poorer weather con­
ditions in the winter 111ay be a disadvantage. Presumably, though. such detri­
mental factors are not great enough to offset the beneficial factors of winter 
breeding to certain species or to cause the loss of an inherent winter breeding 
cycle. Any factor involved in breeding cycles may affect each species differently. 
and stormy weather, as an example. may be less significant to winter breeding 
species. since these are all large or burrowing forms. 
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Of the h\·e species (about 2-l-percent of the total) in this category, one is a 
pelecaniform. the red-footed booby. and four are terns: ::\:ecker Tsland. com­
mon noddy. Ilam1iian. and 11·hitt' .. \!though the red-footed hoohy may have 
tgg~ at a11_1· tin1e oi the year. especially in ih southern hreeding colonies. as on 
L'lupau Head ancl .\[oku .\lanu. it show~ a definite tendent·y toll':Hcl starting 

breeding in late wi11tei-. 'l'hi,; is particularly true uf its 11urLhern breeding 
colonies. such as those of ;\lidll'ay. 

The nodd\'. Hawaiian. and ll'hite terns h;in: their egg-laying times chiefly 
spread out fron1 ;\]arch through .--\ugu~t .. \t the same time. the red-footed 
hoohy and these three terns. and possibly the :'\ecker Island tern. »holl' a defi­
nite tendency tO\\·ard a secondary breeding- cycle starting with egg-laying in 
the late fall. Factor:, \\'hich mav explain the irregular breedin~ of tht' aho\'e 
group of ,,ea bird:, may include the following: 

1. Lack of marked em·ironmental changes. There is little to indicate that 
any of these sp~cics h.ivc or ha\·e had a regular yearly breeding sea~on ,111y­
\\·hcrc in their pan-tropical and sub-tropical ranges. Partial exceptions \\'Ollid 
he some rcglllarity in breeding of the red-footed booby around northern Sol!th 
.\merica correlated with marked rainy sea~ons (:\furphy. 1936). and the \\'hite 
tern at one of the highest latitudes at \1·hid1 any of the species breed. 30° S. near 
:'\ew Zealand (Oliver. 19:i.S). In the llawaiian Tslanrls. apparently. annllal 
em·ironmental change~ e,-cn at 2t\0 :'\. are nol marked enough to have estab­
lished annual breeding seasons in those species which are lea:,l responsive lO 

chang·es. 

2. 1 'ossihle arh·amages uf prolonged breeding seasons. The breeding poten­
tial may be increased if the indi \·idnals of these ~pecies breed more than once 
a year. If ioocl Sllpply or nesting space is limited at any time of the year. a 
sp1·cading out of breeding could l,e arlvnntageous. 

3. Shortness of breeding cycle. Terns as a group sho\\' more \'ariation in 
breeding cycles than either procelhiriiforms or pelecaniforms. This may \\'ell 
be correlated with terns haYing a much shorter period of incubatio11 and 
groll'th-about t\\'o months compared to four to seven months-and seems 
associated ll'ith a g-realer renesting auility. Terns are physiologically ahle. for 
instance. to repeatedly lay more eggs if their eggs arc taken or dest.royrd. 
ll'hcrca,- alhatro:,se,, are not. 

+. Spring and fall breeding. :-\ tendency tm\·ard t\\'o seasons can be noted 
in all of these species. hut that the same individuals are i1wolved ~eems i111-
possihlc in the booby. with its long incubation and growth periods. and unlikely 
in the terns. 11·here relati\'ely fe\\' ill(liYiduab start nesting in the fall. The 
best, although not conclusi,·e. e\·idence of regular breeding twice a year seems 
to be for rhe .,oory tern on l 'hrist111as Island ( I, ing. 1955). 



BerniC<' P. l?ishof> _\luse11111-8111!eti11 278 

5. Size of populations. The markedly regular spring breeding of the great 
colony of common noddies on l\[anana. by far the largest colony of any of the 
irregular breeders, is striking. Breeding of this species in small numbers is 
generally earlier and less regular (Richardson and Fisher. 1950), even on the 
nearby islands o[ Mokolea and :\Lok11 i.ranu. Thus there seems to exist, at least 
in this species. a correlation bet\l'een large numbers and a definite cycle, with 
a spring-summer cycle proving 111ost advantageous. ln the large red-footed 
booby colony on Clupau Head. however, where numbers may be at their maxi­
mum at different times of the year. no regular breeding cycle has become 
established. 

6. Irregular severe storms. Some species which breed in the ll'inter and 
early :;µring are particularly subject to extensive destruction of their eggs, 
nests. or young. because the \\'orst wind and rain storms usually occur at that 
time of year. Thus sooty terns and red-footed boobies have been forced several 
observed times to begin their nesting over again on Moku :.1anu and Clnpan 
[-lead. 

:\11 of the Ha\\'aiian sea birds which lack a regular breeding season show 
some tendency toward a spring cycle. this being especially marked in the com­
mon nodclies on 1Ianana. Perhaps in these species, all of which probably have 
had a tropical origin and year-round breeding in that region, a consistent spring 
and summer cycle. as for the majority of other Ha\\'aiian sea birds. is still be­
coming established. There is the possibility, too, although confirmation is lack­
ing. that inegular species \\'ere the latest to arrive in the Islands so there ha~ 
been less time for the establishment of regular cycles. 

DTSCCSSTO:\' A~D SCNIMAH.Y 

The great variety and frequently large populations of Hawaiian sea lJircls at­
test generally favorable conditions for breeding, although these factors are not 
so favorable as they were before the influence of man. The most favorable condi­
tions arc found on many of the unfreqnented islands which offer a variety of 
nesting habitats. such as extensive open areas. sand or soil suitable for bur­
rowing, cliff areas, and bushes and trees. Also favorable is the general lack of 
predators on all but the main islands. where cats and mongooses may be com­
mon and where human predations have been common in the past. The estab­
lishment in 1909 of the Hawaiian Island Bird Reservation. encompassing 
approximately all but the main islands. has been beneficial. However. it cannot 
compensate entirely for the early devastation caused by feather hunters and 
introduced rabbits and the more recent devastation caused directly or indirectly 
by \\'ar ( Fisher and Baldwin. i946) on some leeward islands. 

The feeding and climatic conditions are also markedly favorable for sea 
birds in the Hawaiian Islands. Extensive shoal areas and rich moderately 
cool waters are essential in producing the fish and squid utilized by sea birds_ 
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Convergence of cool \\'aters from the north and ,rarm waters from the south. 
and up-welling of enriched waters nca1- the islancb arc probably important in 
maintaining this rich food supply. The year-round mild climate. \\·ith fe\\· 

severe storms. morlcra,e or little rainfall 111 the brecding ar('as. and no fog. 

appear also to he particularly suitahk. 
The abow fa\'orahlc conditions ior sea hircl abumlancC' combined with 

various other factor:; han: led to the establishment of a variety of breeding 
C)-Cles in Hawaiian sea 1,ircb. The latitude (20° '.\.) of e,-en the mo~t ~outhcrn 
islands is sufficient so that seasonal changes. as in period of daylight and 
tCc'mperature. seem to he sufficient to ha,·e cstalili,-,herl nr mnintained a spring­
summer breeding cycle in ju,-t o,·er half of the species: and in the latitude ( 28° 
X.) of the most northern islands these changes are c,-cn n1ore marked. O,·er­
riding the factors d!:'t<:rmining spring-su111111er cycles. and associated with fall 
and \\·inter breeding. arc such factors as inherent tropical or Southern He111i­
sphere breeding patterns and less co111petition for [oocl or nesting sitCc's .. \p­
parcntly associated 11·ith irregular breeding habits are such factors as the lack 
of sufficient seasonal change for so111e spccies. small or scattered populations. 
and clcstructin· storm;,. 

\\'here breeding cycles occllr. as they do in mo::.t Jlawaiian sea hircls and 
to so111e degree in e,·en the 111ost irregular breeders. they are annual c\Tle;;. 
whether starting in spring or fall or other ti111es. It seems likely that 
"·hen irregular breeding occurs. the individual birds arc still follo11·ing-an 
annual cycle. There is the possibility. though. of breeding more than once a 
year in some terns. Tn any case. it has seemed impos~ihle to find in Hawaiian 
sea birds any definite 11011-annual breeding cycle comparable to the nine and 
a fraction 111nnth cycle of sooty tern5 on .-\scrnsion Island ( Chapin. 195-l-). 
l'resurnahly. environmental conditions are sufficiently cyclical on an annual 

basis in th<: Hawaiian 1-egion to preclude other types of cycles. 
The general question of ho\\ culunial ne~t ing hal)its may affect thl' tin,e 

or succe;,;, oi breeding in H,l\ntiian sea bird,- is of interest. Colonial ne,ting is 
not characteristic of lhc majority of the species-with s11ital1le nesting 
conditions in parts of certain islands sometime,- bringing populations loosely to­
gether to give \\·hat might he called a false colony-hut is iairly marked in 
the boobies and n0ddy terns and quite so in the sontv tern. The principle 
illustrated by the studies of Fisher ancl Lockley ( 195-l-) in . \tlantic sea hirds 
of large colonies starting to nest earlier heca\lse of competition is not sh0\n1 b_v 
Hawaiian colonies. Here. smaller colonies. as of noddy and ~ooty terns on 
:\ r oku :.\ f,rnu. generally start to breed much earlier than greater colonies on 
the same island or on :\lanana. TToweYer. many of the scattered fall and winter 
nestings of irregularly breeding species. as noddy terns on French Frigate 
or red-footed boobies on 'Clupau Head. arCc' un.,uccessful and appear to exem­
plify thr need for a minimum number of a colonial species to initiate suc,.:essful 
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breeding. lt does seem trne that the irregular Hawaiian species, and also some 
of the more regular ones. such as the sooty tern and brown booby. often suffer a 

marked decrease in nesting success due to abortive nesting attempts and the 
lack of a well-defined breeding cycle. 

The present study has tried primarily to accurnulate adequate field data 
and to analyze possible external or environmental control~ of breeding cycles. 
It has not investigated internal inherent reproductive rhythms by such methods 
as experiment or histologic study. lt may be pointed out, though. that breeding 
activity at any time reflects the internal state of a hird. As has been well sum­
marized by Bullough ( 1951). this internal reproductive state, especially as 
shown in birds by the histology and size of the gonads. is under a hormonal 
control vvhich may be attuned to different seasonal environmental changes in 
different species. The 111ost definite breeding cycles are usually associated with 
lhe rnosl definite seasonal environmental changes, so in Hawaii, where seasonal 
changes are relatively small. it is not surprising that many sea birds show varia­
tions in their breeding cycles and show a tendency toward extended breeding. 
Much of the cyclical breeding of the species is sufficiently regular. however. to 
indicate definite environmental control of the internal reproductive rhythm. Ii-­
regular breeding of certain Hawaiian sea birds rnay indicate a weakness both 
of environmental controls and inherent rhythm, conditions that may reAect the 
tropical origin and general distribution of these species. Fall and winter breed­
ing, as in the two albatrosses. may indicate, though, a particularly strong in­
herent rhythm which dominates the usual environmental controls. Adequate 
evaluation of the relative strength of inherent versus environmental controls 
of breeding cycles in Hawaiian sea birds must probably await further study and 
experimentation. 
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