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IT  is now nearly  one hundred years since the 
tow-net was f irs t introduced by J o h a n n e s  
M u l l e r  (1846). Zoology was s till in  its 

ea rly  descrip tive stage and a rich ground fo r  the 
investigation of new species was thus opened up. 
A bout tha t tim e also the theory of evolution was 
assum ing concrete form , to be firm ly  established 
by the publication  of D a r w i  n ’s “ O rigin  of 
Species” in  1859. The evolutionary theory was the 
m ain  d irecting  force fo r the study of em bryology, 
and  in  the developm ent of this b ranch of zoology, 
research  on p lankton  anim als has played a  greater 
p a rt than  th a t on any o ther population  of the 
an im al kingdom . W e owe to the labours of the 
zoologists of the la tte r h a lf  of last century most 
of o u r presen t knowledge on the affin ities and 
n a tu ra l c lassification  of the m ajo r groups of in ­
verteb rate  anim als. W ith the exception of insects, 
the invertebrates are essentially inhabitan ts of the 
sea, and alm ost all spend the ea rlier stages of the ir 
lives d riftin g  in  the w ater layers in  the plankton 
com m unity.

A m ong the f irs t w orkers in  this line of research 
was T. H. H u x l e y  who sailed in  1846 in  the 
“ R attlesnake” to  A ustralian  waters. In these days 
of elaborate and costly apparatus it is well to bear 
in m ind w hat fa r  reaching results can be obtained 
by  the sim plest means. H u x l e y  used as his 
tow net a bag of the bunting of which flags are 
m ade. W ith  th is  sim ple net he sieved the sea at 
every ava ilab le opportunity . As a result he 
dem onstrated the  tru e  position of the m edusae and 
siphonophores in  the coelenterate kingdom , and 
also traced the affin ities of the pelagic tunicates 
to the sessile ascidians of o u r sea shores. Of even 
m ore f a r  reaching im portance was the result o f his 
exam ination of the m edusae w hereby he indicated 
the existence and  im portance of the germ -layers in 
the developm ent of metazoa.

But to-day I do no t wish to take as my theme 
the exam ination  of plankton anim als with the 
u lte rio r aim  of elucidating problem s purely  
m orphological o r em bryological in  nature. I  wish 
ra the r to review those aspects o f Zooplankton 
research whose concern has been the study of 
p lankton  an im als as mem bers of a  com munity, and 
fo r the  p art they  play by  the ir habits and 
abundance in  the balance of life in  the sea. The 
review w ill be concerned only w ith metazoa.

In  reviewing the p resen t position I sha ll try  to 
em brace all the aspects o f the situation. It is 
necessary to take the w ide view w ithout unduly  
stressing any particu la r p rob lem , because we have 
suffered  in  the oast from  a tendency to pursue 
certain  directions of enqu iry  to a  d isproportionate 
extent. As a result p lank ton  research has become 
som ew hat uncoordinated, -and advance has been 
held up  by a lack of consideration  as to which are 
the problem s that require specia l attention in  order 
to b ring  our various fields o f knowledge in to  line.

W ith  such a wealth o f data scattered am ongst 
the biological literature of the w orld the task of 
review becomes im possible unless we firs t fix  upon 
certain  outstanding events around  w hich the main 
sequence of the review can be evolved.

I  have adopted the fo llow ing  landm arks as 
representative of the sequence of events a fte r the 
in troduction of the quantita tive m ethod by Hensen, 
leading to the publication of his M ethodik (1895)

1. The P lankton  E xpedition  in  the “ N ational” 
under the leadership of H e n s e n  in 1889.

2. The com prehensive schem e fo r the collection 
of plankton th roughou t the N orth Sea and 
adjacent waters of the A tlantic, Channel and 
Baltic, during the years 1902 to 1908 by the 
I n t e r n a t i o n a l  C o u n c i l .

3. The com pletion by L o h m a n n  in 1906 of 
a  year’s detailed survey of the total plankton 
production  a t Laboe in  K iel Bay.

D uring  these two la tte r periods plankton study 
received a constant leavening elem ent in the in ­
tensely biological outlook of Professor G r a n .

4. The post-war period.

T hree publications previous to  the last period 
should  also be mentioned as having left the ir mark 
in  the h isto ry  of plankton research  and stim ulated 
m any w orkers, these were A d o l f  S t e u e r’s 
“ P lank tonkunde” published in  1910; “ Conditions 
of L ife in  the Sea” by J a m e s  J o h n s t o n e ,  in 
1908 and the “Depths of the Ocean”  by M u r r a y  
and H j o r  t in 1912.

I  have taken these four periods because they 
illu stra te  the m ain problem s that confront those 
concerned w ith Zooplankton research. The firs t is 
the necessity of knowing the d istribu tion  and 
abundance of the plankton in the open ocean.
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Fig. 1.

D istrib u tio n  regions of oceanic p lankton organism s (a fte r  S t e u e r ,  1933, p . 292, F ig. 8 , fo r  C opepods). For
ex p lan a tio n  see Text.

Secondly comes the desire fo r a sim ilar knowledge 
of the conditions in  the coastal w aters whose origin 
and movements are so largely governed by the 
oceanic circulation . In  intim ate connexion with 
this is the use of ou r knowledge of the plankton 
d istribu tion  as an aid  to the in te rp re ta tion  of hydro- 
g raph ical data. T h ird ly , knowing som ething of the 
an im als’ d istribu tion  we need to know about the ir 
rela tions with the ir anim ate and inanim ate environ­
m ent, and the causes of the ir fluctuations in 
abundance. This is a  work that has so fa r  only 
been attem pted in  coastal waters w here the 
necessary observations can be m ade at frequent 
intervals th roughout the year with the facilities of 
a lab o ra to ry  close a t hand. And fina lly  the re ­
search has shown the need fo r even m ore detailed 
observations, fo r a  close study of life-histories and 
habits, and fo r the exam ination of the m ore 
specialised problem s that have arisen such as the 
relations between the plankton and the fish  that 
are used as food by man.

Before any work on the biology of anim als can 
be attem pted the anim als tha t we wish to study 
m ust be described and classified. This is a  task 
that has gone on from  the earliest days of m arine

biology and as regards th e  Zooplankton much of 
our present know ledge has been bu ilt up  from  the 
results of the collections of the g reat oceano­
graph ical expeditions. M any years m ust elapse 
before the descrip tion  of a ll the species o f plankton 
anim als is b rough t to com pletion. W e can however 
say w ith g ratitude to the w orkers in  the past that 
in  m any g roups today the necessary know ledge is 
reaching its fina l stages. Coincident w ith the 
descriptive w ork our knowledge of geographical 
d istribu tion  has grown and  as the g roups have 
been better known the d istribution  of the species 
am ong the ir faunistic regions has becom e more 
detailed.

I t  is p robab le  that in  ocean w aters one of the 
m ain b arrie rs  to d istribu tion  is tha t o f the tem­
peratu re conditions. A nim als adapted fo r success­
ful reproduction  in  any given, tem peratu re  range 
w ill be carried  in the w ater masses and ocean 
cu rren t systems so fa r  as the  necessary tem perature 
conditions a re  m aintained.

W hen the tem perature conditions have been 
taken into consideration the chief clues to  the 
geographical distribution of the species a re  to be 
found in  the systems of oceanic circu lation . The
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IT is now nearly  one hundred years since the 
tow-net was firs t introduced by J o h a n n e s  
M u l l e r  (1846). Zoology was still in  its 

early  descriptive stage and a  rich ground fo r the 
investigation of new  species was thus opened up. 
A bout tha t tim e also the theory  of evolution was 
assum ing concrete form , to be firm ly  estai)! ished 
by the publication  of D a  r  w i n ’s “ O rigin of 
Species” in 1859. T he evolutionary theory  was the 
main d irecting  force fo r the study of em bryology, 
and in  the developm ent o f this b ranch of zoology, 
research on p lank ton  anim als has played a greater 
p a rt than tha t on any  o ther population  of the 
anim al kingdom . W e owe to the labours of the 
zoologists of the la tte r  h a lf  of last century most 
of ou r present know ledge on the affinities and 
natu ra l classification of the m ajo r groups of in ­
vertebrate anim als. W ith the exception of insects, 
the invertebrates a re  essentially inhabitants of the 
sea, and alm ost a ll spend the ea rlie r  stages of their 
lives d rifting  in  the w ater layers in  the plankton 
com m unity.

Am ong the f irs t w orkers in  this line of research 
was T. H. H u x l e y  who sailed  in  1846 in the 
“ R attlesnake” to A ustra lian  waters. In these days 
of elaborate and costly  apparatus it is well to bear 
in  m ind w hat fa r  reach ing  results can be obtained 
by  the sim plest m eans. H u x l e y  used as his 
townet a bag of the bunting  of w hich flags are 
made. W ith th is sim ple net he sieved the sea at 
every availab le opportun ity . As a result he 
dem onstrated the tru e  position of the m edusae and 
siphonophores in  the  coelenterate kingdom , and 
also traced the affin ities of the pelag ic tunicates 
to the sessile ascid ians of o u r sea shores. Of even 
m ore fa r  reaching im portance was the result of his 
exam ination of the m edusae w hereby he indicated 
the existence and im portance of the germ -layers in 
the developm ent of metazoa.

But to-day I  do no t w ish to take as my theme 
the exam ination of p lankton  anim als with the 
u lte rio r aim  of elucidating  problem s purely  
m orphological o r em bryological in nature. I wish 
rather to review- those aspects of Zooplankton 
research w'hose concern has been the study of 
plankton anim als as m em bers of a com munity, and 
fo r the p art they play by th e ir  habits and 
abundance in the balance of life  in  the sea. The 
review w ill be concerned on ly  with metazoa.

In  review ing the p resen t position I sha ll try  to 
em brace all the aspects of the situation. I t  is 
necessary to take the w ide view w ithout unduly 
stressing any particu la r p rob lem , because we have 
suffered  in  the oast from  a tendency to pursue 
certain  d irections of enqu iry  to a d isproportionate 
extent. As a result p lank ton  research has become 
som ew hat uncoordinated, -and advance has been 
held up by a  lack of consideration as to which are 
the problem s tha t require specia l attention in  order 
to b rin g  our various fields of knowdedge into line.

W ith  such a w ealth o f data scattered am ongst 
the b io log ical litera tu re  o f the w orld the task of 
review becomes im possible unless we firs t fix  upon 
certain  ou tstanding events around which the main 
sequence of the review' can be evolved.

I have adopted the follow ing landm arks as 
representative of the sequence of events afte r the 
in troduction  of the quantitative method by Hensen, 
lead ing  to the publication  o f his M ethodik (1895)

1. The P lankton  Expedition  in  the “ N ational” 
under the leadership of H e n s e n  in  1889.

2. The com prehensive scheme fo r the collection 
of p lankton  th roughout the N orth Sea and 
ad jacen t waters of the Atlantic, Channel and 
Baltic, du ring  the years 1902 to 1908 by the 
I n t e r n a t i o n a l  C o u n c i l .

3. T he com pletion by L o h m a n n  in 1906 of 
a y ear’s detailed survey of the total plankton 
production  at Laboe in  Kiel Bay.

D uring  these tw'o la tte r periods plankton study 
received a constant leavening element in  the in ­
tensely biological outlook of Professor G r a n .

4. The post-w ar period.

T hree publications previous to the la st period 
should also be mentioned as having le ft their m ark 
in the h isto ry  of plankton research and stim ulated 
m any w orkers, these were A d o l f  S t e u e r’s 
“ P lank tonkunde” published in  1910; “ Conditions 
of L ife in  the Sea” by J a m e s  J o h n s t o n e ,  in 
1908 and the “ Depths of the Ocean” by M u r r a y  
and H j o r  t  in  1912.

I have taken these four periods because they 
illu stra te  the m ain  problem s that confront those 
concerned w ith Zooplankton research. The firs t is 
the necessity of knowing the d istribu tion  and 
abundance of the plankton in  the open ocean.
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D istrib u tio n  reg ions of oceanic p lank ton  organism s (a fte r  S t e u e r ,  1933, p . 292, F ig. 8, fo r C opepods). For
exp lanation  see Text.

Secondly comes the  desire fo r a sim ilar knowledge 
of the conditions in  the coastal waters whose origin 
and m ovements are so la rge ly  governed by the 
oceanic circulation . In  in tim ate connexion with 
this is the use of our knowledge of the plankton 
distribution  as an  aid  to the in terpretation  of hydro- 
g raphical data. T h ird ly , know ing som ething of the 
anim als’ d istribu tion  we need to know about their 
relations w ith the ir anim ate and inanim ate environ­
m ent, and the causes of the ir fluctuations in 
abundance. This is a w ork that has so fa r  only 
been attem pted in  coastal w aters w here the 
necessary observations can be m ade at frequent 
intervals th roughou t the year w ith the facilities of 
a labora to ry  close a t hand. A nd fina lly  the re ­
search has shown the need fo r even m ore detailed 
observations, fo r a  close study of life-histories and 
habits, and fo r  the exam ination of the more 
specialised problem s tha t have arisen such as the 
relations between the p lank ton  and the fish that 
are used as food by man.

Before any w ork on the bio logy of anim als can 
be attem pted the anim als tha t we wish to study 
m ust be described and classified. This is a task 
that has gone on from  the earliest days of m arine

biology and as regards the Zooplankton much of 
our p resent know ledge has been bu ilt up from  the 
results of th e  collections of the great oceano­
g raph ical expeditions. M any years m ust elapse 
before the description of all the species of plankton 
anim als is b rough t to com pletion. W e can however 
say  w ith g ra titude to the w orkers in  the past that 
in  m any groups today the necessary know ledge is 
reaching  its final stages. Coincident w ith the 
descriptive w ork our know ledge of geographical 
d istribu tion  has grown and  as the groups have 
been better known the d istribu tion  of the  species 
am ong the ir faunistic regions has becom e more 
detailed.

I t  is p robab le  tha t in ocean waters one of the 
m ain b arrie rs  to d istribution  is that of the tem­
pera tu re  conditions. A nim als adapted fo r success­
fu l reproduction  in  any given tem perature range 
w ill be carried  in the w ater masses and ocean 
cu rren t systems so fa r  as the necessary tem perature 
conditions are m aintained.

W hen the tem perature conditions have been 
taken into consideration the  chief clues to the 
geographical distribution of the species are to be 
found in  the systems of oceanic circulation. The



oceans can now  be divided into definite masses of 
water w ith d iffe ren t characteristics. These different 
masses are constantly  m oving and are separated 
from  one another by regions of mixed w ater which 
may be wide o r narrow  according to the locality. 
Such regions a re  the an tarctic, the subtropical and 
the tropical convergences in  the south, and the 
transition regions in  the n o rth  which vary  from  
narrow  zones w ith w ell defined boundaries between 
warm and cold w aters in the west to the w ide­
spread m ixing regions in  the east. Each body of 
water has its own som ewhat characteristic plankton 
fauna a t d iffe ren t levels. These faunas tend to mix 
at the boundaries, som e species o f the colder w ater 
surviving under favourab le conditions found at 
deeper levels. Thus the d istribu tion  of the arctic 
planktonic fauna d ips beneath the surface layers 
towards the south.

In a recent w ork on the geographical distribution 
of copepods S t e u e r  (1933, p . 291) has adopted 
the following scheme, (Fig. 1 ).

I. C ircum -polar A rctic.
A. Sub-arctic (tem perate , northern  tran si­

tional, o r boreal)
a. A tlantic.
b. P acific.

II. C ircum -equatorial trop ical.
a. A tlantic .
b. Indo-pacific .

A. S ub-trop ical
1. N o rth ern  sub-tropical.

a. A tlan tic  (and M editerranean —  
B lack Sea)

b. P acific.
2. S ou thern  Sub-tropical.

a. A tlantic.
b. Ind ian .
c. P acific.

III. C ircum -polar A ntarctic.
A. C ircum -polar Sub-antarctic (southern 

tra n s itio n a l) .

I t is never possib le to confine living organism s 
w ithin the lim its o f precise schemes, and while 
such a classification is convenient the boundaries 
do not hold fo r  a ll species. The m ost im portan t 
lim iting factor is p ro b ab ly  tem perature and each 
species may have its  own lim its. There is thus 
some overlap in  the lim its of d istribution  of species 
in  the transition  zones; this has been m ade clear 
by  the work of the D iscovery Expedition in  the 
southern A tlan tic  ( M a c k i n t o s h ,  1934). Y et in 
regions where the transition  in  tem perature is 
abrupt, and am ounts to several degrees, m any 
species find th e ir  lim its, and the faunas of the 
neighbouring w ater masses become clearly  de­
marcated.

Since in  m any g roups th e  m ajority  of species 
are now fu lly  described it should  be the aim  of 
fu tu re  expeditions to m ake our knowdedge of

geographical d istribu tion  m o re  com plete. T he data 
thus obtained wall act as bench-m arks fo r the study 
in  years to come of the secu la r changes in  the water 
movements of the ocean. W ith  this idea in  m ind I 
have produced a p re lim in ary  tab le  (Table I )  giving 
the num ber of know n species in  the m ore im portan t 
p lank ton  groups and th e ir  subdivision in to  broad 
geographical areas. I t  has on ly  been possible to 
produce such a  tab le  w ith th e  cooperation of many 
specialists in  p lank ton  an im a l groups. I  owe a 
debt of g ra titude to the fo llo w in g  workers fo r their 
very w illing  and p a in stak in g  assistance.

D r. S. T . B u r f i e l d  (C haetognatha); Mr. 
G. P . F a r  r a n  (C o p e p o d a ) ; P rofessor P . F a u -  
v e l  (T o m o p te rid ae); M iss A. B. H a s t i n g s  
(Tunicata) ; D r. P. L. K r a m p  (M edusae) ; P ro ­
fessor T  h. M o r t e n s e n  (C ten o p h o ra); Dr. K. 
S t e p  h e n s e n  (A m p h ip o d a) ; P rofessor W. M. 
T a t t e r s a l l  (E u p h a u s ia c e a ) ; M r. A. K . T o t -  
t o n (S ip h o n o p h o ra).

The production  of th is  tab le  brings ou t some 
points of interest.

1. The g rea ter n u m b er of cold w ater species 
in  the south  as o p p o se d  to the north .

2. The phenom enon o f  ep iplanktonic1 ) b i­
po larity .

3. The sm all num ber o f  purely  sub-antarctic 
species of co p ep o d s and perhaps other 
groups.

4. D ifferences betw een th e  faunas of the d iffe­
ren t oceans.

5. The inequality  in  th e  state o f our knowledge 
on d iffe ren t g roups.

In all g roups (ex c ep t the m eroplanktonic 
m edusae and the essen tia lly  bo ttom  living G am m arid 
A m phipods) the p rep o n d e ra n ce  of southern over 
northern  cold w'ater species is  evident. T his fact has 
been rem arked on by M  e i  s e n h e i m e r, (1905, 
p. 90) fo r the p teropods. H e  suggests an  obvious 
cause in  pointing  to  the m u c h  greater area of con­
fluence between w arm  a n d  co ld  waters in  the south 
than in  the no rth  as co n d u c iv e  to the opportunity  
fo r increased evolution o f  species from  the warm 
species-producing centre. B u t there is an added 
fac to r tha t our in c reased  know ledge of oceanic 
circu lation  brings to l ig h t  both on this problem  
and that o f b ipo la rity . B e fo re  proceeding it should 
be pointed out th a t S t e u e r  (1933, p. 284) has 
suggested tha t there are n o  tru ly  arctic Gym noplean 
Copepods, bu t th a t the a r c t ic  and sub-arctic regions 
should be taken toge ther. H e  gives as an exam ple 
Calanus hyperboreus, a  species that has been

B  In  m y o rig in a l m a n u s c r ip t  I  h ad  used  th e  w ord 
“ b ip o la r” ; it  w as how ever p o in t e d  out to m e by D r. H . B. 
B i g e l o w  th a t th e  o rig in a l m e a n in g  of th is  w ord im plied  
d iscon tinuous b ip o la rity  ( se e  a lso  S t i a s  n y ,  1934); i t  is 
necessary  to f in d  som e o t h e r  term  and  I  have used 
“ b ip o lar-ep ip lank ton ic”  as d e n o t in g  th a t these species occur 
in  the su rface  w a te rs  in  n o r t h  and sou th , though  when 
p resen t in  w arm  la titu d e s  t h e y  a re  m esoplanktonic.

(C ontinued  on page 12).
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NOTES TO TABLE I.
T h e  follow ing defin itio n s have been u se d :—  

B i p o l a r - e p i p l a n k t o n i c .  T hose species w hich are  
fo u n d  in  su rface  lay ers  in  n o rth ern  and  sou th e rn  cold 
w ate rs  b u t w hen p resen t a re  found  only in  deep layers 
in  w arm  la titu d es.

C o s m o p o l i t a n .  T hose species w hich a re  found  alike 
in  su rface  w arm  and  cold w aters.

D e e p  S e a .  T hose species liv ing  below  a dep th  of about 
200 fathom s, th a t is  below  th e  lim it of penetra tion  of 
ligh t. T h e  in h a b ita n ts  of th is reg ion  have been regarded  
by m any  as like ly  to b e  fo u n d  to b e  cosm opolitan. T hey 
have no t been  d iv ided  am ong th e  oceans in  T ab le  I as 
in  m any  groups our know ledge of th e  tru e  deep sea 
species is  in su ffic ien t.

In  those groups in  w hich  th e  division of species betw een 
arc tic  and  sub -arc tic , and  an ta rc tic  and sub -an tarc tic , is 
un certa in  th e  nu m b ers in  th e  T ab le  have been placed 
cen tra lly  betw een th e  tw o colum ns in each region. Below 
they  have been  w ritte n  a rc tic-súbarc tic , and  antarctic-sub- 
an ta rc tic .

C O E L E N T E R A T A
T h e data  fo r  M edusae have been  supplied  by 

D r. P . L. K r a m  p . T h e  M edusae have been  divided 
in to  th e  M ero -p lank ton ic  A ntho-, Lepto-, and Scypho­
m edusae, and th e  H olo-p lank ton ic  T rachy-, and N arco­
m edusae.

S I P H O N O P H O R A .  T he d a ta  have been  obtained 
from  M o s e r ,  1925; B i g e l o w ,  1911 and 1931; and 
L e n s  and v a n  R i e n s d i j k ,  1908, w ith  the 
assistance  of M r. A. K. T o t t o n ,
T h e  cold w ate r species a re :—
S ub-arc tic , S tep h a n o m ia  cara  (A. A gassiz). 
A n ta rc tic -su b -an ta rc tic , D iphyes antarctica  M oser; Cry­

sta llophyes am ygda lina  M oser ( ?  deep  se a ), P yroste­
phos van h o ffen i M oser, and  S tephanom ia  convoluta  
M oser.

B ipolar, D im ophyes arctica  Chun.
I t  is  still u n ce rta in  w hether S tep h a n o m ia  cara should be 

regarded  as a d is tin c t species from  th e  w arm  w ater 
S tephanom ia  b ijuga  (d e lla  C h ia je ).

T h e  follow ing a re  possibly deep-sea species, C huniphyes 
m ultid en ta ta  L ens u. v. R ., C hun iphyes problem atica  M oser, 
C lausophyes ovata  (K ef. u . E h l) ,  Thalassophyes crystallina  
M oser, A m phica ryo n  acaule  C hun, P terophysa (B athyphysa)  
s tu d eri L ens u. v. R ., an d  B a th yp h ysa  sibogae  L ens u. v. R.

C T E N O P H O R A .  T h e  d a ta  have been  supplied  by 
D r. H. M o r  t e n  s e n ,  and  th e  d istribu tion  in the 
oceans has been  ta k e n  from  M o s e r  (1909). T he cold 
w ate r species a r e :—

A rctic , M erten sia  ovum  F a b r .;  A rc tic  and  sub-arctic, 
P leurobrachia  crin ita  M oser and  B olina  in fu n d ib u lu m  
M a rten s ; S u b -a n ta rc tic , C allianira antarctica  C hun; 
A n ta rc tic , C allianira crista ta  M oser and Beroe 

. com pacta  M oser.
Beroe cucum is  F ab r. and  P leurobrach ia  p ileus  F abr. 

occur bo th  in  th e  a rc tic  and  an ta rc tic , b u t  also in  surface 
w aters of w arm  la titu d e s  and  a re  cosm opolitan.

M o s e r  (1909, p. 181) w as of th e  opinion th a t the 
ctenophores in cold w ate rs  have und o u b ted ly  evolved from  
a cen tre  o f species fo rm atio n  in  w arm  w aters.

T h e  deep sea  species a re  B a th yc ten a  chu n i  (M oser), 
A ulacoctena  acum inata  M rtsn ., an d  B eroe abyssicola  M rtsn.

N E M E R T E A .  T h e  P e la g ic  nem erteans a re  a fte r 
B r i n k m a n n  (1917) and W h e e l e r  (1934).

P O L Y C H A E T A .
Tom opteridae . T h e  d a ta  h av e  been supplied  by  P rof. 
P . F a u v e l .

T h e  cold w a te r  species a r e : —
S ub-a rc tic , ? Tom opteris helgolandica  Greef. 
A n ta rc tic-sub -an tarc tic , T om o p teris  carpenteri Q uatref., 

T. rosea  E h lers, ? T . opaca T readw ell, and 
? T. ten tacu la ta  T readw ell.

T. sep ten triona lis  Q uatref. i s  regarded  by  A  u  g e n  e r 
(1929, p . 281) as a b ipo lar species.

C H A E T O G N A T H A .  T he d a ta  have been  supplied  
by  D r. S. T . B u r f i e l d .  R i t t e r - Z a h o n y ’s (1911) 
m esop lank ton  species have b e e n  regarded  as deep sea. 
T h e  cold w a te r  species a re  a s  follow s:—  
A ntarc tic -su b -an ta rc tic , H eterokrohn ia  m irabilis  Ritt.-Z. 

and  S a g itta  gazellae  R itt.-Z .; B ipolar, S a g itta  m axim a  
(C onan t) (and  deep se a ) , E ukrohn ia  ham ata  Möb.

S. gazellae  an d  S. m axim a  a re  both  very n ea rly  re la ted  
to th e  w arm  w ate r species S. ly ra  K rohn. I f  th ey  can  be 
reg ard ed  as sep ara te  species, i t  is  possible th a t  S . gazellae 
h a s  evolved in  sou thern  cold w a te rs ; and th a t S . m axim a  
has evolved in  cold no rthern  w a te rs  and becom e b ipolar. 
S . p lancton is  S te in h au s a deep w a te r  species ap p ears  in  the 
A n tarc tic .

To th e  n u m b er of w arm  w a te r  species shou ld  also be 
added  six species described  by O y e  (1918) from  th e  Java 
Sea w hose id en tity  has no t y e t been confirm ed , and
S . eu x in a  from  th e  B lack Sea. T h e  deep-sea species are  
Sag itta  dec ip ien s  Fow l., S . lyra  K rohn, S. m acrocephala  
Fowl., S. p lancton is  S teinhaus, E u kro h n ia  fo w ler i R itt.-Z., 
and  H eterokrohn ia  m irabilis R itt.-Z .

C ru s t a c e a
C L A D O C E R A .  T h e  data  have been ta k e n  from  

R a m m n e r  (1933). T here  a re  no purely  a rc tic  o r a n t­
arc tic  c ladocera , S ub-arctic, P odon  in term ed ius  L illj. ; 
B ip o la r (sub -arc tic  and  su b -an tarc tic) Podon leuckarti 
G. O. S ars , P odon po lyphem oides  L euck., and  E vadne  
nordm ann i Lovén.

C O P E P O D A :  all th e  d a ta  fo r  copepods have been 
supp lied  by  M r. G. P . F  a r  r  a  n.
T h e  fo llow ing is th e  ten ta tiv e  lis t  of cold w a te r  and 

cosm opolitan  species:—
A r c t i c  a n d  B o r e a l .  Calanus cristatus, Calanus hyper­

boreus, P seudocalanus elongatus, M icrocalanus p usillu s , 
G aidius b revisp inus  (A ), P areuchaeta  g lacia lis  (A ), 
P areuchaeta  norvegica  (B ), U ndinopsis sim ilis , U ndinella  
oblonga  (A ) , Scolecithricella  m inor  (B ) , Scolecithricella  
denta ta , Tem orites brevis, H eterorhabdus norvegicus  (B ), 
A u g a p tilu s  glacialis  (A ), M orm onilla  polaris (A ), 
O ncaea borealis  (A ), A cartia  longirem is  (A ). 

A n t a r c t i c .  C alanus p rop inquus, Calanus acu tus, R h in ­
calanus g igas, S tep h u s antarcticus, C hirid ius antarcticus, 
C hirid ius m inor, Chiridius polaris, G aetanus antarcticus, 
E u ch ire lla  rostrom agna, U ndeuchaeta  spectab ilis, P areu­
chaeta  austrina , Pareuchaeta erebi, Pareuchaeta  rasa, 
P areuchaeta  antarctica, P areuchaeta  sim ilis , X a n th o ­
calanus tenu iserra tus, O nchocalanus frig idus, Cephalo­
phanes fr ig id u s , Scolecithricella  glacialis, Scaphocalanus  
im par, Scaphocalanus sub-brevicornis, A m allo thr ix
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polaris, A m allo thr ix  incisa , R acovitzanus antarcticus, 
M etrid ia  gerlachei, M etrid ia  curticauda, H eterorhabdus 
austrinus, H eterorhabdus p u stu lifer , H aloptilus ocellatus, 
P aralabidocera hodgsoni, O ithona ¡rigida, Oncaea  
curvata.

S u b - a n t a r c t i c .  Calanus sim illim us, E ucalanus long i­
ceps, C lausocalanus la ticeps, Pareuchaeta  biloba, C an­
dacia cheirura.

B i p o l a r .  M icrocalanus pygm aeus, Scaphocalanus m agnus, 
M etrid ia  lucens, M etrid ia  longa  (A ), H eterorhabdus 
com pactus, Candacia falcifera .

C o s m o p o l i t a n .  C alanus finm arch icus, C tenocalanus 
ranus, G aidius tenu isp inus, Scaphocalanus brevicornis, 
P leurom am m a robusta, P leurom am m a borealis, H etero­
sty lite s  longicornis, O ithona sim ilis , O ncaea notopus,
O ncaea conifera.

A. ’W ith a  tendency' to be purely  arctic.
B. W ith  a  tendency to be purely  boreal.

A M P H I P O D A .  T he data  have been  supplied  by 
D r. K. S t e p h e n s e n .
H yperiidea .
T h e  cold w ate r species a re :—
A rctic, Them isto  libe llu la  (M an d t ) , T. abyssorum

(B oeck) (m a in ly ) ; A n ta rc tic  (?  su b a n ta rc tic ) , 
M im onectes se tosus B a rn a rd , V ib ilia  edw ardsi Bate, 
C yllopus lucasi B a te , Janira  m acrocephala  D ana, 
H yperoche capucinus B a rn ard , ? H yperia m acrom yx  
W a lk e r , H yperie lla  d ila ta ta  S teb b ., E uprim no  an t­
artica  S tebb ., ? B rachyscelus antipodes Bate,
( H yperoche lu tken o id es  W alker, and  IT. crypto­
dacty lu s  S tebb. u n c e rta in  species).

Paralanceola  anom ala  B a rn ard , and H yperiella  an t­
arctica  Bovall. a re  deep  sea  an ta rc tic  species. 

C osm opolitan, S c in a  borealis G. 0  . Sars, Them isto  
g aud ichaud i Guer.

In  ad d itio n  to th e  28 deep  sea species given in  T ab le  I 
there  a re  a fu rth e r  25 species w h ich  should p robab ly  be 
regarded  as deep sea. T h e  n u m b er of w arm  w ate r species 
w ould th u s  b e  p roportionate ly  reduced .

G am m aridea.
T h e  cold w a te r  species a re :—
A rctic-subarc tic , C yclocaris gu ile liu s  Chevreux (deep 

se a ) , P seudalibro tus glacialis  (G. 0 .  S a rs ) ,
P . nansen i (G. 0 .  S a rs ) , O rchom onella  lobata  Chevr. 
(deep  se a ) , A pherusa  g lacia lis (H . J. H an sen ), E usirus  
h o lm i H . J . H an sen , Cleonardo m icrodactylus  
K . S teph . (?  deep sea,) H yperiopsis voringi G. 0 .  
S ars , (deep  se a ).

E U P H A U S I A C E A :  th e  data  have been supplied  by 
P ro f. W . M. T a t t e r s a l l .
T h e  cold w ate r species a re  as fo llow s: —
A n tarc tic , E upha u sia  superba  D ana and  E uphausia  

crystallorophias  H . & T .;  sub -an tarc tic , E uphausia  
fr ig id a  H ansen , E . va llen tin i S tebb ing , E. triacantha  
H o lt & T a tte rsa ll, E. longirostris  H ansen, E. hanseni 
Z im m er, Thysanoessa  m acrura  G. 0 .  S ars, and  
T . vicina  H ansen.

T hysanoessa  gregaria  G. 0 .  S ars  is b ip o la r in  su b ­
arc tic  and su b -an ta rc tic  reg ions of th e  no rth  and  south  
A tlan tic  and n o rth  an d  sou th  P acific .

T h e  gen era  E uphausia  and  Th1} sano essa are  cosm opolitan 
and u p p e r lay er gen era  on the w hole. I t  seem s likely  th a t 
the co ld  w ate r form s have evolved from  the w arm  w ate r

species of th e  u p p e r  layers, a s  they  a re  m ore n ea rly  related  
to u p p e r  layer w arm  w ater species th a n  to deep sea specie«.

P T E R O P O D A .  D ata  ta k e n  from  M e i s e n h e i m e r
(1905), T e s c h  (1904), B o n n  e v i e  (1913), M a s s y  
(1920), and  P r u v o t - F o l  (1924).
Thecosom ata. T h e  cold w a te r  species a re : —  
A n ta rc tic -su b -an ta rc tic , L im a cin a  ( Clio) australis Eydoux 

an d  S o u ley e t; S ub-an ta rc tic , Cleodora sulcata  (P fe f­
fe r)  (See M a ck in to sh , 1934, p. 86) (L im acina  ant­
arc tica  W o odw ard  h a s  no t been  in c lu d ed  since 
M e isenheim er suggested  th a t its  separa tio n  from  
L . helic ina  w a s  no t c e r ta in ).

B ipo lar, L im a c in a  helicina  P h ipps.
L arg e  num bers o f  L . he lic ina  from  th e  an ta rc tic  were 

exam ined  by  M a s s y  (1920) and  no reaso n s w ere found 
fo r re g a rd in g  th e  a rc tic  and  an ta rc tic  fo rm s as d ifferent. 
L im a cin a  balea  M ö lle r  m ay b e  b ipo lar in  sub-arctic  and 
su b -an ta rc tic  w aters.

T h e re  are  a t le a s t  th ree deep  sea spec ies:—
P eraclis d iversa  M ont., L im a cin a  helicoides  Jeffreys, 
and  Clio fa lca ta  P fe ffer.

G ym nosom ata. T h e  co ld  w a te r  species a re :—
A rc tic  and su b -a rc tic , Clione lim acina  P h ip p s ; A n t­
a rc tic  a n d  su b -an ta rc tic , C lione antarctica  E . A. S m ith ; 
S ub-an ta rc tic , Spong iobranchaea  australis d ’O rbigny (See 
M a c k i n t o s h ,  1934, p. 86).

Clione lim acina  h a s  been  re g a rd ed  as b ip o la r , b u t  M a s s y  
(1920) reg ard s th e  a n ta rc tic  form  C. an tarc tica  to “be 
e n title d  to sp ec ific  ra th e r  th a n  varie ta l ra n k ” . 

H eteropoda. T h e  d a ta  have been  tak en  from  T e s c h
(1906). T h ere  a re  no p u re ly  cold w a te r  species.

T U N I C A T A :  T h e  data  hav e  been  supp lied  by M iss 
A. B. H a s t i n g s .

A p pend icu laria :  (supp lem en ted  from  L o h m a n i i  and
B i i c k m a n n  (1926).
T h e  cold w a te r  species a re  as fo llow s:—
A rctic , O iko p leu ra  va n h o ffen i Lohm. and  O ikopleura  

cham issonis  M erten s; A rc tic  bo rea l, O ikopleura  
labradoriensis L ohm .; A n ta rc tic -su b an ta rc tic , O iko­
p leura  gaussica  Lohm ., 0 .  valdiviae  L ohm ., 0 . dry- 
gals/ci L ohm ., 0 . iveddelli Lohm ., F ritillaria  ant­
arc tica  Lohm. and  F ritillaria  d ryg a lsk i  Lohm .; 
C osm opolitan, F ritillaria  borealis Lohm ., w ith  several 
fo rm s; D eep Sea, F ritillaria  aberrans Lohm . Chuno­
p leu ra  m irogaster  Lohm ., and  B athycordaeus charon  
C hun a re  possib ly  p u re ly  deep sea species (L  o h • 
m a n n ,  1931, p. 108).

In  h is  W eddell Sea rep o rt L o h m  a n  n  (1928, p. 71) 
gives th e  d istrib u tio n  o f certa in  species as s till u n certa in : 
these hav e  been in c lu d ed  h e re  w ith  th e  w arm  w ater 
species.

L o h m a n n  (1905) has show n th a t  th e  p o la r  species 
of O ikop leu ra  are  the m ost recen tly  developed. F o r their 
o rig in  h e  favoured O rtm ann’s hypothesis th a t  th e y  a re  the 
rem ain s of a un iversa l w arm  w a te r  p o p u la tio n  le ft a t the 
poles w hen clim atic  changes se t in , and w h ich  have since 
developed th e ir  own p ecu lia r species. On th e  con trary  he 
re g a rd ed  F ritillaria  borealis as th e  re lic  of the original 
p o la r  stock  w hich  h as  given r ise  to w arm  w a te r  species.

W hatever th e  orig in  of the O ikopleura  species in  polar 
w aters i t  is  a t any ra te  certain  th a t  th e re  a re  no b ipolar 
species. T h e  O ikopleuras a re  essen tially  in h a b ita n ts  of the 
u p p er layers and a re  dependan t on  th e  n an n o p lan k to n  for 
th e ir  food supply. I t  is thus un lik e ly  th a t  any would 
survive su ffic ien tly  long in th e  deepest lay e rs  to have
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D iagram  show ing  how  cold w ate r species th a t have evolved from  w arm  w ater species in  th e  N o rth ern  hem isphere  will 
ten d  to b e  ca rried  sou thw ards in  deep w ate r to becom e b ip o lar-ep ip lank ton ic . S pecies w hich have evolved as deep sea 
species and  becom e ad ap ted  to low tem p era tu res m ay also th u s jo in  th e  A n ta rc tic  com m unity. T h e  d iagram  is based  on

th e  circu lation  of w ate r g iven in  F ig u re  2.

allow ed tra n sp o rt from  th e  n o rth  p o la r  reg ions to the 
an ta rc tic . L o h m a n n  (1931, p. 45) rem ark s however on 
th e  rem ark ab le  s im ila rity  betw een th e  n o rth ern  0. labra­
doriensis  a n d  th e  sou th e rn  species 0 . gaussica  and  0 . val­
d iviae  and  suggests th a t  they m ay  be regarded  as a 
b ip o la r  g roup  of species in  th e  genus O ikopleura.
0 . d ryg a lsk i on th e  o th er hand  is m ost nearly  re la ted  to 
th e  w arm  w ate r species 0. albicans.

F ritillaria  borealis m ay on th e  o th er hand  b e  a relic 
of p as t ages le f t  a t b o th  po les as L o h m a n n  suggested. I f  
th is  be so it seem s s tran g e  th a t they  have no t given rise to 
species p ecu lia r  to th e  poles. A n o th er po lar species 
F. an tartica  Lohm ., is  confined  to th e  A n ta rc tic  and has 
been show n by L o h m a n n  to be  very  closely re la ted  to 
th e  w arm  w ater species F. fra u d a x  Lohm . I t  seem s m ore 
likely  th a t  F ritilla ria  borealis  is  a cosm opolitan species, 
w hich  is know n to show  m any  fo rm s, an d  th a t  th e  parallel

developm ent of form s h as  occurred  in  th e  cold w aters of 
the n o rth  and  th e  south.

D oliolidae. T h ere  a re  no purely  cold w ater species except 
possib ly  D olio lina  resistib ile  (N eum ann) in  th e  A nt­
arc tic . T h is  species is  how ever regarded  by  G a r ­
s t  a n  g  (1933, p . 213) as a v arie ty  of D. in term ed iu m  
N eu m an n ).

Sa lp idae . T h ere  is  only one cold w ater, antarctic- 
su b -an ta rc tic  species A pste in ia  m agalhanica  (A p ste in i ; 
ano th er species A . racovitzai (Berc. & Selys-Long- 
cham ps) h as  been  described  on th e  basis of a single 
specim en  as slig h tly  d ifferen t from  A . m agalhanica , bu t 
u n til  m ore specim ens are ob ta in ed  its  id en tity  rem ains 
doubtfu l. A fo rm  of Salpa fu s ifo rm is  C uvier also occurs 
in  th e  A n ta rc tic , viz. S. fu sifo rm is  form  aspera 
(C ham isso i.
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regarded  by some as Arctic. But, while obser­
vations made in  the eastern A tlantic where the 
transition  zone is w ide lead to this conclusion, the 
d istribu tion  on the western side, where the tran ­
sition from  A tlantic to A rctic w ater is abrupt, seems 
to indicate that this species may justly  be regarded 
as an A rctic species. The d ifficulty  in  dem arcating 
the A rctic zone is c lea rly  shown by an  exam ination 
of the general oceanic circulation. In the north  the 
m ain  w ater movem ent in  the deeper layers is 
sou thw ards; thus representatives of A rctic w ater 
a re  carried  in the deeper levels to lower latitudes. 
In  T ab le  I species regarded as purely  arctic are 
those whose d istribu tion  on the western side of the 
no rth  A tlantic indicates that the ir real hom e lies 
in  A rctic waters.

In  seeking to understand  the distribution of 
species in  the cold waters the vertical circulations 
of the ocean m ust be considered as well as the 
horizontal curren t systems. In  F igure 2 is re­
produced a d iagram  showing the type of vertical 

, c ircu lation  in the A tlan tic  ocean (after D e f  a  n t, 
1927). I t  is evident tha t in  the deeper layers the 
m ain body of w ater is moving in  a  southerly  
direction. Thus species evolving outw ards into cold 
w ater from  a w arm  surface species producing 
centre w ill form  cold w ater northern  and southern 
species (Fig. 3 ) . But the ocean circulation is in 
favour of carry ing  any northern  species that can 
w ithstand and reproduce under deep w ater 
conditions southw ards to the A ntarctic, so producing 
b ip o la r species. Thus it is likely that any species 
in the cold northern  w aters, whether a relic from  
past ages or one m ore recently evolved, may 
become b ipo lar, bu t no t so an tarctic species. In 
this way the num ber of pure cold w ater species is 
fu rthe r reduced in  the north. In  th is respect it 
is interesting th a t two of the groups with no b ipo lar 
species, T unicata and C tenophora, are essentially 
com posed of surface living species.

Cold w ater species m ay also be evolved as deep 
sea species from  the w arm  surface layers. Again 
taking the oceanic c ircu lation  into consideration the 
odds are in  favour of p o la r species evolving from  
deep w ater species to the south rather than to the 
north  fo r in the south  existing species will be 
continually  carried  in to  an tarctic waters. An 
exam ination of the data on Copepods k indly  sup­
plied  by M r. F  a r  r  a  n ra ther bears this out. If 
the genera be divided into surface genera, (in which 
less than 50 %  of the species in  a  genus can be 
regarded as deep sea species), and deep sea genera 
(in which 50 %  or over of the species in  a genus 
can be regarded as deep sea species) we find  the 
follow ing result.

Tota! AS r" 'i c No.of
N o - N° - of a n d  bo- a n d  Sub- ®*P°*a r  species rea j a n t gpp spp.

Surface genera 76 525 13 19 5
Deep Sea genera 36 228 3 18 1

The g rea t m ajo rity  of cold w ater species belon­
g ing to “deep-sea” genera are found in  the antarctic. 
F u rth e r su p p o rt is also  given by the fact tha t there 
are  also re la tiv e ly  m ore b ipo lar species found 
am ong “ su rfa ce” than  “ deep-sea” genera.

T he ac tu a l num ber of b ipo lar epiplanktonic 
species is sm a ll com pared with the to tal num ber of 
species of p lank ton  anim als. It seems probable 
tha t the ir b ip o la rity  can be sufficiently  explained 
by the conditions of the vertical c irculation  of the 

• ocean w ithou t the necessity fo r regarding them as 
hypothetical relics of a past hom ogeneous fauna.

It is w orthy  of m ention that the m ajority  of 
ep ip lan k to n ic  b ip o la r species occur in  sub-arctic 
w aters and a re  p robab ly  ab le to w ithstand a con­
siderab le ran g e  of tem perature.

Space w ill not allow  fu rther discussion on 
p roblem s ra ised  by an  exam ination of Table I. 
I t  is only necessary to ca ll attention to the fact 
tha t ou r know ledge of the fauna of the Pacific 
and Ind ian  oceans falls fa r  short of tha t of the 
A tlan tic  ocean. The differences and phylogenetic 
rela tions between those species which are  peculiar 
fo the A tlan tic  and those peculiar to the Pacific 
also ap p e ar w orthy of study. And certain  groups 
o f soft-bodied  anim als, such as the Ctenophores, 
S iphonophores, and Gym nosom atous Pteropods, 
w hich are d ifficu lt to preserve need special attention 
in the fu tu re .

The actual contents of T ab le I ap p e ar slight 
in p ro p o rtio n  to the lab o u r involved in  its produc­
tion, b u t it  is surely  a noteworthy trib u te  to the 
labours of w orkers in  the past tha t it has been
.possible to produce such a tab le a t all.

As regards fu tu re  w ork S t e u e r  (1933) has 
suggested th a t in  the p lann ing  fo r fu rth e r  expedi­
tions atten tion  should especially  be paid to the 
d istribu tion  zones in coastal regions and also to 
the Pacific  ocean. There seems also to be some 
essential d ifference between the fauna of the western 
and eastern halves of the A tlantic w orthy of closer 
s tudy ; and the exam ination of the deep-water faunas 
of the d iffe ren t ocean basins needs special attention.

F o r the study of geographical distribution,
w hether over large or over sm all areas, attention
m ust also be draw n to the  valuab le results likely 
to be ob tained by the use o f the continuous plankton 
recorder invented by FI a  r  d y (1926).

I t  has been rem arked tha t the d istribution  of 
the coastal form s needs fu rth e r  study. T his leads 
us to exam ine the results o f the plankton collections 
by  the In ternational Council. In no p a rt of the 
w orld have the coastal w aters received greater 
attention  than  in  the area which comes under the 
aegis o f this Council. T h e  whole area  bordering 
our coasts was examined for a period  of years 
from  1902 to 1908. As a  result it was possible 
to pub lish  the P lankton Résum és in  which detailed 
p ic tures of the d istribution  of most o f ou r species 
have been reproduced. In  the final sum m ary of
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results O s t e n f e l d  (1931) subdivided the p lank­
ton populations of the area covered into a num ber 
of convenient groups according to  their d istribution. 
W hile it is possible to  pick out species tha t are 
tru ly  representative of the d iffe ren t divisions there 
is n a tu ra lly  considerable overlapping  am ong the 
m ajo rity  of species. E xam ination of the distribution 
charts in  the P lankton  Resumes shows tha t there 
is a com plete range of anim als from  those that 
are purely  brackish  w ater species to purely  oceanic 
species. This range m ay be exem plified as follow s 
(Fig. 4) : -
Brackish w ater e. g. E urytem ora a ffin is
L itto ra l and brackish  w ater

e. g. Acartia  b ifilosa
N eritic, low salin ity

e. g. O ithona nana
Neritic,

e. g. Centropages hamatus 
A tlantic oceanic, existing a ll the year round under 

neritic  conditions.
e. g. Centropages typicus 

A tlan tic  oceanic, existing only p a rt of the year in 
neritic  regions,

e. g. A glantha  digitalis 
These types also show the m ajo r geographical 

d istribu tions ou tlined above, and overlap in  range 
is likewise shown here. But w hereas m any species 
occur over ra the r a wide area, the boundaries fo r 
certain  species coincide with the lim its fo r certain 
w ater masses.

At the beginning of the In ternational Council 
p rogram m e it was em phasized th a t “The study of 
the floating  organism s had p a rticu la r  w orth fo r the 
solution, of hyd rograph ica l p roblem s” . W hile it 
has always been fu lly  realised tha t it should  be 
eventually  possible to make use of plankton orga­
nism s as an aid  to the study of w ater movements, 
the In ternational survey did n o t appear to come 
fu lly  up  to expectation in this respect. There are 
various reasons to account fo r this. The iden tifica­
tion of some species was no t always certain . The 
collections w ere no t always sufficien tly  regularly  
taken. Large nets w ere not used and therefore the 
la rger anim als w ere not caught in  sufficient 
num bers. The results fo r each group were given 
to  specialists to w ork up and  the plankton has 
perhaps not been sufficien tly  studied as a whole. 
Exam ination of the rep o rt shows tha t only one or 
two species in any  g roup  are like ly  to be suitable 
as ind icato rs; and it is often the association  of 
these d iffe ren t species that gives the necessary 
indication. Owing to  the ir very w idespread d istri­
bution  the m ajo rity  o f species are of little  value 
in  this respect un less exam ined in  great detail. 
A n ind icator m ust be a  practical indicator.

We owe the f irs t idea of th e  use of plankton 
indicators chiefly  to  the w ork of C l e v e  and 
A u r i v i l l i u s  (1898 ). G r a n  (1902, pp. 98—  
106) showed th a t such sw eeping generalisations as

C l e v e  m ade could not hold  good, because the 
com position of the p lank ton  was m odified as the 
conditions in  the m oving w ater mass altered , and 
because it  changed w ith tim e of year. He also 
insisted th a t fu ll use of p lankton  organism s as 
ind icators could no t be m ade until the ir life 
h istories and hab its w ere better known. In  this 
la tte r  respect K r a m p  (1927 and 1930) has ably 
shown how a thorough know ledge of the biology 
of hy droids and m edusae may be of p ractical 
im portance in  the study of w ater movements.

T here is no doubt th a t with our increasing 
know ledge m uch m ore use of plankton anim als as 
ind icators under certain  conditions could be m ade 
a t the present time. It is the re fo re  w orth exam ining 
the conclusions and observations of previous 
w orkers. G r a n  (1902, p. 104) has said “ the 
characteristic  form s of the regions can be used as 
ind icators, in  so fa r  as they  are dom inant; there 
w ill however always be fa irly  Avide boundary  
regions, w here the characteristic  form s of both 
cu rren t regions a re  m ixed” . “Species may be found 
outside th e ir  regions. W hen they occur as secondary 
constituents of the p lank ton  together with in d i­
genous species we can conclude tha t w ater from  
the d istribu tion  region of the visitors m ust occur 
as a m ix tu re .”

The results of the p lankton  collections of ihe 
Belgica expedition  to the G reenland Sea were 
c ritica lly  exam ined by D a m a s  and K o e f o e d  
(1907) from  the po in t of view of the use of 

p lankton  an im als as indicators. They conclude 
tha t “ the use of pelagic organism s as indicators 
of curren ts is a local science, based on the 
know ledge of the special hab its of each fo rm , in 
the region considered” . “T he sam e species can in 
fact be an  excellent ind icator fo r the po la r current 
in  the no rth  and  fo r the A tlan tic  current in  the 
south” .

They give two exam ples of circum stances under 
w hich the p lankton  can be em ployed with certainty 
as an  ind ica to r o f currents.

1. An organism  which, being to ta lly  absent in 
an ocean basin  appears there suddenly and 
period ically . In  the G reenland Sea this case is 
realised  by the species, of sou thern  origin, which 
the G ulf S tream  brings from  tem perate and even 
trop ical regions.

2. The occurrence of m eroplanktonic organism s 
off shore. Cyanea capillata  and the m edusae born 
on the continental p lateau of the Norwegian coast 
a re  good exam ples. They can be regarded as 
certain  ind icators fo r coastal w ater; this was also 
m aintained by  G r a n  (1902, p. 105).

G r a n  (1902, p. 106) has also pointed out that 
w hile p lank ton  organism s m ay be reliab le as 
ind icators of su rface  waters, i t  is m ore d ifficu lt to 
m ake use of them  fo r studying the w ater move­
m ents in  the deeper layers owing to their hab its of 
vertical m igration .
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F ig . 4. (a s  to legend : see th e  follow ing p ag e ).
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P lankton  anim als m ust the re fo re  be used with 
discrim ination if  they are  to be em ployed as 
indicators, and they m ust he taken in  the ir context. 
Thus we m ust be on our guard  at times against 
draw ing conclusions from  the occurrence of a 
single indicator, owing to the possib ility  tha t an 
organism  having been brought into the region some 
tim e previously finds conditions suitable fo r the 
establishm ent of a local race. But the appearance 
of a  num ber of indicators together, w ith different 
habits, m ust be taken as an  ind ication  of in flux  of 
w ater (See also K r a m p ,  1927, p. 231).

F urtherm ore because doubt has been cast upon 
the use of an  anim al as an  ind icato r in  one 
locality  it does n o t necessarily  im ply  tha t the same 
anim al may not be useful elsewhere.

Thus, as G r a n  (1902, p. 105) has pointed out, 
Calanus hyperboreus m ust be used w ith caution an 
an indicator of A rctic w ater in  N orw egian waters, 
since it  is indigenous in som e N orw egian fjords, 
yet in  other regions it m ay well be of value. 
S im ilarly  Clione lim acina, a  boreal-arctic species, 
cannot be used in  name as an  ind icato r o f Arctic 
w ater because it  lives successfully  in tem perate 
A tlantic waters also. Yet in  regions w here there 
is no possib ility  o f Arctic in fluence such as the 
m outh of the English  Channel the species may be 
used as an ind icato r of A tlan tic  water. It is 
extrem ely likely  how ever tha t w ith a thorough 
knowledge of its growth and size at m aturity  in 
Arctic and A tlan tic  w aters it  should  be possible 
to discrim inate between C lione of A rctic regions 
and those from  A tlan tic  waters. This is a  type of

Fig. 4.
D istribu tion  reg ions of coastal an d  oceanic p lankton
an im als in  north  ea s te rn  A tlan tic  an d  a d jacen t w aters.

1. B rack ish  w ater, E u rytem ora  a ffin is ;  region of g rea test 
abundance  in  A ugust and N ovem ber (a fte r  S c o t t ,  
p la te  X V III).

2. L itto ra l and b rack ish  w ater, A ca rtia  b ifilosa;  region 
of g rea test ab u n d an ce  (a fte r  S c o t t ,  1911, PL  X X II).

3. N eritic  —  low sa lin ity , O ithona  nana;  region of
g rea test ab u n d an ce  (a fte r  F a r  r a n ,  1911, PI. X V.).

4. N eritic , Centropages h a m a tu s;  reg ion  of g rea test 
abundance (a fte r  S c o t t ,  1911, P I. X V III.).

5. A tlan tic  species, A ca rtia  clausi, a rea  of d istribu tion
(a fte r  J  e s p e r  s e n ,  1934, p. 123.).

6 . A rc tic  —  bo rea l species, C alanus finm a rch icu s , show ing 
southerly  lim it of a b u n d a n t o ccu rrence  (a fte r F a r -  
r a n ,  1911, p. 83).

7. A rc tic  species e. g. L im acina  helicina .
8 . A rea in w hich th e  A rc tic  species C alanus hyperboreus 

w as recorded  as a b u n d a n t; th is  is  in  th e  E ast Iceland  
P o la r  C u rren t ( a f te r  F a r r  a n ,  1911, p. 89 and PI. XI, 
and  D a m a s ,  1905, PI. I .) .

9. L im it of area  w ith in  w hich  th e  w arm  w ate r species 
E uchaeta  hebes  o ccu rred  on a t leas t 20 %  of the 
occasions on w h ich  observations w ere m ade (a fte r 
F a r r a n ,  1911, P I. X IV .).

10. S ou thern  lim it in  N orth  S e a  and  E aste rn  lim it in 
C hannel of A rctic-bo real species Clione lim acina  (a fter 
P a u l s e n ,  1910, p. 53).

rac ia l investigation so exem plified by  the work of 
the la te  P ro f. S c h m i d t ,  and by  the studies by 
S t e u e r  on copepods.

The occurrence of im m igrants into an endem ic 
A tlan tic  p lankton  com m unity has been dealt with 
in  detail in  the G ulf o f M aine by B i g e l o w  
(1926, pp. 51— 69 ). In  F igure  5 is reproduced a 
chart from  h is repo rt show ing the chief routes 
follow ed by planktonic im m igrants entering the 
G ulf a t d iffe ren t levels. This chart shows the 
course of c ircu lation  of the  w ater masses as clearly  
as do hyd rog raph ic  data. B i g e l o w  says fo r 
instance tha t “ The lines of d ispersal follow ed, 
respectively, by  Sagitta  serratodentata, Eukrohnia, 
and S. m axim a  w ithin th e  gu lf correspond closely 
w ith the dom inant d rif t of w ater a t as many levels 
—  that is, surface, m id, and deepest —  as m ade 
evident by the physical data afforded  by tem pera­
ture and sa lin ity  and d r if t bottles”  (1926, p. 64).

B i g e l o w  stresses the value of know ing to 
w hat extent the im m igran ts a re  capable of living 
and reproducing  under the new conditions (see 
T able I I ) .  He says (1927, p. 923) “C learest 
evidence of the d rift w ith in  the G ulf is afforded , 
of course, by such species as a re  com paratively 
sho rt lived there and can not reproduce in  its low 
(o r h igh) tem peratu re” . Such knowledge w ould 

be of great value in  judg ing  how recent an in flux  
had  been and th e  age of the w ater masses.

It is especially  valuab le  to watch fo r any 
correla tions between the presence or absence of 
certain  p lank ton  anim als w ith tha t of fish and 
la rg e r sw im m ing anim als. F r o s t ,  L i n d s a y  
and T h o m p s o n  (1934-) have fo r instance shown 
a co rre la tion  between the abundance of Squid in 
N ew foundland w aters and that o f Sagitta  serrato­
dentata. This is of clear value fo r the cod fisheries. 
In  the N orth  Sea M e e k  (1928) showed tha t the 
two species of S agitta, S. elegans and S. setosa, were 
ap p aren tly  representative of d iffe ren t w ater masses. 
T he study of th e  Sagitta populations has been 
carried  a stage fu rth e r  a t P lym outh , ( R u s s e l l ,  
1935 a ) ,  and it has been found th a t S. elegans is 
an ind icato r of A tlan tic  w ater and S. setosa  of 
Channel water. In  association w ith S . elegans we 
find  the typ ical A tlantic com m unity consisting of 
A glantha, Cosm etira, S tephanom ia, Clione, M ega­
nyctiphanes, and L uid ia larvae. These or closely 
a llied  species a re  the indicators tha t K i i n n e
(1934) has given fo r the south west Dogger Bank 
sw irl. I t  is thus possible tha t the two species of 
Sagitta  m ay prove of great im portance as aids to 
the study of the d istribu tion  and movements of 
w ater m asses in  the N orth Sea. In  the Channel the 
two Sagitta  popu la tions ap p ear to sway to and fro 
past P lym outh  according to the strength  of flow  of 
A tlan tic  w ater into the N orth Sea from  the N orth. 
T his is in  agreem ent with C a r r u t h e r s ’ theory 
th a t the S tra its of Dover act in  bu ffe r relationship  
between the w aters of the N orth Sea and the
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Table II.
List of Plankton Animal Indicators.

A rctic  w ater.
1. A  high tem perature is fa ta l and they soon perish. ( I ) 1) 
Ctenophore M ertensia ovum.
M edusae Ptychogena lactea

S arsia  princeps 
P teropod  L im acina helicina

T unicate O ikopleura vanhoffeni

G u lf of M aine ( 1 )
5 5  55 55 (  1  )

L ab rad o r C urren t (20)
G u lf of M aine ( J )
B aren ts Sea and N orth of Iceland (3) 
G u lf of M aine ( 1 )
N ew foundland  (2)

2. A ble to survive fo r a  considerable period and even reproduce to  some extent. (1)
Copepods Calanus hyperboreus E ast Iceland P o la r  C urrent (4, 5, 18)

G u lf of M aine (1)
M etrid ia longa E ast Iceland  P o la r  C urrent (4)

G u lf of M aine (1)
P teropod Clione lim acina „  ,, „ ( ] )

M ixed  arctic and atlantic w ater.
Species unable to breed in  h igh (or low) tem peratures (1)
1. Surface layers.
Chaetognath Sagitta  serratodentata G u lf of M aine (1. 19)
Euphausian  N em atoscelis m egalops „  „  (1)
2. Interm ediate layers (say below 50 m.)
Chaetognath E ukrohn ia ham ata ,, ,, .. (]., 19)
S iphonophore D iphyes arctica „  „  „  (].)
3. Deepest layers (150 m. or deeper)
Chaetognath Sagitta  m axim a „  ,, „  (1, 19)

E ntering  north  western N orth  Sea
Euphausian Thysanoessa longicaudata N orth  Sea (6)

In  N ew foundland w aters (2) a  rela tion  has been shown between the abundance of Sagitta serratoden­
tata and tha t o f the squid  I lle x  illecebrosus during the years studied, 1931, 1932 and 1933.

A tlan tic  w ater.
W ater entering no rth  w estern N orth Sea round north  coast of Scotland.
Euphausians M eganyctyphanes norvegica

T hysanoessa inerm is (in  w inter only)
In  reg ions'aw ay from  influence of A rctic water.

N orth  Sea (6 )
(6 )

A glan tha dig italis var. rosea 

Cosm etira m egalota
C osm etira p ilosella  (in spring  and sum ­

m er only)
A galm a elegans 
S tephanom ia b ijuga
Sagitta  elegans (should p robably  also 

prove of value in  southern N. Sea) 
M eganyctiphanes norvegica 
Thysanoessa inerm is 
N yctiphanes couchi 
C lione lim acina

L uid ia  sarsi young

O ikopleura labradoriensis

M edusae

Siphonophore 

Chaetognath 

E uphausians

P teropod 

Echinoderm  

Tunicate

1) N um bers in b ra c k e ts  a re  those  o f the refe ren ces a t th e  foot of the table.

S. W. Dogger sw irl (7)
Channel (8)

S .W . Dogger sw irl (7)

Channel (8)
S. W. Dogger sw irl (7)

Channel (8)
Channel (8)

Channel (8)
Channel (8)

S. W. Dogger sw irl (7)
Channel (8)

S .W . Dogger sw irl (7)
Channel (8)

S .W . Dogger sw irl (7)
S. W. Dogger sw irl (7)
N ewfoundland (typical of mixed tem ­

perate w ater) (2)



—  17 —

Tunicates S alpa fusiform is
W arm atlantic w ater.

N orth  Sea (9 , 10, 11), Channel (8 ), 
G ulf of M aine (1)

S alpa dem ocratica Ditto
C yclosalpa bakeri N orth  Sea
D olio lum  nationalis N orth  Sea, Channel (8)
D oliolum  gegenbauri N orth  Sea (1 2 ), Channel (8)

N.B. There are no boreal o r arc tic  sa lps or do lio lids; the presence of any species in  these groups 
m ay therefore be regarded as an  indication  of w ater from  w arm er latitudes.

M edusae
S iphonophore

A ctinia
C irriped ia
C opepoda

L iriope exigua 
M uggiaea atlan tica 
M uggiaea kochi 
P hysophora borealis 
C upulita sarsi 
A rachnactis larvae 
Lepas fascicu laris 
A nom alocera patersoni

Channel (8)
Channel (13)
Channel (8)

N orth  Sea and N orw egian coast (17, 18)
; i7 , i s )

Norw egian Sea (18)

(17)
(17)

N orw egian Ocean (14, 17) 
N orth  Sea (17) 
Spitzbergen (17)

C oastal water.
M edusae Cyanea cap illa ta

Cyanea lam arcki 
S arsia  princeps 
S arsia  flam m ea 
C atablem a eurystom a „
B ougainvillea superciliaris „

Any m eroplanktonic species w ith a fixed bottom  stage in  its life  h isto ry  is indicative of coastal 
w ater, and its distance off shore is dependant on its length of life  in  the p lanktonic stage (14, 18).

Chaetognath Sagitta setosa Channel (8) (p robab ly  also N orth
Sea)

The coastal w ater of the Channel (8) and southern N orth  Sea (7) is also d istinguishable from  A t­
lan tic  w ater by its poverty  in  anim al plankton.

C ertain species a re  given by  K  r a  m p (15) as likely to  be ca rried  in to  the sou thern  N orth  Sea via 
the Channel.
M edusae T urritopsis  nu tricu la , Am phinem a dinema,

S labberia  halte ra ta , Gossea corynetes,
O ctorchis gegenbauri, Cosm etira p ilo ­
sella.

E uphausian  N yctiphanes couchi.

Of these Cosm etira and perhaps N yctiphanes w ill have been carried  in  A tlantic w ater.

E astern  and Southern  K attegat.
K ram p (16) gives as visitors in troduced  from  the n o rth :—
M edusae B ougainvillea b ritann ica , Laodicea undu­

la ta , S tau ropho ra  m ertensii, M elicertum  
octocostatum , M itrocom a polydiadem ata, 
and Cosm etira p ilosella.

References.
1, Bigelow (1 9 2 6 ); 2, F rost, L indsay and Thom pson (1 9 3 4 ); 3, P au lsen  (1910) ; 4, F arran  (1911) 

5. D am as (1905) ; 6, K ram p (1913) ; 7, K ünne (1934) ; 8, R ussell (1935) ; 9, Schm idt (1909) ; 10, Bow 
m an (1 9 2 3 ); 11, A pstein (1 9 1 1 ); 12, Lucas (1 9 3 3 ); 13, Gough (1 9 0 5 ); 14, Damas and  Koefoed (1907) 
15, K ram p (1 9 3 0 ); 16. K ram p (1 9 2 7 ); 17, D am as (1 9 0 9 ); 18, G ran  (1 9 0 2 ); 19, H untsm an (1919) 
20, K ram p (1926).
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Yarmouth
Portland
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Fig. 5.
Chief ro u tes follow ed by p lan k to n ic  im m igran ts en te rin g  th e  G u lf of M aine a t  d iffe ren t levels, 

im m igran ts a t su rfa c e ; | | | | , im m igran ts a t in te rm ed ia te  levels; = ,  im m igran ts a t  th e  deepest level.
(A fte r B i g e l o w  1926, p. 65, Fig. 33).

Channel. Thus a  correla tion  appears to be shown 
between the occurrence of S. setosa  o ff P lym outh 
and the presence of concentrations of Rhizosolenia 
in  the southern N orth  Sea studied by S a v a g e and 
H a r d y  (1935) (R  u s s e 1 1, 1935). W hen the A t­
lantic flow from  the N orth  is strong  R hizosolenia  
sty liform is  and phosphate rich  w ater is carried  into 
the southern N orth  Sea and S . elegans is pushed 
westward in  the Channel so th a t S . setosa appears 
off Plym outh.

F rom  the know ledge now availab le I  have 
drawn up in  T ab le  II  a  lis t o f certain  plankton 
anim als and the w ater masses of which they can be 
regarded as ind icators in  certain  regions. In  this 
list I have included only those anim als that are 
sufficiently  la rg e  and easily  identified  to  be 
practical indicators. At th is  stage the lis t is

tentative bu t it should  be the aim  of fu ture research 
to produce a  sim ilar tab le in  g rea ter detail.

Especial attention should  be paid to a study 
of the life  h istories of som e of the la rger arctic- 
borea l species such as Sagitta  elegans and Clione 
limacina. I t  is characteristic of species with this 
w ide type o f d istribu tion  th a t they show quite 
considerable differences in  the size to which they 
grow  and a t w hich they m atu re  bo th  from  place 
to  p lace and  season to season. O ur knowledge of 
the life  h istories of such species should  then be 
b rough t together and com parisons m ade between 
d iffe ren t w ater masses. I t  w ill p robably  be 
possib le then to distinguish between d ifferen t types 
of growth and m aturity  fo r  the d iffe ren t waters. 
A  species such as Calanus finm archicus  is also well 
know n to show sim ilar characteristic  variations ;
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Fig. 6 .
T h e  Lofoten area  w ith  th e  su rface  tem p era tu re s  fo r M arch  to A pril 1922. T h e  d a rk en ed  a reas  show th e  cen tres  w here 
r ic h  h au ls  have been  m ade d u rin g  w in te r  tim e fo r both  species investigated , and  to w h ich  the. spaw ning  of C alanus hyper­
boreus is  lim ited . T h e  a rea  sh ad ed  is  th e  cold area  in to  w h ich  m ost nu m b ers o f C alanus hyperboreus, fem ales and  larval 
stages, a re  ca rried  a f te r  spaw ning tim e,and  w here the m ain  spaw ning of C alanus fin m a rch icu s  tak es p lace  (a f te r  S  0  m  m  e,

1934, p. 9. F ig. 1).

but if  we are to fix  upon ind icato rs they m ust be 
practical indicators and therefore species tha t do 
no t require m icroscopic exam ination fo r  iden tifica­
tion  or m easurem ent. Owing to the use of sm all 
silk  nets in  the In ternational Investigations the 
la rger species w ere no t caught in sufficien t num bers 
to  show the ir utility .

F rom  the po in t o f view of fishery  investigations 
it m ust be realised  tha t p lankton  ind icato rs are of 
extrem e im portance. I f  correla tions can be shown 
to hold consistently fo r a  num ber of years it  should 
be possible to p red ic t certain  conditions in  the 
fisheries. Large p lank ton  ind icators can be seen at 
a g lance and the delay  necessary fo r  the detailed 
analysis of w ater sam ples is avoided.

I t w ould seem tha t these la rg e r  plankton 
anim als should prove of much grea ter value as aids 
to hydrography  than  the nannoplankton  organism s. 
In  charting  the d istribu tion  of w ater masses it is 
the boundaries along  which the m asses mix that 
we wish to have dem arcated. W ith  th e ir  rap id  rate 
of reproduction  nannoplankton  organism s w ill 
quickly increase in  num bers in  w ater w hich has 
only  been seeded w ith ind iv iduals ca rried  either in 
w ind borne su rface  layers o r in  sm all eddies at 
interm ediate depths. A  false im pression  w ould thus 
be produced ; w hereas by  the  change in  num bers 
o f the la rger anim als i t  should  be possib le to gain 
some idea of the quantities o f w ater oT different 
orig in  tha t have been in term ingled . But as has

been stressed by G r a n  and K r a m p  it  is firs t 
essential th a t th e  life-histories and hab its o f the 
anim als should  be thoroughly  known.

The d iffe ren t stages in  the life h istories of m any 
of the com m oner p lankton  anim als o f north  E u­
ropean w aters have now been described from  the 
m orphological po in t o f view. F o r the life  histories 
of the copepods we are indebted  especially  to such 
workers as O b e r g ,  G r o b b e n  and W i t h ,  
while L e b o u r  has gone a long way towards 
describing m any of the p lanktonic larval stages of 
bottom  anim als. But we s till know very little  of the 
habits and  b io logy  of the d iffe ren t developm ental 
stages in  the sea. It is a rem arkable fact tha t the 
actual yearly  sequence in  the succession of broods 
of our com m onest p lankton  anim al, Calanus f in ­
marchicus, was only  dem onstrated in  detail fo r the 
firs t tim e in  1933 by N  i c h  o 11 s a t M illport. The 
early  work of D a m a s  and K  o e f  o e d on the 
copepods in  n o rthern  w aters has now been carried 
considerably fu rth e r  hy the work of R u u d ,  
J e s p e r s e n ,  and S o m m e .  The life  story of 
Calanus hyperboreus  in  Norw egian waters has been 
m ade especially  c lear by S o m m e .  The length of 
life and seasonal occurrence of m any Hydrom edusae 
have been worked out by K r a m p  in Danish 
waters. The grow th and breeding of Sagitta  elegans 
and Sagitta  setosa  a re  now known at P lym outh  
( R u s s e l l ,  1932— 3 3). These are a  few exam ples 
(see Fig. 9 ) ; b u t s till the num ber of species that

2-
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have received such detailed  attention rem ains su r­
p rising ly  few. This is an aspect of Zooplankton 
research that needs to  be especially  developed, for 
advance in  other directions is s till likely to be 
prevented by lack of th is necessary knowledge. An 
understanding of the b io logy  of individual species 
m ay throw quite unexpected ligh t on obscure 
problem s. F or instance S o m m e  (1934) has 
shown how the differences between the horizontal 
d istribution  of Calanus finm archicus  and Calanus 
hyperboreus in  offshore N orw egian waters are the 
results of slightly  d iffe ren t hab its of spawning and 
in  the time of their vertical m igration  afte r the 
w inter months. A fter m igra ting  from  the deep 
layers the species are carried  away in  the surface 
w aters “ from the w in ter localities out over the 
coastal banks” (Fig. 6 ).

But if  the biology of p lank ton  anim als is to be 
fu lly  understood, it is necessary also to know their 
relations with their environm ent. We m ust know 
the ir food supply , the ir enem ies, and the n a tu re  of 
the balance that exists in  the com m unity in  which 
they live; and also the ir rela tions with the physical 
and chemical factors of the ir environm ent. It is 
only  by gaining this know ledge that we can study 
the question of production  of life  in  the sea, which 
m ay be intim ately bound up in  one of the greatest 
problem s of m arine biology, nam ely  the causes of 
the fluctuations in  the popu la tions of our food 
fishes. When we consider the rela tions am ongst the 
anim als themselves we f in d  tha t we have a t our 
com mand a  considerable knowledge, that should  be 
p u t to greater use in  the fu tu re . Largely through 
the researches of L e b o u r  (1918— 1923) we have 
a  very detailed know ledge of the food of most of 
our com m oner p lankton  anim als and young fish. 
T he work especially of B u l l e n  (1908 and 1912), 
J e s p e r s e n  (1928), S a v a g e  (1931), and 
H a r d y  (1924) has shown to w hat extent the 
d iffe ren t p lankton  anim als a re  preyed upon by 
fishes. But the in teractions of the plankton 
anim als upon one ano ther have been little  
explored. L o h m a n n  (1908) by  his great work 
in  K iel Bay gave a p ic ture of the to tal plankton 
production  throughout a year under the conditions 
there existing. Since then the w ork has not 
been repeated in  o ther regions. This is perhaps 
la rge ly  because we have been aw aiting  the develop­
m ent of m ethod. I t  is now possible to m easure 
p lan t production much m ore rap id ly  by chemical 
m ethods, and possibly we sh a ll soon be able to say 
the same fo r the m easurem ent of to tal Zooplankton 
(see C o o p e r ,  1934). But the necessity fo r a 
study of the in teractions between species still 
rem ains, and this was no t dea lt w ith by  L o h ­
m a n n  because life  h istories w ere insufficiently  
known. W e have also been held  back by  the lack of 
m ethods fo r com paring the num bers of p lan ts and 
anim als from  known volum es of water. T here has 
been great want of un ifo rm ity  in  the types of nets

used in  the pas t. H e n s e n ,  when he introduced 
quantitative m ethods in to  p lankton  research, devised 
a net on lin es  w hich he calculated  w ould give 
greatest efficiency. In  h is  exam ination of the 
fishing capac ities of m any d ifferen t types of 
p lankton  nets K  ü n n e (1929 and 1933) has shown 
tha t H  e n s e n ’s type of net is still the most 
efficient. W ith  nets o f coarse mesh for the capture 
of the la rg e r p lank ton  anim als the filtra tion  errors 
are likely  to b e  sm all if  the p lankton  is not very 
abundant. B ut w ith the finest silk  required  lo retain 
the sm all copepod n au p lii the erro rs due to f il­
tration  w ill b e  large. T he filtra tio n  coefficient of 
the net varies w idely according to  the am ount of 
p lankton  p resen t and m ay be anything up to as 
high as 6 o r over ( K o k u b o  and T a m a r a ,
1931).

We have the re fo re  always hesitated to regard 
catches w ith f in e  m eshed p lank ton  nets as worthy 
of exact treatm ent. But recently  a net has been 
designed by  H a r v e y  (1934) which gives an 
actual m easure  of the volum e of w ater that has 
passed th ro u g h  the net. The m eter can be used with 
silk  o f any requ ired  mesh, and w ith sim ultaneous 
hauls it  shou ld  be possib le to use it fo r the
calibration  of la rg e  coarse m eshed nets. As a result 
of the in troduction  of this net it  is now possible 
to exam ine the rela tions between the phytoplankton 
crop retained by the net and the anim als grazing
upon it. But the work can be carried  a  stage
fu rther. T he effects produced by the ravages of 
p redato ry  p lank ton  anim als on the p lan t feeding 
population  should  be observed. Such anim als as 
medusae, ctenophores, and chaetognaths, are notably 
voracious, and  unusual abundance of any of these 
w ill lead  to a  considerable decrease in the food 
ava ilab le fo r post-larval fishes as well as to the 
destruction o f the fish them selves. ( R u s s e l l ,  
1935 b .) . T he balance of life  would be soon upset 
by a sudden increase in  the num bers of these 
predato rs and the increasing dem and fo r food as 
they grew  in size.

As H a r d y  (1924, p. 33) has said “ It is only 
by having som e concrete representation  of the 
norm al m arine  com m unity tha t one can attem pt to 
predict the effect which an  abnorm al increase of
one o r o ther particu la r f o r m ----------------may have
in th e  balance of the w hole” . He produced an in ­
structive d iagram  reproduced here (Fig. 7) which 
gives a  good illu stration  of the lines on which this 
aspect of research should develop.

W'hen we see a  sam ple of p lankton  caught from  
a  given body of water a t a  given tim e we must 
realise tha t th is  does no t represent a  static con­
dition. W e are looking a t a cross section a t one 
m om ent in  one place of a  continuous phenomenon 
m oving both in  tim e and in  space. The sam ple is 
the resu lt o f past h isto ry  and possesses the 
po ten tia lity  fo r  fu ture h isto ry . It w ill consist o f a 
popu la tion  of producer p lan ts , of p la n t consumers,



—  21 —

f i g  n
Preliminary 'd iagrammatic r e p r e s e n ta t io n  o f  th e  relatie-n  

o f  t h e  H errm g  to  th e  P lankton  Comm unity  a s  a whole 
L n k s  m th e  nu tr it ive  chains taken rnom th e  re s u l ts ,  o f  
o th e r  ■'esearches shown m d o t t e d  Une

V O U N G E R R . N G  (  4 2 - I3 0 mm A D U LT H E R R I N G

IK O PtfL I M A C l N  i

L A R V A L
¡ 'M OL LU SC A TEMORA

' P A R A - '  
CA LAN US

ACARTIA

PARALIA

F ig . 7.

P re lim in a ry  rep re sen ta tio n  o f th e  re la tio n  of th e  h e rrin g  to the p lan k to n  com m unity  as a w hole (a fte r  H a r d y ,
1924, F ig. 11).

and of p redatory  carnivores. The population  w ill 
be m ade up  of the balance of p lan ts com posed of 
the  o rig ina l stock p lus the sum  of the increase by 
reproduction  and the decrease by death and con­
sum ption ; and s im ilarly  the balance of consumers 
resu lting  from  the ir in teractions w ith the carnivores. 
B i g e l o w  (1931, p. 131) has rig h tly  pointed out 
tha t “ As yet we know little  o f the in terre lationsh ips 
of d ifferen t species o r g roups of anim als in  the 
sea beyond the obvious fac t tha t som e prey on 
others, bu t we m ay be certain”  he says “ tha t in 
m any cases in te rre lationsh ips of less obvious sorts 
are v ital links in  anim al econom y” .

But although we know som ething of the type of 
food devoured by m ost p lank ton  anim als, it  is 
d ifficu lt to visualise the course of events between 
successive sam ples because little  is know n about the 
actual food  requirem ents o f the anim als. The 
theory  of P ü 11 e r  tha t p lank ton  anim als m ust 
draw  a la rge p ropo rtion  of the ir food supp ly  from  
dissolved organic substances in  the w ater has re­
cently been critica lly  reviewed by K r o g h  (1931). 
He concludes tha t “ there is no convincing evidence”

that dissolved substances a re  taken up  in  significant 
am ounts. Indeed it is likely  tha t a ll metazoan 
plankton an im als depend m ain ly  fo r the ir food 
supply  on particu la te  living or detrita l m atter and 
on co llo idal m ateria l (see G e 1 1 i s and. C l a r k e ,  
1935). Recent observations by M a r s h a l l ,  0  r  r, 
and N i c h o  l i s  (1935) on the resp ira tion  of 
Calanus finm archicus  have confirm ed the earlier 
observation by  O s t e n f e l d  and K n u d s e n  
(1913, p. 424) on Calanus hyperboreus which 
indicated th a t the figures p u t fo rw ard by  P  ü 11 e r  
were too high. P  ü 11 c r  estim ated that in  general 
Calanus required  as food 39 %  of its body weight 
daily in  sum m er. M a r s h a l l ,  N i c h o  l i s  and 
0  r  r  found tha t fo r stage Y  Calanus th is figure lay 
between 6.2 and 7.6 %  in sum m er. In  a  recent 
survey of the phytoplankton and Zooplankton col­
lected w ith H a r v e y ’s m easuring net a t Plym outh 
it was concluded tha t the sum m er Zooplankton per 
cubic m etre requ ired  daily  120,000 diatom s of 
average size. The daily  production  of this quantity 
of vegetation could reasonably be expected. I t  is 
a quarte r o f the  average diatom  population  caught
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in  the m easuring net du ring  th is period , a net which 
undoubtedly lets m any very sm all p la n t organism s 
pass through it. This is in  agreem ent w ith L o h  - 
m a n  n ’s conclusions fo r K iel Bay tha t during the 
sp ring  and sum m er m onths the p roducer plankton 
was in  excess. The problem  of the food require­
m ents of plankton anim als is open to attack in  two 
ways. D irect observation m ay be m ade in the 
laboratory  on the am ount and  type of organism s 
tha t any species w ill eat. W ork of this nature has 
a lready  been started  a t W oods H ole by C l a r k e  
and G e l l  i s  (1935) and also in  P ro fessor A. C. 
H  a r  d y’s laboratory  a t H ull. Such w ork indeed as 
the  notable research on the rearing  of planktonic 
crustacean and m olluscan la rvae by L e b o u r 
(1924— 34) and polychaete la rvae by  W i l s o n  
(1928— 33) a t P lym outh  was orig ina lly  m ade 
possible by the w ork by A l l e n  and N e l s o n  
(1910) on the culture of m arine diatom s, which 
are  now used so la rge ly  as food  in  rearing  
experim ents. On the o ther hand  observations may 
be m ade on the rate of resp ira tion  under controlled 
conditions in the laboratory . In  o rder tha t this 
second method can prove app licab le  to conditions 
in  the sea it  w ill be necessary to  know  the weights 
and chemical com position of the d iffe ren t plankton 
organism s. Such w ork is a lready  started  and was 
foreshadowed m any years ago by  B r  a  n d t (1898). 
Observations on the weight and chem ical com­
position of a num ber of p lank ton  crustacea have 
already  been m ade, no tab ly  by  O r  r, W i m -  
p e n n y ,  and K l e m  (1929). The vitam in content 
o f plankton oils is also being investigated ( D r u m ­
m o n d  and G u n t h e r ,  1934). S tudies on the 
weights of copepods by B o g o r o v  (1932— 34) 
see the inauguration  of an extensive program m e on 
the p art of Russian biologists to  assess the total 
quantity  of life in  the sea at any tim e from  quanti­
tative counts on the basis of a know ledge of the 
weights and com position of the  d iffe ren t species. 
A t f irs t sight it  w ould ap p ear th a t the task of 
weighing and analysing all the p lankton  anim als is 
likely  to be excessive. Indeed i t  is no t so great as 
it appears, the num ber of species are lim ited and 
once the necessary data have been obtained fo r any 
one species the results are f in a l and need bu t to be 
tabulated  fo r fu tu re  reference. These results could 
no doubt be fu rth e r sim plified  by classifying the 
species into size categories som ew hat after the style 
of H e n t s c h  e I’s (1934) recent suggestion. A d­
m ittedly  the work is no t exciting to the zoologist. 
But the various attem pts to  ob ta in  the necessary 
in form ation  such as the ca lcu la tion  of displacem ent 
by volum e of m odels by  L o h m a n n  (1908), and 
the recent suggestions by  G u n t h e r  (1934) and 
H e n t s c h e l  (1934) em phasize the need fo r 
agreem ent on some form  of s tandard  data.

It w ill be su itab le  a t this stage to  draw  attention 
to  the need fo r  m ore experim ental w ork on the 
physiology of p lankton  anim als. Such knowledge

is m ost necessary  to explain  som e of the types of 
behaviour th a t  we now  know to be shown by 
anim als in  th e  sea. P erhaps in  no way does the 
plankton an im a l give indications of changes in 
physio log ical state be tte r than  in  its habits of 
changing v ertical d istribu tion . The m igration 
tow ards the su rface  a t n ight is ou r firs t indication 
of direct reac tion  to some external o r internal 
stim ulus. W e now know  tha t n o t only are there 
these n ig h tly  w anderings, bu t that the anim al also 
exhibits changes th roughout its life  h isto ry  accord­
ing to its age . A t tim es also the anim als become 
apparen tly  irresponsive to  external changes; at 
d iffe ren t tim es of y ear we find  the same species 
behaving in  a d iffe ren t m anner, pointing  to 
physio log ical differences between d iffe ren t broods. 
The ex ternal factors affecting  the  behaviour of the 
anim als as show n by  vertical d istribu tion , namely 
sa lin ity , tem peratu re , oxygen content, and hydrogen 
ion concentra tion  have been investigated in  the past. 
It is only  recently , how ever, la rge ly  through the 
p ioneer w ork  of P o o l e  and A t k i n s ,  tha t we 
have ob ta ined  the m eans of determ ining the 
varia tion  in  in tensity  and com position of that most 
im portan t fac to r, light. In  the  vertical distribution 
of the sam e species in  regions m any latitudes apart 
there is no doubt tha t the m ain  con tro lling  factor 
is th a t o f tem perature . I f  an anim al is adapted 
to live w ith in  a certain  range of tem peratures the 
lethal effects of tem peratures above this range and 
the tem peratu res lim iting successful reproduction 
m ust n a tu ra lly  overweigh the possible disadvantages 
tha t m ay a rise  owing to abnorm al ligh t conditions. 
But the changes shown from  day to day and season 
to season in  any one p lace a re  undoubtedly 
m anifesta tions of physiological change which af­
fects the an im al in  its response to ligh t conditions. 
U ntil the post w a ï period our know ledge of the 
vertical d istribu tion  of p lankton  anim als was 
la rge ly  confined to  the gross d ifferences shown by 
the results o f collecting from  w idely spaced depths 
in  ocean w aters, and the conditions in  coastal 
w aters h ad  not been system atically  studied. Yet 
the general facts o f daily  and  seasonal m igrations 
were fu lly  recognised. In  recent years the study of 
this p rob lem  has been ca rried  out on a finer scale 
in  shallow  waters ( R u s s e l l  1925— 1934), and 
sim ila r w ork in  deep ocean w aters is now being- 
done a t W oods H ole ( L e a v i t t ,  1935). As a 
resu lt of th e  accum ulated know ledge and ideas of 
past w orkers and of my own researches a t Plym outh 
it becam e possible to d raw  hypothetical diagram s 
show ing th e  distribution to  be expected at any 
tim e of day of anim als requ iring  optim um  light 
in tensity  conditions and m ig ra ting  under the s ti­
m ulus of light ( R u s s e l l ,  1927). I t  can be 
realized th a t by varying the scales of length of 
day, strength  of light, depth  of optim um , trans­
parency of the w ater, and swim m ing speeds of the 
anim als any num ber of such  d iagram s can be drawn
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to f it the d ifferen t kinds of m ovements. S u p p o rt in 
favou r of this theory has come from  field  work. 
The behaviour o f fem ale Calanus finm archicus  as 
show n by N i  c h o 11 s (1933) fits the hypothetical 
d iag ram  to a rem arkable degree. T he study is now

18

being carried  fu rth e r b y  C l a r k e  (1933 and 
1934 a) a t W oods H o le  w ith sim ultaneous 
observations of d is trib u tio n  and ligh t conditions
(Fig. 8 .). _

But it is no longer agreem ent w ith theory  tha t
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V ertica l D istrib u tio n  of P lan k to n  A nim als.

F ig. 8 .

1. H ypothetica l vertica l d is trib u tio n s a t d iffe re n t tim es in  
th e  tw enty-four h ours to il lu s tra te  th e  behav iou r o f a 
popu la tio n  of a  species such  as C alanus finm arch icus  
in  its  d iu rn a l m ovem ents, (a f te r  R u s s e l l ,  1927, p. 237, 
F ig. 4 ) .

2 . D iag ram  show ing v e rtica l d is tr ib u tio n  o f fem ale  C alanus 
finm a rch icu s  a t  3-hourly in te rv a ls  d u rin g  24 hou rs on 
Ja n u a ry  25th— 26th, 1932; su n se t 4.27 p .m .:  sunrise  
8.57 a .m . ( a f te r  N i c h o l l s ,  1933, p. 150, F ig . 4 ) .

3. D iu rn a l m igra tion  of ad u lt fem ales o f M etrid ia  lucens

in th e  G ulf of M aine, Ju ly , 1932. T he ch anges in  ligh t 
in ten sity  are  in d ica ted  by  th e  lin es rep re sen tin g  the 
dep th  a t w h ich  1 0 0 0 , 100  m icrow atts etc. o ccu rred  (one 
m icrow att m ay  b e  tak en  as app rox im ate ly  equal to 
th ree  m etre-cand les). T he tem p era tu re  curve a t th e  
r ig h t show s th a t m ig ra tion  r ig h t  to th e  su rface  a t n igh t 
w as p reven ted  by  th e  therm ocíine (a fte r  C l a r k e ,  1933, 
p. 426, F ig. 5 ) .

4. D iagram  show ing vertical d is trib u tio n  of S tage V 
Calanus fin m a rch icu s  a t 3-hourly  in te rv a ls  on Jan . 
25th— 26th, 1932 (a fte r  N i c h o l l s ,  1933, p. 148, 
F ig. 3 ) .
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we wish to observe. It is by seeking fo r disagree­
m ents that advances a re  m ade. F o r it is where 
behaviour is contrary  to th is theory  th a t we shall 
f in d  the clues to the differences in  the physiological 
state of the anim als themselves.

I t  has been m entioned previously tha t a t tim es 
the anim als appear to be irresponsive to light 
changes. A very good exam ple of this has been 
shown fo r the fifth  copepodid stage of Calanus 
finm archicus  (N i c h o 1 1 s, 1933). The possible 
significance of this state is w orth consideration. 
The gonads of a  copepod do not usua lly  m ature 
un til the m oult into the adu lt stage is com pleted. 
The fifth  copepodid stage is the final stage of 
im m aturity  and im m ediately on developing into the 
adu lt stage the gonads s ta rt to ripen. A fter m oult­
ing into the adu lt stage o r possib ly  even im ­
m ediately before this m oult the copepod becomes 
once m ore responsive to ligh t conditions and 
exhibits typical m igrational movements. A fter the 
successive production of the sp rin g  and sum m er 
broods, the offspring  surviving from  the . final 
b rood have to pass the w inter m onths. It is in this 
irresponsive fifth  stage th a t C alanus exists fo r the 
long period from  A ugust un til the follow ing 
F ebruary , when the fina l m oult into the adu lt takes 
place. These anim als thus have to survive a period 
when there may be a  prolonged deficiency of their 
diatom  food. O r r  (1934 ; M a r s h a l l ,  
N i c h o l l s ,  O r r ,  1934) has show n that the 
Stage V individuals of Calanus finm archicus  are 
loaded w ith fat in  the la te  sum m er. They must 
therefore live to a certain  extent on these reserves. 
But they w ill obviously benefit if  they can reduce 
th e ir  m etabolic activity to a  m inim um . A daily 
w andering up and down under the stim ulus of 
changing ligh t conditions w ill be unnecessary waste 
o f energy when no supp ly  of food is being produced 
in the surface layers. L ight itself m ay have an 
effect upon the rate  o f m etabolism , although the 
results o f M a r s h a l l ,  N i c h o l l s  and O r r
(1935) seem to show tha t it is doubtfu l w hether 
th is effect w ill be felt much below  a  depth of five 
metres. One of the m ost obvious ways fo r a 
p lankton anim al to reduce its expenditure of energy 
is thus by seeking the deeper layers and becoming 
irresponsive to the stim ulus of changing ligh t con­
ditions. In  this respect the observation  m ade by 
S o m m e  (1934, p. 81) th a t copepods kept in the 
dark  are  dull and sluggish  com pared w ith those 
exposed to subdued ligh t seems very significant.

Evidence is not w anting th a t m any plankton 
anim als seek deeper layers in  w inter. It was long 
ago shown by G r a n ( 1902) and N o r d g a a r d  
th a t Calanus finm archicus  m ight be found in  the 
w inter in  the deep w ater layers a t the bottom  of 
the Norwegian fjo rds. T his h ab it has been 
exam ined more fu lly  by S o m m e  fo r  Calanus f in ­
m archicus and C. hyperboreus, and it has been 
shown tha t a considerable stock of both these

species su rv ives the w in ter in  these deep layers 
near the co a s t undergoing  m igrations tow ards the 
su r fa c e  la y e rs  after the w inter (see Fig. 8). 
S o m m e  a lso  rem arks tha t n ea r Trom so these 
species do n o t undertake extensive daily  vertical 
m igrations d u r in g  the w inter time. B e e b e  (1934) 
in  his dives in  the bathysphere below the photic 
zone has rem ark ed  tha t in  the regions of perpetual 
night the p la n k to n  and pelag ic anim als did not 
appear to show  those photo trop ic responses to his 
search ligh t so characteristic of anim als of the sur­
face fauna. P ossib ly  these deep sea organism s are 
perm anently  irresponsive; bu t if this were so it 
would be d if f ic u lt to understand the function of 
the ligh t em itting  o rg an s; it may have been that 
his search lig h t was too pow erful, o r that the 
anim als a re  on ly  stim ulated  by rays from  phosphor­
escent light.

The h a b it  o f some plankton  anim als to seek the 
deeper levels in  w inter is possib ly  quite com par­
able with th a t  of h ibernation  of anim als on land. 
Indeed th is hab it m ay be la rge ly  responsible in 
deciding to w hat degree an  anim al sha ll be oceanic. 
Unless an  an im al can find  the required  depth in 
the w inter m onths it w ill no t survive. Thus we can 
draw the d istinction  between an anim al tha t can in 
certain coasta l regions find  sufficien tly  deep water 
such as C alanus finm archicus , which dies down to 
a m eagre b an d  of survivors during w inter in shal­
low w aters; one such as Calanus hyperboreus  which 
requires g rea te r  depths b u t m ay s till be found in 
the deepest f jo rd s ; and an anim al which is possibly 
even m ore oceanic such as A glantha the last sum­
m er brood o f  which may no t be able to  survive the 
w inter in  shallow  water. K r a m p  (1927, p. 160) 
in d iscussing the occurrence of A glan tha in the Belt 
Sea says: “ I think m yself it  is ra the r the slight 
depth of th is  w ater which renders it less suitable 
as a  perm anen t hab itat fo r A glan tha” . Such oceanic 
anim als w hen brought once m ore into coastal 
waters a f te r  th e ir  vertical m igration  in  the early 
m onths of th e  year can reproduce and th rive under 
coastal conditions so long as the sum m er lasts; but 
during the h ibernation  period  they m ust seek the 
depths o r perish .

It m ust not be overlooked also th a t a t times 
certain  p lank ton  anim als m ay live actua lly  on or 
in  the bottom  ( C l a r k e ,  1934, b ; R u s s e l l ,  
1932— 3 3). In  F igure 9 are shown typical 
sequences of life histories.

Enough has been said to  show how a fu ll know­
ledge of the  biology of the d iffe ren t species of 
plankton anim als is essential to explain the 
differences in  their abundance and distribu tion  from 
time to tim e. In this respect it  is no t sufficient to 
base conclusions on results obtained in another 
locality. I t  has been found tha t the sam e species of 
anim al appears to show a  d iffe ren t behaviour in 
one region from  tha t w hich it shews in another. 
F or instance in the waters o ff P lym outh  the brood
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Fig. 9 (as to leg en d : see follow ing p ag e ).
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of Calanus finm archicus  m aturing  in  Ju ly  lives very 
m uch nearer the surface in  the daytim e than do the 
preceding broods. W hereas in  the Clyde Sea area 
( M a r s h a l l ,  N i c h o l l s  and O r r ,  1934) and 
in  the N orth Sea ( G a r d i n e r ,  1933) the brood 
m aturing  in  M ay appears to live nearest the su r­
face. This seems to point to some essential 
d ifference in the an im als themselves.

The seasonal behaviour and production of 
successive broods of p lankton  anim als needs to 
be studied in  p o la r  and trop ical regions, and also 
in  the deep w aters of the ocean. The stim ulus 
of external tem peratu re  conditions has been largely 
regarded as responsible fo r deciding the tim e of 
onset of m aturity  and spawning. I t  is however 
d ifficu lt to understand  how this factor can decide

the delay  in  the developm ent of the sexual organs 
shown in th e  las t sum m er brood of m any plankton 
anim als —  that is the brood which survives the 
w inter. It seems alm ost that we m ust regard the 
successive an n u a l p roduction  of broods as com par­
ab le w ith th e  annual breeding cycle of an animal 
th a t m ay live  fo r  a num ber of years. T hat is, after 
a  p ro longed  period  of reproduction  a period of 
recuperation  is necessary. In  tem perate waters this 
recuperative period  fa lls  apparen tly  fo r most 
species d u rin g  the w inter m onths. M ay it not be 
tha t some essential fac to r has been removed from 
the w ater d u rin g  the sum m er which becomes avail­
ab le again  on ly  afte r a period  of time or is perhaps 
lacking in  the d im inishing food supp ly?

Fig. 9.
D iagram m atic  rep re sen ta tio n  of th e  life  h isto ries of Calanus 
finm arch icus, C alanus hyperboreus, Sag itta  elegans, A g lan ­
th a  and P h ia lid iu m  hem isphaericum . T hese are  exam ples 
of species in  w hich severa l broods a re  p roduced d u rin g  the 
year, and  of a species w hich produces only one brood a 
year. S a g itta  elegans  and  Calanus finm arch icus  are  A rctic- 
boreal species. T h e  d iag ram s rep re sen t th e ir  life  h isto ries 
u n d e r boreal conditions. I t  is  p robab le  th a t in  A rctic  w aters 
they  p roduce  only  one b rood  a  year as th e  arctic  species 
C. hyperboreus. In  th e  d iag ram s th e  period  of fu ll m atu rity  
is  in d ica ted  in  b lack  and  th e  s ta te  im m ediately  p reced ing  
m atu rity  is show n by  shad ing . T h is  la t te r  period  co r­
responds to copepodid  S tage V in  th e  copepods and  the 
rip en in g  of the m ale  sexual o rgans in  Sag itta .

T he he ig h t of th e  d iag ram  fo r  each brood give an 
in d ica tio n  o f th e  size to  w hich  th e  ad u lts  grow, and  above 
each  brood is given a  life  size rep resen ta tio n  of th e  an im al 
itse lf. T h e  no tew orthy fe a tu re  is  th e  prolonged existence 
in  th e  f in a l im m atu re  s ta te  d u rin g  th e  w in ter an d  th e  . 
re tirem en t to deep  w ater.
A. Succession of B roods of C alanus finm arch icus. T h is  is 

based  on th e  re su lts  of M a r s h a l l ,  N i c h o l l s  and 
O r r  (1933— 35) a t L och S triven . T here  are th re e  m ain  
b reed ing  p erio d s in  th e  year covering th e  p eriods F e­
b ru ary — M arch , A p ril —  M ay —  Ju n e , Ju ly  —  A ugust. 
S paw ning  does no t tak e  place w ith  the sam e in ten sity  
th ro u g h o u t a  w hole period , b u t  in  any one y ea r  i t  is 
likely  to be m ost in ten se  in  one m onth , e. g. F eb ru ary , 
M ay and  July . In d iv id u a ls  of th e  f irs t  brood, developing 
d u rin g  th e  co ldest period  of th e  year grow to the la rg est 
size and w eigh t. T h e re a fte r  they  decrease in  size as th e  
tem p era tu re  rises . T h e  f ir s t  born  in  any b rood  are  
generally  th e  la rg e s t fo r th a t brood.

In  1933 th e  la s t  brood w hich  w as hatched  m ainly  
in  Ju ly  h ad  e s tab lish ed  th e  au tum n-w in te r stock  of 
S tag e  V  by  A u g u st 14th. T hese persist m ostly as 
S tag e  V  and  m o u lt in to  adu lts in  Ja n u a ry  and F ebruary .

T h e  w ork of F  a  r  r  a n  ( 1927), R u s s e l l ,  and 
B o g o r o v  (1934, a) show s th a t  th is  sequence is 
essen tially  th e  sam e in  th e  w ate rs  so u th  of I re la n d  and 
in  the w estern  end  of E ng lish  C hannel.

M a x im u m  le n g th .
Fem ales.

Loch S triven
(M arshall-O rr)

P lym outh
(R ussell)
(Bogorov)

M edian leng th  
o f cephalo -thorax .

2.76 mm. (24.iv.33)

2.821)
2.891)

(19.V.26)
(22.V.30)

Dry W eight. 

0.28 mg.

0.2522)

M in im u m  le n g t h .

L och S triv en  
P lym ou th

2.26
2.461)

(28.viii.33)
(26.vii.26)3)

2.261) (16.X.30)

0.135

0.102)

T h e  copepods grow  la rg e r  in cold w aters than  in  
w arm , e. g. B o g o r o v  gives fo r B a ren ts  Sea :

Fem ales. A verage to tal leng th . T em peratu re .

6 9 °3 0 ' N  —  75 ° N. 3.22 m m . 4.7° C.
7 5 0  _  7 7 0  3  7 8  1.08°
N o rth  o f 77 ° N . 4.57 —0.50°

A d l e r  a nd  J e s p e r s e n  (1920) and  J e s p e r s e n  
(1934) hav e  given th e  follow ing varia tions in  length  of 
cephalo  thorax

E a s te rn  N orth  Sea .................  ca. 1.9— 2.7 mm.
W est G reen land  W ate rs  ........ 2.4— 4.5 „

1) O rig in a lly  given as to ta l leng th , converted into 
cephalo -tho rax  leng th  by fa c to r  0.8 (see C l a r k e  1934
p .0 0 ) .
2) F o rm a lin  p reserved m a te r ia l;  th e re  w ill have been some 
slig h t loss in  weight.
3) N o  observations la te r  th a n  Sept. 22nd.

T h e  p ercen tage  of fa t is  h ighest in  S tag e  V : in  1933 
th e  au tu m n  w in ter stock  in  Sep tem ber h a d  6  %  m ore fa t 
th a n  th e  corresponding  ind iv iduals in th e  previous 
Ja n u a ry  to M arch .

S  0  m  m  e h as  show n th a t  in  N orw egian  w aters th e  
m ajo rity  of C. finm a rch icu s  spend th e  w in te r a t depths 
g re a te r  th a n  200— 300 m etres. A fte r  th e  w in ter there  is 
a n  a n n u a l vertical m ig ra tio n  com pleted  ab o u t th e  m iddle 
of M a rch  ; developm ent o f th e  eggs tak es p lace  after  th is  
v e rtic a l m igra tion .

B. Seasonal cycle o f Calanus hyperboreus. T h is  is  based 
on S 0 m m e ’s (1934) re su lts  fo r N orw egian  waters.

T h e re  is  only one b ro o d  in  th e  year. Spaw ning 
tak es  p lace  in F eb ru a ry  and  M arch . T h e  earliest 
developm ental s tages a re  passed  th ro u g h  b y  A pril, a fter 
w h ich  speoim ens earlier th an  copepodid  S tage IV  are  
n o t  found . A  few  fem ales s ta r t  to r ip en  in  Novem ber, 
b u t  th e  m ajo rity  do no t do so u n til  m id-D ecem ber and 
Ja n u a ry . T he m ales a re  fo u n d  only betw een D ecem ber 
a n d  th e  beg inn ing  of M ay , m ostly  in  Ja n u a ry  and 
F eb ru ary . A fter spaw ning in  F eb ru a ry  and  M arch  some 
of th e  sp e n t fem ales m ay  survive u n til  th e  follow ing 
A ugust.
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T h e  w in ter is  passed  in  deep layers m ostly  below 
200— 300 m. an d  deeper th an  C. finm arch icus. T he 
a n n u a l vertica l m ig ra tio n  a f te r  th e  w in te r m on ths is 
com pleted  by  th e  m id d le  of A p ril; th e  developm ent of 
th e  eggs tak es p lace  before  th is  vertica l m igration.

A s th ere  i s  only one brood th e re  is  no seasonal 
d im orphism  in  size.

T h e  copepods grow  la rg e r  in cold w aters th a n  in 
w arm , e .g . B o g o r o v  gives fo r  the B aren ts S ea :—

F em a les . A verage L en gth . W et w e iSh t  T em perature.

6 9 °3 0 ' N .— 75° N . 6.0 m m . 4.0 m g. 4 .7° C.
75° N.— 77° N. 7.1 8.6 1.08
N orth  o f 77° N . 8.0 13.4 —0.50

A  s im ila r  type of life  h isto ry  is show n by Calanus 
tonsus  ( C a m p b e l l ,  1934) in  th e  S tra it  of G eorgia on 
th e  P ac if ic  C oast o f N o rth  A m erica.

C. Succession of b roods of Sag itta  elegans. T h is  is  based 
on th e  re su lts  of R u s s e l l  (1932— 33) a t  P lym outh.

T h ere  a re  p ro b ab ly  fo u r  m ain  b reed in g  periods 
d u rin g  th e  year, i. e. F eb ru a ry , M ay, Ju n e — July , and 
S eptem ber. In d iv id u a ls  o f th e  f irs t  brood developing at 
th e  coldest tim e of th e  y ear grow  in to  th e  la rg est adults. 
T h e rea fte r  they  decrease  in  size in  th e  successive broods 
as th e  tem p era tu re  rises.

A pprox im ate  average len g th  of a d u lts :—

M ay (1930) ............................... 19.5— 20 mm.
Ju n e— Ju ly  ............................... 13 — 14.5
S ep tem ber ...............................  10 — 10.5
F eb ru a ry  (1931) ...................... 12 — 12.5

T he o ffsp ring  a ris in g  f ro m  th e  S ep tem ber spaw ning 
do no t s ta r t  to m atu re  u n ti l  D ecem ber w hen th e  m ale 
sexual o rgans s ta r t  to rip en . T h e  fem ale sexual organs 
do no t s ta r t  to r ip e n  u n til  Ja n u a ry . T h ere  is an in ­
d ica tion  th a t th e re  is  a d e sc e n t to deeper w ate r d u rin g  
th e  w inter.

D. P ro b a b le  succession  of b ro o d s of A g lan tha  d ig ita lis  var. 
rosea. T h is  is  b ased  on r e s u lts  of R u s s e l l  a t P ly ­
m ou th  (u n p u b lish ed ). D evelopm ent is  d irec t, w ithou t a 
hydro id  g enera tion . L arge  in d iv id u a ls  12 to 18 m m . in 
h e ig h t, w hich  have survived th e  w in ter liv ing  probably  
in  deep w ater, spaw n in  F e b ru a ry  and M arch . T he 
a d u lts  of th is  f ir s t  brood g ro w  to about 6 o r  7 m m . in 
heigh t. D u rin g  th e  sum m er m o n th s  successive broods of 
sm all in d iv iduals, 5 or 6 m m . in heigh t, a re  p roduced. 
T h e re  is an in d ica tio n  a t P ly m o u th  th a t th e re  are  a t 
le a s t th re e  such  broods.. T h e  offspring  from  the las t 
spaw ning  in  A u g u st or S ep tem b er grow in to  th e  la rg e r 
sized ind iv id u a ls  w hich  su rv ive  th e  w in ter and  spaw n 
th e  follow ing F eb ru ary .

E . Biology of th e  M edusa  P h ia lid iu m  hem isphaericum , in 
th e  p lank ton . B ased  on r e su lts  of R u s s e l l  (u n ­
p ub lished ) and  O r t o n  (1920) a t  P lym outh .

T h e  m edusae a re  p ro d u ced  from  th e  hydro id  C lytia  
jo hnston i. T h e  hydro id  s ta r ts  p roducing  m edusae in 
n u m b ers  in  M arch . T he m edusae  lib era ted  early  in  the 
y ea r grow  to a la rg e  size, in d iv id u a ls  be in g  found  in 
M ay up  to 19 m m . in  d iam ete r w ith  as m any as 32 
ten tac les . D u rin g  th e  sum m er th e  successive adu lts are  
sm a lle r a n d  sm a lle r u n til in  S ep tem ber th ey  have a 
d ia m e te r  o f only  5 o r 6 m m . w ith  u sua lly  abo u t 16 
ten tac les . I n  N ovem ber th e  hydro id  polyps d ie down 
and  th e  hyd ro id  “ h ibern a tes”  u n til th e  follow ing M arch.

(C om pare  also, K r a m p ,  1927).
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