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PREFACE

During the International Geophysical Year, Scripps Institution of
Oceanography, a branch of the University of California, ormanized several
research cruises in the Pacific, as part of the world-wide prograii.
Several previous cruises had called attention to Clipperton Island, and
during the Doldrums Expedition of the summer of 1958 it was decided to
study the biogeography of this little-known island. A sroup of 13 per~-
sons were left on the island by the Researclh Vessel Spencer F. Baird on
August T, 1958 and were taken aboard azain on August 26, except for four
who remained until September 25 to continue their studies of sharks., I
had the great good fortune to be one of the group and to study plant life
on the island, 1In addition I made observations on the land fauna and
aeology, and some collections of animals, soils and rocks.

It will not be easy to thank adequately the many persons who have
contributed to the success of my work on Ciipperton. In the first place
of course I want to express my gratitude for this unigue opportunity to
Scripps Institution of Oceanography and to its Director, Dr. Roger Revelle,
I owe much also to Dr. Carl Hubbs, frow whom the invitation was received,
to Mr, John A, Knauss, leader of the Doldrums Expedition, to the late
Conrad Limbaugh, chief of the Clipperton field party, to all my companions
in the field and to the Master and crew of the Baird. Our visit could not
have taken place without the authorization of the French Govern:ent, and
without the intervention of Dr. Jean Delacour, then Director of the Los
Angeles County Museum and Professor Roger Heim, Director of the Muséun
National d‘'Histoire Naturelle in Paris, who helped procure this author-
ization. The French Embassy and the Office of the Naval Attach€ in Wash-
ington were also very helpful,

TFor permitting me to join the expedition and encouraging e to work
up the material, I wish to thank my superiors in the U, S. Geological
Survey and in the Pacific Science Board, National Academy of Sciences--
National Research Council., The Acadeny also provided very welcoume help
in the form of a grant fron the Joseph Henry Fund., I cannot nane here
all the persons who have contributed identifications, analyses, and su;-
gestions and to vhom I am deeply grateful. They will be mentioned in th
course of the paper. In assembling bibliographic material and photograpins
I have benefited from the facilities of many individuals and several or-
ganizations: the U, 3, Navy's Naval History Division, Hydrographic QOffice
and Office of Naval Research, the Service Historigue de la Marine Na-
tionale of France, the U. S, Weather Bureau, the U. S, National Museuns,
the U, S, National Archives, the Library ol Congress, the California
Academy of Sciences, and the Bibliothé,ue Nationale of France.

Miss BEvelyn L, Pruitt, Head of the Geography Branch, Office of Naval
Research, gave me much help in searching for photographs and documents
in the U. S. Navy files., Messrs, E. C. Allison, Ted Arnow, Willard Bas-
com, A, I, Cooperman, A, S. Hambly, Lester F, Hubert, W. L. Klawe, Johi
Knauss, H., S. Ladd, Conrad Limbaugh, W, &, Malone, H. E. Maude, C. S.
Ramage, Waldo Schuitt and R. E. Snodgrass gave me unpublished information,
lent we photographs and documents, or read and criticized parts or all
of the manuscript. Mr. V. A, Rossi gave me advice and help with the il-
lustrations, aud Dr. Gilbert Corwin examined the samples of volcaaic rocks.
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I wish to meke special mention of Mr. Obermiiller, G€ologue en Chef
de la France d'Outre-Mer, who worked on Clipperton a few months before
I went there and gave me copies of his reports even before their publi-
cation, as well as samples of his rock collections.

Finally I wish to express my appreciation and gratitude to Dr. F. R.
Fosberg who helped and encouraged me in every step of this work.

The appearance of this paper has been delayed by various circumstances,
as has that of a more extensive and profusely illustrated memoir on Clip-
perton (Sachet, in press).
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INTRODUCTION

Geographic location, general description

Clipperton Island (Fig. 1), one of the few oceanic islands in the
Eastern Pacific, excites the interest and curiosity of naturalists
especially because it is the only coral island in that part of the ocean
The nearest atoll, Pukapuka in the Eastern Tuamotus, lies 2300 nautical
miles to the southwest.

Here are some other figures that will give an idea of the isolation
of Clipperton, the coordinates of which are 10°18'N and 109°13'W (adjusted
position for Astro 1957, a monument placed by the U. S. Hydrographic
Office on the northeast side: 10°18' 41"N, 109°12' 3L"W). The nearest
land is the Mexican west coast, 600 neutical miles to the north-north-east.
The nearest islands to the north are the Revillagigedo Islands of which
Soccoro is 530 miles from Clipperton. The Galapagos lie 1300 miles to
the southesast and BEaster Island 2250 miles due south.

In its general form, Clipperton is a low closed ring of coral lime-
stone, but the island does not exactly qualify as an atoll as a small
volecanic rock rises at the end of a short peninsula in the lagoon. This
type of island has been called an “almost-atoll,” but this category is
not very natural and formations have been placed in it which may have
nothing in common beyond the fact that they include both coral and volcan-
ic features. For the purposes of this description it seems practical to
consider the island as an atoll, the only one in the eastern third of the
Pacific Ocean. In area, Clipperton Rock is very small, compared to the
coral ring, and observations so far seem to Indicate that it has little
influence on the ecology of the island. No macroscopic plants grow on
the Rock, except for some lichens.

The coral ring is somewhat egg-shaped and symmetrical along a
northwest-southeast axis. This axis falls a little north of the Rock,
which is close to the southeast coast of the island. The ring is con-
tinuous and encloses a brackish lagoon. Only a small minority of atolls
are closed and few of these have a rim as narrow as Clipperton’'s, around
such a comparatively large lagoon. The greatest dimension of the atoll,
along the NW-SE axis is 4 lm and the circumference of the atoll ring
about 12 km. The emerged land strip is widest along the northwest coast,
with a maximum width of about 400 m in the west corner. The average
width is under 200 m, and in narrow places it is much less. In August
1958 the northern part of the northeast coast measured only 45 m from
lagoon to ocean. That area of the land was also the lowest, rising only
0.65 m above estimated mean high tide level. Generally the ground slopes
up from the ocean to the tops of the beaches or boulder ridges, and gently
down again towasrd the lagoon so that the highest point of any given ocean-
lagoon section is the crest of the outer beach or boulder ridge. This
crest varies in altitude, reaching a maximun of about 4 m. The volcanic
Clipperton Rock listed on charts as 29 m high, is visible from every part
of the atoll. From a small boat in the lagoon the land rim is visible all
around, but appears very low. In fact one has the impression of floating
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in an immense saucer full of water and with a very low rim. Oceanward,
the land rim is surrounded by a reef-flat lying at about low tide level.
On the ocean side, the outline of the atoll is practically featureless
and smooth. The lagoon shores are more irregular, with several small
peninsulas and bays. Half way along the northeast side the small tri-
angular Green Point (Pointe Verte) juts into the lagoon (see map). On
the southeast side, Clipperton Rock (Rocher Clipperton) rises at the end
of a small peninsula, the Isthmus (Isthme); Thumb Point (Pointe du Pouce)
extends northward from the Isthmus, separated from the Rock by Thumb
Cove (Anse du Pouce). Between the Isthmus and the landstrip, the lagoon
forms an arm called Rock Bay (Baie du Rocher). Just west of the Rock,
another peninsula, The Hook (Le Crochet), stretches northwestward into
the lagoon. '

The abandoned quonset village and the large coconut grove on the
southwest gide of the atoll are located along a small bay, Pincer Bay
(Baie de la Pince) formed by two peninsulas, North and South Pincers
(Pince Nord and Pince Sud). Other recognizable features are the 5 Egg
Islands (Iles Egg) along the northwest side, and the U. S. Hydrographic
monument (Astro 1957) and small group of coconut palms marking Naturalists'
Camp (Camp des Naturalistes) near the East corner of the island.

Historical sketch*

Clipperton Island is named after an English buccaneer, John Clip-
perton, who is reported to have seen it in 1705. Clipperton, who was
travelling with the famous privateer and naturalist William Dampier,
deserted and stole a Spanish prize bark in which he crossed the Pacific,

& remarkable feat. There is no account of this voyage during which the
island is supposed to have received its name (Burney 1816), and in the
description of Clipperton's second voyage (Betagh 1728) no mention is made
of the earlier discovery, but the name was indicated on maps about 1730
or 1735 (Moll). : '

Various authors (Toniolo 1919, Mexico /I911/) have suggested that
Spanish navigators may have seen the island earlier, in the 16th or 1T7th
centuries, or even that Magellan may have discovered it in 1521 (HNunn
1934). The island would then be identical with Medanos and San Pablo
(Magellan). Historically, such considerations are of great interest but
as far as our scientific knowledge of the island is concerned they are
immaterial, as it is quite unlikely that ancient descriptions will come
to light. ' ‘ :

Our knowledge of the island, and the extensive literature concerning
it then begin in 171l. On April 3, Good Friday, two small French vessels,
the Princesse and the Découverte, who had left Brest together in 1708,
met with an unknown island which was named Ile de la Passion. The Captain
of the Découverte, Michel du Bocage, and a passenger in the Princesse, Mr.
de Prudhomme described the new island, the one in his log and the other

¥ For a more detailed treatment see Sachet 1960,
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in his dilary. Their discovery was first mentioned in print in 1725

(La Berbinais Le Gentil), while their accounts were published in extenso
in a French report (France 1912). The original documents are kept in
the French National Archives.

Mr. du Bocage described Clipperton as "A large Rock, cragged and
jagged, at the south point of a very flat island..." The northeast side,
"sandy with some brush and a dried-up tree on the north-east point, was
but a very narrow tongue of land. The center of the island was a large
lake reaching from one side to the other. The west side appeared to
have some low brush with soil and some rock but very low, although a
little higher than the east side." Mr. de Prudhomme also described the
very low sandy island, without any trace of inhsbitants, unwooded excert
for some very low bushes, and with some dead trees on the sgea shore '"as
if they had been thrown up by the currents.”

These brief accounts are remarkable in that they describe Clipperton
much as it appears today from aboard ship, except for the recently added
coconut trees and various traces of human activity.

There can be no doubt that Ile de la Passion is the island now called
Clipperton. The coordinates given in 1711l were:

Du Bocage 10028'N, 263°50' (11383"\'1 Greenwich)
De Prudhomme 10°18-19'N, 268°11' (108 27'W)

(From the latest observations, the coordinates are 10°18'N, 109°13'W).

Over a hundred years later (1832), an American sea-captain, Morrell,
described the island as he saw it in August 1825: "It is low all around
near the water, but a high rock rises in the centre, which m2y be seen
at the distance of six leagues..." As far as known, Morrell and his men
were the first to land on Clipperton.

Except for a small sketch map, poorly oriented, which Mr. de Prudhomme
mentions and which is kept with his diary and reproduced in the French re-
port (1912), Clipperton Island was first mapped by Sir Edward Belcher and
the map published by the British Admiralty in 1849. In May 1839, when
Belcher visited it, the island was (Belcher 1843): "a very dangerous low
lagoon island, destitute of trees, with a high rock on its southern edge,
which may be mistaken for a sail .. [?he belt of langf literally consti-
tutes two islands, formed by its two openings ..." (See fig.lt,facing p.69).

A few years later, a French ship owmer, Mr., Lockhart, arranged to
take possession of the unclaimed island for France and to exploit its
phosphate deposits. Thus it came about that in 1858, one of Mr. Lock-
hart's merchant vessels, l'Amiral, Captain Detaille, Master, arrived at
Clipperton. Lt. Victor Le Coat de Kerveguen, who had received a special
cormmission for the purpose, took possession of the island for the Second
Empire on November 17, 1858. The Amiral then proceeded to Honolulu whers
the necessary papers were filed to emnounce to the world that the island
was now & French possession. Ie Coat de Xerveguen took notes on what was
observed on Clipperton and his manuscripts, sketches and maps are remroduced
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in the French report (1912). In 1858 the coral rim wes closed, the
lagoon selty, there was no vegetation, but great numbers of sea birds.
Some soil samples were collected, but exploitation of the phosphate
deposits did not seem worth vhile and was not then undertaken.

In August 1861 (Pease 1868) a young American, Lt. Griswold, who
later lost his life at Antietam, visited Clipperton Island and found it
uninhabited, covered with birds but devoid of vegetation. The lagoon was
closed, its water fresh and full of a water plant which he collected.
This first botanical specimen from Clipperton was sent to the California
Academy of Sciences in San Francisco and lost in the 1906 fire.

Just who discovered phosphate deposits on Clipperton Island is obscure.
They were known to Lockhart in 1857, and Griswold was on a phosphate explor
ation trip. In 1892 Frederic W. Permien made several trips to Clipperton
to survey the deposits and in 1893 the Oceanic Phosphate Company of San
Francisco sent two men, Jensen and Hall, to survey the island and begin
exploitation (Anon. 1893). The observations of Jensen, and his excellent
sketch-map ere reproduced by Agassiz (1894, pp. 174-175). Jensen had
collected a piece of the volcanic rock, which was identified as a trachyte.
At the same time, A. Churchill Fisher made observations on tides (U. S.
Netional Archives). W. C. Erratt, of the Schooner Anna of Sem Francisco,
surveyed the phosphatic deposits probably in 1897, and his map is available
in the Archives. Also in 1897, P. J. Hennig (Anon 1897) prepared a map,
which he forwarded to the U. S. Hydrographic Office. It was promptly
published as an H. O. Chart (no. 1680), replacing the charts based on Bel-
cher's sketch, and remaining in use by all navigators until the French
survey of 1935.

BExploitation of the Clipperton phosphate proved difficult and not
very profitable, and several companies Vere to attempt it one after the
other before the island was abandoned during World War I. When the French
war ship Duguay-Trouin arrived at Clipperton in Nov. 1897, a small camp
was discovered with three employees of the Oceanic Phosphate Co., who hoist-
ed the U. 5. flag. France protested, the United States announced that they
had no claim on the island and Mexico joined the excitement. The guay -
Trouin was hardly out of sight when a Mexican gunboat, the Democrata,
arrived (Dec. 13, 1897). Here started s diplomatic conflict which wes
to last until 1931, when King Victor-Emmanuel IIT of Italy awarded the
island to France, and which has become a text-book case for students of
diplomacy and International Law. France and Mexico had agreed to submit
the case to the monarch's arbitration in 1909, and both countries publish-
ed historical reports (Mexico 1911/, France 1912) to present their cases.
They are valuable documents, the French one especially, as it includes all
the texts desecribing the island to date, some of them unpublished until
then.

During this period, Mexico continued to lease the phosphate deposits
of the island to various compenies including the Pscific Islands Company
Ltd. of John Arundel. Also during that time, several naturalists visited
the island and made geologlical and zoological collections, smong them
John Arundel in 1897 (Wharton 1898, German 1899), Snodgrass and Heller
in 1898, R. H. Beck in 1901 (Beck 1907), and the California Academy of
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Sciences expedition in 1905 (Slevin 1931). Casual visitors added
specimens, especially shells, to the collections of Clipperton animals.
For instance a group of shells in the U. S. National Museum wes received
in 1897 from Mr. Arnheim, a ship chandler who had obtained them from
sailors.

In 1906 a light was built on top of the Rock, but during World War
I, the island wasdbandoned in a dramatic chapter of its history, and was
forgotten. There are quite a few accounts of it for the period 1893-1906,
but hardly any informetion between 1917 and 1935. According to a letter
in the U. S. National Archives, several men from the Schooner Ethel M.
Sterling from San Pedro landed on Clipperton on January 5, 1929, after
several days of bad weather kept them on board ship off the island, and
they collected samples of guano and lagoon water. The research vessel
Velero III (Fraser 1943) stopped at Clipperton on January 6, 193%, but
landing was impossible, although some biological specimens were dredged
a2 short distance off shore. In January 1935, the French training ship
Jeanne d'Arc after several visits when landing was impossible, came back
to Clipperton, and a group of officers and midshipmen succeeded in making
a landing on January 26. They drew a map, wrote descriptions of the is-
land, and collected some plant and rock samples {Lacroix 1939, Gauthier
1949). The ship's seaplane took some photographs. A bronze plague sealed
on the east face of the Rock commemorated the visit and established French
ownership.

The next well-known visit was that of President F. D. Roosevelt in
July 1938, during a cruise on the USS Houston. Dr. Waldo Schmitt of the
U. S. National Museum, who had been invited to travel with the President
as expedition naturalist, landed on Clipperton for a few hours and made
some very valuable collections of plants and animals which were described
in a series of papers (Smithsonian Misc. Coll., 1939-1942).

During the second World War, Clipperton is said to have been visited
by Japanese submarines; in 1943 and 1944, the U. S. Navy made several
reconnaissances of the island and the famous Australian pilot Captain Sir
P, G. Taylor landed his seaplane in the lagoon. ©Such visits resulted in
valuable descriptions (Byrd 1943, Taylor 1948) and photographs. In Dec.
194k, a small U. S. Weather Station was established. The ship (LST 563)
bringing most of the material for its construction struck the reef, and
its great rusted carcass, battered and much dismantled was still a con-
spicuous lendmark near the landing point on the northeast side in August
1958, and served as a breakwater for small boats effecting a landing.
Rusting landing craft, fuel tanks and ammunition were scattered nearby
across the land strip. The weather station lasted until October 1945,
and its ruins are still recognizable as an abandoned quonset village in
the southwest coconut grove, the roads marked by tracked vehicles during
that period can still be followed most of the way around the island.

Since the end of World War II, French Navy ships have been visiting
the island regularly (Goua 1952, Bourgau 1954) and when landing turned out
to be possible, markers have been attached to the base of the Rock. In
1958, there were 4 such commemorative tablets. During the fifiies, scien-
tific groups from various institutions stopped at Clipperton and made
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observations or collections: +the U, 3. Navy Ilectronics Laboratory in

May 1952 (Hertlein and Emerson 1953), Scripps Institution of Oceanography
in Dec. 1954, and Oct. 1956 (Dawson 1957, Hertlein and Emerson 1957), and
U. S. Hydrographic Office, Nov. 1957. This last group was making astron-
omical and geophysical observations, and determining the exact position

of the island. A French Navy officer and Mr. A. G. Obermiller, chief geol-
ogist of the France d'Outre-Mer accompanied the American geophysicists.

The geological collections have been described in an important report
(Obermilller 1959). Another valuable result of this expedition is a col-
lection of photographs taken from a helicopter. In May 1958, Mr. W. L.
Klawe, of the Inter-American Tropical Tuna Commission visited Clipperton
for a few hours and collected some plants. Finally in August and Septem-
ber 1958, the group of naturalists from Scripps Institution of Oceanography
camped on the island and made observations as complete as possible on the
flora, fauna, weather and otheraspects. The group included four biologists
using skin-diving equipment to study the marine fauna, three icthyologists,
two entomologists, an ornithologist, two radio operators, and myself as
botanist. The marine biologists working on the reef and in the surround-
ing ocean, collected marine animals and algae and made ecological obser-
vations and I concentrated my efforts on the land flora and terrestrial
and lagoon habitats. However, to give a complete view of the atoll, I
shall include brief descriptions of certain marine aspects from my limited
observations completed from information communicated to me by my compan-
ions and extracted from the literature. A list of the recorded land flora
and fauna, the latter largely compiled from the literature, will slso be
included, in-so-far as necessary to give an account of the land ecology.
Extensive accounts of the zoology are being prepared by the zoologists of
the expedition, and other specialists.
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WEATHER AND CLIMATE

The weather and climate of Clipperton Island are very poorly
knovm. The only weather records, outside of brief mentions by visitors,
were collected from January to October 1945 when a U. S. Navy station
operated on the island, and during August and September 1958 when
Messrs. Limbaugh and Chess of the Scripps group made daily observations.
The Navy records have never been used and are not available; the others
will be utilized below (and see table 1).

The U, S. Hydrographic Office publishes climate and weather data
for ocean areas from information transmitted by ships. However the
ocean area where Clipperton Island lies is not included: The Weather
summary for Central America (H.O. 531, U, S. Hydrographic Office 1943)
has no information for areas weat of 100° W long. so the 5-degree square
for Clipperton is not discussed. Summaries of Pacific Ocean weather
often do not extend far enough to the east to include the region of
Clipperton. One reason for this state of affairs is probably the small
amount of information available in an area vhere there are no recording
stations and few ships records. According to the World Meteorological
Organization (Anon. 1957) this is one of the poorly known ocean areas of
the world, from which more reports are much needed.

Information on Clipperton must be gained from general sources such
as the Weather Bureau's Atlas of climatic charts of the ocean (McDonald
1938) and the U. S. Navy Atlas (1956).

The climate of Clipperton Island is an oceanic tropical one, with
little variation in temperature but with seasonal rainfall and storms.
The seasonal variation is correlated with tropical cyclone activity which
reaches a maximum in the eastern North Pacific in August, September and
October. In these months the island frequently experiences winds from a
southwest quarter, probably generated by tropical cyclones to the north.

Temperature

According to the most recent compilation (U. S. Navy 1956) the
mean monthly air temperature is never below 80 (26.,7°C) and only in
June is it equal to or above 820F (27.8°C). From the same source, the
mean alr-sea temperature difference for 3-month periods is of the order
of -1°F or at most -1° to -3 (air cooler than sea).

In the period August - September 1958, the lowest recorded air
temperature was 75°F (23.9°C) at 1300 PDT (Pacific Daylight Time, which
is the correct time for Clipperton Island) taken during or just after a
rain storm. The highest recorded temperature was 8T7°F (30.6°C) also at
1300. On sunny days it was quite hot in the sun, but never unbearably
so. Night temperatures were not recorded but seemed only slightly below
day time temperatures.
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Atmospheric pressure

Because Clipperton lies close to the equator and its belt of
low pressures, the atmospheric pressure there is always low, with little
yearly variation and with probably regular and slight daily variation
in calm undisturbed weather. At Colon, Panama (U. S. Hydrographic
Office 1948) the yearly variation of mean monthly pressure is only of
2 mb, the highest mean in February (1011.18 mb) and the lowest in June
(1009.1% mb). In the same area of Panama, the total daily range at
Cristobal averages 2.9 mb for the year, being about 3 mb for October
to March and 2 wb for June to August. The highest pressures there occur
at 1000 and 2200 local time and the lowest at about O400 and 1600. From
a large sampling of ships' reports, the maxima over the ocean at 10° lat.
occur at the same times, and the diurnal range is 2.8 nb. From the
short record available (August - September 1958) the daily variation at
Clipperton seems to fit this pattern, with a usual daily range of the
order of 2 mb. During the period of record, the total range of recorded
pressures was 8 mb (1002 to 1010). The low values coincided with bad
weather and probable cyclone activity in the area. Since the records
are only for August and September nothing can be said of any yearly
pattern of atmospheric pressure variations.

Winds

Surface winds at Clipperton Island vary greatly during the yesar.
In the winter the dominant winds are the northeast trades, although they
are far from exhibiting the type of constancy experienced on islands
farther west. In the summer the winds change considerably and from
August to October they blow principally from the SW quarter. During that
time, as tropical cyclones dominate in the area, winds are extremely var-
iable and their direction can change rapidly during the day. Table 2 is
from MacDonald's atlas. Wind roses for the 5-degree squares are included
in the Hydrographic Office's Pilot charts of the North Pacific Ocean and
those for the square of Clipperton are reproduced from recent monthly
charts in table L.

Nothing more is known of the wind regime for the island beyond
this generalized information except for the August - September 1958
data and the observations of Taylor in September - October 1944 (P. G.
Taylor, 1948. In 1958, the recorded observations of wind direction
(see table l) indicate a predominance of winds from the southwest guarter,
especially SSW to SW in August and SW to SWS in September. These obser-
vations fit well with the generalized data of McDonald's atlas (see table
2). Recorded speeds were up to 26 knots, but the majority of observations
in August indicated speeds of 10 knots or less and in September a mejority
of observetions below 20 knots. 1In August, at least, the strongest winds
were not recorded. There is only one record of calm and indeed the al-
most constant wind, whatever its direction, made living on the island
very comfortable.

Rains almost always came from the southwest; from the northeast
land strip one could see the dark rain clouds engulf the coconut grove



Fig. 2

Reconstructed streamline/isotach chart sequence fitting Taylor's (1948) observations at Clipperton
Island. The solid-line curves represent the direction of wind-flow. The isotachs (broken lines)
are labelled in knots. The systems (C cyclone, A anticyclone) move generally toward NW or WNW
and the successive positions of the island relative to them lie along the straight line. The arrows
on this line are observed winds at the island. This line is approximately 1500 miles (2400 km)
long. . The sequence begins at the top of the line and ends one week later at the bottom. Chart

prepared by Professor Ramage.
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on the opposite side of the atoll, which promptly disappeared from view,
cross the lagoon and eventually reach the northeast side, drenching it
with a downpour of incredible suddenness and violence.

In October 1956 (Limbaugh, personal commmication) the winds were
generally from the southwest, with velocities up to 13 knots.

During his first short stay on Clipperton (from September 9th, 194k)
Taylor seems to have encountered reasonably good weather, sunny and clear
much of the time, and he gives little information on it in his book (1948).
During the second visit (September 21 - October 14) the weather was much
worse, culminating in a hurricane (see p. 19). Strong winds from the
southwest were common, with squalls up to 35 or 45 knots (estimated) and
frequent and rapid changes of surface wind directions were noted.

After spending some time on the island, Taylor summarized the gener-
al pattern of winds and weather as follows (p. 1ok4):

"From observations from the time we had been at the island, it
seemed that there was a fairly regular weather cycle, with sometimes
one period of the cycle more prominent than others.

"We had arrived the second time in the bad sector, when the wind
was in the south-west and at a time when this phase was exaggerated, with
stormy conditions.

"As the wind swwng into north-west the weather had improved, and
by the time it had come round to north the sky was clean with scattered
cumulus, and the surface wind was seldom more than fif'teen knots. Fine
weather with light winds and little cloud then prevailed for several days
as the breeze worked round east to south and back for south-west, when a
high overcast would come over and the underlying cumulus would build up
to cumulo nimbus with lightning and storms and the air was uneasy and wild
till the wind shifted again toward north. The weather went round this
cycle in about a week, and always there was rain from the south-west or
west, and sometimes a shower from a local build-up of cumulus in the fine
periods.”

This sequence fits well the storm tracks commonly observed in the
Clipperton region, and has been represented in a streamline/isotach
reconstruction (fig. 2) prepared by Professor Rzmage (personal communi-
cation 1960): '"The cycle starts with a tropical cyclone (C), moving NW
or WNW to the north of the station [plippertogZ" Winds veer to W and NW
and the weather improves as the eastern portion of a small high pressure
cell (A) follows the storm circulation across the station. Winds de-
crease further but weather stays fair as the divergent portion of a col
preceding the next cyclone moves over. The cycle is complete when strongly
convergent SW winds associated with the next cyclone set in." This recon-
struction also compares well with the sequences recognized from the 1958
data (p. 16).
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Tropical storms and hurricanes

While not as numerous and destructive as they are in the Caribbean
aree. or the China Sea, tropical storms and hurricanes are common in the
southeast North Pacific, with an average of at least 6 storms every year,
two of which reach hurricane strength. Hurd (1929 p. 45, 1948) assembles
the cyclonic storms of this region into 4 classes: 1. The coastwise
storms, that run parallel to the Central American and Mexican coast, 2.
thoce that strike perpendicularly upon the Mexican coast, 3. cyclones of
the Revillagigedo Islands and 4. cyclones west of the 125th meridian.
The last need not concern us here., The storms of the first class origin-
ate somewhere along the American coast, often in the Gulf of Tehuantepec
or south of it, or sometimes perhaps as far south as the Gulf of Darien
(Ives 1952). They travel usually northwestward in a course parallel to
the coast; some swing inland over the Mexican west coast, some travel far
into the Gulf of California; a few cross over to the Caribbean area, and
conversely, some storms originating in the Caribbean travel to the Pacific
side. The storms of this class are far to the east of Clipperton and
probably never affect it.

The storms of the 2nd class occur farther west and travel in a north-
ward direction. Those of class 3 travel in a west-north-west direction
and are mostly observed north of 15°N. Some of the storms of these 2
classes may form near Clipperton, or pass by it. There are also storms
in this area which do not readily fit in the 4 classes, such as some
wvhich travel in a westerly course or sometimes even somewhat south of
west.

The occurrence of tropical storms in the southeast North Pacific is
seasonal, and the monthly distribution is given by Visher (1925) as follows:

Dec. to Feb. 1% each
March to May O

June 5%
July 11%
Aug. 15%
Sept. 3h%
Oct. 2L,
Nov. 5%

Because Clipperton is removed from shipping lanes and has only been
inhabited occasionally and for short periods of time, historical records
of storms and hurricanes are poor. However, some of the storms which are
reported west of 110°W and travelling in a northwest direction may have
originated near the island or passed it, either as storms or, rarely, as

“full-size hurricanes. A tropical storm, it must be remembered, need not
score a direct hit, or even have reached its full development, to affect
an atoll lying only a few meters above sea level. Even storms travelling
several hundred kilometers away may generate storm waves high enough to -
batter the island and even to flood the lower areas of the land strip.
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The older records of storms in the southeastern North Pacific are
listed by Redfield (1856), the Deutsche Seewarte (1895), Visher (1922,
1925) and Hurd (1929, 1948). In recent years, tracks of storms have
been plotted by the Weather Bureau in the National Summary of Climato-
logical. Data and the Mariners Weather log, and by the Hydrographic Office
on the Pilot Charts.

From these records the list on the following pages has been
extracted. Some of the storms may have passed Clipperton Island close
enough to affect it, or may have formed near it. Those marked with a
* were reported very near the island, or experienced at it.



Date

1849,

1850, !

1850,
1852,
1852,
1855,
*1857,
1858,
#1865,
1871,
1882,
1891,
*1895,

1899,
*1910,
1913,

Oct, 3-4
July 16-19
July
Aug, 8-9
June 20
fuge 17
July 25
July 3
July 31
hug, 7
Sept. 29~
Oct, 1
Aug. 27-31
Sept. 8=11

Aug. 23

Place _resorted

15°55'K
140201
13°30!
15°
13°
15°
11°
13°
10°
16°
13°
11°
90

140
10037
17949

116°16 W
117°
116°501
1150
112°
116°31¢
110°
115°
109°
1170
1180
107°
112°

112°
1099461
1210221

Source

Rediield

n
fl
1
D. Secunrte
Redfiold

D, Scawnrte

Hurd 1929

Hurd 1929
Hurd 1948

Visher 1925

Ship _reporting, and notes

Syloh

Cono; winds N, W, 3

Arazon: winds SW, SE, E, Ny, W oend S again
Panare, and Bopire

(scre storm as above?)

Gertrude Mgria; winds NE, NiW, WNW, W, SW

Searens Bride; storm in formation

Gellert; winds E, N, W, S

Zanzibar

Shelehoff

Dora, and Adelaide

Dorothea

"Strong southwesterly squalls were experienced

by a vessel ot anchor there ZElippertqg7 on
the 29th,"

Robert Searles




Date
*1915,
1915,
1922,

. 1922,

1922,
1928,
1936,
1940,
1940,

*1944,,

11955,
1955,

19 55

*1957,

June?
Septe 4=5
July 31

Sept. 9=-10

Oct. 13-16
Oct. 15-16
Octe 27-29
Septe 22-24
Oct, 6~11
Oct. 12
June 5~8

June 7=10

May 17~19

July 14=26

Place reported

Clipperton

15040t 109°40!
14°N 118°W
16121 11394t
150 110°
169341 113029t
12° 106°
1° 110°
120 110°
Clipperton

L.5° 111,1°
11.4° 107.4°
y° 111°
10,3° 109, 5°

Source

Morris 1934
Kinball 1915
Visher 1925

Visher 1925 and
Hurd 1948

Hurd 1948

n
4]
n

u

Taylor 1948

N'al Surpary

"

and Mare. teather

Log’ March 19 58

Ship reporting, nond notes

Storn destroyed Mexican canp

‘Calliope

Bessener City
A very intense and very large hurricane

-GT -

See below, p.
Hayaiian Citizen; noving N

Hawaiian Fishermon; center charted at 11.5°,
109,79, noving MW

Arapahoe; center estimated at 13.7°, 111,6°,

e —i——————

roving W

Gravel Park; noving W then WNW



Date
*1957-1958

*¥1958

"(e) Aug, 8

Place reported
Clipperton

Clipperton

Sources

Ship reporting, and nofes

Vegetation destroyed and gravel sheet laid over
northeast side of I. See pp./0=72 . No
storn on record (Mar. Weather Log, 1958) seens
tocorrespond to that which rust have hit the
island between Nov, 1957 and May 1958, It is
rather disappointing that tkis storm cannot
be identified. It may have been a relatively
ninor or loecal disturbance, of course, and
nay have occurred at a time when currents

and tides were such that they intensified the
effect of its storn waves.

During the survey of the island in Aug.-Sept.,
there was some bad weather, including a storn

in the niddle of September. On Sept. 17,

its effects could be observed on the southwest -1
side of the island (Linbaugh, unpublished data): &
the shore had been cut, cuch gravel reroved and ,
redeposited at the northwest corner, and beach=-
rock exposed that had previously been covered by
sand.

The data collected in Aug.-Sept. (see table 1)
also help hacktrack storms observed later else-~
where. The following sequences were reconstructed
by Professor Ranmage (personal connunication):

"A depression or tropical storn moved toward WNW,
the center passing just north of the station.
Lc1ippertog}7). Alnost certainly this is the storn
which was first located when the ship HAWAIIAN
TOURIST reported NE 45 knots at 17.8 N, 120.8 W
at 1800 GMT on the 12th,



Date Place reported Sources

*1958 Clipperton

(ec) Aug, 1725

(d) Aug, 27 - Sept. 3

1959 Clipperton
1960 Clipperton
1961, July 10 16°N 1139 Mar. Weather
Log, Sept. 1961
July 14 17° 107° u

Ship reporting, and notes

"A snall depression or tropical storn moved on
a westerly course just north of the station,

"The center of a small tropical storn passed
across the station from SE to NW then possibly
intensified not far to the W,

"A depression appeared to develop and slowly
intensify in the Clipperton area finally

noving to the N of the station on the 3rd.

It continued to move N and then MW being first
located when winds on the island of Roca

Partida (19N, 112W) increased to SE 40 knots

at 1200 GHT on the 6th. By this tine,or

shortly thereafter winds of over 100 knots

hed developed near the storm center.! ZThe '
storns rentioned are recorded in Mariners A
Weather Log for March 1959./ .

None of the storms reported for 1959 in Mariners
Weather Log, March 1960, seens likely to have
affected Clipperton Island.

None of the storns reported for 1960 in Mariners
Weather Log, March 1961, seens likely to have affec-
ted Clipperton Island.

Tropical storn Joanne noving westward; on the
11th, winds near center 60 knots.

Hurricane Kathleen noving northwestward;
vaxirmr winds 70 knotse.



Date Place reported Sources
1961, July 15 19° 109° Mar, Wecther
Log, Septe 1961
July 16 16° 112° "
July 14 14° 97° "
to
July 15-18  20° 118° "
July 20 15° 109 "
1961, Aug. 4=5 18° 115=120°  Mar, Weather

1961, Sep'b. 6“8 170

to 22°

Log

110° "

114°

Ship reporting, and notes
Kathleen

Kathleen noving west, 60 knot winds near the
center.
Hurricane Liza, winds near the center 70 knots.

Liza noving weste=northwestward, maxirmun winds
near 50-60 knots.,

Tropical storn Madeline (see p. 23), noving
westward, winds near center 55 knots.

Tropical storm Naomi, winds 30-50 knots.

Tropical storn Orla noving northwestward,
winds 60 knots.,

-8‘[-



- 19 -

The following is condensed from Taylor's book (1948, pp. 224~
254 ), the only eye-witness account of a Clipperton Island hurricane.
October 12, 1944. Soon after dawn, fresh breeze from the north, sky
dark, heavily overcast, nimbus hiding the tops of cumulus, and fast
moving clouds below. Altimeter of aircraft set at zero read 29.95 (1010.8
mb), low on the scale of earlier daily readings, but no lower than had
already been recorded. At breakfast time, the fresh puffs on the lagoon
had changed to squalls, the wind swinging around as its force increased
soon reaching 50 knots. Rain came in blinding sheets, drenching the camp.
The squall passed, but the wind hardened into a steady blow, and within
an hour of coming ashore for breakfast, little remained of the camp.
(This camp was on the west lagoon shore, just north of North Pincer).
Suddenly the wind eased to 30 knots, but scon after swung into east and
became worse. Half an hour later there was another slight easing of the
wind, but soon it swung more towards south and became more violent.
"About two hours after the first squalls the wind swung nearer to south...
The Rock was blotted out and the lagoon was sweeping towards us in a wall
of water like spray from many hoses, reaching from shore to shore and
leaving no definition between sky and lagoon. It was a fantastic sight..."
The wind was still blowing with hurricane force, estimated as between 80
and 100 knots. A little before noon it swung to south and the lagoon
waves abated somewhat, but danger from the ocean became greater. In the
coconut grove: 'the heads of the palms were streaming back in windblown
fronds like the hair of a girl in the wind. The taller palms were bent
like tight-strung bows, and held till it seemed that their spines must
break. Their fronds were awash in the blast of air... And now, instead
of the horizon dark with cloud against the flat rim of the land, there
was & cold white stream of breaking surf, visible above the land, and
roaring madly at the island... Already only the reef was stopping the
rollers, which ... were higher than the land.” If the hurricane vere
to swing into southwest the ocean would flood the strip of land where the
camp was. Trying to reach the coconut grove only 200 yards away, two men
went first oceanward to seek some shelter on the ocean side of the beach
ridge, but the sea was already far up the beach, and kept rising. "It
was roaring by now not two feet below thetop of the bank. The surge was
sending little rivers trickling through the stones over the top... Now
there were no rollers breaking on the reef. The whole ocean was tearing
by in a roaring flood of water, clawing at the island."” The pigs and
some birds had taken shelter in the coconut grove. :

About 3 p.m., there was a definite lightening in the sky and a
slight easing of the wind, which definitely slacked up a few minutes
later. Back in the aircraft, the altimeter showed steadily rising pres-
sure. By 5 p.m., the wind had dropped to a hard blow of about 40 lnots,
and by night, eased to about 30 knots. The next day was sunny, with some
showers and a light breeze from the south. :

Two Catalina flying-boats were anchored in the lagoon during the
storm and barely survived it. On the 1l4th, with fine weather and a
light southerly wind,: Captain Taylor took off in his flying-boat the
Frigate Bird for the Marguesas and Bora Bora.




Rainfall

The Pacific coast of Central America and the ocean area bhetween
it and Clipperton Island have a decidedly seasonsl pattern of rainfall,
with the months from December or January to April or May drier then the
sumner and fell. This pattern apparently is still valid westward as
far as Clipperton Island. The Sailing Directions (U. S. Hydrographic
Office, 1951) indicate that there is a "dry" season in December to
May, but just how dry is not known. This information is probably based,
in part at least, on observations furnished by the guano workers who
lived on the island during the last years of the 19th and the first
years of the 20th centuries, as it was already included in the 1902
edition of the Sailing Directions. For instance, P. J. Hennig kept
notes on the weather during his stay as 'keeper"” of Clipperton and is
sald to have forwarded them to the Hydrographic Office with his map
(cfe pe 6). I could not find a record of his data, but a newspaper
account (Anon. 1897) quotes excerpts from them:

"Mr. Hennig, who is a man of ability as well as patriotism, kept
an accurate log of the island from October 1, 1896 to August 5, 1897.
He hes presented the log to the hydrographic office, and it is the first
valuable record of the Clipperton conditions.

"October had almost daily rains, with southerly and southwesterly
winds. There was sbout as much rain in Novenmber, several heavy thunder
storms and a few hard squalls. Decenmber was suliry, with meny rainy
days. Little rain fell in January, and the weather was hot. The word
'pleasant' occurs frequently in the February records. Severe thunder
storms were again noted in March, April and May. The record of the Kin-
kora disaster is as follows:

"Friday, April 30th--Wind N. N. S. Moderate breeze with squalls in
first part; then gentle breeze with squalls and light rain, but mostly
fair, hot, sultry weather. Heavy surf. At 8 a.m., stranger in W. S. W.
in sight.

"Saturdsy, May lst--Wind N. E. by E. Moderate weather; heavy surf.
Strenger coming around east side of islend, flying British colors.
Proved to be ship Kinkora, Belfast, water-logged, and bad steering.

. Beached at 5 o'clock. All hands saved.

"Easterly and northerly winds prevailed from the beginning of Novem-
ber until June; then the south and southwest winds returned.

"June and July were hot months, with occasionsl rains and squalls.”

In addition, the manuscript diary of John Arundel for July and
August 1897 (which I have seen by courtesy of Mr. H. E. Maude, and which
is quoted here with the permission of Mrs. Sydney Aris) includes this
observation of one of the workmen, who "says it rains nearly every day
- showers - though you may have 2 or 3 days without - but the winter
months are as a rule the driest - though he has never known & month with-

out rain ... In the winter dry season - 3 or 4 mos. you have North Easgt
trades."”
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The only recent observation bearing on this "dry" season is the
fact that the vegetation on Clipperton Island in August 1958, appeared
to be recovering from a dry spell: many plants had dead twigs together
with young new growth. In May 1958 (Klawe, personal communication) the
dry condition of the plants was striking. Perhaps even more significant
are the thick “"trunks" (see p. 78 and Sachet 1962) of the beach morning-
glory (Ipomoee pes-caprae) which suggest dying back of the vines during
an unfavorable season. However, it must be kept in mind that with a very
porous substratum such as is found on coral islands generally, effective
drought may occur even with a rather high total precipitation if the latter
is irregular. Certainly the dry season at Clipperton camnot compare with
the intense droughts occurring on some desert atolls of the central equa-
torial Paecific where occasionally there is no rain at all for months.
The drier season is indicated in the world atlases (McDonald, U.S. Navy)
by a smaller number of observations reporting rainfall (table 3). While
there are still many observations reporting rain during the winter and
spring, they may correspond to light showers very different from the down-
pours of the summer months.

The maps in the same atlases, however, indicate that an area of very
abundant rainfall lies to the west of Clipperton Island. In the Navy atlas,
the January isogram for 40% of observations reporting rain forms a sort
of ellipse to the southwest of Clipperton, between latitudes 5° and 99N
and longiltudes 114° and 127°W. The size and position of this ellipse vary
somewhat during the year and while it is formed by the 40% isogram from
November to February, it is enclosed by the 30% or 35% isograms for the
rest of the year. ¥What the frequencies of observations reporting rain
represent in terms of height of rainfall is not mentioned. However, MBllex
(1951) published quarterly maps of rainfall based in part on the frequency
of rainfall figures of McDonald's atlas, which are comparable to those of
the Navy atlas, but based on fewer observations and compiled only from
Greenwich noon observations (5 a.m. Clipperton time).

Corresponding to the wet region of the Navy atlas, Miller shows for
the guarter December - February the isohyet for 400 mm forming a wide
strip in the space 0° to 10°N and stretching east to about 97°W. Clip-
perton Island is halfway between the 40O and 200 mm lines. In the March
to My quarter, Clipperton is still between those lines, and the 400 mm
tongue scarcely reaches east of 100°W, but is wider than beiore. On the
June - August map it extends eastward all the way to the Atlantic side
of Central America, snd Clipperton Island is in the middle of it.
During that quarter, according to the map, the Gulf of Panama has over 600
mm of rain and the area of the isthmus over 1000 mm. In the last quarter,
the 40O mm isohyet still extends to the Atlantic side of Central America,
but it crosses the meridian of Clipperton only a short distance north of
the island which presumebly receives something over 400 mm of rain in that
quaerter.

Such calculated figures cannot give an idea of the exact pattern or
amount of rainfall, but are useful as indications of general trends.
Clipperton Island is situated between an area of year-round high rainfall
to the southwest and one of marked seasonal rainfall to the east, and re-
tains in attenuated form the seasonal pattern of the latter, with lower
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rainfall in the winter and spring. The rains during that period
"probably result from persistent low-level wind convergence but in the
summer... cyclonic depressions or storms seem to be the cause" (Ramoge,
personal communication).

In August and September 1958, exact measurements of all rainfall
could not be taken, but an ordinary tin can was kept in the open during
the heavy rainstorms which occurred with southwesterly squalls. As much
as 125 and 150 mm of rain were recorded during 2L hour periods of violent
rain. The total amount recorded for the period August 11 - September 17
was 890 mm.

No one who is not familiar with the wet tropics can imegine this
type of rain. There is warning from the approaching dark cloud, but
vhen the rain starts, it is with its full intensity and in two seconds
one is completely drenched. Protecting notebooks and films is a haunting
worry. PBecause of the strong winds which bring the rain squalls, there
is much of what we called "horizontal rain" which seems wetter and more
able to get into shelters than the usual kind. Some such dowvmpours last

for hours.

In October 1956 (Limbaugh, personal communication) it rained almost
every afternoon or evening. The amount of rain was quite variable, prob-
ably never exceeding an inch (25 mm) in any one day.

The measurements made by Limbaugh in 1958, his observations in 1956
and those of Taylor's indicate that much more rain falls in the Clipperton
area than M8ller deduces (about 300 + 350 4+ 600 + 450 =z 1700 mm). Profes-
sor Ramage therefore has suggested another hypothetical calculation which
may give a better idea of possible rainfall distribution on Clipperton.

"Palmyra Island, also a coral speck is located at 5°53' N, 162°05' W
in the western part of the heavy rainfall region which also affects Clip-
perton. Between 3 and 5 years' rainfall measurements at Palmyra give an
annual mean of #45 mm with little apparent seasonal variations in rainfall
intensities. We might assume that average rainfall intensities are about
the same for Clipperton and that the mean rainfall in both areas is propor-
tional to the average number of observations of rain recorded in the Navy
atlas. The atlas shows that over the year 19.7% of observations in the
Palmyra area and 22.2% of observations in the Clipperton area recorded
rain. We might then estimate the annual rainfall at Clipperton as

Hhhigf722.2 Z 5020 mn

and then by prorating among the months in accordance with their rain obser-
vation frequencies, come up with this hypothetical distribution:

I T M A M J J A S 0 N D"
3#7 192 211 186 Lok 539 501 484 427 631 559 539

It must be pointed out that the difference in the vegetation of
Palmyra and Clipperton is much more striking than would be expected from
these figures, and that even the somewhat greater seasonality indicated
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for Clipperton would scarcely account for it. Although an absolute
correlation between vegetation and rainfall is not expected where such
small floras are involved, and considering that tree species may never
have reached Clipperton, still this discrepency suggests that caution
should be observed in accepting these hypothetical figures.

A new source of information has recently become available in the
photographs taken by the weather satellite Tiros IITI. The following
paragraphs describing this type of information were contributed by Mr.
Lester F. Hubert, Meteorological Satellite Laboratory, U. S. Weather
Bureau.

"Meteorological observations made on Clipperton Island have been
inadequete to provide a reliable climatology. A small sample of ob-
servations is especially vulnerasble at this location because several years
in succession may display a single type of meteorological regime, followed
by a year of radically different weather. This is due to the fact that
Clipperton Island is situated on the boundary of the Pacific dry zone--a
tongue of desert-like weather lying just north of the Equator. Approxi-
mately each decade, during the El Ning” years, this zone 1s disturbed, that
is, becomes more rainy and shifts its position.

"The meteorological satellite now provides a means of obtaining the
information necessary to reveal the rainfall regime, and the exceptional
cases that are sometimes more important than the "average.'" TIROS pic-
tures have demonstrated the potential of detecting and tracking cyclonic
disturbances near Clipperton. They show that many more cyclonic storms
occur in the area than were previously known from inadequate conventional
weather observations. The picture obtained by TIROS III on July 22, 1961,
from an altitude of approximately 450 miles, shows the curvature of the
earth, the approximate location of Clipperton Island, and that of hurricane
Madeline, with bright curved cloud bands that are believed to produce
precipitation. Infrared measurements from the satellite can be used to
approximate cloud heights, thereby distinguishing between the thick shower-
producing clouds reaching up to 15-18000 ft. and higher, even up to the
tropopause, and the shallow clouds reaching to 4-5000 ft that usually
yield no significant precipitation. During the anomalous (El Nino™) years,
we may find that disturbances (cyclonic storms) pass over Clipperton Is-
land. We are now in a position to commence accumulating deta for this
neglected part of the ocean.”

The photograph of Madeline represents a typical summer cyclone
situation in that part of the world. The orientation of the cloud bands
seems to indicate that the winds at Clipperton were probebly from the south-
west (cf. pp. 10-11).

# E1 NiBho is a warm tropical current from the north, that flows along
the north coast of South America (Ecuador, northern Peru) down to
about 6°S, during the southern summer. Some years, at more or less
regular intervals, it reaches farther south, pushing away from the coast
the cold waters that usually flow along it. At the same time, important
atmospheric disturbances take place, especially unusually abundant rains
that may affect vast regions.
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Atmospheric humidity

As could be expected in a wet tropical climate, atmospheric humidity
is very high. The lowest relative humidity recorded in August -~ September
1958, as calculated from the depression of the wet bulb was 69%.

Cloudiness snd visibility

The U, S. Navy Atlas presents data on cloudiness over the oceans
on monthly charts including two series of isograms, one representing "%
frequency of low cloud amounts 6/10 or more," i.e. cloudy, the other repre-
senting "% frequency of total cloud amount 2/10 or less," i.e. relatively
clear. Extraction of positions of Clipperton Island in relation to these
linzs gives, for low clouds, monthly figures ranging from between 20 and
30% in November, in the neighborhood of 30% for most months, and approach-
ing or exceeding 40% in July, September and October.

The same extraction of positions for total cloudiness gives figures
less than 20% for the months from May through December, and ranging between
20 and 30% for the remainder. Thus both sets of isograms indicate a high
degree of cloudiness throughout the year, with the summer months, from
April to October, even more cloudy than the winter.

On the basis of 85 observations between August 9 and September 16,
1958, ‘the sky was completely cloud-covered over 3/4 of the time and half
or irss covered less than 1/5 of the time. The clouds were generally
cumi'us or cumulonimbus, occasionally stratus or altostratus, with cirrus
usually viecible when there were breaks in the lower cloud layers. The
bases of the principal clouds Were usually estimated at between 600 and
2000 m altitude.

Visiblity is generally always good at Clipperton Island except during
rain storms.



Table 5. Sea and swell roses for Clipperton's 5-degree square

The number of observations for sea is shown in the upper left hand
corner of the area and the percent of calms for those observations in the
upper right hand corner. The number of observations for swell is shown
in the lower left hand corner and the percent of calms for those observa-
tions in the lower right hand corner.

The sea conditions are represented by the light line arrows, while
the swell conditions are represented by the heavy line arrows. No arrow
is shown when the percent of directions is less than 7. The arrows point
in the directions toward which the seas or swells move. The length of the
arrow measured from the center mark, when placed on the attached scale,
and the numeral at the tail of the arrow, give the number of times in each
100 observations that the seas or swells have been moving from or near the
glven point.

Vhen the percent of direction is 15 or over, the condition within
the direction are shown along the shaft of the arrow in percentage of low
and medium seas or swells, the first figure from the center is always the
percent of low. The percent of high seas or swells within the direction
is the remezinder of the percentage. wWhen the percent of direction is less
than 15 but more than 6, the conditions within the direction are shown by
the letter L, M, or H (meaning predominantly low, medium or high) beside
the percentage figures for direction. The conditions of seas and swells
(low, medium and high) within each direction are defined as follows: low
seas and swells, those of amount 1 and 2; medlum seas or swells, those of
amounts 3 and 4; high seas and swells, those of amounts 5 and above.



- 28 -

Ocean temperatures

Schott (1935) presents surface temperatures in maps XX-XXIII,
by means of isograms. For Clipperton, the February temperature is over
27°C, thgt for May over 28°C,that for August over 27°C and that for Nov-
ember 27 C.

Agagsiz (1906) includes information on water temperature at stations
a little distance from Clipperton (see p. 29). At station 4543 the sur-
face temperature was 79.5°F (26.4°C), the bottom temperature (at 2058
fathoms, 3775 m), 34.7°F (1.5°C). At station 4544, surface temperature
80°F (26.9°C), bottom temperature 34.4L°F (1.1°C) at 1955 fathoms (3570m).

Ylater temperatures are also listed In the results of the Swedish
Deep-Sea, Expedition (see p. 30) and at station 70 surface temperature was
26.93°C while at 905 meters depth it was 4.83°C (bottom at 3690-3860 m).
These figures are included in a table of analyses of sea water at varying
depths (Bruneau et al., 1953, appendix, p. VII).

In August-September 1958, the sea temperature measured in a bucket
of surface water collected on the reef ranged from 79°F (26.1°C) at 0900
to 84.9°F (29.4°C) at 1100.
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as table 5. Seas may be conveniently defined as reasonably large waves,
in the area of thelr generation, and are characterized by steep sides and
sharp crests. Their energy content is generally being augmented by the
wind. Waves that have left the area of generation--no new energy being
added by the wind-~are called swell. They have less steep sides, rounded
crests and longer periods than are general for seas. They are gradually
losing energy while travelling over great distances, often thousands of
kilometers from their area of generation.

In any oceanic area the wave pattern is extremely complex, resulting
from seas generated locally and swells arriving simultaneously from sever-
al directions and points of origin. The effects on atoll morphology are
correspondingly difficult to unravel, but are nevertheless very important.
No ettempt has been made to establish any correlation on Clipperton except
to point out that beach ridges, resulting from wave action, occur around
most of the island, as do reef-front grooves and spurs (all around), also
correlated with wave directions (Munk and Sargent 1954).

Tides

No recent published information could be found on tides at Clip-
perton Island so an inguiry was made at the U. S. Hydrographic Office.
The summary of information compiled by Mr. W. E. Malone is quoted below.

"Tidal data for Clipperton Island are not given in either British
or U. S. tide tables indicating a lack of recent reliable observations.
H. 0. Publication 8% does contain the notation regarding Clipperton Is-
land that high water occurs 8 hours and 40 minutes after an upper or lower
lunar transit of the local meridian and that_the spring rise is 4-f feet
/1.30 m/ while the neap rise is 2-2/3 feet /0.80 m/. The basis for this
information is obscure. However, extrapolation from tidal data for
surrounding areas indicates that high water at Clipperton Island should
occur about 8 to 9 hours after an upper or lower lunar transit of the local
meridien and that mean spring tidal range should be between 3 and I feet
19.90 and 1.20 g]. It appears then that the information contained in
H. O. Publication 84 is fairly accurate. Tidal currents are reported to
flood eastward and ebb westward, however, tidal currents are probably
dominated or obscured by the general ocean currents.”

The information in H. O. 84 (U. S. Hydrographic Office 1951) is the
same as that given on H. O. Chart 1680, Clipperton Island. This chart,
based on the 1897 survey of P. J. Hennig, Master Mariner, bears the
information: "H.W.F. & C. VIII h. 4Om. Springs rise 4 feet. Neaps rise
2 2/3 feet." The chart also bears arrows indicating direction of ebb and
flow currents, ebb arrow pointing westward, flood arrow eastward. Whether
this information was collected by Hennig himself, compiled from his obser-
vations and those of others such as Fisher (cfip. 6) or calculated, is not
known. Since that time various visitors to the island have made casual
observations on the tides, but their results are not available. In 1956,
a tide gauge was installed by a party from a Scripps Institution vessel
but the gauge functioned only a very short time before it was removed for
repairs. In 1958, its emplacement was found to have been destroyed during
the 1957-1958 storm.
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as it reaches central America and flows back toward the west with the
North Equatorial Current, therefore it is not impossible that some Indo-
Pacific organisms might reach Clipperton Island by this roundabout way
rather than by direct eastward flow.

Waves

There are many ways in which ocean waves of various types affect
oceanic islands and coral atolls especially. For example, the very
growth of the living reef is linked to the amount of surf and consequent
varying oxygenation of the surface water; wave erosion and deposition are
major factors in the arrangement of materisls that form atolls. The
reverse influence of an island as an obstruction to swells is also well
known theoretically and has been demonstrated for some (Arthur 1951).

In a detailed study of an atoll, therefore, & knowledge of ocean wave
patterns is necessary, but it has not gererally been feasible, so far, to
obtain such knowledge. Only for a few atolls has information on waves
been available to be correlated with date on the morphology or ecology
(Munk and Sargent, 1954, Guilcher, 1956).

In the case of Clipperton, hardly anything is known of the pattern
of waves and their influence on the atoll. Yet, besides the more general
effects alluded to ebove, waves have one very practical role on Clipperton,
that of entirely preventing landing on the atoll more often than not.
The Sailing Directions (U. S. Hydrographic Office 1951) as well as most
accounts of visits to the islend are replete with warnings of the dangers
and difficulties that mey be encountered, and make it clear that it is
often impractical to attempt a landing: "On the reef, the sea breaks
heavily and continually; the surf is terrific and at times covers the
whole island" (this last observation is exaggerated, although storm waves
can cover the whole width of narrow parts of the atoll ring and pour into
the lagoon). There are times, however, when sea and wind are calm and when
it is possible to land easily with a small boat over the shallow reef.
This was the case when I landed on Clipperton and when I left the island.

Waves approaching the island, because the reef front falls off very
rapidly, suddenly find themselves over a very shallow aresa, and break with
great violence, the continuous line of such breakers forming the surf (for
a general discussion of this and related phenomena, see Bascom 1959).

Goua (1952) considers that the swells coming from the southwest to
southeast 9 months of the year are refracted around the reef and break on
the north part of the atoll, while in February, Msrch and April the north-
egst trade wind prevails and the southern swells diminish, spring there-
fore being the best time to effect landings. This is also rather over-
generalized and simplified. :

Except for these remarks, and for some observations made from shore
by Limbaugh in 1958 (ined.) the only available informetion on waves appli-
cable to Clipperton is that generelized from ships' observaetions in the
form of roses for the 5° square (10°-15° N, 105°-110° W) in the U. S.
Hydrographic Office Charts of Seas and Swells (1944), and reproduced here
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Surface currents

Clipperton Island is located in an ocean area of variable surface
currents. In the eastern part of the troplcal Pacific ocean, the North
Equatorial Current flows in a general east-west direction around latitude
10° N. The South Equatorial Current flows in the same general direction,
straddling the equator and with & large part of its water moving in the
northern hemisphere. The Equatorial Countercurrent, flows from west to
east between the other two and always in the northern hemisphere. The
exact position of these currents varies seasonally. Information on the
currents around Clipperton can only be derived from very general charts
and summaries applying to the eastern part of the Pacific and the central
American region. Most of the available data of this sort are compiled
from ships' reports and published for the use of ships (U. S. Hydrographic
Office 1947). They have also been summsrized by Schott (1935, maps 29,
30). Very little of such information has been collected near Clipperton
Island because it is removed from shipping lanes.

According to Schott, the North Equatorial Current flows westward
around Clipperton during the winter months, and according to data in
the U. S. Hydrographic Office (Mr. W. E. Malone, personal communication)
at speeds from O.5 to 1.0 knot. At this season the Equatorial Counter-
current is well to the south of the island and, according to some authori-
ties, it is weak and at times nonexistent as a well-defined current.

During the summer months the Countercurrent is better developed and
according to Malone (perscnal communication) the island lies in the shear
zone between it and the North Equatorial Current. Schott's map would
indicate that the Countercurrent itself always flows past Clipperton in
the summer but this generalization i1s probably only occasionally wvalid.
In the summer of 1958 (Kmauss and Pepin 1959) the Countercurrent was 250-
300 xm wide.

During the IGY there was a great increase in the work on ocean currents
and particularly on those of the Eastern Pacific. Indeed the main pur-
pose of the Doldrums Expedition was to study the Eguatorial Countercurrent.
Most of the data from such recent surveys are not yet available but John
Knauss, leader of the Doldrums Expedition, considers (personal communi-
cation) that the Countercurrent runs about 50 miles south of Clipperton
most of the time and probably does not move as far north as Schott has it,
in fact probably does not even move as far north as Clipperton every yeer.
The Countercurrent is irregular, can change its direction or speed, or
can even disappear within a very short period (Knauss 1960). Besides the
seasonal variation in the surface currents around Clipperton, the situa-
tion may be complicated by the occurrence of transverse flow between the
North Equatorial Current and the Countercurrent. These variable currents
during the summer show a slight predominance of east and northeast sets
with speeds of 0.5 knot or less (Malone, personal communication).

With regard to the transport of propagules of plants and animals by
surface currents it must be kept in mind of course that when the Counter-
current is well developed, much of its water mass is deflected northwestward
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Table 4. Wind roses for Clipperton Island's 5-degree square (10-15°N,
105-110°W) from Pilot charts

The wind percentages are concentrated upon 16 points of the compass.
The arrows fly with the wind. The length of the arrow, measured from the
outside of the circle on the wind rose, when compared with the attached
scale gives the percent of the total number of observations in which the
wind has blown from or near the given direction. In some instances the
full length of the arrow cannot be shown. In such cases the arrow is
broken and the percentage is shown numerically, between the broken lines.
The number of feathers shows the average force of the wind on the Beaufort
scale. The numeral in the center of the circle gives the percentage of
calms, light airs, and variable winds. The numeral in the lower right
corner shows for the month the percentage of ship reports in which gales
have been recorded.



Table 3. Rainfall for Clipperton Island 5-degree square, adapted from atlases

Months % observations % observations % observations
reporting precipi- reporting steady reporting thunder-
tation (isograms) rain for 5 degree storms
(Navy Atlas) square (MacDonald Atlas)

(MacDonald Atlas)

Dec., Clipperton between
20 & 25% isograms

Jan. Clipperton between
20 & 25% isograms 5 1-5

Feb. 10

March 5-10

April 5=10 5 1-5

May 20

June 25-30

July above 25 10-15 5

Aug, 20-25

Sept. 20-25

Oct. 30-35 10 1-5

Nov. 25-30




Table 2. Winds in Clipperton Island 5-degree square. Adapted from McDonald 1938 and U. S. Navy 1956
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Day of the Month
(Sept . 1958)

Time (PDT)

Wind direction
from

Wind speed Knots

Atmospheric

pressure mb:1010

0800

265727h 315-324 315-324

W
04

13
1800

N

22

1900

NW
21

0900

14

1400

265127h 235-244

W
12

WSW
1

15

0700 0800 1300 1600
225-23L4 195-204 235-24 205-214
SW SsW WSW SSW
17 20 02 17

1009

1008

1007

1006

1005

1004

1003

1002

Day of the Month |
(Sept. 1958)

Time (PDT)

Wind direction
from

Wind speed Knots

Atmospheric

pressure mb:1010

16

07006

1100

215-22L 225-234

SW
2L

SW
23

0600

17

1100

225-234 205-214

SW
17

SSW
19

1009

1008

1007

1006

1005

1004

1003

Table 1, Pe 5




Day of the Month
(Sept. 1958)

Time (PDT)

Wind direction
from

Wind speed Knots

Atmospheric

pressure mb:1010

0700

2200

215-22L 235~24L

SW

15 .

WSW
9

0700

2L5-250
WoW

0600

2L,5=254
WSW

10

0700

345-354
NNW

0500
215-224
Sw
02

11

0700
calm

00

1009

1008

1007

1006

1005

1004

1003

Day of the Month
(Sept. 1958)

Time (PDT)

Wind direction
from

Wind speed Knots

Atmospheric

pressure mb:1010

12

0700 0800 0900 1100 1300 1600 19C0 2000 2100
235-24L 235-244, 235-244 245-25L 255-26L 255-26L 245-25L4 245-254 245-254
WSW WoW WSW - WSW WSW WSW WSW WsW WaW
06 06 06 06 06 05 o7 05 o4

X

1009

1008

1007

1006

1C05

1004

1003

Table 1, p. 4




Day of the Month 1 . 2
(Sept. 1958)
Time (PDT) 0700 0500 0700
Wind direction 145-15, [105-11L 215-22L4
from SSE iSE W
Wind speed Knots L 1 L
Atmospheric

pressure mb:1010

. 3

0600 0800
215-22L 235-2L4
SW WsSW
21 22

1700
225-234
SW
10

0900

255-26L .
WSy
26

1009

1008

1007

1006

1205 X

1004, X

1003 X

Day of the Month L

(Sept. 1958)

Time (PDT) 0600 0700 0800
¥Wind direction 215-22L, 205-21), 205-214
from 1l SSW 5SSy
Wind speed Knots 2L 20 19
Atmospheric

pressure mb:1010

1000 1100 2300
205-21) 215-22L 225-23L4
SSW SW S
20 18 16

0700 1800
205=-21L4 225-234
SS SW
19 23

6

0700 1000 2200
215-22L, 215-221, 205-214
SW SSW SSW
18 12 16

1009

1008

1007

1006

1005 bd X

1004 p. 4

1003

Table 1, p. 3




Day of the Month
(Aug. 1958)

Time (PDT)

Wind direction
from

Wind speed Knots

Atmospheric

pressure mb:1010

16

0900
35-447 L5=54
NNE? NE?
5 >

1300

1700
55-612
ENE?
8

2100
115-124
ESE
1

17

0900
225-234
SW
10

18

2100
245-254
WSW

10

19

0900
275-284
WNW

20

0900

205-214 245-25L

SSW
5

2100

WSW
5

21

0900
85-94
E

22

0900
235=2041,
WSW

1009

1008

1007

1006

1005

1004

100

Day of the Month
(Aug. 1958)

Time (PDT)

Wind direction
from

Wind speed Knots

Atmosvheric

pressure mb:1010

23

0900 2100
185-194 235-244
SSW WSW
8 12

25

09GO
215-224
SW

26

2160
145-154

SSE

27

0700
225-234
SW

28

0700
205-214
SSW

20

29

1000
155-164
SSE

30

0800
235-244
WoW

10

31

1100

L5-54
NE

1009 |

1008

1007

1006

1005

1004

1003

Table 1, p., 2




Day of the Month 8 . 9 . 10 11
(Aug. 1958)
Time (PDT) 2100 0900 1300 1700 2100 0900 1700 2100 0900 1700
Wind direction® | 315-324 | 275-28l 215-224 215224 195-204 | 195-204 195-204 215-224 | 215-224,  90?
from NW WNW SW SSW SSW SSW SSW SW SSW E?

Wind speed Knots 10 6 8 8 10 13 ivA 14 9 8
Atmospheric
pressure mb:1010

1009 x

1008 X X

1007

1006 X X X X x

1005 X

1001,

1003 ! x

Day of the Month

¥Direction from which wind is blowing, in degrees, clockwise from 0° = North

12 13 14 15
(Aug. 1958) _

Time (PDT) 0900 1700 0900 1700 0900 1700 0900 2100
Wind direction 205=-21) 215-224 | 205-21L4 175-204 [ 195-204 205-214 | 195-204  5-142
from SSW W SSW S SSW SSW SSW, N?
VAind speed Knots 10 13 18 12 18 11 3 8

Atmospheric
peessure mb:1010
1009
1008 X X X
1207 ‘ X X
1006 X x x
1005
1004
1003
Table 1. Winds and atmospheric pressure at Clipperton Island, 1958, from data

collected by C. Limbaugh and T. Chess
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