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MAHINE TOXINS FROM THE PACIFIC 11. TNE CONTAMINATION OF 
WAKE ISLAND LAGOON ' 

2/ by Albert 1-1. Banner, Judd C .  Nevenzel and Webster R .  Hudgins- 

Wake I s l and  l i e s  a t  19" 18' N and 166' 38' E ;  it i s  a small a t o l l  
about 6 .5  ke long and 3 km wide. I t s  shallow lagoon, with a maximum 
depth of 25 m ,  has no connection with the  surrounding s e a  a t  low water,  
bu t  a t  high t i d e  water may e n t e r  and leave t h e  lagoon e i t h e r  across  t h e  
two-mile broad western r ee f  o r  through a passage on t h e  northern s i d e  
between Wake I s l and  proper  and Peale I s l and  ( the  o r i g i n a l  passage 
between Wake and Wilkes I s lands  on t h e  southwestern s i d e  has been 
blocked by a causeway). The i s l a n d  i s  inhab i t ed  by about 1500 people 
who are  pr imar i ly  employed i n  the se rv ic ing  of t r a n s - P a c i f i c  a i r c r a f t .  

Observations 

The evening of  Sunday, 20 June 1965 was unusually s t i l l  with a 
complete cessa t ion  of  t h e  normal t r ade  winds. Pol ice  Of f i ce r  Ear l  
Har r i s ,  on n ight  duty, not iced  an unusual,  pungent and repuls ive  odor 
about midnight, when he was passing over t h e  br idge  connecting Wake 
and Peale I s l ands .  The odor was s o  s t rong t h a t  he paused and f lashed  
h i s  s p o t l i g h t  i n t o  t h e  water  below. He was su rp r i sed  t o  f i n d  t h a t  
water rushing i n t o  the  lagoon with a r i s i n g  t i d e ,  i n s t ead  of being 
c l e a r  as normal, was milky i n  appearance. A t  3 A. M .  and again a t  
6 A .  M .  he again checked the  water ,  which remained pungent and milky. 
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A t  8 o 'c lock t h a t  morning he v i s i t e d  t h e  beach a t  Peale  I s l and  
with t h e  Ass is tan t  I s land  Manager, Mr. George La C a i l l e ,  and the  
r e s i d e n t  physician,  D r .  Frederick Goff. They found a band of f l o a t -  
ing  m a t e r i a l ,  perhaps a  meter wide and of t h e  consis tency of  a  ' t h in  
soup, reaching along the  lagoon beach of  Peale I s land  as  f a r  as  the  eye 
could s e e .  Patches of the  mater ia l  were f l o a t i n g  f a r  out i n t o  t h e  
lagoon. The ma te r i a l  bias l i g h t  i n  c o l o r  with t i nges  of  p ink .  Most 
c h a r a c t e r i s t i c  of the  ma te r i a l  was i t s  sweet but  f e t i d  odor, var ious ly  
described as "sickeningly sweet," "a combination of a   nol lasses r e f i n e r y  
and an exposed oys t e r  f l a t , "  o r  " l i k e  sewage." During t h a t  day and f o r  
s e v e r a l  days t o  come the  odor permeated t h e  whole i s l a n d .  

By e a r l y  af ternoon of t h a t  day f i s h  were observed t o  e x h i b i t  
abe r ran t  behavior .  A s  the  ma te r i a l ,  now being moved from t h e  lagoon 
towards Peale I s l and  by a  s l i g h t  wes ter ly  wind, d r i f t e d  towards t h e  
shore ,  t h e  small lagoon f i s h  behaved f r a n t i c a l l y  - -  moray e e l s  l e f t  
t h e i r  holes  and swam t o  deeper water ,  while  o thers  such as  wrasses 
leaped from t h e  water t o  the  beach and lay  the re  f lopping i n  the  sand. 
The smel l ,  the  ac t ion  of the  f i s h ,  and e s p e c i a l l y  the  unknown na tu re  
of  t h e  f lotsam, caused t h e  o f f i c i a l s  t o  ban a l l  swimming, boat ing ,  and 
f i s h i n g  i n  the  a t o l l  waters .  

During the  next  s eve ra l  days the  contamination of t h e  lagoon was 
watched c a r e f u l l y  by D r .  Frederick Goff. The o r i g i n a l  milky ma te r i a l  
turned  pink,  and i n  concent ra t ions  along the  shore l ine ,  brownish red.  
So many f i s h  were k i l l e d  t h a t  a  s a n i t a r y  p a t r o l  was s e n t  out ;  it 
gathered over t h r e e  b a r r e l s  of  dead f i s h  from the  shore of  Peale  I s land .  
The receding t i d e  l e f t  the  exposed rocks and bars  of the  lagoon s t a i n e d  
red .  Even t h e  b i r d s  were a f f l i c t e d  and a number of sooty t e r n s  i n  the  
colony on Peale I s l and  which were feeding i n  t h e  western s e c t i o n  of 
t h e  lagoon sickened and d ied .  A f r i g a t e  b i r d  was seen t o  dive i n t o  a  
f l o a t i n g  mass, presunlably a f t e r  a  s i c k  f i s h ;  but  when i t  sur faced  it 
was unable t o  f l y  and flopped i t s  way t o  a  small sand ba r .  Within 
minutes it col lapsed  and d ied .  

Over four  l i t e r s  of the  ma te r i a l  were dispatched frozen t o  the  
Hawaii I n s t i t u t e  of  Marine Biology f o r  s tudy;  it was received on the  
af ternoon of  24 June (Wake t ime) .  Arrangements were completed f o r  the  
s e n i o r  author  t o  v i s i t  the  i s l a n d  as a  consu l t an t .  

Late i n  the  af ternoon of  26 June and t h e  following day, t h e  s e n i o r  
author  was able  t o  inspec t  contaminated beaches and t h e  surrounding 
waters .  No longer was the re  any f l o a t i n g  mater ia l  i n  the  water  - -  it 
was repor ted  t o  have disappeared by 23 o r  24 June. However, near  t h e  
high t i d e  zone on the  beaches a t  Peale I s l and  were patches of  reddish-  
brown creamy t o  waxy ma te r i a l .  No pa tches  were excess ive ly  l a r g e ,  
although some were up t o  a  meter wide and seven o r  more meters long, 
and with a  thickness of a  mi l l imeter  o r  s o .  Other patches were more 
concentrated,  over a  cent imeter  t h i ck  f o r  a  diameter of more than 30 
cent imeters .  On the  lagoon s i d e  of Peale  I s l and  the  patches were most 
common, but  they were a l s o  found on t h e  ocean s i d e  near  t h e  passage as 
well  and correspondingly near  both s i d e s  of  the  passage on Wake Is land .  
On Wilkes I s l and ,  across  the  lagoon, a  few patches were found. On 
sandy beaches the  mater ia l  had penet ra ted  i n t o  t h e  sand s o  t h a t  when 



the  top l aye r  was d is turbed ,  t h e  underlying sand had a  pink c a s t .  The 
exposed sand i n  these  a reas  was of l i g h t  grey co lo r  r a t h e r  than i t s  
c h a r a c t e r i s t i c  white .  S imi l a r ly ,  t u f t s  of  a t tached  a lgae  on a  shallow 
t i d e  f l a t  a t  Peale I s l and  were coated with t h e  pink ma te r i a l .  The 
waxy mater ia l  on t h e  beach, the sand,  and t h e  algae a l l  had the  pungent, 
s ickening but  sweet,  odor. 

Along t h e  shores  of ll'ilkes I s land  were numerous dead f i s h  t h a t  
obviously had been exposed fo r  some time. One s i c k  t e r n ,  unable t o  
f l y ,  was co l l ec t ed  on Peale I s land  on Saturday evening; during the  
n ight  i t  d ied .  

On the  morning of 2 7  June the lagoon was inspec ted  by boat and t h e  
lagoon and the  surrounding waters of  the  i s l a n d  by a i r  from a U .  S. Navy 
ampllibian plane f l y i n g  a t  150 meters.  No f l o a t i n g  mat te r  was seen,  and 
the  co ra l  heads of t h e  western s i d e  of  the  lagoon, exposed by the  
extreme low water  a t  the  time of  in spec t ion ,  seemed unaffected.  

A t  t h e  recommendation of the  s e n i o r  au thor  t h e  lagoon was opened 
t o  swimming and boat ing  on Sunday. Bathers repor ted  t h e  water  "had a  
bad t a s t e "  but  no i ll  e f f e c t s  were seen from swimming. 

Laboratory Examination 

The frozen ina ter ia l  shipped t o  l-ionolulu was pink with grey t r a c e s .  
I t  was a  consis tency of t h i c k  lad led  o r  skimmed cream, w i t 1 1  some f r e e  
water on the  bottom of the  conta iner .  The waxy ma te r i a l  co l l ec t ed  
from the  beaches on t h e  26th and 27th had a  consis tency of  a  t h i ck  
medicinal ointment.  Both would adhere t o  t h e  s k i n  when touched. 

Microscopical ly,  t h e  bulk of both ma te r i a l s  was without formed 
s t r u c t u r e s  and was immiscible with water  when squashed on a  microscope 
s l i d e .  In  a l l  ma te r i a l  examined t h e r e  were numerous o i l  d rop le t s  and 
an amorphous ground substance.  The pink masses were equal ly  formless 
and were s c a t t e r e d  as small  u n i t s  through t h e  o t h e r  ma te r i a l .  In  the  
water  surrounding t h e  sample shipped t o  t h e  labora tory  were numerous 
green,  sphe r i ca l  c e l l s  of  a  u n i c e l l u l a r  a l g a ;  i n  the  t u f t s  of contam- 
ina t ed  algae c o l l e c t e d  from Peale I s l and ,  t h e  c e l l s  of t h e  f i laments  
appeared a l i v e ;  i n  t h i s  ma te r i a l  and i n  the  contaminated sand were 
numerous c i l i a t e  protozoans.  Ilowever, i n  t h e  consol ida ted  masses of  
t h e  waxy cream from the  beaches t h e r e  was no l i f e .  

The creamy ma te r i a l  de l ivered  t o  the  I-lawaii I n s t i t u t e  of Marine 
Biology was found, by dehydration a t  45' C under reduced p res su re ,  t o  
conta in  68 .8  p e r  cent  water  and v o l a t i l e  components, 31.2 per  cent 
s o l i d s  which obviously included the  s a l t s  l e f t  by t h e  evaporated s e a  
water  (est imated a t  perhaps 2 pe r  cent of t h e  weight of  t h e  o r i g i n a l  
sample, a  flame t e s t  f o r  sodiwn was p o s i t i v e ) .  

Five hundred grams of  the  same emulsion, undehydrated, was 
ex t r ac t ed  by occas ional  shaking f o r  one day i n  equal volume of 95 pe r  
cent  ethanol  and f i l t e r e d ;  t h e  evaporated e t h a n o l i c  e x t r a c t  y ie lded  
15 .3  g of a  b r i g h t  yellow waxy s o l i d .  A dry i c e  t r a p ,  followed an i c e  
t r a p ,  i n  the  d i s t i l l a t i o n  l i n e  y ie lded  a  small amount of  a  co lo r l e s s  



v o l a t i l e  l i q u i d  with an odor c h a r a c t e r i s t i c ,  i n  p a r t ,  of  t h a t  of the 
o r i g i n a l  sample. The res idue  from the  e thano l i c  e x t r a c t i o n  was i n  
tu rn  ex t r ac t ed  with 500 m l  of d i e t h y l  e t h e r ,  and y ie lded  35 g  of  a  
b r i l l i a n t  orange waxy s o l i d  t h a t  melted s l i g h t l y  below 45" C and t h a t  
contained s c a t t e r e d  microcrys ta ls .  I t  was poss ib le  t o  d i s so lve  and 
r e c r y s t a l l i z e  t h e  c r y s t a l s  i n  e thanol ;  they were white and p l a t e - l i k e ,  
and had a  sharp nrelting po in t  a t  51" C .  The residue undissolved by the  
d i e t h y l  e t h e r  e x t r a c t i o n  was yellow and f ibrous ;  i t  gave a  p o s i t i v e  
b i u r e t  t e s t  f o r  p r o t e i n .  

The t o x i c i t y  of the  mixture and sonie of i t s  p r i n c i p a l  conlpolients 
were checked t o  see  i f  the  observed deaths of f i s h  and b i r d s  could be 
a t t r i b u t e d  t o  t h e  mixture. The crude cream was emuls i f ied  and s t i r r e d  
i n t o  an aquarium a t  about 10 m l  p e r  l i t e r  and t h r e e  b u t t e r f l y f i s h  
(Chaetodon s p . )  were added; t h e  aquarium was continuously ae ra t ed .  In  
40 t o  60 minutes the  f i s h ,  a f t e r  showing marked r e s p i r a t o r y  d i s t r e s s ,  
d i ed .  Five white  mice, weighing from 21 t o  24 g ,  were force- fed  some 
0 . 3  t o  0 . 6  m l  of emuls i f ied  mixture; a l l  exhib i ted  heavy brea th ing ,  
gasping and l i s t l e s s n e s s ,  and t h r e e  d ied  overnight .  S i m i l a r l y ,  when the  
superna tant  wax from t h e  o r i g i n a l  sample was force-fed t o  mice i n  s i m i l a r  
amounts, t h r e e  of t h e  s i x  mice died overnight .  However, when the  ethan- 
o l i c  o r  e t h e r e a l  e x t r a c t s  were i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  mice a t  
t h e  r a t h e r  massive dosage of  4  mg/g, no deaths r e s u l t e d .  The f i n a l  
f ib rous  residue caused no deaths when force- fed ,  but  t h e  same res idue  
when i n j e c t e d  a t  4  mg/g caused one of the  two mice t o  d i e  overnight .  

A s toppered v i a l  of t h e  s o f t  beach mater ia l  with a  pink c a s t  was 
kept  a t  room temperature; a f t e r  four  days it smelled s t rong ly  of 
hydrogen s u l f i d e .  

Analysis of  t h e  -- 

The t o t a l  l i p i d  i n  the  o r i g i n a l  creamy ma te r i a l  de l ive red  t o  the  
llawaii I n s t i t u t e  of Marine Biology was obtained by e x t r a c t i o n  i n t o  
d i e t h y l  e t h e r ,  using cen t r i fuga t ion  and methanol t o  break en~uls ions .  
The crude l i p i d  was separa ted  by adsorpt ion  colwnn chromatography on 
s i l i c i c  ac id  (F i l l e rup  and Mead, 1953) i n t o  the f r a c t i o n s  l i s t e d  i n  
Table I .  The i d e n t i f i c a t i o n  of  t h e  main cons t i t uen t  (60%) of  t h e  
Wake I s l and  l i p i d  as wax e s t e r s  ( t h a t  i s ,  f a t t y  ac ids  e s t e r i f i e d  with 
long-chain alcohols)  was confirmed by (a) d i r e c t  comparison i n  th in -  
l a y e r  chromatography (TLC) with s y n t h e t i c  heptadecyl s t e a r a t e ;  (b) 
gas - l iqu id  chromatography (GLC) of  tile unhydrolyzed e s t e r s  ( c f .  Nevenzel, 
e t  a l . ,  1966) - -  the  r e s u l t s  a r e  given i n  Table 11; and (c)  G d r o l y s i s  -- 
t o  ac id  and alcohol moie t ies ,  which were analyzed by GLC -- the  ac ids  
as t h e i r  methyl and phenacyl e s t e r s  and the  alcohols  as t h e i r  t r i f l u -  
o roace ta t e  de r iva t ives  (Nevenzel, e t  a l . ,  1965) - -  s e e  Table 111. -- 

R coinparison of the ana lys i s  of t h e  Wake Is land  l i p i d  with the 
da ta  of Lederer, -- e t  a l . ,  1946, f o r  ambergris ( a l so  given i n  Table I )  
makes i t  c l e a r  t h a t  our mater ia l  was not  ambergris. A d i r e c t  comparison 
by TLC of  the  crude Wake I s l and  l i p i d  with au then t i c  low-grade amber- 
g r i s  from llawaii f u r t h e r  emphasized t h i s  p o i n t :  on Bio-Sil  A (Bio-Rad 
Labora tor ies ,  Richmond, Ca l i fo rn ia )  developed with 10 pe r  cent d i i sop -  
ropy1 e t h e r  i n  petroleum e t h e r  (b .p .  60-70' C) the  1Vake I s l and  l i p i d  



showed one main s p o t  o f  I< 0 . 6 8  ( i d e n t i c a l  t o  a u t h e n t i c  wax e s t e r s )  
and a  f a i n t  s p o t  o f  llf 0 . 6 7  wiiile t h e  Hawaiian ambergr i s  had on ly  a  
f a i n t  s p o t  a t  Rf 0.69 f o r  wax e s t e r  o r  s t e r o l  e s t e r ,  a n o t h e r  ininor corn- 
ponent o f  Rf 0 . 3 1 ,  and t h e  main s p o t  o f  Rf 0 . 2 5  w i t 1 1  e x t e n s i v e  t a i l i n g ;  
a u t h e n t i c  o c t a d e c a n o l  had an Itf of 0 .13  and c h o l e s t e r o l  about  0 . 0 5  i n  
tilis sys tem.  

The s t e r o l - c o n t a i n i n g  f r a c t i o n  of  Tab le  I  was f u r t h e r  c l i a r a c t e r i z e d  
by ?'LC, which confirmed t h e  p resence  o f  f r e e  long-chain  a l c o h o l s  o r  
c h o l e s t e r o l .  By GLC a n a l y s i s  o f  t h e  t r i f l u o r o a c e t a t e  d c r i v a t i v e s  of  
t h e s e  h y d r o x y l - c o n t a i n i n g  compounds s t r a i g h t  c h a i n  a lco l io l s  C16-CZ5 
were i d e n t i f i e d  t o g e t h e r  wi th  a  t r a c e  o f  a  h i g h e r  m o l e c u l a r  weight  
con~pound, t h o u g h t  t o  be a  t r i t e r p e n e  a l c o i ~ o l  o r  a  s t e r o l  o t h e r  t h a n  
c h o l e s t e r o l .  TLC examina t ion  of  t h e  most p o l a r  l i p i d  f r a c t i o n  e s t a b -  
l i s l l e d  t h e  p r e s e n c e  of  t r a c e s  o f  f r e e  f a t t y  a c i d s  and phospl io l ip id  
(probably  l e c i t h i n ) ,  b u t  t h e  bu lk  o f  t h e  i n a t e r i a l  appeared a s  a  s t r e a k  
wi th  no d e f i n e d  s p o t s  and was n o t  c h a r a c t e r i z e d  f u r t h e r .  'The ye l low 
c o l o r  o f  t h i s  sample was due t o  s t r o n g  end a b s o r p t i o n  from a  peak 
below 230 mu; no i d e n t i f i a b l e  pigment was p r e s e n t .  

Oiscuss ion  

To o u r  knowledge, no blooni o f  an  a l g a ,  e i t h e r  f i x e d  o r  p l a n k t o n i c ,  
n o r  any spawning o r  o t h e r  a c t i v i t y  o f  a  mar ine  i n v e r t e b r a t e  o r  f i s h  h a s  
been r e p o r t e d  t o  form an amorphous mass o f  f l o a t i n g  l i p i d s  o f  such 
volume and n a t u r e .  Aside  from t h e  r e s u l t s  o f  illan's a c t i v i t y ,  t h e  on ly  
~ n a s s i v e  d e p o s i t i o n s  of waxy m a t e r i a l  i n  t h e  s e a  i s  t h e  voided s e c r e t i o n  
o f  t h e  g u t  o f  t h e  sperm !.illale, known coinmercial ly a s  ambergr i s .  A s  
Wake I s l a n d  l i e s  i n  t i le  t r a d i t i o n a l  whal ing ground f o r  t h e  sperin whale,  
i t  was o r i g i n a l l y  though t  t h a t  t h e  contaminant  o f  t h e  lagoon was a  
huge inass o f  a inbergr i s ,  e m u l s i f i e d  and a l t e r e d  i n  c o n s i s t e n c y  i n  i t s  
passage  througli  t h e  s u r f .  The h y p o t h e s i s  was r e n d e r e d  even more 
a t t r a c t i v e  by t h e  ~i lus ty  s m e l l  no ted  on t h e  con tamina ted  beaches .  

ilowever, t i le  l a b o r a t o r y  s t u d i e s  o f  one o f  us (Nevcnzel)  have 
d e s t r o y e d  t h e  h y p o t h e s i s  o f  t h e  o t h e r  two: t h e  m a t e r i a l  d e f i n i t e l y  
i s  n o t  a m b e r g r i s .  On t h e  o t h e r  hand,  on ly  l i p i d s  o f  t h e  sperm whales 
( fami ly  P h y s e t e r i d a e ,  l i i l d i t c h  arid IVil l iams,  1965) ,  t h e  beaked whales 
( f ami ly  i i p h i i d a e ,  Mori, -- e t  a l . ,  1964) ,  and some p e l a g i c  copepods 
INevenzel .  u n ~ u b l i s h e d )  and f i s h e s  ( f a m i l i e s  klvctoohidae.  Nevenzel , . , 
and Rodegker, 1965; Gadidae,  Koii~ori and Agawa, 1955; Gempylidae, 1963; 
and T r a c h i c h t h y i d a e ,  Kaufn~ann and G o t t s c h a l k ,  1956) ,  and t h e  l i v i n g  
f o s s i l  ( f a m i l y  L a t i m e r i d a e ,  ~ J e v e n z e l ,  e t  a l . ,  1966) a r e  l a r g e l y  wax -- 
e s t e r s .  Of seven  s o e c i e s  whose wax e s t e r s  have been examined i n  
d e t a i l ,  on ly  t h o s e  o f  t h e  sperin whale have as  lo^^ an average c h a i n  
l e n g t h  a s  t l lose  obse rved  h e r e :  IVake I s l a n d  l i p i d  h a s  85 p e r  c e n t  
e s t e r s  s h o r t e r  t h a n  C34, s p e r m a c e t i  wax 90 p e r  c e n t ,  b u t  t h e  wax 
e s t e r s  from f i s h  have on ly  4-20 p e r  c e n t  o f  t h e  t o t a l  s h o r t e r  t h a n  
C34. 'IXe a v a i l a b l e  d a t a  on t h e  c o ~ n p o s i t i o n  o f  s e v e r a l  sperin whale 
l i p i d s  a r e  g i v e n  i n  t h e  Tab les  f o r  comparison w i t h  t h e  cor respond ing  
v a l u e s  f o r  t h e  Wake I s l a n d  l i p i d .  Note t h a t  s p e r m a c e t i  i s  t h e  
n l a t e r i a l  whicii c r y s t a l l i z e s  from t h e  t o t a l  sperm wliale o i l  on c h i l l i n g  
and c o n s i s t s  o f  t h e  inore s a t u r a t e d ,  l o n g e r  c h a i n  wax e s t e r s ;  i t  
c o n t a i n s  o n l y  t r a c e s  o f  t r i g l y c e r i d c s  o r  u n s a t u r a t e d  coinponents. 



The simplest  explanat ion f o r  t h e  o r i g i n  of the  Wake Is land  mater ia l  
i s  t h a t  a  mass of whale o i l  with some f ibrous  content  f l o a t e d  i n t o  t h e  
lagoon i n  an emulsif ied condi t ion ,  where i t  s e t t l e d  out i n t o  the  f l o a t -  
i ng  cream-like layer .  In  t h e  process it was ac ted  upon by micro-organisms 
and was subjec ted  t o  chemical changes (hydrolys is ,  recombination, oxida- 
t i o n ,  e t c . ) .  In genera l ,  t h e  d i f f e rences  i n  composition between the  
Wake I s l and  l i p i d  and sperm whale o i l  (Tables I  and 111) a re  cons i s t en t  
with (a) propor t ional ly  g r e a t e r  l o s ses  of the  s h o r t e r  chain wax e s t e r s ,  
due t o  t h e i r  g r e a t e r  s o l u b i l i t y  and g r e a t e r  r a t e  of hydro lys i s ;  (b) t h e  
ex tens ive  losses of  unsa tura ted  components by autoxida t ion;  and (c) t h e  
p r e f e r e n t i a l  l o s s  of t r i g l y c e r i d e s  because of t h e i r  h igher  content  of 
unsa tura ted  f a t t y  acids and g r e a t e r  r a t e  of hydro lys i s .  The n e t  r e s u l t  
of  these  processes would be t h e  production of a  l i p i d  cons i s t ing  
l a r g e l y  of s a t u r a t e d  wax e s t e r s  with a  reduced content of CZ6 and CZ8 
components: i . e . ,  something approaching spermacet i .  Tables I 1  and - - 
I11 confirm the  s i m i l a r i t i e s  of  Wake I s l and  l i p i d  with spermacet i ,  
although i n  the  former the  content  of  decanoic ac id  (10:O) i s  t e n  
times as  much as  expected f o r  whale o i l ,  and t h e  percentage of  pa lmi t i c  
ac id  (16:O) i s  a l s o  too  high.  Nor does t h i s  explanat ion account f o r  
the  t o x i c i t y  of  t h e  samples. 

The t o x i c i t y  probably i s  t h e  r e s u l t  of  b a c t e r i a l  a c t i o n  upon t h e  
mixture. When the  mater ia l  was f i rs t  seen ,  i t  was emuls i f ied  i n t o  a  
t h i n  milky suspension. In  such a  s t a t e  the  su r face  a r e a  f o r  b a c t e r i a l  
a t t a c k  would have been tremendous and a s  the  f a t t y  ma te r i a l  reconsol-  
i d a t e d  i n  t h e  "cream" found f l o a t i n g  on the  su r face ,  the  b a c t e r i a  were 
a l s o  incorporated.  Some probably worked on t h e  l i p i d s ,  but  o thers  
could have worked upon the  f ib rous  p r o t e i n  mixed i n  the  mass. By- 
products from t h e  b a c t e r i a l  decomposition of the  mixture could be tox ic  
and account f o r  t h e  death of  f i s h  and poss ib ly  the  b i r d s .  An example 
of such a  product i s  the  hydrogen s u l f i d e  noted both i n  t h e  f i e l d  and 
the  labora tory .  The exhaustion of  oxygen i n  t h e  water by b a c t e r i a l  
a c t i o n  under t h e  f l o a t i n g  "cream" could a l s o  account f o r  some deaths 
of  f i s h ,  but  it cannot account f o r  t h e  death of the  b u t t e r f l y f i s h  
i n  the  wel l -aera ted  aquarium. The i n a b i l i t y  of t h e  b i r d s  t o  f l y  prob- 
ably was not from the  t o x i c i t y  of  the  mass but from t h e  o i l s  coat ing 
t h e i r  f e a t h e r s .  

I t  i s  more d i f f i c u l t  t o  account f o r  the  observed l a rge  amount 
(17.5%) of  decanoic ac id  (ClO), s i n c e  i n  sperm whale o i l  CIQ i s  a  
minor cons t i t uen t ;  c f .  Table 111. One poss ib l e  suggest ion is  t h a t  t h e  
mass reforming f romyhe t h i n  emulsion t rapped and incorpora ted  C10 
ac ids  from a  bloom of  blue-green a lga ,  f o r  O s c i l l a t o r i a  (Trichodesmium) 
erythraeun i s  known t o  conta in  these  (Parker ,  and Van Baalen, personal  
communication). I-lowever, from in terv iews of t h e  r e s i d e n t s ,  t h e r e  was no 
ind ica t ion  of a  previous bloom of a lga  i n  the  lagoon, and t h e  coincid-  
ence of  a  major bloom of  blue-green phytoplankton, a  r a t h e r  r a r e  
occurrence, a t  the  moment of t h e  contamination of t h e  lagoon by waxes 
s t r a i n s  one ' s  c r edu l i ty .  



Conclusions 

As sperm whales do not  give up t h e i r  wax e s t e r s  vol  
3Yntarily (unl ike t h e i r  ambrein and s t e r o l s )  we f i n d  the  b e s t  way- t o  account 

f o r  the  contamination of Wake I s l and  lagoon i s  t o  p o s t u l a t e  t h a t  some 
unknown whale f ac to ry  sh ip ,  c ru i s ing  the  whaling grounds discharged 
i t s  rendering r e t o r t s  f o r  unknown reasons.  This crude oil-wax 
concent ra te ,  s t i l l  containing the  f i b e r s  o f  t h e  adipose t i s s u e ,  f l o a t e d  
i n  a  coherent mass and probably f o r  a  r e l a t i v e l y  s h o r t  t ime, u n t i l  i t  
was c a r r i e d  by cu r ren t s  t o  t h e  r ee f  o f f  t h e  northern coast  of  Wake 
Is land .  I t  a r r ived  i n  time f o r  t h e  cu r ren t s  of  the  incoming t i d e  a t  
t h e  shallow ent rance  t o  the  lagoon. Here t h e  cur rents  c a r r i e d  it 
through t h e  s u r f  ( i n  s p i t e  of the  calmness of the  n i g h t ,  t h e r e  would 
be con t i r~u ing  and poss ib ly  heavy s u r f  on t h e  windward r e e f  f a c e ) .  
Once the  crude mixture was emulsif ied by t h e  s u r f ,  the  g rea t  su r face  
a rea  permi t ted  r ap id  b a c t e r i a l  ac t ion  on a l l  components, speeding a  
massive a l t e r a t i o n  of t h e  l i p i d s  and decomposing t h e  p ro te ins .  A 
chemical by-product by t h i s  ac t ion  could be the  l o s s  of some l i p i d  
f r a c t i o n s ,  thereby concentrat ing o t h e r  f r a c t i o n s  (such as  c e t y l  
a l coho l ) ,  and t h e  synthes is  of C10 ac id .  The red c a s t  t o  t h e  mass 
observed i n  the  water  and on the  beaches probably was the  r e s u l t  of  
growth of pigmented s u l f u r  b a c t e r i a ,  which were u t i l i z i n g  t h e  H2S 
given o f f  i n  o the r  b a c t e r i a l  decomposition. 

\lie f u r t h e r  p o s t u l a t e  t h a t  t o x i c  by-products of  t h e  b a c t e r i a l  
ac t ion  k i l l e d  the  f i s h  and rendered t h e  mixture t o x i c  t o  labora tory  
mice when fed  o r  i n j e c t e d  with i t .  A t  the  same t ime,  t h e  presence of  
b a c t e r i a  caused t h e  c i l i a t e  protozoans, which feed on b a c t e r i a ,  t o  
increase  and t h e  b a c t e r i a l  r e l e a s e  of n u t r i e n t  s a l t s  encouraged t h e  
growth of  u n i c e l l u l a r  algae.  Possibly some C10 ac ids  were incorporated 
i n t o  t h e  mass from t h e  phytoplankton. Otherwise we cannot account f o r  
t h e i r  presence. 

F ina l ly ,  the  emulsif ied d rop le t s ,  f l o a t i n g  t o  the  su r face ,  
reformed i n t o  the  waxy mass and was c a r r i e d  t o  t h e  beaches by the  
l i g h t  a i r s .  

3/ The s e n i o r  author  alone,  having h i s  ambergris hypothesis  r u t h l e s s l y  
destroyed by f a c t ,  wishes t o  emphasize t h a t  t h e  chromatography 
proved t h a t  t h i s  p a r t i c u l a r  combination of wax e s t e r s  could have 
come from no known animal o r  p l a n t .  Ile suggests  t h a t  we must 
t he re fo re  look f o r  some y e t  unknown animal, and t h a t  perhaps the  
Great Sea-Serpent,  s o  convincingly described by Oudemans, might be 
a  wax e s t e r  producer. Presumably even t h e  sea-serpent  does not shed 
i t s  adipose t i s s u e s ,  but  perhaps t h e  magnificent c rea tu re  might 
discharge wax e s t e r  as a  medium f o r  i t s  aura seminal i s .  He begs t o  
r e c a l l  t h e  described aura of the  Wake I s l and  lagoon. - 
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TABLE I 

Composition of Wake I s l a n d  Lipid (Weight %) 

Component Wake I s l and  
l i p i d s  l i p i d  

Hydrocarbons 

Ketones - 

Wax e s t e r s  I 
Tr ig lyce r ides  9 . 5  

Free s t e r o l s  
and a lcohols  

Free f a t t y  ac ids  
and po la r  l i p i d s  

(1) Normalized da ta  of Lederer,  e t  a l . ,  1946. - - 
(2) T a t e i s h i ,  e t  a l . ,  1958. -- 



TABLE I 1  

Composition of  Wax Es te r s  of Wake I s l and  Lipid (Weight %) 

Source 

Homologue (2) 

26:O 

27:O 

28:O 

29:O 

30:O 

30 : 1 

31 :O 

32 :O 

32 : 1 

33:O 

34:O 

34:l  

36:O 

36 : 1 

Wake Is land Lipid Spermaceti (1) 

(1) "Spermaceti, U.S.P.", Fisher  S c i e n t i f i c  Company, F a i r  Lawn, N . J .  

( 2 )  The number before  the  colon i n d i c a t e s  the  t o t a l  number of carbon 
atoms, t h e  number following the  colon denotes t h e  t o t a l  num- 
b e r  of  double bonds i n  t h e  molecules. 



Component Fa t ty  Acids and Alcohols of 
Wake Is land  Wax Es te r s  (Weight %) 

(1) "Spermaceti, U.S.P.", F isher  S c i e n t i f i c  Company, F a i r  Lawn, N . J .  

( 2 )  Data of T a t e i s h i ,  e t  a l . ,  1958, r eca l cu la t ed  t o  es t imate  value f o r  18:2.  -- 

(3) Data of Mori, e t  a l . ,  1964, f o r  Arc t i c  Sperm Whale, head o i l .  -- 
(4)  The number before  t h e  colon i n d i c a t e s  the  number of  carbon atoms, t h a t  

following t h e  number of double bonds i n  t h e  ac id  o r  a lcohol .  



Figure 1. I n t e r t i d a l  a rea  a t  Peale 
I s l a n d ,  showing contamination of beach. 
The normal beach co lo r  i s  dazzl ing 
whi te ,  as shown i n  t h e  fo re -  and back- 
ground; the  c re scen t i c  darkened a rea ,  
reddish-brown i n  hue, i s  of  t h e  waxy 
ma te r i a l  well  over a meter wide but  
only a few mi l l imeters  t h i c k .  

Figure 2 .  I n t e r t i d a l  a r ea  a t  Peale 
I s l and ,  showing a "glob" of  contaminant. 
The t h i c k  ma te r i a l ,  dark red-brown i n  
c o l o r ,  i s  of  the  consis tency of a t h i ck  
ointment and covers the  s h e l l s  and co ra l  
fragments on the  beach var ious ly  from 1 
t o  4 cm t h i c k .  The s c a l e  may be i n t e r -  
p r e t e d  from t h e  wrist watch on t h e  upper 
l e f t .  




