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I. -. ZNIROD7CTION.  

Since m e  ~ntroduction of  regular i n s p e c t i o n s  of 

i n f e s t a b l e  carzoes arrivin, at United  Kingdarn p o r t s ,  many 

theo r i e s  have been p u t  forward to account for t h e  innurnorable, 

unanssere d problems v~h ick  arise concerning the changing 

c o n d i t i o n  of t he  comnodities in the  ships-holds, and of the  

degree  of i n s e c t  i n f e s t a t i o n  occur r ing  an t h o s e  commodities. 

I n  1956 plans were laid a t  the Royal  Co l l ege  of Science , 

London, f o r  a series of exped i t i ons  to the Gold Coast  Colony 

in West Africa,  now t h e  independant  S t a t e  of Ghana; in t he  

fo l lov; ing  y e a r  t h e  first of t h o s e  was backed by the  I m p e r i a l  

C o l l e g e  Explora t ion  Board,  Under t h e  d i r e c t i o n  of one of t h e  

members of  t h e  party, Mr. G* Mat thews ,  one of  the  f i r s t  a t t e m p t s  

was made t o  c a r r y  out r e c o r d i n ~ s  of the phys ica l  f a c t o r s  

a f f e c t i n g  the ca rgo ,  and obse rva t i ons  on the rnovamen'cs of 

i n a e c t  p e s t s ,  within t he  hnlds of a ship w h i l s t  at sea.  A brief 

account of t h i s  work was l a t e r  published in t h e  I'Annals of 

Applied B i o l o ~ y  , T f  vo I. 46 (19581, Ro . 2 ,  pp 259-263, and full 

r e p o r t s  o f  b o t h  t h i s  and t h e  f o l l o w i n g  work are  l o d g e d  w i t h  the 

Imperial  College Exp lo r a t i on  Board. 

In 1958 a second pa r ty  v i s i t e d  Ghana, and M r .  C. N e v i l l e  

ca r r i ed  out f u r t h e r  o b s e r v a t i o n s  on the  same lines as t hose  of 

Matthews. The r e s u l t  o b t a i n e d ,  and some of t h e  c o n c l u s i o n s  made 





Fi she r i e s  and Food, To lwor th ,  a s  bein.- of the % r e a t e s t  economic 

importance. ~t t he  end of  A ? r i l  1960 a meeting was held a t  

the  P e s t  Infestation l a b o r a t o r i e s ,  A g r i c u L ~ u r a l  Research C o u n c i l ,  

Slough,  where t h e  heads o f  sections app roved  t h i s  p l an  o f  work  

a n d ,  a f t e r  a f u r t h e r  j o i n t  nee t i n "  a t  Tolworth, arrangements  f o r  

t h e  l o a n  cf v a r i o u s  i t e m s  of equipment from t h e  two departments 

were completed. 

1. Fhys i ca l  Measursments ( ~ e  mpera t u r e  and ~ u m i d i ' c y  ) in t h e  

holds of  ships. 

2, The r a t e  of inc rease  of an insez t p o p u l a t i o n  durin: the 

voyage by p l a c i n g  known numbers o f  marked i n s e c t s  in 

various places in the h o l d s .  

3. Comparison of  the degree of i n f e s t a t i o n  at t h e  t ime o f  

sh ipnent  from Ghana, and d u r i n k  un load ing  in t he  

Unite d Kjngdorn . 
4 .  observa t ions  an r e s i d u a l  i n s e c t  populations in holds 

dur ing  t h e  ou tward  voyage, with par t i cu la r  a t t e n t i o n  

to n u m e r i c a l  assessment. 

T I  Effec ts  o f  c h e m i c a l  t r e a tmen t s  o f  t h e  h o l d s  d u r i n g  

t h e  ou tward  voyage. 

It was agreed, at the  t ime ,  to try to ca r ry  o u t  work 

on a8 many of  t h e s e  s u b j e c t s  as p o s s i b l e ,  but, w i t h  excep t i on  of 

thc  f i rs t ,  all proved  i m p r a c t i c a b l e ,  f o r  the  f o l l o w i n g  reason&. 



By mid February 1960, c o n f i r m a t i o n  had been rece ived  t h a t  

Mr. J. RawnsLey, S e n i o r  Entomologist f o r  the Ghana Cocoa 

Mnrketing Board in Accra, would  give his f u l l  s u p p o r t  in 

ca r ry ing  out  this work. However t h i s  c o u l d  n o t  be done f o r  

t w o  reasons, Firstly, it had bec-n l e a r n e d  on t h e  6 t h  Segtember 

1960, p r i o r  t$ l e a v i n g  the i n t e r i o r  o f  Ghana, that: t h a  s h i p  

would n o t  be docking at any Uni ted  Kingdon ports, b u t  that  

a l l  t h e  cargo was d e s t i n e d  f o r  t h e  C o n t i n e n t a l  ports of 

Rotterdam, Hamburg and memon, Thus it would be impos~ible 

t o  i n s p e c t  any cocoa  e i t h e r  durin:; u n l o a d i n g  o r  a f t e r w a r d s  

durin,; t r a n s ~ t  s torage.  secondly,  a l t h u u s h  it was known t h a t  

some cocoa had been loaded in Accra, p r i o r  t o  l o ad ing  logs 

and timber a t  Abidjan ,  it was unders tood  t h a t  no cocoa would 

be loaded at Takoradi. However, on the 13th September, 24 

h o u r s  b e f o r e  t he  ship's a r r i v a l ,  it was l e a rned  t h a t  300 t o n s  

o f  cocoa beans were to b e  loaded after a l l .  Arrangements were 

al ready underway f o r  t h e i r  fumisati~n, a n d  by t h e  time b o t h  

members of the e x p e d i t ~ o n  reached  tbtl docks nearly a11 the bags 

of  cocoa h ~ d  beer; removed from t h e  aarehsusc and  were bein:; 

hois bed i n t o  a l i g h t e r  l y i n g  a longs ide  . The fumigation , 

carried o u t  by opera tors  of t h e  Ghana Cac oa Marketin: Board, 

was by means of methyl  bromide .  

4 .  R e s i d u a l  I n s e c t  P o p u l a t i o n s .  The m.v. 'WSTEROY'" was due to 

a r r i ve  a t  L i v e r p o o l  on 27th/28th June, t o  l o a d  genera l  cargo 

in time t o  szil on J u l y  7th. This v e s s e l  had d i s cha rged  a 
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cargo a f  wes t  Af r i can  g r o u n d n u t s ,  palm k e r n e l s ,  h i d e s  and timber 

at Lisbon, Dunkirk and R o t t e r d a m  p r i o r  t a  docking :t L i v e r p o o l  

where s h e  mas inspec ted  by Mrs. M.T. A r n s k r a n g ,  N o r t h o r n  A r e a  

Entomologist, I n f a  tation c o n t r o l  Diviszon, M,A .F .F. S i t e s  of 

re ,s idues  o f  p r e v i o u s  ca rgoes  were n o t e d  by Mrs. Armstro~g in 

the  hope t h z t  it mish t  be possible t c  obtain information 

ccncernin, the degree of endemic insect i n f e s t a t ~ o n ,  and any  

fluctuations in its l e v e l  dur in . ;  the outward vaya,ye. However, 

s ince there w e r e  no access hatches t o  t h e  h o l d s  from t h e  main 

deck, it was only possible t o  e n t e r  them once durin;;  t h e  voysge, 

when cargo was b e i n g  unloaded at Freetown, S i e r r a  Leone,  t e a  

days out from L i v e r p o o l .  

5 .  E f f e c t s  of C h e m i c a l  t reatments .  P l a n s  to c a r r y  out a v a r i e t y  

o f  c h e m i c a l  treatments in t h e  different holds  o f  t h e  s h i p  were 

nade with chemists of t he  I n f e s t a t i o n  C o n t r o l  D i v i s i o n ,  in 

3rdc.r t h a t  the ra tes  of i n s e c t i c i d s l  breakdswn,  and t he i r  

comparative e f f e c t s  o n  test i n s e c t s ,  could be me~:sured. 

Hewever these  had to be cancelled d d e  p a r t l y  t o  t h e  S h i p p i n g  

Company only b e i n g  u b l e  t o  g i v e  abodt  t e n  days n o t i c e  as t o  

vk ich  vesse l  the e x p e d i t i o n  n e a b e r s  were to be sailing cn, and 

partly t o  t;ie t e r m i n a t i o n  o f  a stovedorest strike in L i v e r p o c l .  

T h i s  l e d  t o  the imucdia te rus umption of l o ad ing  o p s r a t i o n s  

p e t  when it nppe:!red t h a t  there  would  bd s u f ~ i c i e n t  da l ay  

'- er.able the t r e 2 t m e n t s  t3 be c a r r i e d  o u t  after a l l .  



PHYSICAL RECOEDS. 3 .  --. 

thc  t e n p e r a t u s e  and h u m i d i t y  i~ s h i p s  "holds were nadc by 

:>!atthews, anc t h e n  by N e ~ i l l e ,  on tht p s e v i a u s  t ~ o  I a p e r i a l  

Zollege expes i t i ons  to Ghana. T h e i r  m a j o r  c o n c l u s i o n s  on 

t h i s  ;wrk a r e  giver. below, and these will latar be cnrnparud 

:.:iLh t h e  r e s u l t s  ok ta incd  on t h e  1960 e x p e d i t i o n .  

a )  Outward V ~ y a g e .  N a t t h u w s  found t h a t  t h e  diurnal. fLuc- - 
t ua t ion  was greates t  at the t o p  o f  khe  h o l d ,  and t h a t  solar 

r a d i a t i o n  caused h e a t i n g  of  t h e  a i r  in t h e  S h e l t c r  Deck, which  

r e s u l t e d  in d e l a y e d  h e a t i n g  of the cargo .  Fhcre w a s  a te inpara ture  

i n c r e a s c  towards t h e  c e n t r e  of  the s h i p  r e l a t i v e  t o  the  s i d e s ,  

~ n d  a c e r t a i n  amount of h e a t i n g  of c a r g o  by t h e  e n g i n e  r u o m ,  

2 l+hough  t h e  a i r  s p a c e  betwezn it end t h e  c a r g o  a c t e d  a s  p r ~  

i n s u l a t c r ,  The r e l a t i v e  hufflidity was f o u n d  t o  be nwre v a r i a b l e  

t h a n  t h e  t e m p e r a t u r e ,  varying from 25 to 76 per cent, N e v i l l e ,  

on  t h e  o t h e r  hand, c l a i m e d ,  on t h e  b a s i s  nf r ~ t h z r  f ewer  

measurements,  t h a t  the  ter ipera t u r e s  o f  d i f  f e s e n t  p o i c t s  in t h e  

hold  d i d  not f l u c t u a t e  r ~ l a t i v e  to on? a n o t h e r ,  3 u t  nz in ta ined  

a r e l a t i v e l y  c o n s t a n t  r e l a t i o n s h i p ,  whilst v ? r y i n , ~  a s  a ~ h o l s .  

He found  t h , ~ t  t he  humidlty v a r i e d  fron:  35 t o  75 gas cent, and  

v:as subject to :nore minor f l u c t u a t i o n s  t h a n  temperature  

( t h o u g h  t h i s  nay have beea  due t o  d i f f e r e n t  c h s r a c t e r i s t i c s  of 

th:: measuring i n s t r u m e n t s  u s ~ d  f o r  cor, t in2us r e c o r d i n s  2f 



temperature  and humidity) . 
b )  Homeward Voyage. Both mtthews and N e v i l l e  f o u n d  t h a t  the 

terrt;3uraturu maxima in t h e  c a r g o  occur red  in t h e  l a t e  a f t e r ~ o o n ,  

acd t h e  minima s h o r t l y  bcfclre sunrice. Matthcws r eco rded  

h e a t i n g  of up t3 almost  10703' (42%) in +:he cent re  o f  t h e  cargo 

(groundnuts)  and, on reachins  cooler c o n d i t i o n s ,  the o u t s i d e  of 

t he  cargo was c o a l e d  a p p r e c i a b l y  more thar?  the c e n t r e ,  resulting 

in a temperature g r a d i e n t  be tween t h e  two. There was a l s o  a 

rradual inc rease  in temperature in t h e  crtrgo towards  the engine  ... 

room bulkhead.  These g r a d i e n t s  r emz inud  s t e a d y  e x e p t  

f o r  variations in t h e  a i r  spaces a r o u n d  the cargo, the 

var ia t ions  spreading a little way i n t o  t h e  cargo.  HE also found 

an increzse in t empera ture  with i n c r e a s i n g  d a p t h  in t h e  h o l d .  

N s v i l l e  Is  series of read ings  taken with a tnermocouple  spear  a t  

v a r i o u s  d e p t h s  in g r o u n d n u t  cake do n o t  con f  u r n  t h i s  s r a d i ~ n t ,  

however, he  f o u n d  a t empera tu re  minimum at 6 bags dep th ,  b o t h  

above and below this be ing  warmer. Possibly deeper  r e a d i n g s  were 

needed t o  confirm t h e  g r a d i e n t ,  the su r f ace  l a j e r s  b e i n g  a f f e c t e d  

by diurnal f l u c t u a t i o n s  , E x a ~ i n a  t i o n  of the readink-s ob t a ined  

by Neville f r o m  t h e r m o c n u p l s s  in t h e  h o l d  doss n e t  s h o w  any 

regular  g r a d i e n t s ,  due  t o  t h e  n p p a r ~ n t l y  random positioning of 

t h e  t h e r r n a c o u p l e s ,  E3e found an  s v e n  h i g h z r  peak temperature of 

108 P (42.5 C)¶ in g r o u n d n u t  cake,  



















ana graphed in figs. 4 tn  8 ,  and  9 t c :  12, 

The t h e r ~ 1 3 c o u g l s s  a r e  arranged in g r o u T s  in t h e  g raphs  

t a  show c e r t a i n  e f f e c t s ,  a s  f c l l s w s :  

a )  1 - 4 ;  the  d r a d i e n t  f r c n  c e n t r e  t o  pgrt b u l k h e a d ,  he l f -  

m y  dowi-i t h e  h o l d ,  nnd c l o s e  t o  t h e  e n y i n e  r o o m  bu lkcend .  

b)  5 - 8; the  sane g r a d i e n t  as a b o v d ,  b u t  f u r t h e r  off f r o s  

tht. engina room bulkhead.  

c )  9 - 13; t h e  g r a d i e n t  from t h e  centre t o  t h e  s t n r b o a r d  

bulkhead a t  the b c t t o m  o f  the h o l d ,  i n c i u e i n s  t h e  s f f o c t s  

of h e a t i n g  by the propellor-shaft t u n n e l .  

d )  lh, 15, 16 a n d  18; the v e r t i c a l  g r o d i e i - t  up t h e  n e t 3 1  

Lnd5er from the bottam o f  the hold to b e low  t h ~  a n i n  

deck* 

o )  17, 19, 20 and 21; the e f f e c t s  u f  p 3 r t  bu lkhead  and 

eain d e c k  toxperature (19 nnd 21) ,>n the t e r ~ ~ p e r n t u r e  n f  

s h e l t e r d z c k ,  b o t h  ? g a i n s t  a..d at a d i s t ance  fsc:: t h e  eng ine  

20s bulkhead  (17 arid 2 0 ) .  

E?c h of  these , r o  u,,s wlil A. o s  be c z n s ~ d e  r e  d separa to ly , 
. n c  t h e  naia i i n p l i  c a t i o n s  of  t h e  r o n  dings cons ide  r e d  . 

.) - 1 - 4 ( f i g s .  Ic a n d  9 )  

These was a d e f i n i t e  g r a d i e n t  fmrn t h o  outside t~ t h e  

:';%raer c e n t r e  of  the hold; t h i s  g r ? d i e n t  r u a a i n a d  f a i r l y  

cons tan t ,  w i t h  p o i n t  1 sollle 5 t o  b0 r: h i g h e r  t h a n  p o i n t  3. 

P o i n t  4, cn t he  p r t  bu lkhead  above the w s t e r  line was hea ted  

str:-ngly by t h e  n o r n i n g  s u n  e a c h  day,  a n d  s u i x  o f  t h i s  heztiag 

i ~ ~ a s  t r ans fe r red  to p o i n t  3 ,  on t h e  s t r i n g e r s  , b u t ,  except 
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cn Ju ly  l g t h ,  t h i s  h e a t i n g  did. n u t  ex t end  in t o  p o i n t  2. 

5 - 8 (f igs.  5 and  10) - 
mint 5,  ljn t h e  eng ine  room b u l k h e ? * d  gave r e a d i n g s  v e r y  

s i ~ l a r  t o  pzint 1 f u r t h e r  fo rword  cn t h e  s.?cie bulkhesd, Bowever 

p o i n t s  6 - 8 wera ~ r u c h  c o o l e r  t h a n  2 - 4, and d i f f e r e d  little 

frcm one n n 3 t h e r ;  a t e n p e r a t u r e  g r a d i e n t  was p r e s e n t ,  b u t  it 

was much s n a l l e r  than between p a i n t s  2 and 4. P o i n t  8 on the 

bulkhead did n o t  show t h e  diurnzl h e a t i n g  t h a t  p o m t  4 did, t h i s  

probably b e i n g  due t o  it bsing s l i g h t l y  lcwer than  4,  and l y r n g  

a L i t t l e  below the  sen level; this shows t h a  hl2h d e g r e e  cf 

s t s b i l i ~ a t i o n  of t h e  o u t s i d e  bulkhead t e m p e r ~ l u r e  p r o v i d e d  by 

the sen .  The increase  in t h e  t e m p e r a t u r e  of p o i n t  8, ( e n d ,  

t o  a lesser  e x t e n t ,  7) , r e l a t i v e  t u  p o i n t  6 ~3n ,July 19th 2nd 

20th was probably d u e  to e n t e r i n g  a warm c u r r e n t .  

9 - 11 (figs 6 2nd 11) 
__C 

From t h e  a t a r t  :jf t h e  voyage till the 18th July t h e r e  was 

n o t e ~ d y  jncrease in t e a l p e s a t u r e  f r o m  t h e  o u t s l d e  3f t h a  s h i p  

towards the centre, p o i n t  9 ,  on t o p  of t h c  p r o p e l l o s - s h a f t  

t u n n e l ,  wzs noticeably warmor t h ~ n  p o i n t  10, at t h z  side of t h e  

t u n n e l ,  o n l y  a few f e a t  away,  a n d  t h e  d i f f e r e n c e  vrss p r e s u l ~ ~ e a b l y  

due t o  h e a t i n g  by t he  t u n n e l .  P o i n t  9 gnve s i , g i l e x  rc ; : .d ings  t o  

p o i n t  14, a l t h o u g h  f u r t h e r  f r o m  t h e  d n z i n e  r o a n .  P o i n t  13, and, 

t o  a Xeasar ex ten t ,  12, showed a d i s t i n c t  i n c r e a s e  in t c a p ~ r . ? t u r e  

on July 1 S t h ,  and t h a  dlys f o l l o w i n g ,  and this was thcught t3 

be due  t o  an  i n c r e a s e  in sec t e m p e r a t u r e  : the shipts p o s i t i o n  was 



si!rlLsr t s  t h a t  ,>n t h e  r e t u r n  vcynge when tbil s e a  tzmperaturc ~ 
f e l l  s h a r p l y  (sea tempasnture was r e c o r d e d  on ly  on t h e  return 

rr;lysge), A l s o  the  rise c o - i ~ c i d e s  witn t h a t  3f p ~ i n t  8, b a t h  

I S ~ ~ ~ C ' L I I ~  kvell in t h o  24 h n u r  s e r i e s  of  r e a d l a g s  t ~ k e n  on 12th and 

19th July ,  I 
d )  15 L - -  1 4  and 18. ( f i g s .  7 arid 12) 

It is interestins to n 3 t e  t h a t  p o i n t  14  w a s  t h e  c o o l e s t  

~ s :  t h e  v c r t i c z 1  gradient up t he  a c c ~ s s  l a d d e r ,  wh ich  shov~s  how 

low even t h e  h i g h e s t  o f  t h e  lower h o l d  t e n p a r a t u s ~ s  w ~ s  , r e l ? t i v e  

1 t: thase in t h e  s h e l t e r  deck. P o i n t  15, be low t h e  shelter d e o k ,  

was constantly snme 40C z b o v e  this, and  s u p r i s i n g l y ,  w n s  ~ l n o s t  

I 
%Y?:?ys h o t t e r  than p o i n t  16, immedia t e ly  above the s h s l t e r  deck. 

h i n t  18, under t h z  ~ ~ n i n  deck,  sh3werl. gre .  t v a r i a t i o n  d u e  t o  

ZiitrnzL h e a t i n g  by the sun,  r e a c h i n g  its pezk ter:!nernture at 

'?bout 2 , O C  p.u.,  and t h e n  f a l l i n g  to a 1 9 w z r  t e m p ~ r a t d r c  cvon 

I 
p o ~ n t  1 4  in t h e  c ~ r l y  murning. T h u s ,  i n v a r i a b l y  in t h e  

1cv:er h o l d ,  and  f r e o u e n t l v  in t h e  s h e l t e r  deck.  t h ?  te,.!weraturc I 1  

sss h i z h e r  a t  t h e  top than t h c  b ~ t t o l r , ,  which c3nTlicts with  

Pbtthewsl f i n d ~ n : r s .  In  t h a  c?se n f  t h z  s h e l t e r  deck .  solnr 

h,?-ir ,g uf the za in  d e c ~  accounts f.31- t h ~ s .  Ths d i f f e r e a c c  i n  I 

the lower h o l d  lvrls p r o b a b l y  due t~ t h e  nzlf empty s t a t e  of the 

h>l?, ,  coinpsred w i t h  his L.Yezsurernt-nts 3~ a full h o l d .  In his 

cast  a.ny hea t  g e n e r a t e d  b~ t he  o n s i n e  r o o m  ?r p r o p e l l o r - s h a f t  

t u x i e l  llrqs r e t a i n e d  locnllp in t he  cargo,  whereas in t h i s  ccse 

the. hea t  was lost intn t h e  n i r ,  and c o n v e c t i o n  r e s u l t e d  in t h e  



s!? i t s  uwn wou ld  n o t  e x 3 l a i u  why t l ~ e  t m d p  of the l n w e r  h o l d  was Il 

ilv:,r_t.r then t h e  bottom of t h ~  s h e l t a r  deck.) I I 

17 19 20 and 21 (figs. 8 2nd 13) 2 - I 
P o i n t s  19, on t h e  p o r k  s i d e  ~f t:la s h e l t o r  deck ,  a n d  2 1 ,  

u n h r  the ~ a i n  decli ,  s h m e d  i r t d n s e  s o l z r  he-tin., ,  19 rench.~ng 

i t s  l~cak e a r l i e r ,  b e i n s  n n  t h c  e a s t  s i d e  of  t h e  s ~ n t h b o u n d  sh i r  , 

an i l  :!ius r e c e i v i n g  t h e  e f f e c t  ~f t h e  e a r l y  l i o r n i n g  sun ,  P o i n t s  

1 7  -:r.d 20 ,  a c t u a l l y  on t h e  shelter deck,  d i d  n s t  s h o w  nuch 

d i u r c a l  v a r i a t i o n  d e s p i t s  t h a  hent~n,; of: t n e  s i ~ e s ,  rnd i.iain 

d e c k a b o v e  them. p o i n t  17 t e ~ d e d  t o  be s , ~ g h t l . y  warner t bcn  I 
,-"I LJ.,:.~~ F- 2 ~ ;  as t h i s  wr,s especially masked when p a i n t  %I vcie a t  I 
l t s  h ~ t t e s t  i t  w a s  ~ r r e s u n o b l y  due t r 3  s l i m i l x d  t r a n s . r ; i ~ s i . ~ ) n  of 1 - 

llt4t f r 3 ~  t h e  s u n ,  r a t h e r  than  a n y  e f f e c t  froni the! cl?,:;inc room. 

Thus, i3 g e n e r a i ,  t he  theral-!cou;le r e a d u , ; s  Gn tile out-  

PrarG voyage c o n f i r m  t h e  tempore  t u l  el ~ r s d i e n t s  T~unf l  b$ ;.latt:?aws, I 

cxce:.t f o r  t h d  v e r t i c a l  ~ r a d i e n t  in t k ~ e  lower  h-12, whcrt. tne 

t,tt:c of t h e  h o l d  was t h a  c c r ~ l e s t ;  z s  i.:?ut~:?zlzd th is wzs 

:7rl2.b;:t1y due t n  thc: Lack of csrgo in t h i  h s l a  T h 2 r a  V J R S  c ~ n -  

cic1,crablt. -73rir. tion be tweer. p c l i n t s  in t h d  h , ? l d ,  c ontr  ar;. k o  

: : ? v l l k  '3 ? ind ings .  

Thc! 21t h o u r  set ~ l f  t a , ~ - ~ . e r a t u r a  renaings shclw th;l,t t h 3 - 2  

:'I.?E: l i t t l e  ,lr n n  f l u c t u a t i c l n  o v e r  i;he 2 A  h d u r ~ ,  F X C B : , ~  f3r p,?int$ 

!I, 18, 19 E l ,  311 cr= rwl~Fch vrerc ar, gr. near Isulkht.ads heclt@d 

I bj- s 2 l a r  r a d i a t i o n .  
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J-:O!tLIYARD VOYAGE 171. v .  l t N o r d k y ~  ." 
The p a r t y  s a i l o d  £ram T a k n r a d i  ?n th= aven in , ;  u i  

S s r t ~ ~ b e r  l a t h ,  ?nd  dockad at Rot t e rdam an O c t ~ b d r  3 s d ,  w i t h  no 
I 

~ r t ~ r v e n i n g  p c r t s  ( s f '  c a l l .  

The carg'.' c o n s i ~  t e d  of' l o i ; s ,  sawn t-mber , ccc ;In 211 r1 

ci7?r3, 3:ld d c t q i l ~  a r e  g iven  l z t e r  where t h p y  n r s  r e l - v .  n t  t o  

t n ,  -e :sur t . r~znts  taken .  

The w e z ~ h a r ,  d e t a i l s  1:f which a r e  given in Table 5, was 

vrr;:-blc, with d c n e r a l l y  brld c o n d i t ~ r j n s  be t w c m  Se p t c A : b s r  21st 

:r,2 23r2, fcl lovreci  by mainly showery  c ~ n d i t i 3 n s ,  with f drce 7 

r~zc2s  :a 5eptei;bcr 29th  and 3 0 t h .  Fig. 14 shows the c x c o a e d  

.TU:? te '~;?rzture throughcc;t  tb voyade, r e c c r d e d  an a Ncsnett i  3 r d  

Z ? ~ ~ h r a  d i a l  rending th l - rnograph,  ivxth ~ t s  elerrrent exp:Jscct n b ~ v e  

TI:<: 1atcl.r covdr  o f  Th. 4 h o l d *  

22 t he r !~ocoup le  s w e r c  j.rs t a l k  d in the h z j l d s ,  .:is t r i b u t e d  

:IS fol.lows: 4 in badgcd c o c m  in No, 1 s h e l t ? r  deck ;  3 in L a g p d  

c o c m  nnrl 1 expooed  In No. ;r s : ~ e l t e r  decir; Z l r  in b ~ ~ g e d  c13co? 

in Po, 3  tarb board d e e ~ ,  t an l r .  3 C a s c l l n  ther,.:ohjr r ;:r;?pk;;; were 

i n s t ? l l c d  in t h e  c n c o a  in t h ~  same d e e p  ta:lk, z ~ r !  1 in t , : 3  :;PI-a 

i!l K3, 3 she l te r  deck. Figs. 15 - 17, s ~ o w  t h e  re12 t i v t  

p ' s l t i .  ns of all t h + s e  i n s  t r u r n c ? l i t o ,  and. T a b l e  6 2ivc.s  t n e  :* c t u a l  

c i t e ? ,  

TLr r : rz tu r?  re , u l t ;  . T h e r ~ ~ o c o u p l e  s ~ a a i n g s  werd t n k s n  t z r e o  

zr f d u r  t i r e s  eech  ~ z y ,  w i n L  t h e  Sunv ic  F o t u u t i : n e t u r ,  w ~ t h  t h ,  

i ~ ; u t  z a r t l c d  as d e s c r i b e d  p r . + v l u ~ s l g ,  u n t i l  S e p t e u b e r  27 th ,  when 



- 2 2  - 
t h k  i n s t r u m e n t  began t o  function noranl lp  aga in ,  

Readings were not taken frcm t h e  tr .er, .ocouples i n  No, 1 I 
h o l d  u n t i l  Sept2r;lbes 28th, when it w a s  f '3und t h a t  t ~ i s t i n s  the I 
~ c t s  of wires t o g e  t.sr r e d u c e d  t h e  p i c k  up of i n t o r f e r z ~ c t .  by I 
t h ?  l ong  l aads  r n v ~ l v e c l ,  

No 2 4  hour  s e t  of r e a d i n s s  wns a t t e m p t ~ d  due t c .  the  

fz~lusc! o f  t he  i n s   truce^ t drlrin; t h z  ;-re v ~ + ~ u s  such pe r i c d  c.n 

t h e  outv:ard voyage the p o s s i b i l i t y  L l m t  s u c h  p r o l o n ~ a d  use 

~ d , h t  l e a d  t o  t h e  d e v e l a ; n ~ r l t  o f  ctnuther f a u l t ,  With tbr Doran 

 inill ill p o t e n t i o m e t e r  a l r e a d y  broken this r i s k  c o u l d  n o t  bs taken, 

as we weredependent on t h e  ~ u n v i c  p ~ t e n t i ~ ? ' ; l z t e r  f o r  all 

thurj:occuple cleasuremen ts . 
The r e s u l t s  Ere shownin Table 7 ,  a n d  graphed in f i p ,  

18 t o  2 3 ,  In sddition, fig. 2 4  shows t h e  sea  t c n p r a t u r e  th rough-  

o u t  t h e  voynge , as ,aeasured at r e g u l a r  in-Lervals  in the e n g i n e  

r~lolli. 

As nn t h e  outward voyage, the  Sheraocouples have been 

grouped in t h e  graphs t o  sh3vr c e r t a i n  g r a d i e n t s ,  wblch are  l i s t z d  

be lor^. f i e  t e n p e r a t w e  r e c o r d s  f r ~ n  t h e  thermohygrogrnphs  are 

inc luded  in t h e  t h e r a o c o u p l e  graphs f o r  curiiparison, as w e l l  ns 

being showfiin t h e i r  original f orx in figs, 25 - 28. 
a )  1 - 5 ,  and thesnohygrograph A ;  t h e  g r a d i e n t  f9 rwasd  f r o n  

t h o  engine  soon  bu lkhead  in Ni>. 3 deep tank, 

5) 6 - 9 ;  t h e  v e r t i c a l  g r a d i e n t  down an a i r s h a f t  in 170. 3 

3eep tank.  



c :  11 - 13, a n d  therr,;nhygrcrgraph D ;  t h e  g r n d i e n t  inwards 

frx; t n ~  s tarb: ;ard side of  KQ. 3 deep t a n k ,  ~qaasa ru : !  C I ~  

I t h e  s u s f z c e  of the  c a c ~ a .  

d )  9, lrl and 15; t h e  srlne g r a d i e n t  .:s aba3tic, b u t  measure6 six 

bags below t h e  sur face  of t h e  s t n c ~ .  

c )  16 - 1 9 ;  t h o  g r a d i e n t  f r o m  the s k n r b o a r d  side to t h e  

c e ~ t r e  o f  No. 1 s h e l t e r  dack, i 1 i e a s u r ~ d  t h r e e  bags  ? . b o w  

t h ?  b o t t z n  o f  the s tack.  I I 
I 1 4 ,  21 - 2 3 ,  an3 tRerl3?liygrl)grzph C; the  g r e s i e n t  i n w a r d s  I1 

L n  bcrgpd copra f r o n  t h e  s i a z  of No. 3 s h e l t e r  3eck. I 1  
(N.R.  Al though t h e  ther :nqcouples  a r e  numbered 1 - 2 3 ,  nrl I 

tb.zrinucouple nuirbersd 2 0  wns a c t u a l l y  u s e d ,  l c z v i n g  o n l y  22 

s3ts 2f r e a d i n g s ) .  

Eech graph w i l l  now b e  cona ide  r e d  s e p a r a t u l y .  

'.) 1 - 5, a n d  t h e r m ~ h a r v r a ~ h  A ( f i g .  18) .. -- - 
I n i t i a l l y  p c i n t s  4 2nd 3 were iluch h o t t e r  t h a n  1, 2 

-..r.fi $, 211 ;f which gzvc: s i ~ n i l : l r  r e a d i n g s  until September  24th. 

':'h+r, -:: re nothl ; - : r ly  l a t i t u d e s  ndrz reached, however ,  a g r a d l i ~ n t  

wrs s ~ t  u? extcn i l ing  f u r w a r d s  i ' ro. .~ I the zngine  roijra bu lkhead ,  

w i t h  p o i n ?  2 at first; i n t c . s : r c d l z t e  bctwezn poin:s 3 snc? 5 ,  and 

then b e c o n i l ~ g  iis w;lr l ; l  as 3 a n d  4 ,  prasvtnably , ~ u e  t o  h z a t  fr,~r! 

the  c 3 n ~ i n e s  being r e t a i n e d  in t h e  car$> m s  the t o n p v r a t u r e  f e l l  

2 :  t.ie edgk sf the s t z c k  n e s r e s t  t h s  ~ n g i n i .  ro f j i l .  p o i n t  A 

?lss s:,?vi~d this seddc2d c- ,o l ing  +?ffec',, b u t  it w z b s  c \ ; q l z r  t h a n  

2 ,  p-sbablg clue t8> t e l n z  on t3p  of  t h G  stacx, v~?.zr?zs 2 was 



b u r i e d  under t h e  i a p  l aye r  o f  b a g s ,  The r im  sf p-olnls 3 and 

I t i  on t h e  22nd t o  2 4 t h  September  a p p e a r s  a t  f i r s t  sl.:ht t o  be 

I :orrelated w i t h  t h e  c ~ r v e  of sea temperature (fig, 2 4 ! ,  h ~ l t  it 

I 1s d o u b t f u l  whe the r  in f a c t  this is t h e  t rhe  c a n s @  o f  t h e  increase 
i 
I as an incsease in s e a  t empe rz t i l r e  w o d d  have m o s t  e f f e c t  on 

1 therr~clcouples on t h e  o u t s i a e  b u l k h e a d ? : ,  a c d  points 12 anci 13, 

I XL :ii;ch a s i t u a t i o n ,  ?a not s h o w  a n y  great increase OH t h e s e  

1 
days. It 1s nore 1ikel.g t h a t  the  i n c r e a s e  was due t o  l a c k  of 

I 
l f en t i l a t i an  an these d-.ys,  as t h e  v e n t i l a t i o n  w a s  c l o s e d  from 

the 2 1 s t  t n  2 4 t h  September .  If this i s  t h e  t r u e  e x p l a n a t i o n ,  

if ?bows how t h o  v e n t i l a t i o n  norrr.ally c a r r i e s  away the  heat 
I 

I f r ~ m  t h i s  s o u r c e ,  a n d  bow t h e  t e o l p e r a t u u e  r i s e s  as a r e s u l t ,  

~ : t ? n  th,: v e n t i l s t i ~ n  is cd t  o f f .  T h i s  is c o n f i r m d  by I, 

I lvhlch was c o o l e d  by t h e  v e n t i l a t i o n  s h a f t ,  except o n  t h e s e  

I dzles, utben it increased t a  t h e  temperature af  2 and 5 .  

1 5 )  L 6 -  a (fig. 19) 
I 

Duri~g the frrs t  ha l f  of  t h e  voyaee, t i l l  September 27th 

p o i n t s  8 ( a t  the  bottom) and 9 ( a t  t h e  t o p )  were t h e  c o o l e s t ,  
I 

I ;!.l 7 g e n e r a l l y  warmer than  4 ,  ~ h u s  9 ,  6 ar.d 7 showed an 
I 

increasing t enpera ta re  g r a d i e n t  w i t h  i n c r e a s e  in d e p t h  down t;he 

s h a i t ,  a l thodgh the di f ferences  i n v o l ~ e d  were r e l a t i v e l y  s m a l l *  

After 24th Sep tember ,  point 8 becane mucn c o o l e r  t h a n  t h e  o t h e r c ,  

I pesunably  t? t h e  coolin- e f f e c t  of the s;a, and t hc  other 

I threo p o ~ n t s  gave very similar r e a d i n g s  f rom S e p t e m b e r  27 th  
I 

. I r C ;  
L - L L ; ~  Cx tn te r  1st  , when a r e v e r s e  t e ~ + r a  ture g r a d i e l ~  G seenied t o  
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be  furniing, w i t h  p o i n t  9 ,  a lmos t  a t  t h e  t o p  of  the  shaft, the  

,i;:r-iest, a cd  then 6 ,  7 and 8 in decreasing tem-,?erature o r d e r .  

'-kt. reversal of  g r ad i en t  may have bee3 due to t h e  zoolln:; 

I 
i f ir"cct  of  the  sea  gradrlai ly affectin; the h i . , h e r  ; a r t s  of the 

a i r  shsft : whether similar g r e d i e n t  would occur a c t u a l l y  arnonz 
1 

I t1.e b a ~ s  is n o t  c e r t a i n ,  In a d d i t i o n ,  ; ,oink 9 was n r o b a b l y  more 

1 ; table  than t h e  o t h e r s ,  it a lone  being embedded betweon the 

logs,  ;he o t h e r  p o ~ n t s b e i n g  almost exposed to t h e  a i r  in the 

?113it. 

I c i  il - lj, a;,-thermohygrographa. ( f i g .  20) 

There was a d i s t i n c t  i n c r e a s i n ,  t e m p e r a t u r e  , : r a d i e n t  

towards t h e  i n s i d e  of  t h e  h o l d ,  a s  shown by goints 11, 12, 
I 

: I ? A  . - ,  1 7  P o i n t  13, on t h e  s t a rboa rd  (eastern)  b u l k h e a d ,  showed 
I 

I 
h::ti~:r; by t h e  sea on the same days as =.oint 2 3 ,  a t  s h e l t e r  deck 

I l e v e l  oa t h e  same s i d e ,  excep t  on September 2 5 t h  and 30th.  when 
I 
I 13 nas n o t  heated .  The  peaks of 13 a,y,eared t o  be e a r l i e r  t han  

' those o I  23, the t e m ; e r a t u r e  f r l l i a g  egii in by 2.00 n.m.,  anC 

I 
tkas 6 k e  hea.tin, was :;robzbly due t o  t h s  early morning s o n ,  

I 

I 
il?lck or. t he  two d a t e s  ment ioned  was probab ly  behind  c l o u d  

I ur.tj.1 it had r i s e n  h i , ,he r ,  and  t h e n  only h e a t a d  . o i n t  23, 

/ r .a in ly  t y  c ocduc t i o n  f r o m  t h s  n o r  ~ z o n t a l  decksurface above. 

I 
Th: wekither r e c o r d s  show this to be l i k e l y  on  both the days 

I 
:nccerned.  he degrce to which t h e  f l u c t u a t ~ o n s  o f  po in t  13 

I 

: f fec ted the  i n n e r  po in t s  v a r i e d ;  on September 22nd al-d 24 t l1 ,  

f a r  exarr.ple, all the p o i n t s  r o s e ,  b u t  these dates were over- 

I c J : t , r v i t h  t h e  vcntilat~on c l o s e d ,  w h i c h r e s u l t e d i n  t h e  g e n e r a l  



TLS? I n  te,fl- ,erafure,  w9ereas  when 13 was h e s t e d  t h e  slln 

~ l s ? . e ,  ivitn t h e  v e n t i s a t i o n  open ,  as an S t p t e n b e r  2 8 t h ,  a n d  

L ' C ~ O L E ~  l e t ,  t h e  i nne r  ~ 0 i r . t ~  vrere no t  a f f c c t c d .  Thz t h e r s o -  

-,ygrngral;h I) recorded a c o r l e r  t empera tu re  t h a n  t h e  t h e r r n o c o u p l e o  

alt:.oug% it was nearer  the  c e n t r s  of thc s h i d ,  This was 

;:.35xblg because it was beneath the deep tank cover, where 

t h e r e  was more v e n t i l a t i o n .  It shorvcd fluctuat~ons siinilzr to 

~ ! ~ o s e  of  p i n t  11, b u t  was s lways  som Z3CT coo le r .  

0 )  9&1L1 - - d m - - -  and 15 (fig. 2 3 )  

These gav+ verg s i m i l a r  r ~ a d i n d s  u n t ~ l  near  t h e  e n d  

of t ~ e  veyagt?, w9en p c i n t  13 cooled dawn t h e  r m s t ,  and point 

1 5  tlie l e a s t ,  f o .  no  o b v i o u s  r e s s o n ,  t h a r e  ksin:; no c l e a r  -.radient 

b?ta?en  t h e  tnreo.  P o i n t  15 was c ~ n s i d e r a b l y  w a r ~ n s r  ~ X L :  p 0 l n t  

11, and a l s o  f i u c  t ua t e d  less,  i n d i c a t ~ ~ ; , ;  t h a t  c o n r l i t i o r r ~  were  

bo th  warmer and lrore s t a b l o  S A X  ba;s below the s.,rface of  t h e  

s t a c k  khan a t  t h c  tuy:. By t h t  e ~ 3  of th;; voyage t h e  tenperztures 

wer+ c o o l e r  t h a n  in t h ?  e q u i v a l s i t  p o s i t ~ o n s  in Hc. 1 s r t l l t e r  

deck: p o s s i b l y  the  ho ld  wae n o r e  s n e ~ t e r e d  F r o m  t:?z sun. 

Ti l i s  d o c s  show t k a t  any e f f e c t s  oi h e ~ t i n ~  by thi? ans ine  r o o a  

did. n o t  a f f e c t  t h e  b u l k  of the cargo in the ac i j acen t  hold. 

I 16 - 19 (fi?;. 2 2 )  

T h e r c  was a distinct i r a d i e n t  in towsrda th? w-rder 

c d n t r ?  o f  th, h o i d .  ~ h c  fld-tuations of p o i r t  19 3n t h e  s ta r -  

board bu lkhead  had l i t t l e  e f f e c t  Gn the points in t h e  cccoa 

(as found a l s o  by M a t t h e w s ) .  The temperature at t h e  cent re  did 



in: 

rc; 

n o t  appea r  t o  be f a l l i x l g  f a s t  a t  the end  of  the voyage It is 

up fo r t una t e  t h a t  no e a r l i e r  readings were t a k e n  to see if t h e  

terr.psrature g r a d i e n t  w a s  p r e sen t  at the s t a r t  of the voyage,  as  

i t  was i n c r e a s i n g  towards  the  end .  

14, 2 1  - 2 3  and th~x-;o_~-g~o,~r_'d~h-c_ ( f i ; r .  2 3 )  

Point 23 showed  v a r i a t i o n  due t o  dihrnal h e a t ~ n g  by t h e  

sun ,  although it vras somewhat c o o l e r  t h a n  p o i n t  19 in Wo, 1 

s h e l t e r  deck. The c a r g o  in N o .  3 s h e l t e r  deck (Copra )  was 

i t i z l l y  c o n s i d e r a b l y  hotter t h a n  any of t h e  cocoa in which  

idings were taken,  bu t  b;- t h e  end of t h e  voyags it had c o o l e d  

'ir. t o  a s i u l a r  l e v e l .  In the copra p o i n t  22 was often h o t t e r  

t h a n  21, which was f u r t h e r  in. T h i s  could n o t  have be22 due 

t o  h d a t i n g  of t h e  o u t s i d e  bulkhead b ; ~  t h e  stln because  s e v e r a l  

of the days in q u e s t i o n  were ove rcas t ,  and  th? r r ?asons  a r e  

t ,hercfora  u n c e r t a i n .  When cool ing  occ arred,  h o w e v t r  , a nore 

r50r%al g r a d i e n t  was s e t  up, w i t h  po in t  21, the i x ~ ! l e r m s t  i n  

L I  
.fir? c o p r a ,  bein: t h e  h o t t e s t .  

P o i n t  14 was on thr :  c e n t r e  of t h e  s b e l t z r  declr ,  in an 

exposed p o i s i t i o n .  It was as a s e s t ~ l t  c o o l o r ,  acd its peaks  

occurred l a t e r  in t l ~ c  day,tban t h o s e  o n  t h e  s t a r b o a r d  a ~ d e ,  due 

t ; ~  h e a t i n d  of t h e  deck above ,  r a t h e r  than of t he  s i 6 e  of the  

s h i p .  D u r i n ~  t h e  days with uome s o l n r  heatins b u t  no v e n - k i l a -  

t i c l n  (e,g.  Septembar 22nd  and 2 4 t h )  the tamgeratclre of 3.4 

i nc reased more t h a n  on days when t h e r e  was s t r o n g  so l a r  h e a t i n g  

with t h a  v e n t i l a t i o n  s y s t e , ~  opened ( e  .g* September 26th t o  2Gth3. 

As in the cas?  o f  p o i n t s  3 and  4, p r e v i o u s l y  m e n t i o n e d  t h i s  s h o w s  
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that  lack o f  v e n t i l a t i u q  c a n  cause  a g e n e r a l  d i u r n a l  t e , l ~ p e r , a t u r c  

Ytcrease in t h e  h o l d s .  T h i s  corse;ponds wl  th N e v i l l e  I s  f irKiings 

3f a crop in teniperature of up to 4sC wher, the v e n t i l a t i o n  is 

> ~ e r ~ d ,  

The t;her.noh;?yograph C gave much l c u ~ e r  readin,i.s than 

tcose g b t 3 i n z d  in the  c o y a  on rvhlch 1.t was s t a ~ d i i ~ : ,  ~ n d l c a t -  

I 

i ~ g  ; oos ib ly  t h a t  the air t e m p e r a t u r e  i l l  t h e  h o i d  was degendant,  

I a!xe on t h e  s o l a r  he:;ting o f  t h e  s h i p  t113n t h e  warmth o f  t h e  

cargo. It d i d  record  e gradual l n c r ? a s z  r z l a t i v e  t o  p o i n t  

i';, which was a l so  ex;,nsad to t h e  a x r ,  t h r u u : h o u t  t h e  voyage,  

-96 lca t ing  t h a t  t h e  c o o l l n s  a f  the a i r  o v e l  t h e  copra  wcs 
1, 

~ = x e ~ v h ~ t  r e t a r d e a .  

. . 
- - ,  :.'arXity r e s u l t s  . - 

The p o s i t i o n s  of the f o z r  t h e r ~ r o h y g r o ~ ~ r a r h s  a r z  shown 

I 
I!! f i g s ,  15 and 17, 2nd t h e i r  t r s c? s  arc shown i n  figs, 25 - 

' ??, 

I n s t r u c l e n t s  .4, E and D, a l l  in Nu. j s t a r b o a r d  d e ~ p  

1 rqnk,  a!lowrd a h ~ g h  h u n i i d ~ t y  f s l l l n , :  ~ r a d u a l l y  Lnrud-!lout t h e  

voyage, t rom 80 - 90 p c r  c e n t  a t  t b u  start t o  70 - d o  -per c e n t  

L' ~ t z ~  > e n d ,  d ~ h o w e d  s u d d e n  v a r i a t s o n  on t h ~  2 d t h  to 3 9 t h  

S?p tember ,  a n d  b o t n  E a n d  j+J showed a sudden f ; l ~  and sl*bscquwnt 
t 

rise afi 3i!t11 September:  The seasons f o r  t h e s e  changes a r e  n o t  
I 

- . ~ ~ ~ i o u s ,  although they appe,:r t o  -be c o r r a l n t z d  wi th  f a l l , s  in 

::?? gene ra l  tempera ture  1tvel. in t h e  h o l d .  

1ristrua;ent C was ir. t r ,~ copra in No. 3 s h d i t e r  deck,  

\'Ihkre tt.3 h u m i d i t y  wss initially slightly Power  ( 3 ~  pcr  cent), 



DuL g u n e r s l l y  remqlned h i g h e r  t h s n  in the deep t a n k ,  S e i n g  

betl~recn 80 and 9r: p e r  cent at t h e  end  o f  fh;: v o y  %;:e. There %ere  

cms iderab le  f l u c t u a t i o n s  in huniditv, w i t h o u t  a n y  appasz:.t - ,  " + -  

cor responding  changes in terilperatrlre, z n d  little sl , :n o f  any 

r c ~ u l a r  d a i l y  f l u c t u a  tions . The h i~ l .1  h u m i d i t y  a i d  s m a l l  

f l i l c tuz  tions were 2.x  obnb ly  ccllrelatr:d with tic l a r z e  acflodnt of 

""2  w . . ~ e n s a t l o n  a J o v e  the  copra  on t h e  u n d e s s l d e  of  t h . 2  cxair. deck .  

Gr~ppin; from this d e c ~ r  rimy have c a u s z d  tbe mznor f imc t l;-ltions. 

In a d d i t z o n  t o  t h e  theraohy; rodr~- , l i  rrreasuremsi,f;s, an 

atte:i.pt was made to measure t h e  h u m i d i t y  a t  d ~ f f e r e v l t  l e v e l s  in 

a v e n t i l a t i o n  s h a f t  , usin, th? Lovvibond Coiilpara tor s e t  . However 

r 
LO d i f f e r ences  could be dlst-nguished betwean any  o f  the results, 

:n6 the nlethod w a s  n o t  t r ~ e d  a g a i n ,  I 
) :f&st~re C o n t e n t  r e s u l t s .  

----,- - 
Using t h e  Scott-Mdc Oxley m o i s t u r e  c o n t e n t  ; t ! ; t c r ,  

readings were t a k e n  on ~ e p t e n b e r  27th  o f  t b a  l n o i s t u r e  c c n t e n t  in 

basged cocoa in Y o ,  1 s h e l t e r  deck,   id No, 3 s t a r b o n r d  deep 

tank,  Where f o s s i b l e  r c , i d i n g s  were tzken a t  both end ;  o f  b a g s ,  

I n  th,? hope th:t t h i s  v r o ~ l d  s a o w  u,., d r a d i e n t s  in t h e  h o l d s ,  

:ndepenuent: of v s w ' i a t ~ o n s  betaear, bags  due to d i f f e r 5 n t  

d e g e e s  of compress ion .  Tha rksults a r e  showr!. on d iazreazat ic  

plans o f  t he  car; ,o in h, ,s .  2 9  - 31. It 1s gos t : ib l c  that raare 

de tz i l ed  s tat15 t i c a l  z n z l y s e o  would. show u;, s i g n l f  i c a n t  :radieaCs 

ir! thd stacks, b u t  in th.113 c z s e ,  as no p r e v i o u s  w o r ~ ,  of t h i s  

t:{-c a p p e a r s  t o  have b e e n  d o n e ,  it h a s  been t h o u c , h t  s u f - i c ~ e n t  



just to give t h e  f i ~ w e s  o b t a ~ n ? d ,  a ~ d  t o  average t i i t m  whe reve r  

yos;iblc! into mean f i g u r o s  f o r  rows o f  bats, or  s r e a s  in the  

i:clcl, a t c ,  

In No. 1 s h e l t e r  deck ,  r e n d l n : , ~  were t r?Bzn on tar: ul,:.:er 

1c.yer and t h e  a f t  f a c e  of t ' r l c  S ~ ~ C A  o f  bags on t h d  s t a r b o , ? s d  

sid? of t h o  h o l d .  The uppar l age r  (fr;, 2 9 )  showed n , ; r a d i ~ i i t  

a l  dccrzas ing  m o i s t u r e  c o n t e n t  f rom 7 - 4  - 7.5 per c e r d  a t  tire 

centre o f  the n o l d ,  to 4.3 - 7.0 per c s i i t  st t n e  o - t s ~ d c ,  

c x c c a t  f o r  a h ~ ~ h  v a l u e  (7.7 pel c e n t )  f r o m  t h e  row r ~ f  c.cgs 

di r?c t ly  under  t h e  s t a r b o a r d  s ide  o f  t h t  d e c ~  h ~ ~ t c h ,  which  

vias u s u a l l y  opened f o r  v e n c l l a t i o n  pur- ,oses .  No def i n T t s  

~ ra$ i ; . n t  w a s  f o u n d  from tk,a Lorwsrd  t o  a i t  bags v a r y i n a  f roa ,  
I 

- 7.3 p e r  c e n t .  The m a n  v a l u e  f o r  t h e  w:,ole t o p  l aye r  

of b.2:;~ was 7.3 p e r  c e n t .  The a f t  face  oC t h e  s t a c ~ i  (fs::. 3;~)  I 

sholl;cd an  incrcase in m o i s t u r e  c o n t e n t  v:ith dept, .  down thc 

s t x k  down to a deb th  of  nine b?:.s, a f t e l  wh ich  it r '*ma~nzd 

c o n s t a n t  at ( abou t  6.1 p e r  c e n t ,  I t  i s  $06-iblc?, ho iueva r ,  t h a t  

~x't or  a 1 1  of any ap-;;arer~ t i n c r ~ a s f :  i n  m o i s t u r e  c o n t e n t  Y J I * ~ ~ ;  

d-;t,k is due t o  t h e  , - , renter  cojnpxes.:Lon of t i l e  b 2 4 s  tovrards the 

Lottom o f  th,- s t a c k :  f d r t h e r  work w a h l ~  bs nzerled to d e t a r r i n e  

tllis. There were no l a rge  diffe,.r,?nce..s bet~vcerm the c o l u m n  o f  

brigs a t  t h e  c e n t r e  OL t h e  s,.ip slid n2ascr th? s t n r b o s r d  s i d e ,  

t h ?  l z t t e r  benn , ,  on ly  0.2 p z r  c e n t  vre- , ter .  

In Yo. 3 starbozsd dee= tank (£A;;. ; I )  r e z ~  .n.,s w?re 

t,-.ker. f r o m  v a r i o u s  bags  on the t o p  of th.: s t ~ c k ,  f l t . 0~  t kd  ~ n g i n z  
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roo9 bulkhead t o  t h e  forward l i m i t  o f  t h e  dezp  tan??. Readln .s 

c?ri- s l s o  tukitn at v a r i o u s  d e , t h s  on t h e  fsdr sades of t .ree 

sir shaf t s  ( s h o w n  as A ,  B,  !: in fi,. 311, The u+p"r Znyer  of 

S7;s c o u l d  not be d i v i d e d  i n t o  rows 2nd  colurnns as i l l  N o .  1 

she lde r  deck ,  and  i n s t e a d  t h e  r e n d i n s  hzve b2an d i v i d e d  i n t o  

thrce main L;roups accordin; to p o ~ ~ t i o r ~ ,  and the averr,,e 

c z l c s l .  t e d  f o r  cac h. Thd b ; : ~ ;  near  the o n  :ine room b u l k h a d  

had LI, low moisture c o n t e n t ,  ave rag in ,  6.r ; ~ r  c s n t .  Those ~ 
ir.t:rmedinte b E t x e e n  t h z  en;lnt: room and t h a  der;,, t a n k  h a t c n  

~ 3 ~ 3 7  h3d ~n ave rage  v XU? o f  ? , l +  rt.r c e n t ,  sinll?r t o  the  

svera l l  v::iue of t h e  t3p of the s t ac ic  in No. 1 s h e l t e r  deck. 

Thl: t n i r d  g r o u p ,  csnsistin: o i  the m,,s u n d e r  th, deep t a n k  

h?tch c o v z r ,  had a h i g h  m o i s t u r e  c o n t e n t ,  the average  b e i n g  

2,Scer c e n t ,  Whether t h i s  was due p u r e l y  to a l a c k  of dry ing  

by t he  unginz room, o r  b a i n -  daapened  by cooling a ~ d  condenxa -  

t i o n  f r o n  the n i x  i n  t h a  s h e l t e r  d e c k k o v e  is n o t  c e r t a i n ,  and 

re?dir.gs wou ld  have t o  be t aken  throughout the voyage, i n s t e a d  

of  on n s i n g l e  occasion, to d e t e r ~ ~ i n e  t h i s .  

The readings taken in the air s h a f t s  a re  given in 

TLble 8. D i r e c t  co~parisons be tween t h e  s h a f t s  a r e  corfiplicn t ed  

b:~ khc fact t h a t  the t o p  o f  t h 2  s t r c l r  i n  the s q u a r c  of' t h e  

h a t c h  mas t h r e e  bags above t h e  lzvel of t h e  r e s t  o f  t h e  stack, 

2r.a t h u s  t h e  tops of  s h a f t s  A and B were a t  t h e  same l e v e l  as 

t h i  3rd bag dclwrl in s h a f t  C. Each s h a f t  showed some  incre-sc 

i n  l ~ o i s t u r e  c o n t e n t  with d e p t h ,  t h i s  being most sarksd in s h a f t  
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' ,  ' + e r e  p o s s i b l y  snly t h ?  upper b a g s  were dried out b y  t h e  

I r-lrc r o c m  h e a t .  Ave rag ing  the s e s ~ c ? i n g s  from e a c h  s i d e  of t h e  

-f:s d i d  n o t  sbbwar,y s i ~ n i f i c i - ? n t  t r e n d s .  

6s on t h e  t w o  ~ r e v i o u o  e x p e d i t ~ o n s ,  i h c  p h y s i c a l  

- : ? . i ;~onu  in t h e  holds were f o m d  to bc s u i t a b l e  ror the 

~ronth of i n s e c t  p o p u l n t i o n s .  ~ b o  t d q e r n t c l x - .  in t h ?  :ocoz rves 

>:.,r?lly be tween  25 and 350Cc E x t e r n a l  changes;  I n  t ~ , i ~ : p e ~ a t u r z  

s?!e:~red t o  'nave little e f t  e c t  on t h e  ~ a a i n  bdlk of  t h5  c 7 r g o ,  

?:x:-pz w a r  ~ i r  c h 3 n r ~ u l s ,  and towards  t h c  t o p ,  bottorri t'llzd s i d e s  

li' t h e  s tack. E l ~ s w h e r ; .  the v a r i a t i o n s  w e r ?  ~ r z d u a l :  on t h e  

01:1v?rd, voyage the temperature r ,a l r  tht ,+n,ind ram bulkhczd rooe  

* r ; c 2 7 ' ~  t o  3 4 ' ~ ~  w h j _ l s t  t h a t  in t h e  h o l d  r o s ~  f rom 1 9 ' ~  t o  2 7 . 5 " ~ .  

9.1 ln? homeward voyage t e m p e r a t u r ? ~  in th3 bcl lk  C O G O R ,  s t a r t i n g  
I 

I ? '  2d0c, fell t o  2 6 O r :  (e  ,g. points 2 arid 9 ,  t owards  the c e n t r e  

c ; ;kL  s t ack )  or to 2 2 O ~  (e .g ,  p o i n t  11, n e a r e r  thz  r3dir;: of t h e  

I - b ~ c k } .  

These t e m p e r a t u r e s  a r ?  w a l l  w i t h i n  t h e  r ;rtgs ;tt which 

' - i n s e c t s  co3i:tonly f o u n d  i n  Vfcst A f r i c a n  p r o d u c ~  c::n b r e e d  
, 

: n l b e  c c t i v e .  I n  a d d i t i o n ,  the h i + * k  r ? - . 3 % t i v y ~  h u m i d i t ~ ~ s  

I -1 - 90 p z r  c e n t )  in t h e  f r e e  s p a c e  r o a l u  also bL* f a v o ~ r a b l e .  

Various a s p e c t s  o i  t h e  r d s u l t s  r ~ t i l i  now b;. c o n s i d ? r a d  in 

Zr? d t - t  il, snd c o m p n r z a  with the  r e s u l t s  o f  t h e  prevloil:: 

cxr~:cltions where relz v a n  t . 
CONCLUSISNS 

? los t  o f  t ht t s :apera t t l re  g r E d ~ e r * t s  found by V a t t h e w s  were 

:7rfirmed, e x c e ~ t  f o r  t h e  v d r t i c a l  ones .  Thus t h e  t c m p c r c t u r e  



r. th; ncPds inc rensed  t o w ~ r d s  t h d  c e n t r e  of thc: s ~ . ~ p ,  aad towerdm 

L .  
, .< - r , - ~ r : ~  roor! b u l k h e s d s ,  PoNever taL; ;,ncreFsc i r r  t ~ t z p d r a t u r e  

).ilb d > p t r L  w7.s f i o t  c o n f i r a e d :  on t h z  n u t w a r d  voYa,+, p r o b a b l y  

111. 12 t h c  +,;!pty c o n d i t i o n  o i  thc  h o l d ,  tne t o p s  of bct l?  lowzr 

1 ,313  and  s h e l t ~ r -  deck war; h o t t e s t  , a n d  c n  t h z  r.? t u r r ~  voy . c , 

wlls? t h e  g r s d i e n t ,  W Y S  :rien$ur8d ir. -:, %ir s h a f t  :Ln b a g q ~ d  cocoa ,  

'. Lncreasc o c c u ~ r e d  o n l y  dowr, to t'r.5 middle of th? s h 2 f  t, 

k l o w  which t h e  t z n ~ = r a t u r - c  dropped, p r o b o b l g  iue t o  t f ic  ccoolinq 

~ f f i c ' t  o f  t h ~  saa. T h i s  t idc r , ?sz  in t 3 i ~ ~ ~ r - t d :  -3 gr?,duzl lv  s l rsad 

upr!srds u n t i l  the e n d  o S  t i id  voyag=. t h ~  t 3 p  o f  the sh .  f t  was 

i h ?  wnrmest posnt. T i o w e v k r  it, is gossr512 tha;  t h i s  concill- on I 

oniy  occurs where an -ir a h a f  t; aliovrs ~ 3 ~ 9  h3 t Srar,s~ti:fs~or!, 
I 
l1 

3r1d th,?t  in t h e  c rgo i t s e l f  trier; is L r  fact ai; i r , c r ; - a s e l n  

t,rp,5rhtu, d w x t h  depth, tnL sea o u l y  c o o l l l l g  t n a  extr.a,~q? lotvzr 

i ? y ? r ~  of the  s tr?c!r. A l t c r n ' i  t 1v .1  ly , th, rlsd in te -npora bur.,: i:, 

l(llttheivuvs cc;,sc. $ 7 ~  hove blszn a x  t o   hi^ t a k i n ~  r e , q d l n ~ s  I n  a 
w - 

hold z f t  o i  t h e  an;Ane rooin, w ~ t h  tae ~ ~ r o p e l l o r - s h f i f t :  t u n ~ ~ e l  

3t  t h e  base  of t h e  hold warming t h o  ca rgo .  

L The temperature mcx~na in thz c s r ~ o  on t h z  b o a ~ ~ w a r d  

voyagc were l o w e r  t h a n  t!lose r e c o r d e d  by Fa t thews  and N c v i l l a .  

Tkr h e s t  t ~ r n p e r l t u r ~ c :  recorded i i ~  thc: cocoa  wns '37'~ ( Y ~ O F ) ,  

2nd in the  c o p r r  4 4 O r :  (93°~). The d i f f c r o n c c  w e 8  p r o b a b l y  aue 

t 3  th? differ-nt nature o f  t h ?  c a r g o e s  on tnc different, c x ~ e d l t i d x l s .  

on t h e  s h e l t e r  declc in p q s t i c  alnr , d l u r x l a l  s o l n r  h e = ~ t ; ~ n z  

r .2~- l t ed  i n  very hi@ bu lkhead  t e m p e r a t u r e s ,  b u t  tbess  d i d  r ~ o t  

grc,?tly a f f e c t  t 5 e  ternperature i n  thi C R T ~ O .  



I T h s r d  d i d  n o t  ap . ,ear  to be nucn h e a t  , - e n i ; ~ n t z d  'c;r the 

rrc;e l le r -sh ' i f t  tun..l=l on th.2 out i l~ard  voya,;~, Rowevlr , if it 

l q7d  bec:] c o v ~ r u d  by a n  i r r s u l a t i r ~ . ~  c a r g o ,  ttkr:: Loi , .bt  have been  

:! si n i i l c a n t  i n c r e a s e  i t 1  t d : - * ~ r a  t u r o  bile t 3  t h ~  hrta t cot 5~i125 

I 
c r r r 1 e d  a w y ,  Pna it w - 7 ~  u n f o ~ t u n z t ~  th7- t  no r e c d i n - . s  c o u . 1 ~  be 

t n k i n  ~ r i  this rL<g ion  on t n e  hogd~vm-ssd voy-:,l. 

5 .  S o n t r - r y  t o  N e v i l l e  f s  f l n d ~ n , s ,  the t o ~ z p e r a t u r e s  of 

I ~ ~ : ~ t ~  t l l rouOhout  t hd  h o l d  d ~ d  n o t  always Incrt?.?sc or d e c r e n s e  

I togo t h ? r .  

5. Ar-y sudden f a l l  in t e i x p u r n t u r z  in .the h o l d s  on th ,  2 4 t h  

2-2  25th Septenber c o u l d  ;:artly be d u e  t o  th+ shnru d e c r z - s ~  in 

1 s ~ a  te : .~era  tux c on t h e s o  d o t r ? ~  (Cram 2 5 ' ~  tt, 22Oq) , in ? d c i t q - o n  

t o  Lv!.. v e n ~ ~ l a  L o n  csnr.dus alro2dy d l s c ~ s s e d .  T h i s  dec rc  ? s c  

co r r e l a t ce  w i t h  t h ~  p o s r t r o c  of t h *  c o l o  southbound Sanrlr:i 

curler.:. ~ h u s  th7-  p o s s ~ b i l i t y  of occor; c a r r e n t s  3 f f e c t i n , r  the 

~ 1 1 y s i c ? l  c a c d i t ~ o n s  in th* h o l d s  must  not bc o v e s r u i s d .  

( a  The v F a r i a t i o n s  in h u 1 3 1 d ~ t g  r e c o r n ; ? k  v:':er., l e s s  th:n those 

f o u n d  t : both t t h c w ~  arzd NeviZlbe.  Kovrever , t l i ~ l r  th<r.liohg ,,ro- 

!:r=;hs, w i t , .  one e x c e , t ~ a n ,  were l oc : ; t ?d  in thd opcn  o,:aces in 

L'I- n ~ l c s ,  a n d  tr iuz t h e  r e s u l t s  o b t a r n e d  on t hz s  vosyge s - -nw  

"a- cargo is m o r e  c o n s t a n t  than in ths a x r  ssaccs nvrcy f :  0,: ths 

c.-r:o, atld remaifis  hiL.ls even  a t  t h ~  elld of t h c  hu.ncward V O Y . ? ~ ~ .  

b .  The l n o i a t u r s  c o n t z n t  of  bap;ged c o c o a  v k r i u d  I r o x  5.8 

F r  c e n t  :LC 9.8 p e r  c e n t ,  bein .  l e a s t  n e a r  t n d  e n  ln* room 
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I 

1 >ulImartd, arid gre-test ander t , i e  ha t ~ h  covezr;. It t - n d t ? f  t o  

~ : I C ~ Z Z Z L  w i t h  d e p t h  down t h c  s t a c k ,  b u t  t h l s  a p p f l r ~ r ~ t  I n c r c z s c  

1 l??v? beon due  t o  ~ r e z  t e r  comprts-ion oi t h 2  l o ~ v s r  b? .s , 

-.. .., -,.;I? STORAGE AfT Z1;IKORbDL DOCKS. 

C e r t a i n  n o d i f i c n t l a n s ,  b c t n  in th.? a c t - a 1  s t r u c t ~ r d  of 

I -!i, ?..r:'..jus?s, 2nd o f  t h e  trszt2,!er?ts carridd o u t  in t h e n ,  have 

*-; 
w L  . .zr ;.lzce since :(a t t h ~  ws r e p o r  t u c  on t..aa ir. 1957. 

I 

n t h z  suniL*L of i960, s e v e L  of  t h z  p r i w t d J . y  owlied 

6:crL - :~~ . . r ehouse~  had r ~ c ~ ~ t l g  jeer; t a k e n  over by t h  Gb-n.? Cocoa 

l ' ~ r k c t ; r ~ ,  8 0 ~ 1 - d l  Work w . s  In progress on o-,ening up t i ~ e s e  

r.rri3ouses i z t o  or~e l n r 2 2  s t o r ?  by k n c o . i l ~ t  down t h e  i n ? ~ r v c n i n $  

I 1 1  ~ v e r j t u n l l y  ali i.hs dock w~rchousl=s  w i l l  becomz E.C .I1 .EI. 

I ; I ro?er tg ,  ~ n d  311 cocoa l e a v ~ n , ,  the  p o r t  v n l l  be o v a ~ s t : m ? ? j  

n;.ciL t!cir rJiask. It is h3ped that, t h i s  w 1 1 4  s p e c d  u-s t h ~  l o a d i n g  

I 

Con~:~:r.x~ent of C O C O , ~  a t  sn2 bbzrtl~ instezcr of B a v r ~ ; ~  t3 l o 2 d  

la11 p s r c u i s  oz  aiff s r 2 n t  1.1-0rirs from se ra ra t ,  , r~v . - tz l : :  

7!11n32 c h e d j .  

4t the ti!;lb t h ~  w ~ r ~ ~ h o u ~ e s  w e l t  v ~ s ~ ~ c C  o s l y  5: r , i . r t i v e l y  

;11??i1 ; i ~ ? n t s t ~ r  of nl2~Jr seasonqs c o c w  was in ; t o r e .  .S!,:331 s t z c k  

5 :  o l d  c u c o s  rvcre st111 pr-csent in L O L I ~  s h e d s ,  acd t n e s e  

,;.p.ortt.d f e w  t o  c ~ o d e r a t e  n4mr8>r .z  of ~ ~ Z ~ J C I ~ . ~ L ~ ~ ~ ~ - ~ - ~ ~ ~ O ~ ; ~ :  P-, 

f-rg fi-N t c  f;.vu' A r a e c E r a s  f a s c i c u l . : t u s  Deg. ,  and ve;.r fst: radra  ----- -- 
c l u l t l l a  -- --- ( V I - i k e r ) .  ~ l l  cococ  n?a  stac.,*d on wdodzn C u n - z ~ f ; ~ ,  

:r!d t1.l~ amc)usts of o l d  s y i l l a p  r e s i d u e s  seen w r ? r ~ .  l i . ;h t .  
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I 
'1 : 1- ". 
,I-,,. tj:e op3n ing  up of t h e  w o r e h o u s a s  and the r.!ore s y s t - : l a t i c  

1ovz11,c.rt o f  bagged coca.?, the r ~ r f i o v n l  o f  th; s ~ c t ~ o n r ? l  8J.unr,:lse 

i'or c l e a n i n p f  s p i l l s g z  s h o u l a  'uz y e ?  t i y  f s c i l i t a  t e d .  

P y b u t h r i x .  f o g g i n g  is now I! d s i l y  a p e r a t l c n  C O ~ : ~ Z S C . ~  ? I J I Z ; ~  
I 

:be tr ' ice-wcekly t r e  trnento u ~ c d  YJ 1977. BeYorl; thz - t~"xehouses  

I ilidr:: f l ocked  i n t o  one,  15 -p in ts  were r r uqu l r ad  t o  t r e a t  rcach 

one, using 3 Dynafo2; machine, A f  the .time of h i s  insaacJri3n of  

I 
t:lLsc a-rzhous~s, M a t  thews re;ior$ed the; t during 31s tin- c y 2 r a t l o ~ s  

L ' 
.J? ~ 3 3 x 5  aerd n3t complct21;r  c l o s e d ,  OL t h i s  occos ior* ,  ho~dave r  , 

1 sxll h o J e s  were s e e n  t o  have b c j n  cut in th? d o o r s  t h r o u g h  which 

I :bc b : : r r e l s  of  .the nyns fog  machiRzs  c o u l d  ba i n s e r t e d  f u r  u s z .  

I 
ver l e n k n s e  s t i l l  occur red  f rou  tth ridge ven t i l r ? tozs :  o? 

-.'- ~ 1 . .  r a h o u s c s ,  Y i n i l a r  f ogtJ in_  is carri+d ot l t  ir. tr3nsit 
I 

t :r?houses in t h e  A s h n n t i  r e g i o n .  Aa m. ~ ~ ~ b u l t ,  t h c  n l~rr lb~r  o f  

a d l ~ l t  C. cauteLJa - seen  in the dock t rqnai t :  sh:da ,>?:in vcrp s r ~ a l l .  

,7fl? rL?lv!ly-arrivec c l o s e d  ra i l w n y  wa _ Cl i  of cocoa  fron Lshp:n-4 i was 

.k:e2, arm t h l s  r e v m l u d  rnodern t e  nu-nbers of C, c a u f ; ? l l a  i ~ d u l t s  --- - 

I f l y l n g  above t h o  bags .  

One b?g in cvzry  hundr2d r e m o v ~ d  f r o m  t h , ~  rn :~reLous~s  f c r  

Jxpflrt is opened by t 3 e  Frdduca Inspactlon O f f i c e ,  s i ~ v e d  ?nd 
I 

A'. . 
!.Y n u d c ~ r s  of i n s e c t s  pr?sdn; ~ o t e d .  C. c r ? u t u l l a  l a r v n e  a n d  

I -- 
I -du l t ,n  a r e  a i s t u d  cepnrstely, buL all s t w y e s  oS C o l ? o p t c . r ?  <?,re 

l d d ~ d  t o p d t h e r .  I ! o w e v ~ r  the i n s p ~ c t a r c  t u u r , .  s e e n  l o  b; cldl te  

f ~ - ~ i l i 2 1 .  1:~ith t k ~  1arv-3 S ~ P ~ C S  of  T r i b o L ~ r l n  C ? S ~ Y , , G  ~ 5 :  I.'ur36t * , --.-- - -- -.- ->--- 

I 
- rd  L. - s e r r i c o r n e ,  a r ~ z  cxpq?r i i -nced  no d i f f i c a l t y  ~ : i  identifying 



I ;ii~-1:1. $arr,ple insect-  c o u n t  F o r ~ c ;  as used arc r e p x o h ~ ~ c ~ d .  LTI I 
I ' h  . p r o v i d e d  t b s t  t h e r e  a r c  less than 4.C i n a e c t a  pcr b a g  
I 

I L I  

t .r.:- cnr?si ~ n n e n + .  i F: -nn,c,q,sri . ;,I t h n 1 1 , ~ h  c o r  nr! rigs t.-i n r d  C n r  t.hc 

G-:. P3wevzr, in p r a c t i c e  a ; ~  coca? f o r  s x p o r t  t o  th ;  l f a i t a d  
I 

:I:-te: is autam:! t i c a l l y  f u , , ~ i g a  t + d  be f  c r c  sbipirkn'c . 
I 

I 

1 nki fd t l iga t imms t a k i n g  place ic 7 t h ~  port< of  'Cll tor~ldl  a r e  

I c-?rris? c u t  i n  lightsrs ( d a , x b  bslrgus) of knonlnrn o u b i c  cap : lc l ty .  

I I -:.L b , > p  arc- c0ver i .d  with a a . = u b l ~  lsyer of (las-pri:of she - t i ag ,  
I 
( j aa l~ ld  down w i t h  s e c t l c n s  of "ire  hosa t i p f i t l y  paclced w - ~ k h  s a n d .  

!:t'yl b romide is 3 i p d  in t h r o u g h  f o u r  j e t s ,  wlC!!out the use 
I 

i l s ~ r s  e x p o s u r e ,  ?nu n l k o w a d  to ?.ir off ov=rni ; ; .h t ,  E, Cov1:nCry 
I 

I 
: k t - h r  c o q r e s s o r  d r i v i n a  a c o n i - ' r n - r o t a t i n c  ae r  of o ~ l  f z a  has I 

i I r e ~ n t l y  baen  rn0dnt.d on t h o  b ck cf  e l o r r y  t o  a c t  -s  r. a o o ~ i e  
I 
I ~ ( ~ 3  cxtrac5or. A s+rids of ~ T l t  l z n g t h s  o f  E1uxib;c- host;:, 
I >  
t -; . - ::icS?s In d z a ~ f i a t e ~ ,  c o u l d  be a t t a t . c h r ? d  to t b o  I'2r~, arid it 

T > . ( t r . ,  I-.olds 0 2  sh ips .  It is i r z  t h l s  t r s r l s i e n t  s t a r n g z  t h a t  

c r ? ? t e s t  d l f i i c u l t i e s  3 r i s d  Ln t h ~  F T ' ~ T I : * ~  t l o n  o f  i n f + ; s t n t x o n .  



I d c - L I 1  if a l l  colnmo-litics wsrc ifurnigat5d ~ u c h  d i f f i c u l t i e s  

:-.did v:rtaelly b;- a 1 3 _ i ~ r . i r r a t ~ d ,  bat i f  ;i f uar\;.=ted c:~siyn=le~r, t  

: ~ c k  cs c o c o a  is s t 0 1  ~d n d j a c e r t  t o  a nnn-f urni:;zk<d c n d  i ~ ~ f  o s t ~ d  

:znsignt~r!nt ,  t h e  Y o r ~ i ~ l  r v l l i  i t s e l f  b?coat? i n f c s  tc 1 w!ritl? 

irisccts f r c m  t h e  i n f e s t e d  coassgA.~;ent; t h e  phcno.wn.cn o 1  c r o s s  

~ r - f t s t a t i o n .  

Xztthcvcs invest i ,z t?d t h e  conditlcns o f  B L Q ~ L ? ~ ;  both ;n 

r . 7  . A L h ~ u s e s  v 1 in Wast A f r i c a  , and  in t hd  ships carr y u , :  ..seduce f r o m  

:I:L?T? t o  t h e  U.h. ,  3 n d  f o u n d  t h n t  t h e  .hysicnl con- tio on^ I n  t h e  

j l 1 i 3 ~ '  a01.d~ were z u ~ t a b l c ,  for increases in i n s c c t  p o p u l s t l o n s ,  

3l.d t hz t  \he conditions b o t n  t L r e  c?nd in t r a n s i t  s toraga  i n  

:+::a sr,d Niger ia  wtrc: such tJlt cross  in f  e s t ~ t i o n  cod-ld and did 

;cc;r, T h i s  experXition h a s  c o n f ~ r n e d  the c d i t n u a i i t y  of s",ip5 ' 
I 

r.clds far t h e  i r l c r c a s e  09 i n s e c t  p o p u l ; > t i o n s  nnd h a s  p r o u i d c d  

lore d e t a i l e d  d z t n  on t:2; a c t u a l  sour,cr,,: of hcnt in tilt? h o l d s .  

I ? e  n r r a q g e ~ ~ ~ n t s  in thc t r - ~ f i ~ ~ t  stor2,l: s h ~ d s  v i u l t e f l  in ?hzr,? 

1.4 cil:czed snnce f h 2 y  wzre v L s ~ t ~ d  by b ? ~ t t h e w ~ s ,  bu t  t - ? ros~  in 

' i g ~ r i n  werc n o t  sae r l  on this o c c a s r o n .  ILL Ehar.3 ::I, e x p o r t ~ d  

i a fe s t ib lo  c o a i o d i t i s s  I r e  n n w  unde r  tho 3 n ~  3 ~ t b o r l i y ~  2nd t h l s  

; ~ 7 u I d  enable 2 u n i v e r s a l  s t a n d 3 r d  t o  be msintz ined t h r n u l h o d k  

.he country. Eowever s-nce s h i p s  loadlr- ,  i i l  Ghr",sa have u s u a l l y  

llre?d:l l o a d e d  ix c t h z r  'r"!est Afr icen  e c ~ u r ~ t r l e s ,  s u c h  -7s Niger ia  

fie t r e ~ t a e n t  g iven  to th? GYanaian produce  1s o n l y  oi use  if 

:li cargo  2 r e v i o u s l g  o r  a u b s e q a e n t l y  l m d e d  in thc s a x  hnld is 

:re? of i n f e s t a t i a n ,  In f a c t  j t W R S  obberveu th:t c;:r.+;o l o a d e d  
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previous t o  Takorad i  was i n f e s t e d  w i t h  s p e c i e s  o f  i n ~ e c t s  

c,Ipablu of infesting t h e  Ghanz ian  cocoa ,  cand was s t o r e d  in 

C ~ O S E  proximity t o  it. 

The re rna indcr  o f  the work p l a n n e d  f o r  this e x p e d i t i o n ,  

2nd l i s ted  i n  t h e  terms o f  r e f e r e n c e  a t  t h e  b e s i n n i n .  of  t h i s  

r e * ~ r t ,  was conce rned  w ~ t h  obt~ining q u 8 c t i t - 1  t i v e  d n  t,n on the 

ddzre?  o f  c r o s s  i n f e s t a t i o n  e i ' i h c ~  o c c  u r r i n s  or y o t e n t L a l l y  

c : ~ k l ; .  ? f  o c c u r r i n g  in t h e    hi;^, and Lhe c f f i c i t r c y  of 

:xist:!l, aeti-ods of chcmicak  c o n t r o l  o f  combotin:,: it. As 

.--!.tisned, non of t b a s e  p lans  were n c t u ~ l l y  c a r r i e d  out, and it 

1- xcrtli hotin,; that in e v e r y  c?se t h e  r e a s o n  was t h a t  e x e c u t i n g  

'116 plans wculd have conflicted w ~ t h  the e f f i c i e n t  or econamic 

rumng of the ship or p e r t  cancerned, 

I n  a n o r m 1  pl3n o f  r e s ea r ch  work t h i s  c o n s i d u r z t i s n  

123~6  n3t  a r i s e ,  bat in a l l  work of t h i s  na t i i re ,  where the 

S U ~ J ? C ~  matter  end its d i s , > ~ s ~ L  ' T C  a l ~ " ~ 2 d y  d ~ t e r i i l i n ~ d  b=/ 

eccnou ic  considerations, scientific work trtkcs second  -place t o  

economic  needs 3nd b u s i n e s s  e f f l . c i e n c y ,  Thus no d 6 t - i l c d  

plans c n be made in a d v a n c e  a b o u t  thz pro,:s-rl;iintt of work, 

There Is o f t e n  l i t t l e  advtz~ice nnf. icr? o f  th t .  c a r g o  or d e s t l n z t i o n  

cf some s h i p s  ( e s ~ e c i a l l y  t h o s e  on c h a r t e r ) ,  >?ud arsangcnants 

fcr sc i :?nt i f ic  work azust o f t e n  'o made a t  thd h s t  minute, 

';hick- ~ x c l u r l e s  soas t y p a s  of r e s ~ ; t r c h  : - l t o d e t h e r  from t h i s  

f!+ld. 

Ir: t h i s  casd the work was f - r t h e r  ha-iperad b y  t h e  f a c t  

:h:i t,k* !nsnbers of t h e  exped i t i on  were  b o t h  undercr- . ,duztc  
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t4;~rits, and  t h e i r  t i i n , ?  f3s t h o  w o r k  w?r;  t h e r e f o r e  l i m i t . = d  kc 

!:rL_ vac?t lon  ( i . e .  July t o  S e p t z s b e r  i n c l l r ~ ~ v s ) .  The 

.':i c x s e q u e n c e  of t h i s  was t h ? t  th5 tvcrk hr:d t o  be Gone 

I!re ciLe m?Ln c x o n  s e z s q n ,  s o  t h ~ t  t h z r z  was r d l a t l v e l y  

.f l? s x o z  barn; Zo3dea ?t T a k ~ r ~ ~ d i  wkz-, tnt! p a r t y  r e t a r n ? & .  

?-:iiit?d t u e  a v a i l , , b l s  also menrit t h a t  th? r r~ - tu rn  to ?,,,a 

a , o > d  t o  bc ,mdo b y  O c t o b e ~  J r d ,  rtl,d t ! ius  n shi;: hzd t c  bt: 

'-i.Lct, d i d  not in fact dock In the U.R. ,  b u t  w h i c h  unlozdeci 

t l e  CoaCinent , making t h e  i n t e n d e d  co-opera tiorm with t h e  

' istry of A g r i c u l t u r e  insaectcrss i ! ~ p o s s i b l e ,  T h i s  do+s n o t  

-r.r nay reflect on palm Lines L t d . ,  who v e r y  generous ly  

3n led  and n r r n n g e d  l;b.;! passages  f o r  the expedition :, h o w e v e r  

+!e e x p e d i 5 0 n  beeen a b l e  :o choose its t l l l e ,  ~t would  h v e  

. c h l e  to make b e t t e r  s c i e n t i f i c  u s e  01 t h e  facilities 

18, ILllld* <> 

Jdenl ]  y, any work of this nxturz requi red  c lo se  and 

-:lnled c o - o p e r n t i o n  b e t w e o n  n c i s n t i f i c  organis::tml:s, h t ~ t h  

lie,.- k f r i c n  2nd  HE? :i.K., :nd t h e  c o m p ~ ~ n i e s  cr rncexed  ~ i t h  

' ; t in& and ship~ing t h e  p r13duc~ .  ln q u ~ s t l r ? n .  It ~ Q ~ ~ O W S  

' t  p x t - t i m a  workers  s u c h  a s  u n i v e r s ~ t y  n t u d e n t s  c c n  do  l i t t l e  

'. 11??-.2n b t l p a i  by r e ~ e a r e h  organisatinns, a : ~ d  WL f zc t  chv  

I -.aali! a e  done bsst by t:?e r z s e a s c n  o r g ~ n i . s c , t i o n s  in 

: n t i u n  who c a n  choose  t h e  b e s t  t u e  of y ~ ~ : ' r  f o r  thc: warl:, and  

& l c  r .2t  hzve t o  keep t o  sclch 3 r e s t r i c t e d  t ~ m c - t ? b l e .  >:?tthews 

t?s t n a t  t r a i n e d  p e r s o n n e l  in west  A f s i c n  wou ld  be n 2 o d a d  



:*or t h i s ,  b u t  it would seew ~r,ore  d e s i r a b l e  from t h *  p o i n t  o f  1 
I 

I >iz:~! of ths import ing cou3kry f o r  the i n v e s t i s z t i n g  p a r s o n i l e l  

I to t r a v e l  b a c k  w i t h  t h e  c a r g o ,  and  thon  e x n ~ n i n e  i t  on unland- I 
i Izgand d u r i n s  s u b s e q u z n t  s t o r a g e .  ~ a t t h c - w s  also c o n s i d e j . ~ ' ~  

I 
rhxt  the i d e a l  is t o  hnve  un-infestcE produce, p r o t e c t e d  f rm 

r e - i n f e s t - t i o n ,  a n d  in trynsit for z s  short :  a - ? h e  as p o s o i b l e  . 
I 
I :i::vever t h e  t r a n s i t  t i a e  cannot be .mde less thzn t h c  d ~ r a t i o n  

or* t h e  voyage f r o m  w e s t  A f r i c a  ' to  t h e  U . K . ,  and  ths locrding 

rsiuirements of s h i p s  2 f t e n  r recces i t a te  s t o w i n 5  c - r g ~  fron 

I dir'ferent c o u n t r i e s  ir, t h e  m i n e  h o l d s ,  A s  recoln,.iended n b o v z ,  

I 
r x k  can be done tc i n v e s t i g s t e  c r o s s  1 n f 3 s t a t i n n  d u r i n ~  t h i ~  

:.rind, b u t  the u l t l i ~ a t e  a i l 0  s h o u l d  be f o r  all ~ a s t  nfric?n 
I 
I 

I W P J  i . -~uce e x p o r t i a ~  countries t o  usz sii;..il.r me thnds to seduce I 

1 
I ~ r : f d s t a t i o n  as t hosc  now bzing c ~ r r i e d  o u t  und2r t h e  Ghana 

I 

klcsa Mlrketing BoarA,  2nd t h u s  r e n d e r  t h e  problr?!n of' cross  I 
[ i r i fes  t z t i o n  insignif icnnt  . 1 
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Imper ia l  Col lege Exp lo ra t i on  B o z r d ,  Ghann Cocoa 

"rketing Co. Ltd. (now i n c o r p o r a t e d  into the Ghana pr~duce 

uwketing ~ 3 a r d )  a n d  The B r i t i s h  O x y ~ a n  Go. L t d . ,  for 

financ ia 1 a id. 

Palm Line L t d . ,  for p r o v i d i n g  f r e e  r e t u r n  passages 

froin U . K .  t o  Ghana f o r  both menbars of thc e x p e d i t i o n ,  

and t h e i ~  f r e i g h t .  

The many people who loaned e q u i p m e n t ,  o r  gave a d v i c e  

- rd  ass i s tance  in v c r i o u s  forms ; in p a r t i c u l ~ r  t h ~  f ol1owing:-  

The Micis t r y  of A g r i c u l t u r e ,  F i s h e r i e s  3nd Food, 
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infest? t i a n  Cont ro l  D i v i s i o n ,  a t  T ~ l w o r t h  and  Liverpool, 

1 especially Dr. J.A. Freelmn, M r *  G . k .  Brett, Mr, D , S .  h p w o r t h  

1 2nd Mrs. M.T. Arnstrong. 
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?eat I n f e s t - E i o n  L a b o r a t o r i e s  of the A g r i c u l t u r a l  

I %search Counc iL ,  e s p c i a l l y  Mis AYmB. Hyde and Mr. C.t\F.Rr;ll. 
I 

Captain A .  G?rtke,  o f f i c e r s  and crew of the  n,v, 

lTTesteroyl), of D i t l c  v Siwonsen Line, Oslo, 

Captain PI r . i n n e t ,  o f f i c e r s  >nd crew of t h e  m.v. 

;'Xordkyntt o f  Danpskipsae l skn be t 'Nor den ' L i n e ,  Copcnhay;en. 

Mr. S ,L .  Eg , l e s ton ,  P ~ l t n  L i n e  (,$;encies) L t d . ,  T n l c o r a d i .  

Fr. F . 1 ,  Freeman, G.C.M.B. I n s e c t  Contxol Unit, Takoradi .  

Fr. J. RawnsZify, G.C.lVI.B., A c c r a .  



M r .  P. T a y l o r ,  SecrdtaLy,  I ~ p e r ~ 2 l  C o l l e g e  E x p l o r a t i o n  

Board . 
Also t h e y  ar.: v e r y  g r a t e f d l  ta Dr. J.A. FseGma.., f o r  

his criticisms 2nd u s e f u l  a d v i c e  in the ? r e p a r a t i o n  of this 

r e p o r t .  



List of Fisures and Tables. 

P:ap of' r ou te  t aken ,  

Outward Voyage 

l'.'eat;~er 
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~t t t  ~t thermocouples 1 - 4. 
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a) t o p  of s tack .  

d i t t o  b) aft face o f  stack. 

I 1 Moisture content  o f  bagged cocoa in $To. 3 starboard deep tank. 

: a  I J o i s t u r e e o n t e n t i n a i r s k a f t s ,  
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I I: : ie9 Sample insect  oount P o m s .  
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140, 4 LOWER aOLD - .- 
1 Attached 'so e n g i n e  room b u l k h e a d  

I 1 11 11 I?  1 : I 1  

3 I t  I1 I I t I 4 I 
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gn strin,:;irs 
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I 4 11 I I I t  I I I I  a t  port  h u l k ; w ~ d  

5 A t t n c h e d  tu engine soon ' cu lkh tzd  

6 On surfece of boxed doods 

i 8 1 O n p o r t b u i k h e e d .  

I 9 1 O n t o p o f  p r o p e l l o r - s h a f t  tunnel. 

* t i i o i  ~f 1 1  I I  

On surface u S  boxed g o o d s  

I 114 A t  f o o t  3f access ladder. 

I I 15 T r  bPjx be2m u n d e r  s h e l t e r  deck a t  t o p  of access 
I 

i NO. 4 SIIZLTER DECK 

.n t  f c e t  of a c c e s s  l a d d e r  on s h e l t e r  deck. 

, 1 17 1 on s h e l t e r  deck b e h i n d  cmsed goods .  I 
I 

A t  top of  sccess  l a d d e r  c n  u n d e r s i c e  a f  main deck. 
1 

' on s h e l t e r  deck, ~t s ide  3f lover  h o l d  ha tch .  I a o  i I 1 21 / On underside o f  main dack. -- %- - - I -  , -- -- _-_3Cd.,-C J 
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I 
i . r ~ a t h e r  condit ions:  Zornevrard Voyage -.- --.-- 

~ ---- 
I Iil' i nd 
I *ltLc Deta i l s  01' ;.-leather as per Log 3ock 
I k r c e  V e n t i l a t i o n  

,=ir Temp 2% - ::(-?a. Temp 24C h o l d  entrances 
2: hatch Xas. 1 , 3  
cxcept during 

Tenp 261: - Ssa T e r : ~  2 ;  

..,9,;0 S e a 5  - O v o r c n s t I - I ~ R T ~  Rarin. 3armeter29.58 
I ki: Temp %8C - Sea Temp 27.75 

'j,5,60 SB 7 Sea 5 -  Overcast Rain. Bamrleter23,& 
A i r  Tecp 24C - Fca Temp 28.25 

9 .  SE 6 Sea 5 - Overcast shorvers. 3ammeter 25,67 
~ i r  Temp 27C - Sea Tenp 24.5 

Sea t - Overcast, 3 a ~ m e t e r  29,8 
Sea Tmp 22C - Air Temp 24.75 

Air Temp 22G - Sea Temp 23.75 

' 5  S7,1i 7 Sea 7 - Cloudy showers. 3asometer 29,38 

I Air T ~ n p  P8C -  SF^ Temp 22.25 

., ?,GO S i  7 S ea 7 - Cloudy showe~s, aarometer 29.2 
A i r  Tmp 29.2 - Sea Temp 20.25 

1 n 4 Sen 4. - Overcast showers. Jarornets? 29,4 
Air Tenp 15C - Sea S e ~ p  lG.5 
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4 1 Against  e n g i n e  room bulkbead.  1 

NO. 3 STARROAED DESP TANK, ----.-- - 
On t op  ef s tack  under durinnge. 

2 

3 

Under t op  bag of  s t a c k .  

Under dunnage on edge sf s tack .  

6 bags down f r om surface Layer, between bags. 1 4 

f 

5 

6 

11 i On t o p  of s t a c k  under  s h e l t e r  duck. 
E 1 

On t o p  of s tack  below water  p i p e  c a s i n g ,  

In v e n t i l a t i o n  s h a f t  19  bags up from bottum. 

At edge of s tack .  I 

15 1 6 bags down f r o m  sur fzce  l a y e r ,  b2 taeen  bigs. 

13 

I!+ 

A l Retween t d p  l aye r  o f  bags, c a v e r e d  with dannage. 

A g ~ i n s t  s t z r b o a r d  bulkhead. 

on s h e l t e r  deck. 

B 1 In space  under to? l a y e r  of b a g s .  

i 

i 
D ( Or1 t o p  o f  s t ack ,  c o v e r e d  w i t h  dunnage.  --- --- -.-- - .- - I 
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couple 

1 . 0  3 8.35 431 n.15 3-30 8-00 7.25 12.35 
-A a a.m. p.m. p.m. a. 1, a. me p.m. - p a .  a.m. p-m. 
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Th13L.75 

29. 7.60 30.9,60 d 5 )  

Thenno- 3.15 8.10 7-20 ,12.3 5.55 7.30 
a.m. p.m. p.m. a.m. F.S. p.n. a.m, 

No. A- ..--- 
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Arae cerus f ns i cu la tus  365. 7sry fen on c3coa. 

I t  1 S  t f  I t  Lzsisderma serricorne F. 

t l t t  I 1  I t  
Tribolium czstaneum 5. 

I\To. 3 SH3LTTR D X C L  

Necmbia ruf5pes W:. Fairly large number on copra. 

Xodera t e  It Pa I* Ahasve rus advonn l?:al t la  

very f e ~ ~  Oryzae p h i l u s  surinamensis L. 11 
I t  

Fa7 Car;.o;bilus i i h i d i a t a s  I?, II I I  

Rh iz ope rt!la ,d-orni;rl_ih P, V e q -  i'ev n 
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Dsrmastes a t e r  3eG. ---- Pe~v on f i s h  r c c i d u e s  on cspm.  
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