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A ser ies  o f  in v e s t ig a t io n s  on  t h e  v e r t i c a l  m ig r a t io n  b e h a v i o u r  o f  e s tu a r in e  Z o o p l a n k to n  have  been  
ca r r i e d  o u t  in r e c e n t  years .  S evera l  o f  th e s e  in ves t iga t ions  have  b e e n  ca r r ied  o u t  in c o l l a b o r a t i o n  w i th  
o t h e r  zo o lo g i s t s  a n d  th e  d e t a i l e d  f in d in g s  a re  be ing  pub l ish ed  s ep a ra te ly .  T h e  w o r k  is re v iew ed  h e re  
a n d  a n  a t t e m p t  is m a d e  to  d r a w  s o m e  g e n e r a l  c o n c lu s io n s  reg a rd in g  th e  b e h a v i o u r  p a t t e r n s  observed .  
A t t e n t i o n  is c o n c e n t r a t e d  p a r t i c u l a r ly  o n  th e  b e h a v i o u r  o f  t h e  c o p e p o d  P s e u d o d ia p to m u s .  A s p e c t s  
in v e s t ig a te d  in c lu d e  b e h a v i o u r  in t h e  f ie ld  u n d e r  n a tu ra l  c o n d i t i o n s ,  l igh t  r e a c t io n s  a n d  sw im m in g  
s p e e d s  in t h e  l a b o r a to r y ,  r e a c t io n s  t o  la ye rs  o f  low  sa l in i ty  w a te r ,  th e  ro le  o f  e n d o g e n o u s  r h y t h m  in 
th is  b e h a v i o u r  a n d  t h e  s ign i f icance  o f  th e s e  b e h av io u r  p a t t e r n s  t o  t h e  organisms.

Vertical m igration behaviour occurs in almost all groups o f  animals represented in p lank ton .  
This behaviour is particularly  well-marked in the p lank ton  o f  estuaries. Some o f  the pa tterns 
observed seem to  vary som ew hat from those found in the sea or lakes. If  p lan k to n  samples are 
taken during the  hours  o f  daylight in a Sou th  African estuary, very litt le  Zooplankton is ob tained. 
I f  samples are taken  at night m u ch  greater  num bers  o f  specimens are obta ined  and the  com posit ion  
o f  the p lank ton  is found to  differ m arked ly  from tha t  found  during the day. Species which 
dominate the p lank ton  during the  day appear  in small num bers  in relation to o the r  species at night 
and m any species appear  at night which do not occur at all during the  day (Grindley 1970).

A series o f  studies has been carried out in recent years, some in collaboration with o the r  
biologists including Mr. A. C annone, Miss R. Donaldson, Mr. A. Fricke, Mr. R. Hart, Dr. M. Jarvis, 
Mr. B. Lane and  Mr. T. Wooldridge. Details o f  these investigations are being published separately 
but it seems appropr ia te  to  review this work here. In particular it appears desirable to  try  to  draw 
some general conclusions from  these various investigations and to  discuss the possible significance 
o f  these behaviour patterns.

P R O C F D l ' R i

Various sampling m eth od s  were used during these investigations including p lankton nets, a 
hand-operated  semi-rotary p lank ton  pum p ,  an engine-driven centrifugal p lankton  pum p, van 
D om p lan k to n  samplers (6 litres and 2 li tres)  and a Clarke-Bumpus p lank ton  sampler.

E xperim ents  were carried o u t  in th e  laboratory' using various troughs and tubes and artificial 
sources o f  i l lum ination , observations were made o f  the behaviour o f  p lank ton  under  natural 
diurnal light f luc tua t ions  and in co n s tan t  darkness and constan t light in contro lled  laboratories. 
E xperim ents  were carried ou t  in the field in glass tubes immersed in estuaries u n der  natural light 
conditions , and  with the appara tus  devised specially to  investigate the effects o f  salinity 
stra tification in estuaries (Grindley 1964) under various condit ions . Light intensities were 
determined by  p h o to m e te r  including a subm arine p h o to m e te r  o f  the  Jer lov  type. Hydrological and 
other environm enta l  cond it ions  were de te rm in ed  using s tandard  oceanographic  techniques.
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Samples o f  Zooplankton  ob ta in ed  usually included far too  m any organisms to  allow coun ting  o f  '  taken a
whole samples. Sub-samples were normally taken  using a p ipe t te  technique  perfec ted  b y  Prof. y eft
R a y m o n t  and  his co-workers at S o u th am p to n  University (Conover 1957; R ay m o n t  & Carrie evidenc
1964). Counting  was carried ou t  u n der  a b inocular  stereomicroscope in a small perspex coun ting  isopod
tray divided in to  squares. | différer

night v.
RESULTS ( species.

part of  
( Obsc

O bservations in  S o u th a m p to n  w ater  -! Pseudoc

A s tu d y  was m ade  o f  the  vertical dis tr ibution  o f  es tuarine Zooplankton in S o u th a m p to n  Water higher j-
during the  day and  n igh t by  p u m p  sampling. Samples were taken  at a series o f  depths fro m  th e  Rhoplni
surface to  the  b o t to m  at th ree  s ta tions in the estuary . Hydrological conditions at th e  th ree  s ta tions difieren
varied f ro m  relatively un ifo rm  condit ions at Calshot near  the  m o u th  o f  S o u th am p to n  w ater to  m oon lk
s trong therm o-ha line  s tra ti f ica tion  at Eling near the  to p  o f  the estuary. Mosi

Vertical migration  was fou nd  to  occur in a large n u m b er  o f  different species including ( evidena
C opep od a  and the larvae o f  various invertebrates. Some species provided inconclusive results and there w
the C ten op ho re  Pleurobrachia p ileus  and  Foram inifera  apparen t ly  did no t  migrate. Pleurobrachia  but this
rem ained  evenly d is tr ibu ted  th rough  the  w ater co lu m n  and  Foraminifera rem ained  near  the  vertical
b o t to m  during bo th  day and  night. Experiments carr ied  ou t  in the  field with the  special apparatus describe
described elsewhere (G rindley  1964) confirm ed tha t  the  difference in vertical d is tr ibution  o f  time du
several A cartia  species and the  harpacticoid  E uterp ina  acu tifrons, were due to  active migration
behaviour .  Observe

Sampling a t  Eling w hen there  was a difference be tw een  surface and b o t to m  salinity o f  1 5 ° /Oo, Obse
with relatively low  salinity water on  the  surface, ind ica ted  th a t  the migrations o f  A cartia  bifilosa, différer,
A cartia  discaudata, C entropages ham atus, and various larvae were completely  or a lm ost complete ly  o f  Cape
inh ib ited  while o th e r  species were affected to  lesser degrees. The species th a t  d id  apparen tly  pum p v.
migrate up  in considerable  num bers  into  low salinity w ate r  included E ury tem ora  h irundoides, ' m ud sir
w hich is k no w n  to  be euryhaline. layer o f

In general, the  pa tte rn s  o f  vertical dis tribution in S o u th a m p to n  water did not indicate  a distinct Obse
m o v em en t  o f  the  w hole  p lan k to n  population, bu t  ra the r  a tendency  o f  part o f  the  popu la t ion  to  dom ina-
spread  tow ards  the  surface at night. Several species appeared  to  com e up out o f  th e  b o t to m  m u d  the sur:
only at night,  including C umacea, Mysidacea, and  crab  megalopae . The to tal n u m b er  o f  specimens number
o f  A cartia  spp., gas tropod  larvae and lamellibranch larvae o b ta in e d  in the water co lu m n  was m u ch  ear^y ,V|
greater at n igh t ,  suggesting th a t  a  large part o f  these  po p u la t io n s  may rest on the b o t to m  during • waters >
the  ho u rs  o f  daylight. mud.TTu

» the bed
O bservations in S o u th  A frican  estuaries th a t  wF

Studies  were made o f  th e  circadian fluctuations o f  Z o op lan k to n  in four different estuaries and  detritus,
lagoons in S ou th  Africa. Sampling was carried o u t  in the  K le in  River lagoon at H erm anus  (a closed appearec
es tuary ) ,  a t  S ch ryw ershoek  at th e  sou thern  end o f  th e  L ang ebaan  lagoon (a hypersaline lagoon), tha t  the
at Langebaan near  the m o u t h  o f  the  Langebaan lagoon  (strongly tidal lagoon) and in the migratio
Sw artkops  estuary at P o r t  E lizabeth  (a tidal estuary).  In each  example p lank ton  samples were
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taken and environm enta l  cond it ions  recorded at the surface every hour over a 24-hour period.
Vertical m igra tion  appeared  to  occur in almost all o f  the  species o f  Zooplankton  observed. No 

evidence o f  migration was de tec ted  in the case o f  c irripede nauplii,  copepod  naupli i ,  and the 
isopod P aridotea  ungulata. Differences were observed b e tw een  the pa tte rns  o f  migration  of 
dif ferent species. P seudod iap tom us hessei appeared  at the  surface in large numbers on ly  during the 
night whereas Paracartia africana  also appeared  in fairly large num bers  during th e  day. Some 
species, inc lud ing  Cumacea, O stracoda and decapod 'mysis’ larvae, only appeared  at the  surface for 
part o f  the night.  N em atodes  s ta r ted  to  appear at the surface during  the af ternoon.

Observations on  the  behaviour o f  adult males and females and  the  five copepod ite  stages o f  
P seu d o d ia p to m u s hessei ind ica ted  tha t  the adults migrated m o re  strongly. In Paracartia africana 
h igher p ro p o r t io n s  o f  ad u lt  males and  females migrated than  d id  copepod ite  stages. In th e  mysids 
R hopha lo p th a la m u s terranatalis and  M esopodopsis slabberi the  adults  and juveniles responded 
differently  to  m oon l igh t .T he  adults  were found  to  leave the  surface when exposed  to full 
m oonlight whereas the juveniles still appeared at the surface.

Most species appeared  a t  the  surface during the  night for a long  period  and there was n o  good 
evidence o f  any  species migrating only at flood tide. In observations in the Sw artkops estuary 
there  was som e evidence o f  higher propor tions o f  certa in species at the  surface during flood tides 
but this effec t  appeared  to  be subsidiary to  the main diurnal m igra tion  pattern . The pa tte rn s  o f  
vertical m igra t ion  o f  m os t  species observed in these four  estuaries dif fered from the  ty p e  usually 
described. The p lank ton  on ly  rose a fte r  dark, reached peak concen tra t io ns  at the surface at some 
time during the  night and  descended before  dawn.

O bservations a t d if fe r e n t levels
O bservations o f  vertical migration  in the Klein River lagoon  at Hermanus were m ade at three 

different levels during  a 24 -hour period  by the au tho r  and Mr. A.J. Cannone then at the  University 
o f  Cape T ow n. Sampling was carried out at the surface an d  near  the  bo t to m  using a  p lankton 
p um p with tw o  hoses fixed to  a surface float and a plate on  the  b o t to m  respectively. The bo t to m  
m ud  surface was sam pled by m eans o f  an instrum ent in the form  o f  a sledge which scraped a thin 
layer o f  b o t to m  m ud  and  de tr i tus  by means o f  an adjustable blade into a plastic bag.

Observations were co n c en t ra ted  on the p lanktonic  c o p e p o d  P seudodiap tom us hessei which 
dom inates  most Cape estuaries ( Grindley 1% 3). It was fo u n d  th a t  P. H essei was most ab un dan t  at 
the surface during  the n igh t and th a t  it occurred only rarely at the surface during the day. The 
num bers  o f  P. hessei were also fo u n d  to increase in the w a te r  near  the bo t to m  at sunset and  in the 
early morning. The s im ultaneous increase in num bers  o f  P. hesse i in bo th  surface a n d  b o t to m  
waters suggests tha t  there  m us t  be a contr ibu t ion  to  the  p op u la t io n  in the water f rom  b o t to m  
m ud .T he  presence o f  a p op u la t io n  o f  P. hessei in close associa tion  w ith  loose detritus an d  m u d  on 
the  bed o f  the  es tuary  was established using the sledge sam pler.  L aboratory  observations indicated 
th a t  w hen exposed  to light th ey  settled  on the b o t to m  o r  even wriggled in to  loose sediments of 
detritus. The sampling o f  P. hesse i in the b o t to m  m u d  was n o t  reliably quanti tative, b u t  there 
appeared  to  be som e evidence o f  low er numbers in the m u d  during  the  night. It w ould  th us  appear 
th a t  the  n u m b e rs  o f  anim als  in th e  water column are s u p p le m e n te d  during the night b y  upw ard 
migration from  the  b o t to m  m ud .
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O bservations in deep  w ater
P seudod iap tom us hessei an d  o th e r  species o f  Zooplankton in S ou th  African estuaries usually 

occur in w ater on ly  a few m eters  o r even less in dep th .  In Lake Sibayi in  Tongaland, P. hessei 
occurs in w ater 40  m deep. Observations o f  the vertical m igra t ion  behaviour o f  this  species in deep 
w ater in Lake Sibayi were m ade  in collaboration with Mr. R. Hart o f  R hodes University and Mr. T. 
Wooldridge o f  the P or t  E lizabeth  Museum with the assistance o f  several colleagues. A series o f  
samples was taken, using a van Dorn sampler at 4  m  intervals f rom  surface to  b o t to m  o n  two 
occasions providing a p ic ture  o f  the  pattern  o f  migration  over the 24-hour cycle. It was found  tha t  
in deep w ater upw ard  m igra t ion  com m enced  early, p ro bab ly  in response to  low  light intensity  at 
those dep ths .  Large n um b ers  on ly  appeared at the surface during the hours  o f  darkness. Downward 
migration com m enced  well before  dawn and was th us  apparen t ly  n o t  in response to a light 
st imulus. T hey  becam e c o n c en t ra ted  towards the b o t to m  during the  day.

R eactions to  light in th e  labora tory
Observations o f  the  reactions to light o f  P seudod iap tom us hessei were carried ou t  in the 

labora tory  in collabora t ion  w ith  Dr. M.J.F. Jarvis o f  the  University o f  Cape Town. An apparatus 
was c on s t ruc ted  in which the  copepods  were kept in a t rou gh  o f  w ater th rough  which a beam  of 
light o f  variable in tens i ty  cou ld  be directed. The C opepods  were fou nd  to  move actively away 
from  the source o f  light w hen  using various in tensities o f  white light. Similar reactions were 
ob ta ined  using various wave-lengths o f  light and using polar ized  light.

The sp eed  o f  sw im m in g  o f  P seudod iap tom us hessei
Observations o f  the  speed o f  swimming o f  P seudod iap tom us hessei were m ade  u n der  laboratory  

condit ions in co llabora t ion  w ith  Miss. R. Donaldson o f  the  University o f  Cape Town. Observations 
were carried ou t  using a directional light source as a s t im ulus to  cause horizon ta l  swimming in a 
glass t rough  and  u p w a rd  a n d  dow nw ard  swimming in a vertical glass tube .  It was foun d  th a t  in 
short bursts o f  m ovem en t in a horizontal direction a speed o f  26,5 cm/s cou ld  be reached by adult 
females. Over longer dis tances speeds ranged from  1.5 cm /s  to  9 .0 cm /s  fo r  adult males and 
females. Distances were usually fou nd  to  be covered in a series o f  bursts o f  swimming activity, 
with in te rm it ten t  rests. Speed o f  vertical swimming o f  adu lt  males and females was found to  range 
from 0.25 to  4 ,5 c m /s  in an upw ard  direction. The speed o f  passive si.iking o f  adult females was 
found  to  be 0 ,25  to  0,5  cm/s.

A tte m p ts  to  ob ta in  vertical m igra tion  in the laboratory
A ttem p ts  were m ade  to  ob ta in  vertical m igra tion  behav iour in vertical glass tubes under 

labora tory  condit ions . E xper im en ts  were condu c te d  u n d e r  various condit ions b u t ,  as has been 
fo u n d  by  m an y  o th e r  biologists using other species, n o rm a l  vertical m igration behaviour did not 
occur in the  labora to ry .  Despite various a t tem pts  to  s im ula te  natural light conditions employing 
graded diffusion screens and  suspended pigments in th e  w a te r  colum n all th a t  could be obta ined  
was a rh y th m  o f  activity . It was found th a t  during th e  n igh t there  was m ore  activity and  tha t  
ra ther more animals were fo u n d  in the upper part o f  th e  tu b e  than during the  day. However, the 
bulk o f  the  popula t ion  u n d e r  experimental condit ions rem ained  in the low er  part o f  the  tube . 
Observations were c o m p lica ted  by  the tendency o f  P seu d o d ia p to m u s hessei to  settle on the  glass
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sides o f  the  experim ental tubes.

E xp erim en ts  in th e  fie ld
Experim ents  were carried o u t  w ith  specimens o f  P seudod iap tom us hesse i in glass tubes 

im mersed in the Langebaan lagoon and  in the Milnerton estuary  in co llabora t ion  w ith  Mr. A. 
Fricke o f  the  University o f  Cape T ow n. Because o f  the  difficulties in ob ta in ing  a na tu ra l  pa t te rn  o f  
migration u n d e r  labora tory  condit ions ,  it was necessary to  resort to  observations o f  the 
m ovem ents  o f  P seudod iap tom us hessei in glass tubes  suspended in estuaries. In  this  way the 
natural gradient o f  light in the es tuary  is reproduced  in the  experim enta l  tube .  U nder  these 
condit ions, a  natural pa tte rn  o f  m igra tion  was obtained.

E xp erim en ts  using  a n ew  apparatus
A lthough  a glass tube suspended  in an estuary allows the natura l  gradient o f  light to  be 

reproduced ,  it  does not allow fo r  observations o f  the effects o f  salinity stra ti f ica tion  o n  vertical 
migration behaviour .  Field observations had  indicated  th a t  layers o f  low salinity w ater  might play 
a significant role by  affecting the  migration behaviour o f  es tuarine Zooplankton so it  appeared 
desirable t o  devise an appara tus w hich  would allow experim en ts  on the  effects o f  salinity 
s tra tif ication  u n der  field condit ions . An apparatus was devised (Grindley 1964) consisting o f  a 
t ransparen t perspex tube divided in to  chambers by sliding trapdoors ,  and w ith  an injection 
mechanism for in troducing  living Zooplankton. The appara tus is controlled from  the  surface by 
means o f  fo u r  cords. It is com ple te ly  transparent and panels o f  fine nylon ne t t in g  down one side 
allow free exchange o f  w ater so th a t  any stratification is rep ro du ced  within the experim enta l  tube.

In darkness and near dawn, the m ean percentage o f  P seudod iap tom us hessei appearing  in the 
top  ch am b er  was highest (m ean 53,8  á) while in sunlight and shaded  daylight, it  was least (mean 
23,9%). In the  presence o f  a layer o f  low salinity w ate r  on  the surface less than  1% of the 
P seudod iap tom us  appeared in the to p  cham ber b o th  in sunlight and in darkness. No consistent 
d ifferences in the migration behaviour o f  the sexes or developm ental stages o f  P seudodiaptom us  
were apparen t .  Migration appeared  to  increase with decreasing light intensity . U pw ard  migration 
appeared  to  be inhibited by  to o  great a salinity gradient (salinity difference o f  more th an  about 
10°/oo) while below  this critical value migration was no t  inhib ited  (Grindley 1964).

Obsen>ations o f  an endogenous rh y th m  o f  activ ity
Observations were made over periods o f  several days on the rhy thm s o f  activity of 

P seudod iap tom us hessei in vertical glass tubes in co llabora t ion  w ith  Mr. A. Fricke o f  the  University 
o f  Cape Town. Observations were made under three d if feren t conditions: w ith  the tube in 
constan t  darkness, with the  tube  in constan t light and  w ith  th e  tube  out o f  doors  in natural light 
but shielded w ith  a diffusion screen in an a t tem p t to  simulate a na tura l  light gradient.

Observations were m ade o f  the num bers  o f  specimens appearing  at various levels in  th e  tubes at 
three-hour intervals th rou gh ou t  the  period o f  observation . Observations in darkness were made 
with a sh ielded red light which was fo u n d  no t  to d is turb  th e  copepods .  A strong rh y th m  o f  activity 
was fou nd  to  occur under  natural light condit ions; w eak  rh y th m s  o f  activity were foun d  to  persist 
in constan t  darkness and c o n s tan t  light,  suggesting th a t  there  is an  endogenous rh y th m  o f  activity 
in P seudod iap tom u s hessei.
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D I S C U S S I O N

Several features o f  the pa tterns  o f  vertical m igra t ion  observed in these s tudies  appear to  be of 
in terest in relation to  the  biological m echanism s involved in this  behaviour. In m o s t  species there 
was a clear difference betw een  day and  n igh t behaviour as ind ica ted  b y  differences in vertical 
d is tr ibu tion . This was correlated with the periods  o f  daylight and darkness. There were even 
differences be tw een  behaviour in darkness and in full moon-light in certa in  stages o f  some species. 
Most species in shallow w ater did no t  rise unti l  a fte r  d a rk  and  rem ained in th e  surface w ater almost 
all n ight,  descending again before  dawn. In several species m ax im um  n u m bers  appeared  at the 
surface near  th e  middle o f  the  night ra ther  th an  a t  dusk  or dawn. Even w here observations were 
carried ou t  in very deep water there was no  evidence o f  dow nw ard  sca t ter ing  after dusk  and 
a l though  organisms s ta r ted  to  rise from  the  b o t to m  during the a f t e rn o o n ,  the ir  descent 
c o m m e n c ed  in the early hours  o f  the  m orn ing  before  there  was any light st imulus for their 
d o w n w ard  migration.

A great m an y  d ifferent pa tte rns  o f  vertical m igra t ion  have been observed involving various 
Z oop lank ton  species elsewhere b u t  several reviews o f  the  subject, including Cushing (1951) ,  
Bainbridge (1961) ,  Wynne-Edwards (1962),  R a y m o n t  (1 9 6 2 )  and H utch inson  (1967) ,  have estab­
lished a general pa t te rn  involving a late a f te rn o o n  rise, a dow nw ard  scatter ing  during the 
period  o f  to tal darkness followed b y  a tem po ra ry  d aw n  rise before the  descent to deep 
water fo r  the  day. These movements m ay  be exp la ined  primarily  as positive m ovem ents  towards a 
source o f  low  light in tensity , scattering at night w hen  there  is no light st imulus and active 
dow nw ard  sw im m ing  away from the high light in tensi ty  in daylight to  the  particular dep th  where 
th e y  m ain ta in  th e ir  position.

The results ob ta ined  in the present work appear  to  requ ire  a modified exp lana tion .  The absence 
o f  sunset a n d  dawn rises under  most conditions and the  rise to  the  surface o f  several species during 
com ple te  darkness suggests th a t  in these exam ples th e i r  behaviour m ay  be con tro lled  by an 
endo gen ou s  physiological rh y th m  and m erely  phased  b y  changes in the  environment.  The 
exper im en ts  designed to  investigate the existence o f  an endogenous rh y th m  o f  activity in 
P seu d o d ia p to m u s hessei ten d  to support  this  view. However,  there are m any  prob lem s in 
in te rp re ting  w ork  o f  this nature  and the  results ob ta in ed ,  a lthough tend ing  to  indicate the 
exis tence o f  an endogenous rhy thm  o f  activity in P seu d o d ia p to m u s hessei, cann o t  be regarded as 
conclusive at this  stage. Harris (1963) has discussed th e  role o f  endogenous rh y th m s in vertical 
m igra tion  in o th e r  species.

The quest ion  o f  the tim ing  o f  these migrations in re la tion  to  the tidal cycle and  the  period of 
darkness is very interesting. Z oop lank ton  in estuaries ten ds  to  drift with  t idal currents  and  so 
rem ain  in w ater o f  similar salinity. The occurrence o f  vertical migration in estuaries however, 
m eans th a t  th e  Z ooplankton  m ay have to co n te n d  w i th  relatively rapid changes o f  salinity. When 
the  p lan k to n  rises it is liable to  en te r  water o f  a salin ity  very  different to  th a t  a t  the  b o t to m  or o f  
th a t  w hich  it  e n te red  the  previous night at a d if fe ren t  phase  o f  the t idal cycle. This cou ld  be 
avoided  to  som e degree b y  th e  p lank ton  rising at the  sam e s ta te  o f  the tide a n d  hence  a t  a different 
t im e  each night.  Carriker (1 9 5 1 )  has suggested th a t  th is  occurs  in the case o f  oyster larvae for 
exam ple ,  and  t h a t  b y  rising during the  flood tide  and  s ink ing  on the ebb th e y  b ecom e  dispersed 
u p s t ream . The surge o f  p lank ton  appearing o n  the  f lo o d  t ide  in the observations at Swartkops
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might appear to  be evidence o f  such behaviour but it appears  to  be subsid iary  to  th e  m ajor  
circadian cycle o f  migration. It can also be explained by  the  tidal in t rod uc t io n  o f  more ab un dan t  
p lankton  from  fu r th e r  dow n the  es tuary  th a t  had migrated  to  the  surface earlier in response to  the 
onset o f darkness. This view is suppor ted  by the pa tte rn s  o f  appearance  o f  species at 
Schry wershoek, where b o th  a t  high w ate r  and at low  w ater th e re  m ay  be p eak  concen tra t io ns  of 
certain organisms from  fu r the r  do w n  and  fu r ther  up the lagoon respectively.

Diurnal vertical migration  m u s t  be of p ro found  significance to  have evolved in a lm ost all 
p lanktonic  animals. Its survival value to  estuarine p lank ton ic  animals is p ro bab ly  in help ing to  
maintain their  posi t ion  in the  estuary . Complex cu rren t p a t te rn s  occur in estuaries where there  are 
usually tidal oscillations and a ne t  surface ou tf low  o f  low-salinity water,  and  a com pensa ting  influx 
o f  saline water a long  th e  b o t t o m  w hich maintains the salinity grad ien t (K etchum  1953).

By perform ing  vertical migrations the p lanktonic  animals d rif t  a lternate ly  u pst ream  and 
downstream tending  to  m aintain  the i r  position in the  estuary  (Rogers 1940). In th e  case o f  river 
floods, however, the p lan k to n  w ou ld  be in danger o f  being sw ept out to  sea, i f  it  rose to  the 
surface. The inh ib it ion  o f  m igra t ion  produced  by a s trong  salinity d iscon tinu ity  w ou ld  however 
prevent this occurring. This m ay  well be the reason for the evolution  o f  this par t icu lar  behaviour 
pattern . This behavioural m echan ism  w ould also reduce the  coeff ic ient o f  r ep rod uc t io n  (K etchum  
1954), required to  m ain ta in  a Zooplankton  popula t ion  in an estuary , for a given exchange ratio o f 
water escaping seaw ard at each tidal cycle.

The cumulative effec t  o f  tidal m ovem ents  in the same d irec tion  during several successive nights 
could comple te ly  override the  station-maintaining role o f  vertical migration behaviour in an 
estuary. There w ould  appear  to  be an interesting field here fo r  investigation by m eans o f  com pute r  
simulation models using tidal da ta  which is in existence for several o f  ou r  estuaries an d  com paring 
the results with exis ting p lan k ton  distribution patterns. The  b o u n d a ry  betw een  the  true  estuarine 
Zooplankton an d  the tidally  replaced neritic p lankton should  co rrespond  to  a part icu lar  value o f  
tidal exchange ratio. Evidence th a t  tidal replacement vo lum e plays an im p o r ta n t  par t  in the 
biology o f  p lank ton  in South  African estuaries has recently  been  obta ined  in investigations being 
carried ou t  in Richards Bay. It has been found tha t  a l though  large num bers  o f  juvenile stages o f 
P seudodiaptom us hessei m ay  be fou nd  in the middle regions o f  the  estuary, high percentages o f  
ovigerous females are only fou nd  in those parts o f  the sys tem  furthest from  the sea. It w ould 
appear tha t it is only in these fu r thes t  reaches o f  the system th a t  a significant percentage o f  the 
organisms are able to  com plete  the ir  life cycle w ithou t being displaced to sea where th ey  canno t 
apparently  survive.
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