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It i s  a pleasure t o  conmen6 .the far-sighted policy of the Office of 
Naval. Research, with i t s  emphasis on basic research, a s  a r e s u l t  of which 
a grunt has made possible the centinu8.tion of the Coral Atoll  Prograuof 
the Pacif ic  Science Board. 

It '  i s  of i n t e r e s t  t o  note, h i s to r i ca l ly ,  tha t  much of tine fundamental 
information on a t o l l s  of the Pac i f ic  was gathered by the U. S. Navy's 
South Pacif ic  Exploring Expec?ition, over one hundred years ago, under the 
command of Captain Charles Wilkes. The continuing nature of such scie1itifi.c 
i n t e r e s t  by 'he Navy i s  shorn by t,he support fo r  the Pacif ic  Science Board's 
research programs, CIMA, SIM, and ICCP, during the past  s i x  years. Tho 
Coral Atoll  Program i s  a p a ~ t  of SIM. 

The preparation and issuance of t h i s  Bulletin i s  ass i s ted  b-1 funds 
from Contract No. N7-onr-291, Task Ordar I V .  

The sole responsibi l i ty  f o r  a l l  statements made by authors of papers 
i n  the Atoll  Research Bulletin r e s t s  with them, and 60 not necessorily 
represent the views of the Pacif ic  Science Board o r  the ed i tors  of the  
Euiletin.  

Edi tor ia l  S ta f f  

F. R. Fosberg, e6 i tor  
M. E. Sachet, ass i s tan t  ed i tor  

Correspondence concerning the A'mll Research Bulletin should be 
addressed t o  the above 

c/o Pac i f ic  Science Board 
Ncltional Research Council 
SiOl Constitution Avenue, 3 .  Yii. 
Washington 25, D. C., ti. S. A. 



The "Preliminary trial.  edit5.0n11 of t h i s  FIandbook, issued i n  May, 
1951, was unfinished, as  some of the manuscri.o-ts had. 12ot come i n  by the 
deadline. The intention mas t o  d ~ s t r i b u ' t e  only the few copies needed 
a t  t h a t  time and t o  issue the finished book winen a l l  the a.ateria!. was 
reacly. Since there was much delay i n  t h i s ,  i t  was thought best  t o  allow 
the authors a chance to  revise t h e i r  sect ions  i n  l i g h t  of subsequent 
experience and cri t icism, and t o  r e e d i t  the wiiole book. This has been 
done, with the r e s u l t  tinct several chapters have been replaced ent i re ly ,  
others reorganized, and several  new sections added. I n  t3j.s edit ion there  
has been l i t t l e  edi t ing of .the coa t en t  of manuscri.pts, but mostly correc- 
t ion  of punctuation and ambiguity of ezpresaion. Differences i n  s t y l e  and 
differences of opinion on certain techniques and sc i en t i f i c  points a r e  
those of the authors. Such differences of:opinion merely r e f l e c t  the f a c t  
t h a t  not  everything i s  posi t ively s e t t l ed  about coral  atoU.s. In such 
cases, a s  well z s  i n  mything else,  experience of users pointing one way 
o r  the o t t e r ,  or  which could i n  m y  manner contribute to an improvenient of 
Yne Handbook, should be brought t o  the a t tent ion of the editors.  Any such 
notes v i i l l  be kept on f i l e  u n t i l  such time a s  a firid. edi t ion 'of  the Rand- 
book is m i t t e n .  

The ed i tors  and the Pacif ic  Science Board aga5, wisn t o  express 
t h e i r  thanks to  a l l  vho have contributed t o  t h i s  editior.. 



INTROGIX :ION :TO PRi3LIXINARY TRIAL  EDITION^ 

One of t he  projects recorninended by the  Honolrdu ~yrn~osiumi( on Coral Atoll  
Research was the preparation of a 8andbook on Atoll  Research, f o r  use by future  
Atoll  Project  expeditions, as  well a s  by other pa r t i e s  and individuals who 
might be i n  a posit ion t o  make observations of i n t e r e s t  t o  t he  Project. 

Obviously, it was too l a t e  t o  produce such a handbook i n  finished shape 
i n  time f o r  t h i s  su111v.e" s .expedition t o  t h e  Gilbert '  Islands. It was f e l t ,  
though, t ha t  a s  much informatjon a s  possible  should be placed i n  the  hands of 
those taking par t  i n  this expedition, and t h a t  t h i s  might be produced i n  t h e  
form of a preliminary t r i a l  edi t ion of t h e  handbook. Use of t h i s  during one 
season would doubtless bring out t he  spo t svhe re  it most needed amplification 
or  revision. The present mimeogra$hed se r i e s  of essays is the  resu l t  of an 
attempt t o  carry t h i s '  out. 

A tentakive out l ine  was $repaped and t he  sections were given t o  various 
workers whose spec ia l t i es  or  experience qual i f ied them t o  wri te  preliminary 
discussions on short  notice,  and they were reqaested t o  wri te  what they could 
i n  a very short time. It is t o  the grea t  cre'dit of those asked t o  cooperate 
t h a t  t h e i r  con t~ ibu t ions  came i n  so promptly and so adeqiiately-covered the  
subjects t reated.  

The contributions have been edited only f o r  minor d e t a i l s  of punctuation, 
spell ing,  and grammar. 'hhere my own experience has suggested t h a t  anything 
might be added with benefit  t o  t he  user, since there  was not time t o  correspond 

-I with the authors, addit ions nave been made i n  square brackets thus: I.. . .-4d.j 

It must be emphasized t h a t  both t h e  top ics  covered and t h e  essays here 
presented are  t en t a t ive  and preliminary. The Handbook, i n  i t s  ultimate form, 
w i l l  depend, f o r  its qua l i ty  and adequacy, on suggestions, cor-ections, and 
cr i t ic isms evoked from readers and users by t h i s  preliminary version. A l l  such 
suggestions w i l l  be welcomed and should be submitted i n  writ ing t o  t he  
Pac i f ic  Science Board, Washington, D. C., o r  Honolulu. 

Although it was decided a t  Honolulu t h a t  M r .  E. H. Bryan, Jr . ,  should 
prepare the Handbook, it was f e l t  t ha t  it would be unfa i r  t o  ask him t o  meet 
t he  deadline necessary f o r  t h i s  preliminary edi t ion,  and t h a t  since Miss M. H. 
Sachet was i n  the  employ of t he  Pacif ic  Science Board, working on t h e  biblio- 
graphy f o r  t he  Atoll  Project, she could log ica l ly  be assigned the edi t ing of 
t h i s  d ra f t .  Thus, much of the  necessary d e t a i l  w i l l  be taken care of i n  the  
t a sk  of edi t ing t h e  f i n a l  Handbook. 

I wish t o  extend the  sincere thanks of t he  ed i to r  and of t he  Pacific 
Science Board t o  a l l  who have so wi l l ing ly  given t h e i r  time and writ ten the  
sections t h a t  follow. 

9 
Organized by the  Pac i f ic  Science Board of the  National Research Council, 
with t h e  cooperation of various Honolulu sc i en t i s t s ,  and held at  t he  
University of Hawaii on February 5 and 6, 1951. 
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Chapter 1 -- Geography 

IiUiiODUCTIO:. TO Tlih GEOGRAPHY OF ATOLLS 

. . 

The study of a to l l s ,  be in:^ sponsored by t h e  Pacif ic  Science Board. 
of t h e  National hesearch Council, has two broad o b j e c t i v ~ s .  ' The f i r s t  i s  
t o  invest igate  t o t a l  environmental i ~ t e r r e l a t i o n s h i p s  on .'atolis. ' T h e  
second is  t o  apply the  knowledge gained from such studies t o  improve t h e  
wellbeing of persons l iv ing  upon a t o l l s .  Iit i t s  best, an a t o l l  presents 
a harsh environment i n  which t o  l i ve ,  Numerous a t o l l s  a re  inhabited, and 
,several, par t icular ly  i n  t h e  Gilbert  Islands Colony, a r e  overpopulated, 
which adds t o  t h e  d i f f icu l ty .  These a t o l l  studies a r e  being made i n  ' . 

cooperation with a project of t h e  South Pac i f ic  Commission t o  improve ' 
. 

human conditisns on a to l l s .  

This handbook presents suggestions f o r  various types of investigation 
on a to l l s .  By way of introduction, f have beenasked t o  summarize some 
general aspects of t h e  subject: What is an a to l l ?  kJhat i s  t h e  range'of 
physical form? Where a r e  a t o l l s  found? >:hat a re  some of t h e  theories of 
t h e i r  formation? \%'hat general observations a re  needed concerning a t o l l s ?  

\MAT IS AN ATOLL? . . 
. .  . 

A "coral reef" is an accunulation of limestone pr incipal ly  derived 
from skeletons of marine animals and plants,especially corals, foraminifera, 
mollusks, echinoderms, and red and green algae. These may o r  may not be 
i n  t h e i r  or iginal  location o r  posit ion of growth. The s t ructure  extends 
f romthe  sea bottom near o r  qui te  t o  t h e  surface. Changes i n  sea l eve l  o r  
elevation of the  sea bottom may cause it t o  protrude above t h e  present 
l e v e l  of t h e  ocean. 

Reefs occur chief ly  as  fringing reefs,  bar r ie r  reefs,  and a t o l l s ,  
In addition, there  may be reef s t ructures  which do not f a l l  i n to  any one 
of these  categories. 

Fringing reefs  a re  platforms of reef yhich extend out a re la t ive ly  
short  distance from t h e  shores of both high and low islands, even continents. 
Such r ee f s  a r e  not a t  uniform depths below sea leve l  and may be cut by 
channels, especially opposite the  mouths of streams, f o r  reef organisms do 
not develop i n  fresh o r  s i l t y  water. 

Barrier reefs  l i e  a t  a greater  dis tance from shore, with r e l a t ive ly  
deep water between; The Great Barrier Reef, f o r  example, l i e s  up.to $10 
miles off  the  coast of Australia, with soundings of 20 fathoms i n  t h e  inter-  
vening channel, Barrier reefs  may be cut by channels, and there  may be 
i s l e t s  upon them, but t h e  proximity t o  other  land, which usually i s  high, 
dist inguishes them from a to l l s .  The b a r r i e r  reef around t h e  Truk group 
i l l u s t r a t e s  t h i s  point. Although t h e  reef resembles an a t o l l  r i m ,  Truk is 
not an a t o l l  because of t h e  high is lands within i t s  lagoon, - 



. . 
An a t o l l  i s  a physiogrii$hic' st&cture, composed of reef,  broken 

reef rock, and sand, r i s ing  abruptly f rom t h e  ocean, and typica2.1,~ en- 
closing a shallow lagoon, which does not contain "highN i s l a ~ d s .  The 
popular conception i s  t h a t  an a t o l l  r imis  c5.rcular. This seldom i s  t h e  
case. More frequently it is angular o r  e l l i p t i c a l .  There i s  great range 
of s ize ,  shape, and form, Some a t o l l s  are completely submerged, with no 
dry land, A t  t h e  other extreme we f ind "raised ato1lsft;thereef r i m  of 
which i s  raised t o  a considerable heixht above sea level,  enkloeing a 
dqV lagoon bas in .  Every intermediate form can be fo.md. Some a t o l l s  have 
a great ?umber of d i s t i n c t  i s l e t s  (Kwajalein has about 95), and numerous 
entrances o r  channeis. On some 'atolls t h e  islets may be connected by ridges 
of sand, with few lagoon entrances. The next form i n  t h i s  sequence (lvhich 
I c a l l  t h e  "doughnutn) has a continuous r ing of land surrounding the  lagoon, 
which may vary from very s a l t  (Sydney 'Islandj t o  qui te  f resh (swains ~ s l a n d ) ,  
depending chief ly  upbn t h e  r a i n f a l l  and t h e  permeability of t h e  material 
of which t h e  a t o l l  is composed, The s i z e  of t h e  enclosed lagoon becomes 
smaller and smaller, i n  o w  ser ies ,  u n t i l  we reach t h e  "pancakefr with no 
lagoon. On t h e  "pancake" is land t h e  marginal r i m  and enclosed basin may 
be d i s t i n c t  (as . i n  Baker o r  Jarvis  Islands).  o r  , the .  is land may be qui te  f l a t  
(Howland), :or so  covered with t r ees  ' that  the 'bas in  :.is not apparent (Vostok 
o r  Fl int) .  The highest- par t  of such islands generally is just  behind t h e  
windward beach, and ra re ly  exceeds about. 20 t o  , 3 0  f e e t ,  usually much l e s s ,  
Any greater  heizht .would require an u p l i f t  of the  land, a s  is the  case on 
Fais, Nauru,'and Ocean Islanris. 

The question is, when does an a t o l l  cease ... . t o  be one? The poi+ is 
academic. One has to make h i s  a h  definit ion,  depending upon t h e  circumstances. 
It was deci@&d' a t  an a t o l l  symposium, held i n  ':.!ashington, D, C, and Honolulu, 
in .  1951, tha t ,  fo r  t h e  purpoue.of our- studies,, ure would ,include non-elevated 
limestone structures., wiVh drp ' l a d ,  ' t(ith 'of without a lagoon, which were 
not associ&ed with highSand. "W+.'Gould exclude' elevated a t o l l s  (reaching. ,: 

a height of. more than 20 feet ,  f o r  so), su?ken  a t o l l s  (without dry land), 
ba r r i e r  reefs  surrounding high islands (such a s  Truk), and reef structures on 
fringing shelves o r  platforms adjacent . .  . -. t,o,land.masses '(such as the  Great 
Barrier Reef, . , t h e  is lands i n  t h e  Bay of ,%atavia,- Java, and t h e  like.) . . 

DIST!tiBU;"IO;; OF ATOLLS 

The wr i te r  has undertaken t o  compile a list of known a t o l l s  fo r  t h e  '... 
Pacif ic  Science Board, .To da te- these  number about 400. . They are  located ,, , . 
chiefly i n  the  Pacif ic  azd Indian oceans, most of them, between t h e  Tropics. :. .. 
The ones fur thest  gorth a r e  Kure and Midway, at t h e  northwestern end of t h e  
Hawaiian chain (28 251 North). Those fur thest  south (exceptingoPelsart 
Island and Middleton and Elizabeth Reefs) a r e  Oeno and Ducie (24 ~ O ' ' ' S . ) ~  
The greatest  concentration: i s  i n  the .  Central Pacific: Equatorial* Xorthem . . 

Cook, Toltelau and Phoenix ,(together 35); El l i ce  (9), Gilbert (16), 
Karshall (33),, .Caroline (40), and isolated i n  the  Northwest Pacific (9, a 
t o t a l  of U6,   he. Tuamotu arc hip el air;^ cbntains 75, with 4 more t o  the  eas t  
and 7 t o  t h e  west .  of it, There a r e ' j  i n  t h e  Hawaiian chain; 8 i n  F i j i  
(not counting a &t of small  c i rcu lar  reefs  without.~land); 27 between 
F i j i  and Australia, chief ly  i n  the  Coral Sea; 6 north -of t h e  Solomon 'Tslands; 
6 i n  t h e  Louisiades; 20 near t h e  Admfralty Islands; 9 northwest of Australia; 
1 5  i n  Indonesia; 41 i n  t h e  cent ra l  Indian Ocean (Laccadive 13, Ealdive 22, 



:.: ,,., .;.. .! . ..,. ! . , ;  . ;  
and Chagos 6); and 26 i n  t h e  western 'IntiVan ocean. 'Only one has been 
recognized;~..int.the Atlantic (iigca? $eef, off  ~ r a z i l ) .  There a r e  25 
poten t ia l  a t o l l s  i n  t h e  i&&.bbean ,Sea, '@$*whether o r  not they 'are '.. 

comparable with those i n  the Pac i f i c  and' Indian Ocean i s  i n  6iSpUte. 
. . 

. .  . 
I f  we follow t h e  custom of ' tha  taxonomist, t h e  type loca l i t y  -0f  

a tol l$would be t h e  Naldive Islands, where the  native name atol lon is 
used t o  designate t h e  reef rings found there.  These d i f f e r  i n  s t r ~ ~ t u r a l " .  ,, 

. . d e t a i l  from %ypicaltl a t o l l s  i n  t h e  Pacific. , . 
. . 

ACCEPTED IUEAS RFGARDIXG KEWS , ~ G D  A ' P O L ~  . . . . 
. . .  . . .  . 

Harold T. Stearhs (19466),. h i s .  ' l isted vari& fac tors  which now are  . : - - 
generally accepted by geologists, . ' Thky. are: .., . .  ' 

' , . ' .. . .  
. . . .. .? . ,  . . . , 

tll. Reef building corals th r ive  only aimoderate  depths, usually'" . * 

l e s s  than 200 f ee t  below sea l eve l  i n  warm, f a i r l y  c l ea r  ocean watdrd - 
. 

. . .  ' ... 

2. Nullipores r c o r a l l i n e  al.gaeJ bind cora ls  together and make 
a reef possible. In  soie  plaees nullipore reefs  ex is t  nearly f ree  of corals, 

3. ~ea: . leve l .was  lowered about 300 f ee t  during t h e  Pleistocene 
by t h e  a b ~ t ~ a c t i o n - o f  water for  t h e  i c e c a p s .  If a l l  t h e  i c e  on earth were- 
melted today, sea water would.. r i s e  about' . . 150 feet .  , . ., ... . . . . , . . .  . . . . . . . , :  

4. Changes:inthe configuration. of the  ocean basins and consequent 
changes o f  sea Level have occured, . sinck . ~ o c e n e  time t o  an urideterniined 
extent. . .- , . . .  .. . . . . ,  . . . . 

. . , . . ., . . . .  , . . 
;': - .  : 5. $he S i a l i c  .-(cor&iriektal) islands: bord&-in& Australasia [in- . ' 

eluding Melanesia- aqd western~Mi.cr.one$,i~ . .are.under&ain . by folded r'ocks.: '. 
. . . . . , . , , . .  . . ,  . .  . .., 

7. Emerged, reefs :of  Tertiary age areexposed, , i n  . many islands. 
" . ' . . . , : . , , ! .. , .: . .  . 

8. :Coral a t o l l s  a r e  not generally,formed by growth upward from 
. . j c ra t e r  and caldera rims, : .I. 

. . : .. . '  ,::,,: :. .. . . is? : 

9. cora l  a t o l l s  r e s t  on basements of volcanic or .o th&r  ?on- ,: ;, . : 
. . 

cora l l i f  erous rock. . .,:,.. . . . .,. .. , : 
. . .  

t : 
. . 

. 10. :Barpier and fringing.:$eefs. shelves b u i l t  &i th  t h e i r  
own ta lue ,  antecedent p l a t f a q s  o r  .shel,vas.'of : ..  . some other  origi$f, & gently . ,... 
shelving..shores:of any: or$gin, ~ .. . . . . , . . . . . .  . 

r . i , ,  

. ,  . 

' 11, The growth. of ..co=als 'i;' relaf,i+&r .. ,:.... r ip id  "under favorabxe con- 
. .  . dit ions,  variously reported from 20 t o  90 f ee t  . i n  PYCOO'years. . '  . .. 

, *. . . . , .. . . 
12. Very rapid submergence may drown a reef,  



UL3, Reefs a t  sea l eve l  a r e  k i l l ed  by emergence. 

14. Coral reefs  grow most rapid1-J a t  t h e i r  outer edges i n  t h e  
breaker zone where t h e  food and oxygen supply i s  greatest. 

. . . . . ., . . . .  . .  , . ... . . 
15; The lagoons ,of , ' a t d l ~ s . a r e  not; b y  submakne ' s o l u t i o k "  

. .  . . . . : :  . .. . . 
[~vidence f o r  some solution :of: limestone i n  ' the intelst ida.l  zone recent ly  
has been pointed 0ut.J' 

. . . .  . .  . 

- Dr,;,Stearnsproceeds t o  examine t h e  var.i.qus theories  which have . 
been: proposed .,to: e@lain t h e  formation. of ' reefs.. and a to l l s ,  and to ,  develop 
some modifications of h i s  own. H e  points out t h a t  the  shelves and piat-,.  
forms upon which reefs  have grown havebeen b u i l t  by volcanism, sedimentaEion, 
o r  diastrophism, o r  out by marine o r  subaerial  erosion. Examples of a l l  can 
be found, he says, and "the or igin of many shelves can be de te rdned  by 
Study.of t h e  geology of t head jacen t  land,, but much d'rilling and~geophysical 
work i s  needed t o  determine the:.origin of submerged platforms,? ' '  

' 

. . ~ . .  . . 

TII@RIZS Foil THE FO!XiitTIC?J OE' ATOLLS .. . . .  . . .  , . . 
. .. 

It is not the '  object o f  t h i s  summari ' to  discuss the ' . re la t ive 'merits 
of t h e  various theories  f o r  the  formation of a t o l l s  which have been pro- 
posed. A br ie f  l i s t i n g  of t h e  pr incipal  theories  i s  given c h i e r l y t o  , , 

. . :  
suggest t h e  kinds of observations which need t o  be made, 

. I n .  1928, William M. Davis' monumental &k on coral  reefs  'was 
published. This summarized t h e  thear ies  f o r  reefs  and ato.ils t o  t h a t  date. 
Many detai led observations on t h e  subject have bee'n 'made s ince then, and 
the  , .result ing ideas should be outlined. t o  b r i n g .  t h e  subject up t o  date. 
One of , the  ,more recent summaries, which presents a re la t ive ly  ,wprejudiced 
comparison, is "The problem of coral  reefs,!' by Harry S. Ladd and  J. .I:.,'.. ; 
Tracey, Jr., (1949). Another recent summary is given by Ph. H. Kuenen 
i n  ..hks'..Warine geology, !I (1950). During t h e  past  .?0 years,, ,several other  
valuable. contributions have been published (see bi6lioji+phy, ,beldrw.). . ,, 

. , . ,  . .  . Contributions a r e  being made at  an accelerated ' rate.  '' 

. . 

In  order of presentation, . . t h e  pPincipal t$&ries have beoh: . .  . . 
. ,  . .. .. . 

1, In 1821, A,  v o n C h ~ ~ s s o  proposed a theoi-y f o r  a t& based'on 
the  na tura l  growth of corals around t h e  edge.of submerged banks, observing 
tha t  massive corals grow 6est  'around the  seaward edge of reefs, while 
those within a r e  k i l led  o r  stunted. . , .  . :  

2, Charles Darwin's famous "subsidence theoryu t&piub~iishe'din' '  
1842.. It suggested tha t  fringing reefs  growing around,,a sinking volcanic 
island would build up around t h d r o u t e r  edge t o  form a bar r ie r  reef, and 
t h a t  nn a t o l l  would resu l t  >;hen t h e  enclosed is land had sunk en t i re ly  and 
i t s  sumit, probably buried by coral  debris, was submerged beneath t h e  
lagoon. This theory ?as ,support.ed, and expanded by James D. Dana and . . .  
favored by Davis. . ..: : :. 



3. Carl Semper (1863), working i n  Palau, suggested t h a t  reefs  
were fonned by outgro~vth on a r i s ing  foundation, and t h a t  t h e  lagoon of 
an a t o l l ~ a s  formed by solution of t h e  enclosed l iv ing  r&ft 

4. discovery of submerged elevations i n  t h e  sea prompted S i r  
John Nurray (1880) t o  go back t o  von Chainisso's o r ig ina l  idea tha t  a t o l l s  
formed by t h e  upgrowth of corals around t h e  edge of still-standing, 
aggraded submarine banks. Similar ideas were held by J. J. Rein, H. B. 
Guppy, and F. Uood Jones. W. J. L. Wharton suggested t h a t  t h e  foundations 
could have been completely truncated by erosion, o r  incompletely truncated. 

5. h 1910 (and l a t e r ) ,  R. A. Daly developed h i s  f fg lac ia l  control 
theory," which supposed t h a t  during the  g l ac i a l  period, when sea l eve l  was 
lorered by t h e  removal of sea water t o  form glaciers ,  platforms were formed, 
around t h e  edges of which reefs  were b u i l t  up i n  t h e  warmer seas as  sealevel 
rose, following t h e  melting of the  glaciers .  Up growth kept pace with 
r i s e  of Sealevel, forming t h e  present b a r r i e r  reefs  and a to l l s ,  

6. I n  1928, lil. M. Davis amassed a tremendous amount of evidence 
i n  support of a combined subsidence and g l a c i a l  control theory, i n  which 
inhibi t ion of coral  growth by lowered temperatures i n  t h e  marginal be l t s  
of t h e  cora l  seas during g l ac i a l  times played a great part. He favored 
a modified subsidence theory which did not involve regional subsidence of 
t h e  sea bottom but individual subsidence of is lands separately, 

7. J. F. F. Umbgrove (1939 and 1947), unable t o  find evidence 
t o  support t h e  g l ac i a l  control theory i n  h i s  s tudies  of t h e  reefs  of Indo- 
nesia, described evidence fo r  c rus ta l  movements during t h e  Pleistocene. 
He s ta ted t h a t  elevated reefs  i n  t h a t  area were formed i n  l a t e  Tertiary 
o r  ear ly  Pleistocene, then upl i f ted and eroded. He noted t h a t  other reefs  
could be explained by Darwin's subsidence theory. 

8. J. E. Hoffmeister and H. S. Ladd (1944) presented evidence 
fo r  t h e  antecedent-platformtheory, This was based chief ly  on s tudies  i n  
Tonga and F i j i ,  where there  i s  land movement due t o  folding. It suggests 
t h a t  volcanic cinder cones a re  eroded t o  a depth of about 150 f ee t  below 
sea level,  and then t h e  resu l t ing  platforms a r e  b u i l t  up by non-coralliferous 
deposits u n t i l  reef-building corals can conunence t h e i r  growth, chief ly  
around the  periphery. This theory obviates both subsidence and g l ac i a l  
control. Later s tudies  i n  Micronesia, par t icu lar ly  a s  a resu l t  o f  deep 
d r i l l i n g  on Bikini a t o l l ,  have caused these  authors t o  modify o r  broaden 
t h e i r  ideas. 

9. In 1945 and 1946, Harold T. Stearns suggested t h a t  great 
eus ta t ic  s h i f t s  of sea l eve l  occured during Pliocene and Pleistocene time, 
a s  a resu l t  of changes i n  t h e  configuration of ocean basins, On s i a l i c  
(continental) islands,  he said,  reefs  formed on r i s i n g  foundations, caused 
by folds. On simatic (oceanic) islands of t h e  cent ra l  Pacific block, they 
developed on subsiding islands.  The appropriate hypothesis was used i n  
each case. 
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10. I n  1947, Ph. H. Kuenen, e labora t in i  Davis' ideas, combined 
t h e  two chief '  t h e o r i e s i n t o  a "glacial ly  controlled subsidence theoryJrr  
suggesting t h a t  p reg lac i a l - r ee f s  were cut down t o  g l a c i a l  sea leve l  by 
chemical means, and t h a t  r ee f s  grew around the  edge 0f ' . .~uc0 .plakf.o$ms. 

. . . . . . ~. , . .  . . . . 
.S&ary: It w i l l  be' no ortan6.jthe&iek f a l l  fn to  

two main groups: those tha t  i change of l e v e l  between 
land and sea, and those which do not. O f  t h e  former group, some'favor 
a r i s ing  foundation, others a sinking foundation, and others a sinking 
and l a t e r  r i s i n g  sea. The chief argulnent i n  t h e  other cqmp seems t o  b e  

.how the  foundation was formed and how it became a ; su i t ab l e  habi ta t '  f o r  
t h e  growth of reef  organisms. There i s g o o d  evidence t h a t  t h e  sea sh i f ted  
.its Level during t h e  g l a c i a l  period, and cioubtTess i n  previous eras. I t  
i s  also kn0.m t h a t  oceanic is lands can s e t t l e  as  wel l  a s  be b u i l t  ,up,, and 
t h a t .  o ther  islands,  which a r e  remnants of a more ancient land mass, can move 
up and down with t h e  folding of t h e i r  foundations. 

The t rend seems t o  be f o r  geologis ts  t o  cease t h e i r  feuding-a& 
t o  agree t h a t  one theory can account f o r  t h e  formation.of reefs  and a t o l l s  
i n  one region, while those i n  another region may have 'another.explahatXOn, 
even a combination of theories .  Professor Kuenen s t a t e s  t h a t  h e ' i s  fn  
complete agreement with t h e  stitatement of Hof fmeister .'and Ladd : (1935) tihat 
IfProbably no s ing le  reef theory w i l l  explain a l l  reefs.  Certainly, 
recognition of t h e  complexity of t he  problem i s  essen t ia l  t o i t s  solution.  
It does not belong within t h e  realm of any one subject ,  but requires t h e  
a t ten t ion  of s c i en t i s t s  of many f i e ld s ,  each contributing h i s sha re . "  . ':, . . . . .  

DETAILED FEATURES CF ATOLLS 

CdreYuS s tudies  of ato&Ps, such a s  those recently made a t  Bikini, 
a r e  much needed. They show t h a t  "an a t o l l  i s  a composite reef made up of 
a number of d i s t i nc t ive  reef types - windward reefs ,  leeward reefs,  and : 
lagoon reefs ,  Most of t hese  a r e  zoned r e l a t i v e  t o  prevail ing winds and 
currents. Organic growth, erosion, and deposition of sediment influence 
each of these zones, but i n  each t h e  balance of forces operating a t  t h e  
present time may be roughly appraised. Some reef zones appear t o  be 
making headway against t he  sea, others appear t o  be e s sen t i a l l y  i n  a s t a t e  
of eqxilibrium, while still  others a r e  being eroded. Organic growth is  ' 

t he  source of a l l  t h e  materials t ha t  make up an a t o l l ,  Some o f t h e  
skeletons of t h e  reef-building organisms remain i n  posit ion of  growth a f t e r  
death, but a much la rger  proportion a re  broken up by p h p i c a l  and organic 
agencies t o  form sediments t h a t  a r e  deposited on t h e  seaward slopes o r  i n  
t h e  lagoons. So long as organisms l i v e  on an a t o l l ,  it continues t o  grow, 
but it grows mainly by the  accu$ulation of c l a s s i c  sediments." (Ladd, 
Tracey, Wells, and Emery, 1950.) 

The above abstract  summarizes t h e  kind of study needed f o r  more 
a t o l l s .  It scrut inizes  an a t o l l  zone by zone: t h e  Lithothamnion ridge, t h e  
coral-algal zone, t he  reef  f l a t ,  t h e  beach; submarine c l i f f s ,  eroded edge, 
boulder ramparts; various pa r t s  of t h e  lagoon, including t h e  cora l  knolls. 
It attempts t o  evaluate t he  balanne of f o m e s  oper&ing on an a t o l l ,  which 
have produced these  formations. 



TYPES OF INVESTIG!LI'IONS NE;DED 

Ladd and Tracey (1949) suggest t h e  following promising f i e l d s  i n  
a t o l l  investigation.  

1. "Island geology. Reef-encircled islands of a l l  types should 
be mapped5 g e ~ l o g i c a l l y , ~ ~  This ra ised.  t h e  need f o r  adequate ,base maps of 
convenient scaie'and. considerable accuracy. In cataloging the  known a t o l l s ,  
t h e  wr i te r  has noted t h a t  but few a t o l l s ,  outside of Micronesia, a r e  mapped. 
or  charted i n  any de t a i l ,  o r  with any accuracy. The use of t he  a e r i a l  
photograph, so  widely used i n  t he  Pacif ic  during World War XI, should be of 
tremendous $ d u e  i n  t h i s  connection. 

2. "Reef studies.  Additional ecological  s tudies  such a s  those 
carr ied out on t h e  Great Barrier and a t  Bikini on organic productivity of 
reefs  a r e  needed." 

3. ltLagoon studies.  Mapping and coring of lagoon sediments y ie ld  
data t h a t  a r e  of great  value i n  t h e  in te rpre ta t ion  of  elevated limestones. . .  
and of t he  cores and cutt ings obtained from d r i l l i n g .  bhen such information 
is  combined with data obtained from dredging on t h e  outer reef  s&o@es, it is 
possible t o  make sound paleoecological in terpreta t ions  and t o  determine the 
significance of t h e  several  types of limestone t h a t  occur i n  reef areas." 
Study i s  needed a l so  of t h e  i n t e rna l  const i tut ion of t h e  numerous co ra l  
knolls r i s i n g  from the  lagoon floor. 

, . .  . . .  

4 Submarine geology. More d e t a i l s  a r e  needed regarding t h e  
s t ruc ture  of seamounts, discovered i n  considerable number in t h e  Pacific.  
"Dredging and addi t ional  coring of these  s t ruc tures  should g i v e  more clues 
t o  t h e i r  o r ig in  and, perhaps, t h e i r  age. Specifically,  it is e s sen t i a l  t o  
learn i f  t h e y  have a hard r i m  with a cen t ra l  depression now f i l l e d  with . . 
sediment; t o  determine i f  t h e  coating of recent sediments is thick,  and i f  
it contains pebbles of hard rock . . suggesting an or igin  of wave erosionOtt 

: .  ~ 

. . .. 

Itstudies of isolated banks- in  t h e c o r a l  seas a t  300 - 1,000 f e e t  
below sea l e v e l  would give needed data  on t h e  types of sediments t h a t  accumulate 
and t h e  kinds of organisms that '  l i v e  i n  reef a reas  a t  depths below t h e  l imi t  : .  
of reef  cora l  growth.lt . . 

5* Island foundations. ' More d r i l l i n g a n d  geophysical investigations 
. . a re  needed. 

, . .  * 

Other subjects i n  need of invest igat ion include: 

How do climatic factors  t e n d ' t o  modify a to l l s ?  These include wind 
direct ion and velocity,  force of t rdp ica l  storms, t emperatire, and . ra infa l l .  

'&at i s  the e f fec t  upon r ee f s  and a t o l l s  of ocean currents., tsunami 
and other la rge  waves, water temperature and sal ini ty?.  : ' .: 



What a r e  the geographic naraes i n  use by t h e  native inhabitants 
f o r  i s l e t s  and l o c a l i t i e s  on a t o l l s ?  

How has man modifled a t o l l s ?  He i s  !mom t o  have removed sand 
and guano, dredged reefs  and cut channels i n to  lagoon basins. What has 
been the  effect  of these? He has made large withdrawals of ground water, 
dug p i t s  f o r  cult ivation,  removed the na tura l  vegetation. 

Items t o  note regarding human inhabitants include: t h e  number 
of persons and t h e i r  a r e a l  dis t r ibut ion;  land u t i l i za t ion ,  including areas  
used f o r  residences, 'crops, exploitation of t h e  lagoon, and t h e  l ike .  

The general observations, l i s t e d  above, together  with t h e  specif ic  
direct ions  presented i n  t h e  pages which follow, should help t o  make possible 
a study of t o t a l  environmental i n t e ~ r e l a t i o n s  on a t o l l s ,  and resul t  in 
improved conditions for  those who make a t o l l s  and reef  islands the i r  home. 
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Chapter 2 -- Meteorology 

NOTES ON THE COLLECTION OF WTEOXOUGICAL INFOiG2.TION 
ON TROPICAL ISLANDS 

by Luna B. Leopold 

There i s  considerable t r u t h  t o  t h e  general  be l ie f  t h a t  meteorological 
records must have considerable length t o  be useful  f o r  hydrologic and 
climatic work. On the  other hand .there a-e some areas  of the  world where 
meteorological information i s  so meager t h a t  a re la t ively small volume of 
observational da t a  taken by a carefu l  observer can be very useful for  
several  purposes, The accompanying notes describe very b r i e f l y  t h e  kinds 
of information a scienList can eas i ly  gather i n  connection with other work. 
Emphasis i s  placed on observations of simple n a t u r e  requiring the  minimum 
of instrumentation, and on data  which may prove useful  f o r  t h e  interpreta t ion 
of biologic and ecologic data. . . 

The mean annual r a i n f a l l  over the  open ocean i s  -?cry poorly known over 
great  areas of t h e  world. Observations taken near t he  seashore i n  a location 
essen t ia l ly  f r e e  of orographic influence approximates closely t he  r a i n f a l l  
of the  open ocean. The main d i f f i c u l t y  i s  t o  choose a locat ion which i s  f r ee  
from orographic e f fec t s .  On an  is land su f f i c i en t ly  small it i s  desirable  
t o  measure r a i n f a l l  near both the leeward and windward shore, as wel l  as on 
a topographic high. On an  a t o l l ,  observations a t  three such points might be 
made without undue t rouble  i n  connection with other work. I f  measurements 
cannot be made a t  more than one location,  a t  l e a s t  a s e r l e s  of observations 
should be taken a t  t he  base cam;, and the locat ion should be described with 
care, 

To measure r a i n f a l l  nearly any kind of a container can be qu i te  s a t i s -  
factory though a standard gage i s  eight inches i n  diameter. It has been 
show tha t  even cylinders of one inch diameter generaily approximate t h e  
catch i n  the  standard gage. A very sa t i s fac tory  gage m y  be made out of a 
la rge  s i ze  t i n  can, approximately four inches i n  diameter and nine inches 
t a l l .  I f  a l a rge  can is  not avai lable  a standard t i n  can holding about two 
cups may be used. 

The can should be se t  on a post so t h a t  t he  open end stands 24 inches 
above the  ground. The open end should be approximately horizontal. Fromthe 
open end of t h e  can a cone, sloping up and outward a t  45', should not inter-  
sec t  any obstruction such as a t r e e  o r  house. A s  t h e  abovs description 
implies, t he  most representative r a in  reading i s  obtained i n  a location as  
exposed a s  possible despi te  our i n t u i t i v e  f ee l ing  t h a t  a gage should be 
protected from the  wind. 

The gage should be read about t he  same time every day, preferably i n  t h e  
morning a t  approximately 7 o'clock. A s t i ck  may be cal ibrated with pencil  
marks t o  show the depth of water i n  t he  can, The depth should be expressed i n  
inches on the  area exposed on the  open end of t h e  can. I f  a bucket i s  used 
which converges t o  smaller diameter a t  t h e  bottom than a t  t he  top, i t  i s  



c l ea r  t h a t  t he  ac tua l  inches i n  t h e  bottom of t he  can w i l l  be  too la.rgc, 
I f  a g lass  ja r  i s  used i n  which t h e  open diameter i s  somewhat smaller than 
the  diameter a t  the  base, t h e  inches of depth i n  t h e  ja r  w i l l  give too  
small a reading. The cal ibrated s t i c k  can be ea s i ly  made t o  give t h e  proper 
reading. 

If t h e  gage cannot be read. once a day the  reading should be taken a t  
uniform in te rva ls  of a week o r  a month, i n  which case a few drops of o i l  
should be put i n  t he  can t o  reduce t h e  evaporation. 

W i n d  Dtrection 

Wind direct ion should be observed a t  a r e l a t i ve ly  open place and should 
be recorded t o  a t  l e a s t  8 points on t h e  compass and preferab ly l6 .  Because 
there  i s  a diurnal  change of wind d i rec t ion  a s  a r e su l t  of land and sea 
breezes, wind d i rec t ion  should be recorded both i n t n e  morning and evening. 

. . 

Wind direct ion measurement i s  f a c i l i t a t e d  by t h e  construction of a 
simple vane which can be made out of a s t i c k  and f la t tened t i n  can tacked on 
t h e  end. A n a i l ,  should be driven i n  t h e  s t i ck  so t h a t  it goes through t h e  
center of gravity of t h e  vane. Such a simple vane can be constructed i n  a 
few minutes and mounted. on t h e  t op  of a post, th.e height of which should be 
theo re t i ca l ly  -18 fee t ,  but i n  prac t ice  need not be.  t h a t  high. I f  t h e  vane 
i s  8 f ee t  above the  ground it w i l l  be .qu i te  sat isfactory.  If such a vane 
i s  in s t a l l ed  near t h e  base camp and a s  inany as 4 , re idings a day can b e  t'akeri,: .: . . 
a much b e t t e r  pic ture  of t h e  land +nd sea breeqe q y  ,be obtained. . . . .  . .  

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

Wind speed may be estimated by t h e  use of t h e  following scale: , . .. , 
. . . . .  

. . .  . .  ... 
. .  . 



Table 1 -- Beaufort Wind Scale f o r  Observations on La.nd Stat ions  
-.- 

Wplanatory Specification f o r  piiles per 
Force t i t l e  use hour 

.. ~ - - - 
0 Calm Smoke r i s e s  v e r t i c a l i j  :1. ' 

. .. 

1 Light a i r  Direction of w i i d  shown 
by. smoke d r i f t ,  not by 
dnd vanes . . . 1-3 

2 Light breeze Wind f e l t  on face; leaves 
rus t le ;  ordinary vane moved 
by wind 4-7 

3 Gentle breeze Leaves and small twiks i n  
constant motion; wind 
extends l i g h t  f l a g  . . 8-12 

4 Moderate breeze 

5 Fresh breeze 

Strong breeze 

High wind 

Fresh gale  

Strong gale  

11 Storm 

Raises dust and loose paper; 
small branches a r e  moved 

Small t r e e s  i n  leaf  begin t o  
swy ,  wavelets formed on 
inland waters, 

Large branches i n  motion; 
whistl ing heard i n  telegraph 
wires; umbrellas used with 
d i f f i c u l t y  

Flhoie t r e e s  Yn motion; incon- 
venience f e l t  when walking 
against wind 

. . 

.. . 
Breaks twigs off t rees ,  , . 

generally impedes.' progress 

Slight s t r u c t u r a l  damage 
occurs (chimney pots and 
s l a t e s  removed) 

Seldom experienced inland; 
t r e e s  uprooted; considerable 
s t ruc tu ra l  damage occurs 

Very r a r e ly  experienced; 
accompanied by widespread 
damage 

12 Hurricane 
, 

, 75  : 

. . 
. . 

. , 
. . 



A thermometer f o r  measuring a i r  temperature should be hung so a s  t o  
be wel l  vent i la ted and constantly i n  t h e  shade. Readings should be made a t  
t he  same hour each day, prefefiibly i n  t he  morning i f  only one observation 
i s  made each day. It is,observed tha t  when one becomes acclimated t o  t he  
t rop ics  he becomes increasingly sens i t ive  t o  small changes i n  t he  temperatures. 
Therefore, a t  the  time of thetemperature  reading it would be of i n t e r e s t  t o .  
note, even subjectively, t h e  observed impression of t h e  r e l a t i ve  warmth of t he  
day, using such terms as  excessively ho t , .ho t ,  warm, cool o r  very cool, The .: maximum temperature of t he  day w i l l  generally occur approximately a t  2 P. Pi. 

and the  minimum temperaty.re a t  about 5:30 A *  M. I f  two readings a. day a r e  
possible they should b e  made a t  . these times. 

Measurements of dew a re  very desirable because data on dew a r e  meager. 
Estimates of t he  amount of dew may be made by walking through a patch of grass  
o r  by shaking t h e  leaves of a bush, Amount of  dew should be recorded a s  heavy, 
medium, l i g h t  o r  none, Estimates of dew should be made a t  t h e  same time the  
temperature readings a r e  made i n  t h e  morning. 

Water Temperature 

A t  l e a s t  weekly records should be made of t h e  temperature of the  ocean 
i n  a r e l a t i ve ly  exposed spot, not i n  a lagoon. Because ocean temperature 
changes a r e  r e l a t i ve ly  small t h e  ocean temperature should be read t o  t h e  
c losest  half  degree F. o r  quarter degree centigrade. Observations should 
include a description of t h e  place where ocean temperatures are  made. 

Wind Direction Aloft 

The direct ion of winds a l o f t  may b e  estimated by observing the  direct ion 
of movement of d i f fe ren t  l eve ls  of clouds, Clouds may be c lass i f ied i n  t h ree  
classes; f a i r  weather cumulus o r  t rade  wind cumulus a r e  considered low clouds. 
Their height i s  generally about 2,000 f e e t  and t h e i r  tops may be 4,000 t o  
8,000 fee t .  Their di rect ion shouid be estimated separately from clouds of 
other heights. Middle clouds i n  t he  t rop ics  generally occur a t  14,000 t o  
20,000 f ee t  and may be iden t i f ied  by t h e i r  r e l a t i ve ly  t h i n  appearance. The 
most common type i n  t he  t rop ics  a r e  alto-cumulus whi.ch may be ident i f ied by 
t h e i r  resemblances t o  tradewind cumulus except they a re  arranged i n  some 
l i nea r  o r  repe t i t ive  pattern.  Alto-cumulus a r e  of ten described as  small 
lambs-wool clouds. 

The high clouds a r e  c i r rus  clouds which generally occur above elevations 
of 30,000 feet .  They a r e  generally iden t i f ied  by t h e i r  wisp-like pattern,  
and the  common mares-tail clouds a r e  of t he  c i r rus  type. A record of t h e  
direct ion of movement of these t h ree  leve ls  of clouds i s  more important than 
t h e  speed of the  clouds., 

Diurnal changes i n  cloudiness should be noted, par t icu la r ly  t he  r epe t i t i ve  
pat terns  such a s  afternoon thunderstorms and sea-breeze clouds caused by the  
meeting of t rade wind and sea breeze, 



Chapter . 3  -- Geology 

GEOLOGIC STUDIES OF ATOLLS 

by J. W. Wells 

The s ignif icant  feztures  of a t o l l s  a r e  t he  reefs ,  lagoon, and islands.  
The reef  i s  the  primary s t ructure;  t he  lagoon i s  enclosed by it; and t h e  
is lands a r e  t ransient  features  of secondary importance. 

The following out l ine  of geologic features  of a t o l l s  gives an idea of 
t he  data  and materials t o  be collected and studLed. 

Reefs. I. - 
A. Seaward IZeefs. 

1. Windward. 

Relations t o  prevail ing winds and currents.  Passes. Algal ridges. 
iJidth of f i a t s .  Distribution and zonation of coral  genera and species, and 
other hermztypic organisms over t he  reef .  Outer slopes: surge channels and 
steepness of slopes. Correlation of reef types wi-Lh c lass i f ica t ion  of Ladd, 
Hoffmeister, and Traceg. DistrLbution, or igin ,  and condition of niggerheads 
and rubble. Traverses prof i les  t o  inplement data. 

3 .  Lagoon reefs.  

of f l a t s  and development w i th  re la t ion  t o  s i z e  and strength of 
lagoon waves. Lagoon margins and slopes. Source of sediment o~ f l a t  and 
slope. Zonation of corals. 

C.  Coral knolls. 

Fattern of d i s t r ibu t ion .  Any r e l a t i on  t o  reefs  and p s s e s ?  

11. Lagoon. 

Depth, Nature of bottom sediments. Coral zonatlon on slopes and over bottom. 

111. Islands.  

3is t r ibut ion.  Beaches. Boul2er ridges. fxepressions - ~d.3 Beach con- 
glomerates and sandstones. Island sandstone. i?une ridges. Phos2hate deposits. 

I V .  P r o c e s s , .  

A. Degradational. Zffects  of normal waves, swells, and loca l  currents. 
Degradational beaches. Effects  of typhoons: frequency; destruction of islands. 
Evidence of exposed beach conglomerates, sandstones, and is land sandstones, 
bearing on former islands.  Development of rubble t r a c t s  on lagoon and seaward 
reefs .  Development of new is lands subsequent t o  typhoon destruction.  



B. Aggradational. Novement of sediment over reefs  i n t o  lagoon. Tidal 
de l tas ,  Building of beaches. Source and composition of wind-transported 
par t ic les  and development of dune ridges. 

C. Uplift  and eus t a t i c  changes. Evidence of these? 

Data on a l l  these points are  important i n  t h e  general problem of the  
origin and natural. h is tory of a t o l l s ,  a s  well  a s  the more specif ic  problem 
of the recent his tory and re la t ive  deveiopment of a par t icular  a t o i l .  Well 
documented collections of corals and other  hermatypic organisms &F' 
signif icant  in the problem of the  geographic dis t r ibut ion of the  lndo- 
Pacif ic  hermatypic fauna. 



COLLECTING GEQLOGICAL DATA 

by Martin Russell 

Many features  of importance t o  t h e  geologist w i l l  be seen by 
observers whose main in t e r e s t  may not be geology. Because geologists 
need more information on a t o l l  composition, s t ructure ,  and development, 
t h e  non-geologist could make valuable contributions t o  t he  geological 
sciences i f  he would record observations about ea s i ly  recognized features  
a s  he pursues h i s  own par t icu la r  s c i e n t i f i c  i n t e r e s t .  Examples of t h e  
s ignif icant  geological features  of a t o l l s  have been described i n  one form 
o r  another. But, l i k e  words i n  a dictionary, though they may be known, 
they have l i t t l e  significance u n t i l  they a r e  f i t t e d  in t e l l i gen t ly  i n to  a 
coherent s tory,  by a wri ter  i n  t h e  case of words, by an in t e l l i gen t  
observer and sc i en t i s t  i n  t he  case of geological features.  I f  you would 
record what you see, you could, with l i t t l e  e f fo r t ,  do much t o  help the 
geologist. 

A knowledge of cer ta in  basic features of an a t o l l  i s  necessary i n  
almost any f i e l d  of a t o l l  research. The chapter "Introduction t o  t h e  
Geography of Atolls" should make clear  t h e  names of these features,  which 
become obvious t o  anyone a f t e r  a few days on an a t o l l .  Once understood, 
they should be f r ee ly  used for  orientation i n  making notes. 

I. Reefs 
A. Seaward reefs  

1. Windward 
2. Leeward 

B. Lagoon reefs  
C. Coral knolls 

11. Lagoon 

111. Islands 
A. Seaward beach 
B. Lagoon beach 
C. Inland surface 

A notebook and penci l  should be carried a t  a l l  times and i f  a 
large-scale base map i s  avai lable  it may be used t o  record t h e  location of 
t h e  features  described. The following a r e  t h e  features  t o  be seen tha t  
deserve a few l i n e s  of description i n  your notebook. One should not 
hes i t a t e  t o  report  descriptions i f  similar features  a r e  observed i n  two o r  
more locations, Some of t h e  names of t h e  features  and the character is t ics  
which should be noted a r e  underlined. 

WEFS. The growth, extent, and form of t he  reefs  depend t o  a 
la rge  degree on the winds and water currents passing over them. The 
observer should s t a r t  out on a reef an hour o r  more before low t ide ,  noting 
width, which ranges from a few tens  of yards t o  a mile o r  more. Commonly - 
t he re  i s  a d i s t i nc t  zonation. On windward reefs  t he re  may be a reddish 



t inged a&& (or "Lithothamniontl) a foot o r  more higher than t h e  
reef f l a t ,  upon which the  waves break; note the  steepness of t!1-e outer 
slope and the surge channels running perpendicula: t o  t h e  reef f ron t  
through which the sea rushes forward then back with each wave. Step 
careful ly  here f o r  t h e  reef may be very cavernous o r  honeycombed and a 
f a l s e  s t ep  o r  s l i p  would r e su l t  i n  a nasty f a l l  o r  an unexpected bath. 
Immediately shoreward of t h e  reef  f ront  may be a pavement-like f l a t  
covered with mossy algae, close inspection of which may disclose 
multitudes of t i ny  sand-grain sized, cream-colored Foraminifera. The 
calcareous she l l s ,  o r  t e s t s ,  of these  animals a r e  swept back over t h e  reef t o  
form a considerable portion of t he  beach sands and loose f l oo r  of the  reef 
and lagoon, Note t h e i r  concentration i n  d i f fe ren t  sandy deposits  through- 
out t he  a t o l l .  Between the  reef f ront  and t h e  shore may be many d i f fe ren t  
reef environments which should bexoted:  i so la ted  co ra l  growths separated 
by waist-deep, sandy bottomed water; shallow sandy areas; rough cora l  
f l a t s ;  and i so la ted  channels o r  areas  of deeper water. Note t he  different  
types of coral  growth which commonly a r e  res t r ic ted  i n  d i s t i n c t  areas 
(del icate ly  branching colonies, so l id  smooth heads, bluish palmate colonies, 
etc.) 

On the leeward reefs ,  t h e  picture  may be much d i f fe ren t ,  zonation 
may not be d i s t i nc t ,  the  reefs  a r e  commonly much narrower, and individual coral  
and a lga l  forms may be more de l i ca t e  and varied. Note t h e  d i s t r ibu t ion  and 
condition of reef blocks (negro heads) t o rn  from the  reef edge by t rop ic  
storms and cast  upon the reef f l a t .  

Anywhere on the reefs  may occur sand o r  rock groins, platform-like 
s t ruc tures  which stand c lear ly  above the  l e v e l  of t he  general reef f l a t .  
Any measurements of t h e i r  (above t h e  general reef f l a t ,  i n  f ee t )  and 
notes on t h e i r  dis t r ibut ion,  and or ien ta t ion  would be a valuable a id  i n  
determining t h e  extent of geologic u p l i f t  and/or change i n  sea level.  

Most a t o l l s  have d i s t i nc t  breaks o r   asses i n  t he  continuity of t h e  
reef ring. Distinguish whether these a r e  c lear ly  breaks with no reef growth 
o r  mereiy par ts  of the  reef over which t h e  water i s  deep enough f o r  navigation. 

On pa r t s  of t h e  reef ,  commonly near islands, some currents form sand 
bars and spits curving away from islands.  Be sure t o  n o t e , i f  possible, -3 
any difference i n  t h e i r  a, shape, or  locat ton fromthose shown on any map 
you may have. 

The r ee f s  on the lagoon s i d e  may exhibi t  d i f ferent  forms around the  
a t o l l  depending on the s i z e  and strength of waves generated within the lagoon. 
It i s  generally found t h a t  lagoon reefs  on the  windward s ide  of the  a t o l l  
(but leeward of t h e i r  reef o r  is land)  a r e  l e s s  developed than lagoon reefs  
on t h e  opposite s ide  where t h e  waves generated by winds sweeping across t he  
lagoon a r e  suff ic ient  t o  encourage extensive cora l  growth. Here again any 
zonation of reef  type, observable features  of t h e  reef margins, slopes and 
character of sediments should be noted, 

Should you be fortunate enough t o  f l y  over t he  a t o l l  and i t s  lagoon 
watch f o r  coral  knolls,which a r e  masses of cora l  t ha t  grow t o  within a few 
fee t  o r  t ens  of f ee t  of the surface of t h e  water. Note t h e i r  &, shape, 
r e l a t i v e  numbers, and pattern of d i s t r ibu t ion  if any. Note i n  what, r.elat,ion 



t o  passes, islands,or abrupt chanme - i n  d i rec t ion  .- of t he  reef r ing these 
knolls occur. 

ISLANDS. Beachrock, a common fea ture  of t he  i n t e r t i d a l  zone, 
generally dips  (angle between a horizontal  plane and the  layered surface 
of the  rock) toward the  open water, a reasonably de f in i t e  indication of 
t he  slope of t h e  beach sands from which t h e  beachrock was formed. It 
follows tha t  should you record beachrock dipping toward the is land instead 
of t h e  open water, t h a t  t he re  has been a sh i f t i ng  of t he  islands (by storms, 
currents, wind, etc.) . In some places on t h e  reef r ing,  t h e  existence and 
even out l ines  of former is lands can be inferred from l ines  of beachrock, 
now submerged, out on the  open reef and between present islands. A fea ture  
generally found only on the seaward beaches of leeward islands i s  t h e  boulder 
ram-.* Immediately above the  i n t e r t i d a l  zone there  may extend a mass - 
of water-worn and rounded boulders, A cross sect ion of t h i s  mass 
perpendicular t o  the  shore may show two, three,  o r  four "stepsv o r  ridges. 
These a r e  formed during the infrequent but pa r t i cu l a r ly  severe storms. 

Other i s land  features  of note include a )  mangrove swamps 
containing brackish water; b) -, a l i g h t  gray, powdery material f i l l i n g  
crevices o r  encrusting rocks; from act ion of b i rd  droppings o r  calcareous 
rocks; c) layers  of cemented phosphatic sandstone, commonly 4 t o  10 inches 
thick,formed from act ion of bird  droppings on calcareous rocks, but occurring 
only a few inches beneath t h e  humus mat of Pisonia grandis forest ;  d) any 
unusual depressions; e)  wind-formed sand dunes o r  i r r egu la r  ridges; and 
f )  t h e  depth and thickness of any hard, cemented layer  encouraged i n  
excavations on islands.  Because calcium carbonate (limestone) is the  only 
material  deposited by the reef-building organisms, t h e  occurrence of any 
other rock material  (hard, so f t ,  o r  loose) is of especial  i n t e r e s t  (pumice, -- 
f o r  example)- 

In describing t h e  sands, rocks, gravel, and so for th ,  it is well  
t o  remember t ha t  four types of organisms are  responsible f o r  about 95% of 
t h e  reef and is land material  on a t o l l s .  These are  1 )  hard or  massive 
coral l ine  algae (reef f l a t s ,  reef f ron t ) ;  2) cora l  (colonies on reef f l a t s ,  
coral  knolls);  3) segmented algae (the lagoon); and 4) Foraminifera ( reef  
f l a t ,  lagoon) . 

* This i s  termed a boulder ridge o r  a beach r idge by some workers. There 
a r e  several  other uses of t h e  term "rampart", especially t he  application 
t o  a r idge lying on the  reef f l a t ,  with water behind it, by those vho 
have studied the  Great Barrier Reef islands,  Australia. -- Ed. 



BEACHROCK 

by K. 0. Emery 

Beachrock occurs around many is lands of t h e  Atlantic, Pacific,  and 
1ndian Oceans and even on the shores of some of the  la rge  lakes of t h e  
western United States .  A t  Bikini Atoll,  i n  t h e  Marshall Islands, it covers 
perhaps 15 percent of t h e  beach area, exhibit ing no marked preference f o r  
seaward o r  lagoonward sides. It i s  prac t ica l ly  res t r ic ted  t o  the  inter-  
t i d a l  zone. Except f o r  cementing ca l c i t e ,  it i s  t h e  sarne i n  composition 
a s  t h e  loose beach material  tha t  adjoins o r  over l ies  it: corals,  
Foraminifera, echinoid spines, she l l s ,  and calcareous algae. Usually, t h e  
grain  s i z e  i s  also similar t o  t h a t  of t h e  beach material, and, jus t  a s  i n  
t h e  beach, t h e  sand grains  i n  the  beachrock form al ternat ing coarse and 
fine-grained laminae from 1/16 t o  1 inch thick.  These laminae, a s  well  a s  
t h e  surface of t h e  beachrsck, have, i n  places, t he  same slope toward t h e  
water a s  does t he  surface of t h e  loose beach sand; where t h e  beaches a r e  
of cobbles, t h e  beachrock i s  apt t o  exhibit  a similar composition. 

I n  some areas  t he  beachrock i s  col lected and used as  flagstones, 
building stones, and grave markers. It may form discontinuously, but 
cer ta in ly  some of it i n  Kwajalein Atol l  is of very recent origin,  because 
o f t h e  inclusion of a Coca Cola bo t t le ,  s h e l l  cases, and other wartime debris. 

. . 

Although there  a r e  nume&us published references t o  t h e  presence 
of beachrock, l i t t l e  i s  known of t h 6  mechanics of its formation. One theory 
requires humic acids  carried by rainwater t o  dissolve calciuni carbonate from 
the  i n t e r i o r  of is lands and t o  deposit it again when t h e  water seeps out ' . 

through t h e  beacho Another r e l a t e s  it. t o  ,unknown biochemical processes, A 
few physical-chemical measurements made i n  a ' l oose  sand beach ac Bikini 
showed t h a t  t he  i n t e r s t i t i a l  sea water a ' few f e e t  below t h e  surface was acid. . . 
enough t o  dissolve calcium carbonate, whereas t h a t  near t he  surface was 
a lka l ine  enough t o  cause precipi ta t ion.  upward capillaqy movement of  inter-  
s t i t i a l  water i s  known t o  ex i s t  f romstudies  of other beaches. It i s  supposed 
t h a t  t h e  water-bearing calcium bicarbonate i n  solution r i s e s  close t o  t he  
surface, where t h e  higher pH, higher daytime tem erature, and high 
evaporation cause loss  of carbon dioxide ( m z a n d  precipi ta t ion of calcium 
carbonate a s  cement. The accuracy of t h i s  theory i s  not yet  known; it i s  
hoped t h a t  more data  can be secured i n  other investigations. Measurements 
of CO?, a lka l in i ty ,  pH, temperature, chlor ini ty ,  andcalcium ion should 
be made on i n t e r s t i t i a l  beach water a t  several  depths o v e r a ,  24-hour period 
t o  t e s t  t h i s  suggestion, Methods for  some of these analyses' a r e  given by 
Doax Cox i n  connection with s tudies  of ground water (see Chapter 4). More- 
over, an attempt should be made t o  observe, i f  possible, an zrea where .. 

beachrock i s  being ac t ive ly  formed. Perhaps t h i s  muld  be in&cated by 
weak incipient  cementation. 

Once deposited, t he  beachrock soon begins t o  be destroyed. Abrasion. 
wears andpol i shes  it t o  a shiny surface, o f t en  with f lut ings ,  and it also 
develops deep cyl indr ical  pot holes. ..Wave act ion undermines it. Solution by 
sea water, charged with C0;from respirat ion of animals and plants  a t  night .. 

' 

dissolves some of t h e  beachrock,. forming. shallow flat-bottomed solution basin$ 
, . 

. .  . t h a t  eventually join and deepento  develop a jagged surface. 
. . 



by K. 0. Emery 
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L i t t l e  is known of cer ta in  phases of t h e  topography of &oral a t o l l s  
and s t i l l  less .  Is 'known of t h e  d i s t r ibu t ion  and types 'of t h e i r  sediments. 
1t .wouldbe.  highly desirable  t o  'ohtain soundings and samples from a t o l l s  of 
t h e  Gi lber t ,  Caroline, .and other is land groups f o r  comparison with t h e  
northern Marshalxs, which have become r e l a t i ve ly  well: known a s  a r e su l t  of 
recent studies. Among t h e  more important problems t h a t  can be attacked 
with makeshift equipment a r e  t h e  following: 

1. Steepness of outer  slopes. I n  t h e  northern  h halls the  edge. . 
of t h e  leeward reefs  is  very steep, l oca l ly  ve r t i ca l ,  t o  depths of 100 t o  
200 f ee t ,  Most of t he  windward reef,  however, i s  bordered by a slope of - .  . . .  
about 45' t o  a depth  of 20. t o  30 fee t ,  beyond which a t e r r ace  may loca l ly  
extend several  hundred yards t o  depths'of 40 t o  50 f ee t .  The greates t  width 
i s  within broad lagoonward indentations o f . t h e  reef .  The terrace probably 
marks t h e  posit ion of an old reef level,  t h e  geographica1.distributio.n : 
of which i s  unknown. Soundings can be ma8e d u r i n g t i m e s o f  low waves from 
aboard a sk i f f ,  using a l i g h t  1inemarkeli:in .. . . ' feet and weighted a,ti:the end 
with. a 5-pound piece of scrap i ron o r -  r ick.  ' For the  steep leeward reef, 
distance out from t h e  reef  can best  be determin.ed by paying o h  another marked 
l i n e  t ha t  i s  att'ached t o  . the  reef,  taking 4' sounding a t  each;&stqce.: .  : 
i n t e rva l  .of 2to 5. fee t . .  F o r  . the  . seawara:terrace, aistance.  from t h e  reef 

, .. ..:. ~ 
, .  . , can best  be  estimate&. '. ".' : . . . . . . 

. . . . .. :. r . . : ." . . 

2. Lagoon terrrice. ' In . t he ' r i o~ the r i  Marshalls t h e  seaward te r race  
has i ts  counterpart i n  a lago'6n te r race  ' t h a t  i s  several  hundred yards wide, 
pa r t i cu l a r lywi th in  seaward projec4ions o f t h e  reef. Its depth i s  50 t o  60 
fee t .  .,Sounding profiles-ack.oss'i't"'ckn be obtaine'd i n  t he  same manner a s  f o r  
the  seaward t e r r a c e , b u t  under easier  wave :&nditions. 

3 .  Coral  masses, Scattered about t h e  lagoons of t he  northern . . 
Marshalls are  roughly conical corBi knolls t h a t  range from l e s s  than 100 f e t  
t o  more than a m i l e -  i n  diameter;.".' They r i s e  from any depth of t he  lagoon.. . -  
f loor ,  and. t h e i r  tops  may be a t  any depth, including sea level.  A t .  canton 
and Johnston Isla.rids,however, instead of conical  co ra l  knolls, there.  are-., . . 
elongate r i d g e s t h a t  divide t h e  lagoons i n t o  compartments,. It would be., of . , 

i n t e r e s t  t o  know t h e  geographical d i s t r i bu t ion  o.fs.khe two forms of, c o r d  ,, .. 
growth of t h e  lagoons, t he i r  composition, and"'&&ails of t h e i r  shageq.. , .,, . 
Such investigations may be conducted by simple sounding operations'and by. . . . .  

.. . . . .  
observation with a face  mask o r  g lass  viewing box. \:, . ' :  

. ,  ,,;.. :. . .  , 
, . . . .. ... . . , . .  

. . 
. . . .  . . 

. . 
4. Lagoonal sediments. I n  t he  northern Marsh&lls"th~'s ediments 

of the  lagoon a r e  arranged i n  a se r ies  of concentric be l t s .  I n w a t e r  deeper 
than 180 f ee t  the  sed'iments consist chief ly  of small poraminifei-a. In 
shallower depths,, enough sunlighfi'reaches t h e  bottom to. p e r s t  growth of a 
calcareous green alga,  Halimdab Thi.s.'plant grows f a s t e r  than. t he  small 
Foraminifera, so. a t  depths less than ISO-.f eet  it i s  dominant, :completely 
masking the.Foraminif,e.ra. : Within a 'mi le  o r  two of t he  shore:or reef and a t  
depths of l e s s  than about 100 fee t  th6'Halimeda i t s e l f  i s  masked by d e t r i t a l  
calcium carbonate mostly of f i n e  sand s ize ,  carr ied by currents from shore 



or  from t h e  reef .  Along the shore t he  sandy beaches consist  largely of 
Foraminifera again, but t he  types a r e  d i f fe ren t  from those of t h e  deep 
water. They have t h e i r  or igin  i n  t h e  sand mantle of t he  reef f l a t .  Most 
of them a r e  discoid or  fla- forms and a re  1 t o  3 mm i n  diameter. Coral 
i s  concentrated i n  knolls and th icke ts  a t  any depth, and i s  of various 
types. The f i n e  sand is t h e  most rapidly deposited of t h e  sediments. The 
small maximum depth of small lagoons i s  probably a resu l t  of the  rapid 
f i l l i n g  t h a t  takes  place when t h e  b e l t  of f i n e  sand reaches t o  or  near t he  
middle of t h e  lagoon, Prof i les  of bottom samples across t h e  lagoons of 
a t o l l s  i n  other areas of t h e  Pacif ic  w u l d  provide welcome new inforvation. 
Such samples can be obtained with simple equipment. For example, a useful 
dredge can be made by at taching the  b a i l  of a s tout  bucket t o  a l i n e  with a 
5 t o  10 pound weight t i e d  a foot o r  so above the  bucket so t ha t  t he  l i p  
of t he  bucket can cut i n t o  t h e  sediment when dragged f o r  a short distance 
across t h e  bottom, A portion of t h e  sample should be dr ied and placed i n  
a c loth  o r  paper bag labeled with t h e  depth and position. The dredge can 
a l so  be used t o  obtain samples from t h e  upper par t  of t h e  outer slope, thus  
providing more information on t h e  differences between lagoonal and seaward 
sediments. 

The great  scarc i ty  of information on submarine geology of a t o l l s  
makes every new fac t  of great  value i n  interpret ing the  composition and 
h is tory  of coral  reefs ,  



USE OF HAND LEVEI, AND BRUNTON COPPASS FOR 
DET-NING AHD MAPPING MINOS TOPOGRAPBY 

by C .  K. Wentworth 

I n  t he  absence of surveying instruments and without precise methods, useful 
mapping of s m a l l  d e t a i l s  can be achieved and made more useful by at tent ion t o  
cer ta in  principles and practices.  I f  a .kmd lefol. (with sighting mirror) i s  
available it should be checked against t h e  ocean horizon from the beach f o r  
gross errors .  The observer's height t o  t he  eyes should be measured, and t h i s  
value used. I f  horizontal distances per shot a r e  not over 50 f ee t ,  successive 
hand leve l l ing  w i l l  give f a i r l y  accurate differences i f  care i s  used t o  mark o r  
iden t i fy  successive p i n t s .  Even without a );and I.ovel,fair estimates can be 
made i n  places very near sm 1 m l i . f  the  ocean horizon can be seen and projected. 

Wen climbing a f a i r l y  s teep bluff ,  differences of l eve l  can be measured 
within 2 or  3 f ee t  i n  a hundred witin a hand l eve l ,  and f o r  more gentle slopes 
and lower features  r e su l t s  within 1 5  o r  10  per  cent by hand l eve l  w i l l  have 
greater  va l id i ty  than an off-hmd guess, and should be so described in notes. 
Level l i n e s  of more than 50 f e e t  per shot can be run by hand leve l  but w i l l  be 
open t o  question unless checkea and unless t h e  observer has unusual s k i l l  and 
describes t he   rec cautions taken. T.wo short pieces of glass  tube with 25 or  50 
f ee t  of rubber tube wil; make a more re l iab le  l eve l l i ng  apparatus for  projecting 
long m o t s  (see  t h a t  a i r  bubbles are  eliminated). 

A s i g h t h g  compass such as  t he  Brunton, commonly used by geologists and 
which includes a clinometer, i s  useful i n  many ways and can provide a par t  of 
t he  control  needed in making a f a i r l y  r e l i a b l e  sketch map. Nearly t h e  same 
resu l t s  can be obtained with any compass having sighting points o r  a square box 
and with a two- o r  three-inch needle t h a t  swings f reely.  Distances can be paced 
on smooth ground with f a i r  consistency i f  the  observer makes a sustained e f fo r t  
t o  ca l ib ra te  h i s  pace. For somewhat more accurate yet  rough-and-ready quadrats, 
o r  traverses,  a cord or  rope with 10-foot knots or  paint marks i s  convenient and 
of ten f a s t e r  than a metal. tape, even i f  the  l a t t e r  be available. Calibrate t he  
markings occasionally i f  t h e  cord gets  wet. 

I n  using the  compass, whether using the  mirror a t  eye leve l ,  o r  viewing the  
needle from above, keep the  box l eve l  and the needle f ree .  Check the readings 
with yourself or  other observers; form your own 2udgment as  t o  whether your 
readings are r e l i ab l e  t o  1 degree, o r  are  i n  doubt up t o  4 o r  5 degrees. The 
l a t t e r  may need some remedy i n  instrument o r  procedure. I f  t he  Brunton compass 
is used f o r  d ip  or slope measurements, it should be so held tha t  t he  axis of t he  
pivot i s  normal t o  t he  direct ion of steepest slope and the sighting l i n e  should 
be e i t he r  d i r ec t ly  up o r  down t h a t  slope, o r  j u s t  a t  right-angles t o  it. 

'egardless of what instruments o r  devices are  used, t he  accuracy and 
u t i l i t y  of a map i s  based on use of lengths and direct ions  of l i ne s  and of 
angles and t r i ang le s  arranged t o  make the  map a firm, small-scale repl ica  of t he  
features on the ground. The la rger  the  map, t h e  more it needs reference t o  a 
single long l i n e ,  t o  one o r  more strong t r iangles ,  o r  t o  a well-defined gr id  of 
some sor t .  Any of these is preferable t o  a non-planned locating of minor 
features successively t o  each other. Any such sketch maps o r  sections should be 
made c lear  a s  notes by giving scale, compass direct ions  and a legend o r  code of 
symbols; even the observer hmself  may forget.  



by C. K. Wentworth 

Lacking special equipinent o r  t he  services of a spec ia l i s t ,  the  range of 
coarseness of sedimentary accumulations can be described f o r  t he  record by 
systematic use of simple devices. The following scale  of grade terms conforms 
t o  most generdl usage; 

.ze i n  inches --- 
1.8 

2.5 

1/12 

1/25 

l/5C 

1/1OO 

1/200 

l/4Oo 

1/6400 

Size in mm. Name of material  

gravel 

f irie grave11 

very coarse: sand 

wwrse sand 

mrdj.m s a d  

Pine sand 

vezy fine sand 

si1.t 

clay 

~f grains 

'mulders 
cobbles 

pehbles 

grains 

11 

For extensive m r k  sieves a r e  necessary; it w i l l ,  however, be very useful 
i f  casual observations are  made s ~ e c i f i c  and consistent with t h e  above terns .  
For l a rge r  s izes ,  one can se l ec t  and. l a y  out samples showing approximately the 
above l i r r i t s  f o r  more ready visual izat ion i n  making detai led notes. Inter-  
mediate and smaller s izes  can be l a i d  on a grid background of quadri l le  paper 
f o r  rough estimation megascopically o r  under a magnifier. Any essay of t h i s  
so r t  i s  grea t ly  superior t o  snap guesses which tend t o  become stereotyped 
without val id  basis .  Proportions a r e  best  s ta ted by weights o r  volumes 
reduced t o  percentages (even when only estimated). 



Chapter 4 -- Xydrology 

kIIG &iD TECHNIQUES FOR. GROUND;-WATER 'IN'&?STIGATION 
. . 

- by Dbak C. 'COX .. . 

2 r i t i c a l  Factors: 
. . 

hi he aim of a g r o A d ~ t e r  i n ~ e s t i g a & n  on t h e  is lands o f  an a t o l l  i s  t o  
indicate  t h e  quanti ty and qua l i ty  o f  water available, and the var ia t ion 
i n  both i n  space.  and. the, as  a bas i s  f o r  determining the effectiveness of the 
ground water a s  an ecological control. Generallr, t he  f resh ground water w i l l  
be found t o  r e s t  on sea water. On krno t h e  permeability of t he  reef platform 
was so high t h a t  t he  f resh  water body probably behaved according t o  t he  Ghyben- 
Herzberg pr inciple  t h a t  t h e r a t i o  of t h e  depth of f resh  water below sea  leve l  t o .  
t he  head, or  height of t he  water-table above s e a l e v e l ,  is the difference between 
the  spec i f ic  g rav i t ies  of the  f resh and s a l t  water. Ascertaining the  generali ty 
of t h i s  pr inciple  should be one of t he  puqoses  of ground-water investigation.  
The rreari head is the  most convenient index, though an imperfect one, t o  t h e  
quanti ty of ground-water. Chlorinity, hardness and density are  convenient 
indice's t o  t h e  quali ty.  it i s  t he  job o f .  t h e  hydro log i s t~ to  r e l a t e  t h e  magnitudes 
and va r i ab i l i t y  of these indices t o  t he  magnitude and variation of the  causative 
factors.  On Arno the  re la t ions  were worked out withconsiderab3e in t ens i ty  but 
almost en t i r e ly  f o r  one island only. A more extensivetreatment seems:desirable 
now, but 'will  be a t ta ined with d i f f i c u l t y  so f a r  as the  head is. concerned because 
the  head can be usefully approximated only by ra ther  intensive investigation.  
Sa l in i ty  i s  'eas, i iy investigated extensively,. however,. and on a dry 'island w i l l  
have r.ore in te res t ing  va r i ab i l i t y  than on Arno. It i s  the  s a l in i ty ,  moreover, 
t h a t  i s  most important as  an ecological factor .  Xore enphasis on the s a l i n i t y  
than was made on Arno thus seems justif iable, .  . . .  

Measwine: Points: 

Ground-water may be measwed and sampled a t  any,.lana surface depression i n  
the  land surface t h a t  penetrates t he  water tabLe; i n  natural  ponds, o r  i n  a r t i -  
f i c i a l  r e t t i n g  p i t s ,  t a ro  p i t s ,  o r  wells. On Arno a r t i f i c i a l  ' p i t s  were conpara- 
t i v e l y  p l en t i fu l  but on d r i e r  is lands where t h e  ground-water w i l l  be of poorer 
qual i ty  they w i l l  probably be scarcer.  hhe@e t h e  land surface is l e s s  than 3 or  
4 f ee t  above sea leve l ,  a s  it i s  i n  much of t h e  i n t e r i o r  par t  of a t o l l  i s l e t s ,  
it i s  simple and quick t o  dig  p i t s  t o  t h e  water-table. Such p i t s  should be s m a l l ,  
a foot o r  s o i n  diameter, t o  avoid ca-=city e f fec t s ,  and it would be. b.est t o  
excavate such s m a l l  p i t s  on the s ide Of the  l a rge  excavations aLso, r a the r  than 
using tne  ' large sits themselves f o r  water-level readings. m e r e  t h e  ground 
surface i s  higher it w i l l  be more expeditious t o  drive o r  d r i l l  small diameter 
wells. Cheap drive pipe and well points w i l l  penetrate sand but w i l l  break at 
joints  when dr iven  i n  coral. limestone o r  beach rock. Drive pipe with special  
jo ints  might be sat isfactory,  b u t  simple wells can be driven t o  hard rock by 
excavating with a s o i l  auger ins ide a 1$" pipe, using h a d  d r i l l i n g  vdth a rock 
b i t  and a s m a l l  sledge inside the  pipe f o r  breaking up boulders. The coral  con- 
glomerate and harder rock w i l l  not require casing so tha t  when the  p ipe . . i s  driven 
through the  sand layer  t he  hole can be extended a s  needed with the hand d r i l l  
and s o i l  aug& alone. cgater l eve ls  f n  such holes may be measured by lowering a 
s t i ck  o r  tape a measured distance in to  t he  hole and noting the leve l  t o  which it 
i s  wetted. Sanples can be withdrawn by suction through a rubber tube o r  by 
lowering an elongate cup. 

-24- - - 



Measurements : -.-- 

The head is d i f f i c u l t  t o  obtain with suf f ic ien t  accuracy because of low 
water-table gradients and because of var ia t ion i n  sea l eve l  and well water level.  
Useable estimates of mean head require averaging of t idal .  var ia t ion and accurate 
level ing by telescopic leve l ,  t r a n s i t ,  o r  alidade. Srunton o r  hand leveling is 
not good enough. Leveling could be probably done sa t i s f ac to r i l y  with a long 
(LOO ft.?) rubber tube with glass  tube ends, f i l l e d  with water (and no bubbles) 
and a pocket tape o r  ru l e  o r  two. Determination of t i d a l  var ia t ion i n  a well i s  
eas ies t  done by a recording gage, but can be done very simply and well by 
observing frequently over at l e a s t  a 24-hour period. Determination of t i d a l  
f luctuat ion i n  ocean i s  eas ies t  and best  done by recording gage of Coast & 
Geodetic Survey portable type. The use of t h e  gage is described i n  a Hanual of 
Tide Observations, U. S. Coast & Geodetic Survey Spec. Pub. 196, 19W. This 
gage f i t s  a &-in. standpipe which must be at l e a s t  6 f ee t  longer than expectable 
t i d a l  f luctuation.  P l a s t i c  pipe, very iight-weight, now available,  would prob- 
ably meet t h i s  need admirably. Nithout a recording gage frequent observations 
over at l e a s t  a 24-hour period w i l l  suffice,  but t h e  water l eve l s  observed must 
have wind-waves damped out. Observat,ions can be made i n  a par t ly  submerged, 
v e r t i c a l  2" p l a s t i c  tube plugged a t  t h e  bottom with a rubber stopper containing 
o r i f i c e s  fmm 1/8" t o  1/21! de2ending on r a t i o  of wave height t o  t i d e  range. O r  
observations can be made by mercury manometer of t h e  suction i n  a gallon jug 
pa r t l y  f i l l e d  with water and connected with the ocean by rubber tube f i l l e d  with 
water. Suction recorded i n  height of mercury can be reduced t o  height of water 
l e v e l  i n  jug above temporary sea level .  The rubber tube furnishes the damping. 
(Wentworth: Wash. kcad. Sci. Jour., vol. 26, p. 3L7, 1936.) Piean head a s  
measured above a single day's ocean t i d e  leve l  w i l l  be subject t o  a considerable 
e r ro r  owing t o  long period t i des ,  only pa r t l y  compensated by adjustment of 
ground-water l eve l .  

Sa l in i ty  measurement i s  t reated i n  a separate section. 

In  space, t he  mean head w i l l  increase with t he  width of t he  island, with 
t he  distance f romthe  shores, with the permeability, and with t he  ra infd l i .  The 
estimation of t he  mean r a i n f a l l  i s  t rea ted  i n  a separate section. It w i l l  be 
nearly constant over an a t o l l .  Measurements of head should be combined with 
observations of t he  s i ze  of the  islands,  with t he  posit ions of the  measurements 
on t h e  is lands,  and with whatever observations are  possible on the distri'oution 
of rocks of varying permeabilities in t h e  island, t o  permit analysis of t h e  
e f f ec t s  of these independent var iables  on the  head. It should be noted t h a t  t h e  
head measured at any time o r  even over t he  longest period of observation 
~ e r m i t t e d  on an expedition w i l l  not be t h e  mean head. Estimation of t he  mean 
head w i l l  depend on knowledge of t he  va r i ab i l i t y  of t he  head and correction for  
it. The va r i ab i l i t y  i n  head with time is caused by var ia t ion  of recharge of t h e  
ground water body caused by var ia t ion i n  r a in fa l l ,  var ia t ion i n  t he  r a t e  of with 
drawal (of minor importance on a t o l l  i s lands) ,  var ia t ion i n  barometric pressure 
( r e s u l t s  negligible on a t o l l  i s lands) ,  and variation i n  t he  r a t e  of discharge 
caused by variation i n  sea  leve l .  Rainfal l  measurement is t rea ted  i n  t he  
section on gathering weather data. Rainfal l  correlation with head has not yet  
been done for  t he  Arno data ,so no tes ted  ru les  of procedure can be l a i d  down. 



The correla t ion qade must include recognition tha t  t he  r a i n f a l l  of a g i v e n  
in t e rva l  of time has an e f fec t  on the  head not only during t h a t  o r  t he  f i r s t  
succeeding in te rva l ,  but a l so  f o r  a number o f ' i n t e rva l s ,  t he  e f f ec t  presumably 
dying out i n  according t o  an exponential decay Saw. . . .  

. ,  . 
Before analyzing the  raj-rifall e f ikc t s  on heads, it w i l l  generally be 

ea s i e s t  t o  correct t h e  observed heads f o r  t i d a l  e f fec t s  through a t idai '  &alysis 
o r  a t  l e a s t  t o  obtain a mean f o r  a t  l e a s t ' a  day. Hethods of analyzing t h e  t i d a l  
f luctuat ions  are  given in a separate section. The parameters obtained from the 
t i d a l  analys4s will again be found t o  vary with the s i ze  of t he  is land,  t he  
dis-lance from the  shores, and the  permeability. 

It should be pointed out here t ha t  t h e  dainping of t i d a l  f luctuat ions  is  a 
function of t h e i r  period. Fluctuations w i t h  periods of two weeks o r  more pass 
across ground-water bodies i n  small is lands almost undamped, and a s  they 
comnonly have amplitudes of a t  l e a s t  several  tenths  of a foot,  heads not 
c o r ~ e c t e d  fo? them may d i f f e r  very materially from t rue  mean heads. Without 
f a i r l y  intensive t i d a l  analysis t he  best  head measurements a r e  subJect t o  errors  
l a rge  i n  proportion t o  t he  heads themselves. 

Analysts of Sal ini ty:  

Tne s a l t s  i n  the  ground-water a r e  derived (1)  from so lu t ion  of s a l t  
c rys t a l s  i n  t he  a i r  or  a t  t h e .  ground surface.  by the rain:  (2 )  from the solution 
of minerals i n  the  ground by the ground-water, and ( 3 )  from t h e  mixing of the  
f resh  ground-water with t he  sea-water i n  which it i s  i n  contact a t  t he  bottom 
edge of the  f resh water body. 

The s a l t s  i n  -the a i r  and on the ground surface are  derived from t h e  
evaporation of t he  sea-water spray. They 'should, therefore,  show the same 
balance of composition a s  t he  sea-water. The chloride content of the  water 
col lected i n  natural  o r  a r t i f i c i a l  rain-catchment s t ructures  may be used a s  an 
index of t he  t o t a l  s a l t s  so dissolved,. Dens'ity may be s imilar ly  used but with 
l e s s  precision, par t icular ly  i n  t he  low s a l i n i t y  range., The s a l t s  derived from 
n i t u r e  of s a l t  water with the f resh water i n  the.rocks ihbuld again show the  
same balance. Tte l i f fe rence  between t h e  chloride content of t he  ground-water 
and tha t  of t he  usual rain-catch water w i l l  provide a good index t o  the  degree 
of t h i s  mixture. The degree of mixture w i l l  depend on the thickness of the  
iround-water body and on the  amount of f luctuat ion o f , t h e  head, .and therefore,  
l i k e  t h e  heaa. and i t s  fluctuation,  on. t he  amount of r a i d a l l  -and i t s  variabil i ty,  
and the  s i z e  of the  island, t he  distance of t he  point of observation from the 
coasts,  and the  permeability. Thus, t h e  s a l i n i t y  alone w i & i  indicate  t he  same 
s e t  of conditions a s  the  head, and the s a l i n i t y  i s  much eas ie r  t o  measure. On 
i r n o  t h e  r a i n f a l l  was so great  t h k  except on verynarrow is lands o r  withip a 
few hundred f ee t  of the  shore t he  chloride contents were so s m a l l  t h a t  d i f f e r -  
ences from the  chloride conten.; i n  ra in  water were n o t  s ignif icant .  On dr ier '  
a t o l l s ,  l a rge r  islands should show in t e re s t i ng  variations i n  chloride content 
t o  t h e i r  centers.  The technique f o r  determining the ch1o:rj.de 'content of water 
i s  described i n  a separate sec t ion ."  



The degree of solution of t he  rocks i s  also of very great i n t e r e s t  from 
the standpoint of i t s  importance in physiogaphic processss. The rocks of t h e  
a t o l l s  are  almost en t i r e ly  limestone or  perhaps limestone and dolomite. The 
hardness of the  water, i t s  content of calcium and magnesium ions, is an index 
t o  t he  importance of t h i s  solution, but t h e  hardness a t t r ibu tab le  t o  sea water 
admi&ure must be subtracted. It seems a log ica l  assumption t h a t  the  hardness 
a t t r ibu tab le  t o  sea water admixture should be proportional t o  the  chloride 
content. The r a t i o  of hardness t o  chloride content should, therefore, be 
determined f o r  t he  sea water and for  t h e  ground water. 

The hardness a t t r ibu tab le  t o  rock solution is therefore 

Where the 3 ' s  a r e  hardness concentrations 

C l ' s  a r e  chloride concentrations 

and the subscripts 

S indicates  the  concentration resul t ing from rock solution 

G indicates  t o t a l  concentration i:~ the ground-water 

0 indicates  concentration i n  ocean water 

HO/C10 w i l l  be about 1/4 o r  1/3 

A simple and accurate method of hardness determination i s  given i n  t he  
section on s a l i n i t y  determination, ~ ih i ch  a l so  includes a discussion of calcium 
hardness determination (analysis of calcium ion concentration alone) which 
should be in t e r e s t i ng  i n  studying the r e l a t i v e  amounts of dolomite and limestone 
available f o r  solution.  

Ecologic Controls: 

The study of a t o l l  ground water is in te res t ing  not only on i t s  own account 
but because it provides cer ta in  ecologic controls on vegetation and man. Taro 
culture is almost cer ta in ly  controiled by the  d i s t r ibu t ion  of, f resh groundwater. 
Breadfruit is apparently so controlled on Rrno. Influence of s a l i n i t y  on other 
economic plants  may be found. Mangroves and some other plants require ground- 
water i n  a very brackish range. The extension of recognition of s a l i n i t y  con- 
t r o l s ,  and the investigation of t h e i r  e f fec t  on the  p t t e r n  of cu l tura l  adjust- 
ment of man t o  t he  various islands and on individual islands,  const i tute  the  
chief reasons f o r  s u p ~ o r t  of ground-water work on Pac i f ic  Science Board projects. 



TEGHNIQUB FOR SALINITY DETWMINATION 

by Doak C.  Cox 

Chlorides: 

as discussed i n  t h e  section on ground-water investigation,  t he  sal ine 
c o ~ s t i t u e n t  of chief i n t e r e s t  i s  t h e  cMoride ion. The determination of 
chloride ion concentration aepends on t i t r a t i o n  with s i l v e r  n i t r a t e  solution 
using potassium chromate a s  an indicator.  Chloride concentrations encountered 
on an a t o l l  may range from l e s s  than 1 0  pa r t s  per mill ion t o  nearly 20,000 
mrts per ;nillion. I n  analyzing t h i s  very la rge  range it w i l l  be helpfui t o  
have two concentrations of s i l v e r  n i t r a t e .  The following reagents and equip- 
me& w i l l  permit analysis of a t  Least 100 samples i n  high and 100 sanples i n  
low C l -  range: 

1 pint  AgX03 soin. ( I  ml. = 1 mg. ~ 1 - )  (4.791 &.per l i t e r  soln.) 
i n  dark bo t t le .  

1 pint  kgN03 s o h .  (1 m l .  = 10 ng. ~ 1 - )  (47.91 g.per l i t e r  soln.)  
i n  dark bo t t le .  

2 oz. K2Cr04 s o h .  ; part '  i n  1 oz. dropper bo t t le .  

2 pipettes,  5 m i .  cap., graduated t o  1/10 ml. 

2 casseroles, porcelain, 100 ml. cap. 

2 gla.ss s t i r r i n g  rods. 

T'ne reagents can be made up i n  any chemical laboratory,  and t h e  equipment i s  
available at any chemical sul:ply house. Keep AgN03 s o h .  i n  dark t o  i nh ib i t  
deterioration.  The p o c e d w e  i s  as foilows: 

1. Determine racge of C1- content by hydro~neter {see discussion l a t e r )  
o r  by t a s t e ,  or b y t e s t i n g  f i r s t  as  i f  high range. 

Range Taste Use kgB03 soln. 

0-200 None 1 m l .  = 1 mg. C1' 
200-2,003 &?i&t or  brackish 1 r d .  = 1 0  mg. C1- 

2000-20,COO salty d i lu t e  sample (see s tep  2) 
and use AgNO3 1 nil. = 10 mg. C1- 

2. Kessure 25 ml. of sample L? graduated cylinder and t ransfer  t o  
casserole. To avoid excessive use of AgN03 s o h .  d i l u t e  samples containing 
more than 2,000 ppm. C:- a s  follows: Heasuse 2.5 m l .  sample with pipet te  
(do not use t h i s  pipet te  f o r  AgiU03 solns.). Transfer t o  graduate. Dilute t o  
22 ml. with d i s t i l l e d  o r  r a i n  water. Use t h i s  d i lu ted  sample f o r  t e s t .  If 
r a i n  water i s  used it must be tes ted  for  C1- and a correction made a s  indicated 
i n  s t e p  6. 

3. Add 5 drops K$rO4, stir. S o h .  w i l l  t u rn  bright yellow. 



4. F i l l  p ipe t te  above zero mark with appropriate AgNO s o h  Drain t o  A zero mark, controll ing flow with f inger  at top  of pipet te .  Ad AgN03 slowly 
from p ipe t te  t o  sample i n  casserole, with continual s t i r r ing .  Clear yellow s o h  
w i l l  become turbid,  very turbid if high chloride. Each drop of AgN03 w i l l  make 
a brick red f l a sh  in t h e  s o h .  in the  casserole, which w i l l  disappear on stirring. 
AS t he  end point i s  approached the  red f lashes  w i l l  become l a rge r  and more 
pers is tent .  The end point i s  reached when the whole soln. in t h e  casserole 
acquires a f a i n t  permanent red t inge.  It is  sometimes helpful t o  pour onlyabout 
23 t o  24 ml. of t he  sample i n t o  t he  casserole at the s t a r t ,  t i t r a t e  quickly past  
t he  endpoint, then add the  remainder of t h e  sample, reversing t h e  endpoint, and 
t i t r a t e - t o  t h e  endpoint i i t h  care. 

. . 
. . 5- Read the  amount of AgN03 soln.  used from the  pipet te .  

6. Compute t he  chloride content as follows: 

With d i lu t e  AsN03 With concentrated AnN03 

( 1  ml. AgN03 soln. = 1 mg. el-) ( 1  ml. AgN03 s o h .  = 10 mg. ~ 1 - )  
... . , 

f o r  25 ml. sample 

ppm. C1- = ml. AgN03 so1n:x 40 ppm. C 1 - =  ml. AgN03 s o h .  x 400 

l i m i t  of accuracy, equivalent of 1 drop AgNo3 soln. 

Approx. 1.3 ppm. , . Approx. 13 ppm.,, . 

With 1 t o  10 d i lu t ion  

Determine C1- ppm. i n  test samplewith concentrated AgN03 as above. 

C1- ppm. of o r ig ina l  = 10 (Cl- ppm. of t e s t  sample) - 9 (Cl' ppm. of 
diluent water). Limit of accuracy approx. 130 ppm. 

Chloride may be reported a s  N a C l  as follows: Chlorides a s  ppm. 

NaCl = 1.649 ppm. C1- 

Total hardness: 

A s  discussed i n  t he  section on ground-water, the  hardness of t h e  water is a 
key t o  t he  amount of limestone it has dissolved.. The following simple and 
accurate method for  t he  determination of hardness depends on t i t r a t i o n  with an 
organic agent which sequesters calcium and magnesium ions, in an alkal ine s o h .  
using an organic indicator.  Total hardness i s  usually expressed as  parts of 
CaCO.3 oer mill ion.  both Ma++ and Ca+., being t rea ted  a s  i f  they were Ca++ and 
comb&&d with co3:-. TO& hardness encounzered on an a t o l l  may range from l e s s  
than 1 0  t o  nearly 7,000 ppm. CaCO A s  i n  chloride determination, two concentra- 
t i ons  of t h e  t i t r a t i n g  reagent wig be conveniknt. The following reagents w i l l  
permit analysis  of a t  l e a s t  100 samples in high and 100 samples i n  low range. 



1 pint hardness t i t r a t i n g  solution. ( I  ml. = 1 mg. CaC03) 

1 pint hardness t i t r a t i n g  solution. ( 1  n i l .  = 10 mg. CaCO?) 

2 oz. hardness buffer reagent. ( 1  oz. i n  drogper bo t t l e )  

1 oz. hardness indtcator.  ( i n  dropper b o t t l e )  

pWjidrion paper t r i l i  be useful i n  checking p11 i n  buffering. 

The buffer reagent, k d i c a t o r ,  and d i lu te  t i t r a t i n g  solution may be obtained 
from 1.:. H. & L. D. Betz, Philadelphia 24, Pa. For ins t ruct ions  f o r  making a l l  -- 
reagents see Betz and 3011, (.Am. Mater Narks kssn. Jour., bol. 42, p. 49, 1950). 
Equipment necessary is same a s  f o r  chloride determination. IIse p ige t te  used 
i n  di iut ions  fo r  hardness t i t r a t i c g  s o h .  o r  carry a t h i r d  pipet te .  

The procedure i s  a s  follows: 

1. Determine range of hardness. I n  general, hardness a s  CaC03 w i l l  be 
i n  same range a s  C l -  content except for  sea water, which :.sill have about 1/3 o r  
114 as  much hardness a s  61- content. 

2. Eeasure 25 ml .  saxiple a s  i n  chloride determination. Dilute i f  
necessary a s  i n  c.hloride determination. 

3. Add 5 drops buffer reagent and stir. Solution should have pH of 8 o r  9. 
Add 2 o r  3 drops of hardness indicator and stir. Soln. w i l l  t u rn  red. 

4. Ti t r a t e  with hardness t i t r a t i n g  s o h .  i n  same manner as  in t i t r a t i n g  
with AgN03 s o h .  f o r  C1- determination. As endpoint i s  approached solution w i l l  
s t a r t  chaging  from red t o  blue. Endpoint is  reached with f i n d  discharge of 
red. 

5. Read the  amount of t i t r a t i n g  soln. used. Add a drop more t o  t he  
evaporating dish t o  ascer ta in  thak there  is  no fur ther  coior change. 

6. Compute t o t a l  hardness a s  follows: 

Iz'ith d i lu t e  hardness t i t r a t i n n  s o h .  With concentrated hardness 
t i t r a t i n g  s o h .  

( 1  ml .  = 1 mg. CaC03) (1 ml. = 1 0  mg. CaC03) 

Ilardness, a s  ppn. CaC03 = ml. Hardness, a s  ppm. CaC03 = ml. 
t i t r a t i n g  s o h .  x LO t i t r z t i n g  soln. x 400 

L i m i t  of accuracy approx. 1.3 ppm. Limit accuracy approx. 13 p p .  

With 1 t o  1 0  d i lu t ion  

determine CaC03 ppm, i n  t e s t  s a ~ g l e  with concentrated t i t r a t i n g  s o h .  
a s  above. 

Hardness a s  CaC03 ppm. of original. = 10 (CaC03 ppn. i n  t e s t  sample) 
-9 (CaC9 ppm. i n  di luent  water) 

Lini t  of accuracy approx. 130 ppm. 
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Calcium hardness: 

I n  t he  above method there  i s  no separation of Ca'+ and Mg++ ions. They 
a re  l m e d  and the  resriLts computed a s  if they were Ca+*.  viith the  use of a 
d i f fe ren t  indicator  and sodium hydroxide f o r  pII control, calcium alone may be 
determined with the same t i t r a t i n g  solutions a s  used i n  t o t a l  hardness deter- 
mination. The indicator,  a sol id ,  i s  avai lable  from Betz i n  50 gm. bo t t l e s  
with a measuring dipper. Equipment i s  t h e  same a s  f o r  t o t a l  hardness deter- 
mination. About 8 oz. of NaOH 1.0 N are  required. 

The procedure i s  a s  follows: 

1. Determine range. Probably l/h t o  1/2 t o t a l  hardness. 

2. Measure 25 ml. sample a s  above. Dilute i f  necessary. 

3. Add 1 ml. NaOH 1.0 N and stir. Add 1/2 dipper of calcium 
indicator  and s t i r .  Solution w i l l  t u rn  salmon-pink. 

4. Ti t r a t e  with hardness t i t r a t i n g  solution a s  above. Solution w i l l  t u rn  
purple a s  endpoint i s  approached. Endpin t  i s  f i n a l  change t o  orchid.-purple. 

5.  Read t i t r a t i n g  s o h .  used a s  above. 

6 .  Compute Ca hardness a s  CaC03 i n  same manner as  computing t o t a l  
hardness a s  CaCO Compute calcium lon il desired a s  follows: 3' 

Ca++ .LO0 Ca hardness a s  CaC03. 

Compute magnesium ion i f  desired a s  follows: 
. . 

I4g hardness as  CaC03 = ( t o t a l  hardness a s  CaC03) - (Ca++ a s  caC03) 

Mg++ = .243 (PIg hardness as  CaC03) 

Calcium and magnesium hardness were not d i f fe ren t ia ted  on Arno because t h e  
materials f o r  t h i s  method could not be procured i n  time. 

Total s a l i n i tx :  

I n  ocean water the  r a t i o  of the  chloride content t o  t he  t o t a l  sd l in i ty  
i s  nearly constant. 

C1-  = .55 (Svirdrup, Johnson, Fleming, The Oceans, 
t o t a l  s a l i n i t y  p. 166, 19h2) 

The ch lor in i ty  i s  thus a convenient index t o  t o t a l  s a l i n i t y  i n  any water 
d i lu ted  from the sea water i f  d i luen t  has roughlythe same balance of salt a s  
sea water. This w i l l  not be t h e  case i f  there  i s  much CaC03 dissolved from the 
rocks i n  the  water. In  sea water o r  its d i lu t ions ,  density a l so  i s  a very 
convenient index t o  t o t a l  s a l i n i ty .  Densities may be measured by hydrometers. 



A s e t  of t h ree ,  a s  manufactured by G. K. Manufacturing Co. f o r  t3e  Coast md  
Geodetic Survey, with ranges 0.996 t o  1.011, 1.010 t o  1,021., and i.020 t o  1.030, 
covers t h e  range of sea water t o  d i s t i l l e d  water i n  most temperature ranges. 
A convenient cup f o r  use with t h e  hydrometers i s  available from Mercer 
'lassworks, 725 Broadway, New Pork 3 ,  N. Y. The temperature of t he  water must 
be measured t o  lo C., a s  a temperature correction i s  c r i t i c a l .  Tables f o r  t he  
temperature correction t o  dens i t i es  and densi ty  t o  s a l in i ty  reduction a r e  given 
i n  the  Manual of Tide Observations, U. S. Coast and Geodetic Survey Spec. Pub. 
196, 1941. Density measwements were not made on Arno because the one 
hydrometer carr ied broke. 



b i  Doak C . Cox ., 1. 

.4s i s  fur ther  discussed in t h e  section on ground-water investigations, t he  
study of the  head of a ground-water body i n  an a t o l l  i s land must include some 
s o r t  of analysis of t he  t i d a l  f luctuat ions  of both t h e  water-table and sea level. 
Simple averaging of a day's water l eve ls  w i l l  suff ice  f o r  some purposes. For 
others,  a more intensive analysis i s  required. The t i d e  f luctuat ion i n  a ground- 
water body i s  i t s e l f  a key t o  conditions i n  t he  rocks. A study of t h i s  
f luctuat ion depends u$on separation and individual analysis  of t i d a l  components 
of dif ferent  periods, because the  periods a f f ec t  t h e  changes i n  the  t i d e s  as  they 
progress from the  ocean through t h e  rocks. The techniques discussed here have 
not been published yet ,  b ~ t  have been applied t o  a number of problems (Cox and 
lIunk, Hawn. Acad. Sci. Proc. 1951, i n  preparation). 

Analysis of t i d a l  c o m p o m :  

Many t i d a l  components of d i f fe ren t  periods go t o  make up t h e  t i de .  Several 
have periods near 24 hours o r  near 1 2  hours, t he  diurnal  and semidiurnal 
components respectively. The separation of the  individual components i n  e i ther  
diurnal  or  semidiurnal group requires a long t i d e  record, but t he  separation of 
diurnal  from semidiurnal components can be made f a i r l y  simply from a short t i d e  
record, a s  short as  a day. These components a r e  analyzed and expressed a s  i f  
t h e i r  periods were exactly 2L, and 12  hours respectively. 

The procedure i s  a s  follows: 

1. From t i d e  records, choose a period of an in tegra l  multiple of 24 hours 
f o r  which records are  available f o r  ocean and wells t o  be compared. 

2. L i s t  water l eve ls  f o r  each s ta t ion ,  a s  measured from any datum, f o r  
half  hour in te rva ls  s t a r t i ng  with t h e  time of t he  period of the  analysis ( t  E oh). 
I f  the  or iginal  records a r e  discontinuous, plot  them up so t h a t  half  hour 
readings may be interpolated.  

3. Kake two tab les  of 24 columns each, f o r  diurnal  and semidiurnal 
components respectively of each record. Enter readings f o r  hourly periods ( for  
t = 0.0, t = 1.0", t = 2 . 0 ~  etc.)  i n  t he  diurnal t ab le  and readings for  half- 
hourly periods ( f o r  t = 0.&, t = O.gh, t = l.oh, etc.)  i n  t he  semidiurnal table. 
Set  f i r s t  24 readings i n  a row across t h e  columns i n  each tab le .  I f  there  are  
more than 24 readings put t he  next 24 i n  a second row beneath the  f i r s t ,  e tc .  
Readings should complete the  l a s t  row. 

4. Add algebraically each column and obtain a mean. This will give 24 
mean v d u e s  f o r  each tab le .  

5. Add these 24 values and divide by 24 t o  obtain a general mean f o r  each 
table .  Subtract t h i s  general mean from t h e  individual means t o  obtaindepar$urea. 
For example the 24 departures f o r  t he  diurnal  t i d e  i n  Hilo Bay, Hawaii f o r  a day 
beginning a t  1/24/%, 0:CO are: 



+.450, -..251, -.951, -1.501, -1.751, -1.751, -1.b51, -.851, -.251, +.24?, c.549, 
+.649, +.599, +.399, +.1?9, +.049, -.051, -.001, c.249, +.649, +.949, c1.213, 
+1.24?, +1.149. Those values a r e  analyzed on the  attached sample f o m .  

6. Prepare a form l i k e  t h e  sample f o r  each component f o r  each st&ion. 
Kultiply t he  f i r s t  twelve of t he  above departures by 100 with t he  signs shown 
i n  t he  twelve corresponding ~03.~1en.s of row d of t he  form, and enter  the  products 
i n  row 1. Enter i n  t h e  twelve columns of row 2 the  products of the  second 
twelve of t he  departures multiplied by 100 with t h e  signs shown i n  row e. 
Example: t he  13 th  departure is +.599. Column 0, row e is (-1. 
+.599 X(-100) = -59.9. Enter. -59.9 i n  column 0, row 2. 

7 .  Add a ~ ~ e b r a i c a i l y  row 1 and row 2, entering sums i n  row 3. 

8. Transfer numbers i n  columns 7 t o  11 inclusive of row 3 t o  columns 1 t o  
5 inclusive of row 4, but i n  reverse order (column 7, row 3 goes t o  c ~ ~ u m n  5, 
row 4) entering or ig ina l  signs ( top)  and also reversed signs (bottom). 

9. Add columns 1 t o  5 inclusive of rows 3 and 4 using or ig ina i  ( top) signs 
and enter  sums i n  row 5. ~ d d  coiumns 1 t o  5 inclusive of rows 3 and 4 using new 
(bottom) signs i n  row 4 and enter  i n  row 6 .  

10. Xultiply figures i n  row 5 by corresponding f igures  i n  row b and enter 
products ve r t i ca l ly  i n  column 0, rows 4 t o  8 inclusive (Column 1, row 5 times 
column 1, row b goes t o  column 0, row 4 ) .  ku l t i p ly  figures i n  row 6, c o l m s  
1 t o  5 ,  by corresponaing f igures  i n  row c, and enter products ve r t i ca l ly  i n  
column 6, rows 4 t o  8 inclusive.  

11. Add rows 3 t o  8 i n  column 0 and enter  sum i n  row 9. Add rows 3 t o  8 i n  
column 6 and enter sum i n  row 9. 

12. Divide figure i n  column 0 row 9 by 1200 t o  obtain "p". 

Divide f igure  i n  column -6 row 9 by 1200 t o  obtain "qU. 

13. Compute the amplitude of t he  component, A )-. 
A will .  be i n  f e e t  i f  t he  or iginal  water l eve ls  were i n  f ee t .  

14. Compute the cotangent of t h e  phase angle of the  conponent, cot QC.2 p/q. 
Use trigonometric tab les  t o  determine & i n  degrees. The cotangent 1.611 not 
discriminate between two values of W, 180° apar t .  Actual d i s c r s n a t i o n  may be 
made by inspection of the  record o r  by t r iz l  when both components have been 
analyzed f o r  a s t a t i on  as  described below. If t h  = A i s  the  time when the 
height of the  component i n  question reaches a maximum, measured i n  hours a f t e r  
zero time of the  observations, 6 i n  degrees = 3 6 0 t / ~ ,  

where T i s  t h e  ~eeriod of t he  component i n  hours. 

15 .  When both diurnal and semidiurnal components have been analyzed f o r  a 
s t a t i on ,  compute t he  t i d e  and conpare with t h e  actual  t i d e  f o r  a check. 



Let A1 = diurnal amplitude; G/i = diurnal phase angle i n  degrees. 
. . 

AZ = Semidiurnal amplitude; 2 2 semidiurnal phase angle in 
degrees. 

t = time a f t e r  zero time of observations. 

h = height of water a t  any time above chosen datum. 
- 
h = mean height of water above t h a t  datum. (Step 5 mean if above - original  datum) 
h = h + A1 ~ 0 ~ . ( 1 5 t  -QC1) + A2 C O S . ( ~ O ~  -\-<2) 

Because of the approximations involved i n  using only one diurnal, and one semi- 
diurnal component, t h i s  equation cannot be used t o  extrapolate the  t i d e  
fluctuation beyond the period of observation. However, comparison may be made 
of equations at d i f fe ren t  s ta t ions f o r  t h e  same period. 

Comparison of ocean and well t ides:  

The t i d e s  i n  a ground-water body whose discharge i s  controlled by sea leve l  
w i l l ,  a t  any well, bear certain constant re la t ions t o  ocean t ide .  Using the  
same symbols a s  above and the  additional subscripts 0 f o r  ocean coeff ic ients  
and W fo r  coeff ic ients  a t  a given well: A, W/A1O and A 2 ~ A 2 0  the damping 
r a t i o s  of diurnal and semidiurnal componenb, and "ilW - .:lo and 'x 2~ - % 20 
the  phase lags  f o r  the  two components w i l l  a l l  be constants. Any of these may 
be used a s  parameters of t h e  conditions between the  shore and the  well. The 
damping r a t i o s  have a constant re la t ion  t o  the phase lags  and phase Lag values 
may be computed from them fo r  comparison. Furthermore, the  phase l a g s  fo r  the 
two components a r e  re la ted through t h e  periods of the  components, and a value 
of a single parameter describing the  whole t i d a l  difference may be computed 
from them. If L = phase l a g  i n  degrees. 

. . .  . , . ,  , . ,,, .. 
logs are  t o  base. 1 0  

.. . : . .  .: -.. 
Let C = the  t i d a l  difference, i n :un i t s  ' o f  y hrs. 



Where T = pel-iod of component i n  hours 

Comparison of tm difference constants f o r  d i f fe ren t  wells: 

The exact way i n  which the  constant "Ct1 is controlled by t h e  conditions 
between the  well and the  coast i s  not known. "CI1 i s  inversely proportional t o  
t h e  square root of t h e  permeability and d i r ec t ly  proportional t o  t he  square root 
of t he  porosity. It i s  also proportional t o  a distance which is apparently some 
function of t h e  distance f romthe  ocean t o  t h e  well. I f  there  i s  an impermeable 
l aye r  a t  a degth small compared with t he  distance from shore t o  well, it may be 
inversely proportional t o  t h a t  depth. 

Because of the  present inadequacy of theory, quant i ta t ive  study of 
permeability var ia t ion indicated by var ia t ion  i n  t i c a l  difference constants i s  
impossible o r  unsafe. It i s  obvious, however, t h a t  i f  two wells are  a t  equal 
distances from the  shore , , the  depth t o  an im2ermeable layer ,  if. present, is 
equal and the porosity i s  youghly equal, and i f  they still have.very.different 
t i d a l  difference constants, t h e  permeability i s  higher between the  shore and 
the  well with t he  lnwest consta?t. 

Determining t i d a l  corrections f o r  single head readings: 

Once the  t i d a l  difference constant f o r  a given well is determined, t he  
mean head can be computed from a single head measurement f o r  any time a t  which 
t i d e s  are  s t i l l  known i n  t he  ocean so t h a t  a new component analysis can be made 
f o r  a short period of ocean t i d e s  including the  time of t he  single measurement 
of well head. I f  Aol a n d w o l  a r e  ocean coef f ic ien ts  from the new analysis, 
Aii/AO and atx - &0 are  t he  constants already derived, and hw i s  the s ingle  
head measurement, t h e  mean head 

Extrapolation f o r  long term t ides :  

The t i d a l  difference constant "C" should be constant f o r  t i d e s  f o r  any 
period. I f  t he  t i d e s  a r e  measured or  can be predicted f o r  a long period f o r  
t he  ocean, so t ha t  long period com~onents can be analyzed, long period 
corrections t o  mean heads can be determined f o r  wells whose t i d a l  f luctuat ions  
a r e  correlated with those of t h e  ocean by solving for  L and J"i1/J"i2 with C known, 
using the proper long period T in the  previous equations. 
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Chapter 5 -- S o i l  Science 

SUGGETIONS FOR STUDYING ATOLL SOILS 

by Ear l  L. Stone, Jr. 

A. Objectives: 

The purposes of studying the  s o i l  vary according t o  the  aims of t he  
invest igator  but  recognition of a l te rna te  o r  subsidiary objectives may a id  him 
i n  get t ing t h e  most from 'his study. Common objectives --which overlap t o  some 
extent -- are:  

1. For knobledge of s o i l s  per as na tura l  bodies, t h e i r  
kinds and d is t r ibu t ion  a ~ d  how these a r e  affected by climate, 
geological materials,  vegetation, topography and age. 

2. There a r e  obvious re la t ionships  between s o i l  and 
vegetation. Very commonly the s o i l  decidedly influences t he  
d i s t r ibu t ion  and competitive a b i l i t i e s  of both macro- and 
microflora and of t he  fauna. 

3. I n  a l a rge r  sense the  s o i l  i s  par t  of a comprehensive 
ecological view. Even i n  general terms, a "feeling" f o r  t he  
h i s t o r i c a l  develo~ment of the  land surface and s o i l ,  t h e i r  
response t o  natural  processes and cataclysms, and the influences 
of both primitive and recent mankind provide a perspective o r  
fraqe of reference f o r  other investigation.  

4. Agricultural development and, t o  a l e s s e r  extent, a 
de ta i led  understanding of contemporary o r  paleoagriculture 
obviously depend on knowledge of so i l s .  

5. The' study of s o i l s  often has geological, hydrological 
and archeological implications. S o i l  texture ,  moisture 
relationships,  p ro f i l e  age o r  inferred typhoon h is tory  are  
obvious examples. Indications of man's former a c t i v i t i e s  a r e  
occasionally revealed a s  a r e  some of t h e  natural  l imita t ions  
on h i s  use of land. 

These objectives are  s ta ted i n  general terms. The significance of some 
aspects is grea t ly  a l te red  by the youthful nature of t h e  a t o l l  so i l s .  From the  
meager reports  a l l  appear t o  be l i t hoso l s  and regosols, t h e i r  charac te r i s t ics  
s t i i l  dominated la rge ly  by parent material  and time of development; none of them 
a re  mature s o i l s  i n  t he  usual sense of t he  t e rn .  For t h i s  reason the  amateur 
student should be quick t o  l a y  aside h i s  textbook genera l i t i es  about s o i l  
p rof i les  md development when they f a i l  t o  f i t  f i e l d  observations. 

B. General metnods of study: 

There i s  a popular notion, unfortunately shared by too many na tu ra l i s t s ,  
t ha t  the  important and concealed properties of the  s o i l  a r e  somehow revealed by 
means of a T1soi l  test .1t  It should be c lear ly  understood t h a t  knovrledge of t h e  
s o i l  s t a r t s  i n  t he  f i e ld ;  without comprehensive information on t h e i r  natural. 
occurrence, laboratom analysis of samples i s  at best  l imited i n  aonl icab i l i tv  -. 
and may be-useless or" misleading. IJsudy we a r e  concerned with three gener$ 
typs  of information: -38- 



1. Knowled~e of the  Mnd..of prof i les  and t h e i r  dis t r ibut ion:  The kinds 
of wrofiles are  dis t inmished by differences i n  uarent material ,  drainage and ., 
de&ee of development. These ~suaJ.ly involve description of s o i l  texture, 
s t ructure ,  color, depth, e tc .  Fortunately, in t h e  s i m ~ l e  environment of the  
a t o l l  there  a re  r e l a t ive ly  few combinations of these factors.  . . . .  . . :  

' ( a )  Parent materials,  fo r  t h e  most par t ,  are  from corals, mollusks, 
calcareous algae, foraminifera, e tc . ,  usually i n  mixture. These a r e  

l a r g e i y  composed of calcium and magnesium carbonates with very small 
amounts of other materials. Their physical nature -- gravel, sand, 
etc., -- and;consolidation, i s  important; ident i ty  of the class of 
organisms may be a l so  inasmuchas it influences chemical compositions. 

, , ., . . . . . 

Phosphatic materials a re  usually readi ly  recognized by t h e i r  brown 
color. Such deposi.ts.&e or ten cemented but loose sands also occur. 
Wave working'jtin8'redeposition.of such deposits o r  even local.  washing 
from them may-ikfluence surrounding areas and such admixture should 
be looked for .  Guano deposits are  of obvious sigWLficance. 

Thepresence'of. other kinds of parent material  i s  not probable 
but t h e p o s s l b i l i t y  must be icept- i n  mind. The occurrence of basal t  
fragmen~s';in the  Rose Atoll reef presumably explazns LLpFman's ' 

ar ia1yt ica l :~esul t s  of -  so i l 'mater ia l  from there  a t~d en t i r e ly  v i t i a t e s  
h i s  conclusions. Ships ba l las t ,  and soiPtransported fo r  garden by 
colonials or natives -- a s  on Funafuti, J a l u i t  and elsewhere --may 
loca l ly  influence the  s o i l  .* 

., . . 

(b)  Soi l  d r a i n a ~  i s  i n  part  inferred from topographic position, 
groundwater leve l ,  etc.,  and confirmed by p ro f i l e  examination. 
Because of t h e i r  coarseness most a t o l l  s o i l s  are  well-drained and 
peats formed under conditions of extremely poor drainage a re  easi ly  
recognized. Between these, however, may be s o i l s  of progressively 
poorer drainage which cannot be characterized by any single feature.  
Water level,  s o i l  moisture content, character of t h e  surface s o i l  
and deeper layers  compared with those of obviously well-drained so i l s ,  
etc. ,  provide evidence f o r  the  c lass i f ica t ion  of drainage levels .  

- (c)  Dearee of development i s  a re la t ive  term since most a t o l l  
s o i l s  are  youthful. The horizons t h a t  can be distinguished are  des- 
cribed as  t o  sequence and character, t h a t  is,  texture,  depth, color, 
e t c ,  Kost well-drained a t o l l  soiIs .appear  t o  be simple and shallow, 
consisting of a horizon of organic incorporation (A1), say,' 4 t o  1 0  
inches deep which 'passes through amore o r  l e s s  narrow t rans i t iona l .  
zone in to  r e l a t ive ly  .unaltered parent material (C horieon). The 
upper portion of the  G may be s l igh t ly  weathered and stained with 
organic matter and tongues of the  Al may penetrate i n to  it.'. Upon 
Arno a t o l l  the  depth, color and orgamc content of t h e  Al usually 
.ihckeased in passing from the  shores t o  thewide  in t e r io r s ;  t h i s  

. . 
. .. 

sequence is  re la ted  t o  both time of development and character of 
. t h e  vegetation. . ' 

. . . 

* 
Floating pumice 



Part icular  a t ten t ion  should be given t o  evidence of erosion, ' 

deposition, buried horizons, etc. ,  which niay otherldse.  be mis- 
in te rpre ted  ... Buried s r o f i l e s  are  r e l a t i ve ly  easy t o  dis t inguish 
f o r  accumuiation of an appreciab1.e organicQoorio,on is  a surface '  
phenomenon. Their occurrence at  depth i s  obviously re la ted  t o  
fu r the r  deposition by stomi waves, blows&d, e tc .  . . ,Soi ls  receiving '. 
continual smazl surface addit ions a s  wind-blow o r  washed on sand, 
may develop a deep fi l  horizon fai rxy rapidly and t o  a degree simulate 
an oLder so i l .  

It should be borne i n  mind tha-t many is lands havebeen long 
inhabited and thus occasional p rof i le  anomalies caused by man's 
digging can be e>xpected. On krno t h e  p i t s  dug f o r  sanding walks 
occasionally in te rsec t  former p i t s  which w e r e f i l l e d  with rubbish 
before beink . . closed; these now appear as extraordinar i ly  deep Al 
hor izons. '  Hog roo t in i  .can cause widespread disturbance of the  upper . . 
few inches 'of the  so i l . .  

The character of t h e  surface horizons, drainage l eve l ,  s a l i n i t y  . , ,  

and texture  (sandy o r  s tony)  la rge ly  determine t h e  more obvious soi l -  ' ,  '' 

plant relationships.  ~ h e s e  elements can be studied as  separate 
var iables  o r  as properties associated with s o i l  groups. For c lass i f i -  
cation it w i l l  be found t h a t  most of t h e  rfnormal!t p rof i les  can be 
referred t o  a few groups or  s o i l  t~il jes.  within each of these w i l l  be 
a cer ta in  amount of d e ~ i a t i o n  about t!le lrmodal'r o r  Ittyperr p rof i le  and 
i n  f ac t  some of t he  types may intergrade. Having fixed upon recogniz- 
able  un i t s  these can be mapped t o  show dis t r ibut ion,  o r  used t o  
describe areas or  study t h e i r  r e l a t i o n ' t o o t h e r  features.  Recurring 
associations of d i f fe ren t  s o i l s  (o r  s o i l s  and land types) which a re  
hopelessly intermingled can be described and mapped a s  complexes. 
Thus, on krno the  stony land formed on' t h e  beach rampart could not be 
s a t i s f a c t o r i l y  separated i n t o  un i t s  of d i f fe ren t  age and development 
although generally it became progressively more youthful towards t he  
sea; accordingly, it was mapped s i r p l y  as a stony land .  complex although 
t h i s  i s  admittedly unsatisfactory- f o r  vegetational s tudies .  

2. Other f i e l d  observztions: Thcse w i l l  vary with t he  purmses of t he  
invest igator .  Presumably vegetation, plant development or  agr icu l tura l  use w i l l  
be recorded a s  a matter of ma t ine .  Degree of rock weathering, s o i l  fauna and 
extent of t h e i r  ac t iv i ty ,  evidence of land clearing and t r a sh  burning, evidence 
of old house s i t e s  or disturbance and inferred land his tory a r e  other observa- 
t i o n s  t h a t  must be made on t h e  spot. To some extent qua l i ta t ive  observations of 
s o i l  moisture, such a s  depth of wetting o r  drying, unusual wetness, a s  a t  the  
cap i l la ry  fringe,  etc.,  may be useful although tne coarse texture  and uniform 
color of t h e  lower horizons limits the accuracy of such determinations. 

Depth of rooting and root d i s t r ibu t ion ,  par t icular ly  i n  r e l a t i on  t o  ground- 
water and i t s  s a l i n i t y  apFear t o  be veqr significanz f o r  vegetation. Posberg 
and Cox s ~ g g e s t  t ha t  groundwater s a l i n i t y  i s  probably the  feature  controll ing 
developnent of t he  breadfruit .  By way of contrast ,  coconut roots seem t o  readily 
penetrate from the  s o i l  upward in to  heaps of sodden decaying coconut husks on 
t h e  surface. Root noddes an2 legunzes may be inconspicuous, f r a g i l e  o r  d i s tan t  
from t h e  root crown so t h e j r  absence should not be inferred from super f ic ia l  
observations. 



. . , .. : . .. . . , . . . . , . , . .. . . 
A s  s o i l s ,  spec ia i  &er ia l s . such .ss  peat, phosphate and guano may have 

l i t t l e  genetic significance but i l lcrease t he  l i a i t e d  range of habi ta t  variations 
over which a given species o r  veg&ational type can be studied. Thus, C O C O ~ U ~  

and pandanus may grow succes s fd ly  OIT the-low-h&c, seemingly dry recent dunes 
a s  well as i n  the  highly organic s o i l s  of t h e  l n t e r i o r a n d  i n  f resh  water  eats ' .  

where there  is no competition for  moisture.. Rock p ~ ~ o s i t y a n d  the  presence of 
f i s sures  must be considered when studying moisture re la t ions  of cobbly s o i l s  O r  
those shallow over consolidated rock. . . 

3.  i \ n & i c a l  procedures and sampling: 
. . 

( a )  Field  analyt ical . techniques  a r e  l imited t o  pH and s o i l  o r  . 
. . 

groundwater s a l i n i ty .  Determinations of nu t r ien t  ava i lab i l i ty ,  etc. ,  . .  

by t h e  usual f i e l d  % i t s 1 1  a r e  eseent ia l ly  meaningless. S o i l  moisture 
could be determined with reasonable accuracy by drying ta an air -dry.  < .. , 

condition and weighing, but other physical analyses require '  special- 
. . 

ized equipment o r  "briefing. 11 
. . , ,  ' .  

By using indicators  pH can be. determined eas i ly  i n  t h e .  f i e ld .  
Reaction probably has ?.ittle general s ignif icance, .s ince most s o i l s  
a r e  calcareous. PoorZy drained s o i l s ,  peats,  and phosphatic s o i l s  . . 

should be tes ted  i n  the f i e ld ,  however, since a wide range i n  pH i s  . . 

possible and, moreover, t h e  r e a c t i d n o f  peat samples may change -- 

materially upon drying. , . 

The most rapid means of measuring s a l i n i t y  of t he  groundwater and 
s o i l  ex t rac t s  i s  with a conductivity bridge but t he  cost and 
poss ib i l i ty  of i n s t rmen t  f a i l u re  remote from repa i r  f a c i l i t i e s  must 
be considered. Chloride t i t r a t i o n  with s i l v e r  n i t r a t e  i s  an accurate 
method adaptable t o  f i e l d  use. Fosberg's hydrometer method, with 
temperature correction, provides a rapid means of determining ground- 
water s a l i n i t y  i n  t h e  f i e l d  although of only moderate precision. 

. . 

(b)  It i s  unnecessary t o  mention t h e  laboratory analyses here 
but the  invest igator  would do well t o  make ten ta t ive  arrangements f o r  
analysis of t h e  samples before they.are taken. Otherwise, he may 
have more o r  l e s s  than can be examined. - A s  already implied, i f  the  
laboratory analyses are  t o  be worthwhile t he  samples must be taken: 
with reasonable care  from well  descr ibedprof i les .  I n  general, 
samples should be taken from a known depth but within recognized 
horizons, dr ied a t  a i r  temperature without contamination,.enclosed 
i n  t i g h t  durable containers and well labeled. . . . . 

. . 

It i s  well t o  describe the prof i le  thoroughly pr ior  t o  sampling. 
The samples a r e  taken a s  representative of horizons o r  portions of a 
horizon and usually are  composites of several  inches o fdep th ,  e.g. 
0-6 inches, 6-11 inches, 14-20 inches, e tc .  Samples should be a t  
l e a s t  100 grams i n  weight and 3 0 0 t o  LOO grams i s  .preferable. I n  
taking a sample from a given depth range equal amounts of s o i l  must 
be taken from each par t  of the  range i f  t he  sample i s  t o  be t r u l y  
representative. The number of saaples and width of the  range can 
be modifieh t o  f i t  circwstaqces.  Trans i t iona l  zones should be . ~ 

excluded o r  sampled separa.te1.y. With t h e  simple prof i les  found on 



Arno two t o  four samples per profile,  of ten cover5ng a six-inch 
range, were found adequate. Roots, stones,  excess g ~ a v e l ,  e t c . , a r e  
usually excluded when sampli.ng since on1.y the  i i n e r  ( l e s s  
than 2 rnm.) i s  used fo r  analysis.  Nith very stoqy o r  gravelly s o i l s  
some estimate shouid be made of the  m.omt of t he  excluded matter, 
preferably by weighing, i f  analyt icai  refiults are  t o  be co~pared  
with other so i l s .  Thus, 50% organic matter i n  t he  2 mm. f ract ion of 
a very gravelly s o i l  may be no more s ignif icant  than 10  o r  15% i n  a 
uniform sand. 

The sample should be spread out and air-dried a s  soon a s  con- 
venient; i n  long periods of wet weather gent le  a r t i f i c i a l  heat may 
be necessary but t h i s  should be a t  a minimum. The m ~ s t  sui table  
container for  f i e l d  col lect ion and shipment are  smal; canvas bags 
made f o r  the  purpose. Paper bags d i s in tegra te  when wet and are 
l i k e l y  t o  burst  i n  shipnent; however, extra-heavy 3 or  5 pound 
paper bags can be used double and t i g h t l y  packed f o r  shipping. 
Cylindrical, waxed cardboara icecream containers are  sa t i s fac tory  
but are  very bulky even when empty. 

Samples f o r  study of microorganisms lnust be taken and handled 
with a special  regard f o r  contamination. 

A 1 1  samples entering the  country must pass through the USDA 
Division of Foreign Plants quarantine. I f  necessary samples may be 
shipped d i r ec t ly  t o  t he  Inspection House, Bureau of Entomology and 
Plant Quarantine, Washington, D. C., enclosing l is t  of samples and 
a copy of the  coveFing l e t t e r ;  t he  or iginals  of both should be sent 
t o  D r .  H. S. Dean of t he  above division and bureau. A much be t t e r  
procedure w i l l  be t o  wri te  D r .  Eean and work out arrangements i n  
advance of s h i p e n t ;  t h i s  w i l l  f a c i l i t a t e  en t ry  and delivery.  I f  
microbio1ogica.l s t uc i e s  a r e  intended t h i s  shouid be s ta ted  so the 
samples w i l l  not be fumigated. 

C.  Field procedure: 

Possibly the primary in ten t  of f i e l d  work w i l l  be t o  recognize and define 
c lasses  of s o i l  so t h e i r  re la t ionship t o  each other and t o  other features  may be 
observed. Classes, which may o r  may not correspond t o  s o i l  types recognized 
elsewhere, a r e  established by recognizing the  modal p rof i les  and a permissible 
range about each. The f i e l d  procedure is thus somewhat as  follows: 

1. Know the general geography of t h e  i s land  being studied. 
Locate prof i le  p i t s ,  topographic features  and type l i n e s  on maps 
or  sketches. 

2. Observe t h e  or ig in  and geomorphology of t h e  aarea studied, 
e.g. lagoon o r  sea  beach or igin ,  dune ridge, beach rampart, basin, 
e t c .  

3. Examine s o i l  p rof i les  i n  excavations. 

( a )  Before attempting serious description look a t  a number 
of p rof i le  exposures -- sand p i t s ,  wave-cut dunes, etc. ,  and 
shovel holes -- f o r  a general notion of the  so i l s .  



(b)  Dig or ,  bet tey 
p i t s  t o  penetrate well 
doubt, d ig  deeper. 

, haw dug a few t o  seve;*al p rof i le  
i n to  unaltereci material. When i n  

(c )  Describe these prof i les  i n  de t a i l ,  preferably with 
a methodical recording of depth, texture ,  s t ructure ,  colcr,  
e tc . ,  of each recognizable horizon. 

(d)  Tentatively es tab l i sh  classes and examine a s  many 
more proi'iles a s  necessary t o  c lear ly  define t h e i r  modal 
p rof i les  m d  limits. This is l e s s  burdensome than may 
appear for  t he  number of c lasses  on an a t o l l  w i l l  be few 
and some limits w i l l  be fixed sharply by the  considerations 
of 2 above. 

( e )  Sample prof i les  representative of major s o i l  types 
o r  otherwise s ignif icant  p rof i les .  These may be chosen t o  
represent a sequence of development, drainage leve l ,  e t c .  
I f  desired, map the  types established under (d)  f o r  an 
accurate picture of s o i l  d i s t r ibu t ion .  

Despite t h e  above it should.be understood t h a t  step-by-step instructions 
f o r  studying s o i l s  have t h e  same l imi ted  usefulness as  they would for ,  say, 
making love. I n  both in s t ancw. the re  is a high degree of individual variation 
and, i n  any event, i f  i n tu i t i op  q r  previous experience i s  lacking, t h e  case 

. . 
is  probably hopeless. 

. . 

D. Miscellaneous: . . 
. . .  . 

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

1. The USDA S o i l  Survey Manual currently i n  press sould be referred 
t o  f o r  def in i t ion  of terms and uni ts .  

2. The too l s  and equipment f o r  t h e  study of s o i l s  i n  t h e  f i e l d  are  
simple: 

a. A s o i l  auger may be useful occasionalljr but a shovel or  
spade of some so r t  i s  e s s e n t i d ;  a long bladed t i l i n g  spade i s  
useful since a s l i c e  w i l l  'expose t h e  e n t i r e u p p e ~  prof i le .  

.;.. 

b. With the  p H  k i t  should' be included d i l u t e  hydrochloric 
acid  and extra  supplies of acid  and ind ica tors .  . 

. . \ ,  , . .  , . . . 
..,. c. Containers f o r  samples. . ,  . . . 

. . d. For intensive f i e l d  work a s e t ' o f  ~ m s e P 1  s o i l  color 
char ts  i s  useful but f o r  most purposes accurate color determina- 

. t i o n s  can be made on the  dr ied samples upon a r r iva l  a t  t he  
laboratory.  

. . 
e.  Additional equi~ment i s  necessary f o r  moisture o r  

s a l i n i t y  determination$. . . . . 
. . '.. 

:: f Paper on which t,o spread samples for  air-drying, 
l abe ls ,  wrapping materials, etc.  



Chapter 6 -- Botany 

DIRECTIONS FOR STUDYING VEGETATION AND FLORA 

by F. R. Fosberg 

I. Vegetation 

Basically, a t o l l  vegetation i s  r e l a t i ve ly  simple in . s t ruc ture ,  
composition, and arrangement. The several  types may conveniently be 
arranged i n  a se r ies  f r o z  halo-xerophytic t o  mesophytic. This:,series 
does not represent a s ing le  succession, though i t s  members muif. cer ta inly,  
i n  various combinations, form par t s  of a number of successions i n  
d i f fe ren t  s i tuat ions .  Observations a r e  not ye t  available over.:a suff ic ient  
period o r  i n  enough d e t a i l  t o  enable one t o  more than guess at' what, 
developmental re la t ions  actual ly  exist, or  how nearly i n  e q ~ i i i b ~ u m  a r e  
t h e  main types of vegetation, . . .. 

The gross arrangement of types from a t o l l  t o  a t o l l  corresponds 
very wel l  with t h e  general climates of t h e  a t o l l s ,  and the  more detailed 
arrangement on an a t o l l  seems t o  be correlated with variations i n  s a l i n i t y  
of ground-water. Other factors  being equal, t he  more halophytic communities 
w i l l  probably be peripheral, especially on t h e  seaward edges of t h e  i s l e t s ,  
while t he  mesophytic ones w i l l  be central ,  and b e t t e r  developed on wider 
i s l e t s .  

Climatically, t h e  d r i e s t  a t o l l s  a r e  those i n  t h e  equatorial  b e l t  of 
calms and those near t he  t r o p i c  of cancer. They have vegetation approaching 
t r u e  desert ,  i n  t he  mostextreme cases with no t r e e s  a t  a l l .  The wettest 
a t o l l s  a r e  those few degrees north of t h e  equator o r  some degreeg,:south of 
it. Some of them have lush jungle, sometimes ofenormous t r e e s  with a 
dense canopy, with a good development of epiphytes. 

Composition var ies  both with climate and with distance from la rger  
land masses. Generally, t he  wetter is lands have the la rger  f lo ras ,  and t h e  
f l o ra s  decrease from west t o  east ,  culminating i n  t he  barren Clipperton, 
which perhaps had no indigenous land plants. This seems t o  be, more than 
anything e l se ,  a matter of distance from sources of colonists. A t  best ,  
t he  composition of a t o l l  vegetation i s  very poor i n  species. 

Brief ly  characterized, t he  commoner plant communities, arranged from 
d r i e s t  t o  wettest, are:  

1, Open stand of Sesuvium aortulacastrurn on sa l ine  f l a t s .  

2, Grassland of L e ~ t u r u s  repens, Thuarea involuta,  and Fimbristylis 
cymosa, often pure stands of one o r  t he  other ,  ra re ly  extensive, r a r e ly  
with scattered t rees .  (Christmas I., Pokak, etc.) 

3 Open beach or  sand f l a t  communities of Triumfetta procumbens, 
Boerhavia, Ipomoea pes-caprae, Portulaca m, etc. 

4. Weed communities on cleared or  disturbed ground, mostly resul t ing 
from human ac t iv i ty ' and  composed of both intro4uced and native species. 



5. Dwarf scrub of Sida f a l l a x  H e l i o t r o p i , ~  anomalbm, e tc .  ---2 --- 
6. Mat of Vigna marina o r  Iponoea pes-capme on Plat  ground, 

successional a f t e r  disturbance. 

8* Scaevola f&mm f r inge a t  top. of seaward beaches, merging 
in to  dense Scaevola o r  nuxed scrub on narrotrer i s l e t s  and sand-spits. 

9. Scrubby fores t  of -- h s s e r s c h d d i a  - 9  argentea -- Pandanus tector ius ,  
Guettarda speciose, Cordia s u b o r d a t ~ ,  etc.,  behlnd Scae.iola fringe. 

10. Sonne~a t i a  c a s e o l a r i ~  stands on t i d a l l y  submerged lagoon 
. . .. . 

beaches or  reef - rockf la t s .  ~ 

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

11, Mangrove swamps of a i zophora  'wyth openings t o  lagoorr' o r  . :. 

occupying shallow edges of lagoons. j 
~ .: . . . ,  . . . 

. . 

12. Pemphis acidula th icke ts  on dry  reef-rock f l a t s .  

1 .  Mangrove depressions, rock-lined, with c lear  brackish water, 
. . 

14. Mixed fores t  with,Messerschhtdia - argentea --* Guettarda speciosa, 
In t s i a  bi,juna, Pipturus argen?;us . -- PisMia   randi is, gch'osia opposi t i fol ia ,  
Soulamea amara, Ficus, E1~c:enia_, Pandanus; etc. ,  r icher  i n  'comijosition i n  ~. . .  . 
t he  western a t o l l s ,  a t t ema ted  toward the::east, merging gradoally, on the  . . 
one hand with t h e  scrub fores t  (#9) and on the  other with the Pisonia fores t  . :' - 

(#l6). Any of t he  ~omponents may assume dominance o r  even occur loca l ly  
. . i n  pure stands, . . 

. . .  : . > .  . .  
' ...... . . . . 

15. Coconut plantations,  with spame understoby of Pandanus, 
Guettarda, Premna &&sAf&., F r i n d a .  c&tr i fo l ia ,  e t c . ,  the  1uxurianc.e ;.. -,.- 
depending upon t h e  r a i n f a l l ,  t he  s t a tu rexpon  how recent ly  t he  undergrowth 
was cleared out of t he  plantation. . . . . . : . .  .$ 

16, Pisonia fores t ,  o r ig ina l ly  of huge t r e e s  with dense closed 
canopy, perhaps the most mesophytic of na tura l  types. 

17. Ochrosia opposi t i fol ia  fo re s t ,  usually pure stand. 

18. Coconut-breadfruit fo res t ,  a t a l l  dense fores t  with closed 
canopy, perhaps the  most mesophytic man-induced, type. Either component may 
occur alone local ly ,  

. . 
I!, . . . /  . . . .  . .  

19. Mesophytic swamp, with I n t s i a  b i  ,jugs, Pemphis' acidula, Pchrosia 
opposit ifolia,  and various other t r e e s ,  g r o s n g  ?n.wetdepr;.es.sion~,, e i ther  
muddy o r  with c lear  water, . . .  . ~. . . .  

. . . . . . . .  

20. Open f resh  o r  brackish marsh, w i t h  Cyperus '~&.aniS-us_, =kc. 
. 



21. A r t i f i c i a l  marshes f o r  taro-culture, with & r ~ o , s ~ e ~  
chamissonis, s l o c a s i a  +esc~ilenta~'Saccharum officinarum and 
arid other planted species. 

These are  t he  most noticeable groups of commimities on t h e  average 
run of Pacif ic  a t o l l s .  There a r e  many var ia t ions  of these,  intermediate 
stages, and seemingly d i s t i nc t  l o c a l  types, Toward the west, i n  t h e  
Melanesian and East Indian regions, t h e  vegetation i s  cer ta inly much r icher ,  
but t he re  seems t o  be almost no recorded information on it. 

The problems presented by a t o l l  ~ e g e t a t ~ i o n  are  many. Good 
descriptions of t h e  s t ruc ture  and composition of a t o l l  commwities a r e  
prac t ica l ly  lacking. Nothing i s  known of i t s  rela t ionship with a t o l l  so i l s .  
Actual pat terns  need t o  be mapped. An attempt must be made t o  reconstruct 
t h e  or ig ina l  fores t  of present day coconut plantations. Correlations with 
ground-water conditions, wfth the several  s o i l  ser ies ,  phosphate hard-pan, 
with sand, rubble, beach rock, and reef-rock must be made, Developmental or  
successional re la t ions  between t h e  cormunities must be worked out. Effects 
of hurricanes and typhoons must be c la r i f ied .  

The basic tasks  t ha t  must be accomplished f i r s t ,  and t h a t  a r e  best  
tackled f i r s t  by the  Atoll  Program expeditions a r e  t he  description of t h e  
gross s t ructure  and p h y s i o g n o ~ ,  t h e  recording of composition, and the  mapping 
of t he  l o c a l  d i s t r ibu t ion  of t he  communities. Any fur ther  observati.ons are  
a l l  t o  t h e  good, but these basic  tasks  must be done before any more detai led 
work can be of much significance. 

I f  any correspondence can be established between patterns,  incidence 
of s a l t  spray, ground-water s a l i n i ty ,  and s o i l  patterns,  it should be regarded 
a s  an important accomplishment, 

I f  t he  communities l i s t e d  above can be established a s  recurrent and 
su f f i c i en t ly  homogeneous t o  be of significance by the observations of several  
independent observers, a standard scheme for  mapping them can be worked out, 
Eventually t h e i r  d i s t r ibu t ion  through t h e  Pac i f ic  can be plotted aad the  
present impression of a correlation with major climatic b e l t s  can be placed 
on a firmer and more objective basis .  

Specif ic  observations should be made on selected s i t e s  representative 
of t he  communities l i s t e d  above, and of any others discovered, a s  follows: 
average height of dominant layer,  slope of canopy surface toward sea and 
correla t ion of t h i s  with wind d i rec t ion ,  number of layers  and t h e i r  
definiteness,  composition of each, r e l a t i ve  abundance and evenness of 
d i s t r ibu t ion  of commoner species, density of canopy and of other layers,  
substratum amount of disturbance by humans, abundance of sea-birds, presence 
of guano, presence of a raw-humus layer on ground, underlain o r  not by a 
hard,*pan, presence or  absence of weeds, indications of chlorosis of any 
species, e i t he r  native o r  introduced, which species seem t o  be reproducing 
themselves i n  t he  vegetation, which not, which only i n  openings, any obvious 
invaders, presence and abundance of epiphytes, l ianas ,  

Plenty of photographs should be made, and accompanied by notes on 
t h e i r  exact locations and the  nature of t he  subject  matter. 



One of t h e  most intriguing s e t s  of problems on which observations 
may readily be made i s  t h a t  concerning t h e  colonization, by plants,  of newly 
formed land--s&d s p i t s ,  gravel  bars, e tc .  Which plants  are  t h e  pioneers, 
how t h e i r  seeds reach these  habi ta ts ,  Gndi t ions  under which germination 
takes place, t h e  order i n  which species a r e  added t o  t he  communities,. 
percentage composition a t  d i f fe ren t  s tages  i n  t h e  development of t h e  
communities, and m y  re la ted  f a c t s  can: be' observed by anyone, and $11 
contribute t o  an kde r s t and ingof :  t h i s  process of colonization by plants. 
Collection should .be made of s'eeds found on beach-drift, 'with accurate 
data on l o c a l i t i e s ,  abundance and whether o r  not s imilar  seeds were seen 
germinating. 

... 



11. Plant Collecting - on Coral Atolls  

Preparation of herbarium specimens on cora l  a t o l l s  presents few 
special  problems, other than those normally encountered i n  t rop ica l  low- 
land regions. Perhaps the  pr incipal  difference i s  t h e  abundance of f leshy 
plants  t ha t  dry slowly. With modern methods and suff ic ient  time, there 
i s  no reason f o r  f a i l i n g  t o  secure excellent specimens with very l i t t l e  trouble. 

The pr incipal  d i f f i c u l t i e s  encountered i n  t r o p i c a l  col lect ing l i e  
i n  ge t t ing  the  material  dried rapidly enough t o  avoid d i sa r t icu la t ion  and 
molding, plus t he  unwieldy nature of some of t h e  material, especially the  
f r u i t s  of some species. 

Adoption of t h e  following teqhniques should eliminate these 
d i f f i c u l t i e s  and make collecting only a normally laborious task.  A l i s t  of 
recornended equipment appears as  par t  IV, of t h i s  chapter. 

1. For ordinary herbaceous, shrub, or  t r e e  material: 

Material should be gathered d i r ec t ly  i n to  folds  of newsprint 
carr ied i n  a simple por t fo l io  o r  f i e l d  press. A vasculum i s  p rac t ica l ly  
useless. The specimens should be placed i n  t h e  f i e l d  press immedj-ately 
a f t e r  being uprooted o r  cut,  a s  some of them w i l l  w i l t  very readily.  Wilted 
material  i s  l i ke ly  t o  be worse than useless, Extra specimens of de l ica te  
flowers should be taken and careful ly  pressed between small folds  of news- 
pr in t ,  b lot t ing paper, o r  cellophane, and these included i n  t he  folder  with 
the plant.  The press should be kept strapped t i g h t l y  whenever specimens 
a r e  not ac tua l ly  being inserted,. 

In  selecting examples o r  par t s  of t h e  plants f o r  pressing, t h e  
f a c t  should be borne i n  mind t h a t  t h e  purpose of t h e  preparation' i s  t o  
represent t h e  par t icu la r  l oca l  population t h a t  i s  being sampled. Between 
t h e  pieces collected and the notes tha t  accompany them, it should be 
possible t o  describe t h e  plant and t o  know i t s  range of variation.  This 
means col lect ing vegetative, flowering, and f r u i t i n g  material, i f  available, 
herbaceous plants with roots o r  rhizomes, and enough specimens t o  show the  
range of var ia t ion,  Duplicates enough t o  deposit i n  several  herbaria 
should be taken. Collectors on Atoll  Program expeditions should secure 
a f u l l  s e t  of specimens f o r  t h e U ,  S.. National Herbarium, one f o r  t h e  B. P, 
Bishop Museum, one t o  be submi%ted' f o r  ident i f icat ion,  besides whatever 
t h e  col lector  wishes t o  r e t a i n  f o r  himself or  h i s  ins t i tu t ion .  

A f t e r  the  material  has been i n  press f o r  some hours, long enough t o  
have l o s t  any sp r ing ines s , a  solution of equal par t s  formaldehyde, alcohol, 

, and water should be applied w i t h  a small paint  o r  varnish brush. I f  the  
plants  a r e  del icate ,  t h e  solution may be brushed on t h e  outside. of t he  folder ,  
otherwise d i r ec t ly  on t h e  plant, This k i l l s  t h e  t i s sues  immediately, prevents 
d i sa r t icu la t ion  and mold, and fenders even f leshy plants  easy t o  dry. They 
may be restrapped f o r  some hours o r  overnight, t o  allow the f o r d i n  t o  
penetrate thoroughly before they a re  dried,  I f  it i s  not convenient t o  dry 
them a t  once a f t e r  t h i s ,  they' may be t i e d  i n  t i g h t  bundles and kept f o r  
several  weeks with no damage before drying. This i s  of ten a great  con- 
venience, a s  it permits doing a l l '  t he  drying a t  a cen t r a l  base camp where 
much be t t e r  f a c i l i t i e s  maybe s e t  up. 

* / a  



Drying should always be done by a r t i f i c i a l  heat. A s  a source of heat 
e l e c t r i c i t y  i s  the  best ,  but i s  r a r e ly  avai lable  on a t o l l s .  I f  it should be avail- 
able,  several  porcelain sockets screwed onto a board, provided with strong l i g h t  
bulbs or  c o i l s  from re f l ec to r  type bathroom heaters  make a good heating element. 
I f  not, kerosene is next best .  Small flat-wick stoves, such a s  t he  Harper "Beatrice", 
o r  ordinary lanterns,  i f  enough a re  used, a r e  pract ical  means of burning kerosene. 
Round-wick Perfection-type stoves, i f  small enough t o  be portable, are  good, but 
must be equipped with a spreader, or  p l a t e  of sheet metal, t o  keep the  heat from 
being concentrated on one spot and causing a f i r e .  Portable gasoline stoves may be 
used, but are  dangerous. 

The heating element should be put i n  a box just  wide enough f o r  the  ends 
of t he  press t o  r e s t  on its sides. The top  should be covered with wire ne t t ing  t o  
prevent s t raps  from f a l l i n g  i n  and causing f i r e s .  The box should be open d o n g  the  
s ides  a t  t he  bottom t o  l e t  i n  a i r ,  and should be about t h i r t y  inches high, t o  keep 
the plants  f a r  enough from the  heat and t o  be of a convenient height f o r  working. 

I f  corrugated cardboard vent i la tors  a r e  used, they may be a l ternated 
d i r ec t ly  with t he  newsprint folders containing the  plants,  building up a s t a c k u p t o  
two f ee t  high, which i s  then strapped between two s t i f f  press frames o r  boards, t he  
s t raps  being tightened a s  t i g h t l y  a s  possible t o  apply pressure while drying i s  
taking place. I f  t he  much superior corrugated aluminum vent i la tors  a r e  used, the  
folder  should be placed between two f e l t  d r i e r s  (b lo t t e r s ) ,  and these a l ternated 
with the aluminum sheets,  and t i e d  i n t o  a press t he  same a s  described above. The 
press,  strapped up, should then be l a i d  on t h e  heat box with the s ide down so that  
the  corrugations conduct t h e  heated a i r  v e r t i c a l l y  up through the press, evaporating 
of f  t he  moisture absorbed by the  d r i e r s .  

r . . 
For most a t o l l  plants, t h e  press  -should.be heated about forty-eight hours;. 

During t h i s  time it is  best  t o  tu rn  it over a number of times, and i f  the  s t raps .  
loosen they should be tightened. Then i t  should be opened and each specimen .. 

examined, f e l t  with t h e  finger-t ips t o  see  i f  it is dry  and c r i sp  t o  t h e  touch.: .The':., 
. . . . .  dry ones a r e  removed, t h e  r e s t  strapped up again, and dr ied some more. : . . ~. 

Adequate notes a r e  absolut,ely . esse ,n t ia l  i f  t he  specimens a re  t o  be o f .  
any value. These a r e  best  writ ten i n  i stiff-covered bound notebook, in:a  numbered' 
se r ies ,  with a number t o  corre'spond t j i th each specimen and i t s  .duplicates. T h i s  ' 

number i s  writ ten,  preferably i n  soft pencil ,  on t h e  newsprint. . . folder,  i d e n t i c d l y  
fo r  each duplica,te..  Numbers should be la rge  and eas i ly  seen. ' 1 t : i s b e s t  t o  use.une 
s ingle  s e r i e s  during the  whole l i fe t ime of a col lector .    his 'avoids confusion. Any 
separate f r u i t  o r  seed specimens should bear t he  same number a s  t he  he rba r ium.?  
specimen from the same t r e e .  . . . .  . . (  

. . 
Information recorded shoul.d.include n o t e s o n  the habi ta t ,  place and ' ' . . 

abundance i n  vegetation, substratum i n  which it: i s  growing; descriptions of any :.:: : 
features  t h a t  may not show i n  t he  dried. s$ecimen,. such as  habi t  of growth, size!,. . '  : 
color of flowers and other par t s ,yaxy  bloom; shape and consistency of fleshy!fruit&, 
odor of flowers and other par ts ,  ' if any; vernacular name and native uses, recorded . . '  

d i r ec t ly  from nat ive informants o r  observation i n  connection with t he  actual  
specimen collected, not taken from books or  :hearsay, a r e  of great  interest. 



. . 
After t h e  plants  a r e  dry and removed f mm t h e  press, they should 

be t i e d  t i g h t l y  i n  bqndlks about three inches th ick  between s t i f f  cardboards 
t he  s i z e  of t he  folders'. . A s  long. a s  these bund1.e~ a re  kept t i g h t l y  t i e d ,  
tlie specimens can be handled with l i t t l e  f e a r  of damage. For storage o r  

.' shipment t h e  bundles should be wrapped i n  tar-paper or  other waterproof 
paper, with a small handful of para-dichlorbenzene o r  napthalene i n  each. 
For shipping by f re igh t  these should be packed t i g h t l y  i n  subs tan t ia l  
wooden packing cases. They may be shipped by parcel  post i n  cardboard 
cartons of t h e  type tha t  canned goods come in ,  those f o r  no. 10, no. 2 1/2, 
o r  f o r  t a l l  evaporated milk cans being about i the  r igh t  size.  I f  time i s  
avai lable  it i s  well  t o  arrange the folders: i n  numerical order, a l l  those 
of one number being slipped inside one folder ,  and the  range of numbers i n  
each bundle should b e  indicated on t h e  outs ide of t h e  package. 

Although there  a r e  n o  quarantine regulations against herbarium 
material, it is always best t o  secure a permit t o  import specimens f romthe  

. .. U. S. Bureau of Entomology and Plant Quarantine, o r  t o  ship t h e  material  t o  
, 

a n i n s t i t u t i o n  t h a t  has,;:such a permit. It i s  also well t o  take advantage 
of 'any f a c i l i t i e s  f o r  . .  fumigation . of material  t o  destroy insects  t h a t  might 
damage t h e  specimens. .. 

2. Special  ins t ruct ions  f o r  d i f f i c u l t  genera which may be encountered, 
o r  those needing peculiar techniques: 

a .   anda anus, For species l i l ~ l y  t o  be found on a t o l l s ,  a s ing le  
representative l e a f j  folded several  t i m e s ' s o . t h a t  it w i l l  f i t  i n  t h e  press, 
with two o r  th ree  phalanges o r  segments of the  f r u i t i n g  head, preferably taken 

. . from the  middle ra ther  than t h e  ends of the  head. These should be dipped i n  
t h e  formaldehyde mixture, then put i n  small gauze o r  c loth ,bags with a labe l  
inside,  bearing the number. The bags must be spread out and dr ied thoroughly 
before s tor ing,  I f  b a g s a r e  not available,  t h e  phalanges may be wrapped i n  
a package of newsprint, but t h i s  i s  l i k e l y  t o  t e a r  open. A photograph of t h e  
t r e e  and one of a f ru i t i ng  head a r e  valuable addit ions.  to  t he  specimen. Ripe 
f r u i t s  should be selected i f  possible; i f  not, t h e  f ac t  t h a t  they a re  
immature should be noted, Staminate panicles may be dried a s  with any other 
plant,  . . 

b, Portulac_a, These should, i f  possible, be collected i n  t h e  
morning while t he  flowers a r e  open. It. i s  es,sential t o  count t h e  number of 
stamens i n  t h e  flowers, and note it down, a s  it i s  d i f f i c u l t  t o  open them up 
a f t e r  they a r e  dried,  Secure t he  tubers i n  tuberous-rooted species,, Formalde- 
hyde i s  especial ly  necessaiy for  Portulaca,:as it i s  very fleshy and con- 
t inues t o g r o w  while being dried, otherwise, Instead of formaldehyde, t h e  
plants maybe dipped, momentarily, i n  boil ing water. 

!. .. . . . .. . . . 

.; : , c ,  Barrinpt-, ~ c h r o s i a ,  : ~ e r b e r a ,  and others with la rge  f r u i t s ,  
The f r&s  should be collected separatelv,  but from the same t r e e  a s  t h e  r e s t  
of t h e  .specimen, created with f o r & l d & h ~ G ,  dried,  and placed i n  a gauze bag 
with -a l a b e l  bearing t h e  number, Especial note should be made of t h e  way t h e  
f r u i t  i s  attached, i ts  position, color, texture,  etc. . ~ . . . . . . ... 

.. , .. . . J c  
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. . 
. . , .,.. d. . Co.conut., ' r~h&kd,'.is. .n&sat i s f ic tory  way 'for: routine col lect ing 

. . of coconut palms.,..,. A photog$aph of the ' tre?, .  ,w+th a s e c t i o n  from t h e  center 
? .  of t h e  :rachi.s of a. 'leaf.5 '&th two oorthrg' " ae  att&ihed"and folded, and 

. . notes , . . i s  about t h e  best' t ~ a t  i s  usual1 i ca l .  A br$nch..of a flowering 
. . . .  ' 'in'florescence i s  a :welcome' . ....... , . .  

s i l y  avai'&;ible.. 
. . . . .  . . .  . . . , . . . .  . . 

- : .e ,  Sesuvium. I o know i f  the  leaves a r e  
.glossy o r  du l l ,  t h e -  co10r~of  the.st8ms -and the flowers, i f  t he  leaves a r e  

, t e r e t e  or  fiatteAed, . held erect  o r ,  ho r i zo i t i l .  . . .  
, . , .  . 

. . . . .  . . 
f ,  ' C y r t o s p e ~  and similar aroid's, : :Search should be made for  

flowering plants,  and. i f  they a re  available,,: t h e  flowering s t a l k  should be 
collected, -well'doused with  formaldehyde Solution, one s i d e  s p l i t  off ,  The 
s t a l k  may be s p l i t  t o  f a c i l i t a t e  drying, a l sq  the  pettole'  of the  leaf ,  of 
which only one-half i s  necessary. Careful notes.should bemade a s  t o  how 
the.,blade is  held,on t h e  pe t io le  (erect ,  pend6&, e t c , ) ,  glaucousness, 

' p r i ck l ines s , .  . , gloss, color of spathe, pet iole ,  e tq .  : Photographs a r e  valuable 
and 'easy t o  make. . . . . 

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

g.  readf fruit. An average ' leaf  or.,bq.anch t i p  with a t i l e a s t  
... . .  - . , '  one ' leaf ,  with a sketch of t h e  shape of. t h e  :f$Zb a piece of : i ts  rind,  and 

seeds i f  any, a r e  suf f ic ien t .  I f  staxinatk amen& a r e  ava i lab le  they should 
. . . . .  , . 'I be included. .... . . . .  : .  

. . . .  : . . .  . . .  .. i . . . . .  , . .  
. . : These q?y de .is ' k t h a t i j .  otki& plant,  d r  nierely :collected 

. .  i n  paper bags, numbered. and  alloGed to. 'dry... . . .  . . .  :. . . . '  ' 
. . . . .  ... . . .  . . .  ... . . . . . . 4* Freshwater algaa,:diatoms, e tc .  ., 

, Most, of these.  may b e c o l l e c t e d  by spreading out t h e  scum, or  t h e  
s l i qy  o r  leathery mass, on news?rint, placing t h i s t i n t h e  sun, weighted down 

. .  : .with stones, and allowing it t o  dry.. ( ~ e e , s ~ e c i a . l  section 'bel.ow,). 
. ~ :  

.. . . .  . . . . . .  . . . . . . . . . .  . . , , . . . . .  . Paras i t i c  forms ktithout f lesh3  f ru i t i pg  bodies a r e  preserve&by 
.' pressing an6 dry'ieg. t h e  host, as. d&:r.ib@d f 6 r  vascular: giants. Hmd, woody 
idr ixidurate f r u i t i n g  bodies a r e  simply placed i n  paper bags, , (For other 

. . . .  .foMs, requiring' spec i a l  techniques, see  sect ions  below.) . , ' ; ... . . .  .. , , 
, . . % . .  " .  . . , i .  .., 

. depends upon the  s o f t  o f .  informatiori desiied from them, Microscopic 
I . s tn ic ture  can be determined' from a very small piece of wood, while f u l l  

engineering t e s t s  demand large logs which a r e  ord inar i ly  impractical t o  
co l lec t  on an ordinary expedition. Although a few general  di rect ions  may 
be given here, i f  any extensive investigation of timber properties i s  in- 
tended, previous correspondence should be had with the laboratory which is 
t o  do t h e  tes t ing .  Wood-testing: par t icu la r ly  of so-called "engineering 
propertiest1,  i s  an expensive procedure, and, unless previous arrangements 
have been made t o  have t h e  t e s t s  made or unless funds are  cer ta inly available,  
much e f fo r t  i s  l i k e l y  to  be wasted. 

*/* 



Size of samples collected w i l l ,  undoubtedly, be  determined by t h e  
p rac t i ca l  matte? of available transportation.  I f  it i s  not p rac t ica l  t o  
col lect  samples of more than a few ounces weight, s t ruc tu ra l  p r o p e ~ t i e s  .,: 
based on microscopic ex&iinatioli,%and macroscopic physica.1 charac te r i s t ics  
determined by inspecion a r e t a l l  t h a t  can b e  determhed. The f a c t  t h a t  should 
be borne iri mind i s  t h a t  charac te r i s t ics  of wood from the  trunk of a t r e e  
d i f f e r  s ign i f ican t ly  from those of branch wood. Trunk wood should always be 
selected,; prefelvabiy from c l ea r  portions of t h e  trunk, f r e e  from knots, 
bends, diseased or  injured wood, o r  worm-holes. I f  a very small piece, only, 
can b e  collected,  then a portion of  heart-wood, midway between the  center 
and the  sap-wood should be taken. A be t t e r  sample i s  a -  plank-shaped o r  
pie-shaped section,  a t  l e a s t  an inch th i ck  and a foot long, running i n  
width from the  center t o  t h e  outside of t he  tree-tmnk. Seasoning of such 
small pieces does not usua.11:. cause diff$ahl t ies ,  but they should be exposed 
t o  dry a i r  on a l l  sides,  o r  turned frequently. 

: .  

Dehsity i s  a property of wood from which estimates o r  approximations 
of cer ta in  other valuable properties may be obtained. If there  i s  serious 
i n t e r e s t  i n  t h e  economic properties.  of .woods,- the  minimum t e s t  t h a t  is of value 
i s  a measurement of the  density. Dimensions of minimum samples for  determi-. 
nation of density are  contained i n  t h e  following quotation, which is from 
a l e t t e r  from t h e  Director of the Forest P r d u c t s  Laboratory of t he  U. S . .  
Forest Service dated March 13, 1953: 

. .  . . . i. : 

"Phe S n i m m  sample s i ze  f o r  . specif ic  gravi ty  and shrinkage de&minations 
depends upon the  diameter of t he  log, t he  presence of knots o r  other defects,  
charac te r i s t ics .o f  grain, and t h e  l i ke .  I n  general it i i s  
preferable t o  obtain sample sections from l iv ing  t r ee s  t h a t  a r e  f reshly cut 
i n  order t o  be sure t h a t  Chey s t ay  green during t r a n s i t  and t o  minimize s t a i n  
and decay. Only heartwood of dead timber would be sound. It i s  desirable t o  
secure sections from a reasonably uniform height i n  t h e  t r e e ,  say 10 t o  16 
f e e t  above th'e ground ( f o r b e t t e r  comparison among species and with data i n  
Tech. Bull. 479 where samples ord inar i ly  represent the,  8 t o  16 foot height). 
The section should preferably represent t h e  f u l l  cross section except.in 
la rge  t r e e s  where shipping costs of a f u l l  sect ion become excessive, It i s  
d i f f i c u l t  t o  l ay  down hard and f a s t  rules  but, i n  general, i f  t he  diameter i s  
12  inches o r  more a section 12 t o  1 5  inches i n  length should suff ice .  For 
t r e e s  s k l l e r  than 12  inches i n  diameter we would prefer  longer sections,  
say 18 inches i n  length down t o  about 8-inch diameter, and not l e s s  than 2 
f ee t  i n  length i f  l e s s  than 8 inches i n  diameter. The ends of t he  t r e e  
sections shouldbe  coated promptly a f t e r  t he  section i s  cut, preferably with 
not l e s s  than 2 coats of aluminum paint  o r  a heavy coating of asphalt  paint ,  
I f  coating cannot be applied the  sections should be increased i n  length 
t o  provide not l e s s  than a b i n c h  cut off  a t  each end upon a r r i v a l  a t  t h e  
Laboratory. 

While such provisions may appear somewhat rigorous, we have seen 
many instances where sample sections were of l i t t l e  use because of drying, 
checking, and decay when proper precautions were not taken, and t h e  r e su l t s  
of t e s t s  on such material  are,  t o  s a ~ t h e  l e a s t ,  subject  t o  a great  dea l  of 
question. it 



. .  . 

111. Directions f o r  Collectina Information on Varieties of Economic Plants  
. . .  

. . 
. . 

A number of t h e  most important economic plants i n  t h e  a t o l l  groups 
, , 

have pro l i fe ra ted  in to  se r ies  of '  horticu&&al var ie t ies .  Of these very 
l i t t l e  is known, and w h a t i s  known's not adequately backed up by specimens. 
More information should be collected, arid an expeditionwhere an anthro- 
pologist  is .present .provides.an idea l  opportunity t o  do t h i s .  H i s  co- 
operation should be sought and. rhade use of, '  both i n  dealing with the natives 
and i n  cross-checking information. The r e s u l t s  should b e  of ' equa l  i n t e r e s t  
t o  him and t o  t h e  botanist .  

Brief direct ions  a s  t o  what i s  needed f o r  t h e  principal groups of 
plants  follow: 

1. Pandanus. Varieties d i f f e r  i n  s i z e  and shape of f ru i t i ng  head, 
sculptur ing & d i s t a l  end of phalanges, number and arrangements of s ty les ,  
s i z e  and f leshiness  of base, juiciness, sweetness, f lavor,  and i r r i t a t i n g  
qua l i t i e s  of f lesh ,  prickliness of leaves, toughness, p l i ab i l i t y ,  and other  
weaving qua l i t i e s  of leaves .' The f i r s t  half  dozen of these fe.atures w i l l  
be shown by the.herbarium specimens. The features  of t h e  f lesh  must be 
found by t rying them, and by asking the  nat ives  1 opinions. The -natives must 
be consulted as t o  u t i l i t a r i a n  qua l i t i e s  of leaves, a l so  on use made of 
f r u i t s .  These may be eaten raw or  used i n  several  preserved forms. Native 
names should be secured, a s  well  as  any information avai lable  on ori&,n of 
t h e  v a r i e t i e s j  how propagated, whether t h e y  come t r u e  from seed,, etc.  A l l  
of t h i s  information should be carefully'a$s&iated with specimens. 

, , 

2. Coconut. Varieties d i f f e r  i n  s ize ,  shape, color of nuts, number 
& . a  c luster ,  f l avor  of water, thickness o f  meat, e d i b i l i t y o f  husks,  and^ 
perhaps other ~ h a r a c ~ e r s .  Very l i t t l e  i s  known cf these var ie t ies .  Con- 
siderable ins t ruc t ion  w i l l  be neede3 from the  natives before any understanding 
w i l l  be gained. It. i s  of especial  i n t e r e s t  t o  know i f  these 'are, .really 
characters of f ixed var ie t ies ,  or  'if they a re  mere3,y characters t h a t  
segregate independently. Do the  characters have names, o r  t he  individual. 
t rees ,  'or general types of t rees;  o r  ac tua l  var ie t ies?  What a r e  t h e  
d i f f e r ewes  i n  uses of each? Origin? 

. . 
3. . Cyrtosperma, The tangible  differences heke a re  i n  color and prick- 

l i nes s  of pet ioles  and peduncles; Perhaps there  a r e  differences i n  edible 
qua l i t i es ,  o r  cu l tura l  character is t ics .  ~ o t a n i c a l  specimens.with notes w i l l  

<show prickl iness  and color: These must be 'correlated, i f  possible, with other 
features. Names. Origins.  Seasons. Do not confuse with Alocasia. 

. . . . . . ,  . .  

I +  Colocasia. Taro var ie t ies  d i f f e r  i n  s ta ture ,  number of leaves 
f u l l y  open, shape of blade, color of pe t io le ,  veins, and blade, color and 
arrangement of tubers, ;edible qua l i t i es ,  cu l tura l  charac te r i s t icsd  Names.. 
Origins. Seasons. .. . . . . 

5. Alocasia. Possibly two v a r i e t i e s  o r  species, one with green 
petioles,  t h e  other with purple. Differ i n  s ta ture .  Possibly va r i e t i e s  with- 
i n  these, d i f f e r ing  in edible qual i t ies .  Determine i f  actual ly  eaten, i f  
any way t o  prepare t o  get r i d  of ac r id  qua l i t i es ,  under what circumstances 
eaten, i f  ac tua l ly  cult ivated,  names, origins.  Do not tas te .  



6 .  Breadfruit,  Many var ie t ies ,  i n  two main se r ies ,  d i f fe r ing  i n  
being seedless o r  with seeds, Varieties d i f f e r  i n  leaf  outl ine,  size,  
shape, and surface of f r u i t ;  edible qua l i t i es ,  whether can be eaten raw, 
o r  only cooked, f lavor;  season of bearing, i f  f r u i t  i s  preserved i n  any 
way for  off-season. Evidence par t icu la r ly  desirable  as  t o  whether seed 
t r e e s  a r e  ever f e r t i l i z e d  by pollen from seedless, whether two species 
were or iginal ly  present, one e n t i r e  leafed and seedy, other incised leafed 
and seedless, now mixed by hybridization. Origin of va r i e t i e s .  Names. 
Place i n  econony of natives. 

7. m. Careful watch should be made f o r  v a r i e t a l  differences. 
Extent of use and modes of preparation, a s  wel l  as  whether ac tua l ly  planted 
o r  cult ivated should be determined. 

8 Other economic plants. Notes should be taken, with spechens,  
indicating cul t ivat ion o r  use of any species of plants  t h a t  i n  any way enter 
i n t o  t he  native culture,  past  o r  present. This should preferably be done i n  
close cooperation with an anthropologist. Information gained local ly ,  
e i t he r  from native informants o r  from missionaries or  other white residents 
should be careful ly  ver i f ied  from independent sources before being accepted 
a s  fac t ,  



I V .  List ,  of ~~urniek. f o r  Collecting Plants on a Cm'&l.,.4t.~.I& 

1 , 200 corrugated aluminum sheets  o r  t tventi lators ' t ,  12  x 17. . .. , . .  . 
,: . inches. The corrugationsshould not be over I cm. wide, . . .  . 

and.must ., . run t ransversal ly  ra ther  than longitudinally. 
. . .  .,,:;, 

2, 400 f e l t  d r i e r s  o r  tlblotters!, sheets oP deadening f e l t .  ::.. ' 

12 K 17 inches. ( I f  aluminum vent i la tors  are  not available,  . . 
500 hard f in i sh  double-faced corrugated cardboard sheets, 

, . 12  x 17 inches, w i l l  do i n  place of both d r i e r s  and venti lators.)  

Newsprint, folded in to  quires 17 x 12 inches, o r  newspapers 
with the folded end torn  of f  so as  t o  make quires of t h i s  s ize ,  
Enough f o r  1500 or  2000 folders  should be enough f o r  a season 
on an a t o l l ,  depending, of course, on the  number of duplicates 
t o  be collected.  An a t o l l  may be expected t o  have between 
75 and 150 species, some of which w i l l  have t o  be collected 
more than once, 

100 sheets of s t i f f  cardboard, 12  x 17 inches, fo r  tying bundles. 

Several cones of t he  heaviest butcher's twine. 

A r o l l  of waterproof paper. 

Five pa i r s  of wooden press frames o r  boards, 12 x 17 inches. 

Five pa i r s  of 9 foot two-inch webbing trunk s t raps ,  

Five pairs  of 12 x 17 inch sheets of beaver-board o r  other very 
heavy cardboard f o r  f i e l d  presses. 

Five pa i r s  of o i l c lo th  envelopes just  l a rge  enough t o  s l i p  t h e  
sheets of beaver-board ins ide  of, with a f l a p  and snaps. 

Five pa i r s  of four  o r  six-foot, one-inch webbing trunk straps. 

Two gallons 4C% commercial formaldehyde. 

Two gallons of 95% e thyl  alcohol. 

Three 1-inch or  1 1/2-inch paint  brushes, 

Ten lbs. para-dichlorbenzene. 

10 yards of gauze. 

100 medium sized paper bags. 

Three Harper "Beatrice" flat-wick kerosene stoves, o r  equivalent, 
o r  six ordinary kerosene barnyard lanterns.  Extra wicks. 



19. Coleman lantern, extra  mantles and generator. 

20. Two sixteen-inch o r  eighteen-inch Collins machetes, 

21. Two pa i r s  small clippers. 

22, Two boy scout knives. 

23. 200 shipping tags. 

24. Five bo t t les  insect  repellent. 

25. iiecord books, fountain pen, s t e e l  pens, permanent ink (Parker 
5 1  pen and ink a r e  good, as  t h e  ink d r i e s  very rapidly), b lo t te rs .  

26. Soft  pencils, 

27. Small chest o r  foot-locker with lock i n  good order, f o r  notebooks 
and other valuables, 

28. Piece of chick wire 2 x 6 f ee t .  

29. 5 yards of white muslin. 

30. Waterproof matchbox o r  l i gh t e r  t h a t  works. 

31. 2 o r  more 1 or  2 gallon t i n s  with spouts, fo r  kerosene and 
gasoline, f o r  f i l l i n g  stoves and lanterns,  

32. One drum of kerosene. 

3 3 .  One drum of white (unleaded) gasoline, t o  be used f o r  cooking 
a s  wel l  a s  f o r  l igh t .  
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. . 

Fungi pa ra s i t i c  on leaves o r  other plant pa r t s  a r e  almost en t i r e ly  
unrecorded from a t o l l s .  Mawof  theseoccur  a s  o r  i n  leaf-spots; t h e  fungus 
f ruc t i f i ca t ion  may be a super f ic ia l  pustule o r  an embedded f r u i t i n g  chamber 
(peritheciun o r  pycnidium), often surrounded -by, a dead or discolored area 
of t he  leaf .  The d is t inc t ion  between infected leaves and those merely 
damaged by insec ts  or  mechanical in jury  i s  not always easy i n  t he  f i e ld .  
of ten close '  inspection by a hand-lens is necessasy t o  rev$al:>the f ruc t i f ica t ion ;  
and even then the  os t io l e  of a pycnidium may appear a s  rio'f0dre. t h a q a  
brownish, o r  blackish f leck in :  a discolored are+ Other parasites?i:the 

. ,,: sooty molds, ~y form wide;spyead blackish incr,ustations. ~ c c a s i o n a l l y  a 
. fi.angus ( s u c h  ,as t h e  &owny mildew on Foerhavia) %uses marked distor.tion of . . .  

' '  

t h  host. A l l  parasi tes  on herbaceous plant-parts a r e  t reated as t h e  
host alone would be-- t h a t  is, pressed, preferably along with .suff ic ient  

.. host material  t o  confirm t h e  iden t i f ica t ion .  ~f . t h e . l a t t e r .  Parasit ized 
woody par ts .  a r e  dr ied without pressing, Slabs cut from a s t e m  w i l l  dry 
more quickly than sections of t he  entire.stem, and since the:fungus 

. . f ruc t i f ica t ions  a r e ' n6 t  apt t o  be deep, a r e  jus t  a s  useful a s -  l a rger  pieces. 
!here there .can be any question of t h e  iden t i fy  of t h e  host, material  
suff ic ient '  f o r  iden t i f ica t ion  should be pressed t o  accompany~woodjr , - .  specimens. 

. . . . . . . . 

Alkhough the  spec i f ic  i den t i t y  of the.  substra t?  bf no;-$ar&itic 
fungi i s ' o f  l e s s  importance, it should wherever possible, be noted. Such 
fungi oc&$ on s o i l  (but not so comnion.lg: as. i n  temperate regiorp) , o n  dung, 
and on dead plant material, including worked wood and fiber' .  'Standing t r e e s  
. o r  stumps', f a l l e n  logs (a  r i ch  and:.hCeqtis\ing; source of fungi), accumulations 

.'.' of dead vegetation on the ground and cespeoi'a&ly i n  trash-pets-all serve 
a s  substra ta ,  f o r  saprobic fungi an(i.should be examined. . Fung ia re  apt  t o  

.'" be present although not . v i s ib l e  in-.so jls and,  humus of the - . f i rs t  shrub-zone 
' of t h e  tipper beach, of forested area$:and of th:e wet p i t s  planted t o  

~ y r t o s ~ e r m a  and b i n h a ;  samples :of :.so51, . :qd , .a f  -dung, thoroughly dk ied  and 
wrapped so a s  t o  minimize contamination, can serve a s  a source of cul tures  
,of such fungi a s  mucors and water-molds even a f t e r  months o r  yea&. . :  . .  . . ,  , ..,., ' :. :,,>. . ' ' . . . . .  . . ;, ... 

? : . . .  
,i : :  

Myx6niycetes .,The fructificatiopa;:r,&semble minute puffballs  . o r  stalked 
@lobes o r  eggs, o r  may'be s e s s i l e  and~.e'f~used.. '~ They a r e  extremely f rag i le ;  !. 
and although usable specimens may ,be kept i n  .p.aper packets,: t he  usual and be t t e r  

' ' &actice i s  t o  kedge .or pin portions of . the i r .  s u b s t r i t h  i n to  thG' t ray  of a 
p;eFy match-box o r  sitnil&r small. box.. Yponlycetes are  found on decaying 
plant , debr i s  and '@ti stumps .and logs, o r  gometimes,.on sound' t r e e s ' o r  wood where . . . .  . . 

. .  they have migrace& to .  f r u i t  . . .  . . . . . , .. . . * ' ,  
, . 

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

, . . , . ., PhWomvcet:&. Most .forms wiil- be inv is ib le ,  and must' be ....... i&ated by 
' ' ' .culture methods f mid o r  s o i l .  samples. , One is  known ag a,:syst.emic 

paras i te  of BoerhatiiB; o t h e r  such.downy .mildews may. hq\:g.our& , .. ,:) ..@&<ziella 
.forms hollow red f leshy  f ruc t i f ica t ions ,  up t o  2 inches across, 5% t r a s h  
on the  ground. I f  t i t  i+found;t.he exact color of l i$ng .specimens should 

' be noted. A :piece d f  pBinted paper, such as-  a cigarett;e. package,,..will . . .  serve 
. . .  . . . . .  a s  a color-standard. ' ' ' , . . . . . .  . 

, , . . - . .  , , . . . ! . . . .  : . . . . . . . . . . . : . . .  ... . . .  . . . . .  . . . . . . .  . . . . . - . .  . . .  . :  . . . . . .  i ;. ,. ::;.;: -.: . .A. . < .  ,. . , .  . . .  . .  ,. . :..., . .  . . . . : .  . 
. , . . . .  : . . .  :... ,, ( " . .  . . .  . . .  . . . . . . . . .  I . , .  . . . ,  , . :  
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Ascorwcetes. Nany leaf-spot fungi belong here. In addition, 
some saprobes w i l l  be found. Cup-fungi occur on s o i l  o r  dead wood, and 
may occur a l so  on dead herbag&. They a r e  firm enough t o  be dried readily. 
Pyrenomycetes, hard-fleshy t o  woody o r  carbonaceous growths, sometimes 
bright-colored but often coal-black, develop especial ly  on dead wood. Some 
a r e  minute and mammiform; many a r e  embedded i n  t he  substratum, with only 
t h e  o s t io l e  o r  beak of t h e  perithecium protruding; others form encrusting 
layers  o r  large nodular t o  club- o r  ant ler- l ike  growths. Readily dried. 

. . 
Basidiomycetes, For. the sa t i s fac tory  iden t i f ica t ion  of most 

Hymenonycetes (those Basidiomycetes with exposed f r u i t i n g  surfaces) a 
spore-print i s  of considerable use, although for  m o s t i t  i s  not of c r i t i c a l  
importance. To secure a spore-print t h e  fruiting-bodyshould be placed, 
f e r t i l e  (usually lower) surface down, on a piece of white -paper, and unless 
the:;atmosphere i s  near ly 'sa turated,  covered with something such a s  an inverted 
tumbler o r  empty can t h a t  w i l l  prevent drying out of t h e  specimen before 
spores have been deposited. I f  black paper i s  avai lable ,  such as  t h a t  in 
which photographic f i lm  is packed, a par t  of t h e  specimens may be placed 
over white paper and par t  over black. The color of t h e  spores can be 
learned (and should be noted from the f resh  p r in t )  from the  deposit on.white 
paper; the  black w i l l  show whether spores have been shed. A microscope' 
s l i d e  w i l l  do a s  wel l  a s  t h e  paper. The spore-p*int i s  dr ied and f i r ed  with 
t he  specimen. I f  t h e  weather i s  very wet, o r  i f  only a s ingle  specimen of 
a f leshy fung'us i s  available,  spore-printing may destroy t h e  specimen, and 
it i s  then be t t e r  t o  do without t h e  pr int .  Twenty-four hours should be time 
enough t o  secure a good pr in t ,  i f  t h e  material  i s  going t o  y i e ld  one a t  a l l .  

Most l a rger  fungi,  including nearly a l l  Basidiomycetes, should be 
wrapped when gathered i n  pieces of newspaper, 6ne col lect ion t o  a packet. A s  
soon as  possible t h e  packets should be opened and the specimens spread f o r  
drying, on a f l a t  roof, t ab le ,  o r  sandy area, i f  t h e  atmosphere w i l l  dry the 
material, o r  above an a r t i f i c i a l  source of heat i f  t h a t  i s  necessary. Fleshy 
specimens need quick drying; woody ones a r e  useful even i f  conditions f o r  
preparation a r e  poor, 

The jelly-fungi (Tremellales) may be ear-like and hairy  on t h e  
s t e r i l e  surface ( ~ u r i c u l a r i a ) ,  jel ly-l ike and translucent (Tremella), o r  
only a mucous o r  gelatinous layer on a dead log (Sebacina). Spore-prints 
a r e  desirable,  but the  basidia  t h a t  produce the spores a r e  of greater  
importance for  subsequent study, and i f  the  specimen i s  held a day f o r  a 
spore-print and then too slowly dried the  basidia  may nearly a l l  have dis- 
charged t h e i r  spores and disintegrated by the t ime drying i s  complete, 
It i s  often be t te r ,  therefore, t o  dry a pa r t  of a col lect ion a t  once, and 
to  use only a par t  fo r  a spore-print, I f  t h e  col lect ion i s  small, o r  a 
choice must be made, it i s  be t t e r  t o  secure.immediate drying. I f  the  heat 
i s  not so great  a s  t o  k i l l  t h e  fungus by cooking, a well-dried specimen can 
of ten be revived months l a t e r  and spores secured, 

Thegenus Septobasidium produces lichen-like growths on l iv ing  plant 
parts,  usually twigs o r  smooth bark. A very in te res t ing  lavender-gray' 
species has been found on Pandanus i n  t h e  Marshalls; one should be sought 
on Citrus twigs. The fungus i s  usually fe l t - l ike  i n  texture,  and under t h e  
lens  m a y  show three  layers  i n  section- a continuous basa l  l ayer  i n  contact 
with the bark, a l ayer  of p i l l a r s  and air-spaces, and a continous f ru i t i ng  



surface-- a11 i n  a thickness of one or  two millimeters. It i s  pa ra s i t i c  
on scale-insects which i n  t u rn  parasi t ize  t h e  host-plmt; and any collection 
of Septobasidium therefore presents a t r i p l e  problem i n  biogeography-- 
t h a t  of t h e  host-plant, t h e  insect ,  and t h e  fungus. This should be dried 
l i k e  any similar fungus; specimens i n  preservative a r e  aiso desirable. 

Thelephoraceae (and some Fungi Imperfecti which resemble them) and 
Hydnaceae may form films or  sheets  c losely applied t o  t h e  substratum 
(resupinate), o r  may be reflexed o r  occasionally f r ee  or  even stalked, 
The l a s t  family i s  characterized by a tuberculate or  toothed frui t ing-  
surfacs,  and t h e  other groups by a more o r  l e s s  even one. Even the most 
de l ica te  ones, which appear almost mold-like, a r e  worth collecting; these 
should not be spore-printed unless quick drying i s  possible, o r  unless a 
par t  of t h e  collection can be dr ied  a t  once and a par t  sacr i f iced f o r  t he  
pr in t ,  Unless the  f ruc t i f i ca t ions  a r e  s t i p i t a t e ,  a l l  should be collected 
with a slab or  generous fragment of the substratum, 

Polyporaceae may be shelf-like and leathery,  fleshy, o r  woody, o r  
may be resupinate l i k e  some of the  groups e a r l i e r  l i s t e d ;  a l l  have a f r u i t i n g  
surface marked by pores. They a re  ea s i ly  dried; t h e  resupinate ones should 
be pr inted i f  possible, even i f  t h i s  necessi ta tes  f i r s t  moistening t h e  
f ruc t i f i ca t ion  or soaking the  attached substratwn. 

Polyporaceae may be shelf- l ike  and leathery, fleshy, o r  woody, o r  
may be resupinate l i k e  some of the  groups e a r l i e r  l i s ted ;  a11 have a f ru i t i ng  
surface marked by pores. They a r e  ea s i ly  dried; t he  resupinate ones should be 
printed i f  possible, even i f  this necessi ta tes  f i r s t  moistening t h e  f ruct i -  
f i ca t ion  o r  soaking t h e  attached substratum. 

Agaricaceae, t h e  gill-fungi, w i l l  be  found both on dead wood and on 
t h e  s o i l ,  Some a r e  extremely f leshy  and decay very very quickly, and f o r  
these t h e  preparation of specimens w i l l  be  a race between t h e  d r i e r  and the 
processes of decay. The smaller, less fleshy species w i l l  r e t a in  t h e i r  form 
and tex ture  f a i r l y  well; but specimens of t h e  la rger  species a r e  usually 
worthless unless accompanied by notes showing color, attachment of g i l l s  
t o  cap, and presence o r  absence of a r ing  around the  s t a l k  and a cup f o r  
membrane a t  t h e  base. Color-notes a r e  des i rab le  f o r  a l l .  It i s  a l so  desirable  
t o  make a median longitudinal section of one or  two before drying. 

Gasterowcetes, t h e  puffbal ls  and stinkhorns, w i l l  probably be rarely 
found, but a r e  of considerable i n t e r e s t .  Puffballs  a r e  worthless except 
f o r  food unless t h e  spore-mass within has taken on i t s  charac te r i s t ic  deep 
color. Stinkhorns, which may have a simple columnar receptacle covered a t  
t he  t i p  with a s t icky  greenish spore-mass, o r  may have a number of f r e e  o r  
interwoven arms, a r e  great ly  sought by carrion f l i e s ,  and may have t o  be 
sprinkled with formaldehyde before drying o r  put a t  once i n  preservative. 

Rusts and smuts a r e  r a r e  on a t o l l  plants. I f  found they should be 
t r ea t ed  l i k e  leaf-spots. 

Lichens, As i s  generally known, these a r e  compound s t ructures  
composed of a weft of fungus threads i n  which a r e  embedded a l g a l  ce l l s .  I n  
moist areas  they a r e  qu i te  commo~ 0.1 trunks of trees--either crust-l ike 



forms or. roset tes ;  rock-incrusting species are  not  usual on a t o l l s .  Lichens 
a r e  a p t  t o  be whitish o r  grayish when dry; ra in  o r  a r t i f i c i a l  soaking usually 
shows up the green component and shows them to  be l ichens ra ther  than simply 
fungi. Specimens dry readily, and ord insr i ly  a r e  not much damaged by re- 
maining moist f o r  some time. They should be collected whenever found. 

lk'hether many of the a t o l l  p iants  are  mycorrhizal i s  not  known; informa- 
t ion on t h i s  point  ~ ~ o u l d  be of importance not only t o  mycologists but also t o  
the ecological understanding of  the vegetation. I f  s o i l  fungi a r e  found it 
would be well t o  note 8hsther they are  associated with par t icu la r  plant  species. 
If they are,  o r  perhaps in my casa, portions of the absorbing t i p s  of roots, 
held i n  preservative, should provide data on the mycorrhizal o r  non-mycorrhizal 
nature of the  plants. 



by F. K. Sporron 

Equipment needed,: Tablespoon; wlde-mouthed j a r  of 70% 'etl'lyl alcohol; 
2 oz. cardboard cylindrical  drug cartons,, 2.h" high by 1%" in  di- 
ameter; tape (adhesive o r  scotch). . . . . .  

Cnllecti-on method: Scrape axay topmust inch of  so i l ,  f i l l  carton with 
s o i l ,  using spoon, tape ca.rton shut, pencil collection data on box, 
sterilize spoon i n  alcohol.. 

It i s  be t te r  t o  co l lec t  only dry so i l s .  

Collection data: Locality, depth, any special features such as  proximity 
t o  beach, t i d e  line, etc. ,  date, collector.  



INSTRUCTIONS -WR COLLECTING ALGAE 

Algal forms of three categories should be sought in par t icular :  

1. Algae t h a t  are  prospectively important in the s t ructure  
of reefs,  in the f i i l i n g  of lagoons o r  i n  contributing 
to  the  sand of which the non-volcanic is lands a r e  formed; 

2.  Algae of use t o  the natives; 

3 .  Soi l  algae tha t  contribute t o  t h e  binding of the sand, 
humus f o n a t i o n ,  o r  nitrogen fixa.tion. 

Algae. cf the f i r s t  category should be sought on the reef. ,  encrusting 
coelenterates and rocks, o r  waving f r ee  i n  the water o r  on lagoon b3.ttoms. 
Algae of the second group-are t o  be obtained with the a i d  of l oca l  guidance 
a s  t o  names and uses. The algae of the l a s t .  category appear a s  strands, 
scums and crusts  t h a t v e r y  from elusive s t a in s  t o  tar- l ike  c rus t s  of various 
colors o r  black. They appearon sand, dead woo& or  51 pools,. both on dry 
land and i n  the water. Labels indicating, i n  these respects,  t he  ro les  of 
the d i f fe ren t  algae collected w i l l  great ly  enhance the value of the collec- 
t ion.  

There a r e  two methods of preservationrecommended. T k ~ e  simplest i s  
d r y i n g t h e  algae i n  the shade i n  clumps o r  spread on pape ro r l eaves .  Drying 
w i l l  be hastened-by the elevated temperatures a h v e  a heater (e. g. Coleman 
l m t e r n )  . \%en dry o r  near ly  so, the algae should .be  wrapped w i t h  t h e i r  l abe l s  
i n  bundles and packed so a s  t o  preventcrushing. The second and b e t t e r  method 
f o r  f i e l d  use i s  "pickling" i n  ten per cent fcrmalin i n  water, ten per cent sea 
water formalin. being used for marine-fonns.. llAlcoholic specimens" are  good. 

It i s  feas ib le  t o  s e t  as ide a can of four per cent formalin to  which, 
i n  the  course of other work, the d i f fe ren t  kinds can be added, a s  found, u n t i l  
it i s  f e l t  t ha t  a representative collection from the area has been obtained. 
Most phycologists working in  the Central Pac i f ic  recent ly  have sealed t h e i r  
specimens i n  t i n  cans with a can sealer,  a s  i n  the process of home canning. 
This method is great ly  superior t o  older f i e l d  methods, a s  it avoids breakage 
and leakage, and identifying marks painted o r  scratched on the can are  perma- 
nent. Algal herbarium specimens mounted on herbarium sheets o r  mica are, of 
course, most welcomed. 

P re~e rved  algae may be shipped mixed with other preserved materials 
such a s  f i s h  o r  invertebrates,  but take measures t o  prevent the 'ock-line 
cora l l ines  from crushing the more f r a g i l e  forms. I t  i s  desirable  but not 
e s sen t i a l  t h a t  the a lga l  col lect ions  be kept  separate. Again: The value of 
a col lect ion w i l l  be inestimably enhanced i f  l abe l s  v i i l i  include information 
r e l a t i v e  t o  the ro les  outl ined i n  the f i r s t  paragraph above, o r  information 
which w i l l  show c r i t i c a l  consideration of distr ibution.  
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SUGGESTIONS FOR COLLECTING MODERN AND FOSSIL CALCARMXJS ALGAE 

. .  . 
by 

. J ;  Hkrlan ~ohnson 

. . 

Calcareous algae a r e  those s?aweedi t h a t  deposit lime wiihin and 
a roma t h e i r  t i ssues .  They a r e  of i n t e r e s t  and importance because they 
a s s i s ' t i n  t he  formation of cora l  reefs  and of ten contribute appreciably . . 
t o  the  formation of limestolies, . . .... 

. . .. ,. . . ., 

I n t G e  .dp.&s.e, of geologid time, some ,members of mdst :of t h e  major . : 

groups of a l i a e  have developed the  a b i l i t y  $Q, s~cret.&.'Or deposit calcium 
carboxte .  I n  connection with s tudies  of t rou ica l  reefs .  however. onlv 
two nroum a r e  imuortant. t he  red c o r a l l h e  a i m e  and t h e  ereen ~odiackne. 

The red cora l l ine  algae include both crustose and a r t icu la ted  types. 
I n  general the  crustose coral l ines  a r e  important on reefs  and on reef lime- 
stones. They form the  Lithothamnion Ridge, (which i s  usually constructed 
mainly by a few species of t h e  genus Porolithon),and play an important 
pa r t  i n  binding together t h e  various organic elements of t he  reef. Thejr 
may contribute appreciably t o  t h e  mass. of t h e  reef .  Halimeda species, t h e  : 

most i rnp~r tan t~ca lcareous  green algae,'l^grow i n  t h e  lagoons, on the  reef. 
f l a t ,  and' :spmetimes on t h e  reef  face. 1 :  They may develop banks o r  meadows 
over lgrg?' &&as, especial ly  on lagoon' bottoms. Some bottom samples from 
the  lagodhs a t  Bikini,.Saipan, and Palau show thatHalimeda remains are  
t he  principal;consti tuent of t h e  sediment. I n  some places, Halimeda 
fragments contribute t o  t h e  sahd and beach rock. \ .  

. . , , , ,  

. .  . 

:.l .. . ,;:.< .. 
The massiye, branching,. encrusting,-;and nodular f o n s  of t h e  crustose 

coral l ines  need r e l a t i ve ly  l i t t l e  attentipn. Af t e r  t h e  specimens a r e  
collectied, they .:should be soaked i n  freih..water for  several  hours o r  over- 
night. Then. a l l  ,extiraneous materidl, : especially worms, sponges, and other :, 

anim&, should p e  picked out. ' The specimens should then be washed care- 
f u 1 l y . h  fkesh ?@er and allowed t o  dry f o r  several  days, u n t i l  they have 
bleached wkite and u n t i l  any enclosed animal remains have ceased t o  smell. 
They should be wrapped well  and packed careful ly  i n  strong containers f o r  
shipping. The large,  highly branching forms a r e  heavy and very b r i t t l e ,  
so they require careful  packing with paper, shreddekpaper, cotton o r  straw. ... . 

I f  it i s  desired t o  preserve the  color o r  t he  assoc~ated'or&nisms or.:: 
both, t h e  specimens should be 11pickled41 i n  a solut ion cbniposed Of 90% s e a - ;  
water and 19% formalin and packed i n  containers. Since cruScose algae a r e  
both heavy and b r i t t l e ,  only one or . two specimens should be put i n  a con- 
t a ine r ,  and they should be packed so a s  t o  f i l l  it, I f  specimens a r e  packed 
too loosely o r  too many t o  a container, crushed and broken material w i l l  
r esu l t .  For the  same reason, crustose algae should not be packed with 
a r t icu la ted  coral l ines ,  Halirneda, o r  noncalcareous algae. 



Articulated cora l l ine  algae a r e  very f rag i le .  Specimens should be 
washed o r  soaked i n  f resh  water t o  remove a l l  s a l t s .  Then they should be 
placed on b l o t t e r s  o r  newspapers and allowed t o  dry slowly (not i n  sun) for 
several  days o r  a week. Specimens should be wrapped careful ly  i n  t i s s u e  
paper and packed i n  shallow boxes o r  t rays ,  padded with cotton or  s o f t  
paper. These boxes should be packed i n  strong containers f o r  shipping. 

. . . .  . 
~al imeda ,  Dasycladaceae, and other Oalcareous green algae usually contain 

more moisture and organic matter than the calcareous red algae. They a r e  
;q l sp  commonly f rag i le .  After t he  specimens have been soaked and carefully 
.washed i n  f r e sh  water, they should be spread OUL on b lo t t e r s  o r  newspapers 
and allowed t o  dry slowly, possibly f o r  several  weeks, 

~ u r i n g  tha t  time t h e  specimens should be turned over every day o r  two. 
Care must be taken t o .  prevent mold o r  mildew, which can permaeently discolor 
o r  even destroy specimens. The dr ied specimens a re  f r a g i l e . h d  need t o  be 

. , 
packed carefully,  . . . 

... . 

Foss i l  Algae 

. . 

Foss i l  algae a r e  best  known from fragments scat tered through lime- 
stones, especial ly  limestones containing corals and large Foramin2fera. 
Nodular masses and la rge  crusts  &y;'foFm la rge  lenses o r  beds of,limestone. 
Sometimes a l g a l  material  m y  weather out of chalky o r  marly beds.' I n  most 
cases t h e  a l g a l  fragments a r e  firmly imbedded i n  t h e  rock'a&iai&ples of the  
limestone should be collected. Take material  a s  l i t t l e  weathered a s  possible. 

To ident i fy  t he  algae, t h i n  sect ions  a r e  necessary. This means tha t  
f a i r l y  la rge  specimens (3 x 4 inches o r  l a rger )  o r  several  small specimens 
should be taken a s  samples. 

Calcareous algae a r e  also known t o  weather f r ee  from marly o r  tuffaceous 
deposits; more a t ten t ion  should be paid t o  obtaining such material, a s  it 

,.may supply the  best-preserved specimens. Loose specimens, which may be 
&died i n  t h e i r  en t i r e ty  and by means of oriented t h i n  sections, a r e  idea l  

. f o r  comparative systematic s tudies  but  a r e  d i f f i c u l t  t o  obtain--so they a re  
worth searching f o r  and col lect ing carefully.  They should'be wrapped i n  

i t i s s u e  paper o r  cotton and put i n  v i a l s  o r  smallboxes.  They can be cleaned 
.;;. and freed of matrix i n  t he  laboratory, . , 

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

. . .., 
. . .  . . 
::. ., ., . ~ e s i r a b l e  Field  Data: .. . .  

: . ' ,  
. .. 

It w i l l  g rea t ly  help t h e  spec i a l i s t  who s t u d i e s t h e  specimens i f  t h e  
co l lec tor  w i l l  l abe l  the: .&erial  ca re fu l ly  as  t o  l o c a l i t y  and w i l l  supply 
notes on dis t r ibut ion,  ecological association,  and depth of water. . . 



Chapter 7"; Zoology 

SUGGESTIONS AS TO COLLECTING MND VEBTEERATES 
ON CORAL ATOLLS 

by J. T. ILarshall, Jr. 
Each member of t h e  party. should be provided with a copy of "A f i e l d  

c6~16c to r ' s  manual i n  natural  history" publication 3766 of the  Smithsonian 
h s t i t u t i o n ,  Washington, D. C. , This concise po.ckeb book gives complete 
instruct ions f o r  col lect ing .,, +nd preserving a l l  types of animals.. .. . . . . .. 

The Field Notebook 

Preferably loose-leaf, of medium size,  the f i e l d  notebook i s  much more 
imljortant than the  specinens. I n  i t , a r e  recorded observations on the  behavior, 
feeding methods, habi ta t ,  breeding a c t i v i t y  of the  various animals. 

Species Accounts: Keep t h e  records f o r  each species i n  a se r i e s  of page8 
" 

.. devoted t o  t h a t  species done .  Memory i s  treacherous, and t o  be of value,-these 
observations should be writ ten down i n  the  f i e l d  while you are  watching the" ... .. 
animal. 

Catalogue of Specimens: The catalogue duplicates the  information on the  
specimen label ,  and i s  the place where additional information ( fo r  which there  
may not be enough room on t h e  labe l  i t s e l f )  such as coloration, stomach contents, 
parasi tes  found, s l ides  prepared, condition of gonads, amount of f a t ,  habi ta t ,  
time of collecting is entered. Number each specimen i n  s e r i a l  order, i n  t h e  
order i n  which they a re  collected, using the  same consecutive ser ies  of numbers 
fo r  a l l  the vertebrates.  Each number then i s  unique f o r  t h e  par t icular  specimen, 
and t h i s  number appears both on the specimen l a b e l  and i n  t h e  catalogue. 

Label: ~ a b &  w i l l  be provided by the ~mithsonian Ins t i tu t ion .  They should be - 
of tough paper which w i l l  not go t o  pieces i n l i q u i d ,  and should be writ ten upon 
c lear ly  with Higgins Eternal Fountain-pen Ink. For any vertebrate specimen, t h e  
information which apFear on t h i s  labe l  i s  

:' exact &ocality 
date  ... . . 
your sggnature 
your 'catalogue number 

I n  addition, f o r  birds,  t h e s e x ,  a s  determined by openingthe body cavitjr 
and examining the  gonads,must be entered; fo r  mammals, i n  addition t o  the sex, 
t h e  following measurements must appear, ' b d  t o  save space, you can merely put 
the  numerals down i n  t h i s  order, i n  millimeters: t o t a l  length, t a i l  length, 
hind foot,  ear.  In  addition, f o r  a l l  vertebrates,, put a s  much of the fur ther  
information as  s ta ted  above under catalo4 f o r  which there  may be room,. A strong 
labe l ,  the  lishiil tagu  bearing your i n i t i a l s ,  cat .  number,.'sex, i s  t i ed  t o  the  
m m a l  skull. . . 

The Specimens 

With t h e  bookkeeping methods well i n  mind, l e t  us now turn  t o  the  actual  
preservation of the  specimens. 

. . 
Reptiles and amphibians: ,Don't neglect the  n ~ c t u r n a ~  species , .  They may eas i ly  
be found by t h e i r  eye-shine, seen when you hold the  f l a s h l i g h t n e a r  the l e v e l  
of your eyes. A head f lash l igh t  is a great convenience. These animalsare  
eas i ly  caught by hand while they a re  active, o r  when uncovered i n  their hiding 
places. For t h e  shy forms, a noose of leader o r  grass a t  the  end of a long 

.. > 
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s t i c k  i s  an e f f i c i en t  collecting device. Tie a Label on one hina leg,  s l i c e  
open the  body w a l l  and b ig  muscle masses in a few places t o  pennit penetration 
of t he  preservative, and place i n  7% e thyl  alcohol. Alcohol can usually be 
obtained from Navy hospitals.  Spike o r  change the  alcohol before shipping home. 
Record coloration i n  t he  catalogue, f o r  these animals fade. 

Birds: These can often be obtained from the  natives, who have various methods - 
of snaring them. It i s  not absolutely necessary t o  take a shotgun along t o  
co l lec t  birds,  as the  forms found on a t o l l s  are  pre t ty  widely dmtr ibu ted  a?d 
well known from the  standpoint of specimens. They a re  prac t ica l ly  unknown a s  
regards behavior, annual. cycle, e t c ,  You can make a good skin of a b i rd  shot 
with a s m a l l  bore r i f l e ,  a s  long a s  it i s  not h i t  i n  t h e  head. Powdered arsenic, 
dry sand, cotton and scissors  and forceps are  needed i n  preparation. Liberally 
spr inkle  sand all over t he  bird while skinning, so 'chat blood and juices may not 
s o i l  t he  feathers.  The process of b i rd  skinning i n  a nut-shell is t h i s :  make 
an inc is ion  lengthwise of t h e  be l ly  from about t h e  middle of t h e  breast  muscle 
t o  t h e  cloaca. L i f t  t he  skin away from t h i s  opening and tu rn  the skin com~1eteI.y 
inside-out, thus  removing it from the  carcass, and cut t ing it away from any 
attachments t o  the  carcass i n  t he  following order: 

Cut each l e g  from under t he  skin a t  t h e  knee; cut t h e  t a i l  through the  
caudal vertebrae, again under t he  skin, a s  you expose t h i s  area  i n  turning the  
sk in  inside-out; cut t h e  wing through the  humerus, pu l l  out t h e  ears,  cut the  
eyel ids  between the skin and skull; cut out the  back of t he  skull and roof of 
t h e  mouth. Do not cut off  the  b i l l .  You now have t h e  skin inside-out, with 
t h e  b i l l ,  skull, wings, f ee t  and t a i l  a l l  attached by t h e  skin. Clean of f  all 
meat, brains,  f a t ,  and i f  very f a t  soak i n  gasoline o r  scrape and keep sprink- 
l i n g  with sand. (Gasoline-soaked sluns e a s i l y  f l u f f  out and dry i f  held up i n  
a br i sk  wind.) Now turn  the skin right-side-out again and from the  ventral  
incision,  f i l l  each eye with a b a l l  of cotton. (SprinLJe arsenic on the  skin 
before turning right-side out.) Put a s t i c k  wrapped with cotton in to  t he  neck, 
and anchor t he  sharpened end of t h i s  s t i c k  i n  t he  base of t he  upper mandible. 
Rol l  up a piece of cotton the  s i ze  of t he  carcass and put it i n t o  t h e  skin, with 
t h e  neck s t i ck  ventral  t o  it - thus  t he  neck s t i c k  runs along the  throat ,  and 
we have l e f t  a hollow space at  t he  back of  t he  neck in to  which the neck feathers 
can f ind t h e i r  proper alignment. Sew up t h e  incision,  cross t h e  fee t  and t i e  
t he  labe l  around both a t  t he  point where they cross. Wrap i n  cotton u n t i l  dry. 
The object  of t h i s  preparation i s  t o  have a specimen resembling the  dead bird, 
which w i l l  be well f i l l e d  out with cotton so a s  t o  reveal t he  plumage and 
coloration,  and fromwhich measurements of t h e  b i l l ,  wings, t a j l  and f ee t  may 
be taken. This requires t ha t  t h e  b i l l  shouid be closed i n  a natural  fashion. 
For l a rge  birds,  it i s  necessary t o  skin o c t  the  muscles of the  wing. This can 
be done by turning the wing skin ins ide  out as  f a r  out a s  t he  wris t .  This of 
course involves str ipping the  secondary feathers  off t he  ulna, but i s  a 
j u s t i f i ab l e  procedure as long as  you a r e  cer ta in  t o  pu l l  these feathers  back 
along the  ulna t o  t h e i r  o r ig ina l  locat ions  when you turn  the  wing right-side 
out again. 

The sex determination a ~ v e a r i n a  on the  bird labe l  should be based on an 
examination of t he  gonads, which lie. at  the  anteroventral portion of t he  kidneys, 
near t he  adrenals. Two oval white .$B yellowish bodies with t i n y  tubules showing 
through the  transparent covering, which has a smooth surface, indicate  a male. 
I n  t he  female, t he re  i s  usually only the h e  gonad, on the  l e f t ,  and it is  
granular and i r regular  i n  shape, owing t o  t he  presence of numerous ova. 



Mammals: Again, it i s  well  t o  bear i n  mind, espf 
r e s t r i c t ed  a s  t o  luggage, t h a t  it i s  not absolute 

c i a l l y  i f  you a re  
- -  ~ . ily necessary t o  have 

t raps .  The l i t t l e  Polynesian't-a+%> and the  la rger  house r a t s  can readi ly  
be taken a s  follows: break open a f resh coconut and l ay  it a t  t h e  edge 
of a p i l e  of coconut husks, o r  a rock wall, o r  a ro t ten  log. S i t  qu ie t ly  
with..a s t ick 'and club the  r a t s ' a n  th'e back as. they come out t o  eat  t h e  
coconut meat. The .natives t5an. get you many. i n  t h i s  way, though they make 
the  mistake of h i t t i n g  them on the':fiead, th$s &iii inggtRe' 'skull  for:  
s c i e n t i f i c  study. The skinning method'is s imilar  t o  t h a t  used f o r  the  
birds  with t h i s  important difference: t h e  four measurements must be 
taken before skinning, and the  en t i r e  undamaged sku l l  must be removed 
from the  skin, t h e  brains  blown out through the  foramen magnum, and a 
sku l l  t a g  attached t o  t he  skul l ,  The t a i l  bones a lso are  en t i r e ly  slipped 
out of t h e  t a i l  skin, t o  be replaced with a long wire careful ly  wrapped 
withlong.-fibered cotton of just  t he  , r ight  thickness t o  ge t  a l l  the  way . 
hack t o  t he  t i p  of t h e  t a i l .  After tlusting t h e  s k i n w i t h  arsenic and 
turning i t ' r ighLs5.de out a g a i n , i t  i s  f i l l e d  with a cyl indr ical  piece of 
cotton, ,-pointed in to  t h e  snout,and.wires wrapped with cotton;are th rus t  
i n to  t h e  four feet .  These four wires and the inner, end of t h e  t a i l  wire 
l i e  between the  skin and t h e  stuffing,  on t h e  v e n t ~ a l  Side of t he  animal. 
After sewing up t h e  inc i s icn  and t5eLng the  l a b e l  0s. th; .hind foot, t h e  
r a t  i s  pinned down on a board, with t'5e so les 'o f  t h e  feet:  down, . . 

Problems of Inter'est on  tolls , i ~ :  
,\ , . . .. 

Large se r i e s  of t h e  ro$ents b d  l i za rds  should be preserved. Look 
for  signs of t h e  intr,oduction .ofi,'house r a t s ,  and determine i f  they a re  eating 
t h e  green coconuts. Apparently t h e  .Polynesian r a t  does not eat  the nuts on 
the  t r e e ,  Among t h e r e p t i l e s ,  t h e  skinks a r e  of par t icu la r  i n t e r e s t  f o r  
they a r e  apt t o  show polymorphism (within t h e  samespecies) and you a r e  l i k e l y  
t o  observe diffe,rent proportions of the  various color phases on d i f fe ren t  
' i s l e t s  of t h e  same a t o l l ,  You may even f ind  i n  t h e  skink genus tha t  
two closely re la ted  forms, d i f fe r ing  markedly i n  color replace each other 
about t he  a t o l l  (apparently not occurring together upon any one i s l e t ) ,  
Exceedingly valuable data w i l l  accrue from a br i sk  s'urvey of evers i s l e t  of 
the  a t o l l ,  whereby you co l lec t  representative sampies of such a species and 
note . the  environmental conditions under which each form f9.0urisbes ss well 
as  t h e  conditions upon i s l e t s  where neither is found. 'Thug one might be 
permitted t o  evaluate the  possible ro l e  of na tura l  selection i n  br inging 
about such strange d is t r ibu t iona l  patterns. I n  other ' k r d s ,  . ewironmental 
conditions about an a t o l l  may not be a s  uniform, from t h e  ~ t a ~ ~ o i n t  of land 
vertebrate habi ta ts ,  as  one might suppose. Str iking i r r egu la r i t i e s  . . . .  , i n  
d i s t r ibu t ion  may be disclosed by such a canvass of t he  en t i r e  vegetated land 
area of the  atoll--vastly worth-while even though b r i e f .  For birds  ,, .the 
'items of i n t e r e s t  a r e  a determination of t h e  breeding period for 'each species. 
(On Ascension Island, t he  sooty te rns  a r e  now known t o  breed every 9 1/2 
months, year in ,  year out:). Also observe and record location of colonies, 
time of ac t iv i ty ,  whether flocking o r  so l i t a ry ,  behavior i n  general. The 
most valuable observations accrue from continuous or  d a i l y  observations of 
t h e  same individual or  group. . . . . 

. . 
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' : : ,Parasi tes:  .;, ,. , ., ,. . . . . 
. , , , .  : . . . .  . . I .  , . . 

. . . :' . . .  

After gsing such a long distance t o  ge t  your. specimens, it ,is . . . : 
r9ther too bad i f  you do not take f u l l  advantage o f & , t h e  inforgation that  
they may yield, 'before they a re  preserved. ' 3 t . i ~  worth-the troubls, there- .,. 
fore, t o  take along a microscope and look fo r  r e c t a l  and caecal prntozoa,. 
and f o r  in t e s t ina l  helninths, These a re  easy. to  find, f o r  i f  t h e y  occur at , .  
a l l ,  they a re  usually swarming. For instance, a drop of l i ~ u . i d  which a 
l izard  exudes from his  cloaca'when handled,:may be just a .  l iv ing  mass of 
f lagel la tes .  The.'same applies t o  t h e  caeca of birds and of rats., Take along 
a stock bo t t l e  of Bouinls f ixat ive,  and a supply of round eoverslips, and, 
v ia l s  in to  which they8 just f i t ,  round papers ,.. t he  size. of t h e .  coveq. Smear 
t h e  f lu id  from-the'rectum'or caecum on one. s ide  of t h e  coyer s l i p  and 
immediately (before it begins t o  d r y ) f h a t .  i% face down uponthe surface 
Of t h e  Bouints solutidn. After a half hour :or so, t ransfer  % t o  58% 
alcohol, then t o  70% a1c:'iri t h e  vial .  On t o p  of the.. serLes,:of ,covers a l l  
coming from one vertebrate specimen, put a paper labeltbearing :your catalogue 
number f o r  tha t  pa r t i cu la r  :vertebrate, and the  organ from which the  smear 
was made. It i s  'of great s c i e n t i f i c  in t e re s t  t o  do t h e  same Ear .the pro- 
tozoa l iv ing  i n t h e h i n d - g u t - o f  termites. K e e p a v i a l  of  t h e t e r @ e s . i n  : : 

alcohol with a catalogiie nwhber corresponding t o  t h a t  on the  Label:E@r t h e .  
coverslip preparations, so they may be ident i f ied.  

.. . ,  . . .  . .  

Roundworms are ki l led in hot 7R$ alcohol ( t h i s  makes them straighten 
out) t o  which i s  l a t e r  added a l i t t l e  glycerine, i f  handy. Fhtwaws should 
be placed, Sn Bouin"s"f ixat ive overnight, then placed a few minutes i n  5@% 
a1cohoS;:then Stored i n  70% alcoho3;. I f  time and space a re  v e r y  l imiten.  . 

it i s  posb'ible'ta get good r e s d t s  by just  lekving these cover smears and. 
flatworms ,i,n.the Bouinls, but St i s  preferable. t o  s to re  i n a l c o h o l  a f t e r  
k i l l i ng  i n  the  Bouints, . , ,  . , 

. . ,  . .  , . . 

Ecto~ara i i tes :  MiteS, kicks, : i i & e ,  f leas ,  hippoboscids, and 'other 
external parasites a re  only.collected ef f ic ien t ly  in'conjunction with j 
collection of t h e i r  hosts. Mites whZdkinfest : l izards a r e  automatically. : 

preserved with t h e i r  hosts in"alcoho1~ but,  because- they may dmp off ,  the  
l izards  should, a t  l eas t  a t  f i r s t ,  be placed-in separate receptacles n f .  . . 

alcohol, separating t h e  species' and lo&Uti&. When the  aleohol i s  . . 
changed any mites tha t  have dropped:ofP may be  pi.ok& up wi th ,a  medicine 
dropper and p l a c e d i n  a v i a l  with- a ' latjel .  Wrapping' b i rd  and mamma1 skins 
i n  a th in  layer of cotton while they a r e  drying will -serve t o g a t h e r  mariy.. 
of t he  ectoparasit&s, which leave the.t iost  a s  it dries.  They do not l i v e  ., 

long, especially the s k i n s  a r e  di.ied i n  the  presence of paradichlorbenzene 
o r  napthalene, and'.when they leave the skin they usually lodge i n  the layer 
of cott0.n. Rats,' which usually: hritre; f l eas ,  may be l e f t  f o r  a short while 
i n  a 'j 'ar'with paradichlorbenzene'crystals or a few drops of gasoline or 
ether.   he f l eas  w i l l  be k i l l e a  and e i t h e r  remah i n  the hair: of the s a t  or 
f a l l  t o  t h e  bottom of the jar. ' ' A l l  of: these  parasites .may be preserved i n  
a l c o h o l .  'Like the h e w n t h s ,  they' should be kept in a sepanate v i a l  
corresponding t o  each 'host 'specimen, a s  proclaimed by ,a s l i p  of. paper. in the 
vial., which bears your catalogue number of  the  ver tebra te  host, as w e l l  .as 
t h e  location o r  organ where the  parasi te  was found. 



SUGGESTIONS FOR COLLECTING TFRRFSTXIAL 
INVERTERR&TES O N  PACIFIC ISLANDS . .  , . .  ... . , . 

. . 
by Robert -1;. Usinger . , 

, . -... . ' .  e 

Introduction. The best general advice on collecting t e r r e s t r i a l  
i n v e r t e b r a t e s i s  to. look everywhere, co l lec t  everything, preserve it care- 
fu l ly ,  and l a b e l  it.a&ie.quately. This comprehensive statement i s  especial ly  
t r u e  f o r  t he  little-known is lands of t h e  Pac i f ic  where' even the  commbnest 
invertebrates may prove t o  be of exceptional i n t e r e s t .  The following remarks . i .  .. 
a re  intended t o  provide detailed information on spec i f ic  points i n  collecting.  
It may appear t h a t  a disproportionate amount of time i s  devoted t o  t he  in- 
sects ,  but t h e  col lector  w i l l  find t h a t  t h i s  i s  t h e  la rges t  group of te r res -  
t r i a l  arthropods, both i n  species and individuals.  

Collectinn. The various methods of cbll$cting may bes t  be discussed 
separately, though i n  ac tua l  practice the  procedures a r e  carried on almost 
simultaneously. The most ohvious method of col lect ing insects  i s  with a net. 
Flying insects  a r e  encountered i n  greates t  numbers when the Sun i s  'shining. 
Sweeping and beating vegetation i s  possibly the second most important mebhod 
of collecting.  I n  t h i s  connestion a sturdy net :bag i s  essential ,  o r  a can- 
vas sheet, o r  an inverted umbrella can b e  placed beseath vegetation and t h e  
limbs can be beaten with a heavy st ick.  Beating and sweeping yield l a rge  
numbers of inconspicuous insects .  which would be completely .overlooked by 
other methods of cbllecting.  The t h i r d  type of col lect ing which should not 
be neglected i s  ground col lect ing under stones and logs, on roots, and i n  

. . 
leafmold +, . .  . . . 

In addi t ion t o  t h e  above-mentioned types of collecting,  which a r e  per- 
haps the most important, there  a r e  numerous specialized methods that '  need t o  
be mentLoned. Aquatic collecting i s  one of these.  Specixens should be sought 
f o r  i n  ponds, t a ro  patches, wells, c is terns ,  t r e e  holes, opened'coconuts, .: 

baseso f  leaves and fronds of Pandanus, palms and various epiphytes,and i n - , :  
protected coves on c o r a l  reefs  or  even i n  t h e  open,ocean. Mcsquito larvae. 
(or b e t t e r  s t i l l ,  pupae) should be collected .with a net  o r d i p p e r  and kept 
a l i v e  unt2.1' the.  adul ts  emerge. . Light col lect ing i s  another, s g e d i a l i ~ e d ~  -but 
sometimks 'very prof i table ,  method, Insects a r e  usually a t t rac ted  t o  light'$ .. 

i n  greates t  numbers on evenings when there  is no moon an8 when tKe 'atmosphere- 
i s  r e l a t i ve ly  humid. E lec t r ic  l i gh t s  may be used, preferably with '& & i t e  .. 

background, o r  a Coleman lantern i s  sa t isfactory.  I n  places where 'a Coleman 
lantern i s  used, care should be taken t o  provide white gasoline.  ' Wood-boring 
insec ts  may be collected by beating dead o r  dying branches'of t rees '  o r  by 
gathering such branches and rearing the  larvae out i n  closed containers. . . A  
r i ch  fauna w i l l  be  found under loose bark and i n  ro t t ing  wood. Equally pro- 
ductive a r e  decaying breadfwi t  and rot ted pandanus f r u i t  a s  w e 1 l . a ~  other  
f r u i t s  which have f a l l en  t o  t h e  ground. An en t i r e ly  d i f fe ren t  type of l i f e  
w i l l  be  found i n  animal carcasses and dung. Ectoparasites of man.&d animals 
should not oe overlooked. These a r e  found on the  animals o$ i n  some cases 
i n  t h e  beds o r  nests.  Plant-feeding ca t e rp i l l a r s  including leaf  'miners should 
be reared by cbl lect ing the  infested par ts  of t h e  plants and placing them i n  
cardboard o r  t i n  boxes. A d d i t i o w :  food must b e  provided&om'time to- t ime.  
This type of rearing i s  a l s o  very productive of parasi tes  'Ghtch might otherwise 

. . . . 



be overlooked completely. To complete t he  coverage of t h e  insect  fauna, 
close a t ten t ion  should be paid t o  small insects which occur on the leaves 
and flowers of plants. These include sca le  insects,  th r ips ,  aphids and 
microscopic plant-feeding mites. The l a t t e r  may only be v i s ib l e  under t h e  
magnification provided by a small hand lens.  

Other t e r r e s t r i a l  invertebrates include t h e  land s n a i l s  and fresh- 
water sna i l s ,  earthworms and leeches, nenlatodes and planarians, Crustacea 
and other arthropods such a s  millipedes, centipedes, spiders, pseudoscorpions, 
etc. A l l  of these w i l l  be encountered i n  t h e  course of  the  various types of 
col lect ing mentioned above for  insects ,  and especial ly  i n  ground collecting,  
bark collecting,  and aquatic collecting.  

Two highly specialized tries of col lect ing should be mentioned for  the 
sake of completeness, though they should not be undertaken except under the  
d i rec t ion  of a spec ia l i s t .  The f i r s t  of these i s  plankton collecting of 
Protozoa, ro t i f e r s ,  etc.  A plankton net  i s  necessary f o r  t h i s  type of col- 
lect ing.  The other, and most specialized type of col lect ing i s  the  search 
f o r  endoparasites, and for  blood f lukes  of man and animals. (see section by 
Marshall). 

Preparation and Preservation of Material. It i s  obviously useless t o  
collec'c material  unless it i s  t o  be cared f o r  i n  such a way t h a t  it w i l l  
serve some useful purpose. The preparation and preservation of t e r r e s t r i a l  
arthropods i s  especial ly  important i n  t h e  t ropics .  The following generali- 

' zations may a s s i s t  t he  non-specialist, though it i s  r ecog ized  t h a t  special  
techniques may be devised t o  f i t  unusual s i tuat ions .  The commonest method 
of k i l l i n g  insects  is with a cyanide jar .  Material k i l l ed  i n  t h i s  way should 
be protected i n  the j a r  by means of  t i s s u e  paper, and should be removed 
from the jar  before spcimens become damaged by rubbing o r  by accumulated 
moisture on the  s ides  of the  jar. Bees, wasps, t r u e  bugs (except aquatics), 
f l i e s ,  mosquitoes, lacewings, many Orthoptera, moths and bu t t e r f l i e s ,  dragon- 
' f l i e s  and damselflies, crane f l i e s ,  and other f r a g i l e  insec ts  too numerous 
t o  mention should be k i l l ed  i n  t h i s  way. Such insec ts  should be curated a t  
t h e  end of t h e  day's collecting,  Fai lure  t o  do t h i s  w i l l  r esu l t  i n  s t i f fen ing  
of t h e  appendages and excessive breakage. The moths and but te r f l i es ,  dragon- 
f l i e s ,  damsel f l i e s ,  and crane f l i e s  should be folded individually i n  paper 
t r iangles . .o r  'envelopes. This prevents rubbing and i s  t h e  only sat isfactory 
way t o  preserve such f r a g i l e  insects.  The remaining types of insects  k i l l e d  
i n  cyanide should be spread out on layers  of collucotton i n  c igar  boxes or 
other s a fe  boxes f o r  shipping. The cellucotton layers  should be double 
between each layer of insec ts  so  t h a t  specimens w i l l  not be  damaged when they 

a r e  removed layer by layer  f o r  mounting. Special is ts  may wish t o  pin a few 
of t he  most f r a g i l e  specimens such a s  small gnats and micro-lepidoptera. 
I f  it i s  desired t o  do t h i s ,  minute pins 'shoul,d be used and a regulation 
insec t  box with t i gh t - f i t t i ng  cover should be used t o  s to re  t he  specimens. 
Small Hemiptera and perhaps some other insec ts  may t je  glued t o  small paper 
points and stored i n  t h i s  same way, but t h i s  is only recommended i n  cases 
where pinned material  can be cared f o r  properly i n  t h e  f ie ld .  

411 of the  other groups of insec ts  and most other t e r r e s t r i a l  
invertebrates should be collected i n  70% ethyl alcohol. Small procaine vials, 
used by dent i s t s  in most   arts of t he  world, may be found convenient f o r  



col lect ing t h e  s n ~ l l e r  invertebrates,  but some large v i a l s  and b o t t l e s  w i l l  
a l so  be needed. Land snai ls ,  which a re  such a character is t ic  feature  of 
many Pac i f ic  islands,  a r e  b e t t e r  collected i n  water and t ransferred t o  alcohol 
a f t e r  a few hours. This r e su l t s  i n  an expanding of t h e  s o f t  pa r t s  and great ly  
f a c i l i t a t e s  l a t e r  study. 

Labeling i s  of t he  greates t  importance and should be done a t  t h e  time 
t h e  m a t e r i a l - i s  prepared. Because of t he  l a rge  numbers of specimens, it i s  
best  t o  l a b e l  t h e  material  a s  f u l l y  a s  possible and make sure  t h a t  these data  
accompany the  specimk~s: The exact l o c a l i t y  should be given i n  every case, 
together with t.he .date and name of col lector .  Ecologica1~:d;ita should be 
added whenever possible. Elaborate c~bss-reference systems, including index 
numbers and f i e l d  notebooks, a r e  t o  be discouraged because of t h e  danger of 
loss  of one o r  another of t h e  e s sen t i a l  elements i n  such a system. 

Storane and shipping. Numerous hazards a r e  l i k e l y t o  beset  t he  col- 
l ec to r  i n  the  f i e l d ,  t he  most important of which are  mold, cockroaches, ants, 
and r a t s .  To avoid such hazards, mater ia l  should be kept i n  t i g h t  boxes and 
not allowed t o  remain out bn t ab l e s  overnight. I n  some cases it i s  necessary 
t o  hang spreading boards o r  expased specimens f romthe  ce i l i ng  by s t r ings ,  
and cover t he  s t r ings  with s t i cky  material  o r  protect tables  by t r ea t ing  t h e  
logs with a DDT solution. Usually it w i l l  su f f ice  t 6  f i n i s h  a l l  curating i n  
a s ing le  evening and place t h e  material  i n  t i gh t  boxes. Mold is an ever 
present menace and should be guarded against  by storing material  i n  a hot 
locker o r  i n  glassine bags provided with s i l i c a  gel. 

Specimens should be shipped t o  a museum o r  home base a t  t h e  e a r l i e s t  
possible time. Specimens may be shipped i n  the  or ig ina l  boxes i n  which they 
have been layered by adding naphthalene (which keeps out museum pests and 
seems t o  prevent mold), or  by adding s i l i c a  ge l  crysta ls .  I n  e i ther  case 
t he  boxes must be wrapped carefully,  and preferably with water-proof wrapping 
because of t h e  hazards of r a in  and s a l t  water i n  Pacif ic  island transport .  
Alcohol v i a l s  should e i t he r  be f u l l  o r  a cotton plug should be inser ted t o  
prevent damage due t o  the  action of bubbles. Vials should be wrapped 
separately i n  paper and then &led i n  r i g i d  cartons. 

Equipment L i s t .  

Collapsible net ,  e. go fish-landing ne t ,  o r  other 
(preferably with nylon bag) 

Cyanide bo t t l e s  (several  sizes--Alka Se l tzer  bo t t les  with a 
cork top  a re  a useful size,  and smaller jars of p l a s t i c  
material  a r e  valuable because they a r e  unbreakable) 

Procaine v i a l s  and la rger  bo t t l e s  
70% e thyl  alcohol ( t h i s  may be ava i lab le  local ly  at medical 

supply depots) 
Paper envelopes o r  cellophane envelopes, glass ine bags 
S i l i c a  g e l  
Naphthalene 
Cellucotton 
Cigar boxes, o r  other wooden boxes, unless a i r - t ight  containers 

a r e  available,  i n  which case s i l i c a  g e l  is absolutely essen t ia l  
t o  prevent mold and ro t t ing  



Insec t  box and pins, ihkluding' i&ute.pins (only i f  handled with 
great,. care) 

. .. Coleman lantern and white 'gasoline ' . . Hand lens,  forceps, sc issors  
Barking t o o l  (crowbar, screwdriver, o r  heavy knife) 
Small t i n s  o r  p i l l  boxes f o r  rearing 
Cotton 

Conclusion. Finally,  it i s  a good guiding pr inciple  t o  concentrate 
on small forms, because these a r e  so of ten overlooked. It i s  also axiomatic 
i n  good col lect ing t o  take a ser ies ;  one specimen of a new species i s  
not enough and excess specimens can eas i ly  be thrown away. The opportunity 
t o  col lect  on a remote is land m a y  not come again f o r  many years, i f  ever. 

A useful.,yeference f o r  .general c o ~ e c t i n ~  technique i s  t h e  pamphlet 
by Oman and Cushman (U. S..Department of ~ g r i c ' u l t u r e ,  Miscellaneous 

" 'publication No. 601, Washington) D.' C ;  , 1946. Pr ice  15  cents). This small 
; p&phlet includes i l l u s t r a t i o n s  of t he  cbmmon'orders of insects,  as well as  

spec i f ic  ins t ruc t ions  for colie&ing $nd insects. . . .  
. . 

Most of t h e  above-mentioned equipment can be obtained from supply 
hopses any place jn t h e  continental  United S ta tes ;  One of t h e  best  known 

. sources of such equipment i s  Ward.1'~ Natural Science Establishment, 302 Goodman 
' s t r e e t ,  North, Rochester, New York.' 
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THE BERLESE ME!THOD OF COLLECTING SMALL INSECTS 
ANC OTBEP. ANIMALS FROM LEAFMOLD, SOIL, MOSS, OR 

OTHEB SIMILAR MATERIALS 
by Zoseph P.E, EIoFFis0n 

The apparatus consis& essenti&..ly'. of a funnel supported i n  en uprtght 
posit ion v i th  a shallom f ine  mesh screen-botco'mkd t ray ,a t  the  top,t? hold . 
the  sample of leafmold, and so forth,  within the'rim 0s" the  funnel, and a 
homeopathic v i a l  ha l f - fu l l  of prese+ving f l u i d  a-tt,ached (outside) t o  the neck 
of the  funnel,belom,to catch the insec t  ,; . : . and other specinbns t h a t  f a l l  out 
of the  sample. .. , : . . . 

The material such ae lGafmold i s  dr ied by the gerltle application of 
heat  from above. I f  d i r ec t  su-shine i s  i n s u f f i c i e n t ,  o r  the humidity too 
high, o r  the material  i s  t o  coatinue overnight, a s  is usual., a small. l i g h t  
bulb (25 o r  30 watt) under b .  conical shade is u s e d t o  .. . . d i r ec t ' hea t  onto the 

.;. , . . 
top of the  sample. . ,.. 

. .. 

The screen on which the sample is ,spread i n  a layer  one o r  two inches 
thick should be about 20 me& t o  $he inch'.. The i n s i d e  of .the furinel and 
neck must be smooth insiae ,  so that '  -&he @pecime'h$ f a l l i n g  onto the steep 
slope w i l l  not  catch anywhere in project%?ne, but end up i n  o r  on the pre- 
serving f l u i d  i n  the v i a l .  

Many of ,the small insects,  mites, snd so for th ,  so collected, may 
be f loa t ing  on the 70% alcohol used as a preservative. A drop o r  two o f .  
e ther ,  added  hen the v i a l  con-taining specimens i s  removed from the ap- 
paratus to  be labe l led  and s t o p ~ e r . e d , , ? i l l  readi ly  permit the  f loa t ing  
specimens t o  sink into , . the  f luid , .  so they w i l l  not  be l o s t  o r  destroyed 
around the cork o r  stopper.. A f t e r l a b e l l i n g  the vials ,  completely, they 
a re  s e t  aside, a l l  sorting..of specimens b$ing,dbne i n  the home laboratory. 



COLLECTING MOLLUS!iS ON AND AROUND ATOLLS 

by Joseph P. E. Morrison 

In order t o  obtain the greates t  s c i e n t i f i c  benef i t  from any specimens 
collected,  t he  place and/or &one o r  region of t he  a t o l l  must be careful ly  
recorded. In  mollusks, a s  i n  most other animals, one finds d i f fe ren t  species 
i n  t h e  d i f fe ren t  habi ta ts  o r  environments in ,  on, and around an a to l l .  
Marine she l l s  may sometimes be collected i n  good condition, abundance, and 
i n  great  var ie ty  from beach d r i f t  along o r  just  above t h e  high t i d e  l ine .  
I n  the  absence of time and equipment avai lable  t o  co l l ec t  l i v ing  marine 
specimens, and prepare or  preserve them, t h e  col lect ion of d r i f t  material, 
par t icu la r ly  of t h e  smaller species, makes a very valuable contribution. 

I n  t h e  absence of preservative, t h e  smaller species m y  be dr ied 
thoroughly, then packed i n  newspaper, and sealed i n  boxes o r  cans f o r  l a t e r  
cleaning. Iron s t a i n  on mollusks she l l s ,  from rusting of t i n  can containers 
i s  t o  be avoided; when packing material  i n  cans, wrap well with several  
layers  of newspapers, etc., between t h e  she l l s  and cans. Field  cleaning of 
marine mollusks taken a l i v e  may be accomplished by k i l l i n g  and cleaning them 
i n  j a r s  of f resh  water. Specimens from d i f fe ren t  l o c a l i t i e s  should always be 
kept separate t o  maintain t he  l o c a l i t y  records. A change and washing i n  
f resh  water once or  twice a day, every dax u n t i l  t he  she l l s  a r e  clean ( tha t  
is,  do not smell too much) i s  necessary f o r  t h i s  method. If l e f t  too  long 
without changing, t h e  acids  of decay w i l l  e tch the  she l l s ,  leaving them poor 
and chalky i n  appearance. 

Certain small marine (and f resh  water) species may be collected i n  
numbers i n  a minimum of time by vigorously washing o r  shaking them off rocks 
o r  plants  i n  a bucket f u l l  of water. The water, i f  muddy i n  the  bucket, may 
be cleared of mud and f loa t ing  plant  mater ia l  by repeated f i l l i n g  and pouring 
off t h e  t op  3/4 of the water. The bottom residue containing s n a i l s  i s  then 
poured out of t he  bucket (through) on t o  cheese c loth o r  f i e l d  screens o r  a 
d ip  net ,  and dr ied o r  preserved. Pulmonate f resh water sna i l s  ( that  f l o a t  
when disturbed) may be recovered i n  t h i s  process by pouring a l l  water out 
of t he  bucket through cheese c loth o r  whatever other f i ne  s t r a ine r  may be 
available. 

The smaller land species of mollusks a r e  u s u a l l y t h e  only types found 
upon a t o l l s .  These may be collected i n  numbers by taking quart s i z e  or  
l a rge r  samples of leaf  mold o r  other d e t r i t u s  where ever these small sna i l s  
a r e  seen i n  abundance i n  t h e  leaf mold or  on or i n  the s o i l  surface immediately 
under t he  leaves, etc. The mass of large samples may be grea t ly  reduced 
a f t e r  drying by screening the leaves, l a rge r  rock fragments, s t i cks ,  etc., 
out through screen of 4 o r  6 mesh t o  t h e  inch. The f i n e  material  containing 
the  smaller land sna i l s  may then be dried and sacked o r  boxed f o r  l a t e r  
separation, a t  the  museum, of these minute land species. Excessive dust may 
be screened out through mesh a s  f i n e  a s  20 mesh t o  t he  inch. Caution: 
Ordinary window screen (16 mesh t o  t h e  inch) may pass most of t h e  f i n e  species 
with t h e  dust. I f  there  i s  excessive sand o r  foram sand or  rock i n  the  sample, 
t h e  sample' may perhaps be concentrated, a f t e r  dwing, by water separation. 
I n  t h i s  water separation, t he  sample i s  put i n  a bucket o r  j a r  of water, t h e  
rock fragments sink, and the  minute sna i l s ,  etc., are  skimmed off t h e  surface, 



thoroughly dr ied again, then packed. Drif t  along fresh water 
streams, a s  well  a s  on ocean beaches, i s  sorted by nature i n  t 
a l l  t h e  species of sna i l s  m y  not f loa t ,  so check t h e  residue 
discarded. 

lakes and 
;his fashion; 
before it i s  

Par t icular  a t ten t ion  should be given t o  the  recording of exact data 
on the habi ta t  zonation nrobable on a l l  a t o l l s .  The zones expected w i l l  
probably include: t he  windward reef edge (surf beaten); the  l e e  reef edge, 
reef  f l a t s ,  o r  reef pools of shallow w&er a t  low t ide;  channels through the  
reef o r  between islands; is land shores; t h e  shallow margin of the  lagoon; 
and the  deepest waters of t h e  lagoon. On is land shores zonation should be 
recorded i n  re la t ion  t o  t he  distance inland from shore a s  well  as  t h e  type 
of dominant plant cover or  habi ta t .  I n  t h e  lagoons of a t o l l s  zonation may 
be present along the  inner reef edge, t h e  inner shelf of t h e  a t o l l  r ing  (up 
t o  5 fathoms?) and the  general lagoon bottom. Shoals o r  "coral  headsct up- 
ra ised from t h e  lagoon f loo r  may be par t icu la r ly  interest ing i n  fauna, i f  
f a c i l i t i e s  a r e  avai lable  f o r  such col lect ing.  Even one person i n  a small 
row boat o r  canoe can reach t h e  lagoon bottom fauna by dredging. A prac- 
t i c a l  small dredge f o r  work by one person should have a frame with an  opening 
of about 5 x 12 inches, and a bag about 18 inches i n  length, If a launch 
and other equipment i s  available, a dredge of about 10 x 20 inch frame, and 
a 30 inch long bag w i l l  obtain bigger and b e t t e r  samples f romthe  lagoon 
bottoms. This i s  about t he  maximum sized drag-dredge t h a t  it i s  prac t ica l  
t o  use without power winches. The frame of a dredge may be made of any 
read i ly  avai lable  metals such a s  bar  o r  s t r ap  iron. If a l l  pa r t s  a r e  
galvanized it w i l l  l a s t  longer i n  s a l t  water, and w i l l  not r o t  out t h e  c loth 
dredge bags by rust ing i n  such a short  t i m e .  The outward f l a r e  of t h e  dredge 
frame i s  not always necessary; a simple plate ,  with inner edge beveled, w i l l  
work well  on most occasions. The dredge bag i s  made of net t ing of tlchalk 
l ine"  cotton cord with 1 inch mesh. I f  spec ia l  dredge net t ing i s  not readi ly  
available,  burlap sacking can be used; t h i s  w i l l  r e t a in  even t h e  smallest 
s n a i l  shel ls .  The bag w i l l  l a s t  longer i f  it i s  wired onto t h e  frame with 
copper or  monel wire. It i s  usually advisable t o  protect  t he  net bag from 
rocks and coral  by fastening an open ended sleeve of canvas t o  t h e  frame around 
t h e  bag, 

The dredge l i n e  of 3/4. inch o r  1 inch rope (large enough t o  provide 
a good g r ip  f o r  hand hauling of t h e  dredge) i s  securely attached t o  only the 
longer of t h e  two t r i ang le  ha l t e r  frames. The short  one i s  t i e d  t o  t he  longer 
(arrows i n  diagram) only with two turns  of marline cord o r  s t r ing .  This cord 
w i l l  break, and re lease t h e  dredge from obstructions, before t h e  l i n e  breaks. 
Usually t h i s  i s  a suf f ic ien t ly  e f fec t ive  device, even on coralbottoms. I f  
t h e  dredge "hands up," backing up on t h e  l i n e  and pull ing i n  t h e  reverse 
d i rec t ion  should c lear  it. About t h r e e  times as  much l i n e  a s  t he  depth of 
water i s  the  proper amount t o  use f o r  t h i s  type of dredging. The speed of 
dragging should be slow enough so a s  not t o  pu l l  t he  dredge off the  bottom 
o r  have it only sk ip  along. With experience one may judge even t h e  type of 
bottom t h e  dredge i s  moving over, by the  simple method of holding one hand 
on the dredge rope and feeling t h e  vibrat ions  from the dredge. 
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METHODS OF COLLECTING IJWULNE INVF;RTFmT% ON CORAL ATOLLS 

by Robert W. Hiat t  

INTRODUCTION 

Whiie it wo'dld be presvmpt uous t o  inform a fellow marine zoologist about. 
collecting methods along our contineutai coasts  it i s  c e r t a i d y  jus t i f iab le  when 
coral  a t o l l s  a r e  concerned, f o r  such col lect ing is very different  and requires 
special  information and ex~er ience .  I t r u s t  t h a t  our several  years of experience 
i n  col lect ing on coral  reefs  w i l i  serve t o  introduce the unini t ia ted t o  t he  
problems and t h e i r  metho& of z o l ~ t i o n ,  so th,at h i s  praparation f o r  and handlizg 
of work i n  t he  f i e l d  w i l l  be great ly  f ac i l i t a t ed .  ii check-liet of equipment 
a-pl~ears i n  t he  section on "Instructions f o r  Xarine Ecoiogical Work on Coral 
Atolls." The f i r s t  ~ r t i o n  of t h i s  section of t he  Handbook concerns ways and 
means of col lect ing;  a second portion i s  devoted t o  methods of preservation. 

Emphasis should be placed uFon t h e  select ion of special  equipment f o r  the  
special  col!.ecting tasks  ahead. Both d o t h i n g  and equipment should be selected 
for  i t s  .utilitg, not merely became it i s  t h e  most readi ly  available. Koreover, 
wherever possible, carry out a l l  t h e  c r i t i c a l  stages of preparation personally. 
Remernber t h a t  you wii l .  be a long way from any source of addit ional equipment 
once you reach an a t o l l  -- i n  fac t ,  so f a r  t h a t  you cannot expect supplementary 
shipments of forgotten material. Obviously, another 2erson never cares qu i te  so 
rnuch about t h e  material  a s  you wouid,nor ~*!o,dd tine7 know precis el^ what use was 
t o  be made of t h e  too ls .  

SAFiTY P~~SUFL3.5 I N  THE FIZLLD 

Because medical care is frequently unavailable, perhaps for  weeks, it i s  
important t o  be even more czit ious than would normally be necessary. Certain 
sa fe ty  r u l e s  should be kept i n  mind. These are: 

1. Never col lect  alone i n  boats, when using diving gear, on 
rough slippery shores, o r  while svsimming. 

2. Exercise care i n  handling poisonous o r  venomous species, 
e.g., cer ta in  echinoderms, coelenterates, annelids and 
fishes.  Avoid handling a l l  sea urchins having slender, 
long spines, s ta r f i shes  having sharp spines (Acanthaster), 
s t inging corals (Yfle-ora)  and o ther  corals i f  an a l l e rg i c  
reaction i s  noticed, medusae and siphonophores, annelids 
with long whitish setae  (Eur.ybhoe), arid scorpaenid f i shes .  

3. Treat cuts scratches immediately with an an t i sep t ic  
and merthiolate. Zecurrent wetting hinders healing. 

4. Keep a weather eye on sizeabie sharks i n  t he  neighborhood. 
These ubiquitous creatures are  curious and often come close 
t o  you, possiloly becailse t h e i r  eyesight i s  poor. Our exper- 
ience shows them t o  be more frightened of youthan you are  
of them, once they see you. It i s  often s ta ted t h a t  i f  this 
i s  t rue ,  t h e i r  f r i gh t  bows no b o u ~ d s .  



5. Give moray ee l s  a ra ther  wide berth. They w i l l  not a t tack 
a wader or a swimmer unless the person inadvertently s teps  
alongside t h e i r  shel ter  o r  t h rus t s  h i s  hand i n t o  a hole 
which he has not examine6 ~ rev ious ly .  Morays a re  usually 
eas i ly  seen by a person wearing a face mask o r  using a 
glass-bottom box. 

6. M i l e  col lect ing on reefs  it w i l l  be found desirable t o  
wear a s h i r t ,  long t rousers ,  wading shoes, and heavy 
cloth o r  lea ther  gloves. 

FIELD NOTES 

Getting back with t h e  animals i n  good condition i s  only one part  of the  job. 
For purposes of modern taxonomy, f o r  ecology, o r  even f o r  obtaining fur ther  
specimens t o  carry on cer ta in  work, collecting is meaningless without a t  l e a s t  
minimal data. The marine zoologist i s  handicapped i n  h i s  note-taking because it 
i s  impossible t o  write f i e l d  notes while i n  the  water. Consequently, he must 
make his collections in a systematic manner so t h a t  a single s e t  of notes w i l l  
su f f ice  fo r  a number of animals. In  a l l  cases f i e l d  notes should be writ ten a s  
soon as the worker reaches the  shore. When collections a re  made i n  quadrats with 
code numbers, and in cer ta in  species of corals within t h e  quadrats, note-taking 
can be kept t o  a minimum. biell-planned f i e l d  procedures can do much t o  reduce 
copious note-taking fo r  the  vast  number of species l i v i n g  on coral  reefs.  

For many species of invertebrates colors and color patterns a re  of taxonomic 
significance. In  such cases reference should be made t o  Ridgwayls, Color 8 

Standards and Nomenclature (1912). 

METHODS OF C O U C T I N G  

Unlike continental shores, where collecting can be accomplished on exposed 
surfaces a s  the  t i d e  recedes, coral  reefs  o f f e r  very l i t t l e  i n t e r t i d a l  area so  
t h a t  collecting i n  general i s  accomplished only under water. Thus, specialized 
underwater equipment i s  needed. A brief  account of such equipment follows. 

Underwater Equipment 

Glass-bottom boxes 

These may be made '02 purchased a s  desired. They are  ~ e r h a p s  t h e  l e a s t  
useful of a l l  underwater collecting devices because fl) t h e  obseme~ls , f ie ld  of 
view is highly res t r ic ted ,  (2) one hand is required t o  hold the box, thus leaving 
only one hand f r ee  f o r  col lect ing maneuvers, and (3)' the  col lector  i s  res t r ic ted  
t o  very shallow water. .  I recommend against . . t h i s  piece of equipment. 

. . . . 

Face mask 

Face masks of many types a re  .&i?x&mive and r e t i d i l ' ~  available. Their chief 
advantages a re  (1)  t h e  obsemer?s,field of view i s  l imited only by the .  tu rb id i ty  
of t h e  water, (2)  both hands are: Tree f o r  collecting maneuvers, and (3) the  
col lector  i s  not r e s t r i c t ed  t o  shallow water. He may be r e s t r i c t ed  i n  depth of 
collecting by his  skin-diving abi.lity, but he i s  r e s t r i c t ed  i n  .sbser.vations o n b  



by t h e  tu rb id i ty  of t h e  water. I n  c lear  t rop ica l  - waters - it i s  often possible 
t o  see  c lear ly  to  a depth of  two hundred f ee t ,  

. . . . 

I n  shallow water t h e  co l lec tor  mayweat! wading shdes, but in.  deeper 
water where diving i s  essential: o r  where considerable d i s t h c e  i s  t o . b e  
traversed, s w i m  f i n s  a r e  useful. With them on& ca.n propel'  himself en t i r e ly  ' 
with the fee t ,  leaving the hands f r ee  t o  carry equipinent or  f o r  collecting.  
With a l i t t l e  p r a c t i c  a' person cand ive  15 t o  ,20 f e e t ,  Ekperienced skin- 
divers can co l lec t  a t  50 or  60 foot depths. This o u t f i t  supplemented by a 
col lect ing bag and inner tube f l o a t  has proved high& sat isfactory,  

. . 
. . 

Self-contained diving= . . . ... . , 

.* .' 
Both oxygen and compressed a i r  diving equipment a r e  available.  Since 

the  advantages and disadvantages a r e  held i n  common, !.both types wi l l ,  b e  con- 
sidered together. The chief advantage of t h i s  type of gear i s  t h e  extended 
period of submergence permitted while observihg o r  collecting.  With oxygen' 
eauioment submersion ~ e r i o d s  up t o  two hours are  possible a t  a depth of 25 
fLet; while compresseh a i r  o u t f i t s  w i l l  maintain a person a t  thi; depth f o r  
only about twenty minutes, The chief disadvantage of such equipment f o r  a t o l l  
work i s  t he  necessity of transporting tanks of oxygen o r  a i r .  Far l e s s  
oxygen i s  needed than compressed ai r , .  so l e s s  shipping space is involved with 
t h e  oxygen type,, However, t he  increased safety  of t h e  compressed a i r  type 
makes it more desirable if 'sf i ipping i s  no uroblem, 

I f  adequate personnel and shipping space is avai lable  t h e  pump-type 
diving gear i s  qui te  useful and:probably t h e  sa fes t .  However, a minimum of two 
persons above for '  each person submerged, is n e c e s s a ~ ,  thus  . v i r t ua l ly  eliminati.ng 
such equipment from consi8eration i n  at011 work. The submerged observer i s  
a l s o  r e s t r i c t ed  i n  hfs motements because: of the  attached a i r  hose and l i ne .  The 
greater  depths access ib leand  t h e  longer periods of submersion a r e  t h e  chief 

. . . . 
advantages. . . 

Collecting on Different ~ y p e s '  'of Substrata 

The Coral reef 

Methods of collecting f i shes  on cora l  r ee f s  a r e  detai led i n  another 
section of t h i s  Handbook. It should be noted a t  t h i s  point t h a t  cephalopods 
a r e  a l so  k i l l ed  by rotenone and should be collected along with t h e  f i sh .  

Invertebrates on co ra l  r ee f s  may be collected i n  a var ie ty  of ways. 
Perhaps t h e  most important method i s  the col lect ing of l iv ing  or  dead cora l  
heads or  porous cora l  boulders f o r  t h e i r  entrapped inver tebrate  fauna. These 
cora'heads and boulders should be carried t o  shore and there  broken apart  
with a geology pick o r  s imilar  instrument. In  i n t e r s t i c e s  of t h e  branching. 
heads and i n  burrows i n  t he  sol id  heads w i l l ' b e  found a multitude of animal 
types. Crustaceans, molluscs, polychaete worms, bryozoails, tunicates,  
sipunculids, hydroids, echinoderms, sponges, nemerteans and small f i shes  a r e  
ea s i ly  and e f f i c i en t ly  collected i n  t h i s  manner. Indeed, i f  t h i s  method i s  
not used, a large propol'&n of t h e  species pr&ent w i l l  be missed. 'Moreover, 
such a method lends i t s e l f  admirably t o  col lect ing in t r ansec t  quadrats. 
Studies on b io t i c  i n t e r a c t i o n i n  s ? e c i f i c c o r a l  head biocoenoses a r e  a l so  . . . . 
f a c i l i t a t e d  by employing t h i s  method. . . . , 

2 .  



$ 
Many species of gastropod mqlluecs, particul.arJy. of the families 

Strombidae, Cypraeidae, Conidae, Muricidae, Fasciolar$.idae, and Bucciiiidae 
a r e  found on rock o r  coral  rubble between cora l  hea.ds, A host of species 
w i l l  a lso be found i n  burrows o r  crevices i n t h e  reef,rock. Many boulders, 
par t icu la r ly  near shore can be over-turned t o  reveal the  motile species which 
seclude themselves beneath it and,.the attached species which grow on t h e  lower 
surface, Species of Tridacnidae w i l l  be found occasionally e i t he r  attached t o  
o r  lying f r e e  on t h e  reef rock. Near t he  outer reef edge the  col lect ing becomes 
more d i f f i c u l t  because of the rougher nature of t h e  coral  and nul l ipore  gmwth. 
Here echinoids w i l l  be found secluded. deeply i n  holes where .only a pry-bar can 
be used e f fec t ive ly  t o  expose them. Boring speci:es of t r idacnid clams can also 
be extr icated i n  t h i s  manner from t h e i r  at tached positions deep i n  co ra l  heads. 
Usually t h e  outer reef edge area i s  r a the r  weakly consolidated so tha t  large 
sections of it can be fragmented w i t h a  pry-bar. Oftentines Chis reveals a 
host of species, par t icu la r ly  crustaceans, ophiuroids, and gastropods which may 
not be collected elsewhere. : .. 

. ~ . . 
collect in^ i n  sand and mud. 

Most animals i n  sand o r  mud a r e  e i t he r  burrowers o r  exis t  jus t  below 
t h e  surface making them re l a t i ve ly  d i f f i c u l t  t o  see  and col lect .  Perhaps the 
most successful method of col lect ing under these conditions is t o  becone 
acquainted with t he  habits of t he  animals. For example, many gastropods l i v e  
just  under the  surface i n  sandy areas and carry onmost of t h e i r  a c t i v i t y  of 
moving about a t  night.  I f  t h e  sandy area i s  not  disturbed too  grea t ly  by wave 
motion it i s  frequently possible t h e  next day t o  observe through a face mask 
the  s l i gh t ly  excavated trail i n  t h e  sand which marks t h e i r  most recent movements. 
By diving down and scraping your hand through t h e  top layer  of the  sand, marked 
by a s l i g h t  elevation a t  t he  end of t he  t r a i l ,  you can col lect  t h e  gastropod. 
These sand t r a i l s  made bysubsurface movements of gastropods a r e  ubiquitous i n  
sandy regions of a to l l s .  Members of t h e  families Terebridae, Conidae, Olividae, 
Mitridae, Alectrionidae, and Cerithiidae a r e  common i n  such locations. 

Among t h e  echinoderms cake urchins and heart  urchins a r e  often abundant 
just  beneath the  surface of the  sand, The animals usually dis turb the  normal 
appearance of t he  sand above them, thus  marking t h e i r  position. Probing and 
digging i n  the  sand a t  t h a t  locat ion w i l l  expose the  specimen. Holothurians 
frequently l i e  just  below the  surface of t h e  sand, and they may be found and 
exposed i n  t h e  manner described f o r  t he  echinoids. 

Many species a r e  t rue  burrowers; making burrows which a r e  
ea s i ly  seen. These animals a r e  usually so deep i n  t he  sand t h a t  it is not feasi- 
b le  t o  ex t r ica te  them without spec ia l  equipment. Such equipment consis ts  of a 
shallow box with a wire screen bottom i n t o  which the  sand or  mud may be shoveled 
and strained. Many species of  pelecypods, crustaceans, polychaetes, andechino- 
derms w i l l  be gathered i n  t h i s  and i n  no o ther  fashion. 

... . 
Use of t raps ,  ne t s ,  dredges - 

Certain species of invertebrates,  par t icu la r ly  t he  larger  crustaceans 
and those inhabit ing depths not avai lable  t o  t h e  average skin-diver, can be 
collected only by t raps ,  nets  o r  dredges. Such species a s  stomatopods, 
palinurids, scy l la r ids ,  portunids, etc. ,  may b e t a k e n  much more e f f i c i e n t l y  i n  
sui table  t raps  than i n  any other manner. It i s  of ten impossible t o  secure suita- 
b l e  t r aps  from nat ive fishermen, so considerable thought-should be placed on 
constructing wire take-down type t r aps  which weigh but l i t t le  and occupy only a 
small space. The t r a p  should be constructed somewhat along the l i n e s  of t he  
accompanying diagram. 





Fish make excellent ba i t  f o r  such a t ra2.  Baited t r aps  sucl.. a s  t h i s  w i l l  
a l so  a t t r a c t  moray eels ,  so frequenz inspection of the  t r a p  may prevent the  l o s s  
of valuable specimens t o  tine ee l s .  

Wit!? the  exception of small d ip  nets  very l i t t l e  use can be made of seines 
f o r  invertebrates.  The f i e l d  co l lec tor  is advised. agair.st taking la rge  nets  
where space is l imited.  

T!?e n a t t r d l i s t l s  dredge i s  a most useful t oo l  i f  a po.ker boat i s  available 
t o  haul it. Usually such a boat i s  not available,  so xake i n q ~ i r i e s  before you 
send such equisment i n to  t he  f i e ld .  Native sa i l ing  canoes a r e  not veqr suitable 
f o r  dredging. 

Plankton nets  

Iviuch has been m-itten about col lect ing plankton  fro^ both qua l i ta t ive  and 
quant i ta t ive  standsoints. The f i e l d  man i s  advised t o  in-vestigate sui table  ne ts  
f o r  t he  purgose intended. K l e t t e r  t o  t he  S e c r e t a q  of t he  .'i;ilerican Society of 
Limology and Oceanography w i l l  nake available t he  l i t e r a t u r e  on plankton 
sampling issued by tine Society. 

Perhaps the  xosk i ~ ~ o r t a n t  point t o  remember i n  preserving specimens i n  t he  
t rop ics  i s  t h a t  bacter ia l  and phyoiological decomposition i s  accelerated by t h e  
high t e n p r a t u r e s ,  thus nore a t ten t ion  must be given t o  methods of inmediate 
preservation . 
Preservatives 

FORKALIW i s  perhaps the  most useful l i qu id  f o r  keeping an i r a l s  tempora,rily, 
but  not f o r  preserving them permanently. It has greates t  u t i l i t y  i n  t h a t  a much 
smaller volume of l iqu id  need be carried,  thus,  it i s  very important f o r  the  
a t o l l  worker. I f  no r e s t r i c t i o n  i s  placed on t h e  ainount of col lect ing gear 
wEch m.ay be taken, more e thyl  alcohol and l e s s  formalin i s  desirable.  Tnere 
a r e  two principal objections t o  formalin. F i r s t ,  whils i't i s  a very useful 
~ r o v i s i o n a l  flu5,i :or mary anb.als which a re  not contract i le ,  and especia1I.y f o r  
those which contain no lime spicules,  skeletons, o r  she l l s ,  it w i l l  a t t ack  the : 
calcareous ~ r t i o n s  of animals conta inhg  such an6 dissolve them o r  cause them 
t o  l o s e  br i l l iancy,  o r  both because of t h e  f ree 'ac ids  in the  f lu id .  Substantial  
relie: from the f ree  acids may be achieved by neutralieikg the  formalin with an 
excess of e i t he r  sodium carbonate o r  l i t h i a n  carbonate. Usually it i s  suffi- 
cierit i f  an excess of t he  s a l t  be ke?t a s  a sediment i n  t h e  stock j a r  o r  barrel  
of formalin. Second, unless specimens a re  t ransferred t o  alcohol a f t e r  two o r  
three years they begin t o  dis integrate .  

Preservation of d i f fe ren t  t p s  of animals shouid be acconplisned with 
d i f fe ren t  concentrs,tions. of f o n a l i n .  With l a rge  and r e l a t i ve ly  impervious 
aninals  such a s  f i sh ,  l a rge  crustaceans and cephalopods under t rop ica l  conditions 
it i s  necessary to  use up Lo 3O per cent fornalin.  I f  re f r igera t ion  i s  avail- 
able they sho.dd be preserved under refrigera-ied conditions. In  any case injec- 
t i o n s  of formdin  into  t h e  body cav i t i e s  anu in to  t h i ck  muscular areas shouldbe 



made. For smaller aniimls the  normal concentration should be approxintateljr 
1 0  per cent formalin, while sof t  o r  gelatinous animals should be preserved in  2 
t o  5 Fer cent formalin, t he  general ru le  being t h a t  t he  so f t e r  t he  animal, t he  
weaker t he  formalin. 

With formnlin, a s  with other preservatives, only one, o r  a t  any r a t e  only a 
very few, objects should be put i n to  t h e  same receptacle a t  t h e  same time, and 
there  must be a good amount of f l u i d  i n  proportion t o  t h e  animal matter present. 
Either f resh  o r  salt water may be used in making the  solutions. The sea water 
solution often preserves t he  transparency of  gelatinous bodies be t t e r  than the  
other.  For cer ta in  f lacc id  animals the  hardening accomplished by formalin i s  
advantageous. 

ALCOHOL, ethyl  preferred, i s  without doubt t he  most indispensable l i qu id  
f o r  prmanent preservation. Fully denatured alcohol i s  t o  be avoided because 
of t h e  deleterious e f fec t  of t he  denaturants on specimens. I n  cer ta in  instances 
alcohol i s  required f o r  t he  i n i t i a l  preservation, so a small amount i s  essen t ia i  
i n  t he  f i e ld .  I n  ~ o s t  instances, except where anesthetizing i s  necessarr, 
specimens may be dropped d i r ec t ly  i n t o  70 per  cent alcohol. Certain soft-bodied 
forms such a s  je l lyf ishes  must be first placed i n  50 per  cent alcohol and a f t e r  
6 hours o r  longer placed in 70 per cent. The alcohol must be di luted with fresh 
water, a s  a white precipi ta te  usually appears and covers the  specimen i f  sea 
water i s  used. 

S~ecimens which possess calcareous she l l s ,  s p i c ~ a e s  or other s t ructures  of 
a similar nature, should i f  ~ 0 S S i b h  be placed d i r ec t ly  i n  alcohol, since the  
acid fornlalin may seriously damage the  specimens even within a short time. It 
i s  not necessary to  use alcohol i n  concentrations i n  excess of 70 per cent, 
indeed, it may be harmful t o  do so. The e f f ec t  of both formalin ard alcohol i s  
t o  a considerable extent t o  replace the water of t h e  t i s sues  and thus prevent 
bacter ia :  decomposition. The removal of t h e  water not only prevents decom~osi- 
t i o n  but a t  t he  same time s t i f f ens  t he  t i s sues .  Alcohol a t  70 per cent 
accomplishes t h i s  replacement most e f f ic ien t ly .  Regardless of whether formalin 
o r  alcohol i s  used the  colors w i l l  fade eventually. 

MAGESIWI SULPHATE, commercial grade, i s  perhaps the  most useful and l e a s t  
expensive of a l l  t h e  narcotizing reagents. Animals t o  be narcotized should be 
carried to  t he  labora tor r  i n  suff ic ient  sea  water t o  keep them a l ive ,  then 
placed i n  a p n  with sea water barely covering them. Crystals of magnesium 
sulphate should be adaed roughly i n  concentration of one tablespoon per quart  of 
sea water. A s  narcotizing progresses more reagent may be added. This method 
works well f o r  gastropods, echinoderms, sipunculids and echiuroids. 

CHLOFAL HYDRATE, commercial grade, is useful i n  a very weak solution,  from 
0.1 t o  0.2 of 1 per cent i n  sea water, f o r  narcotizing forms d i f f i c u l t  t o  pick 
of f  of algae or  madreporarian beads. 

CHLORJiTONE i s  useful i n  weak aqueous solutions f o r  narcotizing small forms. 



ILLCOHOLIZED SJU WATER i s  a l so  a useful anesthet ic  f o r  quieting small inarine 
s ~ e c i e s ,  p r t i c u l a r l y t h e  worms. Care should be taken not t o  put many 
individuals together during the process as a copious secretion of mucous r e su l t s  
i n  an inextricable entanglement of t h e  worms, thus  rendering the  specimens 
useless. 

There a r e  a number of points t o  remember f romthe  standpoint of returning 
specimens t o  t h e  laboratory and from there  back t o  t h e  i n s t i t u t i ons  where they 
w i l l  be handled. 

1. Don't crowd your collecting containers in t h e  f i e l d .  

2. Don't place antagonistic species together  in the  same container, 
e.g., l a rge  carnivores ~ 5 t h  small species, crabs with soft- 

.: bodied types, e tc .  

3. Only animals taken a t  a par t icu la r  s t a t i on  should be placed in 
one container. 

4. Carefully segregate mucous secreters  from other specimens i n  
the  f i e l d ,  as  t he  entanglements caused of ten r e su l t  i n  worth- 
l e s s  specimens. 

5. If specimens a re  t o  be returned t o  t h e  laboratory a l ive,  
suffocation must be avoided by (a )  having only a small number 
i n  each container and by (b)  having a minimum of water plus a 
good de& of algae f o r  cover. Aeration may be supplied by an 
Oxy-bomb o u t f i t  obtainable from 

A.  Daigger & Co. 
159 West Kinzie S t ree t  
Chicago 11, I l l i n o i s  

6 .  Avoid leaving containers i n  the  sun. 

7. I f  specimens a re  returned t o  your i n s t i t u t i o n  i n  metal cans, 
they should be opened immediately upon a r r iva l ,  and the  
specimens should be transferred t o  70 per cent alcohol i n  
glass  storage jars.  

Notes on preservation of par t icular  animal groups 

PORIFERA should never be preserved i n  formalin a s  t h e  t i s s u e  degenerates at 
once, leaving only the skeleton which may a l so  be i n  poor share. Droo the 
specimen in to  70 per cent alcohol immediately and renewalcohol when it becomes 

discolored. Horny sponges may be dr ied by f i r s t  washing them i r l  f resh  water f o r  a 
few hours, then they should be placed i n  70 per  cent alcohol f o r  a day o r  so, 
and then placed i n  t he  sun t o  dry. Sponges t r ea t ed  t h i s  way w i l l  not have an 
offensive odor. For best taxonomic r e su l t s  a s m a l l  piece of t he  sponge should 
be cut off and dropped i n t o  Bouinls f ixative.  
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COELENTERATA provide a var ie ty  of si tua:  ions which must be dea l t  with 
individually.  Corals, including the  madrepoles, millepores and other hydrozoan 
types with stony skeletons should be broken from t h e i r  attachments a s  carefully 

... .- a s  possible,. If a .  piece of a l a rge  coral  head is taken, it should be obtained i n  
. . . a.Cypical a r t  of t he  head and should contain exposures i n  a s  many planes a s  

G s s i b l e .  I f  t he  a t o l l  i s  in a rainy b e l t  a l l  t ha t  need be done is t o  place the 
c o r d s  i n  the  sun on a s l i g h t l y  elevated s t ructure  where drainage i s  good and 
where no vegetation w i l l  touch them. Alternate wetting and drying, accoapanied 
by frequent turning of t he  specimen, w i l l  soon clean and bleach it. Where rain- 

: . - .  . . f a l l  i s  s l i g h t  and undependable, m e r s e  the corals i n  containers of f resh  o r  
: t ep id  sea. water g n t i l  t h e  t i s sues  dis integrate .  Wash them well and place them 

i n  t h e  'sun t o  dry. Labels, e s p c i a l l y  temporary ones, during the  ro t t i ng  and 
bleaching period, should be on heavy tough paper and:.aitached with s ta in less  

. . s t e e l  wire. 

Anemones and hydroids should be coveredwith sea water t o  which a s m a l l  
aqount of magnesiwn,sulphate has been added. When they have expanded completely 
and a re  f u l l y  narcotized, t r ans fe r  them t o  formalin. 

. .. . .. 

The soft-bodied siphonophores and scyphozoans may be inmersed d i r ec t ly  in 
approxim&ely 5 F e r c e n t  formalin. This r e su l t s  i n  highly contracted tentacles ,  
but t h i s :  does not impair t h e  specimens f o r  taxonomic study. 

. . . . .., , 
N ~ R T E K N S ,  present great d i f f i c u l t i e g  because of t h e  highly contract i le  

body and dangefof  fragmentation. It i s  best  t o  place them alone i n  a sizeable 
container of sea water t o  which chloral  hydrate is:added. Allow them t o  remain 
there  for  about 12 hours, then d r a i n  off  t he  narcotizing solution and replace it 
with 70 per cent alcohol. 

: ! .  , 

SIFUNCULIDS may be narcotized x i t h  chloral  hydrate i n  sea water u n t i l  the 
ten tac les  a r e  expanded. Often it is necessary t o  wait u n t i l  t he  proboscis is 
extended, then seize t he  body wi thone  hand and:wil;h a pa i r  of forceps seize the 
extremity:of t he  proboscis t o  keep the  ten tac le  extended, then immerse the 
animal . . i n tp  10 per cent formalin o r  70 per cent alcohol u n t i l  it dies.  

I I 

BRY~ZOANS are  &hewhat r e s i s t an t  t o  anesthetics but some extension of the  
zooecia may be preserved by narcotizing slowly w i t h 7 0  per cent alcohol added t o  
sea water. Preserve,in 70 per cent alcohol o r  in 5 p r  cent formalin. 

. . .  .. . . . , .. . 
.. . POJXHAETE worms are  d i f f i c u l t  t o  preserve properly i n  ' the f i e l d  i n  t h e  

. . best. taxonomic condition. If they a r e  not completely narcotized a t  f ixing,  they 
w i l l  contract  greatly,  t w i s t  out of shape and frequently w i l l  fragment. 

: Narcstizing may 'be accomplished by separating tke  worms in to  f inger  bowls with 
just  enough s e a  water t o  cover them. Then add alcohol slowly and l e t  them stand 

: f o r  several hours. Jus t  before they are  completely immobilized place them in 
5 p e r c e n t  . formain  . t o  which a l i t t l e  g lycer ine ' i s  added. 

, . . . .  . . 

MOLLUSKS present special  problems because some are  shelled while others are  
not. 

The shelled gastropods a r e  iden t i f ied  by she l l  characters only, thus it is 
unnecessary t o  preserve the s o f t  parts unless they a r e  needed f o r  special. study. 
The chief problem is t o  remove t h e  so f t  pa r t s  f romthe  she l l s  without damaging 



t he  s t ructure  o r  b r i l l i ance  of t h e  shell .  I have found it most sat isfactory t o  
place the l i v ing  shelled g a s t r o p d s  in to  a container of sand so oriented t h a t  
t h e  ro t t i ng  f leshy material  w i l l  drain  from the she l l  i n t o  t he  sand. The bottom 
of t ne  container should beper fora ted  so t h a t  a l l  decaying material  can drain o r  
be leached out of t he  container. The container should be placed on the ground 
so t h a t  an ts  can enter  t he  decaying she l l s  and hasten the  removal of organic 
substance. Remember t o  cover t he  container suf f ic ien t ly  well t o  prevent the  
entrance of. land hermit crabs 'which w i l l  be a t t rac ted  to .  t he  area. If the  
harmits a r e  able $0 enter  t he  containers y o u w i l l  soon f ind  t h a t  many beach-worn 
s h e l l s  have been traded f o r  your prize specimens which nor* decorate t h e  abdomens 
of these ubiquitous robbers. When most of t he  decaying material  i s  out of t he  
she l l s ,  a f t e r  a month o r  more i n  t h e  container, they may be washed i n  water, 
labeled and ~ a c k e d  away. 

Tectibranchs and nudibranchs should be anesthetized using chloral  hydrate 
o r  magnesium sulphate. blhen they appear immobile preservation may be made with 
alcohol o r  formalin. Large specimens should be injected with preservative. 

Felecypods, except f o r  cer ta in  boring species (Teredo, w, Rocellaris, 
e t c . )  a r e  ident i f ied by she l l  characters so t he  sof t  par t s  may be discarded. 

I n  both shelled gastropods and shelled pelecypods some specimens have 
b r i l l i a n t  clean she l l s  (sand-dwellers) and the  she l l s  of others a r e  more o r  l e s s  
encrusted with other organisms, especial ly  calcareous algae. It i s  v i r t ua l ly  
impossible t o  make shiny she l l s  from these l a t t e r  specimens, and indeed, f o r  
taxonomic purposes they should be l e f t  i n  t h e i r  natural  condition. The cleaning 
of such she l l s  has l i t t l e  t o  do with s c i e n t i f i c  endeavor so the  methods a r e  
omitted here. 

Cephalopods can be dropped i n t o  10 per cent formalin a f t e r  t he  body cavity 
has been injected with preservative. No par t icular  problems w i l l  be encountered 
with t h i s  group. 

CRUSTACEANS present individual problems i n  fixation,  but i n  general a l l  
should be preserved i n  70 per cent alcohol t o  which glycerine i s  added i n  a 
r a t i o  of 1 par t  t o  10. The greates t  danger i n  preserving crustaceans i s  the 
l o s s  of appendages. Glycerine wi l l  help i n  t h i s  regard by maintaining some 
f l e x i b i l i t y  i n  t he  a r throdia l  membranes. 

Shrimps except f o r  snapping shrimps (~rangonidae)  can be preserved without 
narcotizing i n  alcohol and glycerine or  formalin and glycerine. Snapping shrimps 
a r e  prone t o  autotomize fietach - E ~ J  the  l a rge  chela, especially i f  they a re  
dropped d i r ec t ly  i n to  the f ixa t ive  o r  are  crowded with other specimens. 
Unfortunately some taxonomic characters are based on the  morphology of t h e  la rge  
cheliped. I f  shrimps of more than one species are  crowded together and many 
autotomize t h e i r  chelae, a near hopeless confusion r e su l t s  i n  matching shrimps 
with cast  appendages. I f ind it preferable t o  permit them t o  d i e  i n  f resh water 
o r  tepid sea water with but one type i n  a container. Under f i e l d  conditions 
t h i s  i s  d i f f i c u l t  t o  do, but i f  a suf f ic ien t  number of s m a l l  vials a re  taken 
along it can be accomplished. 

Xany anomurans and brachyurans w i l l  autotomize a ~ ~ e n d a g e s  i f  stimulated too  
strongly with t h e  f ixat ive.  The impermeability of the  integument prevents rapid 



penetration and death, thus  t h e  prolor.@ thrashing about often r e s u l t s  in  
mutilated spcimens.  It is  best  t o  put them in to  f resh  water o r  leave them 
exposed t o  a i r  u n t i l  they die.  Land crabs ( C a r d i s o ~ ,  Geo~rapsus, Coenobita, 
Birpus e tc . )  present special  problems because exposure w i l l  noG kill them and --, 
f resh  water i s  not par t icular ly  effect ive.  The only sui table  method i s  t o  drop 
tinem into formalin. Fortunately, they do not autotomize t h e  appendages readily. 
Large s~ecimens should be injected with preservative. Where it i s  necessary t o  
t ransport  many preservedspecimens i n a  common container, each specimen should 
be protected by wrapping it adequately i n  cheesecloth which is t i e d  securely 
with s t r ing .  Whenever possible, f l e x  t h e  appendages so t h a t  t he  t i e d  animal w i l l  
be compact. I find it best  t o  preserve hermit crabs i n  t h e i r  she l l s  so as  t o  
have precise information a s  t o  the  she l loccupi i3 .  Oftentimes both the  crab and 
i t s  she l l  w i l l  require i den t i f i ca t ionby  spec i a l i s t s ,  Most specimens can be 
pulled from the  she l l  ra ther  eas i ly  following preservation. 

Barnacles must be pried from t h e i r  a t t achmnt s  and preserved i n  1 0  per cent 
formalin. It is not necessary t o  re lax them f i r s t  a s  tmonomic determinations 
a r e  made from t h e  valves. 'Wet preservation i s  superior t o  drying because it 
insures t he  safekeeping of t he  valves u n t i l  they a r e  cleaned f o r  use by the  
taxonomist. 

Smaller crustaceans such a s  ostracods, copepods, amphipods, isopods, 
stomatopods, eec., shouldbe dropped. d i r e c t l y  i n to  70 per cent alcohol o r 5  p r  
cent formdin; ,. . , 

ECHINODERNS present a var ie ty  of problems of preservation. The hard-shelled 
echinoids may be dropped d i r ec t ly  in to  1 0  per cent formalin. Large specimens 
should be punctured through the peristomial membrane t o  insure i n t e rna l  
preservation. After a day o r  two they may be placed i n  a shady spot t o  dry. 
The sun w i l l .  bleach hhe colors rapidly i f  t h e  specimens are  not shaded. 

Asteroids and ophiuroids may best be handled by anesthetizing with MgSO4 i n  
a pan with sea water barely covering the  specimen. Wnen t h e  as teroids  have 
f la t tened out remove them t o  another pan of 70 per cent alcohol o r  10  per cent 
formalin. After two o r  three days i n  the  f i xa t ive  they may be dried in the  
shade. Ophiuroids must be handled with extreme care a s  the  arms are  read i ly  
autotomized. Do not crowd them i n  containers i n  the  f i e l d  and place them i n  
XgS0& solution a s  soon a s  p s s i b l e .  When t h e  a m s  no longer react  t o  touch 
arrange them a l l  pa ra l l e l  t o  one arm so t h a t  a comet-shaped form resu l t s .  
Remove the  narcotizing solution and replace it with 10 per cent formalin or 70 
per cent alcohol. After two days l a y  them out i n  t h e  shade t o  dry. 

Holothurians require more care than other echinoderms, because they have 
so f t  and highly contract i le  bodies and all a re  furnished with ten tac les  which 
contract o r  r e t i r e  within t he  body on contact with a reagent. Moreover, cer ta in  
species a r e  prone t o  expel t h e i r  viscera shor t ly  a f t e r  being immersed i n  t he  
preservative o r  anesthetic.  While t h i s  behavior does not impair the  use of t he  
specimen taxonomically, it i s  unsatisfactory i n  many other ways. Allow the  
animals t o  re lax  and expand i n  a pan of sea  water t o  which MgS04 i s  added. 
After a few hours of such treatment nany species w i l l  become narcotized with 
t h e i r  t en tac les  expanded. They should be in jec ted  with 70 per cent alcohol, 
wrapped i n  cheesecloth, and t i ed ,  and dropped in to  70 per cent alcohol. Never 
leave sea cucumbers in formalin f o r  any length of time because t h e  acids w i l l  



quickly destroy the  t i n y  calcareoas cutaneous spicules so inportant f o r  correct  
ident i f icat ion.  Thin-walled apodous species must be hanaled careful ly  t o  avoid 
fragmentation. The ten tac les  cannot be inveded  within the body so complete 
relaxation i s  unnecessary, indeed, it is u s u a l l y t o  be avoided since many of 
these species are  several  fee t  i n  length. It is best  t o  place them i n  a shallow 
pan containing 50 per cent alcohol. When k i l l ed  they should be t ransferred t o  
70 per cent. 

Crinoids have a tendency t o  fragment regardless of t h e i r  treatment, but 
t h i s  can be minimized by immersing the  animal i n  90 per cent alcohol, then 
violent ly  shake the  vessel t o  hasten death. Usua l ly the  f i e l d  col lector  has no 
su i tab le  containers f o r  t ranssor t ing these animals t o  t h e  i n s t i t u t i ona l  
laboratory i n  wet preservative. I have found it useful t o  hang the  specimen i n  
a shaded place t o  dry a f t e r  it hrs  been i n  preservative a few days. They must 
be packed separately i n  r ig id  boxes f o r  t ransport .  

LOVER CHORDATES may usually be dropped d i r e c t l y  in to  10 per cent formalin. 
However, i f  t he  specimens a re  wanted f o r  microscopic s t ructure  t he  investigator 
should consult a guide book on animal micrology. I f  time and f a c i l i t i e s  permit 
it is  be t t e r  t o  narcotiae cephalochordates and tunicates  with chloral  hydrate 
and enteropneusts with alcohalized sea water. 



DIRECTIONS FOR COLLECTING, PRESERVING, AND SHIPPING FISHES 

by Leonard P. Schultz 

The usual methods of col lect ing f ishes  a r e  baited hook and l i n e ,  t ro l l ing ,  
s p a r i n g ,  dredging, trawling, a t t r ac t ing  them t o  the  surface with a l i g h t  a t  
night,  and using various nets  and beach seines.  Poisoning i s  the  most important 
method for  shallow water f ishes  of ocean reefs .  Powdered cub6 o r  d e r r i s  root 
with a f i ve  prcentum of rotenone content o r  rotenone i n  concentrated form i s  
best .  

Collectine: b i  Means of Fish Poisons on Coral ~ t o l l s *  

Thirty-five minutes before t he  t i d e  reached i t s  lowest point, the  dry 
powdered root was placed i n  buckets ar any su i tab le  container and mixed with 
water t o  a th ick  chocolate me ted  milk consistency, allowing about 20 minutes 
f o r  one man t o  mix 25 pounds. By squeezing and s t i r r i n g  with t he  hands, a s  
water was gradually added the powder soon formed a thick mud. Ten minutes 
before low water, t h e  d i s t r ibu t ion  of the  mixture began. The stupefying of a 
great  var ie ty  of f i shes  with rotenone was most successful a t  t h e  lowest stage 
of water. 

The success of t h i s  operation depended on determining the  strength of t he  
currents  and depth of water. A l i t t l e  of t h e  mixture was tossed in to  the 
water, and the direct ion of movement of t h e  small, l i g h t  brownish cloud,watched. 
After several  such t e s t s ,  ass i s tan ts ,  each with a bucket o r  two of t h e  mud, 
were stationed i n  t he  water and the d i s t r ibu t ion  began. I n  water 4 t o  5 f ee t  
deep, with a slow current, the  mud was thrown out permitting the  l i t t l e  sof t  
pe l l e t s  t o  dissolve a s  they se t t l ed  toward t h e  bottom, forming a l i g h t  brownish 
cloud. Twenty-five pounds of t he  dry powder formed a cloud about 100 t o  150 
f e e t  long by 50 t o  75 f ee t  wide. It was highly effect ive i f  it took 10  minutes 
t o  pass any one point i n  water above 80' F. When used a t  lower temperatures 
the  f i shes  must be exposed f o r  a longer time. Usually a par t  of a bucket of 
t he  mud was reserved t o  strengthen t h e  cloud a f t e r  it had t raveled a few 
hundred fee t .  This precaution was &v%able,since the  currents did not always 
behave a s  predicted. 

Shallow Water Reef. -- It was learned through experience which shallow 
water hab i ta t s  ( t o  a depth of t en  f e e t )  were sui table  f o r  col lect ing f i s h  with 
rotenone. An area with an abundant growth of coral  heads i n  about 3 t o  4 feet  
of water, down t o  t en  f ee t  i n  pools, with narrow t o  wide channels between the  
various kinds of corals,  and a wind blowing t h e  surface water more o r  l e s s  
shoreward, was the most idea l  s i tuat ion.  

Many kinds of f i shes  i n  t he  areas t r ea t ed  floated f o r  a few minutes, then 
sank t o  t h e  bottom. Some were picked up while they were v io len t ly  swimming 
more o r  l e s s  i n  c i r c l e s .  A greater  quanti ty of f i s h  appeared a t  t h e  surface 
than were recovered immediately. Those t h a t  d r i f t e d  ashore were recovered but 
those t h a t  got over deep water were often l o s t .  

* Schultz, COPEIA, no. 2, pp. 5%-98, 19b8. 



Immediately a f t e r  introducing the  rotenone, recowry of the  f i s h  stn:ieci, 
but it w s s  inadvisable t o  enter  the  area i n  which t h e  t rea ted  water would flow, 
since t h a t  drove the unaffected f ishes  away. A s  soon a s  t he  water cleared, 
those f ishes  t h a t  s e t t l ed  t o  t h e  bottom were collected.  Two o r  three men 
continually wandered over the  t rea ted  area, picking ua the  suecimens i n  fine- 
meshed, bobbinet dipnets,  14 o r  15 inches i n  diameter and 25 t o  30 inches deep, 
with a 4 o r  5-foot-long lightweight wooden handle. 

As the water-laden cloud of rotenone d r i f t ed  onward for  a thousand fee t  o r  
more, it spread out, gradually becoming so di luted t h a t  it l o s t  i t s  effective- 
ness. When the water appeared as  a l i g h t ,  tan-colored cloud, it was most 
effect ive since it retained i t s  stupefying p r o ~ e r t i e s  yet  was not so much con- 
centrated as  t o  be detectable by most f ishes.  Sharks, apparently able t o  detecL 
small amounts of t he  rotenone i n  t h e  water, l e f t  t h e  area  u n t i l  the  cloud had 
passed. They then returned t o  feed on the  s ick  and dead f i sh ,  sometimes 
becoming troublesome. With only one o r  two 3 t o  6-foot-long sharks feeding on 
t h e  s ick f i sh ,  t h e  skin diver can keep watch of them. However, when two or  
th ree  of these voracious creatures become too bolc!, a s  on one or  two occasions, 
t he  ichthyologists l e f t  t he  water. 

The searching f o r  t he  demobilized f ishes  was done by means of a face mask 
covering eyes and nose, swimfins  on the f e e t ,  and a dipnet. With a face mask, 
both hands were f r e e  t o  devote t o  picking up f ishes ,  s0i.e of which were rat'ner 
slippery. A canvas glove a s  an a id  f o r  holding sl ippery f i s h  was used on one 
hand when necessaiy. Some of the  f i shes  affected appeared l i f e l e s s ,  but when 
touched were found t o  be very much a l ive  and. qui-lily moved away unless caught i n  
t h e  dipnet. Those f i shes  too small t o  pick up with t h e  f ingers  were, with a 
l i t t l e  practice,  l i f t e d  from the  bottom by inducing updz.rd currents through 
rapid movement of t he  hands o r f e e t .  A f i sh ,  thus  scsi~ended f o r  a few moments, 
was scooped up i n  t h e  dipnet. Desirable f ishes  frequently swam i n t o  t he  
crevices of t he  corals  and erected t h e i r  spines, making t h e i r  removal.difSicult.  
With c lear  vision through the  face mask, these,  too, were collected. 

A rxbber boat, t i e d  t o  one of t he  coral  heads, served a s  a base from which 
t o  work and was an added safety  i n  case someone ran i n t o  trouble under t he  
rugged conditions. This boat held the preserving tank, and other gear. Three 
good swimmers picked up enough f i s h  t o  keep one man busy preserving the  
specimens i n  the  rubber boat. 

Those f ishes  f i r s t  t o  be affected by the  rotenone were the  damsel, cardinal,  
bu t te r f ly ,  surgeon, and puffers; others such as  needlefish, halfbeaks, goat- 
f i shes ,  gobies, jacks, threadfins,  and mullets were a l i t t l e  slower i n  reacting 
t o  the  t reated water. The burrowing f ishes ,  namely, ee l s ,  appeared l a s t ,  
probably because it took longer f o r  t he  rotenone t o  d i f fuse  in to  t h e i r  habi ta ts .  
Fish continued t o  appear for over 6 hours a f t e r  treatment; ee l s  were recovered 
t h a t  came out 8 hours a f t e r  t he  cloud had passed t h e i r  burrow. 

Care was exercised i n  picking up supposedly dead spiny f ishes ,  and 
especial ly  moray ee l s ,  since they may i n f l i c t  ser ious  wounds. Scorpion f ishes ,  
siganids, and other venomous species, even the s t inging corals and j e l l y  fishes,  
were t rea ted  with respect. 



Tile snake ee l s  often appc3~-ed with about 6 t o  12  inches of t h e i r  hnad 
sect ion above the  bottom. They %'ere grabbed f i id .y  arid quickly, then the remain- 
ing 2 or  3 f ee t  of t h e i r  bodies were pulled ovt. k l i g h t  touch o r  a miss when 
grabbed usually caused the  eel. t o  withdraw i n t o  i t s  burrow and the  specimen was 
l o s t .  

The rotenone appeared t o  a f f ec t  t h e  f i shes  by constrict ing the  cap i l la r ies  
of t h e  g i l l s ,  depriving them of an adequate oxygen supply. They leave t h e i r  
hiding places f o r  more oxygen, thus  exposing themselves under a weakened 
condition and simplifying t h e i r  capture. 

Shallow t i d a l  pools thak t i -ap  f i s h  a t  low t i d e  are  simple t o  work, but the 
use of rotenone i n  t he  ocean swf on the ocean reef of a coral  a t o l l  requ.ires 
special  technique. 

Lithothsmniuni Ridge: -- The outer margin of an a t o l l  rim on the ocean 
s ide  usually consis ts  of t h e  s l lgh%ly raised pink t o  red col.ored lithothamnivm 
ridge contrasting beaut i ful ly  with the deep blue ocean beyond. It i s  dissected 
by rugged surge-channels, and deep pools often 20 f ee t  deep direct1.y connected 
with t he  ocean. This ridge, creviced and p i t t ed  &th holes, i s  about a foot or  
two higher than the f l a t  par t  of t h e  reef f a r t h e r  inward. A t  extreaely low 
t i d e s  it i s  exposed except as  the  surf crashes over it, then some of t he  water 
is forced back over the  f l a t  part of the  reef ,  flowing seaward again through 
the  surge-channels. 

Some of the  surge-channels, extending for  a hundred f ee t  o r  more back in to  
the so l id  reef ,  a r e  more o r  l e s s  roofed over o r  with perforations la rge  and 
s m a l l  through which the watep may pour o r  spurt  on the  incoming surge of a wave. 
They are  l ined  with r i ch  green and red algae, blue, red, yellow and green corals, 
and a host of b r i l l i a n t l y  colored f i shes  l i v e  i n  these c l ea r  waters. 

Rotenone was used successfully along the lithothamnium ridge i n  t h e  ocean 
sur f .  The "mud'l was administered a few minutes a f t e r  t he  low point of t he  t i d a l  
cycle. An area was selected where pools occurred but which were not completely 
connected with t he  surge-channek. These pools were desirable  as s e t t l i n g  
basins f o r  t he  s ick  and dying f ishes .  The area between two o r  three surge- 
channels, where the waves flow inward across t he  ridge was the  place where we 
placed the rotenone mixture. Big handfuls of t he  th ick  mud were thrown out as  
f a r  a s  possible i n to  the backwash of a wave. The next moment the  oncoming 
breaker churned the  water in to  foam and carr ied the  water-laden c!.oud of 
rotenone inward, spreading it over the  area and into  t he  numerous crevices, then 
it flowed out the  surge-channels, Soon the rotenone cloud was dis t r ibuted along 
the  ocean edge of t he  reef ,  and some was brought back again over thelithbhamnium 
ridge. The continual surging inward of t he  water brought i n  the  s ick  f i sh .  Men 
were stationed along the surge-channels t o  take f i shes  t h a t  were being swept out 
t o  sea  and perhaps l o s t .  After t he  pools and channels cleared, t he  bottoms 
were searched f o r  f ishes  by the skin divers.  

Deep-water Use of Rotenos:  -- Two ichthyologists who were excellent 
swimmers and skin divers, successfully carr ied on several deep-water poisonings 
of f ishes  with the powdered root.  They mixed i n  the  usual manner about 35 
pounds of t he  substance, then placed 5 t o  1 0  pounds of t he  "mud" i n  desert  .. . 

water bags. Equipped with standard United S ta tes  Navy shallow water 



diving o u t f i t s  they took the rotenone t o  t he  bottom, distributi .ng i t  
coral growths. Down below with . the usual. dipnets, they recovered: f ishes ,  '. 

bringing them t o  a man a t  the surface, who preserved t h e  specimens.. This deep- 
water work was necessary t o  obtain a more complete picture of t he  f i s h  fauna of 
Bikini and the change i n  kinds of f i shes  a t  various depths i n  t he  lagoon. 
Several f i s h  s ~ e c i e s  occurring over t h e  shallower par t s  of the reefs  normally 
are  not found a t  depths below 10 .or 20 f e e t ,  whereas some kinds below tha t  depth 
a r e  not 'taken near t he  surface. 

Collecting With a Light a t  Night 

A bright l i g h t  suspended from a s m a l l  s h i p  a t  night a t  the  surface of the  
sea a t t r a c t s  t o  it myriads of nocturnal organisms -- crustaceans, worms, squid, 
octopi, and numerous species of f ishes .  Si lvers ides ,  small wrasse, round 
herring, t h e  pelagic s tages  of goatfishes, surgeon f ishes ,  puffers, l i z a rd  and 
f i l e  f ishes  da r t  i n  and out of the  f i e ld  of illumination, Large f lying f ishes ,  
a foot or  two long, come swimming o r  f ly ing  toward t h e  l l g h h - L  night.  D ~ i m  
below a few fee t ,  l a rge r  predaceous f i shes  can be seen rushing about feeding on 
the  abundant animal l i f e .  E a g e r  col lectors  gathered above t h i s  l i g h t  on a plat-  
form, with fine-meshed dipnets scooped up t h e  aninals,  and preservedtineu for  

.. . 
future study. 

. .  . 

PRESEEVATION OF FISHES 

I n  general, the '  following ru l e  should be applied: Preserve a l l  f i s h  t ha t  
cone in to  t he  net  o r  are  taken by other means. Do not throw away s m a l l  specimens 
because there  a r e  many species of f i s h  of which the adul ts  do not reach an inch 
i n  t o t a l  length. Large numbers of spe~imens of each kind a re ' ve ry  desirable,  
One h~ndred~specimens of a s ing le spec i e s  a r e  of ten not too many and i n  some 
cases are  not enough. 

. . 

FormalinPresetvation: -- Formalin preservation i s  recommendedinstsad 
of alcoholic preservation. . The f i s h  should be cropped a l ive  ( i f  possible) i n to  
a solution of formalin made up by mixin -.. one par t  of comerciai  formalin with 
nine paxks of water &esh o r  s a l t -   his solution is of suf f ic ien t  strength - 
t o  preserve small f i s h  up t o  f i ve  inches i n  length, i n  about t h ree  days, but 
l a rger  specimens should be l e f t  in  it f o r  a grea te r  length of t i ne ;  depending 
upon t h e i r  s ize .  Fish which are  allowed t o  d i e  -before being preserved a r e  paled 
and d is tor ted  and hence a re  of-  l e s s  value. A l l  specimens over three inches i n  
length should be slit i n  t he  be l ly  with a sharp knife o r  sc i ssors  o r  they' should 
be injected with formalin. This allows t h e  preservative t o  enter t h e  body 
cavity and keep the contents fromspoiling.  I n  addit ion t o  t h i s ,  very l a rge  
f i sh ,  a foot o r  more i n  length, should be in jec ted  about every two inches i n to  
t he  muscle t i s s u e  and l e f t  i n  formalin from f ive  t o  seven d a y s , o r  more. After 
t h a t  time, i f  it is desired, they can be t ransfer red  t o  water f o r  one o r  two 
days, and the formalin washed out, and then placed i n  seventy-five percent 
alcohol. One should never crowd t h e f i s h  i n  t h e  containers l i k e  sardines i n  a 
can. If it is  desired t o  leave the. specimens i n  f ormalin indef ini te ly ,  they may 
be transferred 60 a weaker solution, made up as follows: - One par t  formalin t o  
f i f t een  o r  ei0htee.n pa r t s  of water,: t o  which has been added two teaspoonsful of 
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borax t o  each gallon of .pr6se&ative. n his: weaker formalin solution i s  usually 
of suf f ic ien t  strength to 'preserve the f i s h  indef in i te ly  i f  t he  container is 
closed t i gh t ly .  Always f i l l  tbe containers f u l l  of l iquid.  

. . . .  . . .  . . . . . . . . . . . . . . . . . . . . . .  

: .k lc~hol ic  Preservat@q,: -- ~rrp i j " the ' f i ih  a l i v e ' ( i f  possible) into  t h i r t p  
fi& percent alcohol and i n  about six hours they should be placed i n  sevenif-five - 
percent alcohol. If the specinens , a re  a t  a l l  crowded, t h e  alcohol should be 
poured off and f resh  sevent;v;five'p&-cent &coho1 added the  n e i t  day. I f  they 
become so f t ,  then another change of alcohol should be made, using seventy-five 
percent again. I n  general, f o m a l i n  ?reservation is  bes t  a t  the  s t a r t  and should 
be used instead o f a l c o h o l i c  preseryation because formalzn hardens t h e  specimens. 
  ow ever, a f t e r .  the  f i s h  have been ' in  formalin about a week, they should be trans- 
fe&ed t o  seventy-five psrc<ntt.alc~h,ol,.  a f t e r  thoroughly washing the  f o r m a h  
out, because the  acid i n  the  fbrmalin has a tendencyto  soften ttie bones, unless 
it i s  neutralized ( a s  by adding borax -. see above). 
. . . . .  . ? ,  , . . . 

~ a l d e ~ e r v a t i o n :  -.- If nei ther  .fo&alin no$alcohol i s  available,  f i shes  
may b z  pres'erved i n  salt. The f i s h  should f i r s t  be.&oaked i n  a s a t u ~ a t e d  brine 
solution and when thoroughly impregnated, they should then be packed i n  dry salt 
f o r  shipment. A s  with t he  other methods of preservation, t he  abdominal c a v i t y  
should be openedto allow the  salt. solution t o  en te r  f ree ly .  It may be necessary 
i o  o$en t h e  in t e s t i na l  tract 'of t h o s e  f ishes  t h a t  feed heavily on vegetation and 
remove the  vegetable matter accumulated therein .  . . . .  . . . .  

Skinning Large Fish: -- Fish too l a r e  ' f o r  preservatibn i n  available con- 
t a ine r s  should n o t b e  thrown away but should be skinned a s  one would skin a 
rabbi t .  iviake a s l i t  :@ong t h e  abdomen , a d  rempve ' the  skin and f l e s h  from the 
bc.dy, but ' leave a l l  of t h e f i n s  i h ' p l ace ' a id  t h e  head attached t o  the  skin. Th i s  
skin can then be placed i n  formalin o r  alcohol, or  it may be sal tee .  It is  best  
to ,> remove mo,st of the  f a t  and 'a i l  'flesh from ' the  Skin: ;' For moderately la rge  
f i s h ,  it. might,: be well t o  1eat.e. the  vertebral  colwdn in t ac t ,  

. ~ .  , . . . ... 

Labels: -- Labels, g i v i n g ' a l l  essent ia l  data, 'should be placed in: the j a r  
with the f i s h  when collected. Accurate information about t he  l o c a l i t y  i s  a s  
valuable a s  t he  f i sh ,  f o r  specinlens without proper da ta  a r e  of l i t t l e  s c i en t i f i c  
value. These labe ls  should have t h e  following data: Exact l oca l i t y ,  with 
reference t o  a town o r  is land commonly appearing on maps; date;  col lector ;  and 
any other information t h a t  seems pertinent,  such as  depth of water, method of 
capture, ecological data,  e tc .  

The labe ls  should be writ ten with a sof t  lead pencil  on a special  type of 
paper furnished by the U .  S. Hational Nuseum, o r  on any pure l inen  ledger paper. 
Do not use ordinary m, because it w i l l  d i s in tegra te  i n  t h e  l iqu id . -  & --- 
use ink o r  indel ible  pencil,  a s  these wash off t he  labe l .  Large f i s h  may have --- 
t a g s  t i e d  onto them. preferably t h r o u ~ h  the lower iaw. with a l l  essen t ia l  data " ,  
wrrt ten on the tag ,?or  a numbek may be used and the data  recorded under the 
iden t ica l  number i n  a notebook. 

Wrapping Fish f o r  Shi.pment: -- After thorough preservation, f i s h  may be 
wrapped for  shipment i n  the following manner: Flace the  small f i s h  i n  a stack 
( a s  cordwood i s  pi led) ,  with t h e i r  heads outward, so t h a t  t he  t a i l s  a r e  



protected, and then wrap them i n  cloth,  with t h e  ends secured f i r~n ly ,  t i e d  up 
with s t r ing ,  o r  sewed. B e  sure t o  protect  a l l  t he  f ins .  Tie each package 
firmly but not so t i g h t l y t h a t  the s t r i ngs  w i l l  cut  in to  t h e  fish.  A l l  con- 
t a ine r s  should be completely f i l l e d  with packages of f i sh ,  o r  t h e  excess space 
f i l l e d  with excelsior o r  dry grass. Do not use paper as it softens and 
dissolves i n  the  l i qu id  and does not f i l l  t h e  spaces. After t he  container is 
completely f i l l e d ,  then nearly a l l  of t h e  excess l i qu id  inax be poured o f f ,  
leaving t h e  contents of t he  container wet. Be sure the  container i s  sealed t o  
prevent evaporation. I f  a metal can i s  used, t h e  t op  should be soldered on. 
Shipment may be made by mail o r  express o r  other means. I f  the  material  is t o  
be sent nCollectl ' ,  please l e t  us know prior t o  shipment, so t h a t  arrangements 
can be made t o  take care of the  transportation charges. 

Precautions: -- 1. During preservation, f i l l  a l l  containers completely 
f u l l  of preservative so t h a t  there  i s  a minimum of air-space i n  t h e  container. 
I f  the f i s h  a r e  allowed t o  shake around i n  the  jar ,  t h e i r  f i n s  w i l l  be frayed 
out and t h e  rays  and scales  w i l l  become worn o f f ,  thus  great ly  reducing t h e  
value of t he  specimens. 

2. Never overcrowd t h e  f i s h  i n  the  containers, because overcrowding 
causes t he  f i s h  t o  be hardened i n  d i s tor ted  shapes and also they a re  very 
l i k e l y  t o  spo i l  f o r  l ack  of enough preservative ( t h i s  is par t icu la r ly  t r u e  of 
soft-bodied f i s h  such a s  suckers and of f i s h  collected i n  t he  t rop ic s ) .  

3. A l l  f i s h  over three inches i n  length,  especially soft-bodied fish, 
should have a mall slit made i n  t he  bel ly .  The s l i t  should penetrate i n to  the 
abdominal cavity. It i s  best  t o  i n j e c t  a l l  f i s h  over one foot i n  length,  
f i l l i n g  the  body cavity with preservative. 

. A s  a ru le ,  f i s h  should be l e f t  i n  t h e  preservative f o r  a t  l e a s t  
one week, depending on t h e i r  s ize ,  before being wrapped f o r  shipment. 

5. Always place a labe l ,  with t h e  essen t ia l  data,  i n  each j a r  o r  
package of f i sh .  Be cer ta in  t h a t  you have l inen  ledger paper f o r  l a b e l s  as  
t h i s  does not go t o  pieces i n  l i qu id  preservatives. 2 use a l a b e l  
covered with s tarch,  a s  t h i s  comes off i n  water, 



COLLECTING SEHOLOGICAL SAMPLES 

by Alan ~ o ~ d m ' '  

I. Introduction 

The Serological Museum i s  an agency f o r  developing t h e  subject  of 
comparative serology ori a world-wide basis.  It i s  dedicated t o  a simple 
principle, viz., that t h e  proteins of t h e  bodies of organisms a r e a s  ' 

~~ - ~~~ ~~~ ~- ~ 

representative of them a s  any of t h e i r  ot-onstituent parts-and a r e  f u l l 7  
a s  worth of col lect ion,  preservation and comparison a s  t h e i r  skins- 
skeletons, The data of comparative serology have significance fo<r t h e  study 
of t h e  biochemical evolution of proteins., f o r  systematics, and for  medicine. 

Suitable methods f o r  t he  serological  study of proteins and other 
antigens a r e  now available,  The great  and continuing need i s  f o r  a t r u l y  
representative col lect ion of the blood se ra  of animals, supplemented by other 
t i s s u e  proteins a s  they become available. The following suggestions i n  
regard t o  col lect ing procedures may make it possible t o  save t h e  se ra  of 
animals being collected, o r  t o  co l lec t  se ra  especially when t h e  opportunities 
make it possible. 

11. Directions i n  renard t o  collecting procedures, 

The d e t a i l s  in regard to  col lect ing animal bloods w i l l  vary with the  
kinds of animals collected and with t h e  equipment and experience of t h e  
collectors.  Accordingly there  a r e  described the  procedures which could be 
used': (1) where t he  equipment i s  minimum (2) where t h e  equipnent permits t h e  
simplest procedures f o r  col lect ing f lu id  se ra  (3) where t h e  standard 
serological  laboratory equipment i s  available.  I n  each case use the best  
procedure possible. . ~ 

A .  Collecting without any spkcial  equipment f o r  obtaining and 
handling f l u i d  sera. 
F i l t e r  paper--standard grades not hardened--may be used t o  soak 

-. 
up t h e  blood ~f animaJs collected i n  the  f i e ld .  These soaked 
papers must be kept from contact with a l l  other samples a t  a l l  
times. They  should be dried i n  a i r  (but protected from sunlight 
or  excessive heat and frbm v i s i t a t i on  by insects)  then packed i n  
wax or  other protective paper and kept dry ... The ident i f ica t ion  
and o t h e r d a t a  may be writ ten on t h e ' f i l t e r  paper i n  pencil. 

, 
I f  no f i l t e r  paper i s  avai lable  a t  t h e  moment--any absorbent 
paper w i l l  do--towelling paper f o r  example or  even a piece of 
clean absorbent cloth.  

1. Ter re s t r i a l  animals--birds, mahals ,  rep t i les ,  amphibia, etc.  
a. Birds and mammals 

Small b i rd s  and mammals being skinned, Soak up the  blood 
'o r  serumas it i s  l iberated from the surface of the  carcass. 

- ' Then open the thorax, cut t h e  heart and soak up the blood 
from it on t h e  f i l t e r  paper,. , . . 
For la rger  animals (about 5 l b s .  body weight or l a rger )  the  
blood may be obtained i n  l a rge r  quanti ty from wounds a s  
wel l  as  from the carcass and heart  chamber. 

. . * Director, The Serological  Museum, Rutgers - University. 
, . .. 



b. Reptiles and Arnphibia 
Blood may be obtained from these by cutt ing in to  t h e  heart 
chamber, a s  for  small b i rds  and mammals. I f  t h e  specimens 

ept with a s  l i t t l e  damage a s  possible, a small 
t he  heart w i l l  re lease  some of t h e  blood. 

2.. Aquatic animals 
. a. Fish 
::., .I Live f i s h  w i l l  bleed from the haema.1 a r t e r y  i f  t h e  t a i l s  a r e  

' 
' cut o f f ,  This blood can be drained onto f i l t e r  paper a s  
'before .  Dead specimens w i l l  supply blood or serum f romthe  
heart i f  it i s  exposed and opened. 

b. Crustaceae; Crabs and Lobsters 
Remove'the joined appendages. Blood w i l l  drain  from the  
bases of t hese  and can be soaked up on the  f i l t e r  paper. 
In  t h e  case of lobsters ,  crayfishes o r  shrimp, an incision i n  
t h e  mid ventral  membranes a t  the  junction of cephalothorax 
and abdomen w i l l  y ie ld  a good supply. 

C. Mollusca; Snai ls  and Clams, e tc .  
The la rger  s n a i l s  can be bled by bringing them back t o  camp 
and propping them up off t he  ground with t h e  aperture down. 
When the animal protrudes from t h e  she l l ,  jab t h e  foot with 
a knife, making repeated large cuts. The blood may be ex- 
pelled rapidly. 
For t h e  clams, t h e  s h e l l s  should be opened and the  water i n  
t h e  mantle cavi ty  released. Then cut t h e  foo t  and allow t o  
drain  onto t h e  f i l t e r  paper. 

B. Collectin~t with ~onta>ers-(~lass o r  metal j a r s  or  even paper cups) 
so tha t  f l u i d  samples may be obtained. The procedures here d i f f e r  
from t h e  procedures described under "A" in t h a t  f l u i d  blood i s  
obtained from l i v e  animals mostly, and collected i n  clean containers. 
Such blood should be kep t ' i n  a cool place--but never frozen--until 
c lo t t ing  has occurred. From t h i s  c lot ted blood, t he  serum w i l l  be  
expressed, which process m y  continue for  several  hours o r  over 
night. ' The watery serum may be separated from t h e  c lo t  i n  one of 
several '  ways:' 

Pour off  in to  another container, ' .getting a s  c l ea r  serum a s  
possibIe. ' I f  t h i s  serum i s  approximately 5. rnl. o r  more it may 
be preseiwe8 with formalin (see remarks on preservation). I f  l e s s  
than t h i s  amount, it may be soaked u p  on f i l t e r  paper and dr ied 
a s  described i n  A. 

I f  t he  amount of blood and serum .is qu i t e  small, t he  serum 
may be soaked up on the f i l t e r  :paper d i r e c t l y  from t h e  container 
holding' tti& cLot.  The expression of serum from the  c lo t  may be 
hastened by loosening the  c lo t ted  blood from t h e  s ides  of t h e  
containers o r  cut t ing the c l o t  in to  sectors. ,  I n  case of 
Crustacean bloods which j e l l  but do n o t  express serum, t h e  j e l l  
should be squeezed .with cloth or even with t he  f i l t e r  paper i f  . . ... 
no cloth is available.  The serum can thus be expelled from'the 
j e l l  under pressure. . . 

*/* 



C. Collecting with availabil i ty-6.f  '.standard serological  equipment: 
syringes and needles, Centrifuge and centrifuge tubes, serum 
bot t les ,  refr igerator ,  etc. 

. , Fluid b&o.od may be obtainedby collecting . . from wounds, or by 
. ,' 

heart  p&ct.uce 4 t h  syringe and needle. Blood i s  allowed t o  
. . c lo t  and t o s t a r i d ' i n  a c o o l p ~ c e  f o r  seVei.al hours or  overnight. 

Centrifuge and pour off serum. Recentrifuge and co l lec t  t he  
c lear  serurn. Add preservative and s tore  i n  serum bo t t l e s .  

111. General di rect ions  i n  reaard t o  s izes  of=&es, preservation, e tc .  . . 

1. F i l t e r  paper samples 
Prom sinall s p e c i ~ e n s  only. very.smal1 samples w i l l  be obtainable. 
Thus for  a mouse, o r  sparrow-sized bird--one piece of f i l t e r  
paper, 2" x 4" w i l l  give plenty of room f o r  the writing of the  
name on the  paper and for  the blood. For la rger  specimens up t o  
the&equivalent of a square foot of s o a k e d f i l t e r  paper i s  desired. 

. . 
2. Fluid samples. 

a.  Size 
These may vary i n  s i z e  from 5 cc. up . t o  100 cc. o r  more, 

b. Preservative 
The standard f i e ld  preservative i s  formalin. 
Ordinary commercial fo rmalin (35-40% content of formaldehyde) 
can be used. Prepare a 2 percent solution of formalin by 
taking 2 cc. of formalin and adding t o  98 cc. of f resh  o r  
d i s t i l l e d  water. Add t h i s  2 percent formalin t o  the  serum 
i n  t h e  proportion of one par t  of 2 percent formalin to  nine 
par t s  of serum. 
The voLumes may be approximated i f  no measuring apparatus 
is available. 

c. , Pooling of samples 
The f lu id  blood. of several  small animals may be pooled 
together and t rea ted  as one sample. This should be done 
however only where t he  specimens c lear ly  belong t o  the  same 
species (orsubspecies  i f  known). 

d. Records 
The record f o r  each sample should include the following 
information: -- 
Scien t i f ic  Name: 
Date of Collection: 
Collector and Ins t i tu t ion :  
Place of Collection: 
Sample from one specimn o r  pooled: 
Treatment of Sample--especially preservative used and amount: 



e. Lh.iie& 
F i l t e r  paper sainples m y  be sent f i r s t  c lass  a s  ordinary 
l e t t e r  mail. Fluid samples preserved with formalin should 
be carefully packed and shipped by a i r  mail or  surface mail to:  

Serological  Museum 
Rutgers University 
New Brunswick, New Jersey 

Suitable f i l t e r  paper, glassware, shipping containers, e t c ,  
w i l l  be supplied where needed. 

Acknowle&mst_ f. --- 
The samples contributed t o  the Serological Museum w i l l  be  
made available t o  competent serologis ts  f o r  studies i n  
comparative serology. When s c i e n t i f i c  reports are  published, 
f u l l  acknowledgment w i l l  be  made t o  the  collector and h i s  
i n s t i t u t i o n  for  t he  a id  given. 



Chapter 8 -- Narine Ecology 

INSTRUCTiONS FOR HARINE ECO1X)GIC.~ WORK 
ON CORAL ATOLLS 

by Robert W. Hiatt  

INTRODUCTION 

These inst ruct ions  a r e  designed f o r  s tudies  of only a few monthst duration 
and t o  cover t he  most important ecological features  i n  a manner which permits 
comparison of a t o l l  communities. The s tud ies  outlined may be made with a 
minimum of equipment and prsonnel ,  f o r  only on ra re  occasions would an 
ecologist have an opportunity t o  take a l l  the  eauipment and have a11 the  ass i s t -  
ance required t o  do a more intensive job. These inst ruct ions  are ,  therefore,  
pointed toward meeting the  problem of working i n  t he  f i e l d  i n  t he  most 
p rac t ica l  manner possible with a minimum of equipment and assistance. Methods 
of col lect ing on c o r d  reefs  and of preserving animal species a r e  discussed 
i n  separate sections of t h i s  handbook. 

CHECK-LIST OF ESSENTlAL EQUIPMZN': 

Clothin 
Ca&as gloves (1 pair for  each two weeks i n  the  f i e l d )  
Canvas wading shoes ( 1  pa i r  fo r  each three weeks i n  t he  f i e l d )  
Swjm trunks (several  pa i r s )  
T-shirts o r  other s h i r t s  ( t o  be worn both i n  and out of t he  water) 
Hat with good sun visor  
Heavy shoes f o r  hiking 
Other su i tab le  clothes f o r  t r ave l  and casual wear 

Drugs and f i r s t  a id  material  * ,  
F i r s t  a i d  k i t  (include ready-made bandages, gauae, adhesive tape, 

merthiolate, sulpha salve, and an t ib io t i c s )  
Aspirln 
Chlorine t a b l e t s  f o r  purifying drinkirig water 
Sun-burn preventative 

Collecting equipment 
Inner tube and canvas f l oa t  
Face masks ( a t  l e a s t  two) 
Swim f i n s  
Geology pick or  similar instrument 
Pinch bar, s m a l l  
Swimming bag (canvas body, f i s h  net  bottom and heavy zippered top  

opening) 
canvas buckets 
Dip ne t s  ( 8  inch s t re tch  mesh; 1 foot i n  diameter) 
Shovel, short-handled 
Cord, c o i l  of s m a l l  diameter cord o r  rope 
Hunting knife and scabard 
Kerosene mantle-type lanterns  ( take spare generators and alcohol 

f o r  s t a r t i ng  them) 



Collecting equiment, (cont td) 
Flashlight (plenty of spare ba t t e r i e s  and spare bulb) 
Glass-bottom box (not e s sen t i a l  i f  proficient with a face mark ) 
Shielded thermometers ( three)  
Portable t i d e  guage (very useful,  especiaL;Ly where t i d a l  dath. 

a re  lacking) 
Small framed mirror etched with carboruadum 
Rotenone, f reshly ground cube' root (Fi:h-tox, a wettable prep. .ration 

from Standard Supply Distributors,  b enatchee, Was imgton, 
i s  preferable 

Hand leveling instrument 
Metal ru le ,  six foot 

Preserving materials and equipment 
Metal gallon and two sa l lon  cans of nor-corrosible material  

(make use of emptyfood cans temporsrily i n  the f i e l d )  
Formalin, f i ve  t o  t e n  gallons, prefera1J.y i n  small cor t a ine r s  
Alcohol. and glycerine (5%),  two o r  th ree  gallons 
Magnesium sulphate, t e n  pounds 
Chloretone, s m a l l  b o t t l e  
Cheesecloth f o r  wrapping specimens, t w , ~  bo l t s  
Str ing fo r  tying l abe l s  and specimens, one skein 
Parchment paper fo r  l abe l s  
Heavy manilla labels ,  1" x 2" 
Stainless  s t e e l  leader wire for  t y ing  l abe l s  t o  coral  Specimens 
P l ie rs ,  with cu t te r  blades 
V i a l s ,  homeopathic, one gross each of 1, 2 and 8 dram 
Corks f o r  v ias  
India ink and pens 
Bakelite t op  bot t les ,  4 dram ( f o r  s a l i n i t y  samples) 
Hypodermic syringe, 50 cc., and needle, 18 ga. 

Field laboratow equipment 
Reference books on taxonomy (see annotated l i s t )  
Long forceps 
Dissecting instruments 
Dividers 
Foot ru le ,  metric 
Glass s l ides  and coverslips 
Syracuse watch glasses 
Stacking dishes 
Data books 
Blank cards, several hundred 
Pencils 

INITIAL SURVEY OF RZXFS 

Land area on a t o l l s  is s m a l l  but reef area i s  extensive and variable i n  
composition. Since growth charac te r i s t ics  of coral  species a r e  c losely linked 
t o  environmental conditions, e s p c i a u y  as regards movement of water, it i s  t o  
be assumed t h a t  a great var ie ty  of kinds of coral  reefs,  sand and muck f l a t s ,  
and gravel or boulder shores wi l l  be present. Naturally the cnrnple,te e c o l o ~  

-. 



of an a t o l l  would not be underst,ood without analyzing tho inte:.action i n  and 
between each marine biotope. However, t he  time, distance from research centers, 
and l imited p r sonne l  involved preclude such a complete study. The investigator 
must,' therefore,  s i ze  up the  e n t i r e  reef and shore area so t h a t  i n t e l l i gen t  
select ion can be'made of working areas. 

. . 
.. - . .,. 

Listed below on a'.priority. basis  a r e  a f:ew.things t o  consider a s  c r i t e r i a  
f o r  select ing a special  section of t he  reef '  o r  shore f o r  investigation.  

. . 
1. The area should be typ ica l  o f a  l a rge  proportion of t h e  reefs  

and: shores of t h e  a t o l l .  T h i s  means. t h a t  minimally a section . . 

o r  sections would have t o  be selected' from both t h e  sea and 
lagoon reefs  and across t he  i s land  from shore t o  shore. 

2. Extremely wide reefs  shoul,d be avoided unless they a r e  
d i s t i nc t ly  typical .  Usually the  same zonation may be found 
i n  narrower reefs ,  thus f a c i l i t a t i n g  the collection of data 
i n  a br ie fe r  p r i o d  of time. 

. . .  . . 
. . 

; .  3 .  The areas selected should be r e l a t i p l y  f ree  from heavy waves 
during periods when. col lect ions  and observations a r e  t o  be made: . . 

. . . . 

4. The study areas should be a s  close t o  the  base camp a s  practi-  
cable. Usually t h i s  i s  not en t i r e ly  possible because of t he  

, d i f f e r e n c e s  i n  the  sea and lagoonreefs .  I f  the  two study areas 
: must be some distance apa r t ,  the  base camp should be nearest  the  
. s tudy  area on the  sea r ee f ,  because t ranspmta t ion  along the  sea 

:.i reef  about an a t o l i  i s  of t en  .impossible, whereas nat ive canoe 
. . ,  . . t r anspor t a t i on  i n  t he  lagoon is feas ib le .  

" : . . . .. . . 
. . . . 

' THE TRilNSECT mTHOD 
', / . , ~ .... 

it& Value . . , , . ~ .  

The ecological trdnsect' seems t o  provide t h e  best  working procedure f o r ' -  
t h e  study of cora l  reef areas. Plot only i s  it pospible by such concentration 
i n  area  to secure a be t t e r  q u d i t a t i v e  picture  but it i s  the  only method by 
which a quant i ta t ive  analysis maybe made. The l a t t e r  point i s  s ignif icant  i n  
thak most invertebrates closely inhabit  ce r ta in :cora l  species and these coral  

s p e c i e s  a r e  zoned across the  reef ?lat.and@own the sloping reef  edges. More- 
over, t h e  f i shes  are  t i e d  ecologically to ' ,  par t icu la r  fac ies  i n  t h e  reef biotope 
and such re la t ionships  a r e  .best 'illu,st$a$& 'by treatment of data. gathered from 
par t icu la r  quadmts within the t$arisect,' Any other means of col lect ing data: 
w i l l  a l l  short of the  b r i t i c a l  analyses made possible by the t ransec t  methoa. 
It is desirable,  once the  col lect ions  and observations i n  the  t ransects  have 
been made, t o  make general observations on other reefs  and shores f o r  purposes 
of general comparisons with the more detailed.data.  I n  t h i s  way a be t t e r  under- 
standing of s imi l a r i t i e s  and differences from one region t o  another w i l l  be 
secured. . . . . 

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

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



Procedure i n  Laying Out Transects 

From a point a t  t he  upper edge of t he  beach where t h e  t e r r e s t r i a l  f l o r a  
meets the  sand o r  rocks, l a y  out a l i n e  down t h e  beach and across t he  reef  t o  
i t s  outer edge. Place markers a t  equal in te rva ls  along t h i s  l i ne .  These may 
be at 50, 100 o r  200 foot intervals ,  but keep them equal. Use s t i cks  well  
propped up by rocks, or  use p i l e s  of rocks f o r  markers. Now move horizontal ly  
from t h i s  l i n e  50 o r  100 f ee t  and place s imilar  markers along a s imilar  l ine .  
This w i l l  segregate t h e  beach and reef  a rea  i n t o  square or  rectangular quadrats 
of equal area. Give each quadrat a code number i n  your notes. A l l  collections 
and observations should be made within these quadrats and the  specimens should 
be labeled a s  t o  t he  quadrat i n  which they  were taken. 

Collecting Data 

Physical and chemical data  

Temperature readings and samples of water f o r  s a l i n i t y  determinations must 
be taken i n  each quadrat during both high and low water, and during morning and 
afternoon periods i n  order t o  measure t he  limits of variation.  I f  especial ly  
low t i d e s  occur, every e f f o r t  should be made t o  get temperature and s a l i n i t y  
data.  Tidepools i n  t h e  i n t e r t i d a l  zone should be v i s i t ed  f o r  such col lect ions  
approximately hourly on especially warm days. 

TEE4PERATURE readings should be taken i n  each quadrat with a shielded thermo- 
meter held at t h e  upper l eve l  of t he  coral  heads. During low t i d e s  t h i s  may be 
done by wading, but of ten a t  high t i d e  t h e  readings must be taken while swimming. 
I n  t he  l a t t e r  case t h e  best  method is t o  wear a face mask, lower :rourself t o  the 
coral  and hold there ,  with one hand grasping the  coral  and the  other  holding the 
thermometer i n  place. After a half  t o  one minute read the thermometer i n  place. 
For recording i n  t he  water one may use a small framed mirror, the  face of which 
has been etched with carborundum so t h a t  a lead pencil  w i l l  mark it. Use an 
ordinary pencil  wrapped with e lec t r ic ians  rubber tape.  Tie t he  mirror and 
pencil onto t h e  inner tube f loa t  which should always be t i e d  t o  the  observer 
with a short rope. The code numbers f o r  t he  quadrats can be wri t ten on the 
mirror before entering t h e  water, then only t h e  thermometer reading need be 
recorded while swimming o r  wading. For t h e  quadrat which includes t he  outer 
edge of the  reef and the  descending reef slope, a surface reading should be 
taken with t he  thermometer held about two f ee t  below t h e  surface. A deeper 
reading down the  slope should be taken because it w i l l  represent t he  c loses t  t o  
oceanic o r  mid-lagoon conditions t ha t  t he  invest igator  w i l l  be able t o  get on 
the t ransect .  The simplest way i s  t o  skin-dive down a s  f a r  a s  you can, hold 
onto a rock or  coral  head with one hand and hold the  thermometer i n  t h e  other. 
Read the  temperature a f t e r  a half  t o  one minute at  t h a t  level .  With a l i t t l e  
pract ice  one should be able t o  lower himself f i f t e e n  t o  twenty f e e t  f o r  t h i s  
purpose. 

SALINITY samples should be collected concurrently with t h e  temperature 
records. The volume of sea water collected depends upon t h e  method used t o  
determine sa l in i ty .  Experience has shown t h a t  t h e  hJeats tone Bridge and similar 
electro-chemical indicators  a r e  not su i tab le  f o r  work i n  t he  f i e l d  under con- 
d i t ions  met on a t o l l s ,  since the  high humidity soon shorts  out t h e  mechanism. 



. . 

However, it i s  of ten desirable t6,knoir smeth ing  of t he  charackerist ics of the  
water while i n  t h e  f ie ld .  The only s~ .u tab le  method f o r  mna?cing these determina- 
t i o n s  i s  the s i l v e r  n i t r a t e  t i t p a t i o n  method, so take along suff ic ient  0.5 
Nolar Ag NO3, 5% potassiun cliroinate, and t h e  necessary Zg&assware t o  make a few 
determinations i n  t h e  f ie ld .  Use 25 or  50 cc. medicine bo t t l e s  with bakeli te 
screw tops f o r  t h e  water samples. Place l a b e l s  coiitaining the date ,' t i d e  and 
quadrat code number i n  t he  bo t t le  before entering t h e  water. These bo t t l e s  may 
be packed i n  small compact containers and returned t o  your i n s t i t u t i ona l  
laboratory f o r  t i t r a t i o n  l a t e r .  

OXYGEN and HYDROGEN I O N  concentrations need not be recorded i n  ecological 
s tudies  on coral  reefs ,  since they a r e  without s ignif icant  variation.  

PHYSIOGMPHIC features  such a s  l eve l s  of reef  rock and tops of coral  
growths i n  cer ta in  instances a r e  significanb i n  re la t ing  corai  zonation t o  
environmental factors .  These data  may be determined by establishing an 
a rb i t r a ry  bench mark, i f  an o f f i c i a l  one i s  not present, and mapping the  con- 
t ou r s  with a hand-leveling instrument and a jury-rigged surveyor's s t a f f .  I n  
cer ta in  l o c a l i t i e s  t i d a l  records w i l l  be unavailable, and i n  other l o c a l i t i e s  
such records a s  a r e  availabie a r e  grossly inaccurate. I n  order t o  es tabl ish 
t h e  t i d a l  information desired, and incidental ly  t o  r e f e r  t he  bench mark used i n  
ascertaining the  reef contours t o  t i d a l  data,  it i s  desirable t o  construct and 
take along a portable t i d e  guage. The type described by Wentworth (Jour, 
Washington Acad. Sci.,  1936, 26(9): 347-352) has proved simple t o  construct, 
easy t o  operate and suf f ic ien t ly  accurate. 

.. . ~ i o l o a i c a l  data  

FISH,are collected adequately oiay by t h e  use of rotenone' o r  
Fish-%ox:.. (see iqst ruct ions  f o r  collecting f i sh . )  Rotenone may be obtained i n  
ground, powdered form i n  a concentration of about 5% at  alinost any firm, manu- 
facturing insect ic iaes .  I f .  the  powdered form i s  t o  be. used. l.t must be f reshly 
ground and used i n  a few weeks. Fish- toxis  more sat isfactory for  longer 
periods i n  t he  f ie ld .  Two persons can poison an a r e a o f  aoout 7,500 t o  10,000 
square f ee t  and do a f a i r  job of p ick ing  up t h e  f i s h .  A smaller area  is prefer- 
able.  Do not poison t h e  area i f  the  t i d e  is too  low, as most of the  f i s h  found 
i n  t he  quadrat when tkie.ti.de i s  higher w i l l  have gone o v e r t h e  edge of t h e  reef .  
It i s  best  t o  poison about mid-tide as  it i s  receding. -This  w i l l  leave adequate 

-..depth of water a n d t h e  force of t he  waves and the surge w i l l  be subsiding ra ther  
than increasing, f a c t o r s  of g r e a t  importance i n  picking up the dead and dying 

. .  . f i s h .  

The f i s h  should be collected quadrat by quadrat, taken back t o  t he  f i e l d  
laboratory and processed, and those not preserved o r  used otherwise should be 
returned t o  the  waber where t hey  w i l l  be quickly devoured. An im~or t an t  point 
t o  have i n  mind is  t h a t  t he  natives wil? b e g r e a t l y  interested i n  t h i s  pheno- . ,. 

'mena1,method of col lect ing f i sh .  Great care should be taken not t o  poison f i s h  
indiscriminately o r  too near human habitation, because native subsistence 
depends to  a great  extent on t h e  reef f ishes  and you 'must maintain happy public 
re la t ions  witin them. Always give the natives edible  f i s h  which you do not wish 
t o  keep f o r  l a t e r  study. Local native customs w i l l  d i c t a t e  how t h e  d i s t r ibu t ion  
of f i s h  w i l l  be made. 



Invertebrates shouid be collected o r  noted quadrat by quadrat also.  
Instructions fo r  collecting i n  par t icular  types of m r i n e  environments and for  
special  groups of animals w i l l  be found i n  another section of this handbook. 

ANALYSIS OF DATA 

Physical and chemical data 

All  physical and chemical da ta  should be analyzed and presented i n  the  
usual. acceptable manner, keeping i n  mind t h a t  comparisons and correlations will 
provide t h e  most useful data fo r  interpretat ion of biologicdl phenomena. Raw 
data  should always be tabulated and included i n  an appendix t o  any report .  
Graphic means of presentation a re  usua l lybes t  f o r  summary analyses in t h e  main 
body of the  report. 

Fauna and f lo ra  

Two considerations should be prominent i n  handling these data. F i r s t ,  the 
animals present should be ident i f ied  with accuracy, preferably checked a t  l e a s t  
by leading taxonomic special is ts .  Second, t h e i r  ecological relationships should 
be described. 

The f i r s t  consideration does not require elaboration, except t o  say tha t  
specimens shouid be .preserved f o r  ident i f ica t ion  in t h e  best mannerpossible 

. .. under f i e l d  conditions. . . . 
. .  . .  

Collections made a s  quant i ta t ively as possible i n  quadrats described i n  a 
t ransec t  natural ly  lend themselves t o  analysis i n  a number ofways.  .-Quantitative 
and qua l i ta t ive  patterns of d i s t r ibu t ion  by phylogenetic groups:and by species 
may be vade i n  re la t ion  t o  physiographic features,  physical and chemical aspects 
of t h e  environment and special  biocoenoses within the  gene ra l co ra l  reef biotope. 
Zonation horizontally and ve r t i ca l ly  i s  readily '  designated. B i o l ~ g i c a l  
phenomena on lagoon reefs  my be compared d i rec t ly  with sea  reefs ,  and various 
exposures of reefs  on which such t ransects  are  made may be readi ly  compared f o r  
a b e t t e r  understanding of factors  underlying dis t r ibut ion and abundance of reef 
species. . . 

Useful Field References 

Generally speaking, posit ive ident i f icat ion i n  the f i e l d  i s  d i f f i c u l t  and 
r . should not be a prjme objective of the  investigator.  However, it i s  desirable,  

where possible, t o  make t en ta t ive  determinations. Unfortunately, the  Pacif ic  ,: 

region i s  singularly lacking i n  faunal and f l o r a l  handbooks, so recourse must b e '  
made t o  or iginal  taxonomic papers. The following list is highiy selected fo r  
f i e i d  use and omits monographic works o r  l e s s  extensive works which would not 
prove practicable t o  carry in to  o r  use i n  t h e  f ie ld .  

Fish 

Hiyama, Y. 19l+3. Poisonous f i shes  of the  South Seas. ( I n  Japanese). 
136 PP. 

I l l u s t r a t ions  a r e  excellent and valuable i n  dealing with fishermen. 
A t ranslat ion is available,  but it i s  not needed. 



Schultz, L. P. 1943. Fishes of t he  Phoenix and Samoan Is lands collectsd 
i n  1939 during the  expedition of t he  U.S.S. "Bushnell". Smithsonian 
Ins t i t u t i on  B u l l .  180: 316 pp. 

Currently a basic work fo? any taxonomic study. !{as good keys which 
incorporate descriptions of t h e  f i shes .  Does not cover cer ta in  largd 
groups such a s  the  scarids,  lu t jan ids ,  and serranids, and other 
l i t e r a t u r e  should be used f o r  them. 

Smith, J.L.B. 1949. The sea f i shes  of Southern Africa. Central News 
Agency, South Africa, 550 pp. 

Beautifully i l l u s t r a t e d  and contains a key t o  a l l  s p c i e s  l i s t e d .  
While it covers many f ishes  not found i n  t he  Central Pacif ic ,  it is 
nevertheless invaluable t o  an invest igator  not well-versed i n  
Central Pacif ic  forms. 

Tinker, S. W. 1944. Hawaiian f ishes .  Tongg, Honolulu, 404 pp. 

I l l u s t r a t i o n s  make t h i s  useful i n  dealing with fishermen. 

U m a l i ,  A. F. 1950. Key t o  t h e  families of common commercial f ishes  
i n  t h e  Philippines. Research Report 2 l ,  iJ .  S. Fish and Wildlife 
Service, U. S. Dept. of In t e r io r ,  47 pp. 

This key t o  the  families should prove very useful t o  an investiga- 
t o r  not famil iar  with Central Pac i f ic  forms. 

Weber, M. W. C.  and L. F. de ~ e a u f o r t .  1911-1940. The f i shes  of the  
Indo-Australian Archipelago.. Vol. I- IX, E . J .  B r i l l ,  Leiden. 

This s e r i e s  of nine volumes serves t o  supplement S c h d t z  i n  
regions west of Samoa. It is considered basic, although i t s  keys 
and descriptions a r e  not always adequate. 

Invertebrates 

Clark, H. L. 1914. Hawaiian and other Pacif ic  Echini. Mus. Comp. 
Zool., Mem. 4 6 0 )  : 1-78. 

1917. Ibid., 46(2) : 79-283. 

The most concise account of Pac i f ic  Echini. Nortenser?'s monograph 
i s  recent and.more complete, but is hardly a f i e l d  reference. 

Clark, B..H. 1949, Ophiuroidea of t he  Hawaiian Islands. B. P. Bishop 
Mus., B u l l .  195: 133 pp. 

Includes many widespread IndodPacific species. 



Fisher, W. K. 1907. The holothurlans of tbe  Hawaiian Islands. 
U .  S. Nat. IjIus., Proc. 32 (1555): 637-748. 

Includes many widespread Indo-Pacific species (except apodous 
holothurians) . 

Fisher, W. K. 1919. Starf ishes  of t h e  Philippine seas and adjacent 
waters. U. S. Nat. Mus., I3ull. 100(3): 712 pp. 

The best general account of widespread Indo-Pacific species. 

Hatai, K. 19W. Recent marine s h e l l  bearing l~ol lusca  of the South 
Seas islands.  In s t .  Geol. and Paleon., TohW Imp. Univ., Sendai, 
Japan. One vol. and a t l a s  of plates.  

F h e  i l l u s t r a t i o n s  f o r  f i e l d  ident i f ica t ion  but qu i te  incomplete. 
Other volumes a r e  t o  follow. 

Hirase, S. 1936. A col lect ion of Japanese she l l s .  5th ed. Matsumura 
Sanshodo, Tokyo, 217 pp. 

An excellent t r e a t i s e  with photos i n  color of many common gastropods 
and pelecypods of the  Indo-Pacific area. The nomenclature should 
be checked with special is ts .  

Robson, G. C. 1929. A monograph of t h e  recent Cephalopoda. Par t  I. 
Octopodinae. Br i t i sh  Nuseum, London. 

1932. Ibid ,  , Part  11. Octopoda. (except Octopodinae) . 
Op. c i t .  

This is the  best  treatment of the  Octopoda. Unfortunately there  i s  
no similar t r e a t i s e  available f o r  t h e  Decapoda. 

Kemp, Stanley 1913. An account of t h e  Crustacea Stomatopoda of the  
Indo-Pacific region. Indian Nus., Mem. 1+: 217 pp. 

Most useful taxonomic account of Indo-Pacific stomatopods. 

Miyake, S. 191t3. Studies on the  crab-shaped Anomura of Nippon and 
adjacent waters. Dept. Agric., Kyushu Imp. Univ., Jour. 7(3) : 49-158. 

Excellent account of many of the  porcellanid crabs of the Indo-Pacific. 

Pilsbury, H. A. 1916. The sess i le  barnacles. U. S. Nat. Mus., Bull. 
93: 1-366. 

Sakai, h e .  1936. Studies on the crabs of Japan. I. Dromiacea. 
2001.. Inst . ,  Tokyo Univ. Li t .  Sci.,  Sci. Rep. (B) 3(supp. 1) :  66 pp. 



1938. Ibid., 111. Brachygnatha, Oxyrhyncha. Yokendo, 
Ltd., Tokyo, 193-364 pp. 

1939. Ibid . ,  I V .  Brackiygriatha, Brachyrhyncha. Op. c i t . ,  
365-741 PP. 

These volumes a re  t he  mas* useful i n  identifying ci-abs i n  the Central 
Pac i f ic  area. 



Chapter 9 -- Anthropology 
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ANTHROPOLOGY AND: CORAL :WOLL. PIEM 
. , ., . . . . . 8 : .  ' ' ' 

by AlexandBd Spoehr ' . 
,., .. . . . . 

.. : . , . ?. . .. . . . . , . .  

I. Introauction.~ The examination in.  t h e  ELeld of t he  re la t ionship 
between man and h i s  a t o l l  'environment can be focussed on the man (including h i s  
cul ture)  term, o r  on the environment term i n  t h i s  relationship.  I n  e i t he r  case, 
it i s  understood tha t  t he  re la t ionship between t h e  two terms i s  the  important 
thing,  but a s  a matter of f i e l d  procedure it may be necessary first t o  concen- 
t r a t e  on t h e  t e r n s  themselves and then invest igate  t h e  nature of t h e i r  re la t ion-  
ship. 1n':the organlaation- of the  work of an ecological f i e l d  team the 
anthropologist w i l l  necessari ly play a primary ro le  when t h e  nature of the  
cu l tura l  adaptation of man'to his-.environment i s  under consideration. When t h e  
focus of i n t e r e s t  s h i f t s  t o  t he  ways in which man's presence has affected t h e  
environment, t he  anthropologist w i l l  play asuppor t ing though nevertheless 
e s sen t i a l  ro le  i n  a s s i s t i ng  h i s  colleagues i n  understanding the fac tors  involved 
i n  man's behavior i n  a l te r ing  h i s  environment. 

I n  t h e  ecological approach t o  t he  anthropology of coral  a to l l s ,  it is a 
re f lec t ion  of t he  immaturity of ow ' sc i ence  t h a t  we do not yet  know those 

' e y c i f i c  questions.to ask whose investigation w i l l .  bring us greates t  returns.  
One phase of a t o l l  research necessarily revolves around formulation of future  
problems f o r  empirical investigation.  This is t r u e  of any vigorous discipl ine,  
of course, but i n ,  human ecology we a re  s t i l l  not v e r y f a r  from our . s ta r t ing  
point. . . 

. . . I ., . 
Howverj- we can del ineate  the, framework within which anthropological f ie ld-  

work on coral  a t o l l s  should proceed; : J t , i s  my feeling t h a t  such f i e l d  observa- 
t i o n  should ( a )  Focus on the  preseni+rather,Lh&wthe aboriginal past a t  t he  
inception of -any period of. f i e ld .  'observation!j, (b:) , A s  the work progresses, 
elucidate processes involved rather  than .ska'tic.patterns, which may mean 
dredging up a s  much refevant historical .  data .  as .possible, ( c )  Operate with a s e t  
of problems sui table  .for.~coniparative.irivesti'gation, f o r  i n  a t o l l  research 
comparison must be substi tuted veqcdargely , f o r  experiment. 

3. . . . ,. .:, .. '. .. L: .;' " 

IT. Problem a=. Rather than a%t+mpt.to~.outl ine a se r i e s  of questions 
applicable primarily t o  a given a ~ o l k , ' ? i t . i s  perhaps ,preferable t o  indicate a 
number of problem areas  within~whichXLeld reseapch w i l l  b e f r u i t f u l .  It should 
be emphasized t h a t f i e l d  research should i n t h e  end center on re la t ionships  
ra ther  than terms alone -- .as :on the .  r e M i o n s h i p  of technology t o  t he  amount 
and charac te r i s t ics  of natural  resaur.ces.,r.ather thantechnology alone o r  
resources alone. Problem areas follow: 

i .!?i, !:.!.?.'i.: p:: , :. .,::. .:: ', . . 

A. Population. s i ze  and &&sit$ &-I relation.  ,to. food resources,..,l .. 
given a par t icu la r  typ+~&tieahnology. : I n  view of t he  ...,,. 

probable future pdpulation pressure.on a t o l l  resources . .  . 

generally, t h i s  forms an Qpor t anVf ie ld  of invest igat ionj  ,.~" 
. . .  which leads  naturaLly t o  :die%. and- nu t r i t ion  studies. 

. . . . ,. . 



B. Technology i n  re la t ion  t o  the amount and character of 
natural  resources available and used. Description of 
too ls ,  i n  the  familiar context of material  culture 
s tudies ,  are  not a s  important i n  t h i s  connection a s  
the  determination of the  over-all character is t ics  of 
the  technology under examination--skills i n  re la t ion 
t o  technical processes; time and energy expended i n  
par t icu lar  technical processes i n  re la t ion  t o  
productivity, t h e  t o t a l  t o o l  system, e t c .  There i s  
a l so  a need fo r  re-orienting s tudies  of technology t o  
the  modern scene rather  than t o  the  aboriginal past. 

C.  Techhology, economic organization and u t i l i zed  resources. 
Here it may be possible t o  consider economics under the 
conventional headings of production, dis t r ibut ion,  
exchange, and consumption t o  determine how the  organiza- 
t i o n  of human a c t i v i t i e s  i n  these areas i s  re la ted t o  
t h e  technology, and t o  t h e  u t i l i z e d  resources. On the  
other hand, an en t i re ly  d i f fe ren t  approach may be more 
useful. Fieldwork i n  economics i s  very time-consuming, 
however, a factor  t ha t  must be taken i n t o  account. An 
important question i s  t h e  mechanics of social  control 
of a t o l l  resources i n  re la t ion  t o  the organization of 
production, dis t r ibut ion,  and consumption. 

D. Social  organization i n , r e l a t i o n  t o  technology, economics, 
and u t i l i zed  resources. Some of the  most productive 
f i e l d  research'inAmerjrcan Indian social  organization 
has u t i l i z e d  an ecologicdL approach, such as the  work 
done by Steward i n  the  Great Basin, and by Hallowell and 
others among Algonliin hunting groups i n  the  northeast. 

.Comparable r e s u l t s  should be obtained when a similar 
approach i s  applied t o  t h e  study of t h e  social  structures 
of a t o l l  peoples. In  t h i s  regard, it is important t o  
determine the  essent ia l  differences i n  social  organiza- 
t i on  between populations on a t o l l s  d i f fe r ing  i n  the  
abundance and var ie ty  of t h e i r  resources. . A s  a 
preliminary hypothesis, it is suggested t h a t  s t r a t i f i ca -  
t ion ,  elaboration of the  functions of corporate kinship 
groups and complexity of l oca l  organization wi l l -be  more 
highly developed on a t o l l s  with abundant resources than 
on those with.scarce resources. Hypothe~es of t h i s  
so r t  need t o  be formulated and tes ted.  

111. Planning. A fundamental problem i n  t h e  planning of a t o l l  f i e l d  
research i s  the  need fo r  select ion of the  kinds of data  t o  be collected i n  order 
t h a t  a re la t ive ly  br ie f  period of fieldwork be of maximum value. It i s  suggested 
t h a t  t h e  anthropologist who i s  able t o  spend only several  months on an a t o l l  
concentrate his  work on a few broblems rather  than t o  diffuse h i s  e f for t  more 
widely. The type of problem envisaged by an ecoiogicdi approach demands the  
examination of functional relationships between var iable  factors. This type of 
problem requires more than superf ic ia l  observation and there  i s  a r ea l  danger 
t h a t  the  fieldworker may diffuse h i s  e f for t  t o  the detriment of h i s  over-all 
resu l t s .  There i s  a d i s t inc t  need f o r  concentration of e f fo r t  on a l imited 
number of objectives. 
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The following suggestions f o r  ..investigatj;rig the,  culture of an a t o l l  people 
a r e  based upon work already accompl.&hed a t  A*o AtoU, i n  t h e  southern:Marshalls. 
They a r e ' o u t l h e d  h e r e a s  guide t o  t h e  kinds of ,fnforhationwhich have already 
been. collected"fok:brieatoll  group. It. i s  hope& t h a t  i n  other a t o l l  studies the 
sam& & d o f  info&tion may be col le i ted 'by other workers i n  order t o  provide 
some common basis  f o r  comparison of a t o i l  cidtpres,  It" is recognized, of course, 
t h a t  some subject matter suggested here may not be emphasized a t  all i n  other 
cu l tura l  s i tuat ions,  and t h a t  some subject matter not included here may be 

. . 
important t o  concentrate upon elsewhere. . . . . 

I have found ' i t~conven ien t to  p o u p  my suggestions i n  t h e  following 
organization because investigation of man-land relationships focusses t h e  
invest igator 's  attention.up6n.economic a c t i v i t i e s  i n  which material culture,  
soc ia l  culture,  and l e d  t e n u r e  a re .  frequently so in te r re la ted  t h a t  t h i s  kind 
o f  d iv is ion .  of .subject m a t t &  i s  a d i f f i c u l t  one t o  follow. Z. have chosen t o  
group,my suggestions, thergfore, i n t o  f ive categories, not a l l  of which have 
equal impor tsce  fo r  an ecological study, but dl of which r e l a t e  d i r ec t ly  t o  
it: (1) population inventory, (2)  economic. ac't;ivities, (3) land tenure, ( 4 )  
soc ia l  ,and p o l i t i c a l  organization, and (5) movement of people. 

. . , ~ ;. . 
1: Population inventorx. . . .  . . 

. . 

, An inventory of t h e  population.: i s .  essent ia l .  . How intensive o r  extensive 
t h i s  inventory w i l l  be depends upbm t h e  time,. and ass i s tance  available t o  the 
f i e l d  investigator. A t  Arno, I t r i e d  t o  complete a card f i l e  f o r  the  en t i r e  
a t o l l ,  a population of under 1,000. This was not feasible  i n  t h e  time available, 
and t h e  p q d a t i o n s  of only four:.communities i n  the. a t o i l ,  were processed, about 
450 people. ' For each individudl  ,.,we. sough* and received, usually with' very 
l i t t l e  d i f f icu l ty ,  certain"+rsonal'.histosy data.:wh.ich were recorded during t h e  
interview upon a 5 x 8.6ai.d' form previourily: prepared .'for t h a t  purpose.?t This 
information included t h e  foliowing-' (l)i:age,.(2) sex,. (3 )  residence tlt t h e  time 
of t h e  interview (noted by name and location of t h e  land-llolding on which the 
residence was.located), (4) ethnic or igin (whether allLMarshallese o r  mixed 
with Gi lbe~ tesk ,  Japanese,, o r  Caucasian), (5) birthplace, ,  ( 6 )  i den t i ty  and 
birthplace of parents (useful in format iw f o r  ,determining t h e  degree of immigra- 
t i o n ) ,  (7) children (with t h e i r  names - agqs, .sex, :axidpresent residence, plus 
f a c t  of adoption where +r t inent ) ,  (85 eduoational back&rouhd'(number of years 
%and typa :of school, fo r  evaluation o f .  effect  of formal education .bn the man-land 
relationship),  and ( 9 )  specif ic  awareness of ,  the.  wor1d"outsid; the  a t o l l  (visi ts  
o r  residences at  other a t o l l s  and other pac i f ic  regions, and t h e  reasons and 
dates of,. $,qy). A photograph was taken of every individual interviewed fo r  
purposes, o f  .cross-checking- photographic data: l a t e q  i n  the. ident i f icat ion of 
pa r t i cu la r  i n d i v l d u a s  . . ,oictured i n  various econo&c ac t iv i t i e s .  . . .  , . . .  . . 

~ d d i t i d n d  i,~fi&atidn. was secured &these  :inter+bws a s  t o  (1) clan 
a f f i l i a t i on ,  j '2):social rank'o* St'trtbs, (3):change o f  residenci with adoption 
o r  marriage, 44 )  re l igious membership. Some ,of $h i s  m a t e r i a  has a d i rec t  
bearing on t h e  ecqiomfi: r e l a t i o d h l p  of man t o  l?nd, buemuch of it serves 
r a the r - to  a id  the a&hroklogist  : i n f u r t h s r  ynderstanding , , t h e  composition of t h e  
community. . . 

S@ sample Card A, p. 1l$ 



Analysis of these data provides helpful  clues i n  t h e  determination of 
trends i n  t h e  changing re la t ionship between populations and natural  resources 
over a period of years. Sh i f t s  i n  population away, from,or onto t h e  a t o l l  i n  
recent generations, as indicated by individual ancestry records, obviously 
may have some effect  on the  ac tua l  u t i l i ga t ion  of a q a t o l l t s  resources. The 
longer-term trends i n  population growth have t o  be determined with the a id  of 
o f f i c i a l  records o r  e a r l y  es t imatesby  t r a v e l l e r s  and others,.where such 
writ ten records ex is t .  Factors contributing t o  changes, .in:.,the s i z e  of popula- 
t i o n  could of ten be detected i n  inte6views with older  is l inders ,  when informa- 
t i on  was given about infant  mor ta l i ty ,d i seases ,  foreign medical a id ,  
immigration oremigrat ion f o r  a nunbprof reasons, and disasters ,  such a s  . ., . 
typhoons, drouths, and warfare. 

2. Economic ac t iv i t i e s :  

The investigation of economic a c t i v i t i e s  was organized along two l ines:  
(1) subsistence, which has t o  do la rge ly  with t he  d i r ec t  u t i l i za t ion  of a t o l l  
resources t o  meet t he  demands of da i ly  l iving,  such a s  t h e  acguis i t ion and 
preparation of food, t h e  construction of housing and canoes, t h e  preparati.on of 
f i be r s  and other materials f o r  handicraft used local ly ,  and (2) commercial, 
which has t o  do with inkroduced economic a c t i v i t i e s ,  such a s  copra and handi- 
c r a f t  production f o r  s a l e  t o  t raders ,  wzge labor, and the, importation of t rade  
goods t o  suppiement l oca l  products. I n  both cases, s tcd ies  were made of t he  
kinds and quant i t i es  of loca l  resources and imported. items t h a t  were used, of 
t h e  techniques and apparatus employed, of t h e  work organization (by individual 
e f fo r t  o r  cooperative labor of a family, a lineage, a household, o r  a:community), 
of t h e  d i s t r ibu t ion  and use of t h e  products manufactured o r  prepared o r  of t h e  
money derived from commercial a c t i v i t i e s  .. 'Special ,&,$tention was given t o  t h e  
amount of work accomplished, the  time expended, t h e  individuals involved and 
t h e i r  re la t ionship t o  each other, aria ' the  ?Location of th'e ac t iv i ty .  

, .: . . 

Following t h i s  section i s  a copy of a' $roj&kpr&sal  f o r  anthropological 
investigation of Arnoese economy during t h e  sumger o f  1951 by Mr. Harry 
Uyehara (graduate student a t ,  the ~ n i v e r s i t ~  'of Hawaii,' under my direction).  , 

This project  emphasized the cbilection of cer ta in  quant i ta t ive  data t o  
supplement material' gained the previous surrmgr. This pro ject  was par t  of the  
Coral Atoll  Program' sponsore& by t h e  Pac i f ic .  Science Board and the Office of . . . . ,  Naval Research. ". '; 

To supplement t h e  notesrecorded .on economic ac t iv i t i e s ,  an. extensive 
photographic recordwas ob ta ineda t  Amo, with pictures  of food preparation, 
handicraft production, etc.,  i n  black-and-white and color stills, and i n  color 
movies for  those a c t i v i t i e s  be t te r  described by the  cinema medium. Such a 
photographic record proves t o  be very worthwhile i n  checking some f i e l d  notes 
where f o r  reasons of haste o r  misunderstanding,notes a r e  incomplete o r  con- 
fused. 

I n  t h e  analysis  of economic a c t i v i t i e s ,  special  i n t e r e s t  should be 
directed toward t h e  r e l a t i v e  importance of commercial a c t i v i t i e s  through t h e  
years, and the t rend ,  today toward greater  dependence of island populations on 
par t ic ipat ion i l i  t he  world economy. Special  inquir ies  were made i n  t he  f i e l d  
about t he  h i s t o r i c a l  development of c e r t a i n  commercial ent'erprises, with notes 
about s ignif icant  changes brought about i n  t h e  man-land relationship.  EStimates 
were a l so  attempted as  t o  t he  possible e f f e c t  of other  changes a s  contemplated 
by the people o r  t h e  administration for  fu tu re  years. . . - . . . . . . 



3. Land tenure: 

Closely re la ted  t o  t h e  preceding topic  is, of course, land tenure and 
associated matters, and especial13 so i n  a t o l l  regions- whers '$carcity o f  land 
frequently heightens anxiety a b u t  .land ownership and use rights.,  A t  Arno, land 
maps drawn t o  a scale  of about 1:5000 were produced f o r  several  .isl$nds ( a l l  
i s lands i n  t he  a t o l l  could not be surveyed i n  t h e  l imited .time). For t h i s  map- 
ping, hand-compass f o r  direct ions ,  and pacing f o r  distances r o v e d  t o  be accurate 
enough f o r  our purposes. Generally, tit was ea s i e s t  t o  l ay  i n  the s ingle  main . .  

s t r e e t  f i r s t ,  then t i e  i n  both ocean and lagoon beaches which roughly paralleled 
the s t r e e t .  Paths and t r a i l s  from t h e  beaches provided convenienttraverse 
l i n e s  t o  t h e  s t r e e t .  A l l  cu l tu ra l  f a c i l i t i e s ,  such as  dwellings, cook-huts, 
copra dr ie rs ,  l a t r i nes ,  pig-pens, wells, boat-houses, c is terns ,  public 
buildings, cemeteries,. paths and t r a i l s  were indicated on the  map to  scale. 
(A photographic inventory of these f a c i l i t i e s  provides a convenient check-list 
f o r  iden t i f ica t ion  and comparison of types.) 

Finally, with the a id  of community o f f i c i a l s  and loca l  landowners, t h e  
boundaries of each land-holding were traced from ocean t o  lagoon and t i e d  in to  
t he  s t r e e t .  In  general, where the te r ra in  had been cleared, t h e  ac tua l  
boundaries were followed (with notes on the t ~ p e  of markers employed). 
I n  some cases; however, where brushing of t he  a rea  required too much time 
and labor, only the general locat ion of the boundaries was indicated. Notes 
were made on the names of individual land-holdings, of persons associated with 
the land as  owners, and of persons holding only a use right t o  the land. 
Inheritance of land parcels was t raced back f o r  several  generations, i n  
representative cases, and re la ted  t o  genealogieg of the lineages concerned. 
Disputes about boundaries o r  about t i t l e  t o  'lar;id-holdings were recorded during 
t h e  f i e l d  mapping, t o  be followed up la-&$ by,,.interviews with interested 
p a r t i e s  t o  determine more precisely  t k i e ' p r e s~n t  methods of dealing with land 
problems. 

. . , .  

Information was col lectecj  i n  interviews on the  r igh ts  and &ligations 
of various categories of persons a.ssociated with land-holdings, about changes i n  
a t t i t u d e  regarding these r igh ts  and obligations, a ~ d  a b u t  the in te r re la t ion-  
ships of land tenure patterns and other aspects of t h e  economic system. 
Special  a t tent ion was devoted t o  t h e  actual  re la t ionship of people t o  t h e i r  
land i n  da i ly  practice,  t he  use made of the land, the  products derived from 
the land, and the  po ten t ia l  hardship t o  5e suffered i f  t h e i r  i n t e r e s t s  i n  
t h e  land were e i t h e r  reduced o r  coinpletely voided. 

Fishing areas, in t h e  Marshalls, a r e  r e l a t i ve ly  f ree  and available f o r  
use by a l l  Karshallese. I n  a t o l l s  elsewhere i n  the  Pacif ic  where f ishing areas 
a r e  regarded as  properties t o  be owned and safeguarded, a more detai led 
investigation of t h i s  subject  would obviously be called for.  

4. Social  and p o l i t i c a l  organization: 

In  t he  investigation of soc ia l  and pobi t ical  organization a s  it pertains 
especial ly  t o  t h e  man-land relationship,  a t ten t ion  was given t o  t h e  data  under 
th ree  general headings: (1) kinship groupings, (2) t e r r i t o r i a l  groupings, and 
(3) systems of rank. With regard t o  each of these, land t i e s  were found t o  be 
a v i t a l  element. 



. . 
. . .. .. . .. 

For kinship groupings, data  were collected on the  nuclear family, the  
lineage, and the clan, a s  pertinent .social  .units;  f o r  t e r r i t o r i a l  grouljings, 
a t ten t ion  was centered on the househbld, the  hamlet., the  island community 
(vi l lage) ,  the. d i s t r i c t ,  and t & a t o l l .  I n  both 'cases, notes were taken on the  

; composition of .the 'groupings (tokether wi th  s ignif icant  var iat ions permitted i n  
t h e  culture)., t h e  opganization of the i&bsrs., leadership, the  . r e l i t i o n  of 
.each grouping to others .  of both types (kinship ana t e r r i t o r i a l ) ,  and o ~ ~ i g & t i o n s  
o f  members t o  each othep (especially those'  involving exchanges o r  t ransfers  of 
property of any kind). Trends were investigated as t o  the respective positions 

I of each type of grouping within the  t o t a l  community, par t icular ly the increasing 
importance a t t a c h e d t d , t e r r i t o r i a l  units as. compared with kinship uni ts ,  and the  
possible e f fec ts  o f  such trehdk upon t h e  m b l a n d  relationship. 

. . .  

I n  investigating systems of rank, both social  and pol i t ica l ,  data were 
sought about the  respective importance of such factors  a s  b i r th ,  wealth, 
personality, education, e tc .  Notes were taken on the  actual  composition and 
organization of certain rank hierarchies as they existed within the  a t o l l  
population, on the  function and re la t ive  importance of each rank, and on the 
relationship of each rank t o  the  exploitation and dis t r ibut ion of natural 
resources. 

5. Movement of people: . . '  

Finally, a t tent ion was deifoted't&.the mr&ment of people, within the a t o l l  
(from lwd-holding to.land-tiolding, 'and frob island t o  island) and between 'Amno 

. . 
Atoll and. bther. a t o l l s  and:'i@ands i n  the  Narshdls . .  Frequency of t r ave l  was 
noted, as were; a l s o t h e  purpose,, persbns involved, type of c ra f t  ut i l ized,  :and 
various fa&ars affecting t?ime of t r a v e l  and duration of t r i p s .  Through' inter- 
views and actual. observation,ilaily, seasond,  and annual patterns of movement 
were established, especially a s  these related t o  the  exploitation of natural 
resources. An attempt was made t o  note significant differences i n  such 
exploitation, since contacts between Arno and other a t o l l s  havebecome more 
frequent i n  recent years. 

. . 
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ARNO ATOLL CENSUS, SmlMER 1951 NO. 

Name- Residence -. 
Island ~ousehold-  

SexAge-Race Clan Atol l  of b i r t h  

Mother Mother's bi r thplace Mother 1 s  clan 

Father Father I s  bir thplace Father's clan 

Adopted? By whom? Change of residence? 

Married? Spouse Clan Date Place 

Spouse! s mother Spouse's fa ther  

Change of residence a t  marriage 

Religion Education Where? 

Occupation Class o r  soc ia l  s t a tu s  

Atolls  vis i ted:  (~erman) (Japanese)-- 

(American) - 

verso -- 
Children: Age-Sex- Residence - 
(Living) 

.-- 

Childrkn: 
(Dead) 
-- 

Spouse deceased? When?- Divorced?- When? Why? 

Remarried? Date Place Change of residence? 

Spouse Clan- Residence before marriage 



A QUANTITATIVE STUDY OF CERTAIN ASF'ECTS OF THE MAN-LAND 
IZE;LATIONSHIP INMARSWESE ECONOHY AT A%XO ISLAND 

by Leonard Mason and ~ a r r ~  Ugehara 

. . 

. .. 
Quantitative data  fo r  the  f i s c a l  1949-50 were obtained* f o r  a t o l i  

production of copra a t  Arno (by d i s t r i c t  and by season, sa les  value and weight, 
and d is t r ibu t ion  of money income) and f o r  a t o l l  importation of t rade  goods (by 
d i s t r i c t  and by season, sa les  value and, i n  the case of food supplies, specif ic  
itemization). Further quantitative stuaie$ . . . . . . . had , been intended, a t  Arno Island 
only, with s p e c i q  reference t o  individualan& family par t ic ipat ion i n  copra 
production, i n  pr4paration and consumption o f '  food, i n  mbvement o f  p'ersons 
within the  a t o l l  and between a to l l s ,  and i n  the dis t r ibut ion q d  use of other 
economic goods derived from t h e  n a t u r 4  environment. Time, however, did n o t  
permit. 

A feeling t h a t  generalizations about these a c t i v i t i e s ,  a s  based upon 
personal observation by the investigator o r  upon statements and estimates by 
Marshallese informants, were frequently too vague o r  unreliable,resulted from 
two conditions. The f i r s t  was the  great  individual variation i n  work a c t i v i t y  
as noted i n  t h e  few t e s t  studies on a quant i ta t ive basis  t h a t  were attempted. 
The second was the  unconcern on t h e  par t  of the  majority of Marshallese, i n  re- 
ca l l ing  past behavior, about the aacuracy of numbers of hours expended, numbers 
of people involved, and amounts of work produced. 

These arecondi t ions,  of course, which are  not peculiar t o  the  Marshallese 
s i tuat ion.  Other anthropologists working with other  groups i n  t h e  Pacif ic  and 
i n  :other parts of t h e  world, have noted t h e  same methodological d i f f i c u l t i e s  
ambng n o d i t e r a t e  peoples. Nonetheless, t h e  value of quantitative data  which 
can be obtainedunder controlled conditions with s t a t i s t i c a l l y  r e l i ab le  
techniques is. never doubted. 

, . . ,  ( i n  t h i s  case, Mr. Harry ~yeha ra )  
It was proposeh,therefore, t h a t  an anthropologist /conducr. an;,intensive 

quant i ta t ive study of cer ta in  aspects of t h e  man-land' relationship., iii  Marshalhe . .. 
economics a t  Arno Island dUPing the  summerof 1951. This study ,... 
'was an extellsion of the  1950 f i e l d  .work- referred t o  above, and 
utilized t h e  materials allready collected and analyzed. The r e su l t s  of the  ~ y 5 0  
and 1951 f i e l d  projects w i l l  eventual ly  be integrated with oCher s tudies  u n d e ~  
taken at Arno Atoll  within the  framework of t h e  Coral A t o l l ~ r o ~ r ~ m  .for the  
be t t e r  understanding of the Arnoese and t h e i r  ecological relationship with other 
components of the  t o t a l  at011 environment. 

In  1950 Jrno Island, with a land area of 0.66 square miles o r  422.4 acres, 
supported 201 persons who were combined i n  various numbers (ranging from 1 t o  
15, averaging 6) i n  30 households. The is land was divided in to  63 land parcels, 
each averaging 6.72 acres and with boundaries from lagoon t o  ocean shores; only 
30 of these parcels were actual ly  occupied i n  1950. The remaining 33 were 
e i t h e r  more o r  l e s s  abandoned although ownership and use r igh t s  were kept a l ive,  
o r  associated with parcels theli occupied. 

* by Mason in 1950. 



I n  obtaining quant i ta t ive  data for  s t a t i s t i c a l  treatment, 12 of the  30 
households were selected by random sampling, thus  4. from each of three s t r a t a  
based upon s i5e of household. After an inventory of  economic resources 
available t o  each of these 12 households macie by t h e  anthropologist, with 
special  a t ten t ion  t o  numbers and kinds of economic ulants .  animals. and 
f ishing areas,  building f a c i l i t i e s  and household gobds, i d  person& effects ,  
he checked each household d a i l y  during one month,and l a t e r  f o r  one week for  
a detai led quant i ta t ive  report  on a number of economic a c t i v i t i e s  a s  l i s t e d  
below. A number of simple questionnaire forms were prepared in English and i n  
Marshallese on which each household group recorded numbers, amounts, and 
times involved in production, dis t r ibut ion,  and consumption of economic gods.'t 

The anthropologist l ived a t  in te rva ls  of one t o  two weeks i n  several  of 
these 12 households, reviewing da i ly  t h e  reports of t h e  other 11, checking f o r  
accuracy wherever possible, f i l l i n g  i n  more complete information through inter-  
view with members of each household, and fur ther  ins t ruct ing Plarshallese 
a s s i s t an t s  i n  a more r e l i a b l e  reporting of economic ac t iv i t i e s .  The diff icul t ic  
of employing questionnaires, among an essen t ia l ly  untutored people a r e  realized 
but it is believed t h a t  the  careful ly  conceived forms were feasible i n  t h i s  
case, s ince most Narshallese a t  Arno Island a r e  l i t e r a t e  i n  t h e i r  own language, 
and many have become accustomed t o  reckoning i n  numbers and by weight through 
t h e i r  transactions over half  a century with foreign t raders  and t a x  collectors. 

Within the three-month period, the anthropologist became acquainted 
with each household, providing thus a be t t e r  bas i s  for  evaluation of t he  
d a i l y  reports,  and had adequate opportunity t o  take h i s  own observations on 
econondc a c t i v i t i e s  of t he  people. The three  summer months, roughly from 
mid-June t o  mid-September, coincide with t he  main breadfrui t  season, t he  most 
productive period of t h e  year i n  terms of food, The r e su l t s  of the  study 
have primary value f o r  t h i s  season of the year; s imilar  s tud ies  should be 
carried out a t  other seasons f o r  a more complete understanding of the year- 
round relationship between Arnoese and t h e i r  na tura l  environment. 

Subjects for  Quant i ta t ive  Stu& 

The following subjects were basic i n  t he  d a i l y  reports from each of the  
households selected for  t h i s  study. I n  general, t he  questions t o  be answered 
were: 

How much work is accomplished? 
Where i s  the  work undertaken? 
How many persons a r e  involved? 
Who a r e  they? What is t h e i r  soc ia l  s ta tus?  
How much time i s  consumed i n  each ac t iv i ty?  
How much l e i su re  time remains? How i s  it spent? 

1. Food collection and preparation: 

Kinds and amounts of food materials assembled (plant,  animal, marine, 
store);  time consumed i n  dif ferent  stages of preparation; a r t i f a c t s  and 
accessories required; persons employed; locat ion of ac t iv i t i e s .  

* See sample cards attached (B and C, pp. 119 and 120) 



2. --- Food dis t r ibut ion and consumpt.i.on: 

Focd exchanges (raw, cooked, s tore) ;  persons involved i n  exchanges; 
t h e i r  relationships; quant i t ies  and kinds of food exchanged; 
occasions fo r  exchange; quant i t ies  and variety of food consumed by 
individuals; number of meals, times, ana composition of eating groups; 
v i s i t o r s  a t  mealtime, t h e i r  re lat ionship with host; t h e i r  treatment 
by host; foods consumed tjy vis i tors .  

3. Copra product.or: 

Number and s ize  of nuts husk'ed; weight of meat cut from nuts and dried; 
weignt of copra sacked and stored; weight and value of copra sold t o  
t rader;  location of each ac t iv i ty ;  time involved; persons employed; 
dis t r ibut ion of income from sale of copra. 

4. Production of a r t i f a c t s  and handicraft: 

Amounts and kinds of raw materials collected, prepared, and processed; 
types of a r t i c l e s  produced; value of a r t i c l e s  sold t o  t rader;  use of 
a r t i c l e s  retained; ownership in re la t ion  t o  producer; location of each 
ac t iv i ty ;  persons employed; time involved. 

5. cloth in^ production. laundry. and repair: 
. . 
... , , ... 

Items of clothing produced or  bought; value and quantity of clothing; . 

materials e m o y e d  in laundry and repair;  time involved in work;. ijersona 
employed; location of each ac t iv i ty .  , . 

. . 

. . 
6 .  Construction and repair  of housing and water transport: 

. . 
- t i t i es  of raw materials fo r  use i n  construction of housing uni t s  o r  .. .-. 

canoes and boats; processing of raw materials (time consumedj persons .:< 

emaoyed, location of act ivi ty) ;  ..Loyriership and use of . completed . 
s t ~ u c t u r e s  and c ra f t ,  . .  . 

7.  Weather conditions and events competing with economic a c t i v i t i e s  : ' 

Frequency and d-tion of weather conditions impding work progYess; 
Sundays and holidays; fes t iva ls  and v,isi t ing; recreation and other , 

. .. . 
leisure-time ac t iv i t i e s ;  ,.frequendy of these, degree o f .  disruption' of 
work program, prsons involved. . . 

.,..... 
_,.<- 

8. Movement of p r s o n s .  

Travel from one &md-ho]ding t o  another; f r o m  Arno Island t o  other islands 
i n  the  a t o l l ;  f r o m  jm~o ~ s l a n d  t o  other a to l l s ;  kinds of transport  used; 
occasions fo r  t rave l ;  length of journeys; duration of stay; persons involved, 

9.  Participation i n  money economy: 

Receipts of money; source of income; distribution of income; purchases 
and &ier-tmma&ions requiring money; persans involved. 
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SAMPLE CARD B. 
INVENTORY OF LANDHOLDING - Arno Project - 1951 

Name Informant Lot No. 

I r o i  j - I r o i j  e r ik  Alab 

R i  jerbal  

Occupants 

Buildings 

S a i l  canoes Paddle canoes Bicycles 

Other transport  

Land acreage - - .  - - 
Pigs Chickens Ducks : Others 

Breadf nit Coconut Pandanus Banana 

Papaya Mangrove Others 

Tam Arrowroot Sweet potato 

Cisterns Wells 

Household e f fec t s  

Money 
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SAMPLE CARD C. 

QUANTITATIVE SURVEY - ARNO ATOLL PROJECT 1951 

Household Informant - Date- 

How much food was eaten here today? 

Morning: 

Noon: . . . . . . . ., . . . . .., . . 
.; . . . .  i ?  . ,  : . , .. , , .. . . - .. 

Evening: .. . 

.: . 

How much of t h i s  food was prepared before today? 

How much food was prepared here today, bu twas  not eaten today? 

Who helped 50-make the food today? 

Where did the food come from t h a t  was eaten o r  prepared today? 

Who a t e  t he  food here today? 

How much food was sent t o  people elsewhere? 

* Q * * J C Q . I t * * i t *  

What work was done on houses Q r  canoes today? 

Who did t h e  work? When? , - 
What materials were used? 

Where d id  the materials come from? 

. .  ... 
. . * * . I t  9t >t 4% * * .It'4<+F ,..- . 

How much money was earned by peopie here today? - -  . . .  . 

How was t h e  money earned? 

Who worked for  t he  money? 'Who received t h e  money? ' 

Haw &&money was .spdnt here today?- To whom was t h e  money' paid? .- 
, . .  

For &&:.was t h e  money spent? ,. .. 

. .: 
.. . 

Who spent i t ?  . , .  

. . . . ) t i t i t Q . I t J t * * * * *  

How many coconuts were collected today  for husking? Where? 
.. 

Who did t h e  work? - 
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(Sample Card G - Conttd) 

How many coconuts were husked today?. . . . . . .  Who did the  work? 

How many coconuts were cut today? Who' did t h e  w r k ?  

How many bags of dr ied copra were sacked today? . Who did the work? 

How many bags of copra were sold taday? ........... ;To whom? 

Who sold the copra?- How much money was received? 

How was the  money divided? 

+! +$ y< qr ?< 3: $5 .& ++ qc qc 

What new clothing do you have here today? 

What clothing was washed here today? 

What clothing was ironed here today? 
. . .  

What clothing was mended here today?- 
- .  

3 t  K  3 t  3F 3s 36 3F * 3F 35 3F ' - . 

What handicraft was' made .here today? 

.. , . . Where did t h e , m t e r i a l s  come from? . . . . .  

Who did the  work? &ti ovnis t h e  .f ih i shkd  products now? 

. . . .  Mhere i s  the handicraft now? -.-, , ' ' ' . , . .  . ,  , . . 
. . 

. . -  J t .  :t. i$ W *. $5 Q K  K  +F 3F . . ...... . . ....... ....... ....... 
How much water was used here today? For what purpose? 

. . . . . . . . . . . . . . . .  . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . ~ .  
Cistern: 

:. - 
. . . . . . . . . . . . .  Well: ...... . . . . . .  

Lagoon: 
. . . . . . . .  

K ' *  * 3F K  * * * li I?-* 

What work was stopped today because of bad weather, o r  for other reasons?- 

What other  things did you do today besides work? 

Whom did you v i s i t  today? Where? then? 

Did anyone from here  leave today f o r  another place: house, island, o r  atoll?-  

How d id  he t rave l?  Where did he go? 

How long w i l l  he be gone? Where did he go? 

D i d  anyone a r r ive  today t o  s tay  here awhile? 

How did he t rave l?  Where d id  he come from? 

When was he here t he  l a s t  time? Why did he come? 



b ~ r  K.  P.  Emory 

I n  t he  determination of what i n  t he  cul ture  i s  due t o  t h e  par t icular  
environment of t he  a t o l l  being studied, ad what due t o  t h e  cultural. j-nfluences 
brought t o  t he  island, h i s tor ica l ly ,  it w i l l  be necessary t o  recoi-d de t a j l s  of 
s t ruc ture  and technique i n  t he  materiai  cul ture ,  native terms, and what t h e  
people themselves have t o  say about origins.  

For content and terminology of material cul ture  investigations on an a to l l  
one should have a t  hand D r .  Buck's I1Material Culture of Kapingamarangil', Bishop 
Museum bu l l e t i n  200, designed t o  s e t  a pat te in  f o r  such recordings. What has 
been known of canoes i s  summarized by Hornell, ''Canoes of Oceania,I1 Bishop 
Museum special  publication 27, vol. 1, pp. 345-361. Time would be saved by 
having a copy of t h i s  and simply noting anything d i f fe ren t ,  new o r  additional.. 

Of special  importance t o  record s t ep  by s t ep  i n  every d e t a i l  is the 
preparation of pandanus f lour ,  pandanus preserve, breadfruit  preserve, prepara- 
t i o n s  of arrow-root, e tc .  A photograph record of these i n  color a s  well as i n  
black and white would give us material  comparable t o  t h a t  we now have from t h e  
Marshalls and from Kapingamarangi. Always inquire what t he  ancient methods 
were l i k e ,  - i f  they d i f fe red  from the  present and how and why. 

An e f f o r t  should be made t o  coi lect  she l l  o r  stone adzes, ancient f i s h  
hooks and ornaments t ha t  t he  people may have found. Adults and children could 
be encouraged t o  hunt f o r  them during the s t ay  of t he  expedition. 

For t he  is land of Onotoa, i n  t he  Gilberts,  it would be in te res t ing  t o  know 
i f  they also made the coconut f i b re  armor and i f  any now l i v i n g  know the  
techniques. Also, do they know how the  shark's  t ee th  were bored t o  be lashed 
t o  weapons. Tamana, next a t o l l  south, seems t o  be the  is land mentioned as  t h e  
homeland of the  Ka~ingama~angi people. If so, it was once inhabited by 
Polynesians. Is there  t r a c e  of an ea r ly  occupation of Onotoa by Polynesians? 

Arthur Grimble's, "The Migration of a Pandanus P e ~ p l e , ' ~  Journal of t he  
Polynesian Society, Nemoirs no. 1 2  (1933-1934) i s  our main source f o r  t he  
Gilberts,  revealing how l i t t l e  we know of them. 



Chapter 10 -Miscellaneous 

HINTS ON TROPICAL PHOTOGRAPHY 

by C. J. Lathrop 

Fear and uncertainty a r e  apherf& worst enemies when it 
comes t o  photography i n  the  t ropics .  The photographer who comes from a 
temperate zone in to  the warm humid t ropics  f i nds  h i s  formulas and cal- 
culations, based upon temperate conditions, upset. Temperatures i n  t h e  
t rop ics  a r e  generally no hot te r  than summer i n  many places i n  t he  United 
S ta tes ,  and the other factor ,  humidity, may be jus t  a s  high. New York 
when it i s  summer and i n  t h e  1f90'stf can be jus t  a s  humid and hot as  most 
t r o p i c a l  l o c a l i t i e s  i n  t h e  Pacific,  but, of course, not a s  continuously. 

Selection of f i lm  (black, and white) 

If you plan t o  use a miniature o r  35m s i z e  f i lm i n  your work be 
sure t o  s e l ec t  a f i l m  of t h e  f i n e s t  grain available. Either (Eastman) 
PAKATOMIC X o r  ( ~ n s c o )  FINOPAN a r e  excellent. While it i s  t r u e  t h a t  these 
fi lms a r e  Tated a s  slow films the  r e su l t s  i n  enlargemeht w i l l  more than  
compensate f o r  t h e  l o s s  of speed. I enlarge a l l  my shots t o  8 5 ~ 0 "  and 
without exception th,ey a r e  b e t t e r  shots than 411x5" shots on f a s t  (100-125 
speed) film. I n s i s t  on a l l  f i l m  being tropical-packed. I f  your f i lm i s  
ordered o r  purchased i n  Honolulu it w i l l  be tropical-packed. (KODAK HAWAII 
LTD.) For cameras using ordinary r o l l  films my select ion would be' (Eastman) 
VEdICHROME. 

Care of f i lm and equipment i n  the f i e l d  

Two conditions t ha t  a r e  not favorable t o  fi lms a r e  and moisture. 
I f  your f i lm i s  tropical-packed the  problem of moisture, before t he  package i s  
opened is  not a fac tor  f o r  consideration. After the  t rop ica l  package i s  
opened and the f i lm  loaded i n  the camera the  best  thing t o  do i s  use it up a s  
soon a s  possible. The f i lm  should be returned d i r e c t l y  t o  the  t rop ica l  
package. ( in  most cases t he  t rop ica l  package i s  a screw type metal can.) A 1 1  
f i lm  must be desiccated before it i s  resealed i n  t h e  t rop ica l  can. 

Desiccating i s  a simple process whereby t h e  moisture tha t  the f i lm 
has picked up a f t e r  leaving t h e  t rop ica l  container i s  absorbed by a 
desiccating agent. Common dr ied r i c e  may be used but s i l i c a  g e l  i s  eas ie r  
t o  handle and cw be re-used again and again. A l a rge  f r i c t i o n  top o r  screw 
top  can o r  jar  i s  used a s  the desiccating container. The dried s i l i c a  ge l  
i s  placed i n  the bottom of the container. The f i lm should never come i n  
contact with the s i l i c a  gel .  One should purchase a chamois skin bag for  
t h e  f i lm  t o  be placed i n  while desiccating. An ind ica tor  should bc put i n  
t he  container. These indicators  change color when the moisture content 
increases t o  a danger level .  When the a i r  is dry t h e  indicator w i l l  be blue, 
a s  the  moisture increases t h e  color w i l l  change t o  a pink. A s  an easy way 
of remembering t h e  color, Red means Danger. The indicator  should be i n  t h e  
container a t  l e a s t  4 hours before a reading is taken, a s  the moisture i n  t he  
a i r  w i l l  t u r n  the  indicator  pink before t he  s i l i c a  ge l  has time t o  pick up 
t h e  moisture. The f i l m  may be resealed i n  t he  t r o p i c a l  cans a f t e r  being i n  
t he  desiccating can f o r  k8 hours (and the indicator i s  blue). 



, .  . 

To react ivate  t h e  s i l i c a  g e l  it must be heated i n  an oven a t  about 
300' t o  LOO0 F f o r  30 minutes. Some times it is  done by placing the  s i l i c a  
ge l  i n  a metal can o r  container and secuying t h e  can over t h e  gasoline 
lantern during the  evening. After the. i i g h t  , i.s turned out. the.:  s i l i c a  ge l  
i s  placed in. a container with a screw o r  f d c t i o n  top. 'The'top is not put 
in placed t igh t ly ,  as, on cooling, t he  container would co&lapse:with t he  
contraction of t h e  a i r  within,. forming a vacuum. WPFING': 'D? g& put t h e  
p l a s t i c  indicator plugs i n  t he  hot s i l i c a  g e l  o r  in! t he  oven a s  they melt a t  
a low temperature: 

. . . . .  
1n:re?sealing the t rop ica l  f i l m  containers a f t e r  desiccatinf: I find 

the.SCOTCH MASKING TAPE 3/4" t h a t  i s  used by auto painters t o  be excellent. 
Adhesive tape can be used but e l e c t r i c a l  tape (black) i s  not sat isfactory.  

Cameras should be f i t t e d  i n  cases and i n  moisture t i g h t  cans 
when not i n  use. The metal par ts  should  b e  trga3ed with wax. I f ind  t h a t  
transparent (c lear)  Esquire shoe pol ish i s  idea l  f o r  t h i s  use. I have 
experienced no f i lm discoloration fromfuines'&th t h i s  preparat ion.  :Some 
types have an. objectionable. compound tha t  w i l l  s po i l  Kodachrome . d i e  t o  the  vo la t i  
chemical content, even though:.used ;sparingly. C1e.m your lenses frequently 
with a lense brush o r  tissue.. A s  a furigus inh ib i tor ,  a small wad of cotton 
i s  placed i n  a g lass  t h e  c h e r a  case o r  can and a small amount of formalin. 
added. The formalin gas i n  many cases w i l l  keep your camera f r e e  from mold.. 
and furigus. This may be done several  nights  a week with. t h e  camera 'empty 
(no fi lm).  . . .  

For processing t h e  f i lm  %the  f i e l d '  I find t h a t  t he  ea r ly  morning 
i s  the  best  time a s  t h e  temperature i s  a t  its lowest point. Eastman Kodak 
has. produced tropical  developer, t r o p i c a l  hardener, and t r o p i c a l  f i x e r  that  
give a f ine,grained, fog-free negative a t  temperatures up t o  95O~, . . 



KINTS ON LIVING ON A BOAT 

by J. E. Randal ,  Jr. 

Living 0n.a small vessel, e i ther  when w~c&ru;ay o r  while i n  poz.t, presents 
problems qui te  new t o  t h e  unini$ia;t~& Some o?' theke' problems are  concerned 
with the  o p r a t i o n  and ma'intenance'of t h e  ves se l  and w i l l  not be cotlsidered here 
others, however, 'are Fersondi br individual in .  rlature and a r i s e  l a r g e l r  from 
the  closeness of the association of a l l  persons on the vessel  and the  necessi ty  
f o r  a s t r i c t ,  scheduLed s o r t  . of . an . . existence. . . : ; :  . . . . . / 

.... ..> . . 

The following, i n  b r i e f ,  ars. &ugg'e.st$ons f o r  the carrying out of a cruise  
on a s m a l l  vessel. . . .  Some . of t h e s e  . ,. suggestions. may not be ,per t inent  i f  a large 
boat i s  . u t i l i i e d .  . . . . , 

. . ,  

One, and only one, man should be  chosen as captain'of the  vessel. He 
should be capable and experienced; He snould be placed i n  a position o f t o t a l  
responsibi l i ty  f o r  the operation of the vessel. He w i l l  make all iinportant 
decisions which concern t h e  vessel. o r  i t s  d ispoi i t i6n  a t  sea, a n i  such 
decisions should not be disputed. 

The stowing of gear before departure ~ l iou ld  receive very careful thought ..- 
and planning. A l l  items which couid'become detached when the boat i s i n  motion 
should be lashed securely. C b n e d  goods]or any items which could be damaged by 
contact with s a l t  water should be stowed i n  a place which i s  known t o . b e  dry o r  
should be wrapped i n  waterproof or.water repel lent  bags. It would be wise t o  . . 
place a l l  extra clothing and bedding in. s&h'b&gs even wGen it does nht seem 
l i k e l y  t h a t  they- w i l l  get wet. Also noteworthy . of . mention .r. is  the covering of 
mattresses with zippered p l a s t i c  . . covers.,.. .. . '~ ., . . 

' ' . :, . . . . 
. " ' ~ l l  items of equipment necessary t b  . t he  handlink of .i vessei must be Rept 

consistently i n  t h e  same place. This is e s p e c i a l l y t r u e  of things l i k e  too l s  
which w i l l  often be needed i n  a hurry and at,some unexpected time. This point 
i s  suf f ic ien t ly  iplportant t o  warrant'explanation',to. a l l  members of the  crew a t  

. . .  .. 
a time ,before the.  . .  vessel . has s e t  s a i l .  . 

A , .  . ?: 3 
,_:: 

.. . . ~ 

1 . '  . . . 
-- ..When &de&ay, a s t r i c t  schedhe should be enfdrced as t o  th.e dut ies  which 

must be Thcdelegation of dut ies  must be carried out before t h e  
vessel. has l e f t  port. .. fn i i th the  exception of t h e  cook, every m&."should stand 
match.. .. , $.f capable. The duration, of t h e  time , a t  t h e  helm should :be ' tdkbd.  ovei- ' .  

and decidedupon beforehand and provision should be made f o r  a rotat ion i n  time . . 

so tha t  one man w i l l  not have watch a t  t h e  same period o r  ~ e r i o d s  every day. 

Great care must be'taken t o  see tha t  v i t a l  jobs l i k e  the  windipg of 
..+ronometers,' inspection of. engines a@ other items of eqqiFment a r e  executed 
a t  the  correct time each day. ,One man should be held responsible for,each 
task ,  of t h i s  nature throughout the voyage. ;, . , . 

. . . _  . '  . ' 
. . :, : ' . '  . . ::., , . . . . . . . .  . . : .  

-The danger a t  sea is fdLiing overboard. A l l  'Steps sh&d be t&en 
t o  riinimize such a .'hazard. An adequate r a i l i n g  s h o a d  be  erected all around t h e  
vessel. ~ i f e - . r i ~ ~ s . ' s h o u l d  . I  ..;. be readily acckssible and'never lashe6 i n  such a ,, , 

manner a s  t o  delqY &heir prompt procurenient . Water l igh ts .  s h o s d  b e  Bviilable. 
These are.. ~ a t e r p & " l ? . . l i g h t ~  which. s,ho.d.d be thrown overboard a$ .night w i t h  t h e  
l i f e  ring., Theyyceritain a mercury &+itch ,and:become 1i'$hted .wh$n-,floating' . 
ver t i ca l ly  i n  the 'water .  They s e w  biie -purpose of gui mngs.a Ferson t o  t h e . 1 i f e  
r ing and, i n , tu rn ,  enable ' t he  vessel  t d + X a t e  t h e  person whoho has',fallen over-' 
board. 



It may be wise t o  t r a i l  a sturdy l i n e  astern which a person can t r y  t o  
grasp i f  he has fa l len  overboard. Such a procedure is v i t a l  i f  a person i s  
standing watch al6ne. In  heavy weather the helmsrnan should always fasten a 
short l i n e  from h b s e l f  t o  the  boat. 

Fire  hazard on a boat i s  a very r e a l  danger. This i s  accentuated i f  a 
gasoline engine i s  used o r  i f  gasoline is stored anywhere on the boat. Certain 
safety regulations concerning the  location of tanks, e tc .  must be met by dl 
boats with gasoline engines, but a hazard still exists.  I f  gasoline is  stored 
on the  boat the f i t t i n g s  on the  l i n e s  should be inspected every day. Such f i t -  
t i ngs  have a way of coming loose from vibration and t h i s  resu l t s  i n  a dripping 
of gasoline into the bilge. It i s  just t h i s  sor t  of thing which causes the  
disastrous explosions on power boats so often read about in  news items. No 
gasoline-burning stoves or  lanterns should ever be used on a boat. Other 
potent ial  sources f o r  a f i r e  a t  sea often exist i n  butane, kerosene o r  alcohol 
stoves, kerosene lanterns,  e l ec t r i ca l  wiring, and smoking. No one should 
attempt t o  l i g h t  a stove o r  lantern without proper instructions.  Electr ic  
wiring should be frequently inspected. Smoking should be eliminated. Since 
t h i s  i s  pract ical ly  impossible t o  achieve, the best a l ternat ive is t o  designate 
a specif ic  safe  place on the  boat f o r  smoking. 

Every vessel must be equipped with a specified number of f i r e  extinguishers. 
These should be inspected before departure. C02 f i r e  extinguishers a re  superior 
t o  t h e  pyrene type, and at  l e a s t  one of these should be on board and very 
accessible. A very desirable t y ~ e  of f i r e  extinguisher t o  have is  a bu i l t  i n  
C02 system i n  the  engine room which operates automatically when a cer tain high 
temperature is reached. 

The res t r ic ted  use of fresh-water by a l l  members of the  crew must be 
emphasized. Unless a very large supply is  present, water should be u t i l ized  

:only f o r  drinking, cooking, shaving, and l ~ t e d  ,washj.ng, purposes. It may be 
necessary t o  wash clothes and dishes i n . s a l t  water. Ordinary soap under such 
conditions i s  useless. Sa l t  water soau. i n  general, is not too good. A deter- 
gent 'such as h e f t  seems t o  be the  :best agent f o r  washing with s a l t w a t e r .  
An emergency vtater supply should be maintained i n , a  tank separate from t h e  
regular water l ine .  Inspection of water tanks fo rposs ib le  leaks should be made 
periodically. 

The scourge of any cruise is seasickness. In  a rough sea and in a small 
vessel very few persons a re  completely f r e e  of nauseous sensations. Each 
individual usually f inds a set of conditions which best  a l lev ia tes  h i s  dis t ress-  
ing symptoms. Generally, i f  sickness has come on while below i n  a confining 
cabin, going on deck in fresh a i r  j s  very helpful. A recent drug, dramamine, 
has proven t o  be amazingly effect ive i n  preventing seasickness. It must be taken 
before sickness ensues or it i s  not effective.  If a person knows tha t  he is 
very prone to  sickness a t  sea he should take dramamine a half  hour before 
departure, and continue dosage every six hours. The drug has a pronounced 
somnolent bffect .  For t h i s  reason, the  dosage recommended by the  physician may 
be experimentally lessened so  t h a t  the  minimum amount necessary t o  prevent 
sickness i s  obtained. Dramamine can be procured only by doctor's prescription; 
it i s  considered very dangerous t o  persons with low blood pressure. 



Sleeping i n  a vessel  which i s  underway is an a r t  i n  i t s e l f ,  especial ly  i n  
rough weather. Most individuals w i l l  s leep only intermit tent ly  during t h e i r  
f i r s t  few nights a t  sea, but gradually w i l l  adapt themselves t o  t h e  unusual 
motion. Narrow bunks are  often preferable and the  s ides  of t he  bunks should be 
equipped with bunk boards or  some similar arrangeme~its t o  prevent t h e  sleeping 
individual from f a l l i n g  out. The s ides  of t h e  bunks should be well-padded with 
ex t ra  bedding. 

A cruise a t  sea, especially i f  it is a long one and on a small,vessel, 
presents an environment of close quarters and unpleasant l i v ing  conditions 
which i s  usually qu i t e  unexpected t o  those who have not experienced it before. 
And the  knowledge t h a t  there  i s  no escape from t h i s  environment u n t i l  t h e  
cruise i s  terminated may make these conditions even. more d i f f i cu l t .  It there- 
fore  behooves a l l  members of the  crew t o  make constant e f for t  t o  be congenial, 
t o  do a t  l e a s t  t h e i r  share of t h e  work, and t o  be a s  considerate a s  possible of 
t h e i r  fellow crew members. 

There a r e  a few points worthy of mention regarding l i v ing  on a vessel  
which i s  ly ing  a t  anchor o r  t i e d  t o  a dock. F i r s t ,  there  are  of ten very dis-  
t rac t ing  noises which a r i s e  from movements of t h e  vessel against fenders on a 
dock o r  a l te rna te  t ightening and slackening of mooring o r  anchor l i n e s .  Many 
of these  noises can be eliminated, and e f fo r t  should be made t o  do so  before 
turning in .  A breast  anchor can be taken out from the  s ide of t he  vessel  away 
from the  dock and pull ing i n  on t h i s  l i n e  w i l l  prevent contact with t he  dock. 
On anchor o r  mooring l i n e s  pieces of e l a s t i c  cord o r  inner tube can be 
incorporated t o  reduce the sudden jarr ing e f f ec t s  which t h e  boat transmits t o  
t h e  l ines .  This saves wear on l i n e s  as  well a s  eliminating the  noises which 
occur when t h e  l i n e s  t ighten on boat f i t t i n g s .  

Adequate vent i la t ion  presents another problem. Frequently one can create  
a current of a i r  through the  boat by erect ing a furmeling arrangement on t h e  
back s ide of hatches facing the  wind. An elevated hatch cover may serve the  
purpose o r  a more elaborate a f f a i r  may be constructed from a l a rge  piece of 
canvas. 

Usually there  i s  no provision f o r  preventing the  'entrance of f l i e s ,  
mosquitoes, o r  other  insec ts  i n to  a boat. Pieces of mosquito ne t t ing  over 
hatches and the cut t ing of round pieces of screen wire t o  f i t  i n to  port  holes 
w i l l  help materially.  Aerosol bombs should be on hand as well, however. 

Since space on a boat i s  so l imited,  cooking o r  bathroom odors a r e  
generally a source of annoyance. Airwick i s  a big help. 

While i n  por t  and i n  hot weather, decks tend t o  leak due t o  t he  drying 
out and consequent opening up of deck seams. The best  preventative is t h e  
wetting of decks a t  l e a s t  once a day. Sa l t  water should be used f o r  t h i s ,  
f o r  constant wetting with fresh-water promotes dry r o t  i n  a vessel ,  



HINTS ON LIVING UNDER RESTRICTEE CAMP CONDITIONS 

C. K. Wentworth 

Small groups of people l iving i n  remote places with limited supplies, 
communication and t ransport  often become acutely  aware of differences i n  
t a s t e s  and habi ts  between individuals. While possibly confronted by l e s s  
potent ia l  danger than a par ty  i n  a small boat, a small land par ty  has nearly 
equal need f o r  a s ingle  leader who must make f i n a l  decisions on camp dis- 
posit ion and major procedures. The wr i te r  has been as  gu i l ty  as  any i n  f a i l i ng  
t o  recognize those of h i s  own habits t h a t  were o r  might have been noisome o r  
d i s t rac t ing  t o  others. The t e x t  below i s  an attempt t o  suggest possible 
va r i e t i e s  of offense. Each must, of course, be weighed i n  t h e  balance between 
its importance t o  t h e  individual or  t h e  work of t h e  expedition and i t s  possible 
discomfort t o  other members. 

The camp menu must depend on wise planning, successful t ransport ,  
preservation, and preparation, often under d i f f i c u l t  conditions. A t  t he  best  
it w i l l  be a kina of average i n  t a s t e  with l i t t le support f o r  individual whim. 
I f  you have a small whim and w i l l  balance t h e  needed transport  and care against 
some smali personal s ac r i f i ce  i n  another direct ion,  by a l l  means make your 
own provision. But don't expect t o  p i l f e r  t he  group supply t o  s a t i s f y  your 
own improvidence. I f  you have a large whim t h a t  involves transport  don't 
go on such a t r i p .  Individual t a s t e s  must i n  some degree be met by rotat ion,  
both i n  t he  menu and perhaps i n  t he  preparation i t s e l f .  I f  you can ' t  give 
and take i n  eating what other people adore, o r  what t he  exist ing l a rde r  provides, 
a t  l e a s t  keep quiet  about it. The camp leader  may have t o  ra t ion  cer ta in  
supplies and may have t o  invade pr ivate  supplies of drugs and s imilar  a r t i c l e s  
i n  emergency. Persons requiring special  drugs should make adequate ?revision. 
It may not be superfluous t o  a j o i n  orderly, perhaps assigned o r  rotated care 
f o r  wood and water supply, stoves, and lamps, outside t h e  obvious need f o r  
such handling of cooking and k.p, duties.  

A good b i t  of fussiness is needed i n  care and placing of both personal 
e f fec t s  and group a r t i c l e s ,  f l ash l igh ts ,  matches, perhaps firearms and t h e  r e s t  
of the  gear t h a t  may have been brought along. Some people are more g i f t ed  a t  
t h i s  than others; t he  l e s s  g i f ted  should a t  l e a s t  help up to  the  point where 
t he  more zealous fusser  i s  clear ly  a npisance. 

Differences i n  t a s t e  for  ven t i la t ion  and other sleeping conditions 
may belmet by l i t t l e  choice, but a b i t  of negotiation can be a wise medium 
between suffering i n  an explosive mood and exploding i n  an  endless t i rade .  
People who snore may not be able t o  do much about it, but should be wi l l ing  
t o  accept t he  serious testimony of t h e i r  fellows and accept such segregation 
as  conditions permit. 

Personal laundering, caring for  specimens, dressing and preserving 
of organic materials, can be s l i gh t ly  o r  qu i te  obnoxious to others of the party. 
While continuing necessary operations, t r y  t o  be aware of such poss ib i l i t y  and 
make any adjustment t h a t  i s  feasible.  The prac t ices  of your c r a f t ,  even those 
approved i n  t h i s  manual, may & nauseam seem s i l l y t o  someone i n  another c ra f t ;  
a great  dea l  of f i ne  interchange can take place but t r y  not t o  l e t  t h e  operations 
get  rubbed i n  on t h e  other fellow because of your own enthusiastic inattention.  



Turn about with him as  much a s  possible i n  operatjons tha t  a r e  within your own 
capacity, when you a re  i n  camp and he i s  not, and t i e  l ike .  On the other hand 
it must be borne i n  mind t h a t  these a c t i v i t i e s  ev/' i f  disagreeable, a r e  the  
work of' t h e  expedition and t h e  reason for  it, and hat  tolerance of them may 
augment t he  success of t h e  enterprise.  

Some of us t a l k  too much, a t  times, others  i n  compensation a r e  re t icen t  
t o  t he  point of impeding group success. Neither extreme i s  best .  The heavy 
t a lke r s  can be very boring, I have many times been told! But t he  quiet  person 
owes it t o  h i s  fellows t o  leave adequate d a i l y  word which wa.y he went and about 
how long he might be gone; i n  such s i tua t ions  it i s  of concern perhaps f o r  h i s  
Own safety .  Also some sharing of knowledge of home addresses and location of 
valuable o r  emergency a r t i c l e s  i n  equipment i s  an obligation i n  t he  group 
in t e r e s t .  Some things can be needed i n  a hurry, with o r  without categorical  
permission. 

Recreation has i ts  place even on a hard-working ex?edition, but should 
y ie ld  p r i o r i t y  t o  work around t h e  avai lable  l i gh t ,  and t o  sleep. Noisy game 
playing can be an  unwarrar-ted intruslon a t  t i n e s .  Singing and. whiskling may be 
among the N freedoms bnt i n  long doses ;nay a l so  be f e r  l e s s  inspir ing t o  the  
hearers than t o  t h e  producers. A b a l a c e  may have t o  be struck between cheer 
leaders md  joy k i l l e r s ,  




