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SU B M A R IN E  illu m in a tio n  is one o f th e  co n 
d itio n s  o f  th e  en v ironm en t w h ich  show s the  
g rea tes t f lu c tu a tio n s . W h ile  such  co n d itio n s 

as s a lin ity  an d  te m p e ra tu re  m ay rem ain  re la tiv e ly  
co n s tan t f o r  lo n g  p eriods of tim e, th e  illu m in a tio n  
o f th e  u p p e r  la y e rs  and  sh a llo w  w aters  m ay  v a ry  
fro m  th a t o f fu l l  su n lig h t to  com plete  d ark n ess 
d u r in g  24 h o u rs . U nder such  w id e ly  v a ry in g  i l lu 
m in a tio n  i t  is n a tu ra l  to fin d  th a t m an y  species of 
a n im a ls  a re  a b le  to w ith s tand  a co n sid e rab le  ran g e  
o f in ten s itie s  o f  lig h t. N everthe less, p ro b a b ly  a ll  
a n im a ls  re ac t in  som e w ay tow ards changes in  lig h t 
co n d itio n s  and  each  species ten d s to  seek an 
o p tim u m  o f  in ten sity  and  com p o sitio n , h av in g  an 
u p p e r  m ax im u m  cond ition  w hich i t  avo id s an d  a 
lo w er th re sh o ld  o f il lu m in a tio n  below  w hich  it 
ceases to  reac t. T h e  values o f these  p o in ts  on  the  
lig h t sca le  o f a n  a n im a l’s req u irem en ts  v a ry  fo r  
each spec ies, an d  w ith in  an y  one species d u r in g  its  
life  h is to ry  an d  a t d iffe ren t seasons o f th e  y ear.

N ow  th a t a ccu ra te  m ethods fo r  th e  m easu rem en t 
of th e  s tren g th  an d  com position  o f lig h t ben ea th  th e  
sea su r fa c e  h av e  been evolved, it  is necessary  tha t 
a ll eco lo g ica l o b serva tions sh o u ld  in c lu d e  th e  s tu d y  
of l ig h t as one  o f  th e  fa c to rs  o f th e  env ironm en t.

I  p ro p o se  to  sum m arize  b r ie f ly  such  o b se r
v a tio n s  as h av e  a lread y  been  m ad e  and  d raw  
a tten tio n  to  c e r ta in  aspects in  th e  s tu d y  o f an im a l 
l ife  in  th e  sea  in  w hich lig h t co n d itio n s p la y  an 
im p o rta n t c o n tro ll in g  in flu en ce . In  d o in g  th is  I 
sh a ll la y  m ost s tress  o n  the  w ork  on p lan k to n  
a n im a ls ; b u t I sh a l l  a lso  co n sid e r th e  re la tio n  o f 
i l lu m in a tio n  w ith  o th e r  m a r in e  an im a l com m un ities 
as th is  w ill a ss is t in  em phasiz ing , i f  th a t be  n eces
sa ry , th e  need  f o r  a m ore  com ple te  know ledge o f 
the v a ria tio n s  in  su b m arin e  illu m in a tio n  fro m  
p lace  to  p la c e  a n d  tim e  to tim e.

O u r  p re se n t know ledge of th e  re la tio n s  o f  s u b 
m a r in e  il lu m in a t io n  w ith  an im a l life  m ay  be  su m 
m arized  u n d e r  th e  fo llo w in g  h ead ings .

1. Z oop lank ton .
a. L ig h t and  vertica l d is tr ib u tio n .
b . P h y sio lo g ica l effec ts o f  lig h t on  p la n k 

to n  an im als .
c. L igh t in  re la tion  to Zooplankton  p ro d u c 

tio n  and  d is tr ibu tion .

2. B ottom  F auna .
a. L ig h t and  th e  zo na tion  o f  sed en ta ry  and 

b o ttom  an im als .
b. P h y sio lo g ica l effec ts  o f lig h t on  bo ttom  

an im als .

3 . F ishes.
a. L ig h t d isc rim in a tio n .
b. P hy sio lo g ica l effec ts o f lig h t an d  c o lo u r 

change.

Z o o p lan k to n .
a. L i g h t  a n d  v e r t i c a l  d i s t r i b u t i o n .

I t  h a s  been  know n fo r  m an y  decades from  
o b se rv a tio n s on th e  hab its  o f p la n k to n  an im a ls  
th a t lig h t is o f  im p o rtan ce  in  its  effec ts  on be
h a v io u r . M ost p lan k to n  an im a ls  show  in  the 
la b o ra to ry  v e ry  d is tin c t tro p is t ic  responses by 
m ov ing  to  o r  fro m  th e  sou rce  o f th e  s tim u la tin g  
fa c to r. T h is  is e sp ec ia lly  obv ious in  th e ir  responses 
to lig h t, th e  o rg an ism s be in g  e ith e r  p o s itiv e ly  or 
n eg a tiv e ly  p h o to tro p h ic . A n im m ense  a m o u n t of 
s tu d y  has been g iven to th is  p ro b lem  (see, e. g. 
S p o o n e r ,  1933) and  it h as o ften  been  stressed  
th a t the  in ten s ity  and  com position  o f lig h t were, 
im p o rta n t c o n tro ll in g  fac to rs.

In  1926 I in d ica ted  the a p p a re n t im p o rta n c e  of 
lig h t in ten s ity  in  th e  sea b y  b rin g in g  to no tice  
c e rta in  s im ila r itie s  in  the v e rtic a l d is tr ib u tio n  of 
p la n k to n  an im a ls  w ith  th e  th eo re tic a l b eh av io u r 
th a t m igh t be deduced  from  a know ledge o f the 
lig h t co nd itions . T h is  h ad  been  s tim u la ted  b y  the 
p io n e e r o b serva tions being  m ad e  then  b y  P o o l e
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a n d  A t k i n s ,  and  was based  on a com parison  
betw een th e ir  re su lts  and  the b eh av io u r th a t I  had  
fo u n d  b y  f ie ld  observa tions . A lth o u g h  it  h ad  been 
rea lized  b y  m an y  th a t th e  s tren g th  o f lig h t was 
ev id en tly  a fa c to r  o f  g rea t im p o rtan ce , th is  w as th e  
f irs t a tte m p t to c o rre la te  b eh av io u r w ith  th e  ac tu a l 
re su lts  o f th e  m easu rem en t o f su b m arin e  i l lu m i
n a tio n . T h is  w as fo llow ed  in  th e  n ex t y ea r b y  a 
rev iew  ( R u s s e l l ,  1927) su m m ariz in g  o u r k n o w 
ledge  o f  th e  v e rtic a l d is tr ib u tio n  o f  p lan k to n  
a n im a ls  an d  th e  theo ries  in  w hich lig h t h ad  been 
co n sid e red  as a  fa c to r b y  p a s t w orkers. S in ce  th a t 
d a te  m uch  a tten tio n  h a s  been g iven to th is  aspect 
o f  the  p ro b le m  an d  the  li te ra tu re  on th e  su b jec t 
h as in c rea sed  co n sid e rab ly . T he evidence f o r  the 
im p o rta n c e  o f l ig h t in  a ffec ting  th e  b eh a v io u r  of 
p la n k to n  a n im a ls  is  now  overw helm ing  and  i t  is 
m an ife sted  b y  th e  fo llo w in g  facts.

i. T h e  p e rio d ic  m ig ra tio n s  o f m an y  an im a ls  to 
w a rd s  th e  su rfa c e  in  th e  d a rk , and  dow nw ards 
aw ay  fro m  th e  h ig h ly  illu m in a ted  lay e rs  in 
th e  day tim e.

ii. T h e  ch an g es in  the d ay lig h t vertica l d is tr i
b u tio n  o f  th e  sam e species o f an im al f ro m  day  
to  d ay  and p lace  to  p lace  acco rd in g  to  th e  
illu m in a tio n  as a ffec ted  b y  w ea th e r co n d itio n s 
a n d  th e  o p ac ity  o f th e  w ater.

iii. T h e  fa c t th a t an im a ls  w ill m ig ra te  v e rtic a lly  
a c c o rd in g  to  lig h t in tensity  changes d u r in g  th e  
24  h o u rs  in  sp ite  o f la rg e  v e rtic a l v a ria tio n s  
in  th e  iso th e rm s o ccu rr in g  a t th e  sam e tim e.

T h is  w as suggested  b y  R u s s e l l  (1927 , 
p . 2 4 1 ) as a  c ru c ia l test to  e s tab lish  th e  m a jo r  in 
fluence  o f lig h t over te m p e ra tu re , and  h a s  been  
co n firm ed  b y  C l a r k e  (1934 , a , p . 4 4 5 ; 1934, b, 
p. 5 3 7 ) . F o r  in s tan ce  a t St. 1722 on Ju ly  16th, 
4 2 °  5 0 ' N . 6 7° 0 5 ' W ., in  th e  m o rn in g  a ll  th e  
iso th e rm s w ere r is in g  ra p id ly  betw een 3 a n d  6 
o ’c lock , th a t o f  10° C. be in g  d isp laced  v e rtic a lly  
d u rin g  th a t tim e  by  som e 12 m etres , fro m  a b o u t 
26  m . to  14 m .; y e t d u rin g  the sam e tim e C a lan u s  
m ad e  an  ex tensive dow nw ard  m ig ra tio n  w ith  the 
in c re a s in g  illu m in a tio n .

T h e  f i r s t  s im u ltan eo u s  m easurem en ts o f s u b 
m a r in e  i l lu m in a tio n  and  the  ve rtica l d is tr ib u tio n  of 
th e  p la n k to n  w 'ere m ade  b y  A t k i n s  ( A t k i n s  
a n d  P o o l e ,  1933) and  R u s s e l l  (1934 ) in  the  
E n g lish  C h an n e l, an d  by  C l a r k e  (1933  and  
1934, a )  in  th e  G u lf  o f M aine . T hese o b serva tions 
show ed  a c e rta in  am o u n t o f ag reem en t betw een 
v e rtic a l m ovem ents o f th e  Z ooplankton an d  changes 
in  l ig h t in ten s ity , b u t m ore  w ork  o f th is n a tu re  is 
d es irab le .

b . P h y s i o l o g i c a l  e f f e c t s  o f  1 i  g 1 
p l a n k t o n  a n i m a l s .

(i ) E f f e c t s  o f  i n t e n s i t y .
W e l s h  (1932) show ed a  c o rre la tio n  b< 

th e  in ten s ity  o f  the  l ig h t an d  th e  ra te  o f swii 
o f  th e  la rv a e  o f  th e  m ussel c ra b , F inne  
m acu la tu s , ( e .g .  p ag e  3 1 9 ).

L arv ae  20  h o u rs  old.

L ig h t  in te n s i ty 1) 
i n  m e t r e  c a n d le s .

0.47
0.93
2.3 
4 .7
9.3 

23 .3  
46 .5  
93 .0

T e m p e ra tu re  24.5  ̂  C
S e c o n d s  ta k e n  

to  sw im  29 cm 
to w a rd s  th e  ligl

33.9
31.8
27.2
23.5
21.5
17.5 
16.7
16.6

S im ila r ly  w ith th e  copepod  C entropages I 
W e l s h  (1933 ) show ed th a t in c rease  of in 
led  to  an  in c reased  speed  o f locom otion . ( 
pages in  in tensities  o f  1394 m etre  candles 
10 cm . on  an  ave rag e  in  4 .4  seconds , b u t 
m e tre  can d le s  th ey  to o k  8.5 seconds to  trav 
sam e d is tance . H e fo u n d , how ever, tha 
re la tio n  a p p a re n tly  d id  n o t h o ld  tru e  fo r  a: 
m ov ing  by  m eans o f c ilia .

M a r s h a l l ,  N i c h o l l s  and  O r r  ( 
exposed  specim ens o f th e  copepod  C alanu  
m arch icus  to  d a y lig h t in  o rd in a ry  c lea r 
bo ttle s . T h ey  fo u n d  th a t, w h ile  th e re  w as no 
re n t in c rea se  in  ac tiv ity , th e ir  oxygen  upta 
c reased  co n sid erab ly . “ In  b r ig h t d iffu se  lis 
in  su n sh in e , the  re sp ira tio n  m ay  b e  even < 
w hat it  is in  th e  d a rk ” .

E x p erim en ts  w ith  C alan u s in  vessels sub r 
to d if fe re n t dep ths, how ever, show ed th a t th< 
h a d  an  e ffec t on  re sp ira tio n  a t th e  surfac 
0.5 m ., b u t h a rd ly  an y  a t 5 m . and  10 m. 
does no t n ece ssa rily  im p ly  th a t lig h t in 
b en ea th  th e  sea  su rface  is n o t an  im p o rta n t 
in  th is  respect. C a lan u s is a copepod  
co m p ared  w ith  m any  o th e r species, lives rel. 
h ig h  in  th e  w ater. D eep e r liv ing  species m a 
se q u en tly  b e  s tro n g ly  a ffec ted  on  e n te r in g  th 
il lu m in a te d  lay e rs  above th e ir  n o rm a l h ab it 
ce rta in  tim es o f th e  y e a r  C a lan u s a lso  is 
sw arm in g  a t th e  su rface .

T hese  au th o rs  a lso  fo u n d  th a t i f  C alan  
re tu rn e d  to  th e  d a rk  a f te r  ex p o su re  to  ligh  
re s p ira tio n  show s a f te r  a  p e rio d  o f  tim e a 
m u ch  b e low  th a t o f th e  co n tro ls  w h ich  hi 
been exposed . T h is  suggested  th a t th e  C alan  
been  in ju re d  by  th e  ligh t.

1)T h e  l ig h t source w as a 6-volt, 18-ampere, 
fila m e n t lam p. In tensity  w as con tro lled  by  m eans o 
te n  n eu tra l t in t  filte rs , and  w as m easured  w ith  a 1» 
Illum inom eter.



( i i)  E f f e c t s  o f  d i f f e r e n t  w a v e  
l e n g t h s .

A  n u m b er o f w orkers hav e  show n the  g rea te r 
p o w er o f one p o rtio n  o r  an o th e r  o f th e  sp ec tru m  to 
evoke a response  to lig h t s tim u lu s  in  d iffe ren t 
an im a ls . Som e exam ples o f th e  w ave len g th s to 
w h ich  certa in  an im als  a re  m ost sensitive  a re  given 
below .

L a rv a e  of th e  h y d ro id , E u d en d riu m , to b lu e  
(460— 480 m p.)

L a rv ae  o f th e  w orm , A ren ico la , to  g reen  (ca. 
495 m p)

L a rv ae  of th e  S qu id , L o ligo , to  b lu e  green 
(470— 510 m p )

C y p rid  la rv ae  o f b a rn ac le s , to g reen  (530—  
545 m p )
(cited  fro m  V  i s s c  h  e  r  an d  L u c e ,  1928, 

p . 3 4 8 ) .

H a r v e y  (1929) show ed th a t the  ra te  o f h ea rt 
b e a t o f  C alanus decreases as in ju ry  is in f lic ted  by  
d ire c t sun lig h t. H e fo u n d  th a t the b lu e  end  o f the 
sp e c tru m  w as m ore  effec tive  in  c au sin g  in ju ry  th an  
th e  g reen  o r  red . K l u g h  (1929) in  d e m o n s tra t
in g  th e  le th a l effec ts of the u ltra v io le t com ponen t 
o f su n lig h t fo und  th a t w ith  f i l te r s  tra n sm ittin g  th e  
u ltra v io le t th e  copepods C alanus fin m a rch icu s , 
T o r ta n u s  d iscaudatus, an d  E u ry tem o ra  herdm an i, 
w ere  k illed  on th e  average  in  36 , 16.5 and  16 
h o u rs  respectively . By co n tra s t ( K l u g h ,  1930) 
c e r ta in  sh a llo w  w ater an im a ls  an d  a  c tenopho re  
w h ich  lives very  n e a r  th e  su rfa c e  w ere  fo u n d  to be 
m o re  resistan t.

L e p e s c h k i n  (1931) fo u n d  th a t if  ce rta in  
spec ies o f copepods w ere exposed  to  d irec t su n lig h t 
th e i r  resistance  to  po isons, such  as m ercu ric  
c h lo r id e , w as decreased . U sing  P aracalanus parvus, 
O ncaea venusta  an d  E uterpe  a cu tifro n s  he  gives 
th e  fo llo w in g  su rv iv a l tim es fo r  d if fe re n t concen
tra tio n s  o f po ison  a t 22° C.

°/o IIgCl2 Survival time, in minutes.
K e p t in  d a rk E x p o se d  to  

d i r e c t  s u n lig h t.

0.025 1.7
0.0125 2.3
0 .006 3.8
0.003 6 .4 4.5
0.0013 10.8 7.5
0.00026 41.0 30.0

I f  how ever a  f i lte r  (,586-A b y  th e  C orn ing  
G la ss  C om pany) w as u sed  cu ttin g  ou t th e  v is ib le  
ray s  and  a llo w in g  on ly  the  u lt ra v io le t to  pass , it 
w as fo u n d  th a t th e  res is tance  o f  th e  an im a ls  w as 
in c rea sed  by 15 %  if  th e  ex p o su re  la s ted  no t 
lo n g e r  th an  10 m inu tes . I t  w as co n c lu d ed  “ th a t 
u l t r a  v io le t ray s p ro tec t the  an im a ls  fro m  th e  in 
ju r io u s  effec ts  o f v is ib le  l ig h t” . B ut p ro lo n g ed  
ex p o su re  to  u lt r a  v io le t w as n a tu ra lly  h a rm fu l.

I t  m ay  be  th e re fo re  th a t occasional sh o r t excursions 
to th e  s u n lit  lay e rs  m ay  th u s  hav e  a b en efic ia l 
e ffec t on the o rg an ism  in  in c reas in g  its  resistance  
to  ligh t.

T h e  p e n e tra tio n  o f  u ltra v io le t ray s  in to  th e  sea 
m ust have som e s ig n ifican ce  in  th e  p ro d u c tio n  of 
v itam in  D in  th e  liv e r  o ils  o f fish . T h e  u ltrav io le t 
ray s a re  q u ick ly  ab so rb ed , w ave len g th s o f 303 m p  
be in g  reduced  to  1 %  a t 2.1 m . and  o f 313 m p  
to  1 %  a t 2 .2  m . ( A t k i n s  a n d  P o o l e ,  1933, 
p . 1 6 1 ). Y et a t tim es p lan k to n  an im a ls  a re  
a b u n d a n t a c tu a lly  in  th e  su rfa c e  w a te rs  and  it  is 
po ss ib le  th a t on  these  occasions ir ra d ia tio n  takes 
p lace  ( R u s s e l l ,  193 0 ). A s lig h t an tira c h itic  
v a lu e  has been  show n b y  D r u m m o n d  and 
G u n t h e r  (1934 ) fo r  Z ooplankton o il.

c. L i g h t  i n  r e l a t i o n  t o  Z o o p l a n k t o n
p r o d u c t i o n  a n d  d i s t r i b u t i o n .

T he seasona l change in  su b m arin e  illu m in a tio n  
an d  its v a r ia tio n s  fro m  y e a r  to y e a r  caused  by 
w ea ther co n d itio n s m ay  h av e  im p o rta n t effec ts upon  
the p ro d u c tio n  o f  Z ooplankton . In  n o r th e rn  tem 
p e ra te  w aters th e re  is , f o r  in s tance , a  reg u la r 
seasonal cycle  o f  p la n t p ro d u c tio n  ch a rac te rized  in 
m any  lo ca litie s  by  a  heavy  v e rn a l p ro d u c tio n  of 
d ia tom s an d  a  second sm a lle r  p ro d u c tio n  in  the 
au tum n . B u t th e  am o u n t o f  p ro d u c tio n  and  tim es 
o f onset o f these o u tb u rs ts  v a ry  g rea tly  fro m  y ear 
to  y ear, b e in g  d ep en d en t u p o n  th e  illu m in a tio n . 
T h ere  a re  a lso  ty p ica l life  cycles and  b ro o d  p ro 
d uc tions am o n g  th e  d if fe re n t species o f  p lan k to n  
an im als . I t  can  be  rea lized  th a t th e  ex ten t to 
w hich  b ro o d  p ro d u c tio n  fa l ls  o u t o f tu n e  w ith  the 
sequence o f p ro d u c tio n  o f th e  p la n t food  su p p ly  
w ill decide the  success o r  fa i lu re  o f a b ro o d  to 
survive. T h is  is  p o ss ib ly  a fa c to r  o f  g rea t im 
p o rtan ce  in  the au tum n  m on ths. M any  species of 
a n im a ls  p ro d u ce , in  A ugust o r  S ep tem ber, th e ir  
la s t b ro o d  o f the year. T h e  ex ten t to  w hich th is 
b ro o d  w ill su rv ive  to  fo rm  th e  stock fo r  th e  b re e d 
in g  p o p u la tio n  in  th e  fo llo w in g  y e a r  m ust depend  
upon  th e  s u p p ly  o f p la n t food . T h e  au tu m n  o u t
b u rs t of d ia tom s show s a  co n sid e rab le  degree  of 
v a ria tio n , an d  is e sp ec ia lly  lik e ly  to  be  cu rta iled  
b y  in c lem en t w ea th e r co n d itio n s since a t th a t tim e 
o f y ea r th e  s tren g th  o f th e  lig h t is w an ing  daily .

R ecen t w ork  by  H a r d y  a nd  G u n t h e r  
(1935) has b ro u g h t in to  p ro m in en ce  th e  re la 
tio n sh ip  betw een  Z oop lank ton  an d  p h y to p lan k to n . 
T h e ir  resu lts  su p p ly  very  s tro n g  evidence th a t in 
c e rta in  a re a s  th e  an im a ls  m ay  be  p o sitiv e ly  ex
c luded  b y  excessive g row th  o f d ia tom s. S ince  ligh t 
in ten sity  p la y s  such  an  im p o rta n t p a r t  in  the 
v ertica l m ig ra tio n s  o f p lan k to n  an im a ls  and  since 
it  co n tro ls  p la n t p ro d u c tio n  th e  b e a rin g  of i l lu 
m in a tio n  on  th e  p ro b lem s o f h o rizo n ta l d is tr i
b u tio n  is obv ious. T he v e ry  fa c t a lso  th a t p ro 
duction  o f th e  p lan k to n ic  p la n t life  is lim ited  to
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th e  u p p e r  illu m in a ted  a reas  m ust have  a co n sid e r
ab le  b e a rin g  on th e  d is tr ib u tio n  an d  p ro d u c tio n  of 
the fa u n a  liv ing  in  the  d a rk  d ep th s o f  th e  ocean.

2. B o tto m  F a u n a .
a. L i g h t  a n d  t h e  z o n a t i o n  o f  s e d e n 

t a r y  a n d  b o t t o m  a n i m a l s .
T h e  in ten s ity  an d  sp ec tra l com p o sitio n  o f the 

lig h t a re  p o ss ib ly  im p o rta n t fa c to rs  in  d e te rm in in g  
th e  se ttlin g  positio n s o f a  n u m b e r o f seden ta ry  
an im als . T h is  is  e sp ec ia lly  th e  case am o n g  those  
an im a ls  w hich cause  so m uch d am ag e  b y  fo u lin g  
th e  bo ttom s o f  sh ip s  and o th e r  su b m arin e  
s tru c tu res . M any  o f  th e  sm a lle r  bo tto m -liv in g  in 
v e rteb ra te s  a lso  a re  p ro b a b ly  lim ited  in  th e ir  
d is tr ib u tio n  by th a t o f th e  a lg ae  am o n g  w hich  they  
dw ell. In  th is  respect the  f i r s t  a c tu a l m easu re 
m ents o f su b m arin e  illu m in a tio n  in  the  su b - litto ra l 
zone have  been m ade  by K  i t  c  h  i  n  g , M a c a n  
a n d  G i l s o n  (1 9 3 4 ). T hese  a u th o rs  m ade  o b 
serva tions in  connex ion  w ith  a  s tu d y  o f  th e  su b 
li tto ra l fa u n a  on a  rock su rfa c e  in  a  g u lly  in  
W em b u ry  Bay on th e  coast n e a r  P ly m o u th . A n 
il lu m in a tio n  1 %  o f th a t in  a i r  w as fo u n d  in  the 
L a m in a ria  fo rest a t m id d ay  in  A u g u st in  w ater 
3.7 m etres deep.

T h e  dep th  to  w hich a lg ae  can  g row  on the 
bo ttom  is a lso  o f im p o rtan ce  in  the  d is tr ib u tio n  o f 
th e  an im als , and  th e  m easu rem en t o f b o tto m  in 
tensities in  d if fe re n t lo ca litie s  an d  la titu d es  w ould  
be o f va lue. I t  is  of in te res t th a t S t e u e r  (1935 , 
p p . 11— 13) has recen tly  show n th e  p resen ce  of 
extensive fie ld s  o f g reen  a lg ae  in  th e  M ed ite rran ean  
o ff  A lex an d ria , w here  C au le rp a  m ay  be  fo u n d  on 
th e  b o ttom  in  w ate r u p  to  50 fa th o m s (91 .5  m .) 
in  d ep th , w h ile  red  and  g reen  a lg ae  s t il l  o ccu rred  
a t 55 fa th o m s (100 .6  m .) .

M any  an im a ls  c a rry  w ith in  th e ir  tissues sym 
b io tic  a lg ae  w hose g row th  an d  re p ro d u c tio n  m ust 
depend  u p o n  the  p resence  o f  su ffic ien t lig h t. P e r 
h a p s  in  no  g ro u p  o f an im a ls  a re  these  m o re  p re 
v a le n t th an  in  th e  ree f-b u ild in g  co ra ls  o f  the 
tro p ics . A lth o u g h  the  exact re la tio n sh ip  o f these 
sy m b io tic  a lg ae  to  the  an im a ls  w ith in  w hose 
tissues th ey  live is s till u n d e r  d iscussion  i t  is 
ev iden t th a t fro m  th e ir  p rev a len ce  they  m u s t b ea r 
som e v ita l re la tio n sh ip  one  to  an o th e r . T h e  w ork  
o f  V  e r  w e y  (1930 ) and  Y  o n  g e (e. g . Y  o n g e, 
Y  o n  g e and  N  i c h  o 11 s, 1932) on the  p h y sio 
logy  o f  co ra ls  has show n th e  necessity  f o r  hav in g  
m easu rem en ts  o f  the  su b m arin e  illu m in a tio n  a t 
d if fe re n t dep th s in  th e  v a rio u s  ty p es  o f lo c a lity  in  
w h ich  these co ra ls  live.

b. P h y s i o l o g i c a l  e f f e c t s  o f  l i g h t  o n
b o t t o m  a n i m a l s .
B ottom  an im a ls  w hich live h a b itu a lly  in  a  w orld  

o f low  illu m in a tio n  a re  p ro b a b ly  v e ry  sen s itiv e  to 
v a ria tio n s  in  in ten sity . I t  is  p o ss ib le  th a t  m any  
species a re  p u re ly  n o c tu rn a l, re tre a tin g  in to  b u r 

row s in  th e  d ay tim e. I t  h a s  been show n b y  W  
(1934 , p . 3 43 ) th a t th e  w orm , T e re b e lla , i 
in  the  d a rk  fo r  y 2 h o u r  o r  lo n g er w ill lie  w 
ten tac les re lax ed  and  fu l ly  ex tended . In  thi 
d ition  th ey  a re  v e ry  sen sitiv e  to lig h t and  exti 
low  illu m in a tio n  re su lts  in  ra p id  con trac tio  
w rith in g  m ovem ent.

K l u g h  an d  N  e w c o m  b e (1935 ) have  
in d ica tio n s  th a t  lig h t in ten s ity  m ay  b e  a fac 
th e  g row th  o f m a r in e  an im als . A s tu d y  ( 
ba rn ac les , B alanus ba lano ides, g row ing  on a 
a t S t. A ndrew s, N ew  B runsw ick , show ed th a t 
w as an in c reased  ra te  o f  g row th  w ith  a  decre  
th e  am o u n t o f  il lu m in a tio n . In  th ree  poí 
chosen w ith  d ec rea s in g  am o u n ts  o f il lu m in a ta  
sizes of th e  b a rn a c le s  2  y ea rs  o f age  w ere aj 
im ate ly  5 m m . in  h e ig h t by  6 m m . in  w id th , 
b y  7 m m ., an d  15 m m . by 9 m m ., respecf 
T h is  p o ss ib ility  needs fo llo w in g  u p  m o re  c 
and  exp erim en ts  sh o u ld  be  m ade u n d e r  cont 
co nd itions , s ince  so m an y  fac to rs  such  as 
su p p ly  and  w ave ex p o su re  en te r in to  th e  pr< 
(cf. M o o r e ,  1935 an d  193 6 ).

T h e  p o ss ib le  re la tio n sh ip  betw een illum ii 
a n d  the  o n se t of m a tu rity , th a t is now  ree' 
a tten tio n  in  th e  s tu d y  o f b ird s  an d  la n d  m an  
sh o u ld  a lso  b e  co n sid e red  fo r  m a r in e  an im a

3. F ish e s .
a. L i g h t  d i s c r i m i n a t i o n .

F ishes possess th e  h ig h es t ty p e  o f  o rg an  ev 
fo r  th e  d e tec tion  o f lig h t, th e  eye, an d  i t  is n; 
th a t m uch resea rch  has been  done  to d iscover 
pow ers o f o b se rv a tio n  and  c o lo u r d isc rim in  
R ecently  B u l l  (1 9 3 5 ) , in  h is  m ost c a re fu l s 
on th e  p e rcep tiv e  facu ltie s  o f fish  b y  the 
d itio n ed  re f lex  m e th o d , h a s  show n th a t th e  bl 
B len n iu s p h o lis , possesses a  w ide ran g e  o f c 
vision . T h is  is a  f ish  th a t does n o t d iscrin  
w ide d iffe ren ces  in  in ten s ity  and  it  is the) 
u n lik e ly  th a t th e  c o lo u r  d isc rim in a tio n  cou ld  
been an  in ten sity  effect. S uch  w ork  indicate 
need fo r  a  d e ta iled  know ledge o f th e  sp 
com position  o f lig h t ben ea th  th e  su rfa c e  at 
effec ts on th e  v isual in te rp re ta tio n  o f colon 
seen a t d if fe re n t dep ths.

I t  is a lso  p o ss ib le  th a t de tec tion  o f d iffe i 
in  lig h t in ten s ity  m ay  p lay  a  p a r t  in  th e  cont) 
the m ig ra tio n s  o f som e fishes. I t  is fo r  ini 
n o tab le  th a t th e  tu n n y , T h u n n u s  th y n n u s , migi 
in to  th e  N o rth  S ea  do n o t p a ss  th ro u g h  th e  Ei 
C hannel n e ith e r  do  they  o ccu r in  n u m b ers  i 
so u thern  N o rth  S ea  fa r  so u th  o f  a b o u t 5- 
la titu d e . I t  seem s p o ss ib le  th a t th e  o p ac ity  c 
s ilt lad en  w a te rs  o f th e  easte rn  end of th e  Ch 
and  th e  so u th e rn  N o rth  S ea  m ay  be  an  e ff 
b a rr ie r . T h e  p o ss ib ilit ie s  o f  th e  effec ts  o f arti 
l ig h t in  a ttra c tin g  o r  d iv e rtin g  fish  sh o u ld  b( 
sidered . T  a u t  i  and  FI a y a  s i (1926 ) fount



(II, 1)
if  a  lig h t be  p ro je c te d  a t n ig h t v e rtic a lly  d ow n
w ards in to  the  w a te r, fish  sw im m ing  in  n u m b ers  
d eep e r in  th e  w a te r a re  o n ly  a ttra c ted  in d iv id u a lly  
to th e  lig h t w hen b y  ran d o m  m ovem ents th ey  swim 
u p w ard s  in to  a c e r ta in  th resh o ld  in tensity .

T h e  vertica l m ig ra tio n s  o f  such  f ish  as the 
h e rr in g  and  the h ak e  m ust a lso  to som e ex ten t be 
a  fu n c tio n  o f th e  lig h t in tensity .

1). P h y s i o l o g i c a l  e f f e c t s  o f  l i g h t
a n d  c o l o u r  c h a n g e .
I t  has been  suggested  b y  D a n n e v i g  

(1932 , a) th a t the  n u m b er o f v e rteb rae  in  th e  cod 
m ay  be  in f lu en ced  in  th e  e a r ly  stages of d ev e lo p 
m en t b y  ligh t. F ish  reared  in  a sh a llo w  w ater 
p o n d  h ad  a low er n u m b er o f v e r te b ra e  th an  those 
o f th e  open  sea. H e a lso  drew  a tten tio n  ( D a n n e 
v i g ,  1932, b ) to  th e  su scep tib ility  o f cod f ry  to 
lig h t in  the  sea-fish  hatchery .

A n o th e r m a n n e r in  w hich illu m in a tio n  affec ts 
fishes and o th e r  m a r in e  in v e rteb ra te s  is show n by 
th e ir  responses o f c o lo u r change. T h e  su b jec t of 
c o lo u r  change h a s  g iven  rise  to a  b ig  li te ra tu re  
and  tw o recen t su m m aries  b y  P a r k e r  (1930) 
an d  S a n d  (1935 ) m ay  be  m en tioned . L ig h t in 
fluences th e  c o lo u r  change bo th  th ro u g h  th e  eye 
and  d ire c tly  on th e  sk in  su rface . A know ledge of 
the in ten sitie s  a t w h ich  the d if fe re n t species n o r 
m a lly  live is n ece ssa ry ; th e  ad ap tiv e  fu n c tio n  of 
c o lo u r  change in  an  en v ironm en t in  w hich i l lu 
m in a tio n  is v e ry  low , and  a t w hich m an y  co lou rs  
a re  e lim in a ted  has to be taken  in to  co nsidera tion . 
W ork  by  B r o w n  (1936 ) on the c o lo u r change 
o f th e  m innow , E ricym b a  buccata , in d ica tes  an 
ad ap ta tio n  to  v e ry  low  in tensities . F o r  in s tance  the 
av erag e  d iam eters  o f th e  m e lan in  m asses in  fish  
k ep t on  a b lack  b ack g ro u n d  v aried  as fo llo w s:—

L ig h t in te n s ity  
m e tre  c a n d le s .1)

0 .00000046
0 .0000049
0.000058
0.00116
0.023
0.163
2.21

D ia m e te r  in  p.

43.1
4 3 .4
53.4
59.2 
67.9
78.3 
78.0

In  these ex p erim en ts  th e  sou rces o f  illu m in a tio n  
w ere a 200 w att tungsten  lam p , a 75  w att d a y 
lig h t M azda la m p , and  a  25  w att tun g s ten  lam p  
w ith  a  d ay lig h t f i l te r . T h e  low est in tensities  w ere 
o b ta in ed  b y  m eans of an ir is  d ia p h ra g m  and 
n e u tra l l ig h t f i lte rs . L ig h t in ten s ity  w as m easu red  
w ith  a  p o tassium  ph o to -e lec tric  ce ll w ith  m ax im um  
sen sitiv ity  in  th e  b lu e  end  o f the  v is ib le  sp ec trum , 
co n stru c ted  by  P ro fe sso r  J . K  u n  z.

D  converted from  foo t candles.

In  th e  above pages I  h av e  a ttem p ted  to  co llec t 
to g e th e r a n u m b er o f observa tions d ea lin g  w ith 
v a rio u s  aspects o f su b m arin e  illu m in a tio n  in  
re la tio n  to an im a l life . W hile  no t in ten d ed  in  any 
w ay  as a com prehensive  review  o f the  su b jec t su f 
fic ie n t in d ica tio n s  sh o u ld  have  been g iven to  show  
how  necessa ry  it  is to  have  a  th o ro u g h  know ledge 
o f lig h t co nd itions b en ea th  th e  sea  su rface . T h is  
k n o w led g e  is essen tia l b e fo re  the b io lo g is t can 
a tte m p t to re la te  b eh av io u r observed  u n d e r  ex 
p e rim en ta l co nd itions in  th e  la b o ra to ry  w ith  the 
h ab its  o f  th e  an im a ls  in  the f ie ld . T o  th is  end 
th e re  is g re a t need f o r  c a re fu lly  co n tro lled  ex 
p e rim en ts  in  th e  la b o ra to ry  in  w hich co n d itio n s o f 
il lu m in a tio n  such  as a re  lik e ly  to  be  fo u n d  in  th e  
a n im a ls ’ n o rm a l h a b ita t a re  used. T he e lab o ra tio n  
o f  te ch n iq u e  and  the advance  o f ou r k now ledge  of 
c o n d itio n s  in  th e  sea m ake these a im s m u ch  m ore 
o b ta in a b le  th an  they  w ere a  few  yea rs  ago , and  the 
fu tu re  sh o u ld  show  an  a ttem p t to reg a rd  lig h t as a 
fa c to r  in  ex p e rim en ta l w ork  every  b it as n eed fu l o f 
c o n tro l as tem p era tu re .

I am  g ra te fu l to  D r. W . R . G. A t k i n  s, 
F . R . S ., fo r  k in d ly  re a d in g  the  m an u sc rip t o f th is  
p a p e r  an d  g iv ing  m uch  h e lp fu l advice.
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