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A report  on typhoon ef fec ts  upon J a l u i t  A t o l l  

I. INTRODUCTION 

David I. Blumenstock 

On January 7, 1958, a typhoon passed d i rec t ly  over J a l u i t  Atoll  i n  
the Marshall Islands (50511 N., 1.69~38' E . ) .  F i r s t  reports indicated that 
the effects  of the storm had been severe. The storm destroyed several  
vi l lages  and k i l l ed  fourteen Marshallese (two more died of exhaustion 
short ly  aftemiards). The storm a lso  radical ly  a l te red  the morphology of 
several  i s l e t s ,  destroyed many hundreds of t rees ,  and scoured out s o i l s  
o r  buried them beneath a rubble mantle. 

These reports of widespread damage and a l te ra t ions  were ver i f ied by 
my v i s i t  to the Atoll  ' o weeks a f t e r  the storm. Though my v i s i t  l as ted  
M a  few hours I was ab:e t o  view a l l  the i s l e t s  from the a i r  and t o  t a l k  
with W .  J. B. Maclrenzic, then resident agr icu l tur i s t  on J a l u i t  for  the 
Trust Terri tory of the Facific Islands. The storm ef fec ts  had been 
unusually severe. Thus a unique opportunity existed t o  study in  the f i e l d  
the kinds of e f fec ts  produced upon an a t o l l  t h a t  had been subjected t o  a 
d i r ec t  h i t  from an intense typhoon. 

Accordingly, the Pacific Science Board of the National Academy of 
Sciences--National Research Council, jo int ly  with the Office of Naval. 
Research and the Trust Terri tory of the Pacific Islands, sponsored the 
formation of a party of seven sc i en t i s t s  t o  conduct a br ie f ,  but intensive, 
f i e l d  study of J a l u i t .  The U. S. Navy provided air transportation t o  
Kwajalein and f a c i l i t i e s  there, a s  well as  a i r l i f t  to Ja lu i t .  In addition 
t o  myself, the f i e l d  party included D r .  A. H. Banner, d i rec tor  of the 
Marine Biological Laboratory, University of Hawaii; D r .  F. R. Fosberg, 
Pacific Vegetation Project, U. S. Geological Survey; D r .  J. Linsley 
Gressit t ,  chairman, Entomology Department, Bishop Museum; D r .  Edtrin D. 
McKee, geologist, U. 3. Geological Survey; D r .  Herold J. Wiens, professor 
Of geography, Yale University; and Mr. J. B. Mackenzie, of the Trust 
Territory. This group studied conditions on several  i s l e t s  of J a l u i t  
during the period April 24 t o  May 2, 1958. 

The mmbers of the s m e y  group are  indebted not only t o  the 
organizations l i s t e d  above but tot& U. S. ivaval A i r  Station, Kmjalein 
for  providing log i s t i c  support and transportation t o  and from Ja lu i t ,  
and t o  the s ta f f  of the Di s t r i c t  Administration, Marshall Islands Distr ic t ,  
Trust Terri tory of t'ne Pacific Islands, especially Di s t r i c t  Administrator 
Maynard Neas and Mi:iton Sideris, agr icu l tur i s t ,  f o r  l oca l  arrangements, 
transportation, and help i n  the f i e ld .  The s t a f f  of the Bernice P. Bishop 
Museum, Honolulu, was e q e c i a l l y  helpful i n  organizing the expedition t o  
J a l u i t  and in  preparing tvo par t s  of t h i s  report .  D r .  Yoshio Icondo of the 
Bishop Museum kindly ident i f ied the Mollusca collected by D r .  Gressit t ;  
and Mr. E. H. Bryan, Jr., of the Museum contributed most of the information 
presented i n  Table I of the Introduction. 

Dote : - - Ja lu i t  was rev is i ted  by a second party, under the same sponsorship, 
Oct. 20-23, 1960, t o  study recove from the typhoon damage, and a report  
of this restudy is anticipated--Ed. 



The findings of the f i e l d  par ty  a r e  presented here, i n  the ser ies  of papers 
t h a t  comprise the principal sections of "cis report .  Each paper was pre- 
pared by a single member of the f i e l d  party, but views and information 
were exchanged f ree ly  among the par ty  members and each benefited through 
discussions with the others. 

As the edi tor  of t h i s  en t i r e  report ,  I have taken the l i b e r t y  of 
standardizing the usage of place names and of terminology. I have a l so  
inserted footnotes t o  refer  the reader t o  relevant information i n  whatever 
paper it appears and t o  point up differences i n  interpretation among 
various members of the party. Footnotes for  which I am responsible a re  
followed by my i n i t i a l s  (3. I .B. ) . Otherwise, except f o r  occasional minor 
changes t h a t  it seemed t o  me would c l a r i f y  the presentation, I have made 
no changes i n  the tex ts  of the individual authors. 

The reader may wish t o  r e fe r  t o  two papers already published on the 
Ja lu i t  f i e l d  study. One i s  my very general paper (Blumenstock 1958). 
This paper presents very b r i e f ly  a few of the pr incipal  findings of the 
members of the f i e l d  party. It is f a r  Less detai led than are  the  papers 
presented here and it adds nothing t o  them. It may, however, serve a s  a 
general introduction t o  these papers. The other i s  a paper by Edprin D. 
McICee (1959), which supplements and elaborates upon some of the r e su l t s  
t h a t  he presents here. Those especially interested in  the geologic 
epfects of the storm should consult t h i s  paper. 

Gross Geographic Features of J a l u i t  Atoll. J a l u i t  i s  a large a t o l l  
i n  the southern Marshall Islands. Its gross form i s  evident from the map 
of the a t o l l ,  Fig. 1. The features of chief i n t e re s t  are  the large lagoon 
(approximately 15 X 30 miles), the  presence of i s l e t s  on all sides  of the 
lagoon, the existence of three major passes ( ~outhves t ,  Southeast, North- 
eas t ) ,  and the presence of long, narrow i s l e t s  on the eastern reef .  
Compared with other a to l l s ,  J a l u i t  is classed a s  having a deep lagoon. 
Most of the lagoon away from the reef i s  at  l e a s t  15 fathoms deep and 
much of it is 20 fathoms or more. The greatest  sounded depth within the 
lagoon i s  29 fathoms:* There a re  a few scattered patches forming barely 
submerged o r  barely emergent reefs .  Most o r  these a re  i n  the southern 
half  of the lagoon. The maximum elevation is l e s s  than 20 f e e t  above 
mean high t i de  and probably does not  exceed 15 f ee t .  Further, most of 
the i s l e t s  l i e  be lo~r  12 f e e t  above mean high tide.** Many of these 
general features a re  evident from Fig. 1. 

+ U. S. Navy Hydrographic Office, Chart 6007, 1st Ed. May, 1944, 
revised 8/17/59. Soundings are  available chiefly i n  the Pass areas 
and i n  the SE par t  of the Lagoon. It i s  l i ke ly  t h a t  there are some 
depths i n  excess of 29 fathoms i n  the unsounded areas. 

** Elevation estimates are  based on the U. S. Map Service se r i e s  
(1:25,000), \rhich do not, however, carry contours below 20 feet ;  and 
upon my general impression from having been on several  of the islets 
and having viewed aJ.1 of them from the a i r .  Possibly the highest 
elevations above mean high t i de  a re  12-15 f e e t  on the northern side 
of Majurirek and the north t o  northwest side of Pinlep. 



J a l u i t  is a rainy atoll., and had dense lush vegetation and x e l l  
developed s o i l s  i n  many areas. The annual r a i n f a l l  averages between 
170 and 190 inches. The r a in i e s t  period i s  from May through November, 
when r a i n f a l l  of 18 o r  more inches i n  a single month is  common. During 
t h i s  period shovers are  frequent and the trinds are  often l i g h t  and 
variable.  The d r i e r  season extends ~Yom December through April. I n  the 
center of t h i s  period, from January through March, the tradewinds are  
especial ly  strong and constant. Concurrently, monthly r a i n f a l l  t o t a l s  
a re  often below 8 inches. 

In  a standard she l te r  at a 5 t o  54 foot  height, tfle temperature 
range at J a l u i t  is estimated as  being from an absolute m i n i m  of 68 
o r  6g°F t o  an absolute max imum of 93 or 9hOp. More commonly, the daily 
range is from the middle seventies t o  the high eighties.  Teqeratures  
tend t o  run 3 t o  50 l e s s  during the dry tradewind season than during 
the rainy season. In the tradetrind season maxirnum dai ly  temperatures 
may be as low a s  82 o r  83017 and minimum temperatures, typical ly  during 
nocturnal showers, may be as low as 70°F or even s l i & t l y  lover. 

Though moderate t rop ica l  storms pass near J a l u i t  every f ev  years, 
the close passage of full-fledged typhoons is  a ra re  event. Follocring 
the technical definit ion of a typhoon (or  hurricane), which requires 
t h a t  it contain vir11.s with sustained speeds of over 73 m.p.h. (63.4 knots), 
the  passage of a typhoon center within a distance of 50 miles of any past  
of J a l u i t  Atol l  probabl:~ does not occur more often than once i n  20 years 
on the average. Furthe:, these a re  typical ly  small intense storms, vrith 
trinds of typhoon speed extending outward no more than 25 o r  30 miles from 
the center. The passage of a t~yphoon d i rec t ly  over J a l u i t  o r  within a 
very few miles of it i s  correspondingly an even more r a re  event. Such a 
very close passage probably occurs not more often than an average of once 
i n  50 years. 

The typhoon that h i t  J a lu i t  on January 7, 1358, was named OPUELIA. 
Prior thereto, i n  IJovember 1957, two storms passed suf f ic ien t ly  close t o  
J a l u i t  t o  produce some minor damage, chief ly  on Jabor. These were the 
storms that l a t e r  grew t o  typhoon in tens i ty  and became typhoons LOLA and 
MAIvlIE (Fleet  Weatlner Central 1957). Taus the 195'7-58 season appears t o  
have been one t h a t  favored a high frequency of intense storms i n  the 
Marshall Islands, a f ac t  associated w i t h  a major dislocation i n  the usual 
atmospheric circulation system throughout the en t i re  t rop ica l  North 
Pacific (Blumenstoclf 1957). Prior t o  OPIiJ3L.M the l a s t  storm of typhoon 
in tens i ty  t o  pass very close t o  Ja lu i t  was t h a t  of 1905 (Jeschlte 1905-06). 
The older Marshallese on Ja lu i t  r e c a l l  t h i s  storm and s t a t e  t h a t  i t s  
e f f ec t s  were much l i k e  those of opm~~f l  

General Histor , Typhoon OPHELIA. 0PWEL.M rras first detected a s  a 
disturbance near P&ra  (50 23' N., 1620 5 '  W. ), where it produced winds 
of 30 m.p.h. and heavy r a in fa l l .  1t approached J d l u i t  from-a general 
eas te r ly  direction, evidently moved d i rec t ly  across Ja lu i t ,  and then 
moved WFIJ through the Marshall and Caroline Islands and in to  the Philippine 
Sea, where it died out ( ~ l e e t  ;leather Central 1958). Among the other 
islands seriously affected by 0PHEL.M were Ponape, Trulr, and the I i a l l  
Islands, a l l  i n  the Carolines. 



The typhoon in tens i ty  of OPHELIA was not lu101m u n t i l  it struck J a l u i t  
and the vord 17as relayed t o  Majuro by radio. Thus the storm appears t o  
have deepened ( intensif ied)  rapidly between P-a and J a l u i t .  

Orthography. The names of the i s l e t s  of JdLuit are  spelled i n  m y  
different  ways. The spell ings used i n  t h i s  report  are  shown i n  Table I, 
-together with other spell ings commonly used. Attention i s  called especial-  
l y  t o  the point t h a t  Jabor - is used for  the northern end of J a l u i t  Islet, 
as  shotrn i n  Pigme 1. 

Organization of t h i s  report. The organization of t h i s  report  is given 
i n  the Table of Contents. Attention is especially invited t o  the t ~ r o  
Appendices, and t o  the Glossary, which def2nes ceEtain terms used here 
about which there may be some difference of opinion. No concluding su~DlEuy 
section is presented because it is f e l t  t h a t  such can best  be prepared 
a f t e r  a re-survey of the Atol l  t o  determine what the long-lasting e f f ec t s  
of the typhoon have been. 

TABLE I. 

Place name spell ings fo r  soroe of the i s l e t s  of JaluiC 

Spellings 
used here1 

Ae 
Ene j e t  
Imroj 
~ a b o r 2  
Ja lu i t2  
ICinaj on 
~ i j e r o n 3  
Majurirek 
Me jae 
Me j a t t o  
Pinlep 
Ribon 

Spellings on Transli terated 
H. 0. charts Japanese spell ings 

A i  
Enybor 
Imodj  
Jabor 
J a l u i t  
Kinadyeng 
Li jeron 
Elizabeth 
Medyai 
Medyado 
Pinglap 
Ribon 

A i  
Eniboru 
Imuroji 
Jabom 
Yaruto 
Kinazen 
R i  j ieron 
Me j i rur iku 
Me j a i  
Me j addo 
Pingurupu 

'~xcept where otherwise noted these follow the Marshallese 
and are  based on the manuscript l i s t  compiled by E. H. Bryan, Jr. 

2 ~ s e d  instead of Bryan's spell ings because frequent, 
current usage makes it desirable t o  deviate here. 

%%is i s  N I i ,  according t o  Bryan's list; bv.t according to 
J. B. Mackenzie and t o  loca l  Marshallese informants, Naen - is 
the adjacent i s l e t  and Lijeron i s  the correct name. 
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11. WXD, WAm, ANE STORM COllDITIONS AT JALUIT 

David I. Blumnstoclr 

The central  physical events t h a t  l ed  to the remarkable geomorphic, 
vegetative, and other changes on the i s l e t s  and submerged reefs  of Ja lu i t  
Atoll  were the extreme wind and wave conditions that accompanied the storm. 
For t h i s  reason as  \?el l  a s  from the viewpoint of in t r ins i c  in t e res t  it i s  
pertinent to  reconstruct as accurately as possible the  sequence of trind and 
wave conditions on January 7-8. In  so doing, it i s  necessasy t o  evolve a 
reconstruction that yields a coherent physical description of the storm 
i t s e l f :  of i t s  shape, size, intensity,  and movement. 

There a re  four major l ines  of evidence a s  t o  wind and wave conditions 
during the storm. These are the general (basic) t ide  conditions as given 
by standard t ide  tables,  the accounts of natives, the vegetative evidence 
(especially direction of t r e e  f a l l ) ,  and the geomorphic evidence. There 
are other, lesser ,  l i n e s  of evidence, as, fo r  example, the destruction of 
a s t e e l  tower and the movement of a large storage tank. Each of these 
l ines  of evidence r r 3 . l  be considered i n  turn, with a factual  presentation 
of the observations together with my olm comments as t o  the i r  significance 
and accuracy. Thereafter I r.riL1 present a summary of what I consider t o  be 
the significant,  concorZznt evidence, at  the same time making clear vhy 
certain evidence has been discarded o r  adjusted. Finally, I w i l l  estimate 
what the succession of rrave and wind events vere a s  related t o  the nature 
and movement of the storm tha t  was the generating agent. 

Basic t i de  conditions 

Figure 2 shovs the mean tidal height at  J a l u i t  Atoll  from 0500 
to  2400, 180th meridian time, January 7, 1958,:k The s ignif icant  feature 
of t h i s  curve i s  the range of 6 feet ,  which is  a very large range compared 
with the average, for  t h i s  was a spring t i d e  day. The upper portion of 
Fig. 2, which refers  t o  vave conditions upon different  i s l e t s ,  i s  dis-  
cussed below. 

* Time and height of the tvo pa i rs  of high and low t ide  points a re  
taken from U. S. Coast and Geodetic Survey 1957. Intermediate (hourly) 
values have been obtained through applying the short  form fo r  interpola- 
t i on  given i n  this reference. 



Accounts of natives 

Accounts of the sequence of events during the storm were given t o  me 
by the Head Chief of Majurirek Village, by Mr .  Katje, a Marshallese employee 
of the Trust Teqi tory ,  and by M r .  Morris, the Head Chief of Imroj Village 
and the Head of the Chiefs' Council fo r  the Atoll  of J a l u i t .  The account 
by the chief of Majurirek Village, was given through an interpreter .  In  
contrast, Katje and Morris gave t h e i r  accounts i n  qui te  good English, 
though t17o o r  three times Morris switched t o  Marshallese, vhich was then 
t ranslated by Katje. In  each instance the infomant was asked t o  describe 
i n  h i s  own words what took place and i n  what order, especial ly  with 
reference t o  wind, mve, ra in ,  and f a l l i n g  t rees .  Only a f t e r  he had 
completed h i s  narrative was the speaker questioned regarding specif ic  
points.  The accounts of each of these three are given below, with a 
d is t inc t ion  being made betwen information t h a t  was volunteered and t h a t  
which was given i n  ansver t o  questions, since there might be a tendency 
for  any one of them t o  ansver a question i n  such a manner as t o  attempt t o  
please the person asking it. A l l  the accounts have t o  do with conditions 
on January 7th o r  i n  the ear ly  morning on the 8th.  The accounts axe from 
my abbreviated notes and are  not intended .to give the exact words o r  an 
exact t ranslat ion of the words of the  speaker. A l l  times a re  loca l  
(approximately 180th meridian). 

Account of Head Chief of Majurirek I s l e t ,  
v i th  reference t o  conditions on Majurirek 

Infomation volunteered: Around 8 i n  the morning the wind was from 
the north, not too strong. About 10 o'clock the wind s t a r t ed  to blow 
"full",  s t i l l  from the north. Around 2 o'clock in  the a f t e m o n  the wind 
went t o  northwest and a t  the same time there ? a s  a l i t t l e  wave t h a t  came 
i n  from the eas t  and onto the i s l e t  (on the lagoon s ide) .  By l a t e  a f t e r -  
noon, around 4 o'clock, there were b ig  waves from the east ,  and these vent 
up the shore quite a vay. Then f o r  about four hours the wind was very f u l l  
and it went from northwest t o  ves t  t o  southwest and then to south. After 
t h i s  (about 10 p.m.) the wind died  do)^. 

Question: How far uip the shore did the big wave come (from the lagoon 
i n  ea r ly  afternoon)? Answer: About 10 t o  15 f e e t  up the shore. 
Question: \&en did the t rees  s t a r t  f a l l i n g  dorm? Answer: From the t i m e  
when the wind was f u l l  from the north through the time it was very full  
from the northvest and vest .  Question: \,!ere there waves from the ocean? 
Ansver: Yes, but only small ones. Question: Did it rain? Answer: Yes, -- 
there  were heavy rains  from around the middle afternoon u n t i l  past  mid- 
night.  

Account by MI. Iiatje 
with reference t o  conditions on bJorth end of J a l u i t  I s l e t  ( ~ a b o r )  

Information volunteered: A t  about 9 o'clock the first b ig  wave came 
from the east ,  and it 'went over the  southern par t  of Jabor ( the narrow 
pa r t ) .  The wind then was from the north. The second b ig  mve came across 
from the e a s t  around noon. S t i l l  the  ?rind was from the north. About 3 p.m. 
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TABLE 11. 

SUMMARY OF EVIDENCE BY INFORMANTS 

Approximate 

2400 

January 8.  

*ltlOth meridian time 

/-Light t o  moderate wind. FVery s t rong  o r  full wind. 
k 

Stronges t  wind 

NOTE: Arrows f l y  wi th  the  wind. North considered t o  be a t  top of page. 
E.g. ) =S. wind 

--- Small waves. /V Large waves. +- Arrows above wave symbols show 
d i r e c t i o n  from which the  wave came. - Light r a i n .  Heavy r a i n .  +Trees f a l l i n g  or  being snapped. 

@ c alm o r  very l i g h t  wind. 

. . 
Morning --, 



b ig  waves cxae bo%h from. the  e a s t  (ocean) and the west (lagoon) and they 
came together and made a big jumble of water. The trind was s t i l l  from 
the north. Then a f t e r  a while it vas all. finished. 

Question: i,3en were the winds the strongest? Ansver: From noon on. 
Question: Nhat bppened t o  the wind direction from middle afternoon on, 
did it change? Aaswer: -- In l a t e r  afternoon it went from north t o  north- 
west, then t o  west. A t  nighttime it was southvest. By the next morning 
it was east. Question: D i d  the wind stop blotring at a l l ?  Answer: Yes, 
it stopped for% l i t t l e  while jus t  before nighttime. 

- 

Account by M r .  Morris 
v i t h  reference t o  conditions on Imroj 

Information volunteered: Rain began around -( i n  the morning. Wind 
began around 9 in  the morning. Fu l l  vin& s t a r t ed  blowing around noon. 
  here were some waves from tge e a s t  around 3 p.m. The first r ea l ly  b ig  
rrave cme around 7 p.m. The second big one about 20 minutes l a t e r .  
There were s i x  big -~aves  a l l  together, all. from the ocean. After the 
waves there was one more very strong wind a t  abou3; 8 p.m. About 9 o'clock 
the wind died dotm. 

Question: The b ig  ;laves -- the  s i x  big waves -- from the ocean, about 
how much t ine  was there between them? Answer: Always about 20 minutes 
between them. Question: The wind t h a t  began in  the morning and then 
became full about noon, what direct ion was it from? Ansver: North. 
Question: The l a s t  b ig  strong wind, around 8 t o  9 o ' c l o c k a t  night, 
what a i rect ion tras it from? Answer: >Torth. Question: What happened 
t o  the wind a f t e r  it die& dotm-swer: There was no wind from about -- 
9 t o  9:30, then the wind s t a r t ed  from the south and it blew from the south 
u n t i l  very l a t e .  Question: About how l a t e  would you say? Answer: A t  
l e a s t  11 o'clock; but by morning the  wind rws from the eas t .  Question: -- 
Were there any waves from the lagoon? Answer: Just  small waves. -- 
Question: then, would you say? Answer: After nighttime, a f t e r  the big 
ocean waves. Question: Was tnere any r a in  during the storm? Answer: -- 
Yes, light r a in  a l l  the time. Question: Could t h i s  have been ocean Spray? --- 
Answer: Yes, o r  ocean spray. Question: Did anyone think a storm 17as 
coming before the waves came? Answer: Yes, the old men thought so. 
Question: I know you were on Imroj, not Mejatto, but could you t e l l  
whether water came across Mejatto? Answer: The water did not come - 
across Mejatto. 

In Table 11, I have sunutwxized the information provided by the three 
accounts given above. I have su~~marized it as  given, even though I am 
atrare tha t  it i s  not necessarily t o  be taken l i t e r a l l y .  For example, the 
time references can scarcely be accurate even within a half  hour, fo r  
these men were busy saving themselves and the i r , f ami l i e s  and even those 
that ~,rorewtches cer ta in ly  did not bother t o  look a t  them a t  l e a s t  rihile 
the storm was at i t s  worst. Note, also, for  e x a p l e ,  the inconsistency i n  
Morris' account: He says there xiere s i x  %raves at  20-minute intervals,  a l l  
between 7 and 8 p.m. I i r i l l  r e fe r  t o  Table I1 l a t e r  on and w i l l  then 
attempt t o  jus t i fy  corrccting it t o  accord with other evidence. 



Vegetational evidence .. 
Some evidence a s  t o  the direct ion of f i r s t  very strong winds is given -- 

by tke direct icn cf dcminant t r e e f a l l  and breakage on the different  i s l e t s .  
This information i s  summarized i n  schematic map form i n  Fig. 3. In t h i s  
f igure two directions are  shown where t r e e f a l l  and breakage was commonly 
observed throughout a direction range of 30-60'. with the exception of 
two of the i s l e t s  fo r  \rhich arrows are  shown, there was good concordance 
of dominant direction of f a l l  (within the range of the wind arrows). The 
exceptions were northernmost J a lu i t  (Jabor) where Fosberg observed t r ee -  
f a l l  from a l l  directions, even though f a l l s  from the e a s t  t o  northeast 
seemed most common (wind E t o  NE). Similarly, on Kinajon Fosberg reported 
a wide variety of directions, though again with some dominance (north t o  
northwest winds). Fosberg and iliens are  agreed on the overwhelming 
dominance of north t o  south f a l l  (north wind) on Lijeron and they and I 
are  a l l  agreed on the dominance of west t o  e a s t  f a l l  (west wind) i n  
cent ra l  J a l u i t  I s l e t  (beginning about 300 yards south of the southernmost 
Japanese block house a t  the southern edge of ~ a b o r ) .  A s  f o r  the dominant 
direction on north central  Mejatto (about 1000 yards from the northern 
t i p ) ,  I made a methodical count of t rees  snapped off  and, judging from 
the scars, found t h a t  45 had snapped towards the southvest (NE wind), 
2 toward the south ( N  wind), 2 tovard the eas t  (W wind), and one toward 
the northwest (SE wind). 

From the uprooting and snapping off of trees,  what conclusions can be 
reached regarding windspeeds? Prom discussions with Fosberg and judging 
from my o3m observations on Guam a f t e r  t h a t  island was sideswiped by 
typhoon LOLA*, I believe the following estimates are  warranted: 

(1 )  On Mejatto, where palms and many other kinds of t rees  were 
snapped off,  sustained windspeeds cer ta in ly  exceeded 125 knots (from ilZ 
among other possible directions);  

* LOLA passed south of Guam i n  November, 1957. Two o r  three weeks l a t e r  
I stopped on Guam and spent seven days in  the f i e l d  studying what the e f fec ts  
of the storm had been upon the land and upon the vegetation. Recorded 
windspeeds on Guam reached a maximum of 83 knots sustained speed and 103 
knots for  the peak gust, both on top of Kt. Alutom. Speeds i n  l e s s  
exposed locations, as along the southern and eastern coasts, were around 
50 t o  70 knots sustained (over 60 a t  the Naval A i r  Station).  It i s  
reasonable t o  suppose tha t  very local ly ,  because of funneling e f fec ts  and 
the l ike ,  speeds elsewhere reached 70 t o  80 knots, sustained. ?here 
breadfrui t  o r  pandanus stood i n  exposed locations, they were often down 
o r  snapped off a few f e e t  below the crorm Yet I saw no palms e i the r  
snapped off  o r  down except i n  the coastal  region from Inarajan t o  Merizo 
-- a region t h a t  had been inundated. Casuarina, l i k e  the palms, a l so  -- 
stood well  against the wind. Thus on the open beaches on the e a s t  coast 
of Guam, a few miles south of Ylig Bay, there were open stands of 
Casuarina, t h a t  had been w e l l  exposed t o  the winds, and aaong these many 
hundred t rees  I found only one t h a t  was do~,m, and it sfood e a s t  (ocean- 
ward) of the strand l i ne  where washing out of roots must have occurred 
jus t  as  it was observed t o  have occurred among neighboring t r ees  t h a t  
were s t i l l  standing. 



Figure 3 

Dominant Direc t ions  of Tree F a l l  o r  Snapping 

Direc t ions  a r e  shown by wind arrows wi th  re ference  t o  winds t h a t  would produce 

observed f a l l  (assuming t r e e s  f a l l  toward downwind d i r e c t i o n ) .  Wind arrows 

f l y  with t h e  wind. Direc t ions  shown t o  e i g h t  poin ts  only.  Where two 

arrows a r e  shown dominant f a l l  was from two d i r e c t i o n s  as  shown. 

Jalu i t  

c e n t r a l  

( J a b o r )  

J a l u i t  



Figure 4 

Minimum Speeds of First Strong Winds and Dominant Directions 

Of Water Movement Across 

Islets 

(Deduced from vegetative and geomorphic evidence. Wind directions are to 

8 points; windspeeds, in knots. Wind arrows fly with wind. Wavy arrows 

show direction of dominant water movement, with longer arrows representing 

major inundations and shorter arrows representing lesser inundations.) 



(2 )  On Imroj and Kinajon the maximum windspeeds were perhaps s l i gh t -  
l y  l e s s  (cer ta inly,  however, i n  excess of 100 knots). Here, as  on the 
i s l e t s  of Majurirek, Pinlep, and Lijeron, allowance must be made for  the 
extent of t r e e  stands -- the massing of t rees  on re la t ive ly  wide i s l e t s .  
The same massing occurred a t  the northern and southern t i p s  of Mejatto, 
where re la t ive ly  few t rees  were snapped off o r  blown down compared t o  the 
9% o r  more t h a t  were snapped or down throughout the cent ra l  2-24 miles 
of Me ja t to .  

(3)  The vegetative evidence shows t h a t  vindspeeds on J a l u i t  I s l e t  
were also i n  excess of 100 knots (snapping from west t o  e a s t  south of 
Jabor, direction confused but  generally e a s t  t o  west i n  northern ~ a b o r ) .  
However, a s  Fosberg noted, beyond South Point there were f a r  fewer t r ees  
snapped o r  uprooted than t o  the north of South Point. 

( 4 )  The evidence on Majurirek and Pinlep show3 maximum sustained 
winds (from between north and west at time of f a l l  o r  snapping) of a t  
l e a s t  80 knots asld probably at  l e a s t  100. 

( 5 )  On Lijeron the maximum sustained winds were from the north at 
speeds comparable t o  those on Majurirek and Pinlep. 

In  general, no estimate of windspeed is warranted where t rees  were 
blown over during iaundation. The above estimates a re  made on the bas i s  
of t r ees  observed t o  be blown do~m where no inundation occurred o r  on the 
basis  of t rees  snapped -3ff. 

Vegetational evide.ice a l so  provides clues a s  t o  the dominant direct ion 
of water movement across various i s l e t s .  On the lagoon side of Nejatto at 
several  different  points, some p a h s  and other t r ees  had been washed west- 
ward ( o r  southwestward) and a t  the time of the survey were standing i n  
water several  fathoms deep. Clearly marked strand l i n e s  indicated inunda- 
t ion  from e a s t  t o  west (o r  northeast t o  southwest) across the ocean beaches 
and almost t o  the center of Imroj. These same inundation directions held 
on Majurirelr and Pinlep, but with the strand l i nes  a t  lower levels ,  4-7 
f ee t  above mean high t i d e  ( the spring t i de  would account for  about 1 foot  
of t h i s  amount). On the other hand, strand l i n e s  indicated much lesser  
inundations from the  ocean eastward (southeastward) onto Majurirek and 
Pinlep. 

Finally, there was another curious l i n e  of evidence t h a t  is not 
conclusive but i s  suggestive. On cent ra l  Mejatto, as Fosberg pointed out, 
the palm roots exposed by the erosion accompanying the inundation were, 
with two exceptions, combed i n  an eas t  t o  west direction. This would 
appear t o  indicate t h a t  the water drained from eas t  t o  west off t h i s  par t  
of the i s l e t .  In contrast, i n  the gentle topographic trough jus t  back 
(west) of the steep ocean beach on Mejatto, there were ttro roots ( the only 
ones v is ib le )  t h a t  were combed south-to-north. This same trough contained 
large quantit ies of vegetable strand material, ye t  there was no source fo r  
such material on the beach t o  eastward. TWO roots and some strand debris 
are  not much evidence on which t o  hang an hypothesis, but I am inclined 
t o  guess tha t  while the main body of water drained from e a s t  t o  west, some 
remained i n  the topographic trough and tha t  thereaf ter  t h i s  water was 
blown northward by a strong south wind, thus accounting fo r  the perverse 



combing of the roots.  As for  the strand material, it may \re11 have been 
brought i n  from the ocean during periods of strong tradewinds a f t e r  - the 
storm, having b e e n k i v e d  i n i t i a l l y  during tne storm not from Mejatto a t  
a l l  but from i s l e t s  t o  the southeast -- t o  the eas t  and south of North- 
e a s t  Pass. 

My interpretations of the vegetational evidence, discussed above, are  
summarized in  schematic map form i n  Fig. 4" 

Geomorphic evidence 

On the several  i s l e t s  t h a t  were v i s i t ed  by the members of the f i e l d  
party, there i s  ample and usually qui te  consistent geomorphic evidence a s  
t o  the direction of movement of water onto o r  across the land. To 'rhat 
extent the water came upon o r  across the land simply a s  huge, wind-driven 
waves and t o  extent as  a t rue  surge -- a term tha t  requires a l oca l  
r i s e  i n  sea l eve l  due t o  the f r i c t i o n  of l ~ i n d  upon the water -- is mother 
matter, and one on trhich the geomorphic evidence i s  not conclusive. 
Almost cer ta inly both these factors  were involved, a t  l e a s t  on such 
eastern i s l e t s  a s  J a l u i t  and Mejatto, ~rhich were under water t o  depths of 
a t  l e a s t  one or two feet ,  as the following discussion makes clear .  

The geomorphic evidence consists of depositional and erosional forms 
of the following kinds: 

Depositional 

Subaerial a t  l e a s t  a t  low t i d e  

1. Bars and ridges, emergent a t  l e a s t  at low t ide  

a .  Upon reef f l a t ,  but separated from the land a t  
mid-tide. 

b. Upon the reef  f l a t ,  but t i e d  t o  the land a t  
mid-tide. 

c.  New or augmented beach ridges upon the i s l e t s  
above high t i de .  

2. Patches o r  sheets of rubble 

a .  Upon the reef flat, below water a t  mid- t o  
high t ide .  

b. Upon i s l e t s  and eaergent at high t ide.  

3. Irregular debris mounds upon i s l e t s ,  above high t i de .  

4. Pronounced strand l i n e s  upon i s l e t s ,  above high t i de .  



Submarine 

1. Sedimnts, chief ly  fine,  deposited on f loor  of lagoon 
t o  west of severaL of the eastern i s l e t s .  

2. Submerged portions of bar and ridge forms in  lagoon 
t o  west of northern J a l u i t  I s l e t .  

Subaerial at  l e a s t  at low t i d e  -.-- 

1. Scour channels cu t  across i s l e t s  (or  f o r  distances of 
many tens of yards across much of i s l e t )  

2. Scour p i t s  and plunge holes, upon islets, roughly round 
t o  oval and without such channel features a s  marked 
elongation with undercutting fo r  distances of at l e a s t  
tens of yards along s ides  t o  f o m  d i s t i n c t  l a t e r a l  
boundaries 

3. Breaks i n  older boulder ridges or i n  ridged beach rock 

4. Beach scarp, cut  i n  unconsolidated materials 

5. midence of removal of f ines  i n  irregularly-shaped 
areas upon i s l e t s  

Submarine -- 
No evidence was seen d i rec t ly  of marked erosion below 

low watel. height, although at l e a s t  one scour channel on 
Mejatto extended a s  a submarine feature f o r  a distance of a 
few tens of yards i n t o  the lagoon. Presumably there  was 
erosion of the reef f ront  on the ocean side of the eastern 
i s l e t s ,  v i t h  rock fragments being torn from the reef o r  
plucked Tram crevices on the reef f ront  where they may have 
lodged a f t e r  breaking off  some time pr ior  t o  the storm. 
However, the reef f ron t  on the ocean side was not examined. 

These geomorphic features a re  described in  f'uture chapters. Here a l l  
t h a t  w i l l  be done i s  t o  mnt ion  these features, i s l e t  by i s l e t ,  as ,they 
const i tute  evidence of water movement. 

MEJATTO: Evidence: Gravel sheets thicBest and most extensive on 
eas.tern(ocean) s ide of i s l e t ,  thinning out and usually disappear- 
ing on western (lagoon) side; po t  holes and scour p i t s  excavated 
e a s t  t o  west as evidenced, for  example, by t h e i r  lying t o  the 
west of such obstructions a s  massive t r e e  roots; f ine  sediments 
deposited chiefly along western side of islet and onto adjacent 
reef - f la t  and submarine slopes on lagoon side; most prominent 
scour channels begin on eastern side at  break i n  old boulder 
ridge and extend westvard. (NOD-geomorphic evidence: Cead t r ee s  
i n  lagoon with tendency t o  c lus te r  near western end of scour 
channels. ) 



Conclusion: Dominant water movement was from e a s t  t o  west 
(ocean t o  lagoon) and water moved en t i r e ly  across the i s l e t  
except i n  the extreme north and south. 

IMRCJ: Evidence: Of the same lund a s  for  Mejatto, bu t  without 
the s t r ik ing  fine-sediment features on the west side and except 
t h a t  i s l e t  was not completely inunciated. 

Conclusion: Dominant water movement e a s t  t o  west. 

NORTHEFiNMOST JALUIT 

Evidence: Gravel ridge upon reef f l a t ,  ocean side, comprised 
largely of corals  typical  of reef front*; gravel sheet thinning 
out from e a s t  t o  west ( to~rard  lagoon); boulder about 4 X 4 X 6 
f e e t  lying 15 yards t o  west of ridged beach rock from which it 
was torn (and in to  which it could have been f i t t e d ) ;  f ine  sedi-  
ment deposits on western (lagoon) side; nibble from paved road 
carr ied e a s t  t o  west, i n to  lagoon. 

Conclusion: Dominant water movement e a s t  t o  west. 

CENTRAL JALUIT (southern Jabor and southward extending a distance of 
about 1 mile south of old Sydneytown at  the water tank). 

Evidence: Gravel ridge upon reef f l a t  on ocean side lower 
than fa r ther  north (0.5-4 yards high a s  contrasted with 3-8 yards 
far ther  north, except fo r  one mou~d-like feature which Tias about 
6 yards high, about 30 yards i n  diameter) and giving %ray t o  
rubble patches i n  some places. Emergent ridge i n  lagoon, evident- 
l y  composed of a high percentage of f ine  sediments as judged by 
view from shore; t h i s  ridge paral le led the shore at a distance of 
about 200 yards, and was barely emergent a t  high t ide.  Piece of 
glass found among debris t h a t  formed ridge on reef f l a t  on ocean 
s ide.  Rubble sheet more patchy than f a r the r  north and consists 
of only scat tered coral-rock fragnents in se r i e s  of shallorr 
channels t h a t  extend from near the ocean side ( a  few yards o r  
tens  of yards away) westward in to  the lagoon. Large water tank 
displaced from west t o  e a s t  a distance of about 200 yards 
(see - p. 21). 

Conclusion: Dominant water movement from west t o  e a s t  
across i s l e t .  

PINLEP: Evidence: Small wave-cut scarp on western s ide of i s l e t .  
Remnants of pronounced s'crand-line at about 5 f e e t  above mean 
sea l eve l  on northern and eastern sides. 

Conclusion: aminant  water movement probably a l te rna te ly  
from e a s t  and from west. 

iY 
See Banner's description, p. 76. 



WURIP,EK: Evidence: Pronouncelbut small scarp, 3-4 f e e t  above mean 
sea level,  seemingly wave-cut, on res te rn  and southwestern side 
of i s l e t .  This scarp under-cuts some palms. 

Conclusion: Dominant water movement, west t o  east .  I f  --- 
there  was water movement from eas t  t o  vest it was probably s l igh t .  

The conc:..usions s ta ted  above concerning dominant rater 
movement onto o r  across the various islets are  summarized i n  
schematic map form i n  Pig. 4. 

Other evidence regarding %rind, wave, and storm conditions 

Miscel.l.aneous evidence i s  as  follovs: 

(1) MeJatto-- A l l  houses and other buildings r e re  demolished, 
leaving not a t race t h a t  I could find. These were chief ly  thatched 
native huts, though some were made from pieces of wood or lumber. 

(2) -- W o j  -- Thatched huts were destroyed. Those made of boards 
were at Least severely damaged, while some were t o t a l l y  demolished and 
others were p a r t i a l l y  demolished (roofs off ,  walls blown o r  washed in ,  
etc.) .* 

(3) Central to northern Jabor-- Radio tower ( s t e e l  t o w r )  went 
dovm about 5:10 D.m. , vhen radio went off  the a i r  (J. B. Mackenzie s t a t e s  
t h i s  time is correctSwithin a few minutes; he was on Majuro, where the 
broadcast was being received). A l l  buildings demolished except fo r  
Japanese-built blockhouses, which were sunk 5-8 f e e t  i n  the coral  rock. 
Most buildings vere completely swept away, leaving no trace,  including 
the plywood buildings constructed only 12-18 months before by Holmes & 
Narver, America contractors. Some metal and wood remnants of buildings 
were found strewn about i n  an area t o  the e a s t  of the blockhouse build- 
ing t h a t  was used an the headquarters fo r  the Trust Terri tory government 
of f ic ia l s .  One of the  two water tanks was moved about 200 yards east~msd 
from i ts  concrete p l a t f ~ r m .  An almost perfect ly  strai@;ht trench was 
scoured out t o  a depth cf 3-4 feet ,  and t h i s  appears from old a e r i a l  
photographs t o  have beex: a narrow water trench i n  Japanese times. be he 
trench runs almost due e a s t  from the lagoon t o  the ace=.) Scouring t o  a 
depth of 6-8 f e e t  occurred a t  the  hq! corner of the southernmost block- 
house, leaving an i r regular ly  shaped p i t  about 12  yards in  diameter. 

(4) Pinlep and bi~jurirek-- We were to ld  t h a t  v i r tua l ly  a l l  
buildings had been b lo~m down: t h a t  thatched huts were f la t tened  by wind 
and tha t  wooden shacks "flew apart".  We observed some wood debris here 
and there but a l l  buildings t h a t  I saw had been put  together again, so 
t h i s  was not a d i r ec t  observation. 

* For a different  estimate of degree of damage, see Wiens, p. 29. 



(5) Path of storm-- According t o  J. B. Nhckenzie, who surveyed 
the damage at  M i l i  Atoll, OPHELIA caused the most vave and vater  d2-tnage 
on the north side of t h a t  a t o l l .  M i l i  i s  a t  GO1O%, 171°55'E. According 
t o  Fleet  ;leather Central (1958) OP373LIA was heading \W when located t o  
the ves t  and s l igh t ly  north of J a l u i t ,  a f t e r  passing over J a l u i t .  

Reconstruction of events as  re la ted  t o  f i e l d  evidence 

~t i s  impossible for  me even t o  imagine a se r ies  of storm events t h a t  
trould follow i n  logical  order according t o  what i s  known about typhoon 
s t ructure  and movement and t h a t  would sa t i s fy  a l l  the evidence c i t e d  above. 
Virtually a l l  the evidence would be sa t i s f i ed  by supposing tha t  a s~d.1, 
intense typhoon with multiple centers passed over J&&t on January 7-8, 
but t h i s  re la t ive ly  easy solution of the problem does not seem trarranted 
since I have found no kaom instance of multiple eyes i n  a typhoon a mere 
50 t o  70 miles across, which must have been the d i e t e r  (diameter of 
winds over 63 lmots) of t h i s  one t o  sa t i s fy  even the preponderance of the 
evidence. Vhat i s  most common i s  an eye, evidently often i r regular  i n  
shape, and which changes i ts  s ize  and shape almost constantly. My recon- 
s t ruct ion follows, placed side-by-side v i t h  the evidence both pro - and -- con. 
The reconstruction i s  represented by the ser ies  of schematic maps i n  Fig. 5. 

RECONSTRUCTION 

1. On January7, 1 9 5 8 a t 9  a.m. 
(180th meridian t i m )  a small in-  
tense typhoon was approaching 
Ja lu i t ,  moving i n  a direct ion 
from 80' to~rards  260° at  a speed 
of 5 t o  7 knots. The storm was 
following a sinuous path and was 
l a t e r  t o  curve f i r s t  due t r e s t w d ,  
then west -northprestw.rd a s  it 
crossed Ja lu i t .  A t  the time the 
circulat ion about the storm was 
v e l l  defined with brinds of 50 
lcnots o r  more extending out rwd 
t o  a distance of 25-30 miles i n  
the southwest quadrant, 30-40 
miles i n  the NE qmdrant, and 
40-50 miles i n  the northwest 
quadrant. The northwest quad- 
r an t  held the strongest winds, 
which were over 100 knots near 
the storm center, and the winds 
i n  t h i s  quadrant and around 
s l igh t ly  in to  the vest  were 
strengthened well i n  advance of 
the storm by great ly  intensif ied 
tradevinds t h a t  under the inf lu-  
ence of the storm circulat ion 
had previously backed (sh i f ted  

EVIDENCE AND REMRIG 

1. a. supporting evidence: Winds were 
northerly a t  North Ja lu i t  and Imroj at 
t h i s  time ('Mble 11). There was l i g h t  
r a i n  a t  Imroj, which i s  consistent, and 
t h a t  Icatje f a i l ed  t o  report  r a i n  at N.  
J a lu i t  i s  inrmaterial since he f a i l ed  t o  
report  ra in  at  any time -- and no r a in  
a t  any time i s  a v i r t u a l  impossibility. 
Katje s ta ted  large waves from the e a s t  
were pounding the J a l u i t  reef .  I 
accept t h i s  and point out t h a t  it was 
almost low-low t i d e  so t h a t  t h i s  would 
help loosen debris along the reef f ront .  
Quite l i k e l y  some of t h i s  coral  debris 
was being already thrown up on the reef 
t o  Form the debris bar t h a t  l a t e r  was 
so evident on the ocean s ide of I?. 
J a l u i t .  There i s  no evidence t h a t  
winds were ye t  strong enough t o  topple 
t r ees  o r  snap them. The r~ inds  were 
s t i l l  probably moderate a s  reported by 
Morris and Katje, and I accept t h i s  as 
p a r t i a l  evidence, consistent w i t h  later 
evidence, t ha t  the center of the storm 
was s t i l l  f a r  dis tant ,  about 45 nauti-  
c a l  miles away. The estimated speed 
of 5-7 lmots brings the storm center 
i n  at  about 4-5 p.m., and t h i s  later 





counterclockwise) t o  around 10- 
20°. The s t o m  center vas ill- 
defined, but  generally elongated 
and was oriented v i t h  the major 
axis  normal t o  the direct ion of 
storm movement. The storm center 
was about 7 hours -- roughly 45 
naut ical  miles -- away from tine 
eastern islet;.  of J a lu i t .  As the 
storm approached it was i tensify-  
ing (see Fig. 5). 

EVIDENCE AMD REMARKS ( CTD. ) 

seems borne out (discussed beloii). 
The approach of the storm from about 
80° i s  supported by the f a c t  t h a t  it 
had passed north of M i l i  Atoll .  

b. Negative evirlence: Morris 
fa i led  t o  cornlent on strona waves 
u n t i l  about 3 p.m.). I discount h i s  
statement ( a  matter of what one c a l l s  
strong waves) and point out fur ther  
t ha t  it was raining (affect ing v i s i -  
b i l i t y )  and tha t  waves coming domi- 
nantly from somewhat t o  the north of 
e a s t  may have pi led more heavily onto 
North J a l u i t  than onto Imroj due t o  
p i l i ng  of water alone ocean s ide  of 
i s l e t s  t o  the  NE and "yxLdin$ of 
waves of unusual s i z e  onto North 
J a lu i t .  Note a l so  tha t  Katje was on 
a. very narrow i s l e t  as  compa.red with 
Morris, so t h a t  Katje could readi ly  
see heavy surf with some waves topping 
onto land vhereas Morris could not. 
The Majurirek chief reported strong 
north winds only an hour l a t e r  (10 a.m. ) 
with some t r ee s  down, but I must d i s -  
count t h i s  and believe tha t  the winds 
were merely f resh  NNE with a few 
branches f a l l i n g  and that the extreme 
winds did not a r r ive  on Majurirek u n t i l  
several  hours l a t e r  (between 3 and 4 
p.m., when the chief began t o  report  
extremely high winds with heavy rain).  

c. Remarks : For elongate centers 
perpendicular t o  storm path, note that 
t h i s  was charac te r i s t ic  of hurricane 
DOT i n  the v l c in i ty  of Kauai, Havaii, 
i n  1959 (as  shown by a i r c r a f t  reports 
and radar p lo t s  on f i l e ,  mss. U. S. 
Weather Bureau, Honolulu) ; and f o r  
speed of movement, vh i le  5-7 knots is 
some~vhat slow it i s  cer ta inly not un- 
known i n  t h i s  area  (see data f o r  LOLA, 
Fleet  Weather Central 1957). A s  f o r  
small s i z e  a.nd i r regular  shape of these 
storms (with i l l -def ined centers) ,  as  
well as  f o r  t h e i r  suddenness of appear- 
ance, see e.g., the information on the 
Hong Kong Typhoon of 1906 (Gibbs 1900). 



RECONSTRUCTION (CTD. ) 

2.  January 7. 12  (noon). 
The storm center was now about 
30 naut ical  miles eas t  of South- 
eas t  Pass and the storm was noxi 
approaching from about 100° 
(moving towards 280°) along the 
path shown i n  Fig. 5 and with 
winds as  a l s o  shorn i n  t h a t  f i g -  
ure. Vaves were very strong 
from the eas t  and against the 
reef on the ocean side of the 
i s l e t s  from Northern J a l u i t  
northward. It was jus t  past  
low-low t i d e  and debris had 
now been heaped high upon the 
ocean reef f ront  i n  Northern 
J a l u i t  There were N t o  NE 
winds a t  speeds in  excess of 80 
knots from Northern J a l u i t  north- 
ward (on eastern i s l e t s )  and 
there was some toppling of t r ees  
t h a t  were poorly rooted o r  were 
awash near the eastern edges of 
the i s l e t s .  There was snapping 
of branches on a wide scale, 
but no snapping of trunks of any 
but the very weakest t rees .  A t  
Majurirek and. Pinlep the winds 
were very fresh and northerly. 
With the i l l -def ined center, 
elongated now N-S, the wind- 
speeds slacked off rapidly from 
N.  J a lu i t  southward ( ~ i g .  5 ) .  
Occasional waves threw water 
across northernmost J a lu i t ,  
from e a s t  t o  vest, but on Imroj 
(which i s  a higher i s l e t )  the 
waves only moved v e l l  up onto 
the eastern side. Nor had waves 
begun t o  sweep across Mejatto a s  
yet, although there was heavy 
pounding of the boulder ridge 
along the eastern side of t ha t  
i s l e t .  No waves of any magni- 
tude were ye t  upon the western 
i s l e t s ,  though the very fresh 
northerly wi.nds were p i l i ng  some 
water i n to  tine sou.thern payt of 
the Lagoon and producing some 
water u? the beaches with super- 
imposed small waves generated 
i n  the l imited fetch area within 

EVIDENCE AND REMARKS ( 0 .  ) 

2. a. Supporting evidence: The >rind 
s i tuat ion generally f i ts  t h a t  given by 
the three informants, although winds 
were not d i rec t ly  from the north a s  
reported. The 'wave (water) across 
North Ja lu i t  was a s  reported by Katje. 
Dominant t r e e - f a l l  and t r e e  breakage 
directions support the view tha t  not 
many t rees  were do~m o r  were snapped 
t h i s  ear ly  i n  the sequence. Before 
t h i s  happened the storm must tighten, 
change direct ion s l igh t ly ,  and come 
i n  so as t o  provide very high wind- 
speeds from the northeast quadrant 
from N. J a l u i t  northward on the 
eastern i s l e t s .  

b .  Negative evidence: The Chief 
on Majurirek said t r ees  were f a l l i n g  
a t  t h i s  time. I believe he must have 
been off on h i s  time o r  e l se  that he 
was referr ing only t o  a very few t rees  
(poorly rooted) going down o r  t o  
breakage of branches, which vould 
require only a wind of 50 knots o r  so. 
In t h i s  I am consistent i n  t h a t  f i e l d  
evidence show the preponderance of 
t r ees  going down before a wind from 
NV t o  W ( f a l l i n g  SE t o  E) ra ther  than 
from N o r  NE (Fig. 3) .  

c.  Remarks: The elongate center 
with windspeeds decreasing very 
abruptly within a distance of a few 
hundred yards on N. J a l u i t  is neces- 
sary t o  account fo r  the amazingly 
sharp t rans i t ion  from t rees  down from 
the NE t o  E (northernmost ~ a l u i t )  and 
from west t o  e a s t  ( j u s t  south of 
northernmost ~ a l u i t )  . This point  i s  
elaborated upon i n  the sequence t h a t  
follows and i n  the corresponding 
evidence and remarks. 



RECONSTRUCTION (CTD. ) 

the lagoon. biater was also run- 
ning i n  through the eastern passes 
and the lagoon was perhaps 1-2 f e e t  
above normal l eve l  i n  the southern 
end; bu t  s t i l l  it was jus t  above 
low-low t i d e  so t h i s  did not 
represent an abnorral condition 
with reference t o  mean sea level .  

3. January 7. 4 p.m. The storm 
center had becorce smaller and 
be t t e r  defined and was now a few 
miles t o  the eas t  of northernmost 
J a l u i t  (see Fig. 5 fo r  location 
and f o r  winds). The t i de  had been 
r i s ing  and was almost high-high- 
Vater was crossing central  and 
northern J a l u i t  from e a s t  t o  west, 
and was a lso  crossing a l l  but the 
extreme ends of Mejatto. Maximum 
winds were being o r  had been 
experienced during the past  few 
hours from northernmost J a l u i t  
northward (on eastern i s l e t s ) .  
Speeds exceeded 100 knots and 
t r ees  were toppled. With extreme 
gust speeds exceeding 150 knots 
t r ees  were snapped in  t h i s  area, 
but there was a very sharp wind 
gradient and north central  J a l u i t  
had not ye t  received winds of 
these speeds. On Mnjurirek and 
Pinlep winds were from N t o  NW 
at speeds of close t o  100 knots 
and t r e e s  began t o  f a l l  where they 
were poorly rooted and much ex- 
posed (not shielded by massing) 
a s  along the upper beach on the 
north t o  northwest sides of these 
i s l e t s .  The storm was !lox? moving 
from about TO0 and towrds  250°. 

4.. January 7. 5 p.m. The chief 
significance of t h i s  time is t h a t  
now the storm center had ju s t  
passed in to  the lagoon and now 
a l so  it was  high-high t ide.  
Vithin the pas t  hour the waves 
crossing Mejatto and J a l u i t  had 
entered the lagoon and s e t  up 
fur ther  waves tha t  i n  combination 
with the basic t i d a l  condition had 

EVIDENCE AND REMARKS (CTD. ) 

3. a.  Supporting evidence: Wee fa l l  
evidence f i t s  t h i s  reconstruction with 
a single exception of E t o  W orienta- 
t i on  of many of the f a l l en  t rees  i n  
northernmost J a l u i t  (see below). 
The general sequence of events a s  - 
described by informants bears out  the 
reconstruction here, but I have had 
t o  move up Morris' statements r e  
I m o j  ( tha t  i s  make them e a r l i e r  by 
3-5 hours than what he s ta ted)  and 
have had t o  move back (make Later by 
2 hours) the statements of the 
Majurirek chief.  

b. Neeative evidence: SOmC of 
t h i s  i s  covered immediately above, 
where a time adjustment is explained. 
The other pr incipal  negative item i s  
t h a t  the sequence as  given i n  t h i s  
reconstruction does not explain the 
east-to-vest  orientation of many of 
the fa l len  t rees  on northernmost 
J a lu i t  ( ~ a b o r ) .  Some may have been 
swung around by water moving W-E; 
bu t  the broad northernmost p a r t  was 
not thoroughly inundated. A tempor- 
a ry  second eye centered over northern 
Ja lu i t  I s l e t  would take care of things, 
but since I am r igh t ly  o r  wrongly 
eschewing multiple centers I did not 
draw my map t o  cover this (Fig.5). 

4. a. Supporting evidence: The time 
adjustments referred t o  above s t i l l  
apply; othemrise the evidence from 
informats  a s  well a s  the vegetational 
and geomorphic evidence support t h i s  
phase of the reconstruction of storm 
events. 



EVIDENCE AND REMARKS (CTD. ) 

caused flooding up-beach upon 
Majurirek, Pinlep, and other 
western i s l e t s .  Trees fringing 
the beach had had t h e i r  roots 
washed out and many had b lo~m 
down before winds t h a t  were now 
backing t o  ves t  at over 100 knots. 
By 5:30 p.m. o r  short ly  a f t e r  
there were very strong bR7 t o  14 
winds across the southern par t  
of the lagoon and t h i s  produced 
waves tha t  now moved west t o  e a s t  
from the lagoon onto J a l u i t  I s l e t .  
By 5:30 the strongest winds were 
past  on the eastern i s l e t s  north 
of northernmost J a lu i t ,  but these 
strong westerly winds began t o  
affect  central  J a lu i t  which was 
already wetted down; and between 
the flow of water (west t o  e a s t )  
and the west winds, t r e e  breakage 
and t r e e  toppling nov s e t  i n  here. 
The radio tower had already gone 
down i n  northernmost J a l u i t  and 
about now (5: 30) the water tank 
was floated eastward from i t s  
former location. 

5. January 7. 7 p.m. (See Fig. 5. a .  Supporting evidence: With 
5 ) .  'ke  storm %ms s t i l l  intensi-  time adjustment already noted, t h i s  
fying and had accelerated s l igh t -  f i t s  the evidence. 
l y ,  t o  perhaps 5 lmots. Further- 
more, it had grown soncewhat in 
s ize  and the center was now be t t e r  
defined. It 1.ras centered over the 
northwest par t  of the lagoon. 
Winds were westerly on Majurirek 
and Pinlep, with speeds over 100 
knots. Winds were southerly on 
the eastern i s l e t s ,  with speeds 
around 80-100 knots. The water 
had largely drained from Mejatto 
and from the very highest par t s  
of J a l u i t .  It was raining very 
hard on the western i s l e t s ,  but 
there tias only moderate ra in  on 
the eastern i s l e t s .  ;iinds rrere 
now maximum and northerly on 
Lijeron, and t r e e s  were going 
down there. Zome were snapping. 



6. January 7. 8 p.m. � bout now 
the storm center cleared J a l u i t  
Atoll, moving s l igh t ly  north of 
ves t  with the center passing a few 
miles t o  the south of Lijeron. 
This was an elongate center, 
oriented N-S ( ~ i &  5 ) .  Winds 
continued strong southerly over 
the northeast i s l e t s ,  were out of 
the SGI and strong c.1 the south- 
e a s t  i s l e t s ,  were very strong and 
out of the 3 1  on the s c - t h w s t  
i s l e t s ,  and were going t o  very 
strong northerly a t  Lijeron. 

7. January 7. 9-10 p.m. A s  the 
storm continued WW away from the 
a t o l l  the west t o  e a s t  wave within 
the lagoon carr ied some water 
against and s l igh t ly  onto such 
northeast i s l e t s  as  Imroj and 
Me ja t to .  

8. January 7. 11 p.m, -midnight. 
:finds had slackened and now were 
generally southerly t o  south~rester- 
l y  across the a t o l l .  Unusual wave 
ac t iv i ty  had ceased save fo r  swells 
t ha t  arrived on the western i s l e t s  
from the 1W.l and t h a t  appeared as  
unusual surf on the w e s t  t o  north- 
west sides of Najwirek, Pinlep, and 
other western i s l e t s  but t h a t  had 
l i t t l e  geomorphic e f fec t  because it 
was now a t  o r  very close t o  low-low 
t ide.  

9. January 8. Midnight-7 a.m. 
Winds lightened continuc.1sly during 
t h i s  period and winds cocitinued t o  
back with fresh trades reestablished 
by morning. These trades washed 
ashore onto Mejatto and other i s l e t s  
vegetable debris t h a t  was carried out 
t o  sea on the eastern side of the 
a t o l l ,  chiefly material  blown 
northeast t o  north from more 
southerly i s l e t s  such a s  Kinajon. 

6 .  a. Supporting evidence: The evi-  
dence i s  a l l  supporting (informa-nts, 
vegetation, geomorphic) except t n a t  
agaln a time adjustment i s  needed f o r  
Morris' account r e  Imroj. The south 
wind over Mejatto helps explain the 
orientation of combed roots, a s  sug- 
gested above (pp. 9-10). The Lijeron 
and Pinlep t r e e - f a l l  evidence supports 
the view t h a t  the center must have 
moved westward out  t o  sea between these 
i s l e t s ,  with a very elongate center t o  
account fo r  the lack of may east-west 
t r e e f a l l s  on Lijeron. Note tha t  
Lijeron and Pinlep were largely not - 
under vater, so water could not swing 
many f a l l en  t r ees  around here as  it 
might have done on J d u i t  or Mejatto. 

7-9. Remarks: These sequences are  -- 
consistent w i t h  the  evidence a s  sho3m 
i n  Table 11, i n  Figures 2, 3, and 4, 
and i n  the t e x t  on geomorphic evi-  
dence (pp. 10-13). The sequences 
a l so  f i t  the  f a c t  t h a t  the storm was 
located t o  the west and s l igh t ly  t o  
the north of J a l u i t  on January 8 
(see Fleet  Weather Central 1958). 
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The near high-high t i de  during t h i s  
period promoted t h i s  ?rash-in of 
debris and helped form the pro- 
nounced debris l i ne  later observed. 
There ~ias also some msh-up of 
debris onto the ves t  t o  northwest 
side of the western i s l e t s  during 
t h i s  same period because of the 
a r r i v a l  of swell from the storm 
vhose center 11as now ( 7  a.m.) 
55-60 nautical  miles away t o  the  
Wd , 

EVIDEPTCE AND RENARICS (CTD. ) 
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111. GENERAL DESCRIPTION OF STORM EFFECTS* 

Direction of wind - 
Direction of wind from trhich damage was most extensive t o  vegetation 

varies from the northeast t o  the southwest sectors  of the atoll. Roughly, 
i n  the northeastern two-thirds of the a t o l l  the direct ion of t r ee - f a l l  was 
towasds the south o r  s l i gh t ly  e a s t  of south. In  the southwestern third,  
largely towards the east .  Vhile wave and water vash did extensive damage 
in undermining o r  mshing out t r e e  roots, the overthrotring of the t rees  
and cer ta in  struct!'res such a s  towers and houses a l so  resul ted from the 
wind. Thus, the t r e e - f a l l  direct ion may be taken a s  an indication of the  
direction of the most powerful o r  damaging winds.* 

The i s l e t s  of Jabo-.., Kinajon, Imroj, Ribon, Mejatto, Lijemn, Pinlep, 
and Majurirek ( ~ l i z a b e t ~ ; )  were examined by making traverses along the 
beach and inland from the beach a t  intervals,  and the directions of t r ee -  
f a l l  were plot ted on large scale maps ( ~ i g s .  6-13). on the western reef ,  
Lijeron i n  the north suffered t r ee - f a l l  from winds from the due north. 
A t  Pinlep, 15 miles t o  the south, however, the damage i n  t r ee - f a l l  was 
mostly from west winds o r  winds from s l igh t ly  north of west. On Majurirek, 
e ight  miles southeast of Pinlep, the most dauaging winds were from s l igh t -  
l y  south of west. These same winds moved eastvard across the lagoon t o  
blow dom two s t e e l  tovers 150 f e e t  high on the northern par t  of Ja lu i t .  
However, a mile northward toward Jabor on t h i s  SE reef the winds were most 
strong from s l igh t ly  north of west, pushing lagoon water and carrying from 
i ts  foundation a s t e e l  petroleum tank, 30 f e e t  i n  diameter ( a s  measured by 
pacing) and 25 f ee t  high, and se t t i ng  it on the land 330 f e e t  away i n  a 
direction s l igh t ly  south of eas t  (see p1. I -c ) .  

'* Note: In t h i s  section, Wiens describes the e f fec ts  of OPKELIA upon - 
J a l u i t  Atoll .  He f i r s t  presents h i s  general observations and conclusions 
with reference t o  wind directions and major changes throughout the a t o l l .  
Thereafter, he presents h i s  observations i s l e t  by i s l e t .  Many of h i s  
observations are  entered upon the i s l e t  maps t h a t  he prepared and t h a t  
comprise the figures referred t o  i n  t h i s  section. It i s  intended that 
these maps be used i n  conjunction with the t e x t  since the maps often 
contain specif ic  information not included in  the tex t .  --D.I.B. 

* Blunenstock s t resses  the f i r s t  powerf i lvinds ra ther  than the most - - 
powerful, and lays  more s t r e s s  on the e f fec ts  of washing out of roots, 
see pp. 8-9. Fosberg cc~ls iders  t ha t  i n  addition the  energy exerted by 
the coral-debris-fi l led rraves played an appreciable pa r t  i n  uprooting 
of t rees  (personal discussion with ~ o s b e r g )  . --D.1 .B. 



Northvard of here scarcely a mile away the strongest winds were 
blowing from a north o r  s l i gh t ly  west of north direction, o r  direct ly  
dobm the length of the vide pa r t  of Jabor I s l e t  from the channel. 
Similar winds caused the extensive damage observed a t  Imroj, Kinajon 
and Mejatto.* 

Degee of damage 

The heaviest damage t o  vegetation and s o i l s  occurred i n  the northeast 
and southeast reef sectors where salt water swept across the reef and land 
most extensively. O f  the islets observed, the most extensive damage pro- 
bably occurred on Mejatto and Imroj where from 70 - 90 percent of economic 
t r ees  were blor,m over (Pl .  X-a  , P1. 11-c). Jabor and Enejet suffered 
similar wind and vave force but nei ther  had many coconut o r  breadfrui t  
t rees ,  and the land here is mostly government reserves. On the other 
hand, i s l e t s  mostly affected by the westerly winds were l e s s  damaged, 
la rge ly  because of lack of salt water inundation very f a r  inland from 
the beach. Wind damage also appears to have been l e s s  extensive. 

In general, the in t e r io r  of the larger  i s l e t s  and of the wider 
sections of long i s l e t s  have l e s s  disturbed o r  undisturbed s o i l  condi- 
t ions  although dmage t o  t r ees  may be jus t  a s  severe i n  the middle as 
along par t s  of the periphery, depending upon loca l  s i tua t ions  and a t  
times apparently upon the ~ ih imsica l i t i es  of wind gusts. In  the following 
discussion, i s l e t s  w i l l  be taken up individually. 

The i s l e t  of Jabor i s  connected to the i s l e t  of J a l u i t  by a contin- 
uous s t r i p  of narrow Land with only small breaks resul t ing from typhoon 
OPHELIA. It i s  d i f f i c u l t  t o  t e l l ,  therefore, where Jabor ends and Ja lu i t  
begins. The whole section examined and shown i n  two large scale charts 
( r i g s .  6, 7 )  w i l l  be considered pa r t  of Jabor I s l e t .  The section examined 
by the wri ter  on foot  i s  about 12,300 f e e t  i n  length from the north end of 
Jabor southwmd t o  the t~,ro s t e e l  towers where the i s l e t  widens. Here a re  
the walls of 3 former concrete buildings, one of large s ize  (150' by 50 ' ) .  
About 4000 f e e t  south of the o ld  hospi ta l  tower on Jabor i s  the remains 
of a Japanese petroleum storage depot where so-called Sydney Pier  was 
s i tuated.  A t  the base of t h i s  p i e r  i s  a large c i rcu lar  open-top tank 
surrounded by p i led  up coral. rubble r i s ing  about X )  f ee t .  Before the 
typhoon, two s t e e l  tanks 30 f e e t  i n  dianaeter res ted on c i rcu lar  concrete 
bases adjacent t o  the p i e r  base and lagoonward of the large tank. 

Between t h i s  l o c a l i t y  and the  wide par t  of Jabor and between t h i s  
and the s t e e l  towers only the more o r  l e s s  in tac t  remains of former 
Japanese blockhouses o r  g m  emplacements serve a s  sui table  points of 
reference. I have numbered these f o r  reference on the maps ( ~ i g s .  6, 7) 
as Bloclihouses 1 and 2 north of the tanks and 3 and 4 south of the tanks. 

* See discussions by Blumenstock, pp. 8-9, and by Fosberg, p .  53 
for  somewhat different  views. --D.I.B. 



Bar formation off Jabor 

Coral rubble bars on the reef f l a t  have developed a s  a r e su l t  of the 
typhoon f o r  almost the en t i r e  length of the seaward side of the reef from 
where Jabor widens opposite the o ld  hospi ta l  southward t o  jus t  pas t  the 
s t e e l  towers ( ~ 1 .  I-a, b ) .  'kc highest rubble bars r i s e  t o  about 4 f e e t  
above high t i de  a t  a number of places northward of a point about 2000 f e e t  
south of the large open tank. This height i s  indicated by the lack of 
a lga l  staining i n  the q p e r  pa r t  a s  contrasted with the brotm s t a in  in  
the t l d a l  lower ha l f .  5outiiwam3. of t h i s  point t o  the s t e e l  towers, the 
rubble accumulations generally a r e  from half a foot  t o  3 o r  4 f e e t  above 
the reef f l a t .  In  the v i c in i ty  of the towers, they apparently r e s t  on 
o ld  beach rock. In the southern sector they form discontinuous s t r i p s  
20-100 f e e t  wide. Most of the bars  a re  separated from the shoreside 
beachrock by 50 - 100 f e e t  of the or iginal  reef flat.  There are  3 stretches 
of these offshore bars south of the  large tank r i s ing  t o  about 4 f e e t  
above high t ide .  North of the large tank there a re  two other such bars. 
I n  each case, the points of highest accumulation adjoin o r  a re  opposite 
storm-scoured breaks across the land from o r  t o  the lagoon. The land on 
the lagoon-side opposite these bars generally appears to have suffered 
severe erosion of the sediments of which it is consti tuted.  

Since broken glass and other material deriving both from the land 
and from the lagoon have been found i n  the seaward reef bars, some of the 
material  i n  these bass obviously came from the land and lagoon. However, 
much of the material appears to be derived from the outer reef nsrgin and 
pa r t s  of the reef f l a t .  Slabs of coral  rock 2-3 inches th ick  form imbri- 
cated beds on the seaward slopes of the bars, an& the  landward fronts  of 
the bars have the abrupt terminations of de l ta  ta lus .  Local inhabitants 
a l so  s ta ted  t h a t  the bars smelled of ro t t i ng  reef organisms a f t e r  the 
storm, so tha t  fresh materials from the l i v e  reef must have f o m d  a large 
pa r t  of the bar. We may conclude, therefore, t h a t  the reef margin a l so  
suffered severe mechanical erosion from the waves, although much of the 
debris may have come from the bases and lower par t s  of the surge channels, 
as ind.icated by Banqer (pp. 76-77). 

So f a r  as the v r i t e r  observed, few large blocks of rock were torn 
off f romthe  reef margin and tossed up onto the reef ,  unless some were 
buried under the higher accumulations of cobble-size and smaller boulder- 
s i ze  debris i n  the seaviwd reef  bars. However, on the new bar on the 
lagoon side about h d f  r:ay between Bloclrhouses nos. 3 and 4 there i s  a 
block of coral  about 6 f e e t  i n  diameter which appears f resh ly  broken off,  
because the top half  standing out of the t ides  is white and lacks a l g a l  
staining, while the lower half  i s  only stained l i g h t  brown where algae 
have gro.;m between t i d e  leve ls  (~1. 1-6). 

Bars are also found on the lagoon reef (see charts, f i g s .  6, 7), 
f reshly forrned a s  shown by t h e i r  white coloring. Lack of time did not 
permit close examination of these. The most prominent bars run i n  an 
a rc  from the large coral  block mentioned i n  the foregoing paragraph to 
the Sydney Pier  base opposite the large tank. A f resh gravel bar a l so  
runs roughly pa ra l l e l  t o  the land s t r i p  northeastward from the broken 
remnants of Sydney Pier .  



Just  northward of Blockhouse no. 4 a fresh looking bar has formed on 
the lagoonside somewhat northward of low cobble bars on the seaward side. 
A new bar was added also t o  the lagoon reef i n  the n o r t h e m s t  pa r t s  of 
Jabor between the maln pass and the old p ie r  where the rust ing hulk of a 
ship s i t s  on the beach. This runs for  about 800 f e e t  i n  a narrow s t r i p  
200 - 300 f e e t  offshore. The materials on it appear t o  have been derived 
from par t s  of the shore near the northern t i p  of the i s l e t  of Jabor and 
from sediments i n  the channel f r inge.  

Of the sections observed, the  materials forming the bars were rnostly 
pebbles, cobbles, and small boulders. Very few sand-size pa r t i c l e s  were 
apparent i n  most. of the bars. This seems t o  indicate t h a t  most of the 
f ine r  sediments may have been washed in to  deeper lagoon o r  ocean waters 
and t h a t  there was l i t t l e  disturbance of the lagoon bottom where most of the 
sand and f i n e r  material normdly accumula'ie. This accords with the 
l imited bottom inspections near shore by Eanner (p. 78) ,  who found the 
corals under 3-4 f e e t  of water i n  the lagoon apparently generally unaffect- 
ed by the storm. However, when the wri ter  examined the same areas on foot 
i n  1956, he found v i r tua l ly  no sand beaches along t h i s  en t i r e  s t r e t ch  of 
land e i the r  on the lagoon o r  seaward side. During the present exmina- 
t ion  the wri ter  found only one small section of the beach several  hundred 
f e e t  l m g  and about 20 f e e t  wide where f ine  sand was mixed with coarse 
pebbles and cobbles. This was on the seawerd side not more than 200 - 
300 f e e t  norVnward of the f a l l e n  s t e e l  towers. 

Land erosion and land-build-up on Jabor .- 

In general, al.thou& i n  a few places debris accumulation has widened 
the ::??a area and has added t o  the land surface above t i d e  level,  the ne t  
result, ilppwrs t o  have been a s ign i f icant  reduction i n  the  land area 
suit2bl.e fo r  economic plantations.  For the most pa r t  the old algae- 
blackened b-ach rock on the seaward side has remained intact ,  although 
hwe and t h w e  the violence of the  storm has broken off slabs several  
f e e t  i n  ti.i.axter, underixned sections of the roclr on the landward s ide 
o r  scoured a breach between lagoon and seaward reefs .  Undoubtedly the 
greater cormolidation of t h i s  generally i n t e r t i d a l  rock has served t o  
protect  the lsnd in  the manner of a low seawall. 

Scouring of the l e s s  consolidated rock and sediments d i rec t ly  land- 
ward of the top of the beach rock i n  most cases has l e f t  a trough between 
the l i ne  of beach roclr and the new shore ridge t h a t  now runs 10 - 20 f ee t  
from the 013 beach ridge t h a t  once adjoined the beach rock ( ~ 1 .  11-a). A t  
high t i d e  t h i s  trough i s  par t ly  f i l l e d  with water. This general aspect i s  
observable the ent i re  length of the seawmd side from the s t e e l  towers 
northward t o  where the is land widens. 

Scouring of t h i s  narrow pa r t  of the i s l e t ,  which occupies a l l  bu t  
about 3000 f e e t  of the en t i re  12,000-foot section examined, i s  more 
severe on the lagoon side.  In  some instances t h i s  has resulted i n  
channels cut  almost o r  en t i r e ly  through from lagoon t o  seaward reef ,  
probably by headward erosion by water pouring over the land from the 
seaward side -3.. 

* Blmenstock believes there was prilnary water movement from seawzd 
but secondary movement from lagoon t o  sea, see pp.17-18. --D.I.B. 
/gut - see a l so  p. 12. - - ~ d 7  - 



The addition of debris t o  the  land has largely been i n  a layer  from 
the newly formed shore ridge toward the lagoon (Pl. 1114). This type of 
debris addition i s  usually found only where the land widens t o  200 - 300 
f e e t  o r  more. In the narrower pa r t s  no additional layer  occurs on top of 
the old land surface. On the contrary, a layer of pa r t ly  consolidated o r  
loose material may most often be observed t o  have been stripped from 
narrow and sometimes from wider land surfaces, occasionally with small 
remnants of the or iginal  layers lef t  i n  the form of platforms. 

Especially noted erosional features  i n  t h i s  section include a beach 
s t r e t ch  200 f ee t  north of the steel towers where the new seaward shore 
ridge i s  now 30 f e e t  inland from the  seaward beach rock. Stumps of nov 
dead Peaphis t r ees  stand out of t h e  sand and g a v e l  a l l  the 1my out t o  
the edge of the beach rock, showing t h a t  the vegetated land reached t h i s  
far pr ior  t o  typhoon OPKELUL ( ~ 1 .  111-a). 

Lagoonward of the concrete buildings next t o  the s t e e l  towers wave 
action had washed out a channel from the reef t ha t  bifurcates  t o  form two 
channels cut t ing inland around the northern sides of the two buildings 
nearest  the seaward reef.  The channels each end i n  a Kind of swirl on 
the seaward sides of the buildings and do not cut a l l  the way across t h i s  
wide pa r t  of the land. The posit ion of the buildings may have tended t o  
funnel the ocean water into a stronger stream causing headward erosion of 
the land a t  these places. 

Other especially noteworthy washouts of land occurred about 800 f e e t  
south of Blockhouse no. 4; a t  other  areas half-way between B.Lockhouses 3 
and 4; 500 f e e t  south of Blockhouse 3, t o  the north and south of the high 
mound surrounding the large storage tank, and i n  most of the areas north- 
ward of Blockhouses 2 and 1 i n  the narrow par t  of the i s l e t .  

The widest channel cut  across the land occurs a t  the north base of 
the high mound around the large tank (Pl .  I -c) .  Here, at high t ide,  
mter runs across in to  the lagoon i n  a large stream. A smaller channel 
Cuts through a 4 foot depth of conglomerate about 550 f e e t  north of 
Blockhouse 2 (Pl. 11-b), while s t i l l  another channel has been cut  through 
a s  fa? as  the seaward beach rock about 900 f e e t  north of Blockhouse no. 1. 

On Jabor proper ( the northern 3000 f e e t  o r  wide pa r t  of the i s l e t )  
the most damaging winds blew southeasterly roughly pa ra l l e l  t o  the i s l e t  
a s  indicated by the direction of tree-fall*.  Shore damage was severe a l l  
around the island. Inundation apparently occurred over most of the  i s l e t ,  
although the s o i l  surface was not much disturbed in  the higher middle 
par t s  400 - 500 f e e t  inland from the north end and 300 - 400 f e e t  from 
the remaining 6-foot high concrete seawall on the northeast side. The 
seawall was broken in  i t s  southern 200 - 300 f e e t  as  f a r  as  the tr iangular 
concrete structure which dates back t o  G e m  times. The deposition of 
gravel and rocks was much reduced by the protection of the seawall along 

* For different  estimates see Blumenstock, p. 8. -- D.I.B. 



the northeast side.  Beginning with the t r iangular  structure,  however, 
gravel sheet deposition with a f ront  depth of up t o  three f ee t  advanced 
inland 200 - 300 f ee t  from the seaward shore ridge a s  f a r  south as the 
building occupied by the expedition and by the agr icu l tur i s t .  From t h i s  
building southvmd the en t i r e  land surface has been strongly disturbed 
e i ther  by scouring or by deposition. The surface i s  covered with pebbles, 
cobbles and small boulders up t o  6 inches thick and 1 - 2 f e e t  i n  other 
dimensions. Except fo r  the toppled t r ees  and s t i l l  standing trunks of 
Pandanus the scene looks l i ke  the bed of a rocky r iver .  Only a few s t r i p s  
and patches of the or iginal  s o i l  surface are  ident i f ied by occasional 
growths of grasses such a s  Lepturus. 

On the lagoon shore, the two stone and concrete p ie rs  on which the 
government generator equipment and a warehouse stood now are  merely 
p i l e s  of coral  rubble t h a t  protrude in to  the lagoon. The former 4-foot 
high seawall of cemented coral  blocks along the lagoon shore has been 
stripped down t o  remnants 1-2 f e e t  high, and a t  the north end some 200 
f ee t  of it has been torn off and upturned altogether.  Rubble from the 
lagoon reef f la t  and shore has been scat tered inland 30-50 f e e t  i n  the 
northern half of the i s l e t .  The greatest  p i l i ng  up of coral  rubble has 
occurred on the shore facing the channel, fo r  the most damaging winds 
blew d i rec t ly  inshore across the channel from the north and h i t  t h i s  
coast area squarely->. 

Near the bend i n  the seawall on the eastern pa r t  of the channel 
shore a 50 root break in  the wall allowed the storm waves t o  scour out 
a semi-circular hollow backed by a curved shore ridge of pebbles, v i t h  
additional debris spreading inland from it. A t  the northern point  of 
the i s l e t  the semrall i s  buried by a gravel and rubble shore ridge tha t  
r i s e s  t o  the highest peak of any seen on the various i s l e t s ,  about LO 
fee t  above low t ide .  This ridge slopes channel-ward in  a gravel beach 
out about a hundred f e e t  and drops off in to  deep channel water. Since, 
p r ior  t o  the typhoon, the bottom at  the base of the seawalZ dropped off 
quickly in to  the depths of the channel, the amount of debris f i l l i n g  
i n  the channel fringe here is considerable. The shoaling of vater  i n  
t h i s  area and w e s t ~ a r d  across one of the branch channels has made it 
hazardous fo r  ships t o  enter by the most d i r ec t  channel t o  the Jabor 
anchorage, and forces ships such as  the Roque t o  use the more northerly 
channel running northward past  Enejet. 

Inland, rubble has been deposited in  a two-foot depth around the 
concrete walls of the ag r i cu l tu r i s t ' s  former home completed jus t  two 
years before the typhoon and s i tua ted  100 f e e t  from the seawall. 
Farther inland, however, the ground surface is l i t t l e  disturbed, and 
ornamental croton hedges continue t o  flourish,  although most of the 
t r ees  a re  blown over. 

* For differ ing views, see Blumenstocl:, p. 8. 
-- D.I.B. 



Soil  and vegetational damage on Jabor I s l e t  

In  general, 95s of the t r ees  on t h i s  i s l e t  were t o p w  o r  snapped 
off  at  varying heights above the ground. From the concrete house i n  
which the expedition stayed southward, v i r tua l ly  none of the or ig ina l  
grourld surface and ground vegetational cover remain except a t  small high 
spots such as the slope up t o  the large storage tank. In t h i s  area 
coconut t r ees  s t i l l  may be found growing at  widely separated intervals .  
Almost a l l  Pandanus appear to be ki l led,  although the prop roots and p a r t  
of the lower trunk may remain. No t rees  of large s ize  grew i n  t h i s  area 
except near the Expedition Headquarters. These are  mostly Calophyllum, 
and they have been toppled, with t h e i r  great  shallow root systems stand- 
ing high i n  the a i r .  Some of them have re-sprouted leaves on a fer? limbs, 
since the t rees  often r e t a in  a f e w  roots s t i l l  buried in  the i r  growing 
positions. On a number of the wider rocky platforms of the i s l e t ,  hov- 
ever, the hardy Pemphis, str ipped of smaller branches and twigs and l e f t  
with v e r t i c a l  trunks 1 - 2 inches i n  diameter, has begun sprouting leaves 
on these remnants (Pl .  VIII-c) and w i l l  no doubt soon be essent ia l ly  
recovered. 

On the wide northern pa r t  of Jabor a few large Calophyllum t r e e s  
near the base of the northern p i e r  have not been uprooted and are  sprout- 
ing leaves from trunks and large limb remnants. All the Casuarina t rees  
which were up t o  6 - 8 inches i n  trunk diameter were uprooted by wave 
'rash and wind* and most of the other large t rees  and the coconut and 
Pandanus t r e e s  were upr.oo.ted o r  k i l l e d  by trunk snapping. However, 
shrubs, weeds and grasses over most of the in te r ior  i n  an area 500 f e e t  
wide by some 1000 - 1500 f ee t  long appear re la t ive ly  undisturbed and 
s i m i l a r  i n  aspect t o  what they were i n  1956. 

Damage t o  structures 

In general, a l l  wooden buildings were demolished and thatched 
houses smashed f l a t  by the wind. Some roofs were pulled back i n t o  
posit ion and are temporarily used. A l l  houses require rebuilding, 
however. Concrete structures stood up well although the lower s to r i e s  
were inundated and doors and window washed out. Cisterns mostly 
remained intact ,  but were contaminated. 

Kinajon I s l e t  

This i s l e t  stands between two of the channels of the Northeast Pass 
and across the channel southeast of Imroj I s l e t  (Fig. 1 ) .  It i s  an 
oblong i s l e t  about 2500 f e e t  i n  length by about 1500 f e e t  i n  width a t  the 
widest pa r t  ( ~ i g .  8). Much of the northern th i rd  of the i s l e t  appears t o  
be occupied by a depression par t ly  overgrown by mangroves. A smaller man- 
grove depression a l so  is found i n  the eastern bulge of the i s l e t .  The 
southwestern t h i r d  formerly (during World Var 11) contained some Japanese 
vegetable gardens covering about an acre i n  the middle. This area has 
fewer t r ees  and a more open aspect. 

* But see Fosberg, p 54.- F.R.F. 



The north end of the i s l e t  with the large mngrove swamp faces the 
seaward r e e f  Coral debris up t o  small-boulder s ize  was carried inland 
by storm uaves as  much as  50 - 100 f e e t  along the northern th i rd  of the 
shore-line, f i l l i n g  the seaward par ts  of the large mangrove swamp with 
gravel. The f ront  of t h i s  deposit i s  2-3 f e e t  high. This deposition 
d id  not occur a t  the channel s ides  of the i s l e t  i n  the wide western inden- 
t a t ion  or along the eastern and southern shores. The l a t t e r  two sectors 
were i n  the l ee  of the vaves. l'he western channel escaped such inshore 
deposition possibly because of lack of reef shoaling e o m  the deep channel 
and perhaps because the waves may have run more pa ra l l e l  with the coast 
than across it. 

The beach sediments deposited by the storm in  the western indentstion 
are  mostly sand and s i l t  with small amounts of pebbles. The only other 
beach with similar sandy character i s  a small section 150 - 200 f e e t  long 
d i rec t ly  southwest of the eastern bulge of the i s l e t .  The beach i n  the 
northern t h i r d  of the i s l e t  is composed of coarse pebbles, cobbles and 
small boulders. In  the r e s t  of the shoreline small t o  medium s ize  
pebbles form the beach and shore ridges. 

Erosion of the or iginal  shore appears most severe in  the northeast 
sector where a 20-foot vide s t r i p  inland from the old beach rock has been 
scoured away and the new shore ridge moved t h i s  distance inward. A t  the 
southwest end erosion has eaten away about 10 f e e t  of the or iginal  land 
along the shore,and about the same amount of erosion occurred a s  a r e s u l t  
of the storm i n  the northeast sector jus t  north of the eastern bulge of 
the i s l e t .  In the soutnern leeward and lagoonward sectors, however, an 
i n i t i a l  scouring of the shore washed out the roots  of strand t r ees .  
Subsequent t o  th i s ,  pebble and cobble deposition has added a LO - 20-foot 
wide s t r i p  of loose sediments t o  the shore. In  the southeast lagoonside 
bend of the i s l e t  there a re  two shore ridges o r  storm ramparts 20 f ee t  
apart ,  and the strand t r ees  b lo~m over by the storm are  par t ly  buried by 
sediments. 

The t r e e - f a l l  direction in  most par t s  of the i s l e t  was s l i gh t ly  e a s t  
of south.* The l a rges t  percentage of t r e e  destruction appears t o  be i n  
the northern peripheral  areas where an estimated 90$ of the t rees  were 
uprooted. The la-rgest percentage of t r ees  l e f t  standing and mowing 
appear t o  be around the small mangrove depression in the eastern bulge 
of the i s l e t .  Here about one-half of the coconut t r e e s  remain standing 
with growing fronds. 

In most of the r e s t  of the i s l e t  between 60 - 75% of the t rees  were 
fel led.  The t a l l e r  mangrove t r ees  had t h e i r  foliage stripped off the top 
half ,  and some are  dead, but most of them are  forming new leaves. The 
smaller lover mangroves appear l i t t l e  damaged and re la t ive ly  fllourishing. 

Except fo r  the par t s  of the periphery of the i s l e t  damaged by gravel 
deposition, by storm wave scouring, o r  by uprooting of t rees ,  the ground 
cover of low plants  such as  grass, weeds and shrubs appear t o  have been 
affected by the storm. 

* No one dominant direction according t o  Fosberg, notes. .--D.I.B. 



Imroj I s l e t  - 
Imroj l i e s  across the pass northwest from Kinajon and i s  about 4,200 

f e e t  long by 1000 f e e t  wide 1000 f e e t  from the northwest end, and about 
half  t h i s  width i n  the southeast half  (Fig. 9) .  It ims and is the pr inci-  
p a l  inhabited i s l e t  presently having about half  of the  a t o l l ' s  population. 
Prior t o  the storm it had a very luxuriant aspect, with dense plantings 
of coconut, pandanus and many breadfrui t  t rees .  

Marked shore-line changes have occurred a l l  around the i s l e t .  The 
old p i e r  was not very well b u i l t  and consisted mainly of uncemented coral  
blocks p i led  up i n  a regular l i n e  covered by coral  sand and s i l t .  This 
i s  not! merely a mass of coral  blocks protruding lagoonward in to  water of 
4 - 6 foot  depths. 

The greatest  shore and land damage has been on the seaward o r  north- 
east side. The i s l e t  extends roughly northwest t o  southeast, and the most 
damaging winds came from the northwest at a diagonal across the i s l e t ,  a s  
indicated by the direction of t ree-fal l .*  Violent beach and shore scouring 
occurred on the seaward side, and pebbles, cobbles and small boulders were 
carr ied inland and deposited 50 - 150 f e e t  from the old shore ridge. The 
mangrove depression a t  the northwest end is par t ly  f i l l e d  with gravel. 

Mater from the ocean scoured several  shallow depressions across 
the lagoonward half ,  i n  the southeastern two-thirds of the i s l e t .  The 
closeness of the coconux and Rndanus plantings and the depth of root  
penetration made xhe s o i l  disturbance unusually m e e t .  Each over- 
turned t r e e  resul ted i n  the pulling out of a && mass of s o i l  and 
gravel by the densew massed roots and Vfle excavation of large holes 
2 - 3 f e e t  deep and 6 - 8 fee t  in ditiame%er. The r e s u l t  is an extra- 
ordinar i ly  rough surface which presents a very d i f f i c u l t  problem i n  
the replanting of the i s l e t .  

Vegetation dauage 

An estimated 90 to 95% of the economic t rees  were uprooted by the 
storm and a large p a r t  of the ground cover was k i l led  on the seaward 
half  of the i s l e t .  

House damage 

A l l  houses on the i s l e t  were demolished. Some reconstruction has 
been done through the use of scrap material  from the old structures,  
but many of t h e  people s t i l l  must l i v e  i n t h e  most make-shift she l te rs .  
The materials f o r  thatch-making are available only in  very s m a l l  
quant i t ies  since most of the Pandanus and coconut leaves were destroyed 
by the storm, and few are  growing. 

* North t o  northeast according t o  Fosberg (notes) and l3luurenstoclr 
--D.I.B. 



Ribon I s l e t  

Ribon i s  a t i ny  i s l e t  about 470 f e e t  long by about 250 f e e t  wide 
oriented northeast t o  southwest (Fig. LO). A s t r i p  of beach rock runs 
roughly at r i g h t  angles t o  t h i s  direction from the middle of the north- 
e a s t  beach northwestward f o r  about 500 fee t .  S m l l  boulders and gravel 
form a sheet up t o  a foot  i n  depth near the northwest end of the beach 
rock s t r i p  and about 100 f e e t  i n  diameter. A few yards fa r ther  north- 
westward a pebble and cobble bar about 60 f e e t  vide r i s e s  t o  about 6 f e e t  
above the reef f l a t  and runs at lower heights and narrower widths i n  
three discontinuous s t r i p s  i n  a southwesterly direction. This bar 
appeers t o  have been freshly bu.ilt by the typhoon waves. 

The northeast end of the i s l e t  faces the pass opening t o  the 
ocean, and a 20-foot wide s t r i p  of the former land appears t o  have been 
scoured away between the old beach rock and former shoreline and the 
present shore ridge.  Pebbles and cobbles have been washed inland and 
par t ly  fill a rocky depression about 100 f e e t  wide and 300 f e e t  long 
running pa ra l l e l  t o  the northeast shore. A thr iving stand of shmbby 
Pemphis - grows on the rock of the depression. 

~t the southwest end of the  islet a cobble and gravel s p i t  has been 
b u i l t  lagoonward for  a distance of about 220 f e e t  i n  a s t r i p  5 - 6 f e e t  
wide and up t o  about high t i d e  l eve l  o r  s l i gh t ly  above. A t  the landward 
end the current eddy of the storm waves apparently swirled t o  form an 
oblong t o  c i rcu lar  rampart o r  beach ridge around a depression 1 - 2 f e e t  
below the ridge l eve l  and f i l l e d  with flotsam. 

The i s l e t  has a high shore ridge a l l  around it formed of pebbles 
and cobbles. In the southern ha l f  of the i s l e t  there is a double shore 
ridge which r i s e s  t o  the highest l eve l  on t h i s  side of the i s l e t .  While 
the strongest storm waves appear t o  have come from the north and p i led  
up .the 6-foot bar on the reef f l a t  i n  t h i s  direction, the direction of 
t r ee - f a l l  was t o  the southwest, indicating a wind of maximum violence 
from the direction of the open pass o r  northeast. The posit ion of 
Mejatto I s l e t  and of the pass m y  have influeraced somewhat the apparent- 
l y  differ ing direct ion of the t r e e  f a l l  both on Imroj and Mejatto from 
t h a t  on Ribon. The protection afforded by Mejatto s i tua ted  t o  the wind- 
ward (with reference t o  the storm) of Ribon, a l so  may have resul ted i n  
the decreased t r e e  damage. Some 6 - 10 coconut t rees  were downed, 14 
were l e f t  standing and growing. Most of the Pisonia t rees  s t i l l  have 
the i r  trunks and chief limbs in t ac t  and are  regrowing leaves. Guettarda 
and Scaevola growing among the ro t t i ng  old coconut stumps and Asplenium --- 
nidus continue t o  f lourish i n  the in t e r io r  of the i s l e t .  So Lit t le  - 
disturbance on such a small i s l e t  can only be a t t r ibu ted  t o  its geographic 
posit ion r e l a t ive  t o  Mejatto I s l e t  and the open pass. 

Me j a t to  I s l e t  

Mejatto i s l e t  i s  about 12,500 f ee t  Long and from 450 - 600 f e e t  wide, 
although near the northern end it widens t o  over 2,200 f e e t  (Fig. 1 ) .  
Its long axis  i s  roughly north northwest t o  south southeast. It l i e s  
north of the pass NW of Imroj (Fig. 1 ) .  



This i s l e t  suffered even more from vind and wave destruction than 
Imroj. With the  exception of about the northern 2000 f e e t  and 500 - 600 
f e e t  on the southern end, the en t i r e  i s l e t  appears t o  have been swept 
by ocean water and severely eroded and cut  up. Gravel sheets vere l a i d  
over large par t s  of it from the seaward side half t o  three-quarters of 
the way across the i s l e t .  Many channels were cu t  across the i s l e t .  

Coconut, Pandanus and other t r ees  not only were blown over and trashed 
out but a large number \:ere washed in to  the lagoon where many stumps are  
v is ib le  on the lagoon rcef and many t m k s  stand i n  the deeper water of 
the lagoon slope. From 1 t o  4 f e e t  of the or ig ina l  s o i l  vere washed from 
much of the i s l e t  a l tho~@ i n  other areas 1 - 3 f e e t  of gravel cover the 
or iginal  gurface (Pl. 11-d, P1. X-b). 

A map fo r  p lo t t ing  data d i rec t ly  vas not made before going t o  t h i s  
i s l e t .  Instead a traverse l i ne  by plane tab le  was made by Blumenstock 
and the wri ter  down the length of the i s l e t  south~~rard from a point 3000 
f e e t  from the north end, and notes were taken along the route of the  
traverse vrhich was measured by pacing (Fig. 11) .  Most of the traverse 
route was near the seaward shore-ridge. Tne return t r i p  t o  the point of 
origin w s made separately by Blumenstoclr and by the writer, vho paced the 
last l e g  of the traverse (2475 f e e t )  alone and returned along the lagoon 
side of the i s l e t  pacing only the first 500 f e e t  from the south end. The 
features noted on the map of Mejatto (Fig. 11) thus are  l e s s  exactly located 
and l e s s  correct ly  oriented than on the other maps made by the writer.* 

A t  the s t a r t i ng  point a very large Calophyllum t r ee  standing a t  the 
lagoon shore has survived the storm. Its branches were broken back t o  
the few remaining main limbs, but leaves are  sprouting again from them. 

Immediately t o  the south of t h i s  t r e e  ocean water had poured across 
and scoured out a large channel across the i s l e t .  Coral debris from t h i s  
area forms a convex bar on the lagoon side reef enclosing a shallow pool. 
Many s i m i l a r  bars and pools occur d o n g  the length of the i s l e t  opposite 
other channels cu t  across the i s l e t  so t h a t  the bars  give a scalloped 
appearance t o  the lagoon side.  

A t  s ta t ion  3 (700 f e e t  south of s ta t ion  1 )  the land i s  badly eroded 
and many coconut t r e e  tiunks s t i l l  standing have l o s t  t he i r  crolms. A 
channel is almost cu t  though t o  the seaward reef by headward erosion and 
is about 150 f e e t  vide. 

A t  s ta t ion  4 (560 f e e t  south of 3) the erosion channel males a 90- 
foot  break in the ledge rock at  the seaward side and a hole f i l l e d  with 
water a t  low t i d e  is scoured out landrmd of the beach. Two t o  three 
f e e t  of the or ig ina l  surface are  s t r i m e d  from the seaward half of the 
i s l e t ,  leaving Gi* mounds of gravel %ere ?andanus o r  coconut roots 
remain i n  place. 

A character is t ic  feature on t h i s  i s l e t  is the scour-pit formed on the 
down-stream side of the t r e e  stumps opposite the accumulation of gravel 
and flotsam on the upstream side (see McICee, p. 40). 

* Traverse distances given are, I believe, correct within lo$  --D.I.B. 



I.lhile the lagoon sides of i s l e t s  most o13en have sand beaches, 
Mejatto's smd  beaches ( i f  there  were any) appear t o  have been washed 
avay in to  the lagoon leaving only pebble and cobble beaches. Flashed out 
t r e e  stumps are  numerous on the shallov lagoon reef and slope between 
s ta t ions 4 and 5. 

The distance between s ta t ions Lc and 5 i s  365 f e e t  and between 5 and 
6 it i s  825 f ee t .  About 200 f e e t  south of s ta t ion  5 is a barren wash o r  
channel cut  through, with no vegetation l e f t .  In t h i s  area a blown over 
Barringtonia t r ee  2 f ee t  i n  dianeter i s  sprouting a few leaves from the 
Erun~c. Some 550 f e e t  south of s ta t ion  5 a channel working headward from 
the lagoon side has l e f t  a V-shaped indentation. On the seaward side i s  
a lov spread-out cobble and boulder bar .  The land between sea and lagoon, 
here about 275 f e e t  vide from shore ridge t o  the channel head, i s  badly 
eroded and p i t t e d  and e x t r e ~ e l y  hunrmocky. Some 3-7 f e e t  of the s o i l  and 
gravel have been removed. 

In the v i c in i ty  of s ta t ion  6 three t rees  with vide buttresses, which 
a re  probably breadfruit ,  a re  s t i l l  standing upright bu t  have had branches, 
bark and leaves stripped and appear dead. Many coconut t r e e  stumps l i e  
on the lagoon reef .  

~t s ta t ion  6 there is another lagoon out~rash channel-indentation, 
and a t  the mouth of it l i e s  a dead breadfruit  t r e e  trunk with roots and 
some limbs. Near the lagoon close to a standing breacUYuittree trunk 
and t1.10 lagoon shore CaLophyllum t rees  a. patch of the original. so i l ,  
black humus mixed 'iritFsand, remains. k p t u r u s  grass growing i n  a thick 
mat on t h i s  s o i l  apparently survived the typhoon inundation. 

Stations 6 a d  7 are  separated by 550 f ee t .  Dro discontinuous 
patches of bouldery rubble l i e  off the searmsd beach here but are  not 
heaped up suf f ic ien t ly  t o  const i tute  bars. Stations 7 and 8 are  550 fee t ,  
and 8 and 9 are  825 f ee t  apart .  In the v ic in i ty  of s ta t ion  9 there 
appears t o  have been a la rge  breadfruit  grove p r io r  t o  the typhoon; 
10 - 12 large t rees  >n th  bu.ttressed trunks and limb sections s t i l l  
standing indicate the remains of t h i s  grove. Much flotsam has been 
accumulated around t h e i r  bases. 

Station 10 l i e s  1310 f e e t  south of s ta t ion  9 and from s ta t ion  10 t o  
the southeast end of the i s l e t  is 2475 fee t .  North and south of s ta t ion  
9 on the seaward reef f r o m  5 - 150 f e e t  offshore a re  patches of sca t te r -  
ed coral  cobbles and smallboulders.  

Between s ta t ions 9 and 10 there is an extensive scoured-out backridge 
trough inshore from the new pebble shore ridge. The cent ra l  par t  of the 
i s l e t  r i s e s  t o  about the ridge height or more and i s  covered by a sheet 
of gravel. Most of the coconut and Pandanus trunks and stumps have been 
uprooted and washed lagoonward. Few remain standing. 

This general. aspect i s  found southmrd over most of the area between 
s ta t ion  LO and the end of the i s l e t ,  except fo r  the l a s t  500 fee t .  
Around the curve of the shore lagoonward of the pass between Mejatto and 
Imroj two pebble and cobble ridges flank the shore, the inner one about 
20 f ee t  inland. The lagoon half  of t h i s  par t  of the i s l e t  has retained 



much of i ts  or ig ina l  vegetation. Par t  of the area i s  occupied by a 
maslgrove depression separated from the lagoon only by a pebble shore 
ridge. 

There a re  two o r  three separate depressions i n  which mangroves a r e  
@owing i n  t h i s  p a r t  of the i s l e t .  The one nearest the end of the i s l e t  
i s  par t ly  f i l l e d  with pebbles and cobbles washed in from the seaward s ide 
(P1 111-c). Many of the small. mangrove t r e e s  appear t o  have been broken 
off  but some s ta lks  a re  s t i l l  a l ive  and have re-sprouted. Many low young 
coconut t rees  a l so  'lave survived i n  t h i s  area. Northward of the southern 
mangrove depressioli and i t s  surrounding t rees  there has been considerable 
erosion of the land back of the lagoon shore. A pool 3 f ee t  deep and 20 
by 50 f e e t  i n  horizontal  dimensions has been scoured out and many coconut 
palms overturned but not  washed from the s i t e  of growth. 

In t h i s  v i c in i ty  and adjacent t o  an outwash channel-indentation 
stands a concrete c i s t e rn  with brackish water. It was sunk 2 f e e t  i n to  
the ground w i t h  the  walls r i s ing  2.5 f e e t  above the old ground level .  
Here the surface of the ground i s  not great ly  disturbed. Northward of 
t h i s  the s o i l s  are  badly eroded and cut  up. Approximately opposite 
s ta t ion  7 but on the lagoon side of the i s l e t  i s  another mangrove depres- 
sion elongated pa ra l l e l  t o  the ax is  of the i s l e t .  Pebbles and cobbles 
have f i l l e d  i n  about three-fourths of the depression from the seaward 
wash t o  a depth of about three f e e t  (PI. 111-d). 

The extreme northwest end of Mejatto was not v i s i t e d  by the writer,  
but a view from the schooner i n  the lagoon showed many more coconut and 
other t rees  t o  be standing here. Obviously, l e s s  wind and water damage 
had occurred in t h i s  videst  par t  of the i s l e t .  

Lijeron I s l e t  

This small i s l e t  on the northwest reef measures an estimated 300 by 
600 f e e t  but was not  paced off .  

On the e a s t  end a sand beach 50 f e e t  vide borders the i s l e t .  The 
north and south s ides  a re  concave indentations protected from the normal 
mves from the eas t  and have developed beach rock. A t  the west end 
there  i s  a narrow neck of rock extending t o  a rock platform l e s s  than 
half  the s ize  of t l ~ ?  eastern par t  of the i s l e t  and supporting a pure 
dense stand of Pemphis. This contrasts u i t h  the almost pure stand of 
Pisonia on the eastern znd la rger  and higher par t  of the i s l e t .  A few 
C- and Tournefortia t rees  and perhaps half  a dozen coconut t r ees  a l so  
are  on the eastern section. There appears t o  be l i t t l e  s ignif icant  topo- 
graphic change resul t ing from the storm save possibly the development of 
a long sand hook southvard from the eastern sand beach. Sons sand was 
spread i n  a sheet half-way across the i s l e t  from the north. 

The vegetation on this small i s l e t  a l so  survived well. A few 
Pisonia and Cordia and 2 - 3 coconut t r ees  were toppled, the direction of 
fa l l  being due south. 



This isolated uninhabited i s l e t  i s  the nesting place f o r  hundreds of 
white-capped noddy terns  which are  re la t ive ly  tame. Most of the nests 
contained a young chick o r  an egg a t  the t i m e  of o m  v i s i t .  Overhead 
c i rc led  many terns  and f r iga t e  birds .  

About a dozen te rns  and one young f r iga t e  b i rd  were caught by the 
J a l u i t  islanders from our schooner t o  take home fo r  eating. Some eggs 
a l so  were collected apparently fo r  the same purpose. 

Pinlep I s l e t  

Pinlep I s l e t  i s  s i tuated on the west reef of J a lu i t  (Pig.  1 ) .  
Between the i s l e t  and the lagoon proper i s  a faroe o r  secondary lagoon 
of re la t ive ly  shallow depths resu l t ing  from the upbuilding of a reef 
enclosing a tr iangular body of water. The northwest shore faces a wide 
reef  f l a t ,  but the oceanward reef t o  the south is  narrow. The i s l e t  is 
about 8,500 f e e t  long. The eastern half runs between 500 and 800 f e e t  
i n  width. The central  portion of the western half is widest, about 2,200 
f e e t .  The main inhabited p a r t s  appear t o  have been along the lagoon- 
facing sectors of t h i s  wide portion (Pig. 12) .  

Our small boat made a landing near the middle of the i s l e t  a f t e r  
crossing the secondary lagoon. The schooner had t o  sta.nd some distance 
off the reef o-f the secondary lagoon so as not t o  d r i f t  onto the reef,  
since the wind blew toward t h l s  reef from the eas t .  

In  an interview with the oldest  inhabitant, naned Brown-Smith, we 
were informed t h a t  the f i r s t  severe s t o m  wind of the typhoon blew from 
the north s ta r t ing  a t  about 6 p.m.  By about LO p.m. the wind had shif ted 
t o  blow from the south with great  violence. Our informant s ta ted  tha t  it 
was t h i s  wind tha t  blew down most of the t rees .  However, almost a l l  the 
t r ees  downed had f a l l en  i n  an eas te r ly  direction, so t h a t  the most violent 
blow must have come from the w e s t .  If the f i r s t  violent  winds vere from 
the north followed by violent west trinds, as  the t r ee - f a l l  appears t o  
indicate, the cyclonic v h i r l  must have moved westward and then northwest- 
ward. 

The most severe damage i n f l i c t e d  on the t r ees  appears t o  have been 
near the western end of' the  i s l e t  where an estimated two-thirds t o  three- 
quarters of the coconut, Pandmus,breadfruit and other t r ees  vere k i l led .  
The central  pa r t  of the south and seaward sides of the i s l e t  appear t o  
have had the smallest proportion of the t rees  toppled, between one-third 
and one-half. The m i t e r  did not traverse the eastern half of the i s l e t  
and cannot describe the extent of damage i n  t h i s  portion. 

Along the beach north of the Worm-Smith hut, coconut t rees  were bent 
over northeastward, but were not  completely overturned. Many breadrFruit 
t r ee s  were toppled over along the vi l lage road pa ra l l e l  to the lagoon 
beach. Others remain standing but have most of the limbs broken off .  
These and others with some large roots s t i l l  i n  the ground are  sending 
out new leaves. Near the northwest beach a mangrove stand i n  a mucky 
depression has most of i t s  t r e e s  stripped of leaves and twigs, the 



trees appear dead. The northwest facing shore here is badly eroded and 
has retreated 10-15 feet .  The character of the beach sediments along the 
shores observed are shown in  Fig. 12. 

Inundation vas most severe and penetrated farthest inland at  the 
west end of the i s le t ,  where the shoreline appears to have been scoured 
back 10-15 feet, vh:.le water-borne sediments and flotsam were carried i n  
forty feet or more from tne shore ridge. On the southerly section of this 
western end m y  Guetta,.&, Scaevola and 'Pournefortia, toppled over but 
only p a s t l ~  washed out, are sending out a z f i s e  leaf sprouts. About 1500 
feet  from the vest end-a breadfhit tree-trunk s t i l l  standing 80-90 feet  
high i s  sprouting leaves from parts of the large limbs remaining, although 
a l l  smaller branches are gone. Along this  south shore there appears t o  
have been l i t t l e  s a l t  water penetration inshore. 

Majurirek I s l e t  

Majurlrek I s l e t  i s  roughly 3000 feet  in length (Fig. 13). I t s  long 
axis i s  aligned dLnmst due north and south. I t s  greatest width, about 
1100 feet, i s  near the south end, and it narrow gradually northtrard un t i l  
a t  about 500 feet  from i t s  northern t i p  it has a width of some 600 feet. 
A mangrove depression about LOO0 feet  long by 250 feet  wide occupies the 
south central interior of the i s l e t .  Hovever, only sparse patches of 
mangrove are found, largely near the southeast fringes. Most of the 
depression i s  an open pool of sa l ty  or brackish ?rater. A much smaller 
mangrove depression occurs near the southeast shore of the i s l e t  just 
vest of the village path. 

The character of the shore and beslch areas a t  the time of the 
v i s i t  by the miter i s  shom in Fig. 13. In general, the severest storm 
winds of Typhoon OPHELIA cane from the west, as indicated by the plotted 
direction of t ree-fa l l  in the chart. This accords with the observations 
made on Pinlep, also on the west reef, as well as with the observations 
made i n  the southern extension of Jabor I s le t  where the s teel  tomrs  were 
also blown down in an eas4zrard direction. Locally, the directions of tree- 
f a l l  were not always to-ward the east .  In a few instances where strand 
trees were undermined by wave wash the directions of f a l l  were toward the 
beach. On the ocean side i n  the extreme north shore area the dominant 
direction of t r e e - f d l  appears t o  have been torwd the southeast. In the 
southwest shore area the direction of 'tree-fall seems mainly somevh~.t 
north of east. A t  the southeast end the t ree-fa l l  'GW to~rard the south- 
east. Along the lagoon shore the direction was dominantly lagoonward or 
eastward. 

Of the i s l e t s  examined, this  one appears the Least changed morpho- 
logically along the shores. Inundation by ocean or lagoon water appears 
t o  have been restricted t o  a narrow zone of a few yards from the shore 
and only occurred locally. No significant anmunt of sedhent was washed 
inshore, and the shores were only slightly scoured. Beach character 
probably was changed, but, without information on the nature of the 
beaches before the storm, the writer cannot evaluate th is  change. Shore 
retreat  owing t o  wave-scouring occurred on the lagoonmtrd side of the 
southeast bend of the i s l e t  about 100 feet  north of the beach rock f o m -  
tion. Here an old family grave-plot was partly eroded away. The maximum 
re t reat  appears t o  have occurred just a t  and just south of the northwest 



bend of the seaward shore, where from 3 t o  5 f e e t  may have been scoured 
away from the shore. In  the southern half of the seaward area, shore 
r e t r e a t  appears t o  have been l e s s  than two fee t .  This is the only i s l e t  
aside *om the small Lijeron i s l e t  ("Bird I s l e t " )  wlnere a considerable 
sand beach development was observed o r  retained. Characterist ically,  t h i s  
sand i s  on the lagoon beaches, some of it overlying beach rock. 

In  the in te r ior  the only morphological change resul ted from the 
excavation of holes o r  p i t s  when f a l l i n g  t rees  brought out with t h e i r  
roo t  clwnps large amounts of gravel and s o i l  held by the roots .  Since 
many t rees  were toppled, the topography i s  very uneven where t h i s  
occurred. Pandanus t r ees  were mostly snapped off below the i r  cror.ms, 
with roots and main trunks s t i l l  standing although dead. %ere they 
vere ki l led,  coconut t r ees  tended t o  be uprooted rather  than snapped off 
below the crowns. Many of the b r e a u r u i t  t rees  liker,rise had a l l  major 
limbs broken off ,  but the trunk with remnants of limbs remains standing, 
with roots s t i l l  i n  s i t u .  Where t h i s  occurred, the t r e e  trunks and - -- 
remnant limbs are re-sprouting leaves. Even those breadfrui t  t r ee s  t h a t  
were overturned but which retajned some large roots underground are  r e -  
growing leaves. 

In  terms of the most important t r e e  types, the Pandanus suffered most -- 
destruction, up t o  an estimated 9% of these t rees  being k i l l ed  on most 
of the i s l e t  except along the lagoon shore where low young t rees  suffered 
l e s s  donage. The coconut t rees  a t  the south end of the i s l e t  between 
the large mangrove depression and the shore suffered up t o  two-thirds Loss. 
North of the large mangrove depression about h&f of the coconut t rees  
were toppled. A large grove of large Pandanus occupied i;ne area west of -- 
the northern t h i r d  of the large mangrove depression. Almost a l l  had t h e i r  
crowns and limbs snapped of f .  Further damage had been in f l i c t ed  i n  t h i s  
area by uncontrolled burning of the f a l l en  fronds and t rees .  'This burn- 
ing also affected coconut t rees  s t i l l  l iv ing  and some young coconut sprouts. 

The mangrove and Pemphis t r ees  fringing the southern end o.f the nun- 
grove depression appear l i t t l e  damaged 'oy the violent wind. Dananas blotm 
over and k i l led  i n  the northeast quarter of the i s l e t  have re-sprouted 
young plants from t h e i r  roots.  

Sa l t  water from the oceanside during high t i de  probably i n f i l t r a t e d  
the mangrove depression, because the land area west of the depression i s  
made up of boulders up t o  8-10 inches i n  diameter and probably a l l o ~ i s  
re la t ive ly  f ree  water movement through it. 

Vhere the small-boat from our schooner landed, about 350 f e e t  -from 
the southeast bend of the i s l e t ,  two large C a l o ~ l l w n  - t r ee s  and one 
large Hernandia sonora t r ee  remain growing on the strand, having re-  
sprouted l e a v z  -he branches and trunks. 

In  conclusion, it appears t h a t  of all tnose i s l e t s  examined by the 
writer,  Majurirek escaped with the  l e a s t  damage t o  i t s  s o i l  and economic 
plants .  



IV. ISLPNS STRUCTURES AND THEIR MODIFICATION 

Edtrin D. McKee 

DEvelopment of i s l e t  - s t r a t a  

The peripheral reef of J a l u i t  Atoll, l i k e  that of other a to l l s ,  
is composed of r igid,  wave-resistant skeletons of corals and cara l l ine  
algae, with c l a s t i c  pa r t i c l e s  o r  unbroken she l l s  and skeletons of ben- 
thonic organisms par t ly  o r  en t i r e ly  f i l l i n g  cracks and in te rs t ices .  
In contrast, rocks t h a t  r e s t  upon these reefs  and tha t  normally form 
the  i s l e t s  r i s ing  above them are  very different s t ruc tura l ly  and textur-  
a l ly .  Such rocks consist  en t i r e ly  of accumulations of d e t r i t a l  materials, 
ranging *om sand t o  boulder size, vhich are  cemented t o  varying degree. 
These rocks may o r  may not exhibi t  well-developed s t r a t i f i ca t ion .  Bedding 
is  poorly defined and inconspicuous where coarse material  has been l a i d  
down i n  broad sheets o r  a s  mounds; it is prominent and i n  the  form of 
cross-s t ra t i f icat ion vhere the norm1 sorting processes of a beach have 
been responsible fo r  i ts  development. 

The foriiing of islands upon the peripheral reefs  of a t o l l s  generally 
i s  a t t r ibu ted  t o  the accumulation of detri'cal debris, at  a par t icular  
stand of sea level, f o l l o ~ ~ i n g  i n i t i a l  development of a surface i r regular-  
i t y  o r  nucleus fo r  concentration. Should sea l eve l  r i s e  suddenly and 
appreciably, a probable result vould be rapid upward growth of reef - 
forming organisms so t h a t  even the former island area might be covered 
111th the new reef rock; should sea l eve l  go do~m the is land doubtless 
trould be destroyed by subaerial  processes of erosion. With a re la t ive ly  
constant posit ion of sea level,  however, an is land may be expected t o  
develop, rrithin cer ta in  l i m i t s ,  a s  a r e s u l t  of geological processes 
operating under two types of conditions: (1) the n o d ,  day by day 
processes of deposition and erosion resul t ing from waves, t ides ,  Long- 
shore currents and othe: regular controls; (2)  the occasional great 
s t o m  which a c t  violenAy and abruptly modify the environment. 

To in te rpre t  correct ly  the his tory of any par t icu lar  islet on an 
a t o l l ,  the processes operating under each of the two conditions c i ted  
above must be understood and appraised and c r i t e r i a  must be established 
f o r  recognizing the deposits formed i n  each instance. Clearly, most 
i s l e t s  are  formed of deposits representing both normal and storm condi- 
t ions,  but the proportions a t t r ibu ted  t o  each on any par t icu lar  i s l e t  
vary widely. 

In general, the deposits of normal sediments on an i s l e t  consist  of 
sand and small gravel with good sor t ing  and well-developed cross -s t ra t i -  
f icat ion.  Constant re%mrking by waves and t ides  tends t o  remove the very 
f ine  m a t e r i d s  (belov sana s i ze )  and t o  separate f ine  gravel and sand 
in to  d i s t i n c t  layers.  Because permanent accumulation of sediments i s  
largely i n  the lee  of the islands, such sediments continuously contribute 
t o  a leeward extension of beach deposits and therefore i s l e t s  normally 
bui ld  i n  that direct ion.  



I s l e t  deposits developed during major s t o m ,  i n  contrast  t o  those 
formed in  normal times, consist  dominantly of gravel, including much of 
boulder dimensions, t ha t  appears t o  be the product of mass o r  col lect ive 
movement. They form ridges along the windward shores and sheet or 
blanket deposits across large par t s  of  i s l e t  in te r iors .  They may a l so  
form temporary ridges out on the reef f l a t .  In general, these deposits 
are  characterized by re la t ive ly  poor sor t ing and rude s t ra t i f ica t ion ,  
but comonly by f a i r  t o  good imbrication among f l a t  gravels. Removal of 
sand-size and smaller par t ic les  through winnowing action i s  normal. 

The pas t  h i s tory  o r  cer ta in  i s l e t s  on Ja lu i t  Atoll  can be deduced in  
par t  through examination of sections both i n  natural  exposures m d  i n  man- 
made wells and ttcenches. On the i s l e t  of Ja lu i t ,  a t  Jabor, f o r  instance, 
exposures i n  a section (Figs. 1 4  1 5 ~ )  across the northeastern par t ,  
immediately southwest of the inhabited area, show consolidated, cross- 
s t r a t i f i e d  lime sandstone and lime gravel, with laminae dipping lagoon- 
ward, only 350 f e e t  from the present seaward margin of the i s l e t  as well 
as near the present lagoon margin. These once-buried remnants indicate 
the extent t o  which beach sands have migrated across the reef i n  t h i s  
area during ear ly  his tory of the i s l e t .  

Also on Jabor, but i n  a parrow section about a mile fa r ther  south- 
vest, a trench dug across the land almost t o  lor? t ide  l eve l  i l l u s t r a t e s  
t ha t  here, on the other hand, l i t t le  o r  no beach sand development i s  
represented ( ~ i g .  1 5 ~ ) .  This section shows t h a t  above typ ica l  reef rock 
i n  the bottom i s  a 3-foot layer of brown, veil cemented conglomerate, 
apparently formed under storm conditions during an e d y  stage i n  the 
development of this i s l e t .  White, poorly consolidated but othemrise 
similar gravel above apparently had a s i m i l a r  or igin a t  some l a t e r  date. 
Thus, i n  t h i s  par t  of 'the i s l e t  there is no evidence of rocks having been 
formed by the normal beach accumulation of f ine  sediments. 

Studies on Mejatto I s l e t  i l l u s t r a t e  var ia t ions during ear ly  stages 
of development i n  re la t ive  contributions of the two types of deposits 
(normal and storm) similar t o  those described from Jabor (Figs. 14, 1 5 ~ - D ) .  
The transport  of materials towards and in to  the lagoon i s  evident from a 
comparison ( c f .  Fig. 16) of a e r i a l  photographs made pr ior  t o  OPHELIA ( i n  
1944) and afterwards ( i n  1958). 

Modifications of i s l e t  s t r a t a  resul t ing from typhoon - 
A pr incipal  objective of the present study has been t o  determine and 

record the e f fec ts  of Typhoon OPHELIA on the geornorphic and s t ruc tura l  
features  of i s l e t s  on Sa lu i t  Atoll. This has been accomplished by 
examining i n  de ta i l ,  measuring, and plo t t ing  in  cross-section available 
data fo r  two i s l e t s  -- Jabor and Mejatto -- Imo%m t o  have been especial ly  
hard h i t  and awash during the storm. Effects of the typhoon on these 
i s l e t s  include both accretion and removal of material  and an attempt is 
made t o  indicate the dis t r ibut ion and extent of these chauges. 

Sedimentary deposits, adding t o  the bulk of Jabor and Mejatto I s l e t s  
and a t t r ibu ted  t o  Typhoon OPIBLIA (possibly also,  i n  part ,  t o  the shtorms 
of 1957) consist  of very s l igh t ly  weathered or unweathered gravels ranging 



from pebble t o  boulder s ize  w i t h  very l i t t l e  i n t e r s t i t i a l  sand o r  other 
f ine  par t ic les .  They consist  i n  p a r t  of material  torn loose from the 
reef front.* Such fresh gravels a r e  readily recognized by color, being 
uniformly white, i n  contrast  t o  older gravels t ha t  a re  grw or  brotm 
e i t h e r  a s  a result of algal covering o r  of weathering i n  a s o i l  zone. 
Imbrication i s  comonly developed among f l a t  gravels, with surfaces dip- 
ping i n  the direction from which the storm waters advanced. 

Based upon the i r  geomorphic position, gravel accretions of the 
typhoon may be divided in to  three classes.  These are  (1) gravel t r a c t s  
t h a t  loca l ly  form bars on the seaward par t s  of the reef,  (2 )  shore 
ridges, referred t o  a s  ramparts by many geologists, and (3) gravel" sheets 
o r  blanket aeposits. 

Gravel t r a c t s  were especially well  developed on the reef f h t  sea- 
ward of Jabor I s l e i  (Fig. 15A-B, P1.I-a,-b), where f o r  most of i t s  length 
they formed a ridge 8 f e e t  high and 45 t o  60 f e e t  wide; they were l e s s  
well  develaped seaward of Mejatto I s l e t .  In  both places they contained 
abundant blocks and boclklers from one t o  f ive  f e e t  in diameter, many of 
which were recent ly  der.:.ved from the  reef f ron t  as shown by t h e i r  fresh,  
uneroded surfaces and by the types of coral. represented. They had been 
transported landward as shown by sections across the ridge near Jabor 
where conspicuous imbrication of large s labs  dipping seaward, const i tutes  
the pr incipal  structure.  A t  the time of examination, three months a f t e r  
!Typhoon OPIG,LIA, gravel i n  these t r a c t s  had already migrated toward the  
islet a considerable distance, according t o  observations 0.f Macltenzie 
and others who have been on the ground during t h a t  interval,  and there 
seems l i t t l e  reason t o  doubt t h a t  normal wave processes w i l l  eventually 
carry them f w t h e r  back and add them t o  the seaward deposits of the i s l e t .  

Shore ridges, as  exhibited on the seaward sides of Jabor and Mejatto 
I s l e t s ,  a re  i n  dl essential. respects, except location, l i ke  the grave2 
ridges on the reef .  They represent an ultimate i n  accumulation and 
p i l ing  up of coarse debris. They r i s e  higher and contain la rger  boulders 
than other geomorphic forms on the i s l e t s  and indicate the maximum storm 
concentration along the i s l e t  fsont. Structural ly  a l so  they appear 
similar t o  the gravel ridges o r  the  reef and probably a re  enlarged by 
material  from these when londmrd migration has continued suff ic ient ly .  

The most s ignif icant  additions, quantitatively, t o  the i s l e t s  during 
Typhoon OPhTELIA, are  the blanket deposits of gravel, here termed gravel 
sheets. These extend as  t h i n  layers  of white, little-weathered gravel 
across large par t s  of those i s l e t s  t h a t  were inundated by storm waters 
and they appear t o  have been spread out and deposited i n  the manner of 
r ive r  flood o r  g l ac i a l  outwash plains .  Examples on Mejatto I s l e t  ( ~ i g .  
16, 17) begin on t??e seaward side inmediately lagoonward of the shore 
ridge o r  of scour channels and plunge holes a s  layers of loose gravel 
a few inches thick and i n  places they extend two-thirds o r  three-fourths 
of the distance across %he islet. They end abruptly, forming a ledge o r  
nearly ve r t i ca l  drop of two o r  three f e e t  along, a sinuous front .  

* This a lso i s  Banner's conclusion, see p. 76. 



Texturally they are  d is t inc t ive  because of the absence of sand o r  other 
f ine sediment as  matrix. Structural ly  they form a single bed o r  layer, 
but commonly show imbrication of f lat  slabs within. 

Gravel sheets spread over the i s l e t s  contain par t ic les  t ha t  vary 
considerably i n  s ize  from place t o  place as  shown on iXe<jatto and Jabor 
but,  i n  general, the pa r t i c l e s  i n  these sheets are considerably f ine r  
than gravels of the shore ridges and beach t r ac t s .  The gravel sheet 
appears t o  have been derived from at l e a s t  three sources: ( I )  The outer 
reef area; (2)  e a r l i e r  shore ridges; and (3) reworlcing and redis t r ibut ion 
of gravel of older sheets, with a winnowing away of s o i l s  and f ine  
materiars. It was not possible during the present study t o  determine 
the re la t ive  contributions from each of these sources. A s ign i f icant  
observation, however, i s  t h a t  enough gravel was introduced from outside 
the i s l e t  i n  most par ts  of the sheet t o  r a i s e  appreciably the general 
is land l eve l  i n  those places and t o  leave a new stratum of gravel as a 
record. 

Although a considerable amount of sediment, nearly a l l  coarse, vas 
deposited on i s l e t s  by the floo&watere developed during Typhoon OPI~LIA, 
notable erosion a l so  resul ted from these riaters. Evidence of such 
erosion i s  especially conspicuous i n  areas on the i s l e t s  t h a t  apparently 
were occupied by re la t ive ly  weak sediment adjacent t o  r e s i s t a n t  surfaces. 
On both Jabor and Mejatto I s l e t s ,  scour trenches several  f e e t  deep were 
cu t  in to  unconsolidated sand deposits landward from and p a r a l l e l  t o  beds 
of r e s i s t an t  beach rock t h a t  dip toward the sea (Pig. 17). On Mejatto 
many plunge holes were developed, one of them s i x  f e e t  deep, i n  ?,~eali 
deposits of sand t o  the l ee  of areas t igh t ly  bound by the root  systems 
of t rees  ( ~ i g .  17A-B). I&us, with the  advance of water from seaward, 
a select ive scouring developed i n  unprotected areas southr?est of obstruc- 
t ions  on the seaward sides of the i s l e t s .  

Erosion also \:as considerable i n  areas bordering the lagoon shores 
of i s l e t s ,  especially between the margins of newly formed gravel sheets 
and r e s i s t an t  beach rock of the lagoon edge. In such areas water 
apparently c o n ~ e n t ~ a t e d  i n  channels t o  scour o ~ t t  Large plunge holes 
t h a t  have subsequently formed t i d a l  pools (Fig. 15D). 

A very large amount of f ine  sediment, especially of sand size,  mu.st 
have been removed from the i s l e t s  of Jabor and MeJatto by flood waters of 
Typhoon OPHELIA. These f ine  sediments m r e  winnorred out of the sandy 
gravel of the island and vere la rge ly  stripped from former sand areas. 
A t  present the only s ignif icant  sand areas exposed on these i s l e t s  are  
i n  the  bottoms and sides of deep scour channels and undercut areas arowd 
t r ees  and beach rock. Some of the large amount of sand t h a t  apparently 
was once present, Judging from remnants, now forms bars t h a t  extend out 
i n to  the lagoon at various places; som of it const i tutes  submarine off-  
shore bars (Pig. 14) formed by waves. The great buLk, however, preswn- 
ably has been carr ied in to  the lagoon vhose f loor  is now considered t o  
have been raised appreciably. 
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V. REMOVAL OF FINE SEDIMENTS FROM ISLETS 

Edrrin D. McICee 

Sand and s o i l  a re  nearly absent on Jabor and Mejattc Islets, both of 
which were awash during Typhoon OPHELIA. That such sediments formerly 
consti tuted s i@if icant  pa r t s  of the surfaces of these i s l e t s  is indicated 
by the prevalence of sand and s o i l  on other i s l e t s ,  e . .  Pinlep and 
Majurirek, which were not flooded, and on the unflooded northern end of 
Mejatto I s l e t .  Not only has sand tha t  presumably once formed beaches 
along these i s l e t s  l w g e l y  been removed, but a l so  sand and s o i l  appear t o  
be thoroughly winnowed out from among the cobbles and pebbles t h a t  now 
form a gravel sheet across much of these i s l e t s .  

The destination of f ine  materials removed from the i s l e t s  by storm 
waves has been determined by investigations of two types. F i r s t ,  a study 
has been made of sediments from the lagoon shore outward t o  determine the 
present posit ion of various size-grades of material. Second, a compari- 
son has been made L: offshore geomorphic features of 1944 with those of 
1958 through a comparison of a e r i a l  photographs. 

The lagoon area of; Jabor I s l e t  vas selected fo r  exanination of 
bottom sediments because it represents a place i n  which storm intensi ty  
and islet flooding had reached a maximum. Analyses of samples at 100- 
t o  200-foot intervals  from the shore outward and from depths down t o  60 
f e e t  were made ( ~ i g .  14). These show only coral  gravel from the shore 
l i n e  outward 180 fee t ,  poorly sorted lime-sand between 180 and 1000 feet ,  
and an accumlation of leaf- l ike a d  branch-like coral  fragments 
(Montipora sp. and Acropora sp.)  beyond 1000 f ee t .  This dis t r ibut ion i s  
a t t r ibu ted  t o  Typhoon OPHELIA. The lagoon beach with i ts  lack of sand 
i s  i n  contrast  with lagoon beaches developed by nonnal wave and t i d a l  
action. Poor sor t ing of the offshore sands and a lack of progressive 
decrease i n  median s ize  r r i t h  depths and distance outward suggest rapid 
deposition with consequent mixing. In those respects they d i f f e r  con- 
siderably from offshore sedimnts  reported Prom Kapingamarangi Atol l  
formed under conditions of normal sedimentation(Mc~ee, Chronic, and 
Leopold, 1959, figures 5, 7, 8, and 3 ) .  

Additional features of the lagoon f loor  off Jabor I s l e t  a t t r ibu ted  
t o  Typhoon OPIiELIA are an offshore sand bar o r  ridge , p&allel. t o  the 
shore at 400 f e e t  out, and a large accumulation of Pandanus t rees  from 
the  land that r e s t  on the sand f loo r  at the 50-foot level ,  immediately 
beyond a steep drop-off 600 f ee t  from shore (Fig. 14).* Thus the storm 
has l e f t  a record offshore consisting of poorly sorted f ine  sediments 
and land-derived materials which, i f  buried m d  preserved, w i l l  appear 
very different  from the normal offshore deposits. 

+ See Banner's remarks, pp. 77-78. 



Pinlep and Majurirek I s l e t s ,  where the  typhoon ef fec ts  were great  
bu t  where flooding of the land did not develop as  on Jabor, were a l so  
studied from the standpoint of lagoon sediments. Relatively l i t t l e  f ine  
sediment vas removed from these i s l e t s .  Nevertheless, the offshore sands 
are  poorly sorted (f igure 18) as  on Jabor, and seem t o  indi-  
cate a considerable amount of mixing a s  fax out a s  s w l e s  were taken, 
600 t o  700 f ee t ,  and a t  depths a s  great  a s  15 t o  25 fee t .  In  contrast, 
lagoon beaches on these i s l e t s  were formed of sand,analyses of rihich show 
good t o  f a i r  sor t ing similar t o  t h a t  of beaches developed under normal 
conditions of reworking by waves and t i des .  

Constituen'ts of offshore sand in  the J a l u i t  Lagoon are shown by 
sample counts t o  consist largely of broken and worn pieces of coral, 
although mollusk she l l  f r a w n t s  a r e  a lso very common i n  a l l  s ize  grades. 
The t e s t s  of foraminifers, r e l a t ive ly  uniform i n  s ize ,  make up more than 
50 percent of the par t ic les  i n  the coarse-grain size,  but a re  scarce i n  
other s ize  grades. Other contributions, including sea urchin spines 
and sections of Halimeda, are  quantitatively unimportant. Comparison of 
these sediments with those accumulated a t  Kap ingmang i  Atol l  i n  similar 
locations but  under normal conditions of waves and currents, suggest t h a t  
the proportionately smaller an;ount of foraminifera i n  the very near-shore 
waters and t h e i r  correspondingly greater  numbers far out from shore a t  
J a l u i t  a re  d i r ec t  r e su l t s  of redis t r ibut ion by the typhoon (~cKee,  Chronic, 
and Leopold, 1959). The r e l a t ive ly  la rger  amount of coral  debris may 
a l so  be a r e s u l t .  

Studies of bottom sediments on seavard sides of i s l e t s  on JaZuit 
Atol l  were attempted for  comparative purposes. On Jabor and Mejatto 
I s l e t s  sand was absent, probably having been removed by the storm waters 
t h a t  swept from these reef f l a t s  en t i r e ly  across the i s l e t s .  On Pinlep 
and Majurirek I s l e t s ,  where storm ef fec ts  %rere l e s s  intense, f i ne  sediment 
of the reef f lat  was poorly sorted and r e l a t ive ly  coarse, median diameters 
being greater than sand s ize  ( f i w e  LO). The sedircent was 
composed largely of coral  fragments, contained some broken mollusk she l l s  
and Hali~.eda s e p e n t s ,  but no foraminifers. Apparently most of the f ine  
sand, i f  formerly present, had been removed. 

Sand beaches are  at  present non-existent along much of the lagoon 
side of Jabor and Mejatto I s l e t s .  Aerial photographs taken since Typhoon 
OPHELIA reveal t ha t  a considerable area formerly occupied by beaches on 
these i s l e t s  i s  now scoured t o  reef rock surface and sand deposits cur- 
ren t ly  form loops, o r  bars i n  the offshore waters, each bar appearing as 
a half  c i rc le ,  convex outward. This pat tern i s  especially well developed 
and forms a conspicuous feature along the middle par t  of Mejatto I s l e t  
(Fig.  16).  Gentle lagoonvard slopes and steeper shoreward sides on these 
bars, a s  seen i n  the photographs, are believed t o  r e s u l t  from gradual. 
reworking of the sand masses by incoming waves off the lagoon. 
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V I .  GROUND WATER 

Although no studies of ground water had been made on the i s l e t s  of 
J a l u i t  Atol l  p r io r  t o  the coming of Typhoon OPWELIA, dug wells have f o r  
many years furnished potable water, so fresh water lenses may be assumed 
t o  have existed on a l l  but the very small i s l e t s .  The q u d i t y  of t h i s  
water probably m s  similar, i n  general, to t h a t  reported from fresh water 
lenses on other Pacif ic  limestone islands.  Storm waves of the typhoon, 
however, submerged many of the i s l e t s ,  so t h e i r  supply of ground water was 
loca l ly  contaminated and i ts  composition great ly  a l te red  by mixing with 
sea water. 

" m l e s  of ground water were collected fo r  analysis i n  May, 1958, 
about four months a f t e r  the storm. These samples were obtained from four 
wells i n  existence p r io r  t o  the typhoon, three wells dug a t  the time of 
sampling, one scour pool cut  by the typhoon, and one mangrove pond ( fo r  
location of wells, see Pigs. 6, 8, U., 12, 13). The three test welLs cmd 
one of the or ig ina l  wells were on i s l e t s  known t o  have been covered by a 
sheet of water during the typhoon (Jabor and Mejatto); the other three 
o ld  wells were on i s l e t s  not inunaated (Pinlep, Majurirek, ~ i n a j o n )  and 
the i r  waters apparently were re la t ive ly  l i t t l e  changed as  a r e su l t  of 
the storm. 

Temperature and pH readings were taken a t  each of the wells examined 
ta able 111). Temperatures ranged from 82O F. t o  8 7 O  F. These were read 
near the middle of the  day and probably a re  re la t ive ly  high because a l l  
of the wells were i n  the open, unprotected from the sun, a s  a r e s u l t  of 
typhoon destruction of surrounding t rees .  Well waters ranged from about 
pH 6.0 t o  pH 7.0, all of the higher f igures  representing wells on i s l e t s  
known t o  have been inundated by typhoon-driven sea water. 

T~U3.33 111.--Readings of pH and temperature fo r  wll  water 

Well descriation 011 Temerature* 

Majurirek 6.0 86 
Pinlep 6.5 83 
Mejatto well #l 7.0 85 
Mejatto well $2 7.0 87 
Jabor well i / f2  7.0 82 

* degrees Fahrenheit 

Hardness of water (Table IV) i n  the three samples from i s l e t s  not 
inundated by storm waves i s  l e s s  than 500 par t s  per million; i n  all others 
it i s  greater than 1200 ppm, apparently We r e s u l t  of contamination by 
sea water. Thus, low calcium and low mgnesium in well waters of Pinlep, 
Majurirek and Kinajon i s l e t s  probably represent amounts normal f o r  f resh 
water on these i s l e t s ;  water of similar composition i s  reported from 



f resh water lenses in  the northern Marshall Islands (Arnow, 1954, p .7)  
and on Kapingamarangi Atol l  ( ~ c ~ e e ,  1958, p. 267). The amount of calcium 
and magnesium i n  such waters, higher than i n  average f resh  \rater streams 
and lakes, r e su l t s  from solution of limestone and lime sand of the i s l e t s .  

Well water from Jabor and Mejatto I s l e t s  (Table IV) which were covered 
by sea water during the typhoon a r e  much higher i n  both calcium (over 200 
ppm) and magnesium (over 170 ppm) than water from the i s l e t s  c i t e d  above 
t h a t  were not inundated. F'urthermore, the amount of magnesium i n  the 
Jabor-Mejatto samples i s  essent ia l ly  equal t o  o r  greater than the amount 
of calcium, a r e su l t  of contarnination, since normal sea %rater has propor- 
t ionately more magnesium than calcium, whereas most f resh waters a re  the 
reverse. 

The extent of contamination by sea water i s  i l l u s t r a t e d  by analyses 
of su l f a t e  (504) and chloride ( ~ 1 )  fo r  well water from Jabor and Mejatto 
I s l e t s   a able IV). Both of these i s l e t s  were covered by ocean water 
during the typhoon, but apparently the lens  on Mejatto with a combined 
su l fa te  and chloride content ranging from 10,000 t o  15,000 ppm was 
contaminated more than t h a t  on Jabor where it ranges from 4,000 t o  5,000 
ppm. It i s  instructive t o  compare these figures with the 250 ppm 
sul fa te  and 250 ppm chloride recommended by the U. S. Public Health 
Service a s  the upper limit for  water used in  normal domestic consumption. 

A s m y  of available data  on the ground water resources of J a l u i t  
Atol l  a f t e r  Typhoon OPlE3LIA i s  a s  follotrs. The fresh vater lenses on 
those i s l e t s  not covered by storm waters appear t o  be normal fo r  Pacif ic  
a t o l l s  and probably were l i t t l e  o r  not affected by the typhoon. The 
fresh water lens  on Jabor and t h a t  on Mejatto, judged by samples From 
two v e l l s  on each, show a sulfate-chloride content far too high f o r  
drinking purposes and ? r i l l  require a considerable period of d i lu t ion  by 
rainwater t o  again become potable. Flow long a period of "freshening" 
 rillb be needed w i t h  present annudl precipi ta t ion of about 200 inches, 
i s  not knoum, but samples from the  four wells i n  question, collected 
and analyzed pericdically during the coming year should give signifi- 
cant information. 



TABLE 1V.-Analyses of water sanples from or ig ina l  dug wells and t e s t  wel ls  and comparative data  f o r  
a .mangrove pool and f o r  normal sea  water. (Analyses by U. S. Geological survey) 

Chemical Co 
I 

r i s t i c s  , 

Sp.Gr. 

1.803 

Physics 
a r d n z s ~  
( P P ~  

LOCATION OF 1;EU 

Majurirek, 190 f ee t  fro'? lagoon beach 
c re s t  W. end of is land center. 

Pinlep, 140r from lagoon beach crest .  

Kinajon, 1301 from low water, 99' from 
ridge on S% i s l e t .  

- 
Mejatto, well $1, 1741 from seaward 

gravel ridge. 

Mejatto, well  #2, 0 1  from lagoon 
beach crest .  

Jabor, well  #1, 1301 from lagoon 
beach crest .  

Jabor, well  .$2, 265 1 fror! lagoon 
beach c res t .  

Mejatto, water from scour pool on lagoon 
s ide  of i s l e t  behind beach crest .  

Majurirek, water f ron  mangrove pond. 

Normal seawater. 
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V I I .  SOILS 

F. R. Fosberg 

Following Sture (1951, 1953) and Fosberg (1954), the pr incipal  s o i l s  
on J a l u i t  Atol l  f a 1  i?to f ive  categories: (1)  Shioya Series, (2) Arno 
Atol l  Series, (3)  Jemo Series, (4)  mangrove peat, and (5 )  stony and very 
stony complex. 

The Shioya s o i l s  a-e gray-brown s l igh t ly  a l te red  lime-sands with 
varying amounts of gravel, the A-horizon, colored s l igh t ly  by humus, 
varying i n  thickness, depending on the time elapsed since the last dis-  
turbance and type of vegetation. The B-horizon is  lacking and the C-  
horizon is  lime sand, not much al tered,  scarcely distinguishable from 
beach materials.  This s o i l  tends t o  be peripheral on the i s l e t s  bu t  may 
a l so  be found i n  the in te r iors .  

The Amo Atoll  s o i l s  have a black o r  very &ark gray A-horizon from 
1 t o  several  dm. in thickness. The organic content is high. The B-hori- 
zon, again, is lacking, and the C-horizon i s  similar t o  t h a t  of the Shioya 
with a gradual t rans i t ion  from the A. This se r ies  is found generally i n  
the in t e r io r s  of i s l e t s  but may extend almost o r  quite t o  the lagoon 
beach. 'This s o i l  i s  unquestionably much older than the Shioya. 

The Jemo ser ies  ( ~ o s b e r g  1354) has an A-horizon of pure humus 
varying i n  thickness up t o  a dm. o r  r a re ly  more. Usually it has a 
consolidated B-horizon of highly phosphatic material of varying thick- 
ness. This l i e s  on a C-horizon similar t o  t h a t  of the two foregoing 
ser ies .  Three areas of t h i s  s e r i e s  were found during the present survey, 
none of them typical .  On Lijeron I s l e t  under the Pisonia t rees  the A- -- 
horizon i s  well developed but somewhat mixed with lime-sand. The B- 
horizon i s  only s l i gh t ly  and very local ly  deseloped. On Imroj Islet the 
A-horizon i s  lacking and the R i s  eroded and cracked in to  a b a e r - f i e l d  
(PI. VIII-d). It i s  on the extreme northwest end of the i s l e t ,  jus t  
south of a s m a l l  m-~igrove depression. On ICinajon I s l e t  the A-horizon i s  
lacking i n  par ts ,  present but ra ther  th in  elsewhere. Here the Jemo se r i e s  
occupies s l i gh t ly  high ;round inside a roughly crescent-shaped group of 
mangrove depressions nebr the outer pa r t  of the i s l e t .  These s o i l s  are  
of m e a t  importance becbuse of t h e i r  phosphatic B-horizons. 

The mangrove peats are  s o f t  t o  firm, red t o  black, purely organic 
accumulations found especially around mangrove depressions. 

The stony and very stony complex is  the undifferentiated gravel of 
varied. s izes  found especiaLly i n  peripheral  r idges (often termed boulder 
ridges or boulder ramparts), sometimes i n  wider areas. It may be very 
loose and porous, o r  may contain f i n e  material, often highly organic, 
between the stones. 

Time was not available for  mapping these types, nor fo r  mapping the 
areas of them t h a t  vere e i ther  buried o r  stripped away by the typhoon. 
This damage was not very s ignif icant  on those i s l e t s  o r  par ts  of i s l e t s  
which were not swept over by waves, especially the i s l e t s  on the south 



and west reefs,  and p r e s w b l y  i n  the  extreme north of the a t o l l .  On the 
e a s t  reef i s l e t s ,  judging from work on the ground on four i s l e t s  and 
a e r i a l  inspection of the r e s t ,  considerable areas of stony and very stony 
complex were stripped off, usually exposing e i ther  more of the same o r  
beds of poorly consolidated conglamerate (Pls.  11-a, V-b). Stripping was 
rather  general d o n g  the seaward s ides  of most of the i s l e t s .  This rocky 
material, probably including some freshly t h r 0 1 ~  up from outside the reef, 
was mostly spread inland, covering an estimated t h i r d  o r  fourth of the 
t o t a l  land area of these i s l e t s  with a gravel sheet t h a t  wi l l  have to  be 
c lass i f ied  with the stony and very stony complex (PLs. 111, VII-b, IX-d, 
X-b). The buried so i l s  here, at  l e a s t  where examined, were largely Arno 
Atoll, some Shioya. Lagoonward from the usually abrupt edges of t h i s  
gravel sheet (Pl .  111-a,-b) the Arno Atoll  and Shioya s o i l s  a re  in  places 
covered by a few cm. of lime-sand. On these sane i s l e t s  small areas, 
to ta l ing  a considerable amount, were scoured by the waves, removing the 
A- and often p a r t  of the C-horizon. 

It is hard t o  estimate the agr icu l tura l  significance of t h i s  
destruction of s o i l s .  ~Jnquestionably, where the surface s o i l s  have 
been removed there i s  a great  decrease i n  f e r t i l i t y .  To replace the 
humus l o s t  from both the Arno Atol l  and stony and very stony areas 
would require fallowing under vegetation fo r  a long time. Even to bring 
about the s l i gh t  humus accumulation character is t ic  of the SIioya s o i l s  
' w i l l  require a considerable fallow period. Analyses of similar s o i l s  
from other a t o l l s  show t h a t  a large pa r t  of the mineral nutr ients  is 
concentrated i n  the more highly organic layers.  Cessation of the common 
Marshallese practice of burning t r a sh  and brush would great ly  hasten the 
needed humus accumulation. 

The areas stripped down t o  consolidated material  w i l l  cer ta inly not 
be of any immediate agr icu l tura l  use. Any vegetation t h a t  can be encour- 
aged t o  grow on these areas w i l l  be of benefit ,  both in helping t o  dis-  
integrate the rock and i n  accumulating wind-blown material  and humus. 

The areas covered by fresh gravel sheets would not seem t o  be very 
promising fo r  any so r t  of agriculture.  However, i f  the practice of 
planting coconuts i n  3' x 3' x 3' p i t s  is followed it is probable t h a t  
i n  many places these p i t s  may extend down through the gravel layer  in to  
the buried Arno Atol l  o r  Shioya s o i l s .  The overlying material  would then 
be of no consequence except t o  make digging more laborious. 

The mangrove peat was not noticeably influenced by the typhoon 
except t ha t  i n  several  places small. areas were covered by deposits of 
wave-carried gravel ( ~ 1 .  111-c,-d). Usually great  quant i t ies  of vegetable 
t rash  were dumped in to  the mangrove depressions by the waves (PI .  V-c). 
This w i l l ,  of course, eventually add t o  the peat. 

An interest ing feature was the buried A-horizon, a t  somewhat l e s s  
than 1 m. depth, encountered i n  a well  dug under D r .  McKee's direct ion 
near the center of the northwest end of Mejatto I s l e t .  This apparently 
indicates the burial ,  a t  some e a r l i e r  t h e ,  of an Arno Atol l  so i l ,  perhaps 
by a typhoon. The overlying material  i s  a gravel similar t o  t h a t  of the 
gravel sheets l a i d  down by the waves of Typhoon OPHELIA. 



Another itern of i r t e r e s t  i s  the abundance of pumice fragments 
scat tered inland wherc..:r the  land was inundated. Some of these vere 
undoubtedly trashed out of preexisting gravel ridges and s o i l  layers, but 
much of the pumice pro'bably came from the beaches, where much has accumu- 
la ted,  f loated from across the sea, especialLy a f t e r  the  eruption i n  1952 
of San Benedicto Volcano, off the Mexican Coast ( ~ i c h a r d s  1958). That 
t h i s  pumice contributes t o  the f e r t i l i t y  of the s o i l  is indicated by the 
prol i ferat ion of roots t i gh t ly  surrounding pa r t i c l e s  of pumice buried i n  
at011 soi ls ,  observed both on t h i s  survey and i n  the northern Marshalls. 
Pounded pumice i s  used t o  f e r t i l i z e  gardens and t a ro  p i t s  i n  various 
atcll groups. 

The Germans and Japanese had b r o w t  large quant i t ies  of volcanic 
s o i l  from Ponape and spread it over cer ta in  areas on Jabor. One of these 
patches has now se t t l ed  so tha t  it i s  covered by s a l t  crater a t  the 
highest t ides .  A3Ahough all of the  imported s o i l  was inundated by sea 
water during the typhoon, it seems mostly s t i l l  there and i s  now 
supporting a rank growth of weeds. 

The overal l  consequences of the typhoon are unquestionably a loss  in  
productive so i l s .  However, t h i s  may be mitigated t o  some extent if the 
t rash  ( ~ 1 .  VI-d) strewn over the i s l e t s  by the twhoon and t h a t  accumulated 
under normal. circumstances a re  allowed t o  rot ,  ra ther  than being burned 
a s  has already s ta r ted  i n  several  places. 



V I I I .  FLORA ANi) VEGETATION 

F. R. Fosberg 

The indigenous f lo ra  of J a l u i t  Atol l  is an enriched strand f lora ,  
typ ica l  of t h a t  of wetter a t o l l s  i n  the west central  Pacific.  In 
addition t o  most of the ordinasy rridely dis t r ibuted s t r i c t l y  strand species 
t h a t  are  t o  be expected in t ropica l  maritine si tuations,  ve t  sheltered 
fores t  s i t e s  have permitted the establishment of cer ta in  more mesophytic 
species not ordinar i ly  found on strands. Wperomia ponapensis, Procris 
pedunculata, and Vi t ta r ia  -- elongata -- are examples of these. The Miisshallese 
made t h e i r  contribution t o  the f l o r a  by bringing i n  such economic plants  
as the breadffuit ,  the taros, a t  least some kinds of pandanus, the coco- 
nut and others as trell as a few weeds. Since the arrival. of the f i r s t  
Europeans many weeds, some new food plants,  and an array of o r n w n t a l s  
have been introduced, e i ther  del iberately o r  accidentally. The only 
pecul iar i ty  of the J a l u i t  f l o ra  i s  the presence of an unusually large 
number of these exotics resul t ing from the  f a c t  t h a t  the a t o l l  rras the 
s i t e  of the German and Japanese administrations and of a short-lived 
agr icu l tura l  experiment s ta t ion  s t a r t ed  by the present administration. 
A L i s t  of the lmorm f l o r a  is t o  be published i n  another number of the  
Atol l  Research Bulletin (see also Appendix I ) .  

The i s l e t s  of J a l u i t  Atoll, before the typhoon, had mostly been 
planted t o  coconuts and breadfruit .  Except fo r  the plantations only a 
few important vegetatio~. types were present, and these in small areas.  
They were Pemphis fores ; or thicket,  Pisonia forest ,  mangrove depressions, 
t a ro  p i t s ,  and fringes u f  dense scrub along the windward s ides  of some 
i s l e t s ,  outside the plantations. A few open grassy areas represented 
abandoned gardens, as on Kinajon I s l e t  and possibly Pinlep I s l e t .  

The plantations (Pl.  V-a, -b, -c) were e i ther  coconut, coconut and 
breadfruit ,  o r  ra re ly  jus t  breadfrui t .  The t r ees  were from 15 t o  25, 
r a re ly  30 m. tall, closely spaced, usually l e s s  than 6 m. apart .  A 
scat tered understory of Pandanus (PI.  V-c) up t o  5 t o  8 m. t a l l  occurred 
i n  most par ts ,  most of the t rees  being of va r i e t i e s  yielding edible 
f ru i t s .  Other s m a l l  t r ees  and shrubs, especially Morinda and Allophylus, 
were present but i r regular ly  distributed, depending on the local. produc- 
t i v i t y  of the land and on the diligence of the plantation ormers i n  
clearing out the undergrowth. A ground cover of grasses, sedges, Wedelia, 
ferns, and other herbs was general. Epiphytic mosses and ferns were 
common, especially i n  denser par ts  of the plantations. 

Around the edges of the plantations, especially on the gravel ridges 
on the wind~iard sides of the i s l e t s ,  was usually a narrotr zone of scrub 
composed of Scaevola sericea, Tournefortia argentea, Guettarda speciosa, 
Terminalia samoensis, and other woody species. In  some very rocky areas, 
both i n  the scrub and i n  the coconut groves, Fleurya ruderalis, BerhavLa 
tetrandra, and Ehphorbia chamissonis were comon, forming a scat tered 
ground layer.  In a few spots i n  the  coconut plantations near the wind~gard 
side were groups of large t rees  of Barringtonia as ia t ica .  In t s i a  bijuga 
and Ochrosia opposi t i fol ia  were a l so  present i n  smaU. groups. 



Around Pillages,  isolated dwellings, and grave yards were a few 
species of ornamentals, planted a s  scat tered t r ees  o r  bushes, hedges o r  
borders, o r  in  small gardens. Most of them produced flowers used fo r  
l e i s  o r  garlands. Especially common were Pseuderanthemum, Plumeria, 
Crinum, Acalypha, Zephyranthes, Polyscias, Mirabilis, Catharanthus, 
Asclepias, Gomphrena, and Ocimum Such food plants  as Pandanus (Pl .  V-a), 
bananas, papayas, and squashes, a l so  were very common in the v i c in i ty  of 
dwellings. 

Qn Jabor, the northern extremity of Ja lu i t  I s l e t ,  where both the 
Germans and the Japanese had t h e i r  headquarters, a great  many cultivated 
exotic species were planted. Volcanic s o i l  was brought from Ponape and 
spread in cer ta in  spots, making possible gardens with many species not 
commonly found cul t ivated on a t o l l s .  Certain weeds a l so  became estab- 
l i shed  i n  Jabor. Several years ago the U. S. Administration s ta r ted  an 
agricul tural  experiment s ta t ion  on Jabor, and more plants  were brought in. 
Over a hundred species of cul t ivated plants  and several  weeds not normally 
found on a t o l l s  i n  t h i s  p a r t  of the world have been reported from J a l u i t  
by German, Japanese, and l a t e r  wri ters .  Many of these have not persisted,  
bu t  up t o  the tire of Typhoon OPHELIA a substant ia l  number were reported 
by Boyd Mackenzie t o  be growing on Jabor and some had been carr ied t o  
other i s l e t s  of the a t o l l .  

In cer ta in  places, e i t h e r  i n t e r io r  depressions o r  marginal places 
where gravel ridges have cu t  o f f  areas of reef flat, the water table  
reaches the surface of the ground. Here coconuts do not thr ive well and 
other vegetation i s  found. On Pinlep two such in t e r io r  depressions have 
been converted t o  ta ro  p i t s  where the giant  taro, Cyrtosperma, i s  the 
a r inc i aa l  vezetation. alonz with several  weeds charac te r i s t ic  of such 
A - -  - 
habi ta ts .  These are; especially, Echinochloa - crus-gal l i  -, Cyperus odoratus, 
and Eleocharis geniculata. There may have been others before the typhoon. 
Other such depressions have mangrove vegetation of one s o r t  o r  another. 
Most of the depressions studied-have essent ia l ly  a pure stand of W g u i e r a  
p o r h i z a  o r  Bruguiera with so= Pemphis acidula. One had Lumnitzera 
l i t t o r e a .  Another had B m i e r a  with a dense understory of Hibiscus -- 
t i l i aceus .  S t i l l  another had Hibiscus only. 

Along both seaward and lagoon shores a re  areas of rock flats of lime- 
stone conglomerate with l i t t l e  o r  no s o i l .  Some such areas were bare o r  
almost so. Others were covered by thickets  o r  scrub fores t s  of Pemphis 
acidula. One area of rock flat on the lagoon shore near Sydneytown had, 
in, a sparse stand of a mangrove, Sonneratia a lba  -, aLmost the 
easternmost known occurrence of t h i s  species. 

On several  t i n y  i s l e t s  coconuts have never been planted i n  la rge  
numbers. Two of these, Ribon and Lijeron, have been examined br ie f ly .  
The vegetation was largely Pisonia grandis, with Tournefortia, Guettarda, 
I r ~ t s i a ,  and Terminalia samoensis around the shore ridges and Pemphis on 
rock f l a t s  In the in t e r io r  of Ribon i s  an open area dominated by 
Asplenium - nidus. Lijeron i s  the home of large numbers of sea birds,  
some of which nes t  i n  the t rees .  

The very small i s l e t s ,  though l e s s  disturbed, had a very r e s t r i c t ed  
f lora ,  as  has been observed elsewhere on a t o l l s  ( c f .  Kapingamarangi, acc. 



Niering, 1956). O f  the larger islets the broad ones tend t o  have a 
larger flora than the narrow ones. 

The effects of Typhoon OmLIA, even on the S ~ L E  vegetation type, 
or on the saw plant, were by no means identical i n  all Locdit ies a d  
parts of the 4 b l l .  In general, the i s le t s  on the east  side of the a t o l l  
suffered much more damage t o  their  vegetation than those on north, south, 
and west. Also, as  might have been anticipated, narrow i s l e t s  or parts 
of i s l e t s  were far  more affected than broad parts. This was well i l lus-  
trated on Jalui t  Islet ,  where the narrow parts south of Jabor were i n  
places completely stripped of vegetation (Pl.  V-b) . Also on J a h i t  I s l e t  
the difference in  damage depending on orientation of the i s l e t  is well 
shown. A t  the southeast corner of th is  i s l e t  (see Fig. 1 )  the part  
running north suffered very severe loss of coconut trees, this  continuing 
southward to the point. On the leg of the i s l e t  running westward from 
the southeast point the dazeage was conspicuously less, the difference a t  
the time of examination being between a barren expanse of coral w i t h  
scattered trees and a solidly green i s le t .  The i s l e t s  along the south 
and west sides and around the north loop of the reef were generslly green, 
while along the east side only the wider i s l e t s  were green. This seems 
well correlated with the exposure of the eastern side of the a to l l  to a 
combination of strong winds and great waves which swept over the narrower 
i s l e t s  and parts of i s le ts .  Some of the broader i s l e t s  here were only 
partly inundated, while on the other sides of the a to l l  most i s l e t s  
escaped serious flooding by the s a l t  water. 

This combined action of wind and large waves had several effects on 
vegetation. Many trees were uprooted, either completely so (PI. VI-a) 
and sometimes swept away, or partly so (P l .  VI-b) and remaining in  place 
and frequently still  alive. Some were snapped off (Pl.  V-d) . Branches 
were broken or torn off of most of those that  remained standing ( ~ 1 . ~ 1 - c ) .  
Some exotic plants were killed or thei r  above ground parts killed by salt. 
In  places large scale burial of plants by gravel occurred (~1.111-a, VII-b). 
Elsewhere the s o i l  w i t h  its vegetation was scoured away (P1.v-b). Many 
tree trunks were seen in the lagoon on the shallower slopes along the 
east  side. Masses of vegetable debris were strewn a t  random on areas that 
were inundated (~1.m-d).  Some of this  seemed t o  have washed around and 
become very worn and battered before it was f inally stranded. Enormous 
BnsDunts of such debris were washed into some of the mangrove depressions 
(P1.V-c). It was impressive t h a t  not only trees but even shrubs and 
Coconut seedlings were knocked down or dismembered in these areas. How- 
ever, no particular evidence of abrasion of bark by wind- or water-driven 
sand and gravel was seen. Defoliation, according t o  reports, was a t  
leas t  i n  places complete. Root systems were extensively exposed (P1.11-c, 
-d, VII-a). 

On parts of the wider i s l e t s  of the east reef and on the i s l e t s  on 
the other sides most or a l l  of the damsge to  vegetation was by wind. Here 
the ground vegetation was l i t t l e  hurt. ?Ine trees and larger shrubs, how- 
ever, were seriously damaged, locally almost all trees being uprooted or 
broken, usually a substantial proportion even in the less affected areas. 
In som places, as on Majurirek (~ l i zabe th )  and Imroj, trees had fallen 
in  at leas t  three m i n  directions ( ~ 1 . ~ 1 1 - c ) ,  More u s W l y  they were 
predminantly pointing in one direction. The direction of f a l l  of the 



t rees ,  and i t s  significance i n  terms of the storm, have been discussed 
above by Blumenstock and Wiens. Par t icular  mention may be made of man- 
grove swamps and Pemphis thickets .  Although the t rees  i n  these were i n  
places uprooted, more often they were s t i l l  standing but v i t h  t h e i r  upper 
par t s  or branches dead (p1.1V-d, VIII-c). A s ignif icant  f a c t  emerging 
from the observations on these islets t h a t  were not covered by salt water 
i s  t h a t  very serious damage t o  vegetation may r e s u l t  from wind alone 
( P V I I - ,  VIII-a, -b). 

Impressions gained of the comparative resistance t o  wind of d i f fe ren t  
t r e e  species are  not  very clear,  a s  conditions varied so much local ly .  No 
kind completely escaped uprooting and breaking, but Pemphis, Cordia, Calo- - 
phyllum, and Casuarina* perhaps stood up best ,  except fo r  Bruguiera, -- which 
occurred i n  dense stands i n  low spots, where there was some protection. 
Pandanus (Pl.VI1-d, X-c), breadfruit ,  and  Terminalia catappa perhaps fared 
r,rorst. Very few breadf'ruit t r ee s  with trunks 30 cm. o r  more i n  d i w t e r  
remain standing, and the smaller ones which do remain have most of t h e i r  
branches torn off (P1.VI-a, VIII-a, -b). Where inundated by s a l t  >rater, 
breadfruit  t r ee s  were Billed o r  almost so. O f  the larger  shmbs Terminalis 
samoensis fared by f a r  the best ,  suffering l i t t l e  damage. Small Pemphis 
bushes i n  some places escaped completely; others were snapped off---a). 
The reactions of individual species a re  discussed i n  d e t a i l  l a t e r  on. 

Smaller plants  suffered perhaps l e s s  than others on the i s l e t s  t h a t  
were not inundated, but were enormously reduced i n  numbers on the ones 
swept by waves. 

Recovery was trell under way at  the time of the survey, l i t t l e  over 
34 months a f t e r  the typhoon. Most of the dismembered and defoliated 
t rees  were put t ing out an abundance of leafy  sprouts (P1.VIII-b, -c).  
This was not  t rue of Pandanus, which ms scarcely sprouting a t  a l l  (P1.VII 
-6). I n  the badly h i t  areas of the  e a s t  reef most of the breadfrui t  
t rees  were e i ther  dead o r  very slow i n  showing signs of recovery, possibly 
because of the s a l t  water. Elsewhere they were sprouting actively.  Many 
of the t rees  of a l l  kinds t h a t  were completely down but  had some roots  
s t i l l  i n  the ground were s t i l l  growing, some even flowering. Abundant 
seedlings were seen of Tournefortia, Scaevola, Guettarda, Morinda, and, 
very local ly ,  Barringtonia, and Pandanus. Many of the herbaceous plants  
had come ur, from seed a f t e r  the twhoon i n  m e a t  arofusion i n  favorable 
habitats,  some of them doubtless great ly  increasing the i r  numbers as a 
r e s u l t  of the thinning of the f o r e s t  and the consequent lessened shade. 

Recovery of individual. species is  discussed below. In general, 
native a t o l l  plants  and those long cult ivated on a t o l l s  show act ive 
recuperative powers. Some of the planted species came back well  enough. 
Others were doubtless l o s t .  It i s  d i f f i c u l t  t o  say what, i f  any, species 
were completely eliminated, a s  only a pa r t  of the a t o l l  was examined. 
In  addition t o  such planted things a s  several  p a h s ,  two native mangroves, 
Sonneratia a lba - and Lumnitzera l i t t o r e a ,  may have disappeared. They vere 

* But see Wiens, p. 27.--F.R.F. 



known on J a l u i t  I s l e t  only, from one small colony each, and these places 
were examined without finding a t race  of the plants.  Of course they 
may s t i l l  e x i s t  on other i s l e t s  which have not been explored botanically. 

Native agriculture and subsistence plants were badly h i t ,  especially 
Pandanus (Pl .  VII-a), breadfrui t  (P l .  VI-a, VIII-a, -b), and coconut (Pl. 
IX-c, -d), but no other food plants  of consequence were more than tempo- 
r a r i l y  damaged. Banana shoots and papaya seedlings were coming up i n  
abundance. Squash were growing w e l l .  The ta ro  p i t s  were not seriously 
hurt  (PI. IX-b). These matters w i l l  be considered more i n  d e t a i l  i n  
the chapter on economic consequences. 



I X .  TYPHOON EFFECTS ON INDIVIDUAL SPEXDS OF PLANTS 

Observations were made on the effects  of the typhoon on mony individ- 
u.al species and t h e i r  recovery. These a re  indicated i n  the folloruing 
systematic l is t  of species. The l i s t  includes a l l  plants  which were 
known o r  thought t o  be present on the a t o l l  i n  1946 o r  thereaf ter .  
Various species reported e a r l i e r  bu t  of which there a re  no recent records 
are  omitted. Information has been supplied by B o f .  Harold S t .  John and 
by Boyd Mackenzie, a s  well as  talcen from records gathered by the writer 
on a v i s i t  i n  1946 and i n  the present survey. X m e s  have been adjusted 
t o  correspond with those considered correct a t  the present t i rne.  

Asplenium nidus--Very frequent locally,  t e r r e s t r i a l  and epiphytic. 
Reduced i n  nunibers a s  t rees  on which it was growing were swept 
away o r  a s  grwnd was covered by gravel, but s t i l l  very comon 
except where i s l e t s  were seriously swept by waves. 

Nephrolepis acutifolia--.Common locally,  epiphytic, especially in  and 
around mangrove de,~ressions. Reduced i n  numbers where t rees  on 
which it was growing were swept away and individual clumps k i l l ed  
o r  seriously injured by s a l t  o r  wind, but generally recovering, 
s t i l l  common i n  protected places. 

Xephrolepis hirsutula--Common local ly .  No injury noted but doubtless 
reduced o r  eliminated where i s l e t s  were seriously swept by s a l t  
water. 

Polypodium scolopendria--&nerally very common, t e r r e s t r i a l  and on 
bases and trunks of trees;  s t i l l  so except where i s l e t s  were 
swept by waves. Buried by gravel i n  places, bu t  otherwise no 
injury noted; doubtless reduced in  numbers where host t rees  were 
swept away. 

P te r i s  tripartita--Occasional and very loca l  i n  protected places; 
t e r r e s t r i a l .  No injury noted but doubtless reduced i n  numbers 
by destruction of habitats.  

Vi t ta r ia  elongata--Rare, epiphytic. No injury noted except t h a t  sorne 
clumps may have suffered from exposure t o  sun o r  salt. 

C y c a s  circinalis--Planted i n  Jabor only, rare .  Leaves seriously 
battered, one plant, a t  l ea s t ,  uprooted. 

Pandanus tectorius--One of the cornonest t r ee s  generally, forming p a r t  
of the vegetation on the seaward margins of plantations and the 
principal component of the understory. Trees generally very 
seriously battered, SOYE uprooted, many more broken off between 
s t i l t  roots and f i r s t  branches, or with most of the branches 
broken off .  Branches e i ther  broken i n  l ea f l e s s  pa r t  o r  torn 
from t m k .  Sometimes a few t u f t s  of frayed green leaves l e f t  



on t rees ,  especially on those i n  more sheltered places. Even 
the t rees  otherwise i n  f a i r  condition i n  l e a s t  affected areas 
had leaves broken. No sprouting seen where breaks oc?urred below 
the leafy  portions of branches o r  i n  trunks. The few eprouts 
noted were from the so f t  l eafy  par t s  of branches. Apparently 
the lower par t s  of branches, trunks, o r  roots have no capacity 
fo r  sprouting. Young plants below 1 . 5  m. t a l l  on the  areas not  
swept by waves not par t icu lar ly  injured. 

Thalassia hemprichii--In ---- elongate patches on lagoon bottom i n  ab0u.t 
1 m. of water. No ef fec ts  noted. 

Cenchrus echinatus--Common local ly .  Absent from many places swept 
bare by s a l t  water i n  s i tua t ion  where it would be expected t o  
be abundant. 

Cynodon dactylon--Scarcely -- seen, not  kno.cm i f  it was common o r  not 
before typhoon; no obvious e f f ec t s  seen. 

Digi tar ia  pruriens var. microbachne--Widely dis t r ibuted but local,  not 
abundant. No effec'cs noted, bu t  some habitats undoubtedly rendered 
l e s s  favorable by removal of s o i l  and flooding by s a l t  water. 

Echinochloa - crus-galli--This -- species seen only in  ta ro  p i t s ,  where it 
forms large masses. No ef fec t  noted. 

Eleusine indica--Very common. No obvious effects;  but doubtless some 
habi ta ts  made l e s s  favorable and others more favorable, resu l t ing  
i n  elimination where s o i l  was removed o r  burled and greater abun- 
dance where t rees  were thinned and s o i l  only moderately disturbed. 

Eragros tb  amabi1ilisVery c o m n .  No ef fec ts  noted that m i g h t  not have 
resul ted from mere d r y  weather. 

Lepturus repens--Very -- general, loca l ly  abundant. In places undoubtedly 
buried by gravel sheets; i n  many places removed by wave erosion; 
otherwise no effects  noted. New open habi ta ts  w i l l  doubtless 
r e s u l t  i n  increase of t h i s  species i n  the near future .  

Paspalum conjugatun---Only seen on Pinlep I s l e t ,  where it was very common. 
No e f f ec t s  noted, but thinning out  of coconuts may well  encourage 
t h i s  species, which was luxuriant i n  areas on Pinlep where many 
t r ees  were knocked do~m. 

Paspalum -- distichum--Found i n  brackish depressions. No ef fec ts  noted, 
but scour p i t s  may become habi ta t s  f o r  t h i s  species. 

Sorghum bicolor--Very rare,  on Jabor only. No ef fec ts  noted, plant 
very ra re ly  persist ing.  

Tnuarea involuta--~bun'dant, generally distributed. Undoubtedly buried 
i n  large areas covered by gravel sheet and removed i n  seriously 
eroded areas. Otherwise no e f f ec t s  noted except some browning of 
leaves, possibly by s a l t  water. 



Cyperus compressus--Local, i n  Jabor only. Inundated; no e f fec ts  noted. 
These p l an t rposs ib ly  grew from seeds since the typhoon. 

Cyperus javanicus--local, i n  low o r  wet places. No effects  noted, but 
possibly some habi ta ts  buried by gravel or eroded away. Scour 
p i t s  and channels may eventually becow nexr habi ta t s  fo r  t h i s  species. 

Cyperus lgllingia--Occasional, only seen on Jabor. No ef fec ts  noted 
except some broming of leaves and dvarf ing of plants  i n  areas 
flooded by s a l t  water. 

Cyperus odoratus--Seen only i n  two p i t s .  No ef fec ts  noted. 

Cyperus rotundus--local, i n  Jabor vi l lage only. No ef fec ts  noted 
except t h a t  only young shoots were seen. The tubers undoubte&l.y 
survived the inundaiiion by salt water. 

Eleocharis geniculata--Seen only on mud in  taro p i t s .  370 e f fec ts  noted. 

Fimbristylis cymosa--Vt-ry general, especially i n  open places, loca l ly  
abundant. Some scmds of t h i s  species doubtless buried by gravel 
sheets, others eroded away by waves; gravel sheets doubtless w i l l  
a f ford extensive new habi ta ts .  No ef fec ts  noted i n  areas not 
affected by waves. 

C- nucifera--Planted over e n t i r e  a t o l l  (P l .  IV-a, -b, -c) . These 
t r e e s  showed the most conspicuous damage of a l l ,  because of t h e i r  
s ize  and abundance. Thousands of t rees  were e i ther  uprooted o r  
snapped off  par t  way up the trunk ( ~ 1 ~ 1 1 - c ,  -d,V-d,VI-a, -b, -c,VII, 
VIII-a,=-c,-d,x-a). On the i s l e t s  along the eas t  reef  of the 
a t o l l  the majority of coconut t r ees  are  down; on some i s l e t s  
almost a l l .  On the south reef ,  west reef ,  and a t  the northern 
end many are  down, but there are  still  a majority standing i n  
most places. The nuts, of course, are  stripped from most of 
those l e f t  standing. However, on the l e s s  aamged i s l e t s  there 
a r e  occasional t rees  with nuts  i n  drinking condition and some 
t r ees  are  flovering. A surpr is ing thing was the extent t o  vhich 
young palms, with scarcely any trunk, were f la t tened out, especial-  
l y  where h i t  by waves; here more were down than standing. Ripe 
nuts lying on ground are  germinating i n  great  abundance wherever 
they have not been picked up. 

Elais  - guineensis--Planted on Jabor. The only t r e e  was destroyed, 
apparently by waves. 

Pritchardia pacifica--Planted on Jabor. The only t r ee  was destroyed, 
apparently by waves. 

Alocasia macrorrhiza--This was common generally on larger  i s l e t s ;  seems 
not t o  have been much affected, even where inundated. 

Colocasia esculenta--Very r a re ly  noted; seems not t o  have been much 
planted by the Kfwshxll.ese. No ef'fkcts n&d; not inundated. 



Cyrtosperma chamissonis--Abundant in taro pits on Pinlep Islet (~1. IX-b ) . 
The leaves were apparently destroyed by the storm but were sprout- 
ing up again. Leaves at time of survey up to 4-5 dm. high; not 
inundated. 

Epipremum pinnatum--3as common in experiment station grounds. Occasional 
plants survived inundation and are growing again. 

Scindapsus aureus--Was common in experiment station grounds. Many 
plants survived inundation and are growing again. 

Xanthosoma sagittifolia--Was occasionally planted around villages. 
~oi~r~lants, a-t least, survived inundation. 

Rhoeo spathacea--Cornon on Jabor. Inundated but no effects noted. 

Agave sisalana--Seen only in one place on Jabor, young plants only. - -- 
Large ones may have been swept away, if there were any. 

Cordyline terminalis--Planted on Jabor; battered by storm and inunda- 
tion but recovering. 

Sansevieria roxburghiana?--Planted on Sabor; no effects noted. 

Crinum asia'l;icum? --Common around villages and home sites; survived --- 
inundation; large plants apparently inostly fiestroyed, smaller 
ones not florrering but appear healthy. 

Hippeastrun; punicewn--Rarely - planted about drrellings; no effects noted. 

Zephyranthes rosea--Commonly planted; no effects noted; survived 
complete inundation by salt vater. 

Tacca -- leontopetaloides--Generally distributed; doubtless some plants 
too deeply buries for recovery and others removed by erosion, 
but tnose in most situations apparently unaffected, even where 
inundated by salt water. 

Dioscorea sp.--Seen by St. John in 1946 on Imroj but not found in 1958. 

Nusa nana--Not seen with certainty on this survey. -- 
Nusa - sapientum--Generally planted; shoots destroyed by storm but 

rhizomes apparently unaffected, even by inundation by salt water, 
as hejlthy shoots, up to half mature size, were very common at 
time of survey. 

Canna -- indica?--Occasionally - planted; shoots apparently destroyed but 
tubers unaffected and new shoots appearing. 

Peperomia - pellucida--Weed on Jabor; plants seen ?rere probably ones 
that had grown from seed after typhoon. 



Peperomia ponapensis--After typhoon seen only on Majurirek i n  protected 
area on western end where there was no inundation; no e f f ec t s  noted, 
but seen on Imroj i n  1946 and. not a f t e r  typhoon. 

Casuarina equisetifolia--Planted on Jabor, t r ee s  reaching LO m. height, 
a few t rees  u ~ r o o t e d ,  most of those standinn had l o s t  most of 
t he i r  branche; and had been p re t ty  well  str ipped of photosynthetic 
branchlets, but were vigorously sprouting new branchlets from 
trunk and remainiC.3 limbs, apparently unaffected by inundation. 

Artocarpus alt i l is--(Imi>ractical  t o  distinguish &. mariannensis i n  dead 
condition but many of l iv ing  t rees  were "cis. ) Breadfruig was a 
conrmon and important t r e e  on a l l  inhabited i s l e t s  ( ~ 1 . 1 ~ - b ) .  It 
rras very badly damaged by the s t o m  (Pls.VI-a,VIII-a,-b). On the 
eastern i s l e t s  t h a t  were inundated most t rees  were uprooted and 
some t h a t  were s t i l l  standing were dead probably from the e f fec t  
of s a l t  water on the roots.  Most of the branches rrere torn off 
the t rees  l e f t  standing i n  a l l  areas examined. In very few places 
were t rees  of over 3 dm. diameter a t  breast  height l e f t  standing 
and these were mostly dead. On the non-inundated i s l e t s  the 
trunks and few remaining branches were sprouting leafy branchlets. 
On Majurirek and Pinlep several. par t ly  uprooted t rees  were 
observed which had many par t ly  grotm f r u i t s  i n  good condition. 
It i s  probable tha t  most of the standing t r ees  on the south and 
west i s l e t s  w i l l  make a rather  prompt recovery. Seedlings irere 
noted on many areas which had not been inundated and a ferr on 
l i g h t l y  inundated areas. Breadfruit trunks were generally not 
broken. Either the en t i re  t r e e  was uprooted o r  branches were 
Sp l i t  off ,  mostly a t  t h e i r  bases, and small branches torn off 
of larger  branches t h a t  remained. 

Ficus elastics--Several large t r ees  were growing i n  Sabor. They 
survived the inundation and remain standing, bu t  with most of 
the branches torn off and most of leaves damaged. 

Ficus -. tinctoria--One t r ee  seen on Jabor, uprooted but sprouting from 
trunk. 

Fleurya ruderalis--Comri-m generally in  rocky o r  open places. Doubt- 
l e s s  mostly destro-,;ed by typhoon in  a l l  places where there was 
flooding by s a l t  water o r  exposure t o  strong wind; but plants 
have since come up from seeds i n  most appropriate habi ta ts .  

Pilea microphylla--Naturalized from cul t ivat ion.  Doubtless destroyed 
by typhoon, but on Jabor and Pinlep has come up abundantly from 
seed. 

Pipturus argenteus--Common i n  some areas, especial ly  somewhat protected 
places. Doubtless many plants  destroyed by typhoon but some 
sprouting from bat tered plants and much seedling reproduction. 

Procris pedunculata--Knotm only from one r e s t r i c t ed  area on west end of 
M~jur i rek  I s l e t  where there was no inundation by s d t  water. Common 
there but not flowering. No e f f ec t s  observed which could eas i ly  be 
ascribed t o  typhoon. 



Boerbavia tetrandra--I0lom only from res t r i c t ed  area on e a s t  end of 
Majurirek I s l e t .  No ef fec ts  observed. 

Bougainvillea sp.--Planted around v i l lages  and i n  experiment s ta t ion,  
but apparently destroyed by storm except on Kinajon, where two 
solnewhat defoliated plants  remain. 

Mirabilis  ---Planted around vi l lages .  No ef fec ts  noted, but 
probably present plants have grown from seed since typhoon. 

Pisonia grandis--Common, but o d y  small plants seen i n  most places. On 
Mejatto one small t r e e  s t i l l  standing. On Ribon and Lijeron t h i s  
i s  the most prominent species. Here some large t r ees  have been 
uprooted, others are  s t i l l  standing but.x.rL'ti'th many branches blown 
off  and much defoliation (P1.X-d) . Almost a l l  f a l l en  t rees  and 
a l l  standing ones sprouting vigorously. 

Amaranthus viridis--Cornon weed, seen only on Jabor and Kinajon, where 
it i s  abundant locally,  probably grown from seed since the typhoon. 

Celosia argentea--Seen -- on Imroj i n  1946, not found on present survey. 

Gomphrena - globosa--Planted commonly around dwellings even i n  inundated 
areas probably grow from see& since the tmhoon. 

Portulaca oleracea--Generally common. In areas inundated by s a l t  water -- 
probably growing from seed since typhoon. 

Cassytha filiformis--Common local ly ,  pa ra s i t i c  on other plants .  No 
e f f ec t s  noted. 

Hernandia sonora--Occasional f a i r  sized t rees ,  mostly uprooted but  
continuing to grotr, leaves on these t rees  i n  inun&ted areas 
reduced i n  size.  

Nasturtium sarmentosum--Rare weed on Jabor; no e f fec ts  noted, but may 
have come up from seed a f t e r  inundation. 

Kalanchoe pinnata--Local on Imroj and Kinajon, no e f f ec t s  noted but  
doubtless reduced in numbers on Imroj by burying and erosion. 

Albizia lebbek--Planted on Jabor bu t  did not survive inundation by 
s a l t  \rater. 

Canavalia mlcrocarpa--Common on less disturbed i s l e t s ,  seedlings seen 
on s o w  eroded areas and deposition areas; no e f fec ts  noted. 

CaesaLpinia pulcherrima--Seen planted on Imroj i n  1946 but not found 
during present survey. 

Cassia occidentalis--Very loca l  on Jabor, destroyed by storm but 
seedlings growing i n  some places. 



Crotalar ia  - incana--i30milant plant  on many open areas on Jabor, plants 
gro%m from seed s j x e  inundation a re  flowering and f r u i t i n g  
abundantly. B l i b e r a t e l y  introduced and spread long before typhoon. 

Delonix regia--Several - large t r e e s  planted on Jabor; uprooted by typhoon 
but s t i l l  al ive,  flowering. 

Erythrina variegata var. orientalis--One o r  two large t rees  planted on 
Jabor; inundad, uprooted by typhoon but s t i l l  a l ive.  

Inocarpus fagiferus--Several t r ee s  planted on Jabor; inundated, badly 
bat tered and &fol ia ted by typhoon but s t i l l  a l ive,  sprouting 
from trunk. 

I n t s i a  bijuga--Seen on several  islands but always blown dorm by typhoon 
and sprouting, even i n  inundated areas. 

Leucaena glauca--Abundant on Jabor; survived inundation by s a l t  ~ i a t e r ,  
defoliated and upper par t s  k i l l e d  by typhoon, now sprouting 
abundantly from roots andlover par ts .  

Sophora tomentosa--Seen on Mejatto i n  1946, not found on t h i s  survey. 

V i e  marina--Common on a l l  i s l e t s ;  large numbers undoubtedly buried 
by gravel and removed by erosion, but i n  l e s s  disturbed places 
very abundant, probably grea t ly  increased by opening up of shady 
plantations b! f a l l  of t rees .  Seedlings common on newly deposited 
gravel. 

Citrus aurantifolia--0ccasionalIy planted; i n  areas inundated by s a l t  
?rater the t rees  lo~>B half-dead but sprouting fYom trunk, i n  other 
areas merely somerdlat defoliated.  

Ci t rus  maxima--Planted on Jabor but did not survive typhoon 

C- --- sinensis--Planted on Jabor, some plants  said t o  have survived 
typhoon, not seen. 

Citrus reticulata--Planted on Jabor but did not survive typhoon. - 

Acalypha willcesima--Planted on Jabor and Pinlep; no effec-ts noted. -- 
Codiaeum variegatum--Planted on Majurirek I s l e t ;  no e f fec ts  noted. - 
Euphorbia chamissonis--Comaon on lagoon ridges on Majurirek and Pinlep 

I s l e t s ;  no effects  noted. 

Euphorbia gloraerifera--Common weed on Jabor; no e f fec ts  noted. - -- 
Euphorbia hirta--Very common i n  waste places on some inhabited i s l e t s ;  - 

no e f f ec t s  noted but plants  seen could have grown from seed a f t e r  
typhoon. 

Euphorbia prostrata--Local around dwellings; no e f fec ts  noted. 



Euphorbia pulcherrim--Planted - on Jabor but  did not survive typhoon. 

Phyllanthus amarus---Abundant weed on Jabor, Kinajon and Pinlep; no 
e f fec ts  noted, but on Jabor could have grown from seed since 
inundation by s a l t  water. 

Ricinus comunis--Planted on Jabor but  did not survive typhoon 

Allophylus tinorensis--Common on Kinajon, Majurirek and Pinlep; seen 
a l so  on Imroj, jabor and Mejatto in  1946, not i n  1958. Larger 
t r ees  on Kinajon uprooted but sprouting; others badly battered 
but growing and flowering; not def in i te ly  known t o  have survived 
inunaation. 

Triumfetta procumbens--Common generally, especially in  open places, 
but not seen on Jabor; no e f fec ts  noted but doubtless many plants  
buried and eroded away; seedlings c o m n .  

Hibiscus esculentus--Planted i n  garden of imported volcanic s o i l  on -- 
Jabor; s t i l l  growing and f ru i t ing ,  i n  sp i t e  of inundation by 
typhoon and periodic inundation of t h i s  garden by highest t ides .  

Hibiscus mutabilis--planted i n  Jabor but apparently did not survive 
typhoon. 

Hibiscus tiliaceus--Occasional on inhabited i s l e t s .  One o r  two t rees  
knocked over but sprouting; seen on m o j  i n  1946 but not i n  1958. 
Abundant i n  some mangrove depressions but  tops usually dead; 
apparently survived some inundation on Pinlep. 

Sida fallax--Seen planted on Mejatto i n  1946 but not found in  1958. - 
Thespesia populnea--Planted on Jabor but apparently did not survive 

the typhoon. 

Ceiba - pentandra--One t r e e  planted on Jabor, uprooted and s t i l l  a l ive,  
but doubtful if it w i l l  survive; seen on W o j  i n  1946 but not 
i n  1958. 

Calophyllwn inophyllum--Large and conspicuous t r e e  on most i s l e t s ,  
especially on lagoon ridges, badly bat tered by typhoon, more t rees  
uprooted o r  par t ly  so than not; soae b1ot;m completely in to  lagoon, 
Generally sprouting: i f  some roots s t i l l  i n  ground even where inun- 
dated. $rot seen on two smaller islets except f o r  one seedling on 
Lijeron. 

Passiflora iaur i fo l ia - - sa id  t o  have been planted on Jabor but not found, 

Carica - papaya--On most i s l e t s ,  but large t rees  a l l  eliminated by typhoon. 
Seedlings and par t ly  grown, not  very healthy, t rees  are  occasional 
t o  common. 

Ci t rul lus  vulgaris--Planted on Jabor but not seen a f t e r  typhoon. 

Cucumis sativus--Planted on Jabor but not seen a f t e r  typhoon. 



Cucurbita maxima--Commonly planted around habitations, no e f f ec t s  noted 
but smll plants only and very scarce on areas inundated by salt 
water. 

Cucurbita pepo--Planted - on Jabor but  not seen a f t e r  typhoon. 

Pemphis acidula--Common, especially on most exposed areas, on bare rocks; 
usually badly beattm and completely defoliated by typhoon (P1.111-a), 
but seldom uprooted. Often broken off a few dm. above ground, small 
branches usually k i l led  ( P 1 . 1 ~ - a ) .  Sprouting abundantly from root  
crowns and trunks (~1.~111-c) . 

Sonneratia alba--Seen near Sydney Pier  i n  1946, not found i n  1958. - 
Bruguiera gymnorhiza--Dominant t r e e  i n  most mangrove depressions; l a rger  

t r ees  often dead o r  with tops dead (Pls .  IV-d,V-c), smaller ones, 
especial ly  seedlings 1 m. t a l l  o r  l e s s ,  not much affected by typhoon. 

Terminalia catappa--Planted around vil lages,  especially on Jabor, 
mostly uprooted by typhoon but s t i l l  a l ive  and sprouting. 

Terminalia samoensis--Common, especially on shore ridges and i n  brushy 
areas; generally not much injured by typhoon, but s o w  larger  
plants  uprooted though s t i l l  sprouting. 

Barringtonia asiatica--Small groves of several  large and many small 
t rees  on Mejatto and Imroj i s l e t s ;  most of t r ees  uprooted o r  Large 
ones with branches torn off;  sprouting abundantly from roots, 
stumps, trunks and large brranches, a s  weU as abundant seedlings. 
These g o v e s  were so s i tuated t h a t  they got the f u l l  force of both 
wind and waves. 

Miconia sp.?--Sowthing ident i f ied  as t h i s  genus was planted on Jabor 
but not found a f t e r  the typhoon. 

Brassaia actinophylla--large t r e e  planted on Jabor, badly bat tered by 
storm but sprouting from trunk and la rger  branches. 

Polyscias fruticosa--Planted on Jabor but apparently did not survive 
typhoon. 

Polyscias guilfoylei--Seen on Jabor i n  1946 but  not  found i n  1958. 

Polyscias scutellaria--A few plants  i n  v i l lage  on Majurirek; no e f fec ts  
noted. 

Centella asiatica--Common on several  i s l e t s ,  mostly i n  places not 
inundated by salt water; no e f f ec t s  noted but plant probably was 
more common before typhoon, especial ly  on inundated i s l e t s .  

Jasminum sambac--Planted on Majurirek; no e f fec ts  noted. 

Catharanthus roseus--Planted on Pinlep; no e f f ec t s  noted, bu t  
probably found on other i s l e t s  before typhoon. 



Cerbera manghas-Planted on Jabor; larger  t r ees  uprooted but sprouting, 
saplings loca l ly  very common. 

Nerium spp.--N. indicum and N .  oleander both known from a t o l l  i n  1946; 
o l a n t s  seen on Ma.lurirei; I s l e t  i n  1958 not flowering and hence 

unidentified; no e f fec ts  noted except lack of flowering. 

Ochrosia oppositifolia--Seen only on the seaward side of the vest  end 
of 1mro.j I s l e t ,  where there were several f a i r  sized t rees .  Most 
of these had been knocked dorm and the places where they were 
growing covered by a thick gravel deposit. TVo, almost a t  the 
extreme end of the seaward side, were s t i l l  standing, badly 
battered but v i t h  some green leaves. 

Plumeria rubra--A few shrubs o r  small t rees  planted around drfellings 
and graves. Those on Me jat to ,  Majurirelt and Pinlep shoved no 
signs.  of damage, but one on ICinajon was par t ly  uprooted. That 
on Mejatto was on a small section tha t  was not touched by waves. 
That on Kinajon was not inundated ei ther ,  except possibly by 
lagoon waves. 

Ipomoea batatas--Seen planted on Imroj i n  1946 but not  found i n  1958 

Ipomoea l i t toralis--Occasional Zocally on Jabor and Pinlep; seen on 
Imroi i n  1946 but not  i n  1958; no e f fec ts  noted but  on Jabor .. . 

probably m&h reduced by inundation and on Imroj probably 
eliminated. 

Ipomoea pes-caprae ssp. brasiliensis--Seen only on Jabor, except -- - 
sinale seedling on Ribon. In 1946 t h i s  was one of the most 

on the narrow s t r i p  south of Jabor and around Sydney 
Now there i s  l i t t l e  of it t o  be seen, a s  might be expected, 

for  a 
abundant 
Pier.  
since 

t h i s  was where inundation and stripping of loose material  were 
most severe. 

Ipomoea tuba--Seen only on Kinajon and around large banked o i l  tank at  -- 
Sydney Pier .  310 e f fec ts  noted, but it trould have been expected t o  
be more abundant. 

Cordia subcordata--Common generally, especially around periphery of 
most i s l e t s ;  few t rees  actual ly  uprooted but several  somevhat 
tipped over, some dead o r  at l e a s t  l eaf less  above, but with 
vigorous lower branches flowering even where there rws severe 
inundation; seedlings common on deposited material. 

Tournefortia argentea--Seen on a l l  i s l e t s  vis i ted,  on most of them 
common around periphery; variously battered by typhoon, uprooted 
o r  branches broken off,  usually sprouting vigorously; seedlings 
abundant on newly deposited o r  disturbed ground. 

Clerodendrum inerme--Occasional, loca l ly  common; defol ia ted but not 
badly hur t  by typhoon, recovering even where inundated by s a l t  



Lantana camara--%<.A t o  have been planted on Jabor but apparently d i d  
not survive typhoon. 

h-emna obtusifolia--Nomere common; most plants  severely battered, those 
seen on Mejatto weye only stumps with sprouts, but perhaps cut  before 
typhoon; plants on Majurirek l e s s  damaged than others .  

Stachytarpheta urticifolia--Common veed on Jabor, probably a l l  plants 
seen grew from seeds a f t e r  typhoon. 

Ocimum sanctum--Planted on Pinlep; seen on Imroj i n  1946, not i n  1958; 
no ef fec ts  noted but probably eliminated from Imroj. 

Nicotiana tabacum--Growing on Jabor i n  1946, not seen i n  1958. 

Physalis angulata--Abundant weed on most la rger  i s l e t s ;  probably grew 
from seed synce typhoon. 

Solanurn nigrum--Common w e d  on Jabor and Pinlep, probably grown from 
seed since typhoon. 

Jacaranda f i l ic i fol ia--Planted - on Jabor but apparently did not survive 
typhoon. 

Beloperone guttata--Planted on Jabor but not found a f t e r  typhoon. 

Blechum brownei--Abundant weed locaLly on Jabor, probably grown from 
seed since typhoon. 

Hemigraphis reptans--Rare, only seen on lagoon side of Pinlep; no 
e f fec ts  noted. 

Pseuiteranthem carrutliarsii--and i ts  var ie ty  atropurpureum. Planted .- 
very generally around habitations; suffered ra ther  l i t t l e  damage 
even from inundation, except where bent down and pa r t ly  buried-by 
gravel sheets, even here flowering f ree ly .  

Dentella repens--locally common on Jabor; said t o  have appeared rather  
recently in  f i e l d  of bananas brought from Kusaie and Ponape; no 
e f fec ts  noted, plants  probably from seed a f t e r  typhoon. 

Guettarda speciosa--Common on most i s l e t s ;  most t rees  e i the r  badly 
broken o r  uprooted, some of them sprouting, seedlings common. 

Hedyotis biflora--Occasional on Imroj, Mejatto and Jabor i n  protected 
places; no effects noted, but probably much l e s s  c o m n  than 
before typhoon. 

Ixora casei--On Irnroj before the typhoon, not seen a f te r ,  apptt-rently -- 
did not survive typhoon. 

Ixora fraseri--Planted on Jabor but  did not survive typhoon 



Morinda citrifolia--Common on most i s l e t s ,  p lants  mostly bent down o r  
broken off  by typhoon but sprouting vigorously, several  very 
large plants uprooted; seedlings occasional. 

Hippobroma longif lora-4eed i n  Jabor, one plant  seen, i n  flower, 
during survey. 

Scaevola sericea--One of most common plants  on most islets; doubtless 
greatly reduced in  numbers by erosion of seaward ridges, many 
plants battered but sending out leaves; seedlings comon. 

Adenostenrma lavenia--Seen on Imroj i n  1946, not found i n  1950 except 
one plant seen on Kinajon I s l e t .  

Ageratum conyzoides--Known on J a l u i t  and reported by Germans and 
Japanese, but not found in 1946 o r  subsequently, u n t i l  one small 
p lan t  was collected jus t  above lagoon beach on Jabor. 

Cichorium endivium--Said - t o  have been planted i n  garden on Jabor, not 
f o a .  

Spilanthes iabadicensis--Said t o  have been a weed on Jabor, not found. 

Synedrella nodiflora--:reed, common t o  occasional on Jabor, Kinajon, 
and p i z e p ;  no e f fec ts  noted, probably grown from seed a f i e r  
typhoon. 

Tagetes sp.--A few plants seen i n  garden on Majurirek, no e f f ec t s  noted 
but  may have been planted a f t e r  typhoon. 

Vernonia cinema--Common weed on most inhabited i s l e t s ;  no e f f ec t s  
noted, but plants  could have come from seed a f t e r  typhoon; 
not seen on W o j  where it was found i n  1946. 

tledelia biflora--Common on dl i s l e t s  v i s i t ed  except Lijeron. Abundant 
on par t s  of wider ones; no e f fec ts  noted, but doubtless great ly  
reduced i n  places eroded by waves and where much gravel was 
deposited; probably much more abundant than formerly i n  places 
where coconuts were knocked down but which were not inundated 
by s a l t  water (PLVIII-b). 



The ef fec t  on the t e r r e s t r i a l  fauna by Typhoon OPHELIA was much l e s s  
than expected i n  terms of the general damage t o  the a t o l l .  On an atoll 
the s i ze  of J d u i t ,  it seems apparent t h a t  even with very severe damage 
t o  par t s  of the a to l l ,  i n  most groups of land animals the percentage of 
survival of species i s  f a i r l y  high, a t  l e a s t  i n  one pa r t  o r  another of 
the a t o l l .  Thus, as  those par t s  of the a t o l l  t ha t  l o s t  much of t h e i r  
vegetation and s o i l  regain a normal vegetational s i tuat ion,  presumably 
the faunal picture w i l l  regain its previous s ta tus  within a reasonable 
period. The length of t h i s  time period w i l l  be largely controlled by 
distances and wind directions, i n  re la t ion  t o  l e s s  affected portions, and 
by the habits and habi ta ts  of the animals and the i r  vag i l i t y  (natural  
a b i l i t y  f o r  disper:;al), as  well a s  by r a t e  of revegetation and by human 
t rave l .  

It i s  f e l t  t h a t  the na tura l  populating of oceanic islands by insects  
is effected primarily bj passive transport  i n  air currents. In the case 
of mid-Pacific a t o l l s  Lie poten t ia l  sources of additional. species of 
insects  are d is tan t  and therefore strongly limited. Also, the number of 
species of insects,  and other animals, t h a t  an a t o l l  can support i s  
strongly l imited by the lack of many types of environments present on 
high islands, and by the l imitat ions of f lo ra , so i l ,  and fresh water. 
If some species were exterminated from the a t o l l  a s  a vhole, repopula- 
t ion  by those species not associated with man might be very slow. 

Mammals: These on J a l u i t  were l imited t o  r a t s ,  except fo r  man and 
h i s  domestic dogs, cats, and pigs. Possibly three kinds of rat#were 
present, o r  a t  l e a s t  intermit tent ly  present, but precise data a re  lacking. 
Rats suffered considerably from t h e  typhoon -- perhaps more than most 
groups of animals. Apparently ra ther  few survived. None were seen 
during the survey, and only s l i g h t  evidence of one was noted on Jabor.** 
Those presumably present e a r l i e r  were Rattus r a t tu s  R .  norwegicus and 

--9 - 
R .  exulans. One opinion expressed was t h a t  the r a t s  were largely exter-  
ginated, at l e a s t  on Jabor, but t h a t  repopulation had taken place from 
ships which had come in since the storm. Pigs and pets  were only in  small 
pa r t  l o s t  during the typhoon. Only sixteen of the 1,300 people on the 
a t o l l  were k i l led  (two of these died of exhaustion immediately following 
the storm). 

B i rd s :  Birds were not great ly  affected by the typhoon. Local r e s i -  
d e n t s m e d  t h a t  although some dead b i rds  were noticed a f t e r  the storm, 
i n  general the number of birds  present afterwwds d id  not  appear t o  be 

* Mice, Polynesian r c t s  and common black o r  brown r a t s  werepreviously 
reported from J a l u i t  by Schnee (1904) and Kvroda (1934), Norway r a t  ( a s  
MuS decumanus) by Finscil (1833, pa 122) --F.R.F. - -- 
" Coconuts, gna~ied open by rats, were seen on Majurirels I. --F.R.F. 



materially decreased. %ring the 3Teek'S observations, two land b i rds  with 
ra ther  ferr Marshall Is. records (New Zealand cuckoo and Micronesian pigeon) 
were observed. During a v i s i t  t o  "Bird I." (Lijeron), large nnumbrs of 
birds  were seen, par t icu la r ly  White-capped )Toddies, Brown Boobies and 
pr igate  Birds, the former rrith abundant nests  (of Pisonia leaves on tv igs ) ,  
eggs, and yomg birds .  One \mite Tern egg was seen. Birds seen were as  
f o l l o w  ( i n  addit ion t o  those l i s t e d  below, 13 other species a r e  recorded 
from Sa lu i t  and 25 from the Marshalls as  a whole by e a r l i e r  authors): 

Species not previously recorded a t  J a l u i t  Atol l  are s ta r red  ( - x ) .  
Letters r e f e r  t o  the places of  observations a s  follows: 

E -- Majurirelc (Elizabeth) L -- Lijeron 
I -- lmroj M -- Mejatto 
J -- Jabor P -- Pinlep 
K -- Kinajon R -- Ribon 

*Puffinus pacificus cuneatus (Salvin) -- WeQe-tailed Shearwater . . . .  J -- - 

*Phaeton - lepturus dorotheae (~a the r r s )  -- White-tailed Tropic Bird. . . .  P -- 

*Frigata minor - minor .- (Ginelin) -- Pacif ic  Man-O'-';Jar (Prigate ~ i r d )  . . .  I 
Demigretta sacra sacra ( ~ m e l i n )  Reef Heron . . . . . . . . . . .  .MRJE - -- 

*Pluvialis - dominica fulva (Gmelin) -- Pacific Golden Plover. . . . .  .IRJP 

Numenius phaeopus vwiegatus  (Scopoli) -- Whimbrel. . . . . . . . . . . .  J -.- -- 
Heteroscelus incanus (Gmelin) -- American Wandering Tat t le r .  . .  .KJPE - 
Arenaria interpres  interpres  (Linn.) -- nrns tone  . . . . . . . . . .  JPL -- 
Thalasseus be rg i i  pelecanoides (King) -- Crested Tern . . . . . . . . .  L -- -- 
Anous s tol idus  pi1eatu.s (Scopoli) -- Comon Noddy . . . . . . . .  P.mKCPL - -- 
Anous t enu i ros t r i s  marcusi (Bryan) -- White-capped Noddy. . . . .  bRJKEL 

Gygis alba candida ( ~ m e l i n )  -- 'White Tern . . . . . . . . . . . .  MRJEPL -- 
Ducula oceanica oceanica ( ~ e s s o n  and ~ ~ n o t ) - -  Micronesian Pigeon . K --- 
Eudynamis -- t a i t e n s i s  - (Sytrrmn) -- Long-tailed Nerr Zealand Cuckoo. . . .  JL 

Reptiles:  Te r r e s t r i a l  r e p t i l e s  i n  the  Maccshalls include only l i za rds .  

These do not seem t o  have been seriously affected by fne typhoon. Large 
populations of the small s t r iped ski.nk vere seen on mos-t i s l e t s ,  and a l so  
f a i r  numbers of geclcos and the green, black and slender blackish brow 
sliinlcs. The l izasds  a r e  the mcost i izport t i~t  predators of insects  i n  the 
Marshdls, vhere perching birds  are  absent. Thus with any diminution of 



the l i za rd  population, serious consequences might r e s u l t  with an abundance 
of insects  resul t ing.  The l izards  observed are  as f o l l o w :  

Lepidodactylus lugubris -- SmdLl House Geclro . . . . . . . . . . . . .  J --. 

G e e  oceanica -- Big Tree Geclro . . . . . . . . . . . . . . . . . . .  J - 
Dasia smaragdina smaragdina -- Green Skink. . . . . . . . . . . . . .  E J  .- 

Emoia cyanura cyanura Striped Skinlr. . . . . . . . . . . . . .  MRIJEPL - 
Ernoia arnoensis -- Black Slrink. . . . . . . . . . . . . . . . . . . .  JPK - 
Emoia boettgeri  ( 7 )  -- Slender Skink. . . . . . . . . . . . . . . . . .  P -. - 

Amphibians: There are no native amphibians, and the giant toad (Eufo -- 
m i n ~ p a r e n t l y  -- not been introduced t o  J a l u i t .  

Fresh water f i sh :  There are no native fresh water f i s h  i n  %he 
Marshalls. Gambusia ;ainnows have been introduced t o  Ja lu i t  fo r  mosquito 
con%rol. These survived i n  a t  l e a s t  one c i s te rn  (elevated about 1 m.) i n  
the middle of the wide portion of Jabor. Those i n  non-elevated water tanks 
apparently Ifere k i l l ed  by s a l t  water inundation. 

Insects: In  general, insects  seem t o  have been very successfil i n  
surviving the typhoon. About 225 species of insects  and about 23 species 
of other t e r r e s t r i a l  arthropods were collected during the survey. The 
number of species surviving i s  undoubtedly very much larger .  Insect 
collections m y  be incomplete for  the a t o l l  a s  a whole because we rrorked 
mainly on i s l e t s  more heavily h i t  by the typhoon. Various t raps  ( l i g h t  
trap, f l y  traps,  and AEC fa l lou t  sheets)  were operated on Jabor, but 
strong winds, ra in  and a b r i g h t  moon interfered with t h e i r  functioning. 
It i s  estimated t h a t  the normal insect  fauna of J a l u i t  should number 
about 500 o r  more spec: 2s. Probably very fev, i f  any, of these were 
eliminated by the storm. But one week, with much time spent i n  reaching 
the different  i s l e t s ,  rras insuff ic ient  f o r  an adequate survey. The 
insect population appeared t o  be reviving and increasing rapidly. With 
short  l i fe-cycles  fo r  mny groups of insects  i n  t h i s  la t i tude,  some 
species had undoubted2.y already multiplied t h e i r  populations many fo ld  
i n  the 3& months since the typhoon. 

In  abundance of individual species, there was great variation, 
par t ly  re la ted  t o  normal trends, but par t ly  accentuated by the typhoon. 
Soi l  insects,  normally weakly represented on a to l l s ,  were par t icu lar ly  
scarce, especially on i s l e t s  t h a t  were inundated. 

In some limited spots on l e s s  affected i s l e t s ,  and on broader pa r t s  
of more disturbed i s l e t s ,  litter ( ro t t i ng  vegetation) w a s  found which 
contained spr ing-tai ls ,  phorid f l i e s  an6 rnaggots of other f l i e s .  Some of 
t h i s  material  consisted of ro t t i ng  Pandaflus leaves (even of l o s t  roofing), 
ro t t ing  leaves of downed coconut palms, o r  old ro t t i ng  logs. A s  mentioned 
elsewhere, much so i l ,  humus, and dead vegetation was washed in to  the 
lagoon, besides many l iv ing  trees.  Xith the superabundance of newly 
k i l led  t rees ,  the populations of many of these scavenging insects,  reduced 



Spiders: About four species .were moderately abundant, a few others 
ra re .  D o  species of centipedes were taken, and one scorpion. P?o m i l l i -  
pedes were taken except fo r  a minute questj.onable form. 

by the typhoon, w i l l  undoubtedly undergo fur ther  great  increase. On the 
other  hand, the burning frequently practised by the Ja lu i t  people (noticed 
par t icu lar ly  i n  the case of Najurirek) w i l l  considerably r e s t r i c t  these 
insects,  as  v e l l  a s  humu.s production, which are  re la ted.  Insects t ha t  
l i v e  under dead bark survived reasonably well, and were found t o  be breed- 
ing up very large populations because of the great abundance of k i l l ed  
and fa l len  trees,  par t icu lar ly  breadfruit  t rees .  

In the many old Japanese water cisterns,  o r  o i l  tanks, a s  on Jabor, 
considerable breeding of some insec ts  was observed, even i n  tanks irhich 
had been overrun by s a l t  water. Most of these tanks now contain ro t t i ng  
plant  debris, and rnmy of them support numerous mosquito larvae (Culex 
quixquefasciatus), a s  well a s  larvae of a pale tendipedid (chironokr;if-fly, 
a dark ephydrid f ly ,  a d m s e l  f l y  and two species of dragonflies. The 
day-biting mosquito (Aedes -- marshallensis) - was much ra rer  than the night- 
b i t i ng  Culex --> and Tias seen breeding i n  a hole in  the side of a downed 
coconut palm. 

House f l i e s  were quite abundant, together with other f i l t h - f l i e s ,  
par t iculasly sarcophagids, and t o  a much lesser  extent call iphorids.  
The breeding places were not too rrell determined, other than l a t r ines .  
In some vil lages,  f l i e s  were being trapped in  large numbers i n  screen 
f l y  t raps  bai ted rrith dead f i sh .  

The insects  vhich were encountered i n  perhaps grea tes t  numbers vere 
a species of pale broad leafhopper ti xi ti anus - fusconervosus) on grasses, 
herbs and some t rees;  a dark-striped lygaeid bug;'-(Nysius pulchellus) on 
Physalis, Cyperus, Phyllanthus, Sorghum, grasses, ~ o r i n d a 7 a n d  other 
plants;  a s:!zac?er predaceous bug-) often on these same hosts and 
on C r ~ t a Z a r ' ~ ;  cer ta in  small species of f l i e s ,  mainly seen res t ing  on 
leaves o r  flowers of Terminalia, ;fe~nandia, 'Jl0ur"eforti.a; cer ta in  species 
of small ants  on various plants; and several  species of 'moths. The moths 
included several  abundantmicrolepidopterms &id pyrales on Terminalia, 
IVibiscus. e t c .  and some noctuids. some of ~rhich often h e a v i l ~ ~ e f o l i a t e d  - - -~  - ,  " 
Fledelia, and also sorpe on Pemphis, e tc .  The ubiquitous day-flying moth, 
Utetheisa p~rlchelloides, was seen on Tournefortia on a l l  i s l e t s .  The 

a-. 

single bu t t e r f ly  species (with several  color forms), Hypolimnas --- bolina, 
was verv abundant on the wide ~ a r t  of Jabor, and on the l e s s  affected 
i s l e t s . "  h abundant beetle, besides those .>ound under bark of dead 
breadfrui t  t rees ,  w a s  a s m a l l  anthicia,  probably a predator, on _II> Sorghum 
CDerus, e tc .  

One group of insects which was noticeably scarce was the locusts.  
Only one specimen was found, whereas one o r  more species a re  generally 
very abundant on most a t o l l s  i n  grassy m a s .  The long-horned grass- 
hopper, Physis, was also quite rare ,  and seen mostly in  the nyuphal 
stage, indicating population build-up from a 101,r level .  

Ter res t r ia l  E;lolluslis: Te r re s t r i a l  mollusks are  scarce in  species i n  
the ~ F s h a l l s  and mostly quite small. Because of t h e i r  protective devices, 
they did not suffer  much from the typhoon. Only i n  a few cases vere any 



found t o  be abundant. On itinajon I s l e t  a small species of sna i l  was 
very abundant on l e a f l e t s  of young coconut palms, as well  as on Canavaia 
vines entangling the young palms. A more elongate land s n a i l  was found 
i n  several. spots (see  Appendix 11). 

Fresh water or  brackish water sna i l s  of about three species were 
found i n  the man&rove pools on Majurirek, Pinlep and Imroj I s l e t s .  

Other t e r r e s t r i a l  invertebrates:  'etr orher s t r i c t l y  t e r r e s t r i a l  
forms were cncoun. :red. :!o earthuorms were seen. Isopods and amphipods 
were scarce, aside from shore-living o r  mangrove-pond species.  A few 
small shrimps were f o u d  i n  mangrove s tmps :  

Ceridena sp. (Ateidae) -- i n  mangrove pond, Imroj 

Leander sp. (PaLaemonidae) --  i n  mangrove pond, Majurirek 

Metabetaeus minutus (Al~hae idae)  -- i n  mangrove pond, Jabor, Mejatto, 
Imroj 

Lmd crabs included Sesarma --7 Grapsus grapus tenuicrustatus,  and 
Metasesarma rousseauxi. 



X I .  C J'BMARIW EFFECTS OF TI53 TYPH0031 

A. H. Banner 

With only minor variations,  the coral  reefs  of J a l u i t  Atol l  are  
generally similar t o  those of other a t o l l s .  On the ocean side of the 
.wind~,md i s l e t s  .the seaward margin of the reef f l a t  i s  serrate  with 
surge channels; however, the a l g a l  ridge, so often prominent on wind- 
trard reefs ,  was not seen i n  any of the sectors examined. Behind the 
outer f ront  of the reef,  the gradually sloping reef f l a t ,  exposed a t  
low t ides ,  i s  smooth; i t s  surface i s  composed to a large extent of 
encrusting corall ine algae. Landward the f l a t  gives way to the eroded 
beach rock formation t h a t  reaches t o  near high t ide  level .  

On the lagoon side of tne windward i s l e t s  the beach i s  composed of 
beach rock, coral  shingle, or sand, depending upon exposure t o  prevailing 
t,rinds, waves, and currents. A t  the  lov  t i de  leve l  there i s  a sandy 
terrace,  e i ther  a reef f l a t  covered by sand or a deeper sand deposit o r  
apron, bearing scattered l iv ing  corals;  this terrace may slope off 
gradually t o  water ten or more f e e t  deep, or it may abruptly change from 
a shallow shelf t o  a steep slope in to  deeper water. This lagoon slope 
i s  a l so  of e i the r  sand o r  coral  gravel, but has a greater abundance of 
growing coral, often i n  massive groupings of many species. 

On the lagoon side of the leeward i s l e t s  the conditions are  somewhat 
similar t o  those of the lagoon s ide  of the rrindwaxd i s l e t s ,  bu t  with m r e  
extensive sand f l a t s .  On the ocean side of the l ee  i s l e t s  the reef is 
marlredly different  from t h a t  of the  wind~~rard side, being broader, with 
the surface of the reef f l a t  l e s s  smooth, and with the outer edge slop- 
ing more gradually in t c  deep water without any def ini te  developmnt of 
surge channels. 

Al l  of these areas were examined except the *ant and foreslope of 
the ~&~dvmsd reef .  In all areas exmined very few changes due t o  the 
storm were notes. 

There rvas evidence, however, that the area not examined suffered 
rather  extensive damage from the storm. Because of the high waves during 
the v i s i t  of the group it was dangerous t o  venture t o  the outer edge of 
the ?.rind~rard reef and impossible t o  explore the surge channels. Presum- 
ably t h a t  portion of the reef was or iginal ly  similar t o  the vindtrard reefs  
on other a t o l l s :  from the outer reef  f l a t  the surge channels would be 
separated by buttresses; i n  the ac tua l  surf region there would be almost 
nothing but encrusting corall ine algae; from the depth of about f ive f e e t  
and down there ?~ould be an ever-increasing covering of l i v ing  and dead 
corals including Pocillopora meaniFrina and shelf-l ike species of Acropora 
( fo r  example A. 5p ic i f e ra )o th  on the buttresses and i n  places on the 
walls of the k g e  chmnels. Both the but t resses  m d  the surge channels 
would l eve l  off a t  a shelf about f i f t e e n  or twenty f e e t  deep; t i e  shelf 
would be in  the neighborhood of one hundred or more f e e t  wide, sloping 
t o  about 110 f e e t  deep; there the bottom would drop abruptly away t o  the 
greater  depths. Scattered on the shelf would be many heads of l iv ing  
corals, again predominantly species of Acropora; among the bases of these -- 



heads and massive coral  growths would l i e  a thick layer of dead coral  
fragments broken from the groving reef f ront  during norma3 storms. 

Lacking d i r ec t  observation of t h i s  section of the reef, the damage 
t o  it must be deduced from the bars  of boulders and gravel lying on the 
reef f l a t .  This bar has been described i n  d e t a i l  e a r l i e r  (see p. 39); 
here it w i l l  suff ice  t o  s t a t e  t h a t  it is a new feature along the ~r ind%~ard 
beaches examined. In a typical  section near Jabor it vas about 60 f e e t  
vide, up t o  8 f e e t  high, and about 100 f e e t  from the reef edge and 30 
f e e t  from the beach rock. 

The composition of the bar varied from place t o  place, but the bull5 
of i ts  components appeared t o  cone from the reef f ront  .and foreslope. 
Evidence of t h i s  or igin includes the f'ollowing: 

1. The presence of many f resh  pieces of coral  with the cal ices  
uneroded, and i n  sow instances 'crith the branches unbroken. 
These corals, including Pocillopora - meandrina and Acropora 
spp. occur normally only in  the s u r f  zones of reefs .  

2. The presence of the remains of surf inhabiting organisms, 
such as  the rock oyster, Chama, and the slate-pencil  sea 
urchin, Ileterocentrotus. =shells of the oysters were 
not beach-worn but f resh  with the nacre of Vne surface 
unweathered. 2\Iunerous fresh,  uneroded spices of the urchin 
were found, and i n  one case a section of the t e s t  with spines 
attached vas seen. 

3.  The presence, on old dead fragments of coral  and over-grotm 
coral  heads, of fresh br ight  red patches of colonial  
Foraminifera, a form t h a t  grows abundantly upon the fragments 
found on the outer shelf  of the reef .  

4. The presence oi" the la rges t  coral  boulders on the reef a t  the 
seaward edge of the bar, while the landward edge was composed 
of the smallest fragments. 

5. The report  by the Marshallese t h a t  f o r  a period a f t e r  the 
typhoon the bars gave off  a strong stench of decomposing 
organic material, a condition which could not obtain vere 
the bars  composed of long-dead corals from the boulder ridge. 

However, not a l l  of the material i n  'the bar originated i n  the outer 
reef area. On Jabor and MeJatto, vhere the bar was most careful ly  
examined, the following were found: 

1. Old blackened coral  fragments t ha t  had obviously been 
buried i n  the s o i l  of the i s l e t .  

2. Coral, usually old and p a r t i a l l y  overgrown but, i n  som 
instances, f resh and recent ly  ki l led,  of species 
character is t ic  of lagoons, for  example Fungia scutar ia .  .- 

3. Rounded basa l t ic  rocks with calcareous deposits on the 



surface, brought by man t o  the a t o l l  e i ther  a s  ba l l a s t  o r  a s  
ornamentation, and pieces of iron and cement (several  of which 
had fresh tubes of marine worms attached), t h a t  would most 
log ica l ly  be found in  the lagoon where ships anchored, not 
off  the turbuLent windward reef.* 

The bulk of the material i n  the bar tms not recognizable a s  t o  sowce; 
however, as, of the pieces t h a t  could be so recogxized, most Were from 
beyond the outer edge of the reef flat, it is logica l  to conclude t h a t  
most of the bar vas from there. 

A t  low-low t ide  leve l  and below on the lagoon side of the windward 
i s l e t s  few storm effects  could be seen. Those few t h a t  were observed 
include the new offshore bars, e i t he r  exposed a t  low t ide  o r  a few f e e t  
below the surface; the presence of storm-carried t rees  on the reef f l a t s  
and on the slopes beyondthe reef flats; and the presence of f ine  organic 
sediments i n  a few res t r ic ted  areas.  

Those f a m i l i a r  with Ja lu i t  Atol l  s t a t e  t h a t  the offshore bars along 
the lagoon reef f l a t  were b u i l t  during the typhoon. The highest and most 
conspicuous of these was found near the outer edge of the lagoon reef flat 
off  the northeast end of Jabor. The bar s t a r t ed  i n  the north close t o  
shore on the slope leading t o  the depths of the pass and continued south- 
trard, swinging away from the i s l e t  and lying near the outer edge of the 
reef f l a t ,  and f ina l ly  curved back towards shore near the anchorage of 
Jabor i n  a rough "C"-shape. Its base rested on the reef P la t  s l i gh t ly  
below the low-1031 t i d e  level, and i t s  top rose t ~ r o  t o  three feet ,  the 
top thereby being exposed a t  mid-tides. The slope towards the lagoon vas 
gradual; the slope towards the i s l e t  was abrupt, being a t  the approximate 
angle of repose. The bas was usually about 50 f e e t  wide. I t  tras composed 
of rubble derived from long dead coral  and other calcareous debris mostly 
of small size,  an inch o r  l e s s  i n  diameter, several  inches long; scat tered 
about i ts  surface were some larger  pieces, up t o  about 6 inches in  diameter. 
The source of the bar material  as questionable, for  a l l  was old and d is -  
colored; horrever it irould be log ica l  t o  presume tha t  some, at l e a s t ,  came 
from the northwestern t i p  of Jabor, vhich was cut  away in  the typhoon, 
and other portions, probably the bulk, came &om the channel slope rrhere 
s i m i l a s  pieces may s t i l l  be found. The shape of the bar, no matter what 
the source, indicates it tras formed by onshore waves from the lagoon. 

It should a l so  be noted t h a t  on the reef flat behind the bar, and a t  
some spots i n  the bar, there were occasional larger  heads of dead coral, 
up t o  several  f e e t  i n  diameter. These must have been carr ied on to  the  
reef f l a t  by previous storms, fo r  a l l  exanined were found t o  be surrounded 
by del icately branching and unbroken l i v e  coral .  

A bar, about 450 f e e t  from shore, was f o w d  in  the lagoon south of the 
aachorage a t  Jabor. It was similar i n  size,  shape and composition t o  the 
one north of the anchora.ge, but d i f fe red  in  t h a t  i t s  base xias lorier, and 
i ts  top, about two fee t  higher than the base, l a y  near lor?-low t ide  level .  

-* Pieces of glass Irere a lso found (see pp. 12, 23) 



Aerial inspection showed t h a t  the reef was an off-shore feature of most 
of the length of the lcng isthmus connecting Jabor with J a l u i t .  The 
source of the material i n  the bar could not  be ascertained, but it is 
l ike ly  t h a t  it came from thedetr i tus  of the gradual slope in to  the depths 
of the lagoon. 

No offshore bars were noted off the northern and l eemrd  i s l e t s .  

Along the shore, i n  the high in t e r t i da l  zone, and continuing out 
t o  deep areas of the lagoon, were found storm-carried t rees  with the i r  
root masses in tac t .  Most of the t rees  vere e i the r  coconut o r  pandanus. 
Near shore most were lying on t h e i r  sides, but someEas shore, and a l l  
i n  the deeper water, were standing erect;  the ones in  deeper water were 
obviously buoyed by the trunks and sunk by the rocks captured i n  the root  
mass. O f f  the southern portion of Jabor, the only deep water inspected, 
they were found up t o  a thousand f e e t  from shore, res t ing  on a bottom 
eighty f ee t  deep. 

In only a fev places vere sediments composed of organic matter 
observed. They vere most conspicuous in  the lagoon off the middle of 
Mejatto. Here, on a ripple-mar!<ed sand bottom in  ten t o  twenty f ee t  of 
water, the depressions between the  ripples contained th in  deposits of 
loose black sediment, so lor? in  specific gravity t h a t  it ms s t i r r e d  by 
the s l i gh t  currents. Iaent i f iable  fragments of the sediment appeared t o  
be decomposed plant material. No similar deposits were seen i n  gravel 
portions of the bottom. 

Aside From t'nese features  and the bars b u i l t  out from land, no 
observable change was found below the low-low t ide  l eve l  i n  the lagoon. 
In the zone of extreme low water even the delica-Lely branching lagoon 
corals were unbroken. In  none of the sectors examined were there any 
deposits of f resh sand, as indicated by the absence of recent sediment 
burying the lower portions of coral  heads o r  lying between the bases of 
the dense coral  patches on the reef  f l a t s ,  as for  example within the new 
bar off the northern end of Jabor. 

Similarly, inspection of both the ocean and lagoon s ides  of the 
leeward i s l e t s  sho~?ed no obvious damage below 1011-101.1 t i d e  level .  The 
gradually sloping f l a t s  on the lagoon side ?rere of sand and had isolated 
massive complexes of many genera of corals, and these, including the 
f r ag i l e  staghorn coral  (Acropora grandis), were not broken. On the ocean 
side beyond the edge of Tne reef Flat  the gradually sloping bottom, 
covered with a continuous layer  of growing coral, a l so  shoved no signs of 
damage. It is t rue tha t  on the ocean reef flat there were scat tered 
boulders of dead coral  and t h a t  i n  the depressions on the f l a t  there 
were coral  fragnents; but all of the former appeared t o  have rested 
long i n  the i r  present locations, and fragnents of coral, often rather  
fresh, are a coxion feature of such depressions. 



X I I .  MARINE RESOURCES 

A. B. Banner 

There i s  nothing t o  indicate a lessening of the f ishing potential. 
of Ja lu i t  except possibly on the outer slopes of the wind~rard ocem 
reef .  The windward reef is not used fo r  f i sh ing  except for  torch 
f ishing a t  night and i n  times of exceptionally calm water. The a c t u d  
fishing potential. within the lagoon may increase, because a d d i t i o n d  
f e r t i l i z e r  i n  the form of organic de t r i tus  has been carr ied in to  the 
Lagoon where it can stimulate the production of f ixed algae and phyto- 
plankton. Moreover, the masses of t r ee  roots  i n  the water are already 
covered with a film of algae t h a t  i s  being brovsed upon by small herbi- 
vorous f i s h  and the roots of fe r  hiding places f o r  small f i sh .  These 
small f i s h  are  the food of the larger  carnivores. 

m e  Marshallese on the a t o l l  have reported t h a t  even inmediately 
a f te r  the typhoon the f ishing was be t te r  than before. It i s  l i ke ly  t h a t  
t h i s  merely represents a greater f i sh ing  e f for t  ra ther  than any t rue 
increase i n  larger  f ish,  fo r  if the postiilated mechanisms do increase 
the fishery, it would be only after a l ag  of a number of months. 

I f  there i s  ari increase i n  productivity i n  the lagoon, it should 
l a s t  fo r  several  years, the length of tinme f o r  the recycling nutr ients  
t o  be flushed t o  sea a?-3 f o r  the root  masses t o  decompose en t i re ly .  

Another possible e:::fect of the typhoon r ~ o d d  be t o  increase the 
tox ic i ty  of the f i s h  in  the lagoon. Before the typhoon, J a l u i t  Atol l  
had the reputation of having more poisonous f i s h  than any other a t o l l  in  
the archipelago. Several workers (Randall 1958, Datrson 1959) have 
suggested, without any d i rec t  proof, t ha t  the tox ic i ty  of the f i s h  r e su l t s  
from di rec t  feeding upon poisonous algae, or feeding upon herbivores t h a t  
ea t  the poisonous algae. If the f e r t i l i z a t i o n  of the lagoon increases 
the amount of the hypothetical poisonous algae there may be an increase 
both in  the tox ic i ty  of the species now knom t o  be dangerous and i n  
the nwnber of species found t o  be toxic. However, the Marshallese eating 
the f i sh  from the lagoon report  no change i n  tox ic i ty  patterns.  

Rote: For information on poisonous f ishes  i n  J a l u i t  reference may be 
made t o  Hiyam 1943 and Bartsch et, a1 1959.--Ed. 



X I I I .  POPUTION AN3 ECONOM!i OF JALUIT 

Population and economy p r io r  t o  November 8, 1957 

Population Distribution -- 
Prior t o  Vorld ;.Tar I, the Marshall Islands were under German Admin- 

i s t r a t i o n  with heaclquarters on the is land of Jabor, i n  J a l u i t  Atoll. 
After 1918, the Marshall Islands were o f f i c i a l ly  turned over t o  the 
Japanese, %rho took over all German properties i n  the Marshalls under a 
League of Nations Mandate. The Japanese Civ i l  Administration continued 
t o  use Jabor as headquarters f o r  the Marshall Islands. 

The Japanese immediately s t a r t ed  se t t ing  up a large center i n  Ja lu i t ,  
with independent trading companies and small businesses m by the Japa- 
nese themselves. ',hey cirew t h e i r  man-power .from the surrounding islands 
fo r  the labor needed t o  bui ld  and maintain the i r  center on Jabor. This, 
of course, resul ted in  :Large forces of Marshallese coming in to  J a l u i t  from 
the other a to l l s .  The a t t rac t ion  of J a lu i t  t o  the Marshallese continued 
up in to  the 1930's. After 1935, with the Japmese Military moving into 
the Marshalls, toe need fo r  labor forces again s ta r ted  a sharp r i s e  of 
population influx in to  Ja lu i t .  

Two large concentrations of people were a t  W o j  I s l e t  and Jabor 
I s l e t .  The i s l e t  of Imroj was established as  tne Japanese Naval A i r  
Station, where large labor bat ta l ions were put t o  work on the building 
of a major a i r  s ta t ion .  Jabor became the headquarters f o r  the Army, with 
smdll A r m y  uni ts  stationed on the larger  i s l e t s  i n  J a l u i t  Atoll .  Jus t  
p r io r  t o  the war,  the Civ i l  Administration s ta r ted  construction of a new 
center three miles south of the Army center on the i s l e t  of Jabor. 

United States Forces moving across the Pacific t o  the Marshalls i n  
1944 cu t  off  the Japanese supply l i n e s  t o  the large mil i tary a to l l s ,  
causing another s h i f t  i n  population. It was necessary t o  move people t o  
i s l e t s  where they could get native foods. A l l  imported food items were 
cut  off from the Marshallese t o  enable the mil i tary t o  feed t h e i r  aray 
and navy personnel. 771th the U. S. forces s t r ik ing  in  the Marshalls and 
creating a shortage of food f o r  the Japanese mil i tary forces, the Marshall- 
ese vere a@ moved t o  larger  islets where they were put to work gathering 
food and where they could be under close surveillance. 

The surrender of Japan i n  1945 and the taking over of the administra- 
t ion  of the Marshall Islands by the  U. S. Navy caused another s h i f t  of 
people. Imroj I s l e t  was s e t  up a s  the central  government sea t  fo r  the 
Marshallese i n  J a l u i t  Atoll .  This shif ted the main concentration of 
people to Imroj. '?he approximate population of t h i s  vi l lage numbered 
between three and four hundred. This was considered the main vi l lage on 
Ja lu i t ,  with smaller vi l lages  o r  settlements scattered throughout the 
a t o l l .  

The a t o l l  is divided in to  four divisions, which could be called 
p o l i t i c a l  centers, o r  as  referred to by the Marshallese, "blountain 



Marshalls" (which i n  our loca l  government are  called precincts) .  The 
population i n  these four divisions are  usually concentrated on one large 
i s l e t  within each section, with one or two families on the smaller i s l e t s  
t h a t  are  pa r t  of t h i s  section and many of the other i s l e t s  uninhabited. 
The four centers are: 1 )  Ja lu i t  I s l e t  on the south t i p  including Jabor, DIO 
and Moni i s l e t s ,  2) Majurirelr I s l e t  off  the ~ 0 ~ t h - l J e ~ t  pass, with A i ,  
Pinlep, and some small uninhabited i s l e t s ,  3) ;lotle I s l e t  i n  the northern 
p a r t  of J a lu i t  including several  uninhabited i s l e t s  south-east up t o  
Mejatto I s l e t ,  and 4) Imroj I s l e t ,  the a t o l l  council seat ,  including the 
i s l e t s  south-east of her down t o  i:nejet I s l e t ,  across the pass from Jabor. 

Total population of Ja lu i t  was approximately 950, a s  sh0x.m by the 
Navy census taken i n  19119; Imroj had the greatest  concentration of 300 t o  
400 people and the other three clivisions with about 150 people i n  each. 

In 1955, the Marshalls Import Export Company, the Protestant Inter-  
mediate School, the Catholic Mission School and the Trust Ter r i to ry ' s  
J a lu i t  Project moved t o  Jabor, causing a s h i f t  of population l~rithin the 
a t o l l .  Jabor, l.rhich had been uninhabited fo r  almost ten years, came t o  
l i f e  again and the population a t  the end of 1956 vas 250. The Mrajalein 
Import Trading Company inoved i n t o  Jabor i n  the ear ly  pa r t  of 1957, in- 
creasing the population t o  280 people. The large majority of the people 
who moved t o  Jabor were from the surrounding i s le t sof  Jalui t ,  with probably 
20 people coming from other a t o l l s  i n  the i8arshalls. 

The Marshallese have always considered Jabor as the main i s l e t  i n  
the a to l l ,  since the Geronns and Japanese b u i l t  and developed there  the 
administrative center for  the Marsilalls. It rras, therefore, only n a t u r d  
fo r  them t o  return t o  Jabor i n  large numbers. The only reason tha t  the 
council seal; was not moved over t o  Jabor was the scarc i ty  of pr ivate  land 
owned by the Ma.rshallese. Most of the land on Jabor i s  goverment o~med 
v i th  t i t l e  coming all the Tray from German times. The government needed 
a l l  of its land fo r  an experiment s ta t ion  in  1or.rlancl agriculture.  

The rebuilding of Jabor caused a constant movement of people across 
the lagoon in to  Jabor. The two trading companies and the headquarters 
of the Trust Terr i tory representative a t  Jabor changed the port  of c a l l  
f o r  ships from Imroj t o  Jabor. The people canii across on the i r  s a i l i ng  
boats and canoes with copra t o  s e l l  t o  the trading companies and returned 
t o  the i r  i s l e t s  with trade goods. Many of the people came t o  Jabor t o  
wait fo r  a ship o r  jus t  t o  be there  while the ship was i n  port .  A t  such 
times, there were anywhere from four t o  f ive  hundred people on the i s l e t .  

There has always been a considerable mount of movement within the 
a t o l l  i t s e l f .  Each year fo r  the Christmas Iiolidays, people from a l l  of 
the i s l e t s  go t o  Imroj. The majority of the people belong t o  the Protes- 
t a n t  Church and move t o  Imroj where the  cent ra l  Protestant Church and 
Minister a re  located. A t  the same time, e lect ion of new of f icers  i s  held 
f o r  the a t o l l .  There are usually seven t o  e ight  hundred people present 
on Imroj during the holidays. They mve i n  with a l l  of t he i r  worldly 
possessions, prepared t o  remain from one t o  two months until the l imited 
available transportation can take them home again. 



Food resources 

I. Indigenous 

1. The primary - food resources which the people depend upon are  
loca l ly  grown and collected. The main food items used in  each household 
are  coconuts, jekaro (coconut sap), breadfrui t  and pandanus. Breadfruit 
i s  a seasonal f r u i t .  : 3 s t  breadfrui t  t rees  bear twice a year. The 
heaviest  crop is from hay t o  July with a very l i g h t  crop i n  Eecember and 
January. The surplus breadfrui t  i s  usuaUy preserved and used between 
seasons. Psndanus, another seasonal food, i s  used between breadfruit  
seasons. The pandanus can a l so  be dr ied and kept fo r  long periods of 
time. Coconuts a re  used da i ly  by each household. The dry, r ipe  coconut 
i s  grated and the milk squeezed out, t o  be used v i th  other foods. The i u  
(embryo) i s  taken from the sprouted nut m d  i s  usually eaten r i g h t  from 
the nut o r  cooked fo r  a meal. The sweet water of the young green coconut 
i s  used f o r  drinking and the s o f t  meat i s  eaten with a spoon. The f lesh  
of the dry, r ipe  nut is also eaten at  meals. 

2. The secondary foods a re  taro, banana, and arrowroot which 
are  usually used between b r e d r u i t  and pandanus seasons. There was very 
l i t t l e  cul t ivat ion of t a ro  i n  Ja lu i t  and it was found only on a few of 
the i s l e t s .  The coconut w a s  emphasized by the Japanese and many of the 
t a ro  p i t s  were put in to  coconut groves. Arrowroot is cooked l i k e  a 
potato and eaten a t  meals with other foods. The people a l so  make a candy 
by grating the arrowroot and boi l ing it in to  a spongy b a l l  then covering 
it with freshly grated coconut meat. Most of t he i r  bananas are  eaten 
between meals and occasionally cooked and eaten a t  meals. There is a lso  
a s m a l l  mount of sweet potato and pumpkin grown and used a s  a secondary 
food. Limes and papayas are grown in  very small mounts. Lime juice i s  
used t o  spread over raw f i sh .  Papayas, vhen ripe,  are  usually only eaten 
by children while the green papayas are  cu t  up and boiled a s  a vegetable. 

b. Fisheries 

1. Fish :,as always played a very important pa r t  i n  the Marshall- 
ese d i e t .  It was the i r  sole source of protein before l ivestock were 
introduced. The ear ly  ,.lethod of catching f i s h  with a f i s h  t r ap  is very 
ra re ly  used today. Most of the f i sh ing  is done by hand l i n e  and t r o l l i n g  
in the lagoon. When the weather permits it, they f i s h  for  tuna on the 
outside of the lagoon off the deep water passes. 

Mo6t of the  edible f i s h  a r e  caught i n  the lagoon o r  on the 
outer reefs,  with nets  or, at  night, with coconut torches. The night 
f ishing along the reefs  i s  usually done i n  groups of three o r  four men, 
when the t i d e  i s  lov. The f i s h  caught on the outer reef are  of many 
va r i e t i e s  t h a t  can be found all through the south Pacific.  The f i s h  
caught i n  the lagoon are  of various types, some of which are  poisonous. 
The Marshallese in  J a l u i t  knor.~ which a re  the poisonous types and are  very 
r w e l y  poisoned. Some of the types caught i n  the lagoonare the sea bass, 
parrot  f ish,  surgeon f ish,  mackerel, squi r re l  f ish,  t r igger  f ish,  but ter-  
f l y  f ish,  mullet and sardines. The red snapper family is a lso  a very 



large group t h a t  i s  caught i n  the  lagoon, bu t  the majority of them are  
poisonous. This same f i s h  is a safe food i n  many lagoons of the  Marshalls. 

2. Shel l  f i s h  i n  the MarshalLs can be considered as  secondary, 
a s  the amount caught i s  negligible and i s  not eaten daily. The clams 
along the inside reefs  are gathered and usually placed i n  salt brine, and 
kept i n  bot t les ,  and eaten 1,~hen no other protein food is available f o r  
meals. The la rger  s h e l l  f i s h  a r e  occasionally caught and eaten. Zangusta 
( ~ o b s t e r )  are  ra re ly  caught i n  J a l u i t .  There i s  an occasional langusta 
gathering, which i s  usually he l a  during the night, w i t h  torches. 

11. Food imports 

The Marshallese import a great  pa r t  of t h e i r  food, as  they have 
become accustomed t o  do from Japanese tims. The trading companies from 
Japan opened up a whole new l i n e  of imported foods and consequently the 
Marshallese depend on the import of these foods. R small amount of these 
items was introduced during the German times, so the people were somewhat 
familiar with new foods. In order t o  stinnilate the production of copra 
to  meet the d e m d  i n  Japan, consumption of s to re  food was encouraged. 

There are  two large trading companies i n  the Marshalls: Marshalls 
Import Export Conrpany and Kwajalein Import Trading Company. There are  
numerous smaller companies and pr ivate  individuals t h a t  import trade 
goods. The two large companies import the greatest  mount of foods. 
Marshalls Import Export Company has been granted the only Trust Terri tory 
license t o  purchase copra f o r  export. The same company oms  and operates 
a trading vessel i n  the Marshalls, and the Trust Terri tory operates an 
AKL t o  help cover the en t i re  Marshalls. 

The imports of food from the United States  and other countries i n  
the world t o t a l  $k14,000.00 per year for  the en t i r e  Marshalls. J a l u i t  
Atol l  annually imports about $25,000.00 worth of foods. The main imports 
are  r ice ,  flour, sugar, canned milk and canned meats and f i sh .  

Cash crops and products 

1. Copra 

Copra is the la rges t  export item t h a t  the Marshallese have in JdLuit. 
Before the typhoons struck J a l u i t  i n  nlovember 1957 and January 1958, they 
exported approximately 500 t o  600 tons of copra a year at  $100.00 a ton. 
This i n  dol lars  was $50,000.00 to $60,000.00 a year and w a s  the l a rges t  
source of income. 

The men i n  the a t o l l  do most of the work i n  producing copra with the 
women helping them. The coconuts a re  husked and carried from the groves, 
u.sual1.y t o  the homes, where the women open them and spread them out t o  
dry. The nuts are  l e f t  i n  the sun for  two o r  three days a f t e r  5rhich they 
are  cut  i n to  small pieces and l e f t  on mats t o  dry. The coconut meat is 
spread out each morning and taken in  every evening o r  when it ra ins .  when 
the meat i s  thoroughly dry, it is packed in to  bags and stored under the 
house o r  taken t o  the trading company. The t rading company usually 
exchanges the value of the copra fo r  trade goods, o r  i f  the producer 
chooses, gives him cash fo r  the copra brought i n .  



2. Trochus 

Trochus is considered the second cash crop, bu t  the tot91 amount of 
money received for  the gathering of trochus is rdAive ly  small i n  compar- 
ison t o  copra, About tuo tons of trochus we harvested each y e w  i n  
Ja lu i t .  The world market for  trochus f luctuates  t o  such an extent that 
it may be $800.00 a ton one year and $400 .OO the next. The trochus 
season cows once a year and usually falls i n  July o r  August. The length 
of season fo r  gathering trochus is l imited by l a v  to f i f t e e n  days i n  
J a l u i t .  Trochus is found in three areas of J d u i t  Atol l  where the divers 
gather them and leave them on the beaches u n t i l  the  animal inside the 
s h e l l  e i t he r  r o t s  o r  i s  eaten by an ts .  The harvest i s  then taken i n t o  
Jabor t o  be sold at  the trading companies. Trochus under three inches 
diameter a re  not  t o  be taken from the beds, and a heavy f ine  i s  imposed 
i f  anyone is cauglit with she l l s  under three inches. 

Cash uses -- 
The people of J a l u i t  use t h e i r  cash primarily fo r  the purchase of 

imported food i tems  such a s  r ice ,  f lour,  sugar, canned milk and canned 
meats and f i sh .  The balance of t h e i r  money i s  usually spent on s o f t  
beverages, tobacco, clothing, building materials, boats, boat par t s  and 
gear, kerosene, household items and sundries such as perfume, ha i r  o i l  
and soap. Most of t h i s  merchandise is purchased from the trading companiest 
representatives on the boats t h a t  come in to  the area. Many of the people 
order radios, ready-made dresses, and other miscellaneous items from mail 
orCler houses i n  the United States.  

Effects of tjphoons LOLA and M A i i  (November 8 and 14, 1957) 

The e f f ec t s  of there two typhoons vere f e l t  very l i t t l e  by the 
majority of the people on J a l u i t .  Damage from these typhoons was 
re la t ive ly  s l i g h t  and wcis prac t ica l ly  confined t o  Jabor. In Typhoon 
LOLA, the south end of the i s l e t  was under w a t e r ,  but there were l i t t l e  
damage and no in jur ies .  Typhoon MAMIE caused very l i t t l e  damage on 
J a l u i t  and again i t s  e f fec ts  were confined t o  the islet of Jabor. 

The S a l u i t  Project, a T ~ u s t  Terr i tory Agriculture Experiment Station, 
suffered the highest amount of damage and that m s  in plant loss .  This 
danage was not great, however. During Typhoon MAMIE, U. S. N a v y  Sea A i r  
Rescue Plane 909 on a sea  rescue mission, was badly damaged a t  J a l u i t .  

Situation a f t e r  Typhoon OPXELZA - 
On January LO, 1958, immediately a f t e r  Typhoon OPHELIA struck Ja lu i t ,  

the Island Development Officer was sent  &om the off ice  of the Di s t r i c t  
Administrator t o  survey conditions a t  J a l u i t .  OPXELIA struck J a l u i t  on 
January 7, 1958. Upon the a r r iva l  of the Island Development Officer a t  
J a lu i t ,  a report  on conditions t h a t  exis ted was inmediately f o n w d e d  t o  
the Di s t r i c t  Center at Majuro. Immediate a id  i n  the way of water, food, 
clothing and tempontry shel ters  was brought i n  by the joint  e f f o r t s  of 
the Navy at Kwajalein and the mst Territory. 



The people had gone through a period of extreme physical hardship, 
but t h e i r  mental a t t i t ude  was quite healthy. They accepted the storm as 
something t h a t  happens and did not question why it had happened o r  how 
such storms occur. They were able t o  joke, sing and laugh, and accept 
the s i tuat ion.  They were ready t o  start rebuilding t h e i r  homes with 
whatever material  was available on the islands.  They understood the 
scope of the problems before them, were cooperative and shared what l i t t l e  
tliey had with others who were more unfortunate than they. There was no 
aimless wandering around as  one might expect a f t e r  such a devastating 
s torm Fourteen people were l o s t  i n  the s t o m .  (Die more died l a t e r . )  
Their loved ones showed some gr ief  and sorrow, but accepted it as an a c t  
of God. 

The survey of damage showed t h a t  the i s l e t s  i n  the eastern pa r t  of 
the a t o l l  suffered complete flood damage where three t o  e ight  foot waves 
of sea water had come over the i s l e t s .  A l l  houses and 9576 of a l l  t rees  
\!ere destroyed on the e a s t  coast. The majority of  the cement c i s te rns  
were e i ther  destroyed o r  f i l l e d  with salt water, creating an extreme 
shortage of drinking water. The vest  coast of J a l u i t  suffered approxi- 
vately 60% damage .to a l l  t rees  and foliage.  A l l  of the s a i l  boats %!hioh 
had been used t o  haul copra and passengers around the a t o l l  were completely 
damaged o r  l o s t ;  f i f t y  t o  s ix ty  canoes were d ~ g e d  beyond repair .  It was 
impossible f o r  people t o  move within the a t o l l .  With the exception of the 
old concrete s t ructures  t h a t  vere l e f t  by the Japanese, houses and other 
buildings i n  the a t o l l  were destroyed. 

J$nnediate a id  was dispatched t o  tine people of J a lu i t  by the U. S. 
Navy a t  the request of the Di s t r i c t  ACkninistrator. A medical team was 
f l o w  from Navj Station K~raJalein, 200 miles a?!ay, t o  examine the c r i t i -  
ca l ly  injured people and deliver addaonal  medical supplies and food. 
Three injured people %!ere flown t o  the Trust Terri tory Hospita.1 a t  Majuro 
fo r  surgery and hospitalization. An average of two f l i g h t s  a day came i n  
with food, water and clothing. The Trust Terri tory vessel, M/V ROQUE, 
arrived f ive  days l a t e r  with a m i t i o n a l  food and water. On board were 
medical teams made up of two doctors, sanitarians,  dental  practi t ioners,  
health aides, the Di s t r i c t  AdmZnistrator, the Director of Agriculture 
and Fisheries, the Director of Coconut Operations and the Marshalls 
D i s t r i c t  Director of Fublic Health. 

A complete survey was made of J d u i t ,  covering every phase of damage 
t o  the a t o l l .  A program was put i n to  e f f ec t  immediately fo r  the r e l i e f  of 
the people a t  J a l u i t .  This involved movement of food, water, clothing, 
beddings and building material. 

Adjustments - in typhoon s i tua t ions  p r io r  t o  Rmerican times 

Spanish and pre-Spanish times 

In  the Marshall Islands a f t e r  the Spanish claimed the islands in  1668 
u n t i l  1885, there were no changes i n  the t r ad i t i ona l  rehabi l i ta t ion  
methods following a typhoon. A f t e r  a typhoon, the Marshallese were 
directed by t h e i r  I r o i j  (King) with respect t o  the rehabi l i ta t ion  of the 
islands damaged by the storm. Food and tools  were provided by the 
islanders i n  the a t o l l s  t h a t  were able t o  help. In  many cases where 



damage was t o  all of the i s l e t s  i n  one a t o l l ,  the weak, the women and the 
children were moved t o  a t o l l s  close by. Food was brought from the neighbor- 
ing a t o l l s  t o  help support the workers while they rehabi l i ta ted the a t o l l .  
A t  the completion of rehabi l i ta t ion the majority of the workers were 
moved t o  join t h e i r  families on one of the neighboring a to l l s .  A very 
small group of workers vere kept i n  the damaged a t o l l ,  vhere they main- 
tained t h e  plantings. When the f i r s t  of .the subsistence crops came in to  
bearing, people slotrly moved back in to  the islands.  In many cases, a 
destructive typhoon was followed by a period of famine, sickness and 
great l o s s  of l i f e .  

G e m 1  times 

During the occupation of the Marshalls by Germany, very l i t t l e  was 
done t o  help the people through typhoon rehabi l i ta t ion.  In 1905, J a l u i t  
was struck by a typhoon t h a t  caused considerable damage t o  the north- 
eastern side of the a t o l l .  A t  the time of the storm, a German ship 
unloading cargo a t  Jabor, l e f t  t o  r ide  the storm out  and returned t o  
f in i sh  unloading. The food aboard the ship was the only food used to 
give temporary help anS the Mamhallese returned t o  the old system of 
rehabi l i ta t ing themsell,.s. 

Japanese times 

The Japanese, during the i r  occupation of the Marshalls, carr ied out 
a program of rehabi l i ta t ion  of islands a f t e r  any typhoon devastation. 
They usually helped the people struck by the storm with enough food t o  
get them s t a r t ed  on a rehabi l i ta t ion progrm. They also sent i n  men t o  
help them plan the replanting and feeding of the people. This progrgram 
usually las ted  about a year. No charge was made d i rec t ly  t o  the people, 
but a small tax was applied t o  the copra coming out of the a t o l l  t o  cover 
the monies spent i n  helping with the rehabi l i ta t ion.  

Note: Attention should be directed t o  the beds of phosphatic hardpan 
(B-horizon) i n  the Jemo s o i l  areas on Imroj and Kinajon (see p. 47) 
because of t he i r  potent ia l  economic value t o  the inhabitants a s  coconut 
plantations begin t o  show signs of phosphate deficiency. Analyses of 
samples of these phosphate rocks i n  the laboratories of the U. S. Geologi- 
c a l  Survey show 14 t o  16% P205. While these small beds a re  insignif icant  
commercially they should serve the needs of the loca l  inhabitants fo r  
many years t o  come and render cost ly  importation of commercial phosphates 
unnecessary. These beds are  not, of course, i n  any way re la ted  t o  the 
typhoon under investigation, but t he i r  discovery by F. R. Fosberg was a 
valuable by-product of the expedition.--D.I.B. 
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ridge. - The r e l a t ive ly  s l i g h t  ridge, dominantly of calcareous a lga l  
composition, typical ly  found a t  or near the edge of the reef f l a t  on 
the ocean side. 

Apron. See sand aprons. .- -- 
Bar. Bar, spit, and hook - are  used i n  the usual sense. A bar i s  usually 

s t ra ight  but may be curved o r  arcuate. An offshore b a r i s  - not t i e d  
t o  the land even a t  low-low t ide .  A s p i t  o r  hook is  a form of bar - - - 
attached t o  the land, a t  l e a s t  at  low-low t ide.  

Beach rock. Rock formed from beach deposits, whether a beach smdstone -- 
or a beach conglomerate. 

Boulder. A rock over 10 inches (25 cm.) i n  greatest  diameter. 

Boulder t r a c t s  o r  gravel t r ac t s .  -- 
boulders o r  gravel lying on 

Scattered patches 
the reef f l a t .  

f i e lds  

Channel. See scour channel and surge channel. - 
Depression. See e70ngate - -  depression and mangrove depression. 

Elongate depression o r  'ongitudinal depression. Specifically, an elongated 
depression o r  t r o ~  between a bar, spi tT or hook res t ing  upon the 
reef f l a t  and a s!> r e  ridge o r  shore slope t h a t  is pa r t  of an i s l e t .  

Erosion ramp. - The gently sloping, re la t ive ly  plane surface t h a t  l i e s  jus t  
t o  landward of the reef flat, typical ly  on the seat~ard sides of i s l e t s .  

Foreslope. The steeply sloping surface betveen the reef margin and the 
deep ocean. 

Gravel. An unconsolidated aggregate whose pa r t i c l e s  are  dominantly 
larger  than 2 mm. i n  d i w t e r .  

Gravel, 
l y  

small. - 
betveen 

An unconsolidated aggregate 
2 and 100 mm. i n  diameter. 

pa r t i c l e s  are  dominant- 

Gravel apron. See sand apron. -- P -- 
Gravel bar. See gravel and bar .  -- - 
Gravel - sheet. A gravel deposit i n  d i s t inc t ly  sheet form. More extensive 
i n  general than boulder t r a c t s  o r  gx-avel t r a c t s  -- (which see) and 

lying on an i s l e t  ra ther  than on a reef f l a t .  

Gravel t r ac t s .  See boulder t r a c t s .  

Hole. See plunge hole. - -- 
Rook. See bar. - - 



Intert idal  - zone. The vert ical  zone between high-high and low-low tide 
Levels. 

I s l e t .  - An island of an a tol l ,  most corrrmonly upon the encircling reef but 
&so one upon a pinnacle or reef patch i n  the lagoon. 

Knoll. - A coral growth comparable i n  size to a reef patch but rounded in 
aspect and whose summit i s  usually below low-low tide level. 

Lime -- mud. Mud with calcium carbonate as a dominant constituent. 

Longitudinal depression. See elongate depression. 

Mangrove depression. A depression occupied by mangrove trees, but with 
a hard bottom rather than one comprised of muds or oozes, which i s  
called a mangrove swamp. - 

Marsh. - A depression containing grasses or sedges and with a. mud or 
ooze bottom. 

Muck. - Mud that  i s  dominantly organic. 

Mud. - Unconsolidated materials, sticky and cohesive when wet, whose particles 
are dominantly less than 1/32 mm. i n  dia~neter. See also l ine -- mud. - 

Patches or patch -- reefs. j?etached reefs, norma3ly within the lagoon. 

Pinnacle. A patch reef with a height greater than its mxinum diameter. 

Pit. See scour p i t .  - -- 
P l w  hole. - A hole formed by running \rater on the downstream, dotm- 

slope side of a topographic break (steep slope). 

Plunge pool. - A deep plunge - hole -J approximately circular, containing water, 

Ramp. See erosion ramp. - 
Reef. An eminence on the sea bottom rising to  within 6 fathoms of the - 

surface. 

Reef f l a t .  A relatively f l a t  area of reef rock whose surface l i e s  near -- 
low tide level. 

Reef - margin. The outer edge of the reef f l a t ,  usually marked by an 
abrupt change in  slope. 

Ridge. - See algal. ridge also, shore -. - -> - 
Rubble. Gravel of predominantly angular fragmnts. 

Sand. - An unconsolidated aggregate whose particles are dominantly between 
1/32 and 2 mm. i n  diameter. 



Sand apron or gravel -- apron. .-- Apron-shaped deposits of sand o r  gravel, 
usually on lagoon reef f l a t s .  

Sand horn. A horn-shaped sand-bar typical ly  found on the reef f l a t  a t  -- 
the inner corner o r  end of an i s l e t .  

Scour channel. A channel across o r  par t ly  across an i s l e t ,  formed by - 
the scouring action of water cut t ing through unconsolidated. or 
consolidated material  t h a t  l i e s  above the reef f l a t .  

Scour p i t .  A depression formed by running water on the downstream side -- 
of an obstruction, such as  an uprooted palm. 

Shore -- ridge. A r i2ge  upon o r  immediately adjacent t o  a shore. (Also 
cal led beach ridge.  ) -- 

Spi t .  See bar.  - - 
Submarine terrace.  The re la t ive ly  f l a t ,  almost horizontal  surface some- -- 

times found a t  depth on the  ocean side of the foreslope. 

Surge channel. A channelmy i n  the reef,  typical ly  normal. t o  and across 
P 

the reef margin and foreslope on the ocean side.  

S a .  A depression containing woody plants  and with a mud o r  ooze 
bottom. See also mangrove depression and marsh. -- 

Terrace. See submarine te r race .  --- 
T ~ h o ~ i l .  A storm tha t  forms over the t rop ica l  oceans and has sustained 

windspeeds greater than 73 m.p.h. (Sam as hurricane. ) 

Woobland.. An open stana of t rees .  
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APPEWDIX I. 

TABU2 OF PMIT SPZCIES BY ISLETS 

F. R. Fosberg 

The following table  includes recent reports (from 1946 on) of 
species known from J a l u i t  by i s l e t s ,  the  8 i s l e t s  l i s t e d  being the 
ones def ini te ly  exaslined since 1946. There are  various additional 
e a r l i e r  records of plants from the  a to l l ,  but mostly without record 
as to the i s l e t  vhere they occurred. 

Added in the l a s t  two columns are  indications of o r i f ~ i n  and of 
grow6h habit .  

Sources 

Fosberg F 

Mackenzle M 

St. John S 

Unverified X 
but probably 
present 

Origin 

IVative T 

Aboriginal A 
introduction 

Natwalized N 

Cultivated C 
o r  pers i s t ing  
from cul t ivat ion 

Habit - 
Epiphytic herb 

Te r re s t r i a l  
e r ec t  herb 

Creeper 

Climber 

Shrub 

Tree 

Seedling 



Asplenium : X  : F : F S :  F : X : F : F : F : F :  F : F : I  :%H 
nidus 
Nephrolepis : : F S :  F : X : F : F : F :  : F :  : I  : E  
acutifolia : 

Fephrolepis : M : : C  : H  
biserrata : 
var. furcans: 
Nephrolepis : : F S :  F : : F : F : F :  : I  : H  
hirsutula : 
Polypodium : : F S :  F : X : F : F : F : F :  F : : I  :ECH 
scolopendria: 
Pteris : FS : : F : F :  : I  : I 3  
tripartita : 
Vittaria : FS : : F :  : F :  : I  : E  
incurvata : 

" 
circinalis : 
pandanus : M  : F : F S :  F : F : F : F : F : F :  F : : CIA: T 
tectorius : 
Thalassia : F :  : I  : C  
hemprichii : 
Cenchrus : F : li, : : F :  : F :  : N  : R  
echinatus : 
Cynodon : F :  : N  : C  
dactylon : 
Digitaria : F : F : S : F : : F : F : F : F :  : I ? : H  
pruriens var.: 
microbachne : 
Echinochloa : : F :  : N ? : H  

indica 
Eragrostis : F : F : S : F : : F : F : F :  : N  :11 
amabilis 
Lepturus : F  : F : X  : F : X : F : F : P : F :  F : F : I  :lit 
repens vars.: 
Paspalum : F :  : W  : H C  
conjugatum : ; ; ; 



; & ; 8 ; 
3: : . 3 :  Z' 0, : g : 2:  :: g :  2 . 9 .  

' H '  
z: 3 :  : . A .  

after typhoon 
Paspalum : F :  : N  :HC 
distichum : 
Sorghum : F  : F : S  : : B  :h' 
bicolor 
Thuarea : F  : F : S X :  F : X : F : F : F : F :  : I  : C  
involuta : 
Cyperus : M  : : C  : H  
alternifolius: 
Cypems : F : : N  : I ?  
compressus : 
Cyperus : F  : F :  : F :  : F :  : I  : H  
javanicus : . .  . 
Cyperus : F  : F :  : N  : I 1  
kyllingia : 
Cyperus : F : : I  : H  
odoratus 
Cyperus : X  : F :  1 : H  
rotundus 
Eleocharis : : F :  : I A : H  
geniculata : . . 

Fimbristylis : F : F : XS : F : X : F : F : F : F : : I  : H  
cymosa 
COCOS : F  : F : X S :  F : X : F : F : F : F : F  : F : A C : T  
nucifera : 
Elais : M  : : C  : T  
guineenis : 
Phoenix : M  : : C  : T  
canariensis,: - - 
Pritchardia : M : : C  : T  
pacif ica : 
Alocasia : M  : F : F S :  F : X : F : F : F : F :  : A  : I 1  
rmcrorrhiza : 
Colocasia : : F : : F :  A C H  
esculenta : 
Cyrtosperma : : S  : : F :  : A C : H  
chamissonis : 
Epipremnum : M : F : : T \ i  : V  
pinnatum : 
Scindapsus : L : F : : $ I  : V  
aureus 



sag i t t i fo l i a :  
Rhoeo : M  : F :  : C  : H  

spathacea : 
Agave : X  : F :  : C  : H  

s isalana - 
Cordyline : L : F : : C  : S  

termin~alis : 
Sansevieria : L : F : : C  : E I  
roxbur@~ii  ? : 

Crinum : M  : F : F S :  F : F : F : F : F : F :  : C A : I I  
asiaticum? : 

Hippeastr~un : : F : : F :  : C  : H  
puniceurn : 

Hvmenocallis : M : F : F : : F : F :  : C : I1 
i i t t o r a l i s  : 

Zephyranthes : X : F : X : F : : F : F :  : : C : 11 
rosea 

Dioscorea sp.: : S  : : A  : V  

Tacca : 1~1 : : F S :  F : X : F : F : F : F : ,  : A  :IT 
leontopeta- : 
loides 

Musa nana : : S  : : F :  . ' .  : C  : H  

m s a  : : F : S  : F : F :  : F :  : C  : I f  
sapientum : 

Canna indicaa: L : : ? :  : C  : B  

Peoeromia : X : F : J : H  
G l l u c i d a  .: 

Peweromia : F  : : F : : I  : I i  
A 

ponapensis : - 
Casuarina : L  : F :  : C  : T  
equiset i fol ia :  - 
Artocarpus : F  : F : F S :  F : F : F : F : P : F :  A C T  
a l t i l i s  (incl.: 
A.mariannensis) : . . .  - 
Ficus : F  : F :  : C  : T  

e l a s t i ca  : 
Ficu.s : X  : F : '  : C  : T  

t i nc to r i a  : 



3 : 
0 : 'a 

0 f# 
Plants - c: 3 @ g: g: . 

' m 0 : k 0 : k  0. F, 0: k 0 '  k : %: 0 s  @ . C ' O C  @ Z ' O  : % E f + g % g  f + g % :  g :  
: n + , : n l q : ~ ~ :  n :  nl: a f t e r  typhoon 

Fleurya : F  : F : P  : F : X : F : F : F : F : F  : : I  : H  
ruderal is  : 

Pi lea  : F  : P : S  : : F :  : N : 1.1 
microphylla : 

Pipturus : F S : F ( s ) : X : F : F : F : F :  : I  : S T  
argenteus : . ~- 

Procris : F :  : I  :HF: 
pedunculata : 

Coccoloba : M : : C  : S  
uvifera 

: I ? :  Boerhavia : : I  : C  
te t randra  : 

Bougainvillea: M : : C  : V  
&bra 

Bougainvillea: M : : ? :  : C  : V  
spec tab i l i s  : 

: F :  Mirabil is  : : F : F S :  F : : C W : H  
jalapa 

Pisonia : FS : : X : F :  : F : F : F  : F : I  : T  
s a n d i s  - - - 

: F :  nmaranth~ls : : F : : 1 : I: 
v i r i d i s  

Celosia : FS : : C  ? I {  
argentea 

: F :  Gomphrena : : P :  : C  : H  
globosa 

: F : F : F :  Por-tulaca : F : F : : F :  : I  : H  
oleracea : 

Cassytha : F  : F : : F : F : F :  : I  : V C  
f i l i formis  : - . -. 

: F : F :  : P :  Hernandia : X : F : : I  : T  
sonora . . - 

Erassica : M  : . . .  : C  : I 1  
acanthiformis : 
Was t u r t i u m  : : F :  : I'?N: 1% 

sarmentoswn : . . .  
Ilalanchoe : F S :  F : : F :  : N  : H  
pinnata ... 

Albizia : M  : : C  : T  
lebbek 



a f t e r  typhocn 

s : ( s ) :  I : V 
microcarpa : 

Caesalpinia : : FS : : C  : S  
pulcherrima : 

Cassia : F :  : C  : I 1  
occidentalis:  

Crotalaria : F : F : : N  : I i  
incana 

Delonix : M  : F :  : C  : T  
regia  

Erythrina : M : F : C T 
variegata var.: 
o r i en t a l i s  : 

Inocarpus : M  : F :  - . .  : C  : T  
fagiferus  : 

I n t s i a  : F : F : F : F :  : P : I  : T  
biduga 

Leucaena : L  : F :  : ? :  : N  : S  
glauca 

Samanea : X  : X :  : C  : T  
saman - 

Sophora . : F :  : I  : S  
tomentosa : 

Vigna : X  : F : F S :  F : : F : F : F : F : F(s) :  ~ ( s ) :  I : CV 
w i n a  

Citrus : M  : F :  : F : F :  : C  : S  
aurantif  o l i a :  

Citrus : M  : . . .  : C  : S  
maxima 

Citrus : M  : M :  . .  . : C  : S  
sinensis 

Citrus : M  : .. . . : C  : S  
r e t i cu l a t a  : 

Acalypha : M  : F :  . .. : F :  : C  : S  
willesiana : 

Codiaeum : F :  : C  : S  
variegatum : 

Euphorbia : . . . : F : F :  : I  : H  
chamissonis : 

Euphorbia : F : F : : N  : . C  
~Jomerifera : 



' .  . 
" 

I :  : ; 3 I 
* P : % :  g : 

P : a: a f t e r  typhoon 

G o s t r a t a  : .. . . - 
Euphorbia : M : : : C  : S  
pulcherrima : 

Pllyllanthus : F : F : : F :  : F :  : : C  
amarus 

~ i c  inus : M  : : C  : S  
comunis - 

AllophyLus : F : : S  : : F :  : F : F : F :  : I  : S T  
timorensis : 

Triumfetta : F : : F S :  F : : F : F : F : F : F ( ~ ) :  : I  : C  
procumbens : 

Zibiscus : M  : F :  : C  : I i  
esculentus : 

Hibiscus : M  : : C  : S  
m t a b i l i s  : 

Iiibiscus : X  : F : F S :  : F : : F :  : A : ST 

Sida f a l l ax  : : F :  : C  : S  
7 

Thespesia : M : : C  : T  
populnea : 

Bombax : N  : : : C  : T  
ell ipticum : 

Ceiba : M  : F : F  : : C  : T  
pentandra : . . 

Calophyllum : X : F : FS : F : F : F : F : F : F : : ~ ( s ) :  A : T 
inophyllum : 

Passiflora : M : : C  : V  
l a u r i f o l i a  : 

Carica : M  : F : F S :  F : : F : I V F :  : CN : ST 

vulgaris : .- 
Cucumis : M  : : C  : C  

sa t ivus  . . .  
Cucurbita : F? : F : : F? : : F?: F :  : C  : C  
maxima . .  . 

Cucurbita : M : : S  : : C  : C  
p e w  
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Plants 

: n4.rd-p. P*.  

Pewhis : F  : F :  : X : F :  : F :  : F : F : I  : S T  
acidula 

Sonneratia : F : : I  : T  
alba 

: F  : F : X : F : F : F : F :  Rrumiera : F  : : I  : T  

- ~~~~ - ~ ~ 

l i t t o r e a  . . .  
Terminalia : M : F : : X : F :  : A  : T  
catappa 
Terminalia : : FS : : X : F :  : F : F :  F : F : I  : S  

samoensis : 
Barringtonia : : I % :  F : X : F :  : ~ ( s ) :  ~ ( s ) :  I : T 

a s i a t i ca  
~!liconia s p . ?  : M : : C  : S  

: M  : F :  Bras s a i a  : C  : T  
actinophylla: 

Polyscias : ivl : : C  : S  
Pruticosa : -- 

PoLyscias : L : : S  : : C  : S  
gui l foylei  : 

Polyscias : : S  : : F : : C  : S  
scu te l la r ia  : 

Polyscias : F :  : C  : S  
tr icochleata:  

Centella : F S :  F : : F : F :  : A  : C  
as i a t i ca  . .  

Jasminum : F :  : C  : S  
sambac - 

Catharanthus : : F :  : C  : H  
roseus 

Cerbera : M  : F :  : C  : T  
manghas 

Ner ium : F : : ? : : C  : S  
inaicum 

PTerium : F  : : ? : : C  : S  
oleander . .  . 

Ochrosia : F  : F : : I  : T  
opposit ifolia:  
Plumeria : M  : : FS : : F : F : F : F :  : C  : S T  
rubra - 



curassavica : - 
Ipomoea : 17 : : C  : C  

Ipomoea : F : F S :  : F :  : I  : C  
l i t t o r a l i s  : 

Ipomea : F  : F :  : ~ ( s ) :  : N I ? :  C 
pes-caprae : 

Ipomoea : F  : F : S  : : F :  : I  : C  
tuba 

Cordia : F  : F : F S :  F : : F : F : F  : F  : I  : T  
subcordata : 

T o u r n e f o r t i a : F  : F : X S :  F : X : F : F : F : F : F  : F  : I  : TS 
argentea : 

Clerodendmm : X : F : F : F : : F : : I  : S  
inerme - 

Lantana : M  : : C  : S  

obtus i fo l ia  : 
Stachytarphetac F : F : : N  : I 1  
u r t i c i f o l i a  : 

Ocimurn : FS : : F :  : AC : II 
sane turn 

Nicotiana : F : : S  : . . .  : C  : B  
tabacum 

Physalis 1 '. 
: F  : F :  : F : F : F : F :  : N : 1-1 

angulata : 
Solanm : F :  : F :  : N  : H  
nigrum 

J a c a r a n b  : M : : C  : T  
f i l i c i f o l i a  : 

Beloperone : M : : C  : S  
gut ta ta  

Blechum : F  : F :  :P! : H  
brotme i - 

Hemigraphis : : F :  : N  : C  
reptans - 

Pseucleranthemy X : F : : F : F :  : F :  : C  : S  
car ru thers i i  y. : 
car ru thers i i :  



Plants 

F S :  F : X : F : P :  : F :  : C  : S  

speciosa 
Hedyotis : F : F S :  F : F :  : 111 : C 
b i f l o r a  

Ixora casei  : : S  : : C  : S  

Ixora f r a se r i :  M : : C  : S  
.- 

Morinda : F  : P : X C :  : X : F : F : F : F : F  : : I  : S T  
c i t r i f o l i a  : 

Hippobroma : : F : : N  : H  
longif lora  : 

Scaevola : F  : F : X S :  F : : F : : F : F :  F : : I  : S  
ser icea  

Adenostemma : : : F S :  F :  : A  : H  
lavenia 

Ageratum : F : : : I 1  
conyzoides : - 

Cichorium : M : : C  : H  
endivium : 

Spilanthes : M : : : I 1  
iabadicensis: - 

Synedrella : : P :  : F : : F :  : N  : B  
nodiflora : 

Tagetes sp. : .. . : F :  : C  : I 1  

Vernonia : F : F S :  : F :  : F : F :  :I? : B  
cinerea 

Wedelia : P  : F : S S :  F : X : F : F : . F : F : F  : : I : CIN 
b i f l o r a  



APPENDIX I1 

GASTROPOD NULLUSCS COLLETED BY J. L. GRESSITT 

L i s t  prepared by Yoshio Kondo 

Marine species - -.- 
Turbinidae : Turbo argyrostomus L.  3 - - ~ e j a t t o  (2 specimens). 

Neritidae : %rita p l i c a t a  L. --Me j a t to  ( 1  spm. ) . 
Nassariidae : Nassarius ----- cf .  papillosus -.- L. - - ~ e j a t t o .  

Planaxidae : Planaxis - sulcatus Born ? .--Lijeron 

Land species - 
Realidae : Omp: -- alotropis  Tragi l is  Pease - - W o j  ( 1  dead); Jabor - -.--- 

!I dead juvenile, probably t h i s  sp., Bernese 
; innel from Pandanus). - 

Assimineidae : Assiminea nikida Pease --Jabor ( 1  dead, Berlese -- -- 
m n e l  from Pandanus); Imro j (2 dead). 

Truncatellidae : Truncatella -+- guerini Vil la  --Jabor (16 l ive;  1 dead 
juvenile i n  Berlese funnel may be t l i is  sp.) ;  
W o j  (4 dead). 

Melaniidae : Melania sp. --Pinlep ( 5  dead; fresh o r  brackish prater). 

Ellobiidae : Melampus luteus Quoy & Gaimard --Irnroj ( 2  dead; l i t t o r a l ) .  

Tornate1l.inida.e : Tornatellinops var iab i l i s  Ocllmer --Itinajon (about 
-150 l i v e  Z d . m * -  

R ~ p i l l i d a e  : Gastrocopta peaiculus Shuttleworth --Jabor ( 1  dead, 
Bernese funnel from Pandams); -- Imroj ( 1  dead). 

Stenogyridae : Laaellaxis oparanum Pfeiffer  --Jabor (I. dead). 

Zonitidae : Liardetia sp.? --Jabor (1 dead juvenile, obtained -- 
from Berlese funnel, i n  Fadanus). 



a .  Ridge of boulder gravel thrown 
up on reef flat. Jabor I. 
(Fosberg photo). 

b. Same ridge, close-up show- 
ing imbrication of slab-like 
boulders of coral,  principal- 
ly Acropora sp.  
(Fosberg photo). 

c .  Aerial view of Sydneytown 
a r e a  showing large tank s u r -  
rounded by rubble embank- 
ment covered by vegetation 
and two smal le r  tanks which 
have been moved by the s to rm 
waves from the two circular  
foundations visible just be- 
yond the farther tank. Scour 
channel across  reef to left of 
nea re r  smal l  tank. 
(Gressi t t  photo). 

d. Large boulder resting on 
lagoon bar ,  Jaluit  Islet, 3000 
feet north of Blockhouse No. 
4. The white upper half and 
stained lower half suggest 
that i t  has been overturned, 
that the white half w a s  pre-  
viously buried, the stained 
half exposed. The board 
leaning against it is 2 feet 
long. (Wiens photo). 

Plate  I 



a .  Eroded beach  rock ridge with 
depress ion  landward of it, 
boulder g rave l  r idge on reef 
in background, Ja lui t  Is le t  
south of J abo r .  (Wiens photo). 

b. Scour  channel cut through 
about 4 feet of conglomerate  
rock,  displaced tank and 
typhoon-battered vegetation 
i n  background; n e a r  Sydney- 
town. (Wiens photo). 

c. Scour  pit, showing extensive 
exposure  of root sy s t ems ,  
bat tered Pandanus and coco- 
nut t r e e s ,  g rave l  sheet  in  
background, s o m e  or iginal  
so i l  su r f ace  in  right fore-  
ground; Mejatto, south of 
1 1  Station 4". (Wiens photo). 

d. Root m a s s e s  of coconut and 
Pandanus t rees ;  the  height of 
these  (about 5 feet )  sugges t s  
that  a v e r y  substant ia l  thick- 
n e s s  of s o i l  has  been scou red  
away in  the foreground; about 
3000 feet  f rom north  end of 
Mejatto. (Wiens photo). 

P l a t e  I1 



a.  Pemphis partly washed out and 
partly buried by gravel  sheet; 
Jaluit I. about 1000 feet north 
of s t ee l  towers.  (Wiens photo). 

b. Lagoonward front of gravel  
sheet; just south of Jabor .  
(Wiens photo). 

c. Lagoonward front of gravel 
sheet encroaching on sma l l  
mangrove depression and 
partly filling i t  in; Mejatto I. 
(Wiens photo). 

d. Another such depression, 
partly filled by gravel  sheet;  
Mejatto 1. (Wiens photo). 

Plate  I11 



a. Pa th  in coconut-breadfruit b. Opening in coconut-breadfruit 
plantation before typhoon plantation, breadfruit  t r e e  in 
OPHELIA; Mejatto I. (Fos  - center,  before  typhoon OPHELI 
b e r g  photo, 1946). Mejatto I. (Fosberg  photo, 1946 

c. Opening in coconut plantation, d. Mangrove depression, partly 
Pandanus t r e e  in center;  Me- cleared by typhoon OPHELIA, 
jatto I. (Fosberg  photo, 1946). showing Bruguiera  t r e e s  b a r e  

of leaves above, accumulated 
vegetable debr i s  in foreground; 
Mejatto I. (Fosberg  photo). 

P la te  IV 



a. Marshal lese  thatched house, 
surrounded by Pandanus t r ees ,  
before typhoon OPHELIA; Me- 
jatto I. (Fosberg  photo, 1946). 

b. Area with vegetation and loose 
mater ia l  completely scoured  
off; South of Jabor .  (Fosberg  
photo). 

c. T r a s h  thrown into mangrove d. Coconut t r e e s  snapped off by 
depression; Bruguiera in back- typhoon OPHELIA; Mejatto I. 
ground beaten down; Mejatto I. (Fosbe rg  photo). 
(Fosberg  photo). 

P la te  V 



a.  Uprooted breadfrui t  and coco- 
nut t rees ,  broken Pandanus, 
battered coconut plantation. 
(Gressi t t  photo). 

b. Par t ia l ly  uprooted young coco- 
nut t r e e  and snapped coconut 
trunk i n  destroyed coconut plan- 
tation. (Gressi t t  photo). 

c. Battered but s t i l l  standing 
Barringtonia (? ) ,  Pandanus, 
and coconut t r e e s ,  snapped off 
coconut trunks.  (Gressi t t  
photo). 

d. Vegetable debr i s  on wave-swept 
ground, north of Sydneytown; 
old tank in  background. 
(Gress i t t  photo). 

P la te  VI 



a .  Coconut and Pandanus root s y s -  b. Pa r t i a l l y  bur ied vegetation, 
t e m s  exposed by removal  of b roken  Pandanus and o ther  
soi l ,  base  of snapped-off Pan-  t r e e s ,  bat tered coconut planta- - 
d a m s  and snapped off coconut tion. (Gres s i t t  photo). - 
t runks in  bat tered coconut 
plantation. (Gress i t t  photo). 

c. Coconut t runks fallen i n  s e v e r a l  d. A r e a  hit by wind only, showing 
directions;  I m r o j  I. broken Pandanus and coconut 
(Fosbe rg  photo). t r e e s ,  but re la t ively  undis- 

turbed ground vegetation; Pin-  
lep I .  (Fosbe rg  photo). 

P l a t e  VII 
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a. Broken off Pemphis bushes on 
conglomerate platform on 
lagoon shore  south of Sydney- 
town. (Fosberg photo). 

c. Coconut plantation in unin- 
undated a rea ,  showing damage 
by wind alone; Pinlep I. 
(Fosberg photo). 

b. T a r o  pit, with Cyrtosperma 
tops killed by typhoon but 
otherwise not seriously 
damaged; Pinlep I. (Fosberg 
photo). 

d. Coconut plantation damaged 
by wind and waves, many 
t r e e s  snapped off, some  up- 
rooted, root systems ex- 
posed, gravel deposited on 
soil; showing Marshallese 
inhabitants. (Gressitt  photo). 

Plate  IX 



a. Coconut plantation destroyed 
by wind and waves; Mejatto I. 
(Wiens photo). 

b. Inner margin of fresh gravel 
sheet;  Mejatto I. (Fosberg 
photo). 

c. Pandanus grove destroyed by 
wind; Majurirek I. (Fosberg 
photo). 

d. Pisonia forest battered by 
wind, but sprouting vigorous- 
ly; Lijeron I. (Fosberg photo). 

Plate  X 




