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Northern Marshall Islands fxpedition, 1951-1952. Narrative

by
F. R. Fosberg

Introduction

The Nertherri Marshall Islands predltlon, dubbed "Proaect AtollM
for ready reference, was accomplished .during 1951 and 1952 as a part of
the Pacific Geological Mapping Program currentLy being carried out co-
operatively by the Office of the Ingineer, Headquarters, Army Forces,
Far Last and the U, 5, Gsological Survey, The expedition was attached
to a large su;veylng project of the Office of the Engineer, Hq, AFFE
for establishing mapping control on the atolls of the Marshall Islands,
Transportation and log: stic support were furnished by the Engineer
surveying vessels, The prlmary objective of Project Atoll was to collect
geological and botanicaliifnformation, The circumstances of the trip
made possible only a réconngissance:study of some of the major islets
of each atoll visited., imphasis was placed on studies of the geology,
hydrology, soils, and vegetatlon, observations of land and marine ecology,
land and marine zoo*ogy, and other subjects were made as time and cir-
cumstances permltted

The personnél varied from tlme to time. The four who part301pated
were F, Stearns MacNell and Charles G. Johnson, geologists, Ted Arnow,
hydrologist, and F. Raymond Fosberg ,. botanist and general ecologist.
Prinecipal attentlon was directed to the following atolls: Pokak, Bikar,
Utirik, Taka, Ailuk, Jemo, Likiep, Kwajalein, Lae, Wotho, Ujae, Ujelang,
and Wake, with minor observations, either on the ground or from the air,
of a number of other islands in the Hawaiian Group, Marlanas, Volcano
Group, and Japan.

Since much material and information of great scientific interest
was collected, and various technical papers are projected on different
aspects of the results, it seems worth while to present a preliminary
general account, in the form of an itinerary and informal narrative,
with dates, series of collection numbers for biological material, and
some description of the Islands and of the scientific investigations
carried out. The account will be given in more detail for the activities
of the author of this paper, leaving it to the others, if they care to,
Yo write any detailed story of their own work. Geological and hydrolo- .
gical observations will ocecasionally be mentioned, however, because of
thair essential connectlon with an understanding of the _ecolegy of the
islands., : L

In this article the soils-and végetation of the northern Marshalls
will not be described, except incidentally. Since preliminary notes
on the birds observed will be presented in papérs .to follow, as well
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as lists of plants and animals collected, these birds, plants and animals
will be mentioned only in connections of very general interest in the
narrative, This account will serve as a refersnce for future papers, in
which space may not be available for more than the essential observations
on the subjects treated, As formality is not necessary, the narrative will
be written in the first person.

Owing to czrcumstances, which will become clear as the account goes
on, it became necéssary Lo divide the expedition into two separate parts;
one of these, with MacNeil as party chief, worked from October 1951 to
April 1952, and the other, with Johnson as party chief, from July to
August 1952 The participants met in October in Tokyo, where plans and
preparetlons for the actual trwp were completed _

Trlp to Japan

My own trlp started from Washington, with travel by commerc1ai and
military aircraft, After a few days in California and Honolulu, conferring
oo coral atoll ecology with workers whose fields of knowledge have a bear-

ing on this subject, I left for Tokyo, My first actual atoll stop was.a
brief one on Johnston Island on the morning.of October 22, 1951.

This small patch of sand originally had a vascular flora of three
species, After the development of an airbase there alt the beginning of .
World - War II, plants introduced both deliberately and accidentally raised
the flora to 27 species by 1946 (see Fosberg, Pac. 3ci. 3: 338-339, 1949)
~and to 30 species by 1950.40f these several ornamentals had reached a fair

.sizeé by 1951, Casuarina & _gulsetlfolla was at least 8 meters high, Calc~
phyllum inophyllum,. ThESDESla nopulnes, Terminalia catappa, and Hibiscus
tiliaceus were 2 or 3 meters high, and the last two were rather chlorotic
in appearance, Most sloping surfaces, embankments, bomb shelters, and the
like were quite covered by a blanket of herbaceous vegetation-—-Boerhavia,
Cenchrus, Eleusine, and Tribulus. Most flat surfaces were kept clean by
traffic, Many weeds, such as Portulaca oleracea, Amaranthus viridis, and
Euphorbia hypericifolia, grew around the bases of buildings. Pluchea
cdorata -was common, bub not as common as in 1946, while Pluchea indica
had also become common. Only one coconut seedling was seen.

After crossing the international date line, we sighted Wake. Island
late in the afternoon of CUctober 23. The general vegetation in the
neighborhood of the airstrip is a scrub of Messerschmidia argentea not over
. 2 to 3 meters tall, with some admixture of Scaevols locally, Open areas
‘are occupied by pure stands of Fimbristylis, which seems to colonize the
most extreme habitats, such as the edges of alrstrlps, and by Ipomoea
tuba, which also elimbs in the scrub as well as creeping over the ground.
‘Around the bulldings are various weeds, of which Cenchrus is most common

-and forms pure pabches, Heliotropium anomslum is common, with no evident
floral dimorphism. There are some marshy depressions, perhaps artificial,
along the airstrip away from the termlnal. The stop here was also only a
brief one for fueling.

Iwo Jima was reached at midnight, therefore little was seen of its
features. Chloris inflata was abundant around the airbase,

;/ Additional introductions are listed by Newhouse, Pac.‘SEi. 9: 9192, 1955,



Japan, on our arrival, was completely blanketed by clouds. One’
glimpse through them of green terraced hills and the conical peak of °
Fujiyama towering far above, proved that we had reached .our .destination,
We came down through the clouds over: Tokyo Bay, with:its myriad of
flshang boats, rows upori rows of ‘fences for algae cultlvatlon, nd the
gray, smoky cities of Yokohama and Tokyo on its shores,

MacNeil had been in Japan for several weeks, worklng with Johnson
on plans for the expedition. Arnow flew up from Guam for two days to talk
over plans, then returned there t07301n the Shlp on its first fueling stop
at KwaJaleln. R TN : : :

The three weeks in Japan, whlle we walted for last’ minute prepara~
tions, were well spent meeting Japanese botanists, visiting Japanese
herbaria, and checklng equipement and:supplies for the expedition, Week~
ends and a trip to Fukuokd to visit Prof. Hosoaawa gave a few opportunltles
to see the interesting and beautiful- Japanese countryside.

Pokak and Bikar -

.- On. November 16 the Shlp, the Army FS-367, Captaln Marvin Shoaf
commanding, carrylng a Japanese surveying narty of some 40 or more men,
10 U.5.Arny personnel under the command of Major Paul L Hudson, and .
MacNeil and myself, left Tokyo Harbor. A direct course was set for Pokak
(Taongl) Atoll, the northernmost of the Marshall Islands and the first
scheduled stop of the ‘expedition. Mot a living thing was seen on this
stretch, except a few flying fish after the fifth day. On the night of
November 24 the ship slowed dowm and the cries of sooty terns told us
that land wds nearby. Anticipation of the visit to Pokak Atoll was helght-
ened by a rumor of mysterious basaltic megaliths, found there by John
Cameron, a Pacific trader and adventurer, and recounted briefly in the
story of his 1188 ~, "John Cameron's Odyssey' (p.397,.1923}. Such stones
would indeed be remarkable on a coral. atoll 600 miles from the. nearest
voleanic land, : oo

On the merning of November 25 we awoke to a clamor of birds, and
the low gray-green strip of vegetation and white breakers half a mile to
the north was Pokak Atell, A black-footed albatross flew by, the only cne
seen on the trlp.

_ Pokak Atoll is crescentqshaped with g single, narrow boat passage
on the concave western side.. This being the leeward side, at high tide the
entranoe should normally have. been passable %o small boats, but on this
occasion a heavy swell was coming in from the west and breaking clear
across the passage, out of which a strong current was pouring. Inspec-
tion by small boat parties convinced the Major that landing was dangerous
and impractical, and a decision was made to leave for Bikar, the nezt
atoll to the south, Before departing we were able to follow the south and
east coast, where there are islets, to the eastern extremity of Kamome
Islet, Sea birds were generally abundant, but. over Kamome they almost
darkened the sky, The vegetation here was in especially poor condition.

No further description will be given here, as Pokak Atoll was visited
again later,
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Bikar was sighted on the morning of November 26, Its three princi-
pal islets were completely covered by what appecred to be Pisonia forest,
except for some storm—swept bare areas and a small coconut grove on Blkar
Islet. o .

Here again, there lb only one channel 1nto the lagoon, "located on
the west or leeward 51de, A short inspection of this passage convinced
the Major that this also was impassable, and we deparued.fOf Ubirik Atoll,
which we reached the following morning; We did no+ get ashore, however,
untll November 28 and were there unbil Decambﬁr he

thrzk Atoll

Utirik Isiet, the main land-mass on the'atoil is very largely
covered. by coconut groves, except for a belt of thlck serub and forest on

- the northeast or windward coast and the long, almost bare prcjection’along

the reef to the west, The village is on the lagoon shore of this islet,
In the northern Marshalls there is usually only one village on an atoll,
comsonLy lotsted on the largest islet. This dslet usually bears tne same
name as the atoll, as also does the village.,

 The coccnut groves on Utirik were rather open and free of undergrowth,
Tt was immediately evident that a typhoon (Typhoon Georgia, March 21, 1951}
had recently visited the island, Large nurbers of coconut trees were
knocked down; mostly .in a southerly or'sdu*hwester¢y direction, Practie~
cally no ripe coconuts were to be seen in the trees or on the ground, and
no copra was drying, On the western projection of the island ‘mostof the
loose material was removed, exposing large root gystems of dead and Un~-
. recognizable plants, The Pem mphis bushes that grew here were in a very
“ battered and ragged state. Curiously enough though, the ridge of low
- dunes along the lagoon side of this strip of land was well vegetated with
© falr-sized bushes of Scasvola, Nesserschmldna, and Pemghls and showed no
-310ns, whatever, of typhoon damage. :

FEvidence of an earlier typhoon was qulte clear in the form of a

rubble bar in the lagoon opposite the bare portion of this. extension of
~the island, its end at the point where the coconut grove ended. That this
was not a result of the 1951 typhoon was indicated by the facts that all
the fallen trees pointed in the opposite direction and that tlhie bare area
and rubble bar .were both evident on aerial photographs taken in 1944, The
earlier typhoon was severe enough that loose material up to substantial
boulder size was swept off this narrow portion of the island ahd piled

in the lagoon.. Relatively 1little vegetation, except scattered Pemph"s
bushes adapted to growing on bare limestone rock, had reappeared in the

35 or more years since this storm. .The natives tell of a storm about 1918
but aré not certain of the year. It is qulte possible, though that we were
observ1ng the effects of an earller storm, 1n the Jast part of the 1%h
. century, - -

Some areas- of bare coral sand were characterlzed by a thin crust of
sand held by a mass of blue-green algae, Rains were frequent enocugh to

'~,keep this sand washed fairly free of salt, but once in a while very high

tides would give it & salt-waler bath in low areas. This happened at least
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once or twice in the days that we spent there.

The Polynesian arrowroot, Tacca leontopetaloides, grew in unusual
abundance and luxuriance as ground cover in the coconubt groves here,
Fach year, in the late fall, it fruits and dies down to the ground.
Here it was beginning to turn yellow, and the fruits were essentially
mature, The tubers, mistaken for potatoes by other members of our party,
were being harvested in some guantity by the Marshallese. They were grated
and the starch was washed out and dried in large balls, about the size of
a child's head. Whether this was normally so widely practiced was not
certain, It may have been a result of food shortage because of the typhoon.
There was some complaint aboub lack of flour.

Several pit wells were observed, and the water in them was surprising-
ly fresh, Dragon flies and damsel flies were seen around them, but no mos-
quitoes were noticed, Several holes were dug in an attempt to get water
samples and to study the behavior of the ground-water body, as well as to
colleet soil samples, The upper layers of the soil were surprisingly black,
Digging was extremely difficult because of the amount of rubble in the soil
and because bedrock was usually reached absve the water table, This bed-
rock is a curious cemented fine coral gravel, quite hard, but shattering
completely under a hard blow of a hammer,

In the central part of the islet are a number of elongate depressions
or trenches about 10 meters wide and 2 meters deep, They are said by the
natives to have bcen made by the "old people," and are doubtless long-
abandoned taro pits. They have been abandoned long enough to have mature
coconut trees growing in their bottoms, In the bottom is a layer of black
mucky soil almost 6 decimeters deep. A hole dug in the bottom of one of
these reached water at less than 1 meter, The water had a strong hydrogen
sulfide odor and a peculiar sweetish taste. '

. On the northeast part of the islet, near the edge of the coconut
plantation, but within it, were noticed some curious low rounded mounds of
swalil, sharp, broken coral fragments. Their origin was not apparent. On
these mounds Fleurva ruderalis and Boerhaviaz diffusa are commori.

On Bekrak Islet, north on the reef from Utirik, is a tiny mangrove
swamp, serving as a wallow for pigs. Cn the north passage beach of this
islet small pumice pebbles were embedded in a bank of white coral sand
that was being cut away, These were, in most cases, entirely enveloped
in a casing or capsule of closely matted small Scaevola roots. Appar-
ently there is something in this pumice, floated across the sea from some
far~-off volcano, that the Scaevola plant needs, and that is deficient
in the coral sand, : .

- BEluk Islet, to the north of Bekrak, has few coconut trees and much
natural scrub vegetation, Dark-blue velvety butterflies (Hypolimnas
bolina), were abundant here, visiting the flowers of Achyranthes,

Here on Ubirik, when our ship returned from fueling at Kwajalein,
we were joined by Ted Arnow, third member of the scientific party. After
this the task of supervising the digging of holes or wells for water and
soil samples was largely taken over by him, leaving more time to tramp
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the islands, making geographical, vegetational and general ecological obw
servations and collections,

At cur camp on the open western projection of Utirik. Islet I had
a canvas shelter built to protect my plant drying stand, Unable to get
the preferred type of kerosene stove in the United States before start=
ing on the trip 1 had allowed myself to be'.sold two-stoves ‘of & type I had
not seen before, About the third evening, one of these set the plant
presses and shelter on fire. Fortunalely all speclmens were saved, but
the shelter was a total loss.

Taka Atoll

‘on December ‘4 we departed for Taka Atoll, just over the horizon,
with 5 feeling that we had barely started to learn something about Utirik,
The last observation made on Utirik was of a white-tailed tropic-bird fly-
ing over the lagoon, the only one I was to see until many months later,

We arrived at Taka the same day but did not go ashore until Decem-
ber 5, Because the ship could enter Taka Lagoon, we did not camp ashore
but returned to the ship at night. Here, after some investigation, I de-
gided that plant~presses could be dried in the funnel of the ship. There
were doors on the funnel sides, and a rack between the hot exhaust pipew
on which the presses could be laid, Soil samples als¢~could be placed in
their bags on this rack to dry., The Chief Engineer, Charles Frey, readily
consented to this use of his facilities, and plants were dried this way
for the rest of this leg of the trip. For the first week or so, close
watch was keot, but there seemed no danger whatever of fire, Drying was
guite satisfactory, excent when the ship was anchored in lagoons for con-
siderable periods. Then there was not sufficient heat and, in spite of
the use of formalin, a few specimens molded.

Taka is an uninhabited atoll with rather little land area. It has
one falr-sized islet, two small cnes, and several bare sand bars, The
largest, Taka Islet, is roughly rectangular, and only a third or fourth
of it along the lazoon beach was planted to coconuts. The rest is brushy
woods with a few openings and one small grove of typhoon-beaten large
Pisonia trees, The ground in the coconut grove is lwiuriantly covered
locally by the fern Polypodium scolopendria, which is practically absent
fram nearby Utirik, This islet is occasicnally visited by the Utirik
people when copra is harvested,

Several pits were dug on Taka Islet to examine soil profiles and to
obtain water samples, One of these, dug to a depth of over 2.5 meters,
showed an interesting series of buried soil horizons. In most of the
holes, rock layers were encountered that prevented us from reaching water.

Lojiron Islet, a very small one to the north of Taka Islet, has a
tiny but beautiful grove of Piscnia trees. Some of these had been knocked
down by the typhoon, showing their very shallow root systems with no strong
taproots. The trees were not dead bub were sending up guantities of vige
orous sprouts all along the trunks. The surface layer of the soll here
is a black peaty material or raw humis a few centimeters thick with a
pH of 5.6 to 6 when unmixed with sand, whereas that of the coral sand or
materials mixed with it is about 8. This accumilation of humus, as well
as its low pH, was a rather unexpected phenomencn on well-drained limestone



soil in the lowland troplcs. e X

: The rock slone from the general 1evel of the ;slet down to the reef
flat demonstrated some of the processes by which raised reef surfaces are
gradually reduced to a base-level at .about lowntlde mark. Conspicuous
among these processes -are the. f@rmat;on of solutnon basins and the spalling
off of slabs. Where this -slope was covered Wlth sand and gravel process~
. €8 of colonization by plants were. dlSO Very.. apparent Portulaca and
*Lepturus -are ‘the most ~conspicuous. and abundant early contlngent, with
Messerschmidia and Scaevol& appearlng in smaller numnbers and apparently
sllghtly later, R i y

" Wotwerok Islet, west of:-Taka.on: the-south reef of the atoll, is
a barren-looking, rockJ £iat., only a few acres in area bub 1nhab1ted by
great numbers of birds.:..in prder to. have more opportunity to study the
extreme ecological condltlops eXhlblted I had’ myself put ashore there-
slone, to be picked up the next day. The vegetation is generally a sparse
“to dense Messerschmldla scrub, with some mixture of Piscnia and Scaevnla

e snreen.

There are 1rregular openlngs with Lepturus, if the soil is sqndy,
and- with Fleurya end Boerhavia if entirely stony, and large areas on the
two seaward corners are entxrelf bare, . The Fleurya is an unusual populatlon
.in that it shows no traces of red color in stems or leaves, Obviously -
two species of Boerhavia are present, showing a series of distinct morpho-
logical characters as well as the fact that one is not attacked by the
‘white rust; Albugg platensis, whereas the other is frequently attacked,

This fungug cchanges the hablt of parts of its host from elongate prostrate
" to short erect branches, probably a type of witches-broom effect., For this
“ reason these-infections are easily seen, and the parasite is known from
plants of the Boerhavia diffusa complex from wmdely scattered localities
in the Pacific.

This islet is a great tern rockery, as thousands of sooty terns,
two species of noddies, and fairy terns, all nest there, The sooty terns,
or wideawakes, ley their eggs on the bare gravel on the sesaward side.
When disturbed they fly up in great clouds. They so resented my presence
that after I went to bed a large column of them flew screaming above my
cot, circling and circling. They kept this up steadily from about 6:30
p. m. wntil about 7 a. m., making it rather difficult to sleep,

To the seaward of this islet is a definite coralline algal ridge,
even though it is on the south reef. The tide was low enough so that a
short trip out to the edge of the reef was feasible, and a number of
algae, mainly lime-gsecreting ones, were obtained., The algal flora, howe
ever, is relatively meager. The land flora is extremely restricted,
only 1l -species being observed. Insects and other small land inverte-
brates were common, however, and a considerable number were collected,

The Taka Atoll plant and animal collections are important because
they very likely come closer than those from most other islands to repre-
senting the flora and fauna of the northern Marshalls prior £o the coming
of man, No flies and no rats were seen; but grasshoppers, one mosqulto,
and two lizardse~ a skink' and a gecko--were notlced ‘

!_', r_ :!
[ 1
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Likken Atoll

On December 10 we left Taka bound for Ailuk, However, Ted Arnow
had developed an ailment, and it was necessary to get him to more expe-
rienced medical attention than was available on the ship. By radio it
was ascertained that the Air-Sea Rescue PBM plane from Kwajalein would
not land in Ailuk lagoon but would come to Likiep, so we changed our plan-
and made Likiep our next stop. We reached it and anchored in the lagoon
-on December 11, and the PBM arrived promptly to take Ted to Kwajaleln, We
were sorry to see him go, as he was both an excellent companion and a great
help with the work of the expedition, We hoped that his trouble would
prove to be minor and that hé would return shortly.

Likiep was an atoll that I had visited on the Economic Survey in
1946, 80 I chose to concentrate my efforts on a different islet than
Likiep Islet, studied then, The astronomical party of the surveying team
set up their station on Lado Islet, so MacNeil and I moved ashore with thems
Before going to .Lado, I visited Likiep Village and renewed acquaintance
with the local magistrate, Anton DeBrum, Anton, a middle-aged Marshallese
halfcaste, is head of the DeBrum family, rivals of the related Capelle
family for leadership in northern Marshall affairs. T well remenber a
celebration of the birthday of an elder of the Capelle family at which I
was a guest in 1946, The two families displayed their friendly rivalry
in doing honor to this old gentleman, and I had a chance to observe, from
a vantage point, Marshallese high society at an important function,

_ On lelep, also, I met a priest, Father McCarthy, with whom I later
had some Interesting talks. 4 brief walk on the islet confirmed the im-~
pression gained in 1946 of very thin scil and sparse vegetation in the co-
conut groves south of the village, probably an effect of the great typhoon
that swept the atoll clean about 90 years ago. - This same sparseness of
vegetation is apparent on Lado Islet, especlally on the east end.

Being entirely planted to coconuts, Lado has a singularly uninterest-
ing vegelation, This, with the fact that I had collected many Likiep plants
in 1946, made it possible to concentrate more on other things such as col-
lecting insects, water samples, soils, and algae on the windward reef., The
moon was almost full, and one night was largely spent lobster hunting out
on the reef flat and algal ridge of the windward reef., The night life of
the reef was observed and, incidentally we had lobsters for breakfast next
day.

My own visit to Likiep was short, as I had decided to visit Jemo
Island with a small party of surveyors who were to spend several days
there, Before leaving I spent one night and most of a day on Likiep Islet,
talking with Father MeCarthy and walking around the islet, With low-level
aerial photos taken during the war, it was possible both to test my abil-
ity in identifying plants on the photos and to assess changes in the island,

Plants collected on Likiep (mostly on Lado Islet) were largely algae.
A search was made for Hippobroms longiflora, a polsonous weed newly estab-
lished in 1946, I had then advised the navives to destroy it, and they
apparently had, as I found none on this visit, Anton confirmed that they
had pulled it up whenever they had seen it,
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Jemo

- Departure for Jemo was on- December 18 and the voyage took only two
hours, Landing there is never very certaln, and this landing could have
" been exciting, but beyond a wettj,nb ‘there was no especial incident. The
“‘Shlb left for Likiep again as soon as we. were aehore.

Jemo is a tiny epgnshaned patch of lana, less than oneutenth of &
gouare mile in area, on the end of a. reef abaout & 1/2 miles long. In pre-
'hurOpean times the Marshallese kept it~ ag g-sanetuary for birds and turtles,
visiting it only once a year to harvest a limited number of these animals
“and their eggs for food. It was largely cleared and planted to coconut
" trees by the Likiep people 50 or 60 years. ago, Fortunately for my investiga-
tiong, they left a strip of vegetation completely around the island., Jemo
" 1s uninhabited, though there is a’small frame house there for use during

“ the times when copra is harvested. Fortunately we were’ permltted by the

owner to occupy this house. during our visit, so that less of our limited
time was wasted making camp, and protection from the rain was more-effect-
ive., My first act on entering the house was to collect a scorplon, which
was the first and only record of this sp901es {Isometrus maculatus) from
the Marshall Islands. It was the commdn pan-tropical house scorpion, but
~that it should have been collected enly here, on- an’ unlnhao:ted island, is
"Cur] Oug. . : ; :

On ;apalng, the enlisted men in the party were qulte exc1ted at
what they first thought were tank tracks going straight Up the beach from
the water's edge. It was obvious that they were tracks of sea Turtles that
‘had come .ashore to lay their eggs. When I walked arocund the island, I -
counted the number of fresh tracks in the undisturbed $and and found Li in
‘all, indicating that 22 turtles had come ashore the previous night or two.
" At the top of the beach, in the edge of the vegetation, were wide, shallow
pits and mounds of sand., We dug in several of these pits, looking for eggs.
This was exactly what the turtles had intended we should do. They had been
smart enough not to lay them in the obvious place. We eventually found the
eggs in a small; deep hole under the pile of sand excavated from the main
pit., In this hole were 106 eggs, whlte, spherical, and somewhat elastic,’
about the size and appearance of plngpong balls, packed together under 2
feet of sand.  When cooked, the whites of these eggs did not coagulate;: and
scramoled, they tasted more like soft cheese than chlcken’e 2285

It was just past-full moon the first night we were there, and at
about 1:30 a. m. I went out with two of the boys to see if any more turtles
had come ashore. After walking around almost the entire sandy part of the
island we found two sets of fresh tracks, one going up the beach, and one
down., A large dark form was seen just about to enter the water., Racing to
it, we found a turtle, stopped it, and with some effort, turned it over on
its back. After struggling violently for a bib, slapping wildly with its
flippers, it calmed down, emitiing a sighing "sh'h" sound, with tears run-
ning from its eyes. Seeing this, one of the boys, an American-born Japanese
interpreter, who had been all excited abowt having turtle meat, asked me
anxiously if I were going to kill it, When I told him that I wanted only
to take pictures of it the next day and then to let it go, he was relieved,
The tears had changed his mind about turtle meat.
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Next day we got some excellent pictures of this large specimen of green
turtle before sending it back to sea, The Japanese surveyors did not
think much of this procedure, it being considered bad luck to molest
turtles, In fact, when the sea got choppy later, and there was soms
doubt that we would be able to get off the island, there was some mutter-
ing that it would have been better if we had not bothered the turtle at
all,

 When the island was cleared a strip of vegetation 30 meters or more

_w1de was left completely around the island. On the west side this strip.
is a mwagnificent forest of giant p:Lconla grandis trees. Elsewhere it is
lower and of wmived scrubby forest. This forest grows mostly on a ridge of
dunes 5 to. 6 meters above low-tide level, not high, as dunes go, but
striking for a low coral island., It was fortunate for my investigations
that this belt of forest was left, as in it I first got an idea of one of
the most interssting sets of relationships that were to appear as results
of the expedition i/ 1t wss noted here that the surface of the ground in
the Pisonia grove was covered by a thick layer of a peat-like material,
similar to the "raw humus® or "mor" of northern forests and heaths, Uhder
this was a layer of cemented sand, the cement dark brown, that corrasponded
to the descriptions I had been given of phosphate rock on Arno Atoll.
Red~footed boobies were nesting in the trees, and the ground was liberally
spattered with white guano. Broken and weathered pieces of rock were
abundant in the half of the cocomt plantation next to the Pisonia grove
but were absent in the other half of it. The part of the coconut planta-
tion with the rock fragments was dense and luxuriant; the cther part was
in very poor condition, and most of the older trees were dead or dying.

The island was combed for plants and land animals, and good collec-
tions were made. - Descriptions were made of the vegetation, the topography,
and the arrangement of beach rock and peripheral ridges; and soil profiles
were examined, It would seem that more than four days on such a tiny speck
~of land might be zlmost enough, but when the .ship came for us on December 23,
I £éit that only a preliminary examination had been made and that if only

a few more days were available T might begin to learn just what was happen-
ipg in this microcosm. :

Much to my delxghﬁ ‘Ped Arnow, having recovered completely, was
aboard,

Ailuk Atoll

Ailuk was sighted late in the afternoon, and we were able to enter
the lagoon through the north passage on the wesy side, where we dropped
anchor not far inside. Two days, including Christmas, were spent on board
getting collections taken care of and notes in shape. The Christmas dinner
produced by Captain Shoaf's steward's department was.a great achievement,
and was the gastronomic high point of the expedition. To our surprise we
were served everything we would have had at home or in a fancy stateside
restaurant, ~ :

‘ MacNell and Arnow had gone ashore on Christmas eve and had
established camp on Ailuk Islet, at the south end of the lagoon. I joined
them on the 26th, but spenn the entire day getting there from the ship.

1/ See Soil Science 78: 99-;07, 1954,
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Jince we arrived at Ailuk a stiff tradewind had been blowing continuously,
and it neither stopped nor slackened the entire time we were there., If I
had needed to be disillusioned about calm tropical lagoons this day on

Ailuk lagoon would have done it very well. The waves on the lagoon were
fully as rough as on an ordinary day in the open sea. . Travelling in an
open motor whaleboat meant a conbtinuocus drenching, * The water was not really
cold, but because. of the wind everyone was sure that it was. With one stop
to put up a surveying signal on the reef, and an hour ashore on Akulwe Isleb,
the only one on the west reef of Ailuk, we spent all day going the 13 miles
from the ship to the main island, '

Ailuk Islet is by far the largest islet on the atoll, and is situated
on the sontheast corner of the elongdte ring-like reef. It is almest entire-
ly covered by coconut and breadfruit trees, which provide much of the live-
lihood for the 413 people.. At the sonthwest corner of the islet is a tri-
angular projection of sand: with a hoo&—11ke spit on the end of it., This
small peninsula is bare of trees excent for scattered Eégddnus, and here the
party of surveyors had set up their camp, and MacNeil and Arnow had been
confortably established:for two days when I arrived. The people of .Ailuk,
who are extremely friendly, had welcomed both Americans to their. Chrlstmas
festivities, and after I arrived, brought presents'and invitations to d
village oarty. Their help in daﬁg ng holes for wate“ and 3011 samples
facilitated our work grvatly. :

Some dlSuance back ‘of the v111age on this 1slot 1s an area of several
acres whers the otherwise healthy coconut groves seem to be in sorry con-
dition, They resemble those on the eastern half of Jemo Island in that
most of the old trees are dead or dying, but young ones are not present. -
Also, the soil here is black, as black as any seen on any of the islands
vigited, -Nothing was apparent in the pit dug in the soil, or in the samples
secured, that would account for this condition. The remaining trees still
standing did show more than usual signs of fire around their bases, so
that it 1s concelvable that a severe flre may have killed most of the trees.

Old taro pits are abunddnt near the centér of ‘the islet, most of
them being elongate and winding, with the’ ‘excavated material plled up as
much as 2 meters above the general ground level between them. Coconut trees
are growing on their bottoms, ard they are choked with Clerodendrum and
Inomoea. One or two pits are in the v1llage hear the lagoon. These show
a few persisting plants of Qzugosperma, and - Stlll have a good muck layer
in the bottom, highly organic and very wet. But ‘taro culture is just as
effectively abandoned here as in the other northern Marshalls, And here,.
as elsewhere, Pagvnalum vaginatum forms a dense mat on all recently used
pits. Alluk, like Likiep, has abundant and healthy breadfruit irees around
the village., .They do not, however, extend much beyond halfway to the outer
side, and at.this distance are very yellow and unhealthy looking. OCne
healthy tree, however, grew on the boulder ridge on the southwest side only
about 16 meters from hlgh~t1de mark,

After determln_ng that it would be possible to walk from islet to
islet at low tide, and’that there were low tides about midday, I decided
to walk northward along the chain. of islets on the east, or windward reef
of the atoll. I arranged to be picked up at one of the surveying stations
on an islet about the middle of the atoll two days later. With a pandanus
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mat, a gift from the villagers, to sleep on, C rations for focd, two
canteens of water, machete, insect net, and collecting vials, I left in
the middle of the morning. - -

. These islands all seem %0 be remants of an old higher reef plat-
form that had its surface well above present high-tide level. Most of this
platform on every islet is covered by loose material, but the segward ends
have been recently swept clean of loose material and vegetation., Along
some passages there are wide exposures of rock surface, On these, though,
there is a well developed forest of Pemphis acidula, dense and impene-
trable, After a fair number of these islets were examined, a vegetation
pattern became apparent. The lagoon side in most places had been planted
to coconuts, leaving a crescent-shaped band of native serub and forest
around the seaward sides and extending slong the passages between the islets.
The outer edge of this is low scrub; principally Pemphis if the substratum
is rock; Scaevola, Messerschmidia, Guettarda, and Suriana if sand and gravel.
The Pemphis does not seem at all inconvenienced if its roots are covered hy
the sea at high tide, The trees in this band become taller inward, until a
well-developed forest, principally Messerschmidia, Pandanus, Guettarda, and
Ochrosia, forms an excellent windbresk to protect the coconut trees against
the strong spray-laden trade winds,

The need for haste to take advantage of the low tides did not permit
very careful study of these islets, but extensive notes were made and some
facts became obvious, Perhaps the mest interesting thing was that, at least
during the trade-wind season, there is no reversal of the current flowing
between these islets with the tide. The flow is always into the lagoon on
this side, if the channel is deep enough to contain water at low tide, At
high tide the current is like that of a millrace, quite capable of sweeping
s man off his feet, as I found out, The water, of course, dralns out of
the lagoon over the leeward reef, which is lower, mostly below low tide
level, and not obstructed by islets. '

Cn some of the islets were native huts, not psrmenent residences,
used apparently only during copra harvesting, COn most of these islets were
pigs, left to shift more or less for themselves., Correlated with the pre-
sence of pigs were plagues of flies, some of the most persistent and raven—
ous flies that I have ever seen. :

' After being picked up on schedule, I was able to examine most of the

other islets to the north from a boat in the lagoon, landing on only four
of them. On one of these, Fnejelar Islet, was a ridge of rather well-
developsd sand dunes; the sand had obviously been caught by the strip of
scrub vegetation growing along a long spit. On the windward side of this,
as well as earlier on a sand bank on Ailuk Islet, were again found pumice
pebbles enclosed in a capsule of closely mtted roots, similar to those
observed on Utirik, certainly roots of Scaevola, this time. It was the only
plant n=ar, and one such capsule was still attached to the root of Scaevola
. bush. Thé only reasonable explanation for this seems to be a deficiency

in the coral sand of some element needed by the plant that is not serious
enough to prevent the growth of Scaevola.

The last stop on Ailuk was on an open stretch of the leeward reef,
where the surveyors had set up a tower. The reef here is a broad surface
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below low-tide level, thickly studded with coral heads and clumps, strewn
with boulders thrown up by storms, some of ‘them guite large, up to 2
meters across, and almost completely devoid of plant life. Among the
abundant animal growth, bright pink clumps' of Liagora were the only plants
seen. The '"vegetation" seemed almost entirely animal in nature.

Lae Atoll

On January A, 1954, we left Alluk and on January 5 arrived at lae.
Lae is a tiny atoll compared with Alluk, but a beautiful one., From inside
the lagoon the whole atoll is;visible at once, and there are many well-
wooded islets, For its 51ze, Lae had more undisturbed. -vegetation than any
other atoll we had seen up to this time, Here large patches of a peculiar
forest type, very conspicuous on aerial photos, but which until now defied
identification, turned out to be pure stands of Ochrosia oppositifelia,
except cne of very similar appearance, wnlch is.a pure ‘stand of Barringto-
nia asiatica. Pure forests of neither of these tress had been reported
previously, to the best of my knowledge, and the pattern that their crowns
make on the photos resembles nothing else with which I am familiar.

In addition to much of scientific interest on Lae, there was octher
excitement aplenty, In the lagoon was anchored az small schooner that
proved to be the Laura, from Likiep, which had disappeared on a voyage from
Kwajalein to Likiep two and a half months previously and had been given up
for lost by almost everycne. Her engine had been disabled and, with the
rotten sail-canvas, she had managed to sail down-wind to lae, far to the
westward of her course and destination, Having no radio, her fate remained
obscure until we were able to ‘announce her safety.

Cur own ship, after puttlng us ashore, left for Kwajalein. The
next news we had of her over the radio was that she was laid up in Kwaja-
lein, awaiting a replacement part, which would have to be brought from
Yokohama. We thought that, perhaps, this would give us a day or two more
than the scheduled time here, and would enable us to do a somewhat more
thorough job of this atoll than we had been able to do on any of the others,
This proved a vain hope, as the surveyors finished in less than their allot-
ted time and a patrol boat was sent ‘up from Kwajalein to pick us up.

Meanwhile, we got around the atoll and did the best job we could.
As was expected, the vegetation was conspicuocusly more luxuriant here than
on the atolls farther north, In the Marshalls the annual rainfall increases
rapldly from north to south. Here in Lae were the first functioning taro
pits, a few among the many abandoned ones. These had Cyrtosperms and
Colocasia growing in a jellylike brown muck lying on a sandy bottom, with
- the water table practically at the surface., Alocasia has invaded these
pits and in most of them has crowded out the two edible tarcs. The natives
seem little concerned about thls, as they can get rice and flour from
Kwajalein only 70 miles away.

Here, for the flrst time on the expedition, we found Intsia bljuga,
noted in Guam where it is ecalled ifil, for its fine hard wood. This is
not its northern limit in the Narshalls, however, as we later found it on
Wotho, It is a notable component -of the mixed forest. The mixed forest
here, as well as the breadfruit forest and the coconutfbreadﬁruit forest,




have denser canopies than seen on any other atoll so far on the trip,

and the usual sparseness of undergrowth when heavily shaded was apparente.
In the Ochrosia forest, mentioned above, there is no undergrowth except
small seedlings of Ochrosfa. In the Borringtonia forest the only other
plants were a small colony of Pepegromia, growing on noulders, by far the
northernmost record for this. in the Marshalls, This forest is especially
interesting becausa it is growing on the imner slope. of the highest
boulder ridge seen in the Marshalls, about 5.5 meters ahbove low-tide
level, The trees are very large, the largest being &lnést 4 meters through,
though the average is well under 1 meter. The natives have cut a trail
across the boulder ridge, digging well into the loose material. Here it
can be seen that the layer 0.5 meter or more thick of boulders was deposw—
ited-after the trees had reached essentially their present size.

In the mixed forest on the windward islets, which is apparently
original uncleared forest, it was noticed that the only Messerschmidia
trees are very old cnes. Some dead logs are found, but no young trees.
Young ones are abundant, on the other hand, around the peripheries. of
these same islets. The obwvious inference from this is that Messerschmidia
is not a tree-of mature mixed Lorest It reproduces itself only under
more - or lesq ploneer conditions., - -

Ths patrol cra;t from Kwaaaleiﬁ?céﬁe for us, all too soon, before
we had had a chance to visit all of the 21 islets of Lae Atoll, We left
at 3 p.i. on January 1l and-arrivad at.Kwajalein at 10 p.m. the same night.,

Kwajaleln Atoll

KwaJaleln had changed raélcallj since my last visit in 1950, Then
it Seemeéd in the process-of being slowly abandoned, growing up to weeds,
Now it had become, again, a busy base, with much construction going on,
and very little to be seen in the way of plants. The prospect of an
indefinite stay here was attractive only if trensportation to the other
islets was available. Kwajalein Islet, itself, would afford little of
1nterest, Sulentlxlcally.. R

" Cn Januavy 13 an Opportunlty afforded itself to fly to Majuro Atoll
for a few hours., This gave me a chance to see any obvious changes there
" since 1950 and to talk to the Trust Territory officials at the district
‘headquarters there, Tobin, the staff anthropologist, provided some infore
mation on the history of Pokak, Bikar, and Jemo Atolls. He had been working
on land tenure and land use among the Marshallese and had found that these
three atolls had been malntained as bird and turtle sanctuaries in pre-
Furopean times, and that they were visited Dﬁrlodlcally and a limited
' nuxber off blrds and turtles and their eggs tdken.

Such short time was available that only a brief ride in the
vicinity of the headcuarters was possible, The contrast with the northern
atolls in greater luxurisnce of vegetation even on very narrow islets,
was striking. Only onée plant, a conspicuous species of terrestrial Nostoc,
was ccllected, fn route from Kwajalein, we saw HNama Atoll briefly from
the air, During our flight, from a short distance south of Kwajalein to
Majuro, and the same distance back, the sea was almost completely covered
by a thick layer of clouds, in a season when there had been few clouds

H



~15-

and 1little or no rain for some time on Kwajalein and the other northern
atolls. :

The principal observations on Kwajalein Islet during the next two
and a half weeks were of the effects of continued drought and severe
winds on even the most halophytic plants. Even Triumfetta procumbens and
Ipcmoea pes-caprae were severely. killed back, at least on the areas exposed
to the wind. Coconut leaves were turned brown well back from the tips of -
the leaflets. The effects of even slight shelter were immediately evident
in much greener weed growth and cultivated plants, A few weeds previously
unrecorded from the atoll were picked up, such as Desmodium ganum and
Heliotropium ovalifolium, the latter, at least, an obvious recent immigrant
from Guam, growing along the airstrip. Since 1950 Paspalum vaginatum had
spread complétely over the isleb, Pluchea indica had increased greatiy
in abundance, and Pluchea odorata had decreased notably.

Kwajalein Atoll, in dimensions, is one of the largest, if not the
largest atoll in the world, and has 92 islets, on its 195 miles of reef,
Few of these, except the southernmost ones which were badly devastated
during the War and since, have ever been studied scientifically. &fforts
were made to get transportation to some of the others with only partial
success. A visit to Lojjairok and Lojjaiong, oh the windward reef, was
managed on a 'recreation” trip. These islets have been used as recreation
spots for military personnel and have litile unaltered vegetation left on
them, Trips were also made to Enebuoj and Enewetak Isliets, through the
kindness of tir, Henry Wahl of the Island Trading Co. These islels present
an extreme conbrast. Fnebuoj was an active military establishment until
1948, when it was abandoned. Now it is covered by a dense blanket of
Wedelia and Ipomoea pes~caprae vines that effectively conceal practically.
all traces of the former establishments, and certainly retard establishment
of much else in the way of vegetation. A short distance off the lagoon
shore of this islel lies the capsized hulk of the German cruiser Pring
Bugen, '

Enewetak Islet, on the other hand, has scarcely been altered ih any
way by man., It is almost completely covered by a forest of giant Pisonia
trees, the home of inmumerable sea birds., This is unquestionably the finest -
native forest seen anywhere in the northern Marshalls, and probably the
best single stand in any of the Marshall group. Here was afforded a
further opportunity to study the type of phosphate rock formation first
observed on Jemo Island, This islet differs from most atoll islets in
being in the lagoon, rather than on the peripheral reef, It seems to be
magde up entirely of sand, except for the superficial phosphate bed. That
it should have been left in forest is interssting, and the reason is not
clear, It seems possible that this, also, may have besen a bird sanctuary.
This is more likely, in wiew of the discovery by jm H. Hatheway (personal
communication, 19525, that certain islets on Arno Atoll, in the southera
Marshalls, were in prew-iuropean times so preserved, It would be a fine
thing if this tradition could be centinued and such bits of original .
vegetation as that on Inewetak Islet could be set aside as bird and
vegetation reserves for the future Marshallese,

Maclieil, during this time, was enabled to visit several of the .
southwestern islets, because an extra berth was available on. the FS-216,
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another ship-of the survey then operating in ﬁwa;aleln. He made important
geological observations during this period.

I was afforded a complete, if extremely quick, look at the rest of
the atoll when Lt. Comdr. C.K.Brust, U.5.M., tock me on a low=altitude
flight around the atoll in a small tralnan plane. Rough notes on the
© general vegetation patterns on many of the 1slets were made, On Bikej
Islet, which had heen visited in 1946 and 1950, it was possible to note
that the scrub forest in the old U.S, Navy tank-farm had grown perceptlbly,
but that the airstrip was still about as bare of vegetation as in 1946,

Un some of the southemn islets, Pemphis forest makes up a conspictous
part of the vegebation, On Nimur-and Ruot Islets, at the northern point
of the atcll, abandoned uilitary esteblishments were covered by the usual
blankets of hedelxﬁ and lpomosa. Ochrosia and Plsonla forests occur on
some of the smaller islsts. Av the westsrnmost point of the atoll, where
the rsef exbtends for soie distance beyond the lsgoon, broad expanses of
bare reef were marked by transverse strips of boulders, which from a
distance resemble causeways. The origln of these strips does not seem
evident, . :

Several visits to fbheye Zsiet were possibls.thrbugh the courtesy
of the Island Trading Co, officials, who have their headquarters in the
native village there, This JSl\u, also, has little . or nothing left of ilts

original character. The most striking observation made here was the amount =

of spray carried by the strong trade winds. The irside of the porch of
the Island Trading Co. house was continually weh and dripping salt water,
even though somewhat protected from the wind, The windward windows of the
house had to be kept closed in order to keep anything dry in the house,
even tough no rain fell during the entire period. The drinking water
situation in the native village would have been serious if the Naval Air
Station authorities had not sent over water from the station supply.

Ujelang Atoll

After the ship was repaired we promptly left Kwajalein on February
1, arriving at Ujelang on February 3. Here it was again possible to take
the ship into the lagoon and work from her., This is a long narrow atoll
with about 24 islets seattered fairly well around it. Ujelang, the largest
of them, was a German coconub plantation, end the trees are consequently
planted in an exact checkerboard arrangement. No Marshallese had lived
there for many years until, in 1948, the people from Sniwetok Atoll were
moved to Ujelang in order to permit the use of IZniwetok as a testing site
for atomic weapons, These people live in a village built for them by the
U.S.Navy, on Ujelang Islety One of the things of interest to me here was
to see how well these pedple had reacted to transplenting, When T had
seen them in 1945 on Eniwetolk, the war and subseguent events. had reduced
them to a sad state of dependence. Tt was interesting that- there was
little or no complaining, in spite of some obvious homesickness, and that
these people were already much at home, though such signs as most of the
canoes being out of repdir did not 1ook £o¢ engouraging.

For the first two days of our v1q1t I had a fast salllng outrlgger
canoe with a crew of four enthusiastic Marshallese men .at my disposal.
Consequently I was able to visit briefly most of. the isletS'oﬁ'the”gtoll.
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This type of canoe, with its lat=en sall, is remerkably fast and will
sail almost straight into the wind,

Here, on one of the smallek 1slets, I found cocorut crabs for the
first time on the trip, small ones’ only. iy boal crew gathered turtle A
eggs, socty tern eggs, and young noddy terns for food. Inland on Kirin;an
Islet was quite an abundance of pumice pebbles about the size of a man's
fist, scattered on the surface of the ground, especially on the lagoon
half of thu islet, The lower sides of the pebbles were closely 1nVc5ted
in a "basket" or cup of closely grown oots. The gregaricus nesting
habit of the white~capped nodales was very noticeable here, also.

Comparison of photographs uaken in 3944 with present condltlons
showed remarkably rapid growth of Pemphis forest on bare rock flats just
al or above High-tide level on “nimeni islut Cn Udelang Islet was one.
of the few caaes seen anywhere of Pe mg; is growing in sand,

After two days with the canoe, the rest of the avaw;aale time was -
spent on shore on Ujelang Islet, P’ong the lagoon shore, at about low.
tide level, was found a rather exdtensive strip of a sod of Thalsssia
hempr 1ch11, or turtle grass,. the second -occurrence of this.p.ant, and the
only extensive cne, known.in the Harshalls. Stenotaphrum micranthum, a
grass hitherto unknown from the larshalls, possiblr introduced, was found
here, also, These were the only planits seen that are not commen generally
in the Marshalls, save a few weeds that date from Japancse or German contact
with Ponape, It had been thought that, beceuse Ujelang is so far west,
there might be same relétionship to the Caroline flora, but the two spec1es
mentloned are the cnly ouggestlons of such & relaalonshlu.u

My attention was called to & few’ os*racods, minube crustacea, whlch
were swimming in a water sample brought from Rali] Islet by Arnow, To
coliect some I made a special trip to Ralg on the lest day of our stay.
Returning with a good sample, I found that -iaclieil had found them 1pde~'
oendently in The same well and had brought a bottlc full,

VlSltlng a large number of 1s*ets, while gnv¢ng a better geographscal -
picture of the atoll, resulted in the number of collsctions of plants and-
animals from UJelanﬂ belnv comparatively small, Thl° should not be taken
to 1nd1cate a smaller Jauna than on atolls where more anlmals were co;lectedt

Wotho Atoll

On January 10, wzth the usual feellng of not havzng had quzte
enough time’ to make even a good super”1c:al survey, we left for Wotho,
We arrived thcre on darmary 12, This atcli promised to be very interesting.’
Its land area is large and its human population small, and the aerial
Photos showed large aress of apparently undisturbed forest. There actu-
ally is on Wotho much more native forest in its original condition than -
on any other atoll in this climatic belit, and nrobablj more than on any
other of the Marshalls, ex ceotlng DOss;b]y ?okak» :

Cur camp was set up on-the wust end of ”btho Islet, the, 1argest of
the islets on the ato11 The first disbinctive thing notzced here was
that the mixed forest contained a lsrge percentage of Soulanea amara, a
small tree which, though widespread in the northern Marshalls, is gener=—
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ally quite lecal and not very common, The soil in this rather open mixed
forest is also unusual, of a fine grayish silty character and naturelly
rolled up into small pellets like BB shot,

The total population of this atoll is 26, The people live in a row
of widely scattered houses along the broad sand ridge at the top of the
lagoon beach. These houses are cormected by the usual perfectly straight,
wide path, lined with slabs of coral set on edge, dating from the German
period, Such paths may be seen.on every inhabited atoll that I have visited
in the Marshalls and Carolines, Here are a very few breadfruit trees. The
vicinity of this "wvillage" is well planted to cocomut trees, most of which
appear to be very healthy, However there is an ares of some acres in
extent back of the houses that has no cocoruts and is in grass, except
for scattered Quettards and Scaevola bushes and some Wedelia, There are
no dead coconut trunks and only a . Tew very yellow coconut seedl;rgs, the
origin of this grass-covered opening is not clear, Although there are
only three or four men who make copra, a considerable amount was piled
up, waiting Tor the Island Trading Co, ship, Something about the bags
in which the copra was packed scemed familiar. On examination they turned
out to be "fique" coffee bags made in Bogotd, Colombia, identical with
many thousands-in which we had shipped Cinchona bark from the South
American republie during the war, The little cld man who was chief of
Wotho could be seen husking and chopping coconuts for copra at any time
durlng the day. These people were frlendly and helpful and seemed glad
to have visitors. .

The center of the islet has a series of long, winding troughs and
ridges, remains of anclent taro pits. Here and there these have been
cleaned out and Cyriosperma vplanted, which is strugeling with the weeds,
Most of the pits support dense tangies of Clerodendrum, Pandanus, Yigna,
Canavalia, Wedelia, and breadfruit trees, The breadfruit trees also
surround the pits.- o

Back of the plantation and taro pits stretches a fine expanse of
pure Qchrosia forest, identical with that studied on Lae., Cne could walk
for a good distance in the dim light that diffused through the dense
canopy of this interesting woods, A feature nobted in most large stands of
Ochrosia -studied here and on other atolls was the presence of patches where
the trees are yellow and unhealthy, some even dead. There is no obvious
reason for this, but the patches are apparently of long duration, as they
were to be seen in exactly thelr present positions on aerial photos taken
eight years before. Cn the east side of the islet, between the Cchrosia
. and the beach scrub is a fine strip of Messerschmidia forest of large trees
with little undergrowth. The scrub belt 1s unusually broad here, and the
Scaevola leaves at its outer edge are thickéned and twisted, somewhat
yellow, apparently showing the effects of too much salt spray. Scaevola
does nob usuallv demonstrate such'symntoms{

The 1nadequaCJ of . the pub;lshed charts of these atolls is nowhere
better demonstrated than on Wotho Islet., Not showing at all on the
available H.O. chart is a tremendous shallow embayment on the windwa=d
side that cuts a roughly rectangular section to the niddle of the islet,
This embayment runs out into a sort of inlet of sand that rapidly narrows
and pinches out just back of the lagoon ridge. It has every appearance
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of ‘an old stream bed, though stream beds do not exist on coral islands. A
similar channel, but one that does not pinch out, cuts the northeast

corner of the 1slet off as a separate islet, "Faherikan" of the natives,
which is not shown at all on the chart, Whether these features were simply
missed during the surveys on which the chart is based, or whether they o
came into existence subsequently, and if so, how, are interesting questions.

Ujae Atoll

Before our exploration of Wotho was well started an accident to one
of the small boats necessitated stopping work and leaving for Kwajalein,
to await ‘spare parts, again to be sent from Yokohama. We left on February
15. The Major decided to call at Ujae on the way, to see what small-boat
transportation might be obtained there, We anchored off Ujae on February
16 and went from the passage to the village, on Ujae Islet, in our remaine
ing small boat. To have quieter water, as the wind was making the lagoon
very choppy, we crossed to the windward side and skirted the leeward side
of the windward reef, This trmp to the wvillage tock several hours.

Cn this trip I first notlced a phenomenon frequently seen afterward
Extending out into the lagoon. from the reef in the direction parallel
with the wind were a series of narrow strips of smocth water resembling
oil "slicks." They ranged from several centimeters to half a meter or even
a meter in width, They extended out- into the lagoon for several hundred
meters, becoming more broken up and "braided" by the choppiness further
from the -reef. They also seemed to be of different "ages," judging by the
freshness of appearance and sharpness of margins, the "older" ones appear—
ing "braided" and showing signs of breaking up. They seemed to start at
the reef itself, where water from the open sea was crossing it. These
were seen actually in hundreds; unevenly distributed along the entire
distance from Wotya. Islet to Ujas Islet, at the south end of the atoll.
Their orlgln and actual mature are, completely chscure.

Ujtae Vlllage seemed, unusually well kept and prosperous looklng, and

the people were very friendly. They had a community-owned small sallboat
the "Helper," which they were willing to rent to the surveying party, so
i was decided to start surveying this atoll while waiting for the spare
parts that had been requested from Yokochama by radio.

Bock Islet on the north side of the entrance to the lagoon, was
selected for the,astronomlcal station. This islet looked wvery well wooded
and only partly disturbed by man, so I took advantage of the opportunity .
and set up camp on shore with the surveying party. Only about one-fourth
of the islet had been cleared and planted to coconuts, so that an excellent’
sample of what seemed to be the original vegetation was vreserved. On the
south end enormous Pisonia trees towered to about 30 meters, and in the
center were Intsia at least 25 meters in height. The undisturbed parts
of the islet were quite rocky. Some of this rocky ground supported a.few
coconut trees, as though-an atbempt at cultivation had been made at one
time, The coconut trees there did not seem to be bearing as well as those
on the sandier parts. A small family group of Marshallese had a temporary
encampment on this islet and were making some copra..- -

Large numbers of white-~capped noddies wére nésting in the Pisonia trees,,'
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~and the almost full-grown young were being killed and eaten in large
numbers by the Marshallese, Since the Pigonis branches are very. brittle,
the men did not care to climb the trees to get thebirds, Cne day I heard
a tremendous crash in the forest. When I reached the spot I found half a
large tree down and the natives catching the young birds in dezens. They
* had some hours before 1lit a fire in a hollow part of the trunk and burned
it until it split apart and one helf fell. The fallen part was 30 paces
long,

4 stay of four days made it poss_ble to investigate this 1=let more
. leisurely and thoughtfully than was feasible on any of the previous stops.
Better collections and perhaps a better understanding resulted. It was also
possible to collect a seriecs of 1 logs of the comaon trees for testing, How—
ever, the first attempt of the surveyors to use the lLecal schoonsr ended
in disaster. They tried to enter the narrow curved passage at dusk and

ran the boat on the reef, breaking several holes in the hull,

Several days of frantic efforts followed, Wthh resulted in floating
the boat off the reef, putting in temporary ﬁatch&s, and towing it across
the lagoon to Ebeju lslet vhere it was beached, Then we left for Kwaja-
lein to get repair materlalu, a3 well as the spare parts for our own dis~
abled whaleboat

While at Kwajalein, through the courtesy of the Adwministrative
Officer of the Naval Air Statiecn, I was able to accompeny a routine photo-
graphic flight over Likiep, Jemo, Ailuk, Utirik, Taka, and Kwajalein
. Atolls, It was most interesting to study from the air the atolls we had
previously seen on the ground., Many geographical questions were cleared
up, and corrections were made in the sketch maps prepared on the ground.
The vegetation was quite drab and brownish after several months of dry
weather and wind, Somé kodachrome photographs were taken, to record the
vegetation patterns of the smaller islets. It was noticed that most of
the passes, esp601ally_on the leeward sides of the larger atolls, have
islets or reef patches in the lagoon opposite them, Some of them also have
1nward—curv1ng sand hérns extending from the corners of the adJOlnlng
1slets.

Captain Fretz arrived at Kwajalein, from Tokyo, as a replacement
for dajor Hudson as officer in charge of the surveying party. As soon as -
the whaleboat was repalréd; on March 1, we returned to Ujae to finish .
the survey, as well as to finish the repairs to the wrecked schooner
"Helper." The latter task was taken in charge by our able chief engineer,
Charlie Trey, and the hull, when finished, was undoubt@dlv in bctter
condition than bafore the bcan was wrecked,

Durlng thls pericd I'was able to up@nd time on most of the islets
on the windward reef, as well as on the largsr islets at the north and
gouth ends of the atdll Zbeju, at about the center .of the east side,
has a fair-sized patch of Ochrosia forest showing the- same ypllow ratches
as noted on Wotho, :

In the interior of Anuij, the small islet connected to Ebeju on the
south by a ridge of small dunes, was a patch a few yards square where the
sand was literally covered by pumice pebbles. In places where these were
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very abundant the surface of the ground was made up of a peat-like mat
of roots in which the bottoms of the pebbles were embedded. This seems
‘to be an elaboration of the phenomena described earlier, in which the
pumice pebbles were gurrounaed by roots or enclosed in a basket-like cup
of roots.

thickets, Zlsewhere in *he Marsnalls it bhas appsared to be efceedlngly
rare or absent, Its yellow, acid, plumllke frult is qulte agreeable to the
palate on a hot day.

Cn Wojia Islet, south of Ebeju, the scrub belt, norually found on
the gseaward sides of windward islets, is lacking Ets place is taken by
an irregular platform of rock 3 to 12 decanmters abovp the level of the
reef flat. This platform i1s of saveral layers, which are being removed.
by the waves and other agents, The top layer is of very rough conglomer—
ate, not as well consolidatéed as thé lower; finer layers and only a
portion of it, on the outer sdge of the platform, vemains., The lower harder
layers are actively spalling off or exfoliating. It seems probable that
the vegetation was at some recent time removed from this platform, exposing
it to destruction by waves and weather, Cn this islet two interesting
vegetational phenomena were evident. One was the tendency of Pisonia trees,
when knocked down by wind, to send up copses of sprouts, which develon
into dense thickets, The other was the ability of Cchrosia to establish
itself under Tisonia. Solid stands of Ochrosis saplings were seen in the
- Pisonia forest wherever a seed tree was present. This suggests that once

an Ochrosia. tree becomes established in such a forest, eventually the
~forést will be changed to Ochrosia. That all the forests in thils belt are
not pure gtands of Gchros1u may well be due only to the poor dispersal
powers of the seeds, . The fruibts are aboub the size and shape of eggs,
with a thick dayer of corky flodting tnbguc inside the fleshy layer and
surroundlng the seeds. They- float very effect¢ve¢y and are often cast up
in'drift, bubk are probably only carried intd the shady interior of &n
Jislet, where they will becomé established, by the relatively rare storm
waves, Once established they would normaliy spread by being dropped from
the ends of the branches of the.parent trees, certainly an extremely slow
dispersal, Of course storms and other accidents might gresatly increase
this rates The slowness of this succession from Piscnia or mixed forest
to Ochrosia forest is one of the best veasons for considering the Ochrosig
_.forest to be one of the original vegetation types of these atolls. Stands
of Ochrogia forest such as on Wotho could scarccly have come into existe
ence in less thaq hundreds of voars. -

Durlng our sbq; on this atoll there were several oﬁpowtﬁnltles for
further observation of the "oil slicks" extending downwind from the reefs,
and described on our first visit to Ujas. These were seen to extend at
Ieast half a mile into the lagoon and, some distance from the reef, to
become as much as 6 to & mebters wide, Near the reef, ‘where they are more
sharply defined, they range from a few centimeters Lo 1 meter in width,
and are characterlzed by an abrupt damping out of the surface dﬂsturbance
of the water and an accumalation of small oubbles and flecks of foam in
2 streak near the center of the strip, They seen obviously to be caused
by continuous emission for a period of time of some substance which changes
the surface tension of the water. They are remarkably stable, considering
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the choppiness of the water, and are much straighter and more visible
when there is a falr breeze than when there is 1little., They present
exactly the appearance that would be expected from a series of small vents
of oil situated at close bubt irregular intervals along the reefs, It was
at first thought that oil or some other substance was being carried over
the reef from the open sea, but they were cbserved clearly in the les of
some of the islets, especially the large FEnelamoj at the north end of
Ujae. An attempt was made later, on Wotho, to follow one of these myste-
rious "slicks" to its source on the reef. It obviously originated in a
consolidated rubble-flat, barely expossd at low tide, bubt was impossible
to follow in the very quiet water in the immediate lee of the reef.

In a small area on Alle Islet, near the north end of Ujae Atoll,
pure Cordia forest was seen for the first time. Here also were enocrmous
nurbers of hermit crabs, hiding in the day time in and under rotten coco-
nut logs. They occupled many kinds of shells, bub mostly those of several
kinds of cerithids, A large series of the crabs was collacted, as they had
various markings.

The chief of Ujae Atoll is a young man named Enti, who had learned
to speak English very well at one of the Navy Civil Administration schools
~on Kwajalein, Bis father, a dignifisd, middle-aged mahn, had also learned
Bnglish at the same time, Both seemed to grasp very well our reasons for
wanting information on the natursl history of the island and on the
customs of their people, Many points that had previously been in doubt
were cleared up in conversation with them, and much information, especially
on the utilization of fish, birds, and other animals, as well as the names
by which these were called, was obtained. These people are a very attrac-
tive and interesting group.

We left Ujae for Kwajalein on March 14 and arrived there the next
day. Our stay on Kwajalein this time was brief, with no opportunity to
do much more than answer mail and lay in a few supplies, Ted Arnow left
the party here and returned to Guam, his part of the expedition finished.

Wotho Atoll

- On March 17 we left Kwajalein for Wotho to finish our work there

" and to make another attempt to visit Bikar and Pokak Atolls, This time,

on Wotho, we spent most of our time on thé islets other than Wotho itself,
which we had not visited at all on our earliér stay on the atoll. These
are all completely uninhabited and, except for Kabben, relatively little
disturbed, On the east reef is a narrow spitlike islet, several miles
long, which does nol appear on the hydrographic charts at all. That it is not
merely an ephemeral sand spit is evidenced by the presence of beach-rock
on one side or other of it for most of the length of the part examined,
Near the north end the beach-rock on the lagoon side is ronspicuously
pot-holed, This ridge of sand is mostly covered by a scrub nf H.ssersche
midia, Scaevola and Terminalia, varying from scattered to continuous, and
one large clump of Pemphis, a second occurrence on sand, The effect of
vegetation on sand accumulation is very cbvious on this islet. Where the
gerub is continuous the sand ridge is conspicuous and several feet higher
than in the gaps, where it is low and very flat,
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On Enejelto Islet, near the south end of the east reef, the lagoon
beach is covered by piled-up slabs of beach-rpck, apparently thrown there
by lagoon waves during storms. The process of quarrying these slabs from
the beach-rock beds by emall lagoon waves was very obvious, certain beds
being more susceptible to solution by the continuously moving water than
others, causing the harder upper ones to collapse and crack into large
secticns,

Kabben Islet, a large triangulsr viece of land at the southern tip
of the atoll ‘is paxtiy in coconut trees and partly in completely undis« -
turbed forest. Much of this forest is solid Ochrosia. The coconut planta=
tion is genérally sparse and has a rather dense undergrowth of bushes and
small trees. On the south point of the islet iz an encrmous boulder ridge,
Drift seeds were more abundant on the beaches of this and some of the islebs
on the west reef than anywhere else visited on the expedition. Most of
them were of Mucuna, but some other kinds were collected also. The islets
on the west reef had conspicuous sand dunes and conspicuous patches of
Pigonia forest. Humus underlain by thin layers of phosphate hardpan was
found on several of these islets, as well as on EneobnBk Islet on the n
north reef, Birds were abundant and the humus was liberally stained with
guano, On Eneobnik the origin of the curiocus low mounds of coral rubble
noticed on-Utirik, Likiep-and other atolls was clarified. Such mounds
were seen around the roots of blown down Pigonia trees, with, in some
cases, the mass of roots partially or almost completely decayed away. Some
of the Pisonia root systems are encrmous and the trees might well pry up
a very sizable pile of stones, Once formed, though the sand might wash
down from its. -surface, such a mound would llkely persist for a lono tlme,
unless swept awuy by typnoon Waves, : . -

Cn our last day at Notho;_Charlie Frey; the chief engineer, took .
Captain Fretz trolling in a small boat, and I went alqng to take advantage
of a chance to get ashore on Mejurwon, the third largest islet of the
atoll. The fishing was et01t1ng, several large jack and other more unusual
fish being brought aboard. Hejurwon was of interest in that it had the
only apparently wplanted stands of Calophyllum.inophyllum seen in the
northern-Marshallss This is ordinarily a tree found in villages and near
houses, or solitary along paths. Here, opn-this completely uninhabited
iglet were large patches of it, clumps of good sized trees, on sandy areas
near the lagoon beach, While we were on the islet we met some of the:
Marshallese from Wotho Islet, who had been there on a food collecting
expedition, They had gdtherud a large bundle of dried Pandanus leaves for
plaiting or thatching, a small amount of copra, a batch of turtle efgs,
and three or:four dozen coconut-crabs (Birgus). They had roasted some of
the latker and gave us several of the great claws to eat, They were still
hot and -the meat was delicious, somewhat similar to lobster, but with a
very distinctive flavor of its cwn. They gave us three enormous live . -
specimens, tied with strips of coconut lsaflet. One got loose.in the boat . -
and caused-quite a commotion, 1 preserved mine, and 1t is now in the 8 Sees
Natlonal Museun collection. : :

Bikar and Rokak

Leaving Wothé on March 23 we préceeded.norﬁhward for another try at
Bikar and Pokak, We arrived off Bikar the next day and. investigated the



2y

channel, The current flowing out of the passage was too strong for the
small motorboat to make any progress against it so the attempt was given
up. We spent the rest of the day exawining the atoll from all sides, making
what notes we could from the ship. On the leeward side the '"oil siicks"
described above were very conspicucus, extending oul from the south half

of the reef as much as half a mile, Birds were abundant, and great numbers
were scared up by blasts from the whistle,

Departing in the late afternoon, we were off Pokak the next morning,
The passage, at low tide, again resembled the traditional milirace, There
was obviously no point in trying to enter at this time. We crulsed around
the atoll examining the islets through binoculars, taking notes., The vegee
tation had a definitely dry, gray appearance, it almest high tide we re
visited the passage. There seemed to be almost no current at that time,
and that would clearly be the proper time to enter, However, a west swell
had set in and was breaking at times clear across the entrance, so no
attempt was made to get a boat in, Again, on the lee side, especially near
the passage, the "oil slicks," seen on previous atolls, were very conspi-
cucus, this time extending as much as several miles to leeward and becoming
very diffused. In the neighborhood of the mouth of the passage the water
seemed to have a somewhabt lighter blue color, suggesting the effect of
colloidal calcium carbonste, It is possible that a certain amount of very
fine sediment was being swept out of the lagoon.

It was with a considerable feeling of frustration that we received
the Captain's decision to give up any attempt to land on Pokak. An
opportunity to investigate a place never before visited by a scientist
does not come every week., Its bleak appearance did not lessen at all its
interest., And John Cameron's story of the basalt blocks remained as tan-
talizing as ever, We started back for Kwajalein that evening and arrived
the morning of March 27,

Return Trip

The next two days were spent in packing and stowing our gear in the
hold of the ship, and in arranging for air transportation to Guam and
Tokyo., Larly in the morning of March 31 MacNeil and I left for Guam,
arriving at about the middle of the morning. We planned to spend a couple
of days here, discussing some of our findings with the party of geologists
engaged in working out the geology of Cuam. Joshua I. Tracey, chlef of
the party, was in the hospital, but not especially incapacitated, Ted
Arnow met us at the alrport, and we had a good visit., He was busy getting
ready to go te Palau, so the others in the party took us around Guam,
enabling me to check a few debtails of the vegetation, which I had studied
some two years before, Some of the areas of swordgrass that have not been
burned since before the war are now conspicuously covered by Casuarina
saplings. The obvious effects of the 1949 typhoon have in many places
almost disappeared. Rocks that were completely denuded of vegetation,
except for root crowns in creviees, are now fairly well covered again by
low Pemphis brush. The forest on the north plateau seems to be generally
in rather decadent condition. Field work on Guam for the next year was
planned to fit in with the program of the geological party.

On April 2 MacNeil and I left for Tokyo. We stopped at Iwo Jima long
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enough ‘for a stroll around the airport and to make o few observations on
the weedy.vegetation that had appeared since the War. We arrived in Tokyo
in the afternoon, :

Two and a half weeks in Japan were spent in writing preliminary
reports, making plans for the reporus and papers that will embody the
results of the expedition, and in packing and shipping the specimens. The
FS-367 arrived -a bit late with our collections, having been badly battered
by a storm on the way up. We were able to take ftwo short trips into the
countryside of Japan, being fortunate enough to arrive during the seascn
of the cherry blossoms, for which Japan is famcus. This country was fully
as beautiful in the spring as it was when we saw it in the fall,

Hake Island

I had arranged to spend two days making a quick reconnaissance of
Wake Island on the way home, so I left Tokyo on the night of April 18 and
sighted Wake on the afterncon of the 19th, I was abple, while we were
landing, to take some kodachroms photos of the atoll from the air. The
vegebation seemed to be noliceably affected by the dry weather, the atoll
appearing quite as gray as Pokak had looked from the ses, |

. Good fortune wag definitely with me here, One of the first persons
I met was ir. Fred Schultz, in charge of pest-control on the island, He
offered to drive me arcund the island and act as guide, This was an excel-
lent arrangement, as he knew.where all of the variations in the vegetation
could be seen and was also quite willing to explain his very successful
campaign of pest—cpntrol He had, within a year, brought the island's
three plagues—-rats, flies, and moscuitoes-- so completely under control
that in two days we had trouble finding &ny, even for specimens. We saw
one rat, three or four flies, and no mosguitoss abt all. He had applied
what he knew or could learn of the ecologzy and habits of these creatures,
destroying the breeding places of the insects and systematically poisoning
the rats, In poisoning the rats he had apparently accidentally destroyed
the hermit crabs also, as we saw none, and he said they were common a few
months before, :

The vegetation ot Wake descrzbed guite well by E.H, Bryan din 1923
(publlshed by uhrlstoph»rsen, 1931J, was almost entirely destroyed during
the War, The remains of fortifications, Japanese and American, are to be
seen practically everywhere, {nly three rather small areas of the original
forest cover remsined, The astonishing thing about the vegebtatlon was the
rapidity with which it had recovered., large Messerschmidia bushes, 3 to 5
meters tall, dominate the landscape; they cover the ditches, tank~traps,
platforms, gun emplacements, and revetments and give the appearance of
long~established vegetation. Four years earlier the general plant cover
on the island was said to have beén no more than a foot high: Un Tavorable,
sandy places, according to the Civil Aeronautics rdministration officials,
lesserschmidia had grown as much as 2 meters in a year, R__phts here seems
to favor situaticns of broken coral rock and of fine silty sand, Two very
obvious plants not found in the Marshalls but common here are Seguvium
portulacastrum and Heliotronium anomslum. Suite a flora of introduced weeds
has established itself. Indeed. it 1s hard, sometimes,to tell which plants
really be;ong here, Ipomoea pes—caprae and goosvplum nlrsutum var, reli-
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iosum, of whicth one plant af each was reported by Bryan; were now common,
- One of 'the old patches of forest, persisting from-béfore.the War, was an
interesting mixed forest of large low trees of Pisonia .and Cordia,

After two very busy days here, I left for Honolﬁlﬁ“earxygin.the
morning of ‘April 22, There an opportunity was afforded to see Kilauea
volcano in eruption, and incidentally to make some study of the vegetas

tion, The return to Washington w1th a stop in Gallfornla was without
incident.

Another Attempt

Mail and many questions had piled up in my absence, so I settled
down to take care of them and to work on reports of the expedition and
its results, Bub only a few weeks had passed, when a cable came from
Tokyo asking if I were interested in ‘joining the FS-216 at Wake Island
for another attempt at Pokak and Bikar. I was taken aback by this; my
mail was searcely answered but nevertheleus I decided to go.

So preparatlons were again in order and a few weeks later, on
July Sth, I was again flying westward. The principal incidents of this
flight were a three~day- enforded wait at Travis Air Force Base, Cali-
fornia, and notification on arrlval 1n Honolulu that T was expected in
Wake w1th1n four hours.

Needless to say, I was not there by that’ tlme. Several appoint-
‘ments in Honolulu had to be kept. There was also the matter of trans-
‘portation from Honolulu to-Wike to be. arranged; and such arrangements
' are not usually made on.a moment's notice. However, because of superb
cooperation of the Visitor's Bureau of the Us 3. Army, at Fort Shafter,
which’ put a car at my disposal and took care of all the arrangemen*s
- with Military Air: Transport: Service, T was on a plane again by the mid-
. dle of the afternoon and on Wake Island by 2- o'clock the next morning.
. Enroute I had a short stop, ‘wifortihately just after dark, at Midway and
- was able to examine briefly from the air Niihau, Gardner Rocke, and Pearl
and Hermes Reef, of the Leeward Hawaiian Islands. The size of the trees
on Midway was surprising. Some of the Casuarina trees, planted many years
ago when the Cable Staticn was established there, were at least 15 meters
“high and almost 0.5 meter through above the base. TFrom the air in the
dusk the island presented an almost wooded appearance., -Albatrosses were
. to be seen along the runway as the pilots played a searchlight on them,

-Young ones were obgects of much pasS”nger curiosity around the termlnal,
too. ‘ .

Arriving at the Wake IsIand terminal at 2 a, m,, I was dismayed
at finding no one who had thé slightest idea whether or not the FS-216
 was still at'Wake or had deparbed. After exhausting the possibilities
.of finding out, I went to bed for the remaining few hours of the night,
In the morning it was almost as hard to find out anything definite.

But after the superintendent of the island came to his office it was
possible to get transportation to the- boabtlanding, and it was a reldef
‘to see the FS~216 still at anchor and to meet its captain coming in to
get his final clearance for.departure for Pokak and the Marshalls.

On climbing aboard I was greeted by Charles Johnson, my geologist



-
-companion for the expedition.

| Our flrst lunchmtable converoat¢on with Captaln Clover, the

‘ offlceruln—charge, allayed, somewhat, my skepbicism about getting ashore
which was natural after two abortlve attempts. There seemed no doubt in

‘his mind about it. T

Durlng the drive from the Pan-Americsn terminal te the boatlanding
it was possible to observe the striking change from the dry aspect of Wake
Island exhibited in April. . The herbaceous layer, especially Euphorbia
heterophylla, gray and dry then, wag green and attractive now, The Messer-
.schmidia trees locked more luxuriant now, bubt those near the Transocean

' Air lines compound that had appeared dead were still very much so.. The dry

'season had been too much. for them, esne01ally where they were growing.on
-the loose rubble plled up in the fortifications. Heliotropium ancmalum
. was flcwerlng abandantly south,of the airstrip, ' : ‘

Pok@k }toll

Ont the mornlng of July 20 we were off Pokak AtOLl ‘onece agamn. The
sea was quiet, and no breakers were to be seen-on the-leeward side., A
- strong current was running out of the narrow crooked vpassage, Jjust as on
the two previous visits, but the small motorboat regotiated the passage
easlly and the landing operation was under way. :Crossing the lagoon to
the northeast end of Sibylla Islet, the largest of the string of rock and
sand heaps thal occupy most of the southeast reef of this remote atoll,
. we sbopped ashore on one of the bleakest, loneliest spots that mt has been
. my privilege to explore. , : : .

. .Pokak is a crescent-shaped atoll, about 11 mlles from tlp Lo tap,
orlented north and south with the convex reei” o the east, and with all
the land on the southeast quadrant. At high tide water pours -in over the
reefs, Bub as soon as the tide begins to go down, only the single narrow
passage on the west serves as an oublet., Though the water rushes out of
thig as through a mlllrace, in 6 hours the water level inside is not low-
ered much, and the level in. the lagoon ig at all times excepht. at-high tide,
-51gn1flcantly above that of the surrownding sea. This, of course, makes

i_,surveylng and the determlnation of land area.a less than usually exact
"]:procedure, as altltudes are commonly expreSbed in relation to mean low tide,

. The usual conceptlon of a palm—bedecked atoll does not fit Pokak
at all, The vevetatlon is a low scrubby wood -of Messerschmidia trees and
_ bushes, very. sparse and at this season, -grayish and dry looking. -Large

" .areas in the interior and toward the lagoon side on the wider parts are

covered. by a thin bunch grass, honeycombed by burrows .of wedge-tailed
- shearwaters, gacht burrow marked by a pile, of white coral sand.,  These piles
_of white, sand explained the curiocus salt—andupepper appearance of these
. areas. on aerial photographs. -On the seaward side are vast :boulder ridges
and boulder flats; some wooded with scattered low Messerschmidia, others
open, or with occaslonal. plants of Ipomcea tuba. These presented-a curious
appeararnce, . Normally this plant is & liana, climbing to the treetops
- in forest, forming dense tangles over trees and bushes, the stems reaching
.several centimeters in thickness, Here, in this dry clinmate the elongate
twining stems die during the dry season, remaining in the form of a thin
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network over the bare rock flats. These dead stems are utilized by the
frigate birds for nesting material, These branches die back practically
to the root crown, which forms an erect stem a foot or so tall and half
that or more thick, crowned with stubs of branches with a few green leaves
and buds ready to produce next season's vegetative growth as soon as
sufficient moisture is available. There seems little doubt that this

is the same plant that-is a liana elsewhere, and that this curious habit

is induced by the severe dry seascns common in this forbidding habitat.
Scasvola scrub, curiously enough showing less signs of drought than the
obher vegetation, covers some areas, especially ones where flat reef-

rock lies atthe ground surface and a few small areas of dune sand. Else~
where this bush may be mixed with the Megserschmidia. In some of the sand-
flats dominance is shared between the bunch grass, Lepburus_repens, and

the slender low shrub, Sida fallax. In other places, especially certain
areas on Kamome Islet, the widest and, curiously, the most treeless of the
atoll islets, Sida. assuned complete dominance, here reaching a height of
two meters, making a thin gray scrub. The response of this plant to the
drought is also interesting, At the time of our visit practically every
individual plant had all but one or two of its branches leazfless, gray,

and dead--brittle with no sign of living tissue, Almost invariably, how-
ever, one or two branches were healthy, leafy, and even flowering. Also
on Kamome Islet are several low patches of Pisonia grandis. This tree,
which forms magnificent forests on wetter atolls, there is low, not more
than 5 or 6 meters tall, and with small trunks. At this season the canopy
is very thin, as the trees lose most of their leaves in the dry season, and
here the leaves are not as large as they are elsewhere, The patches are
circular and obvicusly are slowly spreading, as is easily seen by comparing
aerial photos taken even as little as eight years apart. These are the
only colonies of this tree on the atoll and probably have not been there
long, The fruits of Pisonia are extremely sticky and quite capable of
being carried stuck to birds! feathers from elther Wake or Bikar," on both
of which the trees are found,

Previous information on this atoll has been almost wanting, Kotzebue,
.on his voyage around the world, passed by in 1819, and Chamisso, the famous
German naturalist and writer who accompanied him, described it from half
a mile away., This description, only two paragraphs long has prov1ded the
only reliable information to the time of our visit. John Cameron, Pacifie
wanderer, adventurer, trader, and guano-digger, visited it in 1893, as
recounted in his "Odyssey'') He describes huge basalt blocks-~one of them
15 feet 6 inches long, 5 feet 4 inches wide, and 3 feet thick--comparable
to those on Ponape, and wonders sbout their origin., The German writer
Irmer, in 1896, speaks of the atoll as being covered with guano several
meters thick., These last two accounts are interesting but quite untrue,
A week of constant searching by Charles Johnson and'myself, as well as
by the surveyors, revealed no basalt and no thick deposit of guano, - Cther
than coral llmestone, there were a few of the ususl smaller gray fine-
grained pumice pebbles and a large chunk of black scoriaceous pumice cast
up on the beach, Great boulders of coral, darkened by algae in their
outer layers, some of them of rectangular shape, are scattered over the
surface of islets and reefs; also a few remnants of an older, higher reef
surface remain in place, especially on the bare southwesternmost islet,
- The coral boulders may have been mistaken for basalt, or the story may
have been pure invention, As for guano, in spite of the presence of
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, 1ncred1ble nubers of birds, practically no guano exists on the 1sland

. Under brees where birds roost there may be up-to .an 1nch or so, very lo-

. cally, but guato was 50 scarce thabt it was_difficult. £o get a proper spece
imen for analysis. And in the.greab rookerics of sooty terns,’ according
to some authorities the source of large guano deposits, there was no vis~
ible accumulation on the ground, even around the nésting places,

The largest islet is called glbyllan On its lagoén shores are con-
spicuous lobes. of blackened resf=rodk, with Fough pltted $urfaces just
above hlghwtlde level, At several places thege lobes are ar rranged in
pairs,. as though they marked the inner ends of channels., No evidence of
the former existence of channels across the islet at these places was to
be found on large-scale aerial photos or on the ground, though consider-
able search was made, However, cn photos at a scale of 1: 20,000 or
smaller, traces of the chammels were quite evident. Further to the south-
west were several much more obvious former channels across the islet, now
filled with sand and gravel, In fach, it was possible to walk dryhshod as
far as Pokak Islet, the next to the last on the reef, with the channels
becoming more and more obvious until the last, west of Polak Islet, was
impassable, On Sibylla some elonvated areas. looked, nn the' photographs,
to be grassy, at least similar to areas on vhotos of other islets known
Lo be grassy. Here, however, examination showéd them to be enormous boul-
der or cobble flats, in places abgolutely barse of vecetatlon.

 Pokak Islet was the site of the ‘Japanese establishment on the atoll,
said to have been a radio relsy station and obviocusly, alsc, & small bomb
dump, , The pathetic remains of this {iny base, a blackened heap of rusted-
- through galvanized iron, half burned timbers, broken bottles and utensxls,
a cement 01stern, scattered unexploded bombs, and, off to one side, a rude
”torll“ mariking. a temple glte, even here, should serve very well as a les-
son to would~be empire builders, Hére was the remotest outpost of the
former Japanese Empire, a place of unlmaglndble loneliness and discomfort
for the exiled, normally soclalJy inelined’ Japanese garrison. It was bombe
ed completely out of ex1btence :n one day, in April 1944

A well at this site, dug down through the sand and gravel to the
water table, had only salt water at the time of our visit, during a long
dry season, It seems res wsonable, however, tHat the water may have been
useful during more favorable seasons. = Two other wells that we dug at the
widest part of Sibylla Islet also ylelded water too salty for drinking
purposes. .

South TIslet, . or Bokdlk of the Mursnallese, is bare of all visible

. vegetation, Its exposed rock platform is, 1nteresnlng geologlcallj. The
general level is above high tide. Cn the lagoon 31de it *is c¢onspicuously
undercut. Here and there on its surfade are masses of rock, at first ap-
- pearing to be boulders cast up on the platform by .storm waves, as seen

. elsewhere, Examlnation showed, though, that they are actuall a part of
‘the island, itself, remnants cf a hlpher surface,. w1th no jolnt or suture
- between them and the wnderlying rock.  This is an important part of the

. overwhelming mass. of avidence to be seen on this atoLl “of a rélatively
higher sea level in thé not too remote past, Theé surface of the general
Trplatform of this islet is . most pecullar in belng scarcely pltted with no
sharp . edges to the. plts and solution suriaces, Also it is light gray,
rather than the ususl‘dark or almost black, It is clearly a2 surface
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subgected to abraalon, and the low deposit, on the seaward side, of white
cobbles and gravel is thé cbvious abrasites This is well above high-tide
level, but its whiteness and rounded character is mute evidence of the fury
and frequency of the storms that must roll these pebbles around to abrade
the general surface of the islet,

Another spectacular evidence of a higher sea level was found on the
south coast of Sibylla Islet, It is a huge perched boulder, resting on a
much narrower pedestal of reef rock, the base of the boulder about 2 meters
above the present reef flat. The top of this pedestal corresponds in level
with remnants of reef rock which protrude from under the mass of loose
material that make up the islet nearby. This mushroom~shaped structure
stands erect at the outer edge of the beach and imner edge of the present
reef flat. A distinct suture is obvious between the boulder and its support-
ing colum, Clearer proof could not be wanted of a higher stand of the sea -
in relation, at least, to this island. The boulder is in no way different
from the ones which oceur sporadically scattered on the present reef fliat,
on this and other atolls, In a wetter climate it would probably have bea
gradually dissolved away. The impressive thing is the enormous expanse of
reef flat that has been planed from this level down to the present lower.
level at about mean low tide. Even with maximun estimates of time invol-
ved since the post-glacial high stand of the sea this cutting has been
remarkably rapid, One of the major interests of the geologists on the
expedition was to discern and establish the processes responsible for this
degradation, '

- Except for the enormous numbers of sea birds, the land fauna of
Pokak is meager. ' The Polynesian rab, Rattus exulans, is present in some
abundance, That the birds, even ground-nesting ones, do riot seem to be
seriously bothered by these rats is most interesting. A lizard, a‘dwarfed
form of the common blie-tailed skink, was occasionally seen, Here it is
10 be found most frequently under loose bark of dead trees, rather than
in its usuval habitat on the ground, though it is also seen on the ground
at times, The most evident animal is the. large red hermit crab, Coeno-
bita perlata, which inhabits Turbo shells, It would be interesting to
know if the factor that limits the population of this animal is the
restricted food supply or the number of Turbo shells. The shell commonly
used by this species of hermit crab, when adult, is Turbo lajonkairi,
apparently not a common shell elsewhere, but by far the commonest Turbo -
seen here., Its habitat is in cawvities in the flat reef surface, expeclally
on the small reef patches in the lagoon, None of these shells were seen
empty on the beaches or islets, And since very few of the large hermit
crabs were seen inhabiting any other shell, and of course none were without
shells, the relation between the number of crabs that reach maturity and
the number of available Turbo shells is close, indeed.

- Two species of mobhs were very common, and they were the only ones
seen in any abundance, One or two individuals of other kinds were caught,
ineluding a sphinx moth, - A few other kinds of insects were found, includ-
ing a large carrion fly, several species of ants, several bugs and a number
of beetles, Two wingless primitive insects, belongi ing to the Lepismidae
and Psocidae, respectively, were common, as were one or two kinds of.
spiders, Mites and pseudoscorpiong were also present., It is not immed—
iately obvious how the wingless creatures, including a minute land snail,
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The heat on this waterless, practically shadelecs atoll was, at
least in this midswmner season, excessive, It was noticeable even to
cne ‘sitting quietly.  Tramping arcund the island was a desiceating ex~
perience, But the fascinating studies t0 be made, and the shortness of
the visit and resulting urgency about making them caused a certain amount
of forgetfulness of the heat, When the available week was up, and it was
time to leave on July 27 for Kwajalein, I, at least, thought more of the
things I had not yet got to look at than of the w“:c“;yJ.r.Lg~-pani11«:e surround-
1ngs I was leaving behind.

"Back aboard the ship there was the problem of getting my plant
specimens and soil samples dry. Cn the F3-367 I had dried them in the
funnel of the ship, next to the hot exhaust pipes. The arrangement on
the FS-216 was a bit different, but this scemed a practical solution.

So I got permission from the Chief Engineer and piled plant presses and
soil bags around the hot pipes. The first few times I had done this on
the F5-367 I had kept careful watch over the materials, being-afrfaid of
fire. It soon was evident that the problem was to get thé things warm
- -enough, not danger of overheating. So, on the F3~216 I paid no attention
to the specimens after putting them in to dry. 7That evening, before we
had left the viecinity of Pokak the crew began to smell smoke, Soon it
was discovered that my specimens were on fire, Getting them out, putting
out the fire, and keeping the sailors from throwing everything overboard
‘provided a busy two hours. Most of the plants were saved, bubt, surprising-
ly enoigh, -most of ‘the soil samples were lost, The bags were charred
and burst when they were thrown out on deck. A4 few of the plants, mainly
calcareous algae, were lost in the fire. -

Kwaiaiein Atoll

: We went to Kwajalein to refuel and to enable the surveyors to re-
check their astronomical observatlons made there the previous winter,

We renewed acguaintance with a few of our friends from the previous visits,
but the usual Navy turnover had replaced most of the ones we knew, The
vegetation on Ibeye and Kwajalein Islets had practically recoversd from
the winteris drought. A short visit was made to Lnelapkan Islet, on the
south reef, where there is a small amount of forest vegetation in addition
to coconut groves, By no means all of the islets of Kwajalein have been
studied, -in spite of its being the center of activiiy in the Marshalls.
It is so big that transportation is a major problem, The demand for boats
is always greater than the small nwrber avallable, and seldom do the boats
go to the more remote islets,

On this visit only one plant was collected, and a few animals. Some
of these were insects that were infesting stored rice in the Island Trad-
ing Co. warehcuse at Ibeye,

Bikar Atcll
On August 4 we left for Bikar and arrived there on the 6th, Here

we did not even bother about the narrow rassage bub landed over the reef
on the leeward side of Bikar Islet in rubber rafts. At high tide this
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présented no problems abt all, but as the tids went down there was some
danger of the corals on the reef edge tearing the bottoms of the rafts.

On this side of the. islet there is no algal ridge, and the reef has a
‘rounded sloplng eage..

_ Bikar, prev;ous to our visit, was almost as little known as Pokak,
but there were o reputed mysteries or exaggerated -accounts to dlsprove.

. We knew, from our awn examination from the séa last wxnter, that the is-
lets are mostly densely wooded with Plson¢a, that there are a .few coconut
' trees that have been planted by visitors from Likiep, that. a few birds
have been recorded from there, and that ‘the Japanese had: found a thick
buried layer of phosphate rock, Mr., Jack Tobin had also found out from
the Marshallese that, previous teo annexation by Europeans, Bikar, along
with Pokak and Jenmio, had been regarded by them ag a bird reserve. Birds,
 their eggs, and turtles could be taken in +1m1ted ‘numbers, after proper
céremonies, on the one visit mage during the year That this wise policy
‘was effeéctive was immediately obviocus to us when we arrived. Birds were
present in large numbers, and it was clear that this is the turtle breeding-
.place above all others in-the Narshallo._.w '

The Bikar reef is oval about 6 miles long, and has three wooded
. islets and two small gravel pars on its southeast quarter. Its one pass
. 1s on the west side, and is rather narrow, but not like the one on Pokak,
_ The water rushes ‘out -of this one most of the ‘time, also, bubt not in the
rtorrent found in Pokak Channel. -The. boats used it repeatedlj and had no
- difficulty at any time, . The largest islet, anar, is on the south point
of the atolli. It is’ actually very'tlnv, and the south third of it is bare
"reef—rock stripped of all soil and, vegetatlon, probably by storms.
This rock flat is mostly .above even extrsme high=tide mark and has some
small ridges and irregularities that are even a 'meter or more higher than
the gemeral. surface.. There is practically no loose material accumulated
here, The north point is a sand flat with scattered bushes of Scagvola
Cand’ Mesuerbchmldla both of whiech form a.thin belt around the periphery
of thé wooded: part of the-islet... We camped on’this open north part, The
.small coconut’ grove is at. the north edge of the forest next to our camp
spot We ‘had locked forward to g supply of drlnklng coconuts on Bikar,
an island luxury which we had sadly missed on Pokak, In this we were dis-
_app01ntea. ‘There were few nuts on the trees and what there were were small,
malformed, and had bitterish water. Shellg’ of ]arge nuts littered the
ground, so it is brobable that the dry season Jubt endlng was responsible
for thls stunted condxtlon.== S

Turtle tracks ACTOSS thb buacheo were eveén V151ble on our large—
scale aerial photos of Bikar 1ulet, so we were not surprised to find
. tracks in abundance when we arrived, My first activity after getting our
. equipment carried up the beach to the campsite was to walk around the is-
" land ‘and count the turtle tracks. There weye almost €00 of these, repre-
senting 300 turtles. The pits from whlch sand had been -scooped to cover
the egg-pits were so abundant that they were the dominant feature of the
surface of the sand in the peripheral belt of this island. That night
Joung turtles hatching out scirried through camp, heading directly for
' the sea; bub only a few escaped the clutches of rats and hermit crabs.
Several adults came ashore and were seen laylng eggs, One blundered
right through the cook tent. Observatlons on tnclr habits will be given
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in a later article on the reptiles collected on the expedition, Curi=
ously enough, turtle tracks were almost absert from the other islets,
probably because of the Jack of loose sand, of whlch a large part Of
_Blkar Islet is wade up. -'f“ : . T ;

The Plsonla forest, whioh tovers the greater part of thls 1slet
is dense and contains some grest trees, though it is uneven and shOWS'_-
the usual effects of typhoons in the ’orm of fallen trees., Ordinarily
”these “take ‘root ‘wheiever thsy touch- the ground, but a:nupber seéen here
“on Blkar Wbre dead.” Probably théy: were blown down during a severe dry
“spell, 'The Pisonia forest contained two remarkable things--white-tailed
" tropic birds ne nestlng in holes in-the tree trunks, and water collected in

' cavities and irrégulariti¢s in the large tree bases containing swarms of

. ostracods,' ‘Where these fresh-water animals came from on'an island that
. has absolutely no other fresh water lS 1nqeed a mystery= '

o &rﬂnatnwIfmdl%nwdtolmkjbrahwmskwm‘mﬁaﬂmnby
"phosphatlc hardpan on the floor of a Pisonia forest.  Here was no excep-
tion. Aso, a Japanese expert on phosohate deposats, Ahad reported phosi
phate on Bikar, bub hé réported it burled under 2 feet of sand and gravel.
The buried layer was easily found. In places it was under as much as
fset of sand, elsewhere much ‘less, and in places it was .not buried at

all Usually where 4% was buried there was also an additional layer of
very fresh brown hardpan near the surface, under.an inch or so of humus.
The situation was cléar after & study was made of the terrain, of the
bases of the trees, and of a few test holes. Apparently a severe storm
from the west had sprsad the miterial of ‘the large dune ridge along the
'west side lnward in & layer thinning “toward the east, burying the great-
. er part of the surface of the islet. The humus.thus buried had gradually
dlSdppeared by oxidation,, stamnxng the sand, ahd leaving the hardpan
layer. Then another layér-had"started: to form on the: surface of this new
A sand. Birds are abundant enough on Bikgr to prGV¢de.the necessary guano
for thls process almost svsrywnere 1n “the: forest )

Rats and blue—talled skwnks wers here, as on Pokak. Tne big red
hermit crab, Coencbitd perlata,-again inhabits' the two kinds of Turbo-
smﬂh,bm;ﬂwfmqmﬂmmswmedﬂTmmm the common Turbo setosus
here supplying aboul cne~fourth -0f the shells.: Land shells were not
common but at least two genera were represented. Insects were much
‘more abundant than on “okak “but. by no.means as vardedias on the
atolls to the south. As on’Pokak; the higher plant species numbered -

. nine), but the lists differ somswhat And the vegetation is almost com-
pletely different.  On the thres: nranc1pal'vsl°ts the main bedy of the
vegetation ils Pisonis) swrolmded by a-thin sparse belt of. Messerschmidia,
this on Bikar Isiet mixed with Scaevola. Bare areas have a thin cover of
Portulaca and Lepturug, very locally mixed with Boerhavia, or nothing at
all. On Jaboero Islet, which 'is a gravel bar and.a sooty tern rookery,
the entire vegetatidn is'made up 'of Portulaca lutea. .

-Jaliklik .ITslet is interesting in.having a well-developed boulder
ridge along ibs lagoon side. Ibs seaward side has exbtensive denuded
reef-rock fiats, Almeni Islet ‘is of rather coarse gravel, On Bikar
Islet we attempted to dig down to the water table. This islet:is higher
than usual, and no water-was reached after a laborious full day of
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digging by two strong boys, surveyor's helpers. Sand kept caving down,
so the hole had to be made very large, It afforded an interesting oppor-
tunity to study the buried phosphate layer and the stratification of the
materials of which the islet is built. '

The reef to the east of the south point of Bikar Islet was briefly
examined and showed several inbepesting features. A conspicuocusly under-
cut "mushroom” rock a meter or more high protrudes above high-~tide level
on the outer reef flat, It was not easy to be sure whether it was part
of the reef or the remains of a boulder that had been cast up by a storm.
There were striking tide pools on the outer part of this reef, with bright-
green coral (Millepora) and pink algae, and with great numbers of the large
black~purple slate~pencil sea urchin, Heterocoentron trigonarius Lam. The
edge of the reef here is especially interesting. It appears to be an alw~
gal ridge in the last stages of being removed by solution.. Apparently the
rate of déposition of calcareous material in this position is barely or
not quite able to keep up with the rate of removal by solution. North of
this there is s better developed ridge, while around the point in the
other direction the ridge disappears albogether. Well back of this, on.
the flat, the tops of the corals are sbruptly truncated, as though they
had been shaved off, presumably indicating the exact level at which there
is too muech exposure to air for survival of the corals.

As usual, we had to leave before we were completely satisfied with
our survey, ULven islands as small as these provide much opportunity for
observation. And in such relatively simple situations cne feels that
perhaps only a little more time would have sufficed to give an understand-
ing of what is actually happening, ecologically. It is to be hoped that
the present-day Marshallese and the American Adwinistration will see fit
to continue the wise policy of the ancient Maeshallese and maintain thig
atoll, and Pokak, as bird and turtle reserves, Then, perhaps, another
expedition can start where this one left off and really get a grasp of
the ecology of these tiny bits of land, Certainly the number of people
that would ever be able to eke out an existence on them would not justify
destroying these fascinating microcosms, :

On August 12 we left for Kwajalein, spending a last night there on
August 14, entertained by my friend Kemneth Moy and his wife, of the
Island Trading Co., to whom thanks are due for meny favors and assistance
both while we were there and later, when I wrote for needed speclmens
and observations., Here the expedition ended, Charles Johnson leaving for
Tokyo and I for Honolulu. '

Condensed Ttinerary of Logalities where
Collections and Observationswwere rade-

Datg Locality = | Collector cr Cbserver
Oct, 22, 1951 Johnston Island Fosberg

23 Wake Island Do,

R3=2L Two Jima Do. ,

2L Tokyo, Japan Fosberg, MacNei

28 Hakone, Japan Do,

Kanagawa Pref., Japan Do,



Date

Nov. 3
68
16-25

25
26
Nov, 26~Dec, 4L
Dec, 4~9
1118
18-23
1823
Dec. 23, 1951-
Jale Z1I-’ 1952
dJan, 4-10
10-Feb, 1
13
Feb, 3-10
12-16
16~24
Feb, 25-Mar. 1
28

Mar, 1l-l4
1517
18-23
2L
25
27-30

Mar, 31-Apr, 2

Apr, 2
6

13

19-21
July 16

16

16

16

16-18

20--27
July 29-Aug,. 4
Aug, 6-12

=15

% Did not go ashore,

% Observed from alr,

Loeality 7

3o

-t

Chiba Peninsula, Japan

Fukuoka, Japan

At sea, Yokohama to
Pokak

Pokak Aboll*

Bikar Atoll#
Ubirik Atoll

Taka Atoll

Likiep Atoll

Jemo Idland
Tikiep Atoll

Ailuk Atoll
Lae Atoll
Kwajalein Atoll

. Majuro Atoll

Ujelang Atoll

Wothe Atoll

Ujae Atoll -
Kwajalein Atoll

Air circuit of Likiep,

Jemo, Ailuk, Utirik, Taka,

and ¥wajalein.
Ujae Atoll
Kwajalein Atoll

 Wotho Atoll

Bikar Atoll¥*
Pokak Atoll¥*
Kwajalein Atoll
Guam-. . T .
Iwo Jima
Yokosuka, Japan

~ Chichibu Mountains,

Japan

 ’Wake Island
" 'Niihau Islandi*

Gardner Rocksgi®

Pearl and Hermes Reefit
. Midway Island

Wake Island
Pokal Atol
Kwajalein Atoll

. Bikar Atoll
~ Kwajalein Atoll

Collector or Observer

.Fosberg

Do, .
MacNeil, Fosberg

Do,
"~ - Do
MacNeil, Arnow, Fosberg
- Do, o
MacNell, Fosberg
Fosberg
MacNeil

MacNeil, Arnow, Fosberg
Do,
Do,

Fosberg

MacNeil, Arnow, Fosberg
Do,
Do.
Do.

Fosberg
MacNeil, Fosberg
' Do,
Do,
Do,
Do,
Do,

{MécNeil, Arnow, Fosberg

MacNeil, Fosberg

Do,
 MacNeil, Fosberg
Fosherg
Do,
Do.
Do,
Do
Johnson, Fosberg
Do,
Do,
Do.
De,



Wake

Two Jima
-Japan '
Utirik
Taka.
Likiep
Jemo
Ailuk

Lae

Ma juro

Ujelang

Kwa jalein

Ujae

Wotho

Pokak

Bikar
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" List of Collection Numbers by Islands

Plants
33611433628
33629

| 33630~33641

33642-~33719

33720~33778

33779-33861
© 33862-33907

33908-33990

33991-34107

: 3,108

34142~34216

34109-34141
34381~34382
34522
34549

34284-34380
3438334421

3421734283

T 3LK23-34443

3L497-34548

3455034596

------------

------------

QQQQQQQQQQQQQ

oooooooooooo

oooooooooooo

Animals

"~ 550

111-181%

5159

- 1824302

60-63

~ 303-368

Bl~72
369-484

7379

485556

84~90
557663

36l

692=750

80~83
661,691
1299-1327
1438-1447
14941496

1=2l
8741063

25-35
751863
872-873

1484~1493

1064~1072.
10921120
11841298

1073-1091
11211182
1326-1437
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