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Abstract 

O r ientati on by adult greenhouse white f l y  ( Tri a l e urodes 

vaporari orum We s twoo d )  to younger leaves is induced by 

n egative geotaxi s and p o s i tive photota x i s  but there is a 

minor e f fe ct o f  featu re s  o f  the l e ave s . The s e l e cti on o f  the 

l ower l e a f  surface i s  predominantly the re s u l t  o f  a 

pre f e rence for  be ing ups ide-down ( ie .  a r e spon s e  to gravity )  

but l e a f  characte r i sti c s  a l s o  play a r o l e . Negative 

phototaxi s has a minor e ffect. Adult femal e s  lay more eggs on 

the younger l e ave s and on the l ower l e a f  surface o f  s ome 

p l ant spe c i e s  but not others.  L e a f  hai r ine s s  and l e a f  angl e 

are  not s i gn i f i c ant factor s  in s e le ction by adults o f  e ithe r  

1 )  y ounger l eaves o r  2 )  the l ower l eaf surface n o r  are  the y  

s i gn i fi c ant factor s  i n  the number o f  eggs / fema l e / day l a i d  o n  

e ithe r  1 )  l e ave s o f  di f fe rent age s or 2 )  the l ower o r  upper 

leaf  surface s . 

Adu lt survival on sucro s e  s achets ( aqueous suc r o s e  s o lution 

s andwi ched between two layers of Ne s co f i lm )  was optimum for 

1 5-2 0 %  s u c r o s e  and e ggs / female / day l a i d  on the s u c r o s e  

s achets was independent o f  sucrose  c oncentrati on when it w a s  

between 1 0 %  and 3 0 % . Eggs / fema l e / day reached a max imum a fte r 

2 - 3  days and ther e a fte r dropped sharp l y . The numb e r  o f  l a rvae 

that hatched was independent of sucrose c oncentrati on but 

h i gh e r  c oncentrati ons appear to induce l ater hatch . P e r c ent 

egg hatch var i e d  f rom 4 0 %  to 7 7 % . The numb e r  o f  eggs l ai d  on 

2 0 %  s u c r o s e  s achets in c ompl ete darkne s s  was n e a r l y  twi c e  

that o f  a n y  other l i ght inten s ity . There was no graded 

r e l ationship between l i ght intens ity and ovipo s it i on . More 

eggs were l a i d  on 15 % s u c r o s e  s achets in l ight/ dark regime s 

o f  8 / 1 6 ,  4 / 2 0  and 0 / 2 4  than o f  12 / 1 2 ,  1 6 / 8  and 2 4 / 0  hours . No 

diurnal fluctuati on in e gg- l ay ing o c curred nor we re more eggs 

l a id in e ithe r  l ight o r  dark pe r i ods . The sucro s e  s achet 

techni que is a su itab l e  too l  for further stud i e s  on 

greenhous e  white f l y  behaviour . 

The r e s u lts provide further i n f o rmation for  inco rporati on 

into integrated pest management r e s earch . 
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P r o j ected e qual di s c  
P r o j ected e qual d i s c  

equ a l  

area . 
area . 

continued 

24 8 
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Table Al-3 /4 Adu l t  preference for  y oung e r  o r  o l de r  
l e a f  d i s c s  a t  ang l e s  0 ° ,  4 5° ,  6 0 °  o r  9 0° . 

i .  T omat o cv . Viros a .  
i i . T obacco cv . Whi t e  Burley . 

iii. Rauriki . 

Table Al-3 / 5  Adu l t  preference f o r  i n clin e d  
o r  hor i z ont a l  l e a f  di s c s  at ang l e s  0 ° ,  
4 5° o r  6 0 ° . Compari s on o f  actual and 
project e d  equal disc area . 

i .  T omat o cv . Viro s a . 
i i . Raur iki . 

P age 
2 6 0 

2 63 

Table A2 - 1 / 1  Ovipo s i t i on on l e a f  d i s c s  and i nt act 2 6 5 
l eave s o f  4 l e a f  age s . No cho i c e  t e st . 

i .  T omat o cv . Moneymake r .  
i i . T obacco cv . Whi t e  Burley . 

Table A2 - 1 /2 Tomato cv . V i ro s a . 

i .  Ovipo s i t i on and l e a f  h a i r  den s i t y  
o f  int act pl ant s - 4 l e a f  age s and 
both leaf surface s .  No cho i c e  t e s t . 

i i . Ovipos i on and n i t rogen , pho sphorus 
and pot a s s ium cont ent for 4 l e a f  agea 

Table A2 - 1 /3 Ovipo s it i on on l owe r o r  upp e r  
surface o f  l e a f  d i s c s . Cho i c e  t e st . 

Table A2 - 1 /4 Ovip o s it i on on l owe r o r  upp e r  
surface o f  l e a f  d i s c s  o f  4 age s . Cho i ce t e st . 
T omat o cv . Vi ro s a . 

2 6 7 

2 6 9  

2 7 0  

Table A2 - 1 /5 Ovipo sition o n  horizontal o r  inclined 2 7 1  
l e a f  d i s c s  o f  y ounger o r  mature l e a f  age. 

i .  T omato cv. Vi ro s a . 
i i . T obacco cv . Whi t e  Burley . 

i i i . Rauriki. 

Table A2 - 2 / 1  Adu l t  survival and sex group within 2 7 4  
sucro s e  c oncent r a t i on over t ime . 

c ont i nued 
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Introduction 

Greenhouse whi t e f l y  ( Tri a le urodes vap orari orum, Westwood)  was  

s e l ecte d  as  the t op i c  for t h i s  t he s i s  a s  it has b e c ome an 

imp o rt ant p e s t  o f  s evera l greenhouse crops in New Z e a l and 

such as t omat o es ,  b e an s ,  cucumbers and chrys anthemums. I n  

other c ount r i e s  e ggpl ant s ,  me l on s , gherkins and ge rber a s  - a l l  

grown in greenho u s e s  are a l so very suscept ible t o  att ack . 

P l ants grown in open ground such a s  t amari l l o s and 

o rn ament a l s  such as h ib i s cu s , D a t u ra spp. and Abu t i l on spp . 

a r e  s u i t ab l e  h o s t s t o o . I n  addit i on weeds such a s  rauri k i  

( Sonch u s  o l ea ra ce u s )  m a y  be s ourc e s  o f  init i a l  i n f e s t a t i o n  

f o r  i mport ant c rops . Therefore , t omat o ,  t obacco ( wh i ch h a s  

b e e n  w i de l y  u s e d  for  rearing greenhou s e  whit efly , Abu t i l on 

sp . ,  Da t ura sp . and rauriki were s elected for thi s study a s  

rep r e s ent at ive s o f  the range o f  p l ants attacked. They were 

a l l  als o  readi l y  ava i l ab l e  either a s  mature p l ant s in the 

grounds of Mas s e y  Un ive r s it y  o r  could be grown from s e e d. 

The damage c a u s e d  by whi t e f l i e s  c an be cons i derab l e . They are 

s ap suckers and excret e h oneydew on whi ch uns i ght l y  s o oty 

mou l d  may grow. I f  s u f f i c i ent numbers are present , p lant 

growth may b e  s t unted and c rop y i e l d  reduced. Al s o  the very 

pre s e n c e  o f  the adu l t s  and deve l oping immobi l e  st age s o f  

greenhous e  whi t e f l y  may downgrade the aesthet i c  value o f  

o rn ament a l s  both out do o r ,  such a s  hibi s cus and pot p l ant s ,  

such a s  impat i e n s . 

W i de u sage o f  chemi c a l s  t o  c ont r o l  greenhouse white f l y  has  

r e s u l t ed in the deve l opment o f  r e s i stance t o  s ome chemi c a l s . 

Con s e quent l y  att ent i on has  turned to bio logi c a l  cont r o l  

methods and,  for  t omat o, breeding o f  res i st ant cult ivars . I n  

m o r e  recent ye a r s  integrat e d  pes t  management programme s  h ave 

been deve l oped for seve r a l  crops e . g .  t omat o e s , 

cucumber s , chrys anthemum s . Work i s  current ly in progre s s  f o r  

other crops . 

The deve l opment o f  an i ntegrated pest management p rogramme 

f o r  a greenhou s e  c rop requ i re s  re s e arch into the int eract i on s  

o f  a l l  t h e  c omponent s invo lved i n  the growing o f  that 
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c rop . The s e  inc lude a l l  the pe s t s and d i s e a s e s ,  potent i a l  c rop 

cultiva r s , a s  we l l  a s  envi ronment a l  factors such a s  

t empe rature and humid it y . An import ant aspect o f  t h i s  i s  t he 

int e ract i on between t h e  host  p l ant and e ach import ant p e s t  o f  

t he crop , f o r  e x amp l e  the p l ant charact e r i s t i c s  whi ch affect 

the s e l e ct i on of one p l ant part i n  pre ference t o  another o r  

t h e  f a ct o r s  t hat a f f e ct t he number o f  eggs l a i d  by the adu l t  

f ema l e s .  I t  i s  i n  t h i s  area t h a t  t h i s  thes i s  s e e k s  t o  add t o 

the knowledge a l ready avai l ab l e . Al l such in forma t i o n  may 

then be i n c o rp o r at e d  int o a mode l for that part i cu l ar c rop . 

As the informat i on i s  r e f i ne d  and quant i fi e d  the model c an be 

u s e d  to t e st predi ct i ons such a s  the e ffect of change s i n  

greenh ou s e  t empe rature o r  growing a diffe rent cult ivar w i t h  

more h a i ry l e aves. 

Re s i s t ant p l ant variet i e s  can be incorporate d  into integrated 

p e s t  management programme s . The search for  such re s i st ant 

v a r iet i e s  requ i re s  t h e  s c reening o f  numerous for the de s i red 

t r aits. Techn i qu e s  whi ch can do thi s quickly and accurat e l y  

a r e  needed . The t echn i que u s e d  in thi s the s i s  o f  l e a f  di s c s  

s e t  int o h o l e s  i n  wat e r  agar could po s s ib l y  be adapted fo r 

u s e  in such a s c reening proce s s . 

Re s e a rch i s  s omet ime s hampered by l ack o f  s u i t ab l e  

t echnique s .  F o r  e x ampl e  when l e ave s are u s e d  i n  e xper iment s 

change s may t ake p l a c e  in the leaves themse lves becau s e  o f  

the t re atment s app l i ed and s o  a ffect the expe r iment a l  

out come . Hence sucro s e  s a chet s cou l d  b e  u s e fu l  i n  e xper iment s 

t o  measure ovipo s it ion / l a rvipo s i t i on o r  l ongevit y ,  f o r  work 

with pe s t i c i de s , e ffect of day lengt h ,  l i ght inten s i t y  e t c . 

There are n o  repo rt s i n  the l it erature of the use o f  s u c r o s e  

s ache t s  f o r  greenhous e  whi t e f l y . This  the s i s  has s hown that 

they provide a suit ab l e  t o o l  in greenhous e  whi t e fl y  r e s e a rch . 

I t  i s  hoped that the i n f o rmat i on in this  t he s i s  wi l l  a dd t o  

the a l re ady l a rge b o dy o f  knowledge ava i l ab l e  for the de s i gn 

o f  i nt egrat e d  pe s t  management programme s and mode l s  o f  

greenhou s e  white f l y  behaviour and interact i on s  with i t s  h o s t  

pl ants . 
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Lit erature Review 

Distribution of adult insects within plants 

P l ant f e e ding i n s e ct s  are very di s cerning when s e l e ct ing not 

o n l y  t he p l ant spec i e s  but a l s o  the pre c i s e  p a rt of those  

p l ant s on whi c h  they feed and / o r  ovipo s it . There are  i n sect 

spe c i e s  whi ch prefer to feed on l e ave s e . g .  c a t e rp i l l a r s  o f  

green l ooper (Chrys odeixi s eri o s oma); s t ems o r  branche s 

e .  g . l emon t re e  borer (Oemona h i rt a); f l ower s  e .  g .  t omat o 

f ru i t wo rm ( He l i o t h i s  a rmi gera confert a); root s e . g . c arrot 

rust fly l a rvae (Psi l a  ro sae) and fruit s e . g .  codl i n  moth 

( La sp eyres i a  p omon el l a )  S imi l arly , eggs may be l a i d  on 

d i f f e rent pl ant part s depending on the i n s ect spe c ie s . S ome 

i n s e c t s are l e s s  fus sy and w i l l  feed and ovip o s i t  on more 

t han one pl ant part e . g .  greedy s c a l e  ( Hemiberl e s i a  rapax) 

feeds on s t em s , leave s and fru it s . Howeve r ,  s ome are even 

more fu s sy and prefer regions wi thin pl ant part s for e x ampl e  

t h e  upper le af s urface (cherry s l ug (Caliroa cerasi» or the 

s e e d s  w i thin fru i t s  (codl i n  moth l arvae ) . However for  

ovip o s it i on c odl in moth prefers  leaves to  fruit s .  

Furth e r  fact o r s  add t o  the comp l exity o f  t he di s t r ibut i on o f  

individu a l s  o f  a n  i n s ect spec i e s  within a p l ant . The 

d i f f e rent l i fe s t age s , e spe c i a l ly t h o s e  of h o l ome t ab o l ous 

i n s e ct s ,  may sett l e , feed and ovip o s i t  i n  qu i t e  d i f fe rent 

l oc at i on s  on the p l ant , or one s t age ( e spec i a l ly t he pupa and 

w inged adult s )  may not be on the p l ant at a l l . Adul t  fema l e s  

o f  s ome specie s l ay their eggs o n  the pre ferred p a rt o f  the 

h o s t  p l ant e . g .  whi t e  but t e r f l y  ( Artoge i a  rap a e) l a y s  it s 

eggs on the out e r  leaves o f  bra s s i c a s  but othe r s  l a y  the i r  

eggs i n  t h e  vi c in i t y  o f  the h o s t  e . g .  porina (Wi se a n a  spp ) . 

St i l l  o t he r spe c i e s  have no cho i c e  but t o  ovipo s it / l a rv ip o s i t  

where t h e y  f e e d ,  because t h e y  are immobi l e  e . g .  s c a l e  

i n s e ct s. S ome insect s  move on and o f f  individu a l  p l ant s 

throughout the day or over the i r  l i fet ime e . g .  a du l t  gra s s  
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grub beet l e s  move i n  t o  feed o n  l eave s o f  t�ee s  and s hrubs at 

n i ght and return t o  the s o i l  during the day . So the 

d i s t r ibut i on of a p opu l at i on of i n s e c t s  within a pl ant var i e s  

wide l y  and h a s  a charact e r i s t i c  patte rn for di ffe rent 
spe c i e s .  

Location o f  s ett�ing s ites within p�ants 

I n  the c ont ext o f  t h i s t he s i s  ' sett l e '  means remain on the 

p l ant p art whe re t he i n s e c t  has a l ighted . I f  i t  reje c t s  t he 

s it e  w i t h in a short space o f  t ime by fly ing or walking away 

then it h a s  not ' s e t t l e d ' . N o l dus et al  ( 1 9 8 6b )  found that 

for adu l t  greenhous e  whit e f l i e s  t h i s  t ime is about 

where t he y  have no p r i o r  e xp e r i ence of young 

s u i t ab l e  h o s t  p l ant s. 

30 m inute s  

l e aves of 

The proce s s  o f  l oc at i on o f  sett l ing s i t e s  within p l ant s i s  

l ik e l y  t o  b e  s im i l ar t o  t he proce s s  o f  s e l e c t i on o f  the host 
p l ant spe c i es i t s e l f . Ins ect s woul d  not s e e  the individual 

p l ant a s  a s ingl e  ent i t y  i n  t he way that human beings do , 

hen c e  homing i n  on a part i cu l a r  part within the host pl ant 

wi l l  be jus t  anothe r l i nk or so in the proces s  o f  
feeding / ov ipo s it i on s it e  s e le c t i on de s c r ibed b y  various 

authors ( Thorst e in s o n ,  1 9 6 0; S axen a ,  1 9 6 9; Lindstedt , 1 9 7 1 ) . 

St i nner et a l  ( 1 9 8 3 )  p o int out that mode l s  o f  the host pl ant 

s e le c t i on proce s s  are c omp l ex and that random movement doe s  

not exp l ain the obs e rved di st r ibut i on .  However, i n s e c t s  w i l l  

o ft en f i r s t  move r andom l y  i n  o rde r to arrive in t h e  general 

v i c in i t y  o f  an approp r i at e  host p l ant before other fact o r s  

c an c ome int o p l ay. Thi s  i s  becau s e  the sphe re of influence 

of most fact o r s  i s  re l at ive l y  smal l .  The major l inks i n  the 

chai n  of the host p l ant s e l e ct i on p roce s s  have a l re ady been 

unrave l le d  ( Deth i e r ,  1 9 7 6 )  and f ound to be both phy s i c a l  

feature s o f  t h e  environment and o f  the p l ant a s  we l l  as  

chem i c a l  sub s t an c e s  within o r  emanat ing from the p l ant o r  

pheromone s emanat ing from other individual s o f  the s ame 

i n s e ct s pe c ie s . 

The facto r s  governing t h e  l ink s in the chai n  have s omet imes 

been inve s t i gat e d  b y  s tudying the re spon s e s  o f. individual 

i n s e c t s  to var i ou s  s t imu l i . Howeve r ,  St i nne r et al  ( 1 9 8 3 )  

po int out t hat t h e  behav i ou r  o f  one individual insect may b e  

di ffe rent f rom t h a t  o f  a group . O n e  o n l y  has t o  c ons ider t h e  

f l i ght p at te r n s  o f  swarm s  o f  l o c u s t s  t o  re a l i se t hat s ome 
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i n se c t  spe c i e s  e xhib i t  group behaviour patt e rn s . Henc e  i t  i s  

n e c e s s ary t o  s tudy the behaviou r  of groups of i n s e c t s  a s  wel l  

a s  t hat o f  indi vidu a l s .  

There are  a r ange of factor s  that may a f fect the s e t t l ing 

s it e  s e l e ct i on p roce s s . The chem i c a l  factors cou l d  be odours 

whi c h  the i n s ect det e c t s  from a di s t an c e  or at the p l ant 

s u r f a c e  or non - vol at i l e s  again dete c t e d  at the p lant surface 

or after a t e s t  bite or probe . The i n s e ct may be attracted,  

repe l l e d ,  a r r e s t e d ,  s t i mu l at e d  to prob e /b i t e  or to ovipos it 

b y  t he s e  chemi c a l s . There has been much a rgument ove r  the 

re l at ive importance of s econdary p l ant sub s t an c e s  and p l ant 

nut r ient s in host p l ant s e l e ct ion ( Ha s eman , 1 9 4 6 ,  1 9 5 0 ;  

F raenke l , 1 9 6 0 , 1 9 6 9 ;  Thor s t e i n son , 1 9 5 8 ,  1 9 6 0 ;  Bec k ,  1 9 65 ;  

Kennedy , 1 9 6 5 ; Jermy , 1 9 6 6 ;  S choonhoven , 1 9 6 8 ;  Saxen a ,  1 9 6 9 ;  

D e t hi e r , 1 9 7 0 ,  1 9 8 2 ;  Chapman , 1 9 7 4 ;  P rokopy and Owens , 1 9 7 8 ) . 

It app e a r s  t hat both p l ay a role and t he i r  re l at ive 

importance depends on the i n s ect and p l an t  spec i e s .  I n  

a dd i t ion s ome i n s e ct s a r e  attracted t o  t h e  oppos i t e  s e x  o r  to 

oth e r s  of the s ame spe c i e s  by sex or aggregat i on phe romones 

s o  t hat they are drawn to the p l ant s inhab it e d  by other 

individua l s . 

The phy s i c a l  factors c an be feature s of t he p l ant such a s  

l e a f  h a i r i n e s s  o r  shape o f  f ru i t  o r  colour o r  the hardn e s s  o f  

t he fibre s a round t he vas cu l a r  bundl e s  whi ch prevent 

penetrat i on to the phloem for s ap feeders . The phy s i c a l  

f a ct or s  c an a l so b e  f e ature s of the w i de r  envi ronment . Many 

i n s e c t s r e spond to l i ght , gravi t y ,  and / or day l ength . P rokopy 

and Owe n s  ( 1 9 8 3 )  con s i de red that the percept i on of l i ght 

i n t en s i t y  and colour cont r a st s ,  s hape and movement 

p e r c ept i on ,  and p at t e rn di s rupt i on may be a s  important , or 

mor e  s o ,  in the p roc e s s  of det ect ion of p l ant s t ructure 

w i t h i n  a canopy as the det ect ion of an ent i re pl ant from 

out s ide t he canopy . 
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The need t o  l ocate a hos t  p l ant var i e s  w i t h  the i n s ect 

spec i e s . S ome are a l re ady on thei r  h o s t  p l ant s when the 

j uven i l e s  f i r s t  emerge and even t he a du lt s  spend a l l  or 

a l mo s t  a l l  of thei r  l ive s on the s ame h o s t  p l an t  spec i e s . 

Many hemipte rous i n s e ct s ,  such a s  greenh ou s e  whi t e f l y ,  are o f  

t h i s t ype a n d  t end t o  spend t he i r  who l e  l i fe c y c l e  n o t  only 

on the s ame p l ant spe c i e s  but a l s o  on the s ame p l ant 

i n d i v i dua l . F o r  most i n sect s the winged adu l t s ,  and s omet imes 

t h e  f i r s t  i n s t ars, are  the d i spe r s i ve s t a ge s . S o ,  i t  i s  the 

a du l t s  of greenhous e  whi t e f l y  whi ch l ocate the s et t l ing s it e s  

within a p l ant o r  move t o  another p lant . The newly emerged 

crawl e r s  have not been observed to move o f f  t he l e af on whi ch 

they emerge d . 

The f l i ght o f  hemipt erous i n sect s h a s  been de s cribed by 

S outhwoo d  ( 1 9 6 2 )  a s  ' mi grat o ry ' . That is movement from t he 

c u r rent h ab i t at t o  a new hab i t at . The migrat i n g  i n s e ct s do 

not n o rma l ly re spon d  t o  s t imu l i  such a s  f o o d  and sex 

phe romone s .  He de s c ribes the wal k i ng movement of adu l t s as 

' tr i v i al ' , t hat is it  has a spec i f i c  goal s u ch as f inding a 

mat e ,  l ocat ing food o r  s e e king she l t e r . The migratory 

movement he s ay s  occurs at the s t a rt of adu l t  l i fe and i t  i s  

m i nimal where the h ab i t at i s  stable and r e a che s ful l  

expre s s i on when the hab i t at i s  t empo rary . Henc e , a l though 

i n se c t s such a s  whit e f l i e s  do not need t o  move very f a r  t o  

f i nd a n e w  hab i t at , the i r  f l i ght t o  new s e t t l ing s it e s  c an be 

de s c r ibed as migratory as def i ne d  by S outhwo od . 

D i stribution o f  greenhouse whit e fly within a plant . 

The d i s t r ibut i on o f  greenhous e  whit e f l y  within a pl ant was 

obs e rved and recorded many years ago ( Hargre ave s ,  1915 ) .  The 

a du l t s  are t yp i c a l l y  f ound on the under s i de o f  the y ounger 

l e a ve s ;  the eggs are  l a i d  on t he s e  younger l e aves  and the 

immobi l e  juveni l e s  are on progre s s i ve l y  o l de r  l e ave s as they 

deve l op to a du lthood and the l e aves mature and approach 

s e n e s c ence; t he pup a r i a  are f ound on the o l de r  l e ave s . F rom 

here t he newly eme rged adu l t s  migrate up the p l ant t o  the 
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y ounger l e ave s o f  the s ame p l ant o r  s ideways and upwards t o  

t he younger l e aves  o f  o t h e r  p l ant s . F l i ght wi l l  t ake p l a c e  

above 1 6°C , 

be l ow 1 0°C 

at 1 5°C they walk s l ow l y  and no movement occurs 

( No l du s  et ai, 1 9 8 5  quot i ng Web e r  I 1 9 3 1 )  The 

adu lt s  p r efe rent i a l ly feed on t e rt i ary v e i n s  on the young 

l e ave s and on o l d  l e ave s they p r e f e r  the m a i n  ve i n  ( No l dus et 

ai,  1 9 8 6b )  otherwi s e  they do not app e a r  t o  prefer a 

part i c u l a r  area on the l e a f  surfac e . 

Studie s  have been carried out on t he d i spe r s a l  o f  greenhouse 

whit e f l y  from a p o int s ource t o  su rrounding p l ant s . Genchev 

and Nat s oka ( 1 9 7 7 )  found t hat ho r i z ont a l  m i grat i on on 

t omat o e s  and cucumb e r s  was re l at i ve l y  s l o w  c ompared with 

vert i c a l  migrat i on . Thi s t hey s ugge s t e d  was  bec ause adults  

are �tt racte� upwards t owards t he young l e ave s whe r e  they 

feed and ovipo s it . The whi t e f l i e s  in t he e xp e r i ment c arried 

out b y  N o l du s  et a l  ( 1 9 8 5 )  with t omat o e s  i n  a greenho u s e  t ook 

3 days t o  move from the s ource t o  s e t t l e  on ave rage 2 . 5 

l e aves  f r om the t op o f  the p l ant s . Xu et a l  ( 1 9 8 8 )  devised a 

mode l for  t h i s  within p l ant vert i c a l  movement . Howeve r ,  many 

of the whi t e f l i e s  wi l l  a l s o  move h or i z ont a l ly as N o l du s  et a l  

( 1 9 8 6 a )  showed in a l at e r  experiment a n d  X u  et a l  ( 1 9 8 9 )  

l at e r  devi s e d  a mode l for  the between p l ant movement . The 

d i s t ribut i on within a greenho u s e  t ends t o  be pat chy with 

groups within pat ches being h i gh l y  aggregat e d  ( Y amada et ai, 

1 9 7 9 ;  E ggenkamp et aI, 1 9 8 2 ;  Xu , 1 9 8 5 ;  No l du s ,  1 9 8 6 c ) . 

D i sp e r s a l  was f ound t o  be t emperature dependent with highe r 

t emperat u re s r e s u lt ing in e a r l i e r  d i spe r s a l , more rapid 

movement and l onger d i s t an c e s  t rave l l e d  b y  van Vi anen et a l  

( 1 9 8 8b ) . The change in t h e  w i t h i n  p l ant d i s t r ibut i on over 

t ime a s  t he adu l t s  moved up the p l ant s w a s  r e c o rded by Xu et 

al ( 1 9 8 4 )  and No l dus et al ( 1 9 8 5 ) . Van Vi anen et al ( 1 9 8 8 a )  

s howed t h at f eeding s i t e  s e lect i on i nvo l ve d  wa l king , prob ing 

and feeding with increas ing t ime spent on e a ch i f  t he host 

was s at i s fact o ry such as t omat o but n o  f e e di ng o c curred and 

few probe s whe re t he p l ant was an unsat i s f a c t o ry host  such a s  

r e d  a sh. However there i s  l itt l e  experiment a l  i n fo rmat i on on 
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the fact o r s  that influence the adu l t s  to s et t l e  on the l ower 

l e a f  s u r face and on the younger l e ave s . 

Vari ou s  f a c t o r s  have been s ugge s t ed t o  e xp l a i n  t he upward 

movement o f  greenhouse whi t e f l y  t o  the younger l e ave s . Hus sey 

and Gurney ( 1959)  sugge s t e d  that i t  was  t he result o f  

negat ive geot axi s and attract i on t o  t h e  c o l our o f  t he api c a l  

l e a f l et s . I t  has  b e e n  f ound t h a t  aph i ds o n  the vert i c a l  s t ems 

of p l ant s o r ie nt ate upwards by l ight and grav i t y  ( B inns , 

197 8 )  . 

Light 

F a r  more eviden c e  i s  ava i l ab l e  for a greenhous e  whitefly 

re spon s e  to  l i ght e s pe c i a l l y  t o  the c o l our y e l l ow . Hargreaves 

( 19 1 5 )  thought t hat whit e f l i e s  were n e i t he r  negat ive ly nor 

p o s it ive l y  phot o t a ct i c  but Ahman and Ekbom ( 19 8 1 )  put forward 

a s t r ong phot ot a x i s  and a respon s e  to the y e l l ow-green c o l our 

o f  the y ounge s t  l e ave s as t he reasons  why newly hat ched 

whit e f l i e s  move up a p l ant to sett l e  on the y ounge s t  l e ave s . 

L i ght t r iggers movement o f f  the l eave s o f  o r igin and l ack o f  

l i ght inhib i t s  movement ( N o l dus et a l , 1 98 5 )  . Al s o  whi t e f l i e s  

are  m o r e  act ive during t h e  d a y  a n d  t end t o  s e t t l e  at night 

( E kbom, 1 9 8 2 ) . 

Vai sh ampayan et a l  ( 19 7 5 a  and 1 9 7 5b ) demons t rate d  a s t rong 

p o s i t ive re spons e  to y e l l ow l i ght in t he 5 2 0 - 6 1 0  nm range 

whi ch s upport s t he suggest i on o f  Ahman and Ekbom above. 

Vai sh ampa y an et al ( 19 7 5 a  and 1 9 7 5 b )  found that the p o s it ive 

r e sponse 

( addi t i on 

t o  hue s  sharp l y  dec r e a s e d  with darker shade s 

o f  b l a ck t o  the hue )  o r  l e s s  s aturat ed t int s 

<addit i on o f  whi t e  t o  t he hue ) o f  t he s ame hue s  and that 

l ight inten s it y  affected the r e sponse to part i cu l a r  hue s . 

Exper iment s on the numbers o f  adult s l anding on l e ave s o f  

eggp l ant , s weet peppe r ,  t omat o and cucumb e r  showed that the 

di fferences depended on t he c o l our o f  t he l e ave s ( van 

Lent eren et aI, 1 9 7 7 )  Ve r s ch o o r -van de r P o e l  and van 

Lenteren ( 1 97 8 )  found that s e l e ct i on b e fore l anding was 
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i n f luenced b y  host  c o l our from experiment s w i t h  both r e a l  and 

a rt i f i c i a l  l e ave s . Howeve r t he y  do not provide dat a on t he 

c o l ou r  o f  the art i f i c i a l  l e ave s and i t  i s  imp r ec i se f o r  t he 

r ea l  l eave s . 

w i t h i n  a p l ant , the range o f  c o l our o f  l e ave s i s  u s u a l ly 

s ma l l e r  than between pl ant spe c i e s .  An e x c ept i on i s  

p o i n se t t i a  o n  whi ch whit e f l i e s  s e le c t  l e ave s w i t h  l e s s  

c h l o roph y l l  and l i ghter c o l ou re d  bract s but thi s s e le c t i on i s  

n ot a s s oc i at ed with t ot a l  sugar c ont ent nor p l ant growth 

h ab i t  ( B i lderback and Matt s o n ,  1 9 7 7 ) . Thi s s ugge s t s t hat 

c o l ou r  i s  invo l ve d  in the o r ient at i on p r o c e s s  and b ec au s e  the 

chemi c a l  s t imu l i  are s at i s fact o ry t he whit e f l i e s  remai n .  For  

p l ant s with far less  cont r a s t  among l e aves t he s t o ry is  

di f f er ent . Hu s sey and Gurney ( 1 9 5 9 )  o ff e red adu l t s  a cho i ce 

o f  t wo l e ar ages o f  t omat o i n  both a rt i f i c i a l  l i ght and 

b r i ght s un l ight and obse rved t hat they s e l e ct e d  t he y ounger 

l e a f  within 2 0  minute s  but when the whi t e f l i e s  were p revented 

f r om probing by a t r ansparent barr i e r  they d i d  not c o l l e ct 

beneath the y ounger l ea f . Nol dus et a l  ( 1 9 8 6b )  showe d  that 

whi t e f l i e s  do not s e l e ct leave s of t omat o e s  of a c e rt a in age 

f rom a di s t ance in spite of the presence of c o l our 

d i fference s . 

The response o f  whit e f l i e s  t o  y el l ow h a s  been made u s e  o f  in 

s t i cky y e l l ow t raps for e i t he r  monit o ring or c ont r o l  in 

c o mme r c i a l  greenhou s e s. For examp l e  see G i l l e sp i e and 

Qu i ring , 1 9 8 7 ; Af feldt et a l , 1 9 8 3 ;  Georgiev,  1 9 8 4 ;  Mitkov et 

a I , 1 9 8 4 ;  Ve i re and Vacante , 1 9 8 4 a  and 1 9 8 4b ;  Webb et a l ,  

1 9 8 5 ;  yano , 1 9 8 7 . The re spon s e  t o  l i ght direct i on from an 

a rt i fi c i a l  s ource has been we l l  documented in the work o f  

vari ou s  author s  on t h e  r e sponse t o  c o l our . Moe r i ck e  et a l  

( 1 9 6 6 )  c a rr i ed out exper iment s with whi t e f l i e s  t ethered i n  

f l i ght and found that they f l y  towards y e l l ow and w i l l  s t op 

wing movement s i f  the y e l l o w  l i ght s t r i ke s the l ower p a rt o f  

t h e  e y e s. Al s o ,  when s t imu l at ed b y  y e l l ow i n  f l i ght o r  

s t at i on a ry with wings e xt ende d ,  they adopt what they c a l l  a 
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' fa l l  r e f lex' p o s i t i on but i f  t h e  wings a r e  f o l de d  o ve r  the 

b o dy t he y e l l o w  l ight e l i c i t s  no re s p o n s e . There i s  the 

s ugge s t i on o f  Ahman and Ekbom ( 1 98 1 )  o f  a p o s i t i ve phot otax i s  

f o r  whi t e f l i e s  and evidence f o r  a r espons e  t o  l i ght di rect i on 

b y  a l a t e  aph i ds ( Binn s , 197 8 ) . Whi t e f l i e s  i n  f l i ght have a 

s t ronger preference for  higher l i ght i n t e n s i t i e s  ( Ma c dowa l l ,  

1 97 2 )  i n  p a rt i cu l a r  i f  the hue i s  e ithe r 5 5 0  nm ( b lue ) o r  4 0 0  

nm ( y e l l ow )  ( Co ombe , 198 1 ) . Whe re UV abs o rbing vinyl f i lm 

c ove r s  a greenhouse there are fewer l andings by greenhouse 

whi t e f l y  on cucumbers and t omat o e s  than under s t andard vinyl 

f i lm e spe c i a l l y  i f  3 8 0 - 4 0 0  nm i s  the abs orbt i on l imit but 

there i s  no e f fect on subsequent devel opment ( Sh i nk a j i  et a I , 

1 98 3 ;  Nakagaki et a I , 198 4 ) . 

L i ght may a l s o  influence the s e le ct i on o f  the l ower l e af 

surface . Co ombe ( 19 8 2 ) thought that whe re a du l t s  feed i s  

det e rmined by vi sual stimu l i  a s  t hey w a l k  t o  t h e  s haded s ide 

no mat t e r  whi ch s ide the l i ght ( from a xenon arc l amp 

appro x imat ing noon sun l i ght ) s h i n e s  t o wards and that t h i s  

indic a t e d  that gravi ty i s  n o t  import ant . Howeve r he provi des 

no s t at i s t i c a l  evidence and there i s  no i ndi c at i on that heat 

f r om the l amp h ad been e l iminate d  a s  a c au s e  o f  the re spons e . 

He a l s o  d i d  not t ake ac count o f  the p o s s ib i l it y  t h at both 

l i ght and gravity could be fact o r s  with l i ght ove r r i ding the 

gravit y  re spons e  when l ight i s  very b r i ght and directed t o  

t h e  unde r s i de o f  the l e a f . Kl ingauf e t  a l  ( 197 8 )  recogn i sed 

the imp o rt ance of  l ight and gravi t y  i n  s e l ect i on of  the l ower 

l e a f  s u r fa c e  by t he pea aph i d  (Acyrt h osiphon p i sum) a s  the alkane 

fract i on of cut i cl e  wax in Vi ci a faba and Bra s s i ca n. n apus 

c a u s e d  t he aphi d  t o  move from upper to l ower surface only 

when t he leaf wa s in a natural p o s it i o n . I f  l i ght is a factor 

i n  both s e l ect i on of t he younger l eave s and t he l ower l e a f  

s u r f a c e  there i s  a n  apparent cont ra d i c t i o n  i n  whi t e f l y  

response t o  l i ght : a p o s i t i ve phot ot a x i s  t o  induce movement 

upwards t o  the y ounger leaves and a negat i ve phot o t ax i s  t o  

induce movement away from l i ght t o  t h e  s haded l ower s i de o f  

t h e  l e a f . I t  m a y  be that whit e fly adu l t s r e sp ond p o s i t ive l y  
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t o  l ight when i n  f l i ght and negat ive l y  when walking o r  when 

they have rece ived s t imu l i  t o  settle . 

P l ant chemical s 

I n  t he exper iment s o f  Hus sey and Gurney ( 1959 ) , ment i oned 

above , i f  the whi t e f l i e s  were unable to probe because of an 

art i f i c i a l  b a r r i e r  they did not congregate b e l ow the leaf 

d i s c s . T hi s  sugge s t s  that s ome cue s to  i nduce s et t l ing c ome 

from p l ant s a f t e r  landing . N o l dus et a l  ( 198 6 b )  c o n f i rmed 

t hat a du lt s  c an d i s t ingu i sh y oung from o ld l e ave s r ap i d l y . I f  

they h ave exper i ence o f  y oung l e ave s f i r s t  they need only 3 

p r ob e s  o f  about 2 minut e s  each b e fore c h o o s ing t o  depart from 

o ld l e ave s and i f  they have n o  expe r i ence o f  y oung l e aves 

t h e y  need 6 p robe s o f  about 3 minutes each before dep a rt ing . 

The s t y  l e t s penet rate t o  t he phl oem and t he s t ylet path was 

t hought t o  be interce l lu l a r  for both l a rvae and adult s 

( Ha rgreave s , 1915 ; van der Kamp and van Lenteren , 1981) . The 

work of Jan s sen et al ( 198 8 ;  198 9 )  con f i rmed that t he path i s  

a l mo st c omp l et e l y  interce l lu l a r  be fore t he phl o em i s  reached 

in about h a l f  an hour . Re j ect i on of the p l ant o c curs  after a 

few minut e s  b y  whi ch t ime the s t ylet s w i l l  have penet rated t o  

j u s t  be l ow t he ep i derm i s  and s ampled t h e  apop l as t  c l o se t o  

t he l e a f  surface and i t  i s  the chemi c a l  proper t i e s  o f  t h i s  

whi c h  p l ay an import ant r o l e  in ho s t  p l ant s e lect i on or 

re j e ct i on . There are s en s i l l a  on the l ab i um whi c h  suggest a 

c hemos en s o r y  o r  a me chano-ch emosensory funct i on ( Wa l k e r  and 

Gor dh , 198 9 ) . N o l dus et al (198 6b ) conc l ude from the i r  study 

o f  p robing t ime s that s earching i s  r andom . The t obacco 

whi t e f l y  ( Bemi s i a  t abaci ) wi l l  probe a l mo s t  any subst ance on 

whi c h  i t  a l i ght s - e ven ye l l ow p l a s t i c  mul ch ( Be r l i nger ,  

198 6 ) .  Thus greenhouse whi t e f l y  doe s n o t  have t o  feed in 

o rder to s e l e ct / re j ect a p l ant and the chemi c a l s  i nvo lved in 

t he proce s s  a re therefore l ik e l y  to be s e condary p l ant 

sub s t an c e s  rather than nut r ient s .  

Stud i e s  o f  the nut r i ent status o f  pl ant s do not g ive a t rue 

a n a l y s i s  of what phl o em feeding inse c t s are rece iving ( van 
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Emde n , 196 6 ) . However the nut r i ent s t atus o f  the who l e  p l ant 

o r  p l ant p a rt s  has been f ound to c or r e l a t e  wel l with 

s e l e ct i on b y  s ome i n s e c t s  e . g .  n i t rogen c ont ent of Art em i s i a  

l ud o vi ci and phl oem and seed feeding i n s e ct s ( St ra u s s ,  198 7 ) , 

h i gh n i t rogen and l ow pot a s s ium c ont ent o f  turnip and the 

aph i d  Myz u s  p ersi cae and higher n it rogen in c ot t on and the 

t ob a c c o  whi t e f l y  Bemi s i a  t aba c i  ( Be r l inge r ,  198 6 ) , the h i gher 

n i t rogen c ontent o f  y ounger t omato l e ave s and greenhou s e  

whi t e f l y  ( N o l dus , 198 6b ) . P rokopy a n d  Owe n s  ( 198 3 )  sugge s t ed 

t hat a h i gher t han ave rage n i t rogen c ont ent in young than in 

mature l e ave s may confer a ye l l ow-gree n  appearance whi ch may 

be the actual  s t imulus  for the cho i ce . 

T ob a c c o  whi t e f l y  pre fers t o  s e t t l e  and survive s bett e r  in 

v i t r o  at pH 6 . 0 - 7 . 2 5 in both cho i c e  and n o  cho i c e  t e st s . Late 

in the s e a s on of cotton product i on the pH of the pre fe rred 

o l d  l e ave s is 6 . 8  and �he l e s s  preferred young is 5 . 9 so pH 

may be import ant in s e l e ct ion o f  sett l i ng s it e s  f o r  t obacco 

whi t e f l y  ( Be r l inger et al , 198 3 ) . Gene r a l ly the pH of p l ant 

s ap vari e s  5 . 0 - 6 . 5  depending on the p l ant spe c i e s  and a l s o  

change s with p l ant age ( Caldwe l l ,  195 6 i n  Berl inge r ,  198 3 ) . 

The e f fect o f  pH on greenhou s e  white f l y  p l ant part s e lect i on 

h a s  not been inve s t i gated . 

Odour p l a y s  an import ant r o l e  in host  p l ant s e l e ct i on for 

s ome i n se c t s but this does not appear to be so for  greenhous e  

whit e f l y . vai shampayan et a l  (19 7 5b ) s howed t h a t  vol at i l es 

f r om bean l e ave s did not e l i c i t  a re sp o n s e . However t he y  did 

not repeat the i r  expe r iment with any other p l ant s and do not 

i n d i c a t e  t he age of the l e ave s . No e xperiment s have been 

repo r t e d  that inve st i gate whether there is a di f fe rence in 

vo l at i le s  emanat ing from y ounge r and o lder l e ave s and whether 

t he s e  h ave an e ffect on s e l e ct i on within a host p l ant but 

t h i s  c o u l d  s t i l l  be the c a s e  f o r  c e rt a i n  p l ant s . It may be 

t hat o dours  from non-host  pl ant s are repe l l ant to greenhou s e  

whi t e f l y . Howe ve r Be r l inger ( 198 6 )  found no r e spon s e  t o  

o l fact o ry s t imu l i  i n  the t ob a c c o  whi t e f l y . Odour i s  not 
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l ik e l y  t o  h ave any e ff e ct on s e l e ct i on o f  the y ounger l e aves 

b y  greenh o u s e  whit e f l y . 

The aphi d  Hyadaphi s  erys imi i s  inc i t e d  t o  probe by water 

vapour a ft e r  l anding ( Naul t  and Styer , 1 9 7 2 )  and Mound ( 1 9 65 ;  

i n  B e r l inge r ,  1 9 8 6 )  thought that B em i s i a  s t a y s  on hairy 

l e aves  b e c au s e  the m i c ro c l imate is  more  f avour ab l e  and Vet 

( 1 9 8 0 )  quo te s  from E i sjakers ( 1 9 6 9 )  t hat greenho u s e  whi t e f l y  

c overed s ma l l er di s t an c e s  when t he RH was h ighe r a n d  from 

Webe r ( 1 9 3 1 )  who found t h at up t o  50 % o f  greenhouse whi t e f l y  

l arvae d i e d  at 25-3 0°C when humidity w a s  h i gh a n d  t h a t  8 0% RH 

w a s  opt ima l . 

Phys ical features o f  leaves 

I t  h a s  been observed that when a l e a f  i s  turned over any 

whi t e f l i e s  p r e sent on t he l owe r surface wa l k  ove r  to the 

othe r s i de ( Ha rgre ave s ,  1 9 15 ;  C o omb e , 1 9 8 2 )  Hargreave s 

sugge s t e d  seve r a l  r e a s ons for  the pre f e rence for the l owe r 

s u r f a c e : ( 1 )  the cut i c le i s  t hinner and the vascular bundle s  

a r e  c l o s e r  t o  t he surfac e , ( 2 )  phot o t a x i s :  h e  obse rved that 

t he y  had no p re ference for e ither s u r f a c e  when the l e ave s 

were vert i c a l , ( 3 )  the po s it i on o f  the anus and charact e r  o f  

t h e  e x c r e t a  mean they wou l d  b e  engu l f e d  i n  t he i r  own honeydew 

i f  they s et t l e d  on the upper surface , ( 4 )  they s ought 

p r ot e ct i on from prec ipi t at i on . 

Van Lent e ren et a l  ( 1 9 7 7 )  and van der Kamp and van Lente ren 

( 1 9 8 1 )  me asured the di s t ance between t he surface and the 

va s cu l a r  bundl e s  for eggp l ant , cucumb e r ,  t omat o and sweet 

pepp e r  and the length of the s t ylet s o f  a l l  whi t e f l y  s t ages 

and found t h at thi s was not a l im i t ing fact o r ,  nor  was 

cut i c l e  t oughne s s . No s c l e renchyma or x y l em bund l e s  prevent ed 

a c c e s s  t o  t he phl oem on the s e  p l ant s . 

A l e a f  phy s i ca l  fact o r  that has  been imp l i cated i n  h o s t  p l ant 

s e l e ct i on i s  the type and den s i t y  o f  t h e  l e a f  h a i r s . Luckwi l l  

( 1 9 4 3 )  de s c r ib e s  7 t yp e s  o f  l e a f  h a i r  on t h e  genus 
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I .  S l ender h a i r s  1 . 5 - 2 . 5  mm l ong with a s ma l l  

g l andu l a r  ve s i c l e  a t  the t ip .  

I I . S l ender h a i r s  0 . 2 - 1 . 0  mm l ong with no ve s i c l e  at 

t he t ip and a 4 -5 c e l l  b a s e . 

I I I . S l ender h a i r s  0 . 4 - 1 . 0  mm l ong with no ves i c l e  at 

the t ip and a 1 c e l l  b a s e . 

I V . S l ende r h a i r s  0 . 2 - 0 . 4  mm l ong with a ve s i c l e  at the 

t ip .  Onl y  pre s ent in L. Hi rsu t um. 

V .  Short h a i r s  0 . 1 - 0 . 3  mm l ong with a po inted t ip 

s omet imes  curve d . 

V I . G l andu l a r  h a i r s  0 . 1 - 0 . 5  mm l ong with a gl andu l a r  

h e a d  o f  2 - 4  c e l l s . 

VI I .  Sma l l  gl andu l a r  h a i r s  0.0 5 - 0 . 1 0 mm l ong with a head 

of 4 - 8  c e l l s . 

The aphi d  Myz us persicae and 5 spe c i e s  o f  thrips c an become 

i mp a l e d  on the spine s o f  beans and t omat o e s  ( McKinne y , 1 9 3 8 ) . 

Aphi s  crac ci vora and Myz us persicae are s omet imes c aught in 

the g l an du l a r  h a i r s  whi ch are e ither broken by the i n sect s or 

b y  p l ant rub , r a i n  o r  handl ing ( John s on ,  1 9 5 5 )  . S ome t omato 

va r i et i e s  r e s i st ant t o  mit e s  we re f ound to have den s e r  h a i rs 

on the l ower and upper l e a f  surface but t h i s  wa s not the only 

f a ct o r  c onferring re s i st ant qua l i t i e s  ( St oner et a i , 1 9 6 8 ) . 

Gent i l e  et a l  ( 1 9 6 8 )  found that two a c c e s s i on s  o f  

Lyc opersi c on h i rsu t um we re re s i st ant t o  whit e f l i e s  a n d  had 

more g l andu l ar h a i r s . Howeve r de P ont i et al ( 1 9 7 5 )  did not 

f i nd t hat g l andu l a r  h a i r s  or other morpho l og i c a l  features on 

L. h i rsu t um and L. h i rsu t um glabrat um were r e spon s ib l e  for 

the obs e rved re s i s t ance and a s sumed it was due t o  internal 

f a c t o r s  such as s ap chemi ca l s . I n  c ont r a s t  Solan um p en n e l l i i  

wi l l  t rap whi t e f l i e s  in s t i cky gl andu l a r  h a i r s . Van der Kamp 

and van Lente ren ( 1 9 8 1 )  c on s i dered t hat i t  i s  unl i k e l y  t hat 

t h e  p at t e rn and d i s t r ibut i on of l e a f  h a i r s  influenced 

s u i t ab i l it y  of e ggpl ant , t omat o cucumber and sweet pepper for 

greenhou s e  whi te f l y . Howeve r Georgiev and Sot i rova ( 1 9 8 6 )  

found t hat the degree o f  re s i st ance o f  t omat o e s  t o  greenhouse 
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whi t e f l y  c o u l d  be corre l ated with the l e a f  h a i r s  o f  t ypes b 

and c and they were ab l e  t o  produ c e  r e s i s t ant hyb r ids  with 

s uc h  l e a f  h a i r s . It is not c lear from t he abs t ract ( t he paper 

i s  wr i t t en in Bu l g a r i a n )  what the s e  h a i r  t yp e s are as they do 

not c or r espond to tho s e  des c r ibed b y  Luc kw i l l  ( 1 9 4 3 ) . Then 

again Mal au s a  ( 1 9 8 8 )  found no r e l at i on s h ip between re s i s t ance 

and hai r ine s s  i n  eggp l ants. Berl inge r ( 1 9 8 6 )  not e s  that 

Ros se t t o  et al ( 1 9 7 7 )  found that on s oybean c u l t ivars  t obacco 

whi t e f l y  l a i d  more eggs on y oung than mature l e ave s of the 

s ame p l ant despite  there be ing a h i gh e r  h a i r  den s i t y  on the 

young l e ave s. Very high den s i t i e s  of l e a f  ha i rs may wel l  

phys i c a l l y  prevent whi t e f l i e s  from r e a c h i ng the l e a f  surface 

with the i r  ovipo s it or s. 

Because  greenhous e  whi t e f l y  pre fers the unde r s i de o f  l e ave s 

i t  may p o s s ib l y  prefer l eaves whi ch t en d  t o  b e  h o ri zont a l  

r ather t han m o r e  vert i c a l . The re i s  n o  indi c at i on in the 

l it e rature that l e a f  ang l e  to the hor izont a l  h a s  an e f fe ct on 

p l ant p a rt s e l e ct i on for greenhous e  whi t e f l y. Howeve r ,  Nai r  

and D an i e l  ( 1 9 8 3 )  found that there were t w i c e  a s  many adult 

t ob a c c o  whit e f l y  on c a s s ava varie t i e s  with e re ct leaf 

o r i entat i on than those with hori zont a l  or downward 

o r i ent at i on .  

Aggregation and Pheromone s  

L l oyd ( 1 9 2 2 ) de s cr ibed greenhous e  whi t e f l y  a s  "di st inct l y  

gregari ous" . I t  m a y  be t hat t he adu l t s c ongregat e on the 

unde r s i de of y oung l e ave s i n  part b e c au s e  a few indiv i du a l s  

a r r i ve a n d  sett l e  and others are att ra c t e d  t o  t hem . Ahman and 

Ekbom ( 1 9 8 1 )  s et up an e xperiment whi c h  s howed that groups 

whi ch are all  female o r  m i xed s e x e s  t ended to aggregate and 

a l l  ma l e  groups t ended t o  di sper s e. However the numb e r  they 

u s e d  in any one run o f  the t e st was sma l l  - 4 individua l s . Xu 

( 1 9 8 5 )  i n  hi s s tudy o f  the dynam i c s  o f  wi th i n - l e a f  spat i al 

d i s t r ibut ion patterns found that adu l t s  a r e  h i gh l y  aggregated 

due t o  t he p a i r ing and feeding near main ve i n s  t o  f o rm groups 

whi ch in turn t end to be aggregate d . Van Vi anen et al ( 1 9 8 8b )  
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showe d  that adu l t s  whi t e fl i e s  were n ot att racted t o  p lant s 

al ready infested with adult s o r  larvae but may b e  arre s t e d  on 

p lant s al ready infested with larvae . Ne ither Xu n o r  Ahman 

and Ekbom nor van Vianen et al ment i on t he p o s s ib i l it y  o f  an 

aggregat i on phe romone but Ahman and Ekbom sugge s t  t hat a sex 

pheromone is invo lved in mat e  finding . L i  and Mas chwit z  

( 1 9 8 3 )  ext ract e d  a s e x  pheromone from greenhous e  whi t e f l y  and 

showed t hat it wou ld att ract mal e s  at short range and i nduced 

rest ing behavi our but van Vianen et al ( 1 9 8 8b )  regard the i r  

evidence f o r  t h e  act ion o f  a s e x  phe romone a s  incon c lus ive . 

Oviposition within plants 

I f  t he adu l t s  o f  an insect spe c i e s  are a l r eady sett l e d  and 

feeding at a part icular s it e  within a p lant t hen eggs wi l l  

n ormal l y  al s o  b e  laid at thi s s it e . F o r  h o l ometab o l ous 

i n s e ct s t he ovipo s it i on s it e  s e l ected by the adu l t  f emal e  is 

o ften qu i t e  di ffe rent from her own feeding s it e . The r e fore 

t he pro c e s s  of ovip o s it i on s it e  s e le c t i on and t he fact ors 

t hat s t imu l at e  the female to lay eggs may a l s o  b e  quite 

di ffe rent for  the s e  two s ituat i on s . It could be as sumed that , 

where t he ovipo s i t i on and feeding s it e s  are the same , the 

fact ors t hat are most conduc ive t o  opt imum ovip o s i t ion are 

al s o  pre s ent at t h i s  s it e . Thi s  may not n e c es sa r i l y  be s o . 

A range o f  fact o r s  affect ovip o s it i on by i n s e ct s giving r i s e  

t o  c on s i de rabl e  variat i on i n  number o f  e g g s  laid p e r  female 

over her l i fet ime and ovip o s i t i on rat e s  both between and 

within spec i e s . Greenhous e  whi t e f l y  i s  no except i on t o  t hi s . 

Oviposition by greenhouse whitefly 

The numb e r  of e ggs laid per fema l e  p e r  day by greenhouse 

whi t e f l y  is dependent on a who l e  raft of fact o r s  such as the 

plant spe c i e s  ( O' Re i l l y ,  1 9 7 4 ;  van Lenteren et a i , 1 9 7 7 ;  Sas 

et ai , 1 9 7 8 ) , t he previ ous nut rit i on o f  t he fema l e  ( van 

Boxt e l  et aI , 1 9 7 8 ;  Hus sey and Gurn e y , 1 9 5 9 ) ; t empe rature 
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( Hu s se y  and Gurne y , 1 957 ) and whi t e f l y  den s i t y  whi c h ,  i f  it 

i s  above 1 p a i r  o f  whi t e f l i e s  per s quare cent imet re , induce s  

a reduct i on in fecundity ( Xu e t  aI , 1 9 8 4 ) . Eggs p e r  f emale 

p e r  day c an t he re fo re vary wide l y : 3 ( Ll oy d ,  1 9 2 2 ) , 5 

( Sp e y er ,  1 92 9 ) , 4 . 2 - 1 0 . 8  depending on t empe rature ( Hu s s ey and 

Gurn e y , 1 957 ) , 5 . 2  ( Tong,  1 9 7 7 ) , 5- 1 0  ( van de Merendonk and 

van Lent e re n , 1 9 7 8 ) . Even when paramete r s  are kept a s  uni form 

a s  p os s ib l e  t here i s  cons iderable var i a t i on i n  t h e  numb e r  o f  

eggs p e r  femal e  per day . Tong ( 1 9 7 7 )  r e c o rds f i gu r e s  between 

2 . 2 2 and 7 . 4 9  on tomat o and C o l lman and Al l ( 1 9 8 0 )  a range o f  

o t o  9 . 3  on e x c i sed bean l e ave s . The durat i on o f  t h e  egg 

s t age a l s o  varie s . Hargreave s ( 1 9 15 )  obs e rved t hat the e ggs 

remai n e d  c r e am c o l oure d  for 2 - 4  days and 1 0 - 1 3  day s e l apsed 

be fore they hat che d . Othe r s  record the durat i on o f  t he egg 

s t age a s : 1 1 - 1 6  day s  ( Trehan , 1 9 4 1 ) , 1 3 - 1 6 days with a 

maximum o f  1 1 7  days ( Ll oy d ,  1 92 2 ) , 8 day s and 2 1  at l ow 

t empe r ature ( Speye r ,  1 9 2 9 ) , 8 day s ( van Lente ren et a I , 

1 9 7 7 ) . P e rcent egg hatch h a s  been rec orded a s  95 . 9  on 

eggp l ant , 9 3  on cucumbe r ,  9 1 . 9  on t omat o ,  8 7 . 7  on sweet 

pepp e r  ( van de Merendonk and van Lente ren , 1 9 7 8 )  and a rc s in 

% egg hatch a s  6 6 . 8 3 on t obacco , 7 2 . 0 9 o n  cucumb e r  and 7 7 . 3 0 

on t omato ( O ' Re i l l y ,  1 9 7 4 ) . Egg - l a ying s t a rt s  a lmost 

i mme d i at e l y  after eme rgence and increa s e s  to a maximum , which 

depends on the pl ant spe c i e s ,  then f luctuat e s  a round thi s 

l eve l b e fore gradu a l l y  dec l in ing ( Sa s  e t  a I , 1 9 7 8; van Boxt e l  

et a I , 1 9 7 8 ) . Wh it e f l i e s  wi l l  cont inu e  t o  produce f e rt i l e  

eggs t h roughout t he i r  l ive s even without repe ated mat ings 

( Ahman and Ekbom , 1 9 8 1 ) . The t ot a l  l i fe c y c l e  during a year 

c an b e  as short a s  3 weeks ( T auber and He l ge s e n ,  1 9 7 4 )  o r  as 

l ong as 1 3  weeks (Hargreave s ,  1 9 1 5 )  but 7 weeks ( Curry and 

P iment a l , 1 9 7 1 a )  wou ld be a more u s u a l  maxi mum t ime . The 

l ength o f  the l i fe c y c l e  depends mai n l y  on t empe r ature whi ch 

i s  t h e  m o s t  import ant factor influencing the deve l opment o f  

whi t e f l y  popu l at i ons ( Xu et a I , 1 9 8 4 ) . 

Light 

L i ght a l s o  h a s  an e f fect on ovipos it i on . T rehan ( 1 9 4 1 )  f ound 
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t hat greenho u s e  whi t e f l y  l a i d  more eggs under y e l l ow l ight 

t h an any other except c o l ourl e s s  ( wh i te ) . However a l t hough he 

me a s u r e d  the intens it i e s  of t h e  colours  h e  did not s eparate 

t he e f fe c t s of c o l our and int en s it y  nor ment i on the n ame of 

t h e  p l ant he u s e d . Hus se y  and Gurney ( 1 9 5 9 )  found t hat low 

l i ght r e s u l t e d  in l ow egg product i on on e x c i s e d  t omato 

l e a f l e t s  but when a range o f  int e n s i t i e s  w a s  t r i e d  no 

c o n s i st ent p at t e rn emerged . They a l s o  found t h at t h e r e  was no 

s i gn i fi c ant di f ference among e ggs / fema l e / da y  wi t h  l i ght / dark 

regime s between 0 / 2 4  and 2 0 / 4  hou r s  on e x c i s e d  t omat o 

l e a f l et s but they do not indicate t h e  durat i on o f  the 

exper iment . Ovip o s it i on cont inue s at n i ght ( van Eve rt and 

S chutt e ,  1 9 8 3 ) . 

P l ant chemical s 

Nut r i ent s t at u s  a l s o  a f fect s l arvipo s i t i on / ovipos it i on e . g .  

the f ecundit y o f  the a
"
phids Bre vi coryn e bras s i cae and Myz u s  

persi cae is  proport i onal to the t ot al s o lub l e  n i t rogen within 

l e ave s of bru s s e l s  sprout s of the s ame age but not between 

l e ave s o f  di f fe rent ages ( van Emden and B a sh f o r d ,  1 9 6 9 ) ; the 

reproduct ive c ap ab i l it y  of the pea aphi d  ( Macros iph um pisi ) 

i s  r e duced by de f i c ienci e s  o f  n i t r ogen , pho sphorus , 

p ot a s s ium, c a l c ium o r  magne s i um in p e a  p l ant s ( B ar k e r  and 

T aub e r ,  1 9 5 1 ) . There i s  a h i gh corre l at i on between n i t rogen 

c ont ent of l e ave s and the den s i t y  of Bem i s i a  t abaci on c otton 

( Jo yc e ,  1 9 5 8 ) . Detached t omat o l e ave s from p l ant s grown in 

aerated nut r ient s o lut i ons w i t h  varying l e ve l s  of n i t rogen 

show no di f fe rence in ovipos i t i on rate by greenh ou s e  whi t e f l y  

b u t  f o r  pho sphoru s there were s i gn i fi c ant l y  fewe r  

e gg s / fema l e / da y  and l owe r fecundity o n l y  where a du l t  femal e s  

were r e a red on phosphorus de f i c ient p l an t s and t hen a l l owed 

t o  l a y  eggs t hr oughout the r e s t  of t he i r  l ives on l e ave s o f  

p l ant s grown a t  three phosphorus leve l s . T h i s  phenomenon may 

in part e xp l a i n  why whi t e f l i e s  that are  r e a re d  on a 

re l at i ve l y  p o o r  ho s t  then t rans ferred t o  a g o o d  h o s t  l ay 

fewe r eggs and have a short e r  l i fe-span ( van B o xt e l  e t  aI , 

1 9 7 8 )  . Howeve r tho s e  t rans ferred from a p o o r  h o s t  t o  the s ame 
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h o s t  d o  bett e r  o n  i t  than t h o s e  that were reared o n  better 

h o st s . 

Jus t  b e cau s e  whi t e f l y  adu l t s s e lect t he younger l eave s on 

which t o  feed and then lay eggs i t  doe s  not mean t hat they 

w i l l  n e c e s sar i ly lay more eggs on the y ounge r l eave s . For 

t omat o ,  fecundit y  dec l ine s with l eaf age ( Hu s s e y  and Gurney ,  

1 9 5 9 ) . A s im i lar e f fect o ccurs f o r  cabbage whi t e f ly 

(Al eyrodes brassi cae ) on mustard , brocc o l i  and t urn ip 

( Iheagwam , 1 9 8 0 ) , cotton whi t e f ly ( Bemi s i a  gossypiperda) 

( Tr e han , 1 9 4 4  in I heagwam , 1 9 8 0 )  and viburnum whi t e fl y  

(Al e uro t rach e l us j e l ineki i )  ( S outhwood and Reade r ,  1 9 7 6  i n  

I heagwam , 1 9 8 0 ) . T h e  e ffect may be due t o  change s in the 

metab o l i sm o f  t he p lant as t he l eave s age ( Hu s s e y  and Gurney ,  

1 9 5 9 )  e sp e c ia l l y  change s i n  the t otal prot e i n  and amino acids 

( van Emden and Bashford,  1 9 6 9 ) . 

Phy s i cal features of leave s 

The nature o f  the cut i c l e  may a l s o  a f fect t he abi l i t y  o f  

whi t e f l i e s  t o  lay e g g s  as t h e  stalk i s  i n s e rted i n t o  the l eaf 

s u r face but not int o  s t omata,  as i s  the case for s ome other 

whi t e f l i e s  ( Pau l s on and Beards l ey , 1 9 8 5 ) . Becau s e  eggs take 

up wate r  from leaf t i s su e  ( Byrne et a i , 1 9 9 0 )  they may 

dehydrat e and not hat ch i f  not anchored int o  l ea f  t i s sue . 

Longevity o f  adult greenhouse whitefly 

The l ongevity o f  adu l t  femal e s  wi l l  affect the t otal number 

of eggs laid throughout her l i fe . Adul t  l ongevity in 

greenh ou s e  whi t e f l y  is h i gh l y  variab l e : s ome may die within 

2 4  hours aft e r  eme rgence and others l ive for 3 weeks o r  more 

on e x c i s e d  bean l eave s at 2 7 °  C and 7 4 % RH ( Co l lman and Al l ,  

1 9 8 0 )  . The s e  authors  f ound t hat 3 4 . 1% o f  fema l e s  and 4 1 . 4 % o f  

mal e s  d i e d  w i t h i n  f o u r  day s  o f  e c l o s i on and t hat females  

l ived l onger t han mal e s .  
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The e v i dence d i s c u s s e d  above p o i nt s  t o  p o s s ib l e  negat ive 

geotax i s , p o s i t i ve phot otaxi s  and movement towards l eaves 

with more y e l l ow in the i r  hue as the o r ie ntat i on fact o r s  in 

s e l e ct i on of t he younge r l eave s . After landing on l eave s the 

f i na l  s e l e ct i on tak e s  p lace , with chemi cal s from a t e s t  probe 

p laying an imp o rtant role . Aggregat ion due t o  aggregat i on or 

s e x  phe r omone s may play a role  but l eaf hai rine s s  i s  probably 

not a fact o r . 

The f o regoing review and d i s c u s s i on indicat e s  t hat t he 

fact o r s  i nvo l ve d  in the s e l ect i on of the l owe r l eaf surface 

are p robab l y  negat ive phot otax i s ,  po s s ib l y  geotax i s  so that 

adu l t s are up s i de -down and po s s ib l y  an aggregat ion e ffect but 

there i s  no evidence for the influence of phys i cal or 

chemi cal feat u r e s  or the l eaf . Howeve r  t h i s  lat t e r  

p o s s ib i l it y  cannot be comp l et e l y  d i s c ount ed . 

There i s  evidence for much var iat i o n  i n  e ggs / fema l e / day unde r 

un i fo rm condi t i on s  and that whi t e f l i e s  lay more e ggs with 

h ighe r  t empe rat u re s ;  more prefe rred h o s t  p lant s ;  younger 

leave s ;  y e l l ow o r  whi t e  l i ght . Where t he pho sphorus cont ent 

o f  l eave s on which t he female parent was reared i s  l ower 

ovipo s i t ion i s  reduced . With l ow l ight intens i t i e s  fewe r e ggs 

are l a i d  and l i ght / dark regime s between 0 / 2 4  and 2 0 / 4  hours 

mak e  n o  d i f f e rence to t he number of eggs lai d . Eggs are laid 

in the dark a s  we l l  as the l i ght . 

The s i s  objective s  

The e xp e riment s t hat f o l l ow s ought t o  f i l l  in s ome o f  the 

gaps in the informat ion on the e f f e c t s  and re lat ive 

imp o rtance o f  t he facto r s  t hat affect t h e  s e l ect i on o f  the 

younger l eave s and t he lower l eaf s u r fac e . S ome o f  the 

fact o r s  t hat a f fe ct ovipos i t i on wi l l  al s o  be cons i dered as 
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t h e y  a r e  conveni ently studied a l ong w i t h  t h e  f act o r s  that 

a f fect s et t l ing s i t e  s el e ct i on . 

The ob j e ct i ve s  o f  t h i s  t he s i s  we re t o  determine ,  f i r s t l y ,  the 

e ffect s and r e l at i ve import ance of geo t ax i s ,  phot o t a x i s and 

character i st ic s  o f  the l e ave s on the s e l e c t i on o f  the younger 

l e ave s . S e condl y ,  the e f fect s and re l at i ve imp o rt ance o f  

gravi t y , l i ght / s hade and characte r i s t i c s  o f  l e ave s o n  the 

s e l e ct i on o f  the l ower l e a f  surface . I n  a dd i t i on t he l e a f  

h a i r  den s i t y  w a s  checked for c o rre l at i on with s e l e ct i on o f  

younger l e ave s and l ower l e a f  s u r f ac e ,  and n i t rogen , 

phosphorus and pot a s s ium cont ent o f  l e ave s f o r  corre l at i on 

with l e a f  age . 

The e ff e c t s  on ovipo s it ion o f  l e a f  age , l e a f  surface , the 

n i t rogen , phosphorus and pot a s s ium c ontent of l e ave s ,  leaf 

hair den s it y  were examined m a i n l y  i n  c o n j unct i on w i t h  the 

above exper iment a l  work . The e ffect on ovip o s it i on of l ight 

int en s i t y  and a r ange of l i ght / dark regime s was det e rmined 

u s ing an art i f i c i a l  subst rate for e gg- l ay ing so t hat any 

e ffect s o f  the s e  f act o r s  with e xper i ment s on l e ave s could be 

e l iminat e d . 



Experiment s 

Experiment s 3 3  

stat i stical Analysis o f  Experiments 

In the past many exper iment s with c ount data have been 

ana l y z e d  with analy s e s  o f  var ianc e  u sual l y  afte r  t h e  data had 

been t ranforme d . With t he advent o f  c omput e r  ana ly s i s  it i s  

now p o s s ib l e  t o  u s e  the more stat i s t i cal l y  c o r re c t  d i s crete 

mul t i var iat e  analy s i s . However s ome aut h o r s  have p e r s i s t e d  in 

us ing analy s e s  of var iance for count data . Thi s  s i tuat i on has 

been reported in the paper by Stane k  et al ( 1 9 8 7 )  and I 

quot e : 

" Many obse rvat i ons in entomlogica l  studie s  are d i s crete 

o r  cat egorical in  nature . Measurement s are o f t en made of  

the frequency o f  occurrence o f  par t i cular behavi ours or 

morpho l o g i cal charact e r s  in di f fe rent spe c i e s  o r  

p opu lat i ons . D i screte measure s a r e  a l s o  encounte re d  in 

s t udie s  o f  t rap e f fect ivene s s  and i n  e va luat ing both 

i n s e ct re s i stance to insect i c i de s  and p lant re s i s tance 

to insect s . In t ox i c o l ogi cal studi e s , the di s crete 

measure for  an in sect is  o ften ' dead' o r  ' al ive '  ( a  

b i nary re spons e ) , and int e rmediat e r e spon s e s  d o  not 

e x i st . Although entomo l ogi s t s  have l ong been aware o f  

and appl ied the anal y s i s  o f  var i ance and other 

mul t ivariat e  methods to cont inuous data ,  t he more 

r e c ent l y  deve l oped techn i ques of di s c re t e  mu l t i variat e  

analy s i s  ( e . g .  Bi s hop e t  aI , 1 9 7 5 ,  F o rthofer and Lehnen , 

1 9 8 1 )  have not been genera l l y  u s ed . I n s t ead,  cate g o r i cal 

data have e ither been ana l y z ed b y  c on t i nuous -data 

methods ( with vio lat i on o f  as sumpt i on s  o f  n o rma l i t y  and 

homo s cedast i c it y ) , or stat i s t i cal t reatment s have been 

l imited to s impl e  two -way cont ingency tab l e s  u s ing X2  
t e s t s  o r  nonparamet r i c  methods . "  
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The r e f o re , throughout thi s the s i s  c ont ingency t ab l e s  with a 

l ogl inear analy s i s  have been u s e d  for a l l  c ount dat a and 

anal y s e s  of vari ance r e s t r icted to the non-count dat a . 
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1 .  Factors influencing select ion o f  

s ettling s it e s  within a plant 

The e xp e riment s d i s cu s s e d  in thi s sect i on were de s igned t o  

inve s t i gat e t h e  e ffect s o f  gravit y ,  l i ght and l eaf 

characte r i s t i c s  on t he sett l ing s it e s  o f  adul t  whi t e f l i e s  

within h o s t  p lant s .  Three forms o f  p lant mat erial we re u s e d : 

intact p lant s ,  e x c i s e d  l eaf l et s and l eaf d i s c s  set  int o h o l e s  

in wat e r  agar . Two aspect s o f  sett l ing s it e s  we re s tudie d : 

fac t o r s  affect ing the s e lect i on o f  the l ower l eaf surface and 

fac t o r s  affe c t ing the s e l e ct i on of the younger l eave s . 

A .  Selection o f  lower o r  upper leaf surface . 

I t  i s  we l l -known t hat adu lt whi t e f l i e s  s et t l e  almo s t  ent i r e l y  

o n  t h e  l ower l ea f  surface . Coombe ( 1 9 8 2 )  t hought t hat thi s 

was not l ik e l y  t o  be a gravit y  re sponse as he f ound that 

shining a l ight ont o whit e f l i e s  on the l owe r surface o f  a 

l eaf cau s e d  mo s t  o f  t hem t o  walk ove r the l eaf margin t o  the 

upper surface . D i f ferences i n  the l ower and upper s u r face s  of 

the l ea f  i t s e l f  ( e ither external and / o r  inte rnal ) could a l s o  

influence t he u l t imat e s e t t l ing s it e , f o r  e xampl e  l ea f  hai r s ,  

o r  f ib r e s  around the phl oem mak ing penet rat i on o f  the 

mouthpart s to the phloem from t he upp e r  l eaf surface more 

d i f f i cu l t . Hence , the three fac t o r s  whi c h  could be invo lved 

in the obs e rved p r e f erence for l ower leaf surface are : 

1 .  Gravity respon s e . That i s  wh it e f l i e s  p r e f e r  t o  s ett l e  in 

an ups ide -down po s it ion and sett l ing on the l ower l eaf 

surface wi l l  n ormal l y  fac i l i tate t h i s . 

2 .  Negat ive phototaxi s ( when wal k ing) . That i s  whi t e f l i e s  

wal k  from t he h i gher l i ght int e n s i t y  on t he upp e r  l eaf 
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s u r face t o  sett l e  i n  the l ower l ight i nt e n s i t y  o f  the 

l ower leaf surface . 

3 .  Lea f  surface characteristics . That i s  di f f e re n c e s  in 

e xt e rnal or internal leaf s t ructure betwe e n  l ower and 

upp e r  leaf surfac e s  which induc e  more whi te f l i e s  t o  

s e t t l e  on the l ower surface . 

B .  S election of younger or older leave s . 

I t  i s  a l s o  we l l -known t hat adul t  whit e f l i e s  p r e f e r  t o  sett l e  

o n  t he y ounger l eave s . I t  has been obs e rved t hat whi t e f l i e s  

i n  f l i ght t end t o  move upwards . T h i s  may b e  e it h e r  a negat ive 

g eotact i c  and / o r  a po s i t ive phot otact i c  re spon s e . T h i s  

o r i entat i on i n  f l i ght wi l l ,  for mo s t  p lant s ,  natural l y  l ead 

whi t e f l i e s  to the younge r l eave s whi ch are h i ghe r up the 

p lant t han the o l de r  l eave s from whi c h  t he y  emerged from 

pupae . There is also the p o s s ib i l it y  t hat there are 

characte r i s t i c s  of l eave s  o f  d i f f e rent age s whi ch e i ther 

indu c e  take - o f f s  t o  f l i ght ( f rom o l de r  l eave s )  and/ o r  induce 

s et t l ing ( on younge r l eave s )  . - Such charact e r i s t i c s  c ou l d  be 

phys i ca l  e . g .  hai rine s s  o f  l eave s ,  o r  chemi cal e . g .  nut r i ent 

c ontent o r  pre sence /ab s ence o f  s e c ondary p lant substanc e s . 

Hence , the factors po s s ibly invo lved i n  the s e l e c t i on o f  the 

y oung e r  l eave s are : 

1 .  Negat ive geotaxis ( when i n  f l i ght ) . 

2 .  P o s it i ve phototaxi s  ( when i n  f l i ght ) 

3 .  Leaf age charact e r i s t i c s . 

The e f fe c t s  and relat ive importance o f  t he s e  fac t o r s  are 

addre s s e d  i n  the expe r iment s i n  Sect i on s  1 - 1  t o  1 - 3 . 
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1 - 1 Gravity , light direction , and leaf characteri st i c s  and 

s e l e ction of lower leaf surface and younger leave s of 

intact plant s . 

The t wo experiment s di s cus s e d  in thi s s e ct i on were de s igned 

t o  inve s t i gate the e ffect s of gravit y ,  l ight ( di re c t i on or 

int ens it y  i . e shade or di rect l ight ) and l eaf charac t e r i s t i c s  

o n  t h e  s et t l ing s it e s  o f  adul t  whi te f l i e s  within h o s t  p l ant s . 

The s e  e xp e riment s we re de s i gned t o  indi cat e whether a l l  o r  

a n y  o f  the fact ors be l ow influence the s e l ect i on o f  t h e  l ower 

l ea f  surface and the y ounge s t  l eave s . 

A .  S e l e ction of l ower or upper leaf surface . 

1 .  Gravity response . 

2 .  Negat ive phototaxis ( when wal k ing)  

3 .  Leaf surface characteristics . 

B .  S e l e ction of younger or older leave s . 

1 .  Negat ive geotaxis ( when in f l ight ) 

2 .  P o s i t ive phototaxi s ( when in f l ight ) 

3 .  Leaf age charact e r i s t i c s . 

T o  fac i l i tate d i s cus s i on in the remainde r o f  t h i s  s e ct i on the 

s ix fact o r s  out l ined above wi l l  be re f erred to by t he words 

i n  b o l d  t ype . 

Mate rial s and Method 

Two s im i lar experiment s ( Experiment s 1 - 1 / 1  and 1 - 1 / 2 )  were 

car r i e d  out u s ing t omat o plant s ( Lycop e rs i con e s c u l en t um cv. 

Vi r o s a )  approximate l y  5 0  em tal l . There were four 
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p l an t s  each unde r a different o r i entat i on / l ight regime which 

were : 

l .  Ups i de -down and l i ght from above . 

2 .  Natural orient at i on and l i ght f rom above . 

3 .  Natural orientat ion and l i ght f rom b e l ow . 

4 . Ups ide -down and l i ght from be l ow . 

The p l ants f o r  the o ri ent at i on / l ight regimes 1 and 2 were 

p l aced in one cage and the p l an t s  for the o r i entat i on / l ight 

regime s 3 and 4 were p l aced in another c age . Both c ages were 

placed in a glas shouse . Approximate l y  4 0 0  adu l t  white f l ie s  

were int roduced int o each c age and t h e  number o f  individu a l s  

pres ent o n  t h e  upper and l ower s u r f a c e s  o f  each l e af were 

c ount ed 2 and 2 4  hours l at e r . The exper iment s were not 

cont inued any l onger than 24 hours as  f i r s t l y ,  the leaf let s 

o f  the ups i de-down pl ant s were a l re ady curl ing around t owards 

t he l i ght and secondl y ,  it was d i f f i cult to wat e r  the ups i de ­

down plant s . 

The 1 0  cm pots  in whi ch the p l ant s we re grown were covered 

with black p o l ythene to e l iminate any e f fect s of pot c o l our . 

The le ave s o f  the plants which were ups ide -down were wi red 

into a ho r i z ontal p o s i t i on . The l e ave s were numbered 

consecut ive l y  up the stem with 1 be ing the o lde s t  leaf . 

Leave s 1 1 ,  1 2  and 1 3  were very immature , leave s 1 t o  8 o r  9 

we re fu l ly expanded and l e ave s 8 o r  9 t o  1 0  were 

intermediat e . 

The cage s were 5 . 5  X 6 0  X 4 5  cm , cove red with bl ack c l oth on 

the ins ide and b l ack p o l ythene on the out s ide on a l l  but one 

7 5 . 5  X 4 5  cm face whi ch for the f i r s t  cage faced up and for 

the s e c ond cage faced down . Ove r one vert i c a l  ( 7 5 . 5  X 60 cm) 

face the c l oth f o rmed a f l ap ' do o r '  t o  give ready acce s s  for 

c ount ing the whi t e fl i e s . The cage with l ight f r om be l o w  had 

the t op and s ide s ,  other than the one with the f l ap ,  c overed 

with alumini um f o i l  to help prevent the temperature r i s ing 



Photograph 1 - 1 / 1  

T omat o p l ant s in cage f o r  Expe r iment s 1 - 1 / 1  and 1 - 1 / 2 . 

Light from above p l ant s . P l ant 1 l e ft ,  p l ant 2 r i ght . 



Photograph 1 - 1 /2 

Tomat o p l ant s in cage for Exper iment s 1 - 1 / 1  and 1 - 1 / 2 . 

L i ght from be l ow p l ant s . P l ant 3 l e ft , p l ant 4 r ight . 
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reduce the number o f  whi t e f l i e s  fl ying out immediate l y  aft e r  

r e l eas e . 

The r e s u l t s o f  part s A ( se lect i on o f  l owe r o r  upp e r  l ea f  

s u r fac e )  and B ( s e lect i on o f  y ounger o r  o lder l eave s )  had t o  

b e  ana l y z e d  s eparat e l y  as the fac t o r s  are confounded - for 

e xamp l e , i t  is  imp o s s ib l e  to  say whether t he p re s ence of  

whi t e f l i e s  on the l ower surface o f  the y ounges t  l eave s  is  due 

t o  t h e  grav i t y  e ffect caus ing t hem t o  go t o  t he down s ide o r  

t o  f l y  aga i n s t  gravity t o  t h e  y ounge st l eaf . 

The r e s u lt s f o r  A .  ( s e l ect i on o f  l ower o r  upp e r  l eaf surfac e )  

wer e  ana l y z ed u s ing c ont ingency tab l e s  with a l ogl i near mode l 

f o r  t he t h r e e  fact o r s  discu s s e d  above and a l s o  the fact o r s  

' t i me' ( 2  and 2 4  hour s )  and ' exper iment' ( 1 - 1 / 1  and 1 - 1 / 2 )  

( B i s hop e t  a I , 1 9 7 5 ) . Count s for  surface s  we re s umme d  acr o s s  

age s . T h e  mode l s  o f  b e s t  f i t  were det e rmined . F or each model 

t h e  t e rms were further ana l y z ed to det e rmine whi ch pai rs o f  

fact o r  c omb inat ions were s i gn i f i cant l y  d i f fe rent from each 

other . 

The c ount s f o r  the leaf age s for B .  ( se l e ct i on o f  y ounge st o r  

o l de s t  l eave s ) were divided i n t o  three group s : ' youngest ' ,  

' mi dd l e  aged' and ' o l dest' . Then the numbers o f  whit e f l i e s  on 

t he y ounge s t  and o l de st were c ompared to dete rmine whether 

there we re more whi t e f l i e s  at one or other end of the p lant s . 

Whi c h  l eaf age s are inc luded in each group i s  arb i t rar y . The 

l ea f  age s were a l l o cat ed to the groups f o r  o l de s t  and 

y oung e s t  l eave s s o  t hat the natural case ( pl ant numb e r  2 -

p lant r i ght way up and l i ght from above ) had s igni f i cant l y  

more whi t e f l i e s  o n  the younge r than t h e  o l de r  l eave s whi ch i s  

as obs e rved i n  the f i e l d . The midd l e  group o f  l eaf age s  was 

omi t t ed and an anal y s i s  us ing c ont i ngency tabl e s  with a 

l ogl i n ear mode l was carried out ( B i s hop et aI , 1 9 7 5 ) . Hence , 

a reas onab l e  bas i s  for  c ompar i son o f  t he number o f  whi t e f l i e s  

o n  younge s t  and oldest l eaves was p rovided . 
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Re sults and D i s cus sion 

A .  Selection of l ower or upper leaf surface 

A s ummary o f  t h e  c ount s of adult s on the t wo l e a f  surf ace s 

f o r  the t wo e xp e riment s at 2 and 2 4  hour s  are pre s ented in 

F ig . 1 - 1 / 1 . The s igni f i c ant d i f ference s f o r  gravi t y ,  

phot o t a x i s  and l e a f  surface are indicated in t h e  f igure and 

t h o s e  f o r  t ime s and exper iment s are in Appendix Tab l e  A 1 - 1 / 1 . 

Ana ly s i s  f o r  the fact o r s  gravit y ,  phot o t a x i s ,  l e a f  s ur face , 

exper i ment and t ime showed that there were f our 3 way and one 

4 way inte ract i on s . As at l e a s t  s ome o f  t h e s e  i n c l uded 

' expe r i ment ' and ' t ime ' t hen the exper iment s did n ot y i e l d  

t he s ame re s u l t s  and there were change s in t he resul t s  from 

2 t o  2 4  hours . Because o f  thi s and the fact that the 

e xper iment s were not c arried out unde r i dent i c a l  c ondi t i ons 

i t  was dec i de d  to analy z e  the two experiment s s eparat e l y . 

The ana l y s i s  s howed that there were : F o r  Exper iment 1 - 1 1 1  

three 3 way int e r act i ons e ach invo l ving t ime . For  Exper iment 

1 - 1 / 2  one 3 way and three 2 way int e ract i on s . The f igure s for 

t he s e  are i n  T ab l e s  1 - 1 / 2 to 1 - 1 / 5 . 

The r e s u l t s show t hat , usually  at both 2 and 2 4  hours , 

whit e f l i e s  p r e f e r  t o  be : 

1 .  ' Down ' rather than ' up '  whether t he y  are in ' sh ade ' 

o r  ' l i ght ' ( Tabl e s  1 - 1 / 2  i i i ,  1 - 1 / 4  i i i  and 1 - 1 / 5  i i )  

and a l s o  whether they are on the ' l o we r '  o r  the 

' upp e r ' l e a f  surface ( Tabl e s  1 - 1 / 2  i i ,  1 - 1 / 3  ii  and 

1 - 1 / 4  i i ) . 

2 .  I n  ' shade ' rathe r than ' l ight ' whether they are 

' do wn '  o r  ' up '  ( Tabl e  1 - 1 / 2  i i i  and 1 - 1 / 5  i i ) , when 

they a re ' up '  o n l y  ( Table 1 - 1 / 4  i i i ) and a l s o  whether 

they are on the ' l owe r '  or  ' uppe r '  l e a f  surface 
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Fig. 1 -1/1 
Adult preference for lower or upper leaf surface of 

intact plants under 4 onentationJlight regimes. 

Tomato rN. VIrOSa 
I. Experiment 1 -1/1 n. Experiment 1 -1/2 

2 hours 2 hours 
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Wit h i n  e a c h  g ra p h  b a rs with the s a m e  l ette r a re n at s i g n ifi c a n tly 

d iffe re n t  ( P > O . 0 1 ) .  Fo r s i g n ifica nt d iffe re n c e s  betwe e n  t i m e s  a n d  

b etw e e n  e x p e r i m e n t s  s e e  A p p e n d i x  Ta b l e  A 1 - 1 / 1 .  

For t h e  o ri e n t a t I o n  of p l a nts 1 ,  2 ,  3 e n d  4 a nd t h e  ! 1 g ht d i recti o n  
see p a g e  3 7  a n d  t h e  p h ot o g ra p h s  o n  p a Q e s  40 a n d  4 1 . 

4 4  

c d  
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Table 1 - 1 /2 

Experiment 1 - 1 / 1  at 2 hour s . 

i .  Sum o f  adult s  in shade o r  l ight 
and on l ower or upper l e a f  
surface . 

Lowe r 
Upper 

Shade 

2 2 6  a 
4 2  c 

L ight 

8 4  b 
2 7  c 

i i . Sum o f  adult s ups ide - down o r  
right way up and o n  l ower o r  
upp e r  l e a f  surface . 

Lower 
Upper 

Down 

2 8 9  a 
6 8  b 

Up 

2 1  
1 

c 
d 

i i i . Sum o f  adult s in shade o r  l i ght 
and ups i de-down o r  r i ght way up . 

Down 
Up 

Shade 

2 5 0  a 
1 8  c 

L i ght 

1 0 7  b 
4 d 

F i gure s with the s ame l e t t e r  a r e  
n o t  s ign i fi c ant l y  d i f f e re nt 
( P > O . 0 1 ) . 
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Table 1 - 1 / 3  
Expe r iment 1 - 1 / 1  at 2 4  hou r s . 

i .  Sum o f  adult s  in s hade o r  l ight . 

Shade 

3 6 3 a 

L i ght 

2 3 2  b 

i i . S um o f  adu l t s  ups i de - down o r  
r i ght way up and o n  l owe r o r  
upper l e a f  surface . 

Lowe r 
Upper 

D own 

2 8 2  a 
1 4 1  b 

Up 

4 5  
3 

c 
d 

F i gure s with the s ame l e t t e r  are 
n ot s i gn i f i cant l y  di f f erent 
( P > O . O l ) . 
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Table 1 - 1 / 4  

Exper i ment 1 - 1 / 2  at 2 hours . 

i .  Sum o f  a dult s i n  shade o r  l i ght 
and on l owe r or upper l e a f  
surface . 

L ower 
Upper 

Shade 

2 3 6  a 
6 3  b 

L i ght 

9 5  b 
2 7  c 

i i . Sum o f  adu l t s up s ide -down o r  
r i ght way up and o n  l ower o r  
upper l e a f  surface . 

Lowe r 
Upper 

D own 

3 1 4  a 
6 3  b 

Up 

1 7  
3 

c 
d 

i i i . Sum o f  a dult s in s hade o r  l i ght 
and ups ide -down o r  r i ght way up . 

Down 
Up 

Shade 

2 6 6  a 
1 0  c 

L ight 

1 1 1  b 
1 0  c 

F i gures with t he s ame l e t t e r  a r e  
not s ign i fi cant l y  di f fe rent 
( P > O . 0 1 )  . 
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Table 1 - 1 / 5  
Experiment 1 - 1 / 2 at 2 4  hours . 

i .  S um o f  adult s on l ower o r  upp e r  
l e a f  surface . 

Lower Uppe r  

3 7 3  a 6 3  b 

i i . Sum o f  adu l t s  ups ide -down o r  r i ght way 
up and in shade o r  l ight . 

S hade 
L i ght 

D own 

3 0 6  a 
9 5  b 

Up 

3 8  
o 

c 
d 

F i gures with the s ame l e t t e r  are 
not s igni fi cant l y  di f f e rent 
( P > O . O l ) . 
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( Tabl e  1 - 1 / 2 i and 1 - 1 / 3  i )  when they are on t h e  

' l o we r '  l e a f  surface only ( Tabl e  1 - 1 / 2  i )  . 

3 .  On the ' lower ' leaf surface whether they are in t he 

' shade ' o r  in the ' l ight ' ( Tabl e s  1 - 1 / 2  i and 1 - 1 / 4  i )  

and whether they are ' down ' o r  ' up '  ( Tabl e s  1 - 1 / 2  i i ,  

1 - 1 / 3  i i  and 1 - 1 / 4  i i ) . 

The s e  r e s u l t s c an a l s o  be seen i n  F i g . 1 - 1 / 1 . 

Relative importance of gravity , phototax i s  and leaf surface 

characteristics 

The r e s u l t s show the f o l l owing : 

1 .  ' Down ' has more e ffect than ' shade ' . Thi s i s  s e en i n  

T ab l e s  1 - 1 / 2 i i i , 1 - 1 / 4  i i i  and 1 - 1 / 5  i i  where there 

are  s i gn i fi cant l y  ( P < O . O l )  more whi t e f l i e s  in the 

t re atment ' down ' and ' l i ght ' than in the t r eatment 

' up '  and ' shade ' . 

2 .  ' Down ' has more e ffect than ' l ower'  leaf surface . Thi s 

i s  seen in Tab l e s  1 - 1 / 2  i i ,  1 - 1 / 3  i i  and 1 - 1 / 4  i i  

wher e  t here are s i gn i f i cant l y  ( P < O . O l )  more whi t e f l i e s  

i n  t h e  t re atment ' down'  and ' upper '  than in the 

t r e atment ' up '  and ' l owe r ' . 

3 .  ' Lowe r '  l eaf surface has more e ffect than ' shade ' . 

Thi s i s  s e en in T ab l e  1 - 1 / 2  i where there are  

s i gn i f i c ant l y  ( P < O . O l )  mo re whi t e f l i e s  in the 

t r eatme nt ' l owe r '  and ' l i ght ' than in the t re atment 

' upper '  and ' shade ' but not for Experiment 1 - 1 / 2  

( T ab 1 e 1 - 1  / 4 i ) . 

Hence , the o rder of import ance o f  the abo ve fact o r s  i s : 
, down ' > ' l o we r l ea f  surface ' and ' shade ' ; ' l o we r '  l e a f  

surface s l i ght l y > ' shade ' . There fore adu l t  whi t e f l i e s  go t o  

t he l ower l ea f  surface o f  p l ant s pr imari l y  b e c a u s e  they 

pre f e r  t o  b e  ups ide -down and s e c onda r i l y  ( at l e a s t  in the 

c a s e  of t omat o )  becaus e  of charact e r i s t i c s  of t he l ower l e a f  

s u r f a c e  and t h e i r  preference f o r  shade r at h e r  than the 
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b r i ghter l i ght on the upper l e a f  surface when sett l e d  o n  a 

p l ant . 

Changes with time 

Whi t e f l i e s  sett led within 2 hours and t here wer e  few change s 

b y  2 4  hours (Appendix Tab l e  AI - I l l ) . There were three 

s ign i f i c ant ( P < O . O l )  change s . One , ( ' up ' , ' l i ght ' , ' l o we r ' ) 

had t o o  few numbe rs and only o ccurred w i t h  one exper iment , s o  

no c o n c l u s i ons can b e  drawn . The other t wo both invo l ve 

' Shade ' ( w i t h  ' down ' and ' uppe r '  and w i t h  ' up '  and ' l ower ' ) 

T h i s  c o u ld ref lect a t ime de l ay i n  the e ffect s o f  ' shade ' 

C on s i de r  a l l  t reatment s i nvo lving , shade ' . The t re atment 

' shade ' , ' down ' and ' l owe r '  woul d  be ve r y  much dominated by 

the e ffect of gravity ( ' down ' ) so that t he l i ght e f fect c o u l d  

be ove r r i dden . The ' shade ' , ' up ' , ' uppe r '  t re atment h a s  t o o  

few numbers  t o  draw s at i s fact o ry c onc l u s i on s . The other two 

show an increase i n  numbers with t ime i n  at l e a s t  one 

experiment . Howeve r ,  i f  t ime i s  requ i red f o r  l ight to t ake 

e f fe c t  then the t re atment s with ' l i ght ' should go down in 

numbe r s , whi ch they have not . Thi s hypo t he s i s  cou l d  be 

exp l o red further with highe r number s  of whit e f l i e s  s o  t hat i f  

an e f fect i s  present it  would be det e ct ed . 

The c hange s with t ime could a l s o  refl ect t he movement o f  

whit e f l i e s  from e l s ewhere i n  t he c age s rather t han from one 

t re atment t o  another . 

Di fferences in light intensity 

D i fferen c e s  in l i ght int en s i t y  bet ween cages with l i ght f r om 

above and l i ght from below the p l ant s may h ave had s ome 

e ffect on the result s . I f  the l i ght inten s i t i e s  we re the s ame 

and i f  a greater d i f ference in the l i ght i nt e n s i t y  between 
, shade ' and ' l i ght ' induces more whi t e f l i e s  to be i n  the 

s hade t hen one would e xpect the ' up '  and ' shade ' t re atment t o  

h ave h i gher numbers and the ' down ' and ' l i ght ' t re atment t o  
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h ave l ower numbers than in t he s e  e xp e r i ment s s ince f o r  these 

c a s e s  both p l ant s are in the l ower l i ght i nt e n s i t y . Howeve r ,  

i t  i s  n o t  p o s s ible t o  det ermine t h i s  from t he se e xpe r iment s . 

B .  Selection of youngest or olde s t  l eaves 

A s ummary o f  the c ount s o f  adu l t s  on the three l e a f  age 

groups f o r  the two exper iment s at 2 and 2 4  hours  are 

p r e s ented in F i g . 1 - 1 / 2 . The s i gn i f i c ant d i f f e rence s between 

the o l de s t  and y ounge st age group s for g r av i t y ,  phot o t ax i s  

and l e a f  s u rface are indi cated i n  F i g . 1 - 1 / 2  and i n  Appendix 

T ab l e  A1 - 1 / 2 . 

F o r  whi t e f l i e s  t o  c ongregate on the younger l e ave s they mus t  

e i t he r  ( 1 )  exhibit negat ive geot a x i s  i n  f l i ght o r  ( 2 ) exhib i t  

p o s i t i ve phot o t a x i s  i n  f l i ght o r  ( 3 )  move randomly a n d  s et t l e  

when t h e y  l oc at e  the preferred y ounger l eaves o r  ( 4 )  any 

c o mb inat i on o f  the s e  three fact o r s . Tab l e  1 - 1 / 6  s umma r i s e s  

t he po s s ib l e  e f fect s o f  e a ch o f  the s e  fact o r s  o n  the 

d i s t r ibut i on o f  whi t e f l i e s  with l e a f  age f o r  each o f  the 

p l ant s u s e d  i n  the s e  expe riment s .  

Two hypothe s e s  wi l l  now be cons idered . Tab l e  1 - 1 / 6  should be 

refe rred to t hroughout t h i s  di s cu s s i on . 

Hypothes i s  1 :  One o f  the factors i s  the s ol e  factor . 

1 .  Geotaxi s .  Negat ive geot a x i s i s  not t he s o l e  f a c t o r  

c a u s ing whit e f l i e s  t o  c ongregat e on t h e  y o unger l ea ve s  

a s  t here a re not c on s i st e nt l y  more whi t e f l i e s  a t  the 

' up '  end of the p l ant s . 

2 .  Phototax i s . P o s it ive phot otaxi s i s  not the s o le fact o r  

a s  whi te fl ie s  a r e  n o t  c on s i stent l y  at t he e n d  n e a r e st 

the l ight s ource . 
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Table 1 - 1 / 6 

D i re c t i on o f  whi t e f l y  respons e  t o  gravity / l i ght and 
l e a f  age . 

Negat i ve geot a x i s  

P o s it ive phot otax i s  

G r av i t y  di rect i on 

. O l der Younger Y ounger Older 
t o  t o  t o  t o  

younger o lde r o l de r  y ounger 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

L ight d i rect i on 
Leave s n e a r e s t  l ight s ource 

O l de r  Y ounge r O lde r Y ounge r 

P l ant number 

1 2 3 4 

1 
1 
i 

Younge s t  l eave s  

Both E xpt s . 
2 & 2 4  h r s  

* 

i 
I 
i 
I 
i 

i 
I 

-1 
i 

1 
i 

i 
S e l e c t i on o f  y ounge r l e ave s I I I I 

* * 

2 4  h r s  2 hrs 
E xpt . Both 

1 - 1 / 1  E xpt s . 
b .  only 

Oldest l eave s 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* s igni f i c ant l y  more ( P < O . O l )  whit e f l i e s  at t h i s  end o f  the 
pl ant a s  indi cated . Short e r  a r r ow s  indicate l ower l i ght 
inten s i t y . 
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3 .  Leaf age . E ach gravity / l ight di rect i on c ombinat i o n  doe s 

not c o n s i s tent l y  have more whit e f l i e s  on the younger 

l e ave s . Hence , the reason for whi t e f l i e s  c ongrega t i n g  on 

t he y ounge r l eave s i n  the nat u r a l  s it u at i on is not due 

ent i r e l y  t o  l e a f  age character i s t i c s . 

Hypothes i s  2 :  At least one of the factors has no e f fe ct . 

1 .  Geotaxi s .  I f  geot a x i s  has no effect t hen the re s u l t s  for 

p l ant s 1 and 3 and for p l ant s 2 and 4 shou l d  be s im i l ar but 

they were not . T h i s  i s  because the other f a c t o r s  both act 

i n  the s ame direct i on within each p a i r  of p l ant s . 

S ome o f  t he s e  d i f ferences may be due t o  t he gre a t e r  l i ght 

inten s i t y  for  p l ant s 1 and 2 .  However ,  f o r  p l ant 4 gravity 

is t he only fact or that would be indu c ing t he whi t e f l i e s  t o  

be on the o lde s t  l e ave s whe re i n  fact they were at 2 hours . 

Hence , it  c an be concluded that gravit y  doe s  h ave an e f fect . 

The di f fe rence between p l ant s 1 and 3 c ou l d  be exp l a i ned by 

e ither ( 1 )  no  gravity effect and the s t ronger l i ght for 

p l ant 1 result ing in more whi t e f l i e s  on the o l de r  l e ave s for 

Exper i ment 1 - 1 / 1  at 2 4  hours ( but t h i s  i s  not s o  for  the 

other e xperiment ) or  ( 2 )  a gravity e f fe c t  p l u s  the s t r onger 

l i ght e ffect r e s u lt ing in more on the o l de r  l eave s . Hence , 

n o  c on c l u s i on c an be drawn about whether gravi t y  has  an 

e f fe c t  or not from the re sult s for p l ant s 1 and 3 .  

2 .  Phototaxis . I f  phot o t ax i s  has no e ffect t hen the r e s u l t s  

f o r  p l ant s 2 a n d  3 and for p l ant s 1 and 4 s h o u l d  be the s ame 

but t he y  were not . Here there i s  no c omp l i c at i on o f  

d i f fe renc e s  i n  inten s i t y  f o r  gravit y  o r  l e a f  age s a s  t here 

was w i t h  phot o t ax i s . Hence , phot o t ax i s  doe s  have an e f fect 

on s e l ect i on of y ounger leave s . 
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3 .  Leaf age characteri stics . I f  l e a f  age charact e r i s t i c s  have 

n o  e f fect then the results  for  p l ant s 1 and 2 and f o r  p l ant s 

3 and 4 should be the s ame but the whi t e f l i e s  wou l d  be at 

oppo s it e  ends of the pl ant s within each p a i r . T h i s i s  so for 

p l ant s 1 and 2 at 2 4  hours for Exper iment 1 - 1 / 1  only and for 

p l ant s 3 and 4 at 24  hours . There is no c omp l i cat i on o f  

d i f fe rences i n  l i ght inten s i t y  here . The re s u l t s  a r e  not 

c o n s i s t ent a c r o s s  both expe riment s but t he y  do p o int t owards 

a s ma l l  e f fect of l e a f  age charact e r i s t i c s . 

I t  c an be c o n c l uded from the argument s f or hypo t he s e s  1 and 

2 t hat negat i ve geot ax i s , p o s i t ive phot ot a x i s  and l e a f  age 

charact e r i s t i c s  a l l  have s ome e ffect on s e l e ct i on o f  the 

y ounge s t  leave s . 

I t  rema i n s  t o  d i s c u s s  the relat ive imp o rt ance o f  the three 

fact o r s  and how rapi dlj the i r  e f fect s become apparent . 

Rel ative importance of geotaxis , phototax i s  and leaf age 

characteri stics 

Cons i de r  Tab l e  1 - 1 / 6  again . F o r  pl ant 2 a l l  three factors are 

indu c ing the whit e f l i e s  t o  c ongregat e on the y ounger le ave s 

s o  n o  c onc l u s i on c an be drawn about t he i r  r e l at i ve 

i mp o rt ance . F o r  the other three p l ant s t here are opp o s ing 

e f fe c t s among the three fact or s . 

F o r  p l ant 3 i t  appea r s  that the p o s i t i ve phot o t a ct i c  e ffect 

i s  approx imat e l y  opp o s it e  and equ a l  to t he c ombi ned e f fects  

o f  negat ive geot axi s  and l e a f  age characteri s t i c s . 

F or p l ant 4 it  appears that by 2 4  hours t he negat ive 

geot act i c  e ffect i s  approximat e l y  oppo s it e  and equ a l  t o  the 

c ombined e ffects  of p o s i t i ve phot o t ax i s  and l e a f  age 

charact e r i s t i c s  but only for one of the l e a f  age group s  

s e l e ct e d . T h i s  seeming c ontrad i ct i on t o  t h e  p l ant 3 c a s e  in 
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regard t o  the c ont r ibut ion o f  l e a f  age charact e r i s t i c s  c an be 

e xp l a i ne d  by a s s uming that the cont r i but i on i s  r e l at i ve l y  

sma l l  i n  comp ar i s on with that o f  t h e  o t h e r  two fact o r s . Thi s 

i s  c on s i s t ent with the conc l u s i on from 3 i n  t he hypothe s i s  2 

s e ct i on . 

Howe ve r ,  the r e s u lt s for  pl ant 1 do not ent i re l y  support thi s 

a s  t h e  comb ined e ffect s o f  negat i ve geotax i s  and p o s i t ive 

pho t ot a x i s  overcome t he leaf age e ffect s only for  Experiment 

1 - 1 / 1  by 2 4  hours . Maybe t h i s  i s  becau s e  of the gre at e r  l ight 

intens i t y  f o r  p l ant 1 compared with p l ant s 3 and 4 .  

A s  f o r  p l ant s 3 and 4 ,  there a r e  equ a l  numbers o f  whi t e f l i e s  

a t  e a c h  end o f  t h e  p l ant s a t  2 4  hours a n d  a s s uming l e a f  age 

charact e r i s t i c s  have a sma l l  e ffect , the negat i ve geot act i c  

e ffect and t he p o s i t ive photot act i c  e ffect mus t  be 

appro x i m at e l y  equ a l . Now compare the r e s u l t s for  p l ant 2 with 

p l ant s 3 and 4 .  The change s i n  the d i r e ct i on of the fact ors  

are : p l ant 3 only phot otax i s  and p l ant 4 only ge ot a x i s  i s  

reve rs e d . F o r  pl ant 4 t h i s  has  re s u l t e d  i n  more whi t e f l i e s  

b e i ng at t h e  oppo s it e  ( o lde s t  l e a f )  e n d  o f  t h e  p l ant at 2 

hours  o n l y  but for  p l ant 3 the numbe r s  at each end are equ a l . 

Hen c e ,  t h i s s ugge st s  that gravit y  has  more e ffect i n i t i a l l y  

and t he phot ot a x i s  u l t imat e l y  h a s  a n  equ a l  e ffect by 2 4  

hours . 

It  c an be concluded that negat i ve geot ax i s , p o s it ive 

phot o t ax i s  and l e a f  age charact e r i s t i c s  a l l  have an e f fect on 

s e l e ct i on of the younger leave s . It i s  n ot c l e ar from these 

e xpe r i ment s whi ch h a s  the greater e ff e ct out o f  negat ive 

ge ot a x i s  and p o s i t i ve phot o t ax i s  but e ach has  a great er 

e f fect than l ea f  age charact e r i st i c s . 
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Di fferences between experiments 

Alth ough there were di f ferences bet ween exper iment s for  A 

( s e l ec t i on o f  l ower o r  upper l e af s u r face ) t he conc l u s i ons 

for t h i s  s e ct i on we re consi st ent for both experiment s .  

F o r  B ( se l e ct i on o f  y ounge s t  or o ldest l eave s )  the only 

d i f ference bet ween experiment s is for p l ant 1 where there are 

s i gn i f i cant l y  more whi t e f l i e s  on t he o lde st l eave s at 2 4  

h o u r s  f o r  E xper iment 1 - 1 / 1  but not for  Exper i ment 1 - 1 / 2 . 

There i s  no c lear expl anat i on for t h i s d i f fe rence . There 

c ou l d  we l l  b e  di fferences i n  the l i ght rec e i ved by the 

whi t e f l i e s  over the durat i on of the experiment s .  However ,  it 

m i ght be e xpected that t h i s  woul d  show up between the 

experiment s in the other l i ght di rect i on a l s o . The 

expl anat i on may be that there were i n s u f f i c i ent whi t e f l i e s  

f o r  t h e  e ffect t o  s how up . Compare t h e  1 1 2  whi t e f l i e s  for 

E xp e riment 1 - 1 / 1  with �he 45 for  Exper i ment 1 - 1 / 2  on 

p l ant 1 ( Appendix T ab l e  A1 - 1 / 2 )  . 

other factors a ffecting the results o f  the s e  experiments 

S i z e  o f  the leaflets . The select i on o f  y ounger l eave s may be 

a f fe cted by t he s i z e of the l e a f let s . Sma l ler l e a flet s may 

h ave fewe r whi t e f l i e s  present becau s e  there i s  l e s s  phys i cal 

r o om rather than because o f  other f a ct o r s  inherent i n  the 

l eaves but t h i s  i s  un l i ke ly a s  none o f  the l e a f l e t s  were a s  

c ro wded a s  l eave s c a n  bec ome in t h e  f i e l d . Alt e rn at i ve l y ,  the 

s ma l l e r  l e a f l e t s  may be harder for whi t e f l i e s  t o  l o c at e . 

Method o f  introduction of whiteflies . Because whi t e f l i e s  t end 

t o  s t ay at the s i t e s  where they f i r s t  l and i t  m ight be 

t h ought that there c o u l d  be more whi t e f l i e s  pre s ent on the 

l e ave s nearest the int roduct i on p o i nt s  o r  where the 

whi t e f l i e s  have moved s i deways to the other p l ant in the 
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Ftg. 1 -1fJ 

Plan of leaf arrangement for piants in Experiment 1 -1�. 

L LIght from above 

Plant 1 on left, plant 2 on  right. 

8 
1 3 6 5 2 8 4

�
5 1 0 9 

5 8 

1 1  1 0  6 9 
3 

4 

1 light from bek1N 

Plant 3 on left, plant 4 on right. 

6 1 0  3 3�l O  6 9 8 9 2 4 1 1 
5 2 7 1 1  

Th e n u m b e rs a re t h e  l e a f  a g e s  i n  o rd e r  u p  th e ste rn .  1 :  o l d e s t .  

T h e  l e n g t h  of t h e  l i n e s  is p ro p o rtio n a l  t o  t h e  n u m b e r  o f  a d u l t s  
p re s e n t  a t  24 h o u rs .  

7 
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c a ge t hat there could b e  more whi t e f l i e s  on t he s i de nearest 

t he other p l ant . Therefore a p l an o f  t he l e a f  arrangement was 

drawn up f o r  Experiment 1 - 1 / 2 ( F i g . 1 - 1 / 3 )  . Care was t aken in 

Exper iment 1 - 1 / 2  t o  introduce the whi t e f l i e s  c l o s e  to the 

main s t em t o  avo i d  t h i s  problem and F i g . 1 - 1 / 3  doe s not show 

a part i cu l a r l y  uneven dist ribut i on a r ound the p l ant s except 

f o r  p l ant 1 where there i s  s ome i nd i c at i on t h at the 

whi t e f l i e s  may have moved from p l ant 1 t o  the neare s t  l e ave s 

o f  p l ant 2 .  

Movement of white flies from plant to plant . T h i s  may have 

o ccurred a s  sugge sted above . Howeve r ,  i f  the t o t a l  whi t e f l ie s  

on t h e  p l ant s i s  c on s idered ( s ee Appendix T a b l e  AI - 1 / 2 )  and 

p l ant s 1 and 2 and a l s o  ,pl ant s 3 and 4 i s  c ompared , in no 

c a s e  i s  the inc r e a s e  in numbers on one p l ant from 2 to 2 4  

hours c l o s e  t o  the de crease i n  numb e r s  o n  t he other p l ant . In  

mo s t  c a s e s  numbers inc'reased on both p l ant s . However , it i s  

worth not ing t h e  l arge diffe renc e s  in t o t a l  numbers on p l ant s 

within cages and a l s o  between pl ant 2 and a l l  the other s . 

Temperature di fference s . The temp e r ature di f ferenc e s  ( see 

Table I - I l l )  betwe en the two c age s and the t wo exper iment s 

c ou l d  have had an e ffect on r e s u lt s . The c o o l e r  min imum 

t empe rature s in Expe r iment 1 - 1 / 2  c o u l d  have induced l e s s  

movement and maybe s l o wed down t h e  phot o t act i c  e f fect . Hence , 

a gre a t e r  di fference from 2 t o  2 4  hours wou l d  be expected 

between Experiment s I - I l l  and 1 - 1 / 2 . Thi s is so for the 

' down ' , ' shade ' , ' uppe r '  t re atment f o r  l e a f  s u r face s e l e ction 

(Appendix T able AI - I l l  b )  but not f o r  any other t r eatment . 

Summary 

The s e  experiment s show that greenhous e  whit e f l y  s e l ect s the 

l ower l e a f  surface o f  t omat o prima ri l y  becau s e  i t  prefers t o  

be ups i de - down ( gravity respons e ) , s e c onda r i l y ,  becau s e  o f  a 

pre ference for  s ome character i st i c l s  o f  the l owe r leaf 
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s u r fa c e  and t h i rdly becaus e  i t  p r e f e r s  t o  b e  i n  the shade 

( negat i ve phot ot act i c  re spon s e )  . 

The s e  exper iment s a l s o  show t h at greenho u s e  whi t e f l y  s e l e c t s  

t he younge s t  l eave s o f  t omat o mai n l y  b e c au s e  o f  a c ombined 

negat ive geotact i c  and p o s it i ve phot otact i c  respon s e  in 

f l i ght . Charact e r i s t i c s  of leaf ages h ave only a minor 

e f fe c t . 
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1 -2 Gravity , l i ght di rection , and leaf characteristics and 

s e l e ction of lower leaf surface of exci s e d  l eaflet s . 

I n  S e c t i on 1 - 1 ,  us ing int act t omat o p l ant s , the s e l ect i on o f  

s et t l ing s it e s  d i d  n o t  t ake pl ace under c ompl et e l y  s t andard 

c ondi t i on s  of l i ght and temperature n or were the numb e r  o f  

whi t e f l ie s  s t andardi s ed . Al s o  no a c c ount was t aken o f  the 

p o s s ib l e  e f fect o f  aggregat i on o f  whi t e f l i e s . The r e f o re the 

e xp e ri ment i n  t h i s  s e ct ion was carried out t o  addre s s  t he s e  

s h o rt c omings . 

L e a f  a ge was  not incorporated and o n l y  l e a f  surface and the 

f o l l owing f a ct o r s  were invest igated : 

1 .  Gravity re spons e . 

2 .  Negat i ve phototaxis ( when wa lking)  

3 .  Leaf surface characteri stics . 

4 .  Aggregation o f  whit e f l i e s . 

E xc i s e d  l e ave s o r  l e a f l et s have been u s e d  in exper iment s by 

othe r s : t omat o and greenhouse whi t e f l y  ( Hu s s e y  and Gurney , 

1 9 5 9 ) , f i e l d  beans and 3 aph i d  spe c i es ( Mu l l e r ,  1 9 6 8 ) , 

S o l an um spp and green peach aphi d  ( S am s  et a I , 1 9 7 5 ) , c it ru s  

a n d  c it ru s  b l ackfly ( Cherry et a I , 1 9 7 8 ) , t omat o and 

greenh o u s e  whi t e f l y  (Noldus et a I , 1 9 8 6b ) and l emon and 

bayberry whi t e f l y  (Walke r ,  1 9 8 7 ) . Alth ough the re i s  s ome 

p o s s ib i l it y  o f  changes in the met abol i c  p r o c es s e s  within the 

e x c i s e d  l e a f l et s  ove r t ime ,  the t echni que h a s  p r oved t o  be 

s at i s fa c t o ry f o r  examining host p l ant s e l ect i on and 

ovipo s i t i on . Hence it s use in thi s experiment . 
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Material s and Method 

Experiment 1 -2 . 

A s ingle e x c i sed l ea f l et of t omat o ( Lycop e rs i c on e s cul en tum )  

cv . Vi r o s a  was i n se rted i n t o  vermi cu l i t e  a n d  wat e r  i n  a v i a l  

w it h i n  a t ransparent cage ( 1 0 e m  l ong , 5 e m  di ameter ) .  Two 

f a c i n g  rows o f  four cage s were p l a ced in a box . See 

Phot ograph 1 -2 . 

Each l e a f let was then sub j ected t o  one l eve l o f  e ach o f  the 

f o l l owing fact o r s : 

1 .  O r i ent at i on : 

Lower s u r face up . 

Lower s urface down . 

Le ft edge down . 

Ri ght edge dowri . 

2 .  L i ght di rect ion : 

Lowe r  s u r face t owards l i ght s ource . 

Lower s u r face away from l ight s ource . 

Le ft edge t owards l i ght s ource . 

Ri ght edge towa rds l i ght s ource . 

3 .  P re senc e / absence o f  whi t e f l i e s  at s t art : 

Whi t e f l i e s  present only on l ower surface . 

Whi t e f l i e s  present only on upper s u r face . 

The b o x  was t hen p l aced with the open end f a c i n g  a l i ght 

s ource whi ch was either shining from abo ve , be l ow ,  the r i ght 

or t he l e ft s i de of the growth c abinet whe re the experiment 

was c a r r i ed out . Seventy- five female whi t e f l i e s  were p l aced 

i n  each c age and a l l owed to s ett l e  over n i ght . The numbers  on 

each l e a f let s u r face were counted in the morning and again 1 2  

hours  l at e r . 

Thi s a r rangement wa s de s i gned t o  examine the r e l a t i ve 

imp o rt ance o f  the f o l l owing fact ors a ffect i n g  whi te f l y  

s e l ect i o n  o f  s et t l ing s it e s : 



Phot ograph 1 -2 

Toma t o  l e a f l et s in c age s for Exper iment 1 - 2 . 
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1 .  Gravity response :  whether whi t e f l i e s  pre fer t o  be 

D own i . e .  ups i de -down ( ho r i z ont a l )  or 

Up i . e .  r i ght way up ( h o r i z ont a l ) or 

become evenly di s t r ibut ed on both surfaces i . e .  

Ve rt i c a l  - l e a f l et with l e ft edge down or 

Vert i c a l  - l e a f l et with r i ght edge down . 

2 .  Phototaxi s :  whether whit e f l i e s  move t o  be e it he r  

I n  t he l i ght o r  

O n  t h e  s hady s i de o f  a l e a f l e t  o r  

b e c ome evenly d i s t r ibut ed on b ot h  surfaces when : 

L i ght i s  t owards t he r i ght edge o f  the l e a f l et or 

L i ght i s  t owards the l e ft e dge o f  the l e a f let . 

3 .  Leaf surface : whether whi t e f l i e s  s et t l e  on 

Lowe r  l e a f  surface o r  

Upper l e a f  surface . 

4 .  Aggregation : whether whit e f l i e s  move t o  whe re othe r 

whit e f l i e s  a re : 

P re s ent on the l e a f l et s u r f a c e  o r  

Absent f rom the l e a f l et s u r f ac e . 

There we re 1 6  runs f 4 for  each o f  the 4 p o s it i on s  o f  the 

l i ght s ource . F o r  each run o f  the experiment the e i ght 

l e a f l e t s  were a rranged as f o l l ows : 

1 .  Uppe r  surface t o wards the l i ght and 

whi t e f l i e s  ab s ent at s t a rt . 

2 . Uppe r  s u r f a c e  t owards the l i ght and 

whi t e f l i e s  present at s t a rt . 

3 .  Uppe r  surface i n  s hade and 

whit e f l i e s  abs ent at s t a rt . 

4 . Uppe r  s u r f a ce in s hade and 

whi t e f l i e s  p r e s ent at s t a rt . 

5 .  Left  edge down and 

whit e f l i e s  absent at s t a rt . 

6 .  Left edge down and 

whi t e f l i e s  pre s ent at s t a rt . 

7 .  Ri ght edge down and 
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whi t e f l i e s  abs ent at s t art . 

8 .  Right edge down and 

wh i t ef l i e s  pres ent at s t a rt . 

I t  wa s found that a l l  t he edge c omb inat ions had t o  be 

a l l o c a t e d  t o  t he s ame s i de of the box otherwi s e  when l ight 

was  d i rected from the l e ft or r i ght s ide o f  the growth 

c ab i ne t  i dent i c a l  c ombinat i on s  of phot o t ax i s  and gravity 

f a ct o r s  we re created i nstead of r i ght and l e ft c ombinat i ons . 

The o rder o f  the run s was randomi s e d  and the arrangement of 

the l e a f l et s  on e ach s i de o f  the b o x  was re-r andom i s ed for  

each run . 

There were 6 4  t re at ment s alt ogethe r : 4 �ravit� leve l s  X 4 
'l i ght' l eve l s  X 2 'l e a f  surface' l eve l s  X 2 'pres ent / absent! 

leve l s . 

Al l runs o f  the experiment were c a r r i ed out i n  a growth 

c ab inet at 2 0 + / - 1  C .  The humidity c ou l d  not be cont r o l led and 

f l u ct u at ed c on s i de rab l y  throughout t he runs of the experiment 

from about 4 0  t o  1 0 0 %  RH . 

A c o o l  l i ght s ource was used with the ends o f  both f ibre 

opt i c  a rms t i ed t o gether 2 1  cm from the p l ane of the 

l e a f l et s . The l i ght intens ity , whi c h  was set t o  the max imum 

p o s s i b l e ,  was  measured with a quant um s e n s o r  and f ound t o  be 

about : 

4 0 0  �E / m2 / s  at the cent re o f  the p l ane o f  the l e af l et s ; 

3 4 0  �E / m2 / s  thro ugh t he acetat e ; 

2 0  �E / m2 / s  t hrough the l e a f l et s and a c et ate . 

F i g . 1 - 2 / 1 shows the spec t r a l  qua l i t y  o f  t he l i ght s ource . 

F i gure 1 on the l e ft i s  from Morgan et a l  ( 1 9 8 5 ) . 

The v i a l s  with t he l ea f l e t s  i n  the c a ge s  were i n s e rt e d  int o 

ho l e s  i n  p o l y s t yrene at opp o s i t e  ends o f  the c a rdbo a rd box . 

The cages  were he l d  i n  pl ace by l engths o f  f l o r i st ' s wire 

above and b e l ow e a ch s e t  o f  four c ages and by approp r i at e l y  
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shaped part i t i on s  o f  cardboard i n  t he centre . The who l e  box 

was l ined with b l ack pape r . The base of t he b o x  c o u l d  s l i de 

out s o  that the number o f  whi t e f l i e s  on the l e a f  surface on 

t hat s i de c o u l d  be counted e a s i l y . S e e  Photograph 1 -2 . 

The cages were made from Myl a r  overhe a d  p r o j ec t o r  acetat e . 

They we re att ached t o  the vi a l s  by a s le e ve o f  t e r y l ene sheer 

he l d  i n  p l a c e  by rubber bands . The open ends of the cages 

were c l o sed by a piece o f  t e r y l ene sheer . The v i a l s  were 

prepared b y  f i l l ing them with vermi c u l i t e  and wat er then 

carefu l ly removing the a i r  bubb l e s  to prevent a i r l ocks  and 

cons e quent w i l t ing of the l e a f l et s . The t op s  o f  the vi a l s  

were s e a led with Ne s c o f i lm and a rubber band . The l e a f l et s  

were h e l d  i n  one p l ane by attaching the t ip s  with c e l l ot ape 

to a l ength of f l or i st ' s  wi re i n s e rt e d  into e ac h  v i a l . The 

l e a f l et s were j u st ful l y  mature and s e l e ct ed f o r  uni formity 

of s i z e . Left and r i ght leaflet edge s wer e  de f i ned a s  being 

on the l e ft and r ight re spect i ve l y  when t he l e a fl e t  upper 

surface was vi ewed from the pet i o l e  of t he l e a f . 

The day before the st art o f  each run fema l e  whi t e f l i e s  2 - 1 0  

day s  o l d  were anaesthet i z ed and 7 5  were p l a ced i n  e a ch cage . 

Al l l e a flet s at t h i s  st age we re arranged i n  a ho r i z ont a l  

p l ane . Over n i ght i n  complet e  darkne s s  t he whi t e f l i e s  s ett l ed 

predominant l y  on the ' down ' surface o f  t he l e a f l et s . The next 

day at the s t a rt of the exper iment the number of whi t e f l i e s  

o n  e a ch surface o f  each l e a f l et were c ounte d  a n d  then the 

l e a f l et s were turned a s  approp r i at e  t o  g i ve t he p l anned 

o r i ent at ion to l i ght and gravity for t hat run . 

When t he e xperiment was de s igned i t  wa s ant i c ipated that it  

would be ana l y zed u s ing ana l ys i s  of  v a r i ance . Henc e ,  a 

b a l anced de s i gn was devi sed but the fact o r s  c o u l d  not be 

f u l l y  r andomi sed . Howeve r ,  a ft e r  t he r e s u lt s were obt a ined it 

became c l e a r  that a logl inear approach wa s a far more 

approp r i at e  method o f  ana l y s i s  t hough i t  was a l s o  real i sed 

that t he e xper iment a l  de s ign was not i de a l  for l ogl inear 
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anal y s i s . I t  would have been more app ropr i at e  t o  have had 

more whi t e f l i e s  per c age and fewe r rep l i c a t e s  of the s ame 

c ondit i on s . 

The c ount s at t he s t art and at t he end o f  t he experiment we re 

ana l y z ed and the mode l s  of b e s t  f i t  found u s in g  c ont ingency 

t ab l e s  and a l o gl inear model for t he fact o r s  de s c r ibed above 

( B i s h op et a l  1 9 7 5 ) . Further ana l y s i s  was  c ar r i ed out t o  

det e rmine whi ch p a i r s  o f  fact o r  c ombinat i on s  

s ign i f i c ant l y  di f ferent from e ach othe r . 

were 

Re sults and Di s cus s i on 

The r e s u l t s  o f  the count s at 0 and 1 2  hours  are p re s ented in 

F i g . 1 -2 / 2 . Each p a i r  of bars ( above and b e l o w  the cent re 

l ine ) in F i g . 1 - 2 / 2  repre sent s 4 t re atment s : t he two leaf 

surfaces o f  the s ame lea flet s  are one e a ch s i de o f  t he cent re 

l ine and the t wo present / ab s ent leve l s  a re 

s t a c k s  in each bar with ' ab sent ' b e i ng 

' pr e s ent ' l eve l having the appropri at e  

pre s ent / absent l eve l s  f o r  t h at bar . O f  

rep r e sented a s  

b l ank a n d  the 

f i l l  f o r  both 

c ou r s e  any one 

' pr e s ent ' leve l mus t  be pai red with an ' ab s ent ' l eve l on the 

other s ide o f  the centre l ine f o r  the s ame l ea fl et . 

The 4 l i ght di rect i on s  and the 8 l e a flet s o f  e ach run have 

been re grouped s o  that the 1 6  o r ientat i on / l i ght regime s are 

in four group s of four to fac i l it at e  c l e a r  expre s s i on of the 

main r e s u l t s . The four groups a r e  a l l  t he c ombinat i on s  o f : 

A .  D own , up o r i ent at i on and in shade , i n  l i ght regime s . Thi s  

equat e s  with the c omb inat i on s  o f  S e ct i on 1 - 1 . S e e  F i g . 

1 - 2 / 2 p a i red bars  numbered 1 t o  4 and c ompa re with F i g . 

1 - 1 / 1  where p l ant s 1 t o  4 c o r r e spond t o  the b a r s  1 t o  4 .  

B .  D own ,  up o r i entat i ons and l i ght f r om s i de ( l e ft or 

r i ght ) . Here the l i ght on each leaf s u r fa c e  is  the s ame so  

in e ffect di f fe rences in l i ght h ave been e l iminated . See 

F i g . 1 - 2 / 2  p a i red bars numbered 5 to 8 .  
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C .  Vert i ca l  o r i ent at i on ( le ft and r i ght l e a f l e t  edges down ) 

and i n  shade and in l i ght regime s . Here t he whi t e f l i e s  are 

i n  e f fect h a l f  way between up and down so the gravit y 

e ffect i s  the s ame on both s i de s o f  the l e a f let and 

therefore shou l d  not in fl uence the r e s u lt s . S e e  F i g . 1 -2 / 2  

p a i red bars numbered 9 t o  1 2 . 

D .  Ve rt i c a l  o r i ent at i on ( l e ft and r i ght l ea f l e t  edge s down ) 

and l i ght from the s i de ( le ft o r  r i ght ) . H e re both gravi ty 

and l ight are the s ame on e a ch s i de o f  the l e a f l e t s so  on l y  

the d i f fe rences in l e a f  surface charact e r i s t i c s  should 

i n fl uence the resul t s . See F i g . 1 - 2 / 2  p a i red bars numbered 

1 3  t o  1 6 . 

The ana l ys i s  for  the fact o r s  gravi t y ,  phot ot a xi s ,  l e a f  

s u r f a c e  and pre sence / ab sence for  e ach t ime s howed that there 

was a 4 way int e ract ion for each t ime . The r e f o re leve l s  of 

the di f fe rent fact o rs we re c ompared within groups A, B,  C and 

D de fined above . The r e s u l t s  and the s igni f i cant di fference s  

are recorded i n  Appendi x T ab l e  Al -2 / 1  and T ab l e  1 -2 / 1 . I t  

should be not ed that i n  the s e  t ab l e s  the p a i red values  for  

l owe r and upper l e a f  surfaces  are not n e c e s s a r i l y  from the 

s ame l e af l et . The numbers in bracket s wi  t h i n  e ac h  t able 

c orrespond t o  the numbers a l l o c ated to  the p a i red bars  in 

F ig . 1 -2 / 2 . 

Total white fl i e s  on the leaflet in each cage 

F o r  the c ompari s on s  in the ana l y s i s  to be val id t he re mu s t  be 

equ a l  numbers of whi t e f l i e s  on t he l e a f l et s in e a ch c at egory 

being c ompared s ince most c omp a r i s ons do not invo l ve a choi ce 

t e s t . The s e  t o t a l s  are i n  Tab l e  1 - 2 / 1 . They h ave been s ummed 

a c ro s s  the four rep l i c at e s  for  e ach c ombinat i on o f  the four 

fact o r s  for  e ach group A ,  B,  C and D .  At 1 2  hours only group 

B shows any s i gn i f i cant ( P < O . O l )  di f ferences  among the 

t re atment t o t a l s . The h i ghes t  t wo val u e s  ( 2 4 2  and 2 5 2 ) are 

s i gn i f i c ant l y  di fferent from the l owe s t  two va l u e s  ( 1 8 0  and 

1 9 2 ) . I f  the s e  were adj u s t ed up / down as appropr i at e  t o  remove 

the di f fe rences i n  the t o t a l s  for  group B t hen i n  the body o f  





Table 1 - 2 / 1  cont inued . 

Sum of 0 hours 1 2  hours 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

adu l t s  L ower Upper Lower Upper 
s u rface surface surface surface 

( s ame l ea fl et ) ( s ame l eaflet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C 

D 

Left ed�e down , 
On lwr ( ) 1 1 2  
On upr ( 9 )  1 

Right e dge down , 
On lwr ( 1 0 )  5 3  

I n  shade 
0 

1 1 3  
In shade 

2 
6 5  O n  upr ( 1 0 )  9 

Left edge down
s 

In 
On lwr ( 1 1 )  1 

light 
4 

On upr ( 1 1 )  1 0  
Right e d1e down , 

On 1 wr 1 2  ) 1 0 3 
On upr ( 1 2 )  0 

Left ed1e down
s On lwr 1 3 )  1 0  

6 0  
In light 

1 
1 1 5  

Left edye 

8 3  On upr ( 1 3 )  3 
Left edge down , Right edge 

On lwr ( 1 4 )  1 0 8  
On upr ( 1 4 )  4 

Right ed1e down , 
On lwr 1 5 )  8 8  

l e ft 
7 5  

edge 

8 2  

2 0 6  
2 0 5  

2 3 8  
2 1 6  

2 0 2  
1 7 2  

1 4 7  
1 1 6  

to light 
2 2 
1 4 6  

to l i�ht 
1 4 
1 9 3 

to l i�ht 
1 3 
1 9 6  On upr ( 1 5 )  1 

Right ed1e down , 
On lwr 1 6 )  1 1 0  

Right edge t o  l iyht 
5 1 9  

On upr ( 1 6 )  1 6 8  1 8 5  

7 
2 8  

7 
9 

4 0  
7 2  

7 1  
8 0  

1 7  
5 7  

4 0  
2 7  

3 9  
2 8  

1 5  
3 2  

0 hours 1 2  hou rs 
- - - - - - - - - - - - - - - -

Total  Tot a l  

- - - - - - - - - - - - - - - -

1 1 2 a 2 1 3  a 
1 1 4  a 2 3 3  a 

5 5  c 2 4 5  a 
7 4  bc 2 2 5  a 

5 5  c 2 4 2  a 
7 0  bc 2 4 4  a 

1 0 4 ab 2 1 8  a 
1 1 5  a 1 9 6  a 

1 0 6  a 2 1 9  a 
8 6  ab 2 0 3  a 

1 0 8  a 2 1 4  a 
7 9  ab 2 2 0  a 

8 8  ab 2 0 2  a 
8 3  ab 2 2 4  a 

1 1 5 a 2 0 6  a 
6 9  b 2 1 7  a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F i gu r e s  w i th the s ame l e t t e r  within each column o f  t o t a l s  for each group A ,  B ,  C and D a r e  not 
s i gn i f i c antly d i f fe rent ( P >O . O l ) . 
F i gu r e s  i n  bracket s are the l e aflet ( t re atment ) numbers and c orre spond with tho s e  i n  F i g . 1 - 2 / 2 . 
lwr : l owe r ;  upr : upper . 

I-' 

Cfl 
(D 
I-' 
(D 
0 
rt 
f-'. 
0 
;:J 
0 
H> 
(I) 
(D rt 
rt 
I-' f-'. ;:J cO 
(I) 
f-'. 
rt 
(j) 
(I) 

I-' I N 

1:':1 
x 
0 
f-'. 
(I) 
(D 
0. 
I-' 
(D 
OJ 
H> 
I-' 
(D 
IT 
(I) 

--.J 
W 
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t he t ab l e  2 4 2  and 2 4 7  wou l d  be redu c e d  and 3 0 ,  1 5 0 ,  7 6  and 

1 1 6  woul d  be increased . Now cons i de r  Appendix T ab l e  A 1 - 2 / 1 a  

g roup B .  The s e  ad j us tment s woul d  p o s s ib l y  remove t he 

s igni f i c ant d i f ference s for 1 1 6 / 1 6 4 and 7 6 / 3 0 . Sma l l  change s 

wou l d  be unl ikely t o  change the non s ign i f i cance o f  the other 

p a i r s  of numbers a f fected . S imi l a r l y  i n  Appendix T ab l e  A1 -

2 / 1b t he a d j ustment s wou ld po s s ib l y  remove t h e  s i gni f i c ant 

d i f fe rence f o r  2 0 1 / 1 5 0  but prob ab l y  n ot any of the other 

p a i r s  o f  numbers a f fected . Aga i n  i n  Appendix T ab l e  A1 - 2 / 1 c  no 

c hanges wou ld be l ikely . Al s o  cons i de r  T ab l e  1 - 2 / 2 . The 

c hange s wou ld not a l t e r  the ove r a l l  conc l u s i on s  but c o u l d  

remove the s ign i fi c ant ( P < O . 0 1 )  di f ferences within the two 

g roups ' up '  / ' l owe r '  and ' down ' / ' upp e r ' . 

Cons i de r  the t o t a l s  for 0 hours i n  Append i x  T ab l e  A l - 2 / 1 a . 

There are s i gn i f i c ant ( P < O . O l )  di fferences i n  a l l  four o f  the 

g roups A,  B,  C and D .  In  a s im i l a r  way t o  t hat de s cr ibed 

above the number s  can be adjusted up/ down as appropriat e and 

checked for the e f fe ct s  in the t ab l e s . I t  was  f ound that 

p r ob ab l y  s ome of the s i gni f i c ant ( P < O . 0 1 )  d i f f e re n c e s  wou ld 

di s appear and no new ones would be c reated . 

Hence , the fact t hat the t o t a l s i n  each c a t e go r y  are not 

a l wa y s  equal may a c c ount f o r  s ome of the abb e r ant s i gn i f i cant 

d i f fe rence s . 

Gravity and phototaxis response .  Appendi x T ab l e  A1 -2 / 1 c . 

At the s t art o f  the experiment the re wer e  n o  s i gn i f i c ant 

d i f fe rences ( P < O . O l )  among the grav i t y  and p ho t o t ax i s  

l evel s  i n  groups A o r  B within l e ve l s  o f  the f a ct o r s  

' pr e s ent ' o r  ' ab sent ' o r  within e it h e r  l ower o r  uppe r l e a f  

s u r faces . Howeve r ,  at 1 2  hour s  i t  c an be s een t h at whi t e f l i e s  

p r e fe r  t o  be : 

1 .  ' Down ' rather than ' up '  ( group B - l i ght i s  the s ame 

on both s ide s o f  the l e a flet ) and t h i s  i s  s o  whethe r  

they are i n  ' shade ' o r  ' l i ght ' ( gr oup A )  and a l s o  

( fo r  groups A and B )  whether they are o n  the l owe r o r  
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Table 1 - 2 / 2  
Group B at 1 2  hours 

Down Up 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Lower 
' P r e s ent ' 

S i de ( L )  2 0 1  ab 7 6  e 
S i de ( R )  1 9 9  ab 5 3  e f  

' Ab s ent ' 
S ide ( L )  2 4 2  a 3 0  f 
S ide ( R )  2 4 7  a 7 6  e 

Total 88 9 2 3 5  

Uppe r  
' P re s ent ' 

S i de ( L )  1 5 0  cd 2 g 
S i de ( R) 1 1 6  d 5 g 

' Ab s ent ' 
S i de ( L )  1 2 4  cd 4 g 
S i de ( R) 1 6 4 bc 1 g 

Total 554 1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F i gu r e s  w i t h  t h e  s ame l e t t e r  within the who l e  
t ab l e  a r e  n o t  s i gn i f i cant l y  di f fe rent ( P > 0 . 0 1 )  

the upp e r  l e a f  surface o r  whether they are ' pr e s ent ' or  

' ab s ent ' at  the s t art . 

2 .  In ' shade ' or ' light ' equally whe r e  they are a l s o : 

On the lower leaf surface ( group C - gravity e ffect 

is the s ame on both s i de s  of the l e a fl et ) or 
, Down ' ( gr oup A) 

whether ' pres ent ' o r  ' ab sent ' e x c ept whe r e  the r i ght 

edge i s  down , and when on the upp e r  surface and 

' absent ' at the start . Thi s  could be a r e f l e ct i on o f  

the t ot a l  number o f  whi t e f l i e s  o n  the l ea f l et s a s  

opp o s e d  t o  e l sewhere 

l e a f l e t s  1 have 2 1 2 . 

l e a f l et s 4 h ave 1 8 7  and 
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I n  c ont rast  t o  t h i s  whi t e f l i e s  prefer t o  b e : 

I n  ' shade ' rather than light whe re t he y  a r e  a l s o  

On the upper leaf surface ( group C )  o r  

' Up '  ( group A )  

whether ' pre s ent ' or  ' ab sent ' e xcept whe r e  they are 

' up '  and on t he upp e r  surface and ' ab s ent ' at the 

s t art ( group A)  . However the numb e r s  are  ve ry s ma l l  

( 6  and 1 )  . 

Leaf surface response (Appendi x  T ab l e  Al - 2 / 1b )  

At the s t a rt o f  the experiment about t wo thi rds o f  the l e a f  

surface p a i r s  a r e  not s igni f i c ant l y  d i f fe rent . T h e  rema inder 

show no p at t e rn and are more e ither a re f l e ct i on of 

di f ferences in the t o t a l  number on the l e a fl e t  s u r f a c e s  ( fo r  

examp l e  l e a f l et s 1 0  and 1 2  have 1 1 8  ( 5 3 + 6 5 )  and 2 1 8  ( 1 1 5  + 

1 0 3 )  re spect i ve l y ) ; hence the d i f fe rence between 1 0  and 1 2  in 

group C o r  a re f l e ct i on of very sma l l  numbers a s  i s  t he c a s e  

for  a l l  i n  the ' ab sent ' catego ry _ 

At 1 2  hours i t  c an be s een that whi te f l i e s  prefer t o  be : 

On the lower leaf surface no mat t e r  what the l eve l o f  

the other fact o r s  with the e xcept i ons , i n  group A ,  

where t wo have very sma l l  numb e r s  and t he t h i r d  i s  

the much preferred c a s e  o f  ' down ' and i n  t h e  ' shade ' . 

T h i s  app e a r s  t o  have masked the prefe rence f o r  the 

l owe r leaf surface . 

Aggre gation o f  whiteflies (Append i x  Table Al - 2 / 1 a )  

At t he s t a rt o f  the exper iment t he r e  are c o n s i s tent l y  

s ign i fi cant l y  m o r e  whi t e f l i e s  in the ' pr e sent ' t h an t h e  

' ab s ent ' catego ry for  a l l  groups A t o  D a s  intende d . 

At 1 2  h ours  whi t e f l i e s  have n o  preference f o r : 

' present ' or ' absent ' leve l s  -

f o r  mo s t  gravit y /phot otax i s  leve l s . Otherw i s e  t he y  

p r e f e r  t o  move t o  where whi t e f l i e s  a r e : 
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already pres ent . There i s  one except i on i n  group B .  

There i s  no patt e rn among the gravit y /phot ot a x i s  l e ve l s  

whe re t h i s  pre ference o c curs . Howeve r ,  s e e  the l at e r  

d i s cu s s i on o f  the re l at ive imp o rt ance o f  ' shade ' and 

' pr e s ent ' . 

Henc e , t he a ggregat i on fact o r ,  i f  i t  i s  operat ing at a l l , i s  

very weak . Thi s does not conf i rm the result s o f  Ahman and 

E kb om ( 1 9 8 1 )  who reported an aggregat i on e f fe c t . It doe s  not 

cont radi ct t he re sult s o f  Xu ( 1 9 8 5 )  and No l du s  ( 1 9 8 6 c )  as the 

aggregat i on they obs e rved is due to feeding preferences  and 

not n e ce s s ar i l y  pre ferenc e s  for a s s o c i at i on w i t h  other 

i n d i dv i du a l s .  

Relative importance of gravity , phototaxis , leaf surface 

characteri stics and aggregation 

The r e s u lt s show the f o l l owing : 

1 .  ' Down ' has more e ffect than ' shade ' . Thi s i s  s e en i n  

Appendix T ab l e  Al -2 / 1 c  group A where t he r e  are  

s i gn i f i c ant l y  more whit e f l i e s  in the catego r i e s  

' down ' and ' l ight ' ( l ower : 2 1 9 ,  2 1 7 ;  upper :  1 9 1 ,  1 6 1 )  

t h an i n  the c at ego r i e s  ' up ' and f shade ' ( l owe r : 5 9 ,  

5 0 ;  uppe r : 1 8 ,  6 )  for both l e a f  surface s . 

2 .  ' Lower '  has more effect than ' shade ' . T h i s  i s  s e en i n  

T ab l e  1 -2 / 3 a which i s  group C a t  1 2  hou r s  f rom 

Appendix T ab l e  Al -2 / 1  with s ign i f i c ant d i f ferences  

r e c orded acro s s  all  leve l s  o f  all  the f a ct o r s . Here  

t he numb e r s  in the  ' l owe r '  and ' l i ght ' c at e go r i e s  a l l  

( ex cept one - 1 1 6 )  are s igni f i c ant l y  great e r  t han a l l  

t h o s e  i n  the ' upper '  and ' shade ' c at egor i e s . 

3 .  ' Down ' has more effect than ' lowe r ' . Thi s i s  s e en i n  

T ab l e  1 -2 / 2  whi ch i s  group B at 1 2  hours  from 

Appendix Tab l e  Al - 2 / 1  with s i gn i f i c ant d i f fe r e n c e s  

r e c o rded a c r o s s  a l l  leve l s  o f  a l l  fact o r s . Here  t he 

numbers i n  the ' down ' and ' uppe r '  catego r i e s  a r e  
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Table 1 - 2 / 3 a  

Group C at 1 2  hours 

Shade 
' P r e s ent ' 

Vert . ( L )  
Ve rt . ( R) 

' Ab s ent ' 
Vert . ( L )  
Vert . (R )  

Total 

Li ght 
' P re s ent ' 

Ve rt . ( L )  
Ve rt . ( R) 

' Ab s ent ' 
Vert . ( L )  
Vert . ( R) 

Total 

Lower 

2 0 6  ab 
2 3 8  a 

2 0 5  ab 
2 1 6  ab 

8 65 

2 0 2  ab 
1 4 7  cd 

1 7 2  
1 1 6  

637 

bc 
de 

Uppe r  

7 2  f 
8 0  e f  

4 0  g 
7 1  f 

2 63 

2 8  
9 

g 
h 

7 
7 

5 1  

h 
h 

F i gu r e s  with the s ame l e t t e r  throughout the 
whol e  t ab l e  a re not s i gn i f i c ant l y  d i f ferent 
( P > O . 0 1 )  . 

s igni f i cant l y  ( P < O . O l )  gre a t e r  than a l l  tho s e  i n  the 

' up '  and ' l owe r '  catego r i e s . 

4 .  ' Shade ' has more effect than ' present ' . Thi s i s  s een 

i n  T a b l e  1 -2 / 3b whi ch is Tab l e  1 -2 / 3 a  r earrange d . F o r  

t he subt ot al s ,  there a r e  s ign i f i c ant l y  ( P < O . O l )  more 

i n  t he ' shade ' , ' absent ' cat e g o r i e s  t h an the 

' pr e s e nt ' , ' l i ght ' c at egori e s . Al s o  there are more in 

the ' pr e s ent ' than ' absent ' catego r i e s  o n l y  whe re the 

othe r fact o r s  are the least p r e fe rred one s i . e .  in 

t he ' upper '  and ' l i ght ' c at egory . This indicat e s  that 

aggregat i on does have an e f f e ct but t hat it  i s  masked 
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Table 1 - 2 / 3b 

Group C at 1 2  hou r s  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Shade L i ght 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

' Pre s ent ' 
Lower 

Vert . ( L )  2 0 6  a 2 0 2  a 
Vert . ( R )  2 3 8  a 1 4 7  a 

Subtotal 444 v 34 9 w 
Upper 

Vert . ( L )  7 2  a 2 8  a 
Ve rt . ( R )  8 0  a 9 b 

Subtotal 1 5 2  x 3 7  y 
Total 5 9 6  p 3 8 6  r 

, Abs ent ' 
Lower 

Vert . ( L )  2 0 5  a 1 7 2  a 
Ve rt . ( R )  2 1 6  a 1 1 6  b 

Subtotal 4 2 1  v 288 w 
Uppe r  

Ve rt . ( L )  4 0  b 7 a 

Vert . ( R )  7 1  a 7 a 
Subtotal 1 1 1  x 14 z 
Total 532 q 3 0 2  s 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F i gu r e s  with the s ame l e t t e r  t h roughout t he 
who l e  t ab l e  are n ot s i gn i f i c ant l y  di f f e rent 
( P > O . 0 1 )  . 

by t he prefe rred leve l s  o f  the other f a ct o rs i . e .  
, down ' , ' l owe r '  and ' s hade ' . 

Henc e , whi t e f l i e s  s e l ect the l owe r l e a f  s u r f a c e  p r ima r i l y  

becau s e  t h e y  p r e fe r  t o  b e  ups i de -down , s e c onda r i l y  b e c au s e  o f  

a pre ference f o r  s ome charact e r i s t i c / s  o f  t he l ower l e a f  

surface and thi rdly because they pre f e r  shade r a t h e r  than 



1 Select ion o f  sett ling sites 1 - 2  Excised leaflet s 8 0  

l i ght . Thi s  agrees  with the c onc l us i on s  f rom S e c t i on 1 - 1 . I n  

a ddi t i on there appears t o  b e  a minor aggregat i on e f f e c t  whi ch 

has l e s s  e f fe ct than any one o f  the other t hree fact o r s . 
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1 - 3  Leaf characteristics , leaf age , and leaf angle and 

sele ction of s ettling s ites on leaf di s c s  set into 

water agar . 

The t e chnique u s ed in thi s s ect i on o f  l e a f  di s c s  s et int o 

h o l e s  in wate r  agar has  the advant age s t hat the whi t e f l y  

r e spon s e  o c curs under c l o s e l y  c ont r o l l e d  c on di t i on s  a n d  t hat 

the pl ant mat e r i a l  does not have t o  be spe c i a l l y  grown for 

the experiment s .  I t  h a s  been u s ed to  keep l e af mat e r i a l  from 

dehydrat ing in stud i e s  in p l ant pathol ogy ( Sp i e r s , 1 9 8 1 ) . I t  

w a s  found by Mul ler ( 1 9 6 6 )  that when l e a f  di s c s  f l o at ing in 

wate r  of di amet ers , 2 2 ,  1 6  and 1 0 . 5  mm were u s ed for rearing 

the bean aphi d  (Aphi s  fabae ) the a du l t s  were smal l e r  as the 

diamet er decrea s ed . 

S el e ct i on o f  both l e a f  surface and l e a f  age were cons idered . 

I n  the f i r s t  p a rt ( 1 )  l eaf surface s e lect i on was 

inve s t i gated for 4 pl ant spec i e s . I n  the s e c ond p a rt ( 2 )  

l e a f  age s e le ct i on was added for one p l ant spe c i e s  and the 

i n f l uence of l e a f  h a i r  den s it y  and t ype c on s i de re d . I n  the 

t h i rd p art ( 3 )  the ang l e  o f  inc l inat i on o f  l e a f  mat e r i a l  

a n d  l e a f  age w a s  evaluated . 

Hen ce , in t h i s  sect i on the f o l l owing f a ct o r s  

inve s t i gated : 

A .  Selection o f  lower or upper leaf surface . 

1 .  Leaf surface characteristics 

- leaf hair  den s it y  and t ype 

- internal  s t ructure of l e a f  

2 .  Leaf angle o f  i n c l inat i on 

B .  Selection of younger or older l e aves . 

1 .  Leaf age charact e r i s t i c s  

- l e a f  h a i r  den s i t y  and t ype 

were 

- n i t rogen , phosphorus and pot a s s i um c ontent o f  

l e ave s 
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( 1 ) Leaf surface selection for four plant spe c i e s  

The exper iment s in this  s e ct ion me a sured leaf surface 

s e l ect i on onl y . The c o l lect ive charact e r i s t i c s  o f  t he l e a f  

surface and part icularly t h e  intern a l l e a f  s t ructure we re 

inve s t i gated for the i r  influence on the s e l e ct i on of the 

l ower l e a f  surface of 4 plant spe c ie s . 

Materials and Method 

Two l e a f  d i s c s , one with l ower and t he other with upper 

surface down , we re pre sent ed to  white f l i e s  i n  a c age and t he 

number o f  adult s on e ach l e a f  surface w a s  c ount e d  at 

interva l s  over 2 4  hours . 

Four experi ment s were c arried out with 4 spe c i e s  o f  p l ant s : 

Experiment 1 - 3 / 1 : T omat o ( Lycopers i c on e s c u l en t um )  

cv . Vi ro s a . 

E xper iment 1 -3 / 2 : Tobacco ( Ni co t i ana tabac um )  

cv . Whi t e  Burl e y . 

Experiment 1 - 3 / 3 : Abu t i l on sp . 

Exper iment 1 - 3 / 4 : Dat ura sp . 

Ten i dent i c a l  c ages were set up f o r  e a ch e xp e riment e xcept 

E xpe r iment 1 - 3 / 1 : Tomato where s i x  c ages were s et up because 

i n s u f f i c i ent whi t e f l i e s  were ava i l ab l e . The cages  we re p l aced 

in t wo rows in a growth cabinet at 2 0 + / - 1  C and 1 2 / 1 2  hour 

l i ght / dark regime . 

The l e aves f o r  Abu t i l on and Dat ura were s e l e ct e d  from p l ant s 

growing out s i de ,  t h o s e  for t omato f rom pl ant s grown in a 

greenhous e  in 1 0  cm pot s espe c i a l l y  f o r  thi s exper iment and 

tho s e  for t obacco from pl ant s grown for the whi t e f l y  c o l ony 

( See Appendix 1 for  det a i l s  regarding the rea r i n g  s ys t em )  . 
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The two l e a f  d i s c s  each 1 . 5 c m  diamete r  were cut from leave s 

o f  the s ame age , approaching fu l l  mat u r it y . Whe reve r  p o s s ib l e  

t h e  p a i r  o f  d i s c s  w a s  c u t  from t h e  s ame l e a f  o r  l e a f let . They 

we re t hen i n se rt e d  into two ho l e s  in 2 percent wat e r  agar in 

a pet r i  d i s h . The pet r i  di sh was inverted over the open end 

of the c age in a h or i z ont a l  p o s it i on . The c age s t o od on the 

other ha l f  o f  the pet ri dish and had a b l ack f i l t e r  paper 

p l ac e d  under i t . The cage was made from a My l ar overhead 

proje c t o r  acet ate sheet formed into a c y l inde r . A s imi l ar 

c age f o r  Experiment 1 - 3 / 5  i s  s een i n  Phot o graph 1 -3 / 1 . 

Adu l t  whit e f l i e s  1 - 9  days o l d  were anae sthet i z ed with carbon 

d i o xide and 5 0  fema l e s  for each cage were c ount ed and a l l owed 

t o  recove r  b e f o re be ing t rans ferred t o  the c a ge s . The number 

o f  adu l t s p re s ent on each l e a f  di s c  was c ount ed every 1 5  

minu t e s  f o r  the f i r s t  2 hours , eve r y  h a l f  hour f o r  the next 

2 hours and at 5 ,  6 and 24 hours . The number o f  eggs l a i d  on 

each di s c  was  c ount ed at 2 4  hours . 

The re s u l t s  we re ana l yzed u s ing cont ingency t ab l e s  ana l y s i s  

and the l og l inear mode l o f  best f i t  f o r  e a c h  t ime f o r  the 

fact o r s  l e a f  s u r face ( l owe r and upper )  and repl i cate ( cage s 

1 t o  6 o r  1 0 )  wa s dete rmined ( B i shop et a I , 1 9 7 5 ) . Al s o  the 

hypothe s i s  t hat there i s  no di ffe rence between the number o f  

adu l t s  o n  t he l ower and upper l e a f  surface w a s  t e sted for 

e a ch t ime u s i n g  the b in omi a l  probabi l it y  d i s t ribut i on . 

Results and Discu s s i on 

The r e s u l t s f o r  s e l ect i on o f  l e a f  surface by adu l t s  are 

s umma r i s ed i n  F i g . 1 - 3 / 1  and the s igni f i c ant d i f fe rences 

( P < O . O l )  are rec o rded in Appendix T ab l e  A 1 - 3 / 1 . The 



Phot ograph 1-3/1  

Cage with l e a f  d i s c s  set  int o ho l e s  

i n  wat e r  agar f o r  Exper iment 1 - 3 / 5 . 
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Ag. 1 - 3/1 

Adutt prefereoce for lower or upper 

surface of leaf discs - choice test. 

I. "lbmeto av. V1r'oea D. 

1 e .. ..... 2 4  

H o u rs 

RI. AbutiIon 

2 :3 4 !5 e .... _. 2 4  o 
H o u rs 

Leai' surfoce: 

Lowor 

.. Upp�r 

2 :3 4 !5 e ....... 24 

I I 

H o u rs 

�-----------------------� 

... Ad u l t  n u m bers o n  l o w e r  a n d  u p pe r  leaf s u rfa c e s  a re sig nifica ntly 

different ( P < O . 0 1 )  at t h e s e  tim e s .  See Ap p e n dix Ta b l e  A 1 - .3/ 1 . 
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ovipo s i t i on result s are pre s ent ed and d i s cu s s e d  i n  S ec t i on 2 -

1 ( 3 )  ( Se e  F i g . 2 - 1 / 4 ) . 

The r e s u l t s  show that whit e f l i e s  prefe r : 

1 .  The l ower l e a f  surface o f  t omat o and Dat u ra . 

2 .  The upper l e a f  surface o f  Abut i l on . 

3 .  Ne ither surface of t obacc o . 

I n  n o  c a s e  i s  the pre ference very marke d . Hence ,  

charact e r i s t i c s  o f  the l eave s do not have a s t rong i n f luence 

on the s e l e c t i on o f  the l ower l e a f  surface b y  greenhou s e  

whi te f l y . 

S e l e c t i on t ak e s  p l a c e  aft e r  s ome t ime , Dat ura t a k i n g  t he 

s h o rt e s t  and Abu t i l on the l onge s t , but t h i s  may be a 

r e f le c t i on o f  the t o t a l  number o f  whit e f l i e s  on t h e  l e a f  

d i s c s  rather t han a t ime de l a y  i n  the cho i ce b e c oming f inal . 

Numb e r s  need t o  reach a crit i c a l  l eve l be f o r e  sma l l  

d i f ferences  such a s  these become appa rent . Obs e rvat i on o f  the 

p e r cent age s on the leaf di s c s  supp o rt s t h i s  as they change 

l it t l e  throughout the experiment s with the e x c ept i on o f  

Abu t i l on . 

T h e s e  e xp e r i ment s we re not de s i gned t o  i nve s t i ga t e  what 

fact o r s  of l e aves might be influenc ing the s e l e ct i on o f  l e a f  

s u r f a c e . T hi s  i s  c on s i dered in mo re det a i l  i n  the D i s cu s s i on 

S e c t i on . Howeve r ,  at t h i s  point i t  i s  worth n o t i n g  that 

Abu t i l on h a s  dens e  s t e l l at e  hairs  on the l ower but n o t  .the 

upp e r  l e a f  surface and this may have i nfluence d  the s e l e ct i on 

o f  the upp e r  l e a f  surface . T omat o ,  Dat ura and t ob a c c o  are a l l  

i n  t he S o l anaceae f ami l y  and have s ever a l  ha i r  t yp e s from 

g l an du l a r  t o  short o r  l ong and pointed . They are  more dens e  

on t h e  l owe r l e a f  surface s o  c annot have a marked i n fl uence 

on leaf s u r face s e l e ct i on . The t yp e s  o f  l e a f  ha i r  on t omat o 

are  d i s cu s s ed in the l i terature review on page 2 4 . 
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Variat i on among repli cates . 

There was  s ome vari at i on among rep l i c at e s  f o r  Abu t i l on and 

s ome p o s s ib l e  c au s e s  are : 

1 .  whitefly age . Whi te f l i e s  whi ch were very y oung may have 

been l e s s  act ive and so may have t aken l onger t o  r each 

t h e  l e a f  di s c s  o r  may not have reached them at a l l . It 

i s  p o s s i b l e  that s ome rep l i c at e s  had more younger 

whi t e f l i e s  than others a s  for s ome rep l i c a t e s  whi t e f l i e s  

were c o l l e ct e d  from younger l e ave s whe re t he y  a r e  l ik e l y  

t o  b e  o l de r  and others from o lder l e aves where they are 

l ik e l y  t o  be y ounge r . 

2 .  Aggregati on . Whit e f l ie s  may have t ended t o  move t o  di s c s  

whe re whi t e fl i e s  were a l re ady pre s ent b e c au s e  o f  the 

att ract i on o f  an aggre gat i on phe romone . The presence o f  

s u c h  a pheromone i s  supported b y  t h e  work o f  Ahman and 

E kbom ( 1 9 8 1 )  who s howed that fema l e s ( ma l e s  ab sent ) t end 

to aggre g at e . However ,  Exper iment 1 - 2 i n d i c a t e d  that 

aggregat i on has very l it t l e  affect on t he s e l e ct i on o f  

l e a f  s u r f a c e . 

3 .  Effect s  o f  anaestheti zation . I t  was obse rved that 

whi t e fl i e s  t hat had not had a s  l ong to r e c over f rom the 

ana e s t he t i z at i on were l e s s  act i ve . Durat i on o f  

ana e s t he t i z at ion may a l s o  reduce act ivit y . 

The whi t e f l y  age d i f fe rences and e f fect s o f  anae sthet i z at i on 

di s cu s s ed above imp l y  t hat the number o f  whi t e f l i e s  on d i s c s  

s h o u l d  i n c r e a s e  over t ime but there i s  n o  evidence o f  

i n c re a s e s  i n  numbers o n  the d i s c s  within a rep l i c a t e  over 

t ime e x c ep t  where the numbe r s  are very sma l l  over t he f i r s t  

3 - 5  h ou r s . Mo s t  o f  t he s e lect i on appears t o  t ak e  p l a c e  during 

t he f i r s t  f i ft een minut e s . 
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( 2 ) Leaf surface and leaf age selection 

The e xp e r iment in t h i s  s e ct i on involved l e a f  s u r f a c e  and l e a f  

age s e l e ct i on f o r  one pl ant spec i e s . The c o l l e ct i ve 

charact e r i s t i c s  of the l e a f  surface and o f  l e a f  age 

( part i cu l a r l y  the dens ity of l e a f  h a i r s  and ha i r  t yp e ) were 

inve s t i gat e d  for the i r  i n fluence on t he s e l e ct i on of t h e  

l ower l ea f  s u r face and t h e  younger l e ave s . 

Material s and Method 

Experiment 1 -3 / 5  

L e a f  di s c s  s et in wat e r  agar were u s e d  f o r  t h i s  experiment 

and the method was s im i l a r  to that for Exp e r iment s 1 - 3 / 1  t o  

1 - 3 / 4 . 

The f o l l owing change s were made : 

1 .  One p l ant spe c i e s  was used : t omat o cv Vi r o s a . 

2 .  E i ght l e a f  d i s c s  we re random l y  a l l ocat ed t o  h o l e s  

arranged i n  a c i rc l e  in- the wat e r  agar . A p a i r  o f  

l e a f  di s c s  f o r  e ach o f  four l e a f  age s w a s  cut and f o r  

e a c h  p a i r  o f  d i s c s  one had the l ower and t he other 

the uppe r  leaf surface expo s e d . 

3 .  E i ght cages were s et up in a r o w  a l ong the front o f  a 

growt h  cabinet . 

4 .  The f i r st dark per i o d  c ommenced one hour a f t e r  the 

s t a rt . 

5 .  One hundred whit e f l i e s  were introdu c e d  int o e a c h  

c age . 

6 .  C ount s o f  adu l t s  were made immedi ate l y  then at 0 . 5 , 

1 . 0 , 1 . 3 , 1 3 . 5 , 2 4 . 0 , 3 7 . 5  hours . 

7 .  C ount s were a l s o  made o f  the numb e r  o f  l e a f  h a i r s  i n  

t hree main categori e s : 

gl andu l a r  h a i r s  ( Type s  V I  and V I I )  

l ong h a i r s  ( T ype I )  
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short h a i r s  ( Type s  I I ,  I I I  and V )  

A de s cr ipt i on o f  the s e  t ypes o f  h a i r s  i s  o n  page 2 4 . 

At the s ame t ime in the s ame growt h  c ab i net another 

e xp e riment was  s et up to inve s t igate ovip o s i t i on on l ower and 

upp e r  l e a f  surfaces and four leaf ages of i n t a c t  t omat o cv . 

Vi r o s a  p l ant s . Thi s e xperiment wi l l  b e  des c r ibed i n  S e ct i on 

2 - 1  ( 3 ) . 

The p l ant s u s e d  we re grown i n  1 0  cm pot s unt i l  about 6 0  crn 

t a l l . Four pl ant s we re s e l e c t e d  and f r om each p l ant t h e  four 

l e a f  ages we re s e l e ct e d  a s  f o l l ows : 

L e a f  age 4 was the younge st leaf  from whi ch t wo l e a f  di s c s  

c o u l d  b e  cut from one o f  the l a rger l e af l et s . 

L e a f  age s 3 ,  2 and 1 we re t he next but one l e ave s down the 

stem i n  orde r . 

N e xt a l e a flet  p a i r  was s e l e cted within e a c h  l e a f  age . Then 

from e ach l e a f let within the pair  two di s c s  were cut one t o  

have the upp e r  and the othe r the l ower surface e xp o s e d  f o r  

whi t e f l y  s e l e ct i on . Hence , e ach l e a f let p a i r  y i e lded t wo 

r ep l i c ate s . I f  the l e aflet was not l arge enough t o  h ave two 

d i s c s  cut out then one d i s c  was cut f rom e ach l e a f l e t  and 

another l e a f l et pai r  from the s ame l e a f  was s e l ec t e d  from 

whi c h  t o  cut t he two leaf  d i s c s  for t he othe r rep l i cat e . 

The l og l i n e a r  mode l o f  best fit  inc luded the added l e a f  age 

f a ct or and, for each t e rm of the mode l , the hypothe s i s  that 

there i s  no di f ference between any pa i r  of c ount s w i t h i n  any 

l e a f  a ge and l e a f  surface c ategory ( a s approp r i at e )  was 

t e st ed ( B i s hop et a I , 1 9 7 5 ) . 

Results 

The r e s u l t s are i l lu s t rated in F i g . 1 - 3 / 2  and the s i gn i f i c ant 

d i f fe r ence s  r e c o rded in Appendix T ab l e  Al - 3 / 2 . 
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The re e re some aignlfico nt differences (P<0.0 1 )  between l ower o n d  u pper leof 

surfoces of the s e me leof oge but no slgnlfice nt differen ces (P>O.0 1 )  
between e ny leof e g es for either l ower or u pper leef s u rfoce et e ny time 

except 37.5 h o u rs.  See Appendix Te ble A 1 - 3/2 t.  for detel la .  
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The l e a f  h a i r  dens i t i e s  and t yp e s  a r e  r e c o rded i n  F i g . 2 - 1 / 2  

i and Appendix T ab l e  Al - 3 / 2  i i . They d i d  not show any 

re l at i on ship with adult s e l e ct i on of l e a f  age or l e a f  

s u r f a c e . 

The r e s u l t s  show that there i s  no i nt e ract i on betwe en l e a f  

sur face and l e a f  age and that whi te f l i e s  p r e fe r : 

1 .  The l owe r l e a f  surface . Howeve r ,  the re l at i ve 

proport i on on e ach l e a f  surface doe s  not approach the 

natural s ituat i on whe re virtua l l y  a l l  whi t e f l i e s  are 

on the l ower leaf surface . 

2 .  Leave s o f  d i ff erent ages e qu a l l y . 

3 .  L i ght rather than dark peri ods t o  s e arch for  s u i t ab l e  

sett l ing s i t e s . F i g . 1 - 3 1 2  shows a p at t e rn o f  more 

whit e f l i e s  being pre s ent on the l e a f  d i s c s  a f t e r  the 

dark peri ods and fewe r after the l i ght p e r i ods . Thi s 

p att e rn o f  act ivity i s  support e d  by the wo rk o f  Ekb om 

( 1 9 8 2 )  who found that whit e f l i e s  are  more act i ve 

during the day than at n i ght . 

Hen c e , the charact e r i s t i c s  o f  the l e ave s t hemse l ve s  do not 

p l a y  a ma j or role in the s e l e ct i on of the l ower l e a f  surface 

n o r  i n  the s e l ect i on o f  the y ounge r l e aves . Thi s c on f i rms the 

r e s u l t s o f  Experiment s 1 - 1 1 1 ,  1 - 1 / 2 and 1 -2 . 
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( 3 )  Leaf angle and leaf age selection 

The e xp e r iment s i n  t h i s  s e ct i on inve s t i ga t e  the ang l e  o f  

i n c l inat i on o f  l e ave s i n  a s s o c i at i on with l e a f  age f o r  i t s  

i n f l u e n c e  o n  the s e l e ct i on o f  s et t l ing s it e s  b y  adu l t  

greenhous e  whi t e f l i e s  f o r  three p l ant spec ie s . 

The ang l e  o f  i nc l inat i on o f  l e ave s var i e s  c on s i de r ab l y . S ome 

p l ant s have l eave s which are nearly vert i ca l  ( e . g .  many 

monoc ot yl ed on s ) but most are c l o s e r  t o  t he hor i z ont a l . The 

angl e of i n c l inat i on of l e ave s of any one spe c i e s  may n ot 

o n l y  r e f l e c t  a natural t endency t o  be at a p a rt i cu l a r  angle 

but may have been i n fluenced by several  env i ronment a l  f a ct o r s  

a l s o . T h e  l e aves  may o r i entate them s e l ve s  t owards t h e  l i ght 

and t he i r  angl e  of i n c l inat i on may change dur i ng t he day a s  

they f o l l ow t he movement o f  the sun . Al s o  many l e ave s ,  

e s pe c i a l l y  s o ft l arge one s and tho s e  with natur a l l y  wavy 

l amin a s , do n ot have the who l e  l e a f  b l a de at t he s ame angl e . 

L e ave s o f  d i f ferent ages on the s ame p l ant may b e  at 

d i f fe rent ang l e s  for  exampl e  y oung t ob a c c o  l e ave s are a lmo s t  

ve rt i c a l  a n d  o l de r  l e ave s curve up unt i l  t he y  are  ho r i z ont a l  

then down f r om the c ent re t o  the apex o f  t h e  l e a f . 

The f i r s t  s e r i e s  o f  experiment s (A)  in t h i s  s ect i on was 

de s i gned t o  inve s t i ga t e  whether greenhou s e  whi t e f l i e s  have a 

pre ference f o r  hor i z ont al ove r incl ined l e aves and whether 

l e a f  age i n fluen c e s  t h i s  cho i c e . The s e c on d  s e r i e s  o f  

e xp e ri ment s ( B )  was de s i gned t o  inve s t i ga t e  t he i n f l uence o f  

the a r e a  o f  l e a f  d i s c s  a s  perce ived b y  whi t e f l i e s  a s  they 

appro ach t hem . 
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A .  Materials and Method 

Lea f  d i s c s  s e t  in wat e r  agar were u s e d  f o r  t h i s e xp e riment 

and the method was s imi l ar t o  that f o r  Exp e riment s 1 - 3 / 1  t o  

1 - 3 / 4 . 

The f o l l owing change s were made : 

1 .  Three p l ant spec i e s  we re u s ed and e ach e xpe r iment was 

r ep e a t e d  a s  indicated be l o w : 

E xp e r iment 1 - 3 / 6 : ( 4  run s )  

T omat o cv . Vi r o s a  ( Lycopers i con e s c u l en t um )  . 

Experi ment 1 - 3 / 7 : ( 1  run )  

Tobacco ' Wh i t e  Burl e y '  ( Ni co t iana t abac um ) . 

Exp e riment 1 - 3 / 8 : ( 4  run s )  

Rau r i k i  ( Sonchus o l earac e u s )  

2 .  The di s c s  all  had the l owe r surface expo s ed f o r  adult 

s e l e c t i on . 

3 .  One o f  t he two di s c s  i n  each cage was h o r i z ont a l  and 

the other at one of the ang l e s  0 ° ,  4 5° ,  6 0 °  and 9 0° . The 

pet r i  d i shes  for the ang l e s  4 5° ,  6 0° and 9 0° were cut in 

h al f . One hal f cont a i ning one l e a f  di s c  was i n c l ined 

and t h e  other hal f  pet ri dish with the other leaf di s c  

was h or i z ont al . Who l e  pet r i  di shes  we re u s e d  f o r  t h e  0 °  

angl e . T h e  di s c s  for  t h e  4 5° and 6 0 °  angl e s  wer e  above 

and t he 9 0° angl e  di s c s  be l ow t he i r  c o r r e sponding 

h o r i z on t a l  d i s c s . Al l cyl inde r s  were c o n s t ruct e d  s o  

t hat gaps between pet r i  di sh h a l ve s  and between p e t r i  

di shes  a n d  cyl inder we re reas onab l y  we l l  s e a l ed with 

p i e c e s  of acet at e cut t o  fit so p revent ing whit e f l i e s  

from e s c aping ( S ee Phot ograph 1 - 3 / 2 )  . 

4 .  The l e a f  age o f  the pa i r  o f  d i s c s  was e ither the 

y ounge s t  l e a f  from whi ch two l e a f  d i s c s  could b e  cut 

( younge r )  or j u s t  ful ly mature ( mature ) . 

5 .  E i ght cages were set  up for  each run . Two cage s f o r  

e a c h  o f  t h e  four ang l e s  were u s e d . O f  t he s e  two , one 

had t h e  y ounger and the other the mat ure l e a f  age . 



Phot ograph 1 -3/2  

Cage s  with l e a f  d i s c s  s e t  into ho l e s  i n  wat e r  

agar f o r  Exper iment s 1 - 3 / 1  t o  1 - 3 / 3 . 

Ang l e s  from l e ft t o  r i ght : 0 ° ,  4 5° ,  6 0° and 9 0° . 
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6 .  F i ft y  fema l e  whi t e f l i e s  approximat ely 2 - 1 0  days o l d  
wer e  p l aced i n  e ac h  c age . 

7 .  The numb e r  on each l e a f  d i s c  was counted at 0 . 2 5 ,  0 . 5 ,  
0 . 7 5 ,  1 ,  1 . 2 5 ,  1 . 5 ,  1 . 7 5 ,  2 ,  2 . 5 ,  3 ,  3 . 5 ,  4 ,  5 ,  6 and 
2 4  hours for t ob a c c o  but f o r  t omat o  and rau r i k i  the 
c ount s at t ime s 1 . 2 5 ,  1 . 7 5 ,  2 . 5 and 3 . 5 were omitt e d . 

Eggs l ai d  on t he l e a f  d i s c s  were c ount ed at the end of e ach 
run o f  t he e xper iment s .  

The r e s u l t s we re ana l y z e d  u s ing a cont ingency t ab l e  and the 

l og l inear mode l of b e s t  f i t  for e ach plant spe c i e s  and t ime 
f o r  the fact o r s  angl e ,  d i s c  ( h o r i z ont al o r  inc l ined) , l e a f  
a g e  and repl i c a t e  ( c ages 1 t o  8 )  was det e rmined ( B i shop e t  
a I , 1 9 7 5 ) . T h e  e g g  c ount s a r e  d i s cu s sed in Sect ion 2 - 1  ( 3 ) . 

A .  Res ults and Discussion 

F i gs . 1 - 3 / 3  and 1 -3 / 4  s umma r i s e  t he re sult s for t h i s  part . 
The ana l y s i s  showed that throughout the expe riment s for both 
t omato and raur i k i  there was an interact ion between ' d i s c ' 
( h or i z ont a l /  i n c l ined)  and f ang l e ' .  Apart from t wo minor 

abb e r at i ons ( d i s cu s s e d  under " Le a f  age , leaf angle and 
whit ef l y  s e l e ct i on " b e l o w )  the s e  were the only s igni fi c ant 
di fferen c e s  f o r  t omat o and raur i k i . For t obacco there was an 
i nt e ract i on betwe en ' di s c '  and ' angl e '  only from 3 hours 
unt i l  the end of the experiment . B e fore this t ime there was 
a s ign i f i c ant d i fference between hor i z ont a l  and incl ined 
d i s c s . I n  addit i on there was an interact i on between ' le a f  
age ' a n d  ' ang l e ' throughout t he exper iment . 
m i n o r  abberat i on t o  t h e s e  gene ra l i s at i ons at 
t he r e s u l t  was  t he s ame as f o r  the early 
e xp e riment . 

There i s  one 
6 hour s  where 

part o f  the 

Ther e  were a few mi s s ing va l u e s  in the re s u l t s  because s ome 
l e a f  di s c s  wi l t e d  during t he e xp e riment . In the s e  c a s e s  both 
di s c s  f rom t he s ame c a ge were then omitted from subsequent 
c ount s .  The m i s s ing val u e s  make no d i f fe rence to the ana l y s i s  
whe re i n c l ined and hor i z on t a l  l e a f  d i s c s  are compared a s  the 
s ame number o f  mi s s ing v a l u e s  are  in the hor i z ont a l  and 
i n c l i n e d  categor i e s . S e e  Appen d i x  T ab l e s  Al - 3 / 3  i .  a .  and 
i i i . a .  H owever where angl e s  wer e  c ompared the mi s s ing val u e s  
w i l l  a f f e c t  t he ana l y s i s . I n  s p i t e  o f  t h i s  t he general t rend 
can s t i ll be s e en in the e ar l i e r  count t imes of the 

e xp e r iment s .  S e e  Appendix T ab l e s  Al - 3 / 3  i .  b .  and i i i . b .  
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FIQ. 1 - at'J  

Adutt preference for leaf discs at 
angles 0, 45, 60 or 00 degrees. 
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Fig. 1 -3/3 

Adutt preference for leaf discs at 
angles 0, 45, 60 or 90 degrees. 
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For s i g nifi c a nt d iffe re n c e s  s e e  AppendIx To b i e  A 1  - 3/3 l i .  
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FIQ. 1 -3/3 

Adult preference for leaf discs at 
angles 0, 45, 00 or 90 degrees. 
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Fig. 1 -313 
Adult preference for leaf discs at 
angles 0, 45, 60 or 90 degrees. 
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Fig. 1 -3/3 

Adutt preference for leaf discs at 
angles 0, 45, 60 or 90 degrees. 
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FIQ. 1 -3/3 

Adutt preference for leaf discs at 
angfes 0, 45, 60 or 90 degrees. 

vi. Ratri<i - eo deg. Projected equal disc area 
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For s i g n i fi c a nt differen ces s e e  Appendix Ta b l e  A 1 - 3/3 vi . 
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Adult preference for younger or mature leaf discs 
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Fig. 1 -3/4 
Adutt preference for younger or mature leaf discs 

inclined at 0, 45, 60 or 90 degrees. 
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Leaf angle and whitefly selection 

Although t he r e s u l t s  may s eem t o  ind i c a t e  that t omat o and 

r aur i k i  show t he s ame t rends a c l o s e r  in spect i on o f  Appendix 

T ab l e  Al - 3 / 3  shows t hat t h i s  is not s o . F o r  t omato the numbe r  

o f  whi t e f l i e s  on t he incl ined d i s c  dec r e a s e d  a s  t h e  ang l e  

incre a s e d . Thi s  was more pronounced i n  t he e a r l y  t h a n  t he 

l at t e r  part o f  the experiment . 

F o r  rauriki the number o f  whi te f l i e s  on t h e  incl ined d i s c  

was  t he s ame for a l l  angle s  gre a t e r  t han 0 °  a l m o s t  throughout 

t he e xper iment and t he 0° incl ined di s c  had s i gn i ficant l y  

more whi t e f l i e s  t han any o f  t h e  other angle s . 

Becau s e  the t o t a l  number of whit e f l i e s  o n  l e a f  di s c s  i s  not 

t he s ame in a l l  inst ances  i t  may be t hought t hat t he s e  

gene r a l i s at i ons are  not va l id . Howeve r ,  t he pe rcent age s on 

l e a f  di s c s  support the above c on c lu s i on s  for  t omat o and 

r au r i k i . S e e  Appendix T ab l e s  Al - 3 / 3  i .  b and Al - 3 / 3  i i i . b .  

F o r  t obacco almo s t  throughout the e xp e riment there were 

s ign i f i c ant l y  more white f l i e s  on t he 0° ( inc l i ne d )  than the 

9 0° l e a f  di s c  but t h i s  i s  not s o  f o r  any o f  t he other angl e s . 

Hence ,  whi t e f l i e s  do not c on s i st ent l y  show a dec r e a s e  in 

pre ference for l e ave s a s  the l e a f  ang l e  increas e s . 

Leaf age , leaf angle and white fly sele ction 

F o r  t omato and rauriki l e a f  age had n o  e f fe c t  on whit e f l y  

s e l ect i on e xcept f o r  t w o  abberant re s u l t s ( ment i oned above ) . 

They a r e : 

1 .  Toma t o  shows an ' age ' by ' angl e '  int e r act i on at 3 

hours wh ich has  no obvio u s  b i o l og i c a l  exp l an at i on ( se e  

Appendix T ab l e  Al - 3 / 4  i . ) . 
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2 .  Rau r i k i  shows a s igni fi cant l y  grea t e r  numb e r  on t he 

mature l e a f  d i s c s  at 0 . 2 5  hours ( s e e  Appendix T ab l e  

A l  - 3 / 4 i i i . )  . 

F o r  t ob a c c o  there were s igni f i c ant l y  ( P < O . 0 1 )  more whi t e f l i e s  

o n  t h e  younger l e a f  d i s c s  throughout t h e  exper i ment f o r  cage s 

with a 0°  i n c l ined d i s c  and from 1 . 7 5  hours t o  t h e  end for 

cages with a 9 0 °  inc l ined di s c . For c age s with 4 5° or 6 0° 

i n c l ined di s c s  t here was no s igni fi c ant d i f fe rence between 

younger and mature l e a f  ages . S e e  Appendix T ab l e  A l - 3 / 4  i i . 

The p r e f er ent i a l  s e lect ion o f  the younge r l e a f  di s c s  at 9 0° 

may i n  part e xp l a in the s e lect i on o f  the y ounger l e ave s on 

the p l ant a s  the s e  t end to be upr i ght . H owever , whi t e f l i e s  

w i l l  a l s o  c ongregate o n  t h e  o lde r l e ave s whi ch t en d  t o  be 

more h o r i z ont a l  and s ince 0°  has y i e lded a s imi l a r  r e sult  t o  

that f o r  9 0° the argument i s  cont radi cted : t he whi t e f l i e s  

wou l d  n e e d  t o  have been in great e r  numbers on t h e  mature l e a f  

at 0 °  f o r  t h e  argument t o  fol l ow . 

Other factors that may have influenced the results 

Whe re a great e r  number of whit e f l i e s  h ave s el ected the 

h o r i z on t a l  l e a f  d i s c  the reason may be that they are abl e  t o  

p e r c eive a l arger a r e a  f o r  the hori z ont a l  than t h e  i n c l ined 

l e a f  di s c  a s  they fly upwards from b e l o w . To check t h i s  

E xp e r i me nt s 1 - 3 / 9 t o  1 - 3 / 1 1  wer e  c a r r i e d  out . Here e ach d i s c  

had t he s ame pro j e cted area ont o a hori z ont a l  p l an e . 

The c age s for  t he 4 5° and 6 0° angl e s  had the i n c l i n e d  d i s c  

above t h e  hori z ont a l  di s c  wher e a s  t h e  c age for  9 0 °  had the 

i n c l ined disc b e l o w  the ho r i z ont a l  d i s c . So as whi t e f l i e s  may 

t en d  to r each the l ower di s c  f i r s t  it  may have t h e  great e r  

numb e r  o f  whi t e f l i e s  and t h i s  d i s c  i s  the h o r i z ont a l  o n e  f o r  

4 5° a n d  6 0° a n d  the inc l ined o n e  for  9 0° .  Howeve r ,  the 

i n c l i n e d  d i s c  for 9 0° is far l e s s  vi s ib l e  from b e l ow . It 
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wou l d  be di f f i cult t o  devi s e  a syst em whe re t he ho r i z ont a l  

di s c  was  b e l ow t h e  i n c l ined d i s c  for 9 0° .  

S ome o f  the angle - l e a f  age e ffect s c o u l d  b e  due t o  the 

y ounger l e a f  d i s c s  be ing l e s s  f l at and whi t e f l i e s  therefore 

b e i ng ab l e  t o  f ind a po s i t i on on the di s c  whe r e  they wou l d  b e  

virtua l ly h o r i z ont a l  no mat t e r  the ang l e . I t  was a l s o  

s omet i me s  d i f f icult t o  ensure t hat d i s c s  were n o t  a l i t t l e  

wri n k l e d  i n  f i t t ing them int o the s l i ght l y  sma l l er h o l e  i n  

t h e  agar e spe c i a l l y  a s  a l l  the p l ant s h ave s o ft l e ave s . 

No c l ear conclu s i on c an be drawn on whe t he r whi t e f l y  

p r e fe rence for l e ave s decre a s e s  a s  t he angl e o f  the l e a f  t o  

the h o r i z ont a l  increa s e s . The result s w e r e  n o t  c on s i st ent 

among the p l ant spe c i e s : t omat o ,  t o b a c c o  and r a u r i k i . On l y  

whi t e f l i e s  o n  t omato showed decr e a s i n g  p r e f erence with 

i n c r e a s e  in leaf ang l e . 

There i s  no c l e a r  evidence o f  a c o rre l at i on between 

pre fe rence for part i c u l ar ang l e s  and l e a f  age . 

B .  Materials and Method 

L e a f  di s c s  set in wat e r  agar were u s e d  in t h i s  p a rt and the 

met h o d  was s imi l a r  to that f o r  part A .  

The f o l l owing change s we re made : 

1 .  Three p l ant spe c i e s  were u s e d  and e ac h  e xp e r iment was 

repeated as ind i c at ed b e l ow : 

Experiment 1 - 3 / 9 : T omat o at 4 5° ( 2  runs ) . 

Experiment 1 - 3 / 1 0 : Rau r i k i  at 4 5° ( 2  run s ) . 

Exper iment 1 - 3 / 1 1 : Rau r i k i  at 6 0° ( 1  run ) . 

2 .  On l y  t wo ang l e s  were u s ed : 0°  and e i t he r  4 5° o r  6 0° a s  

indi c at ed above . 

3 .  On l y  mature l e ave s were u s ed . 
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great e r  numb e r  on the ho r i z ont a l  d i s c  f o r  the equal actual 

area but not for t he e qu a l  pro j ected area . For the 6 0° angle 

there was a great e r  number on the hor i z ont a l  di s c  f o r  both 

actual and pro j ected area c a se s . 

F o r  t h e  hor i z ont a l  di s c  the c ount s  f o r  t he t wo angl e s  were 

gene r a l l y  the s ame for both actua l and p r o j ected area c a s e s . 

But f o r  the incl ined d i s c  there were general l y  more 

whi t e f l i e s  with the 0 °  angl e . 

The t o t a l  whi t e f l i e s  on the l e a f  di s c s  w a s  great e r  for the 0° 

than for other angl e / s  for the actual area and pro j ected area 

4 5° c a s e  but not the 6 0° c a s e . Wher e  the t o t a l s  are not the 

s ame c ompar i s ons among angl e s  may not be s t r i c t l y  val i d . 

The p e r centages on the two di s c s  i n  Appendix T ab l e  Al - 3 / 5  i i . 

s h o w  f o r  actual and pro j e cted areas : no d i f f e rence f o r  the 0° 

angl e ,  a great e r  proport i on on t he h or i z ont a l  di s c  for the 

a c t u a l  area for both 4 5° and 6 0° angl e s .  

F o r  t omato c ompar i s on o f  Append i x  T ab l e  Al - 3 / 5  i .  shows t hat 

t h e r e  were no di f fe renc e s  in t he r e s u lt s f o r  actual and 

p r o j e c t ed area c a s e s . 

The pe rcent age s on the two di s c s  i n  Appendix Table Al - 3 / 5  

s h ow f o r  actual and pro j e cted areas : n o  di f fe rence f o r  the 0° 

ang l e , propo rt i onal l y  fewe r  whi t e f l i e s  on the h or i z ont a l  di s c  

f o r  t he a c t u a l  area c a s e  a t  t h e  4 5° angl e . 

Di s cussion of Sections A and B 

Choi ce between hori zontal and inclined discs 

F rom t h e  r e s u l t s  f o r  raur i k i ,  t omat o and t ob a cc o  (Appendix 

T ab l e  Al - 3 / 3  i i i . t o  vi . )  i t  c an b e  seen that whit e f l i e s  

p r e f e r  t o  be h or i z ont al rather t han a t  a n  angl e  between 4 5° 
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and 9 0 0 •  The c omp ar i s on s  with e qual pro j e c t e d  a r e a s  (Appendix 

T ab l e  Al - 3 / 5 ) shows t hat the l e s s e r  numb e r  on the i n c l ined 

di s c  c annot b e  a t t ribut ed t o  the sma l l e r  p e rc e i ved area of 

that d i s c  f o r  t omat o and rau r i k i  at 6 0° .  But f o r  r au r i k i  at 

4 50 there wa s no s ign i fi c ant di f ference between hori z ont a l  

and i n c l i ne d  d i s c s  i n  t h e  pro j e ct ed a r e a  c a s e . T hi s  greater 

numb e r  on the hor i z ont a l  di s c  was due on l y  i n  part , if at 

a l l , to i t s  great e r  perceive d  are a . D i f feren c e s  i n  the 

vert i ca l  d i s t ance to the t wo l e a f  di s c s  or vi s ib i l i t y  o f  one 

di s c  from t he other may a f fect the s e l e ct i on o r  r e s e l e ct ion 

of d i s c s . Cons ider the 4 5° and 6 0 °  angl e s :  whit e f l i e s  have a 

g re a t e r  vert i c a l  di s t an c e  t o  t r avel t o  reach t he inc l ined 

d i s c  so may t end to reach the hori z ont a l  di s c  f ir s t  and 

sett l e  ther e . Al s o  the i n c l ined d i s c  i s  not direct l y  v i s ib l e  

( wh i t e f l i e s  m a y  b e  abl e  t o  s e e  i t  t hrough the a g a r  and pet r i  

di s h )  from t h e  h or i z ontil di s c  s o  i f  whi t e f l i e s  move o f f  the 

h o r i z ont al d i s c  they may not l o c at e  the incl ined d i s c  very 

e a s i l y _ Now cons i de r  the 9 00 angle . The ho r i z ont a l  d i s c  was 

above t h e  inc l ined di s c  and each di s c  was  v i s ib l e  from the 

other . The re is no evidence from the s e  e xp e r iment s t hat t he se 

f a ct o r s  h ave a s ub s t ant i a l  o r  even a minor e f fe c t . Whether 

the s e  f act o r s  have a s ign i f i c ant e f fect c o u ld be t e sted by 

c omp a r ing c ount s of whi t e f l i e s  on t he i n c l ined di s c  be l ow 

with above t he ho r i z ont a l  d i s c . Henc e , i t  c an be concluded 

t hat whi t e f l i e s  t end t o  s e lect a hor i z ont a l  rather than an 

inc l ined l e a f  d i s c  but t h i s  is not c omp l et e l y  c on s i s tent . 

Angle 

The d i f ferences  i n  the t o t a l  numbers of whi t e f l i e s  on l e a f  

d i s c s  m a y  we l l  h ave s kewed t h e  c ompar i s on s  among t h e  angle s  

within hor i z ont a l  o r  i n c l ined di s c  categor i e s . H owever ,  i t  

appe a r s  t hat there i s  not a c on s i st ent inve r s e  c o r re l a t i on 

between numb e r s  o f  whi t e f l i e s  and angl e .  F o r  e x amp l e  there 

was n o  d i f fe rence among the angl e s  4 50 ,  6 00 and 9 00 ( raurik i , 

Appendi x T a b l e  A l - 3 / 3  vi . b )  or  t here was  n o  d i f f e rence among 
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t he ang l e s  0 ° ,  4 5° and 6 0° ( t obacco , Appendix T ab l e  Al - 3  / 4 i i . 

b ) , o r  there was a gradual  decre a s e  i n  numb e r s  f r om angl e  0°  

to  9 0° ( t omat o ,  Appendi x  T ab l e  Al - 3 / 4  i .  b ) . Thus no c le a r  

c on c l u s i on c a n  be drawn f r o m  t he s e  e xp e r iment s on whether 

whi t e f l i e s  have a decreas ing preference for increas ing 

angl e s . 

Leaf age . 

L e a f  age h a s  l it t l e  or no e ffect on s e l e ct i o n  o f  the 

hor i z on t a l  rather than the incl ined di s c  o r  on the numbers  at 

the d i f f e rent angl e s . For rau r i k i  t he r e  was o n l y  a great e r  

numb e r  on t h e  y ounger l ea f  di s c  a t  0 . 2 5 h o u r s . 

L e a f  age has l it t l e  effect on the numb e r  o f  whi t e f l i e s  at the 

var i ou s  angl e s , there 'on l y  be ing a d i f f e rence f o r  t omat o at 

3 hours . S ome o f  the ang l e  - l e a f  age e f fect s c o u l d  be due t o  

t h e  y ounger l e a f  d i s c s  be ing l e s s  f l at and whi te f l ie s  

t h e r e f o re wou l d  b e  ab l e  t o  find a pos i t i on o n  t h e  di s c  where 

they wou l d  b e  virtu a l l y  hor i z ont a l  no m at t e r  t he angl e . I t  

was a l s o  s omet ime s d i f f i cult t o  ensure t hat d i s c s  were not a 

l it t l e  wrinkl e d  i n  fitt ing t hem into t h e  s l i ght l y  sma l ler 

ho l e  i n  the agar e spec i a l l y  a s  a l l  the p l ant s have s o ft 

l e ave s . 

F o r  t obacco there were mo re whi te f l i e s  o n  t he y ounger l e a f  

d i s c  i n  t h e  e a r l y  and l a t e r  part s o f  t h e  experi ment . Rau r i k i  

h a d  more whit e f l i e s  o n  t he younger l e a f  a g e  o n l y  at 0 . 2 5  

hours . Thi s  c o u l d  b e  due t o  di f fe rences i n  c o l ou r  o f  the two 

l e a f  age s for  it  i s  we l l  known that whit e f l i e s  p r e f erent i a l ly 

s e le ct surfaces with a predominance o f  y e l l ow and t end t o  

avo i d  t h o s e  with a predominance o f  b lue (Vai shampayan , 1 9 7 5 a ,  

1 9 7 5b ;  T rehan , 1 9 4 1 ) . Howeve r ,  n o  marked d i f fe rence s  i n  l e a f  

c o l ou r  were obs e rved when the e xperiment s we re s et up . 
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Equal pro j ected di s c  area 

U s ing equ a l  p r o j ected areas for  the hor i z on t a l  and i n c l ined 

l e a f  di s c s  did not remove the s igni f i c ant di f f e rence between 

h o r i z ont a l  and i n c l ined l e a f  d i s c s  nor between angle s .  Thi s ,  

t h e r e f o r e , c on f i rms that whi t e f l i e s  p r e f e r  t o  b e  h o r i z ont a l  

r at h e r t han a t  an angle between 4 5° a n d  9 0° .  However , the 

p e r c ent age on the ho r i z ont al compared w i t h  the i n c l i n e d  d i s c  

i n  the s ame c age was s omewhat reduced c ompa r e d  with t h e  equal 

actual a r e a  case ( s ee Appendix Tab l e  A l - 3 / 5 )  . 
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2 Fact ors influencing ovipos i t i on 
Ovipos ition and leaf surface , l e a f  age , l e a f  angle , 

l i ght intensity and light/dark regime s . 

Whi l e  adul t  whi t e f l i e s  may pre fer t o  s e t t l e  on t he l ower l e a f  

s u r f ac e  o f  younger l eave s t h i s doe s  not nece s s a r i l y  mean t hat 

t h e  fema l e s  wi l l  l ay more eggs under thes e  c ondi t i on s . The 

p r e f e rence of adu l t  insects  for the l ower l e a f  surface and 

y o unger l e ave s may indicate t hat they c an det e ct di f fe rences 

in l e a f  surfaces and leaf ages . Another way t hat wou l d  

i n d i c at e  t he i r  abi l it y  t o  det e ct s u c h  d i fferenc e s  i s  i f  t he i r  

ovipo s i t i on o n  the two l e a f  surface and l e ave s  o f  varying 

age s d i ffered . If di fferenc e s  are det ected the que s t i on then 

a r i s e s  as to which charact e r i s t i c / s  of the l e ave s give / s  r i s e 

t o  t h e  var i at i on in ovipo s i t i on . 

I t  l S  we l l  known that nut rit i o n a l  di f fe re nc e s  a ffect 

f ecundity ( se e  l iterat ure review)  so if the n i t rogen , 

pho sphorus and pot a s s ium content o f  l e ave s can b e  c o r r e l at e d  

w i t h  ovipo s it ion on t ho s e  l e ave s t h e n  i t  wou l d  s ugge s t  t hat 

the nut r i ent s t at u s  of l eave s a f f e c t s  the fe cund i t y  of 

whi t e fl i e s . 

I t  h a s  a l s o  been s ugge sted that i n s e ct s c an h ave phy s i c a l  

d i f f i cu l t y  i n  l ay ing eggs o n  very h a i ry l e ave s a n d  t h at t h i s  

w i l l  g i ve r i s e  t o  fewer eggs being l a i d  o n  very h a i ry l e ave s 

s o  i f  l e a f  h a i rine s s  can be c o rre l at e d  with ovip o s i t i on t h i s  

wou l d  sugge s t  that whit e f l i e s  m a y  have di f f i cu l t y  l ay ing eggs 

on h a i ry l e a f  surface s .  S ome i n s ect s such as aphi d s  c an a l s o  

b e come stuck i n  e xudate from gl andu l a r  l e a f  h a i r s  o r  imp a l ed 

on other t yp e s ( s e e  l i t e rature revie w ) . Thi s may b e  the c a s e  

w i t h  whi t e f l i e s  for  s ome pl ant spe c i e s  but i t  doe s  not appear 

to  b e  a prob l em on  t omat o var i e t i e s  c ommon l y  grown 

c omme r c i a l l y . 
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The re fo r e , the f i r st part o f  thi s s e ct i o n  ( 2 - 1 ) e xp l or e s  the 

re l at i ve e gg - l aying capa c i t y  of femal e  whi t e f l i e s  on the two 

l e a f  s u r f a c e s  and on d i f fe ring l e a f  age s and a l s o  on l e a f  

d i s c s  at vary ing angl e s . The e ffect o f  l e a f  h a i r s  a n d  the 

n i t rogen , pot a s s ium and pho sphorus c ontent s of l e ave s were 

a l s o  c on s i de re d . 

I n  t h e  s ec on d  part o f  thi s s e ct i on ( 2 - 2 ) t wo que s t i on s  are 

addre s s e d : ' Do e s  l i ght inten s i t y  affect ovipo s i t i on o r  are 

any d i fferenc e s  i n  ovipo s i t i on on l ower ( shady s i de ) and 

upp e r  ( l i ght e r  s ide ) l e a f  surfaces due ent i re l y  to l e a f  

character i st i c s ? '  and ' Do di f fe rence s  i n  l i ght / dark regime s 

( da y  l ength i n  the f i e l d )  a ffect ovipo s it i on o r  i s  the 

s l owing of the l i fe c y c l e  i n  wint e r  due ent i r e l y  to other 

fact o r s  s uch as t empe rature ? '  . The e f f e c t s  of l i ght int en s i t y  

and l i ght / dark regime s o n  ovipo s it i on w i t h  the l e a f  

charact e r i s t i c  fact o r s' removed were inve s t i g at e d . 

I n  o rder t o  e l iminat e the e ffect s o f  the l e ave s t hemse lve s 

s u c r o s e  s a chet s we re u s e d  a s  t he ovipo s it i on s ub s t rate in the 

experi ment s i n  t h i s  s e ct i on . Therefore , the f i r st t a s k  was 

t o  f in d  t he opt imum sucrose s o lut ion t o  use i n  t he s a chet s . 

Thi s  i s  c on s i dered in the f i rst part ( 1 )  o f  S e c t i on 2 - 2 . 

2 - 1  Oviposition on leave s . 

The f i r s t  p a rt ( 1 )  o f  thi s s e ct i on addr e s s e s  three que s t i on s : 

' I s t h e  t e chn i que u s ing l e a f  di s cs s e t  i n t o  h o l e s  i n  wat e r  

agar a s at i s fact o ry method for exami n i n g  ovip o s it i on b y  

greenhous e  whi t e f l y ? ' and ' Do whit e f l i e s  l a y  more e g g s  on 

younge r l e a ve s ? ' and ' Do wh i t e f l i e s  l a y  more eggs i n  

d i f fe rent p l a c e s  w i t h i n  a l e a f ? ' The s ec on d  p a rt ( 2 )  

c on s i de r s  ovip o s it i on u s ing int act p l an t s  on t h e  two l e a f  

s u r f a c e s  and 4 l e a f  age s under t h e  s ame c ondi t i on s  i . e, with 

both s u r f a c e s  down . The third p a rt ( 3 )  evaluat e s  

ovip o s i t i on o n  l e a f  di s c s : l ower and upp e r  l e a f  s u r f a c e , l e a f  
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age and l e a f  angl e . The s e  are the r e s u lt s from the 

E xp e r iment s 1 - 3 / 1  t o  1 - 3 / 8  i n  Sect i on 1 - 3 . 

( 1 )  Ovipos ition on leaf di s c s  versus intact leaves o f  4 leaf 

ages . 

B e c au s e  i t  c an be di f f i cult t o  s t andardi s e  a l l  t he vari ab l e s  

i n  experiment s u s ing intact p l an t s  t he re fo re t h e  t e chni que 

u s ing l e af d i s c s  set i nt o  ho l e s  i n  wat e r  agar was u s e d . For 

e xamp l e  i t  i s  not pos s ib l e  t o  s t andardi s e  c omp a r i sons a c r o s s  

l e a f  age s on who l e  p l ant s b e c a u s e  fact o r s  s u c h  a s  l e a f  s i z e  

and t he di s t ance from a l i ght s ource are not the s ame . 

T h i s  s e r i e s  o f  exper iment s wa s de s igne d  t o  inve s t i gate 

d i f f erenc e s  i n  ovipo s i t i on by greenhous e  whi t e f l y  on l e a f  

d i s c s  c ompared with int act l e ave s in o rde r t o  j u st i fy t h e  u s e  

o f  l e a f  di s c s  in other experiment a l  work . The e f fe c t s  o f  l e a f  

a g e  and o f  p o s i t i on within a leaf on ovipo s it io n  were a l s o  

inve s t i gat e d . 

Materials and Method 

Whi t e f l i e s  were c aged on the l ower l e a f  surface o f  e ither 

int a ct p l ant s o r  l e a f  di s c s  i n s e rt e d  int o 2% wate r  agar and 

t he e ggs l a i d  over t wo days c ount e d . Four l e a f  ages and 

e ither 2 or 3 p o s i t i on s  within the l e a f  were u s e d . The 

e xp e r iment s were c a r r i e d  out i n  a growt h  cabinet at 

2 0 + / - 1 °  C .  

Two p l ant spe c i e s  were u s e d : 

E xp e r iment 2 - 1 / 1 : 

T omat o ( Lycopersi con e s c u l en t um) c v . Moneymaker 

E xp e riment 2 - 1 / 2 : 

T ob a c c o  ( Ni co t i ana tabacum) cv . Whi t e  Bur l e y  
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Al l p l ant s were grown from s e e d  and the seedl ings 

t ran s p l ant ed int o 1 0  cm p ot s . P l ant s of s im i l a r  s i z e  were 

s e l e ct ed for e ach e xperiment . 

The four l e a f  ages were s e l e ct e d  a s  f o l l ow s : 

F o r  t omat o l e a f  age number 4 was the y ounge s t  l e a f  from 

whi ch l e a f  d i s c s  could be cut and l e a f  age s 3 ,  2 and 1 were 

the next l e ave s i n  o rder down t he s t em . 

F o r  t obacco l e a f  age numb e r  4 wa s t he y ounge s t  l e a f  from 

whi ch t hree l e a f  di s c s  c o u l d  be cut from one s i de and l e a f  

ages 3 ,  2 a n d  1 we re the next l e ave s i n  o rde r down the 

s t em . F o r  two of t he t obacco p l ant s it  was not p o s s ib l e  t o  

i n c lu de t he fourt h  l e a f  age a s  there w a s  l im i t e d  space in 

t he growth cabinet . 

P o s it i on within a l e a f  was  s e lected a s  f o l l ow s : 

For  t omato ( 2  p o s i t ions ) p o s i t i on 1 was the l e a f l e t  p a i r  

n e a r e s t  t h e  l e a f  apex and p o s i t i on 2 the next l e af l e t  pair  

t owards the l e a f  b a s e . One l e a fl e t  from e ach p a i r  was 

randoml y s e l e c t e d  and a l e a f  d i s c  cut from i t . The other 

o f  t he p a i r  was u s e d  a s  the corresp onding i nt act l e a f l et . 

S e e  Phot ographs 2 - 1 / 1  t o  2 - 1 / 3 . 

F o r  t obacco ( 3  p o s i t i on s ) p o s it i on 1 was neare s t  t he apex 

and p o s i t i on 3 nearest the pet i o l e . Al l l e a f  d i s c s  were 

t aken from the s ame s ide of the l e a f  t o  prevent any 

p o s s ib l e  interference with wat e r  or nut r i ent t r ansport 

within the intact s i de o f  the l e ave s . Aga i n  the other s i de 

o f  t he l e a f  was u s e d  for  the corresponding intact leaf  

p o s it i on . S e e  Phot ogr aphs 2 - 1 / 4  and 2 - 1 / 5 . 

Each l e a f  d i s c  was 1 . 8  cm d i amet e r  and was i n s e rt e d  into a 

h o l e  1 . 6  cm di amet e r ,  cut i n  2 %  wate r  agar in a p l a s t i c  petr i  

d i s h . 



Photograph 2 - 1 / 1  

T omat o p l an t s  in growth c ab inet f o r  Exp e r iment 2 - 1 / 1 . 



Photograph 2 - 1 /2 

T omat o p l ant with c age s f o r  Exper iment 2 - 1 / 1 . 



Phot ograph 2 - 1 / 3  

C l o se up o f  cage s for  Experiment 2 - 1 / 1 . 

Uppe r :  t op o f  cage s ,  l owe r : unde r s i de o f  cage s . 



Phot ograph 2 - 1 / 4  

T ob a c c o  p l ant with c age s for  Exp e r i ment 2 - 1 / 2 . 



Phot ograph 2 - 1 / 5  

Tobacco l e a f  with cage s for  Exper iment 2 - 1 / 2 . 
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The c age s were 1 . 8  cm d i amet e r  and 1 . 5  cm h i gh and wer e  made 

f r om Myl a r  overhead proje c t o r  acetate sheet s ,  c ove red with 

t e ry l ene sheer mat e r i a l  at one end and a r ing of f o am p l a s t i c  

glued t o  t h e  e dge o f  the other end . 

They were att ached t o  the int act l eave s by p l ac ing a sma l l  

p l a s t i c  di s c  cut f rom a pet r i  d i s h  o n  t h e  upp e r  l e a f  surface 

opp o s i t e  the c age and the c age and di s c  he l d  i n  p l ac e  by wire 

c l ip s . The s e  con s i sted o f  two lengths o f  w i r e  t wi s t ed 

t ogether at each end . 

The c age s we re att ached to the l e a f  d i s c s  i n  the pet r i  di shes 

i n  a s im i l ar way except that no p l a s t i c  d i s c  was  nece s s ary 

and the c age and pet r i  d i s h  were f i r s t  wrapped in p l a s t i c  

f i lm ( Gl a dwrap ) and a h o l e  t orn i n  t h e  f i lm over t he g au z e  

t o  provide vent i l at i on within t h e  c age . T h e  f i lm wa s needed 

to prevent mo i s ture l o s s  from the agar and consequent 

s h r i ve l l ing o f  the l e a f  d i s c s . 

Cage s a t t a ched t o  both intact l eave s and t o  l e af d i s c s  were 

s uspended from b amboo rods so that the l e a f  mat e r i a l  was as 

hor i z ont a l  as po s s ib l e  and each l e a f  and l e a f  d i s c  from the 

s ame l e a f  p a i r  were at the s ame he i ght . See Photographs 2 - 1 / 1  

and 2 - 1 / 2 . 

An att empt was made t o  p l a c e  the four int a c t  p l ant s at four 

he i ght s so t hat one set of t he four l e a f  age s ( on e  age from 

e a ch p l ant ) was at the s ame d i s t ance from t h e  l i ght s ource . 

The a im was  t o  e l iminate any e ffect o f  d i f f e re n c e s  i n  l i ght 

inten s i t y  on ovip o s i t i on at the d i f f e rent l e a f  a ge s . The 

attempt was abandone d  a s  be ing t o o  d i f f i cu l t  t o  s e t  up and 

anal y z e . The e ffect o f  l i ght inten s i t y  on ovipo s i t i on was 

inve s t i gated 

2 -2 / 4 )  and 

i n t en s i t i e s  

exp e riment s 

ovipo s i t i on . 

i n  t wo 

the s e  

that 

wou l d  

later e xp e r iment s ( Expe riment s 2 - 2 / 3  and 

indi cated that t he r an ge o f  l i ght 

wou l d  b e  enc ount e r e d  i n  t he s e  two 

have had no d i ffe rent i a l  e ffect on 
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F i ve ana e s t het i z ed fema l e  whi t e f l i e s  1 t o  7 days  o l d  were 

p l a c e d  i n  each c age and the number a l i ve were c ount ed a ft e r  

2 d a y s  when t h e  e g g  c ount s w e r e  made . T h i s  gave a whi t e f l y  

den s i t y  o f  1 p a i r  o f  adult s per 1 . 0 1 cm2 o f  l e a f  area whi ch 

i s  above the 1 p a i r  pe r 1 cm2 which Xu e t  a l  ( 1 9 8 4 )  found t o  

c au s e  a reduct i on i n  fecundi t y . 

The r e s u l t s were ana l y z e d  u s i ng a c ont ingency t ab l e  with a 

l ogl inear model f o r  fact o r s  l e a f  mat e r i al ( d i s c  o r  int act 

l e a f ) , l e a f  age , p o s i t i on within the l e a f  and p l ant number 

( repl i c at e )  ( B i s hop et a l , 1 9 7 5 ) . The mode l of best fit was 

det e rmined and then the t e rm s  i n  the model were further 

ana l y z ed to det ermine whi ch pa i r s  of f a c t o r  c omb inat i on s  were 

s i gn i f i c ant l y  d i f f erent from e a c h  othe r . 

Results 

F i g . 2 - 1 / 1  summar i s e s  the count s of eggs for the l e a f  age s ,  

p o s i t i on s  within the l� ave s and l e a f  d i s c s / int ac t  l eave s . The 

s i gn i f i c ant d i f fe re n c e s  are r e c o rded in Appendi x T ab l e A2 - 1 / 1  

and the number o f  whit e fl i e s  a l i ve at the end o f  the 

e xperiment i n  T ab l e  2 - 1 / 1 . The ana l y s i s  f o r  the f a ct o r s  ' leaf  

age ' , ' po s it i on within the l e a f '  and ' l e a f  d i s c / intact l e a f '  

showe d  that there were two 2 way interact i on s  f o r  t omat o : 

' le a f  d i s c / int act l e a f '  X ' l e a f  age ' and ' po s it i on within the 

l e a f '  X ' l e a f  age ' and a 3 way interact i on for  t ob ac c o . 

The resu l t s  show that for  t omat o and t obacco whi t e f l i e s : 

1 .  L a i d  more eggs on y ounger rathe r t han o l de r  l e ave s . 

2 .  D i d  not c on s i s t ent l y  l ay more eggs on e i th e r  l e a f  d i s c s  

o r  int a ct l eave s . 

3 .  D i d  not c on s i s tent l y  l ay more eggs at any one po s i t i on 

within t he l e a f . 

I n  addi t i on f o r  t omat o : 

The whit e f l i e s  l a i d  eggs i n  increas ing numbers a s  the age o f  

the l e ave s dec r e a s ed f o r  int act l e ave s but l a i d  more on the 
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Rg. 2-1/1 

Oviposition on leaf discs and intact leaves - no choice test. 

I. Tomato rN. Moneymaker 
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Table 2 - 1 / 1  
i .  T omat o cv . Moneymak e r . 

T o t a l  whi te f l i e s  a l ive at the end o f  the e xp e ri ment . 

- - -

Leaf di s c  I nt act l e a f  
- - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P l ant number 
1 

L e a f  age 
4 Youngest  * Ne arest ape x  5 5 * Nea r e s t  pet i o l e  5 5 
3 * Nea r e s t  apex 5 5 * Nearest pet i o l e  5 5 
2 * Ne arest apex 5 5 * Ne arest pet i o l e  4 5 
1 Oldest * Ne arest apex 5 5 * Nea r e s t  pet i o l e  5 5 

2 
L e a f  age 
4 Y ounge s t  * Nearest apex 5 5 * Ne arest pet i o l e  5 5 
3 * Nearest apex 4 4 * Ne a r e s t  pet i o l e  5 5 
2 * Neare s t  apex 5 5 * Nea r e s t  pet i o l e  5 5 
1 O lde s t  * Ne a r e s t  apex 4 5 * Ne arest pet i o l e  5 5 

3 
L e a f  age 
4 Y ounges t  * Nea r e s t  apex 5 5 * Ne arest pet i o l e  5 5 
3 * Nea r e s t  apex 4 5 * Ne a r e s t  pet i o l e  5 5 
2 * Nea r e s t  apex 5 5 * Ne arest pet i o l e  5 5 
1 O lde s t  * Nearest apex 5 4 * Ne arest pet i o l e  5 5 

4 
L e af age 
4 Y ounge s t  * Nearest apex 5 4 * Nea r e s t  pet i o l e  5 5 
3 * Nearest apex 4 5 * Nea r e s t  pet i o l e  5 4 
2 * Nea re s t  apex 5 4 * Ne a r e s t  pet i o l e  5 5 
1 O l de s t  * Nea r e s t  apex 5 4 * Neare s t  pet i o l e  5 5 

Total 1 5 5  1 5 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P o s i t i on within l e a f  



-------
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Table 2 - 1 / 1 c ont i nued .  

i i . T obacco cv . Whi t e  Bur l e y . 

T o t a l  whi t e f l i e s  a l ive at t he end o f  the e xp e riment . 

Leaf di s c  Int a c t  l e a f  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P l ant number 
3 

Leaf age 
4 Y ounge st 

* Nearest ape x  5 4 
* M i ddle 5 4 
* Nearest pet i o l e  5 5 

3 
* Nearest apex 3 5 
* Middl e 5 4 
* Nearest pet i o l e  4 4 

2 
* Nearest apex 5 5 
* Middl e 4 5 
* Nearest pet i o l e  5 5 

1 O l de s t  
* Nearest apex 4 5 
* Mi ddl e 4 5 
* Nearest pet i o l e  4 5 

4 
L e a f  age 

4 Youngest 
* Nearest apex 5 5 
* Middle 5 5 
* Nearest pet i o l e  5 3 

3 
* Nearest apex 4 5 
* M i ddle 5 5 
* Nearest pet i o l e  5 5 

2 
* Nearest apex 5 5 
* Middle 3 4 
* Ne arest pet i o l e  5 4 

Total 1 8 3  1 9 3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* P o s i t i on within l e a f  
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y ounge s t  l e ave s f o r  t he l e a f  di s c s . See Appendix T ab l e  A2 - 1 / 1  

i .  T hi s  could be the result o f  met abo l i c change s ocurring 

within l e a f  di s c s , maybe induc ing the s t art of s ene s cence , 

and s o  redu c i ng ovipos i t i on . 

More eggs were l a i d  near t he pet i o l e  for t he o l de s t  and the 

s e c ond y ounge s t  l e a f  age . Thi s wou l d  need t o  be re-examined 

to be sure that i t  i s  not an abberat i on as i t  i s  not 

c on s i st ent acro s s  a l l  l e a f  age s nor shows a gradat i on a c r o s s  

t hem . 

I n  add i t i on for t obac c o : 

Where there we re s igni f i c ant d i f feren c e s  between l e a f  di s c s  

and intact l e ave s n o  p attern could be det ected i n  t he i r  

di s t r ibut i on among the other f a c t o r  leve l s  within Appendix 

Table A2 - 1 / 1  i i . 

A pattern could not be detected f o r  ovipo s it i on and e ither 

l e a f  age or p o s i t ion within the l e a f  within the other 

fact o r s . See Appendix T ab l e  A2 - 1 / 1  i i . It may be that i f  

t he re we re real  di ffe renc e s  they were sma l l and f a r  more 

whit e f l i e s  woul d  be needed in t he exper i ment i n  order t o  

prove s t at i s t i c a l l y  that po s it i on within t he l e a f  o r  u s e  o f  

l e a f  d i s c s  ver s u s  intact l e ave s a f fe c t  ovipo s i t i on . 

S ome o f  t he var i at i on c o u l d  be c au s e d  b y  other factor s . I t  

i s , howeve r ,  not caused by whi t e f l y  mort a l it y  a s  very few 

whi t e f l i e s  died dur ing t he e xpe r iment s ( Se e  T ab l e  2 - 1 / 1 ) . 

var i at i on in whi t e f l y  age could have c ont r ibuted t o  s ome o f  

t h e  unexp l a ined var i a t i on observed a s  y ounger whit e f l i e s  l ay 

fewer eggs than o l de r  ones . S as e t  a l  ( 1 9 7 8 )  made t he 

a s sumpt i on s  that , " During the f i r s t  days  after emergence 

ovipos i t ion frequency incre a s e s  t i l l  a max imum i s  reache d . 

Thi s maximum value vari e s  per p l ant spe c i e s . "  I t  woul d  appear 

f rom t he i r  f i gures ( The i r  graph i s  imp o s s ib l e  to read 

a c cu r at e l y )  that the maximum is reached after about 2 - 4 
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day�and t h at t here i s  s t i l l  c on s i de r ab l e  vari at i on i n  the 

number o f  eggs l a i d  pe�female per day a f t e r  the maximum i s  

reached . F o r  e x amp le : between about 8 and 1 3  eggs per fema le 

per day were l a i d  on eggp l ant and 8 eggs per femal e  per day 

on t omat o cv . Moneymaker when the whi t e f l i e s  we re about 5 

day s o l d . Thi s dropped s harpl y  t o  1 o r  2 eggs per fema l e  per 

day when the whi t e f l i e s  were about 1 0  days o ld . Hence , even 

i f  a n arrower age range were u s e d  and the whi te f l i e s  were 

over 4 days  o l d  t he re woul d  most l ik e l y  s t i l l  be subst ant i a l  

vari at i on i n  t he eggs p e r  fema le per day . 

During prel iminary t r i a l s  for  t he s e  experiment s i t  was 

obs e rved t hat s igni f i c ant l y  fewer eggs were l a i d  if any 

w i l t i n g  or shrive l l ing o f  the l e a f  di s c s  o ccurre d . The re fore 

great c are was t aken to prevent t h i s . 

The c on s i derable var i at i on i n  eggs l a i d  per whi t e f l y  i n  these 

exper iment s could probab l y  be reduced by mak ing t he fo l l owing 

modi f i c at i on s : 

1 .  I n c r e a s e  the number o f  whi t e f l i e s  per c age t o  1 0 . 

2 .  U s e  a narrower wh i t e f l y  age range . 

3 .  U s e  whi t e f l i e s  at l e a s t  5 days o l d . 

The age r ange could be narrowed in p a rt by c o l l e ct ing 

whi t e f l i e s  from l e aves of a s imi l ar age . N o l du s  e t  al ( 1 9 8 5 )  

s howed that whit e f l i e s  t ake about 3 days f rom emergence t o  

reach t he i r  f i n a l  s et t l ing s i t e s  o n  the y ounger l e ave s . Thu s 

whit e f l i e s  c o l l e ct ed from o lder l e aves are prob ab l y  y ounger 

t han t h o s e  c o l l e cted from y ounger l e ave s . I t  wou l d  be 

d i f f i cu l t  to ensure a very narrow age r ange even t hough a l l  

whi t e f l i e s  were from a batch o f  eggs l a i d  over two days a s  

was t he c a s e  f o r  t he s e  experiment s a s  t h e  vari at i on i n  the 

r at e  o f  deve lo pment t o  t he adult i s  qui t e  w i de w i t h  adu l t s  

eme rging ove r about 8 o r  1 0  days . Even i f  a n  att empt were 

made t o  s e l e ct a dult s over t he peak emergence t ime o f  s a y  3 

day s t h e s e  whi t e f l i e s  because they are s t i l l  ve ry y oung would 
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h ave a w i de r ange in t he number o f  eggs l a i d  p e r  fema l e . 

Narrowing down the t i me for e gg - l ay ing woul d  help but t he 

d i c h l o rvo s pest s t rip c an t ake up t o  1 2  hours o r  more t o  k i l l  

a l l  t he adult s .  During t h i s  t ime furth e r  eggs m a y  b e  l a i d  

t hu s  making i t  hard t o  accurat e l y  mea s u re the pe r i o d  o f  egg­

l ay ing . I f  t he strip i s  nearing t he end of act ivity of t he 

dichl orvos and a l s o  i f  there i s  c on s i de rabl e  c ondensat i on in 

whi ch the d i ch l orvos may di s s o lve the e ffect ive concent rat i on 

i n  the c age i s  reduced and the t ime t ak en t o  k i l l  a l l  adult s 

i s  i n c re a s e d . 

Conclus i on s  

The s e  result s s h o w  that for t omat o a n d  t obacco there i s  n o  

c on s i st ent d i f fe rence in t he number o f  e g g s  l a i d  on leaf 

di s c s  compared with intact l eave s ove r a two day period . 

Whi t e f l i e s  a l s o  t end to lay more eggs on younger t han o l der 

l e ave s . 

The l e a f  di s c  t echn i que wou l d  be part i cu l ar l y  u s e fu l  for 

s tu dy ing ovip o s it i on on pl ant s growing in the f i e l d  a s  i t  

e l iminat e s  t ime a n d  space probl ems t h a t  woul d  occur i f  such 

p l ant s had t o  be r a i s e d  for l abo rat ory experiment s on int act 

l e aves . 

( 2 ) Ovipos ition on intact plants - both leaf surfaces and 4 

leaf age s . 

Expe r i ment 2 - 1 / 3 ,  de s c r ibed in t h i s  s e ct i o n ,  was conducted at 

the s ame t ime and in the s ame growth c ab inet as E xper iment 

1 - 3 / 5  on the s e l ect i on o f  l e a f  s u r f a c e s  and l e a f  age s by 

adu l t  whit e f l i e s  us ing leaf di s c s . I t  was a no choi ce t e st 

wher e a s  Experiment 1 - 3 / 5  invo l ve d  c ho i c e . 
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Materials and Method 

Whi t e f l y  adu l t s  t hat deve l oped from eggs l a i d  ove r  a period 

of  t wo days were c aged on the l ower o r  upper leaf surface o f  

l e ave s o f  f o u r  age s o f  intact t omat o ( Lycop ersi con 

e s c u l en t um )  cv . Vi r o s a  p l ants and the l ive adu l t s  and eggs 

l a i d  were c ounte d  aft e r  two days . The exper iment s we re 

c ar r i e d  out in a growth c ab inet at 2 0 + / - 1° c .  

E i ght t omat o p l ant s o f  s imi l ar he i ght ( about 3 5  cm ) and the 

s ame a ge were u s ed . They were grown i n  1 0  cm pot s in s t andard 

pott ing m i x  u s e d  in the P l ant P atho l ogy g l a s shous e  f ac i l it i e s  

a t  M a s s e y  Un iver s i t y . They we re f e d  twi ce a week w i t h  about 

2 0 0  ml o f  nut r i ent s o lut i on (Appendix 1 )  . 

The four l e a f  a ge s  were s e l ected a s  f o l l ows : l e a f  age 1 was 

the younge s t  l e a f  who se l e a f l e t s  were at l e a s t  1 . 5  cm wide 

and l e a f  ages 2 ,  3 and 4 were the next but two l e ave s down 

the s t em in o r de r . Leaf age 4 was the o l de st l e af whi ch had 

a p ai r  of l e ft and r i ght l e a f l et s . One p a i r  of l e a flet s was 

s e l e ct e d  for  e ach l e a f  age . One of the s e  l e a f l e t s  was turned 

ove r  so that the upper l e a f  surface faced down . A cage 

c ont a i n ing 5 anaesthet i s e d  adu lt fema l e  whi t e fl i e s  1 - 7  days 

o l d  wa s att ached t o  the ' down ' s i de of e ach l e a f l et s e l e cted . 

The cages  and the i r  support s y stem were the s ame a s  tho s e  for 

E xp e r iment s 2 - 1 / 1  and 2 - 1 / 2 where ovipo s it i on on int act 

l e ave s ver s u s  di s c s  was invest i gat e d . 

The l eave s on whi ch t he whit e f l i e s  had l ai d  eggs were 

ana l yz e d  for n i t rogen , p o t a s s ium and pho sphorus c ontent and 

t he den s i t y  and t ype of l e a f  h a i r s  me asure d . 

The r e s u l t s were ana l y z e d  us ing a c ont ingency t ab l e  with a 

l o g l inear mode l f o r  the fact o r s  l e af surface ( l ower o r  

upper )  f l e a f  a g e  a n d  p l an t  number ( rep l ic at e )  ( B i s hop e t  a I ,  

1 9 7 5 ) . The mode l o f  be s t  fit was det e rmined and then each 
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t erm was  further ana l y z e d  t o  det e rmine whi c h  p a i r s  o f  f a ct or 

c omb inat i ons we re s igni f i c ant l y  d i f fe rent from e ac h  othe r . 

Results 

F i g . 2 - 1 / 2  summar i s e s  the re s u l t s f o r  ovipo s i t i on and the 

s i gn i fi c ant di f fe renc e s  are rec o rded in Appendi x T ab l e  

A2- 1 / 2  i .  

The ana l ys i s  showed that there was an interact i on between 

l e a f  age and l e a f  surface . 

The r e s u l t s  showed that whi t e fl ie s  t ended t o  l ay more eggs on 

younger than o l de r  l eave s and on the l ower l e a f  surface whe re 

l e a f  age was in between o lde s t  and younge s t . 

Grea t e r  l e a f  h a i r  dens i t y  was not the r e a s on why fewe r eggs 

were l a i d  on o lder l e ave s a s  the younger l e ave s were more 

ha i ry . A summary of numbers of l e a f  h a i r s  per mm sq for 

int act l e aves ( E xper iment 2 -1 / 3 )  i s  p re s ented in Appendix 

T ab l e  A2 - 1 / 2  i .  and F i g . 2 - 1 / 2 . Regre s s i on ana l y s e s  of eggs 

pe r f ema l e  per day with numbe r s  of l e a f  h a i r s  of the three 

t ype s : 1 ( short , point e d )  and 2 ( gl an du l a r ) g ave r e su l t s of 

percent age vari ance accounted for : t yp e  1 :  1 9 . 1 % and t yp e  2 :  

0 . 6 % .  There we re t o o  few l ong l e a f  h a i r s  t o  anal y z e . 

The n i t rogen , pho sphorus and pot a s s ium c ontent o f  the l eave s 

c ou l d  not be ana l y z e d  s t at i s t i c a l l y  a s  t h e r e  was  i n su f f i c i ent 

mat e r i al t o  run repl i c a t e s  but only the n i t rogen c ont ent o f  

l e ave s s howed any p at t e rn that c orre sp on d  with t h e  number o f  

eggs l a i d . S e e  F i g . 2 - 1 / 3 and Appendix T ab l e  A2 - 1 / 2  i i . 
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Fig. 2 -1/2 continued. 
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Fig. 2 -1/3 continued 

n. No choice test using Intact plants 

1. Nitrogen 

1 3 8  

goor-------------------------------� 

, o i d ..t  :2 ;3 
Leaf a g e  

o.e.---------------------------------� 

0. 1 

, old • ..t :2 3 "" young .. ..t 
Leaf a g e  

S .  Pote • alum 
7r---------------------------� 

e 

, o ld e..t :2 3 
Leaf a g e  

"" young .... t. 

:2 ;3 
Leaf a g e  

Fo r s i g n ifi c a nt diff e re n c e s  s e e  
A p p e n d i x  To b i e  A2 - 1  /2 i i .  

P e rce n t a g e s  o re "" dry w e i g h t .  



2 -1 Ovipos ition on  leaves ( 3 ) Leaf discs 
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Fig. 2-1/5 
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They show that whi te f l i e s  prefer t o  ovip o s i t  on y ounger 

rather than mature l eave s and that l e a f  angle make s no 

d i f fe rence . 

Assumptions used 

Throughout the e xpe r iment s a s sumpt i o n s  have been m ade : 

F i r st l y ,  that the l onger t he t ime spent o n  t he l e a f  sur face 

the h i gher the number o f  eggs l a i d . S e c ondl y f that where 

a du l t  femal e s  were c aged without cho i c e  on p l ant mat e r i a l  

t h e y  spent a l l  the i r  t ime o n  the l e a f  surface and where t hey 

h a d  a cho i ce the c a l cu l at i on o f  the t ime spent i s  o n l y  an 

approx imat i on . The regre s s i on graphs ( F ig . 2 - 1 / 6 )  show t hat 

t h e s e  a s sumpt i on s  are not good in a l l  c a s e s . P art o f  the 

e xp l an at i on may be that when the a du l t  whi t e f l y  den s ity 

e xceeded 1 p a i r  per cm2 o f  l e a f  di s c  a r e a  ( wh i c h  i t  d i d  for 

many o f  the di s c s ) then the fecundi t y  was r e duced as  was 

foun d  b y  Xu et a l  ( 1 9 8 4 ) . 
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Fig. 2 -1/6 continued. 
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2 - 2  Oviposition on sucrose sachets and the e ffects o f  l i ght 

intensity and light/dark regime s . 

Much work has  been carried out on the a rt i fi c i a l  feed i ng o f  

s u c k i ng i n s e ct s ,  e spec i a l l y  aphi ds , o n  nut r ient s o lut i o n s  

s an dwiched between two l a y e r s  o f  Nes c o fi lm o r  P a ra f i lm t o  

f o rm s achet s . One o f  the e a r l i e s t  r e c ords w a s  i n  1 9 3 5  by 

Hami l t on . A number of peop l e  wo rked on improving t h e  nut r i ent 

s o l ut i on u s e d . S ome import ant p ape r s , dominated by t he 

aut h o r s  Mit t l e r  and D add , a re : Mit t l e r  and D add,  1 9 6 2 , 1 9 6 3 a ,  

1 9 6 3b ,  1 9 6 4 ,  1 9 6 5 ,  1 9 6 7 ;  D add and Mitt l e r , 1 9 6 5 ;  M i t t l e r ,  

1 9 6 7 a ,  1 9 6 7b ;  P arry and Ford,  1 9 6 7 , 1 9 6 9 ,  1 9 7 1 ;  D add and 

K r i e ge r ,  1 9 6 8 ;  Gri f f it h s  et a l , 1 9 7 5 . Eventua l l y  a c omp l e t e l y  

de f i ne d  d i e t  w a s  p roduced (Mitt l e r  and D add, 1 9 6 2 ) and i t  

b e c ame p o s s ib l e  t o  r e a r  green peach aphi d  t hr ough s eve r a l  

generat i on s  ( Dadd and Mitt l e r ,  1 9 6 6 ) . A s  t h e  t e chn i que b e c ame 

m o r e  w i d e l y  known it was t ri ed with other aph i ds e . g .  pea  

aphi d  (Acyrt h osiph on pi s um )  ( Auc l a i r  and C a rt i e r ,  1 9 6 3 ; 

Auc l a i r ,  1 9 6 5 ;  McLean and Kinsey , 1 9 6 7 ;  Mc l e an , 1 9 7 1 ) , bean 

aphi d  ( Aphi s  faba e )  ( Dadd and Kr i e ge r ,  1 9 6 7 ) , c o t t on aphi d  

(Ap hi s  gos sypi i )  (Auc l a i r ,  1 9 6 7 ,  1 9 7 8 ) , b l ac k  c i t ru s  aph i d  

( Toxop t era auran t i i )  ( Tahor i  a n d  Ha z an ,  1 9 7 0 )  Other 

Hemipt e rous insects were found to be amenab l e  to the 

t e chn i que e .  g .  a froghopper ( Hagle y ,  1 9 6 7 ) , p l anthoppp e r s  

( M i t suhas h i  and Koyama , 1 9 7 1 ;  Koyam a ,  1 9 7 9 ;  Koyama and 

M i t s uhash i , 1 9 8 0 ,  Koyama et a I , 1 9 8 1 ) ; l e a fhopp e r s  ( Ho u  and 

B r o ok s , 1 9 7 5 :  Maramar o s ch and Harr i s , 1 9 7 9 ;  Magay a r o s y ,  1 9 8 0 )  

and t ob a c c o  whi t e f l y  ( Bemi s i a  t ab a c i ) ( Be r l inger et a I ,  

1 9 8 3 )  . 

Not o n l y  was there i nt e re s t  i n  f inding the c omp l e t e  l i st o f  

e s s ent i a l  nut r i ent s ,  the ir opt imum r e l at ive p r op o rt i on s  and 

pH but a l s o  the t echn i que was u s e d  t o  t e s t  the e f fect s o f  

i n s e c t i c i d e s  ( Mitt l e r  and P enne l ,  1 9 6 4 :  H o l t gr awe , 1 9 7 7 ) , the 

e f fe c t s  of s e condary p l ant sub s t anc e s  ( Junde and L i da o , 1 9 8 4 )  

and in work with viru s  t ransmi s s i on ( Magay a ro s y ,  1 9 8 0 ) . 

P re f erence f o r  s et t l ing and feeding i n  cho i c e  t e st s ,  p r ob i n g  
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re spon s e s , a du lt l i fe span and l arvipo s it i on o r  ovipo s it i on 

rate were u s e d  t o  me a sure t he e f fect s o f  t he s o lut i on s  u s e d . 

P robabl y  the most imp o r t ant chem i c a l  for  i n c o rpo rat i on in 

a rt i fi c i a l  diets for Hemipterous insect s is s u c r o s e  and the 

opt imum c o ncent rat i on needs t o  be f ound for e ach i n s e ct 

spe c i e s . F o r  green peach aphi d  i t  i s  1 0 -2 0 %  ( M i t t l e r  and 

D add , 1 9 6 3 a ) , cot t on aphi d  2 0 - 3 0 %  ( Auc l a i r ,  1 9 6 7 ) , pea aphi d  

2 0 %  ( St rong , 1 9 6 7 ) ; b l ac k  c it ru s  aphi d  ( Toxop t era a uran t i i )  

5 5 %  ( T ahor i  and Haz an ,  1 9 7 0 )  and 1 5 %  f o r  tobacco whi t e fl y  

( Be r l inger e t  a l , 1 9 8 3 )  

S imp l e  s u c r o s e  s o lut i o n s  and s omet ime s other t e s t  chemi c a l s  

( e . g .  var i ou s  sugar s )  h ave proved s at i s fact o ry f o r  b i o a s s ay s  

e . g .  s creening for sus cept ib i l it y  t o  s ys temic i n s e ct i c i de s  

with green peach aphi d  (Mit t l e r  and P enne l l ,  1 9 6 4 )  and 

det e rmining aggregat i on behaviour i n  pea aphids ( St rong , 

1 9 6 7 ) . There fore , a sucro s e  s o lut i on with no addit i ve s  was 

c on s i dered to be s at i s factory f o r  t e s t ing var i ou s  parame t e r s  

f o r  greenhouse white f l y . 

The f i r st part ( 1 )  o f  t h i s  s e ct i on addre s s e s  three que s t i on s : 

' What i s  the opt imum s u c r o s e  c oncent rat i on t o  u s e  f o r  max imum 

ovipo s i t i on and l ongevi t y  when greenhou s e  whi t e f l y  feeds 

through Nes c o f i lm ? ' It was nece s s ary to f ind the answe r t o  

t h i s  que s t i o n  before embarking o n  t he other e xpe r iment s i n  

t h i s s e c t i on . Further que s t i on s  addre s se d  are : ' Are t he re 

d i f fe rences  i n  l ongevity between mal e s  and fema l e s  on the i r  

own and mixed males a n d  fema le s ? '  and ' Do femal e  whi t e f l i e s  

on the i r  o wn l ay more eggs t h an when i n  mixed s e x  group s ? '  

and ' What i s  the percent age hatch o f  eggs ? '  

The s e c ond p a rt ( 2 )  o f  t h i s  s e ct i o n  addre s se s  t he que s t i on o f  

t h e  e f fect o f  l i ght i nt e n s i t y  on ovip o s i t i on a n d  t he t h i rd 

part ( 3 )  the e ffect o f  d i f fe rent l i ght / dark peri ods on 

ovipo s it i on . 
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( 1 ) Adult longevity and oviposition with a range of sucrose 

concentrations . 

S ince there are no report s in the l it erature o f  ovip o s it i on 

b y  greenhouse whi t e f l y  on sucrose  s achet s and s ince the r ange 

o f  s u c r o s e  c oncent r at i on s  f ound t o  be opt i mum for other s ap 

s u c k ing insects  ranges from 1 5  t o  5 5 %  it was  dec i de d  t o  u s e  

a w i de range o f  c oncent rat i on s  for  t he f i rst experiment . 

The experiment s des c r ibed b e l ow were c a r r i e d  out t o  f in d  the 

opt imum c oncent rat i on o f  s u c r o s e  t hat g ive s r i s e  t o  the 

maximum number of eggs l a i d  and the max imum s u rvival or the 

b e s t  c omprom i s e  if t he opt imum concent rat ion i s  not t he s ame 

f o r  b o t h . The intent i on was  t o  u s e  t h i s concent r at i on f o r  t he 

exper iment s on l i ght intens i t y  and l i ght / da r k  regime s . 

Material s and Method 

Whi t e f l i e s  were pl aced in c age s with a s achet at the upper 

end c onta in ing a s o lut ion of s u c r o s e . The eggs l a i d  on the 

s a chet s ,  number o f  whi t e f l i e s  a l ive and l a rvae that hat ched 

f r om the eggs were c ounted every day unt i l  a l l  whi te fl i e s  

were dead . 

A r ange o f  c oncent rat i on s  o f  a queous s u c r o s e  s o lut i on s  were 

u s e d  in t wo experiment s :  

E xpe r iment 2 - 2 / 1 : 

0 ( wat e r  only ) 1 0 %  

Experiment 2 -2 / 2 : 

0 ( wate r  o n l y )  1 5 %  

As Experiment 

c on cent rat i on s  

2 -2 / 1  

( 0 - 6 0 % )  

2 0 %  3 0 %  4 0 %  5 0 %  6 0 %  a i r . 

2 0 %  2 5 % . 

u s e d  a wide r ange o f  s u c r o s e  

t he number o f  rep l i c at e s  had t o  b e  

r e duced t o  2 due t o  the t ime t aken t o  m a k e  c ount s and t he 

ava i l ab i l it y  o f  the cages . Experiment 2 - 2 / 2  u s e d  a n arrow 

range of sucrose  c oncent r a t i ons ( 0  to 2 5 % )  and t he number o f  

rep l i c a t e s  was incre ased t o  8 .  
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The whi t e f l i e s ,  2 - 9  days o l d ,  were c o l l ected u s ing a p o ot e r ,  

anae s thet i z e d  with c a rbon d i o x i de and 8 adult s c ount e d  out 

and p l aced in e ach c age . Thi s gave a den s i t y  o f  1 p a i r  o f  

a du l t s p e r  1 . 3 3 cm2 o f  s a chet surface whi c h  i s  above the 

den s i t y  whi ch may cause a reduct i o n  i n  fecund i t y  ( Xu e t  a I , 

1 9 8 4 )  . The 8 a du l t s were in one o f  the f o l l owing s e x  group s : 

a l l  female o r  

a l l  m a l e  o r  

h a l f  fem a l e  and h a l f  male 

The sex groups were inc luded a s  whit e f l i e s  c an l ay eggs both 

p a rt henogenet i c a l ly and a s  the result  o f  mat ing and i t  was  

t hought t here could be differences  between a l l  femal e  and 

m i x e d  sex group s . I de a l l y  the a l l  fem a l e  group should have 

been v i rgin but it  wou l d  have been di f f i cult t o  obt a i n  l arge 

numb e r s  t o  run t he s e  experiment s .  

The s u c r o s e  s a chet s were made by s t ret ching an approximate l y  

1 e m  square p i e ce o f  Ne s c o fi lm over one end o f  a c age o f  

g l a s s  t ub ing ( 2 . 6  em d i ameter , 3 . 6  e m  h e i ght ) , p ipett ing 1 ml 

of t he approp r i at e  sucro s e  s o lut i on ont o the s t ret ched 

Ne s c o f i lm and s e a l ing it with another s imi l a r l y  s t retched 

p i e c e  of Ne s c o f i lm . 

The open end o f  e ac h  c age was c l o s e d  with a d i s c  o f  b l ac k  

f i lt e r  paper ( Whatman No . 2 9 )  t o  whi c h  a p ie c e  o f  c o r k  h a d  

b e e n  a t tached bear i ng t he number o f  t h e  c age . The c o rk 

f ac i l it at e d  the e a s y  insert i on and removal o f  t he f i lt e r  

p ap e r  d i s c  w i t h  f orceps . The cage s were p l aced s achet s i de up 

on a t ray in an i ncubat o r . See Photograp h  2 - 2 . 

The c a g e s  were arranged in rows a c ro s s  t he incubat o r  i n  o rder 

t o  o ve r come any var i at i on i n  l ight int en s i t y  from the back t o  

t h e  f ront o f  the incubat o r . I t  was  not fea s ib l e  t o  s e t  up a 

r andom i s e d  c omplete b l ock de s i gn for  Experiment 2 - 2 / 1  a s  t wo 

rows o f  2 4  c ages each woul d  not f i t  a c ro s s  the 



Phot ograph 2 - 2 

C l o s e  up o f  cage s with s u c r o s e  s achet s .  

L e ft : s i de view,  r i ght : unde r s i de . 
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i ncubat o r . Therefore e ach row had 8 cage s : one repre sentat i ve 

f o r  e ach o f  the 8 s u c r o s e  c oncentrat i on s  and at l e a s t  2 and 

n o  more than 3 repre s en t at ive s of e ac h  o f  t he s e x  g r oup s . 

Otherwi s e  the t re atment s were r andom l y  a l l o c at e d  t o  p o s it i on s  

within t h e  rows . Ther e  were 4 8  c ages i n  t o t a l . F o r  Exp e riment 

2 - 2 / 2  the rows acro s s  the i ncuba t o r  e ach had 1 2  c ages with 

one repre s en t at i ve f rom each sucrose c on c ent rat i on and sex 

group c ombinat i on a l l o c at ed random l y  to a p o s i t i on within the 

row . There were 9 6  cages i n  t o t a l . 

The t empe rature in the incubat o r  was  2 0 + / - 1 °  C with a 1 2 / 1 2  

hour l i ght / dark regime . The l i ght s wer e  at t he back o f  the 

c ab inet and the i ntens ity range was 6 . 7 to 1 0  

Il e i n s t e i n s  /m2 / s . 

The c ount s o f  eggs and adult s were made at app r o x imat e l y  the 

s ame t ime each day . When the eggs began to hatch t he numbers 

o f  l ive and dead l arvae and egg c a s e s  wer e  a l s o  c ount e d . 

The l arvae were a s sumed t o  be o n l y  on the s a chet surface 

during the f i r s t  exp e r i ment but dur ing the s e c on d  experiment , 

when it was re a l i sed t hat s ome l a rvae were c rawl ing ont o the 

g l a s s  s ides  of t he c age t h i s  a r e a  was checked for l arvae t o o . 

Making a c curate c ount s proved t o  be fraught w i t h  prob l ems . 

The c ount s o f  dead a du l t s  were made with t he naked e y e  for  

the s ingl e s e x  groups . F o r  the mixed s e x e s  c a s e  a s t e re o  

m i c r o s c ope was  used t o  s e x  the d e a d  adu l t s  a n d  from thi s the 

number o f  e ach s e x  a l ive was c a l c u l at e d . 

E ggs , e gg c a s e s  and l a rvae we re c ounte d  unde r a s t e r e o  

m i c r o s c ope i n  the f o l l owing w a y  unt i l  a l l  adu l t s w e r e  dead : 

The eggs and egg c a s e s  b y  v i ewing them t hrough t he g l a s s  

s i des o f  t he c age . Care needed t o  be t aken t hat doub l e  

image s o f  eggs were not  s e en . Newly l a i d  c re am e ggs neede d  

a dark b ackground a n d  o lder purp l e -b l ack e g g s  n e e de d  a 

l ight background . Hence , i t  was e a s y  t o  mi s s  c o unt ing e ggs 
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when one o r  other background wa s u s ed . 

The l a rvae by viewing them t hrough the s a chet aga i n s t  t he 

b l ac k  o f  the f i lter paper c l o sure . The s a chet ' s 

t ransparency depended on how much the Ne s c o f i lm was 

s t ret ched and the depth of the sucro s e . 

When a l l  the adu l t s were de ad t he f i lt e r  paper di s c  was 

removed so that from then on the c ount s for eggs , egg c a s e s  

and l a rvae were made from the inner s ide o f  t h e  s a chet i . e .  

without viewing them t hrough g l a s s  o r  s achet . 

S ome d i f f i culty was experi enced i n  d i s t i n gu i shing s ome i t ems 

from others : 

Egg c a s e s  c an be d i s t ingu i shed f r om unhatched eggs b y  t he i r  

m o r e  f l attened appearance a n d  curved t ip s  b u t  t o  s e e  thi s 

i t  i s  nece s s ary t o  view them from an appr op r i at e  d i rect i on 

- not always p o s s ible . 

L i ve l a rvae could on l y  be d i s t ingu i s he d  from dea d  l a rvae 

with c e rt a inty when they were moving . D e ad l arvae were on l y  

c le a r l y  dead when they b e c ame reduced i n  w i dt h  ( i . e .  

shrive l led)  and t h i s  may not h ave a l wa y s  o c curre d  and i t  

appears  t o  o c cur 1 - 3 d a y s  a f t e r  death . D e a d  l arvae c an even 

l o ok l ike newl y  l a i d  eggs l e aning at an ang l e . Of course i f  

l arvae were seen t o  b e  moving o r  t o  excrete drop l et s  o f  

honeydew they were obvi ous l y  a l i ve but there w a s  n o  t ime t o  

wai t t o  see i f  t h i s  was occurring . S o  a c ount o f  t ot a l  

l a rvae rather t han l ive and dea d  s eparat e l y  w a s  made dur ing 

most of t he s ec ond experiment . L a rvae appeared to survive 

for o n l y  about 1 - 3  days after emergen c e . 

The l ack o f  ' l andmark ' f e at u re s on t he s achet surface made it  

d i f f i cu lt t o  ensure that any indivi du a l s  o f  any i t em we re not 

mi s sed o r  count e d  twice . 

F r om the count s c a l c u l at i on s  we re p e r f o rmed and ana ly s i s  

c a r r i e d  out a s  f o l l ow s : 
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The adu l t  numbers  were ana l y z e d  for e a ch experiment u s ing a 

c ont i n gency t ab l e  with a logl inear mode l for the fact o r s  

s u c r o s e  c oncentrat i on ,  sex group a n d  t ime ( B i shop e t  a I , 

1 9 7 5 ) T he mode l o f  b e s t  f i t  wa s determined and then e a c h  

t e rm i n  t he mode l w a s  further ana l y z e d  t o  det e rm ine whi c h  

p a i rs o f  f a c t o r  comb inat i ons were s igni f i c ant l y  di fferent 

f rom e ac h  othe r . 

I t  woul d  not be v a l i d  t o  ana l y z e  the sum o f  eggs l a i d  each 

day as  this  depends on the number o f  adu l t s a l i ve on t h at day 

and t h i s  i s  not the s ame for e ach t re atment . The refore the 

mean eggs l a i d  ove r  the previ ous day per surviving a du l t  was  

c a l cu l at e d  f o r  e ach t re atment and an ana l y s i s  of  var i ance 

u s e d  to det e rmine any s i gni f i c ant di f fe rence s among the 

s u c r o s e  c oncent rat i on s , sex groups and day s . The number o f  

s u rviving adu l t s  was c al c u l at e d  a s  t he number a l ive t hat day 

p l u s  h a l f  t he di fference between the c ount f o r  that day and 

t he c ount for the previous day as the adu l t s  that died the 

p rev i o u s  day could have l ai d  s ome eggs . 

The c umu l at ive numbe r s  o f  l arvae ( al ive p l u s  de a d )  were 

ana l y z e d  for e a ch experiment us ing a cont i ngenc y  t ab l e  with 

a l o g l i n e a r  mode l for the fact o r s  sucrose concent rat i on ,  s e x  

g roup a n d  t ime ( B i shop et a i ,  1 9 7 5 ) Thi s c a l cu l at i on and 

ana l y s i s  i s  not st r i ct l y  val i d  a s  the numb e r  of eggs l a i d  f o r  

e ac h  t r eatment i s  n o t  t he s ame and t h e  numbers  on consecut i ve 

days are not independent . Howeve r ,  a c ompari son w i t h  t he 

re s u l t s  for egg- l aying may indicate di f fe rence s among 

t re atment s f o r  egg hat ch that do not corre spond with 

d i fferences among t re atment s for egg- l ay ing . The mode l  of 

best f it was  det e rmined and t hen e a ch t e rm in t he mode l was 

further ana l y z ed t o  det e rmine which p a i r s  o f  f a ct or 

c omb inat i on s  we re s i gn i f i c ant l y  d i f ferent from e a ch othe r . 

Where c omp a r i sons were made o f  eggs o r  l a rvae between the sex 

group s  the numbers  in t he fema l e  onl y  group we re h a lved so 

that t he a n a ly s i s  w ou l d  be val i d . 
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Result s and D i s cussion 

Summar i e s  o f  t he c ount s o f  adu l t s  over t ime are pre s ented in 

F ig s . 2 - 2 / 1  and 2 -2 / 2 ,  the mean eggs per femal e  per day i n  

F i gs . 2 - 2 / 3  and 2 -2 / 4  and the c ount s o f  l arvae a n d  e g g s  ove r 

t ime i n  F i gs . 2 - 2 / 5  and 2 - 2 / 6 . F i g . 2 - 2 / 7  s ummar i s e s  the 

p e r c ent age egg hat ch . The s igni f i c ant d i f ference s  are f ound 

in Appendix T ab le s  A2 - 2 / 1  to A2 - 2 / 7  and wi l l  be r e ferred t o  

a t  approp r i a t e  po int s b e l ow . 

Adult survival 

The ana l y s i s  for  the fact ors  sucrose concent rat i on and s e x  

group was c ar r i e d  o u t  separat e l y  f o r  e a ch day and 

c o n c ent rat i on l e ve l s  were omit t e d  from t he c ont ingency t ab l e s  

i f  t he whi t e f l i e s  a t  t hat l eve l had a l l  o r  a l mo s t  a l l  d i e d . 

The s e  l e ve l s  are i n d i c ated in Appendix T ab l e  A2 -2 / 1 . 

The r e su l t s show that adult surviva l  di ffers with s u c r o s e  

c on cent rat i o n  but n o t  w i t h  s e x  group . There we re t wo 

e x c ept i on s  t o  t h i s : an interact ion between the two fact o r s  at 

day s 3 and 4 for  Experiment 2 -2 / 1 . Thi s  has  a r i sen b e c au s e ,  

un l ike a l l  the other sucrose c oncent r at i ons , the 4 0 %  l eve l 

shows s i gn i f i c ant l y  fewer adu l t s  have survived f o r  the a l l  

ma l e  s e x  group . D ay 5 a l s o  shows t h i s  but t he numbe r s  f o r  t he 

three s e x  group s  mus t  be t oo c l o s e  t o  non s igni f i c ant 

d i f ferences  f o r  the interact i o n  to show with the c ont i n gency 

t ab l e  ana ly s i s . Indee d  the numbers for  the 4 0 %  sucro s e  sex 

groups are so sma l l  t hat a change o f  1 -2 whi t e f l i e s  woul d  

remo ve the interact i on re sult s . 

The s igni f i c ant d i f ferences among the sucrose c oncent r at i on s  

f o r  each day a r e  recorded in Appendix T ab l e  A2 - 2 / 2 . I n  

Exper iment 2 -2 / 1  adu lt surviva l reduced rapidly f o r  s u c r o s e  

c on c ent r at i o n s  o f  4 0 %  o r  mo re a n d  f o r  wate r .  F o r  t he 

remainder o f  the c oncent rat i on s  ( 1 0 % ,  2 0 %  and 3 0 % )  a du l t  
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s urvival was not s igni f ic ant l y  different i n i t i a l l y  but 

s urvival on 2 0 %  s u c r o s e  became s i gn i f i c ant l y  h i gh e r  t h an both 

b y  day 1 0 . I n  Experiment 2 -2 / 2  adult survival for wat e r  again 

dropped rapidly and was s i gn i f i c ant l y  l e s s  for 2 5 %  b y  day 1 1 . 

Then , o f  the two other c on c ent rat i ons , 1 5 %  emerged a s  having 

s igni fi c ant l y  more adu l t s  surviving by day 1 6 . Hence ,  for 

Experiment 2 - 2 / 1  2 0 %  and for E xperiment 2 -2 / 2  1 5 %  s u c r o s e  

r e s u l t e d  i n  t h e  b e s t  adu l t  surviva l . 

Appendi x T ab l e  A2-2 / 2  i .  b and i i . b show when adu l t  s urvival  

dropped s i gn i f i c ant l y . Adul t  survival f o r  2 0 %  sucrose  

c on cent r at i on , whi ch gave the opt imum i n  Exper iment 2 -2 / 1 ,  

dropped s igni f i c ant l y  c ompared with the i n i t i a l  numb e r  o f  

a du l t s  b y  day 1 0 . Corre spondingly adult survival f o r  1 5 %  

s u c r o s e  c oncent r at i on in Experiment 2 - 2 / 2  dropped 

s i gn i f i cant l y  b y  day 1 5 . 

Oviposition 

Ovipo s i t i on ( eggs per femal e  p e r  day ) re sult s are  summar i s e d  

i n  F i gs . 2 -2 / 3  a n d  2 -2 / 4  and t h e  s igni f i c ant d i f f e rence s  

( P < O . O l )  a r e  i n  Appendix Tab l e s  A2 -2 / 3  and A2 -2 / 4 . The 

n egat ive f i gures in the t ab l e s  have a r i s en because  o f  c ount 

i na c curac i e s . C ount ing prob lems are d i s cu s s e d  on page s 1 4 9-

1 5 0 . The ana l y s i s  for the fact o r s  f day' , ' s e x  group ' and 

' su c r o s e  c oncent rat i o n '  s howed that there was no s ign i f ic ant 

d i f ference between the fema l e  and mixed s e x  group s ( P > O . O l )  

f o r  e ither exper iment . Very few e ggs were l a i d  at the s u c r o s e  

c on cent rat i on s  4 0 % ,  5 0 %  a n d  6 0 %  s o  t he y  were omit t e d  from the 

a n a l y s i s . For Experiment 2 -2 / 1  the ana l y s i s  was  done over 

days 1 t o  1 4  and i t  s howed s ign i f ic ant di f fe rence s  ( P > O . O l )  

among the s u c r o s e  concent rat i ons , among the days and an 

interact i on F i gu r e  2 - 2 / 3  between ' day ' and ' su c r o s e  

c oncentrat i on ' . However I b y  d a y  1 4  s ome o f  t he s u c r o s e  

c oncent rat i on s  h ave n i l  ovipo s i t i on because a l l  whi t e f l i e s  

a r e  dea d  and t h i s  s kews the r e s u lt s . Therefore the ana l y s i s  

w a s  repeated with the factors  ' sucrose c oncentrat i on ' and 

' day ' for days 1 t o  8 .  
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Fig. 2 - 2/3 
OvIposttlon and sucrose concentration and sex group. 
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Fig. 2 - 2/4 
Oviposition and sucrose concentration. 
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2 - 2  Oviposit ion on sucrose s achets  ( 1 )  Sucrose concentration 1 62 

Thi s showed that t here were n o  s ign i f i c ant d i f fe rence s  among 

t he s u c r o s e  c oncent rat i on s  but there we re among t he day s 

angbhe ' day ' by ' sucrose c oncent rat i o n '  interact i on had 

di s appeared . 

F o r  Experiment 2 - 2 / 2  t he ana l y s i s  was done ove r day s 1 t o  1 5 ,  

with wat e r  omitted,  and showed that there were n o  s ign i f i cant 

d i f fe rences ( P > O . 0 1 )  among t he sucro s e  concent rat i on s  but 

there were among the day s  and there was a l s o  a I day '  by 

' su c r o s e  concent rat ion ' int e r a ct i on . I n spect i on of Appendix 

T ab l e  A2 - 2  / 4 ( 1 )  i i . shows t hat thi s int e ract i on a r i s e s  

b e c a u s e  init i a l l y  t he 

s i gni fi c ant l y  ( P < O . O l )  

higher suc r o s e  c on cent rat i on s  had 

more eggs t han othe r s . Howeve r ,  

t hroughout m o s t  o f  t h e  exper iment t h e r e  were no s i gni f i c ant 

di f fe renc e s  among the sucrose concent rat i o n s . 

The resu l t s  for the sucrose concent rat i on s  were c ombined and 

eggs per femal e  per day were p l ot t e d  a ga i n s t  t ime in F i g . 

2 - 2 / 4 . The ovip o s i t ion rate r o s e  r ap i d l y  t o  r e a c h  a peak at 

day 2 o r  3 t hen fel l sharply t o  z e ro for both e xper i ment s . 

T h i s  result  sugge s t s  that the diet o f fe red t o  whit e f l i e s  in 

t h e s e  e xpe r iment s is inadequate to maint a in egg- l ay ing . 

Cumulative larvae 

I t  wa s de c i ded t o  ana l y z e  cumu l at ive l arvae ( de a d  and a l ive ) 

rather than the t o t a l  l a rvae per day a s  i t  doe s not give r i s e  

t o  negat ive values . Any attempt t o  c a l cu l at e  l a rvae per 

f em a l e  or l a rvae as a proport i on of eggs l a i d  i s  fraught with 

prob l ems such as which figur e s  to u s e  f r om whi ch day for t he 

number o f  femal e s  a l ive . There fore i t  needs t o  be kept in 

mind that t he number of eggs from whi c h  t he l arvae hat ched 

are not the s ame f o r  each t re atment . 

The cumu l at i ve eggs are p l otted with t he cumu l at ive l a rvae 

f o r  each exper iment in F i gs . 2 - 2 / 5  and 2 -2 / 6  s o  that a visual  
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Fig. 2 - 2/5  conUnued. 
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2 - 2  Ovipo s it i o n  on sucrose s achet s ( 1 )  Sucrose concent ration 1 6 6  

c ompa r i s on can be made o f  the propo rt i on o f  eggs that hat ched 

and o f  the t ime f rom egg - l ay ing to egg hatch . 

Ana l y s i s  showed t hat for days 9 t o  2 4  for Expe riment 2 - 2 / 1  

t here were two 2 way interact i ons : ' da y '  b y  ' sucrose 

c oncent rat ion ' and ' s ex group ' by ' su c r o s e  concent rat i o n '  and 

f o r  day s 1 2  t o  2 3  for Expe r iment 2 -2 / 2  one 2 way int eract ion : 

' da y '  b y  ' su c r o s e  concent rat i on ' and s igni f i c ant d i f fe rences 

for ' se x  group ' . The sucrose  c oncent rat ion ' ai r '  was omitted 

f o r  Exper iment 2 - 2 / 2 . 

The ' su c r o s e  c oncent rat i on '  by ' s ex group ' int e r act i on arose 

becau s e , a s  Exper iment 2 -2 / 1  progre s s e d ,  all  sucrose 

c oncent rati ons e xcept 3 0 %  s howed a s i gni f i cant l y  ( P < O . 0 1 )  

great e r  number o f  l arvae for the mixed s e x  group ( see 

Appendix Tab l e  A2 -2 / 5 i .  ( 2 ) ) . However I an inspe c t ion o f  

Appendix T ab l e  A2 - 2 / 5  i .  ( 1 )  for cumu l at ive eggs s h o w s  that 

t he s ame di f ferences e x i sted for the eggs . The refore thi s i s  

a re f l e ct ion o f  the number o f  eggs rather t han a re a l  e ffect 

of s u c r o s e  concent rat i on on l a rval hat ch . In turn the number 

of eggs in the sex group s was a r e f l e ct i on of t he number of 

adu l t s a l ive as t here were no s i gni f i c ant ( P < O . 0 1 )  

d i f fe rences between the sex groups for mean eggs per fema l e  

per day ( s ee Appendix T ab l e  A2 - 2 / 3  i . ) . But upon inspect i on 

o f  Appendix T ab l e  A2 -2 / 1  i .  it can be seen that there were no 

s i gn i f i c ant ( P > O . O l )  d i f ferences for adu l t s  between female 

and m i x e d  s e x  groups . P o s s ib l y  t h i s  anomal y  is  mere l y  a 

r e f le c t i on o f  the c on s i derable var i at ion in eggs l a i d  per 

fema l e  and the few fema l e s  used in t h i s  experiment . For 

E xperiment 2 -2 / 2  the s ign i fi c ant ( P < O . 0 1 )  di f fe rences 

ind i c at e d  between fema l e s  and mixed sex groups does not make 

b i o l og i c a l  s e n s e  as the figures have been summe d  acro s s  days 

and the c ount s f o r  e ach day are not ind?endent and wi l l  have 

been a dded i n  s everal t ime s ove r  a s  they were cumu l at ive . I t  

m a k e s  better s e n s e  t o  ana l y z e  t h e  cumu l at i ve l a rvae for each 

day . The re sult s o f  thi s ,  in Appendix T ab l e  A2 - 2 / 5  i i . ( 2 ) , 

show t hat t here were n o  s igni fi c ant ( P < O . 0 1 )  d i f fe rences 



2 -2 Oviposit ion on sucrose s achet s  ( 1 )  Sucrose concentrat i on 1 6 7 

between fema l e  and mixed s e x  group s . Thi s  i s  s o  f o r  eggs and 

adu l t s  a l s o . 

The ' su c r o s e  concent rat i on '  by ' da y '  

e xpe r iment s s howed that the l arvae 

i nt e r a ct i on s  for both 

for t he l ower sucrose 

c oncent r at i on s  t ended to hat ch e ar l i e r  rather t han there 

being di f feren c e s  among t he sucro s e  concentrat i on s . See F i g . 

2 - 2 / 6  and Appendi x  Table A2 -2 / 6  i .  ( 2 )  and i i . ( 2 ) . 

The percent age hatch f i gures i n  F i g . 2 - 2 / 7  and Appendix Table 

A2 -2 / 7  show that with the except ion of 3 0 %  s u c r o s e  there were 

no s ign i f i c ant ( P < O . O l )  d i f fe rence s among t he sucrose 

concent rat ions . 

Conclus i ons 

Adu l t  s urvival was independent of sex group and wa s opt imum 

for 1 5 - 2 0 %  sucrose c oncent r at i on . At t h i s  sucrose 

c oncent r at i on i t  did not drop s igni f i c ant l y  ( P < O . O l )  for at 

l e a s t  1 0  days . Ovipo s i t i on was i n dependent of sex group and 

sucro s e  c oncent rat i on . I t  r o s e  to a max imum at day 2 o r  3 

t hen dropped sharp l y . The numbers o f  l a rvae we re a l s o  

i ndependent o f  s e x  group and sucros e  c oncent rat i on but higher 

suc r o s e  c oncent rat i on s  appea r  to induce l a rvae to hatch 

l at e r . 
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Fig. 2-2/7 
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2 - 2  Oviposition on sucrose s achet s ( 2 ) Light intensity 1 6 9  

( 2 )  Light intensity and ovipos ition . 

The e xp e r iment s i n  Sect i ons 1 - 1  and 1 -2 s howed t hat l i ght 

inten s i t y  i s  a fact o r  in s e le ct i on of s et t l ing s it e s  by 

a du l t s w i t h i n  a p l ant but it i s  not known whether l ight 

inten s i t y  a f f e c t s  ovip o s it i on by greenhous e  whi t e f l y . 

The r e f o re the f o l l owing experiment was c ar r i e d  out t o  e x amine 

t he e ffect of l ight inten s i t y ,  from comp l e t e  darkne s s  to the 

b r i ght e s t  a rt i fi c i a l  l i ght ava i l able , on ovipo s it i on . Sucrose 

s achet s we re p rovi ded a s  an egg- l aying substrate s o  t h at any 

e ffect s o f  changes in l e a f  chemic a l s  with change s in l ight 

and darkne s s  or with day l engt h  woul d  be e l iminated . 

The experiment s de s cribed in t h i s  sect i on do not s t r i c t l y  

adhe re t o  p r i n c i p l e s  o f  good e xper iment a l  de s i gn because the 

i n c re a s e d  input o f  l abour , t ime and mat er i a l s nece s s ary t o  

s at i s fy good de s i gn ful l y  was c o n s i dered unwarrante d  me re l y  

t o  determine i f  there was any e f fect a t  a l l  o f  l i ght 

inten s i t y  on ovipo s i t i on . A ma j o r  reason for  thi s cho i c e  was 

the f indings of Hus s ey and Gurney ( 1 9 5 9 )  that low l i ght 

y i e l de d  fewe r eggs on t omat o and a r ange o f  l i ght inten s i t i e s  

y i e l de d  n o  c on s i s tent pattern . 

Materials and Method 

Whi t e f l i e s  we re c aged with 2 0 %  sucrose s a chet s under 5 l i ght 

inten s i t i e s  and c ount s of eggs made as f o l l ows : 

Experi ment 2 - 2 / 3 : eggs and l ive whi te f l i e s  were c ount ed 

e ac h  day for 4 days . 

E xper i ment 2 -2 / 4 : eggs and l i ve whit e f l i e s  were c ount e d  at 

day 4 only _ 

B y  c ompa r ing Exper iment 2 - 2 / 4  and t he result s at day 4 for 

Experiment 2 - 2 / 3  the e ffect on egg- laying of l i ght int en s i t y  

c o u l d  b e  det e rmine d . 



2 -2 Ovipos ition on sucrose sachets ( 2 )  Light intensity 1 7 0  

The c age s and sucrose s achet s used were o f  the s ame de s i gn a s  

t h o s e  i n  Expe r iment s 2 - 2 / 1  and 2 - 2 / 2  whi c h  inve s t i g a t e d  adult 

s urvival and ovipo s i t i on with a r ange of sucrose 

c oncent rat i o n s . A twenty percent suc r o s e  concent r at i on was 

u s e d  because it gave opt imum survival i n  Exper i ment 2 - 2 / 1 . 

E i ght c age s ( repl i c at e s ) e ach with ten fema l e  wh i t e f l i e s  were 

a s s i gned to each l ight inten s i t y  for each e xper i ment and were 

p l aced i n  a 2 l i t re p l a s t i c  ( i ce cream)  c ont a iner l ined 

. i n s i de with b l ack p l a st i c . The s e  c ont a iners  were r andomly 

di s t r ibut e d  i n  a growt h  cabinet at 2 0 + / - 1 °  C .  

The f i ve l i ght intens i t i e s  were created b y  p l a c i n g  s heet s o f  

wh i t e  paper ove r the p l a st i c  cont aine r s  o r ,  f o r  c omplete 

d arkne s s ,  by c over ing the who le c ont a iner with b l a c k  p l a s t i c . 

The l ight inten s it i e s  in each c ont a iner were me a sured with a 

quantum s e n s o r  in �einst e ins / m2 / s )  and were : 

0 . 0 2 5  c omplete darkne s s ; c overed w i t h  b l a c k  p l a s t i c  

2 1  c overed with 6 sheet s o f  whi t e  p ap e r  

5 3  " " 3 " " " " 

1 5 0  " " 1 " " " " 

6 3 0  " " 0 " " " " 

The 4 day durat i on o f  the experiment s was  chos e n  a s  virtu a l ly 

a l l  t he whi te f l i e s  were s t i l l  a l i ve at t h i s t ime in 

Exp e ri ment s 2 - 2 / 1  and 2 - 2 / 2 . 

S t r i c t l y  spea k ing each individual c age s h o u l d  have been 

provided with s eparate shading c over and a l l  c a g e s  random i s e d  

t hr oughout t h e  growth cabinet t o  mini m i s e  any a f fe c t  o f  

p o s i t i on within t h e  cabinet . Howeve r ,  unwrapp i n g  a n d  wrapping 

e a ch c age to make the egg count s wou l d  h ave t aken t o o  l ong 

f o r  t hem t o  be c ons ide red as count s at one p o i nt in t ime . 

Al s o  there was a high chance o f  puncturing t he s a chet dur i ng 

t he wrappi ng / unwrapping pro c e s s  becau s e  o f  adherence o f  t he 

p l a s t i c  c over t o  the Ne s c o f i lm . 
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The t ot a l  e ggs l a id over 4 days  and the number o f  adults  

a l ive were ana l y z ed u s ing c ont ingency t ab l e s  and a l o g l inear 

model with factors  l i ght intens it y  and e xper iment ( B i shop et 

a i , 1 9 7 5 ) . The mode l o f  be st f i t  was det e rmined and then for 

e a ch t e rm in the model the hypothe s i s  that there i s  no 

d i f f erence between any p a i r  of value s for that t e rm was 

t e s t e d . 

S im i l a r l y  the t o t a l  e ggs and adu l t s  a l i ve were anal y z ed for 

E xp e r iment 2 - 2 / 3  for the fact o r s  l ight inten s it y  and day . 

Results and Discuss ion 

Ana l y s i s  showed that for t ot a l  eggs pre s ent at day 4 there 

wa s an interact i on ' between l ight inten s it y  and the 

e xp e r iment s and, for survival of the adults  at day 4 ,  no 

s i gn i fi cant ( P > O . O l )  differen c e s  among the l ight int e n s i t i e s  

o r  between t h e  experi ment s .  The s e  r e s u l t s  a r e  summar i s e d  i n  

F i g s . 2 -2 / 8  t o  2 - 2 / 1 0 . The s igni f i c ant ( P < O . O l )  d i f ferences 

a r e  rec orded in Appendix T ab l e s  A2 - 2 / 8  to A2 -2 / 1 0 . 

F o r  Exper iment 2 - 2 / 3  analy s i s  showed that for eggs per day 

t he re was an interact i on between ' da y ' and l i ght i ntens ity 

( s e e  F ig . 2 - 2  / 8 )  and no s igni f i cant ( P > O  . 0 1 )  d i f ferences 

among the number of adu l t s  a l i ve each day . See Appendix 

T ab l e s  A2 - 2 / 8  and A2 - 2 / 1 0  i i . 

The r e sult s s howed that in comp l et e  darkne s s  white f l i e s  lay  

s igni fi c ant l y  ( P < O . 0 1 )  more eggs . Indeed the number 

appro aches twice the number for any other l ight int en s it y . 

Thi s i s  in c omp l e t e  c ont radict i on t o  the f indings o f  Hus sey 

and Gurney ( 1 9 5 9 ) . H oweve r ,  they used p l ant mat e r i a l  a s  a 

ovipo s i t i on subst rate and change s in t h i s  with reduced l ight 

i nt e n s i t y  may have a f fected ovipo s i t i on . Al s o  they do 



Fig. 2 - 2/8 
Oviposition during 4 de ys under 5 l ight Intensities. 
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Fig. 2 - 2/9  
Sum of eggs at 4 da ys under 5 l ight Intensities 
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Fig. 2 - 2/10 
Survival of adults under 5 l ight Intensities 
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not s t at e  the t ime span o f  the e xperiment nor d o  they provide 

a measure o f  the l i ght int en s ity . At the h i gher l ight 

inten s i t i e s  the d i f ference s ,  alth ough in s ome c a s e s  

s ign i f i cant , were re l at ive l y  s ma l l  (Appendix T a b l e  A2 - 2 / 9 )  . 

Next i t  needs t o  be det ermined whether t he s e  di f ferences  were 

due t o  di ffe rence s in the number of white f l ie s : a l t hough the 

re s u l t s  for survival s howed no s igni f i cant d i f ferences  when 

the s i gni f i c ance l evel was set  at P = O . 0 1  they d i d  show 

s i gni f i c ant l y  fewer whit e f l i e s  a l ive at day 4 for the 6 3 0  

�e i n s te i n s / m2 ! s  l i ght intens ity i f  t he l eve l i s  s e t  at 

P = O . 0 5 .  It c o u l d  be argued that if more whi te f l i e s  had been 

u s e d  then t he 6 3 0  �einste in s /m2 / s  l ight intens i t y  woul d  have 

s hown a s igni f i c ant di fference in the number of eggs for 

P = O . O l .  Al s o ,  a s suming each fema l e  woul d  lay an ave rage o f  5 

eggs per day , a sma l l  non s ign i f i c ant difference i n  the 

numbe r  o f  a du l t s  c ou l d  g ive r i s e  t o  a s igni f i c ant 

di f f e rence in t he c orre sponding e gg c ount s . The l ower e gg 

c ount f o r  6 3 0  �e i n s t e ins /m2 / s  may , there fore , be due t o  fewer 

adu l t s  being pres ent rather than a l i ght inten s i t y  e f fect . 

D e s p i t e  the s ign i f i c ant di fference s among t h e  l ight 

i nt en s it i e s  there was no relat i on ship b etween l i ght i nt en s it y  

and the numb e r  o f  eggs laid . 

The b r i e f  c hange in l ight intens ity that o ccurred when t he 

eggs we re counted f o r  Experiment 2 -2 / 3  di d n ot a ffect the 

number of eggs l a i d  except at 6 3 0  �einstei n s / m2 / s l ight 

int e n s i t y  whe r e  the number was s i gni f i cant l y  ( P < O . O l )  l ower . 

The eggs l a i d  per day over four days f o r  Experiment 2 -2 / 3  are 

s hown i n  F i g . 2 -2 / 8  and s i gn i f i c ant di fferences  r e c orded in 

Appendix T ab l e  A2 -2 / 8 . The result s  show that : 

1 .  I n  c omp l e t e  darkne s s  the number o f  eggs l a id was  very 

l a rge i n i t i a l l y . I t  then dropped back to be c omp arab l e  

w i t h  other l ight intens i t i e s  be fore incre a s ing again . 

Thi s ind i c at e s  t hat darkne s s  may s t imu l at e  egg- l a y ing . 

The drop may indicate that the ovipos i t i on rate  could 

not b e  s u s t a ined but perhaps a f t e r  further feeding i t  
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began t o  p i c k  up again . 

2 .  The other l i ght inten s i t i e s  s howed an i n c re a s e  in eggs 

l a i d  to a maximum whi ch was then either mai nt a ined ( 2 1  

and 5 3  ll e i n s t e in s /m2 / s )  o r  dropped b a c k  ( 1 5 0  and 6 3 0  

Ile i n s t e i n s  1m2 I s )  , at day 4 .  Thi s  fal l  i n  egg- l ay ing 

agr e e s  with the r e s u l t s  from Exper iment s 2 - 2 / 1  and 

2 - 2 / 2 . 

The mo s t  surp r i s ing re sult from the s e  exper iment s w a s  the 

very l a rge number of eggs l a i d  in comp l e t e  darkne s s . 



- - - - - - - - ----
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( 3 ) Light/dark regimes and ovipos ition . 

Experiment s 2 - 2 / 3  and 2 - 2 / 4  s howed f i r st l y ,  t hat mo re eggs 

are l a i d  on sucro s e  s achet s in darkn e s s  t han in l i ght for a 

range o f  four intens i t i e s  but they d i d  not ind i c at e  the 

lengt h  of the dark peri od needed to produce the e f fect . 

Secondly Experiment s 2 -2 / 3  and 2 -2 / 4  showed t hat e ggs are 

l a i d  in both l i ght and darkne s s  but did not show whether the y  

are l a id un i f o rmly o r  othe rwi s e  throughout t he l ight o r  dark 

p e r iods . 

Therefore t he f o l l owing e xperiment ( 2 -2 / 5 )  was s e t  up t o  

inve s t igat e : 

1 .  The e f fe c t  o f  l ight / dark regimes on eggs l a i d  per 

day . 

2 .  The minimum peri o d  o f  darkne s s  needed t o  indu c e  an 

incre a s e  in eggs l a i d  a s  obs e rved in E xper iment s 2 -

2 / 3  and 2 -2 / 4 . 

3 .  The d i s t r ibut i on o f  eggl aying t hroughout l i ght / dark 

per i ods . 

4 .  Whether more eggs a re l a i d  in dark o r  l i ght p e r i ods . 

Materi a l s  and Method 

Throughout thi s s e ct i on t he word ' da y '  r e f e r s  t o  a period o f  

2 4  hours . 

Whi t e f l i e s  were c aged with 1 5 %  sucrose  sache t s  and p l aced in 

one of 6 l i ght / dark regime s ove r  4 days . A sucrose 

c oncent rat i on of 1 5 %  was cho s e n  because i t  proved to be the 

opt i mum c oncentr a t i on in the s e c ond experiment ( 2 - 2 / 2 )  in 

s e ct i on 2 - 2 - 1 . Thi s s e c on d  experiment had n o t  been ana l y z e d  

when Exp e r iment s 2 -2 / 3 w e r e  run . T h e  numb e r  o f  eggs c ount ed 

eve ry 4 hours dur ing the l i ght per i ods . 

The l i ght / dark regimes were : 

0 / 2 4 ,  4 / 2 0 ,  8 / 1 6 ,  1 2 / 1 2 ,  1 6 / 8 ,  2 4 1 0  hours . 
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I t  was  not po s s ib l e  t o  c arry out a l l  the t re atment s o f  the 

e xper i ment at the s ame t ime a s  there were insuff i c i e nt c age s 

and i t  wou l d  h ave t aken t o o  l ong t o  make the c ount s at any 

one p o int in t ime . The r e fore it was carried out in four 

b at ches  a s  fol l ows : 
1 .  1 2 / 1 2 ,  1 6 / 8  and 2 4 / 0  l i ght / dark regimes ( 1 0  c ages e a c h ;  

1 run e a c h ;  3 0  c ag e s  in t ot a l ) . 

2 .  4 / 2 0  and 8 / 1 6  l ight / dark regi me s  ( 1 0  cages e a c h ;  1 run 

e a c h ;  2 0  c ages in t ot a l ) . 

3 .  0 / 2 4  l ight / dark regime ( 4  c age s per c ount t ime ; f i rs t  

run o f  thi s t reatment ; 8 0  c age s in tota l )  . 

4 .  0 / 2 4  l i ght / dark regime ( 5  c ages per count t ime ; s e c ond 

run of thi s t re atment ; 1 0 0  c age s in t ot a l )  . 

On l y  4 cages  per t re atment were u s e d  in batch 3 a s  there were 

i n s u f f i c i ent c age s t o  have 5 c ages per treatment . Al l the 
runs of the ' e xperiment were carried out ove r a p e r i o d  o f  

about 5 weeks i n  Augu st and S eptember . 

F o r  the 4 / 2 0 ,  8 / 1 6 , 1 2 / 1 2 ,  1 6 / 8 ,  2 4 / 0  l i ght / da r k  regimes 

c ount s were made o f  the s ame white f l i e s  throughout the 

e xperiment . For the 0 / 2 4  l ight / dark regime ( c omplete 

darkne s s )  c ount s were made o f  whitefl i e s  in a new set of  

cages every 4 hours  e ach day ( except at  20  hours )  ove r  the 

four days . Thi s was done t o  e l iminate any e ffect o f  b r inging 

the whi t e f l i e s  int o  l ight to make t he count s . Thi s  would have 

been a bett e r  method t o  u s e  for  the other l i ght / dark regime s 
a s the c ount s at e ach t ime would then have been independent . 

Howeve r ,  i f  u s e d ,  it  wou l d ,  f i r s t l y ,  have requ i r e d  a far 

l arger number o f  cage s and white f l ie s  than the method u s ed 

f o r  the other l i ght / dark regime s . Secondl y ,  the t ime t aken t o  

wrap and unwrap individu a l  c age s woul d  have made each 

c ount ing t ime s l ot inordinate l y  l ong or if,  to  overcome t hi s ,  

the exper iment were carried out in a s e r i e s  o f  i dent i c a l  

bat ches i t  woul d  t ak e  a t  l e a s t  1 2  weeks t o  complete and t h i s  

wou l d  h ave po s s ib l y  introduced var i at i on i n  whi t e f l y  r e sponse 

a c c o rding t o  the d i f f e r ing l ight / dark regime s in whi ch they 
had been re a re d . Thi rdly ,  it wou l d  have been d i f f i cu l t  to  

s chedu l e  b e c au s e  o f  other c ommitment s .  

The i ndividu a l  c ages were set up in the s ame way a s  t ho s e  
u s e d  f o r  Exper i ment 2 -2 / 3  and 2 - 2 / 4  where the e f f e ct o f  l ight 

int e n s i t y  on ovipo s i t i on was inve s t i gate d . 
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The 1 0  c age s f o r  e a ch o f  the l ight / dark regime s ( e xc ept 0 / 2 4  

hour s ) were p l a ce d  i n  2 l it r e  p l a st i c  ( ice cre am )  cont a iners 

c overed on the i n s i de with b l a ck plast i c . During t he dark 

p e r io ds each p l a s t i c  c ont a iner was covered ove r  the t op with 

b l a c k  p l a s t i c . Throughout the experiment the p l a s t i c  

c ont a in e r s  were c overed with a s ingle sheet o f  whi t e  p aper t o  
prevent the undu e  whi t e f ly mort a l ity observed in Exper iment s 
2 - 2 / 3  and 2 -2 / 4 . The p l a s t i c  cont ainers were randomly 
d i s t r ibute d  i n  a growth c abinet at 2 0 + / -1° C .  The hum i d i t y  

c o u l d  n o t  b e  c ont ro l le d . However i t  woul d  not neces s a r i l y  be 

the s ame i n s i de the c ages  as in the rest o f  the growth 

cabinet . 

F o r  the 0 / 2 4  l ight / dark regime the c age s were wrapped 

i n d i v i du al ly in b l ac k  p l a s t i c  and randomly a l l ocated to a 

p l a c e  on a g r i d  l abe l le d  with t he t ime for the egg c ount s . 

Ten f emal e  whi t e f l i e s  approximate l y  2 - 9  days o l d  were p laced 

i n  e a ch c age . The eggs l a i d  on the s a chet s were c ounte d  every 

4 hours  dur ing t he l ight p e r i ods over 4 days for t he 

l ight / dark regimes 4 / 2 0 ,  8 / 1 6 , 1 2 / 1 2 ,  1 6 / 8  and 2 4 / 0  hours 

e x c ep t  t hat f o r  2 4 / 0 hours n o  c ount was made at 2 0  hours in 
the l i ght p e r i o d . 

F o r  e a ch o f  t he l ight / dark regi me s  the tot a l  eggs l a id on 

e a ch of t he four days of the e xperiment was c a l cu l at e d  and 

a l s o  the cumu l at ive eggs l a i d  over the four days . Thes e  

t o t a l s  were anal y z e d  u s i ng a cont ingenc y  t ab l e  and a 

l og l inear mode l with factors  l i ght / dark regime and t ime 
( B i shop , F i enberg and Ho l l an d ,  1 9 7 5 ) . The model of b e s t  f i t  

was  determined a n d  t h e n  for e ach term i n  t h e  model the 

hyp o t he s i s  that t he r e  i s  n o  d i fference between any p a i r  o f  

v a l u e s  f o r  t hat t e rm w a s  t e sted . S imi l ar l y  the t o t a l  

whi t e f l i e s  a l ive e a c h  day w a s  c a l cu lated and a s imi l ar 
ana l y s i s  c a r r i e d  out . I t  was nece s s ary to remove one c age 

from t he c a l cu l at i o n s  f o r  tho s e  with 1 0  in order t o  make 

va l i d  c ompa r i s on s  among a l l  t he l ight / da rk regime s . For  t h i s  

anal y s i s  t h e  rep l i cat e s  a r e  e a c h  individual whi t e f l y  and i t  
i s  t he t o t a l  e g g s  l a i d  b y  t h e  s ame number o f  whit e f l i e s  per 

t r e atment whi c h  are ana l y z ed . Thi s  a s sumes that e a ch whi t e f l y  

within any one t re at ment has  exact l y  the s ame c ondi t i on s  

app l i e d  t o  i t  and t h at cond i t i on s  other than the t re atment 
a r e  t he s ame a c ro s s  a l l  t re atment s . Thi s was not s t r i ct ly s o  
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a s a l l  runs o f  t he e xp e r i me nt were not carried out at the 

s ame t ime nor were a l l  whi t e f l i e s  in the s ame c age . However ,  

a l l  c ondit i on s  were kept a s  uni form a s  p o s s ib l e  and the 

var i at i on s  that could o c cu r , s uch as  minor var i at i ons i n  

t emp erature f r om b a t c h  t o  b a t c h ,  would be m i n o r  a n d  unl ik e l y  

t o  a f f e c t  t h e  r e s u lt s . P r ob ab l y  t h e  bigges t  e f fect wou l d  b e  

f r o m  whit e f l i e s  dying b e fore the exper iment was  comp l e t e d ,  

hence the n e e d  t o  ana l y z e  the whi t e f l i e s  a l ive e ach d a y  and 
t o  u s e  a l arge numb e r  of whit e f l i e s  s o  that the few that may 

d i e  have a very minor e f fe c t . 

The mean eggs p e r  f ema l e  p e r  hour for each l ight / dark regime 

( where app l i c ab l e )  was  c al c u l at e d  for e a ch t ime p e r i o d  and 

a l s o  for the l ight and the dark peri ods for each day and an 

ana l y s i s  of vari ance was  c a r r i e d  out for e ach day _ For thi s 

anal y s i s  the r ep l ic at e s  are the individual cage s . I de a l l y  the 

runs should b e  t aken into account in the ana ly s i s  but to do 

t h i s  there woul d  need to be an e qual number of cages from 

e ach t re atment in e ach bat ch . It was not pract i c a l  t o  do t h i s 

bec au s e  o f  other c ommi tment s .  Agai n  differences i n  condi t i on s  

between bat ches c o u l d  have h a d  a minor e f fect on t h e  result s . 

Results and D i s cu s sion 

The r e s ul t s  f o r  the e f fe c t  o f  day l ength on ovipo s it i on are 

pres ent ed i n  F i gu r e s  2 -2 / 1 1  to 2 -2 / 1 4 , those showing the 

d i s t r ibut i on o f  eggs during the day and between the l i ght and 

dark p e r i ods o f  the day are p r e s ented i n  F i gure 2 -2 / 1 4 . 

F igur e  2 -2 / 1 5  shows the numb e r  o f  whit e f l i es a l ive during the 
cour s e  of the e xpe r i ment . The s igni f i c ant d i f fe rences are 

recorded i n  the Appendix Tab l e s  A2-2 / 1 1  to A2- 2 / 1 5 . 

C ount s at 9 6  hours a re not ava i l ab l e  for a l l  the l ight hours . 

The t imes o f  the f i n a l  c ount s a re indicat e d  i n  F igur e s  2 -

2 / 1 3 . Thi s means that the t ot a l  eggs f o r  day 4 i n  F i gure 2 -

2 / 1 1  are not a l l  f o r  a ful l  2 4  hour day and t he r e fore 
s t r i ct l y  speaking they c annot be compared s t at i st ic a l l y . 

However the ana l y s i s  was s t i l l  carried out a s  there were s ome 

very l arge di f ferenc e s  among the result s .  
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Fig. 2 - 2/12 
Sum of eggs at 96 hours u nder 6 light/dark regimes. 

1 5% sucrose sachets 

0/24 hI'" 4/20 h,.. e/1 e  h,.. 1 2/ 1 2  hI'" H I/e hI'" 204-/0 h I'" 
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Fig. 2 - 2/13 
Distribution of egg - laying over 96 hours under 6 light/dark regimes. 

15% sucrose sachets 
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Fig. 2 - 2/14 
Oviposition In l ight versus dark periods under 4 light/dark regimes. 
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2 - 2  Oviposition on sucrose sachets  ( 3 )  Light /dark regimes 1 8 6  

Light/ dark regime and eggs laid per day 

I n i t i a l ly ( da y s  1 and 2 )  f ar more eggs we r e  l a i d  w i t h  shorter 

( 0 / 2 4 ,  4 / 2 0  and 8 / 1 6 ) t han with l onger l i ght p e r i o d  ( 1 2 / 1 2 ,  

1 6 / 8  and 2 4 / 0 )  l i ght / dark regime s . With i n  t he l onger l i ght 

p e r i o d  group ( 1 2 / 1 2 ,  1 6 / 8 and 2 4 / 0 )  t he re were no s igni f i cant 

d i ff e rences  ( P > O  . 0 1 )  but within the s h o rt e r  l i ght period 

group ( 0 / 2 4 ,  4 / 2 0  and 8 / 1 6 ) there were s ome s igni fi c ant 

d i f ferences  ( P < O . O l )  bu� t hey showe d  no p at t e rn ( se e  Appendix 

T ab 1 e A2 - 2 / 1 1 )  . 

At day 3 the eggl aying pattern change d . There wer e  n o  l onge r 

t he t wo d i s t inct group s among the l ight / da r k  regime s . S ome 

s i gni f i c ant di f f e re n c e s  were pre s e nt but s h owed no 

c o r re l at i on with t he hours of l ight p e r  day . At day 4 the 

0 / 2 4  l i ght / da rk reg ime ,was far l arger t h an any of the others 

whi c h  s howed s ome s i gni fican t  ( P < O  . 0 1 )  d i f ferences  among 

t hems e lve s but aga i n  no c o r r e l at i on with t h e  hours o f  l ight 

p e r  day . I t  i s  d i f f i cu l t  t o  s eparate t h e  c hange s ove r t ime 

f r om d i f fe rence s  among t he l ight / dark r e g i me s . However there 

doe s  s eem t o  be a p a t t e rn . C on s i de r  F i g . 2 -2 / 1 1 . Not e the 

fo l l owing po int s for  the eggs l a id per day : 

1 .  The l ower hours o f  l ight p e r  day had more r ap i d  

increa s e s  t h a n  t h e  higher h o u r s  o f  l i ght p e r  day . 

2 .  The l ower hours  o f  l i ght per day h a d  h i gh e r  maximum 

numb e r s . 

3 .  Al l showe d  a dec r e a s e  at e ither day s 3 o r  4 .  

4 .  Onl y  the 0 / 2 4  l i ght / dark regime s h owed a n  incre a s e  

thereafter a n d  i t  i s  a ve ry l arge i n c re as e . 

There a r e  three p o s s ib l e  e xpl anat i on s  f o r  t he r e su l t s  for the 

f i r s t  t wo days : 

1 .  Longer l i ght p e r i ods ( from greate r  t han s omewhere 

between 8 and 1 2  hours per day ) may inhibit e gg l ay ing . 

2 .  Longer dark p e r i ods ( fr om greate r  t han s omewhere 

b et ween 1 2  and 1 6  hour s  per day ) may s t imu l at e  

egglaying . 



2 -2 Ovipo sition on  sucrose s achets ( 3 )  Light /dark �egimes 1 8 7  

3 .  Both the above e ffect s coul d  occur s imul t an e ou s l y . 

The drop in eggs l a i d  at days 3 o r  4 may indi cate that t he 

whi t e f l i e s  were runn ing out o f  eggs t o  lay  o r  that 1 5 %  

s uc r o s e  provide s i n s u f f i c i ent nut ri ent s t o  sustain egglaying . 

Howeve r t he incre a s e  for the 0 / 2 4  l i ght / dark regime wou l d  

s ee m  t o  m i t i gat e aga inst thi s s ugge s t i on . 

F o r  the 0 / 2 4  l i ght / dark regime it needs t o  be b o rne in mind 

that i t  was not the s ame whit e f l i e s  that we re l ay ing the eggs 

each day and i t  might b e  thought that the resul t s  for days 3 

and 4 were anoma l ou s . Therefore cons ider the t o t a l  eggs l a i d  

b y  e a ch intermedi ate c ount t ime between day 2 and day 4 in 

T ab l e  2 - 2 / 1 . The r e s u l t s  were not comp l et e l y  out of l in e  with 

the r e su l t s  for day 3 ( 7 2  hours ) However for day 4 ( 8 8  

h ou r s )  the number app e a r s  s omewhat h i gh but the t ot a l s  at 7 6  

and 8 0  hours do indicate that egg l ay ing i s  increas ing . 

F i gu r e  2 -2 / 1 5  app e a r s  t o  indi cate that there i s  a s t eady 

dec r e a s e  in whit e f l i e s  a l ive for the l onger day l e ngth s  

( 1 2 / 1 2 ,  1 6 / 8  a n d  2 4 / 0  hours ) but n o t  t h e  short e r  o n e s  but i n  

fact there are no s i gn i fi cant d i f fe rence s  ( P > O . O l )  among the 

f igur e s  within any one day l ength . H o we ve r ,  i n  the s ame way 

as w a s  a rgued for E xper iment s 2 - 2 / 3  and 2 -2 / 4 , if the number 

o f  whi t e f l i e s  used we re high e r  the mort a l i t y  may b e c ome 

s ign i fi c ant . 

Whitefl y  mortality 

I n  E xp e r iment 2 - 2 / 3  a s heet o f  paper was p l aced over the 

c a g e s  and there were no s igni fi c ant d i f ference s  among the 

l ight / da r k  regime s  n o  matter whether the s igni f icance l eve l 

wer e  0 . 0 1 o r  0 . 0 5 ( Appendix T ab l e  A2 - 2 / 1 5 ) . 
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Fig . 2 - 2/15 continued. 
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2 - 2  Oviposition on sucros e  s achet s (3 ) Light /dark regimes 1 9 0  

Table 2 - 2 / 1  

S um o f  eggs for  e ach count t ime between day 3 and 
day 4 for the 0 / 2 4  l i ght / dark regime . 

Count t ime in hours from s t art 

4 8  5 2  5 6  6 0  6 4  

4 1 4  ( 8 8 )  3 9 7  ( 8 7 )  4 3 2 ( 8 6 ) 4 9 7 ( 8 7 )  4 4 2  ( 8 6 )  

Count t ime in hours from s t art 

7 2  7 6  8 0  8 4  8 8  

4 9 0 ( 8 6 )  5 4 2  ( 8 7 )  6 0 9  ( 8 5 )  4 8 8  ( 7 7 )  7 9 3 ( 8 3 )  

The f i gures in bracket s are the t ot a l  wh it e f l i e s  
a l i ve . There we re 9 0  whi t e f l i e s  a t  t he s t art . 
There was one mi s s ing value for 8 4  hour s . 

D i s t ribution o f  e gglaying throughout e ach day for the 

l i ght/ dark regime s 

Gene r a l l y  the mean eggs per fema le per hour f o r  any one day 

d i d  not change s igni f i cant l y  throughout that day ( Se e  F i g . 

2 - 2 / 1 3  and Appendix T able A2 - 2 / 1 3 ) . The s i gn i f i c ant 

d i f f e rences ( P < O . O l )  that di d occur wer e  for  4 / 2 0  and 8 / 1 6  

hours  l i ght / dark regimes and we re not c on s i st ent during the 

e xp e ri ment for a l l  four days . 

Egglaying in l ight versus dark periods o f  the day and 

l i ght/ dark regimes 

The mean eggs per fema l e  per hour during l ight ver su s  dark 

p e r i ods gene r a l l y  showed no s igni f i c ant ( P < O . O l )  

d i f fe rence s . S e e  F i g . 2 - 2 / 1 4  and Appendix Tab l e  A2 -2 / 1 4 . 

The s igni f i c ant d i f fe rence s  show no obv i ou s  p a t t e rn 

a l th ough a l l  but one show mor e  eggs were l a i d  i n  the dark 



2 -2 Ovip o s it ion on sucro s e  s achet s ( 3 )  Light /dark regime s 1 9 1  

p e r i o d . I t  c an be concluded from t he s e  r e s u l t s  t hat 

whi t e f l ie s  do not exhibit diurnal f luctuat i on s  in 

e gg l ay ing . 

Conclusion s  

Thi s  experiment shows that whi t e f l i e s  t end t o  l ay m o r e  eggs 

whe r e  the dark p e r i o d  is l onge r i . e .  for l i ght / dark regime s  

between 8 / 1 6  and 1 2 / 1 2  hours . Thi s  i s  p o s s ib l y  because the 

p e r i o ds of darkne s s  of the s e  short e r  day s induce t he 

whi t e f l i e s  t o  lay  more eggs . No diurn a l  f luctuat i on o c curs 

in egglay ing and more eggs are not l a i d  i n  dark than l ight 

p e r i ods . 



1 9 2 

D i s cu s s i on 

The r e s u l t s o f  the exper iment s in S e ct i on 1 above c le ar l y  

c o n f i rm t he obs e rvat ion that t h e  s e lect i on o f  s e t t l ing s it e s  

within p l ant s  by adult greenhou s e  whi t e f l y  i s  n o t  t h e  re sult 

of r andom movement a s  gravity ,  l ight di rect i on and l e a f  

charact e r i s t i c s  had a n  e f fect o n  the i r  d i s t ribut i on at the 

end of the experiment s .  The de s c ript i on by S outhwoo d  ( 1 9 6 2 )  

o f  the f l i ght o f  hemipterous insect s a s  mi gratory and n ot the 

r e s u l t s of re spons e s  t o  s t imul i  such as food o r  sex 

phe romone s f i t s the re sul t s  of the experiment s in S e ct i on 1 

a s  t h e  phy s i c a l  factors , l ight and gravi t y  were shown t o  have 

a grea t e r  impact on s et t l ing s it e  s e l ect i on t han the 

charact e r i s t i c s  of l e ave s whi ch may act a s  feeding s t imu l ant s 

f o r  both s e l e c t i o n  o f  the y ounger l e ave s and the l owe r l e a f  

s u r f a ce . 

E ffects of gravity , light direction and quality on s election 

o f  younger leaves 

The s ugge s t i on o f  Hus s e y  and Gu rney ( 1 9 5 9 )  that o r i entat i on 

b y  greenhouse whi t e fl y  adults  t o  younge r l eaves o f  t omat o i s  

i ndu c e d  b y  negat i ve geot a x i s  was c on f i rmed b y  the upward 

movement on intact t omat o p l ant s even whe n  ups ide-down with 

l ight f rom b e l ow in Exper iment s 1 - 1 / 1  and 1 - 1 / 2 . Negat ive 

geot ax i s  i s  the mo s t  import ant fact o r  in i n i t i a l  s e l e ct i on o f  

t h e  y ounger l e ave s given t he l ight int ens i t i e s  u s e d  i n  the s e  

e xp e r iment s .  T h e  l it e rature however ,  sugge s t s  t h a t  p o s i t ive 

phot ot a x i s  i s  import ant e spe c i a l l y  whe re the c o l our i s  

predominant l y  y e l l ow . P o s it ive phot ot ax i s  was c o n f i rmed by 

E xp e r i ment s 1 - 1 / 1  and 1 - 1 / 2  whe re i t  had a marked t hough 

s l i ght l y  l e s s e r  e ffect than gravity .  Re spons e s  t o  both t h e s e  

f act o r s  mu s t  occur whi l e  t h e  adu l t  i s  in f l ight a f t e r  they 

h ave b e en induced to take off from the l ea f  on whi c h  they 

f i rs t  l and e ither b y  l i ght a s  s hown by N o l du s  ( 1 9 8 5 )  and / o r  

a ft e r  a t e s t  probe (Noldus , 1 9 8 6b ) . 
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The pre c i s e  feature s o f  the l ight t o  whi ch t he adult 

whit e f l i e s  r e spond is  not c l ear from Exper iment s 1 - 1 / 1  and 

1 - 1 / 2  with intact p l ant s . F o r  e xamp l e  the c r i t i c a l  l i ght 

i nt en s i t y  above which the adult s show a p o s i t ive phot o t a x i s  

h a s  n o t  b e e n  inve s t i gated . The l i ght i nt ens i t y  in the 

e xp e r iment s was 1 0 - 4 0  �mo l /m2 / s  and i s  e qu i va l ent t o  the 

shade l i ght o f  2 7 - 3 5  �mo l /m2 / s  o f  Morgan et a l  ( 1 9 8 5 ) . T h i s  i s  

much l ower than the i r  mea sures o f  c l ea r  day l i ght o f  1 4 0 0  

�mo l /m2 / s  and overcast day l i ght o f  4 5 0  �mo l /m2 / s . I t  i s , 

therefore , p o s s ib l e  that i f  the l i ght inten s it y  were 

inc r e a s e d  in Experiment s 1 - 1 / 1  and 1 - 1 / 2  it  c o u l d  ove r - r i de 

the gravity e f fe ct . The uni t s  u s e d  t o  mea s u r e  l ight 

i nt en s ity are a l s o  crit i c a l  a s  most are we ight e d  for human 

vi s i on ( e . g .  lux ) and not what i s  dete c t e d  by i n s e ct s ( Young 

et a i ,  1 9 8 7 ) . 

Anothe r a spect o f  l i ght that may a ffect s e l ect i o n  i s  the 

degree of cont rast provided by the background a round the 

l e ave s a s  sugge sted by P ropoky and Owen s ( 1 9 8 3 ) . I t  was  not 

prec i s e l y  c ont ro l l ed in the exp er imen t s  in t h i s  t he s i s  and 

c o u l d  be a u s e fu l  topic for further inve s t i gat i on . 

The c o l our o f  the y ounge st l e ave s was sugge s t e d  b y  Hus se y  and 

Gurney ( 1 9 5 9 )  to be a pot ent i a l  attract ant in t omat o . C o l our 

d i f f e renc e s  between t omat o l e ave s was n ot me asured in any o f  

the experiment s in t h i s  t he s i s  but no v i s ua l l y  dete ct ab l e  

d i f ferences were observed . I f  there are c o l our d i f f e rences 

among l e a f  ages o f  t omat o p l ant s a method to inve s t i gate 

whether whi t e f l i e s  wi l l  re spond to t hem independent l y  of 

chemi c a l s  within the leaves woul d  need to be devi s e d . That 

t h e y  do re spond t o  di fference s in the c o l our o f  l e ave s o f  

di f fe rent p l ant spec i e s  h a s  been demonst rat e d  by van Lent e ren 

et al ( 1 9 7 7 )  and Ve rschoor -van der P o e l  and van Lente ren 

( 1 9 7 8 )  Howeve r ,  Hu s s ey and Gurney ( 1 9 5 9 )  s howed t hat 

whit e f l i e s  do not c ongregate be l ow the younger o f  two l e a f  

p o rt i on s  o f  t omat o when t h e y  are unab l e  t o  prob e . Thi s 

i ndi c at e s  that l e a f  c o l our may not b e  a s  import ant in 
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s e l e c t i on o f  younger l eave s within a p l ant a s  the chemi c a l s  

det e ct e d  by probing . Howeve r ,  Hus se y  and Gurn e y  did not 

me a s u re the c o l ou r  of the l e a f  port i on s  nor count the number 

o f  f i r st l andings on e ach t o  get an e s t imate o f  whether the 

c o l ou r  of the l e a f  port i on s  was a fact o r  in o r i e nt at i on . 

P e rhaps the i r  method cou l d  be adapt e d  f o r  u s e  with int act 

p l ant s and the numb e r s  l anding observe d . 

When a rt i fi c i a l  l i ght i s  u s e d  i n  exper iment s with i n s e ct s it 

i s  i mport ant to remove the heat produced as a potent i a l  

fact o r  a f fect ing respons e s . Heat from the l ight s ource wou l d  

not have a ffect e d  the r e su l t s  for  Exper iment s 1 - 3 / 1  t o  1 - 3 / 5 

a s  there wa s a f l owing wat e r  barrier between the l ight s and 

the c a g e s  t o  remove heat . 

The spec t r a l  qua l ity o f  the l ight w a s  not measured in t h i s  

t he s i s  except f o r  t h e  c o o l  l ight s ource u s e d  in the 

experiment s on the s e l ect i on of l e a f  surface u s i ng exc i s ed 

t omat o l e a fl et s  ( Exper iment 1 -2 ) . It  is  imp o rt ant that it be 

me a s ured for a rt i fi c i a l  l i ght sources a s  the s e  may not 

c o r r e spond we l l  to sun l i ght and may d i s t o rt whi t e f l y  

respons e s . T h e  l i ght ing sy s t em in t h e  growth c abinets  u s e d  

h a s  b e e n  de s i gned t o  approximat e sun l i ght i n  spectral  

qua l i t y . 

E ffects o f  characteri stics of leaves on selection o f  younger 

leaves for s ettling 

Aft e r  the adu l t  whit e f l i e s  have l anded on a pl ant surface 

they det e rmine whethe r they have arrive d  on a s at i s factory 

sett l ing s it e ,  ma inly by s amp l ing chemi c a l s  j us t  be l ow the 

surface of the l e a f  in t e s t  probes (Ve r s choor-van der P oe l  

and van Lent e ren , 1 9 7 8 ;  N o l du s ,  1 9 8 6b ;  van Vi anen e t  a l  

1 9 8 8 a ) . Exper iment s 1 - 1 / 1 ,  1 - 1 / 2 and 1 - 3 / 5  showe d  that 

charact e r i s t i c s  of l e aves are not of paramount imp o rt ance in 

the s e l ect i on o f  the y ounge r  l e ave s within t omat o p l ant s . 
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Character i s t i c s  o f  l e ave s c arne a dec ided t h i rd a ft e r  negat ive 

geot a x i s  and p o s i t i ve phot ot axi s in Exper iment s 1 - 1 / 1  and 1 -

1 / 2 and adu l t s  were not abl e  t o  di s t ingu i sh the l e a f  ages 

when the l i ght and gravity fact ors  wer e  i dent i c a l  for  a l l  

l e a f  age s i n  Exper iment 1 - 3 / 5  with l e a f  di s c s . Howeve r ,  in 

t h i s  e xpe r i ment the l e a f  age r ange may not have been wide 

enough t o  b e  c omp a rable with the intact p l ant exper iment s and 

s o  the s ma l l  d i f f e rences due to charact e r i s t i c s  o f  l e aves 

f ound with i nt act p l ant s in Exper iment s 1 - 1 / 1  and 1 - 1 / 2  may 

not h ave s hown up in the l e a f  di s c  e xperiment . 

Char a ct e r i s t i c s  o f  l e ave s ,  e spe c i a l l y  chemi c a l s  det e ct e d  by 

prob i n g ,  are imp o rt ant in c au s ing adu l t s  to s et t l e  and 

c on t i nu e  feeding . That they move o f f  o l d  l e aves was s hown by 

N o l du s  ( 1 9 8 6b )  and that probe s are nece s s ary t o  induce 

sett l ing by Hu s s ey and Gurney ( 1 9 5 9 ) . Hence , in E xperiment s 

1 - 1 / 1  and 1 - 1 / 2  the l ow numbers on the o lde r l e aves where the 

p l ant s wer e  ups ide -down may be the r e s u l t  of movement off  

t he s e  l e ave s b e c au s e  the adu l t s  found the chemi c a l  c ont ent 

uns at i s f act o ry for  feeding . 

Whe r e  e x c i s e d  l e a f l e t s  o r  intact p l ant s are o f fe r e d  the 

whi t e f l i e s  s e l e ct l e ave s and not , for e xamp l e , s t erns or 

pet i o le s . The re a s ons for t h i s  are not addre s se d  by t h i s  

t he s i s  but the charact e r i st i c s  o f  the s e  part s  mus t  sure ly 

p l ay s ome r o l e  in the i r  non s e lect i on . I n  c ont r a st aphids 

wi l l  o ft en feed on l e a f  b l ade s , p et i o l e s  and s t erns . The 

charact e r i st i c s  o f  l e ave s of d i fferent ages may p l a y  a 

gre at e r  r o l e  in the s e l e c t i on o f  t he younger l e ave s in p l ant 

spe c i e s  othe r than t h o s e  used in the s e  experiment s .  

The nature o f  the l e a f  charact e r i s t i c s  produc ing the l imited 

r e sponse i n  the s e l e ct i on o f  younge r l e ave s ,  has  o n l y  been 

cur s o r i l y  addre s s e d  in this the s i s . As there were no 

d i f fe renc e s  i n  adu lt s e l e c t i on among l e a f  ages in Experiment 

1 - 3 / 5  with l e a f  di s c s , the d i f fe rence s in n i t rogen c ontent o f  

t h e  l e ave s a n d  in l e a f  h a i r in es s  c an have h a d  no appre c i ab l e  

i n f l uence . L e a f  angl e h a d  no e f fect on s e l e ct i on o f  the 
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y ounger l e a f  di s c s  in Expe riment s 1 - 3 / 6  t o  1 - 3 / 8  but these 

e xperiment s were not ent i re l y  s at i s f a c t o ry a s  the di s c s  were 

not c omp l e t e l y  f l at and were p o s s ib l y  t oo s ma l l . P e rhaps the 

e xp e r iment s c ou l d  b e  repe ated with e x c i s e d  l e a flet s at l e a st 

with t omat o - t obacco and rauriki do not l en d  themse lve s t o  

t h i s  t echnique . I t  woul d  be o f  int e r e s t  t o  devi s e  an 

e xper iment t o  check the e f fect of l e a f  ang l e  and l e a f  age 

w i t h  t ob a c c o  as t he younge s t  l e ave s a r e  a lmo s t  ve rt ical  

natura l ly and the o l der ones  close  to  h o r i z ont a l . 

E ffect s  o f  gravity , light direction and quality on selection 

o f  the l ower leaf surface 

The s e l e ct i on o f  the l owe r l e a f  surface of t omat o by 

greenho u s e  whi t e f l y  adult s i s  predomin ant l y  a gravity 

response shown by the far l arge r number in the ' down ' 

c at egory no mat t e r  the l eve l o f  the other fact o r s  in 

E xp e riment 1 -2 with exc i s e d  l e a f l e t s  and s imi l a rl y  in 

E xperiment s 1 - 1 / 1  and 1 - 1 / 2  u s ing int a ct p l ant s . Thi s f inding 

d o e s  not support the statement o f  C oombe ( 1 9 8 1 )  t hat l ight i s  

t h e  dominant fact o r  induc ing whit e f l y  a du l t s  t o  go t o  the 

unde r s i de o f  t he leaf . F rom t h e  de s cript i on o f  h i s  

e xperiment s it i s  n o t  c l e a r  whether o r  h o w  he removed the 

heat from t he l amp nor does he a l l ow f o r  the p o s s ib i l it y  o f  

a gravi t y  a s  we l l  a s  a l i ght e f fect . The l i ght he u s e d  wou ld 

b e  far b r i ghter t han that used in t he e xperiment s in thi s 

t h e s i s  and there f o re , provi ding he h a d  t aken care t o  remove 

t he h e at fact o r ,  the higher l i ght i nt e n s i t y  c o u l d  have 

o ve r r i dden the e f fe ct o f  gravit y  and s o  e xp l a i n  the 

di f ference betwe en h i s  result s and t ho s e  in thi s t he s i s .  

The e f fe c t  o f  l ight came s e c ond in order o f  imp o rt ance in 

s e l ect i on of the l ower l e a f  surface in a l l  the Experiment s 

1 - 1 / 1 ,  1 - 1 / 2  and 1 -2 . The chain o f  event s t hat change s the 

a du l t  response from p o s it ive phot o t axi s in f l i ght to a 

n e gat i ve phot ot a x i s  when walking i s  not c l ea r . They may ,  f l y  
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upwards i n  re spons e  t o  l ight d i re ct i on ( and gravity ) , l and on 

a y ounger l e a f ,  t ake a t e s t  probe and,  i f  they are on the 

upp e r  s u r f a c e  then wa lk unt i l  they reach the edge of the 

l e a f ,  move t o  the other s i de t o  an u l t imate sett l ing s it e  t o  

f e e d . I t  c o u l d  be that i f  they a r e  right w a y  u p  on t h e  upper 

surface ( a  gravit y  e f fect ) they are induced to walk to the 

e dge o f  the l e a f  rather t han that they walk out o f  st rong 

l ight i nt o shade ( a  l ight e ffect ) . I f  thi s i s  s o ,  it i s  not 

c l e a r  exact l y  how or at what st age the l i ght i s  having i t s  

e f fe ct - imme d i at e ly o n  l anding? b e fore / a ft e r  a t e st probe ? 

when wa l k i ng / st anding ? only when i n  the b r i ght e r  l i ght on the 

upper l e a f  s urface ? There i s  a l s o  the que st i on of the 

magn itude of the c r i t i c a l  l ight i nt en s i t y  above whi ch a 

response w i l l  occur . 

There c o u l d  b e  a c o l ou r  or l i ght i nt en s i t y  d i f ference between 

the upper and l ower l e a f  surface s . Woo l l e y  ( 1 9 7 1 ) i n  a study 

o f  r e f l e ct ance and t ransmitt ance o f  l ight by l eave s found 

that there was  great er reflectance from t he upper surface o f  

l e ave s o f  various p l ant s i n  t h e  vi s ib l e  r ange but from the 

l owe r surface in the very near infrare d . Thi s  wa s due in s ome 

p l ant spe c i e s  t o  the rai s e d  ve i n s  t ending t o  reflect l i ght 

away from the spectrophot ometer . Another factor that may 

cause l e a f  d i s c s  t o  change c o l our i s  l o s s  o f  turgidity as a 

de c r e a s e  o f  re l at ive wate r  c ont ent from 9 7 % t o  7 7 % in ma i z e  

incre a s e s  r e f l e c t ance con s i de rab l y ; in s oybe an s  i t  remains 

the s ame and i n  cotton i t  is decrea s e d  ( Wo o l l e y ,  1 9 7 1 ) . Thu s 

s ome l e a f  d i s c s  c o u l d  c once i vably l o s e  turg i di t y  at a greater 

rate than others and so a l t e r  re l at i ve r e f l e ct ance and henc e ,  

the r e s pons e  o f  t h e  whi t e f l i e s . I n  the experiments us ing l eaf 

d i s c s  i t  was  obs erved that the l ower and upper l e a f  surface 

d i s c s  appeared to b e  di fferent c o l ou r s . T o  confirm whether 

t h i s  c o l ou r  di f fe rence exp l a i n s  the greater s e l ect i on of the 

l owe r surface , the l e a f  di s c s  c o u l d  be c overed with g l a s s  

s me ared with a s t i cky sub s t ance a n d  c ount s made o f  the 

whi t e fl i e s  that l anded be l ow the l ower and upper surface s . 

Thi s wou l d  measure the resp on s e  t o  l i ght i n  f l i ght and 
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s eparate it from any response t o  chemi c a l s  a ft e r  probing o r  

other f e ature s o f  t he l e a f . Any respons e  t o  di fferences i n  

c o l ou r  between l e a f  s u r f a c e s  wou l d  s h o w  u p  in the 

charact e r i s t i c s  of l e ave s not the l i ght category in 

E xp e r iment s 1 - 1 / 1 ,  1 - 1 / 2  an 1 - 2 . 

Effects o f  characteri stics o f  leaves on s e l e ction o f  the 

l ower leaf surface 

E xper iment s 1 - 3 / 1  to 1 - 3 / 5  u s ing l e a f  di s c s  showed that the 

charact e r i s t i c s  of leave s may result in e ither l ower or upper 

l e a f  surface be ing s e lected o r  the two surfaces  be ing 

s e l ected equ a l l y  and this is dependent on the p l ant spe c i e s . 

E xp e r i ment s 1 - 1 / 1  and 1 - 1 / 2  with intact t omat o p l ant s and 

E xper iment 1 -2 with exc i s ed t omat o l e a f l e t s  showed s imi l ar 

s e l ect i on o f  the l owe r l e a f  surface t o  Experiment 1 - 3 / 1  with 

l e a f  d i s c s . 

I n  Experiment s 1 - 1 / 1 ,  1 - 1 / 2  and 1 - 2 charact e r i s t i c s  o f  l e aves 

was the l e a s t  import ant of the three fact o r s  inve s t igated for 

t he i r  e ffect s on l e a f  surface s e l e ct i on . I n  Exper iment s 1 - 3 / 1  

t o  5 u s ing l e a f di s c s  the sma l l  di fference i n  the numbers on 

the two l e a f  surfaces  compared with the a l mo s t  e x c l u s ive 

pre s ence o f  adult s on the l ower surface in the natural  

s it uat i on indicat e s  that other factors mus t  be invo lved in  

the s e l e ct i on o f  the l owe r surfac e . 

The rather cur s o ry examinat i on o f  l e a f  h a i r  dens i t y  and t yp e s  

i n  Exper i ment 1 - 3 / 5  provided n o  evidence that h i gh e r  h a i r  

den s i t y  i s  a s s o c i ated w i t h  fewe r whit e f l i e s . The y ounger 

l e ave s are more h a i ry than o l der and the l ower than the upper 

l e a f  surface . This being s o ,  if leaf hair den s i t y  were 

c r i t i c a l l y  import ant then adu lt whit e f l i e s  wou l d  be on the 

upp e r  surface of o l der l e ave s . Howeve r ,  the dens e  s t e l l at e  

h a i r s  o n  the l ower surface o f  the Abu t i l on may h ave been a 

f a c t o r  in inducing mo re whit e f l i e s  t o  go t o  the upp e r  l e a f  
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surface  o f  t h i s  p l ant . I t  may b e  the t yp e  o f  h a i r  rather than 

the den s i t y  t hat i s  more import ant in h o s t  p l ant s e l e c t i on as  

found by Georgiev and S ot i rova ( 1 9 8 6 ) . I n  c ont r a s t  t o  the 

e ffect  of g l andu l a r  leaf hairs on s ome aph i ds ( John s o n ,  

1 9 5 5 ) , adu l t  whit e f l i e s  did n o t  become ent angl e d  i n  e xudate 

f rom g l andu l a r  l e a f  h a i r s  of the p l an t s  u s e d  i n  any of the 

e xp e ri ment s i n  t h i s  thes i s . 

Acc e s s  t o  the phloem,  where whi te f l i e s  are  known t o  feed 

( Jans s en et a I ,  1 9 8 8 ) , may be e a s i e r  f r om the l ower tha� the 

upp e r  surface . However ,  cro s s  s e ct i on s  o f  l e ave s o f  the 

p l ant s u s e d  i n  the l e a f  d i s c  exper iment s showed t h at there 

were no fibres o r  xylem or phl oem bundl e s  t hat woul d  impede 

pene t r at i on from e it he r  surface . The l i t e rature was checked 

for the pre s ence of the s e  in t he fami l i e s  of t he p l ant s used 

and they we re found t o  be abs ent ( Me t c a l fe and Cha l k ,  1 9 8 3 ) . 

I t  wou l d  b e  o f  int erest t o  inve s t i g a t e  whet h e r  Datura, 

Abut i l on and t obacco produce t he s ame r e s u l t  a s  t omat o for 

the re l at i ve import ance o f  negat i ve geot a x i s ,  l e a f  

charact e r i s t i c s  and po s i t i ve phot ot ax i s . Howeve r ,  t he l arger 

l e ave s o f  the s e  p l ant s wou l d  make c omparab l e  e xp e riment s 

d i f f i cult . 

Although i t  was conf i rmed i n  Experiment s 1 - 1 / 1 ,  1 - 1 / 2 ,  1 -2 

and 1 - 3 / 1  t o  5 that l e a f  charact e r i st i c s  are  i mp o rt ant i n  the 

s e l e c t i on o f  the l owe r l e a f  surface n o  new i n f o rmat i on on the 

nature o f  the s e  charact er i st i c s  was g a i n e d . 

Time taken to s ettle 

N o l du s  et al ( 1 9 8 5 )  found that t he t ime t aken t o  s e l ect a 

sett l ing s it e  on intact t omat o p l ant s a f t e r  emergence from 

pupae i s  approx imat e l y  3 days but i t  wou l d  appear from 

Exper iment s 1 - 1 / 1  and 1 - 1 / 2  with i n t a c t  p l ant s t hat the 

cho i c e  o f  sett l ing s it e  i s  gene r a l l y  made w i t h i n  2 hours on 
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t omato and f rom Exp e r iment s 1 - 3 / 1  t o  1 - 3 / 1 1  with l e a f  d i s c s  

w i t h i n  1 hour . I t  may be that the 2 4  hours a l l owe d  in the 

Exp e r i ment s 1 - 1 / 1  and 1 - 1 / 2 with intact p l ant s i s  

i n s u ff i c i ent f o r  the whi t e f l i e s  t o  move t o  the i r  ult imate 

s et t l ing s it e s . Howeve r ,  i n  t he work of N o l du s  et al ( 1 9 8 5 )  

the whi t e f l i e s  emerged on the experimen t a l  p l ant s wher e a s  i n  

t he s e  e xp e r iment s t h e y  we re introduced from e l s ewhere . 

Furthe rmore N o l du s  et a l  found that t he movement p at t e rn o f  

whi t e f l i e s  change s with the i r  age a n d  i t  c o u l d  be that 

b e c a u s e  t he whit e f l i e s  used i n  Expe r iment s 1 - 1 / 1  and 1 - 1 / 2 

were 2 - 7  days  o lder and had a wider age r ange t h at the 

e xp e c t e d  t ime to s et t l ing may be different . 

T emp erature wi l l  a l s o  have a s i gn i f i c ant e ffect on the t ime 

taken t o  s e tt l e . F o r  the experiment s o f  N o l du s  et a l  it was 

2 4 . 6 + / -2 . 7° C and i n  Exper iment s 1 - 1 / 1  and 1 - 1 / 2  i t  var i e d  

between 1 0  a n d  3 1 . 5° C .  I t  i s  there f o re , n o t  p o s s ib l e  t o  

compare t h e  re l at ive act ivity o f  the adu l t s  between t he s e  two 

e xp e riment s due t o  t h e s e  t emper ature di f ference s . 

Aggregation 

The evidence f o r  an aggregat i on e ffect from Experiment 1 - 2 i s  

weak and i n s uf f i c i ent t o  cont radict the f indings o f  van 

Vi anen et a l  ( 1 9 8 8b )  that adu l t  whi t e f l i e s  are  not attracted 

to  l eaves where adu l t s  are a l ready pres ent . 
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Rel ation ship between adult selection and ovipos i tion 

There was no c o rr e l at i on between number of eggs l ai d  b y  a dult 

femal e  whi te f l i e s  and the number of a du l t s  s e l ec t ing t he 

d i f f e rent l e a f  ages o f  l e af d i s cs i n  Exper iment 1 - 3 / 5 . Count s 

o f  a du l t s s howed n o  s i gn i f i c ant di fferences ( P > O . 1 0 )  but mean 

eggs p e r  whi t e f ly -day d i d . Thi s  sugges t s  t hat charact e r i s t i c s  

o f  t he l e aves a ffect egg - l aying but have a minor e f fe c t  on 

a du l t  s e l e c t i on the l ight and g r avi t y  f a c t o r s  were 

i dent i c a l  for a l l  t he di s c s  so only di f fe rence s  in t he l eave s  

t hems e lve s a f fected t h e  s e le c t i on by t h e  adul t s .  

Ovipos ition and leaf age 

F em a l e  whi t e f l i e s  c o n s i s t ent l y  l ai d  more eggs on younger than 

o l der l e ave s in a l l  experiment s . Thi s  agre e s  with the 

findings o f  Hus se y  and Gurney ( 1 9 5 9 )  f o r  ovipo s i t i on on a 

range o f  l e a f  ages o f  t omat o . S imilar r e s u l t s  o c cur f o r  o t her 

i n s e c t s  ( s ee t he l it erature review)  . 

There i s  s ome evidence for an increase i n  numbe r o f  eggs with 

i n c r e a s ing l e a f  n i t rogen c ontent which i n  turn de cre a s e s  with 

l e af age . I t  wa s not p os s ib l e  to carry out s t at i st ic a l  

ana l y s i s  a s  there were no rep l i c at e s  f o r  t h e  n i t r ogen 

ana l ys i s . There i s  s ome evidence for such a c o r r e l at i on for 

aph i ds but Hus se y  and Gurney ' s  ( 1 9 5 9 )  experiment with exc i sed 

t omat o l e ave s s howed no such relat i onship . However ,  they did 

f ind that fecund i t y  dec l ined with leaf age . 

L e a f  ha i r  den s i t y  and t ype do not appear t o  have an e f fe c t  on 

t he re l a t i ve ovipos it i on for d i f fe rent l e a f  ages a s  h i gh l e a f  

h a i r  den s i t i e s  and h i gh numbers o f  t he d i fferent h a i r  t ypes  

a r e  both a s s oc i at e d  with h i gher egg numbe r s . Thus h igh l e a f  

h a i r  dens i t i e s  d o  n o t  appea r  t o  inhibit penet rat i on t o  the 

l e a f  surface for egg- l ay ing i n  the p l ant spe c i e s  u s e d . 
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Oviposition and leaf surface 

The r el at ive numb e r  of eggs per femal e  per day l a i d  on each 

l e a f  surface v a r ie s  with the p l ant spec i e s . For D a t ura , and 

Abu t i lon more were l a i d  on t he upper l e a f  surface . T h i s  may 

be b e c a u s e  whi t e f l i e s  find it e a s i e r  to reach the l e a f  

surface with t he i r  ovipo s i t o r s  a s  the h a i r s  o n  t h e  upper l e a f  

surface a r e  l e s s  dens e . Thi s  may e spe c i a l l y  b e  s o  with 

Abu t i lon, whi ch has very den s e  s t e l l at e  hairs on the l ower 

l e a f  surfac e . However ,  the resu l t s  for t obacco c ontradict 

t h i s  as more were l a i d  on the mor e  hai ry l ower surfac e . F o r  

t omat o t h e  r e s u l t s  were n o t  c ompletely cons i st ent : o n  i nt act 

p l ant s more were l a id on the l ower surface only i n  t he mi ddle 

l e a f  age range but whe re l e a f  d i s c s  were used the r e s u l t s  

v a r i e d  with the e xper i ment . T h e r e  was no di fference between 

numb e r s  of eggs l a i d  on l ower and upper leaf  surfaces for 

Exper i ment s 1 -3 / 1  and 1 - 3 / 5  and yet for Experiment 1 -3 / 6  more 

were l a i d  on t he l ower l e a f  surface . P e rhaps the l e a f  ages 

chosen f o r  Expe r i ment 1 -3 / 1  and 1 - 3 / 5  were out s ide the middle 

r an ge of Exper i ment 2 - 1 / 2  and the youngest l e a f  age of 

Experi ment 1 -3 / 6  was within the middle range o f  Experiment 2-

1 / 2 . O r  perhaps the exp l anat i on l i e s  in the very wide 

var i at i on i n  numb e r  o f  eggs l a i d  per femal e  per day ( se e  t he 

l it e rature r ev i e w )  o r  maybe t o o  few whi t e f l i e s  wer e  used t o  

det ect di f f erenc e s  i n  numbers  o f  eggs l a i d  o n  the two 

surface s . I t  i s  a l s o  po s s ib l e  that the nutr ient status of the 

l e a f  d i s c s  and t he s ap pre s sure could change with t ime and 

t h i s  may a c c ount f o r  s ome of the di f ferences between the 

resul t s  f o r  intact l e ave s and l e a f  di s c s . 

I n  c ont r a s t  t o  the s e  resul t s  Geo rgiev and S ot i rova ( 1 9 8 6 )  

found t h at c u l t ivar r e s i s t an c e  i n  t omat o e s  vari e d  according 

t o  the presence o f  part i cu l a r  h a i r  t ypes but the abs t r act 

doe s  not make c le a r  how t he r es i s t ance wa s mea sured nor what 

t he i r  t yp e s  b and c h a i r s  are . P robably the i r  t ype b 

c o r re sponds t o  t he t ype b gl andu l ar h a i r s , with a s ingle 

ve s i c l e  at the t ip ,  des c r ibed b y  T ingey et a l  ( 1 9 8 2 )  and 
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G i b s on and P i ckett ( 1 9 8 3 )  on potato and a l s o  c o rre spond t o  

Luckwi l l ' s ( 1 9 4 3 )  t yp e  I ( se e  l it e rature revie w ) . There was 

no r e l at i onship between any of t he three h a i r  t ype categories 

i n  this  exper i ment and ovipo s i t i on on t he l owe r and upper 

l e a f  s u r f a c e s . 

Ovipos ition and leaf angle 

Experiment s 1 - 3 / 6  t o  8 s howed no e f fe c t  o f  l e a f  ang l e  on 

ovipo s it ion and there i s  no indi c at i on i n  the l it erature t hat 

l e a f  angl e  a f f e c t s  ovipo s i t ion by whi t e f l i e s . Nor was  any 

evidence f ound in the l it er ature for e ffect s of l e a f  ang l e  on 

ovipo s i t i on f o r  other r e l at ed i n s e ct s . 

Select i on of the optimum sucrose concentration for use in 

sucro s e  s achets for experiments with a dult whiteflies 

The two m a i n  aspec t s cons i dered,  adult survival and 

reproduct i ve c apa c i t y  were u s e d  to s e l e c t  the opt imum sucrose 

c oncent rat i on f o r  use with aphids not ably f o r  gree n  peach 

aphi d  ( Myzus pers i cae ) . No s t at i st i c a l  anal y s i s  was u s e d  i n  

t he e a r l i e r  e xp e riment s - v i su a l  evidence f r o m  graphs a r e  

usua l l y provi ded ( Mi t t l er and D add, 1 9 6 3 a ) . S imi l ar graphed 

r e s u l t s t o  t he i r s  were obt a ined for greenhou s e  whi t e f l y  in 

Exp e r iment s 2 - 2 / 1  and 2 - 2 / 2  for a du l t  survival and 

ovip o s it i on ( c orre sponding t o  l arvip o s it i on )  over t ime . 

Ovipos ition . The number o f  eggs l a i d  p e r  femal e  per day was 

i ndependent of the sucrose c oncent rat i on when i t  wa s below 

4 0 % . Abo ve 4 0 %  too few eggs wer e  l ai d  to  make a fair 

c omp a r i s on with other sucro s e  c oncent r at i on s . Hen c e ,  for 

max i mum ovipos it i on a sucros e  c oncent rat i on between 1 0 %  and 

3 0 %  i s  s u i t ab l e . 

The c omp a r i s o n  between the a l l  femal e  and m i xe d  sex g roups i n  

Exp e r i ment s 2 -2 / 1  a n d  2 -2 / 2 w a s  not s t r i ct l y  val i d  a s  the 
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whit e f l i e s  in the a l l  femal e  group were not v i rg i n  and t he i r  

ovip o s i t i on rate may not in fact b e  di f fe rent f rom t he mixed 

s ex group a s  fema l e s  can c ont i nue to p ro duce f e rt i l e  eggs 

t h roughout the i r  l ive s without repeated mat i ng s  ( Ahman and 

E kbom, 1 9 8 1 ) . 

The ovip o s i t i on rate was not the s ame throughout the 

e xp e ri ment s .  For a l l  sucrose concent r at i on s , a f t e r  t he 

max i mum ovipo s i t ion per day was reached at 2 - 3  day s ,  t he rat e 

fe l l  sharp l y . The decrease in egg- l aying may be t he r e s u l t  o f  

i n s uf f i c i ent nut ri ent s to maint a i n  t he rat e o f  egg- l ay ing . 

Thi s c o u l d  be ve r i f i ed by supp l y ing n e c e s s ar y  nut r i ent s  in 

t he s achet s . Howeve r ,  no work has  been done on det e rmining 

t he opt imum a rt i f i c i a l  diet for greenhou s e  whi t e f l y . 

Adul t survival . Adult survival var i ed with the sucrose 

c oncent rat i on and was opt imum at 1 5 - 2 0 %  sucrose - a much 

n a r r ower r ange than for ovipo s it i on . There were no 

d i f fe rences i n  survival between male , female  and mixed sex 

group s . Thi s does not agree with the f indings o f  C o l l man and 

Al l ( 1 9 8 0 )  that fema l e s  l ive l onger t han m a l e s . Howeve r ,  

t he s e  authors u s e d  bean leave s a s  the feeding s ub s t rat e . The 

l i fe span o f  the adu l t s  i s  high l y  var i ab l e  ( 1  to 3 6  day s ) a s  

i s  i n d i c at e d  by t h e  gradual dec l ine o f  a du l t s a l i ve i n  F i g . 

2 -2 / 2 . Whe re the sucrose concent rat i on wa s opt i mum the 

l i fe span did not di ffer markedly from that reported for p l ant 

mat e r i a l  which c an be as short as 2 4  hours but i s  on average 

about 2 1  days ( Co l lman and Al l ,  1 9 8 0 ) . 

Egg hatch . There were no s igni f i c ant d i f fe rence s  among the 

s e x  groups i n  the number o f  l a rvae t hat hat c he d . It was 

p o s s i b l e  to make t h i s  compar i s on because t he re were no 

s ign i f i c ant di f fe rence s in the number of eggs between the sex 

group s . I t  was not pos s ib l e  t o  make s t r i c t l y  va l i d  

c omp a r i s on s  among the sucro se concent rat i on s  f o r  egg hatch 

because the number o f  eggs for each c oncent rat i on wa s not the 



D i s c u s s ion 2 0 5  

s ame . The onl y  s ign i f i c ant d i f fe rence s  i n  p e r cent age e gg 

h a t c h  were a l owe r hatch for 3 0 %  s u c r o s e  t han a l l  others 

e x c ep t  2 0 %  sucro s e . Egg hatch ranged from 4 0 %  ( 3 0 %  sucro s e )  

t o  7 7 %  ( wat e r )  whi ch i s  l owe r t han t hat obt a i n e d  b y  van de 

Merendonk and van Lent eren ( 1 9 7 8 ) . 

The s imi l a r  p ercent egg hatch obt a ined f o r  a l l  sucrose 

c o n c ent rat i on s  indicates  that although eggs t ak e  up wate r  

from t he subs trate o n  whi c h  they are l ai d  ( By rn e  e t  a I , 1 9 9 0 )  

the s u c r o s e  concent rat i ons have no adver s e  e ffect  by c au s i ng 

dehydrat i on o r  exc e s s ive wate r  upt ake whi c h  c ou l d  r e sult  in 

bur s t ing o f  the egg membran e . However f t he l ower value 

obt a ined for 3 0 %  sucrose may indicate an e f fect . S ome o f  t he 

obs e rved d i f f e renc e s  in the ranking o f  cumu l at i ve numb e r s  o f  

eggs c ompared w i t h  ranking o f  cumu l at i ve numb e r s  o f  l a rvae 

( s e e  Appendix Tab l e s  A2 -2 / 5  and A2 - 2 / 6 )  may be e xp l a ined by 

t he l at e r  hat ch for higher sucrose concent rat i on s . T h i s  i s  

s e e n  c l ea r l y  i n  F i g . 2 - 2 / 6 . Thi s  e ffect may b e  t he r e s u lt o f  

inte rchange o f  chemi c a l s  between eggs a n d  sub s t r at e . 

Ovipos ition and light intensity 

N e a r l y  twice the number of eggs we re l ai d  i n  c omp l e t e  

darkne s s  than under any other l ight i n t en s i t y  i n  E xp e r iment 

2 - 2 / 3 . Unde r the next l owest l ight int en s it y  o f  2 1  

�e i n st e ins /m2 / s  the ovipo s it ion rat e  w a s  s im i l ar t o  t h at o f  

t he h i gher l i ght intens i t i e s . T h i s  d i s agre e s  with the 

f i nd ings o f  Hus sey and Gurney ( 1 9 5 9 ) t hat fewer eggs are l a i d  

at l ow l i ght intens ity . The s e  authors  d o  n o t  provi de a 

numer i c a l  mea sure o f  the l ight inten s it i e s  u s e d  and the eggs 

we r e  l a i d  on exc i s ed tomat o l e a fl et s - a s ub s t r a t e  whi ch 

c o u l d  change with changing l i ght inten s it y  and s o  a ffect 

ovipo s i t i on . They a l s o  found that t he range of intens i t i e s  

u s e d  y i e l de d  n o  c on s i s tent patt ern . The r e s u l t s o f  Experiment 

2 - 2 / 3  agree s  with t h i s  for inten s it i e s  above c omp l e t e  

darknes s .  
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Ovipos ition and light/dark regimes 

Exper iment 2 -2 / 5 c on f i rmed t he resu l t s  o f  Exp e riment s 2 - 2 / 3  

and 2 - 2 / 4  i n  t hat far mo re eggs wer e  l a i d  b y  day 4 in 

c omp l et e  darkne s s  than wher e  there was  a p e r i od of l i ght 

dur i n g  e a c h  day . A h i gher numb e r  o f  e gg s  wer e  l a i d  by day 4 

i n  l i ght / da rk regimes o f  8 / 1 6  and 4 / 2 0  hours than for 1 2 / 1 2  

t o  2 4 / 0  h ours . Thi s  d i s agre e s  with the resul t s  o f  Hus s e y  and 

Gurn e y  ( 1 9 5 9 )  who found that there wer e  no di f fe rence s  in 

eggs / femal e / day among the l i ght /dark regimes 0 / 2 4  t o  2 0 / 4  

hours but they u s e d  exc i s ed t omato l e a f l et s  and a lthough they 

state t hat t he exper iment s were c a r r i e d  out under c on s t ant 

t empe rature no value i s  provided . Cou l d  there b e  a 

t empe rature / l i ght interac t i o n ?  O r  doe s s ome fact o r  a s s oc i at ed 

with p l ant mat e r i a l  ove r r i de t he darkne s s  effect demons t rated 

i n  Expe r i ment s 2 -2 / 3 ,  2 -2 / 4  and 2 -2 / 5 ?  

Exper iment 2 -2 / 5  a l s o  showed that t he re i s  no d iu rnal 

f lu ct u at i on in egg- l aying and n o  d i f f e rence in numbers of 

eggs l a i d  i n  dark and l ight p e r i ods n o  mat t e r  the l i ght / dark 

r eg ime . 

Conclusions 

The r e l at i ve import ance of gravi t y ,  l ight di rect i on and 

charact e r i s t i c s  o f  l e ave s f o r  the s e le c t i on of the younger 

l eave s  ( fo r  t he l i ght inten s i t y  u s ed in t he experiment s )  was 

f i r s t , negat i ve geo t ax i s  then , a c l o s e  s ec on d ,  p o s i t ive 

phot o t ax i s  and t h i r d ,  charac t e r i s t i c s  o f  the l e ave s . The 

n i t r o gen , pho spho rus and p ot a s s i um content of the l e ave s and 

the den s it y  and t ype of l e a f  h a i r s  wer e  not impo rtant in t h i s  

s e l e c t i on p r o c e s s .  

The r e l at ive imp o rt anc e  o f  gravi t y ,  l i ght and charact e r i s t i c s  

o f  l eave s f o r  t h e  s e l e ct i on o f  the l ower l e a f  surface ( for 

t he l ight int en s i t y  u s ed i n  the expe r i ment s )  was a c l e ar 
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f i rst f o r  gravit y ,  s e c ond a preference f o r  shade and t h i rd,  
charact e r i s t i c s  of l e av e s . The dens it y  and t ype o f  l e a f  h a i r s  
w e r e  n o t  import ant . S e l e ct i on o f  l owe r o r  upper l e a f  surface 
under t he s ame c ondit i on s  varied with t he p l ant spec i e s . 

Although t h e s e  r e s u l t s  demonstrate more c le a r l y  the re l at ive 
imp o rt an c e  o f  t he facto r s  that a ff e ct t h e  s e lect i on o f  the 
y ounger l e ave s and the l ower leaf surface there i s  no imme d i a t e  
app l i ca t i on i n  p e s t  c ont r o l . However ,  t h e  informat i on ,  e spec i al l y  
that o n  s e l ect i on within the p l ant , could b e  t aken account o f  i n  
the p ro duct i on o f  future integrated pest management mode l s . 

The exper iment s on t he factors  t h at affect ovipo s i t i on have 
shown ,  f i rs t l y ,  t hat , f o r  at l e a s t  s ome p l ant spe c i e s , features 
of t he l e aves indu c e  femal e  adu l t  greenhous e  whit e f l i e s  to l ay 
more eggs on the l ower t h an t he upper l e a f  surface . I f  the 
approp r i a t e  l e a f  featur e s  could be incorp orated into l e ave s by 
a p l ant breeding programme then the r e s u l t s  woul d  have a 
pract i c a l  u s e . S e c ondl y f they have shown that there was no 
d i f f e rence i n  ovipos it i on with l e a f  age for the range u s e d . 
D e s p i t e  t h i s  there c o u l d  st i l l  b e  di f fe renc e s  for t omat o i f  the 
p l ant s were grown under d i fferent c ondi t i on s  such a s  h i gher 
n i t rogen l eve l s  and a s  nut r i ent leve l s  c an be readi l y  a d j u st ed 
any p o s i t i ve r e s u l t s  o f  studies c o u l d  then b e  incorporat e d  int o 
an integrated p e s t  management p rogramme . D i fference s i n  
ovipo s i t i on with l e a f  a g e  m a y  we l l  o c c u r  with other p l ant 
spe c i e s . Thi s woul d  be an area for further i nve s t igat i on and 
c o u l d  b e  u s e fu l l y  ext ended to s e arch for the l ea f  features which 
c au s e  the d i f ferences  i n  ovipos i t i on . 

The experi ment s with s u c r o s e  s achets have shown that the 
t ec hn i que i s  s u i t ab l e  for e xper iment s with greenhouse whi t e f l y  
i nvo lving ovipo s i t i on a n d  o r  l ongevi t y . A sucrose c oncent rat i on 
o f  1 5 - 2 0 %  i s  t he opt i mum for such a s s ay s . Thi s  sucrose 
c on c ent rat i on was then used t o  show t hat fema l e  whit e f l i e s  l ay 
f a r  more eggs i n  comp l e t e  darkn es s  than at other l i ght 
intens i t i e s  and more in l i ght / dark r egimes from 0 / 2 4  to 8 / 1 6  than 
1 2 / 1 6  t o  2 4 / 0  hour s . The next research step woul d  b e  t o  
i nves t igat e whether t h e  s ame e f f e ct s o ccur when l e ave s a r e  the 
ovip o s i t i on s ub s t r at e . I f  more eggs are l a i d  with short e r  day 
l engths i n  the greenho u s e  s ituat i on then i t  wou l d  need t o  be 
t aken a c c ount of i n  the des i gn of integrated pest cont r o l  
progr amme s . I n  addit i on t h e  sucrose s achet t e chni qu e  has 
potent i al f o r  studi e s  on , f o r  examp l e : the nut r i ent requ i rement s 
o f  greenho u s e  whi t e f l y  adu l t s  and the e f fe c t  o f  pest i c i de s  and 
s e c ondary p l ant s ub s t an c e s  on ovipos it i on and l ongevity . Maybe 
t he r e  i s  even potent i a l  for i t s  use i n  t he deve l opment of an 
a rt i f i c i a l  r e a r i ng s y s t em . 



Re ference s 

References 2 0 8  

Affe l dt , H . A . ; Thimi j an ,  R . W . ; Smi t h ,  F . F . ;  Webb , R . E . 1 9 8 3 : 

Re sponse o f  t he greenhous e  whi t e f l y  ( Homopt e r a : 

Ale y rodidae ) and the vege t ab l e  l e a fm i n e r  ( D iptera : 

Agromy z i dae ) t o  phot o sp ec t r a . Journ a l  o f  e c onomi c 

ent omo l ogy 7 6 ( 6 ) 1 4 0 5 - 1 4 0 9 . 

Ahman , I ;  Ekbom , B . S .  1 9 8 1 : Sexual  behav i our o f  the 

greenhous e  whi t e f l y  ( Tri a l e urodes vaporari orum ) : 

o r i ent at i on and c ourt ship . Ent omo l og i a  e xpe r iment a l i s  et 

appl i c at a  2 9 : 3 3 0 - 3 3 8 . 

Auc l a i r ,  J . L .  1 9 6 5 : Feeding and nut r it i on o f  the pea aph i d ,  

A cyrt h o s iphon p i s um ( Homopt e r a : Aphi d i dae ) ,  on 

chemi c a l l y  de f ined di ets of var i ou s  pH and nut r i ent 

l e ve l s . Annal s  of the ent omo l ogi c a l  s o c iety o f  Ame r i c a  

2§. : 8 5 5 - 8 7 5 . 

Auc l a i r ,  J . L .  1 9 6 7 : E f fects  o f  pH and s u c r o s e  on rearing the 

c o t t on aph i d ,  Aph i s  gossyp i i , on a g e rm- free and h o l idic 

diet . Journ a l  o f  inse ct phys i o l ogy 1 3 ( 3 ) 4 3 1 - 4 4 6 . 

Auc l a i r ,  J . L .  1 9 7 8 : B i ot ype s o f  the p e a  aph i d ,  A cyrthosiphon 

p i s um ,  i n  re l at i on t o  host p l ant s and chemi c a l l y  de f ined 

d i e t s . Ent omo l ogia experiment a l i s  e t  appl i cata 

£1 ( 3 ) 2 1 2 - 2 1 6 . 

Auc l a i r ,  J . L . ; Cart i e r ,  J . J .  1 9 6 3 : P e a  aphid : r e aring on a 

chemi c a l l y  defined diet . S c i ence 1 4 2 : 1 0 6 8 - 1 0 6 9 . 

Barke r ,  J . S . ;  T auber ,  O . E .  1 9 5 1 : F ecund i t y  o f  and p l ant 

i n j ury by the pea aphi d  a s  i n fluenced by nut r i t i onal 

change s i n  garden pea . Journal of e c onomi c ent omo l ogy 

.i1 ( 6 ) 1 0 1 0 - 1 0 1 2 . 

Be c k ,  S . D .  1 9 6 5 : Re s i s t ance o f  p l ant s t o  i n s e ct s . Annual 

review of ent omo l ogy 1 0 : 2 0 7 -2 3 2 . 



Berl inge r ,  M . J .  1 9 8 6 : Hos t  

t aba ci . Agr i culture , 

11 : 6 9 - 8 2 . 

References 2 0 9  

p l ant re s i st an c e  

e c o systems and 

to B emi s i a  

e nv i ronment 

B e r l i n ge r ,  M . J . ; Maga l ,  Z . ; Ben z i on i ,  A .  1 9 8 3 : The i mport ance 

o f  pH i n  f ood s e l ect i on b y  the t ob a c c o  whi t e f l y ,  B emi s i a  

t aba ci . Phyt oparas i t i c a  1 1 ( 3 / 4 ) 1 5 1 - 1 6 0 . 

B i l de rb a c k , T . E . ; Mat t s on ,  R . H .  1 9 7 7 : Whi t e f l y  host 

pre ference a s s o c i at ed with s e l e ct e d  b i o chemi c a l  and 

phenotyp i c  charact e r i s t i c s  of P o in s e t t i a s . Journal  o f  

the Ame r i c an s o c i ety for hort i cu l t u r a l  s c i ence 

1 0 2 ( 3 ) 3 2 7 - 3 3 1 . 

B inns , E . S .  1 9 7 8 : Wa lking and t ak e - o f f  i n  Aph i s  fab a e  I I . 

React i on s  t o  l ight d i re ct i on . Phys to l ogi c a l  ent omo l ogy 

1 : 7 - 1 5 . 

B i shop , Y . M . M . ; F i enberg,  S . E . ;  Ho l l an d ,  P . W .  1 9 7 5 : D i sc rete 

Mul t i var i a t e  Ana ly s i s . Theory and P r a ct i c e . The 

Mas s achu s et t s Inst itute of T e chno l ogy P re s s  ( MI T )  

Camb r i dge , Ma s s achusett s .  5 5 7pp . 

Boxt e l , W .  van ; Woet s ,  J . ; Lenteren , J . C .  van . 1 9 7 8 : 

D e t e rminat i on o f  h o s t -p l ant qual i t y  o f  e ggp l ant ( So l a n um 

mel ongena L . ) ,  cucumber (Cu c umi s s a t i  vus L . ) t omat o 

( Lycopers i con e s c u l entum L . ) and p ap r i k a  (Caps i cum 

a n n u um L . ) for greenhouse  whi t e f l y  ( Tri a l e urodes 

vap o ra ri orum (We stwood)  ) ( Homopt e r a : Aleyrodidae ) . 

M e d e de l i ng e n  f a c u l t e i t  l a n db o u ww e t e n s c h appe n  

Ri jksun i ve r s i t e i t ,  Gent 4 3 / 2 : 3 9 7 - 4 0 8 . 

Byrne , D . N . ;  Cohen , A . C . ; Draege r ,  E . A .  1 9 9 0 : Wate r  upt ake 

f r om p l ant t i s sue b y  the e gg pedi c e l  o f  the greenhous e  

whi t e f l y ,  Tri a l e urodes vap o ra ri o rum. Canad i an j ou rnal  o f  

z oo l ogy 6 8 ( 6 ) 1 1 9 3 - 1 1 9 5 . 

C a l dwe l l , P . C .  1 9 5 6 : Int e r c el lu l a r  pH . I nt e rnat i on a l  review 

of cyt o l ogy 4 : 2 2 9 - 2 7 7 . 



Re ference s 2 1 0  

Chapman , R . F .  1 9 7 4 : The chem i c a l  inhib i t i on o f  feeding by 

phyt ophagous insect s : a review . Bu l l e t i n  of 

ent omo l ogi c a l  rese arch 6 4 : 3 3 9 - 3 6 3 . 

Che r r y ,  R . i Dowe l l , R . V . ; F i t zpat r i c k ,  G .  1 9 7 8 : Survival o f  

i mmatu r e  c i t ru s  blackf l y , Al e urocan t h u s  wogl umi ,  and i t s  

para s it e ,  Ami t us h e speri dum , on 

Env i ronment a l  entomol ogy 7 ( 1 ) 2 8 - 3 0 . 

e xc i s e d  l e ave s . 

C o l l mann , G . L . ;  

greenhous e  

envi ronment . 

Al l ,  J . N .  1 9 8 0 : Quant i f i cat i on o f  the 

whi t e f l y  l i fe c y c l e  i n  a cont r o l le d  

Journal  o f  t h e  Ge o rgi a ent omo l ogi c a l  

s o c i ety 1 5 ( 4 ) 4 3 2 - 4 3 8 . 

Coomb e , Wave length spe c i f i c  behav i our o f  the 

whi t e f l y  Tri a l e urode s . vapora ri orum ( Bomopt e r a : 

P . E .  1 9 8 1 : 

Ale y r o d i dae ) �J�o�u�r�n�a�l __ �o�f� __ c�o�m�p�a�r�a�t�i�v�e��p�h�y�s�i�o�l�o�g�y 

1 4 4 : 8 3 - 9 0 . 

Coomb e , P . E .  

whi t e f l y , 

1 9 8 2 : Vi sual behavi our o f  the greenhous e  

Tri a l e urodes vap orari orum . P hys i o l ogi c a l  

ent omo l ogy 7 : 2 4 3 - 2 5 1 . 

Curr y , J . P . ;  P iment a l , D .  1 9 7 1 a :  L i fe c y c l e  o f  the greenhous e  

whit e f l y  Tri a l e urodes vaporari orum and popu l at i on t rends 

of the whi t e f l y  and i t s  para s i t e  En c a rs i a  form o s a , on 

t wo t omat o var i et i e s . Anna l s  of the ent omo l ogi c a l  

s o c iety o f  Ame r i c a  6 4 ( 5 ) 1 1 8 8 - 1 1 9 0 . 

D add , R . B .  1 9 6 7 : I mprovement of s ynthet i c  diet f o r  the aphi d  

Myz us p e rs i ca e  us ing p l ant j u i ce s , nuc l e i c  a c i d s , o r  

t ra c e  e l ement s . Journa l o f  i n s e ct phys i o l ogy 1 3 : 7 6 3 - 7 7 8 . 

D a d d ,  R . B . ; Mitt l e r ,  T . E .  1 9 6 5 : Studie s  o f  the a rt i f i c i a l  

feeding o f  t h e  aph i d  Myz u s  persi c a e . I I  I S ome ma j or 

nut r it i onal requ i rement s .  Journa l  o f  i n s e ct phys i o l ogy 

1.1 : 7 1 7 - 7 4 3 . 

D add , R . B . ; Mitt l e r ,  T . E .  1 9 6 6 : P e rmanent cultur e  o f  an aphi d  

on a t o t a l l y  s ynthet i c  d i et . Expe r i ent i a  2 2 : 8 3 2 . 



References 2 1 1  

D a dd ,  R . H . ; Kriege r , D . L .  1 9 6 7 : C ont inuous r e a r i ng o f  aphi ds 

o f  t he Aph i s  faba e  c omp l e x  on s t e r i l e  s ynthet i c  diet . 

Journal o f  e c onomic entomo logy 6 0 : 1 5 1 2 - 1 5 1 4 . 

Dadd,  R . H . ;  Kriege r ,  D . L .  1 9 6 8 : D i e t ary amino a c i d  

requ i rement s o f  the aph i d ,  Myz u s  p ersi ca e .  Journal o f  

i n s e ct phys i o l ogy 1 4 : 7 4 1 - 7 6 4 . 

D e t h ie r ,  V . G .  1 9 7 0 : S ome general cons i de r a t i on s  o f  i n s e ct s '  

respon s e s  t o  the chemi c a l s  i n  food p l ant s . I n  Wood,  

D . L . ;  S i l verst e in ,  R . M . ; Nak a j ima , M .  ( ed s ) Cont ro l  o f  

i n s e c t  behav i our by natural product s .  2 1 -2 8pp . Academic 

P re s s , New York . 3 4 5pp . 

Dethi e r ,  V . G .  1 9 7 6 :  The importance o f  s t i mu l u s  p at t e rn s  for 

h o s t  p l ant recogn i t i on and a c c ept anc e . Sympo s i a  

b i o l ogi c a  hunga r i c a  1 6 : 6 7 - 7 0 . 

D et h i e r , V . G .  1 9 8 2 : Mechan i sm o f  h o s t -p l ant r e c o gnit i on . 

Ent omo l ogia e xpe riment a l i s  et appl i c a t a  3 1 ( 1 ) 4 9 - 5 6 . 

Eggenkamp-Rottevee l  Mansve l d ,  M . H . ;  Lente ren , J . C . van ; 

E l l enbr o e k ,  J . M . ; Woet s ,  J .  1 9 8 2 : The p a ra s i t e -host 

r e l at i on ship between En cars i a  form o s a  ( Hym . , 

Aphe l in i dae ) and Tri a l e urodes vap o ra ri o rum ( Hom . , 

Aleyrodidae ) .  XI I .  P opu l at i on dynam i c s  o f  p a r a s i t e  and 

h o s t  in a l arge , comme r c i a l  g l a s shous e  and t e s t  of the 

p a ra s it e - introduct i on method u s e d  i n  t he Nethe r l ands . 

Z e i t s chr i ft fur angewandte entomo l ogi e 9 3 ( 2 : 3 ) 1 1 3 - 1 3 0 ,  

2 5 8 - 2 7 9 .  

E i s j ak e r s , H .  1 9 6 9 : Ontwikke l ing e n  verpre i di ng van 

Tri a l e urodes vaporari orum 

En cars i a  formosa Gahan . 

Unive r s i t y  o f  L e i den . 

( We stwood)  en z i jn p a ra s i et 

Unpub l i shed P h . D .  T he s i s ,  

E kbom , B . S .  1 9 8 2 : D iurnal activity p at t e rn s  o f  the greenhous e  

whi t e f l y  Tri a l e urodes vap ora ri o rum ( Homopt era : 

Al eyrodidae ) and i t s  para s i t o i d  En cars i a  formosa 

( Homopt e r a : Aphe l in i dae ) . Protect i on e c o l ogy 4 : 1 4 1 - 1 5 0 . 



Re ferences 2 1 2  

Emde n , H . F .  van . 1 9 6 6 : Studies  o n  the re l at i onship o f  insect 

and host p l ant I I I . A c omp a r i son o f  t he reproduct i on o f  

Bre vi c oryn e bra s s i c a e  and Myz u s  p e rs i c a e  ( Hemipt e ra : 

Aph i d i da e ) on Bru s s e l s  sprout p l ant s supp l i e d  with 

d i f fe rent rat e s  of  n i t rogen and pot a s s ium . Ent omo l ogia 

e xper iment a l i s  e t  appl i c at a  9 : 4 4 4 - 4 6 0 . 

Emden , H . F . van ; Bashford,  M . A .  1 9 6 9 : A c ompari s on o f  the 

reproduct i on o f  Bre vi co ryn e bra s s i c a e  and Myz u s  persi c a e  

i n  re l at i on t o  s o lubl e  n i t rogen concent rat ion and leaf 

age ( le a f  po s it i on )  i n  t he Brus s e l s  sprout - p l ant . 

Ent omo l ogia expe r iment a l i s  e t  appl i ca t a  1 2 : 3 5 1 - 3 6 4 . 

Evert , C .  van ; S chut t e , H .  1 9 8 3 : S ome aspects  o f  the b i o l ogy 

of Tri a l e urodes vap orari o rum ( We stwood)  Unpub l i shed 

t he s i s ,  L e i den , B e lgium . .  1 - 1 1 6pp . 

F o rt h o f e r ,  R . N . ;  Lehe n ,  R . G .  1 9 8 1 : Pub l i c  program anal ys i s : 

a new c at e go r i c a l  dat a approach . L i fet ime Learning 

Pub l i c at i ons , Be lmont , C a l i forn i a ,  Uni t e d  S t at e s  o f  

Ame r i c a . 

F raenke l ,  G . S .  1 9 6 0 : The r a i s on d ' etre o f  s e c ondary p l ant 

s ub s t ance s .  S c i ence 1 2 9 : 1 4 6 6 - 1 4 7 0 . 

F raenke l ,  G . S .  1 9 6 9 : Evaluat i on o f  our thought s on secondary 

p l ant sub s t ance s .  Ent omo l ogi a e xper iment a l i s  et 

app l i ca t a  1 2 : 4 7 3 - 4 8 6 . 

Genche v ,  N . ; 

ve rt i c a l  

Nat s kova , V .  

spread o f  

1 9 7 7 : [ Ho r i z ont a l  migrat i on and 

the adu l t  f o rms o f  Tri a l e urodes 

vaporari o rum We s t w . ( Homopt e r a : Al eyrodidae ) in 

greenhou s e s . ]  Gradinarska i L o z a r s k a  Nauka 1 4 ( 7 ) 7 8 - 8 6 .  

Gent i l e ,  A . G . ; Webb , R . E . ;  S t one r ,  A . K .  1 9 6 8 : Re s i st ance o f  

Lyc opersi con and Sol a n um t o  greenhous e  whi te f l i e s . 

Journa l o f  e c onomic ent omo l ogy 6 1 : 1 3 5 5 - 1 35 7 . 

Georgiev,  P .  1 9 8 4 : [ Against t he g l a s shou s e  whi t e f l y  - y e l low 

s u r faces ] .  Ras t i t e ln a  Z a shch i t a  3 2 ( 7 ) 3 4 - 3 5 . 



Re ferences 2 1 3  

Georg i e v ,  Kh . ;  S o t i rova , V .  1 9 8 6 : 

breeding f o r  re s i s t ance t o  

[ Re s u l t s  and prob l ems o f  

t he greenhouse white f l y  

( Tri a l e urodes vapora ri orum We st ) in t omat oe s . ]  I n  P " rva 

nat s i on a lna konferent s iy a  po i munogenet i k a  n a  

r s t e n i y at a ,  S o f iya , 2 4 - 2 5  yun i , 1 9 8 6  D o k l . T . 2  S o f i a ,  

Bul g a ri a . 2 1 - 2 6pp . 

G ib s o n ,  R . W . ; P i ckett , J . A .  1 9 8 3 : wi l d  p o t a t o  r epe l s  aphids 

b y  r e l e a s e  of aphid a l arm phe romone . Nature 3 0 2 : 6 0 8 - 6 0 9 . 

G i l l e sp i e , D . R . ; Qui r ing,  D .  1 9 8 7 : Y e l l ow s t i cky t raps for 

det ect ing and monito ring greenhous e  whi t e f l y  ( Homopt e r a : 

Aleyrodidae ) adu l t s  on greenhous e  t omat o crop s . Journal 

of e c onom i c  ent omo l ogy 8 0 ( 3 ) 6 7 5 - 6 7 9 . 

G l a s shou s e  C rops Re s earch Inst itut e  1 9 7 5 : B i o l og i c a l  pest 

c ont r o l  rear ing paras i t e s  and predat ors . Growers ' 

bul l e t i n  No . 2 . G l a s shouse crop s  r e s e a rch institut e . 

1 4pp . 

Gr i f f it h s , D . C . ; Greenway , A . R . ; L l oy d ,  S . L .  1 97 5 : An 

a rt i fi c i a l  diet with improved a cc ept ab i l it y  t o  three 

s t r a i n s  of Myz us persi cae ( Su l z . )  ( Hemipt e r a ,  Aphididae ) 

Bu l l et in o f  ent omo l ogi c a l  r e s earch 6 5 : 3 4 9 - 3 5 8 . 

H ag l e y ,  E . A . C .  1 9 6 7 : Art i fi c i a l  diet 

f roghopp e r . Nature 2 1 3 : 4 1 4 - 4 1 5 . 

Ham i l t on ,  M . A .  1 9 3 5 : Further exper iment s 

feeding o f  Myz u s  pers i ca e  ( Su l z . ) . 

b i o l ogy 3 2 : 2 4 3 -2 5 8 . 

for the adu l t  

o n  t h e  a rt i f i c i a l  

Ann a l s  o f  appl ied 

Hargr e ave s ,  E .  1 9 1 5 : The l i fe h i s t ory and hab i t s  of the 

greenh ou s e w hi t e fly . ,,-,A�n:.;:;.n!..::a�l=-s�_..:::::o..:::f,----=a:::.J:p::..Jp::::...:::.l.::::i..::::e:..::d�--::b:::..;l=-· o=l..::::o�gJ....I..Y 

1. ( 3 + 4 ) 3 0 3 - 3 3 4 . 

H a s eman , L .  1 9 4 6 : Inf luence of s o i l mine ral s on i n s e ct s . 

Jou rn a l  o f  e c onomic emt omo l ogy 3 9 ( 1 ) 8 - 1 1 . 



Re ferences 2 1 4  

H a s eman , L .  1 9 5 0 : Cont ro l l ing i n s e ct p e s t s  through the i r  

nut r it i on a l  requ i rement s .  Journal o f  e c onomi c ent omo l ogy 

.!l ( 3 ) 3 9 9 - 4 0 1 . 

H o l t grawe , D .  1 9 7 7 : Dopp e lmembran-Ve r suche z u r  F e s t s t e l lung 

de r Repe l l ant -Att ract ant -Wi rkung e in e s I n s e kt i z ids au f 

B l at t l au s e  ( Homopt e r a : Aph i didae ) .  [ D oubl e -memb rane 

exper iment s 

e ffect o f  

for det e rmining t he 

an insect i c i de on 

repe l l ant -att ract ant 

aph i d s  ( Homopt e r a : 

Aph id i dae ) . J  Z e i t s chr i ft fur Angewandt e Ent omo l ogie 

lU. ( 1 ) 1 0 - 1 4 . 

Hou ,  R . F . Brooks , M . A .  1 9 7 5 : Cont inuous r e a ring o f  t he a s t er 

l e afhoppe r ,  Ma cros t e l e s  fa s c i fron s ,  on a chemi c a l ly 

de f ined diet . Journa l  o f  insect phys i o l oGY 2 1 : 1 4 8 1 - 1 4 8 3 . 

Hus s e y ,  N . W . ; Gurney , B .  1 9 5 7 : Greenhouse whi t e f l y  

( Tri a l e urode s vapora ri orum We s t wood ) . Report o f  the 

gl a s shouse c r ops rese arch i n s t itute 1 9 5 7  : 1 3 4 - 1 3 7 . 

Hus s e y ,  N . W . ; Gurney , B .  1 9 5 9 : 3 .  S ome h o s t  p l ant fact ors 

a f f e ct ing fe cundity o f  whi t e f l i e s . Repo rt o f  the 

gl a s shouse c r ops re s earch inst i tute 1 9 5 9  : 9 9 - 1 0 3 . 

I he agwam , E . U .  1 9 8 0 : I n f luence o f  host p l ant ( Bra s s i c a  

spe c i e s )  and t emperature on popu l at i on i nc re a s e  of the 

c abbage whit e f l y  Al eyrode s  bra ss i c a e . Ann a l s of appl ied 

b i o l ogy 9 5 : 2 7 3 - 2 7 8 . 

Jan s s e n ,  J . A . M . i T j a l l ingi i ,  W . F . i  Lent e re n , J . C . van . 1 9 8 8 : 

S t y l et penet r at i on by the greenhou s e  whi t e fl y . 

Mededel ingen van de Facu l t e i t  Landb ouwwe t e s c happe n ,  

Ri jksun i ve r s i t e i t  Gent 5 3 ( 3 a ) 1 1 4 9 - 1 1 5 1 . 

Jan s s e n , J . A . M . i T j a l l ingi i ,  W . F . i  Lent eren , J . C .  van 1 9 8 9 :  

E l e c t r i c a l  recording and u l t ra s t ru c ture o f  s t y l et 

penet rat i on by the greenhous e  whi t e f l y . Ent omo l ogia 

e xperiment a l i s  e t  appl i cata 5 2 ( 1 } 6 9 - 8 1 . 



Re ferences 2 1 5  

Je rmy , T .  1 9 6 6 : F eeding inhibi t o r s  and f o o d  p r e f erence in 

chewing phyt ophagou s i n s e ct s . Ent omo l ogi a e xper iment a l i s  

et appl i c at a  9 : 1 - 1 2 . 

Johns on ,  B .  1 9 5 5 : The inf luence on aph i ds o f  the g l andular 

hai r s  on t omato p l ant s . P l ant path o l ogy 5 : 1 3 1 - 1 3 2 . 

Joyce ,  R . J . V .  1 9 5 8 : E ffect o f  the c o t t on p l ant i n  the Sudan 

Ge z ir a  on c e rt a in l e a f- feeding i n se ct pest s . Nature 

1 8 2 : 1 4 6 3 - 1 4 6 4 . 

Junde , Q . ; L i dao , K .  1 9 8 4 : The influence o f  s e c ondary p l ant 

sub s t an c e s  on the growth and deve l opment o f  Myz us 

pers i ca e  o f  Be i j ing . Ent omo l ogi a e xpe riment a l i s  et 

appl i cat a 3 5 ( 1 ) 1 7 -2 0 . 

K amp , R .  J .  van der ;  Lenteren , J .  C .  van 1 9 8 1 : The 

para s it e -ho s t  re l at i on s hip between En cars i a  formosa 

Gahan ( Hymenopt e r a : Aphel in i dae ) and Tri a l e urodes 

vap ora ri orum ( We stwood)  ( Homopt e r a : Ale yrodidae ) .  X I . Do 

mechan i c a l  barriers  o f  the h o s t  p l ant prevent succe s s fu l  

pene t r at i on o f  the phl oem by whit e f l y  l a rvae a n d  adu lt s ?  

Z e i t s ch r i ft fur Angewandt e Ent omo l ogie 9 2 ( 2 ) 1 4 9 - 1 5 9 . 

Kennedy , J .  S . 1 9 6 5 :  Me chani sms o f  h o s t  p l ant s e l e ct i on . 

Ann a l s o f  appl i ed b i o l ogy 5 6 ( 2 ) 3 1 7 - 3 2 2 . 

K l ingau f ,  F . ;  Nocke r-Wen z e l , K . ;  

peripherer P fl an z enwachse 

phyt ophage I n s ekt en . [ The 

Rott ge r ,  U .  1 9 7 8 : D i e  Ro l le 

fur den B e fa l l  durch 

ro l e  o f  cut i c l e  waxes in 

i n s e c t  i n f e s t at i on behavi o u r . ]  Z e i t s ch r i ft fur 

P f l an z enkrankhe iten und P f l an z e n s chut z 8 5 ( 3 / 4 ) 2 2 8 -2 3 7 . 

Koyama , K .  1 9 7 9 : Rea ring 

Ni l aparva t a  l ugen s  S t a l  

s ynthe t i c  diet ( Horn . ) 

o f  the b rown p l anthopper ,  

( Hemipt e r a : D e lpha c i da e ) on a 

Japane s e  journ a l  o f  appl ied 

ent omo l o qy and z oo l ogy 2 3 ( 1 ) 3 9 - 4 0 . 



References 2 1 6  

Koyama , K . i M i t suh a s h i , J .  1 9 8 0 : Rea ri ng o f  t he whi t e -b acked 

p l anthopper ,  Soga t el l a  furci fera Ho rvath ( Hemiptera : 

D e lphac i dae ) on a s ynthet i c  diet . Japane s e  j ourn a l  o f  

appl i e d  ent omo l ogy and z oo l ogy 2 4 ( 2 ) 1 1 7 - 1 1 9 . 

Koyama , K . ; M i t suhashi ,  J . ; Nasu , S .  1 9 8 1 : Rea r ing o f  the 

p l anthoppe r ,  Soga t e l l a  l on gi furc i fera E s ak i  et I sh ihara 

( Hemipt e r a : De lphac idae ) on a s ynthet i c  diet . Japane s e  

j ourna l o f  appl i ed ent omo l ogy and z o o l ogy 2 5 ( 3 ) 1 9 8 - 2 0 0 . 

Lenteren , J . C .  van ; Woet s ,  J . ; P o e l , N .  van der ;  Boxt e l , W .  

van ; Merendonk , S .  van de ; Kamp , R .  van der ;  Ne l l ,  H . ; 

S e ven s t e r -van der Le l i e ,  L .  1 9 7 7 : B i o l og i c a l  cont r o l  o f  

t he greenhouse whi t e f l y  Tri a l e urodes vaporari orum 

( We s t wo o d )  ( Homopt e ra : Aleyrodidae ) b y  En cars i a  formosa 

Gahan ( Hymenopt er a : Aphe l in i dae ) i n  Ho l l and , an e xamp l e  

o f  s u c c e s s fu l  appl ied eco logi c a l  r e s e a rch . Medede l i ngen 

v a n  d e  F a c u l t e i t  L a n d b o u w w e t e n s c h a pp e n ,  

Ri jksunive r s i t e it Gent 4 2 / 2 : 1 3 3 3 - 1 3 4 2 . 

L i ,  T . Y . ; Mas chwi t z ,  U .  1 9 8 3 : S exual pheromone in the green 

hou s e  whi t e f l y  Tri a l e urodes vaporari orum Westw . 

Z e i t s chr i ft fur Angewandt e Ent omo l ogie 9 5 ( 5 ) 4 3 9 - 4 4 6 .  

L i , T .  Y . ; Ma s chwit z ,  U .  1 9 8 5 : [ The sexual behaviour o f  the 

whi t e f l y  Tri a l e urodes vaporari orum . ]  Act a ent omo l ogica 

s in i c a  2 8 ( 2 ) 2 3 3 - 2 3 5 . 

L i n d s te dt , K . J .  1 9 7 1 : Chemic a l  c ont r o l  o f  feeding behavi our . 

Comparat i ve b i o chemi s t ry and phys i o l ogy 3 9A : 5 5 3 - 5 8 7 . 

L l oy d ,  L l . 1 9 2 2 : The cont r o l  o f  the gre enhous e  whi t e f l y  

( As t er o ch i t on vaporari orum ) w i t h  not e s  o n  i t s  b i o l ogy . 

Ann a l s  o f  appl i ed b i o l ogy 9 ( 1 ) 1 - 3 2 . 

Luckwi l l ,  L . C .  1 9 4 3 : 

b i o l o g i c a l  and 

The genus Lycopers i c on , a h i s t o r i c a l  

taxonom i c  survey o f  t h e  wi l d  and 

c u l t ivated t omat oe s . Abe rdeen unive r s i ty studie s : No . 
1 2 0 . Abe rdeen P re s s  4 4pp . 



References 2 1  7 

Macdo wa l l , F . D . H .  1 9 7 2 : Photot act i c  a c t i on spect rum for 

whi t e f l y  and the que s t i on o f  c o l ou r  vi s i on . Canadi an 

ent omo l og i s t  1 0 4 ( 3 ) 2 9 9 - 3 0 7 . 

Maga y a r o s y ,  A . C .  1 9 8 0 : Beet curl y  t op v i ru s  t ransmi s s i on by 

a rt i f i c i a l l y  fed and infected beet l e a fhoppers 

( Ci rc u l i fer t en e l l u s )  . Ann a l s  o f  appl i ed b i o l ogy 9 6 :  3 0 1 -

3 0 5 . 

Mal au s a ,  J . C . ;  D aunay , M . C . ;  Bourgo i n ,  T .  1 9 8 8 : Recherches 

p r e l imi n a i r e s  sur la re s i s t ance de l ' aubergine a 
l '  a l eu rode des serre s ,  Tri a l e urode s  vap o rari orum 

we stwood,  ( Homoptera , Al eyrodida e ) . [ P r e l iminary 

r e s e arch on the res i s t ance o f  aubergine t o  the 

g l a s shou s e  whit e f l y ,  Tri a l e urodes vapo rari orum Westwood,  

( Homopte r a ,  Aleyrodidae ) . J  Agronom i e  8 ( 8 ) 6 9 3 - 6 9 9 . 

Marama r o s c h , K . ; Harr i s , K . F .  ( eds ) 1 9 7 9 : Leafhopp e r  ve ctors  

and p l ant disease agent s . Academi c  P r e s s ,  New York . 

6 5 4 pp . 

McKi nn e y ,  K . B .  1 9 3 8 : Phy s i c a l  charact e r i s t i c s  on t he f o l i age 

o f  beans and t omatoes  that t end t o  cont r o l  s ome sma l l  

i n s ect pe st s . Journa l  o f  e c onomi c ent omol ogy 

l1. ( 5 )  6 3 0 - 6 3 1 . 

McLe an , D . L .  1 9 7 1 : Prob ing behaviour o f  the p e a  aph i d ,  

A cyrth o s iph on pi s um V .  Compari s on o f  Vi c i a  fab a ,  Pi s um 

s a t i vum , and a chemi c a l l y  de f ined d i et a s  food s ource s . 

Ann a l s  o f  the ent omo logi c a l  s o c i ety of Ame r i c a  

M ( 2 ) 4 9 9 -5 0 3 . 

McLean , D . L . ; K in s e y ,  M . G .  1 9 6 7 : P rob i ng b ehaviour o f  t h e  pea 

aph i d ,  A cyr t h osiphon p i s um I .  D e f i n i t i ve corre l at i on of  

e le c t ron i c a l l y  recorded wave forms with aph i d  probing 

a c t i vi t i e s . Ann a l s  o f  the ent omo l ogi c a l  s o c i ety o f  

Ame r i c a  6 0 : 4 0 0 - 4 0 6 . 



References 2 1 8  

Merendonk , S .  van de ; Lent e r e n ,  J . C .  van 1 9 7 8 : Dete rminat i o n  

o f  mort a l i t y  o f  greenhous e  whi t e f l y  Tri a l e urode s  

vap orari orum (Westwood)  ( Homopte r a : Aleyrodidae ) eggs , 

l a rvae and pupae on four h o s t -p l ant spe c i e s :  eggpl ant 

( So l an um mel onyena L . ) ,  cucumbe r  ( Cu c um i s  s a t i vu s  L . )  

t omat o ( Lycopersi cum e s c u l en t um L . )  and p aprika 

( Caps i c um ann u um L . ) . Medede l ingen van de facu l t e i t  

l a n db o u ww e t e n s c h appe n  R i j k s u n i ve r s i t e i t G e n t  

Met c a l fe ,  C . R . ; Cha l k ,  L .  1 9 8 3 : Anat omy o f  t h e  d i c o t y ledons . 

Vol I I  Wood st ructure and conc lu s i on o f  t he general 

i nt roduct i on . Cl arendon P r e s s . O x f o rd . 2nd edi t i on . 

2 9 7pp . 

M i t k o v ,  A . ; Radeva , K . ;  S l avov , D . ;  Georgiev,  G .  1 9 8 4 : 

[ Ye l l ow s t i cky t raps agai n s t  the g l a s shouse whi t e f l y . )  

Ra s t i t e ln a  Z ashch i t a 3 2 ( 9 ) 3 5 - 3 7 . 

M i t suhashi , J . ; Koyama,  K .  1 9 7 1 : Rea r i ng o f  p l anthopper s  on 

a h o l i di c  diet . Ent omo l oqi a expe r iment a l i s  e t  appl i c at a  

1l : 9 3 - 9 8 . 

Mitt l e r , T . E .  1 9 6 7 a : E f fect o f  amin o  a c i d  and sugar 

concent rat i on s  on the food upt ake of the aph i d  Myzus 

p ersi ca e .  

l.Q. : 3 9 - 5 1 . 

Ent omo l ogi a experimen t a l i s  et appl i cat a 

M i t t l e r ,  T . E .  1 9 6 7 b :  Gu s t at i on o f  d i e t a r y  amino a c i ds b y  the 

aphi d  Myz u s  pers i ca e . Ent omo l ogi a expe r iment a l i s  e t  

appl i c a t a  1 0 : 8 7 - 9 6 . 

Mitt l e r ,  T . E . ;  D add, R . H .  1 9 62 : Art i f i c i a l  feeding and 

rear i ng of t he aphi d  Myz u s  p e rs i ca e  ( Su l z e r ) , on a 

c omp l e t e l y  def i ne d  synthet i c  diet . Nature 1 9 5 : 4 0 4 . 



References 2 1 9  

M i t t l e r , T . E . ; D add , R . B .  1 9 6 3 a : Studies  on the a rt i fi c i al 

feeding o f  the aphi d  Myz u s  p e rs i ca e  ( Su l z e r )  I 

Re l at ive upt ake o f  wat e r  and sucrose  s o lut ions . Journ a l  

o f  i n s e ct phys i o l ogy 9 : 6 2 3 - 6 4 5 . 

M it t l e r ,  T . E . ; D add,  R . B .  1 9 6 3b : Studi e s  on " the a rt i f i c i a l  

feeding o f  the aph i d  Myz u s  persi c a e  ( Su l z e r ) . I I  

Re l a t i ve " surviva l ,  deve l opment and l arvipo s i t i on on 

d i f fe rent diet s . Journ a l  o f  insect phys i o l ogy 9 : 7 4 1 - 7 5 7 . 

M i t t l e r ,  T . E . ; D a dd ,  R . B .  1 9 6 4 : Gus t at ory di s c r iminat i on 

between l i qu i ds by the aphi d  Myz u s  persi c a e  ( Su l z er )  

Ent omo l ogi a e xpe r iment a l i s  e t  appl i cat a 7 : 3 1 5 - 3 2 8 . 

M i t t l e r ,  T . E . ;  D add, R . B .  1 9 6 5 : D i fferenc e s  in the prob i ng 

re spons e s  o f  Myz u s  pers i ca e  ( Su l z e r )  e l i c it e d  by 

d i f fe rent feeding s o lut i on s  behind a p a r a f i lm membrane . 

Ent omo l ogia e xperlment al i s et appl i c at a  8 : 1 0 7 - 1 2 2 . 

M i t t l e r ,  T . E . ;  P enne l ,  J . T .  1 9 6 4 : S impl e  s c reening t e s t  for 

s y st em i c  i n se ct i c i de s . Journ a l  o f  e c onom i c  ent omo l ogy 

22 : 3 0 2 - 3 0 3 .  

Moe r i c ke , V . ; Schn e i de r s , B . ; Vogt , B .  1 9 6 6 : F lughemmung und 

F a l l re fl exhaultung a l s  Reakt i on auf Gelbre i z  bei 

Tri a l e urodes vaporari orum (Westwood) . Z e i t s chri ft fur 

P fl an z enkrankhe i t en und P f l an z e n s chut z 7 3 : 6 - 1 4 . 

Morgan , D . C . ;  Warringt on ,  

ob s e rvat i on s  on 

I .  J . ; 

the 

Rook , D . A .  1 9 8 5 : S ome 

s p e ct r a l  d i s t r ibut i on 

charact e r i s t i c s  o f  sho rt -wave radi a t i on within Pi n us 

ra di a t a  D .  D on canopi e s . P l ant , c e l l  and envi ronment 

.§. : 2 0 1 -2 0 6 . 

Moun d ,  L . A .  1 9 65 : E f fe c t s  o f  l e a f  h a i r  on cotton whi t e f l y  
popu l at i on i n  t h e  Sudan Ge z ir a . Emp . c otton grow . rev . 
.11. : 3 3 - 4 0 . 



Reference s 2 2 0  

Mul le r ,  H . J .  1 9 6 6 : Obe r  die Urs achen de r unt e r s ch i edl i chen 

res i st en z  von Vi ci a faba L .  gegenuber der 

Bohnenb l att l au s  Aphi s  (Dora l i s )  faba e  S cop . IX Der 

e i n f lu s s  Oko l og i s cher f akt oren au f das  Wachstum von 

Aph i s  faba e  S cop . [ IX .  Eco logi c a l  fact o r s  i n fluenc ing 

t he growth react ion o f  Aphi s  faba e  S c op . ] Ent omo l ogia 

e xper iment al i s  e t  appl i c at a  9 : 4 2 - 6 6 . 

Mul l e r ,  H . J . 1 9 6 8 : Ober die ursachen der unt e r s ch i edl i chen 

re s i s t e n z  von 

Bohnen l b l at t l au s , 

Vi c i a  

Aph i s  

faba L .  

(Dorsa l i s ) 

Gegenub e r  der 

"faba e S cop . X .  

Vermehrung und Wachstum verschiedener Aphi denarten au f 

Ras t a t t e r  und S ch l anstedt e r  Ackerb o hnen . [ X .  

Larvip o s i t i on and growth o f  f ou r  aphi d  spec i e s  on two 

variet i e s  of f i e l d  beans . ]  Ent omo l ogi a expe r iment a l i s  et 

appl i c at a  1 1 : 3 5 5 - 3 7 1 . 

N a i r ,  N . G . ;  D an i e l , R . S . 1 9 8 3 : P re fe rence o f  B emi s i a  t ab a ci 

Gen . 1  t o  c a s s ava vari et i e s  and the i r  reacti on t o  c a s s ava 

mo s a i c  d i s e a s e . Jou rnal of root c r ops 9 ( 1 -2 ) 4 5 - 4 9 .  

N a k a gak i ,  S . ;  Amaga i ,  H . ; Onuma , K .  1 9 8 4 : [ The growt h  o f  

vege t ab l e  crops and e s t ab l i s hment o f  i n s e ct and mite 

pe s t s  i n  a p l a s t i c  greenhous e  t reated to  exc l ude near-UV 

radiat i on . ( 4 )  E s t ab l i shment o f  i n s e ct pe s t s  on 

t omat oe s . ]  Bu l l et in of the Ibaraki -ken h o rt i cultural 

expe r i ment s t at i on 1 2 : 8 9 - 9 4 . 

Nau l t , L . R . ; Styer,  W . E . 1 9 7 2 : E f fe ct o f  s in i gr i n  on host  

s e l e ct i on by aph i ds . Entomol ogi a exper iment a l i s  et 

appl i ca t a  1 5 : 4 2 3 - 4 3 7 . 

N o l du s , L . P . J . J . ; Xu , R . M . ; Lent eren , J . e .  van . 1 9 8 5 : The 

para s it e-host r e l at i onship between En c a rs i a  formosa 

Gahan ( Hymenoptera : Aphe l i n i dae ) and Tri a l e u rodes 

vap orari orum (Westwood)  (Homopt e r a : Ale y r o d i da e ) . XVI I . 

Within-p l ant movement o f  adu l t  greenhous e  whi te f l i e s . 

Z e i t s ch r i ft fur Angewandte Ent omo l ogie 1 0 0 ( 5 ) 4 9 4 - 5 0 3 . 



References 2 2 1  

N o l du s , L . P . J . J . i Xu , R . M . ;  Lent e re n ,  J . C .  van . 1 9 8 6 a :  The 

paras it e -ho s t  r e l at i onship between Encar s i a  formos a  

Gahan ( Hymenoptera : Aphe l in idae ) and Tri a l e urodes 

vaporari orum (We stwood)  ( Homopt e r a : Aleyrodidae ) . XVI I I  

Between-p l ant movement o f  adu l t  greenhous e  whi t e f l i e s . 

Journal o f  app l i ed ent omo l ogy 1 0 1 ( 2 ) 1 5 9 - 1 7 6 .  

N o l du s ,  L . P . J . J . ; Xu , R . ; Lent e ren , J . C .  van . 1 9 8 6b :  The 

p a ra s i t e -host re l at i onship between En c a rs i a  formosa 

Gahan ( Hymenoptera : Aphe l in i dae ) and Tri a l e urodes 

vapora ri orum ( We stwood ) ( Homoptera : Al eyrodi da e ) .  X I X . 

Feedi ng- s it e  s e le ct i on by the greenho u s e  whi t e f l y . 

Journa l o f  appl i ed ent omo l ogy 1 0 1 : 4 9 2 - 5 0 7 . 

N o l du s , L . P . J . J . ; Xu , R . M . ; Eggenkamp -Rott evee l Mansve l d ,  

M . H . ; Lent e ren , J .  C .  van . 1 9 8 6 c :  The p a r a s i t e -host 

re l at i onship between En cars i a  form o s a  Gahan 

( Hymenopt e ra : Aphe l i ni dae ) and Tri a l e ur o de s  vapo ra ri orum 

( Wes twood)  (Homoptera , Aleyrodidae ) . XX . Ana l y s i s  o f  the 

sp at i a l  di s t r ibut ion o f  greenhous e  whi t e f l i e s  in a l arge 

g l a s shou s e . �J�o�u�r�n�a�l� __ �o�f� __ �a�p�p�l�i�e�d� __ �e�n�t�o�m�o�l�o�g�y 

1 0 5 ( 5 )  : 4 8 4 - 4 9 8 . 

O ' Re i l l y ,  C . J .  1 9 7 4 : I nve s t i gat i on s  on the b i o l ogy and 

b i o logi c a l  cont r o l  of t he g l a s shou s e  whi t e f l y  

Tri a l e urodes vapora ri orum ( We stwood) . P h D  The s i s ,  

Un i ve r s i t y  o f  Dub l in . 

P arry , W . H . ; F o r d ,  J . B .  1 9 6 7 : The a rt i f i c i a l  feeding o f  

pho sphamidon t o  Myz u s  persi c a e : I .  I nt ra s pe c i f i c  

d i f ference s e xhibited by t h i s  aphi d  on feeding through 

a para f i lm membrane . Ent omo l ogi a e xper iment a l i s  et 

appl i c ata 1 0 : 4 3 7 - 4 5 2 . 

P ar ry , W . H . ; Ford,  J . B .  1 9 6 9 : The a rt i f i c i a l  feeding o f  

pho sphamidon t o  Myz u s  pers i c a e : I I .  The e ffect s o f  

phosphamidon l iqu i d  upt ake through a p a ra f i lm memb r ane . 

Ent omo l ogi a expe riment a l i s  e t  appl i ca t a  1 2 : 1 - 1 8 . 



References 2 2 2  

P arry , W . H . i F o r d ,  

phosphamidon 

pho spham i don 

J . B .  1 9 7 1 : The a rt i f i c i a l  

t o  Myz u s  pers i ca e  I I I  

on the longevi t y , fe cundity 

upt ake . Ent omo l ogi a 

ll : 3 8 9 - 3 9 8 . 

e xpe riment a l i s  et 

f e eding o f  

E ffect s o f  

a n d  l iqu i d  

appl i cat a 

P au l s o n ,  G . S . i  Beards ley , J . W .  1 9 8 5 : Whi t e f l y  ( Hemipt era : 

A l e y r o d i dae ) egg pedi c e l  inse rt i on i nt o  h o s t  p l ant 

s t omat a . Anna l s  of the ent omo l ogi c a l  s o c i ety of Amer i c a  

]ji ( 4 ) 5 0 6 - 5 0 8 . 

P ont i ,  O . M . B .  de ; P e t , G . ;  Hogenboom i N . G .  1 9 7 5 : Re s i st ance 

t o  t he g l a s shouse whi t e f l y  ( Tri a l e urodes vaporari orum 

We s t w . )  i n  t omat o ( Lycopersi con e s c u l en t um Mi l l . )  and 

r e l at e d  spec i e s . Euphyt i c a  2 4 : 6 4 5 - 6 4 9 .  

P ro k opy , R . J . ; Owen s , E . D .  1 9 7 8 : Vi s u a l  gener a l i s t  with 

vi s u a l  s pe c i a l i st phyt ophagous i n s e ct s : host s e lect i on 

behavi our and app l i cat i on t o  management . Ent omo l ogia 

experiment a l i s  e t  app l i c a t a  2 4 : 6 0 9 - 6 2 0 . 

P ro kopy , R . J . ; Owens ,  E . D .  1 9 8 3 : Vi sual dete ct i on o f  p l ant s 

b y  herb ivorou s i n s e ct s . Annua l  review o f  ent omo l ogy 

.£§. : 3 3 7 - 3 6 4 . 

Ro s se tt o ,  D .  Co s t a ,  A . S . ,  M i r anda , M . A . C . ,  Naga i ,  V . ; 

Abr am i de s ,  E .  1 9 7 7 : D i f fe renca s  n a  ovipo s ic a o  de Bemi s i a  

t ab a c i  em varie dade s de  s o j a . [ D i fferences in 

ovip o s it i on of Bemi si a t abaci on variet i e s  o f  s oya 

bean . ]  Ana i s  da S o c i edade Ent omo 1 6gi c a  do Bra s i l  

£ : 2 5 6 - 2 6 3 . 

S am s , D . W . ; Laue r ,  F . I . ;  Radc l i ffe , E . B .  1 9 7 5 : Exc i s e d  

l e a fl et t e s t  f o r  evaluating res i st ance t o  green peach 

aphi d  i n  tuber -bearing Sol a n um germpl a sm . Journ a l  o f  

ec onomi c entomol ogy 6 8 : 6 0 7 - 6 0 9 . 



References 2 2 3  

S a s , J .  van ; Woet s ,  J . i Lent e ren , J . C .  van 1 9 7 8 : 

D e t e rminat i on o f  ho s t -pl ant qua l it y  o f  gherkin ( Cu c umis 

s a t i vi s  L . ) ,  melon ( Cu cumi s  mel o L . )  and gerbe ra 

( Gerbera jameson i i  Hoo k )  for the greenhou s e  whi t e f l y ,  

Tri a l e u rodes vaporari orum ( We stwood)  ( Homopt er a : 

Aleyrodidae ) . Mededel ingen van de facu l t e it 

l a n db o u wwe t e n s c h appe n  R i j k s u n i ve r s i t e i t  G e n t  

.11 ( 2 )  : 4 0 9 - 4 2 0 . 

S ax en a , K .  N .  1 9 6 9 : P at terns o f  insect -pl ant re l at i onships 

det e rmining s u s c eptibi l it y  o r  r es i s t an c e  of d i f fe r ent 

p l ant s  t o  an inse ct . Ent omo l ogi a e xpe r iment a l i s  et 

appl i ca t a  1 2 : 7 5 1 - 7 6 6 . 

Schoonhove n , L .  M .  1 9 6 8 : Chemos en s o ry b a s e s  o f  host  p l ant 

s e l ect i on . Annua l review of ent omo l ogy 1 3 : 1 1 5 - 1 3 6 . 

Shink a j i ,  N . ; F u j iwara , T . ;  Amano , H .  1 9 8 3 : [ The e ffect s o f  

ult ravi o l et -abs orbing vinyl f i lm o n  a l i ght ing o f  a du l t  

greenho u s e  whi t e f l i e s  Tri a l e u ro de s  vap o ra ri orum 

(We stwood)  ( Homopt e r a : Al eyrodidae ) on cucumb e r s  i n  a 

p l a s t i c  hous e . ] Techn i c a l  bu l le t i n ,  facu lty o f  

h o rt i cu l t u r e ,  Chiba Un ive r s ity ( 3 2 ) 9 9 - 1 0 5 . 

Southwo o d ,  T . R . E . 1 9 6 2 : Migrat i on o f  t erre s t r i a l  a rt hropods 

in r e l a t i on to hab i t at . B i o logi c a l  revi ew 3 7 : 1 7 1 -2 1 4 . 

S outhwo o d ,  T . R . E . ;  Re ade r ,  P . M .  1 9 7 6 : P opul at i on census dat a 

and key factor ana l y s i s  for the viburnum whi t e f l y ,  

Al e ur o t ra ch e l u s  j e l i n eki i ( Frauen f . ) ,  o n  three bushe s . 

Jou rna l o f  animal ecol ogy 4 5 : 3 1 3 - 3 2 5 . 

Speyer , E . R .  1 9 2 9 : The green hou s e  whit e f l y . Journa l  o f  the 

r oya l h o rt i cultural s oc i ety 5 4 ( 1 ) 1 8 1 - 1 92 . 

Spi e r s , A .  1 9 8 1 : Studies o f  Mars s on i n a  and Drepan ope z i z a  

spe c i e s  pathogeni c  t o  pop l a r s . P h . D .  The s i s . Mas se y  

Uni ve r s i t y ,  P alme r s t on North . 



References 2 2 4  

S t anek , E . J .  I I I ;  D i ehl , S . R . ; Dget luck , N . ; Stoke s ,  M . E . ;  

P r ok op y , R . J .  1 9 8 7 : S t at i st i c a l  methods for  ana l y s ing 

d i s c re t e  re spons e s  of i n sect s t e st e d  repeatedl y . 

Env i r onment a l  ent omo l ogy 1 6 ( 2 ) 3 1 9 - 3 2 6 . 

St inne r ,  R . E . ;  B a r f i e l d ,  C . S . ;  S t imac , J . L . ; D oh s e , L .  1 9 8 3 : 

D i spers a l  and movement o f  i n s e ct pest s . Annua l  review o f  

ent omo l ogy 2 8 : 3 1 9 - 3 2 5 . 

S t oner , A . K . ; F r ank , J . A . ; Gent i l e ,  A . G .  1 9 6 8 : The 

r e l at i onship of g l andu l a r  h a i r s  on t omat o e s  t o  spide r  

m i t e  re s i s t ance . Proceedings o f  the Amer i can s o c i ety for 

h o rt i cultural  s c i ence 9 3 : 5 3 2 -5 3 8 . 

S t r au s s ,  S . Y .  1 9 8 7 : D i rect and indirect e ff e ct s o f  h o s t -pl ant 

f e rt i l i z at i on 

g ( 6 ) 1 6 7 0 - 1 6 7 8 . 

on an i n s e ct c ommun i t y . E c o l ogy 

St rong , F . E .  1 9 6 7 : Aggregat i on behavi o u r  o f  p e a  aphids 

Acyrthosiphon pi s um . Entomo l ogi a e xperiment a l i s  et 

app l i c a t a  1 0 : 4 6 3 - 4 7 5 . 

T aho r i , A . J . ; Ha z an ,  A .  1 9 7 0 : Rea r ing o f  the b l ac k  c it rus 

aphi d  Toxop t era a uran t i i  on chemi c a l l y  de f i n e d  diet s . 

Journal o f  ins ect phys i o l ogy 1 6 : 1 9 7 5 - 1 9 8 1 . 

T aube r ,  M .  J . ; He l ge s en , R .  G .  1 9 7 4 : B i o l og i c a l  c ontrol  of 

whi t e f l i e s  i n  greenhouse crops . New Y o rk food and l i fe 

s c i ences  guarterly 7 ( 4 ) 1 3 - 1 6 .  

T inge y ,  W . M . ; P l a i s t e d ,  R . L . ;  L aubengaye r ,  J . E . ; 

Mehl enb a che r ,  S . A .  1 9 8 2 : Green p e ac h  aphi d  res i st ance by 

gl andu l a r  t r i chome s i n  S o l a n um t ubero s um X S .  

bertha u l t i i  

22 ( 6 ) 2 4 1 -2 5 2 . 

hybrids . Ame r i c an pot at o  j ournal 

Tho r s t e i n s on , A . J .  1 9 5 8 : The chemot act i c  i n f luence of pl ant 

c o n s t i t uent s on feeding by phyt ophagous i n s e ct s . 

Ent omo l ogi a e xper iment a l i s  e t  appl i ca t a  1 : 2 3 - 2 7 . 



References 2 2 5  

Thor s t e i n s o n ,  A . J .  1 9 6 0 : Ho s t  s e le ct i on i n  phyt ophagous 

i n s e ct s . Annua l  review of ent omo l ogy 5 : 1 9 3 -2 1 8 . 

T on g ,  R . J  . H .  1 9 7 7 : The app l i e d  b i o l ogy o f  the greenhous e  

whi t e f l y  Tri a l e urodes vap orari orum ( We stwood ) , in New 

Z e a l and . T he s i s  for  M .  S c . in Z o o l ogy , Uni ve r s i t y  o f  

Auc k l and . 

T rehan , K . N .  1 9 4 1 : E f fect o f  c o l oured s c reens  on ovip o s it i on 

and deve l opment o f  s ome B r i t i sh whi t e f l i e s . Indian 

j ournal of ent omo l ogy 3 :  P art 1 : 1 2 1 - 1 3 8 . 

T rehan , K . N .  1 9 4 4 : Further not e s  on the b i onomi c s  o f  Bemi s i a  

gossypiperda M .  & L .  the  whi t e f l y  of  cot t on i n  the 

P un j ab . Indian j ourn a l  o f  agr i cultural  s c i ence 1 4 : 5 3 - 6 3 . 

Vai shamp a y an , S . M . ; Kogan , M . ; Wa l db auer , G . P . ;  Woo l l e y ,  J . T .  

1 9 7 5 a : Spect r a l  spe c i f i c  respon s e s  i n  visual behaviour 

o f  Tri a l e urodes vapora ri orum . Ent omo l ogi a expe r iment a l i s  

et appl i c at a 1 8 ( 3 ) 3 4 4 - 3 5 6 . 

Vai shampayan , S . M . ; Wal db au e r ,  

a n d  o l fact o ry re spon s e s  in 

greenhous e  whi t e f l y , 

M .  ; Kogan , M .  1 9 7 5b : Visual 

o r i ent at i o n  to p l an t s  by the 

Tri a l e urodes vap orari orum 

( H omopt e r a : Aleyrodidae ) 

appl i c a t a  1 8 ( 4 ) 4 1 2 - 4 2 2 . 

Ent omo l ogi a e xper iment a l i s  et 

Ve i r e ,  M .  van de ; Vacante ,  V .  1 9 8 4 a : Greenhou s e  whi t ef l y  

c ont r o l  through the c ombined u s e  o f  t h e  c o l our 

att r a ct i on s y st em with t he para s i t e  wasp En cars i a  

form o s a  ( Hym . : Aphel in i dae ) .  Ent omophaga 2 9 ( 3 ) 3 0 3 - 3 1 0 . 

Ve i r e , M .  van de ; Vac ant e , V .  1 9 8 4b :  Greenhouse whi t e f l y  and 

l e a f  miner cont r o l  by the c omb ined u s e  of the c o l our 

a t t r a ct i on s y s t em with the para s i t e  wasp , En cars i a  

form o s a  ( Gahan ) . Medede l i ngen van de Faculteit  

L an db ouwwe t e n s c h appen , Ri j k su n i ve r s it e i t ,  Gent 

.12 ( 1 )  1 0 7 - 1 1 4 . 



References 2 2 6  

Ve r s ch o o r -van der P oe l ,  P . J . G . ; Lenteren , J . C .  van 1 9 7 8 : Host 

p l ant s e l e ct i on by the greenhou s e  whi t e f l y  Tri a l e urodes 

vaporari orum (Westwood )  ( Homopte r a : Aleyrodidae ) . 

Medede l ingen van de F acult e i t  Landbouwwetens chappen 

Ri jksunivers i t e i t , Gent 4 3 / 2 : 3 8 7 - 3 9 6 . 

Vet ,  L . E . M . ; Lente ren , J . C .  van ; Woet s ,  J .  1 9 8 0 : The 

paras i t e -host r e l at i onship between En carsi a formosa and 

Tri a l e urodes vaporari orum p a rt I X . A review of the 

b i o l og i c a l  cont rol of the greenhous e  whi t e f l y  with 

s ugge s t i on s  f o r  future r e s earch . Z e i t s ch r i ft · fUr 

Angewandt e Ent omo logi e 9 0 : 2 6 - 5 1 . 

Vi anen , A .  van ; Xu , R . M . ; Lent e re n , J . C .  

p ar a s i t e -host re lat i onship between 

Gahan ( Hymenopt e r a ,  Aphe l in i dae ) 

van . 1 9 8 8 a : The 

En cars i a  formosa 

and Tri a l e urodes 

vaporari orum (Westwood) ( Homopte r a , Al eyrodida e ) . XXVI I .  

Feeding - s i t e  se l ect i on by the greenhouse whi t e f l y  on 

di f f e rent host-p l ant spec i e s . Journal of appl i ed 

entomol ooy 1 0 5 ( 2 ) 1 4 9 - 1 5 3 . 

V i ane n ,  A .  van ; Xu , R . M . ; Lent e ren , J . C .  van . 1 9 8 8b : The 

para s it e -host r e l at i onship between En cars i a  formosa 

G ahan ( Hymenopte ra , Aphe l in i da e ) and Tri a l e urodes 

vap o ra ri orum (We stwood)  ( Homopte r a ,  Ale y r o d i dae ) . 

XXVI I I . The inf luence o f  whi t e f l y  dens i t i e s  and 

t empe rature on the hor i z ont a l  d i sp e r s a l  of greenhous e  

whit e fl i e s . Jou rnal o f  appl i e d  ent omo l ogy 1 0 5 ( 5 )  4 3 6 - 4 4 9 . 

Walker ,  G . P .  1 9 8 7 : P robing and ovipos i t i on behaviour o f  the 

bayberry whi t e f l y  ( Homopt e ra : Aleyrodi dae ) on young and 

mature l emon l eave s . Ann a l s  of the ent omol ogi c a l  s o c i ety 

of Amer i c a  8 0 ( 4 ) 5 2 4 -5 2 9 .  

W a l ke r ,  G . P . ;  Gordh ,  G .  1 9 8 9 : The o c cu rrence o f  api c a l  l ab i a l  

sens i l l a  in the Aleyrodidae and evidence f o r  a c ontact 

chemosens ory funct i on . Ent omo l ogi a exper iment a l i s  et 

appl i cat a 5 1 ( 3 ) 2 1 5 - 2 2 4 . 



Re ferences 2 2 7  

Webb , R . E . ;  Smith , F . F . ;  Affeldt , H . ; Thimi j an ,  R . W . ; Dudle y ,  

R . F . ;  Webb , H . F . 1 9 8 5 : T rapping greenhous e  whit e f l y  with 

c o l oured surface s : var i ab l e s  a ff e c t i n g  e ff i c a c y . Crop 

prote c t i on 4 ( 3 ) 3 8 1 - 3 9 3 . 

Weber ,  H .  1 9 3 1 : Lebenswe i se und Umwe ltbe z iehungen von 

Tri a l e urode s  vaporari orum (Wes t w . )  ( Homopt e r a  

Al eurodin a ) . E r s t er B e i t ra g  z u  e in e r  Mon ograph i e  di e s e r  

Art . [ Bi o l ogy and environment a l  re l at i on s  o f  

Tri a l e urodes vaporari orum . F i r s t  c ont r ibut i on t o  a 

Monograph o f  t h i s  spe c ie s . ]  Z .  Mo rph . Oeko l . T iere 

Zl. : 5 7 5 - 7 5 3 . 

Woo l le y , J . T .  1 9 7 1 : Re f l e ct ance and t r an s m i t t ance o f  l i ght by 

l e ave s . P l ant phys i o l ogy 4 7 : 6 5 6 - 6 6 2 . 

Xu , R . M .  1 9 8 5 : Dynamics  o f  within - l e a f  spat i a l  di s t r ibut i on 

patt e rn s  o f  greenhouse whit e f l i e s  and t he b i o l og i c a l  

int erpret at i on s . Journal o f  appl i e d  e c o l ogy 2 2 ( 1 ) 6 3 - 7 2 . 

Xu , R . M . ; Z hu Q . i Zhang Z .  1 9 8 4 : A s y s t em app r o a ch t o  

greenhous e  whi t e f ly popu l a t i on dynam i c s  and s t r at egy for 

greenhous e  whi t e f ly cont rol  in China . Z e i t s ch r i ft fur 

Angewandt e Ent omo l ogie 9 7 : 3 0 5 - 3 1 3 . 

Xu , R . M . ; No l dus , 

p a ra s it e -host 

L . P . J . J . ; Lent e re n , J . C .  van . 1 9 8 8 : The 

re l at i on ship between En cars i a  formosa 

( Hymenopt e ra : Aphel in idae ) and Tri a l e ur o de s  vaporari orum 

( Homopt e r a : Aleyrodidae ) . XXI . S imul at i on mode l s  for  the 

within-p l ant ve rt i c a l  movement of adul t  greenhou s e  

whi t ef l i e s . Journal o f  appl i ed entomol ogy 1 0 5 ( 1 ) 1 - 1 3 . 

Xu , R . M . ; N o l dus , L . P . J . J . ; Lenteren , J . C .  van . 1 9 8 9 : The 

p a ra s i t e -host re l at i onship between 

Gahan ( Hymenopt e r a ,  Aphe l in i da e ) 

En c a rs i a  formosa 

and Tri a l e urodes 

vapora ri orum ( We stwood)  ( H omopt e r a ,  A l e y r o d i da e ) . XXI I . 

S imul at i on mode l s  for the betwe en-pl ant movement o f  

a du l t  greenhou s e  whi t e f l i e s . 

ent omo l ogy 1 0 8 ( 3 ) 2 3 4 - 2 4 4 . 

Jou rna l  o f  appl ied 



References 2 2 8  

Y amada , H .  i Koshihara , T . ;  Tanak a , K .  1 9 7 9 : [ P opul at ion 

growt h  o f  t h e  greenhouse whi t e f ly ,  

vapora ri orum Westwo o d ,  o n  greenh o u s e  

Tri a l e urodes 

cucumbers . ] 

Bu l l e t i n  o f  the vegetab l e  and o rn ament a l  crops r e s earch 

s t at i on A ( 5 ) 1 9 1 - 1 9 9 . 

Y an o , E .  1 9 8 7 : Cont rol  o f  the greenh ou s e  whi t e f l y  f 

Tri a l e urodes vap orari orum We stwood ( Homopt e r a : 

Aleyrodidae ) by the int e grat e d  u s e  o f  y e l l ow s t i cky 

t rap s and the para s i t e  En c a rs i a  form o s a  Gahan 

( Hymenopt er a : Aphe l in i dae ) Appl ie d  ent omo l ogy and 

z o o l ogy 2 2 ( 2 ) 1 5 9 - 1 6 5 . 

Y oung , S . ;  David,  C . T . ;  G i b s o n ,  G .  1 9 8 7 : L i ght mea surement 

f o r  ent omo l ogy in t he f i e l d  and l abo r at o ry . 

P hys i o l ogi c a l  ent omo l ogy 1 2 ( 4 ) 3 7 3 - 3 7 9 .  



Appendix 1 :  Rearing system 2 2 9  

Appendice s 

Appendix 1 :  Rearing system for greenhouse whitefly 

The whi t e f l i e s  u s e d  i n  the e xperiment s in t h i s  t he s i s  we re 

i n i t i al ly re ared on t obacco cv . Whi t e  Bur l ey but t h i s  was  changed 

t o  cv . Burl e y  2 1  as t he Whi t e  Burley s e e d  mut a t e d  and the p l ant s 

were n o  l onger t rue t o  t ype and no fre s h  s ee d  wa s i mmedi at e l y  

ava i l ab l e . 

The s y s t em u s e d  was adapte d  from the G l a s s h o u s e  Crops Re s earch 

Growe r s ' Bu l l e t in N o . 2 ( 1 9 7 5 ) . 

P l ant raising 

Once a fort n i ght 6 - 1 0  s eeds were s own . E a ch week 3 - 6  pl ant s were 

p r i cked out int o 1 0  cm pot s and 3 p l ant s f o rm t he 1 0  cm pot s 

bagged i nt o  PB5 p l anter bags . Al l p l ant s were kept in a 

g l a s shouse i n  c age s c ove red with t eryl ene sheer t o  keep out a l l  

i n s e ct s . 

Whitefly rearing 

F o r  a gener a l  view of the whit e f l y  rearing c a ge s  s e e  Photograph 

3 .  

T hi s  was c a rried out in a s eparate gl a s shou s e . Three c l e an 

p l ant s ,  with 1 0 - 1 2  l e ave s and growing t ip s  remove d ,  were p l aced 

i n  a c age with other p l ant s i n f e s t ed with adu l t  whi t e f l i e s . The s e  

p l ant s were shaken t o  a s s i s t  t ra n s f e r  o f  adu lt s  t o  t he c le an 

p l ant s . The f o l l owing day , or  two days l a t e r ,  the three p l ant s 

were s haken gent l y  t o  remove s ome o f  the adu l t s and t rans f e rred 

to a fumigat i on box c ons i st ing of a c age c overed i n  c l e a r  p l a s t i c  

w i t h  a d i ch l o rvos p e s t  s t r i p  t o  k i l l  a l l  adu l t s .  
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The f o l l ow ing day , o r  two days l at e r , when a l l  the adu l t s  were 

de ad the three p l ant s were t rans ferre d  to a s c a l e  deve l opment 

c age whi c h  was free o f  a du l t s .  They remained here unt i l  the 

adu l t s  were c l o s e  to hat ching . Onc e  a wee k  t he three o ldest 

p l ant s in the s c a l e  deve l opment c a ge s  were t rans fe rred to the 

adu l t  emergence c a ge . The adult s that emerged from t he s e  p l ants 

were e ither u s e d  in experiment s o r  became a s ource o f  adu l t s  for 

egg-l aying on othe r c l e an p l ant s . 

wate ring and feeding 

The p l ant s were watered every 1 -2 days and fed t w i c e  a wee k  with 

2 5 0 - 4 0 0  ml o f  nut r i ent s o lut i on made up as f o l l ows : 

2 6  g urea 

2 6  g monoamon i um pho sphate 

2 6  g pot a s s ium n i t rate 

9 gal l ons of wat e r  

Extra short t e rm O smoc o t e  was added when p l ant s we re bagged up . 

Pest control 

S lugs we re c ont r o l l e d  with Mesurol pe l let s and aphids  with 

pyrimiphos at a c oncent rat i on of 2 � 2 g / l it re . Spray ing in the 

a du l t  emergence c age was  avo i de d  a s  much as p o s s ib l e  a s  

pyr imiphos wi l l  c a u s e  s ome adult mo rta l i t y . T w o  spott e d  s p i de r  

m i  t e s  were c ont r o l l ed by p l ac ing t h e  a f fe c t e d  p l ant s in the 

fumigat i on box for 1 - 2 day s  and again in 1 0  days t ime to k i l l  the 

nymphs that have hat ched from eggs . 

Records 

Each p l ant was g i ven a number on a l abe l . Dat e s  of a l l  the 

oper at ions  above were r e c o rded in a n ot eb o o k  with t he p l ant 

number s . ,�l s o  the maximum and min imum t emperature s in both t he 

p l ant r a i s ing and whi t e f l y  rearing g l a s shou s e  were r e c orded once 

a wee k . 
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Temperatu.re 

I t  was d i f f i cult t o  cont r o l  the temperature in both g l a s s hou s e s  

a n d  t h e  r ange s throughout a year were : p l ant r a i s ing g l a s s hous e  

minimum 1 3 - 2 0° C ( me an 1 6 . 8° C )  and max imum 2 4 - 4 1° C (mean 2 7 . 5° 

C ) ; whi t e f l y  r e a r i ng g l a s shouse min imum 3 - 2 0° C ( me an 1 3 . 5° C )  

and maximum 2 1 - 3 7° C (mean 2 8 . 3° C )  Thi s  vari at i on i n  

t empe rature meant t hat the deve l opment t ime o f  both p l ant s and 

whit e f l i e s  var i e d  cons i de rab ly . The t ime from s owing s e e d  unt i l  

a du l t  whi t e f l i e s  were ready t o  use i n  experiment s was 5 - 6  month s . 

The deve l opment t ime for  adult white f l i e s  was 4 - 9  wee k s . 

Soil mix 

p e at 6 0  1 

s and 4 0  1 

d o l om i t e  3 0 0  m l  

O s mo c o t e  l o ng t erm 1 3 0  ml 

s h o rt t e rm 7 5  ml 

M i c r omax 9 0  m l  

wat e r  1 0  1 



Phot ograph 3 

Gene r a l  view o f  c age s o f  whi t e f l y  re aring s y s t em . 



Table Al - l / l  

Adult prefe rence for lowe r or up,Per l e a f  surface o f  i ntact pl ant s 
under 4 orientat l on / l ight regimes . 

Tomato cv . V i r o s a  

a .  Compari s on of lower and upper l e a f  surface s . 

Sum o f  
adu l t s  

o n  leaves 

Down 
Shade 

Lower 

Li
u��e r  

�owe r 
Upper 

Up 
Shade 

Lowe r 

Li
u��e r  

�owe r 
Upper 

E xpt . 
1 - 1 / 1  

2 hours 

Expt . Total 
1 - 1 / 2  

Expt . 
1 - 1 / 1  

2 4  hours 

Expt . Tot a l  
1 - 1 / 2  

2 0 8  a 22 8 a 4 3 6  a 2 0 9  a 2 6 1  a 4 7 0  a 
4 2  c 3 8  c 8 0  c 1 1 4  b 4 5  c 1 5 9  b 

8 1  b 8 6  b 1 6 7 b 7 3  c 7 8  b 1 5 1  b 
2 6  cd 2 5  c 5 1  c 2 7  d 1 7  d 4 4  c 

1 8  d 8 d 2 6  d 3 7  d 3 4  cd 7 1  c 
o e 2 d 2 e 3 e 4 e 7 e f  

3 e 9 d 1 2  de 8 e 0 e 8 e 
1 e 1 d 2 e 0 e 0 e 0 f 

Figure s w ith the same letter within e ach c o lumn a re not 
s igni fi c ant l y  different (P> O . O l ) . 

c ont inued . . .  
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Sum o f  
adults 

on leave s 

- - - - - - - - -- - -

2 hours 
Expt . 1 - 1 / 1  
Expt . 1 - 1 / 2  

24 hours 
Expt . 1 - 1 / 1  
Expt . 1 - 1 / 2  

- - - - - - - - - - - -

P l ant n o . 

Table Al - l / l  cont i nued . 

b :  Compari son o f  experiments  and t ime s . 

Down 

Shade Light Shade 

Lower Uppe r Lower Uppe r  Lower Upper 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 0 8  a 4 2  b 8 1  a 2 6  a 1 8  bc 0 a 
2 2 8  a 3 8  b 8 6  a 2 5  a 8 c 2 a 

2 0 9  a 1 1 4  a 7 3  a 2 7  a 3 7  a 3 a 
2 6 1  a 4 5  b 7 8  a 1 7  a 3 4  ab 4 a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 1 3 4 4 3 

Up 

Light 

Lowe r Upper 
- - - - - - - - - - - - - -

3 ab 1 a 
9 a 1 a 

8 a 0 a 
0 b 0 a 

- - - - - - - - - - - - - -

1 2 

F i gures with the same l e t t e r  within  each co lumn are not s i g n i f i cant l y  d i f ferent ( P > O . O l ) . 
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Tab l e  Al - l /2 

Adu lt pre ference for y ounger o r  o lder l e ave s o f  
int act p l ant s under 4 o rientat i on / l i ght regime s . 

T omat o cv . Vi r o s a  

a .  Leaf age grouping : o lde st : 1 - 3 ;  y ounge s t : 9 - 1 3 . 

Sum o f  

adu l t s  

o n  leaves 

Experiment 1 - 1 / 1  

2 hours 
Lea f  number 

1- 3 olde s t  
4 - 8 
9 - 1 3  

Totals 

2 4  hours 
Lea f  number 

1 - 3 oldest 
4- 8 
9 - 1 3  

Totals 

Experiment 1 - 1 /2 

2 hours 
Lea f  number 

1 - 3 olde st 
4- 8 
9 - 1 3  

Totals 

2 4  hours 
Leaf number 

1- 3 olde s t  
4 - 8 
9 - 1 3  

Totals 

Gravity direct i on 

Older Younger Younger Older 
to to t o  t o  

younger o lder o l de r  y ounger 

Light direct i on 
Leave s neare st l i ght s ource 

Olde r  Younger Olde r  Y ounge r 

P l ant numb e r  

1 2 3 4 

1 5  a 1 0  b 7 a 
2 2  1 3 0  6 1  

8 a 6 9  a 1 3  a 
4 5  2 0 9  8 1  

3 6  
7 7  

9 
1 2 2  

1 0  
2 5  
1 2  
4 7  

a 2 1  
1 4 3  

b 4 5  
2 0 9  

a 1 0  
1 4 2  

a 7 7  
2 2 9  

b 6 
5 9  

a 1 1  
7 6  

b 5 
6 9  

a 1 4  
8 8  

a 

a 

a 

a 

1 0  a 
3 0  

1 3  b 
1 6 3 

4 a 
6 4  

5 a 
4 5  

8 5  a 
2 61 

1 4  a 
8 2  

5 a 
3 9  

o a 
4 4  

1 5  
3 7  
1 2  
64 

6 
2 5  

2 
3 3  

1 1  a 
3 0  
1 0  a 
5 1  

a 

a 

a 

a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c ont inued . 
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Table Al-l/2  cont inue d . 

b .  Leaf age group ing : o lde st : 1 - 4 ; y ounge s t : 8 - 1 3 . 

Sum o f  

adult s 

on leaves 

Experiment 1 - 1 / 1  

2 hours 
Leaf number 

1- 4 o ldes t  
5 - 7 
8 - 1 3  

Total s  

2 4  hours 
Leaf numbe r 

1 - 4 o lde st 
5- 7 
8 - 1 3  

Total s 

Experiment 1 - 1 / 2  

2 hours 
Lea f  number 

1- 4 o lde st 
5- 7 
8 - 1 3  

Totals 

2 4  hours 
Leaf number 

1- 4 o lde st 
5 - 7 
8 - 1 3  

Total s  

Gravit y  direct ion 

Olde r  Y ounger Y ounger Olde r  
t o  t o  t o  t o  

younger o l de r  o lde r y ounger 

L i ght di rect i on 
Leave s neare st l ight s ource 

Olde r  Y ounger Older Y ounge r 

P l ant number 

1 2 3 4 

2 2  a 
1 4  

2 3  
6 7  

1 1 9  
2 0 9  

9 a 
4 5  

5 0  
3 8  
2 4  

1 2 2 , 

a 3 0  
8 8  

b 9 1  
2 0 9  

a 

a 

b 

b 

1 9  
4 5  
1 7  
8 1  

1 7  
4 2  
1 7  
7 6  

a 

a 

a 

a 

1 5  
2 7  

2 
4 4  

1 9  
2 2  
2 3  
64 

a 

a 

a 

1 7  a 
1 7  

2 8  b 
6 6  

1 6  a 
5 4  

1 7  a 
1 2  

b 

1 3  a 
4 7  

1 3 5  a 
2 2 9  

1 8  a 
8 8  

4 b 
3 3  

2 1  a 
1 3  
1 1  a 
4 5  

2 3  b 
1 1 1  
1 2 7  a 
2 61 

1 4  a 
5 0  
1 8  a 
8 2  

1 2  a 
2 2  
1 7  a 
5 1  

Figure s within e a c h  c o l umn ( exc luding t ot al s )  w i t h  the s ame 
letter are not s ign i f i cant ly different ( P > O . O l ) . 



Table Al - 2 / 1  

Adu lt preference for l ower o r  upper l e af surface of exci s ed l e a f l et s  
unde r  1 6  or ient at i on / l ight regimes . 

Tomat o cv . Viro s a . 

a .  Sum o f  adu l t s  on leaflets  where they were either present o r  absent at the start . 

A Down In shade 
" P resent " at st art 
"Absent " at start 
Down In light 
" P res ent " at start 
"Absent " at start 
Up In shade 
"Present " at start 
"Absent " at start 
Up In light 
"Present " at start 
"Absent " at start 

B Down Side ( L) 
" P resent " at st art 
" Absent " at st art 
Down Side (R) 
" P resent " at st art 
"Absent " at start 
Up Side ( L) 
" P re sent " at start 
"Abs ent " at start 
Up Side (R) 
"Pre sent " at start 
"Absent " at start 

o hours 12 hours 

Lower 
surface 

9 6  a ( 2 )  
2 b ( 2 ) 

1 3 4  a ( 3 )  
3 b ( 3 )  

8 8  a ( 4 )  
2 b ( 4 )  

1 2 2  a ( 1 )  
7 b ( 1 )  

7 4  a ( 7 )  
8 b ( 7 )  

6 8  a ( 8 )  
o b ( 8 )  

7 5  a ( 5 )  
2 b ( 5 )  

9 3  a ( 6 )  
1 1  b ( 6 )  

Upper 
surface 

1 0 9  a ( 1 )  
1 b ( 1 )  

1 2 8  a ( 4 )  
o b ( 4 )  

1 0 8  a ( 3 )  
o b ( 3 )  

1 0 8  a ( 2 )  
o b ( 2 )  

7 6  a ( 5 )  
o b ( 5 }  

1 0 5 a ( 6 ) 
9 b ( 6 ) 

9 1  a ( 7 )  
1 b ( 7 )  

9 2  a ( 8 )  
o b ( 8 )  

Lowe r 
surface 

1 8 7 a ( 2 )  
2 3 2 a ( 2 )  

2 1 9  a ( 3 ) 
2 1 7  a ( 3 )  

5 9  a ( 4 )  
50  a ( 4 )  

3 a ( 1 )  
8 a ( 1 )  

2 0 1  a ( 7 )  
2 4 2  a ( 7 )  

1 9 9  a ( 8 )  
2 4 7  a ( 8 )  

7 6  a ( 5 )  
3 0  b ( 5 )  

5 3  a ( 6 ) 
7 6  a ( 6 ) 

Upper 
surface 

1 9 1  a ( 1 )  
2 0 4  a ( 1 )  

1 6 1 a ( 4 )  
1 3 7 a ( 4 )  

1 8  a ( 3 )  
6 a ( 3 )  

o a ( 2 )  
1 a ( 2 )  

1 5 0  a ( 5 )  
1 2 4  a ( 5 )  

1 1 6  b ( 6 )  
1 6 4 a ( 6 )  

2 a ( 7 )  
4 a ( 7 )  

5 a ( 8 )  
1 a ( 8 )  

continued 
N 
W 
-..J 



Table Al - 2 / 1  a .  cont inued . 

0 hours 1 2  hours 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Lower up¥er Lower up¥er surface sur ace surface sur ace 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

e Ve rt . (L �  In shade "Present ' at start 1 1 2  a � � l 6 0  a � I I I � S g  a � § l 7 2 ab H l l "Absent " at start 1 b I) b 1 1  a 4 0  
Vert . (R� In shade 

ab H 8 l "Present ' at start 'S � 1 1 5  a � 1 2 l 2 3 8  a aS l  8 0  a a� l  "Absen� " at si�rt 1 b 1 2  2 1 6  a 7 1  a 
Vert . L�  In ��ht � � l " P r e s e n t: ' a t  s L  r: L r 6  ab H U  1 1 6 a � � l 2 0 2  (1 

� I I I 2 8  a "Absen1 " a t s£� r t: b 1 7 2  a 1 1  7 b 
Vert . R� In �9.ht 

1 
� I I I " Present ' at sta rt 1 0 6 a � 1 2 l 6 � . a � 1 1 l 1 4 7  a g � l  a "Absent " at start b 12 b 1 1 1 1 6  a a 1 1  

0 Vert . (L � Side (Lf. "Present ' at star 1 0 �  ab Hj l  8 3  ab Hj l  2 0 2  ab Hj l  5 7  ab H j l  "Absent " at start 1 1 4 6  1 7  
Vert . (L �  Side (Rf. " Present ' at star 1 0 8  a � 1 4 l 75 a � 1 4 l 1 7 4  a H 4 l  2 7  a H4 l  "Absent " at start 4 b 1 4  0 b 1 4  1 9 3 a 4 0  a 
Vert . (R� Side (Lf. "Pre sent ' at star 8 8  a � 1 5 l 8 2  a � 1 5 l 1 6 3  a a� l  2 8  a a� l  "Absent " at start 1 b 1 5 0 b 1 5 1 9 6 a 3 9  a 
Vert . (R) Side (Rf. 1 1 0  a � 1 6 l 6 8  a � 1 6 l 1 9 1  a � l  32 a� l  "Present ' at star a a "Absent " at start 1 b 1 6  5 b 1 6  1 8 5  a 1 5 a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Figure� with th� same letter for each RGiir o f  "present " and " absent " numbers are not s lgni f lcant ly dlfferent ( P >O . 0 1 ) . The rlgures in brackets are the treatment ( leaflet ) numbers and correspond with those in F ig . 1-2 . . Figures are the sum from 4 cages . contlnued 
N 
W 
CD 



Table Al - 2 / 1  
.. cont inued . 

Adult preference for l ower or upper leaf surface of excised leaflets under 16 orientat ion/ + ight regimes . Tomato cv . Vlrosa 
b .  Sum of adults on lower and upper surface of leaflets both under the same conditions . 

o hours 12 hours 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

" P resent " "Absent " " P resent " "Absent " at start at start at start at start 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -A Down In shade Lower surface 9 6  a � f �  2 a � f � 1 8 7  a � f � 232 a � f �  Upper surface 1 0 9  a 1 a 1 9 1  a 2 b 

Down In l i ght Lower surface 1 3 4  a � � � 3 a � � �  2 1 9  a � � � 2 1 7  a � � �  Upper surface 1 2 8  a 0 a 1 6 1  b 1 3 7 b Utower In shade surface 8 8  a � j � 2 a � j � 5 9  a � j �  5 0  a � j � Upper surface 1 0 8  a 0 a 1 8  b 6 b UEower In l i ght surface 122 a � � � 7 a � � �  3 a � � �  8 a � � � Upper surface , 1 0 8  a 0 b 0 a 1 a 
B Down S ide (L ) Lower surface 7 4  a g �  8 a � � � 2 0 1  a g �  2 4 2 a � � � Upper surface 7 6  a 0 b 1 5 0  b 1 2 4  b 

Down Side (R) Lower surface 6 8  b � � � 0 b � � � 1 9 9  a � � � 2 4 7  a � � � Upper surface 1 0 5  a 9 a 1 1 6  b 1 6 4  b Utower Side ( L) surface 7 5  a pn 2 a p �  � 7 6  a � � �  3 0  a � � �  � Upper surface 9 1  1 2 b 4 b '0 a a 'd UEower S i de (R) (1) :J surface 9 3  a � � � 1 1  a � � � 5 3 a � � � 7 6  a � � � 0-Upper surface 92 a 0 b 5 b 1 b fJ-� 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

t-3 
III cont inued tJ I-' (1) en 

N 
W 
� 



Table Al - 2 / 1  b .  cont inued . 

e Vert . ( L )  In shade Lower surface Upper surface 
Vert . (R) In shade Lower surface Upper surface 
Vert . ( L )  In light Lower surface Upper surface 
Vert . (R) In light Lower surface Upper surface 

D Vert . (L) Side ( L )  Lower surface Upper surface 
Vert . ( L )  Side (R)  Lower surface Upper surface 
Vert . (R)  Side ( L) Lower surface Upper surface 
Vert . (R)  Side (R) Lower surface Upper surface 

o hours 1 2  hours 
"Present " at start 

1 1 2  a ( 9 )  6 0  b ( 1 1 )  
5 3  b ( 1 0 )  1 1 5 a ( 1 2 )  
5 1  b ( l l )  1 1 3  a ( 9 )  

1 0 3  a ( 1 2 )  6 5  b ( 1 0 )  
1 0 5  a 8 3  a 
1 0 8  a 7 5  a 
8 8  a 8 2  a 

a� �  
H � l  
( 1 5 ) ( 1 5 ) 

1 1 0  a ( 1 6 )  6 8  b ( 1 6 )  

"Absent " at start 
1 a ( 9 )  4 a ( 1 1 )  
9 a ( 1 0 )  1 a ( 1 2 )  

1 0  a ( 1 1 )  
o b ( 9 )  
o a ( 1 2 )  2 a ( 1 0 )  

i � a� l  
6 � H� l  
1 a ( 1 5 )  
o a ( 15 )  
1 a ( 1 6 )  5 a ( 1 6 )  

" P re sent " at start 
2 0 6  a ( 9 )  7 2  b ( 1 1 )  
2 3 8  a ( 1 0 )  8 0  b ( 1 2 )  
2 0 2  a ( 1 1 )  2 8  b ( 9 ) 
1 4 7  a ( 1 2 )  

9 b ( 1 0 )  
2 0 2  a ( 1 3 ) 5 7  b ( 1 3 )  
1 7 4  a ( 1. 4 )  2 7  b ( 1 4 )  
1 6 3  a ( 1 5 )  2 8  b ( 1 5 )  
1 9 1  a ( 1 6 ) 3 2  b ( 1 6 ) 

"Absent " at start 
2 0 5 a ( 9 ) 4 0  b ( 1 1 )  
2 1 6  a ( 1 0 )  7 1  b ( 1 2 )  
1 7 2 a ( 1 1 )  7 b ( 9 ) 
1 1 6  a ( 1 2 )  7 b ( 1 0 )  
1 4 6  a ( 1 3 )  1 7  b ( 1 3 )  
1 � 6  ab H � l  
1 9 6  a ( 1 5 )  3 9  b ( 1 5 )  
1 8 5  a ( 1 6 )  1 5  b ( 1 6 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Figures with the s ame letter for each pair o f  lower and upper leaf surface numbers are not significantly different (P>O . O l ) . The figures in bracket s are the treatment ( le aflet ) numbers and correspond to those in Fig . 1-2 . F igures are the sum from 4 cages . cOQt inued 
tv 
.z:,. 
o 



Table Al - 2 / 1  cont inued . 
Adult preference for l ower or upper leaf surface o f  excised leaflets under 1 6  orientation / l ight regimes . Tomato cv . Virosa 

c .  Sum of adults in the orientation / l ight regimes . 

Lower surface 

A Down Down Up Up 
B Down Down Up Up 

In shade In light In shade In l ight 
Side ( L )  S ide (R )  S ide (L )  S ide ( R) 

e Vert . ( L )  I n  shade Vert . (R )  In shade Vert . ( L )  I n  light Vert . (R )  I n  l ight 
D Vert . ( L )  S ide ( L )  Vert . ( L )  S ide (R )  Vert . (R )  S ide ( L )  Vert . ( R) S ide ( R) 

o hours 
"Pre sent " at start 

9 6  a 1 3 4 a 8 8  a 1 2 2  a 
7 4  a 6 8  a 7 5  a '  9 3  a 

1 12 a 5 3  b 5 1  b 1 0 3  a 
1 0 5 a 1 0 8 a 8 8  a 1 1 0  a 

( 2  ) ( 3  ) ( 4  ) ( 1  ) 
. ( 7 )  ( 8  ) ( 5  ) ( 6 )  
( 9  ) ( 1 0  ) ( 1 1  ) ( 12 )  

( 1 3 ) ( 1 4 )  ( 1 5 )  ( 1 6  ) 

"Absent " at start 

2 a 3 a 2 a 7 a 
8 ab 
o . c 2 bc 11 a 

( 2  ) ( 3 )  ( 4 ) ( 1 )  
( 7 )  ( 8 )  ( 5  ) ( 6 )  

1 bc ( 9 ) 9 ab ( 1 0 )  1 0  a ( 1 1 )  
o c ( 1 2 )  
3 a 4 a 1 a 1 a 

( 1 3  ) ( 1 4 )  ( 1 5 )  ( 1 6  ) 

1 2  hours 
"Present " at start 

1 8 7  a ( 2 )  2 1 9  a ( 3 )  5 9  b ( 4 )  3 c ( 1 )  
2 0 1  a ( 7 )  1 9 9  a ( 8 )  7 6  b ( 5 )  5 3  b ( 6 )  
2 0 6  2 3 8  2 0 2  1 4 7  

a ( 9 )  a ( 1 0 )  a ( 1 1 ) 
b ( 1 2 )  

2 0 2  a 1 7 4  a 1 63 a 1 9 1  a 
( 1 3  ) ( 1 4 )  ( 1 5  ) ( 1 6  ) 

"Absent " at start 

232 a ( 2 )  2 1 7  a ( 3 )  5 0  b ( 4 )  8 c ( 1 )  
( 7  ) ( 8 )  c ( 5 )  

2 4 2  a 2 4 7  a 3 0 7 6  b ( 6 ) 
2 05 a 2 1 6  a 1 7 2 a 1 1 6  b 

( 9 )  ( 1 0 )  ( 1 1  ) ( 1 2 )  
1 4 6  b ( 1 3 )  1 9 3  a ( 1 4 )  1 9 6  a ( 1 5 )  1 8 5  a ( 1 6 ) 

cont inued 



Table Al - 2 / 1  c .  cont inued . 

o hours 1 2  hours 

Upper surface 

A Down Down Up Up 
B Down Down Up Up 

In shade In light In shade In light 
Side ( L )  Side ( R Side ( L )  Side ( R)  

e Vert . (L)  In shade Vert . ( R) In shade Vert . ( L )  I n light Vert . ( R )  In l ight 
D Vert . ( L )  Side ( L )  Vert . ( L )  Side ( R )  Vert . (R )  Side ( L )  Vert . (R)  Side ( R) 

"Present " at ' st art 

1 0 9 a 1 2 8  a 1 0 8 a 1 0 8 a 
( 1  ) ( 4  ) ( 3  ) ( 2  ) 

7 6  a '  ( 5  ) ( 6 )  ( 7  ) ( 8  ) 
1 05 a 91 a 92 a 
60 b ( 1 1  1 1 5 1 1 3  65 

a ( 1 2  a ( 9  

8 3  a 75 a 82 a 6 8 a 

b ( 1 0  
( 1 3  ) ( 1 4  ) H� l  

"Absent " at start 

1 a ( 1 )  o a ( 4 ) 
o a ( 3 )  
o a ( 2 )  
O b  ( 5 ) 
9 a ( 6 ) 1 ab ( 7 )  
o b ( 8 )  
4 a ( 1 1 ) 1 a ( 1 2 )  o a ( 9 )  2 a ( 1 0 )  
1 a ( 1 3 )  o a ( 1 4 )  o a ( 1 5 )  5 a ( 1 6 )  

"Present " at start 

1 9 1 a ( 1 )  1 6 1 a ( 4 )  1 8  b ( 3 )  
o c ( 2 )  

1 5 0 a ( 5 )  1 1 6  a ( 6 )  2 b ( 7 )  5 b ( 8 )  
7 2  a ( 1 1 )  8 0  a ( 1 2 )  2 8  b ( 9 )  

9 c ( 1 0 )  
5 7  a ( 1 3 )  2 7  b ( 1 4 )  � �  g g � l  

"Absent " at start 

2 0 4  a ( 1 )  1 3 7  b ( 4 )  6 c ( 3 )  1 c ( 2 )  
1 2 4  a ( 5 )  1 64 a ( 6 ) 4 b ( 7 )  1 b ( 8 )  
4 0  b ( 1 1 )  7 1  a ( 1 2 )  7 c ( 9 )  

7 c ( 1 0 )  
1 7  b ( 1 3 )  4 0  a ( 1 4 )  
I §  ab g� l  

Figures with the same letter for each group of four orientation / l ight are not s ignificantly di fferent (P>O . O l ) . Figures in brackets are the (treatment ) numbers and correspond with those in Fig . 1 -2 . 
regime numbers leaflet 

Figures are the sum from 4 cages . N 
� 
N 



2 4 3  Appendix Table s  

Table Al - 3 / 1  

Adult pre ference for l ower or upper surface 
of leaf di s c s  - cho ice f e st . 

i .  T omato cv . Virosa 
Sum and percent o f  adult s  on leaf di s c s . 

Lowe r  surface Upper surface 
- - - - - - -- --- - -- - - - - - - - - - - - - - - - - - - - - - - - -

Hours 0 . 2 5 7 8  5 9 %  55 4 1 %  0 . 5 0  8 6  5 8 %  6 3  4 2 %  0 . 7 5 8 8  5 6 %  6 8  4 4 %  1 .  0 0  9 2  5 9 %  6 5  4 1 %  1 . 25 9 4  5 9 %  65 4 1 %  1 .  5 0  9 7  6 0 %  6 6  4 0 %  1 .  7 5  9 9  6 0 %  6 5  4 0 %  * *  2 . 0 0 1 0 1  6 1 %  6 4  3 9 %  * *  2 . 5 0  9 9  6 1 %  6 2  3 9 %  * *  3 . 0 0 1 0 0  6 3% 5 8 37% * *  3 . 5 0 9 6  6 2 % 5 8  3 8 %  * *  4 . 0 0 9 3  6 1 %  6 0  3 9 %  * *  5 . 0 0 8 7  62% 5 4  3 8 %  * *  6 . 8 0 �4 5 9 %  6 1  4 1 %  2 4 . 0 + 7 4 %  M 1 6  2 6% 
- - - - - - - - - - - - - - - -- - - - -------- - - - - - - - - - - - -

+ The c o rre sponding figure for a mi s s ing value h a s  been 
removed . 

M Mi s s ing value in one cage . 
* *  S i gn i f l c ant differences ( P < O . O l )  for that t ime . 

i i . T obacco cv. White Burley . 
Sum and percent o f  adult s on l e a f  di s c s . 

Hours 0 . 2 5 0 . 5 0 0 . 7 5 1 .  0 0  1 . 2 5 1 .  5 0  1 .  7 5 2 . 0 0 2 . 5 0 3 . 0 0 3 . 5 0 4 . 0 0 5 . 0 0 6 . 0 0 2 4 . 0 0 

Lower surface 

6 1  7 0  7 4  7 3  7 7  7 6  7 7  7 6  8 4  8 6  8 5  8 8  8 5  9 8  8 8  

5 4 %  53% 5 4 %  52 % 52% 52 % 52% 52% 55% 5 6 %  5 6 %  5 6 %  5 6 %  5 7 % 5 4 %  

Upper surface 

5 3  6 1  6 4  6 7 7 0  7 1  7 1  6 9  6 9  I �  6 7  7 5  7 6  

4 6 % 4 7 %  4 6 % 4 8 %  4 8 % 4 8 %  4 8 %  4 8 %  4 5 %  4 4 %  4 4 % 4 4 %  4 4 %  4 3 %  4 6 % 
None o f  the numbers for any one t ime are s i gn i f ic ant l y  
di f fe rent ( P > O . O l ) . 

c ont inued . 



Appendix Tables 2 4 4  
Table Al - 3 / 1  c ont inued . 

i i i . Ab u t i l on sp . 

Sum and percent o f  adults on leaf di s c s . 

Hours 0 . 2 5  0 . 5 0 0 . 7 5 1 .  0 0  1 . 2 5  1 . 5 0 1 .  7 5  2 . 0 0 2 . 5 0  3 . 0 0 3 . 5 0  4 . 0 0 5 . 0 0 6 . 0 0 2 4 . 0 0 

Lower surface 

8 0  8 5  8 6  8 7  8 7 85 8 6  8 7  7 7  
+ 7 4  6 6  
+ 6 6  
+ 6 6  
+ 5 4  
+ 5 3" 

4 2 %  4 4 %  4 3 %  4 3 %  4 3 %  4 3 %  4 4 %  4 3 %  3 9 %  3 7 %  3 3 %  3 3 % · · · 3 0 %  3 2 %  4 0 %  

Uppe r  surface 

1 1 2 1 1 0  1 1 3  1 1 4  1 1 3  1 1 4  1 1 0  1 1 3  1 1 9  1 2 5  1 3 3  1 3 7  1 52 1 1 6  8 1  

5 8 %  5 6 %  5 7 %  5 7 %  5 6 %  5 7 %  5 6 % 5 6 %  6 1 %  6 3 %  * *  6 7 %  6 7 %  * *  7 0 %  * *  6 8 %  * *  6 0 %  * *  

* *  S igni f i c ant di fference ( P < O . O l )  within e ach t ime . 
+ Numbers on leaf surfac e s  are dependent on c age 

number .  

iv . Da t ura sp . 

Sum and percent o f  adults on leaf di s c s . 

Hours 0 . 2 5 0 . 5 0 0 . 7 5 1 .  0 0  1 . 25 1 . 5 0 1 .  7 5  2 . 0 0 2 . 5 0 3 . 0 0 3 . 5 0 4 . 0 0 5 . 0 0 6 . 0 0 2 4 . 0 0 

Lower surface 

95 1 0 5  1 1 0  1 1 7  1 2 1  1 2 3  1 2 8  1 3 0  1 3 4  1 3 4  1 32 1 35 1 4 0  1 4 6  1 8 2  

6 0 %  5 9 %  6 0 %  6 0 %  6 1 %  6 2 %  6 2 %  6 2 % 6 2 % 6 2 %  6 1 %  6 2 %  6 2 %  6 2 % 7 5 %  

Upper surface 

6 3  7 2  7 3  7 7  7 6  7 5  7 9  8 1  8 1  8 1  8 4  8 4  8 5  8 9  6 2  

4 0 %  4 1 %  4 0 %  * *  4 0 %  * *  3 9 % * *  3 8 %  * *  3 8 %  * *  3 8 %  * *  3 8 %  * *  3 8 %  * *  3 9 % * *  3 8 %  * *  3 8 %  * *  3 8 %  * *  2 5 %  * *  

* *  S i gn i f i c ant di fference ( P < O . O l )  within each t ime . 



Table Al - 3 / 2 

i .  Tomat o cv . Viro s a . 

Adu lt pre ference for l ower or upper l e a f  surface and 
four leaf  age s of l e a f  di scs - cho i c e  t e s t . 

Sum o f  adult s 

on l e a f  d i s c s  

Lower surface 
L e a f  age 

'I younge s t  3 2 1 o l dest 

Upper surface 
Leaf age 4 younge st 3 2 1 o l dest 

a .  Compars i on o f  leaf age s . 

0 . 1 7 

'1 0  a 5 8 a 37 a 34 a 

3 3 a 3 6  a 4 8  a 3 1  a 

0 . 5 0 

52 a 6 9  a 52 a 52 a 

4 1  a 4 4  a 55 a 3 8  a 

l .  0 0  

5 9  a 7 8  a 6 0  a 65 a 

4 4  a 4 7  a 5 9  a . 4 3  a 

Hours 

1 . 3 0 1 3 . 5 0 2 4 . 0 0 37 . 5 0 

55 a 5 1  a 5 0  a 4 9  a 

32 a 4 0  a 5 0  a 3 2  a 

9 7  a 9 1  a 8 3  a 7 8  a 

4 1  a 32 a 4 7  a 3 8  a 

4 4  a '1 5  a 4 0  a 34 a 

25 a 2 1  a 2 6  a 1 8  a 

7 9  a 7 7 a 4 8  b 34 b 

4 0  a 2 6  a 3 3 a 2 4 a 

F i gures with the s ame letter within each time and l e a f  s ur face are not 
s i gn i f i cant l y  different ( P > O . O l ) . 

.B' '0 (1) :J 0-f-'o 
� 

cont inued . . . t-3 � f-' (1) (J) 

N 
,,,," 
In 



Table Al - 3 / 2 i .  cont i nued . 

b .  Sum o f  adu l t s  on l ower or upper surface o f  leaf d i s c s . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum of adu l t s  Hours 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

on l e a f  d i s c s 0 . 1 7 0 . 5 0 1 . 0 0 1 . 3 0 1 3 . 5 0 2 11 . 0 0  37 . 5 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Leaf age 
4 youngest 

Lower 4 0  a 5 2  a 5 9  a 55 a 9 7  a 4 4  a 7 9  a 
Uppe r 3 3 a 4 1  a 4 4  a 32 a 4 1  b 25 a 4 0  a 

3 
Lower 5 8  a 6 9  a 7 8  a 5 1  a 9 1  a 4 5  a 7 7  a 
Upper 3 6  a 4 4  a 4 7  b 4 0  a 3 2  b 2 1  b 2 6  b 

2 
Lower 37 a 5 2  a 6 0 a 5 0  a 8 3  a 4 0  a 4 8  a 
Uppe r 4 8  a 5 5  a 5 9  a 5 0  a 4 7  b 2 6' a 3 3  a 

1 oldest 
Lower 3 4  a 5 2  a 65 a 4 9  a 7 8  a 3 4  a 34 a 
Upper 3 1  a 3 8  a 4 3  a 32 a 3 8  b 1 8  a 2 4  a 

Totals 
Lowe r 1 6 9  a 2 2 5  a 2 62 a 2 0 5  a 3 4 9  a 1 6 3  a 2 3 8  a 
Uppe r 1 4 8  a 1 7 8  a 1 9 3  b 1 5 4  b 1 5 8  b 9 0  b 1 2 3  b 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Figu r e s  with the s ame l etter within ' each time a n d  l e a f  a ge are not 
s ign i f i cant ly di fferent ( P > O . O l ) . 

:P' '0 '0 ro � P­I-'. X 
1-3 
� 
...... 

c ont i nued . . . � 



- - - - - - - - - -

Hair type 
Short 
Long 
G landu l ar 
- - - - - - - - - -

Table Al - 3 /2 c ont inued . 

i i . Mean l e a f  hairs per mm sq on leaf  d i s c s . 

Leaf age 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 Oldest 2 3 4 Younge st 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Lower Upper Lowe r Upper' Lower Upper Lowe r Upper 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

55 2 3  2 0 3 9 7 2 6 2 8 9  3 7 8  1 0 0  
6 0 7 1 9 2 1 4  4 
0 0 1 0 0 0 0 1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 6  4 3  8 9  5 6  1 1 3  4 2 1 1 6  5 6  
whitefly- days on l e a f  d i s c s  
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Table Al- 3 / 3  

Ad� : t  pre fe rence for leaf di s c s  at 
angles  0 ° ,  4 5° ,  6 0 °  or 9 0° .  

i .  Tomato cv . Viro s a  

a .  Compar i s cn o f  incl ined and hor i z ont a l  l e a f  di s c s . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  adu l -: s  Angl e  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

on leaf di s c s  0° 4 5° 6 0° 9 0 °  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 2 5 

Hori z ont a l  ei s c  1 8 2 a 2 0 2 a 1 7 5  a 1 4 2 a 
I n c l ined di s c  1 5 6  a 1 1 0  b 5 9  b 2 6  b 

0 . 5 0 
Hori z ont a l  ei s c  1 9 1 a 2 2 1  a 1 9 5 a 1 6 8  a 
I n c l ined di s c  1 6 6  a - - 1 1 3  b 6 9  b 2 8  b 

0 . 7 5 
Hor i z ontal ei s c  1 9 2 a 2 2 8  a 2 0 4  a 1 8 2  a 
Inc l ined di s c  1 6 7 a 1 1 7  b 7 0  b 3 5  b 

1 . 0 0 
Hori z ont a l  ei s c  1 9 9  a 2 3 1  a 2 1 6  a 1 9 9  a 
I n c l ined di s c  1 7 6  a 1 1 9  b 7 1  b 3 8  b 

1 . 5 0 
Hor i z ontal ei s c  2 0 0  a 2 4 0  a 2 2 4  a 2 1 4  a 
I n c l ined d i s c  1 7 7  a 1 2 2  b 7 1  b 4 6  b 

2 . 0 0 
Ho r i z ontal ei s c  2 0 5 a 2 4 1  a 1M2 1 9  a 2 1 9  a 
I n c l ined d ; c:: � 

- � '- 1 8 2  a 1 3 0  b 1M 7 0  b 4 7  b 
3 . 0 0 

Ho r i z ont al eisc 2 0 8  a 2 5 1  a 1M2 3 1  a 2 2 5  a 
I n c l ined d i s c  1 7 8  a 1 3 5  b 1M 6 9  b 5 0  b 

4 . 0 0 
Hori z ontal ei s c  1 7 9  a 2 3 8  a 1M2 0 7  a 1 9 7 a 
Inc l ined d; c:: � 

- - '- 1 6 4 a 1 2 5  b 1M 6 7  b 5 7  b 
5 . 0 0 

Hor i z ontal  ei s c  1 8 0  a 2 4 3  a 1 M2 0 2 a 2 0 1  a 
I n c l ined di s c  1 6 9 a 1 2 4  b 1 M  6 9  b 6 3  b 

6 . 0 0 
Ho r i z ont al el s c  1 5 1  a 2 1 1  a 1 M1 6 9  a 1 8 9  a 
I n c l ined d i s c  1 7 6  a 1 1 2  b 1M 7 4  b 6 9  b 

2 4 . 0 0 
Hor i z ont a l  di s c  2M1 3 5  a 1M1 3 9  a 3M1 2 5  a 1 4 7  a 
I n c l ined di s c  2M1 2 4  a 1M1 0 3  a 3M 6 7  b 6 9  b 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numbers with the s ame letter for each t ime , angle and di s c  
group are not s igni fi cant ly di fferent ( P > O . 0 1 )  . 
M :  s ome m i s s ing values for these c ount s ( number indicated) . 
See  p age 9 5 . 

c ont inued . . . 
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Hours 
0 . 2 5 

0 °  
4 5° 
6 0 °  
9 0° 

0 . 5 0 
0 °  

4 5° 
6 0 °  
9 0° 

0 . 7 5 
0 °  

4 5° 
6 0° 
9 0° 

1 . 0 0 
0 °  

4 5° 
6 0° 
9 0° 

1 . 5 0 
0 °  

4 5° 
6 0° 
9 0° 

2 . 0 0 
0 °  

4 5° 
6 0° 
9 00 

T ab l e  Al - 3 / 3  i .  c ont inue d . 

Adu l t  pre ference for leaf d i s c s  at 
angles 0°,  4 5° ,  6 0 °  or 9 0° . 

i .  Tomato cv . Vi r o s a  

b .  Comp a r i s on o f  angle s . 

Sum o f  adu l t s  on leaf di s c s  

H o r i z . 
di s c  

1 8 2  ( 5 4 % )  ab 
2 0 2 ( 6 5 % )  a 
1 7 5  ( 7 5 % )  ab 
1 4 2  ( 8 5 % )  b 

1 9 1  ( 5 4 % )  ab 
2 2 1  ( 6 6 % )  a 
1 9 5 ( 7 4 % )  ab 
1 6 8  ( 8 6 % )  b 

1 9 2 ( 5 3 % ) a 
2 2 8  ( 6 6 % )  a 
2 0 4  ( 7 4 % )  a 
1 8 2  ( 8 4 % )  a 

1 9 9  ( 5 3 % ) a 
2 3 1  ( 6 6 % )  a 
2 1 6  ( 7 5 % )  a 
1 9 9  ( 8 4 % )  a 

2 0 0  ( 5 3 % )  a 
2 4 0  ( 6 6 % )  a 
2 2 4  ( 7 6 % )  a 
2 1 4  ( 8 2 % )  a 

2 0 5  ( 5 3 % ) a 
2 4 1  ( 6 5 % )  a 

1 M  2 1 9  ( 7 6 % )  a 
2 1 9  ( 8 2 % ) a 

Incl ined 
di s c  

1 5 6  ( 4 � % )  a 
1 1 0  ( 3 5 % )  b 

5 9  ( 2 5 % )  . c 
2 6  ( 1 5 % )  d 

1 6 6  ( 4 6 % )  a 
1 1 3  ( 3 4 % )  b 

6 9  ( 2 6 % )  c 
2 8  ( 1 4 % )  d 

1 6 7 ( 4 7 % )  a 
1 1 7  ( 3 4 % )  b 

7 0  ( 2 6 % )  c 
3 5  ( 1 6 % )  d 

1 7 6  ( 4 7 % )  a 
1 1 9  ( 3 4 % )  b 

7 1  ( 2 5 % )  c 
3 8  ( 1 6 % )  d 

1 7 7  ( 4 7 % )  a 
1 2 2  ( 3 4 % )  b 

7 1  ( 2 4 % )  c 
4 6  ( 1 8 % )  c 

1 8 2  ( 4 7 % )  a 
1 3 0  ( 35 % )  b 

1M 7 0  ( 2 4 % )  c 
4 7  ( 1 8 % )  c 

Tot a l  

3 3 8  a 
3 1 2  a 
2 3 4  b 
1 6 8 c 

3 5 7  a 
3 3 4  a 
2 6 4 b 
1 9 6  c 

3 5 9  a 
3 4 5  a 
2 7 4  b 
2 1 7  c 

3 7 5  a 
3 5 0  a 
2 8 7  b 
2 3 7  b 

3 7 7  a 
3 6 2  a 
2 95 b 
2 6 0  b 

3 8 7  a 
3 7 1  a 
2 8 9  b 
2 6 6  b 

c ont inued . 
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T ab l e  Al - 3 / 3  i .  b .  c ont inued . 

Sum o f  adu l t s  on l e a f  di s c s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - -

Hours 
3 . 0 0 

00 
4 50 
6 00 
9 00 

4 . 0 0 
0 0 

4 50 
6 00 
9 00 

5 . 0 0 
00 

4 50 
6 00 
9 00 

6 . 0 0 
00 

4 50 
6 00 
9 00 

2 4 . 0 0 
00 

4 5 0 
6 00 
9 00 

u � uor .... z .  
di s c  

Incl ined Total 
disc  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 0 8  ( 5 4 %  ) a 1 7 8  ( 4 6 % ) a 3 8 6  a 
2 5 1  ( 65 % )  2. 1 3 5  ( 3 5 %  ) a 3 8 6  a 

1M 2 3 1  ( 7 7 % )  a 1M 6 9  ( 2 3 %  ) b 2M 3 0 0  b 
2 2 5  ( 8 2 % )  a 5 0  ( 1 8 % )  b 2 7 5  b 

1 7 9 ( 5 2 % )  a . 1 6 4  ( 4 8 %  ) a 3 4 3  a 
2 3 8  ( 6 6 % )  a 1 2 5  ( 3 4 %  ) a 3 6 3  a 

1M 2 0 7  ( 7 6 % )  a 1M 67 ( 2 4  % )  b 2 M'2 7 4  b 
1 9 7 ( 7 6 % ) a 5 7  ( 2 2 %  ) b 2 5 4  b 

1 8 0  ( 52 %  ) a 1 6 9  ( 4 8 %  ) a 3 4 9  a 
2 4 3  ( 6 6 %  ) b 1 2 4  ( 3 4 % )  b 3 6 7  a 

1M 2 0 2  ( 7 5% ) ab 1M 6 9  ( 2 5 %  ) c 2M 2 7 1  b 
2 0 1  ( 7 6 % ) ab 6 3  ( 2 4 %  ) c 2 6 4 b 

1 5 1  ( 4 6 % ) a 1 7 6  ( 5 4 %  ) a 3 2 7  a 
2 1 1  ( 6 5 % ) b 1 1 2  ( 35 %  ) b 3 2 3  a 

1M 1 6 9  ( 7 0 %  ) 2. 1M 7 4  ( 3 0 % )  c 2 M  2 4 3  b 
1 8 9  ( 7 3 %  ) ab 6 9  ( 2 8 %  ) c 2 5 8  b 

2M 1 3 5 ( 5 2 %  ) a 2H 1 2 4  ( 4 8 %  ) a 4 M  2 5 9  a 
1M 1 3 9  ( 5 7 %  ) a 1M 1 0 3  ( 4 3 % )  a 2 M 2 4 2  ab 
3M 1 2 5  ( 6 5 %  ) a 3M 6 7  ( 35 % )  b 6M 1 9 2 b 

1 4 7  ( 6 8 %  ) a 6 9  ( 3 2 %  ) b 2 1 6  ab 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numb e r s  with the s ame letter for e ach t ime and di s c  are not 
s igni f i c ant l y  di fferent ( P >O . O l ) . 
M :  s ome mi s s ing va lues for the s e  c ount s ( number indic ated)  . 
See  page 9 5 .  

c ont inued . . . 
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Tab l e  Al - 3 / 3  c ont inued . 

Adult preference for leaf  di s c s  at 
angles 00 , 4 50 , 6 00 or 9 00 • 

i i . Tobacco cv . White Burley 

a .  Compari son o f  incl ined and hor i z ontal l e a f  di s c s . 

Sum o f  adults 

on l e a f  di s c s  

Hours 
0 . 25 

Hor i z ont al di s c  
I n c l ined di s c  

0 . 5 0 
Hori z ont al d i s c  
I n c l ined di sc 

0 . 7 5 
Hor i z ont al di s c  
I n c l ined di s c  

1 . 0 0 
Hor i z onta l  di s c  
I n c l ined di s c  

1 . 2 5 
Hor i z ont al di s c  
I n c l ined d i s c  

1 . 5 0 
H o r i z ont al d i s c  
I n c l ined di s c  

1 . 7 5 
Hor i z ontal di s c  
Incl ined d i s c  

2 . 0 0 
Hori z ontal d i s c  
I n c l ined di s c  

2 . 5 0 
Hor i z ont al di s c  
I n c l ined disc 

3 . 0 0 + 
Ho r i z ontal di s c  
I n c l ined di s c  

3 . 5 0 
Hori z ont al di s c  
I n c l ined d i s c  

4 . 0 0 + 
Hor i z ont al di s c  
I n c l ined di s c  

5 . 0 0 
Hor i z ont al di s c  
I n c l ined disc 

6 . 0 0 
Hor i z ont a l  d i s c  
I n c l ined d i s c  

2 4 . 0 0 + 
Hor i z ont al di s c  
I n c l ined di s c  

4 7  a 
3 2  a 

5 3  a 
3 4  a 

5 5  a 
3 7  a 

55  a 
3 9  a 

5 3  a 
4 0  a 

5 6  a 
4 1  a 

5 4  a 
4 2  a 

5 6  a 
4 3  a 

55  a 
4 3  a 

5 6  a 
4 5  a 

5 4  a 
4 6  a 

5 7  a 
4 7  a 

5 3  a 
4 9  a 

3 8  a 
4 2  a 

3 8  a 
5 0  a 

Ang l e  

6 6  a 
3 8  b 

7 0  a 
4 2  b 

7 6  a 
4 2  b 

7 8  a 
4·5 b 

8 0  a 
4 6  b 

8 2  a 
4 7  b 

8 2  a 
4 7  b 

8 3  a 
4 7  b 

8 2  a 
5 0  b 

8 8  a 
5 4  b 

8 9  a 
5 8  a 

8 9  a 
5 8  a 

8 8  a 
5 9  a 

7 4  a 
4 2  b 

5 7  a 
5 7  a 

5 3  a 4 6  a 
2 7  b 1 2  b 

5 6  a 5 4  a 
3 0  b 1 5  b 

6 2  a 5 6  a 
3 2  b 1 8  b 

6 5  a 5 8  a 
3 3  b 1 9  b 

6 6  a 5 8  a 
3 4  b 2 0  b 

7 2  a 5 9  a 
3 3  b 2 0  b 

7 3  a 5 9  a 
3 6  b 2 0  b 

7 5  a 6 0  a 
3 6  b 2 0  b 

7 8  a 6 3  a 
3 6  b 1 9  b 

7 8  a 6 8  a 
3 8  b 1 9  b 

8 4  a 6 8  a 
4 2  b 1 8  b 

8 6  a 6 8  a 
4 4  b 2 0  b 

8 4  a 6 9  a 
4 6  b 2 2  b 

7 3  a 5 0  a 
4 1  b 2 2  b 

6 2  a 5 0  a 
4 4  a 1 8  b 

Total 

2 1 2 a 
1 0 9  b 

2 3 3  a 
1 2 1  b 

2 4 9  a 
1 2 9 b 

2 5 6  a 
1 3 6  b 

2 5 7  a 
1 4 0  b 

2 6 9  a 
1 4 1  b 

2 6 8 a 
1 4 5  b 

2 7 4  a 
1 4 6  b 

2 7 8  a 
1 4 8  b 
2 9 0 a 
1 5 6  b 

2 95 a 
1 6 4 b 

3 0 0  a 
1 6 9  b 

2 9 4  a 
1 7 6  b 

2 3 5  a 
1 4 7  b 

2 0 7  a 
1 6 9  a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numbers with the s ame letter for each t ime and angl e  are 
not s i gn i ficant ly d i f ferent (P>O . O l ) . 

+ c ount s for ang l e s  and di s c  are not independent at t he s e  
t ime s . 

cont inued . . . 
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- - - - - - -

Table Al - 3 / 3  i i . cont i nued . 

Adu lt pre ference for leaf di s c s  at 
angles  0 ° ,  4 5° ,  6 0° or 9 0 ° . 

i i . Tobac co cv . White Burl e y  

b .  Comp a r i s on o f  angle s . 

- - - - - - - - - - - - - -

Sum o f  adu l t s  on leaf di s c s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hori z . Inc l ined T o t a l  
di s c  disc 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 2 5 

0 °  4 7  ( 5 9 %  ) a 3 2  ( 4 1 % ) a 7 9  b 
4 5° 6 6  ( 6 3 % )  a 3 8  ( 3 7 %  ) a 1 0 4  a 
6 0° 5 3  ( 6 6 % )  a 2 7  ( 3 4 %  ) ab 8 0  ab 
9 0° 4 6  ( 7 9 % ) a 1 2  ( 2 1 % )  b 5 8  b " 

0 . 5 0 
0 °  5 3  ( 6 1 % )  a 3 4  ( 3 9 %- )  a 8 7  a 

4 5° 7 0  ( 6 3 % )  a 4 2  ( 3 8 % )  a 1 1 2 a 
6 0 °  5 6  ( 6 5 % )  a . 3 0 ( 3 5 % )  ab 8 6  ab 
9 0° 5 4  ( 7 8 %  ) a 1 5  ( 2 2 %  ) b 6 9  b 

0 . 75 
0 °  5 5  ( 6 0 % )  a 3 7  ( 4 0 % )  a 9 2  ab 

4 5° 7 6  ( 6 4 %  ) a 4 2  ( 3 6 % ) a 1 1 8  a 
6 0° 6 2  ( 6 6 % )  a 3 2  ( 3 4 %  ) ab 9 4  b 
9 0° 5 6  ( 7 6 % )  a 

1 . 0 0 
1 8  ( 2 4 % )  b 7 4  b 

0 °  5 5  ( 5 8  % )  a ' _  3 9  ( 4 1 % )  a 9 4  ab 
4 5° 7 8  ( 6 3 %  ) a 4 5  ( 3 7 %  ) a 1 2 3  a 
6 0 °  6 5  ( 6 6 %  ) a 3 3  ( 3 3 %  ) ab 9 8  b 
9 0° 5 8  ( 7 5 %  ) a 1 9  ( 2 5 % )  b 7 7  b 

1 . 2 5 
0° 5 3  ( 5 7 %  ) a 4 0  ( 4 3 % )  a 9 3  ab 

4 5° 8 0  ( 6 3 %  ) a 4 6  ( 3 7 % )  a 1 2 6  a 
6 00 6 6  ( 6 6 % ) a 3 4  ( 3 4 % )  ab 1 0 0  ab 
9 00 5 8  ( 7 4  % )  a 2 0  ( 2 6 %  ) b 7 8  b 

1 . 5 0 
0 °  5 6  ( 5 8 %  ) a 4 1  ( 4 2 % ) a 9 7  ab 

4 5° 8 2  ( 6 4 % )  a 4 7  ( 3 6 % ) a 1 2 9  a 
6 0° 7 2  ( 6 9 % )  a 3 3  ( 3 1 % )  ab 1 0 5  ab 
9 0° 5 9  ( 7 5 %  ) a 2 0  ( 2 5 %  ) b 7 9  b 

1 . 7 5 
0 °  5 4  ( 5 6 %  ) a 4 2  ( 4 4 % )  a 9 6  ab 

4 50 8 2  ( 6 4 %  ) a 4 7  ( 3 6 % ) a 1 2 9  a 
6 0° 7 3  ( 6 7 % )  a 3 6  ( 3 3 % )  ab 1 0 9  ab 
9 0° 5 9  ( 7 5 % )  a 2 0  ( 2 5 % )  b 7 9  b 

2 . 0 0 
0°  5 6  ( 5 7 % )  a 4 3  ( 4 3 % )  a 9 9  ab 

4 50 8 3  ( 6 4 % )  a 4 7  ( 3 6 % )  a 1 3 0  a 
6 0° 7 5  ( 6 8 % )  a 3 6  ( 32 % )  ab I I I  ab 
9 0° 6 0  ( 7 5 %  ) a 2 0  ( 2 5 % )  b 8 0  b 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c o n t i nued . 
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Tab l e  Al - 3 / 3  i i . b .  c ont inued . 

Hours 
2 . 5 0 

0 °  
4 5° 
6 0 °  
9 0° 

3 . 0 0 + 
0°  

4 5° 
' 6 0°  
9 0° 

3 . :5 0 + 
0°  

4 5° 
6 0° 
9 0° 

4 . 0 0 + 
0°  

4 5° 
6 0° 
9 0° 

5 . 0 0 + 
0°  

4 5° 
6 0° 
9 0° 

6 . 0 0 
0° 

4 5° 
6 0 °  
9 0° 

2 4 . 00 + 
0°  

4 5° 
6 0° 
9 0° 

Sum o f  adults on leaf di s c s  

Hor i z . 
di s c  

5 5  ( 5 6 % )  a 
8 2  ( 6 2 % )  a 
7 8  ( 6 8 % )  a 
6 3  ( 7 7 % )  a 

5 6  ( 5 5 % )  b 
8 8  ( 62 % )  a 
7 8  ( 6 7 % )  ab 
6 8  ( 7 8  % )  ab 

5 4  ( 5 4 � )  b 
8 9  ( 6 1 % )  a 
8 4  ( 6 7 % )  ab 
6 8  ( 7 9 % )  ab 

5 7  ( 5 5 % )  b 
8 9  ( 6 1 % ) a 
8 6  ( 6 6 % )  ab 
6 8  ( 7 7 % )  b 

5 3  ( 5 2 % )  c 
8 8  ( 6 0 % )  a 
8 4  ( 6 5 % )  ab 
6 9  ( 7 6 % )  bc 

3 8  ( 4 8 % )  b 
7 4  ( 6 4 % )  a 
7 3  ( 6 4 % )  a 
5 0  ( 6 9 % )  ab 

3 8  ( 4 3 % )  a 
5 7  ( 5 0 % )  a 
6 2  ( 5 8 % )  a 
5 0  ( 7 4 % )  a 

Incl ined 
di s c  

4 3  ( 4 4 % )  a 
5 0  ( 3 8 % )  a 
3 6  ( 3 2 % )  ab 
1 9  ( 2 3 % ) b 

4 5  ( 4 5 % )  a 
5 4  ( 3 8 % )  a 
3 8  ( 3 3 % )  ab 
1 9  ( 2 2 % )  b 

4 6  . ( 4 6 % )  a 
5 8  ( 3 9 % )  a 
4 2  ( 3 3 % )  a 
1 8  ( 2 1 % )  b 

4 7  ( 4 5 % )  a 
5 8  ( 3 9 % )  a 
4 4  ( 3 4 % )  a 
2 0  ( 2 3 % ) b 

4 9  ( 4 8 % )  a 
5 9  ( 4 0 % )  a 
4 6  ( 35 % )  a 
2 2  ( 2 4 % )  b 

4 2  ( 5 2 % )  a 
4 2  ( 3 6 % )  a 
4 1  ( 3 6 % )  a 
2 2  ( 3 1 % )  a 

5 0  ( 5 7 % ) a 
5 7  ( 5 0 % )  a 
4 4  ( 4 2 % )  a 
1 8  ( 2 6 % )  b 

Total 

98  ab 
1 3 2  a 
1 1 4  ab 

8 2  b 

1 0 1  b 
1 4 2  a 
1 1 6  ab 

8 7  b 

1 0 0  bc 
1 4 7  a 
1 2 6 ab 

8 6  c 

1 0 4  bc 
1 4 7  a 
1 3 0  ab 

8 8  c 

1 0 2 bc 
1 4 7  a 
1 3 0  ab 

9 1  c 

8 0  bc 
1 1 6  a 
1 1 4  ab 

7 2  c 

8 8  ab 
1 1 4  a 
1 0 6  a 

6 8  b 

Numb e r s  with the s ame letter for e ach t ime and di s c  are not 
s igni f i cant ly diffe rent (P> O . O l ) . 
+ C ount s for angles and di s c  are not independent at t he s e  
t ime s . 

continued . . . 
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T ab l e  Al - 3 / 3  cont inued . 

Adul t  pre ference for l eaf di s c s  at 
angles 0° ,  4 5° ,  6 0° or  9 0° . 

i i i . Raur i k i . 

a .  Compar i s on o f  incl ined and hor i z ont a l  leaf  di s c s . 

S um o f  adult s 

on l e a f  di s c s  

Hours 
0 . 2 5 

Hor i z ont a l  di s c  
I n c l ined di s c  

0 . 5 0 
H o ri z ont a l  di s c  
I n c l ined d i s c  

0 . 7 5 
Hor i z ont a l  di s c  
Inc l ined d i s c  

1 . 0 0 
Hori z ontal di s c  
I n c l ined di s c  

1 . 5 0 
Ho r i z ont a l  d i s c  
I n c l ined di s c  

2 . 0 0 
Ho r i z ont al di s c  
I n c l ined di s c  

3 . 0 0 
Hor i z ont a l  d i s c  
I n c l ined di s c  

4 . 0 0 
Hor i z ont a l  di s c  
I n c l ined di s c  

5 . 0 0 
Hor i z ont al d i s c  
I n c l ined di s c  

6 . 0 0 
H o ri z ontal di s c  
I n c l ined di s c  

2 4 . 0 0 
Hor i z ontal di s c  
I n c l ined di s c  

1 4 2  a 
1 4 7  a 

1 6 8  a 
1 5 8  a 

1 7 5  a 
1 65 a 

1 9 3  a 
1 7 0  a 

1 9 0  a 
1 7 5  a 

1 9 3 a 
1 8 2  a 

1 9 6  a 
1 8 0  a 

2 0 4  a 
1 8 5  a 

2 1 4  a 
2 0 0  a 

2 0 0  a 
1 5 8 a 

1 6 7 a 
1 5 0  a 

ll..ngle 

1 6 1  a 
4 0  b 

1 8 3  a 
4 7  b 

1 9 9  a 
5 4  b 

2 1 2  a 
7 1  b 

2 2 5  a 
5 7  b 

2 3 8 a 
6 0  b 

2 5 3  a 
6 1  b 

2 6 5 a 
7 3  b 

2 7 1  a 
7 4  b 

1 6 4 a 
3 0  b 

1 7 4  a 
3 8  b 

1 9 7 a 
4 1  b 

2 0 5  a 
4 1  b 

2 1 6  a 
4 3  b 

2 2 9  a 
4 6  b 

2 4 3  a 
5 2  b 

2 7 1  a 
5 9  b 

2 8 1  a 
7 0  b 

2 1 9  a 2 M 2 1 8  a 
7 8  b 2 M-

6 1  b 

1 9 0 a 2 M 1 8 1  a 
8 9  b 2 M  6 8  b 

9 0  a 
2 6  b 

1 1 2  a 
3 0  b 

1 2 6  a 
3 2  b 

1 3 7  a 
3 7  b 

1 4 6  a 
4 1  b 

1 5 8  a 
4 1  b 

1 6 8 a 
4 7  b 

1 9 3 a 
5 7  b 

2 0 9  a 
6 9  b 

1 65 a 
6 0  b 

1 4 8  a 
8 3  b 

Number s  with the s ame letter within each angle and t ime are 
n ot s i gn i f i cant l y  different (P>O . O l ) . 
M :  s ome mi s s ing values for t he s e  c ount s ( nurOber indi'cated)  . 
S e e  page 9 5 .  

cont inued . . . 



2 5 5  Appendix Tables 

Tab l e  Al- 3 / 3  i i i . cont inued . 

b .  Compar i s on o f  angle s . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  adu l t s  on leaf  di s c s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hori z . Incl ined Total 
disc  disc  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 25 

0°  1 4 2  ( 4 9 % ) a 1 4 7  ( 5 1 %  ) a 2 8 9  a 
4 5° 1 6 1 ( 8 0 %  ) a 4 0  ( 2 0 %  ) b 2 0 1  b 
6 0° 1 6 4 ( 8 5 %  ) a 3 0  ( 1 5 %  ) b 1 9 4 b 
9 0° 9 0  ( 7 8 %  ) b 2 6  ( 2 2 %  ) b 1 1 6  c 

0 . 5 0 
0°  1 6 8 ( 5 2 % ) a 1 5 8  ( 4 ? %  ) a 3 2 6  a 

4 5° 1 8 3  ( 8 0 %  ) a 4 7  ( 2 0 90  ) b 2 3 0  b 
6 0 °  1 7 4  ( 8 2 %  ) a 3 8  ( 1 8 % )  b 2 1 2 b 
9 0 °  1 1 2  ( 7 9 %  ) b 3 0  ( 2 1  % ) b 1 4 2  c 

0 . 7 5 
0°  1 7 5  ( 5 1  % ) a 1 6 5 ( 4 9 % ) a 3 4 0  a 

4 5° 1 9 9  ( 7 9 % )  a 5 4  ( 2 1 %  ) b 2 5 3  b 
6 0° 1 9 7 ( 8 3 %  ) a 4 1  ( 1 7 %  ) b 2 3 8  b 
9 0° 1 2 6  ( 8 0 %  ) b 3 2  ( 2 0 %  ) b 1 5 8  c 

1 . 0 0 
0°  1 9 3 ( 5 3 %  ) a 1 7 0  ( 4 7 %  ) a 3 6 3 a 

4 5° 2 1 2 ( 7 5 %  ) a 7 1  ( 2 5 %  ) b 2 8 3 b 
6 0° 2 0 5  ( 8 3 %  ) a 4 1  ( 1 7 %  ) c 2 4 6  b 
9 0° 1 3 7  ( 7 9 % ) b 3 7  ( 2 1  % ) c 1 7 4  c 

1 . 5 0 
0°  1 9 0  ( 5 2 %  ) ab 1 7 5  ( 4 8 %  ) a 3 6 5  a 

4 5° 2 2 5  ( 8 0 %  ) a 5 7  ( 2 0 %  ) b 2 8 2 b 
6 0° 2 1 6  ( 8 3 %  ) a 4 3  ( 1 7 %  ) b 2 5 9  b 
9 0° 1 4 6  ( 7 8 %  ) b 4 1  ( 2 2 %  ) b 1 8 7  c 

2 . 0 0 
0°  1 9 3  ( 5 1 %  ) ab 1 8 2  ( 4 9 % )  a 3 7 5  a 

4 5° 2 3 8  ( 8 0 %  ) a 6 0  ( 2 0 %  ) b 2 9 8  b 
6 0° 2 2 9  ( 8 3 %  ) a 4 6  ( 1 7 %  ) b 2 7 5  b 
9 0° 1 5 8  ( 7 9 %  ) b 4 1  ( 2 1 %  ) b 1 9 9  c 

3 . 0 0 
0 °  1 9 6  ( 5 2 % ) bc  1 8 0  ( 4 8 %  ) a 3 7 6 a 

4 5° 2 5 3  ( 8 1 % ) a 6 1  ( 1 9 %  ) b 3 1 4  ab 
6 0° 2 4 3  ( 8 2 %  ) ab 5 2  ( 1 8 % ) b 2 9 5 b 
9 0° 1 6 8 ( 7 8  % )  c 4 7  ( 2 2 %  ) b 2 1 5  c 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c ont inued . 
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T ab l e  Al - 3 / 3  i i i . b .  cont inued . 

Sum o f  adults on leaf  di scs  

Hor i z . Incl ined Total  
disc  disc  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
4 . 0 0 

0°  2 0 4  ( 5 2 % ) b 1 8 5 ( 4 8 %  ) a 3 8 9  a 
4 5° 2 6 5 ( 7 8 % ) a 7 3  ( 2 2 %  ) b 3 3 8  a 
6 0° 2 7 1  ( 8 2 %  ) a 5 9  ( 1 8 % )  b 3 3 0  a 
9 0° 1 9 3  ( 7 7� )  b 5 1'  ( 2 3 %  ) b 2 5 0  b 

5 . 0 0 
0° 2 1 4  ( 5 2 %  ) bc 2 0 0  ( 4 8  % )  a 4 1 4  a 

4 5° 2 7 1  ( 7 9 % ) ab 7 4  ( 2 1 %  ) b 3 4 5  a 
6 0° 2 8 1  ( 8 0 %  ) a 7 0  ( 2 0 %  ) b 3 5 1  a 
9 0 °  2 0 9  ( 7 5 %  ) c 6 9  ( 2 5 % ) b 2 7 8  b 

6 . 0 0 
, 

0° 2 0 0  ( 5 6 % ) ab 1 S 8  ( 4 4 % )  a 3 5 8  a 
4 5 ° 2 1 9  ( 7 4 %  ) a 7 8  ( 2 6 % ) b 2 9 7 a 
6 0 °  2 M  2 1 8  ( 7 8 %  ) a 2 M  6 1  ( 2 2 %  ) b 4 M  2 7 9  b 
9 0 °  1 6 5 ( 7 3 % )  b 6 0  ( 2 7  % ) b 2 2 5  b 

2 4 . 0 0 
0° 1 6 7  ( 5 3 %  ) a 1 5 0  ( 4 7 %  ) a 3 1 7  a 

4 5° 1 9 0  ( 6 8 % )  a 8 9  ( 3 2 %  ) b 2 7 9  ab 
6 0° 2 M  1 8 1  ( 7 3 %  ) a 2 M  6 8  ( 2 7 %  ) b 4 M  2 4 9  b 
9 0° 1 4 8  ( 6 4 % )  a 8 3  ( 3 6 % ) b 2 3 1  b 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numbers  TN'ith the s ame letter for each t ime and di s c  are not 
s igni f i c a�t l y  different ( P > O . 0 1 )  . 
M :  s ome mi s s ing values for the s e  c ount s ( number indi cated) . 
See  page 9 5 . 

continued . . . 
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T ab l e  Al - 3 / 3  cont i nued . 

Adult pre ference for leaf d i s c s  at 
angles  0°  or  4 5° .  P ro j ected equal  di s c  a re a . 

iv . Tomat o cv . Vi ro s a . 

a .  Compari s on o f  ho r i z ont al and inc l ined l e a f  di s c s . 

Sum o f  adult s FJ1gle 

on leaf  d i s c s  0° 4 5° 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 1 7 

Hori z ont al di s c  1 1 7  a 4 8 % 2 0 0  a 8 3 %  
Incl ined di s c  1 2 7  a 5 2 %  4 2  b 1 7 %  

0 . 25 
Ho r i z ont al disc 1 6 3 a 4 4 %  2 8 5  a 8 1 %  
Incl ined di s c  2 0 6  a 5 6 % 6 9  b 1 9 % 

0 . 5 0 
Ho r i z ont a l  disc  1 9 3 a 4 6 % 3 3 0  a 8 0 %  
Incl ined di s c  2 2 9 a 5 4 %  8 3  b 2 0 %  

0 . 75 
Horiz ont al disc 2 0 8  a 4 7 %  3 4 6  a 8 0 %  
I nc l ined di s c  2 3 9  a 5 3 %  8 7  b 2 0 %  

1 . 0 0 
Hori z ont a l  disc  2 1 4 - a 4 6 % 3 5 0  a 7 9 % 
Incl ined di s c  2 5 2  a 5 4 %  9 4  b 2 1 %  

Numb e r s  with the s ame letter within each ang l e  and t ime are 
not s i gn i f i c ant ly d i f ferent (P > O . O ) .  

b .  Comparison o f  angl e s . 

Sum o f  adults on leaf  di s c s . 

Hor i z ont al I n c l ined Tot a l  
di s c  di s c  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 1 7 

0°  1 1 7  b 1 2 7  a 2 4 4  a 
4 5° 2 0 0  2. 4 2  b 2 4 2  a 

0 . 25 
0° 1 6 3 b 2 0 6  a 3 6 9  a 

4 5° 2 8 5  a 6 9  b 3 5 4  a 
0 . 50 

0°  1 9 3 b 2 2 9  a 4 2 2  a 
4 5° 3 3 0  a 8 3  b 4 1 3  a 

0 . 7 5 
0 °  2 0 8  b 2 3 9  a 4 4 7  a 

4 5° 3 4 6  2. 8 7  b 4 3 3  a 
1 . 0 0 

0°  2 1 4  b 2 5 2  a 4 6 6  a 
4 5° 3 5 0  2. 9 4  b 4 4 4  a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numb e r s  with t h e  s ame letter within e a c h  di s c  and t ime are 
not s i gn i f i c ant l y  di fferent (P > O . O l ) . 

c ont inued . . .  
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Tab l e  Al - 3 / 3  c ont inued . 

Adu lt pre ference for l e a f  di s c s  at 
angl e s  0° or 4 5 ° . Pro j e cted equal  di s c  area . 

v .  Raur iki . 

a .  Compari s on o f  hori zont a l  and incl ined leaf  d i s c s . 

Sum of adults  Angle 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

o n  l e a f  di s c s  0 °  4 5° 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 1 7 

Hori z ont al di s c  1 5 1  a 4 7 %  1 3 2  a 5 7 %  
Incl ined di s c  1 7 3  a 5 3 %  1 0 0  a 4 3 %  

0 . 2 5 
Hor i z ontal d i s c  1 7 8  a 5 0 %  1 5 6  a 4 5 % 
Incl ined di s c  1 8 1  a 5 0 %  1 2 7  a 4 5 %  

0 . 5 0 
Hor i z ont al disc 1 8 7  a 4 8 %  1 7 2  a 5 7 %  
Incl ined di s c  2 0 1  a 5 2 %  1 3 1  a 4 3 %  

0 . 7 5 
Hori z ontal disc  1 8 9  a 4 8 %  1 7 8  a 5 7 %  
Incl ined di s c  2 05 a 5 2 %  1 3 7  a 4 3 % 

1 . 0 0 
Hori z ont al d i s c - 1 9 2 a 4 7 %  1 9 0  a 5 7 %  
Incl ined di s c  2 1 3  a 5 3 %  1 4 1  b 4 3 % 

Numb e r s  with the s ame letter each ang l e  and t ime are not 
s igni f i c ant l y  di fferent ( P>O . O l ) . 

b .  Compari s on o f  angle s . 

Sum o f  adults on leaf  di s c s . 

- - - - - - - - - - -

Ho rizontal Incl ined Tot a l  
di sc disc  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 1 7 

0° 1 5 1  a 1 7 3  a 3 2 4  a 
4 5° 1 3 2 a 1 0 0  b 2 3 2  b 

0 . 25 
0° 1 7 8  a 1 8 1  a 3 5 9  a 

4 5° 1 5 6  a 1 2 7  b 2 8 3  b 
0 . 5 0 

0° 1 8 7  a 2 0 1  a 3 8 8  a 
4 5° 1 7 2  a 1 3 1  b 3 0 3  b 

0 . 75 
0°  1 8 9  a 2 0 5  a 3 9 4  a 

4 5° 1 7 8  a 1 3 7  b 3 1 5  b 
1 . 0 0 

0°  1 9 2 a 2 1 3 a 4 05 a 
4 5° 1 9 0 a 1 4 1  b 3 3 1  b 

Numb e r s  with the s ame letter for each t ime di s c  and total 
are not s igni ficant l y  different ( P > O . O l ) . 

c ont inued . . 
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Table Al - 3 / 3  c ont inued . 

Adu lt pre ference for leaf di s c s  at 
ang l e s  0°  or 6 0° . Pro j ected equal di s c  a re a . 

vi . Rauriki . 

a .  Compar i s on o f  hori z ont al and �ncl ined l e a f  di s c s . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  adults  Angle  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

o n  l e a f  di s c s  0 0  6 0° 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 1 7 

H ori z ont a l  disc  1 7  a � � -*: - -- � 4 2  a 7 5 %  
I n c l ined di s c  2 1  a 5 � 9c 1 4  b 2 5 %  

0 . 2 5 
Hori z ont a l  d i s c  3 2  a 4 8 %  52  a 7 2 %  
Inc l ined di s c  3 5  a 5 2 %  2 0  b 2 8 %  

0 . 5 0 
Hori z ontal di s c  4 3  a 4 8 %  65  a 7 4 %  
I n c l ined di s c  4 7  a 5 2 %  2 3  b 2 6 % 

0 . 7 5 
Hori z ont a l  disc  5 6  a 5 0 %  7 4  a 7 4 %  
I n c l ined di s c  5 7- a 5 0 %  2 6  b 2 6 % 

1 . 0 0 
Ho r i z ontal di s c  5 9  a 4 5 %  8 5  a 7 7 %  
I n c l ined disc  7 1 · a  5 5 %  2 5  b 2 3 %  

Numb e r s  with the s ame l etter within each angle  and t ime are 
not s ign i f i c ant l y  different ( P > O . O l ) . 

b .  Compar i s on o f  angl e s . 

Sum o f  adults on leaf  di s c s . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hori z ontal Incl ir.ed Tot a l  
di s c  d i s c  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 1 7 

0° 1 7  b 2 1  a 3 8  a 
6 0° 4 2  a 1 4  a 5 6  a 

0 . 25 
0° 3 2  a 3 5  a 67  a 

6 0° 5 2  a 2 0  a 7 2  a 
0 . 5 0 

0 °  4 3  a 4 7  a 9 0  a 
6 0° 6 5  a 2 3  b 8 8  a 

0 . 7 5 
0° 5 6  a 5 7  2- 1 1 3  a 

6 0° 7 4  a 2 6  b 1 0 0  a 
1 . 0 0 

0° 5 9  a 7 1  2- 1 3 0  a 
6 0° 8 5  a 2 5  b 1 1 0  a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numbers with the s ame l etter within each t ime and 
d i s c  are not s ign i f i cant ly di f ferent ( P > O . O l ) .  



Tab l e  Al - 3 / 4  

Appendix T ables 2 6 0  

Adult pre ference for younger o r  mature l e a f  di s c s  at 
angl e s  0° ,  4 5 " ,  6 0 °  or 9 0° .  

� .  Tomat o cv . Vi r o s a  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  adult s Angle Total  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

on leaf d i s c s  0 °  4 5° 6 0° 9 0 °  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 25 

Y ounger l e a f  1 7 4  a 1 5 9  a 1 2 6  a 8 8  a 5 4 7  x 
Mature l e a f  1 6 4  a 1 5 3  a 1 0 8  a 8 0  a 5 0 5  x 

0 . 5 0 
Younger leaf  1 7 8  a 1 7 4  a 1 4 3  a 9 9  a 5 9 4  x 
Mature l e a f  1 7 9  a 1 6 0  a 1 2 1  a 9 7  a 5 5 7  x 

0 . 7 5 
Y ounger l e a f  1 7 3  a 1 7 8  a 1 4 8  a 1 0 3  a 6 0 2  x 
Mature l e a f  1 8 6  a 1 6 7 a 1 2 6 a 1 1 4  a 5 9 3  x 

1 . 0 0 
Younger leaf  1 7 9  a 1 7 9  a 1 5 5  a 1 1 3  a 6 2 6 x 
Mature l e a f  1 9 6  a 1 7 1  a 1 3 2  a 1 2 4  a 6 2 3  x 

1 . 5 0 
Y ounger l e a f  1 8 2  a 1 8 6  a 1 5 6  a 1 1 8  a 6 4 2  x 
Mature leaf  1 9 5 a 1 7 6  a 1 3 9  a 1 4 2  a 6 5 2  x 

2 . 0 0 
Younge r leaf  1 8 6  a 1 9 1  a 1 6 0 a 1 1 8  a 6 5 5  x 
Mature leaf  2 0 1  a 1 8 0  a 1 M 1 2 9 a 1 4 8  a 1 M 6 5 8  x 

3 . 0 0 
Younger leaf  1 8 3  a 2 0 4  a 1 6 7 a 1 2 2  a 6 7 6  x 
Mature leaf  2 0 3  a 1 8 2  a 1M 1 3 3  a 1 5 3  a 1M 6 7 1  x 

4 . 0 0 
Younger leaf  1 6 3 a 1 8 0  a 1 5 1  a 1 1 2 a 6 0 6  x 
Mature l e a f  1 8 0  a 1 8 3  a 1 M 1 2 3  a 1 4 2  a 1M 6 2 8  x 

5 . 0 0 
Y ounger leaf  1 6 5 a 1 8 7  a 1 4 8  a 1 2 1  a 6 2 1 x 
Mature leaf 1 8 4  a 1 8 0  a 1 M  1 2 3  a 1 4 3  a 1M 6 3 0  x 

6 . 0 0 
Y ounger leaf  1 6 0  a 1 6 1  a 1 2 4  a 1 2 3  a 5 6 8  x 
Mature l e a f  1 6 7 a 1 62 a 1M 1 1 9  a 1 35 a 1M 5 8 3  x 

2 4 . 0 0 
Younger leaf  IM l 1 6  a I M 1 2 6  a 2M 9 2  a I I I  a 4 M 4 4 5  x 
Mature leaf  1M 1 4 3  a 1 M  1 1 6  a I M I 0 0  a 1M 1 0 5 a 4 M 4 6 4 x 

Numbers with the s ame letter within each t ime are not 
s i gn i f i cant l y  different ( P >O . O l ) . 
M :  9 0me mi s s ing values for the s e  c ount s ( number indi c ated)  . 
S e e  page 9 5 . 

c ont inued 
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Tab l e  Al - 3 / 4  cont inued . 

Adul t  pre ference for �ounger or mature leaf  di s c s  at 
angles 0 I 4 5° ,  6 0° o r  9 0 ° . 

i i . Tobacco cv . White Burley . 

Sum o f  adults  

o n  l e a f  di s c s  

Hour s  
0 . 25 

Younger leaf  
Mature l e a f  

0 . 5 0 
Y ounger leaf  
Mature l e a f  

0 . 75 
Y ounger l e a f  
Mature l e a f  

1 . 0 0 
Y ounger l e a f  
Mature l e a f  

1 . 2 5 
Younger l e a f  
Mature l e a f  

1 . 5 0 
Y ounger l e a f  
Mature l e a f  

1 . 7 5 
Younger leaf  
Mature l e a f  

2 . 0 0 
Y ounger l e a f  
Mature l e a f  

2 . 5 0 
Y ounger l e a f  
Mature leaf  

3 . 0 0 
Younger leaf  
Mature l e a f  

3 . 5 0 
Younge r l e a f  
Mature l e a f  

4 . 0 0 
Younger l e a f  
Mature l e a f  

5 . 0 0 
Younger leaf  
Mature l e a f  

6 . 0 0 
Y ounger l e a f  
Mature l e a f  

2 4 . 0 0 
Younger l e a f  
Mature l e a f  

5 9  a 
2 0  b 

6 3  a 
2 4  c 

6 6  a 
2 6  c 

6 6  a 
2 8  b 

6"5 a 
2 8  c 

6 8  a 
2 9  b 

6 6  a 
3 0  b 

6 8  a 
3 1  bc 

67 a 
3 1  be 

6 9  a 
32  b 

6 6  a 
3 4  bc 

7 0  a 
3 4  b 

6 8  a 
3 4  b 

6 0  a 
2 0  b 

5 7  a 
3 1  bc 

Ang l e  

4 9  a 
5 5  a 

5 2  a 
6 0  a 

55 a 
6 3  a 

57  a 
6-6 a 

5 8  a 
6 8  a 

5 9  a 
7 0  a 

6 0  a 
6 9  a 

6 0  a 
7 0  a 

6 1  a 
7 1  a 

65  a 
7 7  a 

7 0  a 
7 7  a 

7 0  a 
7 7  a 

7 0  a 
7 7  a 

5 9  a 
5 7  a 

5 5  ab 
5 9  a 

4 3  a 
3 7  a 

4 6  ab 
4 0  abc 

4 9  ab 
4 5  abc 

5 1  ab 
4 7  ab 

5 2  ab 
4 8  abc 

5 3  a 
5 2  ab 

5 4  a 
5 5  a 

5 4  ab 
5 7  a 

5 8  a 
5 6  a 

5 9  a 
5 7  a 

6 4  a 
6 2  a 

6 5  a 
6 5  a 

6 3  a 
6 7  a 

6 3  a 
5 1  a 

6 3  a 
4 3  ab 

Total 

37  ab 1 8 8  x 
2 1  b 1 3 3  Y 
4 3  abc 2 0 4  x 
2 6  bc  1 5 0  y 

4 7  abc 2 1 7  x 
2 7  bc 1 6 1 y 

4 9  ab 2 2 3  x 
2 8  b 1 6 9 Y 
4 9  abc 2 2 4  x 
2 9  c 1 7 3  y 

5 0  ab 2 3 0  x 
2 9  ab 1 8 0  x 

5 1  ab 2 3 1  x 
2 8  b 1 8 2  x 

5 2  ab 2 3 4  x 
2 8  e 1 8 6  x 

5 4  ab 2 4 0  x 
2 8  c 1 8 6  y 

5 7  a 2 5 0  x 
3 0  b 1 9 6  x 

5 7  ab 2 5 7  x 
2 9  c 2 0 2  Y 
6 0  a 2 65 x 
2 8  b 2 0 4  y 

6 0  a 2 6 1  x 
3 1  b 2 0 9  x 

5 1  a 2 3 3  x 
2 1  b 1 4 9  Y 
4 9  ab 2 2 4  x 
1 9  c 1 5 2  y 

Numbers  with the s ame letter within e ach t ime are not 
s i gni f i c ant l y  di ffe rent (P > O . O l ) . 

c ontinued 



Appendix T ables 2 6 2 

T ab l e  Al - 3 / 4  c ont inued . 

Adult prefe=ence for younger or mature leaf di s c s  at 
an g 1 e s 00, 4 50,  6 00 0 r 9 00  . 

i i i . Rauriki .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  adults  Angle Total 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

o n  l e a f  di s c s  00 4 5° 6 0 0  9 00 
- - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hours 
0 . 25 

Younge r l e a f  1 4 0  a 8 6  a 8 4  a 4 7  a 3 5 7  
Mature l e a f  1 4 9  a 1 1 5  a 1 1 0  a 6 9  a 4 4 3  

0 . 5 0 
Younge r l e a f  1 6 2 a 9 9  b 9 8  a 5 8  a 4 1 7  
Mature l e a f  1 6 4 a 1 3 1  a 1 1 4  a 8 4  a 4 9 3  

0 . 75 
Younger l e a f  1 7-5 a 1 1 4  a 1 1 2  a 6 4  a 4 65 
Mature l e a f  1 6 5 a 1 3 9  a 1 2 6 a 9 4  a 5 2 4  

1 . 0 0 
Younger l e a f  1 8 8  a 1 2 3  a 1 1 5  a 7 4  a 5 0 0  
Mature l e a f  1 7 5  a 1 6 0 a 1 3 1  a 1 0 0  a 5 6 6  

1 '. 5 0 
Younger l e a f  1 8 4  a 1 3 3  a 1 2 8  a 7 8  a 5 2 3  
Mature l e a f  1 8 1  a 1 4 9  a 1 3 1  a 1 0 9  a 5 7 0  

2 . 0 0 
Younger leaf  1 9 2 a 1 4 2  a 1 3 4 a 8 1  b 5 4 9 
Mature l e a f  1 8 3  a 1 5 6  a 1 4 1  a 1 1 8  a 5 9 8  

3 . 0 0 
Younger l e a f  1 9 3  a 1 5 4  a 1 4 7  a 9 0  a 5 8 4  
Mature l e a f  1 8 3  a 1 6 0  a 1 4 8  a 1 2 5  a 6 1 6 

4 . 0 0 
Younger l e a f  1 9 7 a 1 6 1  a 1 6 3  a I I I  a 6 3 2  
Mature l e a f  1 9 2 a 1 7 7  a 1 6 7 a 1 3 9  a 6 7 5  

5 . 0 0 
Younge r l e a f  2 1 0  a 1 65 a 1 7 0  a 1 2 0  a 6 6 5  
Mature l e a f  2 0 4  a 1 8 0  a 1 8 1  a 1 5 8  a 7 2 3  

6 . 0 0 
Y ounger l e a f  1 7 4  a 1 3 9  a 2M 1 3 7  a 9 7  a 2 M5 4 7  
Mature l e a f  1 8 4  a 1 5 8  a 2M,1 4 2  a 1 2 8  a 2M6 1 2  

2 4 . 0 0 
Younger l e a f  1 4 9  a 1 3 2 a 2M 1 2 8  a 1 1 9  a 2 M5 2 8  
Mature l e a f  1 6 8 a 1 4 7  a 2M 1 2 1  a 1 1 2  a 2 M5 4 8  

Number s  with the s ame l etter within e ach t ime are not 
s i gn i fi c ant l y  di f ferent (P > O . O l ) . 

y 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

x 
x 

M :  s ome mi s s ing value s for  the s e  c ount s ( number indicated) . 

S e e  page 9 5 . 



Table Al-3/5  
Appendix Table s  2 6 3  

Adult pre ference for incl ined o r  hori z ont al 
leaf  di s c s  at ang l e s  0°,  4 5° or 6 0° .  

Compari s on o f  actual and pro j e cted equal di s c  are a . 

i .  Tomat o cv . Viro s a . 

S um and perc ent 
adu l t s  

Angle 

on leaf di s c s  

Equal actual area 
Hours 

0 . 25 
Hor i z ont a l  di s c  
Incl ined d i s c  

0 . 50 
Hor i z ontal disc  
Incl ined di s c  

0 . 7 5 
Hor i z ont al disc  
Incl ined di s c  

1 .  0 0  
Hori z ont a l  di s c  
Inc l ined di s c  

Equal projected area 
Hours 

0 . 1 7 
Hor i z ontal dis c 
Incl ined di s c  

0 . 2 5 
Hori z ont a l  di s c  
Incl ined di s c  

0 . 5 0 
Hor i z ontal di s c  
Incl ined di s c  

0 . 75 
Hor i z ont al di s c  
Incl ined di s c  

1 . 0 0 
Hori z ontal di s c  
Incl ined di s c  

1 8 2 a 5 4 %  
1 5 6  a 4 6 % 

1 9 1 a 5 4 %  
1 6 6 a 4 6 % 

1 9 2 a 5 3 %  
1 6 7 a 4 7 %  

1 9 9  a 5 3 %  
1 7 6  a 4 7 %  

1 1 7  a 4 8 % 
1 2 7  a 5 2 %  

1 6 3 a 4 4 %  
2 0 6  a 5 6 % 

1 9 3 a 4 6 % 
2 2 9  a 5 4 %  

2 0 8  a 4 7 %  
2 3 9  a 5 3 %  

2 1 4  a 4 6 % 
2 5 2  a 5 4 %  

2 0 2  a 6 5 %  
1 1 0  b 3 5 %  

2 2 1  a 6 6 %  
1 1 3  b 3 4 %  

2 2 8  a 6 6 %  
1 1 7 b 3 4 %  

2 3 1  a 6 6 % 
1 1 9  b 3 4 %  

2 0 0  a 8 3 % 
4 2  b 1 7 %  

2 8 5 a 8 1 %  
6 9  b 1 9 % 

3 3 0  a 8 0 %  
8 3  b 2 0 %  

3 4 6 a 8 0 %  
8 7  b 2 0 %  

3 5 0  a 7 9 % 
9 4  b 2 1 %  

Numbers with the s ame l etter for each t ime , 
angl e ,  di s c  group and area group are not 
s ign i f i cant l y  diffe rent ( P > O . O l ) . 
Thi s t ab l e  i s  redrawn from Appendix Table  Al-3 / 3  
i and iv . 

c ontinued . . . 



Appendix Table s 2 6 4  

Table Al-3/ 5  cont inued . 

Adult pre ference for incl ined o r  hori z ontal 
leaf di s c s  for angles 0° ,  4 5° or 6 0 ° . 

Comparison o f  actual and proj ected equal di sc  area . 

Sum and percent 
adults  

on leaf  discs  

Equal actual area 
Hours 

0 . 2 5 
Hor i z ont al di s c  
Incl ined di s c  
0 . 50 
Hor i z ont al di sc  
Incl ined disc  
0 . 7 5 
Hor i z ontal di s c  
Incl ined di s c  
1 . 00 
Hor i z ont al disc  
Incl ined di s c  

Equal projected area 
Hours 

0 . 1 7 
Hor i z ont al di sc  
Incl ined di sc  
0 . 2 5 
Hor i z ont al di s c  
Incl ined di sc  
0 . 5 0 
Horiz ont al di sc  
Incl ined disc  
0 . 75 
Hori z ontal di s c  
Incl ined di sc  
1 .  0 0  
Hor i z ont al disc  
Incl ined di s c  

i i . Rauriki . 

1 4 2  a 4 9 % 
1 4 7  a 5 1 %  

1 6 8 a 5 2 %  
1 5 8  a 4 8 %  

1 7 5  a 5 1 %  
1 65 a 4 9 %  

1 9 3 a 5 3 %  
1 7 0  a 4 7 %  

1 5 1  a 4 6 % 
1 7 3  a 5 4 %  

1 7 8  a 4 9 % 
1 8 1  a 5 1 %  

1 8 7 a 4 8 %  
2 0 1  a 5 2 %  

1 8 9  a 4 8 %  
2 0 5  a 5 2 %  

1 9 2 a 4 7 %  
2 1 3  a 5 3 %  

Angle 

1 6 1 a 8 0 %  
4 0  b 2 0 %  

1 8 3  a 8 0 %  
4 7  b 2 0 %  

1 9 9  a 7 9 % 
5 4  b 2 1 %  

2 1 2  a 7 5 %  
7 1  b 2 5 %  

1 3 2  a 5 7 %  
1 0 0  a 4 3 %  

1 5 6  a 5 5 %  
1 2 7  a 4 5 %  

1 7 2  a 5 7 %  
1 3 1  a 4 3 % 

1 7 8  a 5 7 %  
1 3 7  a 4 3 %  

1 9 0 a 5 7 %  
1 4 1  b 4 3 %  

Numbers with the s ame l etter for each t ime , 
angle , di sc  group and area group are not 
s igni f i cant ly different ( P > O . O l ) . 

1 6 4 a 8 5 %  
3 0  b 1 5 %  

1 7 4  a 8 2 %  
3 8  b 1 8 %  

1 9 7 a 8 3 %  
4 1  b 1 7 %  

2 0 5  a 8 3 %  
4 1  b 1 7 %  

4 2  a 7 5 %  
1 4  b 2 5 %  

5 2  a 7 2 %  
2 0  b 2 8 %  

6 5  a 7 4 %  
2 3  b 2 6 % 

7 4  a 7 4 %  
2 6  b 2 6 % 

8 5  a 7 7 %  
2 5  b 2 3 %  

Thi s  t able i s  redrawn from Appendix Table Al - 3 / 3  
i i i ,  v and vi . 



----------

Appendix T ables 2 6 5 

Tab l e  A2 - 1 / 1  

Ovipo s it i on on l e a f  d i s c s  and int act leaves o f  4 l e a f  age s . 
No cho ice test . 

i .  Tomat o cv . Moneymake r . 

Sum o f  
eggs 

Leaf age 
4 Youngest 

Leaf d i s c  
Intact l e a f  

Total  
3 

Leaf d i s c  
Intact l e a f  

T o t a l  
2 

Leaf disc  
Int act leaf  

Total  
1 Oldest 

Leaf di sc  
Intact leaf  

Total  

P o s it ion within leaf 

Nearest 
apex 

1 9 0  ab 
1 7 2  ab 
3 6 2 w 

6 1  ef  
1 0 9  cd 
1 7 0 Y 

8 9  de 
-.M e 
1 5 3  y 

6 4  e 
2.§. f 
1 0 0  z 

Nearest 
pet i o l e  

2 0 5  a 
1 6 5 ab 
3 7 0  w 

8 6  
1 5 0  b c  
2 3 6  x 

7 8  
2Q 
1 6 8  Y 

8 3  
62  

1 4 5  Y 

Tot a l  

3 9 5  
3 3 7  

de 1 4 7  
2 5 9  

de 1 6 7 
de 1 5 4  

de 1 4 7  
e 9 8  

Numbers  with the s ame letter are not s i gn i f i c ant ly 
di f fe rent ( P > O . O l ) . The two set s o f  tot a l s  have been 
ana l yz ed s eparat e l y . 

p 
p 

r 
q 

r 
r 

r 
s 

cont inued . . .  



Table A2 - 1 / 1  cont inued . 

Oviposit i on on leaf discs  and int act leaves . 
No cho ice test . 

i i . Tobacco cv . White Burley . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S um o f  Pos it ion within leaf Tot a l  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

eggs Nearest Middle Nearest 
apex pet i o le 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Lea f  age 
4 Youngest 

Leaf di s c  3 6 1  bcd ( 4 ) 1 9  4 1 9  ab ( 4 ) 1 9  4 5 7  a ( 4 ) 1 8  1 2 3 7  
I ntact leaf  4 5 8  a ( 4 ) 1 7  3 2 1  cde ( 4 ) 1 9  3 9 6  ab ( 4 ) 1 8  1 1 7 5  

T ot al 8 1 9  7 4 0  8 5 3  
3 

Leaf di s c  4 3 4  ab ( 4 ) 1 5  3 1 2  cde ( 4 ) 1 8  2 5 8  g ( 4 )  1 7  1 0 0 4  
Int act leaf  3 8 0  bc ( 4 ) 2 0  2 9 6  e f  ( 4 ) 1 8  3 6 6  bc (4  ) 1 8  1 0 4 2  

Total  8 1 4  6 0 8  6 2 4  
2 

Leaf d i s c  2 9 1  e f  ( t1 ) 1 9  2 62 e fg ( t1 ) 1 5  2 6 3  e fg ( 4  ) 1 9  8 1 6  
In tact leaf  il 3 /.  ab ( t1 ) 2 0  3 9 3  a b  ( t1 ) 1 9  2 2 3  9 ( t1 ) 1 7  1 0 t1 8  

Total 723  655  4 8 6  
1 Oldest 

Le a f  d i s c  1. 53 ( 2 )  6 1 t1 1  ( 2 ) 9 1 0 0  ( 2 ) 9 3 9 t1  
I n t a c t: lea f l fl ll  ( 2 ) 1 0  1 5 0 ( 2 ) 0 1 t1 0 ( 2  ) 9 t1 8 2  

Total 3 3 7  2 9 9  2 4 0  

F igures i n  parenthe s i s  are the number of val id observat i ons fo l l owed by the sum o f  whit e f l i e s  
a l ive a t  t h e  end o f  the experiment . Numbers with the s ame letter a r e  n o t  s ignifi cant ly di fferent 
( P > O . 0 1 ) . The o lde st leaf age and the t-otals have not been included in the anal y s i s . 

.6' '0 C1> ::J 
p: I>.: 
'- -3 
�. 
f-' 
C1> 
(J) 



Table A2 - 1 / 2  

T omat o cv . Viros a . 

Appendix Table s 2 6 7  

i .  Ovip o s it i on and l e a f  hai r  dens i t y  o f  i n t a c t  p l ant s 
- 4 l e a f  ages and both leaf surface s .  No cho i c e  t e st . 

Lower Upp e r  G rand 
surface s u r f a c e  mean 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Short hairs 
L e a f  age 

1 o l de s t  4 1 . 3  1 5 . 8  2 8 . 5  
2 2 1 4 . 0  9 7 . 8  1 5 5 . 9  
3 2 4 9 . 0  8 6 . 3  1 6 7 . 6  
4 y oungest  4 0 0 . 1  9 8 . 3  2 4 9 . 2 

Glandular hairs 
L e a f  age 

1 o l de s t  6 . 0  · 1 3 . 1  
2 9 . 0  . 5  4 . 8  
3 3 . 8  . 6  2 . 2  
4 y ounges t  1 2 . 4  3 . 9  8 . 1  

Long hairs 
L e a f  age 

1 o l de s t  . 0 . 3  . 1  
2 . 0  · 4 . 2  
3 . 1 . 6  . 4  
4 y ounge s t  . 4  · 9 . 6  

Sum o f  eggs T o t a l  
L e a f  age 

1 o l de s t  2 1 4  d 1 9 0  d 4 0 4  
2 3 5 6  b 2 7 6 c 6 3 2  
3 4 4 8  a 2 7 7  c 7 2 5  
4 y ounges t  4 3 3  a 3 8 2  ab 8 1 5  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numbers with the s ame l etter are  n o t  s igni f i c ant l y  
di fferent ( P >O . O l ) . 



Table A2 - 1 / 2  

T omat o cv . Viro s a . 

i i . Ovipo s it i on and nitrogen , phosphorus and pot a s s ium c ontent for 4 l e a f  age s 

% Nit rogen % Phosphorus % P ot a s s ium Eggs Sum o f  
adu l t s  

- - - - - - - - - - - - -- - - - - - - - -- -- - - -- - - - - - - - - - - - - - -- --- - - - - - - - - - - - - - -- - -- --
Leaf di s c s . Cho i ce test . ( Expt . 1 - 3 / 5 )  Mean 
Leaf age 

4 Younge s t  2 . 6 9 . 3 5 5 . 4 6 4 . 3 3 1  a 1 3 8  x 
3 2 . 3 3 . 3 0 4 . 4 1 2 . 1 1 8  be 1 2 3  x 
2 1 .  7 3  . 3 6 6 . 0 5 2 . 5 5 1  b 1 3 0  x 
1 O l d e s t  1 .  3 5  . 5 8 5 . 5 6  . 7 7 5  c 1 1 6  x 

Grand mean 2 . 0 2 . 4 0 5 . 3 6 2 . 4 4 4  Total 5 0 8  

Intact plant s . No choice t e s t . ( E xpt . 2 - 1 / 3 )  Sum 
Leaf age 

4 y ounge st 2 . 7 6  . 3 6 4 . 5 3 8 1 5  a 
3 2 . 2 6  . 2 9 4 . 1 5 7 2 5  ab 
2 1 .  6 7  . 3 5 4 . 9 6 6 3 2  b 
1 o l d e s t  1 .  4 7  . 5 6  5 . 3 6 4 0 4  c 

Grand mean 2 . 0 4 . 3 9 4 . 7 5  Total 2 5 7 6 

N 
O'l 

Numbers w i t h  t h e  s ame l ette r  within e ach e xperiment are not s ign i f i c ant l y  di ffe rent 00 

( P > O . O l ) . S um o f  adu l t s  rec orded at 1 3 . 5  hours . P e r c entage s  are % dry we i ght . 



Table A2 - 1 / 3  

Ovipo s i t i on on l owe r o r  upper surface o f  l e a f  d i s c s . Cho i c e  test . 

Mean eggs p e r  whi t e f ly-day Lower surface Upper sur face 

Da t ura sp . 
T omat o cv . V i r o s a  
Abu t i l on sp . 
Tobacco cv . White Bur l e y  

3 ' . 3 6 3  
8 . 6 4 3  
1 . 7 8 7 
5 . 0 2 5  

( . 2 7 9 )  1 0  
( 1 . 7 4 6 )  7 

( . 7 9 1 )  1 0  
( . 7 0 2 )  1 0  

7 . 4 9 3 
1 0 . 6 4 1  

6 . 8 1 5  
2 . 3 6 4  

( 1 . 0 0 8 )  1 0  
( 2 . 4 0 3 )  7 
( 1 . 0 5 4 )  1 0  

( . 4 1 0 )  1 0  

* *  

* *  
* *  

F igu re s in p a renthe s i s  are t he standard e r r o r s  o f  the me an fo l l owed by the number o f  
v a l i d  observat ions . 
* * Number o f  eggs on l ower and upper l e a f  surface s are s ign i f i cantly d i f fe rent 
( P < O . 0 1 )  . 



Table A2 - 1 / 4  

Tomat o  cv . Vi rosa . 

Ovipos it i on on lower or upper surface o f  leaf  discs  o f  4 ages . Cho i ce test . 

Mean eggs per Lea f  surface 

wh itefly-day Lowe r Upper T o t a l  

Leaf age 
1 Oldest 
2 
3 
4 Younge st 

. 7 55 ( . 1 4 1 )  8 
2 . 7 6 8  ( . 5 6 3 )  8 
1 . 9 6 2  ( . 4 1 4 )  . 8  
4 . 3 5 3  ( . 6 8 2 )  8 

. 7 9 4 ( . 2 1 3 )  
2 . 3 3 3  ( . 2 5 6 )  
2 . 2 7 3  ( . 7 9 7 )  
4 . 3 0 9  ( . 7 9 6 )  

8 
8 
8 
8 

. 7 75  c 
2 . 5 5 1  b 
2 . 1 1 8  bc 
4 . 3 3 1  a 

( . 1 2 3 )  
( . 3 0 4 )  
( . 4 3 5 )  
( . 5 0 6 )  

1 6  
1 6  
1 6  
1 6  

F i gures in  parenthe s i s  are the standard errors o f  the mean fo l l owed by the number 
o f  valid observat ions . 
Numbers with t he s ame letter are not s igni f i cant ly di f ferent ( P > O . O l ) . 

N 
-J 
o 



Tab l e  A2 - 1 / 5  

Appendix Table s  2 7 1  

Ovipo s it i on on hor i z ontal o r  incl ined leaf d i s c s  
o f  younger o r  mature l e a f  age . 

- - - - - - - - - - - -

Angle 
0° 

Younge r 
Mature 

4 5° 
Younger 
Mature 

60° 
Younger 
Mature 

90° 
Younge r 
Mature 

Mean for all 
Younger 
Mature 

i .  Tomat o cv . Viro s a . 

Me an eggs per whitefly-day 

Hor i z ont a l  di s c  Incl ined disc  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 . 5 5 8  ( . 9 0 1 )  7 5 . 6 8 4  ( 2 . 2 3 3 )  7 
1 . 9 4 7  ( . 4 5 4 ) 7 1 . 5 8 9  ( . 2 7 7 )  8 

3 . 0 1 9  ( . 9 9 2 )  8 3 . 0 8 1  ( . 5 6 8 )  8 
2 . 2 9 0  ( . 7 2 1 )  7 3 . 0 9 9  ( 1 . 1 3 9 )  7 

3 . 6 7 6  ( 1 . 7 7 9 )  7 4 . 2 6 3  ( . 8 0 8 )  8 
2 . 2 2 3  ( . 5 0 3 ). 7 1 . 7 6 3  ( . 5 6 6 )  8 

2 . 8 0 6 - - . ( . 5 1 4 ) 8 4 . 7 4 7  ( 1 . 0 0 7 )  8 
2 . 3 4 0  ( . 4 8 0 )  7 4 . 5 5 3  ( 1 . 2 6 3 )  8 

angle s  
3 . 2 4 1  ( . 5 2 6 )  3 0  4 . 4 0 3  ( . 6 1 1 )  3 1  
2 . 2 0 0  ( . 2 6 1 ) 2 8  2 . 7 4 0 ( . 4 7 7 )  3 1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F i gures in parenthe s i s  are the st andard errors  o f  the mean 
f o l l owed by the number of val id obs e rvat i ons . There is a 
s igni f i cant di f fe rence ( P < O . O l )  only between leaf  ages . 

cont inued . 



Appendix T ab l e s  2 7 2  

Tab l e  A2 - 1 / 5  cont inued . 

Ovipo s it i on on hor i z ontal or incl ined l e a f  discs  
o f  y o unge= or  mature leaf age . 

i i . T oba c � o  cv . White Burley . 

Mean eggs per whitefl y-day 

Angle 
00 

Younger 
Mature 

4 50 
Y ounger 
Mature 

600 
Younger 
Mature 

9 00 
Y ounger 
Mature 

Hori z or.� al disc 

4 . 2 2 5  ( . 0 3 8 )  2 
1 . 0 1 8  ( . 0 0 4 ) 2 

7 . 8 6 1  ( 2 . 0 5 1 )  2 
2 . 2 3 8  ( . 8 3 4 )  2 

6 . 2 8 2  
1 . 9 6 6  

( . 7 8 2 )  2 
( . 3 1 2 �  2 

4 . 1 2 8 - ( 3 . 9 3 8 ) 2 
. 2 8 2  ( . 0 8 4 )  2 

Total for a l l  angles 
Younger 5 . 6 2 4  
Mature 1 . 3 7 6  

( 1 . 0 3 4 ) 8 
( . 33 9 )  8 

I n c l ined di s c  

4 . 7 7 9  
1 . 2 3 9  

8 . 4 5 5  
1 . 2 0 9  

( . 1 4 4 )  2 
( . 0 0 7 )  2 

( . 9 6 1 )  2 
( . 1 4 2 )  2 

6 . 0 5 7  ( 1 . 6 7 1 )  2 
. 6 9 8  ( . 1 8 9 )  2 

7 . 2 9 4 ( 6 . 5 6 9 )  2 
l . 1 5 4  ( . 0 3 1 )  2 

6 . 6 4 6  ( 1 . 3 9 4 )  8 
1 . 0 7 5  ( . 0 9 5 )  8 

F i gures in parenthe s i s  a=e the standard errors o f  the mean 
f o l l owed by the numb e r  of val id observat ions . There is a 
s igni f i cant di fference ( ? < 0 . 0 1 )  only between l e a f  age s . 

c ont inued . 



Appendix T abl e s 2 7  3 

T ab l e  A2 - 1 / 5  c ont inued . 

Ovipo s it i on on hori z ont al o r  incl ined leaf  di s c s  
o f  younger o r  mature leaf age . 

i i i . Raur iki . 

Mean eggs per whi t e fly -day 

Angle 
0° 

Younger 
Mature 

4 5° 
Younger 
Mature 

60° 
Younger 
Mature 

9 0° 
Younger 
Mature 

Hori z ont al di s c  

9 . 6 5 0  ( 1 . 4 8 8 )  8 
5 . 1 5 0  ( 1 . 3 8 6 )  8 

7 . 7 8 2  ( 1 . 3 5 1 )  8 
5 . 4 7 4  ( . 9 65 )  8 

8 . 0 5 3  ( 1 . 4 4 1 )  8 
5 . 1 9 2 ( 1 . 3 1 1 ) ' 8 

8 . 9 6 2  ' - , ( 1 . 7 2 9 )  8 
4 . 9 3 5  ( 1 . 0 0 3 )  8 

Mean for all angl e s  
Younger 8 . 6 1 2  
Mature 5 . 1 8 8  

( . 7 2 9 )  32  
( . 5 6 2 )  3 2  

Inc l ined di s c  

9 . 5 4 7  ( 1 . 5 8 9 )  8 
5 . 5 8 8  ( 1 . 0 9 3 )  8 

6 . 2 0 9  ( . 6 6 9 )  8 
5 . 1 0 2 ( 1 . 0 2 1 )  8 

8 . 8 6 3  ( 1 . 4 9 8 )  7 
3 . 5 6 7  ( . 5 7 8 )  8 

5 . 94 6  ( 1 . 1 3 5 )  8 
5 . 4 0 5  ( . 9 8 0 )  8 

7 . 6 0 2  
4 . 9 1 6  

( . 6 65 )  3 1  
( . 4 6 9 )  3 2  

F i gures  i n  parenthe s i s  are the, st andard errors o f  the mean 
f o l l owed by the numb e r  of val id observat i ons . The re is a 
s igni f i c ant di f fe rence ( P < 0 . 0 1 )  between l e a f  age s only . 



Table A2 - 2 / 1  
Adult surviva l  and sex group within sucrose c oncent rat i on over t ime . 

i .  Experiment 2 - 2 / 1 .  

Sum of Day 
adults - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 1 2 3 
- - - - - - - - - - - - - - - - - � - - .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

air 
fema le 1 6  a { � � 1 c { � �  0 d { � �  m<;l le 1 6  a 0 d 8 d 
ml xed sexes 1 6  a " 2 . 0 d d 

water 
fema le 1 5  a { �  � 1 0  ab { � �  4 bcd � � � g c { �  � m<;l le  1 6  a i j  a 5 abcd c 
ml xed sexes 1 6  a ab 1 1  ab bc 

1 0 % sucro s e  
female l �  a � � � .  1 4  a � � �  t �  ab { � �  ] � ab � � �  m<;l le a l �  ab ab a �lxed sexes a a 1 6  a 1 (l 

2 % sucro se 
female 1 6  a { �  � i j  a { � �  1 4  ab � � � 1 4  a � � � m<;lle 1 6  a ab 1 2  ab 1 2  a 
mlxed sexes 1 6  a 1 6  a 1 6  a 1 6  a 

3 0 %  sucro se 
fema le i i  a { � �  1 4  a { � �  ] 4 ab { � �  1 4  a { �  � m<;l le a 1 4  a 1 4  ab 1 4  a 
mlxed sexes a 1 6  a 1 5  ab 1 5  a 

4 0 %  sucrose 
female 1 6  a { � �  1 3  ab � � � 1 2  ab � � � 9 ab � �  l m<;lle 1 6  a 7 abc 4 bcd 0 c 
mlxed sexes 1 6  a 1 4  a 1 2  ab 1 0  ab 

5 0 %  sucros e  
fema le 1 6  a { � �  1 3  ab � � �  9 abc � � }  6 abc � � � ma le 1 6  a 1 0  ab 1 cd 0 c 
mixed sexes 1 6  a 9 abc 0 d 0 c 

60% sucrose 
female 1 6  a { �  � 1 1  ab { � �  1 cd { �  � 0 c { � l  male 1 6  a 6 abcd 0 d 0 c 
mixed sexes 1 6  a 3 bcd 0 d 0 C 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1(; 
'0 
CD 
::l Po 
f-'-� 
8 PJ tJ' 
t-' 
CD 
en 

N 
-...1 
� 

c ont inued 



Table A2 - 2 / 1  cont inued . 

Adu lt  s u rv ival and sex group within suc rose  concent rat ion over t ime . 

i .  Exper iment 2 - 2 / 1 . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  Day 
adu l t s  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 5 6 7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  
fema l e  0 c ( 2  ) 
ma l e  0 c ( 2 )  
mi xed sexes  0 c ( 2  ) 

1 0 %  sucro s e  
fema le  8 ab ( 2 ) 8 ab ( 2  ) 8 ab ( 2 )  7 a ( 2 )  
ma l e  1 1  ab ( 2  ) - 1 1  ab ( 2  ) 1 0  a ( 2 )  9 a ( 2 )  
mixed sexes  1 6  a ( 2 )  1 6  a ( 2  ) 1 3  a ( 2 )  1 0  a ( 2 )  

2 0 %  sucro s e  
fema l e  1 4  ab ( 2  ) 1 4  a ( 2  ) 1 2  a ( 2 )  1 0  a ( 2 )  
mal e  1 5  ab ( 2 )  1 5  a ( 2  ) 1 5  a ( 2  ) 1 4  a ( 2 )  
mixed sexes  1 6  a ( 2 )  1 5  a ( 2  ) 1 5  a ( 2 )  1 2  a ( 2  ) 

3 0 %  sucro s e  
femal e  1 4  ab ( 2 )  1 3  a ( 2  ) 1 3  a ( 2 )  9 a ( 2 )  
mal e  1 2  ab ( 2  ) 1 2  a ( 2  ) 1 0  a ( 2 )  9 a ( 2 )  
mixed sexes  1 5  ab ( 2 ) 1 3  a ( 2  ) 1 1  a ( 2  ) 9 a ( 2  ) 

4 0 %  sucro s e  
femal e  9 ab ( 2  ) 7 b ( 2  ) 4 abc ( 2 )  1 b ( 2  ) 
ma l e  0 c ( 2  ) 0 c ( 2  ) 0 c ( 2  ) 0 b ( 2  ) 
mi xed sexes  4 b ( 2 )  2 c ( 2  ) 0 c ( 2  ) 0 b ( 2  ) 

5 0 %  sucro s e  
fema l e  4 bc ( 2 )  2 bc  ( 2  ) 1 bc ( 2 )  0 b ( 2 ) 
ma l e  0 c ( 2 )  0 c ( 2  ) 0 c ( 2  ) 0 b ( 2 )  
mixed sexes  0 c ( 2 )  0 c ( 2  ) 0 c ( 2  ) 0 b ( 2  ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c ont inued 

� '0 
co 
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Table A2 - 2 / 1  cont inued . 

Adu lt surviva l and sex group within suc rose  con cent rat ion ove r t ime . 

i .  Experiment 2 - 2 / 1 .  

Sum o f  Day 
adult s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 9 1 0  1 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 %  sucrose 
female 4 ab ,: ( 2 )  . 3 abc ( 2  ) 2 abc ( 2 )  1 ab ( 2 ) 
ma le 8 a ( 2  ) 4 abc ( 2 ) 3 abc ( 2  ) 2 ab ( 2  ) 
mi xed sexe s 1 0  a ( 2 ) 6 abc ( 2  ) 4 abc ( 2  ) 3 ab ( 2 ) 

2 0 %  sucrose 
female 1 0  a ( 2 ) 1 0  a ( 2 ) 9 ab ( 2 )  7 a ( 2  ) 
ma le 1 1  a ( 2 )  1 1  a ( 2 )  1 1  a ( 2 )  8 a ( 2  ) 
mi xed sexe s 1 0  a ( 2 )  , 9 ab ( 2 )  8 ab ( 2  ) 6 ab ( 2  ) 

3 0 %  sucrose 
female 5 a � � � 1 bc g � 0 c � 2 ) 0 b � � �  ma le 9 a 4 c 1 bc 2 )  1 ab 
mi xed sexe s 2 ab 2 )  0 c ( 2 )  0 c ( 2 )  0 b 2 )  

4 0 %  sucrose 
fema le 0 b � � �  male 0 b 
mi xed sexe s 0 b 

Sum o f  Day 
adults - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

12  1 3  1 4  1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 %  sucrose 
female 1 a ( 2 )  1 ab ( 2 )  1 ab ( 2 ) 0 a ( 2 )  
mal e  2 a ( 2 ) 1 ab ( 2 )  1 ab ( 2 ) 1 a ( 2 )  
mixed sexes 2 a ( 2 ) 0 b ( 2 )  0 b ( 2  ) 0 a ( 2 )  

2 0 %  sucrose 
female 6 a ( 2 )  3 ab ( 2 )  3 ab ( 2 ) 1 a ( 2  ) 
male 8 a ( 2  ) 8 a ( 2 )  8 a ( 2 ) 5 a ( 2 )  
mixed sexe s 3 a ( 2) . 0 b ( 2 )  0 b ( 2 ) 0 a ( 2 )  

- - - - - - - - - - - - - - - - - - � � - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

continued 



Table A2 - 2 / 1  cont inued . 

Adu lt survival and s e x  group within sucro s e  concent rat ion ove r time . 

i .  Expe riment 2 - 2 / 1 . 

Sum o f  Day 
adults  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 6  1 7  1 8  1 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 %  sucrose 
female 0 a ( 2 )  0 a ( 2 ) 0 a ( 2 )  0 a ( 2  ) 
male 1 a ( 2 ) 1 a ( 2  ) 1 a ( 2 )  0 a ( 2 ) 
mixed sexes 0 a ( 2 ) 0 a ( 2 )  0 a ( 2  ) 0 a ( 2 ) 

2 0 %  sucrose 
female 1 a ( 2 ) 0 a ( 2 ) 0 a ( 2 )  0 a ( 2 )  
ma le  3 a ( 2 ) 1 a ( 2 ) 1 a ( 2 )  1 a ( 2 ) 
mixed sexes 0 a ( 2 ) 0 a ( 2  ) 0 a ( 2 )  0 a ( 2 )  

Numbers with the s ame l etter within the s ame day are not s ign i ficant ly di fferent 
( P > O . O l ) . 

F i gures in parenthe s i s  are the number o f  v a l id observat ions . 

N 
-...J 
-...J 



Table A2 - 2 / 1  

Adu lt survival and sex group within sucrose c oncen trat i on ove r t ilne . 

i i . E xperiment 2 - 2 / 2 . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum of · D ay 
adults - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 1 2 3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
water 

female 6 4  a ( 8  ) 6 3  a ( 8  ) 6 3  a ( 8  ) 6 2  a ( 8  ) 
male  6 4  a ( 8  ) 6 3  a ( 8  ) 6 3  a ( 8  ) 3 4  b ( 8  ) 
mixed sexes 6 4  a ( 8  ) 6 4  a ( 8 ) 6 3  a ( 8  ) 4 5  ab ( 8  ) 

1 5 %  sucrose 
female 6 4  a ( 8 )  6 3  a ( 8  ) 6 3  a ( 8  ) 6 3  a ( 8  ) 
ma le  6 4  a ( 8 )  6 4  a ( 8  ) 6 3  a ( 8  ) 6 3  a ( 8  ) 
mixed sexe s 6 4  a ( 8  ) 6 4  a ( 8  ) 6 1  a ( 8  ) 6 1  a ( 8  ) 

2 0 %  sucrose .5" fema le 6 4  a ( 8  ) 6 4  a ( 8 ) 6 4  a ( 8  ) 6 4  a ( 8  ) '0 
ma le 6 4  ( 8 )  6 4  ( 8  ) 6 3  ( 8  ) 6 3  ( 8  ) (J) a a a a ::J 
mixed 6 4  ( 8  ) 6 4  ( 8  ) 6 4  ( 8  ) 6 4  ( 8 )  0. sexes a a a a .... . l>< 2 5 %  sucrose ..., 
fema le 6 4  a ( 8  ) 6 4  a ( 8  ) 6 3  a ( 8  ) 6 1  a ( 8  ) � 
ma le 6 4  a ( 8  ) 6 3  a ( 8  ) 6 1  a ( 8  ) 6 1  a ( 8  ) .... 

(J) 
mixed sexes 6 4  a ( 8  ) 6 3  a ( 8  ) 6 3  a ( 8  ) 6 3  a ( 8  ) Ul 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N 
cont inued --.J 

• co 



Table A2 - 2 / 1  continued . 
Adult survival and sex group within sucrose concentrat ion over t ime . 

i i . Experiment 2 - 2 / 2 . 

Sum of · · Oay adults - - - - - - - - �- - - � � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 5 6 7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
water female 2 6  b ( 8  ) 3 b ( 8  ) 0 b ( 8  ) male 6 

r 
( 8 ) ' 0 b ( 8  ) 0 b ( 8  ) c mixed sexes 2 3  b ( 8  ) 1 b ( 8  ) 0 b ( 8  ) 

1 5 %  sucrose female 6 0  a ( 8  ) 6 0  a ( 8  ) 5 8  a ( 8  ) 5 8  a ( 8  ) male 63 a ( 8  ) . 6 3 a ( 8  ) 6 3  a ( 8  ) 6 3  a ( 8  ) mixed sexes 6 1  a ( 8  ) 6 1  a ( 8  ) 6 0  a ( 8  ) 5 9  a ( 8  ) 
2 0 %  sucrose :x-female 6 3  ( 8  ) 63  ( 8  ) 63  ( 8 ) 6 2  ( 8  ) to a a a a to male 62 ( 8  ) 62  ( 8 ) 62 ( 8  ) 6 0  ( 8  ) 

(1) a a a a ::l 0-mixed sexes 6 4  a ( 8  ) 6 4 a ( 8  ) 6 4  a ( 8 )  6 4 a ( 8  ) 1-'-� 
2 5 %  sucrose >-,3 female 5 9  a ( 8  ) 57 a ( 8  ) 57 a ( 8 ) 5 3  a ( 8  ) III tr male 6 0  a ( 8  ) 6 0  a ( 8  ) 6 0  a ( 8  ) 5 8  a ( 8  ) � 

(J) mixed sexes 63 a ( 8  ) 6 1  a ( 8  ) 6 0  a ( 8  ) 5 9  a ( 8  ) en 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
tv 

continued -..J 
. �  



Table A2 - 2 / 1  cont inued . 

Adult surviva l and sex group within sucrose concent rat ion ove r t ime . 

Sum of 
adults 

1 5 %  sucrose 
female 
male 
mixed sexes 

20% sucrose 
female 
male 
mixed sexes 

2 5 %  sucrose 
female 
male 
mixed sexes 

i i . Exper iment 2- 2 / 2 . 

Day 

8 9 
- - - - - - - - - - - - - - - - - - -- - -- - --

58 a ( 8  ) . 57 a ( 8  ) 
63  a ( 8  ) 62 a ( 8  ) 
5 9  a ( 8  ) 57 a ( 8  ) 

6 1  a ( 8  ) 60  a ( 8  ) 
60 a ( 8  ) 5 9  a ( 8  ) 
62 a ( 8 ) 62 a ( 8  ) 

4 7  a ( 8 ) 45  a ( 8  ) 
5 8  a ( 8 )  57 a ( 8  ) 
58  a ( 8  ) 55 a ( 8  ) 

1 0  
- - - - - - - --- - - -

5 6  a ( 8  ) 
6 2  a ( 8  ) 
5 6  a ( 8 )  

5 9  a ( 8  ) 
5 9  a ( 8  ) 
6 0  a ( 8  ) 

3 7  a ( 8  ) 
5 2  a ( 8  ) 
4 9  a ( 8  ) 

1 1  
- - - - - - - - --- - -

5 5  ab ( 8  ) 
6 2  a ( 8  ) 
5 4  ab ( 8  ) 

5 6  ab ( 8  ) 
5 8  ab ( 8  ) 
5 8  ab ( 8  ) 

3 4  b ( 8  ) 
4 8  ab ( 8  ) 
4 3  ab ( 8  ) 

c ont inued 
tv 
co 
o 



Table A2 - 2 / 1  c ont inued . 

Adult surviva l and sex group within su crose c oncentrat i on over t ime . 

Sum o f  
adults 

15% sucrose 
female  
ma le 
mixed s e xes  

2 0 %  sucrose 
fema le 
ma le 
mi xed s e xes 

25% sucrose 
female 
ma le 
mixed s e xes  

i i . Expe riment 2 - 2 / 2 . 

Day 

12  13  1 4  
-- - ----- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - --

52 a ( 8  ) 5 0  abc ( 8 ) 4 5  ab ( 8  ) 
6 1  a ( 8  ) 5 9  a ( 8  ) 5 3  a ( 8  ) 
5 4  a ( 8  ) 5 4  ab ( 8  ) 5 1  a ( 8  ) 

5 2  a ( 8 )  4 3  ab ( 8  ) 3 5  ab ( 8  ) 
55  a ( 8 )  5 1  abc ( 8 ) 4 6  ab ( 8  ) 
5 2  a ( 8 )  4 6  abc ( 8 ) 3 9  ab ( 7 ) 

2 4  b ( 8 )  2 0  d ( 8  ) 8 c ( 8  ) 
3 9  ab ( 8 )  3 0  cd ( 8  ) 2 5  b ( 8  ) 
4 0  ab ( 8  ) 3 3  bcd ( 8  ) 2 5  b ( 8 ) 

1 5  
- - ----- - --- -

4 1  a ( 8  ) 
4 9  a ( 8  ) 
4 8  a ( 8  ) 

3 1  abc ( 8  ) 
3 7  ab ( 8  ) 
3 2  abc ( 7 ) 

8 d ( 8  ) 
2 0  bcd ( 8  ) 
1 6  cd ( 8  ) 

cont inued 



Table A2 - 2 / 1  cont inued . 

Adu lt  survival and sex group w ithin sucrose c oncentrat i on over t ime . 

i i . Experiment 2 -2 / 2 . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  
adults . 

1 5 %  sucrose 
female 
male 
mixed sexes 

2 0 %  sucrose 
female 
male 
mixed sexes 

25% sucrose 
female 
ma l e  
mixed sexe s 

1 6  

. . 

D ay 

1 7  
- - - - - - - - - - - - - - - - - - - - - - - - - -

3 6  ab ( 7 )  3 6  ab ( 7 )  
4 8  a ( 8  ) 4 0  ab ( 8  ) 
4 6  a ( 8  ) 4 5  a ( 8  ) 

1 8  bed ( 8  ) 1 3  bed ( 8  ) 
3 1  abc ( 8  ) 2 7  abc ( 8  ) 
2 8  abc ( 7 ) 2 0  be  ( 7  ) 

7 d ( 8  ) 4 d ( 8  ) 
1 5  c ( 8 )  1 2  cd ( 8  ) 

8 d ( 8 )  6 d ( 8  ) 

1 8  1 9  
- - - - - - - - - - - - - - - - - - - - - - - - -

3 0  ab ( 7  ) 2 7  ab ( 7 )  
3 0  ab ( 8  ) 2 7  ab ( 8  ) 
3 9  a ( 8  ) 3 5  a ( 8  ) 

8 cde ( 8 )  6 cde ( 8 )  
2 2  abc ( 8  ) 1 6  be ( 8  ) 
1 7  bed ( 7  ) 1 3  bed ( 7 )  

2 e ( 8 )  1 e ( 8 )  
6 de ( 8 )  3 de ( 8 )  
5 e ( 8 )  1 e ( 8 )  

c ont inued 
N 
co 
N 



Table A2 - 2 / 1  continued . 

Adult surviva l and s ex group w ithin sucrose concentrat ion ove r t ime . 

i i . Experiment 2 - 2 / 2 . 

- - - - - - - - - - - - - - - - - - - - - � - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  
adults  

1 5 %  sucrose 
fema l e  
male 
mixed sexes 

2 0 %  sucrose 
fema l e  
male  
mixed sexes 

25% sucrose 
fema l e  
mal e  
mixed sexes 

2 0  
- - - - - - - - - - - - -

2 1  ab ( 7 ) 
2 3  ab ( 8  ) 
3 1  a ( 8  ) 

3 cd (8  ) 
1 4  ab ( 8  ) 
1 3  bc  ( 7 ) 

1 d ( 8  ) 
2 d ( 8  ) 
0 d ( 8  ) 

Day 

2 1  
- - - - - - - - - - - - -

1 8  ab ( 7  ) 
2 1  a ( 8  ) 
2 9  a ( 8 ) 

3 c ( 8  ) 
1 3  abc ( 8  ) 

7 bcd ( 7 ) 

1 cd ( 8  ) 
2 d ( 8 ) 
0 d ( 8  ) 

2 2  2 3  
- - - - - - - - - - - - - - - - - - - - - - - - -

1 3  abc ( 7 ) 1 1  abc ( 7 ) 
1 7  ab ( 8  ) 1 4  ab ( 8 ) 
2 6  a ( 8  ) 2 1  a ( 8  ) 

2 de ( 8 )  1 d ( 8  ) 
8 bcd ( 8  ) 6 bcd ( 8  ) 
4 cde ( 7 ) 2 cd ( 7 ) 

0 e ( 8 )  0 d ( 8  ) 
2 de ( 8 )  2 cd ( 8  ) 
0 e ( 8 )  0 d ( 8  ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

cont inued 
N 
co 
W 



Table A2 - 2 / 1  cont inued . 

Adult survival and sex group within sucrose  concent rat i on over time . 

i i . Expe riment 2 - 2 / 2 . 

Sum o f  , Day 
adult s  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 4  2 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 5 %  sucrose 
fema le 8 abc ( 7 ) 6 abc ( 7 ) 
ma le 1 1  ab ( 8 )  , 9 ab ( 8  ) 
mixed sexes 1 7  a ( 8  ) 14  a ( 8  ) 

2 0 %  sucrose 
female 1 cd ( 8  ) 1 c ( 8 )  
male 5 bcd ( 8  ) 3 be  ( 8  ) 
mixed sexes 0 d ( 7  ) 0 e ( 7 )  

Sum of D ay 

2 6  2 7  
- - - - - - - - - - - - - - - - - - - - - - - - -

4 abc ( 7  ) 4 ab ( 7 ) 
8 ab ( 8 ) 7 a ( 8  ) 
9 a ( 8  ) 8 a ( 8  ) 

1 be ( 8  ) 0 b ( 8  ) 
3 abc ( 8 )  0 b ( 8  ) 
0 c ( 7 ) 0 b ( 7  ) 

adult s - - - - - -------- ---- --- -------- ------------------------- -

1 5 %  sucrose 
female 
male 
mixed sexes 

2 8  
- - - - - - - - - - - - -

4 a ( 7  ) 
6 a ( 8  ) 
8 a ( 8  ) 

2 9  
- - - - - - - - - - - - -

, 3 a ( 7  ) 
5 a ( 8  ) 
6 a '  ( 8 )  

3 0  3 1  
- - - - - - - - - - - - - -- - - - - ---- - -

3 a ( 7  ) 3 a ( 7  ) 
1 a ( 8  ) 0 a ( 8  ) 
3 a ( 8  ) 2 a ( 8  ) 

cont inued 

N 
(X) 
� 



Table A2 �2 / 1  cont inued . 

Adu lt surviva l and sex group within sucrose concentrat ion over t ime . 

Sum of 
adults 

1 5 %  sucrose 
fema le 
ma le 
mixed sexe s 

ii . Exper iment 2- 2 / 2 . 

Day 
- ------ - -'- - - - - - -- - - - - ---- - - - - - - ------ - - - - - - - ----- - - - - -

� 2  
- - --- - - - - - - - -

2 a 
0 a 
1 a 

Sum o f  
adults 

( 7 ) . 
( 8  ) 
( 8  ) 

1 5 %  sucrose 
female 
male  
mixed sexes 

3 3  
- - - - - - - ---- - -

0 a 
0 a 
1 a 

o a 
o a 
1 a 

3 6  

( 7 ) 
( 8  ) 
( 8  ) 

Day 

( 7 ) 
( 8  ) 
( 8  ) 

3 4  
- - - - --- - - -- - -

0 a 
0 a 
1 a 

37  

o a 
o a 
o a 

( 7 ) 
( 8  ) 
( 8  ) 

( 7 ) 
( 8  ) 
( 8  ) 

3 5  
---- - -- - - - - -

0 a ( 7 ) 
0 a ( 8  ) 
1 a ( 8 )  

Numbers with t he same letter within the same day are not s igni fi c ant ly di fferent 
( P>O . 0 1 ) . 

Figures in p a r enthe s i s  are the number o f  valid observat ions . tv 
co 
U1 



Table A2 - 2 / 2 

Adu lt survival and sucrose concent rat i on ove r t ime . 

Sum o f  
adults  

air 
water 
1 0 %  sucrose 
20% sucrose 
30% sucro se  
40%  sucro se  
50%  sucrose 
60% sucrose  

Sum o f  
adults  

water 
1 0 %  sucro se  
2 0 %  sucrose 
30% sucrose 
4 0 %  sucrose 
50% sucrose 

i .  Experiment 2 - 2 / 1 . 

a .  Compar i s on o f  sucr�se concent rat i on s  

o 

4 8  a 
4 7  a 
4 8  a ' 

4 8  a 
4 7  a 
4 8  a 
4 8  a 
4 8  a 

( 6  ) 
C6. l  . . ( 6 )  
( 6 )  
( 6  ) 
( 6  ) 
( 6  ) 
( 6 )  

1 

1 c 
3 8  ab 
4 3  a 
4 5  a 
4 4  a 
3 4  ab 
3 2  ab 
2 0  b 

Day 

( 6 )  
( 6 )  
( 6 )  
( 6 )  
( 6 ) 
( 6 )  
( 6  ) 
( 6  ) 

Day 

2 

o d ( 6 )  
2 0  c ( 6 ) 
4 1  ab ( 6 ) 
4 5  a ( 6 ) 
4 3  a ( 6 )  
2 8  bc ( 6 )  
1 2  c ( 6 )  

1 d ( 6 )  

3 

o c 
3 c 

3 7  ab 
4 5  a 
4 3  a 
1 9  b 

6 c 
o c 

4 5 6  7 

o c ( 6 )  
3 5  a ( 6 )  
4 5  a ( 6 )  
4 1  a ( 6 )  
1 3  b ( 6 )  

4 bc ( 6 )  

o c ( 6 )  
3 5  a ( 6 )  
4 4  a ( 6 )  
3 8  a ( 6 )  

9 b ( 6 )  
2 b c  ( 6 )  

o b 
3 1  a 
4 2  a 
3 4  a 

5 b 
1 b 

( 6 )  
( 6 )  
( 6 )  
( 6 )  
( 6 )  
( 6  ) 

o b 
2 6  a 
3 6  a 
2 7  a 

1 b 
o b 

( 6 )  
( 6 )  
( 6 )  
( 6 )  
( 6 ) 
( 6 )  
( 6 )  
( 6 )  

( 6 )  
( 6 )  
( 6 )  
( 6 )  
( 6 )  
( 6 )  

c ont inued 

N 
co 
0'1 



T abl e A2 - 2 / 2  cont inued . 

Adu lt survival and sucrose concentrat i on over t ime . 

Sum of  
adults 

1 0 %  sucrose 
2 0 %  sucrose 
3 0 %  sucrose 
4 0 %  sucrose 

Sum of 
adult s 

1 0 %  sucrose 
2 0 %  sucrose 

Sum of 
adults  

1 0 %  sucrose 
2 0 %  sucrose 

l .  Exper iment 2 - 2 / 1 . 

a .  Comparisons o f  sucro se  concent rat i ons . 

8 
-- - - -- - ----- -

2 2  a 
3 1  a 
1 7  a 

0 

6 a 
1 8  a 

b 

1 2  

1 6  

( 6 )  
( 6 )  
( 6  ) 
( 6  ) 

( 6 )  
( 6 ) 

- - - - ---- - - - - -

2 a ( 6  ) 
4 a ( 6 )  

D ay 

9 
- - -- - - - - - - -- -

1 5  ab 
3 0  a 

6 
0 

4 a 
1 2  a 

bc 
c 

1 3  

1 7  

( 6 )  
( 6  ) 
( 6  ) 
( 6  ) 

Day 

( 6  ) 
( 6 )  

Day 

- - - - - - - - - - - --
1 a ( 6 )  
1 a ( 6 )  

1 0  
- - - - - - - -- - -- -

1 1  
2 8  a 

1 
. 0  

4 a 
1 1  a 

b 

c 
c 

1 4  

1 8  

( 6 )  
( 6 )  
( 6 )  
( 6 )  

( 6  ) 
( 6 )  

---- - - - - - - -- -

1 a ( 6 )  
1 a ( 6 )  

1 1  
-------- - - - - -

7 
2 1  a 

1 
0 

2 a 
6 a 

b 

bc 
c 

1 5  

1 9  

( 6 )  
( 6 )  
( 6 )  
( 6 )  

( 6 ) 
( 6 )  

- - - ---- - - - - - -

0 a ( 6 )  
1 a ( 6 )  

Numbers with the same letter within the same day are not s ign i f i c ant ly di fferent 
( P > O . 0 1 )  . 

F i gures in parenthe s i s  are the number o f  val i d  obse rvat ions . 

N 
co 
-...J 



Tab l e  A2 - 2 / 2  

Adult survival over t ime within sucr o s e  concentrat ions . 

i .  Exper iment 2 - 2 / 1 .  

b .  C ompari sons of  survival over t ime . 

Sum of  Sucrose concent rat ion 
adult s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a i r  water 1 0 %  2 0 %  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Dan 4 8  a ( 6 )  4 7  a ( 6 )  4 8 a ( 6 ) 4 8  a ( 6 ) 

1 1 b ( 6 )  3 8  ab ( 6 )  4 3  a ( 6  ) 4 5  a ( 6 )  
2 0 b ( 6 )  2 0  b ( 6 ) 4 1  ab ( 6  ) 4 5  a ( 6 )  
3 0 ( 6  ) 3 ' c ( 6 )  37 ab ,' ( 6  ) 4 5  a ( 6 )  
4 0 c ( 6 ) 3 5  ab ( 6  ) 4 5  a ( 6  ) 
5 0 ( 6 ) 35  ab ( 6  ) 4 4  a ( 6 )  
6 3 1  abc ( 6  ) 4 2  a ( 6 )  
7 2 6  abed ( 6 )  3 6  ab ( 6 ) 
8 2 2  bcd ( 6  ) 3 1  ab ( 6 )  
9 1 5  cde ( 6  ) 3 0  ab ( 6 )  

1 0  1 1  de f ( 6  ) 2 8  abc ( 6  ) 
1 1  7 e fg ( 6  ) 2 1  bcd ( 6  ) 
1 2  6 e fg ( 6 )  1 8  bcde ( 6  ) 
1 3  4 e fg ( 6  ) 1 2  cde f ( 6 )  
1 4  4 e fg ( 6  ) 1 1  def ( 6 )  
1 5  2 fg ( 6  ) 6 e fg ( 6 ) 
1 6  2 fg ( 6  ) 4 fg ( 6 )  
1 7  1 g ( 6  ) 1 g ( 6 )  
1 8  1 g ( 6  ) 1 g ( 6 )  
1 9  0 g ( 6  ) 1 g ( 6 ) 
2 0  0 g ( 6 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

cont inued 
N 
co 

• co 



Tab l e  A2 - 2 / 2  c on t i nu e d . 

Adu lt s u rvival over t ime w i thin s u c r o s e  c on c e n t rat i on s . 

Sum o f  
a du l t s  

- - - - - - - -Da� 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

i .  Expe riment 2 - 2 / 1 .  

b .  Comp a r i s on o f  s u rvival over t ime . 

S u c r o s e  conc ent rat i o n  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 0 %  4 0 %  5 0 %  6 0 %  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 7  a ( 6  ) 4 8  a ( 6  ) 4 8  a ( 6  ) 4 8  a ( 6 )  
4 4  a ( 6  ) 3 4  ab ( 6  ) 32  a ( 6  ) 2 0  b ( 6 )  
4 3  a ( 6 )  2 8  abc ( 6  ) 1 2  b ( 6  ) 1 c ( 6  ) 
4 3  a ( 6  ) 1 9  bcd ( 6  ) 6 bc ( 6  ) 0 c ( 6 )  
4 1  a ( 6  ) 1 3  cde ( 6 )  4 c ( 6 )  
3 8  a ( 6  ) 9 de f ( 6 )  2 c ( 6 )  
34  ab ( 6  ) 5 e fg ( 6 )  1 c ( 6  ) 
27 a b  ( 6 )  1 f g  ( 6 )  0 c ( 6 )  
17  b c  ( 6 )  0 g ( 6 )  

6 c d  ( 6  ) 
1 d ( 6  ) 
1 d ( 6  ) 
0 d ( 6 )  

Numbe r s  i n  b r acket s are the number o f  v a l i d  obs e rvat i on s . 

tv 
co 
\D 



Table A2 - 2 / 2 

Adu l t  survival and sucro s e  concen t r a t i on ove r t ime . 

i i . Exper iment 2 - 2 / 2 . 

a .  C ompar i s o n  o f  s u c r o s e  concent rat i o n s . 

Sum o f  . . Day 
adu l t s  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
1 5 %  suc r o s e  
2 0 %  s u c ro s e  
2 5 %  sucro s e  

Sum o f  
adu lt s  

water 
1 5 %  sucro s e  
2 0 %  s u c ro s e  
2 5 %  s uc r o s e  

Sum o f  
adu l t s 

1 5 %  s u c r o s e  
2 0 %  s u c ro s e  
2 5 %  s u c r o s e  

0 
- - - - - - - - - - - - -

1 9 2 a ( 2 4  ) 
1 9 2 a ( 2 4  ) 
1 9 2  a ( 2 4  ) 
1 9 2 a ( 2 4 )· 

4 
- - - - - - - - - - - - -

55 b ( 2 4  ) 
1 8 4  a ( 2 4  ) 
1 8 9  a ( 2 4 ) 
1 8 2  a ( 2 4  ) 

8 

1 8 0  a ( 2 4 ) 
1 8 3  a ( 2 4 ) 
1 6 2 a ( 2 4 ) 

1 
- - - - - - - - - - - - -

1 9 0  a ( 2 4  ) 
1 9 1  a ( 2 4 )  
1 9 2 a ( 2 4 )  
1 8 8  a ( 2 4 ) 

Day 

5 
- - - - - - - - - - - - -

4 b ( 2 4 ) 
1 8 4  a ( 2 4  ) 
1 8 9  a ( 2 4 ) 
1 7 8  a ( 2 4  ) 

Day 

9 

1 7 6  a ( 2 4 ) 
1 8 1  a ( 2 4 ) 
1 5 7  a ( 2 4 ) 

2 
- - - - - - - - - - - - -

1 8 6  a ( 2 4 )  
1 8 7  a ( 2 4 ) 
1 9 1  a ( 2 4  ) 
1 8 7  a ( 2 4 ) 

6 
- - - - - - - - - - - - -

0 b ( 2 4 ) 
1 8 1  a ( 2 4 )  
1 8 9 a ( 2 4 ) 
1 7 7  a ( 2 4  ) 

1 0  

1 7 4  a ( 2 4 ) 
1 7 8  a ( 2 4 ) 
1 3 8  a ( 2 4 ) 

3 
- - - - - - - - - - - - -

1 4 1  b ( 2 4  ) 
1 8 7  a ( 2 4  ) 
1 9 1  a ( 2 4  ) 
1 8 5  a ( 2 4  ) 

7 
- - - - - - - - - - - - -

0 b ( 2 4  ) 
1 8 0  a ( 2 4 ) 
1 8 6  a ( 2 4  ) 
1 7 0  a ( 2 4  ) 

1 1  

1 7 1  a ( 2 4 )  
1 7 2  a ( 2 4 ) 
1 2 5  b ( 2 4 ) 

N 
c ont i nu e d  W 

o 



Tab l e  A2 - 2 / 2 cont i nued . 

Adult surviva l and su c r o s e  concent rat i o n  ove r t ime . 

Sum o f  
adu l t s  

1 5 %  s u c r o s e  
20% s u c r o s e  
25%  s u c r o s e  

S u m  o f  
adu l t s  

- - - - - - - - - - -

1 5 %  s u c r o s e  
2 0 %  s u c r o s e  
25% s u c r o s e  

i L . E x p e r iment 2 - 2 / 2 . 

a .  Compa r i s on o f  s u c r o s e  concentrat i on s . 

1 2  

1 6 7  a 
1 5 9  a 
1 0 3  b 

1 6  

( 2 4 )  
( 2 4  ) 
( 2 4  ) 

- - - - - - - - - - - - -

1 3 0  a ( 2 4 ) 
7 7  b ( 2 3  ) 
3 0  c ( 2 4 )  

1 3  

1 6 3  a 
1 4 0  a 

8 3  b 

1 7  

Day 

( 2 4 ) 
( 2 4  ) 
( 2 4  ) 

D ay 

- - - - - - - - - - - - -

1 2 1  a ( 2 3  ) 
6 0  b ( 2 3 )  
2 2  c ( 2 4 )  

1 4  

1 4 9  a 
1 2 0  a 

5 8  b 

1 8  

( 2 4 ) 
( 2 4  ) 
( 2 4  ) 

- - - - - -- - - - - - -

9 9  a ( 2 3  ) 
4 7  b ( 2 3  ) 
1 3  c ( 2 4  ) 

1 5  

1 3 8  a 
1 0 0  a 

4 4  b 

1 9  

( 2 4  ) 
( 2 3  ) 
( 2 4 )  

- - - - - - - - - - - - -

8 9  a ( 2 3  ) 
3 5  b ( 2 3  ) 

5 c ( 2 4  ) 

c ont inued 

N 
\.D 
I-' 



Tab l e  A2 -- 2 / 2  c ont i n u e d . 

Adu l t  survival and suc r o s e  � oncent rat i on over t ime . 

i i . Expe riment 2 - 2 / 2 . 

S um o f  
a du l t s  

- - - - - - - - - - -
1 5 %  s u c r o s e  
2 0 %  s u c r o s e  
2 5 %  s u c r o s e  

S um o f  
a du l t s  

- - - - - - - - - - -

1 5 %  s u c r o s e  
2 0 %  s u c r o s e  
2 5 %  s u c r o s e  

a .  Comp a r i s o n  o f  suc r o s e  c o n c e n t rat ions . 

D a y  

2 0  2 1  2 2  
- - - - - - - - - - - - - - - - - - - -- - - - - - --- - - - - - - - - - -

7 5  a ( 2 3 )  . .  6 8  a ( 2 3 )  5 6  a ( 2 3 )  
3 0 b ( 2 3  ) 2 3  b ( 2 3  ) 1 4  b ( 2 3 )  

3 c ( 2 4 ) 3 c ( 2 4 )  2 c ( 2 4 )  

D a y  

2 4  25 2 6  
-- - ---- - - - - - - ----- - - - - - - - - - - - - - - - - - - - - -

3 6 a ( 2 3  ) 2 9  a ( 2 3  ) 2 1  a ( 2 3 ) 
6 b ( 2 3  ) 4 b ( 2 3  ) 4 b ( 2 3 ) 
0 c ( 2 4  ) 0 c ( 2 4  ) 0 c ( 2 4 ) 

2 3  
- -- -- - - - - - - - -

4 6  a ( 2 3  ) 
9 b ( 2 3 )  
2 c ( 2 4  ) 

2 7  
- - - - - - - - - - - - -

1 9  a ( 2 3 )  
2 b ( 2 3 )  
0 c ( 2 4 ) 

cont inued 

N 
1.0 
N 



Tab l e  A2 - 2 / 2  cont inued . 

Adu l t  s u rv i v a l  and sucro s e  c o ncent rat i on ove r  t ime . 

Sum o f  
adu l t s  

1 5 %  s u c r o s e  
2 0 %  s u c r o s e  

i i . E xpe r ime�t 2- 2 / 2 . 

a .  Comp a r i s on o f  s u c r o s e  con cent r at i o n s . 

2 8  

1 8  a ( 2 3 )  
o b ( 2 3 )  

D a y  

2 9  

1 4  a ( 2 3 )  
o b ( 2 3 )  

3 0  

7 a 
o a 

( 2 3  ) 
( 2 3  ) 

3 1  

5 a 
o a 

( 2 3 ) 
( 2 3  ) 

- - - - - - - - - - - - - - - - - - - - - - - - �- - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - -

Sum o f  
adu l t s  

1 5 %  s u c r o s e  
2 0 %  s u c r o s e  

32 

3 a 
o a 

( 2 3 ) 
( 2 3  ) 

Sum o f  
adu l t s 

1 5 %  s u c r o s e  
2 0 %  s u c r o s e  

33  

. 1 a 
o a 

1 
o 

3 6 

Day 

( 2 3  ) 
( 2 3  ) 

Day 

( 2 3  ) 
( 2 3 )  

1 
o 

o 
o 

3 4  

3 7  

( 2 3  ) 
( 2 3  ) 

( 2 3  ) 
( 2 3  ) 

1 
o 

3 5  

( 2 3  ) 
( 2 3  ) 

Numb e r s  w i t h  the s ame l e t t e r  w i t h i n  t h e  s ame day a r e  not s i gn i f i c a n t l y  
di ffe re n t  ( P>O . O l ) . F i gu r e s  in p a r e n t he s i s  are t h e  number o f  v a l i d  
obs ervat i on s . 

N 
\.0 
W 



Tab l e  A2 - 2 / 2  
i i . Experiment 2 -2 / 2 . 

Adult survival over t ime within sucrose concentrati ons . 
b .  Comparison o f  survival over t ime . 

Sum of Sucrose concentration adults - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 
o 1 2 3 4 5 6 7 8 9 1 0  1 1  12 1 3 1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  22 2 3 2 4  2 5  2 6  2 7  2 8  2 9  3 0  

��  
� �  
� �  3 7 

water 
- - - - - - - - - -- - - - -

1 9 2 a 2 4  1 9 0  a 2 4  1 8 6  ab 2 4  1 4 1  b 2 4  55 c 2 4  4 - d 2 4 0 d 2 4  

1 5 %  sucrose 
- - - - - --- - - - - - - - -

1 92 a 1 9 1  a 1 8 7 a 1 8 7 a 1 8 4  ab 1 8 4  ab 1 8 1  ab 1 8 0  ab 1 8 0  ab ·1 7 6  ab 1 7 4  abc 1 7 1  abc 1 6 7 abc 1 6 3 abcd 1 4 9  abcd 1 3 8 .  bcde . 1 3 0  cde 1 2 1  def 9 9  e f  8 9  fg 75 gh 6 8  gh 5 6  hi g 4 6  i j k  3 6  2 9  . fer 2 1  Jkl 1 9  kIm 1 8  kIm 1 4  lmn 7 mno 5 nop 3 op 1 op 1 op 1 op 1 op 0 P 

2 4  2 4  2 4 2 4 2 4  2 4 2 4  2 4 2 4  2 4 2 4  2 4 2 4 2 4 2 4 2 4 2 4 2 3 2 3 2 3 2 3 
� �  2 3 2 3 2 3 2 3  2 3  2 3  2 3 2 3  2 3 2 3 2 3 2 3 2 3 2 3 2 3  

2 0 %  sucrose 2 5 %  sucrose 
- - - - - - - - - - --- - - - - - - - - - - - - - - - - - - -

1 9 2 a 2 4  1 92 a 24 1 9 2 a 2 4  1 8 8  a 2 4 1 9 1  a 2 4 1 8 7  a 2 4 1 9 1  a 2 4 1 8 5  a 2 4 1 8 9  a 2 4  1 8 2 ab 2 4 1 8 9  a 2 4 1 7 8  ab 2 4 1 8 9  a 2 4  1 7 7  ab 2 4 1 8 6  ab 2 4 1 7 0  ab 2 4  1 8 3  ab 2 4  1 62 abc 2 4 - 1 8 1  ab 2 4 1 5 7  abc 2 4 1 7 8  ab 2 4 1 3 8  bcd 24 1 7 2  ab 2 4 1 2 5  cde 24 1 5 9  abc 24 1 0 3  de 24 1 4 0 - bcd 2 4 8 3 ef 24 1 2 0  cd 2 4 5 8  fg 24 1 0 0. de 23 4 4  hi gh 2 4 7 7  ef 23 3 0  2 4 6 0 fg 23 2 2  i . 2 4 4 7 gg . 2 3  1 3  l J  24 35 2 3 � J k  2 4 3 0 gh+ '  2 3 Jk 2 4 2 3  + J k 2 3 3 Jk 2 4 1 4  ' ky J 2 3 2 k 2 4 9 J klm 23 2 k 2 4 6 Imn 2 3  0 k 2 4 4 Imn 23 4 Imn 23 2 mn 23 
o n 2 3  

N�mb�r$ with th� same letter within the s ame sucrose cQncentrati on are not s l gnlflci?-ntly dlfferent ( P>O . 0 1 ) . Figures in parenthe s l s  are -the number of val id  observat lons . 



Tab l e  A2 - 2 / 3  

Ovipo s i t i on and s e x  groups w i t h i n  s u c r o s e  concent r a t i o n s  over t ime . 

i .  Exp e r imen t  2 - 2 / 1 . 

Mean eggs p e r  f e ma l e  per day 

D a y  
- - - - - - - - - - - - - .,;... - - ....:..- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 2 3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
wate r  

fema l e  
m i x e d  s exes 

10% sucrose 

. 0 0 0  

. 4 2 9  

fema l e  . 8 4 8  
m i x e d  sexes 2 . 1 2 5  

20% sucrose 
fema l e  . 3 3 3  
m i x e d  s e xes 1 . 0 0 0  

30% sucrose 

( . 0 0 0 )  
( . 4 2 9 )  

( . 7 2 3 ) 
( 2 . 1 3 )  

( . 2 0 0 )  
( . 2 5 0 )  

1 
2 

2 
2 

2 
2 

fema l e  3 . 0 3 8  ( . 0 3 8 )  2 
m i x e d  s e xe s  1 . 2 5 0  ( . 0 0 0 ) 2 

4 0 %  sucrose 
f ema l e  
m i x e d  sexes 

50% sucrose 

. 3 57 

. 5 0 0  
( . 3 5 7 ) 
( . 0 0 0 ) 

2 
1 

. 6 0 0  
2 . 6 6 7 

( . 0 0 0 ) 
( . 3 3 3 )  

2 . 0 3 4 ( 1 . 7 8 )  
1 . 3 7 5  ( 1 . 3 8 )  

1 . 0 7 1  
1 . 8 7 5  

3 . 4 7 9  
3 . 4 4 6  

1 . 6 1 5  
6 . 0 0 0  

( . 64 3 )  
( . 3 75 ) 

( . 3 5 4 )  
( 1 .  7 0 )  

( . 3 8 5 )  
( . 0 0 0 )  

1 
2 

2 
2 

2 
2 

2 
2 

2 
1 

f ema 1 e . 3 1 3  ( . 3 1 3  ) 2 1 . 6 1  a ( . 67 6 ) 2 
m i x e d  sexes . 4 2 9  ( . 1 4 3 )  2 . 2 5 0  ( : 2 5 0 )  2 

60% sucrose 

. 2 5 0  

. 1 2 5  

. 8 7 5  

1 .  2 8 6  
1 .  0 0 0  

2 . 5 6 3 
2 . 7 5 0  

. 4 8 2  
1 .  2 5 0  

. 6 1 5  

( . 2 5 0 )  

( . 1 2 5 )  
( . 3 7 5 ) 

( . 1 4 3 )  
( . 5 0 0 )  

( . 4 3 8 )  
( 1 .  2 5 )  

( . 1 1 8 )  
( . 0 0 0 )  

( . 0 0 0 )  

o 
2 

2 
2 

2 
2 

2 
2 

2 
1 

1 
a 

fema l e  . 3 0 8  ( . 0 0 0 )  1 . 3 3 3  ( . 0 0 0 )  1 a 
- -���:�-�:�:� _ _ _  :��� _ _  1:���� _ _  � _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � _ 

c ont inued 
N 

. 1.0  
(Jl 



Table A2 -2 / 3  cont inue d . 

Ovipos i t i on and s e x  groups w i t h i n  s u c ro s e  concent rat i o n s  ove r t ime . 

i .  E x p e r iment 2 - 2 / 1 . 

Mean eggs p e r  fema l e  per day 
- - - - - - - - - - - - - - - - - - - - - - - - - � - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 

4 5 6 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
fema l e  0 0 0 
m i x ed s e x e s  0 0 0 

1 0% sucrose 
fema l e  - . 8 0 0  ( 1 .  2 0 ) 2 . 9 2 9  ( 1 .  0 7 )  2 - . 2 1 4  ( . 7 8 6 ) 2 
mixed s e x e s  . 3 7 5  ( . 3 7 5 )  2 1 . 1 2 5 ( . 3 7 5 )  2 . 2 5 0  ( . 2 5 0 )  2 

2 0 %  sucrose 
fema l e  1 .  0 0 0  ( . 1 4 3 ) 2· . 3 57  ( . 0 7 1 )  2 . 1 7 9  ( . 3 2 1 ) 2 
m i x ed s e x e s  1 .  5 0 0  ( . 2 5 0 )  2 . 0 0 0  ( . 2 5 0 )  2 . 7 5 0  ( . 2 5 0 )  2 

3 0 %  sucrose 
fema l e  1 .  52 1 ( . 6 4 6 )  2 . 4 3 3  ( . 1 0 0 )  2 . 2 9 8  ( . 8 6 9 )  2 
m i x e d  s e x e s  1 .  5 0 0  ( . 5 0 0  ) 2 1 .  2 5 0  ( . 7 5 0 )  2 2 . 0 7 1  ( . 9 2 9 ) 2 

4 0 %  sucrose 
fema l e  1 .  2 0 0  ( . 8 0 0 )  2 . 5 0 0  ( 1 .  0 0 ) 2 . 0 0 0  ( . 0 0 0 )  2 
m i x e d  s e x e s  . 5 7 1  ( . 0 0 0 )  1 1 . 5 0 0  ( . 0 0 0 )  1 - 1 . 0 0 0  ( . 0 0 0 )  1 

5 0 %  sucrose 
fema l e  1 .  0 0 0  ( . 0 0 0 )  1 - 1 . 3 3 3  ( . 0 0 0 ) 1 2 . 0 0 0  ( . 0 0 0 )  1 
m i x ed s e x e s 0 a 0 

cont i nu e d  · N  



Table A2 - 2 / 3  c ont i nu e d . 

Ovip o s i t i on and s e x  groups w i t h i n  s u c r o s e  c o n c e n t r at i ons over t ime . 

i .  Expe r iment 2 - 2 / 1 . 

- - - - - - - - - - - - - - - - - - - - - - -����- ���� -��:- :����� -��:- ���- - - - - - - - - - - - - - - - - - - - - - -

D a y  

7 8 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 %  sucrose 
fema l e  . 4 2 9  ( . 0 0 0 )  1 - . 1 8 2 ( . 0 0  0 )  1 - . 2 8 6  ( . 0 0 0 )  1 
mixed s e x e s  . 5 0 0  ( . 5 0 0 )  2 - . 7 5 0  ( . 2 5 0 ) 2 1 .  0 0 0  ( . 0 0 0 )  1 

2 0 %  sucrose 
fema l e  . 3 8 5  ( . 3 8 5 ) 2 . 0 4 2  ( . 2 9 2 ) 2 - . 5 0 0  ( . 5 0 0 )  2 
mixed s e x  1 . 0 1 8  ( . 7 3 2 )  2 - . 2 0 0  ( . 2 0 0 )  2 . 4 1 7  ( . 9 1 7 )  2 

30% sucrose 
fema l e  . 3 8 3  ( . 2 1 7  ) 2 - . 8 0 0  ( . 8 0 0 )  2 1 0 . 0 0 0  ( . 0 0 0 )  1 
mixed s e x e s  - . 9 0 0  ( . 1 0 0 )  2 - . 6 6 7 ( . 0 0 0 )  1 a 

4 0 %  sucrose 
fema l e  1 . 3 3 3  ( . 0 0 0 )  1 a a 
m i x e d  s e x e s  a a 0 

50% sucrose 
fema l e  0 0 0 
mixed s e x e s  0 0 0 

c ont inued 



Tab l e  A2 -2 / 3  c o n t inue d . 

Ovip o s i t i on and s e x  groups within s u c r o s e  c on c ent rat i on s  over t ime . 

i .  Experiment 2- 2 / 1 . 

Mean eggs per fema l e  pe r day 
- - - - - - -- - ---- - --- - - -- - -- - - - - - - - - - - -- --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D a y  
- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - -- - -- - - - - - - - - --

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - -

1 0 %  sucrose 
fE;!ma l e  1 . 6 0 0  � . o o o � · 1 - . 6 6 7 � . O O O � 1 - 1 . 0 0 0  � : 8 8 8 �  1 
m l x e d  s e x e s  - 1 . 0 0 0  . 0 0 0  1 1 . 3 3 3  . 0 0 0  1 . 0 0 0  1 

2 0 %  sucrose 
fE;!ma l e  - . 2 27  � . 7 7 3 � 2 . 6 8 3  � . 4 6 0 � 2 - . 1 6 7 � . 1 67 � 2 
ml xed sexe s - 1 . 8 7 5  2 . 1 3 2 1 .  5 0 0  2 . 5 0 2 3 . 0 0 0  1 .  0 0  2 

3 0 %  sucrose 
fE;!ma l e  0 0 0 
m l x e d  sexe s 0 0 0 

D a y  
- - - - - - ---- - -- - - - - - - -- -- - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -

1 3  1 4  1 5  
- - - - - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -

1 0 %  sucrose 
fE;!m a l e  2 . 0 0 8 
m l x e d  sexe s . 0 0 

2 0 %  sucrose 
fE;!ma l e  . 4 50  
m l x ed sexe s 

� : 8 8 8 �  1 -2 . 0 0 0  L 8 8 8 �  1 
1 - 1 . 0 0 0  1 

( . 0 5 0 )  2 -2 . 0 0 0  ( 1 . 0 0 ) 2 
0 0 

D a y  
- -- - - - - - - - - - - - - - - - - - -

1 6 

2 0 %  sucrose 
f E;!ma 1 e 1 . 0 0 0 ( . 0 0 0 ) 1 
m l x e d  s e x e s  0 

8 
. 0 0 0  ( . 0 0 0 )  1 

0 

Standard e r r o r s  o f  the mean a re i n  parenthe s i s  fo l l oweq by t h e  v a l i d  numb e r  o f  ob s e rvat i o n s . 
F o r  e xp l an a t i o n  o f  negat i ve v a l u e s  i n  t h i s  t ab l e  s e e  p a g e  1 5 7 . 



Tab l e  A2 - 2 / 3  c ont inued . 

Ovipo s i t i on and s e x  groups w i t h i n  s u c r o s e  c oncent rat i o n s  ove r  t i me . 

i i . E xpe r iment 2 - 2 / 2 . 

Mean eggs p e r  fema l e  p e r  day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D a y  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 2 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
water 

f�ma l e  . 2 9 7  � . 0 9 1  � mlxed s e x e s  . 6 5 6  . 2 4 1  
1 5 %  sucrose 

f�rna l e  . 1 6 1  L � �� � ml xed s exes . 5 6 3  
2 0 %  sucrose 

f�rna l e  . 8 7 5  � . 1 5 1 � . ml xed s e x e s  . 8 4 4  . 3 4 4  
2 5 %  sucrose 

f�rna l e  
ml xed s exes 

1 .  4 6 9 1 .  0 0 0  � . 4 8 0 � . 4 1 5  

8 1 . 6 0 9 ' 
8 2 . 3 4 4  
8 2 . 8 4 3  
8 3 .  3 1  
8 4 . 32 8  
8 4 . 3 4 4  
8 4 . 0 1 1  
8 4 . 2 5 0  
, D ay 

� . 2 0 7 � 8 . 4 0 3  8 
� . 555 � . 4 4 7  � 
� . . 4 8 4 � 8 . 3 8 7  8 
� . 2 8 2 � 8 . 57 1  8 

3 
- - - - - - - - - - - - - - - - - - - -

3 . 6 7 8  � : 4 � j � 8 3 . 5 4 9  8 
3 . 4 4 6  L 4 � 4 � 8 4 . 1 35 8 
3 . 9 5 3  � . 4 7 9 � 8 4 . 8 4 4  . 5 22 8 
4 . 4 9 7 � . 4 1 6 � 8 3 . 9 0 6  . 6 1 2 8 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -4 5 6 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
water 

f�rna l e  2 . 1 6 0  � . 2 7 6 � 8 . g o o  � 2 . 0 0 � 2 0 
ml xed s ex e s  1 .  5 0 0  . 4 1 2  7 3 .  0 0  . 0 0 0  1 0 

1 5 %  sucrose 
f�ma l e  2 . 5 4 6  � . 2 0 7 � 8 1 .  9 4 3  � . 1 0 6 � 8 . 62 2  � . 2 3 8 � 8 
mlxed s ex e s  2 . 6 2 5  . 4 4 3  8 1 . 7 7 1  . 25 8  8 . 7 7 1  . 2 2 0  8 

2 0 %  sucros e  
f�ma l e  2 . 6 1 1  � . 253 � 8 1 .  3 1 0  � . 2 4 5 � 8 1 . 1 7 4  � : I g� � 8 
mlxed s e x e s  2 . 5 0 0  . 4 9 8  8 1 .  3 4 4  . 2 7 5  8 . 4 6 9  8 

2 5 %  sucros e · 
f�ma l e  2 . 5 0 5  � . 3 9 1 � 8 . 6 9 0  
mlxed s ex e s  1 .  8 1 3  . 32 3  8 . 8 3 0  � . 2 8 5 � 8 1 .  0 5 7  � . 2 4 0 � 8 . 4 1 6  8 1 . 1 12 . 4 4 9  8 

c ont inued 



Table A2 - 2 / 3  cont inued . 

Ovi po s i t ion and s e x  groups w i t h i n  suc r o s e  concent rat i on s  ove r  t ime . 

i i . Exp e r iment 2-2 / 2 . 

Mean eggs p e r  fema l e  p e r  day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D ay 
- - - - - - --- -- - - - - --- - --- - - - - - -- - -- - - - --- - - - - - - - - - - - - - - - - - - - - - - - -7 8 9 

- - - - --- - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - -
water 

f�ma l e  0 0 0 
ml.xed s e x e s  0 0 0 

1 5 %  sucrose 
f�ma l e  . 4 3 2 f . 0 8 8 � 8 . 2 9 7  f · 2 7 2 � 8 . 2 7 7  f · 0 9 8 � 8 
m l. x e d  s e x e s  . 1 6 7  . 1 8 4  8 . 24 0  . 2 8 1  8 - . 0 8 3  . 2 7 7  8 

2 0 %  sucrose 
f�ma l e  . 4 8 8 f · 3 3 7 � 8 . 65 6  f · 2 3 0 � 8 . 1 0 1  f . 1 8 0 � 8 
ml.xed s e x e s  . 4 6 9  . 1 8 6  8 . 65 6  . 2 1 6  8 . 1 5 6  . 2 1 6  8 

2 5 %  sucrose 
f �ma l e  . 55 5 � . 1 7 9 � 8 . 63 7  � . 3 3 2 � 8 - . 35 4  � J§j � 8 
ml.xed s e x e s  . 5 3 1  . 2 2 4  8 . 4 6 6  . 2 6 1  8 . 1 5 8  8 

D a y  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 0  1 1  1 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -

water 
f�mal e  0 0 0 
m l. x e d  s e x e s  0 0 0 

15% sucrose 
f�ma l e  . 0 9 6  � . 1 4 7 � 8 . 1 9 9  � j �� � 8 . 3 0 6  � J�6 � � m l. x e d  s e x e s  . 4 7 3  . 1 8 0  8 . 23 8  8 . 4 5 8  

2 0 %  sucrose 
f�ma l e  . 1 6 1  � . 0 97 � 8 . 1 4 7  � . 1 0 2 � 8 . 0 2 9  � J�� � 8 
m l. x e d  s e x e s  . 2 7 1  . 1 7 2  8 - . 1 1 2  . 1 8 4 8 . 1 6 4 8 

2 5 %  sucrose 
f�ma l e  . 1 6 0  � . 1 6 8 � 8 . 6 0 6  � . 5 1 2 � 8 - . 4 3 9  � . 5 9 3 � 8 
m l. x e d  s e x e s  - . 0 4 3  . 3 0 7 7 . 3 4 6  . 2 4 6  7 . 15 7  . 2 3 1  7 

c ontinued 

w 
o 
o 



Table A2 - 2 / 3  cont inued . 

Ovipo s i t ion and s e x  group s  w i t h i n  s u c r o s e  concent rat i on s  ove r t ime . 

i i . Exper iment 2 - 2 / 2 . 

Mean eggs p e r  fema l e  per day 

D ay 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 3  1 4  15  
- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
f emal e  0 0 0 
mixed sexes 0 0 0 

1 5 %  sucrose 
fema l e  - . 1 5 0  ( . 1 3 4 )  8 
mixed sexes - . 4 1 7  ( . 3 1 6 )  . 8 

2 0 %  sucrose 

. 3 8 1  ( . 1 4 6 ) 8 - . 1 4 4  ( . 1 2 2 ) 8 

. 0 9 8 . ( . :2 0 1 ) 8 - . 4 0 8  ( . 1 7 5 ) 7 

fema l e  . 3 0 1  ( . 2 7 2 )  8 
mixed sexes . 1 0 6  ( . 2 1 2 )  8 

2 5 %  sucrose 

- . 55 5  ( . 3 33 ) 8 1 .  0 1 8  ( . 4 0 9 ) 8 
. 1 4 8  ( . 1 1 0 ) 8 1 . 4 7 2  ( 1 .  5 3 ) 6 

fema l e  . 3 7 0  ( . 1 8 8 )  7-
mixed sexes . 6 0 0  ( . 3 8 0 ) 7 

- . 5 5 7  ( . 5 4 4 ) 5 - 1 . 0 0 0  ( . 8 2 2 )  5 
- . 4 3 3  ( . 3 8 6 )  5 . 0 0 0  ( . 5 7 7  ) 3 

D ay · 

1 6  1 7  1 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
f ema l e  0 0 0 
m i x e d  s e x e s  0 0 0 

1 5 %  sucrose 
femal e  - . 2 8 5  ( . 4 3 0 ) 8 - . 7 6 3  ( . 7 6 2 )  7 . 0 2 1  ( . 3 2 8 )  7 
mixed s e x e s  - . 1 3 0  ( . 3 8 7 )  7 - . 5 5 6  ( . 5 8 2 )  6 - . 5 0 0  ( . 7 9 9 ) 6 

2 0 %  sucrose 
fema l e  - 1 . 0 4 9  ( . 7 2 7  ) 8 - 1 . 6 1 1  ( 1 .  7 7 )  7 - . 9 2 9  ( . 7 4 3 ) 4 
mixed sexes - 3 . 2 6 7 ( 1 .  8 3 ) 5 . 4 0 0  ( . 4 2 4  ) 4 . 2 5 0  ( 1 .  6 0 ) 4 

2 5 %  sucrose 
fema l e  2 . 9 3 3  ( 2 . 7 9 ) 5 . 0 5 6  ( 1 .  0 0 ) 3 5 . '3 3 3  ( 4 . 6 7 )  2 
mixed sexes 1 . 0 0 0  ( 1 .  0 0 ) 2 - 2 . 0 0 0  ( . 0 0 0 )  1 3 . 5 0 0  ( . 0 0 0 )  1 

w 
o 
� 



Tab l e  A2 - 2 / 3  c ont inu e d . 

Ovi po s it i on and s e x  group s  w i t h i n  suc r o s e  c on cent r at i ons ove r t ime . 

i i . E xp e r iment 2-2 / 2 . 

Mean e ggs p e r  fema l e  p e r  day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _._ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - ��y- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 9  2 0  2 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
f�ma l e  · 0 0 0 
mlxed s e x e s  0 0 0 

1 5 %  sucrose 
f�ma l e  - . 4 60 � . 55 6 � 8 - . 6 0 7  � . 5 2 8 � 8 - . 62 1  � . 8 7 2 � 7 
mlxed s e x e s - . 55 8  . 8 1 9  6 . 2 6 4  1 .  53 6 - 1 . 6 0 6 1 .  4 2  6 

2 0 %  sucrose 
f�ma l e  4 . 5 0 0  � 2 . 65 � . 4 - 3 . 3 33 �L 33 � 2 2 . 25 0  � 1 .  7 5 � 2 
mlxed s ex e s - . 4 1 7  1 .  0 8  2 -2 . 2 0 0  . 2 0 0  2 - 1 . 0 0 0  . 0 0 0  1 

2 5 %  sucrose 
f�ma l e  - 8 . 0 0 0  � . O O O � 1 4 . 0 0 0  ( . 0 0 0 )  1 - 9 . 0 0 0  ( . 0 0 0 )  1 
mlxed s e x e s  1 . 3 33 . 0 0 0  1 . 0 . . 0 

- - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

, D a y  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -22 2 3  2 4  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
f�ma l e  
mlxed s e x e s 

1 5 %  sucrose 
f�ma l e  

2 0
mlxed s ex e s 
% sucrose 
f�ma l e  
mlxed s e x e s  

25% sucrose 
f�ma l e  
mlxed s e x e s  

- 1 . 1 1 6  . 45 8  
-3 . 5 0 0  -2 . 0 0 0  

. 

0 0 
� 1 . 1 3 � 7 1 .  8 8 9  . 8 0 2  6 . 0 2 1  
�5 . 5 0 � 2 4 . 0 0 0  . 0 0 0  1 2 . 0 0 0  

0 0 . 

0 8 0 
� 1 .  02 � 6 - 1 .  7 0 0  � 1 .  3 4 � 5 1 .  7 7  4 . 1 67 . 72 6  4 
� . O O O � 1 5 . 0 0 0  ( . 0 0 0 )  1 . 0 0 0  1 0 

0 0 . a . . 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

cont inued 
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Tab l e  A2 -2 / 3. c o n t inued . 

Ov ip o s i t i on and s e x  groups within s u c r o s e  concent r at i on s  ove r t ime . 

i i . Exper iment 2 - 2 / 2 . 

Mean e ggs pe r ·  female p e r  day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D a y  

25 2 6  
water 

f�ma l e  0 0 
m l x ed s e x e s  0 0 

15% sucrose 
f�ma l e  - . 4 9 3 � . 8 8 l � 5 . 5 0 �  � 2 . 1 8 � 4 
m l x e d  s e xes - 1 . 3 3 3  . 3 3 3 3 - . 8 3 . 1 6 7 2 

2 0 %  sucrose 
f�ma l e  -3 . 0 0 0  ( . 0 0 0 )  1 - 3 . 0 0 0  ( . 0 0 0 )  1 
m l x e d  s ex e s  0 0 

25% sucrose 
f�male 
ml xed s e xes 8 8 

St andard e r rors o f  the m� ans a re i n  parenthe s i s  fo l l owed by 
number o f  v a l i d  obs e rvat l ons . 
F o r  e xp l an a t i on o f  n e g a t i ve v a l u e s  i n  t h i s t ab l e  s ee p a g e  

the 

1 5 7 . 

� (1) ;:l 0-
..... x 
>-3 PI 0-f-' (1) en 
W 
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Table A2 - 2 / 4  
( 1 ) Ovipos it i on and sucrose concent rat i ons over t ime . 

i .  Experiment 2-2 / 1 .  

_ __ _ _ _ _ ________________ ���_��3_g!_ 2�_�!�_m�_�� 2�_� 3�Y _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - ���- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 2 3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - -
water 1 0 %  sucrose 2 8 %  sucrose 3 % sucrose 4 0 %  sucro se  5 8 %  sucrose 6 % sucro se  

. 2 8 6  a . 2 8 6  ·· . 3 1 . 9 7 8  a . 7 1 5  3 . 2 5 �  a . 2 5 8  2 1 . 4 8 7  a . 9 8 8 4 1 . 7 0 5  a . 9 3 9  4 . 5 0 a . 2 7 4 . 6 67 a . 2 3 3  4 1 . 4 7 3  a . 3 8 2  4 1 . 1 4 a . 2 2 8  4 2 . 1 4 4  a . 5 1 7 4 3 . 4 6 3 a . 7 0 8  4 2 . 6 5 6  a . 5 4 3  4 . 4 05 a . 2 1 2 3 3 . 0 7 7  a 1 . 4 8 3 . 7 3 8  a . 2 65 3 . 37 1  a . 1 4 4  4 . 9 3 0  a . 4 9 1  4 . 6 1 5  a . 0 0 0 1 . 32 1  a . 0 1 3  2 . 3 3 3· a . 0 0 0  1 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -4 5 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
water - . 2 1 3  0 1 .  0 2 7  0 . 0 1 8  0 1 0 %  sucrose  a . 6 1 5 4 ·  a . 4 67 4 a . 3 62 4 2 8 % sucro se  1 .  250 a . 1 8 6  4 . 1 7 9  a . 1 4 8  4 . 4 6 4 a . 2 3 4  4 3 % sucrose 1 . 5 1 8  a . 3 33 4 . 8 4 2  a . 3 8 9  4 1 . 1 8 5  a . 7 2 9  4 4 8 % sucro se  . 9 6 a . 5 07 3 . 8 3 3  a . 6 67 3 2 : 6 5 5  a : 5 65  3 5 % sucro se  1 .  0 0 a . 0 0 0  1 - 1 . 3 3 3  a . 0 0 0  1 a 1 6 0 %  sucrose  0 0 . 0 

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -7 8 9 

- - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 8 %  sucrose . 4 7 6  a . 2 90 3 - . 5 6 1  a { . 2 3 8 � 3 . 35 7  a { . 6 4 3 }  2 2 % sucrose . 7 0 1  a . 3 8 4  4 - . 0 7 9  a . 1 6 0  4 - . 0 4 2  a . 5 8 2 4 3 % sucrose - . 25 8  a . 3 8 3  4 - . 7 5 6. a . 4 6 4 . 3 1 0 . 0 0 0  a . 0  0 1 4 8 % sucrose  1 . 33 3  a . 0 0 0  1 0 . . 0 5 % sucrose . . 0 . . 0 . 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

cont inued 



Tab l e  A2 - 2 / 4  cont inued . 

( 1 )  Ovipos it ion and sucrose concent rat ions ove r t ime . 

1 0 %  sucrose 2 0 %  sucrose 3 0 %  sucrose 4 0 %  sucrose 

1 0 %  sucrose 2 0 %  sucrose 

i .  Expe riment 2-2 / 1 . 

Me an eggs per female  per day 

Day 
- - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 0  

. 3 0 0  ( 1 . 3 0 )  2 - 1 . 0 5 1  ( 1 . 0 4 )  4 
o 
o 

1 1  
. 3 3 3 ( 1 . 0 0 )  2 1 .  0 9 1 . ( 1 . 0 6 )  4 

Day 

o 
o 

1 2  
- . 5 0 0  ( . 5 0 0 )  2 1 . 4 1 7  ( 1 . 0 0 )  4 

o 
o 

. . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 .  0 0 0  . 4 5 0  

1 3  
( l . 0 0 )  2 
( . 0 5 0 )  2 - 1 . 5 0 0  -2 . 0 0 0  

1 4  
( . 5 0 0 )  2 ( 1 .  0 0 )  2 

Day 

1 6  
2 0 %  sucrose 1 .  0 0 0  ( . 0 0 0 )  1 

1 5 · 

. 0 0 0  ( . 0 0 0 )  o 1 

Standard e rrors o f  the mean are in  parenthesis  followed by the val i d  number o f  observat i ons . 
F o r  exp l anat i on o f  negat ive va lues i n  this tab l e  s e e  page 1 5 7 . 
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Tab l e  A2 - 2 / 4  
( 1 )  Ovipos ition and sucro se  concentrat i on s ove r t ime . 

ii . Exper iment 2-2 / 2 . 

Mean eggs per female per day 

Day 

1 2 3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
wate r 1 5 %  sucro se 2 0 %  sucrose 25 % suc rose 

water 1 5 %  sucrose 2 0 %  sucrose 25 % sucrose 

. 4 7 7  ( . 1 3 3 )  1 6  1 . 9 7 7  ( . 2 3 9 )  1 6  3 . 6 1 4  ( . 3 1 4 )  1 6  . 3 62 ( . 1 '4 0 )  1 6  2 . 8 3 7  ( . 3 4 8 ) 1 6  3 . 7 9 1  ( . 32 7 )  1 6  . 8 5 9  ( . 1 8 1 )  1 6  4 . 3 3 6  ( . 2 9 9 )  1 6  4 . 3 9 8  ( . 3 6 1 )  1 6  1 .  2 3 4  ( . 3 12 ) 1 6  4 . 1 3 1  ( . 3 0 9 )  1 6  4 . 2 02 ( . 3 6 6 )  1 6  
Day 

- - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 . 8 52 2 . 5 8 5 2 . 55 6  2 . 1 5 9  

4 
( . 2 4 9 )  15 ( . 2 3 7 )  1 6  ( . 2 7 0 )  1 6  ( . 2 6 1 )  1 6 ' 

1 . 0 0 0  1 . 8 5 7  1 .  3 2 7 . 7 6 0  

5 
( 1 . 5 3 )  3 ( . 1 3 7 )  1 6  ( . 1 7 8 )  1 6  ( . 2 4 4 )  1 6  

. 6 9 6  . 8 2 1  1 .  0 8 5  

6 
. 0 ( . 15 8 )  1 6  ( . 1 3 6 )  1 6  ( . 2 4 6 )  1 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 5 %  sucrose 2 0 %  sucrose 2 5 %  sucrose 

7 
. 2 9 9  ( . 1 0 4 )  1 6  . 4 7 8  ( . 1 8 6 ) 1 6  . 54 3  ( . 1 3 8 )  1 6  

Day 

8 
- - - - - - - - - - - - - - - - - - - -. 2 6 8  ( . 1 8 9 )  1 6  . 6 5 6  ( . 1 52 ) 1 6  . 55 1  ( . 2 0 5 )  1 6  

. 0 9 7  . 1 2 9  - . 0 9 8  

9 
( . 1 4 9 ) 1 6  ( . 1 3 6 )  1 6  ( . 2 1 1 )  1 6  

cont i nued 
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Tab l e  A2 - 2 / 4  cont inued . 

( 1 )  Oviposltion and sucrose concent rat i ons over t ime . 

i i . Expe riment 2-2 / 2 . 

water 1 5 %  sucrose 2 0 %  sucrose  25% sucrose 

1 5 %  sucrose  2 0 %  sucrose  25% sucrose  

15% sucro s e  20% sucrose  25% sucro s e  

Mean eggs per fema l e  pe r day 

Day 
- - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. 2 8 4  . 2 1 6  . 0 65 

- . 2 8 3 . 2 0 4  . 4 8 5 

1 0 

1 3  

• 0 ( . 1 2 2 )  1 6  ( . 0 9 6 )  1 6  ( . 1 6 5 ) ' 1 5 

( . 1 6 9 )  1 6  ( . 1 6 8 )  1 6  ( . 2 0 6 )  1 4  

. 2 1 9  . 0 1 8  . 4 8 5  

. 2 4 0  - . 2 0 4  - . 4 9 5  

1 1  
. 0 ( . 0 8 9 )  1 6  ( • 1 0 7) 1 6  ( . 2 8 8 )  1 5  

Day 

1 4  
( . 1 2 5 )  1 6  ( . 1 92 )  1 6  ( . 3 1 5 )  1 0  

Day 

. 3 8 2  . 0 9 7  - . 1 6 1  

1 2  

1 5  

. 0 ( . 1 3 0 )  1 6  ( . 1 1 6 )  1 6  ( . 3 3 3 )  1 5  

- - --- - - ----- --- - - - - -- . 2 6 7 ( . 1 0 7 )  1 5  1 . 2 1 3  ( . 6 65 )  1 4  - . 6 2 5  ( . 55 7 )  8 
-- - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - --1 6  1 7  1 8  -- - - - - --- - - ----- - - -- - - - - - - - ------ - --- - - - - - --- - - ---- ----- - - - -- . 2 1 2  ( . 2 8 2 )  15 - . 6 6 8  ( . 4 7 1 )  1 3  - . 2 1 9  ( . 3 9 7 )  1 3  - 1 . 9 02 ( . 8 4 5 )  1 3  - . 8 7 9  ( 1 . 1 4 )  1 1  - . 3 3 9  ( . 8 4 7 )  8 2 . 3 8 1  ( 1 . 9 7 )  7 - . 4 5 8  ( . 8 7 5 )  4 4 . 7 2 2  ( 2 . 7 6 )  3 

c ont inued w 
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Tab l e  A2 - 2 / 4  cont inued . 

( 1 )  Oviposit ion and sucrose concent rat i ons ove r t ime . 

i i . Experime�t 2-2 / 2 . 

15% sucrose 2 0 %  sucro se 25% sucrose 

15% sucro se 2 0 %  sucrose 25% suc ro se 

Mean eggs per female per day 

- , 5 02 2 . 8 6 1 - 3 . 3 3 3  

1 9  

22 

( . 4 5 4 )  14 ( 1 . 9 9 )  6 ( 4 . 6 7 )  ' 2  

- . 3 8 9  ( . 7 2 2 )  1 3  - 3 . 0 0 0  ( 3 . 2 1 )  3 
o 

25 

Day 

2 0  
- . 2 3 4  ( . 6 9 6 )  1 4  -2 . 7 6 7  ( . 6 4 0 )  4 4 . 0 0 0  ( . 0 0 0 )  1 

Day 

2 3  
- --------------- -- - -1 . 1 4 2  ( . 9 2 6 )  1 0  3 . 0 0 0  ( 1 . 0 0 )  2 

o 

Day 

- 1 . 0 7 5  1 . 1 67 - 9 . 0 0 0  

2 1  

2 4  

( . 7 8 1 )  1 3  ( 1 . 4 8 )  3 ( . 0 0 0 )  1 

- . 8 7 0  ( . 8 3 2 )  9 5 . 0 0 0  ( . 0 0 0 )  1 
o 

2 6  
1 5 %  sucrose 2 0 %  sucrose 

- . 8 0 8  ( . 55 9 )  8 . . 0 5 6  ( 1 . 4 1 )  6 - 3 . 0 0 0 ( . 0 0 0 )  1 . ' - 3 . 0 0 0  ( . 0 0 0 )  1 
Standard errors o f  the means are in parenthe s i s  f o l l owed by the number o f  valid observat ions . 
, For  e xp l anat i on o f  negat ive va lue s in this  t ab l e  s e e  p ag e  1 5 7 . w 

o 
co 



Table A2 - 2 / 4  

( 2 )  Ovipo s it i on over t ime . 

i .  Exper iment 2- 2 / 1 . 

Me�n eggs pe r fema le per  day 

Day 

1 2 3 4 5 6 7 8 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. 8 9 1  1 . 99 0  1 . 1 4 0  . 8 8 5 . 5 8 5 . 4 7 9  . 3 7 8  - . 4 2 7  1 .  5 0 7  

bed a abc bede · bede bede bede de ab ( . 2 2 5 ) ( . 3 3 9 )  ( . 2 4 8 ) ( . 2 4 8 )  ( . 2 3 2 )  ( . 2 6 2 )  ( . 2 3 0 ) ( . 1 7 6 ) ( 1 . 4 5 ) 2 4 2 3 1 8  1 6  1 6  1 6  1 2  1 0  7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 

1 0  1 1  . 1 2 1 3  1 4  1 5  1 6  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- . 6 0 1  . 8 3 9  . 7 7 8  . 7 2 5 - 1 . 7 5 0  . 0 0 0  1 .  0 0 0  

de abede abede abede 
( . 7 9 1 ) ( . 7 3 8 )  ( . 7 6 3 ) ( . 4 3 9 ) ( . 4 7 9 ) ( . 0 0 0 ) ( . 0 0 0 ) 6 6 6 4 4 1 1 

Standard errors o f  the me an are in parenthesis fo l l owed by the va l i d  number o f  observat i ons . 
F o r  e �planat i on o f  negat ive va lue s in this t ab l e  see  page 1 5 7 . 
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1 2 
- - - - - - - - --- - - - -. 7 3 3  3 . 3 2 0  ( . 1 0 9 )  ( . 1 9 1 )  6 4  64 

3 

Tab l e  A2 - 2 / 4  

( 2 )  Ovipo s it i on ove r t ime . 

i i . Experiment 2- 2 / 2 . 

Mean eggs per female p e r  day 

Day 

4 5 6 7 
- - - - - - - , - - - - - - - - - - - - - - "!""" - - - - - - - -- - - - -4 . 0 0 1  2 . 2 95 ( . 1 7 2 )  ( . 1 3 0 )  6 4 63 

1 . 2 9 6  . 8 6 8  ( . 1 4 0 )  ( . 1 0 8 )  5 1  4 8  
Day _ _ 

. 4 4 0  ( . 0 8 4 )  4 8  

8 9 
- - - - - - - - - - - - - - -. 4 9 2  . 0 4 3  ( . 1 0 6 )  ( . 0 9 6 )  4 8  4 8  

- - - - - - - - - - --- - - - - - - - --- - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - -- -1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  ---- - - - - - - - - - - - - -- - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - -- - - - --. 1 9 1  . 2 35 ( . 0 7 4  ) ( . 1 0 5 )  4 7  4 7  

1 9  2 0  

. 1 1 2  ( . 1:2 3 )  4 7  

2 1  

- - - . 1 2 0 ( . 1 1 2 )  4 6  

2 2  

- . 1 0 4  . 2 15 - . 3 2 1  - . 7 2 1  . 35 8  ( . 1 2 1 )  ( . 3 0 4 )  ( . 5 6 1 )  ( . 4 9 9 )  ( . 5 6 4 ) 4 2  3 7  3 5  2 8  2 4  
Day 

2 3  2 4  2 5  2 6  
- - ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----- - - - --- - - - - --- --- -. 1 5 8  - . 5 4 4  - 1 . 1 4 6  - . 8 7 9  1 . 4 5 1  - . 2 8 3  - 1 . 052 - . 3 8 1  ( .  7 7 0 )  ( . 6 2 8 )  ( . 8 2 7  ) ( . 8 1 6 )  ( . 8 0 2 )  ( . 9 4 8 )  ( . 55 0 )  ( 1 . 2 7 )  22 1 9  1 7  1 6  1 2  1 0  9 7 

St andard e rrors o f  the means are in parenthe s i s  f o l l owed by the - number o f  valid observat i ons . 
F o r  e xp l anat ion o f  negat i ve values i n  this t ab l e  s e e  page 1 57 .  

LV 
I-' 
o 



Tab l e  A2 - 2 / 5  

Appendix Tables 3 1 1  

( 1 ) Cumul at ive sum o f  eggs for sex groups within sucrose 
concent rat i ons over t ime . 

water 
female 
mixed sexes 

1 0 %  sucro s e  
female 
mixed sexes  

2 0 %  sucros e  
female 
mixed s exe s 

3 0 %  sucrose 
female 
mixed sexes 

water 
female 
mixed sexes 

1 0 %  sucro s e  
female 
mixed s exes 

2 0 %  sucro s e  
fema le 
mixed s exe s 

3 0 %  sucro s e  
female 
mixed s exes 

i .  Experiment 2 - 2 / 1 . 

1 

o d 
3 cd 

6 bcd 
1 7  ab 

3 cd 
8 abc 

2 2  a 
1 0  abc 

4 

( 1  ) 
( 2  ) 

( 2 )  
( 2 )  

( 2 )  
( 2 )  

( 2 )  
( 2 )  

2 e ( 1 ) 
2 4  cd ( 2 )  

1 9  d ( 2 )  
3 8  bcd ( 2 )  

2 6  cd ( 2 )  
4 3  bc ( 2 )  

7 4  a ( 2 )  
6 4  ab ( 2 )  

D ay 

2 

2 d 
1 9  b c  

1 8  . b e  
2 8  ab 

1 0  cd 
2 3  bc  

4 6  a 
3 5  ab 

Day 

5 

2 e 
2 6  cd 

2 0  d 
4 7  bc 

2 9  cd 
4 3  c 

7 7  a 
7 1  ab 

( 1 ) 
( 2  ) 

( 2 )  
( 2 )  

( 2  ) 
( 2  ) 

( 2  ) 
( 2  ) 

( 1 ) 
( 2  ) 

( 2 ) 
( 2 )  

( 2 )  
( 2 )  

( 2 )  
( 2 )  

3 

2 d 
2 0  c 

1 9  c 
3 5  bc  

1 9  c 
3 1  be 

64  a 
5 3  ab 

6 

( 1  ) 
( 2 )  

( 2 ) 
( 2  ) 

( 2 )  
( 2 )  

( 2 )  
( 2  ) 

2 e ( 1 ) 
2 6  d ( 2 )  

2 1  d ( 2 )  
4 9  bc  ( 2 )  

3 0  cd ( 2 )  
4 9  bc ( 2 )  

7 8  ab ( 2 )  
8 1  a ( 2 )  

c ont inued . . .  



Appendix T ables 3 12 

Table A2 - 2 / 5  cont inued . 

( 1 ) Cumu l at ive sum o f  eggs for sex groups within sucrose 
c oncentrat i ons over t ime . 

i .  Experiment 2-2 / 1 . 

D ay 

7 8 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
female 2 c ( 2  ) 2 f ( 1 ) 2 e ( 1 ) 
mixed. sexes 2 6 b ( 2 )  2 7 de ( 2  ) 2 7  d ( 2 )  

1 0 % sucrose 
female 2 4  b ( 2  ) 2 3  e ( 2 )  2 3  d ( 2  ) 
mixed sexes 52 a ( 2 )  . . 4 9  bcd ( 2 )  5 2  bc (2 ) 

2 0 %  sucrose 
female 32 b ( 2 )  3 3  cd (2 ) 3 0  cd (2 ) 
mixed sexes 5 7 a ( 2  ) 5 6  abc ( 2 )  5 6  ab ( 2  ) 

3 0 %  sucrose 
female 8 0  a ( 2 )  7 8  ab ( 2 )  8 7  a ( 2 )  
mixed sexes 7 7  a ( 2 )  7 9  a ( 2 )  7 1  ab ( 2  ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
female 2 e ( 1  ) 3 f ( l )  2 e ( 1  ) 
mixed sexes 2 7  cd ( 2  ) 2 5  e ( 2  ) 2 6 cd ( 2 )  

1 0 %  sucrose 
female 22 d ( 2 )  2 2  e ( 2  ) 2 2  d ( 2 )  
mixed s exes 4 7  bc ( 2 )  5 0  cd ( 2  ) 4 7  bc · ( 2 )  

2 0 %  sucrose 
female 2 9  cd ( 2  ) 3 2 cde ( 2  ) 3 1  cd ( 2  ) 
mixed sexes 53 ab ( 2  ) 5 4  bc ( 2 )  6 1  ab ( 2 )  

3 0 %  sucrose 
fema le 8 0  a ( 2  ) 8 5  a ( 2  ) 7 8  a ( 2  ) 
mixed sexes 7 3  ab ( 2  ) 8 0  ab ( 2 )  7 9  a ( 2 )  

c ont i nued . . . 
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Tab l e  A2 - 2 / 5  cont inued . 

( 1 )  Cumu l at ive sum of eggs for sex groups within sucrose 
concentrat ions over t ime . 

wate r  
femal e  
m i x e d  sexes  

1 0 %  sucrose 
fema l e  
mixed sexes  

2 0 %  sucrose 
fema l e  
mixed sexes 

3 0 %  sucrose 
femal e  
m i x e d  s exe s 

water 
femal e  
mixed sexe s 

1 0 % sucrose 
femal e  
mixed sexes 

2 0 %  sucrose 
femal e  
m i xed s exe s 

3 0 %  sucrose 
fema l e  
m i x e d  sexes 

i .  Experiment 2 -2 / 1 . 

1 3  

2 d ,  ( 1 )  2 7  c . ( 2 )  
2 5  c ·( 2 )  4 7  bc ( 2 )  
32 c ( 2 )  5 8  ab ( 2 )  

8 3  a ( 2 )  8 1  a ( 2 )  

1 6  

2 e ( 1 )  2 6  d ( 2 )  
2 4  d ( 2 )  4 9  bc ( 2 )  
3 1  cd ( 2 )  6 1  ab ( 2 )  
8 6  a 7 6  ab 

( 2  ) ( 2 )  

Day 

1 4  

2 e 27 cd 

22 d 4 8  bc 

30 bcd 5 3  ab 

8 1  a 8 1  a 

Day 

1 7  

( 1 )  ( 2 )  
( 2 )  ( 2  ) 
( 2 )  ( 2  ) 
( 2  ) ( 2 )  

2 e ( 1 )  2 5 d ( 2 )  
25 d ( 2 )  5 0  bc ( 2 )  
3 1  cd ( 2 )  5 4  abc ( 2 )  
8 0  a 7 6  ab 

( 2 )  ( 2  ) 

1 5  

2 e ( 1 )  2 6  d ( 2 )  
2 5  d ( 2 )  5 2  bc ( 2 )  
3 1  cd ( 2 )  5 7  ab ( 2 )  
8 5  a ( 2 )  7 9  ab ( 2 )  

1 8  

2 d ( 1 )  2 6  c ( 2 )  
2 4  c ( 2 )  5 0  b c  ( 2 )  
3 1  c ( 2 )  6 1  ab ( 2 )  
8 2  a 7 3  ab 

( 2 )  ( 2  ) 

cont i nued . . .  
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T ab l e  A2 - 2 / 5  c ont inued . 

( 1 )  Cumu l at ive sum of eggs for sex groups within sucrose 
c oncent rat i ons over t ime . 

wate r  
fema le 
mixed sexes 

1 0 %  sucros e  
female 
mixed sexes 

2 0 % sucro s e  
fema le 
mi xed sexes 

3 0 %  sucro s e  
fema le 
mixed sexes 

water 
fema le 
mixed sexes  

1 0 %  sucro s e  
fema le 
mi xed sexes  

2 0 %  sucros e  
female 
mixed sexes  

3 0 %  sucro s e  
fema le 
mixed sexes 

i .  Experiment 2 - 2 / 1 . 

1 9  

2 2 6  e ( 1 ) 
cd ( 2 )  

2 4  d ( 2 )  4 8  bc ( 2 )  
3 0  cd ( 2 )  5 7 ab ( 2 )  
7 9  a ( 2 )  7 1  ab ( 2 )  

2 2  

d- ( 1 )  2 2 6  c ( 2 )  
2 4  c 5 0  ab 

3 2  bc 5 6  ab 

7 0  a 7 3  a 

( 2  ) ( 2 )  
( 2  ) ( 2  ) 
( 2  ) ( 2  ) 

2 2 6  

Day 

2 0  

e ( 1 )  
d ( 2 )  

2 4  d ( 2 )  5 0  bc ( 2 )  

3 1  cd ( 2 )  5 8  ab ( 2 )  
7 7  a ( 2 )  7 1  ab ( 2 )  

Day 

- 2 3 

2 2 6  d ( 1 )  
c ( 2 )  

2 4  c 5 0  ab 

,3 1  bc 58 a 

7 8  a 7 3  a 

( 2  ) ( 2  ) 
( 2  ) 
( 2 ) 

( 2 )  ( 2  ) 

2 1  

d ( 1 )  2 2 6  c ( 2 )  

2 4 c 5 0  b 

3 1  c 5 7  ab 

7 9  a 7 0  ab 

2 4  

( 2  ) 
( 2 ) 

( 2 )  ( 2  ) 
( 2  ) 
( 2 ) 

d ( 1 )  2 2 6  c ( 2 )  
2 4 c 5 0  ab 

3 1  b c  
5 8  a 

7 8  a 7 3  a 

( 2  ) ( 2 )  
( 2  ) 
( 2 ) 

( 2 )  ( 2 )  

Tot a l s  f o r  female only sex group ( 8  females ) have been 
halved so t hat val id compari s ons can be made with the mixed 
sex group ( 4 femal e s ) .  
Numbers with the s ame letter within each day are not 
s i gn i f i c antly different (P> O . O l ) . 
F igures in parenthe s i s  are the number o f  cage s f o r  whi ch 
eggs we re c ounted . 
The cumu l at ive sum o f  eggs shows a dec l ine in s ome cases 
because o f  c ount ing inaccuracies . See  page 1 5 7 . 

c ont inued 
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Tab l e  A2 - 2 / 5  c ont inued . 

( 2 )  Cumulat ive sum o f  larvae for sex  groups within sucrose 
c oncentrat ions over t ime . 

i .  Expe riment 2 -2 / 1 . 

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 8 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
fema l e  0 ( 1 ) 0 ( 1 ) 0 a ( 1 )  
mixed sexes 0 ( 2 )  0 ( 2 )  3 a ( 2 )  

1 0 %  sucrose 
female 0 ( 2 )  0 ( 2 )  4 a ( 2 )  
mixed sexes 0 ( 2 ) 0 ( 2 )  0 a ( 2 ) 

2 0 %  sucrose 
femal e  0 ( 2 )  0 ( 2 )  0 a ( 2 )  
mixed sexes 0 ( 2  ) 0 ( 2  ) 0 a ( 2 )  

3 0 %  sucrose 
female 0 ( 2  ) 0 ( 2 )  0 a ( 2 )  
mixed sexes 0 ( 2 )  0 ( 2 )  O " a ( 2 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D a y  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
fema l e  0 b ( 1  ) 1 c ( 1 ) 1 c ( 1 ) 
mixed sexes 1 1  a ( 2 )  1 6  a ( 2 )  1 8  a ( 2 )  

1 0 %  sucro s e  
femal e  1 1  a ( 2  ) 1 5  ab ( 2 ) 1 6  ab ( 2 )  
mixed sexes 9 a ( 2  ) 2 1  a ( 2 ) 2 2  a ( 2  ) 

2 0 %  sucrose 
femal e  0 a ( 2 ) 2 c ( 2 )  5 bc  ( 2 )  
mixed sexes  0 a ( 2 )  4 bc  ( 2 )  1 1  ab ( 2 )  

3 0% sucrose 
femal e  0 a ( 2 ) 0 c ( 2 ) 0 c ( 2 )  
mixed sexes 0 a ( 2 )  0 c ( 2 )  0 c ( 2  ) 

c ont inued . . . 
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Table A2 - 2 / 5  c ont inued . 

( 2 )  Cumu l at ive sum of larvae for sex group s  within sucrose 
concent rat i ons over t ime . 

i .  Experiment 2 -2 / 1 . 

Day 
- - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - -

1 3  1 4  1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - ---- - - - - - - - ----

wate r  
fema le 1 c ( 1  ) 1 c ( 1 )  1 d ( 1  ) 
mi xed sexes 2 1  ab ( 2  ) 2 0  ab ( 2  ) 2 0  abc ( 2  ) 

1 0 %  sucro s e  
f ema le 1 9  ab ( 2 ) 1 6  ab ( 2 )  1 8  bc ( 2 )  
mixed sexes 3 1  a ( 2 )  3 4  a ( 2 )  3 9  ab ( 2 )  

2 0 %  sucro s e  
female 9 be (2 ) 9 bc ( 2  ) 9 c ( 2 )  
mixed sexes 1 9  a ( 2  ) 2 7 a ( 2  ) 3 3  ab ( 2 )  

3 0 %  sucro s e  
fema le 0 c ( 2  ) 7 bc ( 2  ) 1 5  c ( 2 )  
mi xed sexes 0 e ( 2 ) 2 e ( 2  ) 1 2 e ( 2 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 6  1 7  1 8  

- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - --- --- - - - - - - -

wate r  
fema le 1 d ( 1  ) 1 d ( 1  ) 1 e ( 1 )  
mixed sexes 2 0  abc ( 2 )  1 9  bc ( 2 ) 2 0  b c  ( 2  ) 

1 0 %  sucrose 
female 1 9  bc ( 2 )  1 9  bc ( 2 )  1 9  cd ( 2 )  
mixed sexes 3 7  ab ( 2  ) 4 0  a ( 2  ) 4 0  ab ( 2 )  

2 0 % sucrose 
femal e  9 cd ( 2 )  1 0  e ( 2 )  1 0  d ( 2  ) 
mixed sexes 4 0  a ( 2  ) 4 0  a ( 2  ) 4 3  a ( 2 )  

3 0 %  sucrose 
female 22 abc ( 2 )  3 0  ab ( 2  ) 35 abc ( 2  ) 
mixed sexes 1 5  c ( 2 )  2 1  abc ( 2 )  2 0  bed ( 2 )  

- - --- - - - - ---- - - - - --- - - - - - - - - - - --- - - --- - - - - - - - - - - - - - - - - -----

c ont inued . . .  
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Table A2-2 /5  cont inued . 

( 2 )  Cumu l at ive sum o f  larvae for sex groups within sucrose 
concent rat i on s  over t ime . 

i .  Experiment 2-2 / 1 . 

Day 
---------------- -------------------------------

1 9  2 0  2 1  
- - ------ - - - --------------- -------- - --- - - - ------ - --- - - - - -

water 
femal e  1 e ( 1 ) 1 d ( 1 ) 1 e ( 1 )  
mixed sexe s 2 0  bc ( 2 )  2 0  bcd ( 2 )  2 0  b ( 2 ) 

1 0 %  sucrose 
femal e  1 8  cd ( 2 )  1 8  cd ( 2 ) 1 8  cd ( 2 )  
mixed sexes 3 7  abc ( 2 )  4 0  ab ( 2 ) 3 9  ab ( 2 )  

2 0 %  sucrose 
femal e  1 0  d ( 2 )  1 0  d ( 2 ) 1 0  d ( 2 )  
mixed sexes 4 2  a ( 2 ) 4 3  a ( 2 ) 4 2  a ( 2 ) 

3 0 %  sucrose 
femal e  3 8  ab ( 2  ) 3 6  ab ( 2 )  3 6  abc ( 2 )  
mixed sexes 2 2 abcd ( 2 )  2 3  ab ( 2 ) 2 2 abcd ( 2 )  

Day 
- - --------------- - ------------------ - - - - - ------

2 2  2 3  2 4  ---- ---- - - - -- - - - - --------- - - - ---- - - - ----- - --------------
water 

female  1 d ( 1 )  1 d ( 1 ) 1 d ( 1 ) 
mixed sexes 2 0  abc ( 2 ) 2 0  bc ( 2 ) 2 0  bc ( 2 ) 

1 0 %  sucrose 
fema l e  1 8  bc ( 2  ) 1 8  c ( 2 )  1 8  c ( 2 )  
mi xed sexes 3 8  a ( 2 )  3 8  ab ( 2 ) 3 8  ab ( 2 )  

2 0 %  sucrose 
female  1 0  c ( 2 )  1 0  c ( 2 ) 1 0  c ( 2 )  
mixed s exe s 4 0  a ( 2 )  4 1  a ( 2 ) 4 1  a ( 2 ) 

3 0 %  sucrose 
femal e  3 7 ab ( 2 ) 3 7  abc ( 2 )  3 7  abc ( 2 ) 
mixed sexe s 2 5  abc ( 2 )  2 3  abc ( 2 ) 2 3  abc ( 2 ) 

Tot a l s  for femal e  only sex group ( 8 fema l e s ) have been 
halved s o  that val id compari s ons  c an be made with the mixed 
sex group ( 4 femal e s ) . 
Numbers with the s ame l etter within each day are not 
s igni fi cant l y  different ( P > O . O l ) .  
F igures  in  parenthes i s  are the number o f  c ages for whi ch 
l a rvae were counted . 
The cumulat ive sum o f  l arvae shows a dec l ine in  s ome cases  
because o f  count ing inaccurac i e s . See  page 1 5 7 . 

c ontinued 
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Tab l e  A2 - 2 / 5  cont inued . 

( 1 ) Cumu l at ive sum o f  eggs for sex  groups within sucrose 
c oncent rat ions over t ime . 

i i . Experiment 2 - 2 / 2 . 

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 2 3 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
,fema le 1 0  cd ( 8  ) 6 0  d ( 8 ) 1 7 4  d ( 8 ) 
mixed sexes  2 1  bc ( 8  ) 9 6  bc ( 8 ) 2 0 5  cd ( 8 ) 

1 � %  sucrose 
female 5 d ( 8 ) 8 9  bcd ( 8 ) 1 9 8  cd ( 8 ) 
mixed sexes 1 8  b ( 8 ) 1 1 3  b ( 8 ) 2 3 8  bc ( 8 ) 

2 0 %  sucros e  
fema le 2 8  ab ( 8 ) 1 67 a ( 8 ) 2 9 3 ab ( 8 ) 
mixed sexes  2 7  ab ( 8 ) 1 6 6  a ( 8 ) 3 2 1  a ( 8 ) 

2 5 %  sucro s e  
female 4 7  a ( 8 ) 1 7 5  a ( 8 ) 3 1 4  a ( 8 ) 
mixed sexes  32 ab ( 8 ) 1 6 8 a ( 8 ) 2 9 3 · a ( 8 ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -4 5 6 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
femal e  222 d ( 8 )  2 2 4  c ( 8  ) 2 2 7  c ( 8 ) 
mixed sexes 2 4 3  d ( 8  ) 2 4 9  c ( 8 ) 2 5 3 c ( 8 ) 

1 5 %  sucrose 
female 2 7 5  cd ( 8 ) 3 3 4  b ( 8 ) 3 5 3 b ( 8  ) 
mixed sexes  3 1 6  bc ( 8 .) 3 7 1  ab ( 8 ) 3 95 ab ( 8 ) 

2 0 %  sucro s e  
female 3 7 6  ab ( 8  ) 4 1 7  a ( 8 )  4 5 4  a ( 8 ) 
mixed s exe s 4 0 1  a ( 8 ) 4 4 4  a ( 8  ) 4 5 9  a ( 8 ) 

2 5 %  sucro s e  
female 3 8 9  a ( 8 ) 4 0 8  a ( 8 ) 4 3 8  a ( 8 ) 
mixed sexes  3 5 1  ab ( 8 ) 3 7 7 ab ( 8 ) 4 1 2  ab ( 8 ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

cont inued . . . 
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T ab l e  A2 - 2 / 5  c ont inue d . 

( 1 )  Cumulat ive sum of eggs for s e x  groups within sucrose 
concentrat ions ove r  t ime . 

i i . Experiment 2 -2 / 2 . 

water 
female 
mixed sexes 

15% sucrose 
femal e  
mixed sexes 

20% sucro s e  
femal e  
mixed sexes  

2 5 %  sucrose 
fema l e  
mixed sexes 

water 

7 

2 2 9  c ,  ( 8 )  2 5 3  c ( 8 )  

3 65 b . ( 8 )  4 0 0  a ' ( 8 )  

4 6 9  a ( 8 )  4 7 4  a ( 8 )  

4 5 2 a ( 8 )  4 2 6  ab ( 8 )  

1 0  

femal e  2 2 9  d ( 8 )  
mixed sexes 2 5 3  d ( 8 )  

1 5 %  sucrose 
femal e  3 8 6 c ( 8 )  
mixed sexes  4 1 7  bc ( 8 )  

2 0 %  sucrose 
femal e  4 9 7 a ( 8 )  
mixed sexes  5 0 9  a ( 8 )  

2 5 %  sucrose 
femal e  4 65 ab ( 8 )  
mixed sexes  4 4 3  abc ( 8 )  

D ay 

8 

2 2 9  d 
2 5 3  d 

3 7 5  c . 4 0 6  bc 

4 8 9  a 4 95 a 

4 7 0  ab 4 4 2  abc. 

D ay 

1 1  

( 8 ) 
( 8 ) 

( 8  ) 
( 8  ) 

( 8 ) 
( 8 ) 

( 8  ) 
( 8 )  

2 2 9 d ( 8 )  
2 5 3  d ( 8 )  

3 9 1  c ( 8 )  4 2 4  bc ( 8 )  

5 0 1  ab ( 8 )  5 0 5  a ( 8 )  

4 7 4  ab ( 8 )  4 4 9  abc ( 8 )  

9 

2 2 9  d 2 5 3  d 

3 8 2  c 4 0 4  bc 

4 9 3 a 5 0 0  a 

4 6 1 ab 4 4 3  abc 

1 2  

2 2 9  c 
2 5 3  c 

3 9 8  b 4 3 4  b 

5 0 2  a 5 0 8  a 

4 7 2  ab 4 5 2 ab 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8 )  
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

cont inued . . .  
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Tab l e  A2 - 2 / 5  continued . 
( 1 )  Cumul ative sum of eggs for sex groups within sucrose concentrations over t ime . 

i i . Experiment 2 - 2 / 2 . 

wate r  female mixed sexes 
1 5 %  sucrose female mixed sexes 
2 0 %  sucrose female mixed sexes 
2 5 %  sucro s e  female mixed sexes 

wate r  

1 3  

2 2 9  d 254 d 
3 9 5  c 4 2 9  bc 
5 1 0  a 5 1 0  a 
4 7 6  ab 4 5 9  abc 

1 6  

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8 )  

female 2 1 9  d ( 8 )  mixed sexes 2 3 6  d ( 8 )  
1 5 %  sucros e  
female 3 9 4  c ( 8 )  mixed sexes 4 1 9  bc ( 8 )  

2 0 %  s ucro s e  female 505 a ( 8 )  mixed sexes 4 2 9  abc ( 7 )  
2 5 %  sucro s e  female 474 ab ( 8 )  mixed sexes 452 abc ( 8 )  

Day 
1 4  

2 2 9  d 253 d 
4 0 4 c 4 2 9  bc 
5 0 1  ab 5 1 2  a 
4 7 3  abc 4 5 8  abc. 

Day 
1 7  

2 2 1  d 2 3 8  d 
3 4 0  b 4 0 8  b 
5 0 3  a 4 2 4  b 
4 7 1  ab 4 5 1  ab 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 8 )  

( 8 )  
( 8  ) 

( 7 )  
( 8 )  

( 8 )  ( 7 )  
( 8  ) 
( 8  ) 

1 5  

2 2 9 c 2 5 3  c 
4 0 1  b 4 2 1  b 
5 1 4  a 4 4 7  ab 
4 6 4 ab 4 5 6 ab 

1 8 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) ( 7 ) 
( 8 )  
( 8  ) 

2 1 3  d ( 8 )  2 4 1  d ( 8 )  

3 8 1  c ( 8 )  4 0 2  bc ( 8 )  

4 9 4 a ( 8 )  
4 2 4  abc ( 7 )  
4 65 ab ( 8 )  4 4 7  abc ( 8 )  

continued . . .  
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T ab l e  A2 - 2 / 5  c ontinued . 

( 1 )  Cumu l at ive sum o f  eggs for sex group s  within sucrose 
concentrat ion s  over t ime . 

i i . Experiment 2-2 / 2 . 

1 9  
wate r  

femal e  2 2 1  d ( 8 )  
mixed sexes 25 8 d ( 8 )  

1 5 %  sucro s e  
fema le 3 8 0  c ( 8 )  
mixed sexes 3 94 bc ( 8 )  

2 0 %  sucrose 
fema l e  507 a ( 8  ) ( 7 )  mixed s exes 4 1 6  bc 

25% sucrose 
fema le 4 5 6  ab 
mixed sexes 4 6 0 ab 

( 8  ) ( 8  ) 

water 
female 
mixed sexes 

1 5 %  sucrose 
femal e  
mixed sexe s 

2 0 %  sucrose 
fema le 
mixed sexes 

25% sucrose 
femal e  
mixed sexes 

22 

2 1 2  e ( 8 )  257 e ( 8 )  
357 d ( 8 )  3 7 1  c d  ( 8 )  
4 8 3 a ( 8 )  4 0 4 bcd ( 7 )  
4 4 7  ab ( 8 )  4 3 5  abc ( 8 )  

Day 

2 0  

2 1 1  c 2 4 7  e 

373 b 3 9 1  ab 

4 64 a 3 92 ab 

4 3 6  ab 4 3 2  ab 

Day 

2 3  

2 1 5  d 
2 5 0  d 

3 7 0  e 3 8 8  be 

4 9 1 ab 4 1 3  bc 

4 5 1  ab 4 2 8  abc 

( 8  ) ( 8  ) 
( 8 )  ( 8  ) 
( 8  ) ( 7 )  
( 8  ) ( 8  ) 

( 8  ) ( 8  ) 
( 8  ) ( 8  ) 
( 8  ) ( 7 )  
( 8  ) ( 8  ) 

2 1  

2 1 3  c 2 5 0  e 

3 6 4  b 3 7 1  b 

4 7 6  a 3 9 1  b 

4 33 ab 4 3 1  ab 

2 2 

32 8 355 
2 7 0  4 3 3  
1 6 0 1 7 6  

2 4  

( 8 )  " ( 8  ) 
( 8  ) ( 8 )  
( 8  ) ( 7 ) 
( 8 )  ( 8  ) 

( 1 )  ( 0  ) 
( 7 )  ( 7  ) 
( 4 )  
( 7  ) 

( 3 )  ( 3 )  

c ont i nued . . .  
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Tab l e  A2 - 2 / 5  cont inued . 

( 1 )  Cumul at ive sum o f  eggs for sex groups within sucrose 
concentrat ions over t ime . 

i i . Experiment - 2 -2 / 2 . 

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

25  2 6  2 7  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  
female 7 9  ( 3 ) 2 4  ( 1  ) 2 4  ( 1  ) 
mixed sexes 37  ( 1 )  ( 0 ) ( 0  ) 

1 5 %  sucrose 
female 3 2 9  ( 7  ) 3 3 0  ( 7 )  2 9 1  ( 6 )  
mixed sexes 3 6 3 ( 7  ) 3 6 2 ( 7 )  3 5 6  ( 7 ) 

2 0 %  sucro s e  
fema le 3 1 6  ( 5 )  2 6 0 ( 4 ) 2 6 5 ( 4 ) 
mixed sexes 4 1 9  ( 7  ) 4 2 5  ( 7 ) 4 2 1  ( 7 ) 

2 5 %  sucro s e  
femal e  2 3 3  ( 4  ) 1 1 2  ( 2  ) 1 1 7  ( 2 )  
mixed sexes 2 7 0  ( 5 )  1 8 2  ( 3 )  1 6 8 - ( 3 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 8  2 9  3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  
femal e  1 1 0  ( 4  ) 2 4  ( 1  ) ( 0  ) 
mixed sexes (0  ) 3 8 ( 1  ) ( 0 )  

1 5 %  sucrose 
femal e  3 6 5 ( 8  ) 2 8 0  ( 6  ) 1 8 1  ( 4  ) 
mixed sexes 3 9 5 ( 8  ) 2 2 3  ( 4 )  1 5 8  ( 3 )  

2 0 %  sucrose 
female 4 9 6  ( 8  ) 2 2 1  ( 4  ) 2 2 4  ( 4 )  
mixed sexes 4 35 ( 7  ) 5 4  ( 1  ) ( O  ) 

2 5 %  sucrose 
female 4 55 ( 8  ) 3 8 9  ( 7 )  1 2 2  ( 2 )  
mixed sexes 4 4 2  ( 8  ) 1 1 0  ( 2 )  ( 0 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c ont inued . . .  



Appendix Table s  3 2 3  

T ab l e  A2 - 2 / S  c ont inued . 

( 1 )  Cumu l at i ve sum of eggs for sex groups within sucrose 
concentrat i ons over t ime . 

ii . Experiment 2 -2 / 2 . 

Day 

3 1  3 2  3 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 5 %  sucrose 

female 
mixed s exe s 

2 0 %  sucros e 
female 
mixed s exes 

15% sucrose 
female 
mixed sexes 

1 7 3  
2 3 6  

5 6  

4 3  

3 4  

( 4  ) 
( 4 )  

( 1  ) 
( 0  ) 

( 0  ) 
( 1  ) 

1 5 %  sucrose 
female 
mixed sexes 

. 1 8 1  
2 4 1  

· 5 6  

Day 

35 

4 3  

Day 

37 

5 0  

( 4  ) 
( 4  ) 

( 1 ) 
( 0  ) 

( 0  ) 
( 1 ) 

( 0  ) 
( 1  ) 

1 9 7 
2 4 3  

5 7  

4 3  

3 6  

( 4  ) 
( 4 )  

( 1 ) 
( 0 )  

( 0 ) 
( 1 ) 

Tot a l s  for femal e  only sex group ( 8  fema l e s ) have been 
halved so that val id compari sons can be made with the mixed 
sex group ( 4  females ) .  
Numbers with the s ame letter within e ach day are not 
s i gn i fi c ant l y  di fferent ( P >O . O l ) . 
F i gures in parenthe s i s  are the number o f  c age s for whi ch 
eggs were counted . 
The cumulat ive sum o f  eggs shows a dec l ine in s ome cases 
because o f  c ount ing inaccuracies ( see page 1 5 7 )  o r  a 
reduct i on in the number o f  cages . 



Appendix Table s 3 2 4  

Tab l e  A2 - 2 / 5 cont inued . 

( 2 ) Cumu l at ive sum o f  larvae for sex group s  within sucrose 
c oncentrat i ons over t lme . 

i i . Experiment 2 - 2 / 2 . 

Day 

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  
f emale 0 ( 8  ) 0 ( 8 )  2 b ( 8  ) 
mixed sexe s 0 ( 8  ) 0 ( 8  ) 1 3  a ( 8 )  

1 5 %  sucro s e  
f emale 0 ( 8  ) 0 ( 8  ) 0 b ( 8  ) 
mixed sexe s 0 ( 8  ) 0 ( 8  ) 0 b ( 8  ) 

2 0 % sucro s e  
f ema le 0 ( 8  ) 0 ( 8  ) 0 b ( 8  ) 
mixed sexe s 0 ( 8  ) 0 ( 8 )  0 b ( 8  ) 

2 5 %  sucrose 
f ema le 0 ( 8  ) 0 ( 8  ) 0 b ( 8  ) 
mixed sexe s 0 ( 8  ) 0 ( 8  ) 0 b ( 8  ) 

Day 
- - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 3  1 4  1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
female 1 1  b ( 8  ) 5 3  b ( 8  ) 9 9  b ( 8  ) 
mixed sexe s 3 7  a ( 8  ) 8 6  a ( 8  ) 1 4 5  a ( 8  ) 

1 5 %  sucro s e  
female 0 c ( 8  ) 1 0  c ( 8 )  4 6  cd ( 8  ) 
mixed s e x e s  0 c - ( 8  ) 1 6  c ( 8  ) 5 7  c ( 8  ) 

2 0 %  sucro s e  
fema le : 0  c ( 8  ) 1 d ( 8  ) 2 8  de ( 8  ) 
mixed sexe s 0 c " · ( 8  ) 1 d ( 8  ) 1 7  e ( 7  ) 

2 5 %  sucro s e  
female 0 c ( 8  ) 0 d ( 8  ) 0 f ( 8 )  
mi xed sexes 0 c ( 8  ) 0 d ( 8  ) 2 f ( 8 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 6  1 7  1 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

water 
female 1 3 2  ab ( 8  ) 1 4 4  a ( 8  ) 1 4 8  b c  ( 8  ) 
mixed sexe s 1 65 a ( 8  ) 1 7 6  a ( 8  ) 1 7 8  ab ( 8  ) 

1 5 %  sucrose 
femal e  1 1 2  bc ( 8  ) 1 3 3  a ( 7 ) 2 0 1  a ( 8  ) 
mixed sexes 1 1 5  bc ( 8  ) 1 5 2  a ( 8  ) 2 1 3  a ( 8  ) 

2 0 %  sucro s e  
femal e  9 0  c ( 8  ) 1 4 8  a ( 8  ) 2 2 7  a ( 8  ) 
mixed sexes 82  c ( 7 ) 1 5 0  a ( 7 ) 2 3 0  a ( 7 )  

2 5 %  sucro s e  
f ema le 6 d ( 8  ) 3 6  b ( 8  ) 1 2 4  c d  ( 8  ) 
mixed sexe s 5 d ( 8  ) 3 3  b ( 8  ) 1 0 0  d ( 8 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c ont inued . . . 



Appendix Tables 3 2 5  

T ab l e  A2 -2 / 5  cont inued . 

( 2 )  Cumu l at ive sum of larvae for sex groups within sucrose 
c oncentrat i ons  over t lme . 

i i . Experiment 2 -2 / 2 . 

1 9  

wate r  
fema l e  1 5 8  c 
mixed sexes  2 0 1  bc  

1 5 %  sucro s e  
femal e  2 2 4  ab 
mixed s ex e s  2 3 3  ab 

2 0 %  sucro s e  
fema l e  2 8 2  a 
mixed sexes  2 5 9  � 

2 5 %  sucrose 
fema l e  1 9 7 .b 
mixed sexes  1 6 6  c 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 7 ) 

( 8 )  
( 8  ) 

Day 

2 0  

1 5 1  d 
1 9 7 cd 

2 3 4  bc 
2 4 9  abc 

2 95 a 
2 7 6  ab 

" 2 4 4  abc 
2 1 2  c 

( 8  ) 
( 8  ) 

( 8 )  
( 8  ) 

( 8  ) 
( 7 )  

( 8 )  
( 8  ) 

2 1  

1 5 9  d 
1 9 6  cd 

2 4 9  abc 
2 4 6 abc 

3 0 5  a 
2 8 3  a 

2 5 8  ab 
2 2 1  bc 

( 8  ) 
( 8  ) 

( 8  ) 
( 8  ) 

( 8  ) 
( 7 )  

( 8  ) 
( 8  ) 

- - - - - - - - - - - - - - - - - - -.- - -'� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 2  

wate r  
femal e  
mixed s e x e s  

1 5 %  sucros e  
femal e  
mixed s e x e s  

2 0 %  sucro s e  

1 6 0 e ( 8 )  
2 0 2  de ( 8 )  

2 4 7  bcd . ( 8 )  
2 5 0  bcd ( 8 )  

fema l e  
mixed s exes  

2 5 %  sucro s e  
fema l e  
mixed s ex e s  

32 6 a ( 8 )  
3 0 2  ab ( 7 )  

2 8 6  abc ( 8 )  
2 3 8  cd ( 8 )  

wate r  
fema l e  5 7  
mixed sexe s 2 5  

1 5 %  sucro s e  
femal e  2 2 9 
mixed s e x e s  2 3 3  

2 0 %  sucro s e  
femal e  2 2 8  
mixed s e x e s  3 2 8  

2 5 %  sucro s e  
femal e  1 6 4 
mixed sexes  1 4 1  

2 5  

( 3  ) 
( 1  ) 

( 7  ) 
( 7 ) 

( 5 ) 
( 7 ) 

( 4  ) 
( 5  ) 

1 5 7  
1 9 9  

Day 

2 3  

2 5 5  be 
2 6 1 bc 

333 a 
3 1 5  ab 

e ( 8 )  
de ( 8 )  

( 8  ) 
( 8 )  

( 8  ) 
( 7 ) 

2 9 4 abc ( 8 )  
2 4 9  cd ( 8 )  

2 0  

2 3 1  
2 4 1  

2 0 0  
3 3 4  

9 1  
1 0 0  

Day 

2 6  

( 1 ) 
( 0 )  

( 7 ) 
( 7 ) 

( 4  ) 
( 7 ) 

( 2 )  
( 3 )  

' 1 9 

2 2 5  
2 3 3  

2 0 0  
3 3 6  

1 1 3  
9 9  

2 1  

1 9 9  
2 3 4  

1 9 8  
3 3 3  

8 9  
9 5  

2 4  

2 7  

( 1 ) 
( 0 )  
( 7 )  
( 7 ) 

( 4 ) 
( 7 )  

( 3 )  
( 3 )  

( 1  ) 
( 0  ) 

( 6 )  
( 7 ) 

( 4 )  
( 7 )  

( 2  ) 
( 3  ) 

continued . . .  



Appendix Table s  3 2 6 

Tab l e  A2 - 2 / 5  cont inued . 

( 2 )  Cumu l at ive sum o f  larvae for sex groups within sucrose 
c oncentrat i ons ove r t ime . 

i i . Experiment 2 - 2 / 2 . 

Day 
--- - - - - - ------- -------- - - - - - - - - - -- -- - - - - - - - - - - -

2 8  2 9  3 0  
- -- - - - - - - - - - - -------- - - - - - -- ------ - - - - --- - - - - - - - - - ------
water 

femal e  7 8  ( 4  ) 1 7  ( 1 ) ( 0  ) 
mixed sexes 3 8  ( 1 ) 2 7  ( 1 )  ( 0  ) 

1 5 %  sucro s e  
femal e  2 5 7  ( 8  ) 1 9 6  ( 6 )  1 3 0  ( 4  ) 
mixed sexes 2 7 2  ( 8  ) 1 4 4  ( 4  ) 1 4 4  ( 4  ) 

2 0 %  sucro s e  
fema l e  3 4 7  ( 8  ) 1 4 8  ( 4 )  1 5 3  ( 4  ) 
mixed sexes 3 4 0  ( 7 ) -_ - 4 5  ( 1 ) ( 0  ) 

2 5 %  sucro s e  
femal e  3 1 3  ( 8  ) 2 7 2  ( 7  ) 8 3  ( 2 )  
mixed sexes 2 5 8  ( 8  ) 65  ( 2 )  3 6  ( 1  ) 

Day 

3 1  32  33  
- - - - - - - - - - - - - - - - - - - - - - - -- - ------ ----- - - - - ------ - - - - - ----
1 5 %  sucros e  

female 
mixed sexes 

2 0 %  sucro s e  
femal e  
mixed sexes 

2 5 %  sucro s e  
fema le 
mixed sexes 

1 5 %  sucros e  
femal e  
mixed sexes 

2 0 %  sucro s e  
femal e  
mixed sexes 

1 2 0  
1 5 9  

4 1  

. 
2 0  

3 4  

( 4  ) 
( 4  ) 

( 1  ) 
( 0  ) 

( 0  ) 
( 0  ) 

( 0  ) 
( 1  ) 

( 0 )  
( 0  ) 

1 3 i  
1 6 4 

4 4  

Day 

35 

. 
2 0  

( 4  ) 
( 4 ) 

( 1  ) 
( 0  ) 

( 0 ) 
( 0 ) 

( 0 )  
( 1 ) 

( 0  ) 
( 0 )  

1 4 4  
1 6 4  

4 2  

. 
2 0  

3 6  

( 4  ) 
( 4  ) 

( 1  ) 
( 0  ) 

( 0  ) 
( 0  ) 

( 0  ) 
( 1 )  

( 0 ) 
( 0 )  

T ot a l s  f o r  female only sex group ( 8  female s )  have been 
halved so that va l id compar i s ons can be made with the mixed 
sex group ( 4  fema l e s ) .  
Numbers with the s ame letter within each day are not 
s igni f i c ant l y  diffe rent ( P>O . O l ) .  
F i gures in parenthe s i s  are the number o f  cages for which 
l arvae we re c ounted . 
The cumulat ive sum o f  l arvae shows a de c l ine in s ome cases 
because o f  c ount ing inaccurac ies ( see page 1 5 7 ) o r  a 
reduct i on in the numbe r o f  cages . 



Table A2 - 2 / 6  

Appendix Tables 3 2 7  

( 1 )  Cumulat i ve sum o f  eggs and suc r o s e  c oncentrat i on over 
t ime . 

i .  Experiment 2 -2 / 1 . 

a .  Compari son o f  sucr o s e  c oncent rat i on s . 

Day 

1 2 3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat er 3 c ( 3  ) 2 2  c ( 3  ) 2 3  c ( 3  ) 
1 0 %  sucrose 2 9  b ( 4  ) 6 3  b ( 4 ) 7 2  b '  ( 4  ) 
2 0 %  sucrose 1 3  bc ( 4  ) 4 3  b ( 4  ) 6 9  b · ( 4  ) 
3 0 %  sucrose 5 4  a ( 4  ) -T2 7  a ( 4  ) 1 8 0  a ( 4  ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - -

Day 

4 5 6 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat er 2 8  c ( 3  ) 3 0  c ( 3  ) 2 9  c ( 3 )  
1 0 % sucrose 7 6  b ( 4  ) 8 6  b ( 4 )  9 1  b ( 4 )  
2 0 %  sucrose 95 b ( 4  ) 1 0 0  b ,- ( 4  ) 1 0 8  b ( 4  ) 
3 0 %  sucrose 2 1 1  a ( 4  ) 2 24 a ( 4 )  2 3 7  a ( 4  ) 

Day 

7 8 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  2 9  c ( 3 )  3 1  c ( 3  ) 3 1  c ( 3 )  
1 0 %  sucrose 9 9  b ( 4  ) 9 5  b ( 4  ) 9 8  b ( 4 )  
2 0 %  sucrose 1 2 1  b ( 4  ) 1 2 1  b ( 4  ) 1 1 5  b ( 4  ) 
3 0 %  sucrose 2 3 7  a ( 4  ) 2 3 5  a ( 4  ) 2 4 4  a ( 4  ) 

Day 

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  3 0  c ( 3 )  3 0  c ( 3  ) 3 0  c ( 3 )  
1 0 %  sucrose 9 1  b ( 4  ) 9 3  b ( 4  ) 9 1  b ( 4 )  
2 0 %  sucrose 1 1 1  b ( 4 )  1 1 7  b ( 4 ) 1 2 3  b ( 4 )  
3 0 %  sucrose 2 3 2  a ( 4  ) 2 5 0  a ( 4 )  2 3 5  a ( 4  ) 

cont inued . . .  



Appendix Tables 3 2 8  

Tab l e  A2 - 2 / 6  c ont inued . 

( 1 )  Cumul at ive sum of eggs and sucrose concent rat i on over 
t ime . 

i .  Experiment 2 -2 / 1 . 

a .  Compari son o f  sucrose c oncentrat i on . 

Day 

1 3  1 4  1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  3 1  c ( 3 ) 3 1  c ( 3  ) 3 0  c ( 3 )  
1 0 %  sucro s e  9 6  b ( 4  ) 9 1  b ( 4  ) 1 0 1  b ( 4  ) 
2 0 %  sucro s e  1 2 2  b ( 4  ) 1 1 2 b ( 4 )  1 1 8  b ( 4  ) 
3 0 %  sucr o s e  2 4 6  a ( 4 )  2 4 3  a ( 4  ) 2 4 9  a ( 4 ) 

. .  Day 

1 6  1 7  1 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  3 0  c ( 3  ) 2 8  c ( 3 )  2 9  c ( 3  ) 
1 0 %  sucros e  9 7  b ( 4  ) 9 9  b ( 4  ) 9 7  b ( 4  ) 
2 0 %  sucro s e  1 2 2  b ( 4  ) 1 1 5 b ( 4  ) 1 2 3  b ( 4 )  
3 0 %  sucrose 2 4 7  a ( 4  ) 2 3 6  a ( 4  ) 2 3 7  a ( 4 ) 

· · Day 

1 9  2 0  2 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  2 9  c ( 3 )  2 9  c ( 3  ) 2 9  c ( 3 )  
1 0 %  sucr o s e  9 6  b ( 4 )  9 7  b ( 4  ) 9 7  b ( 4  ) 
2 0 % sucr o s e  1 1 7  b ( 4  ) 1 1 9  b ( 4 ) 1 1 8  b ( 4  ) 
3 0 %  sucr o s e  2 2 9  a ( 4  ) 2 2 4  a ( 4 )  2 2 8  a ( 4  ) 

Day 

2 2  2 3  2 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  2 9  c ( 3 )  2 9  c ( 3 )  2 9  c ( 3 )  
1 0 %  sucros e  9 8  b ( 4  ) 9 8  b ( 4 ) 9 8  b ( 4  ) 
2 0 %  sucr o s e  1 1 9  b ( 4  ) 1 1 9  b ( 4 ) 1 1 9  b ( 4 ) 
3 0 %  sucros e  2 3 3  a ( 4  ) 2 2 8  a ( 4  ) 2.2 8 a ( 4 )  

F i gures in parenthe s i s  are the number o f  val i d  obs ervat i ons . 
. The cumulat ive sum o f  eggs shows a dec l ine in s ome cases  
because o f  c ount ing inaccuracies .  See  page 1 5 7 . 
Numbers  with the s ame letter within e ach day are not 
s i gn i fi c ant l y  diffe rent ( P>O . O l ) . 

c ontinued 



Appendix Tables 3 2 9 

T ab l e  A2 - 2 / 6  cont inued . 

( 2 )  Cumu l at ive sum of larvae and sucrose concent rat i on 
over t ime . 

i .  Experiment 2 -2 / 1 . 

a .  Compari s on o f  sucrose concentrat i on s . 

Day 

7 8 9 
- - - - - - - - - - - --- - - - - - - - ---- ---- - - - --- - - - - - ---- - - - - - - - - - - -

wat e r  0 ( 2  ) 0 ( 2  ) 3 ab ( 3 )  
1 0 %  sucrose  0 ( 2  ) 0 ( 2  ) 8 a ( 4  ) 
2 0 %  sucrose  0 ( 2  ) 0 ( 2 )  0 b ( 4 )  
3 0 %  sucrose  0 ( 2  ) 0 ( 2  ) 0 b ( 4 )  

Day 

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - --- ---- - - - - - - - - - - - - - --- - - - - - - - ---
wat e r  1 1  b ( 3  ) 1 8  b ( 3 )  2 0  b ( 3 )  
1 0 %  sucrose  3 0  a ( 4  ) 5 0  a ( 4  ) 5 3 . a ( 4  ) 
2 0 %  sucrose  0 c ( 4  ) : : : 7 b ( 4  ) 2 1 . b ( 4  ) 
3 0 %  sucro s e  0 c ( 4  ) 0 c ( 4 )  o ·  c ( 4  ) 

Day 

1 3  1 4  1 5  
- - - - - - - - - - - - - - --- - - - - - --- -------- - - - - - - - - - -- - - - - - - - - - - -

wat e r  2 3  b ( 3  ) 2 2  b ( 3  ) 2 2  ( 3 )  
1 0 %  sucrose  6 8  a ( 4  ) 6 6  a ( 4  ) 7 4  a ( 4  ) 
2 0 %  sucrose  3 6  b ( 4  ) 4 4  a ( 4 ) 5 0  ab ( 4  ) . 
3 0 %  sucrose 0 c ( 4  ) 1 6  b ( 4  ) 4 1  · bc ( 4  ) 

Day 

1 6  1 7  1 8  
-- - - - - - - - - - - - - - - - ---- - - - - - - ---------- - - - - - - - - - - - - - - - - - -

wat e r  2 2  b ( 3 ) 2 0  b ( 3  ) 2 1  b ( 3  ) 
1 0 %  sucrose  7 4  a ( 4  ) 7 7  a ( 4  ) 7 7  a ( 4  ) 
2 0 %  sucrose 57  a ( 4  ) 5 9  a ( 4  ) 6 3  a ( 4  ) 
3 0 %  sucrose 5 9  a ( 4  ) 8 1  a ( 4 )  9 0  a ( 4  ) 

Day 

1 9  2 0  2 1  
- - - - - - - - - - - -- - - - - - - --- - - - - - ------- - - - - - - - - - - - - - - - - - --- -

wat e r  2 1  c ( 3 )  2 1  c ( 3  ) 2 1  b ( 3 )  
1 0 % sucrose 7 3  ab ( 4  ) 75  b ( 4 )  7 4  a ( 4 )  
2 0 %  suc r o s e  6 2  b ( 4  ) 6 3  b ( 4  ) 6 2  a ( 4 )  
3 0 %  sucrose 97  a ( 4 ) 95  a ( 4  ) 9 3  a ( 4  ) 

Day 
- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - ------ - - - - - --- -

2 2  2 3  2 4  
- - - - - - - - - - - - - - - - - --- - - -- - - - - - - - - - - - - - - - - - ---- - - - - - - - - - -
wat e r  2 1  c ( 3 )  2 1  c ( 3 )  2 1  c ( 3  ) 
1 0 % s uc r o s e  7 4  ab ( 4  ) 7 4  ab ( 4 )  7 4  ab ( 4  ) 
2 0 %  sucrose  6 0  b ( 4  ) 6 0  b ( 4  ) 6 0  b ( 4 )  
3 0 %  sucrose  9 9  a ( 4 ) 9 7  a ( 4  ) 9 7  a ( 4  ) 

F igur e s  in parenthe s i s  are the number o f  valid obs e rvat i ons. 
The cumu l at ive sum o f  l a rvae shows a dec l ine in s ome cases 
because o f  c ount ing inaccurac i e s . See page 1 5 7 . 
Numbers with the s ame letter within each day are not 
s i gn i f ic ant ly different ( P > O . 0 1 )  . 

----- ----- - ----
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Tab l e  A2 - 2 / 6  cont i nued . 

( 2 ) Cumu l at ive sum o f  larvae within sucrose  concent rat ion over 
t ime . 

i .  Experiment 2 - 2 / 1 .  

b .  Compari son o f  cumulative sum o f  larvae over t ime . 

- - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  1 0 %  sucrose 2 0 %  sucrose 3 0 %  sucrose 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 
8 0 ( 3  ) 0 ( 4  ) 0 ( 4  ) 0 ( 4  ) 
9 3 ab ( 3 ) 8 a ( 4  ) 0 ( 4 ) 0 ( 4  ) 

1 0  1 1  b ( 3 ) 3 0  b ( 4  ) 0 ( 4 ) 0 ( 4  ) 
1 1  1 8  c ( 3 )  5 0  bc ( 4  ) 7 a ( 4 ) 0 ( 4  ) 
1 2  2 0  c ( 3  ) 5 3  bc ( 4  ) 2 1  b ( 4 ) 0 ( 4  ) 
1 3  2 3  c ( 3 ) 6 8  c ( 4  ) 3 6  bc  ( 4  ) 0 ( 4  ) 
1 4  2 2  c ( 3  ) 6 6  c ( 4  ) . .  4 4 : cd (4  ) 1 6  a ( 4  ) 
1 5  2 2  c ( 3 )  7 4  c ( 4  ) 5 0  cd (4  ) 4 1  b ( 4  ) 
1 6  2 2  c ( 3  ) 7 4  c ( 4  ) 5 7  cd ( 4  ) 5 9  b ( 4  ) 
1 7  2 0  c ( 3 )  7 7  c ( 4 ) 5 9  cd ( 4  ) 8 1  c ( 4  ) 
1 8  2 1  c ( 3  ) 7 7  c ( 4  ) 6 3  d ( 4  ) 9 0  c ( 4  ) 
1 9  2 1  c ( 3  ) 7 3  c ( 4  ) 6 2  d ( 4 )  9 7  c ( 4  ) 
2 0  2 1  c ( 3 )  7 5  c ( 4  ) 6 3  d ( 4  ) 9 5  c ( 4  ) 
2 1  2 1  c ( 3  ) 7 4  c ( 4  ) 6 2  d ( 4  ) 9 3  c ( 4  ) 
2 2  2 1  c ( 3 )  7 4  c ( 4 )  6 0  d ( 4  ) 9 9  c ( 4  ) 
2 3  2 1  c ( 3 ) 7 4  c ( 4  ) 6 0  d ( 4 ) 9 7  c ( 4  ) 
2 4  2 1  c ( 3  ) 7 4  c ( 4  ) 6 0  d ( 4  ) 9 7  c ( 4  ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F i gures  in parenthe s i s  are t he number of cage s for  which 
l arvae we re counted . 
The cumu l at ive sum o f  larvae shows a de c l ine in s ome cases  
be cau se o f  count ing inaccurac i e s . S e e  page 1 5 7 . 
Numbers with the same l et t e r  within each sucrose I 
concent rat i on are not s i gn i f i cant l y  diffe rent ( P > O . O l ) . 

cont inued . 
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Tab l e  A2 - 2 / 6  c ont inued . 

( 1 ) Cumu l at i ve sum o f  eggs and sucrose c oncent rat i on over t ime . 

i i . E xperiment 2 - 2 / 2 . 

a .  C ompari s on o f  sucrose c oncentrat ions . 

D ay 

1 2 3 
- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  3 1  bc ( 1 6  ) 1 5 6  b ( 1 6  ) 37 9 b ( 1 6  ) 
1 5 %  sucrose 2 3  c ( 1 6  ) 2 0 2 b ( 1 6  ) 4 3 6  b ( 1 6  ) 
2 0 %  sucrose 55 ab ( 1 6  ) 3 3 3  a ( 1 6  ) 6 1 4  a ( 1 6  ) 
2 5 %  sucrose 7 9  a ( 1 6  ) 3 4 3  a ( 1 6  ) 6 0 7  a ( 1 6  ) 

Day 

4 5 6 _ .  

- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - -

wate r  4 6 5 c · ,( 1 6  ) 4 7 3  - c ( 1 6  ) 4 8 0  c ( 1 6  ) 
1 5 %  sucrose 5 9 1  b ( 1 6  ) 7'0 5  b ( 1 6  ) 7 4 8  b ( 1 6  ) 
2 0 %  sucrose 7 7 7  a ( 1 6  ) 8 6 1 a ( 1 6  ) 9 1 3  a ( 1 6  ) 
2 5 %  sucrose 7 4 0  a ( 1 6  ) 7 8 5 ab ( 1 6  ) 8 5 0  ab ( 1 6  ) 

Day 

7 8 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - -
wate r  4 8 2 c ( 1 6  ) 4 8 2  c ( 1 6  ) 4 8 2  c ( 1 6  ) 
1 5 %  sucrose 7 6 5 b ( 1 6  ) 7 8 1 b ( 1 6  ) 7 8 6  b ( 1 6  ) 
2 0 %  sucrose 9 4 3  a ( 1 6  ) 9 8 4  a ( 1 6  ) 9 9 3  a ( 1 6  ) 
2 5 %  sucrose 8 7 8  a ( 1 6  ) 9 1 2  a ( 1 6  ) 9 0 4  a ( 1 6  ) 

Day 

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  4 8 2 c ( 1 6  ) 4 8 2  c ( 1 6  ) 4 8 2 c ( 1 6  ) 
1 5 %  sucrose 8 0 3  b ( 1 6  ) 8 1 5  b ( 1 6  ) 8 32 b ( 1 6  ) 
2 0 %  sucrose 1 0 0 6  a ( 1 6  ) 1 0 0 6  a ( 1 6 ) 1 0 1 0  a ( 1 6  ) 
2 5 %  sucrose 9 0 8  ab ( 1 6  ) 9 2 3  ab ( 1 6  ) 9 2 4  ab ( 1 6  ) 

Day 

1 3  1 4  1 5  
- - - - - - - - - - - - - - - - - - - --- - - - --- - - ----- - - - - - - - - - - - - - - - - - - - -

wate r  4 8 3  c ( 1 6  ) 4 8 2 c ( 1 6  ) 4 8 2 c ( 1 6  ) 
1 5 %  sucrose 8 2 4  b ( 1 6  ) 8 3 3  b ( 1 6 )  8 2 2  b ( 1 6  ) 
2 0 %  sucrose 1 0 2 0  a ( 1 6  ) 1 0 1 3 a ( 1 6  ) 9 6 1  a ( 1 5 ) 
2 5 %  sucrose 9 3 5  a ( 1 6  ) 9 3 1  ab ( 1 6  ) 9 2 0  ab ( 1 6  ) 

cont inued . 
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Tab l e  A2 - 2 / 6  cont i nued . 

( 1 )  Cumu l at ive sum o f  eggs and sucrose  c oncent rat ion over 
t ime . 

i i . Experiment 2 -2 / 2 . 

a .  Compari s on of sucrose concent rat i ons . 

Day 

1 6  1 7  1 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -

wat e r  4 5 5  c ( 1 6  ) 4 5 9  c ( 1 6,) 4 5 4  c ( 1 6  ) 
1 5 %  sucrose 8 1 3  b ( 1 6  ) 7 4 8  b ( 1 5  ) 7 8 3  b ( 1 6 )  
2 0 %  sucrose 9 3 4  a ( 1 5 ) 9 2 7  a ( 1 5  ) 9 1 8  a ( 1 5  ) 
2 5 %  sucrose 9 2 6  a ( 1 6  ) 9 2 2  a ( 1 6  ) 9 1 2  a ( 1 6 )  

Day 
- - - - - - - - - � - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9  2 0  2 1  
," 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat er 4 7 9  c .' ( 1 6 )  4 5 8  b ( 1 6  ) 4 6 3 c ( 1 6  ) 
1 5 %  sucrose 7 7 4  b ( 1 6  ) 7 6 4  a ( 1 6  ) 7 35 b ( 1 6  ) 
2 0 %  sucrose 9 2 3  a ( 1 5 ) 8 5 6  a ( 1 5  ) 8 6 7 a ( 1 5  ) 
2 5 %  sucrose 9 1 6  a ( 1 6 ) 8 6 8 a ( 1 6  ) 8 6 4  a ( 1 6  ) 

Day 

2 2  ,: - 2 3  2 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -
wat er 4 6 9 c ( 1 6  ) 4 6 5 c ( 1 6  ) 2 2  ( 1 ) 
1 5 %  sucrose 7 2 8  b ( 1 6  ) 7 5 8  b ( 1 6  ) 6 8 3  ( 1 4  ) 
2 0 %  sucrose 8 8 7 a ( 1 5 )  9 0 4  a ( 1 5 ) 7 0 3  ( 1 1  ) 
2 5 %  suc rose  8 8 2  a ( 1 6  ) 8 7 9  a ( 1 6  ) 3 3 6  ( 6 )  

Day 

2 5  2 6  2 7  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -

water 1 1 6  ( 4 ) 2 4  ( 1 ) 2 4  ( 1  ) 
1 5 %  sucrose 6 9 2 ( 1 4  ) 6 9 2 ( 1 4  ) 6 4 7  ( 1 3  ) 
2 0 %  sucrose 7 3 5  ( 1 2 )  6 8 5  ( 1 1  ) 6 8 6  ( 1 1  ) 
2 5 %  sucrose 5 0 3  ( 9  ) 2 9 4  ( 5 )  2 8 5  ( 5  ) 

Day 

2 8  2 9  3 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
wat er 1 1 0  ( 4 ) 62  ( 2 )  ( 0 )  
1 5 %  sucrose  7 6 0 ( 1 6  ) 5 0 3  ( 1 0 )  3 3 9  ( 7 ) 
2 0 %  sucrose 9 3 1  ( 1 5  ) 2 7 5  ( 5 )  2 2 4  ( 4 ) 
2 5 %  sucrose 8 9 7 ( 1 6  ) 4 9 9  ( 9 )  1 2 2  ( 2 )  

cont inued . . .  
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T ab l e  A2 - 2 / 6  cont i nue d . 

( 1 ) Cumul at ive sum of eggs and suc r o s e  c oncent rat i on over 
t ime . 

i i . Experiment 2 - 2 / 2 .  

a .  Compar i s on of cumula't i ve sum o f  eggs over t ime . 

wate r  
1 5 %  sucrose 4 0 9  
2 0 %  sucrose 5 6  
2 5 %  sucrose 

3 1  

( 0  ) 
( 8  ) 
( 1  ) 
( 0  ) 

4 2 2  
5 6  

Day 

32 

Day 

( 0  ) 
( 8 ) 
( 1 ) 
( 0  ) 

4 4 0  
5 7  

3 3  

( 0  ) 
( 8  ) 
( 1 ) 
( 0 ) 

- - - - - - - - - - - - - - - - - - - �- - - - � - - - - - - - - - - - - - - - - - - - - -

wat e r  
1 5 %  sucrose 
2 0 %  sucrose 
2 5 %  sucrose 

4 3  

3 4  

( 0  ) 
( 1 ) 
( 0  ) 
( 0 )  

4 3  

3 5  

( 0  ) 
( 1  ) 
( 0  ) 
( 0  ) 

4 3  

3 6  

( 0  ) 
( 1 )  
( 0 )  
( 0 )  

F i gures in parenthe s i s  are the number o f  cage s for which 
eggs we re counted . 
The cumu l at ive sum o f  eggs shows a de c l ine in s ome cases · 
because o f  c ount ing inaccuracies  ( see page 1 5 7 ) or a 
reduct i on in the number o f  cage s . 

Numbe"r s  with the s ame letter within each sucrose  
concent rat i on are not  signifi cant l y  d i fferent ( P > O . O l ) . 

c ont i nued . 
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T ab l e  A2 -2 / 6  cont inued . 

( 2 )  Cumu l at i ve sum o f  l arvae and sucro s e  concent rat ion 
over t ime . 

i i . Expe riment 2 -2 / 2 . 

a .  Compar i s on o f  cumulat ive sum o f  l arvae over t ime . 

Day 

1 0  1 1  1 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  0 ( 1 6  ) 0 ( 1 6  ) 1 6  a ( 1 6  ) 
1 5 %  sucrose 0 ( 1 6  ) 0 ( 1 6  ) 0 b ( 1 6  ) 
2 0 %  sucrose 0 ( 1 6  ) 0 ( 1 6  ) 0 b ( 1 6  ) 
2 5 %  sucrose 0 ( 1 6  ) 0 ( 1 6  ) 0 b ( 1 6  ) 

Day 

1 3  1 4  1 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  5 9  a ( 1 6  ) 1 9 2 a . ( 1 6  ) 3 4 2  a ( 1 6  ) 
1 5 %  sucrose 0 b . '( 1 6 )  35  b ( 1 6  ) 1 4 8  b ( 1 6  ) 
2 0 %  sucrose 0 b ( 1 6  ) 3 c ( 1 6  ) 7 2  c ( 1 5  ) 
2 5 %  sucrose 0 b ( 1 6  ) 0 c ( 1 6  ) 2 d ( 1 6  ) 

Day 

1 6  1 7 , - 1 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  4 2 9  a ( 1 6  ) 4 6 4 a ( 1 6 ) 4 7 3  b ( 1 6  ) 
1 5 %  sucrose 3 3 9  b ( 1 6  ) 4 1 7 a ( 1 5 ) 6 1 4  a ( 1 6  ) 
2 0 %  sucrose 2 6 2 c ( 1 5 )  4 4 6  a ( 1 5 )  6 8 3  a ( 1 5 ) 
2 5 %  sucrose 1 7  d ( 1 6  ) 1 0 4  b ( 1 6  ) 3 4 8  c ( 1 6  ) 

Day 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9  2 0  2 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  5 1 6  c ( 1 6  ) 4 9 9  c ( 1 6  ) 5 1 4  c ( 1 6  ) 
1 5 %  sucrose 6 8 1  b ( 1 6  ) 7 1 6  b ( 1 6  ) 7 4 3  b ( 1 6  ) 
2 0 %  sucrose 8 2 2  a ( 1 5 ) 8 6 6  a ( 1 5 ) 8 9 2 a ( 1 5 ) 
2 5 %  sucrose 5 5 9  c ( 1 6  ) 7 0 0  b ( 1 6  ) 7 3 7  b ( 1 6  ) 

Day 

2 2  2 3  2 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  5 2 1 c ( 1 6  ) 5 1 2  c ( 1 6  ) 3 8  ( 1  ) 
1 5 %  sucrose 7 4 4  b ( 1 6  ) 7 7 1  b ( 1 6  ) 6 8 3  ( 1 4  ) 
2 0 %  sucrose 9 5 4  a ( 1 5 ) 9 8 0  a ( 1 5  ) 7 3 5 ( 1 1  ) 
2 5 %  sucrose 8 0 9  b ( 1 6  ) 8 3 6  b ( 1 6  ) 3 2 5  ( 6  ) 

cont inued . . . 
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T ab l e  A2 - 2 / 6  cont inued . 

( 2 )  Cumu l at ive sum of l arvae and sucrose concent rat i on 
ove r t ime . 

i i . Experiment 2 -2 / 2 . 

a .  Compari s on of sucrose c oncentrat ions . 

Day 

2 5  2 6  2 7  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  1 3 8  ( 4  ) 
1 5 %  sucro s e  6 9 1  ( 1 4  ) 
2 0 %  sucro s e  7 8 3  ( 12 ) 
2 5 %  sucro s e  4 6 9  ( 9  ) 

2 8  
- - - - - - - - - - - - - - - - - - - - - - - - -

wat e r  1 9 4 
1 5 %  sucro s e  7 8 6  
2 0 %  sucrose  1 0 3 4  
2 5 %  sucrose  8 8 4  

wat e r  
1 5 %  sucro s e  3 9 9  
2 0 %  sucrose 8 2  
2 5 %  sucro s e  

wat e r  

3 1  

1 5 %  sucro s e  
2 0 %  sucro se 
2 5 %  sucrose 

( 5  ) 
( 1 6  ) 
( 1 5 ) 
( 1 6  ) 

( 0 )  
( 8  ) 
( 1  ) 
( 0  ) 

3 4  

2 0  

4 0  ( 1  ) 
7 0 2  ( 1 4  ) 
7 3 3  ( 1 1  ) 
2 8 1  ( 5 ) 

- : - Day 

2 9  
- - - - - - - - - - - - - - -

61  
5 3 6  
3 4 0  
6 0 8  

4 2 6  
8 7  

bay 

32 

Day 

( 0  ) 
( 1  ) 
( 0 )  
( 0 )  

( 2 )  
( 1 0 )  

( 5 )  
( 9 )  

( 0 ) 
( 8  ) 
( 1  ) 
( 0  ) 

3 5  

2 0  

4 2  ( 1 )  
6 3 2  ( 1 3  ) 
7 2 8  ( 1 1  ) 
2 7 2  ( 5  ) 

3 0  
- - - - - - - - - - - - - - -

4 0 3  
3 0 5  
2 0 2  

4 5 2  
8 3  

3 3  

( 0 )  
( 1 )  
( 0 )  
( 0 )  

( 0 )  
( 8  ) 
( 4  ) 
( 3  ) 

( 0 )  
( 8  ) 
( 1  ) 
( 0  ) 

F i gure s in parenthe s i s  are the number o f  c ages f o r  whi ch 
l a rvae were counted . 
The cumu l at ive sum o f  larvae shows a dec l ine in s ome c a s e s  
becau s e  o f  count ing inaccuracies ( see page 1 5 7 ) o r  a 
reduct i on in the number o f  c age s . 
Numbers  with the s ame letter within each day are not 
,s igni ficant ly diffe rent ( P > O . O l ) . 

cont inued . . 
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T ab l e  A2 -2 / 6  cont inue d . 

( 2  ) Cumu l at ive sum o f  larvae within suc r o s e  concent rat ion over 
t ime . 

i i . Experiment 2 -2 / 2 . 

b .  Compari s on o f  cumulative sum o f  l arvae over t ime . 

- - - - - - - - - - - - - - - - - - - ----- - - ----- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wate r  1 5 %  sucrose 2 0 %  sucrose 2 5 %  sucrose 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - -

D ay 
1 2  1 6  a ( 1 6  ) 0 ( 1 6 )  0 ( 1 6  ) 0 ( 1 6  ) 
1 3  5 9  b ( 1 6  ) 0 ( 1 6  ) 0 ( 1 6  ) 0 ( 1 6  ) 
1 4  1 9 2 c ( 1 6  ) 35  a ( 1 6 ) . . 3 a ( 1 6  ) 0 ( 1 6  ) 
1 5  3 4 2  d ( 1 6  ) 1 4 8  b ( 1 6  ) 7 2  b ( 1 5 )  2 a ( 1 6  ) 
1 6  4 2 9  e ( 1 6  ) 3 3 9  c ( 1 6 )  . 2 62 c ( 1 5 )  1 7  b ( 1 6  ) 
1 7  4 6 4 e f  ( 1 6  ) 4 1 7  d ( 1 5  ) 4 4 6  d ( 1 5 ) 1 0 4  c ( 1 6  ) 
1 8  4 7 3  e f  ( 1 6  ) 6 1 4  e ( 1 6  ) 6 8 3  e ( 1 5  ) 3 4 8  d ( 1 6  ) 
1 9  5 1 6  f ( 1 6 )  6 8 1  ef ( 1 6  ) 8 2 2  f ( 1 5  ) 5 5 9  e ( 1 6  ) 
2 0  4 9 9  f ( 1 6  ) 7 1 6  f ( 1 6  ) 8 6 6  fg ( 1 5 ) 7 0 0  f ( 1 6  ) 
2 1  5 1 4  f ( 1 6  ) 7 4 3  f ( 1 6 )  8 92 fgh ( 1 5 )  7 3 7  fg ( 1 6  ) 
2 2  5 2 1 f ( 1 6  ) 7 4 4  f ( 1 6  ) 9 5 4  gh ( 1 5 )  8 0 9  g ( 1 6  ) 
2 3  5 1 2  f {16} 7 7 1  f {1 6} 9 8 0 : h {15} 8 3 6  g (1 6  � 
2 4  3 8  ( 1 )  6 8 3  ( 1 4  ) 7 35 ( 1 1  ) 3 2 5  ( 6  ) 
2 5  1 3 8  ( 4  ) 6 9 1  ( 1 4  ) 7 8 3  ( 1 2 )  4 6 9 ( 9  ) 
2 6  4 0  ( 1 ) 7 0 2 ( 1 4  ) 7 3 3  ( 1 1  ) 2 8 1  ( 5  ) 
2 7  4 2  ( 1  ) 6 3 2  ( 1 3  ) 7 2 8  ( 1 1  ) 2 7 2  ( 5 ) 
2 8  1 9 4 ( 5  ) 7 8 6  ( 1 6 )  1 0 3 4 ( 1 5  ) 8 8 4  ( 1 6  ) 
2 9  6 1  ( 2  ) 5 3 6  ( 1 0 )  3 4 0  ( 5  ) 6 0 8  ( 9 ) 
3 0  ( 0 )  4 0 3  ( 8  ) 3 0 5  ( 4  ) 2 0 2  ( 3  ) 
3 1  3 9 9  ( 8  ) 8 2  ( 1 ) ( 0  ) 
3 2  4 2 6  ( 8  ) 8 7  ( 1 )  
3 3  4 5 2  ( 8  ) 8 3  ( 1  ) 
3 4  2 0  ( 1  ) ( 0  ) 
3 5  2 0  ( 1  ) 
3 6  2 0  ( 1 ) 
3 7  2 9  ( 1  ) 
- - - - - - -- - - - - - - ------- - - - - - - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - - - -

Figures in parenthe s i s  are the number of c age s for whi ch 
l a rvae were c ounted . 
The cumu l at ive sum o f  l arvae shows a dec l ine in 

'
s ome cases  

because o f  c ount ing inaccurac i e s . See page 1 5 7 . 
Numbers with the s ame l etter within e ach sucr o s e  
c oncent rat ion a r e  not s igni f i c ant ly different ( P > O . O l ) . 



Table A2 - 2 / 7  

Appendix Tables 337  

Maximum eggs laid,  number and percent eggs 
hat ched and sucrose concentrat i on . 

Experiment 2 -2 / 1  
wat er 
1 0 %  sucrose 
2 0 %  sucrose 
3 0 %  sucrose 

Experiment 2 - 2 / 2  
wat er 
1 5 %  sucrose 
2 0 %  sucrose 
2 5 %  sucrose 

Maximum 
totat eggs 

- - - - - - - - - - - - -

3 1  f 
1 0 1  e 
1 2 3  e 
2 5 0  d 

6 8 0  c 
1 1 2 7  b 
1 3 9 5 a 
1 3 2 9  a 

Maximum Percent 
hatched eggs hatched eggs 

- - - - - - - - - - - - - - - - - - - - - - - - - -

2 1  u 6 8 %  x 
7 7  t 7 6 % x 
6 3  t 5 1 %  xy  

. · 9 9  t 4 0 %  Y 

5 2 1 s 7 7 %  x 
7 7 1  r 6 8 %  x 
9 8 0  p 7 0 % x 
8 3 6  q 6 3 %  xy 

Numbers  with the s ame letter are not sign i f i cant ly di fferent 
( P > O . 0 1 )  . 

No eggs hatched for the sucrose concentrat i on s  not l i sted . 



Appendix Tables 3 3 8  

Table A2 -2 / 8  

Sum o f  eggs per day for light inten s it i e s  
for Exper iment 2 - 2 / 3 . 

Day 

1 2 3 4 
- - - - - - - - - - - - - - - - - ------- - - -- - - - - - - - - - - - - - - - - - - - -- - - - - - -
Light intens ity 

0 . 0 2 5  3 4  fg 2 6 9  a 5 2  def 9 8  b 
2 1  9 hi 6 8  cd 8 9  bc 1 02 b 
5 3  1 7  h 5 9  cde f 7 4  bcd 8 8  bc 

1 5 0  1 8  gh 7 8  bcd 9 0  bc 6 2  cde 
6 3 0  3 i 3 6  fg 6 7  cd 4 0  

Light intens ity was measured in microeinsteins per met re 
squ ared per second . 
Numbers  with the s ame .letter a:r::e not s igni ficant ly 
di f fe rent ( P > O . O l ) . 

Table A2 -2 / 9  

Sum o f  eggs at 4 day s for l ight inten s it ies 
for both experiment s .  

Light intensity 
0 . 0 2 5  

2 1  
5 3  

1 5 0  
6 3 0  

Experiment 

2 -2 / 3  

4 4 9  
2 6 8  
2 3 7  
2 4 5  
1 3 3  

a 
bc 
bcd 
bcd 

2 - 2 / 4  

4 1 8  
2 2 5  
2 7 5 
2 1 7  

e 1 9 3  

a 
bcd 
b 

cd 
d 

L i ght intens ity was measured in microeinsteins 
per met re squared per second . 
Numbers with the same letter are not s igni ficantly 
d i fferent ( P > O . O l ) . 

e f  
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Tab l e  A2 - 2 / 1 0  

i .  Sum o f  whiteflies  al ive at day 4 for  
l i ght inten s it i e s . 

Expe riment 

2 -2 / 3  2 - 2 / 4  
---- - - - - - - ----- - - - - - - - - - - - - - - - -
Light intensity 

0 . 0 2 5  7 2  a 7 6  a 
2 1  7 8  a 7 2  a 
5 3  7 9  a 7 3  a 

1 5 0  7 5  a 7 3  a 
6 3 0  5 4  a 5 2  a 

Adults at start 8 0  a 8 0  a 

Li ght intens ity was measured in microe insteins 
per met re squared per sec ond . 
Numbers with the same lett er are not 
s igni f i cant ly different ( P > O . O l )  

i i . Sum o f  whiteflies a l ive per day for l i ght 
intensities  for E xperiment 2 -2 / 3 . 

Day 
- - - ------------ - - - - - - - - - - - - - - - -

1 2 3 4 
- - - ---- ----- - - - - - - - - - - - - - - - -

Light intensity 
0 . 0 2 5  

2 1  
5 3  

1 5 0  
6 3 0  

Adults at start 

7 8  
8 0  
7 9  
7 9  
7 8  

8 0  

a 7 7  
a 7 8  
a 7 9  
a 7 7  
a 7 7  

a 8 0  

a 7 5  a 7 2  
a 7 8  a 7 8  
a 7 9  a 7 9  
a 7 5  a 7 5  
a 7 2  a 5 4  

a 8 0  a 8 0  

Light intensity was measured in microeinsteins  
p e r  met re s quared p e r  second . 
Numbers with the same letter are not 
s ign i f i cant ly different (P > O . 0 1 )  . 

a 
a 
a 
a 
a 

a 



Tab l e  A2 -2 / 1 1  

Sum of  eggs l a id during previous 2 4  hours for  l i ght /dark regime s . 

Day · 1 D�y 2 Day 3 Day 4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Light/dark regimes 
0 / 2 4  hours 1 0 6  de fg 3 0 8  a 7 6  ghi 3 0 3  a 
4 / 2 0  hours 2 0 0  b 3 1 8  a 1 1 3 de f 9 8  e fg 
8 / 1 6  hours 1 1 0  de fg 2 0 4  b . '  1 6 8 bc  5 5  h i  

1 2 / 1 2  hours 4 j 7 6  ghi 1 1 8  de 8 2  e fgh 
1 6 / 8  hours 6 j 62 hi 1 0 6  de fg 5 5  h i  
2 4 / 0  hours 5 j 7 9  fghi 1 3 8  c d  5 1  i 

Numbers are tot a l s  for 9 cage s . 
Numbers with the same lette r  are not s ign i f i c ant ly d i f ferent ( P > O . O l ) . 

w 
.t;. 
o 



Table A2 - 2 / 1 2  

Cumul ative sum o f  eggs laid each day for l i ght /dark regime s . 

Day 1 Di?-Y 2 Day 3 Day  4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Light /dark regimes 
0 / 2 4  hours 1 0 6  b 4 1 4  b 4 9 0 b 7 9 3 a 
4 / 2 0  hours 2 0 0  a 5 1 8  a 6 3 1  a 7 2 9  a 
8 / 1 6  hours 1 1 0  b 3 1 4  :',' c 4 8 2  b 5 3 7  b 

1 2 / 1 2  hours 4 c 8 0  d 1 9 8  c 2 8 0  c 
1 6 / 8  hours 6 c 6 8  d 1 7 4  c 2 2 9  c 
2 4 / 0  hours 5 c '8 4  d 2 2 2  c 2 7 3  c 

Numbers are tota l s  for 9 cage s . 
Numbers with the s ame letter w ithin the same day are not s ign i f i cant ly 
diffe rent ( P>O . O l ) . 



Tab l e  A2 - 2 / 1 3  

Ovipos ition and l ight / dark regimes . 

Mean eggs per fema le p e r  hour for previous t ime p e r i od . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Light/dark regime s ( hou r s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 / 2 4  4 / 2 0  8 / 1 6  1 2 / 1 2  1 6 / 8  2 4 / 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 1 
Hours 

4 2 . 2 2 a . 5 0 b . 2 8 c 
8 2 . 5 0 a 3 . 9 4 b 

1 2  3 . 7 5 a . 2 5 a . 2 5 a 
1 6  4 . 8 5 a . 2 8 a . 7 5 a 
2 4  4 . 9 1 a 1 1 . 8 0 a 6 . 7 5 a . 3 3 a . 7 9 a . 5 3 a 

Da� 2 
ours 

2 8  7 . 0 2 3 . 9 7 b 7 . 2 0 
' .  

- . 2 5 3 . 1 1 a a a a 
3 2  9 . 2 0 a 1 2 . 9 0  a 2 . 6 2 a l .  0 8  a 2 . 5 3 a 
3 6  7 . 4 9 a 4 . 8 2 a 3 . 6 9 a . 0 0 a 
4 0  8 . 4 4 a 4 . 4 3 a 3 . 8 4 a 
4 8  9 . 7 0 a 1 6 . 8 3 a 1 0 . 0 6 a 4 . 9 7 a 4 . 55 a 7 . 7 5 a 

Da� 3 
ours 

52 8 . 4 8 a l .  0 3  a 2 . 9 6 b 3 . 2 3 a - 1 . 3 0 a 6 . 9 4 a 
5 6  8 . 7 2 a 4 0 . 9 8 a 6 . 6 9 a 6 . 2 8 a 7 . 8 7 a 
6 0  9 . 3 3 a 8 . 2 8 a 8 . 0 2 a 8 . 4 8 a 
6 4  7 . 8 2 a 2 . 9 5 a 5 . 2 8 a 
7 2  7 . 6 6 a 6 . 0 4 a l .  6 6  b 6 . 5 6 a 7 . 5 0 a 5 . 8 8 a 

Da� 4 
ours 

7 6  8 . 1 0 a 1 3 . 1 5 a 5 . 1 8 a 8 . 9 8 a 2 . 6 0 a 4 . 5 1 a 
8 0  8 . 6 3 a 5 . 7 2 a 1 0 . 5 8 a 6 . 7 3 a 9 . 7 5 a 
8 4  7 . 4 0 a 6 . 8 6 a 5 . 9 0 a . 4 2 a 
8 8  1 0 . 2 8 a 5 . 1 9 a 4 . 6 9 a 
9 6  2 . 8 2 a l .  3 2  a 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Numbe rs X1 0 0 . 
Numbers with the s ame letter within the l i ght /dark regime s and days are not 
s igni f i cant ly di fferent (P>O . O l ) . 

W 
.J::> 
N 



Tab l e  A2 - 2 / 1 4  

Ovipo s it ion and l i ght /dark regime s . 

Mean eggs p e r  fema le per hour laid in l ight and dark peri ods . 

L ight /9ark regimes ( hours ) 

4 / 2 0  8 / 1 6  1 2 / 1 2  1 6 / 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Day 1 
Li ght . 5 0 b 2 . ,1 1  :. :b . 0 8 a . 1 3 b 
Darkne s s  1 1  ; ',8 0  a 6 . 7 5 a . 3 3 a . 7 9 a 

Day 2 
Light 3 . 9 7 b 1 0 . 0 5 a 2 . 4 0 a 2 . 3 0 a 
Darknes s  1 6 . '8 3  c 1 0 . 0 6 a 4 . 9 7 a 4 . 5 5 a 

Day 3 
Light 1 .  0 3  a 2 1 . 9 7  a 6 . 0 7 a 3 . 9 9 a 
Darkne s s  6 . 0 4 a 1 .  6 6  b 6 . 5 6  a 7 . 5 0 a 

Day 4 
Li ght 1 3 . 1 5 a 5 . 4 5 a 8 . 8 1 5 . 1 1 
Darkne s s  2 . 8 2 a 1 .  3 2  a 

Numbers with the same l etter within each l i ght /dark regime 
are not sign i f i cant ly different ( P>O . O l ) . 



Table A2 - 2 / 1 5  

Ovipos it ion and l ight /dark regimes . 
Sum of females al ive 

Light /dark regimes ( hours ) 
- - ----- -- ------- - ---- - -- - ---- - - - - - - -- - - - ---- - - - ---- - ------- - ---- -

0 / 2 4  4 / 2 0  8 / 1 6  1 2 / 1 2  1 6 / 8  2 4 / 0  ----- - --- - - -------- ---------- --------- - -- - - - - --- - ------ - -- - ----- - --- -

Da� 1 ours 4 9 0  8 7  8 6  8 8  9 0  8 9  8 9 0  8 6  8 8  9 0  8 9  1 2  9 0  8 8  8 9  8 9  1 6  9 0  8 8  8 8  2 4  9 0  8 7  8 6  8 7  8 6  8 7  
Da* 2 ours 28 7 9  8 7  8 5  8 6  8 4  8 6  32 9 0  8 5  . 8 5 8 4  8 5  3 6  9 0  8 2  8 3  8 5  4 0  9 0  8 2  8 4  4 8  8 9  8 6  8 4  7 8  7 9  8 2 
Da� 3 ours 52 8 9  8 6  8 2 7 6  7 8  8 0  5 6  8 8  8 2 7 6  7 8  7 9  60 8 9  7 6  7 8  7 9  64 8 8  7 7  7 8  7 2  8 8  8 6  8 2  7 4  7 6  7 4  
Day 4 Hours 7 6  8 9  85 8 2 7 2  7 6  7 1  8 0  8 8  8 1  7 2  7 6  6 9  8 4  7 9  7 1  7 4  6 6  8 8  8 7  7 4  65 96 7 6  8 0  
- - ---------- - -- - --------------- - - - -- - ------- - ---------- - - - - ------ ----------
Numbers are totals for 9 cages . There are no s ignificant differences (�>Q . 0 1 r  within any o f  the l ight/dark regimes . 
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