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The wri ter  par t ic ipated i n  t he  195G SIX (Sc ien t i f ic  Investigations 

i n  Xicronesia) Troject of the  Pac i f ic  Science Board and the  foilowing report 

covers f i e l d  work f o r  t he  period 13 June - 5 August 1953. This project is 

supported by funds granted t o  t h e  iu'a.t.ional Academy of Scjences by the  Office 

of Naval Zesearch, and the  f i e l d  work was carried out with t he  act ive 

ass i s ta rxe  of the  Navy Department, t he  F i i t a r y  A i r  Transport Service, and 

t h e  o f f i c i a l s  of the  C i v i l  Administrative S ta f f  of t he  Trust Terr i tory (Navy). 

Members of t he  Civi l  Administrative S ta f f  a t  KxaJalein and Hajuro 

were exceedingly helpful i n  many ways. The assistance of Hiss Ernestine 

Akers, Honolulu secretary of t h e  Pacif ic  Science Board, g rea t ly  f a c i l i t a t e d  

arrangements during our br ief  s top  over there .  

I am indebted t o  D r .  John W. Wells f o r  an introduction t o  a t o l l  

geomorpboiogy and for  many stimulating conversations dwing t!?e preparation 

of t h i s  report .  



INTRODUCTION 

I n  preparing tilis f i e l d  report  I have had i n  mind the meager 

knowledge of a t o l l  s o i l s  presently available and. a rea l iza t ion  t h a t  

subsequent reports t o  technical  fournals are  much niore l i k e l y  t o  be 

found and comprehended by s o i l  s c i en t f s t s  than by t h e  l a i t y .  Therefore, 

t h e  first section has been given over t o  a generalized discussion of 

s o i l  formation on unraised a t o l l s .  The second section,  t h e  f i e l d  

report  proper, i s  an account of t he  swmer ls  work on t h e  s o i l s  of krno. 

Part  11, Agriculture of Arno Atoll,  has already been prepared 

and because of t h i s  s l i gh t ly  i l l o g i c a l  sequence a cer ta in  amount of 

overlapping and some minor 4iscrepancies may be found in comparing 

t h e  s e p r z t e  reports.  

"The s o i l  i s  f a i r l y  p~oduct ive.  I ts  l a rge r  is!.ands 
a r e  covered with grass,  f i ne  groves of coconuts, with 
magnificent breadfrai t ,  Fandanus and Pisonia, anci t he  
usual be l t  of low growing vegetation growing upon the  
summit of t h e  beach" -- Qw:ander Agassiz, of 

Arno Atoll  i n  1900. 
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Land'3'ormation and Des t ruc>s  --- 

. . . . . .  .. . 
. . 

FORMATTON ,. 

Laqd formation can be viewed as  the culminating process i n  a t o l l  
. . .  . , . . .  

development or  as  a minor consequence, < .  a super f ic ia l  col lect ion of fragments 
. . . .  . 

t ha t  happens t o  protrude above sea  level .  I n  terms of mass t h e  land is  but 
. . , . 

an insignif icant  fracbion of t n e  a t o l l  and occupies onkr a s m a l l  pa r t  of t h e  

area. I n  discussing the  s o i l s  of t h e  a t o l l  we unavoidably inc l ine  t o  the  

view t h a t  land formation i s  t h e  culminating process but we w i l l  t r e a t  it here 

only t o  t h e  extent necessary f o r  an  uncierstanding of t h e  so i l s .  

There i s  no evidence t h a t  t h e  present a t o l l  surface has been uplifted.  

(See report  of the  Geologist.) For our purposes we w i l l  assume t h a t  t he  land 
. . 

has formed on a pla t forn of consolidated material  having an elevation a t  o r  

s l i gh t ly  below mean low t ide .  Ordinarily t h i s  plztform w i l l  be consolidated 

reef rock but occasionally it may be cemented sandstone o r  llconglomeratetl. 

The nature of t h i s  platform can be seen on the  tmhoon swept areas  where land 

former1.y existed and i n  exposures i n  t he  i n t e r i o r  of Tinak, L1angar and 

Bikareij  Xslands. Although doubtless permeable t o  some degree t h i s  platform 

i s  considered much l e s s  so than the  materials subsequently deposited upon it. 

On Arno there  i s  no evidence t h a t  land has formed over uncocsolidated materials 

and t h i s  poss ib i l i ty  w i l l  not be considered furt'ner here. 

Even t h e  most cursory examination of the  wider islands reveais t h a t  two 

major classes of materials have entered in to  t h e i r  composition. Over t h e  

greater  par t  of t he  a t o l l  t he  seaward s ide of t he  land i s  composed la rge ly  o r  

en t i r e ly  of rock torn  from the  reef .  Often these fragments have been rounded 

by wave action hefore deposition but again the pieces may have more o r  l e s s  of 



t h e i r  o r ig ina l  jagged contour. i.iost of t he  rocky land appears t o  have been 

formed by the progressive outward building of a rampart composed of these 

coarse materials thrown up by storms. The younger age of t h e  seaward s ide  of 
, . . . . . .  . . . . . .  ., . 

t h i s  land is  generzlly recognized and i n  f ac t  rampart formation i s  i n  progress 
. . . . . . . . . . . .  : . . . . ~ . .  ,, . . .  . .  , : .  . , .  . . . . , 

d o n g  much of ' the  coast. Since it owes i t s  formation t o  storms the  surface 
- 

. . . . . . . .  . . . . . . .  
of t h e  rampart tends t o  mark t h e  highest l eve l  t o  which the  l a rges t  waves 'can 

. . .  

carry coarse material. Thus t h i s  l eve l  is  higher on the  more exposed coasts 

subject  t o  frequent storms, such a s  on i f anga r  Islarid, and it i s  lower else.- 
. . .  . . 

where. Occasional great storms' such a s  accompany typhoons may heap rock well 
. . 

beyond .the edge of the  rampart, even burying inland surfaces. I n  e i t he r  case, 
. . . . .  . . . . . . 

inciuded with the  rock is a grea te r  o r  l e s s e r  emovnt of sand and gravel ground 
. . . . . .  . . .I 

from the rocks. Usua?.ly t he  stony land slopes doknw3rd s l i g h t l y  away from t h e  

coast ,  ~oss i lo ly  because of wea-khering of t he  older d e r i a l s .  
. . .  

It i s  not possible t o  say w i t h  cert,aLnty tha t  t h e  rampart i s  always the 
. . . .  .. :. . . . .  

f i r s t  fomed land but i n  most cases it i s  d i f f i c d t  t o  p o s k l a t e  otherwise. 
. . .  :.., ' . 

Frotected by the  ramprt, the  quieter  waters of the  lagoon sand a&nst it 

and the resul t ing sandy shelf  of ten widens more rapidly than the ou tbui ldkg  
. . . . .  

rampart. T n i s  process is  par t icu la r ly  effective wh.ere 'ihe reef  and hence the  
. . .  . . .  

rampart, forms a sharp concaviLy. A s  i s  generally t r t e  alor~g coasts,  such 
. . 

embayments are  more rehdily f i l l e d  by wave-worn sedimerrts and are protected 
. . . . .  . . .. . . 

from dong-shore currants. The progressive widening of Arno Island, although 
. . .  

now slow, i s  known t o  t,he people there  because inland and pa ra l l e l  ~ i i t h  t h e  
. . . . . .  , .  . . .  , . . . .  . . . . ., 

beach they f h d  rows of pumice pebbles such a s  occur along the  present beach. 
. . . .  . . , , ., .' . . . . . . . . . . . . . .  . . . .  . ,. ':. : 

Beach sands a r e  not l imited t o  t h e  lagoon s ide of t h e  land, although 
. . . . . .  . . . . . .  . . . . 

. . 

much more common there.  On the  semard s ide  thk occurrence i s  m o s t  
. . . . . .  

on l e e  coasts and again i n  er~baymnents concave towards t he  sea. The narrow 

land just  northwest of Ine v i l l age  has a sandy seaward beach and i n  places the  



s o i l s  immediately'b&k of the  beach show signs of having been veneered with 

sand during storm periods. Although at  f i r s t  thought t he  height of sandy lands 

would seem limited t o  high t i d e  l eve l ,  wave action during storms continues t o  

throw up sands and accumulation is  doubtlessly aided by the  e f f e c t  of v e g e t a t h  

i n  reducing the  outward drainage of waters. 

The major element involved i n  ra i s ing  the height of land, however, i s  , 

t he  formation of sand dunes wbich a r e  commonalong the windward lagoon shores. 

Dune formation proceeds most rapidly where a sandy beach i s  uncovered a t  low 

t i d e  and exposed t o  the  northeast t rades .  On Arno the maximum dune height 

observed was perhaps twelve f e e t  above high t i d e  though much higher dunes a r e  

known on other low is lands i n  the  Pacif ic .  Occasionally s m a l l  dune areas occur 

on tine seaxard side,' a s  at one p i n t  on ~ i k a r e i j  Island where a small section 

of t h e  low rampart has been buried. When supplies of sand a re  ample the  speed 

of dune formation may be very rapid a s  exemplified by the  high dune northwest 

of t he  wide pal2, of Jabtu formed and vegetated since t h e  typhoon of 1918. 

The three processes involved Ln building a rampart, sand shelf  and 

lagoon dune may combine t o  give a land high on both shores and lower in t h e  

center. Such an orderly process of formation i s  f a r  from common, a s  t h e  cross- 

sections and s o i l  maps reveal. Even apar t  .from catastrophies, t h e  vagaries of 
. , 

wind and sqorm bring cycles of addition.:%nd rehoval, often t ransferr ing 
. . 

mater ia ls  from one point t o  another neerby. Dunes are  often cut away o r  some- 

times Left  inland when a new cycle of beach building takes place. Unfilled 

areas may be cut off from the  sea by ramparts o r  dune ridges, giving r i s e  t o  

swamps or-wet so i l s .  A s ingle  minor storm may sweep away t h e  accumulation of 

months or,  again, heap f ine  materials on coarse or  coarse on f ine.  The cross- 

sections of Figure I are  diagramnatic gketches of conditions actual ly  found. 

It may be emphasized t h a t  xiearby al . l 'bf  ,.the inland basins and low j ~ t e r i o r s  of 
. .. 

the is lands of Arne are  obvious3.y s t ruc t )xa l ;  they have been formed i n  the . . 

course of island building, o r  r e b ~ ~ i l d i n g ,  ra ther  than by soluiion. 
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Although t h e  developing land i s  subject 

influences t h a t  tend t o  protect  i t s  in tegr i ty .  

t o  t he  sea there  a r e  s tab i l iz ing  

The slow outward and upward 

growth of t he  reef gra@dlly reduces t he  violence o&the  waves which beat upon 

the  land. ~ampar t s  and dunes she l t e r  the  i n t e r i o r  from a l l  but the...largest 

storms a n d a s  t he  landwidem t h e r e  i s  l e s s  l ikelihood t h a t  storm waves can 

sweep across it. Moreover, t he  shore i t s e l f  comes t o  be underlain:with a sand- 

stone o r  conglomemte formed as  outward flowing waters saturated with calcium 

bicarbonate cement the  beach materials. The beach sandstone o r  conglomerate 

offers  no absolute protect ion as many offshore blocks of these c lear ly  show, but 

rapid formation helps t o  defend addit ions made t o  exis t ing lands. The ground 

water may. bring about .cementation elsewhere than on the  beaches and loca l ly  

phosphatic cementation may s t ab i l i ze  loose materials. 

The s tabi l iz ing.  e f f ec t s  of vegetation a re  obvious., The root mat binds 

the surface s a i l  and.-,the.tops of plants  bo th  la rge  and small reduce;tinevioiPce 

of surface f l owby  wind and water, decreasing erosion and encouraging depositiontion 

The s tab i l iza t ion  i s  probably b q o r t a n t  i n  protecting ramparts and d u n e s b u t i t  

i s - e a s y  t o  overestimate t h e  :imIjortance of vegetation; l a n d  a l so  forms on dry 

a t o l l s  where the vegetation today is  too s ~ a r s e  and s m a l l  t o  have major e f fec t s .  

. , 

DESTRUCTION 

Despite the  s tab i l iz ing  influences above, the  narrower lands cannot be 
. . ,  . .. . , . . . . 

made secure against destruction by major s toms ;  in f ac t ,  on a geological time 

scale such iands may have a somewhat ephemeral existence. Typhoons are  con- 

sidered re la t ive ly  ra re  i n  t he  southern Piarshalls but a r e  weli known: Thoseof 
. . 

1905 and 1918 have been well  documented by the  Germans and ' ~ a ~ a n e s e  then 
. . . .  . 

resident.  LijSmar, an old man of Ine v'illage, r eca l l s  four typ'hoons i n  h i s  
... , 

l i fe t ime,  including the above two, and knew of another i n  t he  days of h i s  grand- 
. . 

parents. For each of t n e  four he described the  windshifts and an intermediate 

Current hypothese of beach rock formation swm t o  ru le  o u t  the simple 
assumptions made here. 



period of cah t h a t  indicate  t h e  passage of  a typhoon center. Thus, it seems 

t h a t  t-yphoons ad the i r .  attendant e f f ec t s  must be considered normal i n  t he  
. . . . 

sequence of land formation. 

Cn Arno the  typhoon of 190.5 was c lear ly  t he  most destructive i n  a period 

of perhaps a century. fdong t h e  en t i r e  e a s t  coast of tine a t o l l  there  was t'ne 
. . 

long island of Namej ( the  Terrmova of Agassie), an unbroken land from t h e  pass 

near the  ea s t  end of Ine Island t o  t he  t i p  of present day L'angar Island. \,Then 

t h e  storm ended the wider portions of t h i s  is land l a y  as  i so la ted  fragments, 

t h e i r  centers i n t ac t .  Nuch of t he  narrow land had been washed over by t he  

great waves t h a t  cut away the  land margins and replaced the  former surface k i t h  

arimitive rock and sand. Other land had d i sap~ea red  ent i re ly ,  leaving the  reef 

plat,form bare, perhaps as  much a s  it had been before t he  land formed. I n  t he  

subsequent /+T years t h i s  area has r ebu i l t  t o  a considerable degree, with sand 

s p i t s  lin!ung the  individual is lands and a rampart again manteling par t  of t he  

ba re  platform. The same typhoon i s  said  t o  have caused extensive d.am&e on 

Ine Island; t h e  narrow land between Ine Village . . and Jab'u was reduced i n  width 
. . 

and the e f f ec t s  a r e  pla inly v i s ib l e  i n  the  condition of t he  narrower par t s  of 

I I 
t he  is land from Jab'u west t o  iukwoj. 

The 1918 typhoon was l e s s  destructive but l e f t  some ef fec t s .  The small 

is land of Enen1 e d 2 k  i s  said t o  have been separated from the  southern end of 

Arno Island by c c i s  stbrm. The narrow iarid northwest of Jabtu was reputedly 

washed over for the  second t im by t h i s  t3;phoon 'and, a t  a point where t h e  sea- 

ward reef is indented, the  land was again trenched through t o  the  reef  rock 

below. ' H& i s  demonstrated one way i n  which t shoones  destroy the  land 

surface: The waves coming across t he  land from the  seaward s ide  began under- 

cu t t ing  a t  the  lagoor1 shore; t h e  dense root mat of coconuts presumably held 

t h e  surface layers  but the  sand below was readi ly  washed away and thus a 



shallow ltwaterfalLtl re t reated across t he  island. FOP the  most par t  t h i s  wa:er- 

f a l l  cut only about half way across t h e  is land and rezains a s  a deeplyscalloped 

escarpment, 3 t o  4 f ee t  high. Tne jndividual "scallops" are  che "washout, p i t s"  

t ha t  can be recognized elsewhere on Ine Islami. 

This area, l i k e  Namej, indicates  r a ~ i d i t y  of rebuilding; t he  channel has 

vanished en t i r e ly  although i t s  surface and t h a t  below the  escarpment a r e  lower 

than the  foxner land. Along the  lagoon shore a high dune has been b u i l t  and 

now supports a young coconut grove. 

GROUN3iATER 

The groundwater i s  dLscussed ir. d e t a i l  i n  the  report  of t he  Hydrologist 

and it i s  suff ic ient  here t o  mention i t s  existence. The c lass ica l  Ghyben- 

Herzberg theory would picture a l ens  of f resh water f loa t ing  i n  and 'on the  s a l t  
. . 

water, both within a mxtrix of unconsolidated coral  d e t r i t u s  t ha t  prevents 

turbulent mixing. It i s  evident t h a t  t h i s  view must be a l te red  somewhat i f  we 

consider t ha t  tne  f resh water over l ies  a more or  l e s s  impermeable platform 

beneath. The s a l i n i t y  of the  groundwater i s  infbaenced by r a i n f a i l ,  of course, 
. . 

and so i s  su.zject t o  possible seasonai changes, Other obvious factors  are  

distance f romtne  shore and subsurface permeability, and the  l a t t e r ,  i n  turn,  

i s  affected by the  r e l a t i ve  coarseness of the materials composing t h e  land. 

The kydroic.:ic~i inves?2g:tions on Rrno by D. C. Cox (Atoll ~ e s e i ~ r c h  

Bulletin 8 )  indicata tht  the recf i?lai,f@m 1;~s-i have an spp-eciablc; per- 

mcrrbil.ity znd th%t  ct well devclopsd C-hybw-Herz'ocrg lens  i s  present. 



, . 
S o i l  Formation 

There a r e  many different  rainfal.1 regimes throughout t h e  Pacif ic  and i n  

consequence there  are  "wet" is lands and "dry" islands,  as  well  a s  others subject 

t o  per iod ic i t i es  of r a in fa l l ,  e i t h e r  annual o r  a t  i r r egu la r  intervals .  It is 

qui te  obvious t h a t  moisture influences vegetation and leaching processes. I n  

addition, t he  i n t ens i ty  and d is t r ibu t ion  of dry periods regulates s o i l  s a l i n i t y  

and the  possible concentration o r  precipi ta t ion of dissolved substances. Thus 

it should be kept i n  mind t h a t  i n  t he  foilowing we a re  pr incipal ly  concerned 

with a "wet11 a t o l l  having an annual precipi ta t ion of some 120 inches with a 

short and ollly "rela t ively dry'' season. 

Throughout the  worid. t he re  a r e  areas  of limestone resembling the a t o l l s  

i n  chemical composition but up l i f ted  f o r  various periods. The s o i l s  developed 

on these indicate t he  course through which the  a t o l l  s o i l s  would pass i f  they 

remained above the  sea f o r  suf f ic ien t  time. I n  the  oldest such areas  t h e  

calcium and magnesium carbonates, wtzich make up such a large par t  of t h e  present 

a to l l s ,  have been en t i r e ly  dissolve6 from the surface layers  and often from a 

considerable depth; the  s o i l  then consists of combinations of d ~ ~ l l i n ~ m ,  s i l i c a ,  

i ron and other constituents o r ig ina l ly  present as  only s m a l l  percentages. The 

time required f o r  such formation is  great  and +;he solution of several  f ee t  of 

limestone may y i e ld  only an inch o r  two of s o i l .  I n  contrast t h e  present a t o l l  

s o i l s  a r e  extremely youthful and a r e  c lass i f ied  a s  lithoso& and r e ~ o s o l s .  

&. The surface layers  have been darkened by addition of organic matter and 

there  has been some solution of carbonates but i n  t he  main t h e  materials of t he  

s o i l s  have been l i t t l e  a l tered.  

& --. Lithosols "An azonal group of s o i l s  with l i ' t t l e  or no horizon 
differentat ion ... i f  deeper, consist ing la rge ly  of rocks and stones" 

Regosols "An azonal group of s o i l s  with l i t t l e  o r  no horizon 
differentat ion,  deep ... over bedrock, and generdy  non-stony, con- 
s i s t i n g  of materials such as  loess,  marine and lacus t r ine  sediments 
and sands." 



PIIYSICAI; AND CEESII1C.G NATURE OF THE PARENT MATWALS 
. 

it has been menti.oned t h a t  much of t he  sea-derived material  i s  coarse 

/2 but mixed with t h i s  i s  a vaqring proportion of f i ne  gravel and sand.- 
. . . ,  ,. . 

, ,, 

Here and tkkere a r e  beaches made up en t i r e ly  of t he  f i n e r  materials.  Many of 
. . . . ... . . 

. . .  
. .  ,~ 

the cobbles $nd jagged fragments a r e  made of somewhat porous corais which 

hold appreciable amounts of moisture and a r e  penetrated by roots  t o  some extent;  

thus they a r e  more favorable f o r  plant growth and rather  nlore sxsceptible t o  

dkiintegration than s i z e  alone would suggest. 

The beach deposits formed along the  lagoon shores vary i n  pa r t i c l e  s ize  

from medium t o  very coarse sands, often with an.admixture of f i ~ e  gravel; 

loca l ly  they may consist of gravelly sands. The d w e ' s a n d s - a r e ' f i n e r ~ d  
. . 

re la t ive ly  uniform i n  s i ze  but mixtures occur when dune sands a r e  reworked or  
.. 

washed ' over ad jacenf, 'land. So i l s  formed f ram "co-al mcdl? were not found a t  

.4mo but have been reported elsevhere. 

The coarse materials a r e  very la rge ly  composed of stony c o r d s  and 
.... 

i i t h o t h m i o n  rock, whereas ' the lago& sands contain a high proportion of 
* . ' ,  

Foraminifera t e s t s  and i ia iheda 'fragments, a s  well a s  ground up c o r d  and shells. 
,.' - . 

Several investigators of ncorallf  r ee f s  have pointed out t h a t  calcareous algae 
. . .  . . . . . .  . . . . 

and other orgarisms of ten contribute more material  t o  the  reefs  than the  corals 

themselves; thus  Nayor suggested t h a t  Eose Atoll  was properiy a "Lithothamnion 

a to l l " .  . . . .  . . . .  . 

These d i s t inc t ions  become more s ign i f i can t :v~hen .he  r e s u l t s  of.cheinical 

analyses of various organisms are  conpared (Table I). The inorganic pa r t s  of 

t h e  reef building corals  consist almost en t i r e ly  of calcium carbonate, whereas 

some of the  Lithothamnion group contain a s  high a s  25% magnesium carbonzte. 

. . 
.....I 

. . 

. I 
,& The U .  S. So i l  Survey c lass i f ica t ion  d e l - h i t s  pa r t i c l e  s izes  as foliows: 

. . stones ( i r regular )  and cobbles (rounded), 10"-3" ; coarse gravel, 'jl!-1/2" ; 
f ine  gravel 1/2'-2 mn.; very coarse sand 2 m.-1 m. ; coa.rse sand, lam.-0,2mm. 



Another alga,  Sali.meda, however, contains only about 1% o r  l e s s  of rnagnesiwn 

carbonate. Moreover, the two minerals species of calcium carbonate, c a l c i t e  

andaragoni te ,  which differ somewhat in so lubi l i ty ,  a r e  charac te r i s t ic  of 
. . . .  . . 

differen-t organisms. Some orgarisms tha t  contzibute l i t t l e  mass t o  t h s  reef 

are  nevertheless sources of cer ta in  eiements, such as  phosphorus, needed f o r  
. . .  .. , 

. . 
. . . 

plant growth. 
. . . . . , . ' 

Table I Rarige%ri Inorfianic Compogtion of Some -Karine Invertebrates 
After Clark and W%eeler (u. S. Geol. Surv. Prof. Paper 124, 

. . 
1924) and Twenhof e l  (Principles o f  'Sedimentation, 19Z9). 

Alcyonarian corals  73-99 .?,15.7 0.4-1,7 Tr-8.6 Tr-1.0 T r  - 5.4 . . . . . .  . . 

Nadreporian corals  98--79+ .0'+ i .1 0-1.2 O-Tr 0-9.7 0 - .2 

Foraminifera 77-90 18.11.0 3-15 T r  Tx--5+0 0 

Echinoderms 78-93 5.Gl5.0 0-10.0 ' - 1  0.;-5.2 T r  - 4.2 
. . 

Mollusks 9 lp9 .90-6 .0  0-2.2, 3-0.9 G.Li-1.9 0 - c . 2  
. . . . . . 

Crustaceans 29-83 3.7-16.0 0-3.8 . . 8.7-27.0 .06-8.9 T r  - 5.2 
. . 

Calcareous algae 74-99 .02-25.0 .02-2.1 Tr-0.4 .OL t o  1.6 .O3to1.4 

Soi l s  formed by weathering of co!;solidated limestones a r e  not coirmon on 

Arno and presunably t h i s  i s  likewise t rue  of other a t o l l s  t h a t  h,?ve not been 

vpl i f ted,  since the  primary zone of cementation i s  near t i d e  leve l .  The 

composition of cemented limesands and conglomerates resercbles t h a t  of t ke  un- 

consolidated materials but t he  former are  obv~ous ly  l e s s  su i tab le  f o r  s o i l  and 

plant develo~ment. Such rock i s  usuail.~'permeable t o  some degree and roots 

and percolating waters soon develop numerous deep f i s sures  and pockets of s o i l  

material . 



8rom phosphate rock occurs on many low k lands ;  t h i s  i s  formed by 

phosphate leaching from gnano deposits  i n t o  lirny materials..beneeth and there  

forming insoluble caJcium phosphates. T'ne c a l c i m  carbonate i s  replaced wholly 

or  i n  par t  by the phosphate and thus (excepting peat accumulations) acid soi.ls, 
. . . , 

. . .  if found a t  a l1 ,occu r  on phosphate areas, e,g. Holei I s l e t ,  

P-a Island, a s  reported. by Christophersen (Bishop Kus. i3ul. 44, 1947). 

During the  replacement process tkie r a t e r i a l  i s  usually cemented i f  not alreadry 
. . 

so, hence imposing the  same mechanical l imita t ions  t o  plant growth mentioned 
, . . . ,  

above. The three small areas of phosphate rock observed on iimo, however, were 
. . .  
hi.ghly f issured atid contained pockets of unconsolidated sand. 

. , .  . . . 

!^Jave d r i f t ed  punice has been f0ur.d on many low islands and l o c a l l y  i t s  
~ . ~ .  . 

mass may be great  enough t o  a f f ec t  t he  s o i l  o r  plant growth (c.f .  t h e  Funifuti  
. . 

report ) .  On Arno, excegt t o  provide whetstones f o r  t ne  natives, i t s  s ignif i -  
. . . . .! . . ... . . . . 

cance is probably n i l ;  even where it apFears most abundant i t s  weight per unit  
. . .  

land area i s  negligible.  Low i s lands  near volcanic areas  may benef i t  from ash 
. . . .  

deposits but Arno i s  remote from these.  
. . . .  

3y the nature of a t o l l  formation other rocks and minerals ~ iould  not be 

expected, except f o r  those transported by man or a r a r e  e r r a t i c  draf ted ashore 

enclosed i n  t r e e  roots ,  This expectation i s  not always a safe one: The sweep- 

ing conclusioris concerning s o i l  development drawn by Lipman and Shelley 

(Carnegie i n s t .  P a l .  3/+3:201'-.20&?, 1924) from analyses of a s ing le  s e t  of 
, . .  

samples from Rose Atoll  a r e  en t i r e ly  v i t i a t ed  by t h e  di.scovery of basa l t  fr&g- 
. . . . 
ments i n  t he  reef. Basalt had been reported by tine Wilkes Expedit,ion and by 

. . 

Couthovy long before, but these reports  were considered erroneous by Mayor 
: . . . .  . . . . . . .  ;. . . 

(Carnegie Inst .  Fubl. 3l+0:73-79, 1924) who collected thn material  analysed. 
. . ... ... 

Subsequent collection by L. F. Shultz (Personal cornmication) has ver i f ied  the  

presence of basa l t  ;: : Likewise David .and Sweet (The Atoll  of Funafuti, Sect. V, 
. . . . .  



190Li) present a s o i l  analysis but note t h a t  a l i t t , l e  of t he  s o i l  from the  sample 

l o c a l i t y  had been brought i n  a s  ba l l a s t  from Samoa. 

PHYSICiIZ, FACTORS 

Once exposed above the  sea the land materials are  subject t o  t he  con- 

tinuous action of atmospheric and biological  agents. The f i r s t  re ins  d i l u t e  and 

then r inse  out t he  s a l t  l e f t  by the depositing waves. On wet a t o l l s  this i s  

repeated when salt i s  again added by storm waves, spray o r  evap ra t ing  brackish 

waters whereas on dry a t o l l s  the  r a i n f a l l  may be insuf f ic ien t  t o  remove the  

s a l t  from the  surface layers.  Other substances, calcium and magnesium&%~na%s 

and the  small percentages of other elements t h a t  occe;r with them or  i n  t he  dead 

organic materials, a r e  much more slowly dissolved by rainwater. 

Solution -- 
Nevertheless solution is tne  dominant physical Frocess act ing upon the 

land. The carbonic: acid released by roots and organic matter decomposition o r  

carried in to  the s o i l  by r a i n f a l l  converts calcium carbonate t o  t he  soluble 

bicarbonate which then moves into  the groundwater. Some of t h i s  p rec ip i ta tes  

along the shores, cementing sand and rubble ;o . ' ~r it 1s - 

L.2 l o s t  from the is land in te r iors .  Ne may calculate t h a t  carbon dioxide dis-  

solved i n  r a i n f a l l  before it reaches the s o i l  i s  alone suf f ic ien t  t o  reduce t h e  

land leve l  about 1 cm. per century. This r a t e  may be increased by a few t o  

several-fold by t h e  e f fec t s  of l i v ing  organisms and t h e i r  decompositionproduds. 

The estimates of Sayles (?roc. Am. Acad. Arts and Sci .  66:380467, 1931) on t h e  

weathering of consolidated vsind'~1own limesand i n  Bermuda indicated reduction 

of t he  land surface a t  t he  r a t e  of 6.1 cm. per 1 O O  years. This i s  l i t t l e  o r  

nothing i n  one man's span but i n  a geological sense the process i s  rapid. Thus 

h 1-20" r a i n f a l l  per year, solubi l i t j r  of calcium .52 mil l imols / l i ter  a t  
25% and .00?1 atm. CQ2, assumed density of t h e  sand 1-8. 



- 1 2  - 
it appears t ha t  a s  an is land b$.dens with time so does i t s  i n t e r i o r  lower and a 

few mil lenia  of such weathering. would bring i t s  surface t o  t h e  le.vel of t he  

water table.  . . There i s  no evidence tha t  t h i s  has taken pLa.c? on Arno a t o l l  but 

the consigeration again demonstrates t he  youthful concLition of t h e  land surface. 

Solution pogres ses  rapidly i n  t he  upper layers.  .:The innermost margins 

o f . t h e  be l t  of stony land are  much l e s s c o a r s e  t h a n t h e  outer beach f o r  a s  they 

weather t he  la rge  fragments give r i s e  t o  smdller. -The gravel-sized pa r t i c l e s  

found within t h e  upFer organic horizon of t he  older s o i l s  are of ten so f t  and 

eas i ly  .crushed, and freq+.ently a r e  penetrated by roots. Similarly,  t h e  sand 

par t ic les  a r e  most d i s jn tegra ted  within t h i s  zone. On,.&rno the most highly 

weathered s o i l s  often contain xuchmore gravel i n  the  surface horizon than 

i e e d j - a t e l y  below. -riLthough other explanations a r e  possible, t he  genera2 con- 

currence of t h i s  suggests concentration of the  gravel by solution of the  f i n e r  

par t ic les .  . . .. ' 

Cementation . . 

Zxcept f o r  beachrock formation, cementation by precipi ta t ion of dissolved 

carbonates i n  t h e  upper few fee t  of s o i l  i s  not of consequence under Arno condi- 

t ions.   occasionally s l i gh t  cementation o f s a n d  par t ic les  i n  t h e  immediate 

vicinity:of decaying roots  was ow.served and i n  one instance s l i gh t  cementation 

was noted througnout t he  sarid overlying a buried organic layer  near t h e  ground- 

water level .  ,. There are ,  howe~ier,. no o r  i l l u v i d l  horizons within t h e  

s o i l  proper on Arno nor would there  be expected,under t he  prevail ing conditions 

of r a i n f a l l  and parent material. , . . . 

I n  a few prof i les  examined. lagoon . laid.sands resked conformably on un- 

weathered strongly cemented sandstone a t  a depth of 40" 

several wells penetrated t o  sandstone. I n  no case were 

suf f ic ien t ly  t o  determine whether they lacked tne  slope 

o r  more; l ikewise 

these layers  uncovered 

charac te r i s t ic  of beach- 



.rock and hence it i s  uncertain whether they originated a t  t he  time of land 

foi-mation o r  l a t e r .  Near the boundary between ~ u M g a n d  ~ i n a j s n g  on Ine Island 

i s  a sof t ,  r e l a t i ve ly  f ine  textured sandstone well above high t i d e  leve l .  This 

i s  thought t o  have formed i n  the  l owerpa r t  of a dune and subsequently been 

e q o s e d  by storm action. 

I n  a sense cementation i s  merely an incidental  consequence of secondary 

lime deposition and can be expected wherever water saturated with calcium 

bicarbonate evaporates o r  l o se s  carbon dioxide, a s  by warming o r  escape of 

excess acquired under t he  higher carbon dioxide pressure i n t h e  upper so i l .  

i n  regions of s c m t y  r a i n f a l l  or  frequent a l t e r n a t i o n o f  wet and dry 

periods cementation near t h e  s o i l  surface is ~ o s s i b l e  and may account f o r  t he  

"hardpan" observed i n  the  s o i l s  of Christmas and Fanning Islands b y C ~ ~ ~ e n  

Baas Becking's ("The Soi l s  of Coral Atol lsn,  Preliminary Notes on ' .~ro, ject  E-6, 

Soutb Pacific Corn., 1950) in te rpre ta t ion  of such hardpan, however, suf fe rs  fro] 

soms misapprehension as  t o  t h e  processes involved. One cornon.mode of for~a t ion  

( e . g .  t he  caliche of snbhumid s o i l s  of the  western United s ta te ' s )  i s  through 

l imited penetration of t he  scanty r a i n f a l l ,  the  periods of wetting bGing foliom 

by drying which causes precipi ta t ion of carbonates: under Far t icu la r  cl imatic 

conditions such uhardpans" may be nor& but t h e i r  occur&nce elsewhere ought 

not t o  be assumed. . . 

Cexentationsby ~hosphates  leached from guano deposits has been mentione' 

i n  the  previous section. 

Considerable care is necessary t o  dist inguish between "harapnN o r  in- 

durated layers  formed i n  the  normal course of s o i l  development and somewhat 

similar layers  t h a t  originated otherwise and l a t e r ,  by exposure o r  bur ia l ,  came 

t o  occur beneath a shallow s o i l  horizon. For example, 'on ?.almpa Island 

Christophersen described a prof i le  with 1 0  cm. of "moldll overlying a 1 0  cm. 



. . . .  
'j . , I  . . .. . . 

thickrPh.;s of phosphatic ~ f t m d p d w h i c h  i n  t u rn  rested 6ri coral ;jaqd,s; ., .( a J q s t  . , 

cer ta in ly  t h i s  i s  more t r i l , y  seen a s  a shallow, highly o ~ . ~ a n i c  s o i l  layer:: 

developing'on a t h i n  bed of phosphatic ,ro<&. , The rock, ra-Lher than the  sand 
. . 

below, i s  the p ren t ,  material of t h e  s o i l  and anteedates it. S k i l a r  soi1.s a r e  

found on -no over deeper beds of shosphate rock which can i n  no sense be 

regarded a s  '!hardpann. 

Soi l  Movement and %.rial 

Like-wise, bu r i a l  of a r ~  exis t ing  s a i l ,  as  by t h e  debris thrown up in great  

storms, followed by s o i l  development on t h e  new materjal  can give r i s e  t o  an 

anomolous prof i le .  Such a buried soil.  with a black horizon a t  t he  surface snd 

a second dark horizon a t  some depth was found on Ine Islarid (Prof i le  #4) .  A 

somewhat similar p rof i le  was described, although apparenf,ly not recodnized a s  

such, on Palmyra Island by Christophersen. Two prof i les  on I l e  awc Canards 

described by Eaas-SecKing are  a h o s t  cer ta in ly  due t o  bur ia l  of a pre-eAxisting 

soii,  though he curiously regarded the  dark layers  a t  depth as  i l luv la lhor izcns .  

Unpublished descriptions,  photographs and analyt ical  data from prof i les  taken on 

Cani,on Island by Er .  L. 3 .  XacDaniels indicate  t ha t  two of these have buried 

organic horizons. 

I n  addi.tj.on t o  bur ia l  of w e 3  deveiopd s o i l s  smal.1 pe?iodic addit ions of 

wind-blow o r  warre-flung sand on a vegetated area may resu l t  i n  a very consider- 

able deptin of lfsurfacelr s o i l  colored by organic residues. 

The importance of dune formations i n  ra is ing land height has been r e f e m d  

t o  previously. Apparently there is l i t t l e  movement of sand inland beyond t h e  

dune under t he  usual iirno conditions where dunes a r e  soon vegetated, thus in- 

creasing t h e i r  effectiveness i n  trapping smd. Since windbreaks diminish wind 

veloci t ies  f o r  some l i t t l e  distance t o  windward, a s  weli a s  t o  leeward, it may 

be tha t  t a l l  vegetation, such a s  t he  palms, limits dune hej.ght. 



Despite t h e i r  t ex tu re ,  n e d y  formed o r  spa r se ly  vegetated dunes a r e  

~ u b j e c t  t o  considerable s lope  washing during heavy ra ins .  The sand eroded 

from t h e  s teeper  s lopes  i s  deposi ted a s  t h e  water s inks  i n t o  the  s o i l  (Pro- 

f i l e  1/27') and i n  f a c t  e f f e c t s  a ma~ked f i a t t e n i n g  of t h e  i n h n &  dune slope. 
. :  .. 

This process i s  in tens i . f ied  by c lea r ing  and burning i n  t h e  coconut groves but  

t h e  mixture of beach and dune sands found i n  s t a b i l i z e d  s o i l s  near  o lde r  dunes 

suggests  t h a t  it has been of general occurrence. i t  i s  probab2.e t h a t  rapid  

washing of sand excavated from t h e  t a r o  p i t s  brought about t h e  very gent,le 

s lopes of  t h e i r  surrounding rims. 

Apart from slope washing, s o i l  mvmnent in land i s  of neg l ig ib le  pro- 
. . 

por t ions  except near  v i l l a g e  a r e a s  where r a i n  i s  concenkated  in  the  hard- 

packed walks. The 'esulting accumda-tion o f  sand i n  ].ow places  nearby i s  of  

no consequence i n  s o i l  development but  nurcerous sand p i t s  dug t o  resurface  

t h e  wallcs provide exce l l en t  p r o f i l e  exposures. 

Shore Erosion and. S-torm Damage 

I n  addi t ion  t o  t h e  d r a s t i c  t y ~ h o o n  damage a l ready  mentioned, t h e r e  !nay 

well  be add i t iona l  e f f e c t s  no longer obvious, such as sa tu ra t ion  of organic 

exchange complex ~ i t h  sodium, e t c ,  Unusual storms o r  a cycle of shore erosion 

may c u t  away the  land t o  such an ex ten t  t h a t  s o i l s  of  t h e  i n t e r i w  a r e  exposed 

along t h e  beach and u l t ima te ly  modified by t h e  a t t endan t  changes i n  vegeta- . 
t i o n  and environment. In consequence of typhoons and cycles  of c u t t i n g  and 

deposi t ion,  i r r e g u l a r  p a t t e r n s  of micro-relief and s o i l  ciistri 'oution and oc- 

c a s i o r ~ a l  p r o f i l e  anomalies must be considered "normal". 

BIOLOGICAL FACTORS 

Organic Nat ter  - 
From previous paragraphs it i s  a l ready apparent t h a t  l i v i n g  vegetat ion 

and i ts  d i s i n t e g r a t i n g  products cont r ibute  g r e a t l y  t o  t h e  so lu t ion  of calcium 



carb0nate .b~  t h e i r  production of carbonic acid. Through penetration of roots  
. . 

t h i s  processmay occur slowly even well within large pieces of porous coral. 
. . 

Baas-Bec'king has cal led a t tent ion t o  t h e  abundance of algae which on Arno, a s  

elsewhere on the  moist t rop ics ,  mantle t h e  surface of rocks even t h e  sand 

i n  open groves. 

Apart from the  e f f ec t s  on so lub i l i t y  t he  organic matter i t s e l f  i s  of 

great  significance in . so i l .  formation. . .  I n  . &he absence of the  more profound 
... . .. . . . . . . . 

changes t h a t  mark mature so i l s ,  t h e  presence of organicmatter  i s  the  p r i n c i p d  

feature characterizing the a t o l i  s o i l .  It i s  obviously the  principg. source of 
. .  , .  2 ... 

cation exchange capacity. Further, t he  accumulation of nitrogen pa ra l l e l s  t h a t  

. . 
of well decomposed organic matter ("humqs") f o r  there  i s  a f ixed carbon- 

. . 

nitrogen r a t i o  of approximately 10  o r  12  t o  1. 

The breakdown of organic remains is carr ied on in la rge  par t  by micro- 

organisms but earthworms are  often abundant, and small sna i l s  l oca l ly  so, i n  

the  darker s o i i s . A  The earthworms are  p r e s m b l y  s ignif icant  agents i n  mixing 

the  surface matter with minerd s o i l  although root growth and decay provides 
. . 

another means of incorporation. Dead woody . t i s s u e s , a r e  . generally broken down 

by termites. In  local ized areas. burrowing crabs accomplish very considerable 

W n g .  Where excessive moisture prevents normal oxidation of organic materials: 

these accumulate giving r i s e  t o  peats and mucks, t ne  d i s t inc t ion  being the 

higher inorganic content of t he  muck. . . , . 

Nitrogen Fixation 

Baas-Becking has stressed the  possible r o l e  of algae as  nitrogen f i x e r  

and from s o i l  samples collected by him a new group of nitrogen bacter ia ,  

Beijerinckia, has been i so la ted  by Derx. Azotobacter has not been reported i n  

a t o l l  s o i l s  but would be expected i n  t h i s  hab i ta t .  

/& Collections of these were :made ,.by : D r .  LaRfvers. - 



On Arno legumes a re  comion and nodules were observed on marina, 

Soxhora tomentosa an2 Canavalia .sericea. en the  l a t t e r  they occur on the  smalH - --.-- 

roo ts  a t  some distance from t h e  root crown and ilence they ma:r be ea s i ly  missed. 

The Vigna seems p A 5 c u l a r l y  important for  it forms th ick  masses i n  the  open 

groves and extends aggressively onto sand beaches, old  dwelling s i t e s  and. burned 

areas. The two species of Ganevalia, thoueh l e s s  abundant, are vigorous vinesin 

l i g h t l y  shaded areas.  I n t s i a  bi,iuaa i s  the only leguminous t r e e  but i t s h b ~ e  -- . . 

in the  original  fores t  cannot be estimated accurately now. 

Seabirds . . 
. . . . 

Thro?ighout t he  d r x i s l a n d s  of the Pacif ic  nesting seabirds have created 
, , 

guano deposits and highly n i t rogenous . so ih .  Under wet conditions such accumula- 

-tions do not remain long but t h e  numerous areas of phosphate rock w e  generally 

considered t o  have ,origin$ed beneath such guano areas.  A s  mentioned, t he  
. . .  . . 

phospkate was precipi ta ted as t h e  insoluble cdciuxi s a l t  when carried i n t o  the 

,calcareous material  beneath, whereas the  soluble n i t r a t e s  were washed away. The 

resul t ing product i s  usually well cemented although unconsolidated brown sands. 
. . 

may occur with t he  rock. Phosphate rock, guano, ard s o i l s  strongly Influenced 

by guano occur only where l a rge  numbers of seabirds congregated f o r  long perio* 

Even away fron these areas,  nowever, the birds must have a very considerable 

e f fec t  on the so i l .  They a re  common i n  small nmbers on p.any is lands where they 

roost and nest (see  report  of t he  Zoologist); feedicg along t h e  beaches and a t  

sea they a re  tt.e oniy s ignif icant  agents aoding t o  t ne  land f romthe  f e r t i l i t y  

of the  sea. 

Nzn - 
Native man himself i s  a biological  agent although t h e  a c t i v i t i e s  of t he  

is land inhabitants a century ago were more localized than now. Many of t h e  soi ls  

t h a t  originated i n  dense nat ive fo re s t s  now support open coconut groves; it is 



evident t ha t  such changes must profoundly a l t e r  s o 3  properties but the  extent 

of t'iis cannot or: well estimated. The t a ro  p i t s  are  an ob-sious disturbance 

and the area infiuenced can be appoximated grossl;~, but there  i s  no way t o  

recognize areas influenced by old house s i t e s  and f i r e s .  . . 

IfIan also' has an effect  on t h e  f e r t i l i t y  le-vels of the s o i l  whicfi.:irif.he 

Marshalls, a t  l e a s t ,  is curiously counter t o  t h a t  of t h e  . seabirds. . .  A s  t he  
. . 

anthropologists have noted,the MarshaUese went t o  t h e  t i d a l  beach o r  reef  t o  

defecate. T h i s  custom, howeirer commendable a s  a san i ta ry  measure, has meant 

continuing l o s s  from the land of most of the  nutr ient  elements contained i n  
. . 

the  d i e t .  In  Holland th; s o i l s  about dweiliAg s i t e s  occupied. f o r  centuries 

have i n  some cases been colored by i ron phosphates which accumulated through a 
. .  . 

concentration of phosphorus from the  surrounding areas crop7ed . . by m a n  and h i s  

domestic animals. It seems ~ro 'aably t h a t  t he  reverse has been , occ ,~ r r ing  i n  
.., : . . .  

various sections of Arno and i t s  possible importance i s  greater  because of t he  
. . . . 

. . 
v e p j l i m i t e d  land area occu~ ied  and the r e l a t i ve ly  dense poplation..: . .  . .  

A recent source of nutr ient  losses  i s  through the  export of copra; f o r  

example, each ton car r ies  away the phosphorus equivalent of 25 pounds o r  more 

of superphosphate. 
, , 



S O I L S  O F  B R N O  -.--.--?-.- 

The s o i l s  of Arno a t o l l  have developed under a uniform temperature of 

about 81° F. and s r a i n f a l l  approximating 120 inches per year, ra ther  we11 dis-  

t r ibu ted  except f o r  a d r i e r  period t h a t  usually occurs from January t o  Ihrch. 

A s  mentioned, the  well drained s o i l s  are  regosols and l i t h o s o l s  and even those 

cal led "well deve7_o~ed" a re  r e l a t i ve iy  primitive. I n  terms of prof i le  nomen- 

c la ture  they a r e  "A-C s o i l s "  with an A1 horizon (zone of incorporated organic 

matter) and, usually, a narrow A ( t r ans i t i ona l )  horizon passing d i r ec t ly  i n to  3 
t he  r e l a t i ve ly  unaltered parent material, t h e  C norizon. A s  a group these s& 

are  a t rop ica l  equivalent of t h e  "humus-carbonate so i l s"  of t h e  E ~ r o p e m ~ ~ ~ k e r s ,  

The s o i l s  of Arno were c lass i f ied  in to  series and on the  basis  of 

common properties, par t icu la r ly  those re la t ing  t o  prof i le  morphol.og. Complexes 

a r e  recurring associations of various s o i l  and land types t h a t  cannot be readily 

described o r  mapped a s  separate uni ts .  

TYPES AND XORFNOLOGY 

A. Sc i l s  developed on sands and gravelly sands. 

1. Shioya loamy sand: This un i t  was f i r s t  described on Okinawa and 

subsequently has Seen map~ed on Saipan and several is lands of the  Tacific.  It 

i s  a well drained alkal ine s o i l  fcrmea p3.nci>ally on lagoon i a i d  sands. The 

prof i le  consists of a surface horizon 5 t o  8 inches deep darkened by organic 

matter t o  a l i g h t  gray, gray, or  brownish gray color,  res t ing  on light-colored 

limesands. It i s  typ ica l  of t h e  younger but not recent lands and i s  widespread 

par t icu la r ly  along windward lagoon coasts and on narrow lands; i t  i s  usually 

absent from the seaward coasts and wider island in t e r io r s .  

A character is t ic  p ro f i l e  i s  a s  follows: 



0 - ~ r i a ' o l e  l o m y  sand, dark g r a j  (10 YR &/I) /2. 
i n  color w$en moist, single-grained o r  weakly 
aggregated; pH 7.8 

... 

7 - 811 Transit ional.  
. .. 

. .. . . . . 8 - 40fl+ single-&ainkd pinkish white tC5 :El 9 / 2 )  loamy 
sand co~n~osed, of.  f o r m s  and ground s h e l l s ,  coral 
and Hdimeda 'fragments. pH 8,4' 

On d d e r  is l inds%here is often a t r ans i t i ona l  zone between t h i s  un i t  
. . . .  , :  

.. . . .... 

and the ' h r io  loamy sand inland. A s  mapped, the  uni t  contains some areas  of t he  

Siioya sand, par t icu la r ly  along aggrading coasts, 

The present vegetation of t h i s  un i t  i s  usually open coconut grove 

al-thocgh small areas  are  i n  tine mixed scrub fores t  (see  Part  11). Scaevola, 
, . , . , . . . 

Mebse~schmidia ("?ournefortia), Morinda and Guettsrda of ten form a dense under- 

growth i n  goorly maintained groves. The ground cover depends t o  some extent on 
. , . .  * . . .  

the  degree of shading ar~d pres&ably bn s a l i n i t y  although t h i s  was not checked 
,,;, ,:,, .. ' ' 

. ,;. < ; i 

i n  t:?e f ie ld .  Wedelia, FlimbrLstylis, Vigna, T r i m f e t t a ,  "I'cca, Centella and 
. . .  , ~. 

the grasses,  Thuarea, Eleusine, Lepturus and Paspalm vaginatum are  often 

comdon i n  open groves. Under p e s e n t  conditions coconuts are  cer ta inly t he  . 
. , . . 

most sui table  crop f o r  t h i s  'land. 

The groundwater underlying t h i s  s o i l  may be f resh  o r  brackish but  it is  

doubtfiiL whether the su r f ace  s o i l s  a r e  normally ever very s d t y .  Exposure and 
. . 

. . . ~ 

... 

groundwater s a l i n i t y  a f f ec t  t he  vegetation and hence, together with age, deter- 
. . . > .~ 

mine the re la t ive  developm&t of the  s o i l s  within t h i s  type. Under favorable 

condj-tions t h e i r  development i s  f a i r l y  rapid;  some are% swept by the  1905 

typhoon and subsequentiy well vege&ated were mapped a s  belonging t o  t h i s  un i t ,  

although recognizably younger than the modal prof i le .  

Christophersenfs descriptions,  Ifsand of a l i g h t i s h  gray brownt1 on 

Washington Island, t h e  llgrayish brown soi l11 of t he  coconut plantations on 

/5 The color names and the  notations f o r  hue, value and chroma a re  according - t o  the  Iiunsell system. Unless otherwise noted, they apply t o  dry samples. 



Fanning Island and " l igh t i sh  gray brown coral  sand...mixed r ~ t h  root f ibers ,  

but s t i l l  with a low percefitage of organic matter." on t h e  beach c re s t s  of 

Palmyra Island appear t o  place these s o i l s  with e i t h e r  t h i s  un i t  o r  the  Shioya 

sand l a t e r  described. 

2. Shioya mavel ly  loamy sand: This type d i f f e r s  from the  preceding 

ch ie f ly  i n  i t s  content of gravel-sized fragments which may be of e i t he r  lagoon 

o r  sea reef origin. Small areas  of stony loamy sands a r e  included. Nost of ths 

un i t  occurs on the  narrow is lands and par t  of it shows evidence of old t s h o o n  

damage. 

The prof i le  i s  similar t o  t h a t  of t he  loamy sand although sometimes more 

i r r egu la r  because of the  coarse materials. The vegetation i s  la rge ly  open 

coconut grove with vigorous invasion of Scaevola and Messerschmidia f romthe  

shoreline when clearing i s  neglected. 

3 .  Shioya sand: The Shioya sand d i f f e r s  from t h s  loamy sand i n  its 

l i g h t e r  colored and generally shallower zone of organic incorgoration; t he  

t ex tu ra l  d i s t inc t ion  does not always ex is t .  As recognized i n  t h e  lield. t h i s  

type includes dune sands, and medium arid coarse beach sands, a l l  of recent 

origin.  Small areas of gravelly sand were not ~ e ~ a r a t e d n o r  could a s a l t y  phase 

be recognized with cer ta in ty  i n  t h e  f i e ld .  

The l a rges t  areas of t h i s  uni t  a r e  recently vegetated swept lands and 

sands formed a f t e r  t he  1905 and 1918 typhoons. A b e l t  of t h i s  type is comnonly 

found between the sandy beaches and the Shioya loany sand inland but i s  often 

too  narrow t o  map. 

B typ ica l  p ro f i l e  of t h e  Shioya sand follows: 

0 - 3 - 6" Single-grained pinkish gray (75 YR 6/2-7/21 (moist) 
sand o r  loamy sand, recognizably a mixture of de- 
composing organic matter, brown roots  and white sand. 
pH 8.2. Changing abruptly through a narrow t rans i -  
t i ona l  zone to:  

3 - 6 -30% Vhite o r  pinkish white (75 YX 9/1 - 9/2) limesand. 



Areas of Shtoya sand adjacent t o  the  1.oamy . . ,.sand usually have been 
. . . . 

plalited t o  cocon~?.ts; elseuhere t he  character is t ic  . . vegetation consists f 
. . 

Scaevola and Messerschrnidia, occasionally withPe~nphis o r  Suriana, along the  
. . .  . . ., 

.. 

coas t ,and  a mixture of young t r ee s ,  such as C$.ophyllum, Guettarda, Terdna1i.a 

biorinda and Pandanus. Triumfetta, F i ~ b r i s t ~ r l i s  and the grasses Thuarea,Elafiixk, 

and Lepturus, and Vigna a re  charac te r i s t ic  ground cover plants .  

I n  t he  main t h i s  type i s  regarded a s  a juvenile stage of t h e  Shioya . . :  
. . 

loamy sand. Its development var ies  ~ 5 t h  t h a t  of t he  vegetation it supports. : . .  

which, i n  tu rn ,  i s  r e s t r i c t ed  by s a l i n i t y  and lack  o f  f e r t i l i t y .  Development 
. . 

is'most ra2id when the  s o i l  ad jo inso lde r  l q d  and shares . . i t s  outflowing ground- 
. . 

water, l e a f  l i t t e r  and seed supply. 
. . . . 

4. @o loamy sand ( t e n t d i v e  se r ies ) :  This i s  the well-drained, 

dark-colored calcareous s o i l  formed on old beach anddupe sands under t he  

vegetation of the  wider is land in te r iors .  This s o i l  d i f f e r s  from the Shioya 
. . , . 

. . 

loamy sand i n  the  dark color and very high organic matter content of t he  
, . .. . . 

surface horizon (Table 11).  It i s  l i t e r a l l y  a black-and-white s o i l ,  with 

extreme contrast  between 'she well defined surfa.c.e horizon and the  l i g h t  colored 
. . . . . . . . . .  

lihesands beneath. This un i t  occurs i n  the i n t e r io r s  of Arno, Tinak, Kilange, 
. . . . . . 

Bikareij  and the several wider sections of Ine Island. 

Surface 

0 - 11" 

11 - 13" 

13 - 2111 

21 - 54"$ 

A representative prof i le  is #25 from Arno Island: 

Scattered twigs and breadfruit  leaves. 

Highly organic, granular loamy s q d  o r  sandy ham, .. . . 

somewh'at p l a s t i c  when worked. Black when moist, veqv 
dark gray (10 YR 3/1) when dry,  heavily flecked N t h .  . .  . . 

l i g h f e r  sand par t ic les .  pH 7.5. Earthworms abundant. 
... : . . . .. . 

Abrupt t r ans i t i on  from above t o  
. . - 

Single grained, ' l i gh t  gray loamy sand stained with 
orga.nic matter becoming white (10 YR 8/2) a t  a depth ,. ,. . 

of a few inches. pH 8.4. 

Friable, pinkish white (75 YR 9/2) limesand becoming 
coarser a t  L+Ot1. 



. . 

Since the texture  of t h e s u r f a c e  s o i l  cannot be determined i n  t h e  f i e l d  

because of the  high organic content,. t h e  t e ~ k u r a l  c lass  i s  bascd on t h e  under- 

lying s o i l .  Size o'i t h e  sand f rac t ion  var ies  with or igin ,  t h e  beach deposits  

beink co&seb o r  l e s s  well sorted than ' thedune  sands. The exact thickness of 

t he  'dark surface iayer  and the thi.ckness and color of t h e  t r ans i t i ona l  zone 

var ies ;  t h e i r  cornbhed ilepth may range from 7 t o  20 inches i n  t he  prof i les  

observed. The shallower depths a r e  usually found near t h e  lagoon shores where 

t h i s  type passes in to  well  deve lo~ed  Shioya loamy sand, o r  nkar t he  margins of 

t a r o  p i t s .  Where i s  p r e s e ~ t  it i s  often mu&'more abundant i n  t he  sur- 

face layer  and i s ' t h e r e  hi&>? weathered and frequently "rotten". Its grea te r  

abundance may resu l t  from the  more ra?id solution of t he  sand.. Tne presence of 
. . 

r e l a t i ve ly  &eathered surface gravel can usually be re la ted  t o  former house 

s i t e s .  

Included i n  t h i s  un i t  a s  mapped a re  s m a l l  areas oi" a s ~ o c i a t e d  l e s s  well 

drained s o i l s  with s imilar  p rof i les  a s  well a s  a few areas of t he  lirno gravcAly 

loamy sand and t rans i t ions  t o  t h e  Shioya loamy sand that were too  small t c  i>e 

separated. 

I n  almost a l l  cases tne  groundwater beneath t h i s  unit i s  f resh  o r  nearly 

so and the t a r o  p i t s  a r e  located i n  areas of t h i s  type and the  re la t?d Arco 

gravel ly  sandy loam. The peat o r  muc'x of t he  taro p i t  bottorw and tile v w i s d  

s o i l s  of t he  excavated slopes Bre a lso inclusions i n  t h i s  un i t  as  msp;ed. The 

llspoil ' l  from the p i t s  forms a t  most a scarcely discernible bordering rldqc and 

the  prof i le  resembles t ha t  of t he  surrounding areas, although of ten shallower. 

This uni t  and the  following also form a major part of t he  "breadfruit 

zone1'. Individual t r e e s  or  small groves nixed with t a l l  coconuts a r e  character- 

i s t i c  although not always present. Pandanus i s  usual137 common and even i n  well 

cleared groves small t r e e s  or  sprouts of Allophyilus, 'iorinda, Guettarda and 



P i p t u n ~ s  are  abundant. Uritended groves a r e  occupied by secondary fores t ,  
, 

. -composed of t h e  a,bove species with others such a s  Fre~nna, In t s i a ,  and on Arno 

Island, Ixora. Wedelia grows a s  a rank herb i n  openings and with lpomoea tuba 

climbs l iana-like i n  areas  of secondwy forest .  . The t h r e e  f erns, Polypodiwn, 

. i~splenium and Nephrolepsis are  usually present, pr incipal ly  near t h e  palm bases 

and on f a l l en  palm logs;  mosses a r e  of ten abundant on these s i t e s  a s  %el l .  

Other groimd cover plants  vary with l i g h t  intensi ty;  under dense shade the  

ground may be qui te  bare o r  elsewhere sparsely vegetated with t r e e  seedlings, 

O&lismenus, I~omoea l i t t o r a l i g ,  small Tacca and scat tered Thuarea and other 

grasses. i n  openings Tacca, Vigna and tne  grasses grow vigorously. The 

vegetation of t ne  l e s s  well drained areas d i f f e r s  chief ly  by the  presence of 

Hibiscus t i l i a ceus  and through t h e  e f fec t s  of dense shade. 

&cepting the  small areas of phospkatic so i l s ,  the  Arno ser ies  with i t s  

l e s s  wel l  drained associates a r e  t h e  most f e r t i l e  s o i i s  of t he  a t o l l .  The 

breadfruit  grows rapidly here and bananas, papayas and limes grow f a i r l ~  well, 

although severe i ron  chlorosis and probably other def ic iencies  re tard t h e i r  

development when grown i n  cleared areas, a s  around the vi l lages .  Coconuts 

usually grow well on these Arno s o i l s  but on Arno Island i t s e l f  a malady lead- 

ing t o  ear ly  barrenness and death of t he  p l m s  i s  associated with a portion of 

thk 'un i t .  although not with i t s  marginal occurrence o r  the  bordering Shioya ' 

so i l s .  I n  consequence, much of t h e  i n t e r io r  there  i s  now i n  breadfruit  and 

secondary forests .  According t o  t h e  people t h i s  area  was well populated f6P a 

. . long time pr ior  t o  1900; t he  malady was a lso present a t  t h a t  time and t h e  

coconut was maintained only by constant replanting. 
. :  

'The development and weathering exhibited by t h e  Arno s o i l s  are  evidence 
. . 

of the%r considerable age. They were formed w.der a native mixed broadleaf 

fores t  t h a t  was replaced i n  par t  by the indigenous agr icul ture  and more o r ' l e s s  



completely by "copra culture". Thus, t h e i r  develoment camat be re la ted t o  

t he  exis t ing vegetation. 
.. . . 

The generalized prof i le  descriptions given by 0.  C. Rogers and by 
. . 

Alexander Spoehr for  adjacent Najuro Atoll  a r e  e s s e n t i a l l y t h e  same a s  t h a t  of 

t h e  Arno loamy sand. C.  S. Pearson, who has exarnj-ned my photographs and samphs 

of t he  Arno soi.1, s t a t e s  t h a t  it i s  the  dominant type on Los Negros Island i n  

5. Arno gravellg&atry sand: This un i t  resembles the  previous s o i l  but 

f o r  t he  most part  it has formed on coarse gravelly beach sands. These a r e  

usually of lagoon or igin but some areas of highly fragmented o ~ t s i d e  shore 

deposits  have also given r i s e  t o  t h i s  t y j e .  The uni t  i s  usually associatedktith 

the  Arno loamy sand i n  the  wider is land in t e r io r s  but except on L'angar Island, 

i s  of much smaller extent on t'ne islands mapped. It v d l l  probably be found more 

abundant i n  the  chain of smaller is lands around the  windward r i m  of the  a to l l .  
.. 

The prof i le  i s  similar t o  t h a t  of t he  loamy sand except f o r  .the abur>daKe. 

of gravel, par t icular ly  i n  and on the  surface horizon. Kuch of t he  &rav-eL%P~;.:c 

i s  very ro t ten  and readi ly  crushed but the  s o i l  i s  always calcareous. The 

gravel of t he  deeper horizons appears l i t t l e  weathered. 

Included with t h i s  un i t  a s  mapped a re  small areas of stony o r  coarse 

gravelly s o i l s  derived from mixed r a m ~ a r t  materials 'out having a prof i le  sirriLar 

t o  t h e  type. On Namwi Island a phosphatic s o i i  resembling the  Arro graveEy 

loamy sand i n  morphology (P ro f i l e  #21) %as not separated from it during the 

reconnaissance of t ha t  area.  

The vegetation and uses of thl.s un i t  are  Ident ical  with those of t he  

loamy sand except as  it may occasionally over l ie  somewhat brackish groundwzter. 

The presence of coarse material  presents obvious d i f f i c u l t i e s  i n  t he  use of 

hand tools .  



6. "L'anaar gravel19 sandy loam1I: This name i s  used l a rge ly  a s  a ma*. 

of convenience for  t h e  area of t h i s  un j t  actixally observed i s  too  small t o  

warrant p ro~oSa l  of a new ser ies .  A s  t h e  name suggests t he  uni t  occurs on 

L'angar Island where the type l o c a l i t y  i s  marked by a protruding mass of old 

beachrock associated with a legend conce-mine discovery of t h e  banana Jorukwor 

(see Part  11). 

A t j rpical  p rof i le  of t h i s  areafollows:': '. '  

0 - 20" Very gravelly moist granular sandy loam, p l a s t i c  when 
worked, w2th only a moderate content of organic matter, 
Surface dark gray when moist, gray (10 YR .5b) when 
dry but super f ic ia l ly  a p ~ e a r i n g  6/1 because of t he  
abundance of lime par t ic les ,  changing t o  l i g h t  brown- 
gray (10 Yfl 6/2) near t he  bottom of t he  horizon. pH of 
dry samples 7.7 - 7.8. Tne l a rge r  gravel i s  softened 

a and much of t he  smaller ( l e s s  than 1 " )  i s  porous o r  
rotten.  

20 -35%- Very gravelly sandy loam appearing l i g h t e r  colored 
than t h e  above but with a moderate content of organic 
matter; When dry, l'ight pinkish gray (75 YR 6 / l ) i n  
color; pH 7.9. The lower par t  i s  heterogeneous, con- 
s i s t i ng  o f  dark s o i l  material  mked w i t h  roots and : : 

coral  fragments. Bottom of prof i le  not reached. . . . . 

T h i s s o i l  has a more loamy texture  i n  t he  deeper layers  than any of t h e  
.: 

%?ell-drained s o i l s  e x d n e d .  A s  borne out by the dndyses  i n  Table 11, the  

organic matter d i s t r ibu t ion  of t h i s  s o i l  d i f f e r s  from t h a t  of t he  Arno se r i e s  in  

the  r e l a t i ve ly  low (6.5%) content of the  surface layer  and a surprisingly high 

(4%) content of the  organic matter a t  the  30" depth. . . 

The mode of or igin  o f , t h i s  s o i l  i s  not known but i t s  inland posit ion and 
. . . . . ,  

the  highly weathered gravel indicate  considerable age. It i s  ten ta t ive ly  

regarded as  a down-drainage associate  of the  Hrno gravelly loamy sand t h a t o c ~ u r s  

around it. 

The present vegetation consis ts  of abundant Hibiscus t i l i a c e u s  with a few 

. j t a l l  palms and volunteer coconut seedlings, Fipturus', Xorinda and a few bananas. 

Ipomoea tuba and Wedelia a r e  present a s  climbers. According t o  the people t h i s  

area  i s  the l9best placev f o r  bananas and formerly many'were grown here. 



B. Shal10\\~ and Stony S o l l s  and Land Types. 

7. Phosphate rock complex: Tnree small areas  of brc~wn phosphhte 

rock occur on Tak-lib, Namwi and L1angar Islands. The s o i l s  fomed d i r ec t ly  on 

such rock a re  usually very shallow, ranging from 2-10" i n  depth. Both rock 

outcrops and pockets of deeper s o i l  a r e  common. The s o i l  p r o p r t i e s  vary; i n  

the  center of ~ak - lyb  the  shdlow s o i l  i s  highly organic and appears mucky when 

wet whereas on N a m w i  and f fan gar Island the  s o i l  i s  granular and contains con- 

siderable b row phosphatic sand. 

A cflaracterist ic shallow prof i le  from L1angar Island is: 

0 - 41f Black, highly organic granular sandy loam. 

4 - 6" Dark brown, granular loamy sand consisting of organic 
matter mixed with coarse phospnatic foram sand. 

6 - Brown phosphatic rock containing la rge  unaltered 
fragments of coral .  

The shallow s o i l s  comprise most of t he  pnosphate rock complex but 

associated with them are:  (1) small areas of unconsoiidated brown phosphatic 

sand, (2) adjacent limesands with t h e  surface layer  enriched i n  phosphorus, and 

(3) adjacent sands or gravelly sands with an admixture of phosphate throughout 

the  prof i le .  So f a r  a s  observed, none of these three were suf f ic ien t ly  wide- 

spread on t h e  a t o l l  t o  warrant separate mapping and because of t h e i r  a f f i n i t i e s  

they a r e  here considered a s  a part of t he  phosphate rock complex. Characteris& 

prof i les  of tine l a t t e r  two follow: 

Prof i le  #l2 - (I,langar Island) iimesand with surface influenced by 

adjacent phosphate deposits: 

0 - 10" Gravelly loamy sand, high i n  organic matter, granul-ar, 
black when moist, very dark gray (75 -YE 311) when clry. 
pH 7.4. Very possibly not conformable with t he  urilier- 
lying sand. 

1 0  - 20"+ White o r  pinkish white limesand f ree  of gravel. 

This prof i le  was observed when t ravel ing with a group of t he  L'zngar 

people and i t s  rela t ionship t o  t h e  adjacent phosphate area was n s t  investigated 



Profi le  #21 - ( N d  Isl+ndj "Namwi gravelly sandy loamlf, a gravelly 

Xmsand influenced. throughout by phosphate rock: 

0 - 6-5" We11 aggregated, very gravelly loamy sand o r  sandy 
loam, high i n  organic matter. Color v e r j  dark brown 
when moist, when d r j  dark reddish brown ( 5  YR 3/2) 
with p r t L c l e s  of 5 YR 3/3 and 4/3 and some coarse 
white sand. pH 7.20. Earthworms abundant. 

9 - 15" Light brown (75 YFt 6/3) loamy sand, l e s s  gravelly 
than above, consist ing of white and brown s ta ined 
foram sand mixed with organic matter. pH 8.1. 

16- 25"+ Pinkish whi.te (75 YR 812) limesand with some 
rounded coral  gravel. pH 88,. 

I n  appearance t h i s  l a t t e r  s o i l  i s  very similar t o  t h e  Arno loamy gravelly 

sans and, lacking chemical data,  t he  s m a l l  area on Namwi Island was included 

with t h e  surrounding Arno so i l s .  The very large content of extractable phos- 

pho2us (Table IT), however, indicates  t h a t  t h i s  soj.1 should be distinguished as 

a phosphatic phase o r  a s  a separate ser ies .  

The phosphatic area  on Ta'x-lzb Island supports a much battered remnant of 

the  or ig ina l  vegetation, apparently the  only such on the  a t o l i .  A few la rge  

Fisonia, Cordia and I n t s l a  were noted here, a s  we1.l a s  breadfruit  and t h e  intro- 

duced .kapok;' ce& ~en tandra .  On the other two areas, t h e  vegetation does not 

appear t o  d i f f e r  f romthe  secondary fores t  found, nearby and onArno Island. 

Small t r e e s  of Pipturus and MorS.nda are abundant along with Allophyllus, 

Palidanus and large breadfruit a ~ d  coconuts. . Groqnd vegetation i s  sparse i n  .the 

dense shade but t h e f e r n s ,  Asp!.enium, ard Folypodium, .. . . and the. . .  climber, . . Ipomoea 

tuba, were noted near t he  prof i les .  .. . . .  . . .. . . . .  . , .  . . . : ,  - , ,.I . . 

The. peop1.e accorqpanjrir~g us on Namwi Island., recognized tha t  tine . . deeper 

s o i l s  of t he  complex a re  favorabls f o r  plant gro:&h and s t a t ed  tha t  tfmanylf 

bananas ?.rere grown i n  t h i s  l o c a l i t y  before t he  war. The complex should be 

favorable f o r  coconut and breadfrui t  wherever the  routs  can reach . . .  , a su£fici.ent 

volume of so i l .  ..., 



Saxples of phosphate rocks from each of tho three areas  were collecd;ed 

and w i l l  be analyzed. Tne deposits  are  too l imited i n  area  and depth t o  have 

appreciable commercial significance but t he  sof te r  ga t e r i a l s  could be used 

loca l ly  a s  f ey t i l i ze r .  . . 
. ,  . 

., , 
8. Dark shallow s o i l s  over sandstone: The only area of t h i s  un- 

nmed unit '_occurs i r i t h e  ... center of Bikareij  Island. Because of the  rock beneath 

and i t s  closeness t o  the  water t ab le ,  t h i s  s o i l  i s  only moderately well drained. 

A cha rac t e r i s t i c  "profilell i s  a s  follows: 

0 - 6" Highly organic, black, somewhat p l a s t i c  sandy loam o r  
loamy sand. 

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

6" ~ a c a r e o u s  sandstone, similar t o  t ha t  now found i n  t h e  
very shallovr waters.  along the northwest shore of t h e  

' island. 

~ l s e w h i r e  t&oil  depth va r i e s  from 0 - l i l t .  k r e t t i n g  p i t ,  o r  %our9, 

quarried i n  the  sandstone (perhaps a s  a well)  a t  t he  nargin of t h i s  area shows a 
... , . . 

6-inch layer  of sandstone &erlying about 6 ' inches  of unconsolidated o r  so f t  

material, which i n  tu rn  r e s t s  on hard sandstone. It i s  probable t h a t  t he  roots  

reach the  intermediate layer  through crevices. After heavj ra ins  t h e  water i n  
.. . 

t h i s  p i t  was f resh t b ' t h e  t a s t e  but i s  said  t o  be usually s l i gh t ly  brackish. ' .  
. . 

This' is probably charac te r i s t ic  of t he  area in view of t he  elevation and 

location.  
. . .  

Tne uni t  a s  &i&ed includes smdl areas of mucky so i l ,  one of which i s  
. . .  . .. 

. . 

occupied by a tangle of Clerodendrum. The &nainder  of t he  un i t  i s  la rge ly  i n  . 
. .  . . ,  .. , . . . . . 

poorly kept coconut groves with an understory of secondary fo re s t  species, 
. .. . . , .  .. , 

~ l l o p h ~ l l u ~ ,  ~ o r i n d a ,  Guettarda, ~anda& and, i n  l e s s  dense areas,  volunteer 
. . 

coconut seedlings. This area  appeare sui table  only f o r  t he  cul ture  of coconut 
.. , . 

and pandanus. 
. . 

9. Stony and v e r v s t o n ~  coYn&x: This t k k r r ' i ~  used 56 designate the  

b e l t  of t h e  s o i l s  and land materials formed by the outward building of a well 



marked beach r a p a r t  on t h e  sea.ward side of t he  land. Also included are  

simi?arly located areas covere& with weathered i r regular  fragnents of coral  

reputedly - and very probably - deposited by ancient typhoons. A l%ypical't 

crbss-section from the  windward beach i d a n d ,  t h e  s;mthesi.s of many obsez-+atk&; 

would a9pear a s  follows: ... 

( a )  Fresent beach rampart; recent ly  deposited coral  cobbles and rounded 

plates  with coarse gravel and sand m&ed i n  the lower par ts ;  surface comrnonly 
. . . ,  . . . . . .  

six t o  t e n  f ee t  above high t i d e .  . .:..? .. . . 
. . .  

(b) .Twenty-five f ee t  inland from . . .  (a);, surface of rounded cobbles a s  a t  
! . . .  : ... . . .: 

( a )  but darkened by weathering; vegetation i s  t a l l  Scaevola gassing in to  

Scaevola-Pandanus or  Scaevola-coconu.t mixture inland. 

( c )  Hundred f e e t i n l a n d  from (a ) ;  cobbles rnaricedly weathered and 

covered with algae; many have l o s t  t n s i r  smooth and rounded surface. Vegetation 

i s  coconut plantation with Polypodiurn, small Wedeiia and sprouts from c u t  stUlps. 

of ~ c a e v o l a ,  Guettarda and Xorinda. 
. . 

(d) Two hundred f e e t  i n l a n d  . . . .  from . (a ) ,  near junction with sandy so i l s .  

Hounded cobbles a r e  no longerrecognizabie;  ground surfaced with very irregular 
' . . _. . ,. . . 

weathered fragments of coarse gravel and small stone dimensions, heavily coated 
. . ~ . .  

with black aigae. Dark s o i l  v i s i b l e  between fragr,~ents. Vegetation i s  coconut 

plantation, occ%rionally with breadfrui t .  Polypodium, Ne;?hrolepsis, and 
. . .  

Asplenium a re  common, especially around the basesand moss--covered lower trunks 

of t he  palms. Other groundcover plants  are  chiefly sprouts and seediings of 

Norinda, Allophylius and Pipturus. The land surface i s  commonly two t o  three 
. . 

f e e t  lower than a t  (b ) .  
.. .. 

The profiles.corresponding,to the  above s ta t ions  show a progressive in- 

crease i n  the  amount of organic matter and content of t he  f i n e r  pa r t i c l e  s izes ,  
. . . associated with increased d is in tegra t ion  of surface rock. The change from (a )  



. . . . .  . . .  
. . . . . "  

t o  (b)  i s  s l i gh t ,  principally the-agdi t ion of a small amount of organic matter 

between the  coarser par t ic les .  A t  ( c )  a black organic gravelly loam occupies 

.:: t he  space between the weathered rock and a l l  of . t he  . porous fragments are  well ... 

penetrated by roots.  A t  (d) t h e  surface s o i l  approaches t h a t  developed from 

gravelly lagoon deposits, although the  deeper,.layers are not much altered.  The . . 

coarser ro* has broken,do% t o  weathered gravel and the  percentage of.sand . . and 

f i n e r  f ract ions  have increased. Organic matter makes u.p 2% o r  more by weight 

of 'hemater ig ,  l e s s  t h a n 2  millimeters i n  s ize ,  binding thq . minera lpa r t i c l e s  . 

... in toaggregates .  :, . . . . . , . : < ,  :!+.., , . . -. . .: 

Periods of rapid,outbuilding,  of stabil iza$ion o r  of beach . . . .  erosion., a s  

w e 1 l . a ~  t h e  overwhelming e f f e c t s  of infrequent typhoons, may . disrupt  . any such 

orderly sequence and the "typical" cross-section above, i s  l e s s  common than 

, :various.. atyp.iia1 forms.. . . . . . _  . i . . . . 

This uni t  appears f a i r l y  well adapted to..coconut cu1tur.e although the 

outer margins a r e  often obviously l e s s  su i tab le  than the  . remainder.. . I n  many 

cases thepa lms  would probably.benefi$ by ret.ention of , t h e  . . surface organic 

. . . . . . . . . . .  matter. and by, effect ive windbreaks a1ong;the beaches. . . .  

G. . Feats., and Kucks . . , . . . . .  . . . .  a ,  . . .  :., 

, lO.;&ngrove peat: This i s  a so&ewhat,fibrous . . .  woody peat,,: , :. , 

. . . .modq-ately wall decpposed and saline,, formed under Bruguiera.con.jugata. When 

moist, it is dark,  red.> i . ~  color,,. drying t o  dark reddish brown ( 5  Yii. 2/2 - 3/2). 

The,; odor of hydrogen sulphide is,.prese.nt i n  t he  d e e ~ e r  layers. The f r e s h  peat 

commonly has a pH of 7.2 t o  7.4 but t h i s  changes t o  pH 5.6 t o  5.9 upon drying. 

This type. i s  usually l e s s  than .2 f t .  in depth but t h e  center of t h e  la rge  

deposit on Lfangar Island i s d e e p e r  than..& inches .  The shallower areas.,. . . . .  

a r e  often somewhat more decomposed and may contain lime fragments, Lirwsard 

pa r t i c l e s  1 t o  2 mm. i n  s i ze  effervesce very slowiy with hydrochloric acid, 



indicating a considerable degree of weather<-ng, The groundwater f luc tua tes  

with tidal. changes but i s  usually 1 t o  2 f t ,  be3.0.1 the surfaca, The principal 

areas of occurrence are  on Liangar, Tinak, and Bikareij Islands. 

The vegetation i s  unusual, approaching a monotype of Bruguiera, Along 

the margins Lumnitzera, Pand&s and the shruWoy Cl-erodendrum may occur but 

t rans i t ion  from the upland i s  ord inar i ly  abrupt and, except f o r  a few epi-  

phytic Bspleniwn, the  in-terior vegetation i s  wholly Eruguiera.: Nore than one 

age class  may be present but the youngest, forming a low ground cover, i s  ap- 

parently short-Lived i n  the ciense shade. The fo re s t  i s  othervise qu i te  

open beneath the canopy and presents a qui te  unusual as;ec* with innumerzble 

crabs scu t t l ing  about the roots  and Itknees" t h a t  protrude through the 

cushiony reddish peat,, This t-e i s  useful only a s  forest .  The Bruguiera 

i s  a wood of value, strong ard durzble i n  contact with the s o i l  an6 the  

younger stems proviie long s t r a igh t  poles. 

11, PlanFove shallow  eat and rock complex: This un i t  somekimes borders 

areas of iiangrove peat and occupies t he  smaller s a l t y  depressionsd The rnost 

common occurrence i s  a peat over and i n  the i n t e r s t i ce s  of coral  rubble o r  
. . 

f issured rock; small areas of rock outcrop and of peat and .fiiuclc mixed' with 
., .. . 

coral  gravel a r e  a lso included within t h i s  type, The organic matter, if p a t -  . . 

l ike ,  resembles the ilangrove peat ciescribed above; the  mucks:, however, a r e  

blacker, more decolmposed and perhaps . . Less saline.  The p r i h c l p a l ' & & ~  of 
. .  . 

occurrence a re  L'angar Island, and,.Tingk Island and the borclersof tbe  north 
. , . . .  

i n l e t  on Bik3rei.j Isl,and, but srnall ,patches of an acre o r  l e s s  are  met i 6 t h  

elsevhere, 

The dom".nant species i s  Bruguiera which may occur i n  pure stands. On 

Bikarei j and I!?am?~i 1sland.s .:on&, S o n ~ e r a t i a  may be :mixed a i t h  the 3ruguiera, 

. ,  
. . Elsewhere Lunnitaera and, oq:'che margins, Pandanus a r e  minor associates. The 

. . 

only use of such areas i s  as  f o r e s t  although r e t t i n g  p i t s  a r e  often located 



- ,3 - 
within thkm,  

12. M a n ~ r o v ~ h g :  This un i t  i s  properly a land type ra ther  than a s o i l  

and occupies too s m a l l  an area t o  wagrant rmch coniment. It consists of f i ne ly  

divided organic matter pr incipal ly  derived from &uguie?a, o r  Bruguiera and 

Sonneratia, mixed with limesand; it is  sa l ine ,  has a high water content and is  

flooded o r  nearly so a t  high t idb.  Mangroves grow only on t h e  lldrier'l margins 

of t he  un i t  but t he  roots of Sor ie ra t ia  penetrate outward i n  it f o r  some distance. 

The only apyec iab le  area of t h i s  type occurs i n  the  deeper basin a t  t he  

south end of the  north i n l e t  on Bikareij  Island. A portion of t h i s  i s  reputedly 

"bottomless", men having thrus t  s t i cks  t i e d  together t o  a depth of 75 f e e t  from 

a canoe without reaching bottom. This had a familiar r ing  and our investigations'. 

showed a depth of some4 fee t  of gel-l ike muck overlying rock i n  the cen te r  of  

the  area.  This is covered by ~ e r h & p s  six inches of water a t  low t i d e .  On 

exposed margins wnere the spike-like Sonxeratia "kneestt a r i s e  t he  muck i s  two 

fee t  o r  so thick over sand. 

Muck from beneath t h i s  surface smells very strongly of hydrogen sulphide. 

A s a ~ p l e  taken fron the center was d u l l  red i n  color when removed but although 

t i g h t l y  compacted soon turned gray throughout t he  en t i re  mass. This a r e a i s  

notewortiny ;chiefly because of reputed e f f ec t s  of t he  muck on human skin 

(Appendix C) . 
.. 

13. Coconut-pandanus peat: This u n i t  occupies an i n l m d  swamp on U1-en1 

Island and is  the  pr incipal  type found i n  t he  old ta ro  p i t s  on Aiino Island. The 

peat is shallow, usually 1 t o  2 fee t  deep and fibrous, the  nore decor.posed 

portions bound together by a mass of l i v i n g  and dead roots. 

A description of the  typ ica l  p rof i le  (#24, Arno Island) is: 

0 - 24" Well decomposed  eat with many root fragments; pH 6.5 a t  
time of sampling, 5.4 a f t e r  drying. Color a f t e r  drying 
and grinding is brom t o  dark brown (7.5 YE 413). Water 
l eve l  a t  two inches a t  time of saqpling following heavy 
rains;  it stood much lower on a previous v i s i t .  

24'1 1 Mucky limesand. 



Condcctivity measurements on the dry  samples indicate t h a t  both the  Arno 
e. 

and U1-.en1 occurrences a r e  fresh-water Feats, althongh it i s  possible t h a t  the  
,. 
U1-en' swamp may occasionally be subiect  t o  flooding with somewhat more brackish 

.\ 
I. 

water. Included Wth  the hit indicated on the  map of k e n 1  i s  a s m a l l  area of 

shallow black mwk a t  tile southeast margin of t he  swamp. In  addit ion t o  woody 

sprouts, Wedelia, Colocasia and Cyrtosperma were growing a t  t h i s  point. People 
. . . . 

s ta ted tha t  these ta ros  could not be grown e1se:vhere i n  the  swamp although the 

water had "not very much sa l t " .  .. 
On the remainder of t he  U1-en' swamp t h e  vegetation i s  coconut grove with 

. . . . 

an abundant undergro~dh of pandanus. Xedelia and sprouts of Norinda and 
. . 

U o p h y l l u s  occur on the s l i gn t ly  higher rFses. The Feat offers  poor footing f o r  

the  coconuts; f a l l en  logs are numerous and most of %he standing t r e e s  a r e  curved. 

Coconut usually grows on the  margins ra ther  than d i r ec t ly  on the surface of t he  

t a r o  p i t  pests of Arno Island but t he  pmdanus i s  i n  both ~ o s i t i o n s .  Here, too,  

Hibiscus t i l i a ceus  i s  ofien a bordering t r e e  and other secondary fores t  species . . ." . . . . .  . ,, 

around the  margins contribute some organic matter. I n  both areas mosses and . .  . . . 

ferns,  Polypodium, Asplenium and Nephrolepsis a r e  abundant on f a l l en  logs  
. .  . . . . . , . . . .  

although the  ferns perhaps do not reach maximum developnent here. ,Crvopteris 
.: .. . .. 

po~gi lodus ,  t he  "ltinnen menuel", forms dense colonies i n  the  Arno p i t s  but was 
,< : 

. . 

not seen elsewhere. ~ i m i l a r l y  Sleocharis geniculata was observed only on fil-en1 

Island where it wa.s f a i r l y  comwn on the  p a t  surface near p ro f i l e  K26. 
. . 

It is not h o r n  $ii~eLher. tiiese peats can be u t i l i zed  for t a ro  culture.  
.. , . 

Both areas a r e  subfect t o  immersion a f t e r  heavy rains  and it i s  said t h a t  an 

attempt t o  -replant some of the  ~rno p i t s  , . f a i l ed  because' t he  small plants were 

covered with water. The potential. f e r t i l i t y  of t,he peat i s  high and cul t ivat ion,  

exposure t o  sunlight,  e tc :  , would gradually 'change the  eat t o  t he  well decomposed 
. . . . .  

muck i n  which t a ro  normally grows. Palms a re  appa~en t ly  growing well i n  t he  
. .  . . . . .  . . .  

. . 



.. 
U1-err' p a t  although tile yie lds  are  unknown. The r o s s i b i l i t y  of excavating t h i s  

peat for  gardens i s  mentloned l a t e r .  

As nearly a s  can be determined, t he  hrno   its were abandoaed very ear ly  

i n  the  century and thus  t he  r a t e  of Feat accumulation aprears t o  have been 

extraordinarily rapid. Accordirlg t o  Ralph McCracken, peat develo~ment i n  phos- 

phate mining excavations on kngaur Island, i n  the  Palaus, proceeds a t  a s imilar  

ra te .  

14. Taro p i t  xucks: If the area involved were more extensive a t a ro  p i t  

cornplex might be recognized. The s teep inner slopes of t h s  t a r o  p i t s  have been 

subject t o  slope wash and other disturbance from iiuzan t r a f f i c  and the rooting 

of hogs. Not unconunody coconut husks, fronds and b r u h  from grove clearing are  

thrown over t he  edge and usually incompletely burned. 

The p i t  bottoms a r e  usually a r t i f i c i a l  mucxs created by long continued 

additions of organic matter f o r  t a r o  culture.  The mucks vary considerably i n  

t he  admixture of mineral material  and i n  r e l a t i ve  l'wetnesstt. The groundwater i s  

fresh and i t s  l e v e l  f luctuates  with tine t i d e ,  t h e  maxlimm often being wi th  a 

foot or  l e s s  of t he  surface. After heavy r a in s  many of the  p i t s  a r e  shallowly 

flooded f o r  a few dzys. As noted above, coconut-pa,ndanus peat has formed in t h e  
. . 

long abandoned Arno p i t s .  Elsewhere abandonment has been l e s s  co~xplete or  the  

water l eve l  unfavorable for  peat accumulation. Taro culture continues i n  some 

p i t s  . 
A typ ica l  p rof i le  of a t a r o  p i t  muck (#j,  Ine ~ s l a n d )  follows: 

Surface Scattered breadfruit  leaves and seedlings of colocasia 
and a grass. 

0 - 10" Mucky limesand with some coral  gravel l e s s  than 1 inch 
in dianeter. biatrix very dark gray flecked with l i g h t  
lime par t ic les .  pH of moist sample 7.6. 

10 -  32"+ Light gray changing t o  white sand, the  organic matter 
content diminishing gradually with depth. pH 7.4 a t  30 
inches. Strong smell of hydrogen sulphide a t  30 inches. 
Groundwater l e v e l  a t  28 inches wnen sampled but the  
following day, with the r i s ing  .tide not yet  f ~ l l ,  a t  1 5  
inches. 



Except on Brno Island the abandoned p i t s  are  often occupied by woody , . 

vegetation, such a s  breadfruit  on "dr ier"  s i t e s  and _Hibiscus t i l t a ceus .  One o r  

t w o p i t s  o n i n e  Isltind were completely dominated by C ~ e r u s  edoratus. The mucky 

p i t s  could be readi ly  returned t o  t a r o  cul ture  i f  the  people wished t o  do so. : ,  

In  t h e i r  present condition the d r i e r  mucks and p i t  margins. a r e  we l l  sui ted f o r  . , 

bananas but are  u t i l i z e d  t o  only a l imited extent f o r  t h i s  purpose. 

D. Miscellaneous Land Types. 

These include the  beaches, limesand d r i f t s ,  and embayments o r  inland 

" f la t s r1  of sand, rubble o r  cemented rock. Since the  fragmentation of t he  long 

eastern is land by t h e  1905 typhoon much of the  remaining land has been reconnectee 

and a u w n t e d  by wave heaped sands; the  same process can be seen elsewhere a s  

well. Where the surface of these r i s e s  above t ide  leve l  it i s  vegetated by 

Scaevola, Piesserschmidia and coconut seedlings, all often chlorot ic  i n  t he  ea r ly  
. . . .  . stages. 

In ' t he  course of land fchnation o r  repa i r  low areas of the  is land plat-  

formare sometimes cut off between the rampart or  gravels t h r o w u p  along t h e  

seawardcoast and the exis t ing land or  sand d r i f t s  on the lagoon side. This i s  

the probable or igin  of many of t he  exis t ing mangrove swamy;s and cer ta in  i n t e r i o r  

lowlands, such a s  t h a t  n e w  King jong. Rampart f orpation f ollo~!ing typhoon damage 

has cut off two small basins on Aljaltcenl Xgtol-en1 and ~ n & r % n l  Islands;  these 

are not yet  vegetated. The la rger  l l f l a t s l r  of Namwi and Bikareij  Islands seem t o  

have been enclosed by extension of ex is t icg  lands. ns long as  such areas  a r e  

open t o  the  sea t he  higher t i d e s  bring i n  sediments and occasionally rework t h e  

surface. Sand banks formed along the  margin a r e  rapidly s tab i l ized  by vegetation 

and thus young s o i l s  may come t o  occupy t h e  i n t e r i o r  a s  well a s  t he  periphery of 

an i s land .  

Not otherwise described i s  the  buried s o i l  found 260 fee t  inland from t h e  

sea-beach near Ine Island (Prof i le  #I+, Bppendx B) .  The present surface s o i l  i s  



character is t ic  of a moderately well drained associate of the  Arno gravelly 
. . . . . .  . . ,  

loamy sand but extending from a depth of 35 inches t o  over '58 inches below the  

surface 2s' a dark horizon containing organic matter. According t o  L i j h a r  of 
. . 

I n e , a  typhoon i n  t he  "time of his  grandparents" threw up rock along the  coast 

a t  t h i s  point and conceivably buria l  of t he  or ig ina l  p rof i le  occurred a t  tinat 

time. I f  ~ i j & m a r ' s  statement i s  taken l i t e r a l l y ,  however, the  m a x i m u m  age of 

the  surface prbf i ie  could scarcely be greater  than 125 years, which 

appears too s l i gh t  f o r  t he  develo~ment noted. 

SOME CHFXICAL PROPSilTIES 

The r e su l t s  of some chemical analyses of the  mineral and organic s o i l  

samples from Arno are  given i n  Table 11. Descriptions of the  prof i les ,  

ident i f ied by numbers, a r e  given i n  the  preceding section and i n  Appendix B. 

The material taken fo r  analysis was tha t  passing a 2 mm. sieve except f o r  the  

organic samples of p rof i les  #16 and #24 which were ground. pH was determined 

by glass  electrode, soluble s a l t s  by conductivity measurements, t o t a l  nitrogen 

by Kjeldahl, organic matter by the rapid microchemical methods of Peech (Soi l  

Science 59:25-38, 1945), and the  "readily soluble" amounts of other elements by 

the methods of Peech and English based on the  use of Morgan's extracting 

solution (Soi l  Science 57:167-195, 1944). 

pH. Calcium and Ihgnes im 

A s  expected, t he  mineral s o i l s  are  a l l  s l i gh t ly  alkaline i n  reaction 

ranging from 7.2 t o  7.5 i n  t he  highly organic surface s o i l s  t o  a maximum of 

pH 8.7 i n  the  unweathered material lacking appreciable organic matter. These 

s o i l s  a l l  effervesce with acid and hence analyses f o r  available calcium were not 

made. 

Dried samples of t he  organic s o i l s  have an acid reaction whereas i n  t h e  

. . f i e ld ,  using indicators ,  reactions varyfrom essen t ia l ly  neut.ral:to s l i g h t l y  

alkaline.  Thus f o r  t he  same samples:. . . 



Table X I .  CIIEMICAL ANALYSES OF SOME SOILS FROM ARNO ATOLL 

Profile Depth Organic Total Pounds per acre S0Lbi.e 
No. Soi l  type or Designation of pH Matter N OX/N NO NH 

Sam~le % % P N~ N3 Mg K Mn Fe A 1  W - .  mcnes 
25 Arno l o w  sand 0-6 7.45 16068 .88 19.0 80 100 40 750 l l 3  8 1 5  80 

Arno Island 6-ll 7.55 ll .32 .5$ 1 9 2  25 30 40 425 63 8 1 5  65 . OL 25 8 18 5WO 18 5 1 5  19 

23 ~ r n o  l o w  sand 0-6 7.55 22.48 .98 23.0 10 bo 25 50 63 8 1 5  74 
Arno Island 12-18 8.25 -20 8 5  25 8 15 3000 19 5 1 5  20 

30-36 8.40 .10 .05 25 5 15 lrS00 22 5 1 5  18 

29 Arno loamy sand 0-6 7.50 19.04 .88 21.6 120 23 45 950 126 40 1 5  45 
Jabtu Island 18-24 8.40 .20 .04 50 5 25 4030 UI 5 1 5  21 

30-36 8.50 24  '06 60 5 22 5000 15 5 5 21 

6 Arno gravelly l w q ~  sand 0-6 7.40 32.92 1.16 28.4 l l 0  100 50 1800 203 25 1 5 1% 
Ine Island 612 7.50 20,44 -70 29.2 25 40 45 750 80 20 1 5  74 

20-26 8.35 .28 e04 30 5 20 5000 18 5 1 5  15 

4 Moderately well drained 0-8 7.55 16.88 673 23.1 25 25 35 50 135 25 1 5  46 
associate of Arno verv 
gravelly loanpr sand 

Ine Island 20-28 8.05 .80 a08 20 8 18 1600 23 5 1 5  24 
-6 7 8 5  3.84 .13 8 8 25 2iO 45 5 1 5  38 

21 ~ N d  gravelly l o w  sand" 0-7 7.20 20.a .67 30.6 860 80 45 l l20  286 5 1 5 lob 
Namwi Island 1 M 6  7.50 3.44 $30 400 X) 22 3800 45 5 1 5  57 

-5 8.10 .52 .07 280 10 25 5030 31 5 1 5  32 
12 Phosphate influenced asso- 

c i a t e  of Arno sandy loam. 
L' angar IS, 0-8 7.kO 19.36 .99 19.6 210 70 45 l l20  98 8 1 5  70 

ll Ltangar gravelly loamy sand 0.6 7.70 6.52 .Id 16*2 80 k5 22 700 57 8 1 5  49 
Llangar Island &-20 7.80 5.3L a34 17.3 50 k0 25 950 45 5 1 5  62 

29-35 7.90 !+-02 .28 14e4 50 40 22 10M) 55 5 1 5 115 



Table 11. CHEMICAL ANALYSES OF SO:& SCIIS F B M  ARNO ATOLL (continued) 

Prof i le  Depth Organic Total Pounds per acre Soluble 
No. Soi l  type o r  Designation of pH k t t e r  N CM/N NO NH 

Sample % P N~ N~ Mz K Mn Fa A 1  KxlQ 
Tnehes -. . -. . - - 

UI Shioya sand. L'angar Island 017 7.95 1.82 e 16 20 20 25 4250 31 5 1 5  29 

27 Shioya sand with recent 
overburden 2 - 1 2  8,25 a 74 .08 25 8 20 4030 25 5 1 5  18 

Jabfu Island 0-4 8.25 -70 $08 25 10  1 5  4003 19 5 1 5  20 
16-20 8,70 -08 .04 25 5 18 3003 12 5 1 5  17 

16 Ungrove peat, I.? angar 
Island 016 5,% L 5 1  1600 35 130 12000 976 5 1 5 2700 

16-72 5.75 1.24 1200 15 100 lbOOO 1203 5 1 5 ?LOO 

18 Mangrove peat, Tin& Island 0-6 5.65 1.82 760 15 130 19000 l.400 5 1 5 3000 

26 Coconut-pandanus peat, 
Ul-enf Is. 0-8 6.25 

24 Taro p i t  coconut-pandanus 
peat, Arno Island 0-8 5.40 2095 320 15 220 1400 310 5 1 5 31t5 



Profi le  pH 
# Fresh Dry 

Changes of t h i s  magnitude o r  greater  upon drying i n  mineral s o i l s  con- 

ta ining su l fur  have been reported and a r e  a t t r ibu ted  t o  oxidation of t he  

reduced forms t o  sulphates. This sequence is a very l i k e l y  one i n  our samples 

and probably accounts f o r  the increased ac id i ty  noted. The two samples of 

coconut-pandanus peat, #26 and #2k, a r e  the only s o i l s  on the  a t o l l  t h a t  were 

acid a t  t he  time of collection. 

As might be expected from the  discussion of parent material, readily 

soluble magnesium i s  re la t ive ly  high i n  a l l  so i l s .  

S a l t  Content - 
The content of soluble s a l t s  i s  expressed as  spec i f ic  conductance, 

K k lo5 a t  25O C ,  of a 1:2 soi1:wate.r mixture (by weight). A s  a basis  f o r  

comparing the  samples of mineral s o i l s  from Arno, unfer t i l ized leached s o i l s  of 

t he  humid regions commonly have K-values below 15 whereas heavily f e r t i l i z e d  

greenhouse s o i l s  may range from 100 t o  200. k K-value of about 200 i s  about 

the  maximum ~ e r m i s s i b l e  f o r  s a l t  sens i t ive  plants and values grea te r  than 300 

resu l t  i n  severe in jury  t o  common greenhouse plants. High organic matter con- 

t en t s  r a i s e  t he  cri t j .cal  l eve l  a t  which in jury  occurred. For s o i l s  flooded 

with sea water t he  c r i t i c a l  K-value i s  100 f o r  sensi t ive  plants  since t h e  

t ox ic i ty  of a single s a l t  i s  greater  than tha t  of mixtures. 

Thus values for  mineral s o i l  i n  Table I1 f a l l  within a range well below 

the leve l  of plant injury.  The higher values of the  dark surface s o i l s  of t h e  
., . 

Arno and s imilar  se r ies  i s  due i n  part  t o  t he  content of soluble nitrogen salts. 
. . . . ,    he allowable lkvels  mentioned above do not a&ly t o  the  organic s o i l s  

, . 
'because of t h e i r  very high moisture contents. The two samples of coconut- 



pandanus peat f e l l  well within the usual range of "fresh water" peats, The 

mangrove peats, of course, are  highly sal ine.  

Organic Matter and M i t r o m  

The extreme color contrast between the s ~ r f a c e  and subsoil  i r  t he  Arno 

ser ies  and its associates i s  paral le led by tine contrast  i n  organic matter 

content. That of t he  surface s o i l s  i s  surprisingly high, ranging from over 16  

t o  nearly 33% i n  t h e  surface s i x  inches. Where t h i s  horizon i s  su f f i c i en t ly  

deep f o r  a second sample above the  t r ans i t i on  zone it, too, i s  high. Thus t h e  

average content of organic matter t o  a depth of eleven inches i n  prof i le  #25 is  

14% and 26.7% t o  a depth of twelve inches i n  prof i le  if6. These values do not 

take in to  acc0ur.t t he  gravel excluded i n  sample preparction. Organic matter 

decreases very aoruptly throueh t h e  narrow t r ans i t i on  zone and the  white l i m e -  

sand beneath contains only a f ract ion of 1%. The notab1.e exception i s  p ro f i l e  

#4 where increased organic matter and nitrogen indicate  a former s o i l  surface 

long since buried by the  material  on which the  present o i l d o v e l o p e d .  Total  
. .  . 

organic matter a s  mass per unit area cannot be calculated without data on bulk 
. . 

density and excluded matter, but it would seem t o  be of t he  o ~ d e r  . . o f  200,000 

t o  400,000 lbs .  per acre. 

4s already mentioned, the  L'angar gravellv loainy sand has a r e l a t i v e l y  

much lower content of organic matter i n  t he  surface horizon but tho deepest 

sanples taken s t i l l  contain some 4g;aga in  these 'values are on a gravel-free 
: .  

basis. The two sarnpies of Shioya sand contain low amqLints of organic matter. 
. . .. . 

I n  mineral s o i l s  t o t a l  nitrogen generally pa-allels organic matter with 

the r a t i o  between the  two indicating the  ,degree of decoir.posii;ion. The OIVI/N 

r a t i o s  calculated do not depart f a r  fro? 20, which i s  usually considered 

character is t ic  of well decomposed "humus1t. ku might be expected, t he  amounts 

of "available" ammoniacal and n i t r a t e  nitrogen are  mcdera~ely high i n  t h e  dark 

surface s o i l s  and low i n  both the deeper horitons and in t h e  Shioya sand. 



Organic matter i n  the  peat samples w i l l  be determined l a t e r  but may be 

expected t o  exceed 8%. The t o t a l  nitrogen contents 're high, ranging up t o  

nearly 3% f o r  a sample from a t a ro  p i t  on Arno Island. Of t he  available 

nitrogen forms, ammonia i s  f a r  i n  excess of n i t r a t e .  

Phosphorus 

Estimation of readily soluble phosphorus i s  an empirical procedure a t  

best  and the extractant used (pH i+-8) i s  not well adapted to calcareous so i l s .  

Thus the  data presented characterize phosphorus s t a tu s  t o  only a l imited degree. 

The low organic limesands of t he  subsoi ls  and Shioya s o i l s  usually f a l l  within a 

range of 2G t o  30 lb s .   acre (= 10-15 ppm) whereas the  content of the  dark sur- 

face layers  i s  usually mch higher, t he  notable exception being t h e  0-6'' sample 

of prof i le  #23 from the area of short-lived coconuts on Arno Island. The 

samples from prof i le  ff21 and #12, adjacent t o  phosphate deposits contain 

r e l a t i ve ly  la rge  amounts of the  element. . . . . 

The quant i ty  p e s e n t  i n  peat i s  generally several-fold greater  ,than in 

mineral s o i l s  but by humid temperate region standards the phosphorus leve ls  of 

t he  Arno peats are  high. 

Po ta s s im  

A s  with phosphorus the low organic limesaxls yield a minimal amount of 

potassium t o  t he  extracting solution.  This value is about 15-25 l b s ,  per acre  
. . 

whereas the  range ir. surface so i l s ,  having much higher exchange capacity, is 

commonly 50-200 lbs .  per acre. These l eve l s  would be considered f o r  

p l an t ,  growth i f  they can be susta ined but information on the reserve potassium 

i s  needed. 

Tne mangrove peats are very high i n  potassium, re f lec t ing  t h e  influence 

of sea water, and the coconut-pandanus peats are  reasonably high. 



I r o ~ ,  Aluminum and i a n g a n e e  - ~. . .  
. . . : .  

The constant amounts of i ron and aluminum i n  Table I1 a re  the minima 
. . .  

. . .  . . 

reported by the  procedure used and thus any l e s s e r  var ia t ions  a r e  concealed. A 
' .. ... ' . .. . . . . . .. 

. . .. . 
much greater range i s  shown by t h e  manganese contents; t h e  minimal amount, l e s s  

than 5 l b s .  per acre,  characterizes t he  low organic limesands, t he  peats, andthe  
. . . . .  

high phosphorus s o i l s  but t he  remaining surface s o i l s  contain 5 t o  49 l b s .  per 
. . . . . .  . 

acre. 
. . . .:. . . 

SOBE EFFECTS ON PLANTS 

No f i e l d  moisture determinations were made but some obvious re la t ionships  

may be noted. The moisture sources of importance are  soil water, held by 

capi l lary forces throughout t he  s o i l ,  and the ground water, which i s  of unusual 

importance here because of t he  proximity t o  t he  surface and i t s , poss ib l e  s a l t  

content, Shallow rooted plants  and those grorving some distance above the  ground 

water, a s  on dunes, must depend exclusively on water held i n  the  s o i l ;  only an 

actua;. examination of t he  root system w i l l  reveal t o  what ex ten t . the  deeper 

. . roo ted  plants normally reach the  region affected by the  ground water. It i s  

qui te  possible t o  have a considerable depth of s o i l  containing salt-free s o i l  

water overlying brackish groundwater. - 

The moisture holding capacity of the  coarse textured s o i l  is usually 

assumed t o  be low but i n  t h e  surface layers  t h i s  property i s  augmented by the  

content of organic matter. The possible moisture capacity of porous coral  has 

already been suggested.. During our s tay on Arno, t he  1ongest:period without 

r a in  was not more than a .few.:days .and the s o i l  i n  excavations'was never thoroughly 

dry. Some plants exposed i n  openings showed temporary wil t ing during t h e  br ie f  

perid& of d ry  's~nn$.l;leather but recovered overnight. !Phus;'to'. judge by mere 

observation, so i lmo i s tu re  was not a . d i r e c t  fac tor  i n . p l a n t  Survival, other than 

f o r  seedlings, during the  June t o  August period, although it cer ta in ly  may have 



influenced plant groj th  and competiti.on. Otservatiox~s in. t he  d r i e r  months, : 

however, r i gh t  well reveal. cri-tical s o i l  mojsture leve ls .  

I n  many arzas  ' the,gromd water l eve l  i s . . c lo se r  ... . t o  t he  surface and here, 

'he problem i s  obv5.ouslynot water but s a l t .  Although the  conductivity data i n  
,., . 

Table I1 indicate how well r a i n f a i l .  removes sol.ub1.e salts from the  u p p r  s o i l  

l ayers  they do not f a i r l y :  represent conditions f o r  plant growth on a considerable . .  . 

part  of the  a t o l l .  Many areas of Shioya sand and loamy sand, and the  outer part:: 

of t h e  stony land compl.ex undoubtedly have brackish ground water., Xoreover, 

groundwater s a l i n i t y  often increases during the l b t e r  winter 11dry8t season. In  

t h i s  environment sa l in i ty ,  l i k e  s o i l  moisture, should be corsidered a fluctuating 

s o i l  property f o r  t he  c r i t i c a l  l e v e l s  t ha t  determine plant survival may pers i s t  

f o r  only br ief  periods. 

Tine question of ltatmospheric sa l in i ty"  i s  not considered here aithough i.t 

is  f a i r l y  obvious Chat salt spray caii influence plants  near windward coasts and 
. . .  . . .- . .. ., .. ,. . . .  

w d e r  unusual storm conditions. A s  Kr. Cox has pointed out,  water samples from 

the wells of Ine and Brno Islands and from c i s t e rns  on Ine have a very low 

chloride content indicat ing no appreciable spray contamination on t\ose leeward 

islands.  

Apart from var ia t ions  due t o  t he  seasonal r a i n f a l l  differences,  it i s  

evident t h a t  the  pattern of groundwater s a l i n i t y  w i l l  be affected by permeability 

of t he  substrate and by the  land width, height, e t c .  Some sensi t ive  plants may 

grow almost t o  the shores where the outward flowing sheets of f resh waterprevenb 

movement of s a l t  wzter inland. Thus breadfruit ,  which i s  not considered salt 

to le ran t ,  has been observed within 35 f t .  of a low beach on %-en1 Island. 

Tne several considerations mentioned above and the  very considerable dif- 
. . .  

' 

ferences i n  s o i l  f e r t i l i t y  l e v e l s  suggested by Table I1 indicate  t h a t  s a l i n i ty ,  
. . .  . , 

important as  it i s  i n  controll ing . plant . distributi.on, s h o d d  not be overstressed. 
. . . .  . . 



Thus a plant species or commhity i n  &I area of ' l imesandor shioya sand 
, , .  . ~ . . .  

may well be exposed.to a.tmos.$he&i,c and g l 'd&d&e>:kni ty  but'these s o i l s  a r e  
. .  : 

also characterized by h i  nitrogen, exchange capacity, potassium, e tc .  Thus t h e  

presence of t he  plant or  community elsewhere may suggest low f e r t i l i t y  levels ,  

s a l t  content, o r  both. I n  a s imilar  vein, t he  occurrence of cer ta in  plants  i n  

the  is land i n t e r i o r s  only may be a response t o  the  higher f e r t i l i t y  leve ls  there  

a s  well a s  t o  t he  sal t - f ree  groundwater. 

The yellow leaved palms seen on several  areas were a t t r ibu ted  t o  excess 

s a l in i ty ,  l a rge ly  on the basis of land posit ion,  although the  poss ib i l i t y  of 

nitrogen deficiency cannot be excluded. A surface s o i l  sample from one such 

area showed l i t t l e  s a l i n i ty ,  a not unexpected finding considering t h e  high rain- 

f a l l  of the period previous t o  sampling. 
, . . .  . 

Another coconut ndady a f f ec t s  an appreciable area  i n  t h e  i n t e r i o r  of 
. . 

Arno Island. A s  already noted, a sbrfack s o i l  sample from a badly affected spot 

there  is unusually low i n  readily solubie 'phosphorus. Considering the  long 
. :  

occupancy of t he  land and the r e l a t i ve ly  high'phos~horus demand of the  coconut, ' 
. . . . .  

the  poss ib i l i t y  of phosphorus deficiency o n ' t h e  area must be considered. 

On Nokil, Bentzen (Pacific Science Board CIHA Report, 1949) found an area 
, . 

i n  t he  center of each of ' the  three i s l e t s  composing the ' a t o l l  on which coconuts . . 
. . .  

,, . . . 
were no 16&er prodkt ivk.  The l a rges t ,  on Urak Island, i s  known t o  have grown 

breadfrui t  ' p r io r  t o  1890 when it was cleared' and planted t o  palms. For some 
. .. 

years it produced well b i t  y i e ld s  declined a f t e r  1913 and by 1925 it was given 
, . . , .  , . . . .  , .  . , 

up a s  a commercial venture, although the  palms s t i l l  stand. Inasmuch a s  Bentzen 
. . , . ;  . ,  . 

mentions neither '  dead t r e e s  nor f o l i a r  symptoms t h i s  condition appears t o  d i f f e r  
:. , . . . 

from the  krno  syndr'ome, a t  l e a s t  i n  sever i ty .  Both, however, occur on is land 
. . . , 

. . in te r iors ,c ropped  t o  coconuts and i n  both areas breadfrui t  t r e e s  still grow well. 
1. b . . 

It seems l i k e l y  t ha t  similar maladies w i l l  be found on other a t o l l s .  



A s  might be expected, l ron deficiency i s  comon on Arno j.n v i l l age  areas 

and ckearings or  wherever 0rgarA.c matter addit ions a r e  lacking. Some of t he  

sensi t ive  exot-ics such a s  banana, ljme and hibiscus become s t r i k ing ly  chlorot ic  

but more o r  l e s s  severe syuptoms were noted i n  fourteen other genera, native and 

introduced. ~Kx~erimentally, t k i s  coiidition i n  the  banana was overcome by su i t -  

able a.pp1ications of i ron t o  t he  leaves but a more pract ical  means i s  through 

orgarlic matter additions and iuulches. This deficiency may influence plant 
, 

competition on areas  of exposed limesands since Thuarea, Vigna, Tacca, and 

Centella are  a t  l e a s t  moderately affected.  Under closed fores t  conditions 

syn~ptoms are rare2y rioted. 

N r .  Anderson sent a varLety of vegetable and flower seeds w i t h  our party 

as  a g i f t  t o  the  Arne people. The resu l t ing  plantings observed were la rge ly  

f a i l u re s  e i t he r  because of cul tural  o r  soil. d i f f i c u l t i e s .  

A saall "ga.rdenU was established i n  Ine Village with t he  hope of detecting 

s o i l  factors  a f fec t ing  plant growth. The area had been long cleared and hence 

presumably did not correspond t o  simj.lar areas of KrnO loamy sand under fores t .  

Onions, radishes, l e t t uce  arid tomatoes f a i l ed  a f t e r  germination and s l i g h t  

i n i t i a l  growth; pole beans, corn and curcurbits  were stunted and t h e i r  eventual 

f a i l u r e  appeared certain.  Growkh was not g rea t ly  affected by applications of 

nitrogen ( a s  ammonim svlphate), potassium o r  boron. Iron chlorosis masked other 

symptoms i n  the  tomatoes and curcurbits;  t he  remaining species did not di.sp3.a~ 

character is t ic  phosphorus deficiency symptom. These considerations together 

with the prevail ing a lka l in i ty  and the d&ta of TaKe LI suggest minor elements, 

other than boron, and possibly phosphorus a s  t he  l imit ing fac tors  f o r  growth. 

Coconut-pandanus peat from a t a r o  p i t  on Arno is land (P ro f i l e  #24) was 

potted and sown t o  tomatoes, l e t t u c e  and onions. A photogrsph by D r .  LaRivers a 

few weeks l a t e r  shows t h a t  tomatoes and l e t t u c e  grew rather  well i n  t h e  peat 



f e r t i l i z e d  with amxonj.um su l fa te ,  potassium chloride and crushed phosphate rock, 

whereas the  onions, a sal t -sensi t ive  crop, grew much be t t e r  i n  the unfer t i l i zed  
: . .. .. . . . 

material. 'L4herever p e a t  deposits  occur near v i l l a g e  areas  they could be 
. . 

excavated t d  surface seed beds and very s d h l  garden spots f o r  planti ' .hot 

readi ly  grown otherwise. 
. . ' 

. ; On the bas i s  of observations thus  f a r  there  i s  no reason'why a la rge  

number of exotic plants cannot be grown on the  a t o l l  s o i l s  under garden condition. 

Alkalinity of the  mineral s o i l s  w i l l  exclude several  but 'the neutral. peat can 

provide a medium f o r  some of these.  In  t h e  absence of specif ic  information on 

l imi t ing  elements lfcompletel' f e r t i l i z e r s  inc1.uding minor elements seem necessary, 

o r  i n  t h e i r  stead, heavy apgl.ications of organic matter L7cory;orated with t h e  

s o i l  o r  a s  mulches. Under the conditions of Arno t h e  l a t t e r  i s  t he  only feasible 

meas .  I n  addition. tb: s o i l  fac tors  other cu l tura l  requirementsji'such'as adapted 

var ie t ies ,  pest control and protection of small seedlings agaLnst ra in ,  wind and 

drying must be considered. Recomqendations f o r  t he  peasant s ty l e  agr icul ture  of 

f irnonecessarily must be verytdifferent from those employe&'urider a more modern 

agriculture., :, .:.. .. . . ,  
. . ' :, . 

.. , . . .  . .  

DISTRIBUTION 

Maps - 
. . . . 

'. ,. , . 
' ~ d i ~  distributidk'was mapped i n  d e t a i l  on the  l a rge r  islands.  I n  some. 

. .  . , ; '  

ikCances mapping was l imited by time or  heavy ra ins  and has been supplemented 
. . . .  . . . . . 

. . 

by notes and sketches made on preliminary tours  with t h e  l oca l  c i t izens .  The 
.. . . .  

attached maps have been prep&?d by &ensferring f i e l d  sheets  and notes t o  base 
. , .  . 

,. 
/' 

maps enlarged from 1/30,000 a e r i a l  photographs. Unfortunately the photographs 
. . . . . . :  ~. , . 

were,not available i n  ti&? t o b e  of use when most of t he  f i e l d  mapping was done 
. . . . 

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

and subsequent interp&tation from them has be& limited by t h e i r  scale and 

qual i ty .  In  some ca$&s"the map~i.ngprecision i s  not commensurate with the 

r e l a t i ve ly  large scale of t he  maps. 
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Notes & Land Condjtions t o  A:ccompaiw Maps ----.--- 

ARNO ISLAND - This, t he  l a rges t  is land oil t he  a t o l l ,  occupies a sharp 
curve i n t h e  reef and extends along it in e i the r  direction.  A.belt  of t h e  
stony complex margins t he  sheltered sea coast but i t s  center. seems t o  have been 
much disturbed. areas O f  Shioya l o w  sand occur here, the  sand sometimes. 
c lear ly  overzying 05 mixedwith t h e  coarSe material  below. The wide i n t e r i o r  
i s  occupied by the  Arno loamy sand a n d i t s  inclusions,  and a narrow b e l t  of t h e  
Shioya loamy sand fr inges  t he  lsgoon coast. The boundary of t he  "poorn coconut 
zone can be recognized a t  severa lpo in ts .  The groundwater i s  fresh under most 
of the  island and wells a r e  co!nmon near t he  lagoon coast. A s m a l l  ex$ent.of 
inland dune occurs on the  southeast limb of t he  is land,  affording a s i t e  f o r  one 
of the  two graveyards on the  island. Near t h i s  a stony d r y  channel, apparently 
swept by storm waters a t  one time, crosses t he  island. 

The southeast t i p  of t h e  is land is composed of recent sands; a sandspit,  
cok red  at' high t i d e ,  connects with Enenledrik Island which i s  said t o  have been 
continuous with Arno Island pr ior  t o  the  1918 typhoon. An indentation i n  the  
r e g f ' a t  ' t h i s  point'appammtly . . allowed breaching; 5 t  also provi_des t h e  10,cal 
anchorage. 'Enen'6drkk Island follows the general pat tern with rubble. on t h e  
seaward s ide and sand along the lagoon but most of t he  s o i l s  appear qui te  
3.mfnature. 

. , . , .  . . .., . .  
.... BIKAmIJ ISLAND P.: This  is land may be thought of a s  composed of fiGe 

. major divisions: (1)  Unarro-w s t r i p  of stony land f r inges  t he  en t i r e  eastern 
s ide and extends i n  an a rc  t o  the  northeast, forming a long narrow peninsula. 
(a) A central  lowland 5s composed of the  sa l ine  i n t e r i o r  sand f la t , , in the ' sou th ,  
t he  deep, mangrove-fringed i n l e t  i n  t h e  north and a low sandstone b e l t .  between. 
(3) A large area of Arno loamy. sand makes up t h e  center and western s ide of t he  
.isla& and (41 a ' v e r y s n d l  ' . area of thLs type occurs south of  t h e  western open- 
ing t o  the i n t e r i o r  f l a t .  ( 5 )  : Less. well' &eveloped and presumably younger ,. 

Shioya s o i l s  occurbetween the.Arno soils.:and the lowland. . . .  
. . . .. . . .  , . .  . . .. . . 

It i s  evident t h a t  the :h i s tory  of landdbvelopment has been co&ex. The 
'off-shore beachrock and the  exposuFe of t he  Arrio s o i l  on the  very edgelof t h e  

' western coast suggest, t h a t  considerable erosion has taken place; t h e  southern . . 
occurrence of t h i s ; ' so i l  may well have once been' par t  of .a: l a rge r  'area, Away 
from the beach, the  southernpar t  of the  stony complex appea r so lde r than  the 
northern a rc  and is . f r inged with t he  Arno s o i l s :  The western s i d e o f  t he  

- .  ' peninsula r e s t s  on swastone which affords footing f o r  a few stunted Bruguiera 
on its corroded s u ~ f a c e . ' .  ' . . :  , .  . .. . 

. .~ . . , . . . 

Limesand banks are  now forming i n  places along the  s ides  of.  t h e  i n t e r i o r  
sand f l a t  and an appreciable area  of younger s o i l s  surround the  f l a t ,  suggesting 
centr ipetal  f i l l i n g .  A zone of s o i l s  intermediate i n  .char+cter between the  Arno 
and Shioya loamy sand occurs north of the . f la t . '  Similar soi1s;grading in to  t he  
Shioya se r ies  occupy a la rge  sector  west and northwest of t he  north i n l e t .  
Where t h i s  sector  borders t he  i n l e t  5s a narrowbel t  of recent sand deposits;  
here and f o r  some l i t t l e  distance west the burrowing of crabs has disrupted any 
prof i le  formation. Between the inlet . .and.the southern f l a t  i s  the  low area 
described a s  naving-dark Soi1:shalldw~oversandstone. It seems probable t h a t  
t h i s  sandstone is  continuouswith t i iat  o f t h e  i n l e t  exposure,and t h e  rock under- 
ly ing  the southern f l a t .  



7'~. A . L v  s.:i&?.:. nc:th:.rest is.lZ::5 0," Y:.konele co~sS.sts of Shioya s o i l s  and stony 
s o i l s  equivalent i n  age. A -  considerable quanti ty of. puxice tlpebbles't were fo'wd 
on the  s o i l  surface inland but t h e i r  t o t a l  . . mass is negligible.  

KILANGE ISLAND - The western half of t he  is land occupies an unique 
posit ion on a reef f l a t  t h a t  separates two nkrrowlagoons. Although somewhat 
protected by the  broad reef t o  t h e  north 'it has stony b e l t s  on both sides of t he  
land. The northern b e l t  ends near the  lagoons but t he  southern one i s  continu- 
ous along the  seaward coast. Piost of t he  remainder of t he  i s laqd  consists of 
Arno loamy sand and gravelly loamy sand, but an i r regular  b e l t  of Shioya s o i l s  
occurs along the  northeast coast. Although not precisely  located,  i t s  inland 
boundary coincides i n  par t  with a low (3  t o  4 ft.) escar~ment t h a t  merges with 
t he  seaward rampart as  t he  land narrows t o  the east .  P~esumably the escarpment 
and t h e  younger s o i l s  a r e  t he  consequence of the  1905 typhoon. 

, 
Only three f r e shwa te r  wells were reported on t h i s  is land although many 

more could and may ekis t .  Dne n e a r t h e  fork i n  t he  main t r a i i  i s  soxe 5-1/2 f t .  
deep i n  beach sands and was dry a t  mid-tiue. .hiother nesr t h e  western end of 
t he  hide land i s  tlusually fresh." The t h i r d  well i s  a t  t he  bottom of a la rge  
deep (8 t o  10  f t .  ) depression a t  the  inner edge of t he  rampart. A r e ~ o r t e d  jofi 
swamp proved t o  be but a: s m a l i  mucky depression w2th two Eruguiera t rees .  

L'ANGAR ISLAND - Tine seaward coast of L1angar i s  f u l l y  exposed t o  t h e  
northeast t rades  and it i s  f r inged with a high coarse rampart f o r  i t s  f u l l  

. length. Vegetation r i s e s  a s  a wedge w i t h t h e  f la t tened Scaevola a t  t he  rampart 
edge becoming a t a l i e r  Scaevola-.i"iesserschmidia scrub which, i n  turn,  mixes with 

'and gives way t o  pandanus t r ee s .  The tall pandanus, with occasional broadleaved 
t r e e s ,  taper  upward t o  t he  palms inland, the  whole consist ing an excellent 
windbreak. 

For convenience the  i s land  may be considered i n  th ree  sectors  although 
the  s o i l s  i n  all a re  s imi l a r ,  f o r  t he  most part very gravelly o r  stony with con- 
tinuous sands near t he  lagoon coast only.' The wide northern sector  i s  i n  densely 
overgrown coconut groves and secondary fores t ,  and the  features  inland were not 
well located. ~ l e a r i n e  of t'ne groves i s  i n  progress but a t  no rapid ra te .  A 
tangle of Clerodendrum on moist s o i l s  west of t he  lagoon path provided the  only 
t r u l y  impenetrable thicket  encountered on the  a t o l l .  The phosphate deposit and 
area of "L 'angar sandy loam!' have been described. An appreciable area  
of Shioya sand (Prof i le  #23) ,  mapped from tne a e r i a l  photos, i s  associated with 
a coconut malady t h a t  has "always't been present. Seedlings a r e  yeilow and the  
mature t r e e s  soon cease bearing, become sparsely leaved and die.  A well 250 f t .  
inland from the  rampart i s  r epu ted ly the  only f resh water well on the island. 
The bottom, some 9 f t .  below t h e  surface, was dry when seen because of sand 
f a l l e n  from the  sides.  

Inside the  rampart t he  middle sector i s  made up of Arno gravelly loamy 
sand with a fringe of sand along the lagoon. 

The la rge  southeast sector  contains several taro' p i t s  ly ing  back of a 
broad dune ridge area of Arno, loamy sand. The ta ro  i s  said t o  have been k i l l ed  

. . when the p i t s  were l a s t  flooded by salt water during the 1916 typhoon. Waves , . 
of t he  1905 tfihoon swept' over t h e  southern end of t he  is land and the  boundary 
of wave action,  a s  recalled by t h e  people, corresponds with t h a t  oof the  



Shioya soi ls .  The stony complex occupiesa large f rac t ion .of  the  sector and 
the remainder seems t o  correspond with the Arno gravelly loamy sand, This 
sector a l so  conta ins three  mangrove swamps; the eas te r ly  has a brackish pool 
i n  exposed 'beachrock'i~hich is  another of the loca l  marvelss 

I W & J I  ISLAND - Like ki-ens Island, Namwi was seen only in a wandering 
tour  with our hosts of the day. The is land consists of four divisions: (1) 
About three-fourths of the western half i s  older land and contains the phos- 
phate rock. (2) East of t h i s  i s  an extensive sal ine f l a t  which is now closed 
off  from the sea o r  nearly s o  by (3) a rampart and young gravelly land along 
the south and east ,  (b) The northern quarter o r  t h i r d  of the  is land a l so  has 
younger soi ls ,  chief ly  Shioya gravelly sand and loamy sand. 

The older land may once have extended fur ther  t o  the ?rest f o r  the W- 
ginal  rampart i s  very narrow and highly weatinered, The phosphate deposit was 
roughly estimated t o  be at  l e a s t  an acre in extent; a t  one point where the 
rock is  exposed along the coast  it shallowly overlies unaltered coral  con- 
glomerate. A s  noted, the dark phosphatic so i l ,  "Namwi gravelly loamy sand", 
adjacent t o  the phosphate deposit was r,ot distinguished from the  surrounding 
Arno gravelly loamy sands 

The in t e r io r  f l a t  is sa id  t o  be flooded 5 o r  6 inches deep by high 
water a t  the bimonthly spring tides. Only the lowest par t s  a r e  barren; the 
s l i g h t  rises have a sparse growth of d l  Scaevola, E.Iesserschmidia and'very 
yellow sprouting coconuts. Along tne  margin are  two small sa l ine  pools, the 
la rger  fringed t ~ i t h  Sonneratia and Bruguiera. 

Approximately i n  the  center of the northern division is a shallow f resh  
water well.. The young planted coconuts north of t h e  well  exhibi t  some yellow- 
ing but  no severe symptoms, 

TINAK ISLAND - The wide land coincides with a marked convexity of the 
reef, The coastal stony b e l t  is markedly higher than t h e  expanse of firno 
s o l l s  which extend from it almost t o  the  lagoon beach. A low b e  ridge now 
f ronts  the  lagoon and a cross-section from the rampart t o  the  lagoon would 
show a s l i gh t ly  undulating surface, suggesting a se r i e s  of old beach l i n e s  o r  
ridges. 

Two mangrove swamps occupy depressions. The only exis t ing wel l  is i n  
an unusual natural basin, perhaps 100 ft. across, and some 8 t o  9 ft .  below 
the  surrounding land surface. The %ellf1 is  a pool about 5 x 9 ft. and 3 ft. 
deep i n  reef rock o r  beach conglomerate. It i s  never dry and a t  high t i de  the 
fresh water r i s e s  nearly t o  the rock surface. Within the  depression and per- 
haps 2 f e e t  higher than t h e  rim of t h e  well  i s  a patch of shallow mucky s o i l  
t h a t  serves a s  a hog wallow; water seeps i n t o  t h i s  a t  high tide. Elsewhere 
on the is land trro former wells a re  now f i l led .  

The Shioya s o i l s  which f r inge  par t  of the lagoon coast  come t o  border 
the rampart a t  the narrow neck of  land where Tinak Island passes i n t o  ~ n k g e n  
Island. An included low area of Shioya sand in young palms tras floocted by 
high water i n  19h7. Further t o  the  northeast i s  a small inland f l a t  cut  off 
between land t h a t  survived the 1905 typhoon and a r e b u i l t  rampart, 



?or part  of i t s  lerigtii the  gooseneck peninsula extending t o  t he  socthwest 
shares' t he  s o i l  pat tern of the  -wide island. The lower two-thirds, however, &as 
been washed over and. . . t he  s o i l s  a r e  of younger age. 

IjL-EX1 ISLANE - This i s land  c o k . &  o f  a b e l t  of storiy $and d o n g  t h e  
seaward coast with lagoon sands, ch ie f ly  mapped a s  krno !.o+my sana, maicing up 

. .. 
most of t h e  remainder. The northwest t i p  of t he  island, which borders the  
channel separating the  next i s l e t ,  shows numerous narrow overlwping layers  of 
beachrock t h a t  mark successive minor advances and now a minor r e t r ea t .  Thus 
t h i s  edge has been r e l a t i ve ly  s table .  The southeast point of t h e  eas te r ly  bulge, 
however, i s  composed of younger 'soils  and people recognize t h a t  it i s  building 
out, and fur ther  south the  beach i s  sa id  t o  have eroded ab&t 12 f t .  i n  the  past  
30 years. The extreme southern t i p  i s  again composed of younger sand. 

The unique swampy areas' were seen ir i 'a  circuitous route and Lence are  not 
precisely  located. The area of coconct-pandanus pea's nas been described. 
Nearby, but apparently s e p r 2 t e d  from t h a t  swamp, is another containing's ,narrow 
pool, some 10 x 50 f t . ,  surrounded by peat about i6 inches deep and mucky'sands; 
t he  water i s  suf f ic ien t ly  f resh  t h a t  soap can be used. Yest of the  pool i s  a 
low area flooded a t  high t,ide; t h e  sandy s o i l  has a darkened surface crust  but no 
prof i le  development. Adjacent t o  t h i s  area  and extending towards t h e  higher 
rampart, is an irimaturb grafeXi$ s o i l  with  yellow" coconuts. The syndrome 
resembles t h a t  observed on Lfangar Island, although l e s s  severe, and suggests 
s o i l  s a l i n i ty .  Further north a small mangrove swamp occurs in adepres s ion  in 
the  rampart. 

Four of the f ive  wells of t he  is land are  located on the map. A l l  a re  i n  
sand near the  lagoon shore and a r e  sa id  to.  be never dry or  sa l ty .  Oddly, the  
one .. . closest  t o  the beach, l'jb f t . ,  apparently has the  lea.st t i d a l  f luctvation.  



SCUNTIFIG NA!!iES OF PLANTS RE3ERRED TO BY GEKUS. 
(According t o  l i s t s  kindly supplied by R. Fosberg and D. Anderson.) 

~ l o p h y l l u s  t i ro rens i s  
Artocarpus a l t i l i s  
Asplenium nidus 

Bruguiera con;jug&a 

Calophjllum inophylluin 
Canavalia microcarpa 

It  ser icea 
Centella a s i a i i ca  
Clerodendm inerrne 
Colocasia esculenta 
Cordia subcordata 
Cyrtosperma chamissonis 

Eleusine indica 

Fimbristylis cymosa 
Gue'ctarda speciosa 
I n t s i a  bijuga 
Ixora casei  

Lepturus reFens 
Lumnitzera l i t t o r e a  

Ochrosia opposi t i fol ia  
Osplismenus cornpositus 

Pandanus t,ectorius 
Pemphis acidula 
Pi2turus argenteus 
PisonLa grandis 
PoY~odium scolopendria 
Premna in t eg r i fo i i a  

Scaevola frutescens 
Someratia caseolaris 
Suriana n a r i ' c i ~ a  

Tacca leontopetaloides 
Terminalia samoensis 
Thuarea involuta 
Triumfetta procumbens 

Vigna marina 

Wedelia b i f lo ra  

Nesserschmidia (Tournefortia) 
argentea 

Morinda c i t r i f o l i a  



APPENDIX B 

ABRIDGED DESGRIFTIObJS OF PPIiClFILES SAWLED FOE GH~i1CA.L ANALYSES. (Table 11) 
(See also descriptions of numbered prof i les  i n  t ex t . )  . . 

Prof i le  #23 - Arno loamy sand. From area of poor coconuts, i n t e r i o r  of 
, , Arno Island: . 

0 - 6" Black (10 El 2/1) granular organic loamy sand o r  sandy loam, 
heavily flec!ied with limesand par t ic les .  

6 - 8" Rapid t r ans i t i on  from very dark grsy t o  l i g h t  gray limesands. 

8 - &8"+ Single grained loamy sand containing some coarser fo rms ,  
very pale brown (10 YX 8/3) becoming pinkish white (7.5 YI1 9/2) 
a t  depth. S o i l  moist a t  30-36" but no water encountered. 

P ro f i l e  #29 - Arno loamy sand. Nide portion of Jablu (Ine I s . ) .  

Surface Two-thirds covered with decomposing breadfruit  and Guettarda 
leaves. 

. . . .. .; ; ' , '  

0 - 6" Very dark gray (10 YR 3/ l ) ,  highly oi-g'anic,. somewhat p l a s t i c  . .' 

. . sandy loam o r  loamy saw containing some gravel and small 
stones. Earthworms present. 

8 - 12" Transitional. 

1 2  - 36"+: Single grained loamy coarse sand, pinkish white (7.5 9 /2 )  
becoming white (5  YR 9/1), containing some gravel and small 
stones. 

: 

Prof i le  #6 - Arno gravelly loamy sand. Ine Island, southeast of vi-llage. .. . . i 

0 - 1/4" Incomplete cover of pandanus and coconut l e a f l e t s ,  e tc .  

0 - 15" Very dark gray (10 YR 3/1 o r  2.5/1), coarsely granular, 
kighly organic gravel ly  loam becoming sandier near t h e  bottom. 
Earthworms abundant. Much of t he  large content of gravel is 
rot ten and can be crumbled. 

1 8  - 56°C Pinkish white (7.5 YE 8/2), single grained limebands containing 

, . 
some gravel. Sl ight  l oca i z . ed  cementation around coconut root 
a t .36"  but no cemektation. 

Prof i le  #4 - Noderately well drained associate of t h e  Arno se r i e s  developed 
over a buried profile.  Ine Island, southeast of vil lage.  

0 - 8-12" Very gravelly, dark gray (10. EL .4/1), somewhat p l a s t i c  organic 
l ~ a m  flecked with l i g h t  sand grains, Earthworry abundant. 

. . 
Gradually changing t o  



8-2.2 - 15-20" Heterogenous trzrisitiona!. zone consisting of mixed linesand 
o r  a pure f o r m  sand flecked with biack from deca.ying coconut 
roots  and with tongues of o rgmic  matter penetrating from above. 
Earthwoms s t i l l  abundant i n  %his  horizon. 

16-20 - 28" Nhite (5  YIZ 8/11 loamy sand. 

28 - 3511 Transitional. Tine loamy s a d  becoming gray-er and s l i g h t l y  
cemented. 

35 - 58"t G r ~ y  (10 YR 5/1) loamy sand heavily flecked with white sand grains. 
Many roots  occur i n  t h i s  horizon and large stones a r e  found near 
t i e  bottom of t he  profile.  Gro'mdwater l eve l  at 58" near t h e  
high t i d e  peak. 

Prof i le  #l& - Shioya sand. Area of poor coconuts i n  i n t e r io r  of L1angar 
Island,. 

0 - 10" Pinkish gray (7.5 Y 3  7/2) single grained Loamy sand. 

1 0  - 36"+ Pin!&sh white beachsand a p ~ e a r i n g  qui te  f resh  and unweathered. 

Prof i le  #27 - Shioya sand with surface deposit.  Narrow land revegetated 
a f t e r  t h e  1918 typhoon, Jabfu  (Ine Is. ). 

$411 - 0 Overburden of sand washed from dune ebove. White (10 YR 8/11) 
with some varicolored fragments, single-,grained, already well 
penetrated by small coconut roots. 

0 - 6" Light gray (7.5 YR 7/1) limesand mixed u i t h  some coarse gravel, 
densely penetrated by cocmut roots.  -No war* present. 
Becoming somewhat l i g h t e r  and coarser without the  gravel a t  
t he  bottom of t he  horizon. 

6 - 70"t Gradual t r ans i t i oa  from above t o  pinkish white (7.5 YR 9/2) 
limesand somewhat spotted with decaring coconut roots  i n  t h e  
surface six inches and loca l ly  below. Coconut roots  coii~on 
t o  a t  l e a s t  36". Groundwater l eve l  a t  42 inches a f t e r  heavy 
rains .  

Prof i le  #18 - Mangrove peat. Tinak Island: . . '  

0 - 8" Fibrous woody peat from Bruguiera. Dark reddish brown (5 I??. 2/2) 
crumbs mixed with a l a rge  mass of s m a l l  roo t le t s .  Fine c o r d  
fragments present. 

8 - 16" Similar but with fewer roots  and more c o r d  fragments. Ground- 
water a t  15". 

.. 
Profi le  #26 - Coconut-pandanus peat. U1-en1 Island. 

0 - 26" Very fibrous woody peat consist ing of dark organic c m b s  m i ~ e d  
with a mass of root fragments, many of them hollow. 'dater l e v e l  
at  8" below surface when sampled, 3-8" above the next morning 
a f t e r  heavy rains.  



EFFECTS OF MANGROVE MUCK iROM BIKUtEIJ ISLAND 

The following is  an account of the  reputed e f fec t  of t h e  muck on human 
skin a s  given by several  people on t h i s  island: 

A t  high water during tine spring t ides ,  schoo1.s of a desirablk f i s h ,  "BeleoT1,:. 
enter  t he  i n l e t  and can be prevented froroleaving a s  t he  water f d l s  b y ' a  stone. . . 

weir. On special occasions, foimerly designated by t h e  King, t h i s  area  is 
"fished." By custom t h e  e n t i r e  *age is required to go:as agroup: A t  low 
water t he  men wade about i n  t he  muck, churning it u n t i l  t he  mud llsoaks up" the  
surface layer  of water. Thereupon the f i s h  s t i c k  t h e i r  heads out of t he  ooze 
and a r e  caught o r  speared, t he  catch being very la rge ,  %ore t h a n a  thousand" . .  

by Marshallese ari thmetic.  
. . . . 

If a man remains i n  t h i s  mud for  a s  much a s  "three hoursv h i s  body below 
the point of immersion w i l l  swell greatly.  For four  days he w i l l  su f fe r '  head- 
ache, fever, l o s s  of appeti te,  etc.  On t h e  f i f t h  day these spptoms subside 
and the s m a l l  b l i s t e r s  on the skin, resembling those of heat rash, break.,"The 
old skin can be peeled off " l ike  a glove,It e q o s i n g  new epidermis beneath. An 
exposure of two hours has some ef fec t  so t he  general ru l e  has been t o  limit 
exposureto one hour. (A11 time in te rva ls  a s  givefi by Kieotak.) 

The d e t a i l s  of t h i s  malady and i t s  occurrence were c lear  and consistent in  
the accounts given by d i f fe ren t  people. A Japanese who v i s i t ed  the  is land t o  
investigate t h i s  phenomena gave no explanation and only suggested swabbing'with 
Lysol solution a f t e r  exposure. It i s  c l ea r  t h a t  prolonged exposure is required 
f o r  injury and t h a t  t h i s  i s  superf ic ia l .  The,cause can only be conjectured but 
there  a r e  two l i k e l y  agents: (1)  sulphites o r  sulphides i n  t he  a lkal ine 
s lur ry  and (2) (suggested by Dr .  Steven Klliman) tannins derived ftom t h e  ..... . 

mangroves. . ,  . . 

In  addition .to i t s  external:effec%s:,the mud i s  r e p t e d l y  t o x i c  i f  it-.. 
accidentally enters t he  mouth when one i s  tired.. A small mount (- "one . f inger  .. . 

joint") i s  suf f ic ien t  t o  cause dizzinesstand uncor.sciousness. Two ~ e r s o n s a r e  
said t o  have been l o s t  i n  t he  mud a f t e r  having been so overcome. Wading waist 
deep i n  t he  viscous s lur ry '  is a vel-y. fa t iguing task,however, and it i s  
possible t h a t  these l a t t e r  e f fec t s  might be due t o  over exertion. . . 

. . 



Since IQ-. Dnnald Aninlrson had col'lected tiie higher plants of the a t o l l  
j u s t  previous t o  the v i s i t  of our party, wnU- collection of these was largely 
f o r  orientation. Fe r t i l e  material  of -.-.-- %yopteris m i l o d u s  ..-,- and b1i.sinenus 

-P--.-yi. 

con?po,ci.tus and two aiXitional plants, 3 s  tu r t iua  sarr'entosun alxi -3leochar;s -...-.- --- dm,---w -r---- gen icda ta  believed not  collected by Andwson have been placsd mbh :? is  col- ---- 
lection; the remxinder of my p a r t i a l  collection ~rill ,go t o ' t h e  herbarium of 
-the Cotany Departmelit and the Eailey Hortorium a t  Cornell, 

. . 

. The few lichens +rere sent t o  D r .  Joyce 1%. Jones d' tiie University of 
Wchigan Herbarium who has iden t i f i ed  the3 as  f ollo$is : 

.. . 
101h .- Pamaria mariana (Fries) ?IkLl. Arg. 

1065 - Fnyscia p i c t a  (Sv , )  Nyl, 

1081 - no spores founcl 
. . . 

1119 - gray wider lo5es - Soccocarpia cronia vsr. i s id iosa  (ikLlAgr,). 
Vainio, grsenish gray. - P3yscia jxtegrata. var. sorediosa Taifiio'. 

l l 20  - Parrnelia corraLoirIea (Key. & FloL)  Vainio 

1145 - crustose - no spores few-d 

1150 - Pilyscia p i c t a  (Sx.) y e  
a, b and ca are  the s a m e .  

119 - found no f r v i t i n g  bodies . . 

. . 

115'2 - Coccocarpia cronia var, i s id iosa  (Pi%ll. Arg.) Vainio 

115'7 - Leptogium sp, - found no f ru i t i ng  bodies. 

A fev collections of t e r r e s t r i a l  algae were sant  t o  Dr.  R. E. Thompson, 
Department of Botany, University of ICansas. A nurnber of fungi rrere turned over 
t o  Dr. Clark Xogersen, Department of Botany and Plant ?atholcgywiio has sen5 
the  Basidiomycetes t o  3r. Don Rogers of N. Yo Botanical Garden, Tlie mosses 
and hepatics were ident i f ied  by Professor A. L, An6xerrs of Cornel?-. 



a e s  

Calpperes  thyridioides Broth. 

F%ycl~ocol.eus pycnocla&us (Tayl . ) Steph. 

Ectropothecium sandwichense (Hook. & Am.) Mitt. 

Leucophanes smaragdinium (Yutt . ) Par. 

TrFchostelem hamatum (Dozy & Pio1.k.) Jaeg. 

Ectropotl~ecium saudwichense (Kook. & Am.) Mitt. 

Meiothecium papillosum (Broth. ) Broth. 

Hepatics 

1040 F;lccardia fuscescens (Steph. ) ? 

~ 0 k l ( b )  Lejeunea sp., (Subgenus ~hei lo le jeunea)  

n 5 4 ( b )  Lopholejeunea subfusca ( ~ e e s )  Steph. 

1155(a) Drepanolejeunea Xddlecma Steph. 

1155(b) Lejeuriea sp. 

The above workers will r e t a in  material fo r  t h e i r  own herbaria and in  
accordance with the  National Academy of Science agreement duplicate 
collections will be sent t o  the  National Museum. Any additional = a t e r i d  
wi l l  go t o  the Bishop Museum. 




