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ABSTRACT

The previously unnoted similarity of surficial form, 'shape s and
distribution of land found on the Hawailan atolls is shown to be re=
lated to the unique subtropical situation., Winter cyclonic storms
have restricted the distribution of land on Kure, Midway, and Pearl
and Hermes Atolls while giving the islands a characteristic form.
Rapid changes of a small sand point on Kure Atoll similar to points
found on other islands in these atolls are shown to be extremely
‘sensitive to changes in wind direction and -intensity. This thesis .
demonstrates that movements of these points and sand bars in the la-
goon exiibit the sequential processes by which the permanent islands

have been farmed.,



CHAPTER I
INTRODUCTION

Coral atolls have been described in various ways by many authors
but are best typified by the singular characteristic of a reef ean-
circling a somewhat shallow lagocon. Islands usually sppear along the
margins of lagoons, either on the reef or just inside it. The dis-
tribution of land that supports vegetation and is thereby considered
permanent does not fall within any predictable p.ttern on most atolls.
However, studies of aevgral atoll groups have indicated that the
arranzerznt of islcis wit.in a reef is not random.

A review of the lileratwe has shown that, to this date, the
distribuiion of land on atolls hes never been considered a useful
charactoristic unifying geographic groups of atolls, However, on the
atolls of the Hawalian group visited by the author, a particular pate
tern of land distribution is both clearly defined and common to all
the atolls. It is this predictability ci land in the southern half
of tho reef ring that ie the unifying characteristic of these atolls
and sels them apart from all other atolls. Furthermore, this precise
distribution of land in specific sectors of the lagoon margin results
from the effects of winter cyclones directly associated with the

unique latitudinel position of the Hawaiian atolls,
I. THE PRESENT STUDY

The atolls éxamined in this study are part of the Hawaiian Chain
which extends northwestward nearly two thousand miles from the large
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island of Hawali on the east to Kure Island. Kure and her two neighe
bors, Midwzey, and Pearl and Hermas (one atoll), are the only atolls
in the Hawsilan Archipelago (Figure 1) Their distinctiveness does
not erd heres Of more than four hundred knowa coral atolls in warm
waters of the world, Kure, Midway, and Pearl and Hermss are the far=

1 Indeed, in the Nt hern Hemisphere they are the only

thest north.
a.toils poleward of the Tropic.2 ‘Coconut palms are abseunt, winters
are cold, and typhoons have never been recorded.

Another important feature of the Hawailian atolls is their proe
ncanced similarity in appearance, Land is rostricted almost entirely
to the scuthern half of the lagoons. Most of the islands are long
and rarrow with the long axes trending nort.ﬁeast-southwest. Sand
dunas are an important landform on the lagoon shore of several of the
isicnds, The unique subtropical situation of the Hawaiian atolls and
thelr proximity to one another suggests that some, if not all, of the

similarities noted above have a common origin,.

Statezzat of purpoc3s. The purpose of this paper is to demon-
strate that winter cyclones affecting the Hawaiian atolls have proe
duced unique similarities in surficial form, distribution, and shape
of islends within the coral ringse. All the Hawaiian atolls are oute
side the tropics and far from other atolls, but they are quite close

to one another. The atolls of Kure, Midway, and Pearl and Hermes

lEgwin He Bryea Jre, "Check List of Atolls,® Atoll Recearch
Bulletin, No 19, Sept. 30, 1953.

' 2There are two atolls in the Southera Hemisphers south of the
Tropic=~0Oano and Ducie, both near Pltczirm Island.
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are all included in a small area that ranges only 39 nautical miles
north to south and 143 nautical miles east to west. The atolls withe
in this geographical range from a compact unit suitable for field stu=~
dy, the climate is essentially the sams, and all the atolls are sub-
Jected to winter mid-latitude cyclones. No other atolls in the world
fall within this cyclonic influence.

Field worke. The present study is the result of observations

made during field work supported by the Smithsonian Institution,
Department of Vertebrate Zoology-Division of Birds, Pacific Ocean
Biological Survey Program.3 The writer spent nine weeks on Kure
Atoll and four days on Midway during January, February, March, and
April 1965 The peculiar orientation and distribution of sand is-
lands on Kure, Midway, and Pearl and Hermes were noted at that time,
The arrangemant of islands on these atolls seems unrelated to the
trade winds, reef structure, or ocean currents about them, yet the
similarity of distribution of land within the three atolls is unde-
niabla. 7

In addition,. alterations in the shape of Green Island, Kure
Atoll were observede. A atu&y area on the west point of Green Island
was staked out, and observed changes in the shape of this point were
recorded for more than a monthe During March 1965 an unusually late
storm noticeably altered the shape and size of the point, This
storm, like most others, was cyclonic, the winds céming from the

3Hereafter called (POBSP)
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northwest in excess of twenty knots. These winter disturbances occur
nearly every year on Kure, Midway, and presumably the uninhabited
Pearl and Hermes Reef, only twenty-seven aautical miles farther south,
Winter storms are peculiar to the Hawaiian atollc, They are in no
way associated with tropical typhoons common on most atolls previously
studied by other authors.

II. PREVIQUS STUDIES

The classic circular or oval reef is not typical of all atolls.
It is this characteristic of atolls, however, that has attracted the
attention of most writers. Such famous naturalists as Darwin,
Agasaiz, Dsna, and Wallsce are associated with early attempts to de-
termine the origin of these ring islands. Today subsidence is usuale
ly considered to have played a major part in their formation.

Though many geologic studies have sought to tie the similarities
of all atolls to a common origin, very little investigation of the
shape and distribution of permanent land on atolls has baen done.

The most comprehensive work of this kind is that of Wiens who studied
the proportion of atoll circumferences occupied by lande. Conclusions,
though broad and not correlated with geographic groups of atolls,

are of some interest to this study. He found that on “about 72 pere
cent of all Pacific atolls less than one half the reef circumference
is occupied by land."h

- UHarold J. Wiens, Atoll Environmsnt and Ecology, (New Haven
and London: Yzie University Press, 1962), p. 4l.




Viens also studied the location of land on atolls and observed
that vegetated land areas (reef islets above high tide) occur with
greatest frequency in either the eastern or the western sectors of
reefs with only a slightly higher frequency in the former. His cone
clusions on atoll land location are of great importance to this study
because they indicated only tendencies for the land to be situated on
certain parts of the atoll rim. This 1s demonstrated graphically
in Mgure 2 which shows atoll land distribution along various reef -
sectors for several groups of Pacific atolls as summarized by Wiens.5
Note there is no easily discernible pattern on any of these fre-
quency diagrams. In contrast to this, the diagram for Kure, Midway,
and Pearl and Hermss (Figure 3) shows a clearly defined pattern,
characteristic of the Hawaiian atolls, indicating the presence of
land only in the southern half of the reef ring,

Wiens also noted that the frequency of reef passages was higher

;‘bo the windward than the leeward on most atolls, This relation seems
to hold both north and south of the equator.

Verstappen studied climate and its influence on the formation
of coral islands.6 His research 1s important here because he studied
the shape of sand bars and the distribution of coral ramparts rela-
tive to the rest of the islard, Although his study of islands in
Djakarta Bay did not involve atolls, his work was an attempt to

5Tbida, pe L3e
6Herman Th. Verstappen, ®The Influsnce of Climatic Changes on
the Formation of Coral Islands," Amsricen Journal of Science, 252:
428-435, July 195k




FIGURE 2

8.

Ce

€.

The location of land on atoll reef sectors of 125 atolls in the
north and south Pacific (a); Marshall Islands (b); Caroline
Islands (c¢); Gilbert Islands (d); central Pacific (e); and
Tuamotu Islands (f). Bars indicate percent of totel lend

area in particular reef sectors and the radius of the circle
represents twenty percent.

(after Wiens, op. cit., p. 44,)



FIGIRE 3

37%

Land locatlon on atoll reef sectors in the Hawalian
avolls of Kure, Mléway, and Pezrl and Hermes., The bars
Indicate the percentage of total land area in particular
reaf sectors and the radius of tne circle represents

20 percent. Here 99 percent of all the land is in the
southern half of the atolls,



dasignate a common cause for the shapes of & compact geographical
group of islands. |

Verstappen's method was based on an earlier ors by Umbgrove,
whose spproach to the problem utiliged frequency and velocity of wind
to determine what he called the "wind effect." Uzbgrove found
that the material content and orientetion of beachés on the sand
islends in Batavia (Djakarta) Bay were caused directly by wind action.
He was unable, however, to estzblish the length of time necessary
for these changes to take place. Versteppen was able to show by the
use of historicai maps that the shapes of islands in Djakarts Bay
regulted froﬁ a climatic change., He suggested the need for similar
studies in the trade wind belte.

Schou studied the influence of wind on shoreline orientation
and dunes in Denmarke. He developed a mathod, somswhat similar to
Ur-grove's, for determining the "Direction-Resultent Wind Work
{DRW )."‘c" He used the directional frequency of wind in percent and
multiplicd it by the Beaufort value. He taen summed similar wind
directions, and the results were showa in a voctor diagrame. He dis-
regarded winds with force less than 4 Beaufort since he considered
these velocities to be incapable of wmoving sand. He concluded the
"terminant direction of the shore was at right angles to the DRW

7J+ He Fo Umbgrove, De koraalriffen in de bsai van Batavia,
(Dienst. Ve do Mijnbouw in Ned. Indie, Wetensche MadBd’ :J, 29280

BA. Schou, "Direction Determininz Influence of the Wind on
Shoreline Simplification and Coastal Dune Forns," Seventeenth
International Geographical Congress, Pub. 6, 1952, (abstracts)
Pp. Bi=02. '




and dunes parsllel to it." (sic)’

Problems. As seen above, soms work has been completed on the
causes of shapes of sand and coral islands, but these studies have
nevaer yiclded enough information to divide atoll land coufigurations
into distinct geographical types. Indeed, most studies have indi-
cated that no such distinction exists. Wiens noted that ®"Atoll
shapes cannot be correlated with particular factors that allow for
generalization. ¢ « o0 Thig rsy be attributed partially to the
extended spatial distribution of most of the islend groups studied
and partially to the dearth of detailed investigationse

Wiens, for example, used the atolls of the Marshzlls, Carolines,
Gilberts, central Pacific, and Taumotus as separate and distinct
geogrephical units. Although each group appears as a distinct unit
oa the globe, the morthe-south range within any one group is no less
than 500 miles. In the oceanic realm within such distances the
inherent variability of wind, ocean currents and associated climate
is woll known. The tropical rain forast of Palmyra Islend in the
central Pacific group of the Iine Islands is just three hundred
miles north of the near-desert on Christmas Island. Other geo-
graphical unite such as the Gilberts and Marshalls experience both
northoast snd southeast trades during a normal year.n

9Ibide
IOWiens’ Op. 0_110’ Pe 19.

Motis W, Freeman, Geography of the Pacific, (New York; John
Wiley and Sons, 1951) ppe 9=10.
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Most atolls in the world bave a tropical warm clixate. Many
are frcguented by tropicel cyclones colled typhoornse. Trade winds
are most often gentle, and although they may help accouni for the
disiwribution of small features, like shingle and sand beeches on many
atolls or lagoon passages on others, their influcnce has naver been
coasidered strong enougn to produce predictable geomorphic features.
In coatrast, a tropical disturbsnce mzy modify the chape of an atoll
island and esteblish more sexi-perrmansni land forms in one day than
the trzde winds and associated ocean currents can do in many years.
Bluzanstock roted that in sows cases on Jaluit Atoll in the Marshalls
more than 75 percent of the coral rubble forming tie new ocean-zide
bar 6ff Jalult Islet was depocited by typhoon "Qphelia..“12

Typhoons really add litile to atoll islands; most of their
effects ara seen in somec form of degradation. Furthermore, with ty-
phooa winds there is no protectad sids of zn atolls Virtuaelly every
part of za atoll is affected, first Zrom ore direction and then the
opposite one as the storm passes. A4s a result there is no gpparent
tendency toward & pariicular distributioa of islands on atolls fre-
quentad by typhoons. Blumenstock, howsver, has stated that more
study is neseded on atolls in Typhoon and nontyphooa areas.13

Perhepa the problem in discovering cistinct geogrephic types of
atolls 2ies in the large spatisal range of the groups studied. My

cboervotions z2de on the atolls of the lLeseward Hawsilan Islzands seem

lzDavid I. Blurmsnstock, YA Raport oa Typhcon Effects Upon
Jaluit,™ Atoll Research Bulletin, No. 75, April 1961.

Lnid.
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to suggest this is the case.

III. ORGANIZATION OF THESIS

In order to demonstrate that the unique situation of the
Hawalian atolls has played an important role in forming a morpholog-
ically homogeneous group of islands, the following approach is eme
ployed.

First, for purposes of compearison, several distinct lewvels of
simllarity are describad. Configurations of sand islands on the
three &0lls of Midway, Kure, and Pearl and Hermas are shown and simie
laritics are notede Shapes and surficial forms of the islands are
discussed. Next, the larger islands of Kure, Midwsy, and Pearl and
Hermes ere described triefly.

With a clear picture of the islands in mind, two possible causes
for the similarities described are explored. These include sube
marine siructure and certaln climatic elemants. It is then showm
that structure elone does not dictate the site of land on the three
atolls. Next, a detailed discussion of the climate emphesizes the
importance of winter storms.

Moreover, based on the oricatation of islands, the movements of
sand spits, and the site of islands with respect to special wind
conditions, the overwhelming importance of storms is demonstrated.
Furthermiore, the strength of these winter storms is studied to re=-
veal their quantitetive sand transport qualities and total effect on
the islands.

In conclusion a theoretical sequence of events for island

evolution in the Hawaiian atolls is discussed in order that their
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pertinent morphological feciures be exp_ainod. The transition period
betusen wintor and summar is shown to be very irportant in the for-
motion of certain island features. Finall;,' wvinter storxné are showm
to0 be the most important physical element contributing to the more
phological similaorities observed in the Hawaiian atollse



CHAPTER II
THE HAWAIIAN ATOLLS

The Leeward Hawaiian Islends are considered to be the oldest
pary of the Hawaiian Archipelago. They comprise a clear sequence
from east to northwast, from the maturely dissected volcanic cones,
such as Kaula Rock, to the barely emergeut volcanic necks of Gardner
Pinnacles end La Parouse Rock, and finelly to the three smzll atolls
of Pear-l and Hermes Reef, Midway, and Kure at the northwest end of
the chaine Oa Kure and Micway atolls the reefs mesasure about 15
nauticzl miles in circumference, while on Pearl and Hermes this
distance is 43 miles,

I. UNIQUE SITE AND CLIMATIC RAMIFICATIONS

The Hawaiian atolls are uniquely situated in the Pacific realm
(Figure L). Aspeviously stated, they represent the three northern-
wost atolls in the world as listed in Bryan's "Check Iist of Atolls."u‘
Pearl and Hermes is the southern-most of the group at 27°45' North
Latitude. The atolls range from 176° West Longitude at Pearl and.
Hermes to 178%30' west at Kure. The nearest atoll to the Hawsiian
group is Walie Island, about a thousand miles to the souvthweste

Because of their unigue site the Hawaiian atolls might be ex-
pected to differ climatically from other atolls. Indeed a

WEryan, loc. eit.
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‘preliminary survey indicates this is the case and the distinctive o
écharacter of the climate of the Hawaiian atolls is discussed here. A
‘detailed examination of individual climatic elements considered to
.be causal with respect to island evolution follows in a later chapter.
f A study of the climate of the Hawaiian atolls is eassential to a
‘meaningful interpretation of the physical landscape. The only wea-
Tther record for the area is that of the United States Weather Station
'Midway, which extends back to 19&9.]5 A permanent record has been
‘maintained there Just 50 miles from Kure and 90 miles from Pearl and
.Harmes and can be considered typical for the three atolls.

Comparative atoll climates., The purpose of studyiang the climate

’of the Hawaiian atolls is to demonstrate the actual consequences of
a subtropical position, which distinguishes them from all other atolls.
‘Wiens has described the goneral character of tropical c;ceanic weather
-and climate. %The climate of the Pacific atoll realm is marine and
;tro;)ical. e « o« the range of temperature about 2°rF annually." Tem=
‘paratures on atolls as reviewed by Wiens range from 100°F to 65°F

:s.i':n‘ra the greatest absolute range for any one atoll being 34°F on
‘Maldon Island.®

| Winds on atolls seldom rise above a fresh breeze (20 knots) and

‘raraly reach gale strength (24 knots). Although typhoon frequency
‘1n the Pacific 18 high, each storm is localized and individual atolils

i
b

. S”hisf of Naval Operations, Asrology Branch, %w
Monthly Weather Records, Midway Island 19L9-62, W ton D.C.,

|
|

|

lé'diens, op. .0_110 PPe 137"186.
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"‘maw experience heavy storm damage only at long intervals.? Rainfall

'
!

'is extremely variable and the data for ths Pacific far too spotty

to reveal any pattern.17

Hawsiian atoll temperatures. In the entire Pacific, only the

’;Hawaiian atolls have an average January temperature less than 70""1".:L8

é'l‘he annual range of temperature on Midway is 18°F. The average

itemperature of the warmest month is 71.8°F in September. The record
‘high is 89°F, February is the coolest month with a 65.7°F averages

'The record low is 529F, making an extreme range of 37°F; more than
Ethat of any other atoll in the worlde The relatively cold winters
i

ihave precluded the growth of tropical vegetation usually found on

| nost atollse.

’ The annual march of temperature shows rather even winter and
- summer conditions with most of the heating and cooling taking place

i
'; .
'in the spring and fall. (Figure 5). The total change in the average
gmnthi;r tenperature from January to April is only 1l.5°F. From April
‘to May it 1s 3.,5°F, and May to June 5°F. Through July, August, and
;September thare is only 1°F variation of monthly average temperature.
?Wit.h the onsst of fall the monthly mean drops 3°F each month from
§September through Dscembers

2 Hawaiian atoll rainfalle Rainfall averages about 4O inches
| 19

annually, Tt rains on an average of 12 days each month. March 1s
| N

17’!19:1“._; op, £ii,, pps 137-186,

"

1834varve Pettarssen, Introduction to Msteorology, (New York:
‘McGraw=-Hill, 1958), p. 25L.

19cnist of Naval Operations, loce cit.
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FIGURE -5

ANNUAL VARIATION IN TEMPERATURE QN MIDWAY ATOLL

SHOWING ABSOLUTE RANGE AND AVERAGE BY
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the driest month with 2.15 inches. There are two peaks of rainfall,
January with 5.08 inches and October with 4.16. A monthly rainfall
curve is not smooth but rather shows alternation between a wet month -
followed by a drier one. (Figure 6). However when a two-month
running mean is applied to the monthly rainfall data, a smooth, bi=-
modal curve is revealed. It shows that Marche-April and April-May

are the driest months with the sum of the rainfall for each of these
two-month periods less than 5 iﬁches. It also shows that December,
January, and February are the wettsest months, their bimonthly totals
all more than 8 inches. (Figure 7).

Heavy rainfell is most common, rain occurring on only six percent
of all hourly observations. Light rain and drizzles are almost une '
known. High winds are not always associated with rain. Winds in
axcess of 13 knots are about five timas as frequent as rainfall ite
self. Days with .02 to .05 inches of rain are most common, but
rainfall days with .06 to .10 inches are the next most common followed
by daya with .11 to .20 inches. Thunderstorms are relatively une-
comnon averagihg six a year and always accompanied by raine. They
only account for about four percent of the times when rainfall is
recorded, |

Havaiian atoll winds. The Hawaiian atolls, lying just 28%north

of the equator, are strongly influenced by the mortheast trades. The
predominant atwospheric circulation in the leeward islands is clocke
wise about the Pacific subtropical anticyclone. On the southern

edge of this high-pressure system most o the year, the Leeward

Hawaiian Islands are in the path of the nmortheast trades. In winter
the northwesternmost leeward islands are on the northern edge of this
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"FIGURE :. 6

AVERAGE MANTHIY RAINFALL IN INCHES FCR MIDWAY
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FIGIRE 7

BI-MANTHLY RAINFALL TOTALS AND MEANS FCR

MIDWAY ISLAND
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high-pressure system with winds from the weste At the sams timavthey |
are on the southern edge of the variable Aleutian 1ow.?® Thus a |
8hiZt occurs from the northeast trades in sumzer to winds with a l

strong westorly and northwesterly ccaponeant in winter, This 1s i
shown in Figure 8. The shift in wind direction is especially evident f
in January when the Aleutian low is best developed and the winds

from the northwest c¢.rongc..t. Figure 8 &lso shows the small seasonal

|

|
variation in prevailing wind dirsction for the rest of the Pacific i
atoll realm. The lztitudes of greatest atoll concentration are from |
209 N to 20° S, For tho most part there is little change in pre- ;
vailing wind directicn curing the year in this region. The north |
eguatorial westerlies are of little consequence because of their low
velocity.

The varyirg seasonal character of the wind patterns about the

Hawaiian £lo0lls may be sumnarized as follows., Seventy-five percent

of all wvinds have an easisrly component. The wind blows most of tha

time; ths lowest average monthly wind speed is 8 knots, and calms
only account for six psrcent of all observations.
Ten months of the year the prevailing wind directlion is east.

Moy through August the tradss are the coatrolling factor. They reach

27 in July when thiriy=-two percent of all winds are from the sast.
cer moatos the winds are lighter, and June and Septsuber

»13 below 7 knotse

Lod speed i3 9.7 knots. Only elevan pocuand
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-of all mnd readings foz: July 'excéed léﬂkno.t;.“'l'his: .isv t.ypica>1wfoz;—“
' the period Mzy through September. During the same period less than
lone percent of the winds are stronger than 20 knots.. (Figure e
The tradas bogin to shift south in the fall until by late
?Dacember, winds from tho east are no longer the most frequent. Dwre
' ing January and February winds are quite variable, but the greatest
;percentage come from thé northwest. Winds from the northwest have
| only a slightly higher froquency than other winds, but those with a
‘westerly vector, as a group, represent sixty-three percent of all
~winds (not including north and south winds or calms)e
Wind speed also increases in lcte December and remains strong
- through February. During this period more than forty perceat of the
wind readings are above 13 knots. Sixty-seven percent of 2ll wind
- volocities above 21 knots for each year are recorded in these three
'months. Gales occur on average of three days a month in winter.
' These higher wind speeds are from a westerly direction as the records
for maximum winds clearly show. O0f the six highest hourly wind
cpeeds each month for January and February, five are from the west,
| five from the WNW and two from the SSW., The highest peak wvelocity
ever recorded on Midway was a wind of hurricane force (77 kmots)
from the WNW. Seven peak gusts of hurricane force have been recorded
on Midwcy, one in December and six in Januarye. The time of year
alone indicates that these are probably not tropical storms, but
; rather mid-latitude cyclonss,

III. CONCLUSION

Means gnd extremss of temperature on Kure, Midway, and Pearl and
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FIGURE 9

PERCANTAGE FREQUENCY OF ALL WINDS ABOVE TWINTY
KNOTS BY MCNTH FCR MIDWAY ATOLL
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Hermes atolls differ markedly from those of other atolls. Minimunm
winter temperatures are too cold for coconut palms, a tree noticeably
absent from these atolls. Rainfall is irreguler with heavy showers
the most common forw, Rain 1s seldom accompaunled by wind.

The winds of the Hawaiian atolls may be characterized as follows,
During alli months except January and February winds from the east
and espacially the northsast prevaile. The most frequent velocity of
these winds is between 8 and 12 knots. Winds above 20 knots are
rare. 4 ninety degree shift of wind direction occurs in winter, so
that during Januvary and Februsry winds from the west and northwest
are most frequente Wind velocities from 13 to 20 knots are most
cozron, and it is during this tims thsi more than two thirds of the
wind velocities over 21 knots are rscordsde Thus there is both a
shift in wind direction and a significant increase in wind speed
durirg a noraal year on the Hawalian atolls, This is in striking

contrast to other atolls in the world.
II. HAWAIYAN ATOLL SIMILARITIES

Hewwaiica atoll shap: simileariticse For ease of comparison of

various resf sectors, cie specific characteristic of the atolls
thezselves is helpful, nacely, that the atoll reefs are roughly
circul#r. “A circular atoll may be dividad into four quadrants by
noria=south and east-wast lines mseting at the approximate ceunter of
the lagoon.21 With the atoll thus divided, the general direction oI

21“13“3, 220 g&o, Pe 25.
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the reef for a particular quadrant should be the same in the corre-
sponding quadrant of another circular atoll. But all atolls are not
similar and, as Davis said, "Most atolls depart rather ﬁ'eely from
the ideal oval or circular outline in which they have been figured.v®

Inasmuch as the three Hawalian atolls are circular, the various
reef sectors of one are easily comparable with the corresponding
sectors of the other two. It should be noted, however, that any
skewness of one atoll ring modifies the degree of comparability with
corresponding sectors of the remaining atolls. The significance of
skewness with regard to the distribution of land on the atoll will
be shown laters

Hawciian atoll reef characteristics. Another important festure

of the Hawaiian atolls is a persistent reef on the east and north
continuing into the northwest quadrant on all three atolls. Reynolds
first noted the similarity in 1868 when he wrote, "Pearl and Hermes
Reef, like Ocean (Kure) and Brooks (Midway) Islands has a coral wa.u
above water a\;. its N.W. extreme."-23 The reef continues east and then
south without a break well into the southeast quadrant. Likewlse
the discontinuous reef on the extreme west of all the Hawaiian atolls
is noteworthy.

These features are consistent with the ideas of those who contend .

that reef growth is best where wave action is most activa.zh In

224411ism M. Davis, The Coral Heef Problem, (New York: American
Geographical Society PublZcation No. J., 1928), Pe 512.

23William Reynolds, "Lackewanna," Nautical Magazine 37: 272, 1868.

ZhWiens, ope. Ci_to, Pe 3%
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this case the trades produce the most persistent wave activity in
the northeast sector of the reef while the western side is in the
lee of this activity.

Land distribution on the Hawaiizn atolls., The most obvious

similarity in the Hawaiian atolls is the scarcity of land within the
reef rims. (Figure 10). Small sand islands, only three more than

a mile long, are scattered unevenly about the margins of the lagooms,
protected from the open sea by the reef. At first glance one gets
the impression that the land of the Hawailan atolls is nothing but

& group of shifting sand spits. With all the land in this precarious
state it is a wonder there is any at all.

For comparison the atolls have been divided into four quadrants
in Figure 10 as described above. Certain similarities are evident.
There is an absence of land in the northwest quadrant. Midway and
Kure bhave no land in the northeast quadrant. On circular atolls
a northeast to southwest direction of the reef is found only in the
norihwest and southeast quadrants, In the Hawaiian atolls there
is usually land on the northwest side of the northbeast to southwest
trending reef but only if the northwest side of the reef is inside
the lagoon. Because the Hawaiian atolls are circular, these con-
ditions are most often met in the southeast quadrant, and here most
of the land 18 found. On Pearl and Hermes Reef, two islands are
situated in the northeast qusdrant. Here the reef is skewed soms=-
what and assumes & northesst to southwest trend in the northeast
quadrant. The occasional incidence of land in the southwest quadrant
of all three atolls is again accompanied by a slight turn of the
reef to the southwest.
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The unique site of the Hawaiian atclls has been described and
the homogenelty of land distribution within the three atolls demon-
strateds This similarity of land distribution would be predictable
for any atoll in these latitudes if ona.were ferilier with conditions
on one island in that area. Even the smalleat morphological features
of these atolls, as sand bars and sand spits, are quickly modified
by storms. Similarity between the general outline of most of the
sand bars and sand spits with that of the main islends of these
atolls is readily apparent. Thus one might conclude that the main
islands are also the result of storms, although their changes are

slower and less apparent.
III. ISLAND DESCRIPTIONS

The description of a typical sand islend is helpful to famile
iarizo the reader with its important morphological features. Kure
Atoll and Midway Atoll render themselves suitable for this purpose,.
All of the islands of Pearl and Hermes are small and according to
Elschner, "the sand islets in the lagoon seenm constantly to be
shifting in number, structure and location, the higheat having an
elevation of but twelve feet."25 Even changes on these small sand
spits, however, &re related to similer but less catastrophic changes
on the three larger islandse.

Green Island, Kure Atoll. Green Island is about one and one<half -

miles long and one-half mile wide at its brosdest point. It is

25Car1 Elschner, "The Leeward Islands of the Hawaiien Group,®
(Homolulu 1915), cited by Edwin H. Bryan, American Polgﬁesla and

the Hawaiian Chain, (Honolulu: Tongg Publishing Co., 2 Do 197e
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perched just inside the southeast rim of the encircling atoll reef,
and its 21l acres represent the only permanent land mass in all of
Kure Atoll. Concave to the lagoon, the crescent shape of the island
follows the trend of the reef with its axis running northeast-southe
west.' The eastern half of the island averages about 200 yards wider
than the narrow western half, and both ends of the island terminate
in seasonally changing sand spitse

The small island is highest about its periphery where winds have
formed transverse sand dunes behind the flat lagoon beach and strong
waves have formed a steep continuous beach ridge on the seaward
sides These high points and most of the interior are covered with
Scaevola sericea, & stout bush three to nine feet tall with large, '

thick, shiny leaves.

The dunes occur about fifiy yards from the lagoon beach and ex-
ceed 26 feet in height in some places. The high tides of winter
sonstimes reach the base of the dunes carving sheer 2-3 foot faces
in the coxpacted sands and buried vegetative matter. Scaevola on
the lagoon slope and atop these dunes having all their leaves blasted
avay by blewing sand (Figure 11) mey barely swrvive winter storms.
To the lee of the dunes Scaevola are actively buried in the slip
face of the slowly advancing dune. Blow=outs between dunes are
several yards wide and may be barren for some 50 feet back before
any vegetation appearse.

The dunes give way toward the interior, and the surface settles
gently into a low, relatively flat depression. The elevation here
is from 6-10 feet. A particular part of this region is called the

central plain and is distinctive for its lack of Scaevola. This area,
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FIGURE 11

SAND DUNES along the lagoon beach on Green Island,
Kure Atoll. Prnotograph tzken in March 1965 shows Scaevola
that has been blasted away by the blowing sznds of severe
storm in Decexnber 1964. Lower portions of some of the dunes
have been cut off by wave actlon during the storm. The

lagoon is about 50 yards to the left from the foot of the
dunes.
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som3 have speculaied, was probabiy once a shallow lagoon, now dried
aad filled. Both plants and soil seem to support this idea. The
- s0il of the central plain 1s'the best found anywhere on Creen
Island. On most of the island the soil is only composed of come
pacted sand. But on the central plain the sand ic held together
with smailer silt and has probably resulted from the slow filiing
of a lagoon. Scacvola is conspicuously absent and Eragrostis
variabilis,an annual grass about a foot high, covers most of the
ares. Perhaps the normal sequence o;' plant succession has not had )
time to proceed to a climax in the central plain.

I{ isdso possible that the soil found here is contrary to the
edaphic requiremsnts of Scaevola. The centrel plain is now and un- V
doubtedly has becn the nesting place for many of the sea birds since
the lagoon dis:ppeareds During the period between the disappesarance
ol the lagoor. and the establishment of Scaevola, the charzes brought
about in the soll by the addition of bird droppings may have altered
its charactoristics so that other plants were able to compete witnh
Scacvola. In any case the formsr existence of a lagoon is necessary
to account for the present features described in the central plain,

Dunes are absent from the seaward side of the island and els-
vations here do not exceed fifteen feete The highest places along
this side of the island occur as a combination of continuous beach
ridge with additional wind-blown sand accumulated around the Scaevolae
The segetation ends abruptly as the steep beach drops off to the
surf. The reef is but a few hundred feet off shore on this sids of
the island and its position probably accounts for the steep bsach,

Other islets have been reported at Kure Atoll, all of them to
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4 the west of Green Islande These zre kmown collectively as Sand
Island. They appear and disappear with the chanzing winds and cure
reats, do not exceed ton feet in clovation, mever remzin for an en~
tire yesar and only allow the pericd.c growih of a few grassose.
Although of variable sizo and shaps, they are usually long and nare
row with the axes running northeast to southweste.

An outstarding summery of the atoll's history is found in a
Smithsonian report and nsed not be recounted here.26 Soms recent
events are, however, important.

Green Island was altered considerably by the installation of a
Coast Guzxrd Loran Station in 1962. A four-thousand foot runway of
crushed coral over zsphalt was constructed alonz with a 625 foot
Joran towere. The guy wire system of the tower covers most of the
lerger eastorn half of the islands There are also facilities to
house twently=-five men to mointain the station or a permanont basise
Laspite these additions the general outline of the island remains
unchangeds

Greon Islend actually represeats a typical islazd in this area
excapt for the vegetation which is more lwcuriant here than else-
wheree The important features of islands of this type may bs sume
rarized as follcws: They are sand islends in the southeast quadrant
of the atoll lagoon, cresceni shaped, with the long axos running
northeast-southwest, Both ends of the longitudinal islands terminate
in variable sand spits. On several islands, sand dunes have formed

26y3114am 0. Wirtz II., Biological Survey of Kure Atoll,
(Washington: unpublished paper 1965) To be published at a later
date.
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a2nd built the highest points of the islands behind the lagoon beaches
| and appear to be moving to the southeast. TFinally there are large
depressions in the east central portions of soms of the islets

which appear, from all evidence, to be former lagoonse
IV, MIDWAY ATOLL

Oa Midway the situation is quite different from Green Island
with regard to alteration by man. On this atoll, originally used
as a fueling depot for trans-~Pgcific steamsrs, a channel was blasted
into the lagoon between Sand and Eastern Islands and a harbor con=-
strusted. This altersd cousiderably the shape of Sand Island.
hzothor szction was flattened by the addition of two large runways
duriag World Warr I, On Eastern Island much of the terrain was also
loveled for am emsrgency ruaway and later the addition of several
larze communications zntennaes Bsceuse of these changes, old maps
and rcecords providz the best obgervations on the original state of
the larger islets and will serve ac a basis for most of the dese
cription which follows.

Send Islonde Sand Islend, Midway, is the largest islet of any

of the Hawaiian atolls, measuring nearly two miles long and almost
a mile wide. It has been so changed by man that only a few salient
points will be considered here.

It was first described as "a sand hes) ¢. irregular shape," and

that probably remains as the best de. .ription of its original state.27

2lvm, Reynolds, ope cite, p. 270
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The island, situated in the middle of the southern edge of the lae
goon, has its long axis running northeast to southwest. It is
rounded at the ends except at the northwest point which terminates

in a szad spite Sand dunes are found in ;n irregular line along the
northwest-facing lagoon beach and form the highest point on the island
at 43 feets The dunss have progressed the width of the island moving
from the northwest to the southeast, The island was described once

as "a barren waste of ground coral,® and grass was imported from the
California coast to stabilize the blowing sands.28 The introduction

of Iroowood trsss (Czsuzrinz ecuisetifolia) and the addition of an

estimated 9,000 tons of soil have altered conditions conslderably.

Sand Island today is a green oasis in the Leeward Hawaiian Islands.°’

Eastera Island, In the first description of the island in 1868,

Captain Reynolds noted that Middle Brooks (Eastern) Island is similar
in zppearancs from ths ssa to Green Island, Kure, except that on the
latter the shrubbery is Mg‘zer.Bo Ea.stern Island is a mile long and
a half{ &lls wde, the long axis running northeast to southwest.

From tne twoads the island gradually slopes to the south "where there
is a slight depression, embracing about five acres, extending .fro:n
NNE to SSW." This area has "a superficial stratum of vegetable mould

from eighteen inches to two feet in dep’ch."31

28Alfred M. Bailey, The Birds of dw. v and san Islands,’
(Museum Pictorial No. 12-Deaver story, 1956 '),
ppe. 12, 28.

PEdwia H. Bryan Jr., ope cite, p. 202,

30Wm. Reynolds, op. cite., pe 272

3ly.s. Hydrographic Department, "Island of tho North Pacific
Ocean,® Tho Mercantils Marine Mazzzine, 15s 112, 1868,
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Sai.d dunes stabilized by vegetation zccount for the highest point on

the islet at only 15 feet. Here again the dunes appear to be moving

. to the southeast. The ends of the island are swept by winds and curs=

rents into wendering sand spitse.

One or two small island are showr. on most meps just to the west
of Eastern Islande They are nct connected to the sand spit that ex-
tends in that direction from Eastern Island but are separate islets
wiiich appear and vary in size and shape. They are important because
such small islets in their variable state and form characterize the

atolls of Kure, Midway, and Pearl and Hermss.
V. PEARL AND HERMES REEF

The islets of Pearl and Hermes Reef are so variabls that o2 twa
reports about them are alike even wilth regard to their number, Thus
a description of the same order as those already presented is not
possible. Instead, the termporary status of the islets, recordsd at
different tizss by several authors, must sufficee.

Nora of tha islands on Psarl and Hermes Reef 1s larger than tho
variable sand bars that appoar periodiczlly between Sand and Eastern
Islanc, Midvcy and west of Green Island, Kure Atoll. There are about
a cdozon of these small islets, four of which have permanent vegetation
and have been nemede They are Seal, Grass, Southeast, and North
Islands. The Smithsonian POBSP (see footnote page L) added the names
Kittery and Humsphrey to the list of permanent islands, They were
firsi reported in 1936 and 1937 respoctively 2=d were still present
in 1965, The remaining islets appear irregularly in the roports of
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different observers.>2

Every map of this area differs from previous ones, and it is
impossible to tell without the names which are the permanent islets
and which are temporary ones having the same size and shapse All
are long and narrow sand bars. The orientation of the islands varies
from east-west to NNE-SSWe A shallow lagoon is shown on a photograph
of Southeast Island taken by Bailey in 1949.33 A barrem strip near
. one end shows that strong waves occasionally break clear across the
island, There arc no sand dunss on any of the islets, the highest
‘elevation belng only twolve feete Im 1923 it was reported that "there
was 2 sli~n% dspression in the eastern part of Southeast Island in
which J-:za wethsr collestod after ra:‘.ns."-3h

Jopinlighad reports of the Smithsonian POBSP emphasize the
chargaabls choracter of the islands of Pearl and Harmas.35 The fol=
lowing czearpys of Wirtz's descriptions are paraphrased. He found
thers waro nine islands in 1965, Hwsphray Island, first reported in
1937 4s 3 23322 bar awasu at high tide, presently has a lirited flora
and faus, ilasad by the POBSP field team for its director, Dr.
Pailip S. Lumphroy, the island has a iong, low sand spit at its
southern end, which appears to be extending itself southwardAw:.Lth a

curve to the west. Three small disconnected sand bars, presently

325113 em 0. Wirts II, "Biological Survey of Pearl and Hermes
Reef," (unpublished report of the Pacific Ucean Biological survey
Program, Smithsonian Institution Washington DeCe, 1965)e

33321105"20 _Ci_to, Pe 31. | |

3)"'l-k.’n.d.n He Bryan, op. cit., pe 198.

35w.irtz, "Pearl and Hermes® Ope cite, ppe 13-20.
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fuct alovo high tids level, axtond thie lenguk ol “he isl:ac another
500 Zact. Iittery Islacd is subjsct to cccesionai inuadzation and
gapports no vegetation dooite its cizs and rolative perzianency.

Wiris's <escripiions of other islands are very compleie and of
spocial intirest herc. Southeast Island, the largest (2600 feet long
cast~west with 2 meximum widih of 1100 feet), has three tids=pools
in the eastera Lalf of the i.land. North Island is polywogeshcped;
the tcll exteacs southwird from the body for 1600 feet, is about 100
feetidds throughout its losgth, and its distal portion is a low
shiftin; scad spite Grass Island is 1800 feet long east to west
and only 40C feet wide. The report also meatioas three islands
which, taough rolatively constant in pesition, are continually change
inz cand spivs locaicd along the inner margin of the southera reef

tuesn Southsast and Grass Islands.

VI. CONCLUSION

A final review of the descriptions, the similarit{ies which une
coubtedly tie 21l the islands 0 a common origin should bs empha-
sized. Th3 orientation of the islands is nearly the sams on all
thrca atollse They usually trend northeact-southwest. Second; the
isl.nds ara alike Za form, being low, long, marrow, and termiaiting
in sznd spitse. Taoey a-e composec entirely of coral sand, and the
higher ocss have sand dunese. Th® sand dunes appear to be formad by
winds from the rorthweste. Several islands have low flat depressions
which appsar, from the vegstation and finer materials found there,
to0 ba former lagoons. Smzll, recppearing sand bars are common on all
threa atolls, and their gross morphology is similar to that of the
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permanent islands. Finally, the small size of the islands within the
la-ges reef rings would suggsst that soms outsida force, acting in

he szme manner on 21l three atolls, has severely restricted the
dovelopzsnt of large islets on the Hawaiian atolls. Possible ex-
planations for the land distribution will be Mned in the fol-
lowing chapter.



CHAPTER III
EXPLANATION OF LAND DISTRIBUTION ON THE HAWAIIAN ATOLLS

The occurrence of a very small amount of land within the per=-
izatsr of any one of the Hawaiian atolls need not be surprising.
Howaver, it has already been shown that the pattern of land occur=
rence and distribution is repeatod on all three of the Hawalian
atolls. Thus it is likely that soms causal elemant common to all
three atolls has produced these similarities,

First, submarine structure is considered as the sole dete ank
of land location and eliminated. Then the relatively infrequent
wintor storms, because of their catastrophic effects on the islands,
are analyzad and shown to be the primary determinant of land
occwrrence and distribution in tho Hawaiian atolls. Each permaneut
island occupies the site and asgsumcs the shape best suited to sur-
viva in this harch eavironmsate Because tne same storms affect all
the Hawaiiah atolls land similarities are to be expected, and an
uncgquivocal descripiion of the distribution of land on the Hawaiian
atolls is justified. 1Islcts are situated just inside the reef on
the les side of the atolls with respect to the morthwesterly storm
winds.

The bases of this explanatory description are established in
the remainder of this thesise

I. SUBMARINE STRUCTURE

The simplest explanation for the peculiar distribution of land
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on the Hawailan atolls of Kure, Midway, and Pearl and Hermes is that
the site of each island is controlled by the submarine structure of
tha corzl base. The forces necessary to bring about the formation
of three separate atolls, so structurally alike as to dictate the
gite of land within the coral ring, will bs discussed in this section.
Geologye The Hawaiian Chain appears to have formed from the
activities of a series of wolcanic eruptions beginning at the northe
wast end of the chain. Island building progressed along a submarine
rift zone in a souﬁheasterly direction. Today the only active
vulcanism is found on the island of Hawaii, This island is farthest .
from the three atolls ia question at the west or northwest end of
the chain., Baetween the two extremes are volcanic remnants de-
creasing in size and elevation from cones progressively dissected
by subaerial erocion to reefe-enclosed lagoons with only the barest
remains ¢f ths volcanic rock still visible.

Ltoll origins, If Darwin and others were right regarding the

origin of atolls, Kure, Midway, and Pearl and Hermes are in the
final stzge of up-growing coral on a subsiding volcanic base.36 In
1851 when subsidence was first suggestied as the primary cause of
atolls, thie idea was not accepted because sinking of large bodies of
land was yot unknown. Since then, however, such movements have been
demoastrated on a continental scsle as well as locally, as in the
case of many Pacific islands., Although still not accepted as the

only process by which atolls are formed, subsidence is now considered

| 360harles Darwin, The Structure and Distribution of Coral Reefs,
(Berkeley anc Los Angeles: University of California Press, 1962),
PDe 11;2-11;8.
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Tiltine., Esch Hawaiien atoll is part of the seme lerger chain of
——— .

. 1slandse The islands and atolls of this 2000 mile archipelago are

crely the emargent summits of the highast peaks along a submarine
ridge. It is possible that somes degree of tilting of the volcanic
cones has occwrred colncidentally with subsidence. Because all the

atolls rest on the sems base any tilting of this base would affect all

- three of them. The plane of all three atolls would dip in the same
direction. Undoubtedly the tilting would occur very slowlye As a re-
' quisite for atoll formation the rate of upvard coral reef growth mist '
" keep pace with the rate of subsidance. Consequently tilting of the

" reef mighd drown some sections while at the same time forming an

_- emargent reef on the opposite side.

Irplicetions of tilting. Tilting, as described above, would

- manifest itself in an atoll as an incomplete reef rim. The reef would
- be rather continuous for part of its circumference of the lagoon and .

| ecuelly discontinuous for the other. Depending on the tims of tilt-

irz, the drowned reef might be visible below the surface or not be

- @viceat at alle

Tilticy may now be brought to bear on the problem at hands Kure ,5

. Micuzy, ad Peerl and Hermes atolls all show a continuous reef on one
: sido and an extensive broken (drowned?) reef on the opposite sidee.
. Furthormore, the same side of all the atolls 1s discontinuous. But

" this is not enough to be conclusive. If tilting has occurred on all

three atolls it is probably the result of a common cause, especially

iZ {ae tilting is all in the sams plans. For example, if the sea

floor were weaker to the north of the islands, the dip would be in

NP s SREL 1 61 TY Pty Bl RR S B veaa® ¥ At S P 02 gL s s W Ty e my 0 d rertirmme ey
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that direction,

But on Kure, Midwzy and Pearl and Hermes it is the west side
that is drowned. Because the islends themselves are in an east to
wast line, separate tilting of all three atolls to the west would
bz neeced to produce the present situation. This is very unlikely,
A£lso unlikely is one large dip of the planes of e2ll three alolls to
the weste This would drown ths ocuter two leaving only one incomplete
island ring, not the case in reality. |

Profiles. Moreover, any tilting at all would be evident on
atoll profiles, Several profiles were drawn for Kure, Midway and
Pearl and Hermss, and they do not show ary tilting of reef rims or
lzagoon floors. They actuzlly show that several other places are
more sxited structurally Jor small sand islands than the places wherse
the islands are now. (Figure 12, 13, 14).

Conclusione It now seems safe to assume that no tilting on a
large scale has taken place on these atolls. The reason suggested
in Cnapter II for the discontinuous reef rims on all three atolls is
probebly the better answer. That is, northeast trades, supplying
a rich source of foods to the corzl on the windward side of the
atolls, favor the fastest and strongest reef growth, and the dise

continuous lee side of the atolls is farthest firom this sourcee
II. THE STORM ELEMENT

Structure has been shown not to be responsible for the present
distribution of land or the similar orientation of islets of the
Hawziian atolls. The purpose of this section is to show that winter

storms comron to the Hawaiian atolls have been the paramount factor
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in determining the distribution and orientation of the small sand
islets of Kure, Midway, and Pearl and Hermes.

Yot to be established is the manner in which these storms
actuslly determine the distribution and orientstion of these islands.
This can happen in two ways. Initially permanent islands may be so
situated as to be least affected by storms. This suggests that
winter storms have controlled the distribution and shape of sand
islets by removing all the islets except those most protected from
the forces of the storm, Those not washed away are shaped by the
storms. The second idea is that the islands today are the result of
storms, That is to say, the islands have developed in certain placses
during storms because these particular positions are focsl poinis '
of deposition within the atolle It is to be remembered that these
two ideas are not mutually exclusive and indeed both may operate
simultaneouslye.

Storm Evidence. Unfortunately most weather records fail to

convey a realistic picture of conditions that exist during a storm.
For this reason several descriptions of the destructive effects of
winter storms will be given. It is absolutely essential to undere
stand that these storms are a very ai:gniﬁ.cant and unique part of
the climate of the Hawalian atolls.

Edwin H. Bryan Jr. once wrote concerning the climate of Midway:

"it is subject especially in winter to sudden and severe storms.

This together with heavy winds, which drive loose sand into every mook

and corner, rule out this island as a winter resorte"3!

37bryan, "American Polynesis,® op. cit., p. 202,



L9

The variable sand spits on these sand islands undergo qudden
changes during storms and are especizlly sensitive to slight wind
shifts. In 1868 Captain Reymolds noted this phenomenon on Midway,
and these spits still remain a constant danger to navigationm.

His report reads: "Captain Burcett has seen 250 yards of it
(Eastern or Sand Islands?) washed away, anc again reform during the
few weeks he was ashore. The sand spit up by the northwest rocks,
which was quite conspicuous on the 16th (of September), had almost
" disappeared by the 27th, and from the quantity of sand thereabouts
a permanent island appeers to be fbrming.“38 The rocks mentioned
aren the western edge of the lagoon and in the lee of summer trades.
During wmild weather sand may be deposited in that area, but to the
present day no permenent islands are found there.

Strong evidence of past storms is found on Pearl and Hermes
Reef. These small islands lend themselves to rapid charnges which
are quite noticeable, Wirtz's POBSP report contains the following
commentse. "A Coast and Geodstic Survey marker placed at the northe
west corner of Southeast Island in 1937 has been toppled into the
water (1965) by erosion of the island from the weste Toward the
middle of the same island are found rusting 55-gallon drums, and on
the shore of the lagoon end of the eastern portion is a large steel
tank, apparently washed up on the island by severe storms. On
.Green Island, Pearl and Hermes, the western end is presently (1965)
being eroded by the sea so that there is a vertical drop of five

feet to the watere. Troughs eroded in the sand of the interior of

3Bpeynolas, loc. cite
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Kittery Island suggest that it is periodically inundated during
severe weather."3?

During storms on Kure Atoll several conditions exist which
usually bring about noticeable changes in islets there. The first
change has been well documented but in a very strange way. During
the POBSP study weekly counts were made of the number of Hawaiian
Monk Seals (Monanchus schauinslandi) present on the beaches of Green

Island. These seals are residents on Kure and several other islands
in the leeward Hawailan Islands. Beach counts on Green Island show
that there are considerably more seals in winter than in summer,
This is related in part to morphological land changes which in turn
are related to storms., Sand Island, one of the seasonal islsts
there, is washed away by waves Just prior to the arrival of storms.
When this occurs the seals on the islet make their way to Green
Island. Records show a very good correlation between the number of
séals on Green Island and the disappearance of Sand Island in
December of 1964 and March of 1965.1‘0

In apot.her instance on Kure, a small buoy marking a shallow
place in the lagoon was moved some distance. Originally located just
off shore:from the middle of the lagoon 'beach, it was found on the
lee side of the morth point after the storm of March 1965. The buoy
was made from a plastic "purex™ bottle anchored to a ten=pound

concrete blocke The block was still attached when the buoy was found

39Wirtz, "Pearl and Hermes,™ loc. cite
howj.rir.z, "Kure,® op. cit., pp. 28=30.
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buried at North Point. o

III. WAVE ACTION ) i

Further effects of storms are evident from the writer's studies
of sand points made on Green Island, Kure Atoll in February 1965.
Duriug that period changes in the west point, which at times may be

500 yards long, were obse:'ved.h1 A severe cyclonic storm in

"December of 1964 had truncated the point leaving & five foot cliff

at the end of the runway. Between then and April 1965, the point
had begun to rebuild and lengthen, but variable weather thwarted
substantial growth.

Point study. Casual observation indicated the shape of the
sand point was very sensitive to changes in wind direction. A care=-
ful study of the adjustwment of west point to the changes in winds 1
was begun on February Tth, 1965, (Figure 15). Three 8~foot bamboo
poles were pounded into the sandy point to a depth of about 6 feet, '
The position of each pole was set down on paper as a base and the
varying shape of the point sketched in as changes became evident.
Two more poles were eventually added as the point lengthened. During
the study, which lasted through 7 March, more than 200 feet of new |
sand were added to west point. On the night of 6 March more than
250 feet were washed away, including all the reference points used
in the atudy,

Method of anslysis. Ten sketches were made of the point during

the study and corresponding wind reading obtained from the U.S. Coast |

blwuti, 'K\lre,. 20 ci_t.’ pO 18.
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Guard Loran Station, Kure. They show relatlionships between wind
direction and point shape which deserve further mention here.

The ®direction-resultant wind work"™ (DRW) was determined for
the study period as previously outlined by Schou, except that winds
with a force less than Beaufort 3 were not used.’"2 A DRW vector
Glagrem as well as a wind rose were also constructed for each period
between observations (sketches). In these cases, frequency, rather
than percentage frequency, was used since the interval between
observations was not always the sams.

Observations, The point grew very rapldly at the begimning of

the study. In the two days from 9=-11 February the first two sketches
show the point lengthened about 100 feet, (Figure 16-17), During °
this interval the wind was northerly 7-10 knots swinging to the east
and decreasing in velocity. The vector diagram (Figure 17) is re-
markably unimpressive for this two=-day period of rapid growth.

The main body of the island curves away to the northeast from
the west point providing a source of material to be moved by north
and northeasterly winds. While winds of low velocity do not generate
waves strong enough to stir up material from the lagoon bottom, they |
do produce waves capable of transporting sand along the beaches where
the current 1s strongest. Deposition of sand occurs as the current
passes the end of the island and its carrying capacity is dissipated
in many eddies. The interval in question (Pebruary 9-11) was also .

marked by steady winds from but one quadrant, thus allowing rapid

l‘zwmd with a force less than Beau.f.ort 3 was not considered
strong enocugh to initiate wave action and thus move sand.



Outline of west point of
Green Island, Kure Atoll
on 9 February at beginning
of study. Succeeding out~
lines on the following
pages are all oriented in
the same directian. The
scale on all the point
outlines is the same as
used on this page.
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growth of west point to proceed undeterred.

Nine days elapsed before any significant change became evident
at which time the third sketch of the point was made. (Figure 18).
The point was about 25 feet longer and somewhat narrower than om 1l
February., Wave surge across the point had eroded away a narrow
section, and the last 50 feet were now separated from the main body
of the island at high water. Weather during the nine dayas had been
variables A small storm lasting about twslve hours bore northerly
winds on the third day. Calm weather followed as winds becams
easterly, increasing in velocity as they became more southerly.
Winds above 20 knots were in their third day as the point sketch w=as
made. Instability of weather is reflected in the point shaps. Ths
south or reef side of the point being & poor source of sand, little
growth could occur during the southerly winds,

The winds died down as they becams westerly, northerly and
finally northeasterly two days later on 22 February. (Figure 19).
The vector diagram is quits similar to that of 9-11 February. (Fig-
ure 17). The large source of sedimsnt along the beach to the north-
east contributed to the reestablishment of a substantial point,.

Northeast winds increasing during the following night and
through the next day (23 February) continued to provide a good
source of sand, but little lengthening of the point occurred be=-
cause currents were too strong beyond the tip. (Figure 20). Also
the reef is poorly developed at west point, and the bottom drops
off quickly toward the sea. The tip of the point was not eroding,
however, owing to the large quantity of sand continually being
redeposited there from the mile of beach upwind. Instead, sf.rong



FIGURE 18

Left: wind frequency by
direction.



FIGURE 19

Point shape on 22 February 1965,
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FIGURE 20

Point shape 23 February 1965,
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winds were able t0 generate waves in the legoon powerful enough to
pick up sand from the boitom and pile it onto the already existing
point. Thus insignificant portions near its tip were washed away
while the main body reached almost three feet above sea level.

The next observation period lasted three days, and the shape
of the point was sketched again on 26 February. (Figure 21)e
Easterly winds prevailed until the night of the 25th when they be-
came southerly and increased slightly. A condition now existed that
had not been present before during the study. The material deposited
in the deep wator to the southweét of the point during previous
noriheast winds now provided some sedimsnt for transport by southerly
winds, Thls sand was now redsposited to the lee of the point during
soutn winds, forming a hook protruding north into the shallow lagoon,

ILittle change was noted on the 27th when the point was sketched
again, (Figure 22), Winds decreased as they shifted around and
became westerly, and the only noticeable effect on the point was a
szmoothing of some of the sharper angles ofn the previous daye.

Another seven days elapsed, and on March 6th the point was
dram againe (Figure 23) It was now about 100 feet longer than
on 27 February and 2C0 feet lonrger than on 9 February when the
stucy begas. The hook, which formsrly protruded north into the
lagoon, had now straightened to the west and had lengthensd slightly.
Winds during the previous week had been light and variable until
lats oa the 3rd of March when they became westerly at more than 20
knotse On the morning of the 5th, winds were strong from the south
and stake No. 1 was washed away, and the material thers redeposited
at the end of the pointe Late on the 6th of March cyclonic winds



FIGURE 21

Point shape on 26 February 1965,

Direction-resultant
3 wind work,
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FIGURE 22

Point shape on 27 February 1965,

Right: Directicn-
resultant wind
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“increas‘e:'in";;lc;;‘.zgy‘ from ~1'.h”emwes1'., and ‘by‘ 0730 hours"on'th;‘njorn-
ing of the Tth the entire point had been ercded away. (Figure 2i).

Conclusions, Several conclusions may now be drawn from the
study of the point. First, wind direction and the wave action
assoclated with it are key factors in deterrining island shzaje,
especially regarding availsbility of material upwind to be transe
porteds With the mcin body of land to the upwind sids, waves are
provided with a large source of sand. Stronger winds may also
initiate wave action that picks up and carries sediments from the
lagoon bcttom, Wavas from a direction with no source of material
for traunsport becoms erosive agents to small islsnds at a rate ine
creasing with their velocity and size.

Wind speed determines where and how sand will be deposited by
water currents. Waves and currents driven by winds less than
Baaufort L4 deposit sand parallel to the wind in shallow areas to

the lee of already existing islands or on sand bars, Waves and f

currents driven by winds above Beaufort 4 deposit sand perpendicular
to the wind or parallel to the wave fronts. Thus the main axis |
of the island is perpeandicular to the strongest waves, 1.e. northe
wost where lagoon wave fetch is greatest. Vertical growth of the
island through wave action occurs when the beach runs at right
anzles to the wind and thus the wave fronts, and when the winds
are strong enough to generate waves which cast sand high on the
beaches (farther baci) without breaking eantirely over the island.

Any new sequence of wind directions may temporarily cause a
difference in amount of transported material owing to new sand re-

cently deposited upwind. The ususl sequance of winds is clockuise




FIGURE 2|

Point shape on 7 March 1965,

A1l stakes washed away.
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Left: Direction-resultant
wind work.
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with the passage of lows, but occasionsl reversals do occur,
Application of Point Study to Observed Similarities on all

the Hawaiian atolls. As a consequence of the conditions examined

sbove, many peculiarities of the changing shape of Green Island,
Kure Atoll, may now be explained. Moreover the movements of sand
spits in the lagoon can be better understood. Allowing for special
conditions regarding each island relative to its exact position
with respect to the reef these coziclusions can be applied to all
the islands of the Hawaiian atolls.

Island shapese Figure 25(A) shows the outline of Green Island,
Kure Atoll, as it is usually given on maps. West point is well
developed to the west, and north point is hooked slightly to the
northwest, These features reflect summer trade wind conditions,
l;oints at this time have no vertical development, but ars instead
long, low, and flat. Consequently the points might easily be washed
away by a change in wind direction ér a small storm. However, storms
rarely, if ever, occur during the calm summer months, The shape |
described above 1s most common on maps because the afoll is visited
most frequently during the summer when storms are uncommon and boat
landings easler. _

A typical winter outline of Green Island is shown in Figure
25(B)s During the winter west point is almost mon-existant, Winter
cyclonic storms and thelr assoclated northwesterly winds quickly
erode west point, There is never any hook to the south or southeast
(lee of storm winds) because the reef is poorly developed there, and
the bottom drops off quickly. At north point the situation is not

the same., This point is several hundred yards from the omergént



‘ FIGURE '35

Green Island, Kure Atoll showing typical winter and summer island shape.
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reef, and the watér‘ betweenris quite shallow. Figm 25(B) shawak o
that here the point is able t0 cuwrve to the lee of northwesterly
storm winds. Green Island is characterized in winter by'little or

no sand spit at west point and a spit hooking east at north point,

Sand bars. The movements of small sand bars and islets are

simllar to those of sand points except that the supply of sediments
| for the former is less apparent. In the case of island points the
 island itself may be & source of material for poimt development
, when the main body of the island is up-winde Sand bars and non-
permanent islands do not always have this constant source. Instead
they dapord on calm unchangiag weather for their whole existence.
! They are built up slowly during calm weather by currents strong
| enough to collect sediments in shallow places in the lagoon, but not
80 strong as to wash over the bars that dsvelop.

Most of the bars develop under easterly winds to the lee of

| permanent islands., The eddies that develop to the lee of these
islands are soon dispersed, and waves redevelop as the fetch again
incrcases. More sand begins to move again only to be redeposited in
shallow water down-wind. This process may be repeated again at;d
again forming several sand bars down wind. The numerous sand bars
ara summer phenomena but are not unknown in winter. They are pre=
sent in conjunction with long spits on the permanent islands, Now
- a small, long, narrow sand bar (Figure 25(A))can be added to the
" west of the typical summer island outline,

IV. THE WORK OF WIND ON SAND

I have now discussed changes of be\aches, points, and sand bars
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as a result of storms. So far all of these changes have been brought
about by waves driven by wind. But somo of the storm winds have
valocities strong enough to move considerable quantities of sand on
the islards themselves,

Blowing sands have added much to the vertical growth of the
sand islands of the Hawalian atolls in the form of dunes. The
oriontation of these transverse dunes is of course related to the
winds that form them, Dunes are found on three islands, Green
Island, EKure Atoll, and Sand and Eastern Islande, Midway Atoll and
appear to have their windward slopes facing in a west or northe-
westerly direction. The tops of these dunes form a discontinuous
ridge parallel to the lagoon beach. This orientation suggests that
the sand dunes may have been influential in determining the
orientation of the lagoon beach as well as the main axes of the
islands where they are found,

The exact orientation of the sand dunes is obscured by two
things. First the base of the windward slopes has been cheared off
by heavy wave activity in winter. Socond, the determination of the
direction of travel of the slip faces is confusad by their concave
fora and the tangle of vegetation in thelr path, A study of the
direction of winds of the velocity necessary to move coral sands
should holp to establish the precise direction of travel of the sand
dunese Once the exact orientation of the dunes is determined it can
be compared with the orientation of the islands, In this way it
is possible © establish whether sand dunes have beea a controlling

factor determining the orientation of the main axes of islands,

. Previous studies. The transport of sand by wind has béen
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studied in different ways by many authors and for numsrous reasons.
R. A. Bagnold's work is still a primary source in this arsa., Much
of his work was based on wind tunnel studies under controlled and
measured (i.e. measureable) conditions. No such measurements are
practical in the field, and many of his techniques cannot be used
here. His work did bring forth an important fact regarding the
quantitative transport of sand by winde He found that the quantity
of sand moved (i.e. carrying capacity) varies as the cubs of ths
wind velocity above the threshold ve:l.oci.t:}r.h3
The threshold velocity is the speed necessary to initiate the
movement of sand particles. This value may vary with individusl
graln size, the varlety of grain sizes, and the water content. As
grain aize increases, the speed of the wind must increase to carry
i 8 me mixture of different grain s:l.zea also affects the threshold
velocity. A wide range‘of grain sizes raises the threshold velocity
considerably because the smaller grains are protected from the wind |
' by the larger ones. _ o ;
, In studles on desert dunes with qua.rtz sand grains of uniform
size (average O.2mn grain diamster), wind machines have been shown
to initiate sand movement at speeds of about 1l knots.m‘ In these
experimants wind speed was recorded less than one foot from the
ground, and the sand was dry.

I"3Raeg1.nold Bagnold, The Physics of Wind Blown Sand and Dessert
Dunes, (London: Msihucn and Co Y, PPe 69

“‘U.S. Army Netick Laboratories, "A Study of Windborno Sand
and Dust in Desert Areas,® (Natick, Mass.t ~763), Technical
Roport ES=8, pe. o -
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Tho Physical Characteristics of Atoll Sands., Before previous

studies can be applied to the Pacific atolls the physical charac-
teristics of atoll sands must be understood. Atoll sandé are de-
rived exclusively from calcarious materials, primarily the broken

and cemsnted skeletons of foraminifers, various mollusks, and

coralse. Coral sand, as it is called, is noted for its dazzling white-
ness and the striking contrast it makes with the blue ocean water
waich stcrounds the 1slands whore it is found, Studies of these

sands in both the Pecific Ocean and Caribbean Sea indicate that the
range of grain sizes is essentially the sams and may be considered

as such on all coral ialands.hs

Grain gize. The sand found on the islands of Kure, Midway,
and Pearl and Hermes Atolls is composed of broken coral and sea shella
like sands of other atollss Coral beach sands show a grain size dis- .
tribution as follows:

BEACH SANDS= Grain diamster in mm, percent

16,0-8,0 2

8.C-L.0 2

Le0=2.0 8

20=1,0 21

1,0-0,5 L8

0¢5-04,25 17

less than 0,25 2

This table shows the wide range of particle size usually found in

coral beach sands,

45p. R. Stoddart, "Carbonate Sediments of Hslf Moon Cay British
Honduras,™ Atoll Ressarch Bulletin, No. 104 Sept. 30, 1964,
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The analysis of coral sands from sand dunes displays a striking-
1y different distribution from beach sands. Seventy percent of all
the duno sands have an average grain diamster of slightly less than
0.25 millecsters. This difference has led Fosberg and Carroll to
suggest that, "The low percentage of finc material in beach sands
arnd concentration of fines in dunes suggest dune material comss
fron beac:l*xes."’"6 Thus we can see that the wind must select out from
among the large sand grains the smaller ones to be transported to
the dunese.

This wide range of grain sizes (2.0mm=O.2m) found in coral
sands wiil raise the pickeup velocity. Some works indicate that a

- wind of 1l knots which moved sand of uniform 0.2 millimster grain

dianster had to be increased to 16 knots to move the sams size partie
cles when mixed with partiicles approaching 2.0 millimeters in
d:Lamat.‘ar.l‘7

Mcisture contente Another impirtant physical characteristic

of coral sand is its moisture- contant. Baeczuse most of the sand is
on the besaches, or at least subjected to the high humidity of its
environreat, sand usually has a high moisture contente Moreover the
sand is porous and holds water longer than quartz sand and does not
dry out rapidly. This high water content will, of course, raise
the threshold velocity. It has already beon shown, howsver, that

héF. Raymond Fosberg and Dorothy Carroll, "Terresirial Sedie
mants and Soils of the Northorn Marshalls,® Atoll Research Bulletin,
Nos 113, Dscember 1965.

L7
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hizh winds are far more frequent and of longer duration than rainfall,
Thus the sand above the swash line is not always wet.

Furthermore a study of soil moisture conducted by the author
on Kure showed that the upper layers of corzl sand actually lost
water diring the storm of March 1965. It would be almost impossible
to cszlculate how much the threshold velocity would be raised over
that of dry sand bscause the moisture content is so variable,

An attempt to reach any absolute conclusions about wind voe
locities necessary to move coral sand is out of the question and be=-
yond the scope of this papor. Suffice it to say that while sand of
uniform 002 millimater grain diameter will be moved by winds as low
as 1l koots, & high moisture content and wide ranze of grain sizes
will raise this value considsrably. Based on these studies and
observations on Kure Atoll, it does not seem unreasonable to take 20
knots as the threshold velocity used in this study. Although the
selection of this value is arbitrary, it is considsred to be higher
than the miaimom pickeup velocitye

Interpretation of wind data, In addition to the two physical

factors of coral sand which give it a higher threshold velocity than
quartz sand, a third may be addsd; the manner in which wind speeds
are recordoede Although the manner in which wind speed is recorded
doss not change the threshold velocity of coral sand, it does alter
the interpretation of the wind data itseli,

The wind data used in this study. cazs from the U. S. Navy

Weather Station on lﬁ.dway.ha_ . The wind gauge on the island is

‘I‘achier of Naval Operations Aerology.Branch, ope cit., b- le
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8.7 motors above the ground. Because wind speed varies considerably
with height, these records should be reduced to ground level., This
is heoretically possible if the cir fiow is considered to be none
turbulent. But since we are dsaling with winds capable of moving
coral sand (20 knots), turbulence is an important factor. Turbue
lence will cause mixing of different levels of air thus reducing the
effects of surface friction. The total effect is that surface wind
speeds begin to approach those at higher levels.

Theoretically, wind speeds increase with increasing height,
but at varying rates. However, because of the turbulence factor
the exict nature of this increase has not beean established. For
the purposes of this study an air specd of 30 knots at tower level
i3 coasidered sufficient to reach the threshold velocity of 20 knots
at ground level., Based on fleld observations on Green Island, Kure
Atoll, a wind speed above 30 knots at the tower is sufficient to
move coral sand oa the ground. It is most unlikely that the requi-
site towor wind spoed is much lowe-. Wind spoeds well above 30
knots have beon recorded at tower level, and these higher velocities
consistently have a western vector.

Quantitative sand transport. The next step in the analysis of

winds i1s to sum all wind frequencies above 30 knots by direction.

The wind classes used are 31-40 knots and above 4O knots. Each class
is given an average velocity above the threshold. These are 5, and
15 knots respectively. The averages above the threshold velocity
are multiplicd by wiad frequency by direction. In this mcnner the
higher wind ve.ocitias are wcighted. After the wind speed classes

are weighted they are cubed separately, because their carrying
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capucities vary as the cube of the wind speed above the tlreshold
velocity.w Thus, if the frequency of winds in the 31-40 speed

cless from the north was 10, this would be multiplied by 5 (the aver-

. age speed of tae 31-40 wind spoed clcss cbove the threshold velocity

8s recorcad on Midway) and the result cubed. The two wind speed

' classe3 from the same direction are thon added together.

The :final numbers ars shown in Table I and indicate the rela-
tive magnitude of sand tramsport by wind direction. These are based
on wind records for Midway Atoll for the period 1949-62, Of the
total of 113,724 wind observations recordod, oaly 145 (O.1 percent)

ware above 30 knots and therefore used in the study. It must be

. remsmdbered, howsver, that these are hourly cverages and do not ine

| clude peak gusts,

Table I shows that eightyeseven percent of zll sand transport
results from winds with a westerly componcut. The significance of
this statement 1s enhanced by the fact that seventy-five percent of

all winds recordad each year have an eastcrly componsnte Thus,

- while most of the wind comes from the east, more sand is transported

by winds from the west. Furthermore since sixtyefour percent of all

the winds over 30 knots come in the winter months of December,
 January, snd Februsry, most of the sand transport must be attributed
to winter storms,

h9Bagn01d, &o _clt_o
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TABLE I
WIND DIRECTION AND QUANTITATIVE SAND TRANSPORT CAPACITY

W eeeomeel, 495,500
SW eeeee --1,157,625
ESE =ee==== 857,375
WEW =emeeee 614,125
WSW. wemeeee 343,000
SSW =cnee - 91,125 -
SE me-e=-= 64,000
E eecceee 15,625
“NNW. eencces 8,000
O 3,735
N eeemeee 3,735
ENE eweewe= 3,735
SSB =eee—e= 3,735

Y — 125
NE wreccces 125
m -mee mees o

The numbers on the right represent levels of magnitude with no units
involved,
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Further analysis of winds shows that peak gusts with a westerly'
corponent average 7 knots faster than those with an easterly come
ponent (Figure 26). Within the group of winds with & westerly come
ponent, ninety-five percent bear from southwest to WNW, Moreover,
as wind speeds increase, direction shifts about 25 degrees north,

The six highest peak gusts ever recorded on Midway, which range

from WSW to north, show this change also. Thus, the greatest amount
of sand is transported by winds ranging from southwest to WNW, At
higher wind speeds sand movement may be attributed almost entirely
to winds from the northwest quadrant.

V. CONCLUSION

On the three islands where sand dunes have developed, Green
Islsnd, Kure Atell, and Sand and Esstern Islands, Midway Atoll, the
dunes appear to have been formed by winds from the west or north-

. weste Their formation is somswhat confused by the shearing-off of

part of the dunes by storm waves as mentioned earlier. The above
calculations indicate that west winds contribute most heavily to
sand transport and thus dune growth, If this is the case, then the
dune summuits are parallel to the northeast to southwest lagoon
beachés, not because they are formed by northwest winds, but because
the dunes have been sheared-off by waves a constant distance from
 the beach, The dunes are moving at an angle to the beach rather
than directly away from it. A4lso because of this, the orientation
of each dune 1s not related to the orientation of the main axes of
the islands, Moreover, because the dunes are superimposed on the
predetermined wave-formed outline of the islands » they must be
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secondary in the formation of an island.



CHAPTER IV
ISLAND EVOLUTION

In the introduction to this study it was suggested that a
satisfactory explanation for the similarity in shape, orientation,
surficial form, and distribution of land on the Hawaiian atolls would
lead to an understanding of how these islands evolved.

The land within the atolls of Kure, Midway, and Pearl and -
Herzess has been shown t0 be situated mainly in the southeast quadrant
except in the case of North Island, Pearl and Hermes. Here a devi-
atioa from the usucl circular outline found on the other atolls is
responsibla for the island's position. The reef supplies the sedie
mants to be deposited in the lagoon. Thus the supply of sediments
is about the same anywhers ﬁithin the lagoon except where there is
a brezck in the reef. These sediments, after being deposited in the
lagoon, are then redistributed in the lagoon in response to wave
ection and currents. This study has shown that the strongest winds
and thus waves como from the northwest quadrant., These waves transe
port sand to the south and southeast atoll rim, The distance be-
twoen the island and the southeast reef is maintained by wave action
from that side of the atoll, This distance increases from south
to east because wave activity from the east is most frequent. Waves
from the east, however, are not as strong as waves from the northe
wost where winds are strongest and lagoon wave fetch greatest,

The shapes of the permanent islands are mere msgnifications
of smaller sand bars. Changes in sandy points on the larger islands
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arc similar to the changes on many of the small sand bars also found
in the lagoon. Larger sections of larnd added to islands as ssand
spits during yoars with mild winters may bicome covered with vege=
tatica and thus bscoms part of the m@nt island, More often
sand spits and sand bars are washed away before plants become estabe
lisheds

Wind blown sand probably played an important role in the early
staze of island development. Survival of a new sand bar would de=~
pend on the building of small ridges by wave or wind high enough
to prevent waves from breaking across theme If an islet lasts
through the following summsr plants might becomes established and
thus help to trap blowing sand the following winter. |

The size of the three atolls is critical with respect to la=
goon waves. Kure and Micwey, which are very nearly the same sige,
show no evicence of waves brecking over the islands. Pearl and
Horzas is nearly twice a3 wide 2s the other two atolls (Figure 10,
pge 29), and yet no large islands have ever daveloped. Two of the
islands there show evidence of being washed over by waves. It 1s
likely that much larger waves are possible on Pearl and Hermes bee
cause of the larger lagoon and its greater fetch. Soms parts of
the lagoon on Pearl and Hermes are 50 feet deeper than on Kure and
Midway, anothar factor contributing to larger waves in the lagoon,
Tais evidonce indicates that large waves breaking entirely over the
snall islets of Pearl and Hermes have hindered the growth of islands
of substantial size,.

In addition there are small depressions on Green Island, Kure,
Eastern Island, Midway, and Southeast Island, Pearl and Hermes.
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Ti.ece depressions, ccaceivably dried lagoons, all appear to have
held water ai some time. Taelr froqueacy, ome on each of the three
atolls, warran’s furcher explanation.

On two of the islands the depression is decidedly in the
eastern h._f of the island, and on the other it is more centrally
locatede As mentioned previously considerable room for sead deposits
oxists to the les of northeast points under storm conditions. Thus
the northeast points on most islands are able to build to the south=
easte Instead of being sheared off by winter winds, a large point
curves around to the lee of the island in winter (Figure 27). It
a large enough hook had been formed in the winter, Figure 28, a
szall lagoon might be enclosed as winds moved from northwest to
northeast in springe.

A mzp drawn by Elschner in 1915 of sn island on Pearl and
Hermss Reef contains the most strilking bit of evidence for this
idea.so His plan of Sand Island, Northeast on Pearl and Hermes
(probably refering to North Island) shows a long narrow island with
three successive lagoons present on the island at one time and a
fourth one being formed (Figure 29). This lends support to the idea
of seasonally induced island growth and lagoon development.

The island could grow in this manper until its proximity to
the reef was such that wave actioan from the direction of the reef
limited farther advance. At this final stage a stesp beach would

be formad, its slope changing in response to wave activity, a

SoElschner, ope cit., pp. 58=59.
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function of distance to the reef, All deposits on the southeast
besaches are the result of wave action and no dunes ever developed
hero. Occasionally large waves might rise over the beacli ridge ine
undating the interior depression, but never washing completely across
the island. Eventually the beach ridge would reach some terminant
height.

For a while the enclosed lagoon would be tidal, as on Southe
east Island, Pearl and Hermss today, but eventually it would f£ill
with debris and dry. These interior protected areas are the tav?rite
breeding grounds for sea birds. Bird d.rop_pings and accumulated
nesting material probably alterod the soil and thus its vegetative
character from the rost of the island,

The dunes found on several of the islands are not as important
to the establishment of the characteristic island shape found on
the sand islarnds of Kure, Midway, and Pearl and Hermss Atolls as was
first believed by the writer. DBecause dunes appear at first glance
to be aligned with the main axis of the islands, they ware thought
to have played an important role in determining the shape and
orientation of the islands.. This study has shown that the trend of
most lagoon beaches is northeast to southuest, perpendicular to the
largest lagoon wavese These come from the nmorihwest, because strong
winds are comuon from that direétion and the wave fetch from that
direction is greatest. Sand Dunes, on the other hand, are perpen-
dicular only to strong winds capable of blowing sand., Such winds
coma most often from the west and dune movemsnt is therefore to the
ezste lovemsnt of the dunes is thus showm to be unrelated to the
axls of the islands, ' -



" CHAPTER V
SUMMARY AND CONCLUSION

Summarye An explanatory description of the sand islands of Kure,
Midway, and Pearl and Hermes atolls has been presented. These atolls,
part of the Hawaiian islands » were shown to be uniquely situated in
the atoll realm. Unlike most other atolls, they do not experience ty-
phoons, but they do experience mid=latitude cyclones. Under the ine
fluence of the northeast trades during most of the year, the islands
in Decexbor, January, and February are affected by cyclonic aton;zs
which razularly bring west and northwest winds of considerable
strengin, |

The three Hawaiian atolls caﬁstitube a compact geogrephical unit
peasuring thirty--ine nautical miles north to south by one hundred and
ferty-three rautical riles east Lo weste These same atolls exhibit a
rarked similarity in area, distribution, shape, orientation, and sur-
7icial form of the sand islands found within the reef rim, The scare |
city of land and its precarious state on the atolls has been describ-
¢de Of more than a dozen islets in the Hawailan atolls, only three
are more than a mile in length, the longest being two miles., In cone
trast at least six seasonal sand bars are almost a half mile in length.

Aside from the small amount of land present om each atoll, the
most striking similarity is land distribution. On all these atolls
the reef rings have nearly the gams shape (i.e. oval), and the land
is concontrated in the southern halfe. There is no causal ree-
lationship between the site of these islands within the reef ring
and the normal northeast trade winds. Furthermore, atoll profiles
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do not indicate that the coral base is tilted or the sand islands N
are situated in unique lagoon shallows. On the contrary, lagoon
shallows are common on these atolls, but only a few of them are oc-
cupied by land,.

The adjustments of the west point of Green Island, Kure Atoll,
t0 changing winds and carrents were studied in February and March
1965. These changes in shape, similar to changes in sand bars,
indicate that the islands are very sensitive to changes in wind di=
rection, Storms appear to remove all islands but those to the lge
(i.3- southeasth) of storm winds.

Tha swall islands :1lso have characteristic winter and summsr
sh2za3, Durdingz the summer the snds of the islands cuxrve to the lee
of tho east or northeast trades. In winter the western euds of the
islands are truncated, while the northern points may hook to the
les of winter winds (southeast).

Sand dunes are found on three of the islands. A study of winds ,

:
|

- capable of moving coral sands indicated that the dunes are formed
by winds from the west and are advancing eastward. In addition, -
these winds represent only O.1 percent of all observations, and
their coatribution to island similarities may go unnoticed by the
casual observer. . Thus while adding significantly to the vertical
growth of several islands, sand dunes have been shown to be unre-
lated to the orientation of these islands,

An explanation for the depressions found on several of the
islands was suggested. It seems possible, considering the rapid
changes in the sand points of Green Island, Kure Atoll, that a point
of an island may at times recurve back upon itseif thus forming a
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small enclosed lagoon which eventuzally dries,

Conclusione The site of Kure, Midway, and Pearl and Hermss
atolls on ‘the northern limit of the Pacific atoll realm accounts
for the unique &toll climate found there. The summer climate is
giriler to that of most atolls while winters are distinctly mide
latitude in character. Winter storms with high winds consistently
from the morthwest have shaped all the islands within the reef rim
and severely limited the distribution of land on the atolls.

Because of this direct causal relationship it is now possitfle
to state that the Hawalian atolls are indeed a geographically and
mozonologlealy distinct group. The land on these atolls may be
characterized as being composed of a few long narrow saﬁd islands,
restricted primarily to the southeast quadrant of the atoll rings,
in the lee of the northwest winter storm winds peculiar to these
atolls, with the main axis of the islands perpeadicular to these
windse Most lmportant, while high winds characteristic of these
svorzs only represent a small percentage of all recorded winds, they '
deterwice the distinctive morphologlcal character of the sand islands
of the Hawaiian atolls.

As 18 so often the case in nature prevalling physical cone
ditions, though giving character to place, do not account for crie
tical characteristics of that place., Environmental extremes, brief
in tims but intensive in effect, are the true determinants of such
physical laandscapese
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