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PHYSICAL FACTORS AFFECTING INSECT PESTS IN SHIPS' HOLDS 

I 
DURING A VOYAGE FROM TEMPERATE TO TROPICAL WATERS, 

I. INTRODUCTION. 

In the summer of 1957, the first Royal College of Science 
I , Natural History Society Ghana Expedition was run, sponsored in 
I 
1 part by Imperial College Exploration Board. As part of this 

project, Matthews carried out a preliminary investigation into 

the insect infestation between West Africa and the United Kingdom 

with reference to the physical factors inside the ship's holds. 

(Matthews, 1958) . 
In 1958, the second Ghana Expedition went out, consisting of 

a party of seven. The author carried out further investigations 

of the physical factors in the holds, assisted by the rest of 

the party on the outward journey and by two of the party on the 

homeward voyage. The work was carried out under guidance and 

advice from the Infestation Control Division of the Finistry of 

Agriculture, Fisheries and Food and the Pest Infestation Laboratory, 

Department of Scientific and Industrial Research. The expedition 

desires to thank these Departments for their assistance, as well 

as Elder Dempster Lines, Ltd., and Unilever Ltd, 

11.. PRELIMINARY TRAINING, 

Three of the party, R.F.Sturrock, J.M.1rebster and the author, 

spent several days at Infestation Control Division, Tolworth, 

training in identification of insect pests, under the supervision 

of Mr.G.A,Rrett. They also accompanied Mr.Roberts of 1,C.D.. 

(London Office) on two ship inspections, in East India and 

Ti lbury Docks. 



The principal object of the work, which was carried out on 
. . .  . 

the M.V. SANGARA by kind permission of Elder Dempster Lines, Ltd.; 

Liverp,oo.l, was to investigate the physical factors affecting insect 

pests in the holds. The occurrence of insects in residues of previous 

cargoes was ~tudied and attempts were made to assess movements of 

beetles, the latter without much success; Platthewst (1958) statement 
that detailed population studies on a ship at sea were almost 

impossible, was confirmed. Much more work is needed on the problem 

of cross-infestation and infestation build-up during voyages; an 

understanding of the physical factors of the habitat is the first 

stepping stone in the study of this aspect of applied entomology. 

IV. PRZVIOUS HISTORY OF M.V.SANGARA. -- 

The nature of infestation in residues in the holds of ships 

nay be explained by the infestations which have been introduced 

on previous ccrgoes. Information regarding previous cargoes carried 

in the ship were obtained from the Chief Officer of the M.V.SANGARA 

and from the files of the Infestation Control Division of the 

Ministry of Agriculture, Fisheries and Food. 

Th.e infestations recorded on voyages 38 (May 1956) to 42 
(~uly, 1958) are set out in Appendix I. 

At the July, 1958 inspection, i.e. the one immediately 
precoding the expedition's outward voyage, no long-standing residual 

infestation was found. VF Tribolium castaneum, Necrobia rufipes, 

and Ephestia cautella were found on and about dunnage from the cargo - 
discharged at Avonmouth. Recommendation was that a thorough 

cleaning of food residues should be carried out, followed by 

routine BIIC (Lindane) smoke treatment. These were carried out in 

Liverpool, General remarks were that the general residual 

infestation on discharge of cargo would be very light, though a 

moderate one of Dermestes ater, Necrobia rufipes and Ephestia 

cautella could be expected in the cargo space of No. 3 Shelter Deck, 



fo rward  end ,  where t h e  Copra had been s t o r e d .  D e t a i l s  o f  t h e  l o a d i n g  

p l a n  f o r  voyage 42 a r e  g i v e n  i n  Appendix 11, t o g e t h e r  w i t h  a more 

d - e t n i l e d  h i s t o r y  of  c a r g o  c a r r i e d  i n  h o l d  2A from voyages 36 t o  

42 i n c  h u s i v e  . 
V.  WORK DONE ON THE OUTWARD VOYAGE 

( a )  Route  o f  Voyage. The work w a s  c a r r i e d  o u t  on E l d e r  

Dempster L i n e s '  M.V. SANGARA s a i l i n g  from L i v e r p o o l  on J u l y  1 7 t h .  

1958 f o r  T a k o r a d i ,  Ghana, and  c a l l i n g  a t  Las  Pa lmas ,  Canary I s l e s ,  

On t h e  r e t u r n  j o u r n e y ,  M.V. SANGARA s a i l e d  from T a k o r a d i  on 

Xept. l 5 t h ,  1958,  f o r  L i v e r p o o l ,  c a l l i n g  a t  Free town,  S i e r r a  Leone, 
6 

B a t h u r s t ,  Ganbia ,  Dakar ,  S e n e g a l ,  and  Avonmouth, England ,  

The outward-bound c a r g o  was of  a g e n e r a l  n a t u r e ,  c o n s i s t i n g  

of  c u r r e n c y ,  machinery  and c a r s ,  e t c .  The homeward-bound c a r g o  w a s  

sf t i m b e r ,  r u b b e r ,  copper  and  700 t o n s  o f  GPoundnut Cake, l o a d e d  a t  

Dakar ,  

M.V,SANGARA i s  a n  ocean-ga ing  ca rgo -passenge r  s h i p  of  

4 ,189  t o n s  n e t ,  

( b )  R e s i d u a l  i n f e s t a t i o n s .  R e s i d u a l  i n f e s t a t i o n s  were s t u d i e d  

by s c r a p i n g  r e s i d u e s  of  p r e v i o u s  c a r g o e s  from t h e  f l o o r  of  t h e  h o l d  

and c o u n t i n g  t h e  number of i n s e c t s  p r e s e n t .  The work w a s  c o n f i n e d  

t o  t h e  s h c l t e r  deck of  h o l d  No, 2A, 

Res idue  was s c r a p e d  o f f  t h e  f l o o r  of  t h e  h o l d ,  from a l e n g t h  

of one y a r d ,  f o r  a s  f a r  as t h e  r e s i d u e  ex tended  i n t o  t h e  h o l d  from 

t h e  v r a l l ;  as a r u l e ,  t h e  nlaxirnum w a s  1 f o o t ,  The r e s i d u e  w a s  n o t  

t h i c k e r  t h a n  one i n c h .  Ten samples  Irere collected i n  P o l y t h e n e  

bags from t h e  edge o f  t h e  h o l d ,  and  t h r c e  s c r a p e s  a l o n g  t h e  edge of  

t h e  ht i tch boa rd  were a l s o  c a r r i e d  o u t ,  Thero  w a s  v e r y  l i t t l e  r e s i d u e  

a round  o r  on t h e  h a t c h  boa rds  i n  t h e  h o l d  c e n t r e ;  t h i s  would be 

expected, as t h e s e  b o a r d s  a r e  r eaoved  e v e r y  t i n e  t h e  lower  ' h o l d s  a r e  

l o a d e d  o r  un loaded ;  t h u s  t h e r e  i s  v e r y  l i t t l e  food a v a i l a b l e  f o r  



1 b e o t l o s  here..  A l so ,  t h e  l i g h t  coming th rough  t h e  t o p  h a t c h  b o a r d s  

' d u r i n g  l o a d i n g  and u n l o a d i n g ,  would d r i v e  t h e  b e e t l e s  towards  t h e  
I 

1 s i d e s  and f o r e  and a f t  of t h e  h o l d ;  t h e r e f o r e ,  an  e s t i m a t i o n  o f  

t h e  t o . t a l  r e s i d u a l  i n f e s t a t i o n  by a r e a  of c e i l i n g ,  ~trould i n  t h i s  
I 

I c a s e  be e r r o n e o u s .  
I 

R e s u l t s  f r o n  t h e s e  s c r a p e s  a r e  shown i n  T a b l e  1. Appendix IV. 

The l o c a t i o n  of t h e  s c r a p e s  i s  shown i n  F i g .  2 ,  

I From Tab le  1, t h e  p e r c e n t a g e s  o f  s p e c i e s  have been worked o u t ,  

and a r e  as  f o l l o t r s :  - 
................. T r i b o l i u m  castaneum 95 7; 

................... Typhaea s t e r c o r e a  O e 3 %  

....... Cyc lo r raphan  l a r v a e  & p u p a r i a  2.2% 

A l p h i t o b i u s  d i a p e r i n u s . . .  . . . , . , . . , .e*1.49L 

................... Necrobia  r u f i p e s . .  ,0.5% - 
..................... Ahasvcrus advena 0 * 3 k  -.- 

P e r i p l n n e t a  a m e r i c a n a , .  ......,...,..., 0.1% - 
Live  spec imens  were s e p a r a t e d  from t h e  r e s t ;  o n l y  one s p e c i e s  

w a s  r e ,p recen ted  i n  t h i s  sample:- 

% T r i b o l i u m  castaneum a l i v e  = 0.25% -- 
% 1 I 

t t dead = 99,7% 

A l l  o t h e r  s t o r e d  p r o d u c t s  p e s t s  were dead:  t h e  dead b e e t l e s  

p robab ly  be longed t o  s e v e r a l  d i f f e r e n t  g e n e r a t i o n s ,  

The re  i s  h e r e  a n  example of s e l e c t i o n  t o  some e x t e n t  o f  

T. cas taneum i n  f a v o u r  of o t h e r  s p e c i e s ,  by i t s  r e s i s t a n c e  t o  

BHC, T h i s  i s  p r o b a b l y  due t o  t h e  v e r y  r e s i s t a n t  l a r v a l  s t a g e  of 

t h i s  s 7 c c i e s .  

Apar t  from r e c o g n i s e d  p e s t s ,  t h e  p e r c e n t a g e  of Cyc lo r raphan  

l a r v a e  a l i v e  w a s  100%. These p r o b a b l y  s u r v i v e d  smoking as eggs  

o r  l a r v a e ,  ( p r o b a b l y  as  t h e  l a t t e r ,  as t h e y  were f u l l y  grown and 

comnencing p u p a t i o n ) .  S e v e r a l  a d u l t s  were r e a r e d  o u t ,  and  found 

t o  be s p e c i e s  of Muscidae. 
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I Diagram of forward  end of  Upper Tween Deck 3 t o  show 
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FIG. 3 .  



The p e r c e n t a g e  of  b e e t l e s  on t h e  s t a r b o a r d  ~ i d e  w a s  93%. 
On t h e  s t a r b o a r d  s i d e ,  2  y a r d s  of  s c r a p e d  r e s i d u e  c o n t a i n e d  

808 b e e t l e s .  T h e r e f o r e ,  t h e  l e n g t h  of  w a l l  on t h e  s t a r b o a r d  s i d e  

from A t o  B on F i g  2 ,  p robab ly  c o n t a i n e d  somewhere i n  t h e  r e g i o n  

of  GOO b e e t l e s ,  o v e r  99% of which \rere dead.  The f a c t  t h a t  most 

of  t h e  b e c t l e s  were p r e s e n t  a t  t h e  s i d e  of  t h e  h o l d ,  r a t h e r  t h a n  

t o ~ r a r ~ s  t h e  c e n t r e ,  i s  e x p l i c a b l e ,  as mentioned above ,  i n  t e rms  of 

t h e r e  b e i n g  r e s i d u e  a t  t h e  s i d e s ,  i n  t h c  c o r n e r s ;  and a l s o  t h a t  

t h e s e  c o r n e r s  a r e  d a r k e s t  - a f a v o u r a b l e  c o n d i t i o n  f o r  t h e  b e e t l e s ,  

S i m i l a r  s c r a p c s  were aide on 25/7/58 on t h e  s t a r b o a r d  s i d e  of  

2A S h e l t e r  Deck. The p e r c e n t a g e s  viere as fol1ovis:- 

T r i b o l i u m  cas taneum, . . . , . . . , , ,  94% 
A l p h i t o b i u s  d iape r inus . .  . . . r , . .  2% 

Dermaptera . ,  . . * ,  . . , . . . , . *.  . . , . 1% 
Carpoph i lus  d i m i d i a t u s , . . . . , , .  1% - 
Typhaea s t e rco rea . , . . , . . . , . . . .  ;L% 

.Ahasve rus  - advena....... . . . , . . .  1% 

T o t a l  p e r c e n t a g e  of  b e e t l e s  dead = 100% 

11 I I  v 1 11 l i v i n g  = 0% 

These n e r c e n t a g a s  a r e  ve ry  similar t o  t h e  ones  found on 

19/7/58 above ,  Again,  a. s c r a p e  of  sawdust i n  t h e  c e n t r e  of  2A 

produ.ced no b e e t l e s  a t  a l l .  

S i m i l n r  s c r a p e s  were c a r r i e d  o u t  i n  Upper Tween Deck 3 

on 21/7/58. The r e s u l t s  of  6 s c r a p e s  a r c  t a b u l a t e d  i n  Tab le  2 ,  

Appendix I V ,  Thc l o c a t i o n  of t h e  s c r a p e s  i s  shown i n  F i g .  3 .  

Tb.2 p e r c e n t a g e  of  each  s p e c i e s ,  l i v i n g  and dead i n  each  of 

samples  1 and 2  w a s  as fo1lovrs:- 



S p e c i e s ,  
Sample 1 

L i v i n g  
Necrobia  r u f i p e s  -- 5 a32 

A x i t o b i u s  d i a p e r i n u s  - 
T r i b o l i u h  castaneum 34 

Osyzaeph i lus  m e r c a t o r  3.5 - 
Ahasverus adGena ---.- 1.32 

E p h e s t i a  c a u t e l l a  - .----- 

D e r a e s t e s  a t e r  ( 1 )  1.18 
11 " ( a )  100 

Dead 
94.68 

Carpoph i lus  d i m i d i a t u s  0  100  

Dermaptera 0  100  

Sample 2  

L i v i n g  
1 *05 

0 

0.475 

Dead 
98.95 

The mean p e r c e n t a g e s  of each  s p e c i e s  i n  h o l d  3 were a s  below:- 

Necrobia rufipe~...,.,.......,..,.........~ 7.3% 

A l p h i t o b i u s  d i a p e r i n u s , . . . . . . . .  ..,,........ 0.0725% .-- 

Tri.bolium castaneum ......................... 23% 

a z a e p h i l u s  m e r c a t o r  ..........,............, 53% 
Ahasverus ndvenz..  . , , . . . , . . . . . .,.,. . . . . . . . . ,..14.6% 
.I$hestia c a u t e l l a . ,  . .. ... .. . ..,.. .... . ,... . ..... . 0.433% - - 
Derrnestes a t e r  ( 1 ) .  . . . . . . . . .. . r . .  . . .  . . .,. . . ., 0.375% 

Dcrmestes a t e r  ( a ) .  , , . . . , . . . . . , . . . .,. . . . . . ... 0.081% 
. . 

Carpoph i lus  d i m i d i a t u s , . .  .....,...,.....,., 0.509% - 
l h r m a p t e r a  . . . . . . . . , , . . . . . . . . . . , . . . . . . . . ., . .. , 0.76% 

T o t a l  p e r c e n t a g e  of  p e s t s  l i v i n g ,  

Snmple s i t e  1 2  3 4  5 6 
8 , 2  0 ,392 0 50  14 0  

' ; . 'otnl p e r c e n t a g e  of  p e s t s  dead. 

Cnmple s i t e  1 2 3 4 .  5 6 
91.8 99.608 loo  50 86 100 



Total percentage of pests living (average over hold) 

- - - Total living 
x 100 

Total living & total dead 

This value is high because of the large numbers of beetles 

in the corner, which was unrepresentative of the hold as 2 whole. 

As the amount of residue in samples 1 and 2 was too great to 

be sorted through hy hand, sample 1 was divided into 151 2"xl" 

specimen tubes and one of these examined with a binocular microscope 

for insects. The total was multiplied by 15. Similarly, sample 2 

was divid.ed into 4. 

(c) Experiments on release and recapture of marked beetles. 

Marking Experiment in Hold 3, 24/7/58, 
The object of the experiment was to trap beetles in empty tins 

containing traces of food residue, laid in the hold, the beetles 

having been previously mcr!ced and released, 

The experiment !;rns set up as shown in the diagram below:- 

Forward. ---" I 

Aft. 1 



A,B,C were empty tins with beetles released nearby. 

These empty food tins were placed on their sides to allot! easy 

accoss to the beetles, D was a half coconut shell, with some 

mould developing. E w a g  another empty tin. 

?&leased: 10 marked T.castaneum at f a f  near tin ' A t .  

10 I I 11 11 l b l  !! t t  I B t  

10 17  I 1  t t  I c I  I t  11 t c t *  

.?ecaptures: 25/7/58. No marked beetles, 

A - 1 Dermcstes ater, 
B - 1 T.castaneum. 1 Oryzaephilus aercator. - 
C - 1 t t  1 I 9  

D - -  

E - 1 Oryzaephilus nercator. 
Re-exanination: 26/7/58. No marked beetles. 

0 
D.ater, T.castaneum, 0,mercator. Temp, F, 

Althouph no marked bectlcs were recaptured, the experiment 

wns not a total failure, as it showed that cross-infestation could 

occur within 24 hours, The infestation rate here was low,. however, 

n6 thcre only one T.castaneum at A, a point near to a fair 

rlesidunl infestation of this species,. 

(d) Physical Observations.. Teniperature mensurements -were 

r'lrtde by the usc of thermocouples installed at various points in 

Ilo'Ld 2 A  Sheltcr Deck; temperature and humidity recordings were 

trhtnined froa Casella therrflohygrographs in holds 2 ,3  & 4, The 

I llc~rr~iocouple potentials were rleasured either by a Sunvic R , S  .P. 2 



s e l f - b a l a n c i n g  p o t e n t i o m e t e r  o r  a Doran m i n i  p o t e n t i o m e t e r .  The 

p o s i t i o n s  of t h e  the rmocoup le s  were as  fo1lovrc:- 

Thermocouple 1 ......... On w n l l  i n  a i r  3'9" from s t a r b o a r d  

sid.e of  e n g i n e  c o v e r i n g ,  
?,l?. - . ne raocoup le  2 .,....... I n  r o l l s  of  f e l t .  

~ h ~ r n o c o u p l e ' 3  ......,.. On t o p  of drum, 

T!3eraocouple 4 ....,..., Along s t a r b o a r d  sid.e o f  eng ine  c o v e r i n g .  

(Therlmocouples 1 - 4 were l i n k e d  t o g e t h e r ) . ,  

Thc raocoug le  5 ...,..... S t a r b o a r d  s i d e  - s p a r  c e i l i n g .  

The r socoup le  6 ..,...... S t a r b o a r d  s i d e  - s p a r  c e i l i n g .  

(Th.erc!ocouples 5 & 6 were l i n k e d  t o g e t h e r ) ,  

Thernocouple  7  ..,...,., Und.er c r e v ~ ~ s  deck - s t a r b o a r d  s i d e ,  

Therrqocouple 8 ........, 1 7  r u n g s  down from t o p  o f  l a d d e r ,  

Thermocouple 9 ..,...,., 1 0  r u n g s  down l a d d e r .  

( ~ h e r m o c o u p l e s  8 & 9 were l i n k e d  t o g e t h e r ) .  
. . Thermocouple 1 0  ,.. ..... Under edge o f  h a t c h  b o a r d s  b L.T.D. 

Readings  f o r  t h e s e  p o s i t i o n s  rrere t a k e n  on 21/7/58. 

The h o l d  was opened a t  9 . 0  a . m .  and  r e a d i n g s  t a k e n  r d t h  t h e  

Doran Min i  t ~ e r m o c o u p l e  p o t e n t i o m e t e r  a t  10 a . m .  A f u r t h e r  s e t  of 

r e a d i n g s  were t a k c n  a t  11.0 a.2, t r i t h  t h e  Sunv ic  R.S.P.2 s e l f -  

b n l a n c i n g  p o t e n t i o m e t e r .  Thus t h e  hold. h2d been open f o r  a b o u t  

two h o u r s  when t h e  r e a d i n g s  were t a k e n  w i t h  t h e  l a t t e r  i n s t r u m e n t ,  

rind. t h e  a i r  t e z p e r a t u r e  i n  t h e  c n p t y  h o l d  had t i m e  t o  d r o p  l o w e r  

khan v11icn t h e  Doran r e a d i n g s  r lere  t a k e n .  ( ~ h c  p o i n t  f o r  thermo- 

coup le  4 was n e x t  t o  t h e  e n g i n e  c a s i n g ,  and  t h e r e f o r e  d i d  n o t  d rop  

no low when t h e  h a t c h  cove r  was opened) .  R e s u l t s   able 5, 
Appendix IV) a r e  g r a p h e d ,  FIg:7, Appendix V I I I .  S i n i l a r  r e a d i n g s  

rrcre t a k e n  on 26/7/58 and  2 8 / 7 / 5 8 .  The r e s u l t s  a r e  t a b u l a t e d  

( ~ n b l e  6 ,  Appendix IV) ?.nd g r a p h e d ,  F i g .  8 ,  Appendix V I I I .  

The g r a p h s  show t h a t  t h e  t e m p e r a t u r e s  of s u r f a c e s  a t  e a c h  p o i n t  

I r l  t h e  h o l d  r e t a i n  n more o r  l e s s  c o n s t a n t  r e l a t i o n s h i p  t o  t h e  o t h e r  

11o:i.nts i n  t h e  h o l d ,  though a l l  may i n c r e a s e  o r  d e c r e a s e  a s  a whole.  



T h e r m o ~ r n p h  r e c o r d s  - Outvrard voyage. 

A C a s e l l a  thermohygrograph  w a s  i n s t a l l e d  a m i d s h i p s  n c x t  t o  

t h e  e n g i n e  c a s i n g  i n  Hold 2A on 17/7/58. .Af t e r  a l l o w i n g  t h e  

i n s t r u m e n t  two d a y s  i n  which t o  s e t t l e  down, t o  t h e  movements o f  

t h e  s h i p  and t o  t h e  c o n d i t i o n s  i n  t h e  h o l d ,  i t  n ~ s  s t a n d e r d i s e d  

as d e s c r i b e d  qbove. The r e s u 1 . t ~  f r o n  t h i s  i n s t r u m e n t  a r e  shown 

c o r r e c t e d  i n  F i g ,  9 ,  Appendix V I I I .  

Another  C a s e l l a  t l~e rmohggrograph  was s e t  up  i n  Upper Tween 

Deck I t ,  15,611 from t h e  fo rward  and  s t a n d i n g  on boxcs of c o i n s  

rtrnidships. The r e s u l t s  from t h i s  inc5trument a r e  shown c o r r e c t e d  

i n  F i g ,  1 0 ,  .Ap~end\ix V I I I .  

A f u r t h e r  C a s e l l a  t!lernohygrograph was s e t  up i n  Upper Tween 

Deck 3, a l s o  i n  t h e  c e n t r e  of  t h e  h o l d ,  on t h e  ha tch '  b o a r d s  o v e r  

I:he Lovrer Tween Deck, and  21' a f t  of t h e  e n g i n e  c a s i n g ,  t h e  

c o r r e c t e d  r e s u l t s  of  which a r e  shown i n  F i g , l l ,  Appendix V I I I .  

b i a t t e r s  r e l a t i n g  t o  t h e  c a l i b r a t i o n  of  t h e  i n s t r u m e n t s  

: ~ n d  p r a c t i c a l  d i f f i c u l t i e s  i n  u s e  a r e  d e a l t  w i t h  i n  Appendix 111, 

'Tl?crmocouple r e a d i n g s  i n  2 A  S h e l t e r  Deck, Outward Voyage. 
em.-- -- 

The Sunv ic  R.S.P.2 s e l f - b a l a n c i n g  p o t e n t i o m e t e r  had t o  be  

n n l i b r a t e d  a g a i n s t  known r e f e r e n c e  t e m p e r a t u r e s  f o r  each  s e p a r a t e  

r!.l.re l e n g t h  ( f o r  r e a s o n s  d e s c r i b e d  .below). The c a l i b r a t i o n  was 

~ t ~ t r r i e d  o u t  w i t h  h o t  and  c o l d  w a t e r  i.n thermos  f l a s k s  and  w i t h  

l ~ . l , r  t e m p e r a t u r e s .  W i r e s  of  e q u a l  l e n g t h  were l i n k e d  t o g e t h e r  

11n(l s t a n d a r d i s c d  as  a u n i t  c n l i b r z t i o n  d a t a  f o r  t h e r n o c o u p l e s  

I - 1 0  i n  T a b l e  3 ,  Append.ix I V  and  F i g .  1 4 ,  Appendix V I I I .  

'I ' tjmperatures i n  t h e  h o l d s  f l u c t u a t e d  o v e r  a r a n g e  of 66 - 93, 
% - 
Il11.lng h i g h e s t  j u s t  b e f o r e  d.usk, Xean maxim2 and  minima were a b o u t  

: ' I  nnd. 7 5  r e s p e c t i v e l y ,  R e l a t i v e  h u m i d i t i e s  f l u c t u a t e d  o v e r  s r ange  
. . 

:I, - 79% b e i n g  most ex t reme i n  h o l d  4, Mean maxima were a b o u t  65% 

l l l f l  minima 57% i n  h o l d s  2 A  and 3 ,  b u t  much l o w e r  (43%) i n  h o l d  4. 

Whereas t h e  t e m p e r a t u r e  r a n g e  is v e r y  s u i t a b l e  f o r  development  

11' 1:l;orage p e s t s  t h e  humid i ty  c o n d i t i o n s  t e n d e d  t o  be on t h e  low s i d e .  



V I ,  WORK DOb?E ON THE HOMEWARD VOYAGE, -- 
( a )  P h y s i c a l  - measurements ,  .-- The 'work of  t h e  homeward voyage 

was c a r r i e d  o u t  i n  t h e  S h e l t e r  Deck of  Eo ld  No. 1. T h i s  c o n t a i n e d  

s a c k s  of  Groundnut Cake, which were l o a d e d  a t  Dakar.  8 
thc:rmocouples were i n s t a l l e d ,  two of  which were broken  d-uring 

l o a d i n g ,  i n  t h e  p o s i t i o n s  g i v e n  i n  T a b l e  7 ,  Appendix I V .  The l e n g t h s  

of w i r e  u sed  were 15, 25 ,  35 f a c t  e t c .  - chosen  t o  g i v e  a c c u r a t e  

r e a d i n g s  as d e s c r i b e d  Later ,  (Appendix 1 1 1 ) .  

The r e a d i n g s  from t h e s e  the rmocoup le s  a r e  g i v e n  i n  T a b l e  8,  

Appendix I V ,  and  a r e  g raphed  i n  F i g s .  1 6  a n d  17 ,  Appendix V I I I .  

A C a s e l l a  thermohygrograph  w a s  i n s t a l l e d  i n  S h e l t e r  Deck No, 1 

j u s t  b e n e a t h  t h e  h 2 t c h  boa rds .  The r e s u l t s  f rom t h e  i n s t r u m e n t  

2 r e  g i v c n  i n  F i g .  1 2 ,  Appcndix V I I I .  The shaky  l i n e s  were c a u s e d  

by f o r c e  8 g a l e s  i n  B i s c a y ,  t h e  l a t t e r  c a u s i n g  v i b r a t i o n  o f  

t h e  marking  n e e d l e s .  V e n t i l a t i o n  of  t h e  h 2 t c h  a t  8.30 a . m .  on 

29/9/58, by t h c  removal  o f  t h e  s i d e  h a t c h  b o a r d s  on Hold 1, 

r e s u l t c d  i n  t h e  t e m p e r a t u r e  c o n t i n u i n g  t o  r i s e  s t e a d i l y ;  t h i s  can  

be s e e n  fror!. F i g .  1 2 .  A f t e r  a f  e t .~  h o u r s ,  h o v e v e r ,  t h e  t e m p e r a t u r e  

s t e a d i e d ,  and  t h e n  began t o  f a l l  g r a d u a l l y ,  

A s  t h e  C a s e l l a  i n  t h e  hold. was measu r ing  a i r  t e a p e r a t u r e ,  

i t  b r a s  d.c-cided t o  compare t h e  a i r  t e m p e r a t u r e  f l u c t u a t i o n s  i n  

1;he t a l l y  o f f i c e  a f t  o f  t h e  main d c c k ,  w i t h  t h o s e  i n  t h e  h o l d .  T h i s  

b r a s  done w i t h  t h e  a i d  of a n o t h e r  C a s e l l a  s e t  up i n  t h e  f o r m e r ;  

... .. t h i s  i n s t r u m e n t  gave  a n  i d e n t i c a l  r e c o r d  t o  t h a t  of  t h e  one 

i n  t h e  h o l d ,  showing t h n t  t h e  a i r  t e m p e r a t u r e  i n  t h e  h o l d  must 

dcpcnd upon t h e  h e a t  o f  t h e  s u n  f o r  f l u c t u a t i o n s ,  as i n  t h e  t a l l y  

o f f i c e .  

[{pear thermocouple  - r e a d i n g s  i n  s a c k s  of  Groundnut Cake. - 
A s p e a r  thc.rmocouple liras used  t o  measure t h e  v a r i a t i o n  

1.n t c m p e r a t u r c  ~ r i t h i n  s a c k s  of  Groundnut Cake a t  v a r i o u s  d e p t h s  



of s a c k s .  The f o l l o w i n g  r e a d i n g s  Tilere t a k e n  on 27/9/58, 

0 
No, of  s a c k s  down D e f l e c t i o n  on Temp., i n  F. 
from t o p  of  h o l d .  - Sunvic . 

( b )  B i o l o g i c a l  o b s e r v a t i o n s .  

Snaking of  Groundnut Calre s a c k ,  26/9/58. ----- 
2 s a c k s  of Groundnut Cake from t h e  t o p  of h o l d  1 were 

nnaked o u t  on t o  t h e  deck on 26/9/58, and t h e  f o l l o w i n g  s p e c i e s  

c o l l e c t e d : -  

Sack 1 ..,....,. 1 l i v e  Tr ibo l ium castaneurn, 

Sack 2  ..,...... 5 l i v e  T r i b o l i u m  castaneum. - 
1 dead v v  IS 

It  was n o t  p o s s i b l e  t o  c a r r y  o u t  f u r t h e r  s c r a p e s  on t h e  

I~omeward journey,  because  t h e  h o l d s  were a l l  f u l l .  Hold No, 1 

~rl icre t h e  e x p e r i m e n t a l  work w a s  c a r r i e d  o u t ,  w a s  f u l l  t o  t h e  h a t c h  

I ~or:irds w i t h  Groundnut Cake, 



GENERAL RESULTS 

1 . There  i s  a g r a d u a l  r i s e  i n  b o t h  t e m p e r a t u r e  and  r e l a t i v e  

h u a i d i t y  as L a t i t u d e  d e c r e a s e s  and  t h e  e q u a t o r  i s  approached.  

(F~F, 13, Appendix V I I I ) .  

2 . The maximum t e ~ f l p e r a t u r e  i n  t h e  ho ld  o c c u r s  a t  a b o u t  

5 .C p.rfi. a f t e r  t h e  h e a t  of  t h e  sun  a l l  day (G.M.T.) ; t h e  minimum 

o c c u r s  a t  7.0 a . m ,  j u s t  b e f o r e  s u n r i s e ,  A d a i l y  f l u c t u a t i o n  of  
0 

20 F nss n o t  uncommon. 

3 .  The d a i l y  t e m p e r a t u r e  ~flaxims f o l l o w  t h e  s e a  t e inpe ra tu re  

f a i r l y  c l o s e l y ,  t h e  s e a  t e m p e r a t u r e  i n c r e a s i n g  towards  t h e  

t r o p i - c s  . 
I+ . The homeward ten~:?era.ture a t  each  L a t i t u d e  was h i g h e r  

t h a n  t h e  outward. t e m p e r a t u r e ;  and t h e  homeward r e l a t i v e  h u m i d i t y  

rrzs lovrer t k a n  t h e  outward r e l a t i v e  humid i ty .  T h i s  i s  p o s s i b l y  

caused  by h e a t i n g  and m o i s t u r e  a b s o r p t i o n  by t h e  groundnut  cake 

(700 t o n s  of  which w a s  l oaded  a t  Dakar on t h e  way home). 

5. Condensa t ion  o c c u r s  when t h e  t e m p e r a t u r e  i s  low, and  t h e  
. . 

r e l a t i v e  humid i ty  h i a h  - i , e .  from a b o u t  5.0 a .m.  t o  9.0 a . m .  

Sorne d e p r e c i a t i o n  of  c a r g o  nay  r e s u l t  from c o n d e n s a t i o n .  

6 .  Hatch  V e n t i l a t i o n ,  T b i s  w a s  found t o  have a n  i m 2 e d i a t e  

e f f e c t  a t  t h e  t o p  of  t h e  s h e l t e r  deck  of  a n  i n c r e a s e  i n  

t e m p e r a t u r e  and. a d rop  i n  r e l a t i v e  h u m i d i t y ,  when t h e  h o l d  w a s  f u l l .  

The t e n p e r a t u r e  l a t e r  s t e a d i e s ,  and t h e n   fall^ g r a d u a l l y .  I f  

t h e  h o l d  was empty, a f r e e r  c i r c u l a t i o n  of  a i r  o c c u r r e d  and 

t h e  o v e r a l l  ho ld  t e m p e r a t u r e  dropped.  

7 .  The t e m p e r a t u r e  of each  p o i n t  i n  a n  empty h o l d  

r e t a i n e d  a c o n s t a n t  r e l a t i v e  r e l z t i o n s h i p  t o  o t h e r  p o i n t s  i n  t h e  .., 

ho ld ,  though a l l  c o u l d  i n c r e a s e  o r  d e c r e a s e  as a whole. 

8 .  I n  r e s i d u e  s c r a p e s ,  h i g h  p e r c e n t a g e s  o f  T r i b o l i u m  

cas taneum,  b o t h  l i v i n g  and dead ,  were found . 



9. Although marking  expe r imen t s  were u n s u c c e s s f u l ,  i t  was 

, shown t h a t  b e e t l e s  could. l o c a t e  and move i n t o  empty food c a n s  i n  t h e  

h o l d s  i n  one day ,  

1 0 .  'Thermocouple w i r e  a n o ~ l a l i c s  were d. iscovered;  i t  was found 

t h a t  a s i n e  wave r e l a t i o n s h i p  h e l d  bet\-ieen galvanofiieter d e f l e c t i o n s  

and w i r e  lenzt!h; t h u s  maximal t e m p e r a t u r e  r e a d i n g s  were found 

w i t h  l :?ngths  of 1 0 , 2 0 , 3 0 ,  f e e t  of t h e r n o c o u p l e  w i r e ,  w h i l s t  

l e n g t h s  of  5 , 1 5 , 2 5  f e e t  gave minimal  r e a d i n g s .  
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APPENDIX I . 
PREVIOUS HISTORY OF M. V.. SANGARA - 

Voyage 38. (From !.Jest ~ f r i c a )  . 15/5/56,, 

Palm K e r n e l s .  

Triboliur:. c n s t a n e u ~  ............... few l i v e  a d u l - t s ,  -- 
.I\Tecrobia r u f i p e s  ............... 71 :I vt 

Necrob ia  r u f i c o l l i s  ............ ts 9 7  11 

Dermcstes  m a c u l a t u s  ............ t7 ) I  fr  & few l i v e  
l a r v a e .  

V7 71 .............. E p h e s t i a  c a u t e l l a  

Voyage 39 . 22/2/57 

I n s p e c t i o n  of  goods on Quay. DTo i n s e c t s .  

Kola n u t s ,  C a l a b a r  b e a n s ,  C o f f e e  b e a n s ,  

Voya,ye 40. 4/9/57. 

C o t t o n s e e d .  Gnt.Cake. Palm K e r n e l s  

I l ' r ibol iun c a s t a n e u n  ............ F/MN. . - F/MN . VF/F, 
O r y z a c p h i l u s  m e r c a t o r . . . . . , . , . . .  VF, V F .  - ' 

.. .......... ~ d ~ c r o b i a  ..- r u f l p e s . .  ,. VF. VF . F ,  

ICphcstia c a u t e l l a . .  ............. F(p )  ; ,. -.-- VF(P).  V F ( ~ ) .  
v F ( a ) .  

Voyage 41 .  31/3/58. 

( ' r o u n d n u t s .  

.......... ' I '~~i.boliurn castancum ( a ) .  MN/FN. .- ............. 'I1r>j b o l i u ! : ~  con fusu.m(a) VF.. . --.--- - 
Oryzaeph i lu s  m e r c a t o r  ( a ) . , . . . . . . .  VF. 

A l ~ ~ s p c r u s  a9vena  (a) .............. VF. 

.............. c l~ j r : robia  r u f i p e s  ( n )  VF. ---- 
~q:l~l~c?stia c a u t e l l a  ( a )  (1). ....... F .  

' I  I r e s i d u e s .  
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Voycae 42. 4/7/58. 
I n s p a c t e d :  C o t t o n s e e d ,  P e a s ,  Copra,  Coconuts., 

Not i n s p e c t e d :  Timber sad c a r g o  d i s c h a r g e d  i n  Avonmouth. 

Dermeotes a t e r  (a) (1) .......... i n  Copra.,...,........,..FN. ---- 
Necrobia  r u f i g e s  (a)..........,. I )  .. .. ............... .PIN, 

C i ? . ~ o p h i 1 u s  o b s o l e t u s  ( a )  ....... I I .................MN. -- ; .. 
Ahasverus advena ( a )  ............. II .--- .I................. .F-MNe 
' .Cribolium castaneum ( a )  ........... 11 !................ --- 0 . .  F. 

I r y z a e p h i l u s  m e r c a t o r  (a )  ..... , ,  .. t v It . , ... . . .VF-F. 
' ryphaea s t e r c o r e a  (a),. ,........ 11 'I ........,.........,.VF. 

9 l ...... c z u t e l l a  (a)..,,, .. ,.........*......MN. 



APPENDIX II, 

PREVIOUS LOADInJG PLANS 

Loading p l a n  f o r  voyage 42,  . 10/6/58. -.-.- 

Hold 1. 2 ,  2 A  3 .  4, 

S h e l t e r  
Deck. 

Cot tonseed B a l e s  Rubber. Bags Peas .  Copra Cot tonseed 

P a l n  Kerne l  
Meal. 

Tiireen Deck. 

Cot ton  
L i n t e l s  

Bags Copal ,  

Rags Cotton- Groundnut 
s e e d .  Cake, 

Bags Ground- 
n u t  Cake. 

B a l e s  of 
Cot ton  
L i n t e l s .  

NB. Only food c a r g o e s  a r e  i n c l u d e d  i n  t h i s  p l a n  ( i . e ,  i n f e s t a b l e  
c a r g o e s ) ,  

Voyage 35. October 1956. 

Iincs o f  c rushed  bones i n  2A. S h e l t e r  Deck. 

Voyage 37. February  1957. 

c:ocoa i n  2A S h e l t e r  Deck, 

\ foyngc 38. i]l<?y 1957,  

C!r.)coa i n  2A S h e l t e r  Deck, 

Vnynge 39, August 1957,  

!:rcn~c s k i n s  i n  2A S h e l t e r  Deck, 

V o y n ~ e  40. November 1957 
l ' ~ n o ~ ~ n d n u t  Cake i n  2A S h e l t e r  Deck, 
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voyage 41, I\/mrch 1958. 

Co t tonseed  i n  2A S h e l t e r  Deck. 

Voyage 42. June  1958. 

PEAS ' 

I - 

PEAS 

r 

REFRIGERATORS . 

-' 

DIAG, of NO .2A SHELTER DECK. ,VOYi1GE 42. 

FIG. 1. 



APPENDIX I11 

NOTES ON APPARATUS 0 .  

Sunvic  R.S.P.2 s e l f - b a l a n c i n g p o t e n t i o n e t e r , .  A s  t h i s  i n s t r u m e n t  -------.. --- 
r u n s  o f f  a n  A , C ,  c l - e c t r i c c l  s u p p l y ,  t h e  s h i p ' s  D.C. 210 v o l t  s u p p l y  

vra,F; t r a n s f o r a e - d  i n t o  210 v o l t  A . C . ,  50  c y c l e s ,  by m a n s  of a r o t a r y  
0 c o n v e r t e r ,  An i c e - w a t e r  0  C j u n c t i o n  was used  as  a s t a n d a r d  r e f e r e n c e  

p o i n t .  F i g .  4, Thc r e c o r d e r  t h s n  measured t e m p e r a t u r e  i n  u n i t s  

v~h ich  had t o  be c o n v e r t e d  i n t o  d e g r e e s  F a r e n h e i t .  Fo r  t h i s  n 

conver s ion  g r a p h ,  p l o t t e d  f r o a  a s e r i e s  of  r e a d i n g s  a t  known 

t c % p e r a t u r e s ,  hed t o  be c o n s t r u c t e d ,  T h i s  w9.s done by t a k i n g  r e a d i n g s  

~ t r i th  a c o p p e r - c o n s t a n t a n  t h c r a o c o u p l e  im3ersed  i n  a thermos  

Tlask w i t h  warn1 w a t e r  and two t h e r m o n c t e r s .  The c a l i b r a t i o n  d a t a  

.I.s g i v e n  i n  T a b l e s  3 and 9 ,  A.-ppendix I V  and  F i g s .  14  and 15, Appendix 

VIII. 

A s  t h e  c a l i b r a t i o n  was found t o  v a r y  w i t h  t h e  l c n k t h  of  

I;hcrrnocou.ple w i r e  exp loyed ,  s e p a r a t e  c o r r e c t i o n  g r a p h s  were p l o t t e d  

I'or each. w i r e .  ( s e e  below und.er Doran Mini  thermocouple  

~ l c . ~ . t e n t i o a c t e r  r e s u l t s  of e x p e r i m e n t s  u s i n g  d i f f e r e n t  w i r e  l e n g t h s . )  

Iloran Min i  thermocouple  p o t e n t i o m e t e r .  T h i s  i n s t r u m e n t  w a s  u sed  

8 4 1 1  t h e  outrrard . journey t o  t a k e  r e a d i n g s  from thermocouple  w i r e s  i n  

:Ill, 2.A S h e l t e r  Deck, T h i s  i n s t r u m e n t  gave  s a t i s f a c t o r y  r e a d i n g s  even 

I I I  n ?!?.oderate s e a ;  i t  was found t h a t  t h e  ga lvanomete r  n e e d l e  cou ld  

1 1 1 ,  s t e a d i e d  from t h e  s h i p ' s  movements by s e t t i n g  t h e  i n s t r u m e n t  a l o n g  

< I I O  a x i s  a b o u t  which t h e  s h i p  bras n o v i n g ,  e.g. s e t  t h e  i n s t r u m e n t  

Ion,? t h e  p i t c h  a x i s  when t h e  s h i p  i s  p i t c h i n g  ~ n d  a l o n g  t h e  r o l l  

$ 1 . ~  d u r i n g  r o l l i n g ,  If b o t h  fi~.otions o c c u r  a t  t h e  same t i n e ,  and t h e  

, ~ l ~ r i o r v e r  i s  s t i l l  i n  .a c o n d i t i o n  t o  t a k e  r e a d i n g s ,  i t  was found 
0 

1'1r1l: t h i s  i s  p o s s i b l e  by s e t t i n g  t h e  ga lvanomete r  a t  45 t o  b o t h  

I .  Readings  t a k e n  under  t h e s e  c o n d i t i o n s  wore found t o  a g r e e  

I I l l  Lhose from t h e  Sunvic  R.S.P.2, 



It vias found t h a t  t h e  d e f l e c t i o n  v?,ried w i t h  t h e  l e n g t h  

of w i r e  employzd i n  ee.ch r e a d i n g .  A c o n s t a n t  t e m p e r a t u r e  j u n c t i o n  

.c.ras therefore s e t  ;p i n  a thzrmos f l a s k  w i t h  warm w a t e r ,  and  t h e  

c f f c c t  of v 2 r y i n g  l e n g t h s  o f  w i r e  w a s  i n v e s t i g a t e d .  

The r e s u l t s ,  T a b l e  4 ,  .? .p~enc?ix I V  a r e  p l o t t e d  i n  Fig, 6,  

Anpendix VIIL. I t  tins found t h a t  maximal r e a d i n g s  o c c u r r e d  w i t h  

wi re  1cngth .s  of 1 0 , 2 0 , 3 0  f e e t  c t c .  and minimal  r e a d i n g s  o c c u r r e d  

a t  l e n g t h s  of 5 , 1 5 , 2 5  f e e t  e t c .  Thus ,  i n  o r d e r  t o  o b t a i n  a c c u r a t e  

r e a d i n g s  odd l e n g t h s  were used  on t h e  way home f o r  r e a d i n g s  i n  

S h e l t e r  Deck PTo, 1 u s i n g  t h e  Sunv ic  R.S.P.2. 

C a s e l l n  thermohggrographs .  Thesc  i n s t r u m e n t s  worked s u c c e s s f u l l y  

oven i n  a  v e r y  rouzh  s e a ,  gi.ving c o a p l e t e  t e x p e r a t u r e  and  r e l a t i v e  

I~ufilidity g r a p h s ,  r u n n i n g  f o r  a \-reek on one winding .  P u r p l e  i n k  was 

nccd i n  p r e f e r e n c e  t o  g r e e n ,  as recommended by Matthews (1958). 

As t h e  i n k  l e v e r s  c o u l d  n o t  be s e t  e x a c t l y  i n  p o s i t i o n  on t h e  g r a p h ,  

, i t  t h o  t c :npe ra tu re  ~ . n d  r e l e t i v e  h u r l i d i t y  p r e v a i l i n g  a t  t h e  t iw of 

: . ~ c t t i n g ,  t h e  g r a p h s  had t o  he c o r r e c t e d  l a t e r  by neans  o f  r e a d i n g s  

t;nkcn a t  s e t  t i m a s  w i t h  s e v e r a l  thermomcters  and  C o b a l t  t h i o c y a n a t e  

Ilnners a t  t h e  p o s i t i o n  where t h e  C a s e l l a  hnd been s e t  up. The 

f l a b a l t  t h i o c y n n s t e  p a p e r s  n e r e  r e a d  w i t h  a Lovibond. Comparator;  

~ ' n r r e c t ~ o n s  were l a t e r  n p 2 l i c d  t o  t h e  g r a p h s .  

PPinor f l u c t u a t i o n s  of  both t e x ~ p e r a t u r e  and r e l a t i v e  humid i ty  

llflre r c c o r d c d  by t h c ~ e  i n s t r u m e n t s .  V i b r a t i o n s ~ c c u o e d  by g n l e s  

l ~ l ~ d  v c r y  rough s c a s  vrcro r c ~ i s t e s : > d .  on g r a p h s  of  t h e  homevrco.rd 

'roynse. 
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DIAGRnPi  SHOFlIMG CONNECTIONS FROM MILLIVOLTMCTFR TO ICE 

& WATER RFFTXENCE JUNCTION, 

.. .. . . 
",a 

-20 t o  +- 2 0  Thermometer. - 

.- -----A. 
C o n s t a n t a n ,  .-. 

,X -...a --.- 
fS- j u n c t i o n ,  I To m i l l i -  / v o l t m e t e r .  

.* 1 
--\. --. 

----'-----.--.. . __ - - - . .  XC- 

I c e  and Wate r ,  

.. 
I i 
I I 

FIG. 4.- i I Ends s o l d e r e d  t o g e t h e r  t o  

form thermocouple ,  



APPENDIX IV - 
TABLE 1, 

Sample. 

l~'~lLl.bolium cas taneurn. 285 438 6 1 3 20 - - 12 1 826 

3 - ,  - - - - - - - 'I 'yphaea stercorea . - 3 

1 !y clorrhaphan 
1 l rtsvae & puparia) . 5 - - - - - - - - 14 19 

hl1)hitobius diaperinus. 2 8 - - - 2 -  - - - 12 

'l~lnrobia rufipes . 1 3 -  - - 1 -  - - - 5 

- 3 - - - - - - - ~ , I I ~ I ~ J v ~ ~ u s  advena. - 3 
I ' ~  I r1:Lplane ta americana. - - - - - 1 -  - - - 1 
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APPENDIX I V  

TABLE 1. 

Sample. 

:- z i e s .  1 2  3 4 5 6 7 8 9 lOTotal. 

- - -3oliurn castaneum. 285 438 6 1 3 20 - - 12 1 826 

- 'xea stercorea. 3 - - - - - - - - - 3 

zlorrhaphan 
=rvae &  upa aria). 5 - - - - - - - - 14 19 

--hitobius diaperinus. 2 8 - - - 2 -  - - - 12 

zrobia rufipes . 1 3 -  - - 1 -  - - - 5 

- 3 -  - - - - - - 
?sverus advena. - 3 

riplaneta americana. - - - - - 1 -  - - - 1 

- -;ah. 296 512 6 1 3 24 0 0 12 15 869. 

- 



Species. 

TABLE 2. 

simple:- 1. 2. 3 * 4. 5 = 6. Totals, 

1/15 Full 1/4 Full 
D L D D L D  L D L D  L D  L D L & D  

Necrobia rufipes. 13 11 195 47 2 188 - 6 - 1 - 1 - - 404 

Alphitobius diapcrinus. - - - 1 - 4 - - - - - - - - 4 

Tribolium castaneum. 3 9 2 4 4  '8' 1 0  2 420 - 4 - 1 1 5 - 2 1264 

Oryzaephilus maecator. 1P3 130 2745 17 - 68 - 3 2 - - - - - 2918 

Ahasverus advena . 35 7 525 68 - 272 - 1 - - - - - - 805 

Ephestia cautella. - - - 6 -  24 - 1 - - - - - - 25 

Dermestes ater (1). 1  2 15 - - - - - - - - - - - 
17 

11 11 (a). - 1 1 - 4 - 4 -  - - - - - 1 10 

Carpophilus dimidiatus. 1 - lq 3 -  12 - - - - - - - 1 2 8 

Dcrmaptera. 1 - 1 5  6 - 2 4 - 3 -  - - - - - 42 

Totals. 

N.3. D = Dead & L = Living. 
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TABLE 3. 

3ata for calibration of Sunvic R.S ,P.2 millivoltmeter 19/7/58. 

Therrzo- T ~ O F  T ~ O C  T ~ O C  Range Deflection 
couple No. ( T ~ - T ~ )  OC (divisions). 

1-4 CW. - 11.9 o .6 11.3 27.5 
A.79.5 26.35 0.5 25 07.5 37 -6 

CW. - 11 a9 o .6 11 03 30 .O 
A. 76.0 24.4 o .6 23.8 30 .5 
IM. - 35 -0 o .6 34 04 58 .O 

7 CW. - 11.9 o .6 11.3 29 .5 
A. 72.0 22.2 o .6 21.6 37.4 
\JW. - 35 -0 o .6 34 04 56 *O 

Abbreviations. - 
CW. = cold water 

A. m air. 

T1 = hot junction., 

To = cold junction.. 

W. = warm water 

The air temperatures were found to be inaccurate when graphs 

I of deflection/~O range were plotted, and so just the hot and 

cold readings were used as standardisation points.. 



Investigation of variation in deflection wi th  Doran Mini Thernocouple Potentioneter 

with length of thermocouple wire, using n constant tenperaturc junction, 

Temp, of con- 
stant ref. jun- 
ction of Got 
water in thernos. 

0 
F. 

TOC ref. 
junction 

on 
Doran. 

Leng th  o f :  
Thermocouple wire. 

(Feet). 
1. ' 
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TABLE 5 .. 

Thernocouple readings for Shelter Deck ZA, .  21/7/58,.. 

rno- Temp, from Tenp.. o f  Final 
.ple Deflection, tables(graph). reference T ~ m p  .- 

0 
io. C junction 

0 
C .. 

C. 

Sunvic , 11 .OO a .n. 



TABLE 6 . 
Doran Mini  The raocoup lc  r e a d i n g s  i n  2A S h e l t e r  Deck. 

10.0 a.n.  - 10.30 a.n. ~ u l y  2 6 t h .  1958. 

T O C  ref. 
0 

Therno-  D e f l e c t i o n  T range 
j u n c t i o n .  nv . 

c o u p l e  No. 

I 27 00 0.205 

f r o n  t a b l e s .  

5 035 

F i n a l  t enp  . 
0" 



TABLE 7. 

P o s i t i o n  o f  Thermocouples i n  Hold 1. Homeward voyage; 

THermo- D i s t a n c e  from D i s t a n c e  from Depth; P o s i t i o n .  
coup le  No. Forward end o f  s t a r b o a r d  edge 

h a t c h .  of  h a t c h .  

6'011 Between bags  

of  Groundnut 
Cake.. 

4 ' O t 1  I n  t i m b e r  
unde r  edge 
of ha tch ' .  

1 O 1 0 I f  Between bags  
of Groundnut 

Cake.. 

3 I 0" Under h a t c h  
edge .  

3 IOt l  Under h a t c h  
edge .. 

7 '3" Between bags  
of  Groundnut 

Cake. 

( ~ h e r m o c o u p l e s  2 & 5 f a i l e d  t o  g i v e  a r e a d i n g  as  t h e y  

were broken d u r i n g  l o a d i n g ) . .  
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TABLE 8. 

Thermocouple  r e a d i n g s  f rom 901d  1 - Homeward voyage ,  

D e f l e c t i o n .  

54.5 
48.5 

49 

43 *5 
56 

59 

Thermocouple  No. 

1 

Temp, f rom graph.  

98.5 

93 a 0  

93 .5 
88.5 
99 *6 

102.2 



TABLE 8. (~ont.) 

Thermocouple No, 

1 

3 
4 
6 

7 
8 

b 

7 
8 

n after hatch ven 

1 

3 
4 
6 

7 
8 

Temp. f r o m  graph,  

100.2 

91.3 

99.3 

93 .O 
94.4 

103 

103 00 

94 00 
100.6 

96.1 

99 b6 

108.5 
tilatcd for 1 hour). 

95.4 
9 7 

9 7 
92.6 

96 05 
105 -7 
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TABLE 9. 

S t a n d a r d i s a t i o n  of  Sunvic  R.S.P.2. Homeward voyage. 25/9/58. 

0 Ref .  j u n c t i o n  ( i c e  and t rx t e r  = 0 C ,  = 3 2 ' ~ ~ )  

D e f l e c t i o n .  

5 4 
4 8 
41 
40 

3 8 
3 5 
34 

33 05 

19 
20 

2 1  

23  

26 

28 

30 

36 

3 8 



APPENDIX V 

1dEATi:ER RECORDS. 

( s u p p l i e d  by Ch ie f  O f f i c e r  from s h i p ' s  l o g . )  

OUTT.rARD ROUND 

Cloudy,  o v e r c a s t  and c l e a r ,  Nod.erate S o u t h e r l y  b r e e z e ,  

s e a  and s w e l l .  

l l ode ra t e  S o u t h e r l y  b r e e z e  and s e a ,  low s w e l l ,  o v e r c a s t  

and hazy ,  

L i g h t  WNW b r e e z e ,  s l i g h t  s e a ,  low s w e l l ,  f i n e  and c l e a r .  

G e n t l e  NNW b r e e z e ,  s l i g h t  s e a ,  lob3 s w e l l ,  c loudy ,  f i n e  

and  c  l e e r .  

Nodera te  NNE b r e e z e  and s e a ,  low s w e l l ,  o v e r c a s t / c l o u d y ,  

f i n e  and c l e a r .  

G e n t l e  NNE b r e c z e ,  o v e r c a s t  and c l e a r .  

Moderate  NNE b r e e z e ,  s l i g h t  s e a ,  low s w e l l ,  o v e r c a s t  

and c l e a r .  

F r c s h  N o r t h e r l y  b r e e z e ,  rough s e a ,  modera te  s w e l l ,  

f i n e  and c l e a r .  

L i g h t  b r e e z e ,  s l i g h t  s e a ,  low s w e l l ,  c loudy  and f i n e .  

G e n t l e  b r e e z e .  l l ode ra t e  s e a ;  s w e l l ,  heavy r a i n  a t  

f i r s t ,  

L igh t  b r e e z e ,  S l i g h t  s e a  w i t h  s w e l l ,  c l o u d y ,  f i n e  

and clezir .  

L i g h t  b r e e z e ,  s l i g h t  s e a ,  low s w e l l ,  ~ l o u d y / o v e r c a s t ,  

c l e a r ,  t ~ i t h  o c c a s i o n a l  l i g h t  r a i n .  

Rippled  sen,  low s w e l l .  Cloudy,  f i n e  and c l e a r .  

A r r i v e d  T a k o r a d i ,  



WEATHFR BECORDS 

HOMEWARD BOUND. 

Dakar.  

25/9/58. R i p p l e d  s e a :  low s w e l l ,  O v e r c a s t  and  c l e a r .  

25/9/58. R i p p l e d  s e a :  low s w e l l .  L i g h t  c l o u d ,  f i n e  and  c l e a r .  

27/3/58. S l i g h t  s e a ,  low swel l :  L i g h t  c l o u d ,  f i n e  and  c l e a r .  

28/9/58. R i p p l e d  s e a ,  low s w e l l ;  Cloudy,  f i n e ,  c l e a r .  

29/9/58. Calm s e a ,  low s w e l l ,  feel c l o u d s ,  f i n e  and  c l e a r .  

30/9/58. Modera te  s e a ,  heavy XitJ s w e l l ,  ma in ly  o v e r c a s t .  

1 / 1 ~ / 5 8 ,  Rough sea ,  heavy  s w e l l ,  n a i n l y  o v e r c a s t ,  

2/10/58. Very rough  s e a ,  heavy s e r e l l ,  s h i p p i n g  w a t e r  

forr-rmd aad  a f t ;  l i g h t  c l o u d ,  f i n e  and  c l e a r .  

3/10/58, Rough s e c ,  heevy s w e l l ,  c l o u d y  snd  f i n e ,  
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WEATHER RECORDS : OUTWARD BOUND, 

?ate. Barometer. Latitude. Longitude. Temp. (wet)  .~emp, (Dry) Sea Temp. 

18/7/58 30.02" Liverpool Liverpool 6 o 6 2 6 6 

19/7/58 29.8911 45'58 IN 8'381~ 62,5 65 67 
2c/7/58 30.23" 41°31 1 N 10'26 'W 63 70 68 
21/7/58 30.161' 37'54'~ 12'24 f!v 65 73 72 
22/7/58 30 -081f 32'26s IN 13'52 '1,fr 73 78 75 
23/7/58 30 .021t  as palmas p as palmas 69 71 74 
24/7/58 30.081~ 24'38 'N 16 '23 w 69 74 7 6 

25/7/58 29.99" 19O57 ' w 17'35 'w 6 8 73 78 
26/7/58 29.9211 15'15 IN 17O39'w 7 5 82 83 
?7/7/58 29. 940' 10'47 N 16'55 1's 7 2 7 4 82 
23/7/53 30 ,0OV 7' 54'N 14'0 rlqr 71 81 8 1 

29/7/58 29 9711 5' 1 6 1 ~  9' 481w 76 81 8 1 

WEATHER RECORDS : HOMEWARD BOUND. 
-- 

3ste. Baroneter, Latitude. Longitude. Tcmp.(~et). Temp. (Dry). 

?j/9/58 29. 9211 14O14 IN 17020fw 81 88 
'4/9/58 Dakar Dakar 

3/9/58 29.92?1 18'11 'K 17'39 lbr 8 o 86 

26/9/58 29.94?? 22'36 IN 17O13 'W 68 7 0 

:7/9/58 30.04" 26'45 'N 15'48 tw 71 76 
23/9/58 30 -05" 30'56 N ~4~1.5 IW 69 75 
29/9/58 30,0911 35'16 IN 12'42 IW 7 0 8 o 
-2/9/58 29.8611 39'21 IN 10'52 'w 63 7 0 
:/10/58 29.8111 43 '08 N 9O47 'v 6 2 67 

/10/58 29 ,70M 47'03 'N 7'41  IT,.^ 57 65 
, -/10/58 29.42" 50'52 IN 5'04 lw 6 o 62 

:3. All temperatures expressed in degrees Farenheit. 
Barometric pressures >re in inches of water, corrected to 40 feet 
above sea level, 



AFPENDIX VI 

List of species found on board M.V.Sangara, July - October,1958. 

Coleoptera. -- 
Tribolium castaneum. 

Typhaea stercorea. 

Alphitobius diaperinus. 

Nccrobia rufipcs. 

Ahasverus zdvenn. 

Deracstes ater. 

Oryzaephilus nercntor. \ 

Carpophilus dirnidiatus. 

Lnsioderna serricorne. 

Lepidoptera . 
Ephcstia cautella. 

Dictyoptera. 
--" 

Periplanete americana. 

Deraaptera, 

Unidentified sp. 

Diptcra, 

lrluscidae . 



APPENDIX VII 

List of nembers of Inperill College Natural uistory Society 

Siological Expedition to Ghana, 1958, 

botanists. 

Mr.K.Loach, B.Sc., A.R.C.S. 

FTiss J.L.Stevens, B.Sc., A . R . C  .S. 

Rntoaologists. 

?~lr.A.C.Nevillc, S.Sc., A.R.C.S., F.R.F.S. 

Fir . J .C .Tcqylor, r" .R .T .So 

Parasitologists. 

Mr,J.D.Jones, R.Sc., A.R.C.S. 

Mr. R.F.Sturrock, R.Sc., A.R.C.S. (~eader) 

PIr.J.!~!..~~Jebster, B.Sc., A.R.C.S. 
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M r . D . R a l 1 ,  P e s t  I n f e s t a t i o n  Lab., D.S.I.R., Slough.  

M r  .W.B.Woodward, st 11 

M r  .T .A.Oxley, PI  1 I 

Dr.W.F.Jcpson, I m p e r i a l  C o l l e g e  F i e l d  S t a t i o n ,  S i l t rood ,  

Ilr . J . S i d d o r n  , 11 I I 

Mr,M.)5,Senior and t h e  s t a f f  of  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 ,  M.A.F,F., L i v e r p o o l .  

Mr.R.Roberts and  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 ,  

M.A.F.F., London O f f i c e .  

The C a p t a i n  and crew o f  E l d e r  Dempster Lines1M.V. 

S  ANGARA . 
The ncmbers o f  I m p e r i a l  C o l l e g e  1958 Ghana X x p e d i t i o n ,  

a  s e p a r a t e  l ist  of  whom a n p e a r s  i n  t h e  Appendix. 

Kr .D.B.Tod, F l d e r  De!?pster L i n e s  Ltd .  , Liverpool . .  

I \ lr .L.R.Chisnell ,  P a s s e n g e r  FIanager, R l d e r  Deqps te r  

Agencies  Ltd  .., T a k o r a d i ,  Ghana .. 
Mr.J.Rawnsley, Ghana Cocoa E a r k e t i n g  Board. 

I a m  v e r y  q r a t e f u l  t o  t h e  f o l l o w i n g  o r g a n i s a t i o n s  f o r  

f i n a n c i a l  a s s i s t a n c e : -  

I r n a e r i a l  C o l l e g e  Z x p l o r a t i o n  Board. 

E l d e r  Denps te r  L i n e s  Ltd..  

The  Cocoa, Choco la t e  and C o n f e c t i o n e r y  A l l i a n c e  L t d ,  

U n i l e v e r  L t  d ,  

N i ~ c r i a n  Produce  Marke t ing  Co.Ltd. 



Ghana Cocoa ? I ~ r k e t F n g  Co .L td ,  

L.Rose 8. Co. 

F . H i l l s  & Sons .  

I a l s o  wish t o  t h a n k  t h e  f o l l o w i n g  p e o p l e  and o r g a n i s a t i o n s  f o r  

equipment  and t e c h n i c a l  a s s i s t a n c e : -  

P e s t  I n f e s t a t i o n  L a b o r a t o r y ,  Dept .  of S c i e n t i f i c  and 

I n d u s t r i a l  Resea rch ,  

M i n i s t r y  of A g r i c u l t u r e ,  F i s h e r i e s  and  Food, 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 .  

P r o f e s s o r  O.W.Richards, I m p e r i a l  C o l l e g e ,  London. 

Dept.  o f  Zoology and Appl ied  Entomology, I m p e r i a l  Co l l ege .  

Nr .E.Hughes, 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 ,  F.A.F.F., 

E ; r i s t o l .  

Idinsor  and Newton L td .  

Vidor  L td .  

P i r .B .C l i f fo rd ,  P e s t  I n f e s t a t i o n  Lab , ,  D . S . I . R . ,  S lough.  

H0T4.Customs A u t h o r i t i e s ,  L i v e r p o o l  and  B r i s t o l .  

The L i v c r p o o l  Warehousing Co.Ltd, 

Many Dockers  i n  L i v e r p o o l  and Avonmouth, B r i s t o l .  

I"ir .F .11.1 .G .Annas, of I m p e r i a l  Co l l ege  E x p l o r n t i o n  Board.  

Fir .P ,F .Tay lo r ,  t t  I S  

The Genera l  Yzinager & Harbours  A u t h o r i t y ,  Takoradi ,Ghana .  

E l d e r  Dempster Agencies  L t d . ,  T a k o r a d i ,  Ghana. 

Produce I n s p e c t i o n  Dept . ,  T s k o r a d i ,  Ghana, 
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