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Northern Marshall Islands Fxpcdition, 1951-1952. Narrative 

Introduction - . . . .  . ... . . .  . .  . . . . .  . . .  . 
. . 

The I\iorthern'!~Iarshall Islands t&editi&, dub6ed Vro jec t  Atoll" 
f o r  ready referen&, &as accomplished :during 1951 and 1952 as  a par t  of 
the  Pacif ic  Geological Napping Program currently:  being carried out co- 
operatively by t h e  a f f i c e  of the  Engineer, Headquarters, Army Forces, 
Far &st arid t h e  U, S. Geological Survey. The .expedition was attached 
t o  a l a r g e  .su;ryeying project  of t h e  Office of .the Xnngineer, H q ,  AFFE 
f o r  estabi,ishing inapping control  on t h e  a t o l l s  of t he  F i r sha l l  Islands. 
Transporta'tioli and G g i s t i c  support were furnished by the  Sngineer 
surveying vessels,  &&primary obJective of Project  Atoll  was t o  col lect  
geological and botaflicnl':ififor:nation, The circumstances of t he  t r i p  
made possible only a recomaissancei-study of some of t he  major i s l e t s  
of each a t o l l  v i s i ted .  Zmphasis was placeci on s tud ies  of t he  geoloey, 
hydrology, s o i l s ,  and vegetation; observations of land aid  m r i n e  ecology, 
land and marine zoology, and other subjects were made a s  t i n e  and ci r -  
cumstances permitted. . . . . 

, 

The personnel.v&ied from time t o  time. The four who partj-cipated 
were F. Stearns %ch?eil and Charles G. Johnson, geologists, Ted Arnow, 
hydrologist, and"@, Rapond Fosberg,. botanist  and general ecologist. 
Principal a t ten t ion  was directed t o  t h e  following a to l l s :  Pokak, Bikar, 
Utirik, Taka, Ailuk, Jemo, Likiep, Kwa jalein,  Lae, Wotho, Ujae, Ujelang, 
and Wake, with minor observations, e i t he r  on the ground or  from t h e  a i r ,  
of a n y b e r  of other is lands i n  t h e  Hawaiian Group, ikrianas,  Volcano 
Group, and Japan. 

Since-much material  and information of great  s c i e n t i f i c  i n t e r e s t  
was collected, Bnd various technical  papers a r e  projected on d i f fe ren t  
aspects of t h e  r e su l t s ,  it seem worth while t o  present a preliminary 
general account, i n  t h e  form of an i t i ne ra ry  and informal narrative,  
with dates, s e r i e s  of collection numbers for  biological  material, and 
some description of the ' . i s lands and of t he  s c i e n t i f i c  investigations 
carried out. The account w i l l  be given i n  more d e t a i l  fo r  the  ac t iv i t i es  
of t h e  author of this paper, leaving it t o  t h e  others, i f  they c a r e t o ,  
t o  write any de t a i l ed  s tory  of t h e i r  own work. Geological and hydrolo- . .  

g ica l  observations w i l l  occasionally be mentioned,however, because of 
t h s i r  e s sen t i a l  conriection with an understanding of t h e  ecology of the  
i s  lands. . . .  . . .. 

.. . 
. . 

In  t h i s  a r t i c l e  t he  soils- 'and vegetation of t h e  northern Marshalls 
w i l l  not be described, except incidentally.  Since preliminary notes 
on the  birds observed w i l l  be presented i n p a p e r s . t o  fo l lo i~ ,  as  wel l  

, . 
, .. ~ . ,  , 

, - ,  . . . . .. 



a s  l i s t s  of plants  and animals collected,  these -birds,  p lants  and anj~mals 
w i l l  be mentioned only i n  connections of very general i n t e r e s t  i n t h e  
narrative.  This account w i l l  serve a s  a reference f o r  future  papers, i n  
which space may not be available f o r  more than the  e s sen t i a l  observations 
on t h e  subjects t reated.  As formality is not necessary, the narrat ive w i l l  
be wri t ten i n  the first person. 

: .. 

Owing t o  circumstances, which will'become c l ea r  a s  t he  account goes 
on, it became necessary -lo divide the  expedition i n t o  two separate parts; 
one of these, with iviacNeil a s  par ty  chief, $r&zed from October 1951 t o  
Apri l  1952, a d  the other, with Johnson as  par ty  -chief, from July t o  
August 1952. The gar t ic ipants  'met i n  October inTokyo, where plans and 
preparations f o r  t he  ac tua l  t r i p  were completed. 

Trip t o  Japan - 
P& own trip s t a r t ed  from iJashingtonj with t r a v e l  by commercial &d 

mil i ta ry  a i r c r a f t .  After a few days i n  California and Honolulu, conferring 
on coral  a t o l l  ecology with workers whose f i e l d s  of knowledge have a bear- . . 
ing on t h i s  subject, I l e f t  fo r  Tokyo. Xy f i r s t  ac tua l  a t o l l  $bp was. a 
b r ie f  one on Johnston Island on the  morning ~ of October 22, 1951. 

. . 

This small patch of sand or ig ina l ly  had a vascular  f l o r a  of three 
species. Af:Ler t h e  development of an airbase there  a t  t he  beginning of 
WoF1d:i::ar 11, plants introduced both del iberate ly  and accidentally ra ised 
. t h e f i o r a  t o  27 species by 946 (see Fosberg, Pac. Sci. 3: 338-339, 1949) 

. . and t o  30 species by 1950,Of 2 these several  ornamentals had reached a - f a i . r  
. . s i z e b y  1951.' Casuarina equisetifo&a was a t  l ea s t  B meters high. &&- . , 

phyllum inophyllum, . Thesoesia qopulnea, Teriiiinalia 'cat appa , and Hibiscus 
t i l i a ceus  were 2 or  3 nieters high, and the  l a s t  two were ra ther  chlorotic -- 
i n  appearance. Mo@t sloping sur faces ,  embankments; .bomb she l te rs ,  and the 
l i k e  were qui te  covered by a blanket of herbaceous vegetation-Boerhavia, 
Cenchrus, Eleuzine, and Tribulus. Most f l a t  surfaces were kept clean by 
t r a f f i c .  Nanyweeds, such a s  Portulaca oleracea, Amiranthus v i r id i s ,  and 
Euphorbia h.ypericifolia, grew .around the  bases of buildings. Pluchea 
odoratawas common, but n o t  a s  common as  i n  1946, while Pluchea indica -.- 
had a l so  become common.. Only 6rne coconut seedling was :seen. 

After crossing the  internat ional  date l ine ,  we sighted Wake Island 
l a t e  i n  the  afternoon of October 23. The general vegetation i n  t he  
neighborhood of t he  a i r s t r i p  i s  a scrub of ~esserschmidia  argentea not over 
2 t o  3 meters t a l l ,  with some admixture of Scaevola ' locally,  Open areas  
. a r e  occupied by pure stands of Fimbristylis, which seems t o  colonize the 
most extreme habitats,  such as t h e  edges of a i r s t r i p s ,  and by Ipomoea 
a, which a l so  climbs i n  t h e  scrub a s  well  as  creeping over the  ground. 

' 

Around. t h e  buildings a r e  various weeds, of which Cenchrus i s  most common 
'.and forms pure patches. Heliotropiwn anomalum is conunon, with no evident 

f l o r a l  dimorphism. There a r e  some marshy depressions, perhaps a r t i f i c i a l ,  
along t h e  a i r s t r ip '  away from t h e  terminal. The s top here was a l s o  only a 
br ie f  one for  fueling.  

Iwo Jima was reached a t  midnight, therefore  l i t t l e  was seen of its 
features.  Chloris i n f l a t a  was abundant around the airbase. 

_5/ Additional introductions a r e  l isted.  by Newhouse, Pac. Sci,  9: 91-92, 1955, 



. . .  . . . .  : .  . . . .  
. . 

. . . . .  . . 

Japan, on our a r r iva l ,  was completely blanketed by clou&. h e '  
glimpse. through them of green terraced h i l l s  and t h e  conical  peak o f '  
Fujiyama:toweringfar atjove, p roved tha t  we had r,eached.our.destination. 
We came down through t h e  cloud9 overTokyo Say, w i t h ; i t s  k c a d  of 
f ishing boats,: rows upon rows bf ;fences for  algae cul t ivat ion,  and t h e  
gray, smoky ci t2es  of Yokohama and Tokyo on its. shores,. 

, : . . . .: .,. , . , .. 
MacNeil had been i n  Japan f o r  severalweeks, working with Johnson 

' 

on plans f o r  t h e  expedition. Agowflew up from Guam f o r  two days t o  t a l k  
over plans, then returned . . .  there  t o  join t he  ship on i t s  f i r s t  fuel ing s top 

. . . .  a t  Kwajal&n. . . . . . .  : . . . . . . .  
. . .  . . . . .  

. .  , ,. ., 
. . 

. . . . ..: . . . .  : .  . . . . . . . . 

, The three. weeks kri -Japan, whike we ,.waited f o r  l a s t  minu'te 'prep&%- 
tions, wepe weil  spent meeting Japanese botanists,  vitsiting Japanese 
herbaria, and checking equipement .and:su?plies f o r  t he  expedition. Week- 
ends and a t r i p  to FukQokait.6 v i s i t  ..Prof. Hosokawa gave a few oppor@Iities 
t o  see t he  in te res t ing  and beaut i fu l  Japanese coyt rys ide .  

. . .  

. . . . .. .Pukak and .:Bikar 
, . . . :  i .  . .:. , ,  . . 

Gn November 16 t h e  ship, t h e  Army FS-367, Captain Marvin Shoaf 
co'&nding, carrying & Japanese surveying party of some 40 or  mofe men, , 
10 .U'.S.Ary personnel under t he  command of Hajor Paul L. Hudson, and 
MacXeil and myself, l e f t  Tokyo Harbor.. A d i rec t  course was s e t  f o r  Pokak 
(Taongi) Atoll, the-nbrthernmbst of the  Marshall Is lands and. t h e  f i r s t  
scheduled s top of t he  ,expedition. Not a l iv ing thing was seen on ' this 
s t re tch ,  except a few f lying f i s h  a f t e r  the  f i f t h  day. On t h e  night.  of 
No-iember 2 4  the ship slowed down and t h e  c r ies  of sooty t e r n s  t o l d  us  
t h a t  land was nearby. Anticipation of t h e  v i s i t  t o  Pokak Atol l  was 9eight- 
ened by a rumor of mysterious basa l t i c  megaliths, found the re  by John 
Cameron, a Pacific t r a d e r  and adventurer, and recounted b r i e f l y  i n  t h e  
s to ry  of h i s  liS , "John Cameronls Odysseyt1. (p.3.97, ,1923). Such stones 
wwLd indeed be remarkable on a coral .  a t o l l  600 milesfrom the .  . . nearest  
volcanic land. . . . . . .  

,, 
Gn the  morning of November 25 we awoke t o  a clamor of birds ,  and 

t h e  low gray-green s t r i p  of vegetation and white breakers half  a mile t o  
t h e  north was Pokak Atoll. A black-footed albatross  flew by, t h e  only one 
seen on t h e  t r i p .  

Pokak Atol l  is crescent-shaped, with 8, single, narrow boat passage 
on the concave western side.. This being t h e  leeward side,  a t  high t i d e  t he  
entrance should normally have been passable t o  smal lboa ts ,  but on t h i s  
occasion a heavy swell was coming i n  from the  west and breaking c lear  
across t he  passage, out of which a strong current was pouring. Inspec- 
t i o n  by small boat par t ies  convinced the Najor t h a t  landing was dangerous 
and impractica1;and a decision was made t o  leave f o r  Bikar, t h e  next 
a t o l l  t o  t h e  south, aefore departing we were able t o  follow t h e  south and 
east  coast, where there  a r e  i s l e t s ,  t o  t he  eastern extremity of Kamome 
I s l e t .  Sea birds  were generally:ab&dant, but .over  Kamome they almost 
darkened t h e  sky. The vegetation here was i n  especial ly  poor condition. 

No fur ther  description w i l l  be given here, a s  Pokak Atol l  was v i s i ted  
again l a t e r .  



Bikar was sighted on the morning of November 26. Its three  princi-  
pa l  i s l e t s  were completely covered .by what appecred t o  be Pisonia fores t ,  
except f o r  some storm-syept ,bare areas and a small coconut grove on Bikar 

. .  . I s l e t .  . . . :, . .. 
..., . ' '  . . ' . 

. . . ,  
Here again, t h e r e ' i s , - o n l i  one cha:nnel i n to  the lagoon, ' locgted on 

the  west or  leeward side; A shok% inspection' of bhiS passage convfnced 
the Fajor t h a t  t h i s  a l sowas  im~assable ,  and we departed f o i  Ut i r ik  Atoll ,  
which we reached the  following morning; We di.d !lot g e t  ashore, howkver, 
u n t i l  Novembey 28j and: were t he re  u n t i l  l)ec,mber 44 

,., .;. 

. . . . .  . . Utir ik  I s l e t ,  t'ne main land-mass on the  ito.11, i s  very largely 
covered by coconut grov.es, exce3t :or a b e l t  of th ick  scrub and fo re s t  on 
t h e  porthegat, o r  windward coast an& t h e  ,long, almost bare p r~ jec t ion ' a long  
the  reef t o  ehe'west. The v i l l age  i s  on t h e :  lagoon shore of thi.s i s l e t ,  
In  t h e  nor th~rnhIarsha l l s  there  i s  usunlly &ly one v i l lage  on an a t o l l ,  
comonly lokated. on t h e  lar8est  islet, This i s l e t  . . usually bears the-same 
name as  t h e  a t o l l ,  a s  a l so  does t h e  v i l l age .  

: The coccnut groves on Utir ik  were ra ther  open and f r e e  of undergroruth. 
It was in&e.;liately e.vjc;ent t ha t  a typhobn (Typhoon Georgia, March 21, 1951) 
had recent ly  v i s i t o a t h e  island, Largelnw.bers of coconut t r ee s  were 

. : knocked dcm,  mostly i n  a sout:?erly or southwesterly direct ion.  Practi- 
. cally no r ipe  coconuts were t o  be seen  i n  t he  t r e e s  or on t&e ground, and 
: n o  copra was drying, On the  western projection of t he  isiand'm0st:df t h e  

'. loose material  was removed, exposing la rge  root systerns of dead and un- 

. . 
: recognj.zable plants. The Penphis bushes t h a t  graw here were i n  a v e r y  

I battered and ragged s t a t e .  Curiously enough, though, the  r idge of low 
d - m e s  along the  lagoon s ide  of t h i s  s t r i p  of land was well  vegetated with 

. fair-sized bushes of Scaevola, Messerschmidi.a, and Pemphis and'showed no 
s i p s ,  whatever, or' typhoon damage. . . . . 

. : . . 

Evidence of an e a r l i e r  typhoon was qui te '  c lear  i n  t he  form 'of a 
rubble bar i n  the  lagoon opposite t he  bare portion of t h i s .  extension Of 

the  isiand, i t s  end a t  t he  point where t h e  coconut grove .ended. That t h i s  
was n o t $  r e su l t  of t he  1951 typhoon was indicated by t h e  f a c t s  t h a t  a l l  
t h e  f a l l e n  t r e e s  pointed i n  the  opposite d i rec t ion  and t h a t  t h e  bare area  
and rubble bar .were both evident on a e r i a l  photogiaphs taken i n  1944. The 
e a r l i e r  tjrp!ioon was severe enough tha t  loose material  up t o  subs tan t ia l  
boulder s i z e  was swept off t h i s  narrow portion of t h e  is land and p i led  
in. t h e  ijgoon. . Rel.a,tively l i t t l e  vegetation, except s ca t t e r ed  Pernph5-s 

. bushes , adapted to  growing on bare l imestone rock, had reappeared i n  t h e  
35 or ,more years since. t h i s  s t o ~ m .  .The natives t e l l  of a storm about 1918 

- .  b,ut'.are not cer ta in  of . the  year. It i s  qui te-possible ,  though t h a t  we were 
obsir$ng the  e f f ec t s  of an e a r l i e r  storm, t h e - l a s t  pa r t  of the  19th 

. . century, . . . . 
, .  . .. . . . . 

,, . . . .  
. . . . some areas  of bare cora l  sand were characterized by a t h i n  crust  Of 

. i sand held by a mass o blue-green algae. Rains were frequent enough t o  
. . . . keep t h i s  sand washe 6- f a i r l y  f r ee  of s a l t ,  but once i n  a while very high 

t i des  would give it a salt-water bath in' low areas. This' happened a t  l e a s t  

1 
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once or  twice i n  the  days tha t  we spent there.  

The Polynesian arrowroot, Tacca l eon t se t a lo ides ,  grew i n  unusual 
abundance and luxuriance as  ground cover i n  t h e  coconut groves here. 
Each year, i n  t he  l a t e  f a l l ,  it f r u i t s  and d ies  down t o  the ground. 
Here it was beginning t o  turn yellow, and t h e  f r u i t s  were essen t ia l ly  
mature. The tubers, mistaken f o r  potatoes by other members of our party, 
were being harvested i n  some quantity by t h e  Marshallese. They were grated 
and t h e  s ta rch  was washed out and dr ied i n  la rge  bal ls ,  about t h e  s i z e  of 
a ch i ld ' s  head. Whether t h j s  was normally so widely practiced was not 
certain.  It may have been a r e su l t  of food shortage because of t h e  typhoon, 
There was some complaint about lack of f lour .  

Several p i t  wells were observed, and t h e  water i n  them was SWpriSing- 
l y  fresh. Dragon f l i e s  and damsel f l i e s  were seen around them, but no mos- 
quitoes were noticed, Several holes were dug i n  an attempt t o  get  water 
samples and t o  study the  behavior of the ground-ywater body, as  wel l  a s  t o  
col lect  s o i l  samples. The upper layers  of t h e  s o i l  were surprisingly black. 
Digging was extremely d i f f i c u l t  because of t h e  amount of rubble i n  t he  s o i l  
and because bedrock was usually reached aWve t h e  water table .  This bed- 
rock is a curious cemented f ine  co ra l  gravel, qu i te  hard, but shat ter ing 
completely under a hard blow of a hammer. 

I n  t h e  cen t ra l  par t  of t h e  i s l e t  a r e  a number of elongate depressions 
or  trenches about 10 meters wide and 2 meters deep. They are said  by the  
natives t o  have bcen made by the ttold people," and a re  doubtless long- 
abandoned t a r o  p i t s .  They have been abandoned long enough t o  have mature 
coconut t r e e s  growing i n  t he i r  bottoms. I n  t h e  bottom i s  a layer  of black 
mucky s o i l  almost 6 decimeters deep. A hole dug i n  t h e  bottom of one of 
these re3ched water a t  l e s s  than 1 meter. The water had a strong hydrogen 
sulf ide odor and a peculiar sweetish tas te .  

On the northeast par t  of the  i s l e t ,  near t he  edge of t h e  coconut 
p l a t h t i o n ,  but within it, were noticed some cur',ous low rounded mounds of 
s i i ~ a l i ~  sharp, broken coral  fragments. Their or igin  was not apparent. On 
these mounds Fleurya rud.eral& and Boerhavia dif fusa a r e  common. 

On Bekrak I s l e t ,  north on the  reef from Utirik,  i s  a t i n y  mangrove 
swamp, serving a s  a wallow for  pigs. On the  north passage beach of t h i s  
i s l e t  s:.iall pumice pebbles were embedded i n  a bank of white co ra l  sand 
t h a t  was being cut away, These were, in most cases, en t i r e ly  enveloped 
i n  a casing or  capsule of closely matted small Scaevola roots. Appar- 
en t ly  there  i s  something i n  t h i s  pumice, f loated across the  sea from some 
far-off volcano, t h a t  t he  Scaevola plant  needs, and t h a t  i s  def ic ient  
i n  the  cora l  sand. 

Eluk I s l e t ,  t o  t h e  north of Bekrak, has few coconut t r e e s  and much 
na tura l  scrub vegetation. Dark-blue velvety bu t t e r f l i e s  (pI?olimnas 
B), were abundant here, v i s i t i n g  the flowers of 

Here on Utirik, when our sh ip  returned from fueling a t  Kwajalein, 
we were joined by Ted Arnow, t h i r d  member of t h e  s c i e n t i f i c  party. After 
t h i s  t he  t a sk  of supervising the  digging of holes or  wells f o r  water and 
s o i l  samples was la rge ly  taken over by him, leaving more time t o  tramp 



t h e  islands, nlaking geogra~hical ,  veget.ati.ona1 and general ecological ob- 
servations and collectj.ons. 

A t  our camp on the  open western projection of U t i r i k .  I s l e t ,  I had 
a canvas she l t e r  b u i l t  t o  protect  my plant drying stand. Unable t o  get  
t h e  preferred. type of h;erosel.te stove i n  +.he United S ta tes  before Start- 
ing on t h e  t r i p  I had allowed qme l f  - l o  ixt ,&~ld. bm:-stovea'of a type I' iiad 
not s e e n b e f o ~ .  About the  t h i rd  evening, one of these s e t  t h e  plant : 

pressea and she l t e r  on f i r e .  FortunaLely a l l  specimens were saved, but 
t h e  she l te r  was a t o t a l  laas. 

Taka Atol l  - 
On December 4 we departed for  Taka Atoll,  just  over t h e  horizon, 

vdth a fee l ing  t h a t  we had barely  s t a r t ed  t o  learn  something about Utirik. 
The last observation made on Utiri!c was of a whits-tailed tropic-bird fly- 
ing over t h e  lagoon, t h e  o n l j  one 1 was t o  see  u n t i l  many months l a t e r .  

kle arrived a t  Taka the  sane day but did  not go a h o r e  u n t i l  Decem- 
ber  5. Because t h e  ship could ea t e r  Taka Lagoon, we d id  not camp ashore 
but returned t o  the  ship zt night. Here, a f t e r  some investigation,  1 de- 
cided t h a t  plant-presses could be dried in t h e  funnel of t he  ship. There 
were doors on t h e  funnel sides,  and a rack between t h e  hot exhaus% pipes', 
on which the presses cou!ld be la id ,  S o i l  sanples ale6-could be placed i n  
t h e i r  bags on t h i s  rack t o  dry. The Chief Fngineer, Charles Frey, read i ly  
consented t o  t h i s  use of h i s  f a c i l i t i e s ,  and plants  were dried t h i s  way 
f o r  the  r e s t  of t h i s  l eg  of t he  t r i p .  For t h e  f i r s t  week or  so, close 
watch was ke .~ t ,  but there  seemed no danger whatever of f i r e .  Drflig was 
qu i te  sat isfactory,  exce?t when t h e  ship was anchored i n  lagoms fo r  Con- 
siderable periods. Then the re  was not suf f ic ien t  heat and, i n  s p i t e  of 
the  use of formalin, a f m  spec:'imens molded. 

Taka i s  an uninhabited a t o l l  with ra ther  l i t t l e  land area. It has 
one fair-sized i s l e t ,  two small ones, and several  bare sand bars. The 
la rges t ,  Taka I s l e t ,  is roughly rectangular, an5 only a t h i r d  or  fourth 
of it along t h e  lasoon beach was planted t o  coconuts. The r e s t  i s  brushy 
woods with a few openings and one small grove of typhoon-beaten la rge  
Pisonia t rees .  The ground i n  t h e  coconut grove i s  luxuriant ly  covered 
loca l ly  by the fe rn  -odium scolopendria, which i s  prac t ica l ly  absent 
from nearby Utirik,  This i s l e t  i s  occasionally v i s i t ed  by the  Utir ik  
people when copra i s  harvested. 

Several p i t s  were dug on Taka I s l e t  t o  examine s o i l  p rof i les  and b 
obtain water samples, One of these, dug t o  a depth of over 2.5 meters, 
showed an in te res t ing  se r i e s  of buried s o i l  horizons. I n  most of t h e  
holes, rock layers  were encountered t h a t  prevented us from reaching water. 

Lojiron I s l e t ,  a very small one t o  t h e  north of Taka I s l e t ,  has a 
t i n y  but beaut i fu l  grove of Pisonia t rees .  Some of these had been knocked 
down by t h e  typhoon, shwing t h e i r  very shallow root systems with no s t rong 
taproots. The t r e e s  were not dead but were sending up quant i t i es  of vig- 
orous sprouts a l l  along t h e  trunks. The surface layer  of t h e  s o i l  here 
i s  a black peaty material  o r  raw humus a few centimeters t h i ck  with a 
pH of 5.6 t o  6 when unmixed with sand, whereas t ha t  of the  coral  sand or  
materials mixed it i s  about 8. This accurmiLation of humus, a s  well  
as  i t s  low pH, was a ra ther  unexpected phenomencn on well-drained limestone 



. . ..: .,; . . .  . . . . . . . .  . , ............................. s o i l  i n  t he  lowland t rop ics .  
.. . . :. , . ... . . . . . . . . . .  . . .  . . . . .  , ., . . ,  , .  ' 

~ h e . r o c k : ~ l o ~ e  from th.ee:gene& i@~61.. bf tkie j s l e t  down t o  t h e  reef 
f l a t '  demonstrated s'ome o f  the rnqcesqes .bF which r ~ s e d  reef surfaces a r e  
gradually reduced t o  a base+leve$: a t  . . . . . .  about low-t,ide mark, Conspicuous 
among these processes  ace %h@. f ormation . .  ., . of  &lut ion basins and t h e  spal l ing 
off of slabs. Where t h i s ,  91- &was covered yith sand and grave?, process- 
es  of colonization by p1mt.w we,ya.:also .very...,apparent. Portulaca and 

. %epttur&: a r e  . the  most ..conspicuous. and abupd,&t' e a r ly  contingent, with 
Messelr'schrnidia. ------- and S c a e v ~ l a .  appearing. i n  ,sm+l.ier numbers and apparently 

. . . . . . . . . . . . . . .  s l i gh t ly  l a t e r .  . . . . .  . :.._.i. . 

: Notwerok I s l e t ,  west gf:-Taka,,on the:south reef  of t he  a t o l l ,  i s  
a barre&lboking, r ~ c k y . f l a t : . ~ ? n l y  a few. ac re s  i n  area  but inhabited by 
great  numbers of birds,.?-In prder t o .  have more opportunity t o  study the  
extreme ecological condi&ioGs' exhibited,. T..had'myself put ashore there  
a lo f i e , t o  be: picked up t h e  next day. ' .The vegetztion is generally a sparse 
t o  dense @serschinidia scrub, with some mixture of Pisonia and Scaevol& 

. . . . . .  -- 
...  . . . . . .  . . 

There ar:e i r regular  openings' with Lepturus, i f  t he  s o i l ,  i s  sandy, .i 
and with Fl.ew.va .and BoerhavA i f  en t i r e ly  stony, and large areas.  on' the '  
two seaward;comers ,a-irely bare. . The F l e ~ y a  is an wdsual  population 

- i n  t ha t  i t . s h o l s  no t r a c e s  of red color i n  stems or  leaves. Obviously . '  

two speciks 09 Bowhavia a r e  present, showing a s e r i e s  of d i s t i n c t  morpho- 
log ica l  characters a s  well a s  t he  f a c t  t h a t  one i s  not attacked by t h e  
white r u s t j  &bu& platensis ,  whereas t h e  &her i s  frequently attacked. 
This f~mgus.:changes t h e  habit  of par t s  of i t s  host .from elongate pros t ra te  

.. t o  short  e rec t 'bmwhes ,  probably a type of witches-broom ef fec t .  For t h i s  
i-eason-these.infections a r e  e a s i l y  seen, and t h e  paras i te  i s  known from 
plants o f : t he  Boerhavia d i f fusa  complex from widely scattered l o c a l i t i e s  
i n  the  Pacific.  

This i s l e t  i s  a great  t e rn  rookery, as  thousands of sooty te rns ,  
two species of noddies, and f a i r y  terns ,  a l l  nest  there. The sooty te rns ,  
or  wideawakes, l a y  t h e i r  eggs on t h e  bare gravel on t h e  seaward side.  
When disturbed they f l y  up i n  great  c l o d s .  They so resented my presence 
tha t  a f t e r  I went t o  bed a large column of them flew screaining above my 
cot, c i rc l ing and circ l ing.  They kept t h i s  up s t ead i ly  from about 6:30 
p. m. u n t i l  about 7 a .  m., making it rather  d i f f i c u l t  t o  sleep. 

To the seaward of t h i s  i s l e t  i s  a dc f in i t e  co ra l l i ne  a l g a l  ridge, 
even though it i s  on the south reef .  The t i d e  was low enough so tha t  a 
short t r i p  out t o  t he  edge of t he  reef was feasible ,  and a number of 
algae, mainly lime-secreting ones, were obtained. The a l g a l  f lo ra ,  how- 
ever, i s  r e l a t i ve ly  meager. Tie land f l o r a  i s  extremely res t r ic ted ,  
only 11 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 l i ke ly  come closer  than those from most other is la l ids  t o  repre- 
senting t h e  f l o r a  and fauna of t h e  northern Marshalls peior $0 t he  coming 
of man. No f l i e s  and no r a t s  were seen; but grasshoppers, one,mosquito, 

. . . .  .... . . .  and two lizards-- a skink'and a gecko--were noticed. . , . .  , 
. .  , .  ! 



On December 10 we l e f t  Taka bound f o r  'iluk. IIowever, Ted Arnow 
had developed an aibnent, and it was necesswy t o  get  him t o  more expe- 
rienced medical a t ten t ion  than was available on t h e  ship. B y  radio it 
was ascertained t h a t  t he  A i r S e a  Rescue PBK plane from Kwajalein would 
not land in Ailuk lagoon but would come t o  Likiep, so  we changed our plan 
and made Likiep our next stop. We reached it and anchored i n  the  lagoon 
on December U, and the  PBN arr ived promptly t o  take Ted t o  Kwajalein. 
were sorry t o  see him go, a s  he was both an excellent companion and a great  
help with t he  work of t h e  expedition. We hoped t h a t  h i s  trouble would 
prove t o  be minor and t h a t  he would re turn shortly,  

Likiep was an a t o l l  t h a t  I had v i s i t e d o n  t h e  Economic Survey i n  
1946, s o  I chose t o  concentrate my ef for t s '  on a d i f fe ren t  islet than 
Likfep I s l e t ,  studied then. The astronomical party of t h e  surveying team 
s e t  up t h e i r  s t a t i on  on Lado I s l e t ,  so  MacNeil and I moved ashore with themo 
Beforegoing toLado, I v i s i t e d  Likiep Village and renewed acquaintance 
with t he '  l o c a l  magistrate, Anton DeBrum. Anton, a middle-aged Marshallese 
halfc'aste, i s  head of t he  DeBrum family, r i va l s  of t h e  re la ted Capelie ,, 

family f o r  leadership i n  northern Marshall a f f a i r s .  I well  remember a 
celebration of t h e  birthd3y of an elder of t he  C a ~ e l l e  family a t  which 1 
was a gue& i n  1946. The two families displayed t h e i r  f r iendly  r iva l ry  
i n  doing honor t o  t h i s  old gentleman, and I had a chance t o  observe, from 
a vantage point, Marshallese high society  a t  an i.mportant function. 

On Likiep, also,  I met a p r i e s t ,  Father NcCarthy, with whom I l a t e r  
had some in te res t ing  ta lks .  A br ief  vmlk on the  i s l e t  confirmed t h e  im- 
pression gained i n  191+6 or" v e r y t h i n  s o i l  and sparse vegetation in t h e  Co- 

conut groves south of t h e  v i l l age ,  probably an e f fec t  of t he  great  typhoon 
t h a t  swept t he  a t o l l  clean about 90 years ago. This same sparseness of 
vegetation i s  apparent on Lado I s l e t ,  especially on t h e  east  end. 

Being en t i r e ly  planted t o  coconuts, Lado has a s ingular ly  uninterest- 
ing vegetation. This, with t h e  f ac t  t ha t  I had collected many Likiep p lan ts  
i n  1946, made it possible t o  concentrate more on other things such a s  col- 
l ec t ing  insects,  water samples, so i l s ,  and algae on t h e  windward reef.  The 
moon was almost f u l l ,  and one night  was la rge ly  spent lobs te r  hunting out 
on t h e  reef f l a t  and a l g a l  r idge of t h e  windward reef.  The night l i f e  of 
t h e  reef was observed and, inc identa l iy  we had lobs te rs  f o r  breakfast next 
day. 

My own v i s i t  t o  Likiep was short ,  a s  I had decided t o  v i s i t  Jemo 
Island with a small 2ar ty  of surveyors who were t o  spend several  days 
there.  Before leaving I spent one night and most of a day on Likiep I s l e t ,  
t a lk ing  with Father McCarthy and walking around the i s l e t .  With low-level 
a e r i a l  photos taken during t h e  war, it was possible both t o  t e s t  m~ abil-  
i t y  i n  identifying plants  on the  photos and t o  assess  changes i n  the  island. 

Plants collected on Likiep (mostly on Lado % l e t )  were la rge ly  algae. 
A search was m d e  f o r  Hippobroma longiflora,  a poisonous weed newly estab- 
l i shed  i n  1946. I had then advised the  natives t o  destroy it, and they 
apparently had, a s  I found none on t h i s  v i s i t .  Anton confirmed t h a t  they 
had pulled it up whenever they had seen it. 



Jemo - 
Departure for  Jemo w a s  on-December . . .  18, and the voyage took only two 

. . 
hours. Landing there i s  never very certain,..,and t h i s  landing could have 
been exciting, but beyond a wet t ing  there '  was no e s ~ e c i a l  incident. The 

' ship l e f t  f o r  Likiep again a s  soon'as we were ashore.'. 
, :% ,: , , . . . . 
%. .. . . 

~em; i s  a t i n y  egg-shaped:Gatch'of iaii, less. than one-tenth of a 
square p i l e  in area, on the end of a','ree?..ab.gut &i/2 miles iong. In  pre- 
European times the  Karshallese i:epJc i $ a $  &sanctuary f o r  b i rds  and t u r t l e s ,  
v i s i t i n g  it o: i l~once a year t o  harvest .a..limited number of these animals . . 
and t h e i r  eggs f o r  food. It was l?rgdy,:.cleared and planted t o  coconut 
t r e e s  by the  Likiep people 50 or  60years..  ago. FoYtuna.tely f o r  my investiga- 

; t i o n s ,  they l e f t  a s t r i p  of vegetation completely a r o k d  the ' i s lqnd .  Jemo 
' i s  uninhabited, though there  i s  a:,sm%ll frame house there  f o r  use during , ' 

t he  times when copra i s  harvested. ~ o r t i i a t e l y  we were'permitted by the 
owner t o  occupy t h i s  house. during our v i s i t ,  s o  that  l e s s  of our l imited 
time was was'ed making camp, and protection from t h e  ra in  was more-effect- 
ive. My f i r s t  a c t  on entering.t,he house;,,was t o  co l lec t  a scorpi-on, which 
was t h e  first and only record of t h i s  s$ecias (Isometrus naculatus) from 
the  Marshall Islands. It was t h e  common pan-tropical house scorpion, but 
t ha t  it, should have been collected only ,here,. . . on-an+inhabj.ted island, i s  

. . , . .  . ., .. . , curj.ous. . . 
. . ,  . . . . 

: . .,.. . . ' .  
0n iallciing, t he  enl is tedmen i n  the kar ty  were qu i te  excited a t  

what they. f i r s t  thought were tank t racks  going s t ra igh t  ,op the  beach from 
the  water's edge. It was obvious t h a t  they were t racks  of sea tu r t le ' s  t ha t  
had cohe .ashore t o  l ay  t h e i r  eggs. When' 1:walked around the  island, I 

, counted t h e  number of f resh  t racks  i n  t h e  &dis'curbedSand and found 44 i n  
a l l ,  indicating t h a t  22 t u r t l e s  had come ashore t he  previous n i g h t o r  two. 
A t  t h e  top  of t he  beach, i n  t h e  edge of t he  vegetation,' were k d e , .  shallow 
p i t s  and mounds of sand. We dug i n  several  of these p i t s ,  looking f o r  eggs. 
This was exactly  hat t h e  t u r t l e s  had intended we should do. They had been 
smrt enough not t o  l ay  them i n  t he  obvious place, We eventually found the  
eggs i n  a sinall, deep hole under t h e  p i l e  of sand excavated f romthe  main 
p i t .  I n  t h i s  hole were 106 eggs, white, spherical, an& somewhat e l a s t i c , '  
about t h e  s i ze  and appearance of pingpong balls:, packed together under 2 
f e e t  of sand. . When cooked, Chewhites of theseeggs  did not coagulate;: and 
scrambled, t h e y t a s t e d  more l i k e  s o f t  cheese than  chicken's eggs. , 

It was just past. f u l l  moon t h e  f & s t  night we were there,  and a t  
about 1:30 a. m. I went out with two of the  boys t o  see i f  any more t u r t l e s  
had come ashore. After ,walking around almost the  en t i r e  sandy par t  of the  
is land we found two s e t s  of f resh  tracks,  one going up the  beach, and one 
down. A l a rge  dark form was seen just  about t o  enter the water. Racing t o  
it, we found a t u r t l e ,  stopped it, and wi.th s.me e f for t ,  turned it over on 
i t s  back. After struggling v io len t ly  f o r  a b i t ,  slapping wildly with i t s  
f l ippers ,  it ,calmed down,' emitting a sighing flahlhll sound, with t e a r s  run- 
ning from i ts  eyes. Seeing t h i s ,  one of t h e  boys, an American-born Japanese 
in te rpre te r ,  who had been a l l  excited abbut having t u r t l e  meat, asked me 
anxiously i f  I were going t o  k i l l  it. !When I to ld  him t h a t  I wanted only 
t o  take  pictures of it t h e  next day and then t o  l e t  it go, he was relieved. 
The t e a r s  had changed h i s  mind about t u r t l e  meat. 



Next day we got sorne excellent pic tures  of t h i s  large specimen of green 
t u r t l e  before sending it back t o  sea. The Japanese surveyors did not 
think much of t h i s  procedure, it being. considered bad luck t o  molest 
t u r t l e s .  I n  f ac t ,  when the sea got choppy l a t e r ,  and there  was some 
doubt tha t  we would be able t o  get off t he  island, t he re  was some mutter- 
jng t h i t  it would have been better.  i f  we. had not bothered the  t u r t l e  a t  
a l l ,  

Fjhenthe is land *!as cleared a s t r i p  of vege5ation 30 meters or more 
widewas l e f t  cokpletely around the  : island, On t h e  west s i d e  t h i s  S t r i p  
i s  a mgnificent.  fo res t  of giant  '*u& grandis t rees .  Elsewhere it i s  
lower and of mixed s c r ~ ~ . b b ~ ' f o r z s t .  This fores t  grows mostly on a r idge of 
&mes 5 t o .  6 meters above low-tide leve l ,  not high, a s  dunes go, but 
.strik*g f o r  a low cora l  isiand, It was fortunate f o r  my investigatj.ons 
tha t  this be l t  of fores t  was l e f t ,  a s  i n  it I f i r s t  got an idea of one of 
the most i n t e r e s t i n  sets of re1ationshj:ps t ha t  were t o  appear as  r e su l t s  
of t h e  expedi . t iongIt ,  was noted here t h a t  the  surface of t h e  ground i n  
t he  Pisonia grove was covered by a thick layer  of a peat-like Iraterial, 
similar t o  t h e  "raw hums" or  %ortt of northern fo re s t s  and heaths. Under 
t h i s  was a layer  of cemented sand, t h e  cement dark brown, t h a t  corresponded 
t o  t h e  descriptions I had been given of phosphate rock on Arno Atoll.  
Red-footed. boobj.es were nesting i n  the  t r e e s ,  and t h e  ground was l i b e r a l l y  
spattered with white Gmno, Broken and weathered pieces of rock were 
abundant i n  t he  half  of the  coconut plantat ion next t o  the Xsonia  grove 
but were absent i n  t h e  other half of it. The par t  of the  coconut planta- 
t i o n  with t h e  rock fragments was dense and luxuriant; t h e  other part  was 
i n  very poor condition, and most of the  older t r e e s  were dead or dying. 

  he island was combed for  plants  and land animals, and good collec- 
t ions  were made. Descriptions were m d e  of t he  vegetation, t h e  topography, 
'and t h e  arrangement of beach rock  and peripheral  ridges; and s o i l  p rof i les  
wsre examined. It would seem tha t  more tha four days on such a t i n y  speck 
of land might be almost enough, but when t h e  .ship came f o r  us on December 23, 
I f e l t  t ha t  only a preliiriinary examination had-been made and t h a t  i f  only 
a few more days were available I might begin t o  learn  just  what was happen- 
ing i n  t h i s  microcosm. 

Much t o  my del ight ,  Ted Arnow, havine recovered completely, was 
aboard. 

Ailuk Ato l l  

Ailuk was s igh ted  l a t e  i n  t h e  afternoon, and we were, able t o  enter 
t h e  lagoon through t h e  north passage on the west side, where we dropped 
a'nchor not car  inside.. Two days, including Christmas, were spent on board 
getteng collections taken care of and notes i n  shape. The Christmas dinner 
produced by Captain Shoaf's steward's departnent w a s a  great  achievement, 
and was t h e  gastronomic high point of t h e  expedition. To our surpr ise  we 
we're served everything we would have had a t  home .or i n  a. fancy s t a t e s ide  
restaurant.  

MacNeil and ~ r i o w  had gone ashore on Christmas eve and had 
established camp on Ailuk, I s l o t ,  a t  t h e  south e:~d of t he  lagoon. I joined 
them on the 26th, but spent t h e  en t i r e  day get t ing there  from t he  ship. 

See S o i l  Science 78: 99-;07, 1954. 



Since we arrived a t  Ailuk a stiff tradewind had been b b ~ i n g  continuously, 
and it ne i ther  stopped nor slackened the e n t i r e  time we were there. If I 
had needed t o  be dis i l lus ioned about caLn t r c p i c a l  lagoons t h i s  day on 
Ailuk lagoon would have done it very we1.l. The waves on the lagoon were 
f u l l y  a s  rough a s  on an ordinary day i n  the open sea. . Travelling i n  an 
open motor whaleboat meant a continuous drenching. The water was not r e a l l y  
cold, but because. o f .  t he  wind everyone was s u r e  that  it was. Nith one s top 
t o  put up a surveying s igna l  on t h e  reef,  and an hoir  ashore on Akulwe I s l e t ,  
the on1.y one on the  west reef of Ailuk, we spent. a l l  day going t h e  13 miles 
f rox  t h e  ship t o  tine main island. : . . 

. . 
Ailuk I s l e t  i s  by fiir t he  la rges t  i s l e t  on t h e  a t o l l ,  and i s  s i tuated 

on t h e  southeast comer of the.  elongdte ring-like reef.  It i s  almost entire- 
l y  covered by coconut and breadfrui t  treks;  which provide.much of t he  l ive-  
lihood f o r  t h e  b13 people.. A$ .$fie .sonthwest corner of the .  i s l e t  i s  a tri- 
angular projection of sand: with a hook-like s p i t  on the ,  end of it. This 
small peninsula i s  bare of' t r e e s  exce1)t' f o r  scattered, Pandanus,. and here the 
par ty  of surveyors had s e t  -up t h e i r  camp, and IhcNeil and A r n o v r  had been 
comfortably estab1ished;for two days when I arrived. The people o f .  Ailuk, 
who a re  extremely friendly,  had welcomed both Americans t o  t h e i r .  Christlms 
f e s t i v i t i e s ,  and a f t e r  I .a:rrived,  brought presenti::and b.*itations t o  a 
v i l l age  ?arty. Their h e l p i n  digging holes f o r  water and s o i l  samples . : . 
f a c i l i t a t e d  our work greatly.. 

. : 
.. . 

Some distance back 'of: t he  v i l l age  on t h i s  is1'e.t is an a rea  of several  " . 
acres whers t h e  otherwise healthy coconut groves seem t o  b e  i n  sorry c& 
di t ion.  They resemble those on t h e  eastern half of Jemo Island in t h a t  
most of t h e  old t r e e s  a r e  dead or dying, but young ones a r e  not present, .. . .  

Also, t h e  s o i l  here i s  black, a s  black a s  any seen on any of t'ne is lands -: 

visitzd.  Nothing was apparent i n  t h e  p i t  dug i n  the  s o i l ,  or  i n  t he  samples 
secured, t ha t  woad account f o r  t h i s  condition. The remaining t r e e s  s t i l l  
standing. did show more than usual s igns  of f i r e  a r o ~ d t h e i r  bases, so 
t h a t  it i s  conceivable t h a t  a severe f i r e  r&y have k i l l ed  most of t h e  t r ee s .  

. . , . 
did. t a ro  pi" a r e  abundant near t h e  center of . the  i s l e t , .  most of 

them being elonga&e.and wsnding; with the.excavated &$erial  pi led up a s  
much a s  2 meters above t h e  general ground l eve l  between them. Coconut t r e e s  
a r e  gro~i ing on t h e i r  bottoms, a& they a r e  choked with Clerodendr7m and 
Ioomoea. One or  two p i t s  are. i n  t h n  vi l lkge near'the lagoon. These show 
a few pers is t ing plants of Csrtosuerma, and s t i l l  have a good muck layer  
i n  t he  bottom, highly organic and very wet. ' F h t ' t i r o  culture i s  jus t  a s  
effect ively abandoned here a s  i n  t h e  other no+thern Marshalls. And here, .  
as  elsewhere, Pasnalum vazinatum forms a dense m8t on a l l  recently used 
p i t s .  kiluk, l i k e  Likiep, has abundant and healthy breadfruit  t r e e s  around 
the  vil lage.  They do not, however, extend much beyond halfway t o  the  outer 
side,  and a t t h i s  distance are  very yellow and unhealthy looking. One 
healthy t r ee ,  however, grew on t h e  boulder ridge on thesouthwest s ide  only 
about 16 meters f ron  high-tide mark. 

. . . . 

After determini.ng--that it would be possible t o  wa.lk f ron  i s l e t  t o  
i s l e t  a t  low t i d e ,  ancI that  there  were lo7.c t i d e s  about midday, '1. decided 
t o  walk northward along t h e  chain. of i s l e t s  on t h e  east ,  or windward reef 
of t h e  a t o l l .  I arranged t o  be-picited up a t  one of t he  surveying s ta t ions  
on an i s l e t  about t he  middle of t he  a t o l l  two days l a t e r .  With a pandanus 



mat, a g i f t  from the  vi l lagers ,  t o  s leep on, C ra t ions  f o r  food, two 
canteens of water, machete, insect  ,let, and col lect ing v i a l s ,  1 l e f t  i n  
the middle of t h e  morning. 

These is lands a l l  seem t o  be remnants of an old higher reef pla t -  
form tha t  nad its surface well above present high-tide level .  Most o f  tM.s 
platform on every i s l e t  is covered by loose material, bu t  t h e  seaward ends 
have been recent ly  swept clean of loose mater,j.al arid vege%atj.on, Along 
some passa.ges there  a r e  wide exposures of rock surface. On these, though, 
t he re  i s  a well  developed forest  of smphis a c i ~ h - ,  dense and impene- 
t rab le .  After a fairnuziber of $hese i s l e t s  were examined, a vegetation 
pat tern became apgarent. The lagoon s ide  i n  most places had been planted 
t o  coconuts, leavins a crescent-shaped band of k t i v e  scrub and forest  
arouna the seaward s ides  and extending along t h e  passages between t h e  i s l e t s .  
The outer edge of t h i s  i s  low scrub; pr incipal ly  PernbhLs i f  t h e  substratum 
i s  rock; Scaevola, i.lesserschhi&, Guettarda, and Suriana i f  sand and gravel. 
The Eep&. does not 'seem a t  a l l  inconvenienced i f  i t s  roots a r e  covered by 
the sea a t  h i &  t ide .  The t r ee s  i n  this band hecoae t a l l e r  inward, u n t i l  a 
well-developed fores t ,  p-rkcipa.lly Fessersc,"&r&, Pandanu.s, Guettarda, arid 
Ochrnsia forms an excellent wi~dbresk  t o  protect  t h e  cocmut t r ee s  against ----..- 3 

t h e  strong spray-laden t r a d e  wkds . 
The need f o r  haste t o  take adva,ntage of t h e  low t i d e s  did not permit 

very careful study of these i s l e t s ,  but extensive notes were wade and some 
f a c t s  became obvious. Perhaps the most in te res t ing  th ing  was tha t ,  a t  l e a s t  
duqing the  trade.-wind season, t h e r e  i s  no reversa l  of t he  current flowing 
between t h s s e  i s l e t s  with t h e  t ide .  The flow i s  always i n t o  t h e  lagoon on 
t h i s  s ide,  i f  t he  c11a.mel 9s deep enough t o  contain water a t  low t ide .  A t  
high t i d e  t he  current is l i k e  t h z t  of a millrace, qui te  capable of sweeping 
a man off h i s  f ee t ,  a s  1 found out. The water, of course, drains out of 
the lagoon over t he  leeward reef,  which i s  lower, mostly below low t i d e  
level,  and not obstmcted by i s l e t s .  

k sone of t h e  i s l e t s  were native huts, not permnent residences, 
used apparently o ~ l y  dur-ing copra harvesting. On most of these i s l e t s  were 
pigs, l e f t  t o  s h i f t  more or l e s s  f o r  tnemselves. Correlated with t h e  pre- 
sence of pigs were plagues of f l i e s ,  some of t h e  most pers is tent  and raven- 
ous f l i e s  Chat I have ever seen. 

Afier being picked up on schedule, I was able  t o  exarLne most of t h e  
other i s l e t s  t o  t h e  north from a boht i n  t h e  lagaon, landing on only four 
of them, On one of these, Enejelar I s l e t ,  was a r idge of ra ther  well- 
dcvelopd sand d-mes; t h e  sand had o b ~ i o u s l y  been caught by t h e  s t r i p  of 
scrub vegetation growing along a long s p i t ,  On the windward s ide of t h i s ,  
a s  well as e a r l i e r  on a sand hank on Ailuk I s l e t ,  were again found pumice 
pebbles enclosed i n  a capsule of closely matted roots, s imilar  t o  those 
observed on Utirik,  ce r ta in ly  roots  of Scaevola, t h i s  time. It was the  only 
plant ng?ar, and one such capsule was st i .11 attached t o  the root of Scaevola 
bush. The only reasonable explanation for  t h i s  seems t o  b e a  deficiency 
i n  t h e  coral  sand of some element needed by the  plant tht i s  not serious 
enough t o  prevent the growth of Scaevola. 

The l a s t  s top  on Ailuk was on an open s t r e t ch  of t h e  leeward reef ,  
where t h e  surveyors had s e t  up a tower. The reef  here i s  a broad surface 



below low-tide level ,  th ick ly  studded with.. coral  -heads and clumps, strewn 
with boulders thrown up by storms, some of ithem qu i t e  large,  up t o  2 
meters across, and almost completely devoidof  &.nt l i f e .  Among t h e  
abund.ant anima.1 growth, bright pink clumps' of Liagora were t h e  only plants  
seen. The4Vegetation" seemed almost entirel.yanima1 in .nature .  

i . ,. 
. .. 

. . .. . . . Lae Atol l  . . --- . . 
. . . . . .  . . . . 

On January 4 ,  1952, we l e f t  Ailuk and on ' ~ i f i d r ~  5 arrived a t  h e .  
h e  is a t i n y  a t o l l  compared .with Ailuk, but a b e a u t ~ f u l  one. From ins ide  
t h e  lagoon the whole a t o l l  i s ; v i s i b l e  a . t  once, and. there  a r e  many well- 
wooded i s l e t s .  For i t s  s i z e ,  Lae had. more undisturbed.-vpgetation than any . : 

other a t o l l  we .had seen t o  t h i s  time. Here large pai&es' of a peculiar 
fo re s t  type, very conspici~o~us on aeria.l.photos, but  which *ti1 now defied 
ident i f icat ion,  turned out t o  be p,ure stands of Ochrosia o p ~ o s i t i f o l i a ,  
except one of very s i d l a r  appejrance,, whicll. .is.a pwe.s tand  of Barringto- 
nia  as ia t ica .  Pure fo re s t s  of nei ther  of t hesy t r ees :  had been reported - -- 
previousl:r, t o  t he  best of my knowledge., and the.  pat tern t h a t  t h e i r  crowns 
make on the photos resembles nothing e l se  w5Lh which I. am famil iar .  

, . . .  

In addit ion t o  much of s c i en t i f i c  i n t e r e s t  'on h e ,  there  was other 
excitement aplenty, In the  lagoon was anchored a small schooner t h a t  
proved t o  he the  Laura, f ~ o m  Llkiep, which had disappeared on a voyage from 
Kwajalein t o  Likiep two and a ha1.f months previously and had been given up ,  
f o r  l o s t  by almost everyone. Her engine had been disabled and, with t h e  
ro t ten  sail-canvas, she had managed t o  s a i l  down-~iind t o  h e ,  f a r  t o  the  
westward of he r  course and  destination.  Having no radio, her f a t e  remained 
obscure u n t i l  we were able,.,'&.(, announce her safety .  

.. . 
Our own ship, a f t e r  putt ing us ashore, l e f t  f o r  Kwajal-ein. The 

next news we had af her over the  r ad io  was t h a t  she was l a i d  up i n  Kwaja- 
l e in ,  awaiting a replacement par t ,  which would have t o  be brought from 
Yokohama. We thought that;  perhaps, t h i s  would give us a day or two more 
than the scheduled time here, and would enable us t o  do a. some~~rhat more 
thorough job of t h i s  a t o l l  than we had been able  t o  do on any of t h e  others. 
This proved a vain hope, a s  the  surveyors finished i n  l e s s  than t h e i r  a l l o t -  
t ed  time and a pa t ro l  boatwas sent 'up from Kwajalein t o  pick us up. 

Geanwhile, we got around the  'Atoll and d id  the  best  job we could. 
A s  was expected, t he  vegetation was ccnspicuouslg mor'e luxuriant here than 
on the  a t o l l s  f a r the r  north. In t h e  i~laarshalls t h e  annual r a i n f a l l  increases 
rapidly from n w t h  t o  south. %ere i n  Lae were the f i r s t  functioning ta ro  
p i t s ,  a few among%he many abandoned ones. These had Cyiitosperma and 
Colocasia growing i n  a j e l l y l ike  brown muck lying on a sandy bottom, with --- - 
the  water t ab le  pract3.cally a t  t h e  surface. Alocasia has invaded these 
p i t s  and i n  most of them has crowded out the  two edible taros .  The natives 
seem l i t t l e  concerned about this, as  they can get  r i c e  and f lou r  from 
Kwa Jalein  only 70 lni1e.s away. 

Here, f o r  t h e  first time on t:he expedition, we found I n t s i a  biiuga, 
noted i n  Guam where it i s  cal led i'fil, f o r  i t s  f ine  hard wood. This is 
not i t s  northern l imit  i n  t he  flarshalls, however, a s  ,we lace? found it on 
Wotho. It i s  a notable component of t he  mixed fo'rest . . The mixed fo re s t  
here, a s  well a s  t h e  breadfruit  fo re s t  and t h e  coconut-breadfruit forest ,  
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have denser canopies than seen on any other a t o l l  so f a r  on the  t r i p ,  
and the  usual sparseness of undergrohth when heavily shaded was apparent, 
I n  t h e  Ochrosia forest ,  mentioned above, there  i s  no undergrowth except 
small seedlings of Ochrosia. I n  t h e  hrrinaton& fores t  t h e  only other 
plants  were a small colony o f  Peperomia, growing on boulders, by f a r  t h e  
northernmost record f o r  t h i s  i n  t h e  Ivlarshalls. This fores t  i s  especial ly  
in te res t ing  because: i t  is growing on t h e  inner slope: of t h e  highest 
boulder r idge seen i n  t he  i%rshalls,about 5.5 meters above low-tide 
level.  The trees a r e  very large,  t h e  la rges t  being alniost 4 meters through, 
though the  average i s  well  under 1 meter. The natives have cut a t r a i l  
across t he  boulder ridge, digging wel l  i n t o  t he  loose material. Here it 
can be seen tha t  t he  layer 0.5 meter o r  more thick of boulders was depos- 
i t e d a f t e r  t he  t r ee s  had reached e s sen t i a l l y  t h e i r  present size. 

In  t h e  mixed fores t  on the. wi.ndward i s l e t s ,  which is apparently 
or ig ina l  uncleared fores t ,  it was noticed tha t  t he  only Messerschmidj.a 
t r e e s  a r e  very old ones. Some dead logs a r e  found, but noyoung t rees .  
Young ones a r e  abundant, on the  other hand, around the  per ipher ies  of 
t hese  sane i s l e t s ,  Tne obvious inference from t h i s  i s  t h a t  &s~!-schnlidia . . 
is  not. a t r e e  o f  'mature mixed forest .  It reproduces i t s e l f  on3-y under 

. , 
%ore o r '  l e s s  pioneer conditions. .. . . 

. . 
. . 

The p z ~ t ~ o l ' c r a f t  froin Kwajalein:~canie for  us, a l l  too  soon, before 
we had had a chance t o  v i s i t  a l l  of t h e  -21 i s l e t s  of Lae Atoll.. We l e f t  
a t  7 p.m.on January 11 anda r r ived  a4 Kwaiaiein a t  10 p.m. t h e  same night,. 

. . .. . 
. ,  . . ..: ~wa.'al&n Atol l  L.-- 

.. . 

.Kwajalein had changed rad ica i ly  s ince my l a s t  v i s i t  i n  1950. Then 
it 'Seemed i n  t h e  process: of being slowly abandoned, growing up t o  weeds. 
Now it had become, again, a busy base, with much cons t~uc t ion  going on, 
and very l i t t l e  t o  be seen i n  t h e  way of plants.  The prospect o f  an 
indef in i te  s tay  here w a s  a t t r a c t i v e  only if t rmspor ta t ion  t o  t he  other 
i s l e t s  was, avai lable .  Kwajalein I s l e t ,  i t s e l f ,  would. afford l i t t l e  of 
i n t e r e s t ,  ' sc ien t i f ica l ly .  . . 

. . .  . 

. , 

On 'January 13 an opportunity .afforded i t s e l f  t o  f l y  t o  l<ajuro A t 0 1 1  
f o r  a few hours. This gave me,a chance to  see  any obvious changes the re  

' since 1950 and t o t a l k  t o  the  Trust Terr i tory o f f i c i a l s  a t  the d i s t r i c t  
headquarters t,here. Tobin, t h e  ~ t a f f  anthropologist, provided some infor- 
mation on the h i s t o r y  of Pokak, Dikar, and Jemo Atolls,  He had been working 
on land tenure and land use among the  Marshallese and had found t h a t  these 
t h r e e . a t o l l s  had been maintained, a s  b i rd  and. t u r t l e  sanctuaries i n  pre- 
.&iropeantimes, arid that  they were v i s i t e d  periodically and a lirnLted 
number o f  birds.and t u r t l e s  and t h e i r  eggs taken. 

. . . .  . . . 

Such a short  tin% was avai lable  t h a t  only a br ief  r i d e  i n t h e  
v i c in i ty  of t he  :'headquarters was possible. The contrast with t h e  northern 
a t o l l s i n  grea%erluxuria.n.ce of vegetation even on very narrow i s l e t s ,  
was s t r iking.  Only on& plant,  a conspicuous species of t e r res t r i . a l  N O S ~ O C ,  
was collected. En route from Kwajalein, we saw Nama Atol l  b r i e f l y  from 
the  a i r .  iluring our f l i gh t ,  from a short distance south of Kwajalein t o  
M a j y o ,  and. the  same distance back, t h e  sea was almost completely covered 
by a th ick  layer  of clouds, i n  a season when there had been few clouds 

. . .  



and l i t t l e  or  no r a in  f o r  some time on Kwajalein and the other northern 
a t o l l s .  

The pr incipal  observations on Kwajalein I s l e t  during t h e  next two 
arid a half weeks were of t he  e f f ec t s  of continued drought and severe 
winds on even the most halophytic plants. Even Triumfetta procumbens and 
Ipoinoea p s - c a p r a ~  were s e v e r e l y k i l l e d  back, a t  l e a s t  on the areas exposed -- - 
t o  t he  wind. Coconut leaves were turned brown we1.l back from the  t j p s  of 
t h e  l ea f l e t s .  The e f fec t s  of even s l i gh t  she l t e r  were immediately evident 
i n  much greener weed growth and cult ivated plants. A few weeds previously 
unrecorded from the  a t o l l  were picked up, such a s  Desmodium canurn and 
Heliotropium ovalifolium, t he  l a t t e r ,  a t  l eas t ,  an obvious recent immigrant --- 
f roa  '~am, grovjing along the  a i r s t r i p .  Since 1950 Paspalurn vaginatwn had 
spread coinpldtely over. t h e  i s l e t ,  Piuchea indica had increased grea t ly  
i n  abundance, and Pluchea odorat? had decreased notabiy. 

Kwajalein Atoll, i n  dimensions, i s  one of t he  largest ,  . i f  not t he  
la rges t  a t o l l  i n  the  world, and has 92 i s l e t s ,  on i t s  195 miles of reef. 
Few of these,  except t he  southerrmost ones which were badly devastated 
during the  War and since, have ever been studied sc ien t i f ica l ly .  Cfforts 
were made t o  get transportation t o  som of t h e o t h e r s  with only p a r t i a l  
success, A v i s i t  t o  Loj jairok and Loj jaiong, o'n t i e  windward r se f ,  was 
manage6 on a "recreation" t r i p .  These i s l e t s  have been used a s  recreation 
spots f o r  mil i tary personnel and have l i t t l e  unaltered vegetation l e f t  on 
them. Trips were a l so  made t o  Enebuoj and Enewetak I s l e t s ,  through the 
kindness of cik. Eenry >?ah1 of t h e  Island Trading Co, These i s l e t s  -present 
an extreme contrast .  Enebuoj was an act ive 'military establishment u n t i l  
1948, when it was aba.ndoned. Now it i s  covered by a dense blanket of' 
PJede1i.a -- and Ipornoea pes-caprae vines t h a t  effect ively conceal p rac t i ca l ly .  
a l l  t races  of the  former establishments, and cer ta inly re ta rd  establish~nent 
Of inuch e l se  i n  t he  way of vegetation. A Short distance off the  lagoon 
shore of t h i s  i s l e t  l i e s  t he  capsized hulk o f t h e  German cruiser  Prinz 
Eugen. 

. . ,  . 

Enewetak I s l e t ,  on t h e  other hand, has scarcely been a l te red  i n  any 
way by man. It i s  almost completely covered by a fores t  of giant  F'isonia 
t rees ,  the home of inn&erable sea birds.  Ttiis i s  unquestionably t h e  f i nes t  
native f o r e s t  seen anywhere i n  t h e  northern Narshalls, and probablythe 
best s ing le  stand i n  any of the  lviarshall group. Here was afforded a 
fur ther  opportunity t o  study the  type of phosphate rock f o r m t i o n  f i r s t  
observed on Jemo Island. This i s l e t  d i f f e r s  from most a t o l l  i s l e t s  i n  
being i n  t h e  lagoon, ra ther  than on the peripheral reef,  It seems t o  be 
made up en t i r e ly  of sand, except for  the  ssuperficial phosphate bed. That 
it should have been l e f t  i n  fores t  i s  interest ing,  and the  reason is not 
clear. It seems possible t h a t  th i s ,  a lso,  may ha+e been a 'b i rd  sanctuary. 
This i s  more l i ke ly  i n  view of t he  discovery by ilm H. ilatheway (personal 
comunication, 19523, t ha t  c e r t a i n  i s l e t s  on Arno Atoll, i n  t he  southern 
Karshalls, were i n  pra-Emopean times so preserved: It would be a f i n e  
thing i f  t h i s  t r ad i t i on  cou ldbe  ccntinued and such b i t s  of o r ig ina l  
vegetation a s  t ha t  on bewetaic i s l e t  could be s e t  aside a s  bird  and ':. 
vegetation reserves f o r  t he  future  Xarshallese. 

'IacIdeil, during t h i s  time, was enabled t o  v i s i t  several  of t h e  
southwestern i s l e t s ,  because a n  ex t ra  ber th  was available on t h e  FS-216, 



another ship of t he  survey then ope ra~ ing  i n  Kwajalein. He mdc Lnportant 
geological observations during t h i s  period. 

I was afforded a complete, if eh%rsmely quick, look a t  the r e s t  of 
the  a t o l l  when Lt .  Comer. C.l<.Rrus-t, U.S.1'. , t.ook me' on a low-altitude 
f l i g h t  arouud the a t o l l  i n  a sxa l l  t r a in ing  plane. Rough notes on t h e  
general vegetation pa:;te~ns on many of t he  i s l e t s  %ere made. Cn Bikej 
I s l e t ,  wEch had been v i s i t e d i n  1944 and l95O,'i+; waspossi.ble t b ' n o t e  
t ha t  t h e  scrub fores t  i n  the old U.S.PTavy t&k-farm had grown perceptibly, 
but t h a t  t h e  a i r s t r i p  b:as s t i l l a b o u t  as bare of. vGgetatiort as  i n  1946. 
On so.ne of the.  southenn i s l e t s ,  .Pernphis fores t  makes up a .  conspicuous 
par t  of t h e  vegebation. On Ninqr-and 8uot Isbets,  a t  t he  northern point 
of the  a t o l l ,  abanaoned g~il i tar ;~ establi,shngnts. were covered by the usua l  
blankets of Wedelia .and I&mme,a. ,Ochrs>& arid E i s ~ n &  fo re s t s  . . occur on 
some of the  smaller i s l a t e .  A t  t he  weste~nmost point of tho  a t o l l ,  where 
t he  roef exbends for  soine distance beyond the lagoon, broad expanses o f '  
bare reef were marked by transverse s t r i .ps  of bod,clers, which from a 
distance resernble causeways. l'he origin o f  these s t r i p s  does not seem 
evident, 

. . .  

Several ~ r i s i t s  t o  ;.:beye I s l e t  were possib1.s through the courtesy 
of t he  Ssl.a;id. Tradi.ng Co, o f f i c i a ? . ~ ,  who, have their headquarters i n  the  
native v i l i age  there. T h i s  i s l e t ,  also,  has l i t t l e  .or  nothing l e f t  of i t s  
or ig ina l  character, The most s-bribing observation made here was %he amount 
of spray carried b y t h e  strong t r aze  winds. The ir,side of the  porch of 
t he  .Island Trading Co. house was continually we5 anddripping s a l t  water, 
even t h o ~ g h  sojxewhat protected from the  wind. The windward win%ows of t h e  
house had t o  be kept closed i n  order to, keep anythbg dry i n  t he  house, 
even tough no r a i n  f e l l  during t h e  e n t i r e  period.' The drinking water 
s i tua t ion  i n  t he  nat ive v i l l age  would, have been serious i f  t he  :Java1 A i r '  
%ation authori-t ies had n0.t sent over water from the  s ta t ion  supply. 

. . 

U.jelan,z Atol l  

After the  ship was repaired we promptly,left  Iha ja le in  on February 
1, ar r iv ing  a t  Ujelang. on February 3. Here .it was again possible t o  take 
the ship in to  the lagoon and work from her. This i s  a Long narrow a t o l l  
with about 24 i s l e t s  s c a t t e r e d  f a i r l y  wel l  around it. Uje!.ang, the  l a rges t  
of them, was a German. coconut .plantation,  end the t r e e s  a r e  consequently 
planted in an exact checkerboitrd arrangement. No 14arshallese had l ived 
there  fo r  man) years un t i l ,  i n  1948, t he  peoyle from .2ki-,,ietok Atol l  were 
moved t o  Ujelang i n  order t o  permit t he  us8 of 3niwetok as  a t e s t i n g  s i t e  
for  atomic weapons. These people l i v e  i n  a v i l l age  b u i l t  f o r  them by the  
U.S.Navy, on Ujelang I s l e t , .  Oneof the  things of i n t e r e s t  t o  me here was 
t o  see how wel l  t he se  people had reacted t o  transplanting.  h!hen I had 
seen them i n  1945 on Eniw&ok, t he  wa;r and subsequent events had reduced 
them t o  a sad s t a t e  of dependence. It was in te res t ing  t h & t h e r e  was 
l i t t l e  or  no complaining,~in s p i t e  of some obvious homesickness, and t h a t  
these people were al-ready inuch a t  hom, though such signs as  most of the '  
canoes being o u t  of r epa i r  did not lcok too encouraging. 

. . .  . 

For the first two days of our v i s i t  I had a f a s t  s a i l i ng  outrigger 
canoe with a crew of four enthusias t ic  PLwshallese menat  nr$ disposal.  
Consequently I was able t o  v i s i t  br-iefly rpost of t h e  i s l e t i ' o ~ ' t h e a t o l 1 .  



This type of canoe, wj.tii i t s  la teen s a i l ,  i s  rmarkably f a s t  and .wi l l  
s a i l  almost s t r a igh t  i n t o  t he  wind. 

Iiere, on one of t h  smal.le5 i s l e t s ,  l' found cocoriut crabs for  t h e  
f i r s t  time on the  tr l .p,  .sim.ll ones. onL;.. I$ boat crew gathered t u r t l e  
eggs, sooty t e rn  eggs, and yomg noddy .t ems f o r  food, Inland on Xirinyan 
I s l e t  was qz i t e  an abunda~ce of puuniice'pebbles about t h e  .s ize  of a man's 
f i s t ,  sca t te red  on the surface 3f t h e  g?oukd, especially on t h e  lagoon 
half of chp isle-t. The lower s9;ies of t he  pebbles were closely invested 
i n  a "basket" or cup of close!-y <grown roots. Ths gregarisus n e s t h g  
habit of t he  white-capped noddies was very !ioticeri'ole here ,  also. 

Compaqison of photographs %??ken i n  1944 with present conditions 
showed remarkably rapid growth of Le~p&t& fores t  on bare rock flats jilst 
a t  or  above high-tide l e v e l  on 2ii.inoni I s l e t .  Ch Ujelang I s l e t  was one ' .  

of the few cases seen anywhere of Peniphis growing i n  sand, 
. . 

4f t e r  two days with the canoe, the  r e s t  of the av+lab&e time was 
spent on sho reon  Ujelang Islet,'i!long the lagoorl shore, a t  about low. 
t i d e  level ,  was founci a ra ther  ext2egsive s t r i p  of a sod. of Thalassia . ' ' 

hemnwichii, or  t u r t l e  grass , .  th;3 secckd occurrence of t h i s .  plant,  and t h e  ' ' 

only extensive one, known.,in the  Larshdils , ~ter~ot?phi~u~n'kicmnthum, a . . 

grass h i ther to  unknown from the  i!arsl;alis, possibl,y introduc,ed, was found 
here, aLso. These were t h e  only plants  seen t h a t  a r e  not coixncn generally 
in the tk rsha l l s ,  save a few wee& tha t  dbte  from Ja.panese or ,  Gerinan contact 
with Ponape, It had been thought that;beceuve UJelang is s o , f a r  west, ' .  , 

there  might be. sane r e l a t i onsh ip  t o  t h e  Caroli-ne f lo ra ,  but t h e  two species 
mentioned a re  t h e   illy suggestions o f  such a re!a.tionshi?:j. y ,  

. . . . .  . . ,, . . . . . .  
.14~...y:attent ion was called t o  a few cstracods,  mi.n~t e crustacea, which 

were swimming i n  a water sample brought from Rai j  i s l e t  by Amow. To 
col lect  some I made a special  t r i p  t o  Kaij on tine l z s t  day of our stay. 
Returning with a good sample, I f owcl 8ha.l; ~iaci\J&il. had found them , icde-  ~ 

. . 
pendently i n  t he  same well  and had brought: a b o t t l e  f u l l .  

... . . . . .  . . .  

Visit ing a large number of i s l e t s ,  whilegi.ving a be t t e r  geographtcal-  
picture of tho a t o i l , , . r ~ s u l t e d  i n  the  nunber o$' ,collections of plants  and 
animals from Ujelang being comparatively'srnall.' This should n o t  be taken . ' 

t o  indicate  a smaller rauna than on a t o l l s  whel'e more: animals were collected.  
. , , . .  

. . . . )  
, . . Wotho Atol l .  . . 

. . 
. . .  . . . . 

. . . .  " .... . . . . . . . . .  . . .- . . .  
On ;January LO, with t he  usual feel ing o f  hot. lia,vi.ng had qu i t e  . . . .  

enough time: t o  !iake even a good superfic3:al .survey,, we l e f t  f o r  Mokho; . ' 
We arr ived t h e r e  on Jaaiary 12, .Th i s  . a t o l l  prcmi.sed t o .  be very intkrestillg. , 

Its land area i s  Iarge and i ts  human . p ~ p ~ l ~ b . ~ . ~ i l s ~ ~ ~ l l ' ,  and the  a e r i a l  
photos showed large areas of apparently undisturbed forest .  There a-ctu-. 
a l l y  i s  on Wotho rmch more native.  fo res t  i n  i t s  o r ig ina l  condition than - 

' 

on any other a t o l l  i n  t h i s  cl imatic b e l t , a n d  nrobabvi %ore than. on any ' . 
other of t h e  Marshalls, exceptin6 possibly Pohk,  

. . .  . . .  . . . . 

Gw car$ was .&t up on. t he  &st. end of !)totho I s l e t ,  the, 1arg.est o f  .: 

t he  i s l e t s  on t h e  a to l l , .The  . f i r s t . d i s t i n d t i ~ e  thing noticed here was 
tha t  t he  nixed fo re s t  contained a la,rge percentage of Sou la~ea  -, a 
small t r e e  which, though wides;?read i n  t h e  northern :$a-shells, is gener- 



a l l y  qui te  l o c a l  and not very common. The s o i l  i n  t h i s  ra ther  open mixed 
fores t  i s  a l so  unusual, of a f i n e  grayish s i l t y  character and naturcl ly  
rol led up i n t o  small pelleks l i k e  BB shot. 

The t o t a l  population of t h i s  a t o l l  i s  26. The people l i v e  i n  a row 
of widely scattered houses along the broad sand ridge a t  t he  top  of the  
lagoon beach. These houses a r e  connected by the  usual perfect ly  s t ra igh t ,  
wide path, l ined with s labs  of coral  s e t  on edge, dating from the Geman 
period. Such paths may be seenon ,  every inhabited a t o l l  thx t  I have v i s i t ed  
i n  t he  Narshalls and Carolines. Here a r e  a very few breadfruit  t rees .  The 
v i c in i ty  of t h i s  "vi l lagel  is well  planted t o  coconut t r ee s ,  most of which 
appear t o  be very healthy. However there  i s  an area of some acres i n  
extent back of t h e  houses t ha t  has no cocowts and i s  i n  grass, except 
for  scat tered Guettarda and &?& bushes and some "J?$,Wa. There are  
no dead coconut trunks and only a few very yellow coconut seedlings; t he  
or igin  of t h i s  grass-covered opefiing i s  not clear,  Although there a r e  
only three or  four men who make copra, a considerable a.r!iount was piled 
up, wai t ingyor  the  Island Trading Co. shLp. Sowthing about t he  bags 
i n  whichthe copra was packed seemed familiar. On e:<amination they turned 
out t o  be "fique" coffee bags made i n  Bogot6, Colombi.a, iden t ica l  with 
many t,housandsin whi.ch.we had shipped Cinchona bark f ron  the South 
American republic .durLng the  war,, The 1i t t l .e  old man who was chief of 
Wotho. could be seen husking and chopping coconuts f o r  copra a t  any time 
du r ing the  day. These people were f r iendly arid helpful  and seemed glad 
t o  have v i s i t o r s .  

The center  of t h e  i s l e t  has a se r ies  of long, winding troughs and 
ridges, remains of ancient t a r o  p i t s .  Here and there these have been 
cleaned out. and C~rtosperma planted, which is struggling with t h e  weeds. 
Host of the , 'p i t s  support dense tangles of Uerodendrum, Pandanus, m, 
Canavalia, tiedelia, and breadfrui t  t rees .  The breadfrui t  t r e e s  a l so  
surround the pi ts .  

Back of t he  plantation and t a ro  p i t s  s t re tches  a f i n e  expanse of 
pure Ochrosia fores t ,  i den t i ca l  with t h a t  studied. on Lae. Cne could walk 
f o r  a good distance i n  t he  dim l i g h t  th2.t .diffused through the dense 
canopy of t h i s  in te res t ing  woods. A feature noted i n  most l a rge  stands of 
Ochrosiastudied here and on other a t o l l s  was the presence of patches where 
t he  t r e e s  a r e  yellow and unhealthy, some even dead. There is no obvious 
reason f o r  t h i s ,  but the patches a r e  apparently of long duration, as  they 
were t o  be seen i n  exactly t h e i r  present posit ions on a e r i a l  photos taken 
eight  years before. Cn the  eas t  s ide  of the i s l e t ,  between the Ochrosia 
and' the beach scrub i s  a f i n e  s t r i p  of Kesserschmidia. fo res t  o f  l a rge  t r e e s  
with l i t t l e  undergrowth. The scrub b e l t  i s  unusually broad here, and the 
Scaevola leaves a t  i t s  outer edge a re  thickened and twisted, somewhat 
yellow, apparently showing the  e f fec t s  of too  much s a l t  spray. Scaevola 
does not usually demonstrate such symptoms. 

The inadequacy of .,the pubxished char t s  of these a t  011s is nowhere 
be t t e r  demonstrated than on Wotho I s l e t .  $rot shotring a t  a l l  on the 
available H.O. chart i s  a tremendous shallow embayment on t h e  windwa-d 
s ide  t h a t  cuts a roughly rectangular section t o t h e  n!iddle.of t h e  i s l e t .  
This embayment runs o u t  i n t o  a s o r t  of i n l e t  of sand t h a t  r a ~ i d l y  narrows 
and pinches out jus t  back of t he  lagoon ridge. It has every appearance 



Of an old stream bed, though stream beds do not exist on co ra l  islands. A 
similar channel, but one tha t  does not pinch out, cuts  t h e  northeast 
corner of the i s l e t  off as  a separate i s l e t ,  "her ikan"  of t he  natives, 
which is not shown a t  a l l  on t h e  chart. Whether these  features  were simply 
missed during t h e  surveys on which t h e  chart  i s  based, or  whether they 
came i n t o  existence subsequently, and i f  so, how, a r e  in te res t ing  questions. 

Ujae Atoll  

Before our exploration of iiotho was well s t a r t e d  .an acci.dent t o  one 
of t h e s m a l l  boats necessitated stopping work and leaving for  Kwajalein, 
t o  awai t spare  parts,  again t o  b e s e n t  from Yokohama. TtTe l e f t  on February . . 
15. The ~Yajor decided t o  c a l l  a t  Ujae on t h e  way, t o  see what small-boat 
transportation might be obtained there. We anchored off Ujae on February 
16 and went from the  passage t o  t he  vil lage,  on Ujae I s l e t ,  i n  our remain- 
ing small boat. To have quie te r  water, a s  t he  wind was rraking the  lagoon 
very choppy, we crossed t o  the  windward s ide and skir ted t h e  leeward s ide  
of the windward reef.  .This t r i p  t o  t he  v i l l age  took several  hours. 

Gn t h i s  t r i p  I first noticed a phenomenon frequently seen afterward. 
Ektending out i n t o  t he  lagoon. from the  reef i n  t he  d i rec t ion  p a r a l l e l  
with t h e  wind were a s e r i e s  of narrow s t r i p s  of smooth water resembling 
o i l  T1slicks.T* They ranged from several  centimeters t o  half  a meter o r  even 
a meter in width. They extended out. i n t o  the lagoon f o r  several  hqd red  
meters, becoming more broken up and "braided" by the .  choppiness fur ther  
from the reef. They a l s o  seemed t o  be of dif ferent  Ilages," judgingby the  
fresnness o f  appearance and sharpness of margins, the Nolderu ones appear- 
ing  "braided" and showing signs of breaking up. They seemed t o  s t a r t  a t  
t h e  reef i t s e l f ,  where water f r o m t h e  open sea was crossing it. These 
were seen ac tua l ly  in.hundreds;' unevenly dis t r ibuted along the  e n t i r e  
distance from Wotya. I s l e t  t o  Ujae I s l e t ,  a t  t he  south end of the a t o l l .  
Their or igin  and ac tua l  nature are,coinpletely obscure. 

. . 

Ujae Village seemed. unusually well kept and prosperous 'looking, and 
the  people-were very friendly. They had a community-owned small sailbo&, 
the  "Helper," which they were wi l l ing  t o  rent t o  t he  surveying party, so  
it was decided t o  s t a r t  surveying t h i s  & t o l l  while waiting for  the  spare. 
par t s  t ha t  had been requested from .Yokohama by radio. . 

Bock 'Islet, on the  nor th ' s ide  of the  entrance t o  t he  lagoon, was 
selected f o r  t h e  astronomical s ta t ion .  This i s l e t  looked very well  wooded 
an& only par t ly  d i s h b e d  by man, so I took advantage of the opportunity 
and se t  up camp 'on shwe with the su rvq ing  party. Gnljr about one--fourth 
of the  i s l e t  had been cleared and planted t o  coconuts, so t h a t  an excellent 
sample of what seemed t o  be t h e  or ig ina l  vegetation was preserved. On the  
south end enorhous Pisonia t r e e s  towered t o  about 30 meters, and i n  t h e  
center were I n t s i a  a t  l e a s t  25 meters i n  height. The undisturbed pa r t s  . . .  

of t he  i s l e t  were quite rocky, Some of t h i s  rocky ground supported a:few 
coconut t rees ,  a s  though-an attempt a t  cul t ivat ion had been made a t  one 
time. The coconut t r ee s  there  d i d  not seem t o  be bearing a s  well  a s  those 
on the sandier parts.  A small fa:nily group of Marshallese had a temporary 
encampment on t h i s  i s l e t  and were making some ,copra; . . . 

. , 
Large numbers of white-capped noddies were nesting i n  t he  Pisonia t rees ,  . ' ,  



and the almost ful l -&row young were being k i l led  and eaten i n  large 
numbers by the  8arshallese. Since the  i'isonia branches a r e  ve ry .b r i t t l e ,  
the  men did not care t o  climb t h e  t r ee s  t o  get thebirds. Gne day I heard 
a tremendous c r a ~ h  i n  t h e  fo re s t .  When I reached the  spot I found half a 
large t r e e  down and t h e  nat ives  catching the young birds  i n  dozens. They 
had some hours before lit a f i r e  i n  a hollow par t  of the trunk and burned 
it u n t i l  it s p l i t  apart and one half. f e l l .  Tne f a l l en  part  was 30 paces 
long. 

A s t ay  of four days made it possible t o  invest igate  t h i s  i s l e t  more 
l e i s u r e l y  and thoughtfully than was feasible  on any o f  theprev ious  stops. 
Better collections and perhaps a be t t e r  understanding resulted. It v!as a l so  
possible t o  col iect  a s e r i e s  of logs of t he  comon t r e e s  f o r  tes t ing.  How- 
ever, the  f i r s t  attempt of the surveyors t o  use the loca l  schooner ended 
i n  disaster .  They t r i e d  t o  enter the narrolw curved passage a t  dusk and 
ran the boat on t h e  reef,  breaking several  holes +the hull .  

Several days of f r a n t i c  e f f  o r b  followed, which resul ted i n  f loa t ing  
the boat off t h e  reef, putt ing i n  te.worary patches, and towing it across 

, the lagoon t o  Ebeju I s l e t ,  where it was beached. Then we l e f t  f o r  Kwaja- 
l o i n  t o  get repa i r  materials, a s  wel l  as  the spare par t s  f o r  our own dis- 
abled whaleboat. . 

While a t  Kwajalein, through the courtesy of tkie Administrative 
Officer of the Naval A i r  S ta t ion,  I was able t o  accompany a routine photo- 
graphic f l i g h t  over i ik iep ,  Jemo, Ailuk, Utiri.k, Taka, and Kwaja1ej.n 
Atolls. It was most in te res t ing  t o  study from the  a i r  t h e  a t o l l s  we had 
previouslyseen on the ground. ltmy gographica l  questioris were clci;red 
up, and corrections were made i n  the  sketch maps prepared on t h e  ground. 
The vegetation was quite drab and brownish a f t e r  several  months of dry 
weather and wind. Some kodachrome photographs were taken, t o  record the 
vegetation p a t t e r n s o f  the s!naller i s l e t s .  It was noticed that  most, of 
t h e  passes, especially on the leeward sides of the  la rger  a t o l l s ,  have 
i s l e t s  .or reef patches i n  the lagoon opposite them. Some of them a l so  have 
inward-curving sand horns Bxtendi.ng from the corners of ' t he  adjoining 
i s l e t s .  

Captain F'retz arrived a t  Kwajalein, from Tokyo, as  a replacenent 
f o r  .lajor Hudson as  of f icer  i n  charge of the. surveying party. A s  soon a s  
the  whaleboat was repaired, on Earth 1, wereturned t o  Ujae t o  f i n i s h .  . 

the  survey, a s  well ari t o  f i n i s h  t h e  repairs t o  t h e  wrecked schooner 
"Helper.", The l a t t e r  t ask  w&taken in charge by our a b l e  chief engineer, 
Charlie Frey, and the hul:l, when finished, was undoubtedly i n  be t t e r  
conditson t h a n b e f o r e t h e  b c a t  was wrecked. 

, 

~ u r i n g  t h i s  period I was able  t o  spend time on most of t he  i s l e t s  
on the windward reef,  as  we l l  a s  on the larger i s l e t s  a t  the  north and 
south ends of the a to l l .  Zbeju, at about t he  center o f  tine enst  side, 
has a fair-sized patch of ~ c h r o s i a  fores t  showing thesnme.yellow patches 
a s  noted on Wotho. 

In  t h e  i n t e r io r  of Anuij, the  s m d l  i s l e t  connected t o  Ebeju on t h e  
south by a ridge of sna l ldunes ,  was a patch a few yards square where t he  
sand was l i t e r a l l y  covered by pumice pebbles. l n  places where these were 



very abundant the  surface of theground was made up of a peat-like mat 
of roots i n  whi.ch t h e  bottoms of the pebbles were embedded, This seems 

t o  be an elaboration of t he  phenomena described e a r l i e r ,  i n  which the 
pwnice pebbles were surrounded by roots or  enchsed i n  a basket-like cup 
of roots. 

On t h i s  i s l e t  $&newa %mereri*n'g i s  f a i r l y  connnon, forming small spiny 
thickets ,  Slsewhere i n  the.  iXarshalls it has appeared t o  be exceedirigly 
ra re  or  absent. Its yellow, acid,  plun&ilce f r u i t  is qui te  agreeable t o  ' the  
palate  on a h o t  day. 

. . 

Cn Wojia I s l e t ,  socth of Weju, the scrub be l t ,  norinally found on 
the  seaward sides of w i n a a r d  i s l e t s ,  is lacking. Its' place i s  taken by 
an i r regular  platform of rock 3 t o  12 decinreters above t h e  l eve l  of the 
reef f l a t  . This platform is of s~:ve::al l&;.ers, whicg a re  being removed 
by the  waves and other agents. The top l.a;rer i s  of very rough conglomer- 
a t e ,  not as m11 consolidated 3.5 the  lower; f i ne r  !.ajmrs eUld only a 
portion of it, on t h e  outer edge of the platform, remai.ns, The lower harder 
layers  a r e  acti.vely spal l ing off  or  exfoliating.  It seems probable tha t  
the  vegetation was a t  'some recent tiriie re3oved f ro3  t h i s  plztform, exposing 
it t o  destruction by waves and weather, On t h i s  i s l e t  two in te res t ing  
vegetational phenomena >\;ere evident. Gne was the  tendency of Pisonia t rees ,  
when knocked down by wind, t o  send up c o p e s  of  sprouts, which develop 
in to  dense thicKets, The other '~..iiis the a b i l i t y  of Pchrasia t o  es tabl ish 
i t s e l f  undor Pisonia. Solid stands of c h r o s i a  s a p l i n ~ s  were seen i n  the  

{PYsonia forest  wherever a seed t r e e  was present. This suggests t ha t  oncR 
.an Och?osia,.tree becomes established i n  such a fores t ,  eventually t h e  

.-.forest wLZl be changedto  Cchrosia,  That a l l  t he  fo re s t s  i n  t h i s  b e l t  a r e  
not pure stands of Gchrosia pay wel l  be due onl r  t o  t he  poor d i spersa l  
powers of the seeas. The f r u i t s  a r e  about, the s i z e  and shape of eggs, 
w i t h - a t t i i c k  lay&- of corky f loa t ing  t i s sue  inside the fleshy. layer and. 
surrounding the see; ls .Thegfloat  very:effect,lvely and a re  often cas t  U? 
i n d r i f t ,  but are  peobably 6nl-y- carr ied i n t o t h e  shady i n t e r i o r  of a~ 

' 

. i s l e t , .  where. they  w i l l  become established,. hjr the  r e l a t i v e u  rare' storm 
waves. Once established they would norxally spread by being dropped from 
the  ends of the branches of t h e p a r e n t t r e e s ,  cer tz inly an extremely slow 
dispersal .  Of course storins and oth$r accidents might gregt ly  iscrease 
t h i s r a t e , <  The slowi3ess of t h i s  succession from Pisonia or  mixed f o r e s t  
t o  .Ochrosia forest  is ofie of t h e  :bsst reasons f o r  considering the  Ochros i~  
f a r e s t t c  be one of the  or ig ina l  vegetation types of these  a t o l l s .  Stands . . 
of Ochrosia fores t  such as  on-Woth5 could'Searcelyhave ,come i n t o  exist-  

. . enoe i n  l e s s  than hundrds  .of years. 
'' , , '  . 

.. . . .  . .. , 

During our s tay on t h i s  a t o l l  there  were several  opport&ties f o r  
furt'ner observation of t h e  " o i l  s l i cks t t  extending downwind from t h e  reefs,  
?.nd described on our f i r s t  v i s i t  t o  Ujae, These were seen t o  extend a t  
l e a s t  half a mile. i n to  t h e  lagoon and, some distance f r o n  the  recf ,  tp, 
become as  much as  6 t o  tl meters wide; Near the reef,  'where they a r e  more 
sharply defined, they range from a few centimeters t o  1 meter i n  width, 
and are characterized by an ahrupt da~lzping out of t h e  surface disturbance 
Of the.  watw an& an accumulati.on of small 'bubbles and flecks,  of foam in 
3 s t reak near the c e n t e r o f  the str ip. .  They seem obviously t o  b e  caused 
by continuous emission for  a period of t i ne  of some substance which changes 
t h e  surface tension of -Yne waber. They a re  renarkably s table ,  considering 



t he  choppiness of the  water, and a re  nuch s t r a igh te r  and more v i s i b l e  
when there  i s  a f a i r  breeze than when there  is l i t t l e .  They present 
exactly t he  appearance t h a t  would be expected from a se r i e s  of sfla11 vents 
of o i l  s i tuated a t  close but i r r egu la r  in te rva ls  along the reefs.  It was 
a t  f i r s t  thought t h a t  o i l  or some other substance was being carr ied over 
the  reef  from the open sea, but they were observed c lear ly  i n  t h e  l e e  of 
some of the  i s l e t s ,  especially t he  large lhelamoj a t  the  north end of 
Ujae. An attempt was made l a t e r ,  on Notho, t o  follow one of these myste- 
r ious "slicks" t o  i t s  source on the reef. It obvious1.y originated i n  a 
consolidated rubble-flat, barely exposed a t  low t ide ,  but was impossible 
t o  follow i n  t h e  very quiet  water i n  t h e  immediate l e a  of t h e  reef .  

I n  a small area on ALle I s l e t ,  near the north end of Ujae Atoll,  
pure Cordia fores t  was seen for t he  f i r s t  time. liere a.lso were enormous 
nurbers of hermit crabs, hiding i n  t he  day time i n  and under rot ten coco- 
nut logs. They occupied many kinds of shel ls ,  but mostly those of several  
kinds of ceri thids.  A large s e r i e s  of t he  crabs was collacted,  a s  they had 
various mrkings.  

The chief of Ujae Atoll  i s  a young man named Enti, who had learned 
t o  speak English very well  a t  one of t he  Navy Civil Administration schools 
on Kwajalein, H i s  fa ther ,  a dignified, middle-aged man, had a l so  learned 
English a t  t he  sane time. Both seemed t o  grasp very well our reasons for  
wanting information on the na tura l  hiscory of the  island and on the  
customs of t h e i r  people. Many points t h a t  had previously been i n  doubt 
were cleared up i n  conversation with them, and much information, especially 
on the  u t i l i za t ion  of f i sh ,  bi rds ,  and other animals, as  well a s  t h e  names 
by which these were called, was obtained. These people a r e  a very a t t rac-  
t i v e  and in te res t ing  group. 

We l e f t  Ujae f o r  Kwajalein on March 14  and arrived there  the  next 
day. Our s t ay  on Kwajalein t h i s  time was br ief ,  with no opportunity t o  
do much more than answer mail and l a y  i n  a few supplies. Ted Arnow l e f t  
t he  par ty  here and returned t o  Guam, h i s  par t  of t he  expedition finished, 

~ o t h o  Atoll  

On Karch 17 we l e f t  Kwajalein for  Wotho t o  f i n i sh  our work there  
and t p  make another attempt t o  v i s i t  Bikar and Pokak Atolls, This time, 
on Wotho, we spent most of our time on t h e  i s l e t s  other than Wotho i t s e l f ,  
which we had not v i s i ted  a t  a l l  on our e a r l i e r  s tay on the a tol l .  These 
a r e  a l l  completely uninhabited and, except f o r  Iiabben, r e l a t i ve ly  l i t t l e  
disturbed. On the east  reef is a narrow s p i t l i k e  i s l e t ,  several  miles 
long, which does nab appear on t h e  hydrographic char ts  a t  a l l ,  That it i s  not 
merely an ephemeral sand s p i t  is evidknced by the presence of %each-rock 
on one s ide  or  other of it f o p  most of t !~e length of t h e  par t  examined. 
Near the  north end the beach-rock on the lagoon s ide  9.s coia:~-i~~uously 
pot-holed. This r idge of sand is mostlycovered by a scr~1.b of 3;3sersch-' w, Scaevola and Terminalia, varying from scaktered t o  cor;t5.riuous, and 
one large clump of Pemphis, a second occurrence on senci, The e f fec t  of 
vegetation on sand accumulation i s  very obvious on t h i s  i s l e t . .  Mere  the  
scrub i s  continuous the sand ridge i s  conspicuous and several  f e e t  higher 
than i n  t he  gaps, where it i s  low and veqy f l a t .  



On Enejelto I s l e t ,  near t he  south end of the  east  r ee f ,  t h e  l M W ?  
beach is covered by piled-up slabs of beach-rock, q p a r e n t l y  thrown t h e r e  
by lagoon waves during st,orms. The process .of qu.wrying these s labs  .from 
the  beach-rock beds -bjr s ~ d l  lagoon riavss was veyy obvious, cer ta in  beds 
being more susceptible t o  solut ion by the  contjnuously moving water than 
others, causing t h e h a r d e r  upper ones t o  collapse and crack in to  large 
sections.  

, Kabben I s l e t ,  a large t r iangular  piece of land a t  the  southern t i p  
of the  a t o 1 l . i ~  p a r t l y  i n  coconut t r e e s  and par t ly  i n  completely unitis- . 
turbed forest .  Kwh of t h i s  fo re s t  i s  sol.id Ochrosia. The coconut plants- 
tiom i s  generally sparse and has a ra ther  dense undergrowth of bushes and 
small t r ee s ;  t he  south point of t he  i s l e t  i s  an eilorrilous boulder rkige.. 
Drif t  seeds were mire abundant on the bezches of thi.s and .some of t he  i s l e t s  
on the  w e s t r e e f .  than anywhere e l s e  v i s i t ed  on the  expedition. Xost of 
them were of:Mucuna, but some other kjncts were collected a l s o .  The i s l e t s  
on t h e  west reef had conspicuous sand dunes .aud consj)icirous pa.tches of 
Pisonia f.orest. Humus underlain by t h in  layers of phosphate hardpan was 
found on several  of these i s l e t s ,  as  well  a s  on ZneoSnHk I s l e t  on the .: 
north reef,. Birds were abundant and the hums was l i b e r a l l y  stained with 
guano. On ?neobnZk the  or ig in .  of .the cu r ims  l o w  mounds of cora.1 rubble 
noticed on,.Utirik, Likiepand other a t o l l s  was c la r i f ied .  Such mounds 
were seen around the  roots of.blown down Pisonia t r ee s ,  with, i n  some 
cases, t h e  mass of roots p a r t i a l l y  or ah.ost completely decayed away. Some 
of t he  Pisonia root systems a re  encrrnous and t h e  t r e e s  .might wel l  pry up 
a very s i z a b l e g i l e  of stones. Once formed, though the sand might wash 
down from i%s-surface, such a mound would l i ke ly  pers i s t  fo r  a long time, 
unless swepk away by typhoon:waves, . . 

. , .  
On our l a s t  day a t  Wotho,.Charlie Frey; t he  chief engineer, took 

Captain Fretz t r o l l i n g  i n  a small boat, and I went along t o  take admntage 
of a chance t o  get ashore on Hejunvon, the  t h i rd  la rges t  i s l e t  of t h e  
a t o l l .  The f ishing was exciting, several  large jack and other more unusual 
f i s h  being brought aboard. Xejurvron has of i n t e r e s t  i n  tha t  it had the  
only apparently unplanted s t a n d s o f  ~ophyl.lum:inoph.vllum seen .in t h e  
nor thern l~Tarsh~l l s .  This i s  ordinar i ly  a: t r e ~  found i n  v i l l ages  and near 
houses, or  so l i t a ry  along paths. He re ,owth i s  completely uninhaSited 
i s l e t  were large patches of it, clxmps o f  good .si.zecl t r e e s  ,; on sandy areas 
near t he  lagoon beach, While we were. on the  i s l e t  we met some of t h e  
ilhrshallese from VJotho Isl.et, who had been there  on a food col lect ing 
expedition. They had gathered a large bundle of d r i ed  Pandanus leaves f o r  
p l a i t i ng  or th.ztchj.ng, a small amount of copra, a batxh o f t u r t l e  eggs, 
and three or  four dozen coconut.crabs (Bi-). They had roasted some of 
the  l a t t e r  andgave us several  of the  great  c l a w s t o  eat .  They were s t i l l  
hot and t h e  meat was delicious,  . so~newhat simi1a.r t o  lobster ,  but wi.th a . :,. 

very d i s t i nc t ive  flavor of  i t s  own, They gave us three enormom l i v e  . . 
specimenS,'.~~.ied with s t r i p s  of coconut l ea f l e t .  One got loose, , in t he  b o a t .  :;: 
and causc&quite a comnotion. l p r e s e r v e d  rnine,and it i s  now i n  t h e  U.S.. . -  

National ;"useun collection.  . . . . . . . 
. . . . . . .  . . 

, . . . Biknr and tokak . ' ' . .. . 
--.~ ..--.-.- 

. . 

Leaving Votho on lilarch 23 we pr&eeded'northward for  another t r y  a t  
Bikar. and Pokak, ife arrived o f f .  Bikar t he  next day and. investigated t h e  



channel. The current flowing out of t he  passage was too strong for  t h e  
small motorboat t o  make any progress against it so the  attempt was given 
up. We spent t he  r e s t  of the day exaralning the a t o l l  from a l l  s ides ,  making 
what notes we could from the ship. On the  leeward Side the " o i l  s l i cks"  
described above were very conspicuous, extending out fwm t h e  south half 
of the  reef a s  much as ha1.f a mile, 1-3irds were abundant, ar:d great  numbers 
were scared up by b l a s t s  from the  whistle. 

Depart ingin t h e  l a t e  afternoon, we were off Pokak the next morning. 
The passage, a t  low t ide ,  again resembled the  t r ad i t i ona l  millrace. There 
was obviously no point i n  t ry ing  t o  en te r  a t  t h i s  t ine .  We cruised around 
the a t o l l  examining the  i s l e t s  thrcugh binoculars, taking notes. The vegec- 
t a t i o n  had a d e f i i l i t ~ l y  dry, gray appearance. At almost high t i d e  we re- 
v i s i ted  the passage. Thzre seened t o  be almost no current a t  t h a t  time, 
and tha t  would c lear ly  be the proper t i n e  t o  enter .  However, a west swell 
had s e t  i n  and was breaking a t  times c lear  across t h e  entrance, so no 
attempt was made t o  get a boat in. Again, on t h e  l e e  s ide,  especia1l.y near 
the  passage, t h e  " o i l  s l icks ,"  seen on previous a to l l s ,  were very conspi- 
cuous, t h i s  time e-utending as  much as  several  miles t o  leeward and becoming 
very diffused. In  the  neighborhood of t he  mouth of the  passage the water 
seemed t o  have a somewhat l i gh t e r  blue color, suggesting the  e f fec t  of 
col loidal  calcium carbonate. It i s  possible t h a t  a cer ta in  amount of very 
f ine  sediment was being swept out of the  lagoon. 

It was with a considerable feel ing of f rus t ra t ion  tha t  we received 
the Captain's decision t o  give up any attempt t o  land on i'okak. An 
opportunity t o  invest igate  a place never before v i s i ted  by a s c i en t i s t  
does not come every week. I t s  bleak appearance did not lessen a t  a l l  i t s  
i n t e r e s t .  And John Cameron's s to ry  of t he  basa l t  blocks remained as  tan- 
t a l i z ing  as  ever. kie s ta r ted  back f o r  Kwajalein t h a t  evening and arrived 
the morning of &rch 27. 

Return T r i p  

The next t w o  days were spent i n  packin.g and stowing our gear i n  t he  
hold of t he  ship, and i n  arranging f o r  a i r  t ransporta t ion t o  Guam a d  
Tokyo. Early i n  t h e  morning of March 31 >facNeil and I l e f t  f o r  Guam, 
arr iving a t  about t he  middle of the  morning. We planned t o  spend a couple 
of days here, discussing some of our findings with t he  par ty  of geologists 
engaged i n  working out t he  geology of Guam. Joshua I. Tracey, chief of 
the party, was i n  t he  hospital, but not especially incapacitated. Ted 
Arnow met us a t  t he  a i rpor t ,  arid we had a good v i s i t .  He wns busy ge t t ing  
ready t o  go t o  Palau, so t he  others i n  the  party took us around Guam, 
enabling me t o  check a- few d e t a i l s  of t he  vegetation, which I had studied 
some two years before. Some of t he  areas  of swordgrass t ha t  have not been 
burned since before the war are  now conspicuous1,y covered by Casuarina 
saplings. The obvious e f fec t s  of the  1949 typhoon have i n  many places 
a h o s t  disappeared. Rocks tha t  were completely denuded of vegetation, 
except f o r  root crowns i n  crevices, are  now f a i r l y  well covered again by 
low Pemphis brush. The fores t  on the  north plateau seens t o  be generally 
i n  ra ther  decadent condition. Field work on Guam f o r  t he  nzxt year was 
planned t o  f i t  i n  with t he  program of the  geological party. 

Gn April  2 %acNeil and I l e f t  f o r  Tokyo. We stopped a t  Iwo J i m  long 



enough'for a s t r o l l  aro?ir?d the a i rpo r t  a d  t o  ma!.-e e, few observations on 
the  weedy,vegetation t h a t  had appeared sinqe t h e  War. We arrived i n  Tokyo 
i n  t he  afternoon. . . 

Two and a half  weeks i n  Ja,?an were speat i n  writing preliminary 
reports, making plans f o r  t he  reports  and papers t ha t  w i l l  enbody the  
r e su l t s  of t he  expedition, and i n  packing and siiippi.ng the  s:)ecimens. The 
Fs-367 a r r i v e d  a b i t  l a t e  with our collections,  having been badly ba.ttered. 
by a storm on the way up, We were able t o  take two short t r i p s  i n to  t h e  
countryside of Japan, being fort imate enough t o  a r r ive  d ~ r i n g  the seasen 
of the cherry blossoms, for  which Japan i s  farnous, 'This country was f u l l y  
a s  beaut i ful  i n  t he  spring a s  it was when we saw it i n  the  f a l l *  

Wake Island -.--.,-. -.- 

. I had arranged t o  spend two d8ys making a cpick reconnaissance of 
Wake Island on the way homo, so  1 l e f t  To!cyo on the night of April  1 8  and 
sighted Wake on the  afternoon of t he  19th, I was able, while we were 
landing, t o  take some kodachrome photos of t he  a t o l l  from the a i r .  The 
vegetation seemedto be noticeably affected by t h e d r y  weather, t he  a t o l l  
appearing qui te  a s  :gray as. Poicak had looked from the  sea. 

. . 

- .  Good for tune.  was. de f in i t e ly  with me here. One of the f i r s t  persons 
I met was 1;ir. Fred Schul tz ,  i n  charge of pest-control on the isl.and. He 
offered t o  drive me around the is land and a c t  as  gui.de, This was an excel- 

l en t  arrangement, as  he knew.where a l l  of the  variations i n  t he  vegetation 
could be seen and was'also wil l ing t o  explain hjs very successful  
campaign of pest-coritrol. He had, with3.n.a year, brought t he  i s land ' s  
three plagues--rats, f l i e s , a n d  mosquitoes-- so complete.ly under control  
t ha t  i n  two days we had trouble fi.ndj.ng any, even for  specbnens. We saw 
one r a t ,  t h r ee  or  four f l i e s ,  and no xosqui.5oes a t  a l l ,  He had applied 
what he knew o r  could learn of t h e  ecology and habits of these creatures, 
destroying t h e  breeding g.laces of t he  insects  and systematical1.y poisoning 
the ra t s .  In  poisoning the  r a t s  he had apparently accideritally destroyed 
the  hermit crabs also,  a s  we sawnone, &d he said  they were common a few 
months before. . . 

The vegetation o?'Wake, descri.bed qui te  wel l  by E,H. Dryan 1.n 1923 
( ~ u b l i s h e d  by Christophersen, 1931), was almost en t i r e ly  destroyed during 
*he ldar. The remains of fortri.ficaticns, Japanese and :.merican, a r e  t o  be 
seen practic,%lLjr everywhere. Cnly three ra ther  small areas of the  or ig ina l  
fores t  cover rermined. Tine astonishing thing about t he  vegetation was the  
rap id i ty  with which it had recovered. Large ?b!esserschmidia bushes, 3 t o  5 
meters t a i l ,  dominate the  landscape; they cover the  ditches,  tank-traps, 
platforms, gun emplacements, and revetments and give t h e  appearance of 
long-established vegetation" ?ouryears  e a r l i e r  t he  general plant cover 
on the is land was said t o  h.ave bedn no more than a foot high, Cn favor ib le ,  
sandy places, according t o  the C iv i l  Aeronautics il.dmi.nistratio'n o f f i c i a l s ,  
i4esserschmidia had grown as  much as  2 m t e r s  i n  a year. PemphG, here seems 
t o  favor s i tua t icns  of broken cora l  rock and of f i ne  s i l t y  sand, Two very 
obvious plants  not found i n  t he  ;Xarshalls but comion here ,are Sesuvium 
portulacastrum and Heliotr-c&un anomalu?. 2uite a f l o ra  o f  introduced weeds 
has establishsd i t s e l f .  Indeed. it i s  hardd, sornet?.mes,to t e l l  whj.ch plants  
really 'belong here ,  ~ J - o ~ o ~  @ 2 r c a ~ a e  and i:ossypiu!n - hirsutum var, &- 



w, o f  which one plant of each.was reported by Bryanj were now common. 
One of ' t h e '  old: patches of fores t ,  .per$&stiqg "from5lsSf orelbhe War, was an 
in te res t ing  mixed fores t  of l a rge  low t r e e s  of Pisonia andCordia,  -- - . . 

After two very busy days here, I l e f t  f o r  IIonolulu'ear&,,in t he  
morning of.April .22.  There an opportunity wasafforded t o  seeKilauea 
volcano i n  eruption, and. incidental ly  t o  make so,me study o x  the, vegeta- 
t ion.  The re turn t o  Washington with a s top i n  California was' without 
incident. . , 

. . 

Another Attempt 

Mail and many questions had. piled up i n  my absence, so I se t t l ed  
down t o  take care of them and t o  work, on reports of t h e  expedition and 
i t s  resul ts .  But only a few weeks hat3 passed, when a cab16 came from 
Tokyo asking i f  I were i n t e r e s t e d i n  joining t h e  FS-216 a t  Wake I s b n d  

: f o r  another attempt' a t  Pokak and Bikar. I was taken aback by t h i s ;  ,w 
mail was scarcely answered, but nevertheless I decided t o  go. 

So prep&ations'were again i n  order and a few weeks l a t e r ,  on 
July %h, I wasagain f lying westward. The pr incipal  incidents of t h i s  
f l i g h t  were a three-day enfordet3 &it a t  Travis A i r  Force  ask, Cali.- 
fornia; ,and not i f ica t ion  on a e r i v a l  i n  Honolulu t h a t  I was e2qrJected:i.n 
Wake within four .'h6?s. . . . . 

. . 
. . . .  

. . 
: , . . .  

Needless t o  say, I was' n o t  there  by t h a t '  time. Several appoint- 
ments i n  Honolulu had $0 be kept'. There was a l s o  t h e  matter of trans- 
portation from Honolulu twWake t o  be arranged; and such arrangements 

'. a re  riot usually made on 3 moment's notice., However, because o f  superb 
cooperation of t h e  Vis i to r ' s  Bureau of t h e  U:. S. Army, a t  Fort ,Shafter, 
which; put a car  a t  my disposal ind took care of a l l  the  arrarig6ments 

, . 
.: withMil i ta ry  A i r .  TransportService,  I 'was  on a plane again by t h e  mid- 

. d le  of t h e  afternoon and on Wake 'Island by 2 o'clock t h e  next morning. 
Enroute I had ,a short Stop, urifort&ately just  afLer dark, a t  Nidway and 
was able t o  examhe b r i e f l y  from the  a i r  Niihau, Gardner Xocks, and Pear l  
and Hermes Reef, of t he  Leeward Hawaiian Islands.  The s i ze  of the  t r e e s  
on Midway was surprising.  Some of t he  Casuarina t r ee s ,  planted many years  
ago whenthe Cable S ta t ion  was established. there ,  were a t  l e a s t  1 5  meters 

- h i g h  and almost 0.5 meter through 'above the  base. From the a i r  i n  t he  
d u s k t k  is land presented an alinost wooded appearance.' Albatrosses  were 

: t o  be seena long  t h e  runway as the  p i lo t s  p l ayeda  Searchlight on them, 
Young ones were objects of~much pasS?ninger cur ios i ty  around the  terminal, 

. . . ... 
. . too. . 

~ r r i v i n g  a t  t he  Wake I d a n d  terminal at 2 a;. m., I was disgayed 
a t - f i nd ing  no one who had t h e  sli.ghteat . idea whether or  not t he  FS-216 
was s t i l1a t ;Wake  o r h a d  departed; Rf$er,exha.usting the  poss ib i l i t i e s  
.of finding out, I went t o  b e d  f or  t he  remaining few hours of t he  night. . . 

In  t h e  mornil lf i t  was almost a s  hard t o  f ind out- anything d e f i n i t e .  
But a f t e r  .the superintendent of t he  is land cane $0 .  h i s  of f ice  tt was 
possible. t o  get  t ransporta t ion t p  t h e -  boatIanding, and it was ' a r e l i e f  , 

t o  see t he  FS-216 still a t  anchor and t o  meet its captain coming i n  t o  
get h i s  f i n a l  clearance.. foy. de.parture f o r '  Pokak and the  Marshalls . 
Gwclimbing aboard I was greeted by Charles Johnson, my geologist 



.companion f o r  t h e  expedition, . . .  . . . .  . 
. . , . . % 

. . 
. . .  . . . 

Our f i r s t  lunch&able conversation with Captai,n Cloverj t h e  ' . 

officer-in-charge, allayed, somewhat, my skepticism about get t ing ashore 
which was na tura l  a f t e r  two abortive attempts, seemed no doubt i n  

h i s  . mind . about it. .. . 

. . During t h e  dr ive from t h e  Tan-Axerican terminal t o  t he  boatlanding 
it was possible t o  observe the  s t r i k ing  charge from t h e  dry aspect of Wake 
Island exhibited i n  April. . The herbaceous layer,  especially g~phorb ia  
heteron&l-, gray and dr;r then, was green and a t t r a c t i v e  now. The .-- 

. . schmidia  - t r e e s  looked more luxurlantnow, but those near the  Transocean 
A i r  Lines compound t h a t  had appeared dead were s t i l l .  very much so. .- .The dry  

. season  had been too  much. f o r  them, especially where they were growing-.on 
the  loose rubble p i led  up . i n  t h e  f o r t i f i c a t ~ o n s .  &etroui:um anomalum 

: . -was .flowering abund&tly, south of t h e  a i r s t r i p .  
. . , . . . . .  . . . . .  

: %k& At@ 
. . . .  . 

On the  morning o f  July 20 .we were off Pokak Atoll. once. again. . The 
sea was quiet ,  and no breaker? were t o  be seefl-on the..leeward side. A 

; 
strong current was running 'ou tof  the  narrow crooked passage, just  as  on 

'. t he  two previous v i s i t s ,  bu t  the  small motorboat :fiegotiated the  passage 
. , easi ly  and the  landing operation was under way. :Crossing t h e  lagoon t o  

the  northeast end of Sibyl la  I s l e t ,  the  la rges t  of..the s t r i ng  of rock and 
sand heaps t h a t  occupy most of t he  southeast reef of t h i s  remote a t o l l ,  

. . we stopped ashore on one ,of t he  bleake'st,. 1onelies:t spots t h a t  i t h a s  been 
. .w  privilege t o  explore. . . . . , . 
. . . . . . . . 

:: . : . Pokak i s  a crescent-shaped a t o l l ,  about l l m i l e s  from t i p  . t o :  t i p ,  
, 

oriented north and south with the convex r e e l  to t he  east ,  and with a l l  
t he  'land on the  southeast quadrant. A t  ,high . t ide  water pours -in over t h e  
reefs. But as  soon as  the  'tide begins t o  go down, only the s ing le  narrow 
passage on the  west s e r v e s a s  an ou t le t .  'Though t h e  water rushes  out of . . 

. . . t h i s  as  th rougha  millrace, i n  6 hours the  water l eve l  ins ide is not low- 
; ered :much, and t h e  leve l  i n t h e  lagoon i s  a t  a l l  times except a t h i g h  t ide ,  
. . .  ~ . .  -significanLly. . above t h a t  of t he  surrourldirig sea. This, q f  course-, makes 

, . .; . ( I .  . ' surveying. and' t he  :determination of l a n d  area,.,a l e s s  than ,usually exact  
. . . proced'q?., . .  ,as a l t i t u d e s  are  c o ~ ~ o n l y  expressed i n  re la t ion t o  mean low t ide .  

. . . . .  . . . . . . .  . . . .  
.. .. . . The. <&a1 i ~ n c : ~ t i &  of a pal+-bedec'k& a t o l l  does not .  f i t  Pokak 

. , :. 
. a t  a l i .  ,The &geta t ion  is. a low scrut+y wood .of Messerschmidia t r e e s  and 

bushes,. very. sprs'i' a!id, at: t h i s  season, g ray ish  a i d  a ry  looking, Large 
' . .awas i n ,  the.ini;erior and touard t h e  lagoon s ide  on the  ,wider pa r t s  a r e  ' 

ccqe.$-ed. by a t h i n  b k c h  grass, honeycombed by burrows .of wedge-tailed 
. . shearwaters, eacll burrow, marked by a p i l e ,  of white c,oral sand. . These p i l e s  . . 

. of white.. sand explained t h e  curic:us salt-and-pepper appearance of these 
I areas. on , a e r i a l  photogyaphs. . On t h e  seaward s ide  a r e  vast boulder r i d g e s  

and boulder f l a t s ,  some woo,ded with scattered low -- 14eesserschmidiaJ others 
open, o r  with occasional. p lants  of zpugna @& These r e s e n t e d -  a ,curious 
appeararice. . Normally thii-j plant i s  a l iana,  cli:mb$ngto the  t reetops 

. i n  fores t ,  forming dense tangles  over t r e e s  and- bushes, thes tems .  reaching 
several  centilr~et,ers i n  thickness. Here, i n  t h i s  dry c l ima te the  elohgake 
twining stems d i e  during t h e  dry season, rexwining i.n t h e  form of a t h i n  



network over t h e  bare rock f l a t s .  These dead stems a re  u t i l i aed  by the  
f r i g a t e  birds f o r  nesting material. Tnese branches d i e  back prac t ica l ly  
t o  tihe root crown, which forms an erect  stem a foot o r  so t a l l  and half 
t h a t  or more thick,  crowned with stubs of branches with a few green leaves 
and buds ready t o  produce next season's vegetative growth a s  soon as  
suf f ic ien t  moisture i s  available. There seems l i t t l e  doubt t h a t  t h i s  
is t h e  same plant thak- i s  a l i ana  elsewhere, and tha t  t h i s  curious habit  
i s  induced by the  severe dry seasons common i n  t h i s  forbidding habitat .  
Scaevola scrub, curiously enough. showing l e s s  signs of drought than t h e  
other vegetation, covers some areas, especially ones where f l a t  reef- 
rockll ies a t t h e  ground surface and a few small areas of dune sand. Else- 
where t h i s  bush may be mixed with tile 1.lesserschmidia. I n  some of t he  sand- 
f l a t s  dominance i s  shared between the h c h  grass,  Lenturus repens, and 
the  slender low shrub, -_ Sida _ *  f a l l a x  In  other places, especial ly  certai.n 
areas on Kamome I s l e t ,  t h e  widest and, curiously, t he  most t r ee l e s s  of t h e  
a t o l l  i s l e t s ,  =a. assumed complete dominance, here reaching a height of 
two meters, making a t h i n  gray scrub. The response of t h i s  plant t o  t he  
drought i s  also interest ing.  A t  t h e  time of our v i s i t  p rac t ica l ly  every 
individual plant had a l l  but one or  two of i t s  branches leaf less ,  gray, 
and dead--brittle with no sign of l iv ing t i s sue .  Almost invariably, how- 
ever, one o r  two branches were healthy, leafy,  and even flowering. Also 
on Kamome I s l e t  a r e  several  low patches of Pisonia grandis. This t ree ,  
which forms magnificent fo re s t s  on wetter a to l l s ,  t he re  i s  low, not more 
than 5 or  6 meters t a l l ,  and with small trunks. A t  t h i s  season t h e  canopy 
i s  very thin,  a s  t h e  t r e e s  l o se  most of t h e i r  leaves i n  t h e  dry season, and 
here the  leaves are  not a s  la rge  as they a re  elsewhare. The patches a r e  
c i rcu la r  and obviously a r e  slowly spreading, as  i s  eas i ly  seen by comparing 
a e r i a l  photos taken even a s  l i t t l e  as  eight years apa-rt. These a r e  the  
only colonies of t h i s  t r e e  on t h e  a t o l l  and probably have not been there  
long. The f r u i t s  of Pisonia a r e  extremely s t icky  and qu i t e  capable of 
being carried stuck t o  bir&sf  feathers  from e i the r  \;!aka o r  Bikar,?on both 
of which t h e  t r e e s  a r e  found. 

Previous information on t h i s  a t o l l  has been almost wanting. Kotzebue, 
on h i s  voyage around t h e  world, passed by i n  1819, and Chamisso, t he  famous 
German na tura l i s t  and wri ter  who accompanied him, described it from half  
a mile away. This description, only two paragraphs long has provided t h e  
only re l iab le  information t o  t he  time of our v i s i t .  John Cameron, Pac i f ic  
wanderer, adventurer, t rader ,  and gua.no-digger, v i s i t ed  it i n  1893, as  
recounted i n  his  'IOdysseyi'l He describes huge basa l t  blocks--one of them 
1 5  f ee t  6 inches long, 5 f ee t  4. inches wide, and 3 f ee t  thick--comparable 
t o  those on Ponape, and wonders about t h e i r  origin.  The German wr i te r  
Irmer, i n  1896, speaks of t h e  a t o l l  as  being covered with guano several  
meters thick. These l a s t  two accounts are  ' in terest ing but qu i te  untrue. 
A week of constant searching by Charles Johnson and myself, a s  well as  
by the  surveyors, revealed no basa l t  and no th ick  deposit .of guano. O t h e r  : 

than coral  limestone, t he re  were a few of t h e  usual smaller gray fine- 
grained pumice pebbles and a la rge  chunk of black scoriaceous pumice cast  
up on the  beach. Great boulders of coral, darkened by a lgae  i n  t h e i r  
outer layers, some of them of rectangular shape, a r e  s ca t t e r edove r  t h e  
surface of i s l e t s  and reefs ;  a l s o  a few remnants of an older, higher reef ; 

surface remain i n  place, especial ly  on t h e  bare southwesternmost i s l e t .  
The coral  boulders may have been mistaken f o r  basal t ,  or t h e  s tory  may 
have been pure invention. A s  f o r  guano, i n  s p i t e  of t h e  presence of 



:. i nc red ib l enwbcr s  of birds,  p rac t ica l ly  no guano e x + x  on t h e  island. 
: Under t rees  where.birds roost  there  m y  be up-to .an. inch'.,or so, very lo- 

- cally, but gualiowas go scarbe ,tha.t it was-diff icul t  . t o  get a proper spec- . . 

imen for  a i a l y s i s .  And i n  the.. gbs& :rookeries of sooty . t e a k ,  . 'according 
t o  some authorit je 's  t he  source of large guano deposits, t he re  gas no vis- 
i b l e  accumulation on the g r a d , '  even around the nes t ing  places: 

., .. The la rhes t  : i s l e t  i s  ca l led  ~ i b ~ l l a .  On its:ligobn Shores a r e  con- 
spicuous ,lobes. .of blackened reef-roc%', with $ouch p i t ted  &faces just  
above high-tide level.  :it sey.eral places theqe ' lobe? a r e  arringed i n  

. . . pairs,  a s  though they. marked the  inner ends of &amelso  No evi-dence of 
t he  former existence of channels. across t h e  ' i s l e t  ' a t t h e s e  n3.aces was t o  
be found on large-scale a e r i a l  photos o r  on the ground, though consider- 
able search was made, Howevar, 'on photos a t  a scale  of 1: 20,000 or  
smaller, t races  ~f the  channels were quite evident. Further t o  the south- 
west were several  &ch more obvious former channels across the  i s l e t ,  now 
f i l l e d  with sand andgrave l .  I n  f ac t t  it $:is possible t o  walk dry-shod a s  
f a r  as  Pokak I s l e t ,  t h e  next to .  t he  l a s t  on the reef , .  with t he  channels 
becoming more and more obvious u n t i l  the l a s t ,  west of Poltalc I s l e t ,  was 
impassable. Ch Sibyl la  some elongated areas.  looged, ' on t h e  photographs, 
t o  be grassy, a t  l e a s t  similar t o  areas on photos of o t h e r  i s l e t s  known 
t o  be grassy. Here, however, exinination showed them t o  be. en'ormous boul- 
der or  cobble f l a t s ,  i n  placss absolutely bare '  of ~ e ' ~ e t a t , i o n . ,  

. . 
. . 

Pokak I s l e t  was the s i t e  of theJapanese &tabl$hment' on' the  a t o l l ,  
sa id  t o  have been a radio re1s.y s t a t i on  and obvi.ously, also,  a small bomb 
dump. ,?he pathetic remains o f t h i s  t i n y b a s e ,  a blackened heap of rusted- 

- through galvanized iron,  half burned timDers, broken bo t t l e s  and utensi ls ,  
a cement c i s te rn ,  scat tered &explpdad bombs, and, off t o  one side,  a rude 

. " t o r i i "  marking. a temple ' s i te ,  even tiere, should serve very well  a s  a les-  
, .. son t o  would-be empire builders. Fiere w a s t h e  remotest outpost of the. 

formkr Japanese Eq?ire, a place of uni~iiaginable loneliness and discomfort 
f o r  t h e e x i l e d ,  normally s o ~ i a l l . ~  incl+edJapanese garrison. It was bomb- 
ed completely out o f ,  existence. j.n one day, i n  April  1944. 

. . . . .  , . 

A well a t  th is .  sXt, dug down thr.&$ the sand and g rave l - to  the  
water table ,  had' only , s a l t  water a t  $he t5.me of our v i s i t ,  during a long 
dry season. I t  seems re,zsonable, however, tfiat the water may have been 

.., . . 
useful  during mare, favorable seasons. ,. 'Two other wells t h a t  we dug a t  the 
widest par t  o f  Sibyl la  Islet a l so  y,ielded water too s a l t y  f o r  drinking 

. . purposes. . >  , . . .  . , . .  , . . .  
. ... . . 

South I s l e t ,  .or ~ o k ~ i k  of Che.i'liiSs&lles&, i s  b a r e  p f a l l  v i s i b l e  
. vegetation. I t s  exposed rock  p l a t f  &-m i s : ' i&erest ing 'gkoloGic.&y. The 

general l eve l  i s  above high t i d e ,  & ; t h e  laboon s ide ' : i t  'is con,spicuously 
undercut. ' Here and ' there  on i ts  s w f i d e  a r e  massed of &&k, 'it f i r s t  ap- 

. . pearing t o  be. boulders cas t  up on the pl.&form by ,storm waves, a s  seen 
elsewhere. Examinati'.on. showed, though, t ha t  they a r e  :actual17 , a  part  of 
t he  island., i t s e l f ,  remnants of a hiqher surface,. ~ i i t h  no' j j i n t  or suture 

. between them and the '.underlying rock. . This is a n ,  ixpo&fit' 'par t  of the  
. . . overwhe~lming mdss ,of ,efi;l.ence t o  be ,seen on t h i s  a t o l i ,  of a r e l a t i ve ly  

higher s e a  l eve r  i n  t h e  not too r e m t e  past,, The surface ~f t h e  general 
. .  . ... . . . .: platform of t h i s  i s l e t '  is.most peculiar i n  Seing scarcely pi t ted,  with no 

. . . . sharp edges , t o  t he  .?;its. .arid, so1,ution surfaces. Also i t  'is l i g h t  gray, 
ra ther  th in  the kwal 'dark or almost black. It i s  c lear ly  A surface 



subjected toabras ion ,  a i~d t h e  low deposit,  on the  seaward side,  of white 
cobbles and gravel is  the.'obvious abrasifrei This i s  well  above high-tide 
level,  but i t s  whiteness and rounded character i s  mute evidence of t h e  fury 
and frequency o f t h e  storms t h a t  must r o l l  these pebbles around t o  abrarfe 
t he  general surface of t he  i s l e t .  

Another spectacular evidence of a higher sea  l e v e l  was found on t h e  
south coast of Sibylla Is le t , .  It i s  a huge perched boulder, res t ing  on a 
much narrower pedestal of reef rock, t he  base  of the  boulder.about 2 meters 
above t h e  present reef f l a t .  The top  of t h i s  pedestal corresponds i n  l e v e l  
with remnants of reef  rock which protrude from under t h e  mass of loose 
material  t h a t  mike up t h e  i s l e t  nearby. This mushroom-shaped s t ruc ture  
stands e rec t  a t  t he  outer edge of t he  beach and inner edge of the  present 
reef f l a t .  A d i s t i nc t  suture i s  obvious between t h e  boulder and i t s  support- 
ing colurm. Clearer proof could cot  be wanted of a higher stand of t h e  Sea 
ir~ re la t ion,  a t  least ;  t o  t h i s  island.. The boulder i s  i n  no way d i f fe ren t  
f r o m t h e  ones which occur sporadically scattered on t h e  present reef f l a t ,  
on t h i s  and other a to l l s .  I n  a wetter climate it would probably have bem 
gradually dissolved away. The itnpressive thing is the  enormous expanse of 
reef f l a t  t h a t  has been planed f r o m t h i s  leve l  down t o  t h e  present lower 
level. a t  about mean low t i de .  Even with maximurn estimates of time invol- 
ved since t h e  post-glacial high stand of the sea t h i s  cut t ing has been 
remarkably rapid. One of t he  major i n t e r e s t s  of the geologists on the 
expedition was t o  discern and es tab l i sh  the  processes responsible f o r  t h i s  
degradation. 

Except f o r  t he  enormous numbers of sea birds,  the  land fauna of 
Pokak i s  meager. ' The Polynesian r a t ,  Rattus exulans, i s  present i n  some 
abundance. That t he  b i r d s ,  even ground-nesting ones, do not  seem t o  be 
seriously bothered by these r a t s  i s  most interesting.  A l izard,  a dwarfed 
form. of.,the common blue-tailed skink, was occasionally seen. Here it i s  
t o  be found most frequently under loose bark of dead t r ee s ,  ra ther  than 
i n  i t s  usual habi ta t  on tke  ground, though. i t  i s  a l so  seen on t h e  ground 
a t  times. The most evident a n i m a l i s  t he .  large r e d  hermit crab, m- u perlata ,  which inhabi ts  Turbo shel ls .  It would be in te res t ing  t o  
know i f  the  fac tor  t h a t  limits the  population of t h i s  animal i s  the 
r e s t r i c t ed  food supply or  t he  number of Turbo shel ls .  The s h e l l  commonly 
used by t h i s  species of hermit crab, when adul t ,  i s  a*o l a jonka i r i ,  
apparently not a common s h e l l  elsewhere, but by f a r  t h e  corimonest Turbo 
seen here. I t s  habitat  i s  i n  cav i t i e s  i n  t h e  f l a t  reef surface, expecially 
on t h e  small reef  patches i n  the  lagoon. None of these s h e l l s  were seen 
empty on the  beaches or  i s l e t s .  And since very few of the  large hermit 
crabs were seen inhabiting any other she l l ,  and of course none were without 
she l l s ,  t h e  re la t ion  between the  number of crabs t h a t  reach maturity and 
the  number of available Turbo s h e l l s  i s  closa, indeed. 

Two species of moths were very common, and they were t h e  only ones 
seen i n  any abundance. One or  two individuals of other kinds were caught, 
including a sphinx moth. A few other kinds of insec ts  were found, includ- 
ing a la rge  carrion f ly ,  several  species of ants, several  bugs and a number 
of beetles.  Two wingless primitive insects ,  belonging t o  t h e  Lepisrnidae 
and Psocidae, respectively, were common, as  were one o r  two kinds of 
spiders. Mites and pseudoscorpions were a l so  present. It i s  not immed- 
i a t e l y  obvious how the  wingless creatures,  including a minute land sna i l ,  



came here. Absent were teriliites, houseflies, mosquitoes, and but te r f l i es .  

The heat on t h i s  wat,erless, practica1:Ly shadelees a t o l l  was, a t  
l e a s t  i n  t h i s  m?'dwunmer' season, excessive, It was noticeable even t o  
one ' s i t t i n g  quietly. ' Tramping around the  island '!as a desiccating ex- 
perience. But t h e  fascinating s'cadies t o  be made, and t h e  shortness of 
t he  v i s i t  and result ing urgency aboxt, making them caused a cer ta in  amount 
of forgetfulness of t he  heat. Ik%en the  available week was up, and it was 
ttirne t o  leave on July 27 f o r  Kwajnlel.n, I, a t  l eas t ,  thought more of t h e  
things I had not yet  got t o  look a t  than of the  frying-panlike surround- 
ings I was leaving behind, 

Back aboard the ship there  was t h e  problem of get t ing my plant 
specimens and s o i l  samples dry. Gn the  FS-367 I had dried them i n  the 
furmel of t h e  ship, next t o  t h e  hot exhaus': pipes. The arrangement on 
the FS-216 was a b i t  d i f ferent ,  but 'ihis seemed a prac t ica l  solution,  
So I got perncission from the Chie: Erigiheer and piled pl.ant presses and. 
s o i l  bags around the hot pipes. The f i r s t  few times I had done t h i s  on 
t h e  FS-367 I had kept careful  wxtch over t he  materials, being .afraid of 
f i r e .  It soon was evident t ha t  t h e  problem was t o  get tKe th in@ warm 

'enough, 'not danger of overheating. So, on the  FS-216 T paid no at tent ion 
t o  t he  specimens a f t e r  putt ing them i n  t o  dry. That evening, before we 
had l e f t  the  v i c i n i t ~ r  of Pokak t h e  crew began t o  smell smoke. Soon it 
was discove.r.ed tha t  my specimens were on f i r e .  Getting them out, put t ing 
out"the f i r e ,  and keeping the s a i l o r s  fromthrowing everything overboard 
.provided a uusy two hours. Host of t he  plants were saved, but, surprising- 
ly ,enough, .most & t h e  s o i l  samples were l o s t .  The bags were charred 
and burst  when they were thrown out on deck. A few of t he  plants,  mainly 
calcareous :-algae, were l o s t  i n  t h e  f i r e .  

. . . . 

W e  went t o  Kwajalein t o  r e fue l  and t o  enable the  surveyors t o  re- 
check t h e i r  astronomical observations made there  t he  previous winter. 
We renewed acquaintance with a few of ou r  friends from t h e  previous visit?., 
but t he  usual NaQ turnover had replaced most of the ones we knew. The. 
vegetation on &eye and Kwajalein I s l e t s  .had prac t ica l ly  recovered from 
t h e w i n t e r f s  drought. A short  v i s t t  was made t o  Enelapkan T s l e t , o n  the  
south reef ,  where t he re  is a sma.11 amount of fdrest  vegetation i n  addit ion 
t o  coconut groves, By no mean& all.  of the  i s l e t s  of K~wajalein have been 
studied, i n  sp i t e  of its being  he center of ac t iv i ty  i n  t he  i':hrshal.ls. 
It i s  so big t h a t  transportation i s  8 major problern. The Cemi~nd for  boats 
i s  always grea-ber than the  small nw~ber  available, ar~d seldom do t h e  boats 
go t o  t he  more remote isle.t:i. 

On t h i s  v i s i t  only one plant was collected, and a few anjmals. Some 
of these were insects  t h a t  were in fes t ing  stored r i c e  i n  t h e  Island Trad- 
ing Co. warehciise a t  Wepe. 

Bikar Atoll  -- 
On August 4 we l e f t  fo r  3ikar  and arrj.ved tilere on t h e  6th- Here 

we did not even bother about t h e  narrow Fassage but landed over t he  reef 
on t h e  leeward s ide of Bikar I s l e t  i n  rub'oer r a f t s ,  A t  high t i d e  t h i s  



presented no problems a t  all, but as t he  t i d e  went down there  was some 
danger of t h e  corals on the reef edge tear ing t h e  bottoms of t he  r a f t s .  
On t h i s  s ide  of t h e i s l e t  tbere  is no a l g a l  ridge, and t h e  reef has a 

'rounded sloping edge. 
. . 

. . 

Bikar, prevj.ous t o .  our v i s i t ,  was almost a s  l i t t l e  known a s  Pokak, 
hut there  were'no reputed nysterie's or  exaggerated accounts t o  disprove. 
We knew, from our awn examinaLon from t h e  sea l a s t  winter, t h a t  t h e  is- 

. . 
l e t s  a r e  mostly densely wooded with ~ i s o n i a , . t h a t '  there  a r e  a few coconut 
t r ee s  t h a t  have been planted by .visitprs':fr,om'Lil<iep, that .  a few birds 
have been recorded from there,' jnd tha t  &ha ~apanese,hid ' found a th ick  
buried layer  of phosphate rock. M r .  Jack Tobin had a l so  found out from 
the  Marshallese t h a t ,  PI-evioug t o  a.nne:;at:.on, by Europeans, Biliar, along 
with Polcak and Jemo, had been. regarded by them a s  a':bird reserve. Birds, 
t h e i r  eggs, and t u r t l e s  could. be taken i n  l imited niunbcrs, a f t e r  proper 
ceremonies, on t h e  one v i s i t  made during the  $ear.. That t h i s  wise policy 
was effect ive was im~ed ia t e ly  obvi.ous t o  us when'we arrived. Birds were 
present i n  la rge  numbers, and it was c l ea r  t h a t  t h i s  i s  t h e  t u r t l e  breeding- 
place above all others i w t h e  Ha,52rshallk:.. . ' 

. 

, 
, 

The Bikar reef is oval, about '6 miles long, and has th ree  wooded 
i s l e t s  and' two small 'oars on. i t s  southeast quarter. I t s  one pass 
i s  oil t he  west side,  and .is ra ther  narrow, but not l i k e  t he  one on Pokak. 
The water rushes o u t  -of t h i s  one  in.os't of the  t ime,  also,  but not . i n  t he  . 
torrent  found i n  Pokak Channel. . .The boats used it repeatedly and had no 
d i f f i c u l t y  a t  any time. . The la rges t  islet, ,  Bikar, 2s on the  south point 
of t he  a t o l l .  It i s  ac tua l ly  very tin?, and t h e  south th i rd  of it i s  bare 
reef-rock, str ipped of. a l l  s o i l  wd~v&g,etat ion,  probably by storms. 
This rock f l a t  is mostl;.,above even - e d r e n e  high-tide mark and has some 
small ridges and i r r egu la r i t i e s  t h a t  a r e  evena  :meter or more higher than 
the general.. surface. . . , : .Thereis, p r ac t i ca l ly  no loose material  accumulated 

here,. The north point is a $and f l a t  with scat tered bushes of Scaevola 
and Messerschmidia-, both o f  which form a -  t h i n  b e l t  around the periphery 

. . of th6 woodedpart of t h e  i s l e t  .,.. We :canpea.: on: thi& open north part .  The 
, s ~ l l  coconut grove ' is  a t .  the  north cage of t h e  fores t  next t o  our camp 

spot.  We'had looked f.orward t o  a ,of dririking coconuts on Bikar, 
an i s land l G u r y  which we had sadly missed o n  ~okaic. I n  t h i s  we were dis-  
appointed. There were few n&s on . t h e  . . .  t r e e s  and what there  were were small, 
malformed, and had b i t t e r i s h  water.. She lJS 'of .b rge  guts l i t t e r e d  the  
ground, SO' it i s  probable t h a t  the , .dry . . . season . J ' L & ~  ending was responsible 
for  t h i s  stunted .condition. . .. .. .. . , . 

. . ,. 
. . . . .  . . . . . . ,.. 

T u r t l e  t r a c k s  across ;th.e beach& were even Vis ib le  on our large- 
scale  a e r i a l  photos of Bikar h i e t , ,  so we were not  surprised t o  f ind 

. .. 
t racks  i n  abundance when we arrived. My f i r s t  a c t i v i t y  a f t e r  ge t t ing  our 
equipkent carried up the.  beach t o  the  campsitc was t o  walk around t h e  is- 
land 'and c o w t h e  t u r t l e  tracks.. . There. we+ al.ubst 600 of these,  repre- 
senting 300 t u r t l e s .  The p i t s  from which sand'had'beenscoobed t o  cover 
t he  egg-pits were so abundant t h a t  they were t h e  dominant feature  of t h e  
surface of t he  sand i n  the .per iphera1 b e l t  of t h i s  island. That night 
young t u r t l e s  hatching o u t ' s c ~ ~ i e ' d  through c a q ,  heading d i r ec t ly  f o r  

' ,  t he  sea; but .only ,a few escaped t h e  clutches of r a t s  and hermit crabs. 
Several adul ts  camG ashore and were, seen laying eggs. One blundered 
r igh t  through' t h e  cook tw t ,  Observations on t h e i r  habits w i l l  be given 



i n  a l a t e r  a r t i -c le  on t h e  r e p t i l e s  collected on t h e  expedition, Curi- 
ously enough, t u r t l e  t racks  were almost abserrt from the  other i s l e t s ,  
probably,because of t he  Lack of loose sand, of which a la rge  part  of 

. ,  , . .  . :  . . . , ~ i k a r  . . I s l e t '  i s  zade up. . , I  . . . . . .  . 
. . .. . . . .  , ~. .... . . 

. . 
: The g$&f fores t ,  which eoverS t h e  greater  part  'of t h i s  i s l e t ,  
is dense and contxins sone great hreee, though. i t .  is uneven and shows ., 

t he  u s u a l  e f fec t s  of typhoons i n  t he  form of f a l l en  t rees .  Ordinarily 
. ,these ' t ake ' roo t  'wheWv9r' they'touch : t h e  ground, but a m~unber seen here ,. .. 
on'bikar gere dead,: Probably th6yLwere blown down during a severe 'dry 
spe1XB':T~iePisonia for6st  contiiiled two ranarkable t,hings--.white-tailed 
!ropiC b i r d s  nes t ing : in  ho les  in:-.the t r e e  trunks, and water collected i n  
cat+.e$ and i r r egCta r i t i e s  i n  t h e  l a rge - t r ee  bases containing swarms Of 

. . os'tr&cods;, Where ; t h e s e  fresh-waiser animals cane from on: an is land t h a t  
has absolu%ely . . .  noot i ie r  f r e sh  w a b e r i s  i n d e e d a  mystery. . . . . , . : . , . . .. . . . .  .. .. . ,. . .. ..,. ., 

, , : . .  . 
, .. .. 
. . . By t h i s  t i i i e  I had,. le&ned t b  look for a .  hwnus layer .mderlaj.n by 
p h b s p h a t i c  hardpan on the f l o o r  of a Pisonia forest .  Xere was no excep- 
. t ioh.  Aso, a ~ a ~ a n e s e  export 'on phosphate deposits, .had repor$ed ph0s:- 

phate on Bilcar, but '  he reported i t  buried under 2 f e e t  of sand and gravel. 
The buried l a y e r  war; ea s i ly  fo~uld. I n  p;aces it was under as  much a s  
2 f ee t  of sand, :elsewhere much Less, and i n  places it wasnot  bur5ed a t  
a l l .  Usually wh@ke,:5t w i s  burled. thei-e w a s  a l s o  an addi t ional  l ayer  of 
very f r e s h  brown 'hard$an nea$ t s e  surface,  under a n  inch or- s o .  of humus. 
The s i tua t ion  was c lear  a f t e r  a. study was  wade of the  te r ra in ,  of t h e  
bases of the  t rees ,  and of a few t e s t  holes. Apparently a s w e r e  storm 

i ra6er ia l  of : t h e  large dune ridge along the  from the west had spread the': '  : 
' ' 

west s ide  inward i n  a ' layer thinning towa.rd t h e  east ,  burying the great-  
. . e f j i a r t .  of ' the su r f ace  of . :the . i s l e t .  The h~hus'.  t h d  buried had gradually 

d$s&pearedbj oxidation,, stkin& t h e  sand, a d  leaving t h e  hardpan 
ltiyer. Then another Layer had: s t a r t ed :  lib form on t h e -  surface of  t h i s  new 
sand.. Birds. a r e  abutidant enough o n  BikaF t o  p rovkk  t h e  necessary guano 
f o r  t h i s  process  almost everywhere i n ' t h e  f6rest ;  '.. . ' % , 

. . . . . . 
, . . , .. . . , . . . . . .  .. , . , ,  . . . . ... , . : .  

R &  and blue-tailed sktnks were here, as  on Fokak. . Tihe big red 
hermit crab, CoenohitA perlaxa,. a g a i n i n h a a i t s  the  .two,.:cinds of Turbo 
she l l s ,  but t h e  proportidns'ttere t i ifferent,  t h e  common Turbo setosus 
here supplying abovk o n e - f o u r t h - o f ~ t h e s h e l l s c  Land she l l s  were not 
common but a t  l e a s t  two genera were represented. Insects were much 

.'more abundant th& on i'okak., but-'by. no .means as  varied: a s  on t h e  
a t o l l s  t o  t h e  sou th .  A s  oriPokak, t h e h i g h e r  plant species numbered 
n ine ;  but t he  l i .sts  d i f f e r  smeiwhat . And the  vegetation,  is almost com- 
p l e t e ly  d i f fe ren t . :  On t h e  thr.ea prjncipax i s l e t s t h e  main bcdy o f t h e  
vege ta t ion isFisonie : ,  'su&iundedbya t h i n  sparse be l t  itof.Messerschmidia, 
t h i s  on Bikar I s l e t  nixed with Scaevol.a, Bare areas : h v e  a t h in  cover of 
Portulaca and Lepturus, very loca l ly  mixed with Boerhavia, or nothing a t  
a l l .  Ch Jaboero .Islet , ;  whikh. : i s , a  gr,syel bar  and: a s o o t y  t e rn  rookery, 
t he  en t i r e  vegetation iLsi:~ade:.bp : ~ f  Poj3iulaca l u t e a ,  . . 

. . . . ,  ,. . ' & ~ i k ~ ~ k  . I s l e t  is in te res t ing  in..tiaving a well-developed boulder 
r idge along its lagoon side. Its seaward s ide  has extensive denuded 
reef-rock flat;$.- Blmeni 1sle i :4s  of r a t h e r  ccarse gravel, On. Bikar 
I s l e t  we attempted t o  dig  down t o  tlie water table .  This i s l e t  :is higher  
than usual, and'no water-was reached a f t e r  a laborious full  day of 

, , :  ,.. 



digging by two strong boys, surveyor's helpers. Sand kept caving down, 
so t h e  hole had t o  be made very large. It afforded an in te res t ing  oppor- 
t un i ty  t o  study t h e  buried phosphate layer  and the  s t r a t i f i c a t i o n  of t he  
materials of which t h e  i s l e t  i s  bui l t .  

The reef t o  t he  east  of t h e  south point of Bikar I s l e t  was b r i e f ly  
examined and showed several  i n t e ~ e s t i n g  features. A conspicuously under- 
cut vmushroomll rock a meter o r  nore high protrudes above high-tide l e v e l  
on t h e  outer reef f l a t .  It was not easy t o  be sure  whether it wds par t  
of t h e  reef or  t h e  remains of a boulder t ha t  had been cas t  up by a stocm. 
There were s t r ik ing  t i d e  pools on t h e  outer par t  of t h i s  reef,  with bright-  
green coral  (Mi l le~ora)  and pink algae, and with great  numbers of t he  la rge  
black-purple slate-pencil  sea urchin, HeIrocoentron _trinonarius Lam. The 
edge of t h e  reef here is especially interesting.  It appears t o  be an al -  
g a l  ridge i n  the  l a s t  stages of being removed by solution. Apparently t he  
r a t e  of deposition of calcareous material  i n  t h i s  poslt ion i s  barely  or  
not qu i te  able t o  keep up with t he  r a t e  of removal by solution. North of 
t h i s  there  is a b e t t e r  developed ridge, while around the  point i n  t he  
other direct ion the  ridge disappears altogether. Well back of t h i s ,  on 
the  f l a t ,  t h e  tops of t h e  corals  a r e  abruptly truncated, as  though they 
had been shaved off ,  presuniably indicating t h e  exact l e v e l  a t  which there  
i s  too  much exposure t o  a i r  f o r  survival of t h e  corals. 

A s  usual, we had t o  leave before we were completely s a t i s f i ed  with 
our survey. Even is lands a s  sinall as  these provide much opportunity for  
observation. And i n  such r e l a t i ve ly  simple s i tua t ions  one f e e l s  t h a t  
perhaps only a l i t t l e  more time would have sufficed t o  give an understand- 
ing of what i s  ac tua l ly  happening, ecologically. It i s  t o  be hoped tha t  
t h e  present-day Marshallese and t h e  American Administration w i l l  see fit 
t o  continue the  wise policy of t he  ancient iviacshallese and maintain t h i s  
a t o l l ,  and Pokak, as  b i rd  and t u r t l e  reserves. Then, pcrhaps, another 
expedition can s t a r t  where t h i s  one l e f t  off and r e a l l y  get  a grasp of 
t he  ecology of theee t i n y  b i t s  of land. Certainly t h e  number of people 
t ha t  would ever be able  t o  eke out an existence on them would not j u s t i fy  
destroying these fascinating microcosms. 

On August 12 we l e f t  f o r  Kwajalein, spending a l a s t  night there  on 
August 14, entertained by my f r iend  Kenneth Noy and h i s  wife, of t h e  
Island Trading Co., t o  whom thanks a r e  due f o r  many favors and assistance 
both while we were there  and l a t e r ,  when I wrote f o r  needed specimens 
and observations. Here t he  expedition ended, Charles Johnson leaving fo r  
Tokyo and I f o r  Honolulu. 

Condensed I r i n e r l r y  of Locdlitj es 1:he2 
Collections and 0bsnrvnt.ions :rere o w e  

Date - Locali ty Collect or 2 Observer 

Oct. 22, 1951 Johnston Island Fosberg 
23 Wake Island DO, 
23-24 Iwo J i m  Do. 
24 Tokyo, Japan Fosberg, bfacNeil 
28 Hakone, Japan Do. 

Kanagawa Pref., Japan DO. 



Nov. 3 
6-8 
16-25 

Nov. 26-Dec. 4 
Dec. 4-9 

11-18 
18-23 
18-23 

Dec. 23, 1951- 
Jan. 4, 1952 

Jan. 4-10 
10-Feb. 1 
13 

Feb. 3-10 
12-16 
16-24 

Feb. 25-Mar. 1 
28 

24 
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 

u-15 

-3 5- ... 5 ,  . 

Locality . . ,: . 1 .  
Collector or Observer 

, . . . . . . . . . , . . . . , . . , . . 
Chiba Peninsula, Japan Fosberg 

. . . . . :  Fukuoka, Japan :Do. .' 

A t  sea, Yokohama t o  MacNeil, Fosberg 
Pokak 
Pokak AtoU+t . . Do. 
Bikar Atoll* ' Do. 
Utir ik  Ato l l  MacNeil, Arnow, Fosberg 
Taka Atol l  Do. 
Likiep Atol l  MacNeil, Fosberg 
Jemo Island ' . ' Fosberg 
Likiep Atol l  MacNeil 

. .  , Ailuli 'Atol l  ' ' MacNeil, Arnow, Fosberg 
Lae Ato l l  Do. 
Kvza ja le in  Atoll  Do. 

. NajuPo Atol l  Fosberg 
' Ujelmg Atoll. MacNeil, Arnow, Fosberg 

. I Wotho Atoll  DO. 
. . Ujae' Ato l l '  ' ' ' Do. 

Kwa ja la in  Atoll  DO. 
A i r  c i r c u i t  of Likiep,. 
Jemo, Ailuk, 'Utirik, Taka, 
and Kwajalain Fosberg 

. . Ujae Ato l l  MacNeil, Fosberg 

. . Kwajalein Atoll  Do. 
Wotho A t  011 Do. 
Bikar Atoll+: Do. 
Pokak Atoll;' Do. 
Kwajalein Atol l  . . . .. Do. 

. . 
. , , .  . .  . 

Guam" ' " " '  ' 
' ivIacNeil, Amow, Fosberg 

Iwo Jima NacNeil, Fosbers 
Yokosuka, Japan . , .. , .  Do. . . . . . . Chichibu Hountains, . . . . 

. . :  ' ' ' Japan . . .  . ' Mik~e i i ,  Fosberg 
. . Wake Island Fosberg 

Niihau Island<"'- Do. 
Gardner Rocks+"* Do. 
Pear l  and Hermes Reef'"' Do. . ... 
Midway' Lslanil . ' Do 
Wake Island Johnson, Fosberg 
Pokalc A t 0 1  Do. 

' . Kwajaiein Atoll  Do. 
. Bikar Atol l  Do. 

Kwa ja le in  Atol l  Do. 

$5 Did not go ashore, 
+Hi. Observed from a i r .  



Wake 

Iwo Jima 

Japan 

Utir ik  

Taka 

Likiep 

Jemo 

Ailuk 

La e 

Ma juro 

U jelang 

Kwa ja le in  

U jae 

Wotho 

Pokak 

Bikar 

-3 6- 

L i s t  of Collection Rumbers by Islands 

Plants -- 
33614-33628 

33629 

33630-33641 

33642-33719 

33720-33778 

33779-33861 

33862-33907 

33908-33990 . . 

33991-34107 

34108 

34142-34216 

34109-34141 
74381-34382 
3U22 
34549 

34284-34380 
34383-34421 

34217-34283 
34423-34443 

34497-34548 

34550-34596 

Animals 

45-50 
111-181'; 

51-59 
182-302': 

60-63 
303-368 

64-72 
369-484 

73-79 
'485-556 

84-90 
557-663 

36-44 
692-750 

80-83 
664-691 

1299-1327 
i43~-1-1447 
1494-1496 

1-24 
874-1063 

25-35 
751-863 
872-873 

1484-1493 

1064-1072. 
1092-1120. 
1184-1298 

1073-1091 
1121-1182 
132S-l437 
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