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A  fa s t automatic new method, the “spray technique"  fo r  the separation offish eggs from  plankton 
samples has been developed; each egg-sor ting procedure requires less than 3  min (removal o f  zero 
up to hundreds o f  eggs). A  targeted accuracy can be achieved by repeating the procedure. The spray 
method can be easily applied onboard research vessels and it appears to cope well with different 
plankton compositions. Tests suggest that the method is 25, 60 and 110  times faster than the 
traditional manual method when using samples with low, medium and high plankton content.
Sorted egg fractions contain less contamination by plankton particles than with the manual method.
This new method, is much less prone to human error and can be standardised. However, as plankton 
samples vary, it is crucial to estimate regularly the accuracy o f  the sorting. The method should only 
be used with standard operating procedures and pre-detcrmined accuracy targets. Accuracy can be 
estimated afterwards by sorting thoroughly; checking whether any eggs had been left.

I N T R O D U C T I O N

Ichthyoplankton surveys are  used in  a range o f  research 
areas in  m arine biology an d  fisheries science (H eath, 1992). 
All o f  them  rely on the accurate determ ination  o f ichthyo- 
plankton abundance in  th e  samples. W ithin fisheries 
research bo th  the daily egg p roduction  m ethod  (DEPM) 
(Parker, 1980; Lasker, 1985; Som arakis et a l, 2004) and the 
annual egg production  m eth o d  (AEPM ) (Lockwood et a l, 
1981; IC ES, 2005, 2006) can  be  used  to  estim ate biomass 
o f  spaw ning stocks. Som e ichthyoplankton surveys used for 
egg production  estimates generate  large num bers o f 
sam ples tha t need to be  so rted  for fish eggs an d  this often 
requires a  large investm ent o f  h u m a n  resources for m anual 
sorting. T h e  traditional m eth o d  o f  sorting the eggs from a 
p lankton sam ple used to be  a  tedious an d  very time- 
consum ing job , because the fish eggs, p resen t in mixed 
plankton samples, have to b e  recognised by  eye and sub­
sequently have to be rem oved m anually  T h e  quality o f 
sorting is rarely tested and  docum ented .

A u tom atic  so rting  m ethods fo r p lan k to n  have been  
developed  ea rlie r m ain ly  fo r th e  pu rp o se  o f  so rting  
fish la n  ae  from  th e  rest o f  th e  p lan k to n  (Bowen et al. , 
1972; P rice  et a l ,  1977; M a m h o t et a l ,  1988). 
H ow ever, th e  in fo rm atio n  is scarce on  egg-sorting 
m ethods a n d  it is especially difficult to  com pare  these 
so rting  m e th o d s regard ing  efficiency an d  accuracy  o f  
egg sorting.

T h e  new  egg-sorting  techn ique  rep o rted  here uses a 
spray  o f  ae ra ted  seaw ater for th e  rem oval o f  fish eggs 
from  p lan k to n  sam ples. It is there fo re  called the “spray 
te ch n iq u e” . It is based  on  the  p h e n o m en o n  th a t the 
tiny  a ir  bu b b les  a ttach  to  the p a r ts  o f  the  p lan k to n  tha t 
have p ro jec tions (p leopods, an ten n a e , setae an d  o ther 
appendages), b u t do  n o t attach to  the sm ooth  surface o f 
th e  fish eggs. T h e  ae ra ted  p lank ton  floats to  the surface 
an d  all sm o o th  structures such as fish eggs sink to  the 
b o ttom . H ow ever, a lthough  m ost o f  th e  eggs do  indeed  
sink to  th e  b o tto m , som e becom e en tang led  in  betw een
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the floating  p lank ton . T h is  fraction  o f  en tangled  eggs 
p robab ly  depends on a  n u m b e r o f  factors. T hese  
include the volum e o f  p lan k to n , th e  buoyancy o f  the 
fish eggs, th e  species com position  o f  th e  p lank ton , the 
du ra tion  o f  th e  4° 0  form aldehy  de  fixation, the specific 
density o f  th e  seaw ater used  fo r sp ray ing  and  the degree 
o f  aera tion  o f  the seawater.

T h e  aim  o f this study  has b een  to investigate an d  
do cu m en t the differences betw een  this new  spray tech­
n ique  an d  th e  trad itiona l m an u a l egg-sorting m e th o d  in 
relation  to the am o u n t o f  p lan k to n  a n d  the egg sorting  
o f  m ackerel [Scomber scombrus) eggs. T herefo re , all egg- 
sorting  experim ents w ere ca rried  o u t w ith  the sam e set 
o f  th ree  p lank ton  sam ples, w h ich  d id  n o t differ in 
species com position , b u t w h ich  only  differed in p lank­
ton  quantity. C onsequently , differences in  results o f  egg 
so rting  from  these p lan k to n  sam ples can  only be a ttri­
b u ted  to  differences in th e  a m o u n t o f  p lank ton  and  
therefore enab le  a  good  com parison  to  be m ade  o f  bo th  
egg-sorting m ethods. B oth accuracy  (bias) and  precision 
o f  b o th  egg-sorting m e th o d s can  be  calcu lated  because 
all egg-sorting  experim en ts have been  carried  ou t in 
triplicate.

W ith th e  m an u a l m e th o d , it is very  easy to  p ick ou t 
p lank ton  a t th e  sam e tim e as fish eggs, w hich th en  
results in  an  egg sam ple  co n tam in a ted  w ith  p lank ton . 
T h e  spray  m eth o d  was also co m p ared  to  m an u a l so rting  
in  te rm s o f  p lan k to n  co n tam in a tio n  o f  th e  egg sam ples.

T h e  bias an d  p recision  o f  th e  tw o m ethods and  
factors th a t im p ac t o n  these are also described. T h e  
analysis o f  b ias results in  gu idelines b e in g  constructed

*

Fig. 1. (A) T h e  spray  o f  a era ted  seaw ater is p ro d u ced  by a  w ater vacuum  filter p u m p , w'hich is connec ted  to a  spray gun. VB) T h e  egg-sorting 
device fo r separa ting  fish eggs from  a  p lank ton  sam ple  is a  separating  funnel. A fte r spraying w ith aerated  seawater, the  p lank ton  is floating, while 
the  fish eggs sink to  th e  b o tto m . T h e  seaw ater w ith  th e  fish eggs can be transferred  in to  a  2 L  glass beaker, w hich is p laced  in  a  black tray with 
w ater to enhance  the  visibility o f  the  fish eggs (Fig. 2).

fo r the fu tu re  use o f  the  spray  m e th o d  an d  fo r the 
quality  con tro l o f  eg g  sorting.

M E T H O D

E q u ip m e n t  r e q u ir e d  fo r  th e  sp r a y  
te c h n iq u e

A  w ater je t filter p u m p  was used for die application o f  the 
spray technique, b ecau se  it produced a spray o f  aerated sea­
w ater (Brand cat. no. 159600; w w w .brand.del A ccording to 
its technical descrip tion , it uses 190 L h ff1 w ater (at 3.5 bar), 
w hereas it sucks in a ir  a t a  rate o f  400 L  h ~ 1. T his implies 
th a t the aerated  seaw ater spray from it can consist ou t o f 
seawater m ixed w ith a b o u t twice the volume o f air. This 
w ater je t filter p u m p  was m ounted  on a  spray gun 
(Hozclock p a rt no. 2 6 6 7 ; www.hozelock.com), w hich has an 
easy opening and  closing  d eu ce  (Fig. 1A). T h e  salinity of 
the seaw ater used fo r  the egg-sorting experim ents was 
~ 3 4 .5 . T h e  egg-sorting device as shown in Fig. IB  is in  fact 
a  separating funnel, w h ic h  consists o f  a  transparent cylinder 
m oun ted  on top  o f  a  tran sparen t funnel including a  tap  on 
tire bo ttom  opening. A  flexible silicone tube i» m ounted to 
d ie  tap  for the transportation  o f the fish eggs into a glass 
beaker. T h e  device c a n  store a volum e o f  ~ 1 .6 L .  T he 
inner d iam eter o f  th e  stem  o f  the funnel is 25 m m . T he 
inner d iam eter o f  b o th  the tap and  the silicone hose is 
19 m m  to allow la rger particles in the plankton to pass 
through after the last so rting  procedure w hen all plankton is 
transferred back into th e  sieve.
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P r e p a r a tio n  o f  th e  p la n k to n  s a m p le s  p r io r  
to  th e  c o m p a r a tiv e  e g g -s o r t in g  e x p e r im e n ts

T h e  p lan k to n  an d  eggs used  fo r the  egg-sorting  experi­
m en ts  w ere o b ta ined  from  10 p lan k to n  sam ples coll­
ec ted  d u ring  the m ackerel egg survey in  th e  w estern  
p a r t  o f  the  cen tra l N o rth  Sea in  J u n e  2005. T h ese  
sam ples con ta in ed  h igh num bers  o f  m ackerel (Scomber 
scombrus1 eggs, w hich have an  egg d iam e te r o f  
~  1.2 m m . T h e  w et w eight o f  the p lan k to n  (p red o m i­
n an tly  crustaceans! in  these sam ples ran g ed  from  ~  10 
to  65 g. T h o u san d s  o f  m ackerel eggs h a d  b een  rem oved 
from  these sam ples an d  these w ere tran sfe rred  in to  a  ja r  
w ith  a  4° o solu tion  o f  buffered fo rm aldehyde. T h is  was 
th en  the stock o f  m ackerel eggs, w h ich  w as used  fo r all 
egg-sorting  experim ents. T h is en su red  th a t differences 
betw een  experim en ts could  n o t be  a ttr ib u ted  to  diffe­
rences in eggs, e.g. the buoyancy  re g a rd in g  the  spray 
m e th o d  an d  the  transparency  an d  tran slucency  reg a rd ­
ing  the m an u a l sorting  m ethod . T h e  buoyancy  
(C oom bs, 1981) an d  tran sparency  are d e p e n d e n t on  egg 
stage (L ockw ood et al. , 19811 developm ent. T h e  egg- 
so rting  experim en ts w ere ca rried  o u t ~ 4 - 5  m onths 
after th e  eggs h a d  been  collected d u rin g  tire survey. T h e  
p lan k to n  o f  these 10 sam ples w as well m ix ed  in  a  glass 
b eak e r a n d  th en  sieved. T h e  m ix ing  o f  th e  p lank ton  
w as ca rr ied  o u t b efo reh an d  to  ensure  th a t th e  co m p o ­
sition  o f  th e  p lan k to n  w ould  be  s im ila r fo r all egg- 
so rtin g  experim ents. T h re e  ja r s  w ere filled w ith  10, 40 
a n d  100 g w et w eigh t o f  p lan k to n  to  rep re sen t sam ples 
w ith  a  low, m ed iu m  an d  h igh level o f  p lan k to n , respect­
ively. To each  j a r  a  4%  solution  o f  bu ffered  fo rm a l­
dehyde  w as added . T h e  n u m b e r o f  partic le s  p e r  g ram  
w et w eigh t w as coun ted  a n d  classified in to  crustaceans, 
a rrow  w orm s, fish larvae  a n d  sm all m edusae . P rio r to 
each  egg-sorting  experim en t, th e  spray  techn ique  was 
app lied  en ough  tim es to ensure th a t it  w as unlikely tha t 
the  p lan k to n  con ta ined  any m ackerel eggs. P rio r to  
each  egg-sorting  experim en t, 500 m ackerel eggs h ad  
been  c o u n ted  tw ice before these w ere a d d e d  to  d ie  
p lan k to n  sam ple.

P r o c e d u r e  o f  eg g  s o r t in g  
b y  th e  sp r a y  te c h n iq u e

A t least 12 h  p r io r  to the egg sorting , 500  m ackerel eggs 
w ere ad d ed  to th e  p lan k to n  sam ple, in  4 %  buffered 
fo rm aldehyde , w h ich  did n o t co n ta in  an y  eggs. T h e  
fo rm aldehyde  w as rinsed from  th e  p lan k to n  sam ple in  a 
270 pan m esh  sieve w ith  seawater. T h e  p lan k to n  was 
th en  w ashed  from  th e  sieve in to  th e  sep ara tin g  funnel 
(Fig. IB) a n d  im m edia te ly  after it w as filled-up w ith  
ae ra ted  seaw ater w ith th e  spray  o f  th e  vs'a ter je t  filter 
p u m p  (Fig. 1A). T h e  spray j e t  w as ro ta ted  a round ,

above th e  floating  p la n k to n , to  p e rfo rm  an  op tim al 
m ixing o f  th e  p lank ton  w ith  th e  aera ted  seawater. Its 
spray gave the p lank ton  s a m p le  a  c loudy  appea ran ce  
because o f  th e  tiny  a ir  b u b b le s . T h e  sam ple was then  
left to  stand  fo r ~ 2  m in  w h ils t the aera ted  p lan k to n  
floated  to  th e  surface an d  m o s t  fish eggs sank  to  the 
bo ttom . By op en in g  th e  tap , th e  low er fraction  o f  sea­
water, co n ta in in g  the  fish eggs, w as carefully  transferred  
in to  a  2 L  glass beaker. T h e  ta p  is th en  closed before 
the  floating  p lank ton  can  g e t th ro u g h . T h e  egg-sorting 
p rocedu re  o f  filling w ith a e ra te d  seaw ater, w aiting  and  
rem oving  th e  egg fraction  w a s  repea ted  10 tim es to 
ensure th a t all 500  m ackere l eggs h ad  b een  retrieved. 
T h e  2 L  glass beaker w as p la c e d  in a  black tray  w ith  
w ater to  en h an ce  th e  v isib ility  o f  the eggs. S tirring  the 
w ater caused th e  eggs a n d  th e  p lan k to n  to  concen tra te  
in  th e  m idd le  a t the b o tto m  o f  th e  glass beaker (Fig. 2). 
T h is  facilitated the rem oval o f  the eggs an d  p lank ton  
particles w ith a  plastic p ip e t te  fo r la te r counting. 
F u rth erm o re , the du ra tio n  o f  a ll 10 so rting  p rocedures 
w as recorded; starting  w h en  th e  p lan k to n  sam ple h ad  
been  tran sfe rred  in to  the  se p a ra tin g  funnel an d  en d in g  
w hen  the  egg fraction  h a d  b e e n  rem oved  after d ie  10th 
sorting  p rocedure. D u rin g  e a c h  p e rio d  o f  2 m in  w aiting  
tim e, the  eggs from  th e  2 L  glass beaker w ere tran s­
ferred  in to  vials for su b seq u en t counting.

P r o c e d u r e  o f  m a n u a l e g g -s o r t in g  m e th o d

E xactly 500  m ackerel eggs w ere  ad d ed  to a  p lank ton  
sam ple th a t d id  n o t co n ta in  a n y  fish eggs. A fter m ix ing  
th e  eggs w ith the  p lan k to n , th e  m an u a l egg sorting  was

F ig . 2 . T h e  first egg-sorting p rocedu re  by the  spray techn ique 
resulted in  the  highest n u m b e r o f  eggs w ith  the lowest n u m b e r o f  
crustaceans. S tirring  concen trated  the eggs and  crustaceans in  the 
m iddle o f  the  2 L  glass b eaker fo r easy rem oval w ith  a  plastic pipette . 
T h e  visibility o f  the eggs has been  en h an c e d  by  p lacing the  glass 
b eaker in  a  black tray  w ith  water.
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ca rr ied  o u t by transferring  sm all aliquots o f  p lank ton  
in to  a n  18 cm  d iam ete r Petri dish, w h ich  was p laced  on 
top  o f  a  light screen. A  large m agnify ing  glass was used 
fo r a  b e tte r recognition  o f  the  eggs. All eggs th a t w ere 
im m edia te ly  \isib le  w ere rem oved w ith  a plastic p ipette  
an d  transferred  in to  a  sm all Petri dish. T h e n  the sorting  
s ta rted  on  one  side o f  the  dish an d  g radually  co n tinued  
to th e  o th e r side. W ith a plastic p ipette , the  p lank ton  
was m oved  to th a t side w here th e  so rting  s ta rted  to  ind i­
cate th e  bo rderline  betw een th e  a re a  o f  th e  dish tha t 
was a iread)- sorted  an d  th a t w as n o t yet so rted . T h is 
m o \in g  o f  the p lank ton  particles w as also ca rried  ou t to 
ensu re  th a t no eggs rem ain ed  h id d e n  below o r  in 
betw een  p lank ton  particles. D u rin g  this process, the 
observed  eggs w ere rem oved w ith  the  plastic p ipette  
a n d  p u t in to  the sm all Petri dish. T h is  p ro ced u re  was 
rep ea ted  for all aliquots o f  the to ta l sam ple. O n i) one 
tho ro u g h  egg sorting  o f  the w ho le  p lan k to n  sam ple  took 
p lace (no sub -sam p ling l T h e  d u ra tio n  o f  egg sorting  
was reco rded ; starting  after th e  first a liq u o t o f  p lank ton  
h a d  been  transferred  in to  th e  Petri d ish  a n d  ending- 
a fte r the last a liquo t o f  p lan k to n  h a d  b een  checked 
com pletel)’ an d  all eggs h a d  been  tran sfe rred  from  the 
sm all Petri dish in to  a  vial.

C o m p a r a tiv e  e g g -s o r t in g  e x p e r im e n ts

T h e  follow ing six egg-sorting experim en ts w ere carried  
o u t in  trip licate in  o rd e r to en ab le  calcu lations o f  p rec i­
sion an d  bias (accuracy) afterw ards (Table I).

In  a  few instances, the to tal o f  c o u n ted  eggs from  the 
egg so rting  d id  n o t ad d  u p  to exacdy 500, w h ich  m igh t 
have been  due to e ith e r a co u n tin g  error, loss o f  eggs, 
egg dam age  o r the p lan k to n  h a d  n o t been  com pletely

Table I:  S ix  egg-sorting experiments were 
carried out in triplicate fo r  comparing the spray 
technique and the manual method o f  
egg sorting at three different levels o f  plankton 
volume

Triplicate experim ents

SPRAY technique w ith 1 10 g w e t w e igh t o f plankton
10 sorting procedures + 5 0 0  mackerel eggs

2 40 g v /e t w e igh t o f plankton 
+  500 mackerel eggs

3 100 g w e t w e igh t o f plankton 
+  500 mackerel eggs

M AN UAL m ethod w ith 4 10 g w e t w e igh t o f plankton
only one thorough +  500 mackerel eggs
sorting 5 40 g w e t w e igh t o f plankton 

+  500 mackerel eggs
6 100 g w e t w e igh t o f plankton 

+  500 mackerel eggs

free o f  eggs a t t h e  s ta rt. T h e  p red e te rm in ed  accep ted  
range o f  the c o u n te d  to tal n u m b e r o f  eggs a t the en d  o f 
the experim en t w a s  4 9 7 - 5 0 3  o therw ise the experim en t 
was repeated . T h e  c o u n te d  n u m b ers  have been  e ither 
raised o r  low ered  in  o rd e r  to ad d  u p  again  to 500 
assum ing th a t th is w a s  the co rrec t n u m b er, because the 
500 eggs th a t w e re  tran sfe rred  in to  the  p lan k to n  sam ple 
h ad  been  co u n ted  tw ice .

T h e  du ra tio n  o f  th e  10 so rting  p ro ced u res  by the 
spray techn ique  a n d  o f  the th o ro u g h  m an u a l egg so rt­
ings h ad  been  r e c o r d e d .  F u rth e rm o re , for b o th  egg- 
so rting  m ethods, t h e  n u m b er o f  crustaceans and  o th e r 
species, w h ich  w e r e  m ixed  w ith the eggs, h ad  been  
coun ted  to e s tim a te  to  w hat ex ten t th e  egg fraction was 
con tam ina ted  w ith  p la n k to n  particles.

R E S U L T S

All egg-sorting e x p e rim e n ts  w ere ca rr ied  o u t w ith  the 
sam e set o f  th ree  p la n k to n  sam ples, w h ich  d id  n o t differ 
in species c o m p o s itio n , b u t w hich  only  d iffered  in  p lank­
ton quantity. C o n seq u en tly , differences in  results o f  egg 
so rting  from  these  p lan k to n  sam ples can  only  be a ttri­
b u ted  to d iffe rences in  the a m o u n t o f  p lan k to n  and  
therefore  enables a  g o o d  com parison  o f  b o th  egg-sorting 
m ethods. T h e  co m p o s itio n  o f  1 g w et w eight o f  this 
p lank ton  was e s tim a te d  as in  T able II. T h e  to tal n u m b e r 
o f  p lan k to n  p a rtic le s  p e r  g ram  w et w eigh t o f  p lank ton  
was 1017. T h is  im p lie d  th a t th e  con tro l sam ples o f  10, 
40 an d  100 g p la n k to n , respectively, con ta in ed  ~ 1 0  000, 
40 000 an d  100 0 0 0  p lan k to n  particles.

For all th ree  p la n k to n  levels, th e  bias an d  coefficient 
o f  v a ria tion  (CY )  (s tan d a rd  deviation  expressed  as a  p e r­
cen tage o f  m ean) ach ieved  by the first spray procedure  
was already  less th a n  th e  bias an d  C V  from  one 
tho rough  egg so r tin g  by  the m an u a l egg-sorting  m ethod  
(Fig. 3). F u r th e rm o re , the  bias an d  C Y  decreased 
rap id ly  to  0 in  th e  successive egg-sorting  procedures 
ind ica ting  th a t th e  spray  techn ique ap p ea red  to have 
b een  able to  rem ove all eggs. A ccuracy  errors

Table II:  A ll  egg-sorting experiments were 
using plankton samples with the same 
plankton composition

Numbers Percentage

Crustaceans (mainly copepods) 960 94.4
Arrow  w orm s (Chaetognatha) 50 4.9
Fish larvae 2 0.2
Small medusae 5 0.5

The com position o f 1 g w e t w eigh t o f plankton w as estimated.
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A c c u ra c y  (B ¡as°ó) P re c is io n  (C VS
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A M a n u a l te c h n iq u e  (4 0  g  w e t w e ig h t p lank ton )

■  M a n u a l te c h n iq u e  (1 0 0  g w e t w e ig h t p la n k to n )
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0  M a n u a l te c h n iq u e  ( 1 0 0  g w e t w e ig h t p lank ton ) 

A  M a n u a l te c h n iq u e  ( 4 0  g w e t w e ig h t p lankton) 

e  M a n u a l te c h n iq u e  ( 1 0  g w e t w e ig h t p lankton) 

- B - S p r a y  te c h n iq u e  ( 1 0 0  g w e t w e ig h t p lank ton ) 

- É s -  S p ra y  te c h n iq u e  ( 4 0  g  w e t w e ig h t p lank ton ) 

- © -  S p ra y  te c h n iq u e  ( 1 0  g  w e t  w e ig h t p lank ton )

1 2  3  4  5 6  7  £

N u m b e r  o f  e g g  s o r t in g  p r o c e d u r e s

F ig . 3 . Bias (accuracy! a n d  C V  (precision) have been  calculated  from  triplicate experim ents o f  bo th  the  sp ray  techn ique  a n d  the  m an u a l 
egg-sorting techn ique  a t three  d ifferent levels o f  plankton . T hese  are  show n, respectively, in  the  left an d  righ t p an e l. A ccuracy  errors co rrespond  
to  a  b ias in  egg sorting, w hich can  only be a n  underestim ation  o f  the  actual to ta l n um bers  o f  eggs. Bias is therefore  expressed as negative values 
in percen tage. T h e  p recision  is expressed as C V  in  percentage. Precision im proves w ith  decreasing  C V

co rresp o n d  to  a  bias, w h ich  can  only be  an  
un d eres tim atio n  o f  th e  ac tua l to ta l n um bers  o f  eggs. Bias 
is, therefo re , expressed as a  negative value in percentage.

T h e  collected  egg fraction  o b ta in ed  from  only the 
first egg-sorting  p ro ced u re  by  th e  spray m eth o d  co n ­
ta in ed  14.2, 4 .8  a n d  5.5 tim es less co n tam in a tio n  w ith  
p lan k to n  partic les th a n  th e  egg fraction  by the m anual 
egg-sorting  m e th o d  for, respectively, the 10, 40  an d  
100 g  p lan k to n  sam ples (Fig. 4). T h e  con tam ina tion  o f 
the egg fractions w ith  the p lan k to n  partic les is less than  
lin ea r a t d ifferen t p lan k to n  levels: fou r tim es m ore 
p lan k to n  resu lted  in a  fac to r o f  only 1.8 m ore  con tam i­
n a tio n  by  p lan k to n  partic les a n d  10 tim es m ore  p lan k ­
ton  resu lted  in  a  fac to r o f  on ly  2.7 m o re  con tam ina tion  
by p lan k to n  partic les, w hen  th e  co n tam in a tio n  is calcu­
lated  over all 10 egg-sorting  p rocedures.

T h e  sp ray  tech n iq u e  a p p ea red  to  be ~ 2 5 ,  60 and  
110 tim es faster th a n  the trad itio n a l m an u a l m ethod  
w h en  using  p lan k to n  sam ples w ith  a  10, 40  an d  100 g 
w et w eigh t o f  p lan k to n , respectively  (Fig. 5). T hese  
n u m b ers  a re  based  o n  th e  d u ra tio n  o f  only  one spray 
techn ique  p ro ced u re  co m p a red  w ith  du ra tion  o f  the 
m an u a l egg-sorting  m e th o d , because  the  first egg- 
so rting  p ro ced u re  by th e  sp ray  techn ique  already

ach ieved  a  h ig h e r accuracy  a n d  p recision  th a n  one 
th o ro u g h  m an u a l egg so rting  (Fig. 3). Even w hen  ap p ly ­
in g  10 so rting  p rocedures o f  th e  spray techn ique, th e  
sp ray  m e th o d  is still 3 -1 1  tim es fas te r th a n  the  m an u a l 
m e th o d , b u t achieving th en  an  accu racy  an d  precision  
of, respectively, 100%  o f th e  eggs rem oved  and  a  C Y o f  
0.0° o (Fig. 3). In fo rm a tio n  on  th e  ac tua l du ra tions o f 
th e  egg-sorting  experim en ts is p ro v id ed  in  T able III.

D I S C U S S I O N

T h e  new  spray  techn ique  for egg  so rting  p resen ted  in  
th is study  is a  g rea t im provem en t co m p ared  w ith  the 
h isto rically  developed au tom atic  egg-so rting  devices as 
w ell as th e  trad itiona l m an u al egg-so rting  m ethod . I t  is 
very  fast a n d  efficient. It is extensively co m p ared  to  the 
trad itio n a l m an u a l m e th o d  and  its advan tages an d  dis­
ad v an tag es are discussed and  ev a lu a ted  later.

H is to r ic a l ly  d e v e lo p e d  a u to m a t ic  
e g g -s o r t in g  d e v ic e s

B ow en et al. (Bow en el ai. , 1972) described  th a t fish 
eggs a n d  la rvae  can  be separa ted  from  inverteb ra te
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C o n t a m i n a t i o n  o f  t h e  e g g  f r a c t i o n  b y  p l a n k t o n  p a r t i c l e s
(averages o ve r th ree  experim ents)

300

2 0 0  - •

1 0 0  -■

■  Manual technique ( 1 0 0  g wet weight plankton) 

A  Manual technique (4 0  g wet weight plankton) 

•  Manual technique ( 10  g wet weight plankton) 

- B -  Spray technique (1 0 0  g wet weight plankton) 

Spray technique (4 0  g wet weight plankton) 

Spray technique (1 0  g wet weight plankton)

0   1 1 1 1 1 1 1 1 1 1
First sorting  S econd so rtin g  Third so rtin g  Fourth  so rtin g  Fifth so rtin g  S ix th  so rtin g  Seventh s o r t in g  E ighth sorting  N inth so rtin g  Tenth  sorting  
p rocedure  p rocedure p rocedure p rocedure  p rocedure  p rocedure  p ro ce d u re  procedure p rocedure  p rocedure

F ig . 4 . T h e  average con tam ination  o f  the  egg fraction  by  p lank ton  particles by  egg-sorting p ro c e d u re  o f  the  spray techn ique  a n d  for one 
th o ro u g h  so rtin g  by the  m anual egg-sorting m ethod  as estim ated  from  egg-sorting experim ents w ith  low, m edium  a n d  h igh  p lank ton  levels.

Z ooplankton by isopycnic cen trifugation  in  g rad ien ts o f  
sucrose an d  silica. O f  the six d o m in an t classes o f  Zoo­
p lan k to n , only  S a lp a  overlapped  w ith  the fish eggs a n d  
n o n e  overlapped  w ith  the fish larvae. P lank ton  sam ple 
size w as I g  w et w eight; 10 g  w as m ax im um  size fo r this 
m e th o d . T h e y  stated: “T h is  system  cou ld  substitu te  for 
the hou rs  o f  labo rious h an d w o rk  presen tí) ' necessary  for

ich thyop lank ton  so rtin g , an d  it w ould  requ ire  a 
m in im u m  o f  o p e ra to r  tim e, readily  available centrifuge 
eq u ip m en t, and  inexpensive  g rad ien t m ateria ls” and  
“p lan k to n  sorting  b y  g rad ien t cen trifugation  will n o t be 
p rac tica l fo r sam p le s  collected d u rin g  Phaeocystis b loom s 
u n til som e m e th o d  is d e \ised  e ith e r to  b reak  dow n o r  to 
rem ove the filam en ts” . T h e re  is no  d irec t estim ate o f

Factor that the duration o f the spray technique is shorter than the manual egg sorting method

110

1 0 0  -■

90 --

100 g wet w eigh t plankton

wet weight plankton

50 -- 10g wet weight plankton

40  --

30 --

20  -■

73 4 5 60 1 2 8 9 10
Number of egg sorting procedures by the spray technique

F ig . 5 .  Ind ication  o f  how  m uch faster th e  spray techn ique  is co m p ared  w ith  th e  m anual egg-sorting m ethod fo r three  d ifferent levels o f 
p lank ton  w et w eight.
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Table III :  Durations o f  egg sorting by the traditional method o f  manual sorting fo r  only one thorough 
sorting and by the new spray technique presented from  1 to 10  spray procedures

Duration o f egg sorting (h:min:sec)

10 g w e t w e igh t plankton 40 g w e t w e igh t plankton 100 g w e t  w eigh t plankton

A B C Mean A B C Mean A B C Mean

Manual technique 1:19:45 1:12:36 1:01:50 1:11:24 2:43:46 2:43:09 2:39:30 2:42:08 5:13:09 4:01:09 5:08:52 4:47:43
1 Spray procedure 0:02:51 0:02:39 0:02:49 0:02:46 0:02:46 0:02:45 0:02:41 0:02:44 0:02:39 0:02:39 0:02:40 0:02:39
2 Spray procedures 0:05:41 0:05:19 0:05:38 0:05:33 0:05:31 0:05:29 0:05:23 0:05:28 0:05:17 0:05:18 0:05:21 0:05:19
3 Spray procedures 0:08:31 0:07:58 0:08:27 0:08:19 0:08:16 0:08:14 0:08:04 0:08:11 0:07:56 0:07:57 0:08:01 0:07:58
4 Spray procedures 0:11:22 0:10:38 0:11:16 0:11:05 0:11:02 0:10:59 0:10:45 0:10:55 0:10:34 0:10:36 0:10:42 0:10:37
5 Spray procedures 0:14:13 0:13:17 0:14:05 0:13:52 0:13:47 0:13:43 0:13:26 0:13:39 0:13:13 0:13:15 0:13:22 0:13:17
6 Spray procedures 0:17:03 0:15:57 0:16:54 0:16:38 0:16:33 0:16:28 0:16:08 0:16:23 0:15:52 0:15:53 0:16:03 0:15:56
7 Spray procedures 0:19:53 0:18:37 0:19:43 0:19:24 0:19:18 0:19:13 0:18:49 0:19:07 0:18:30 0:18:32 0:18:43 0:18:35
8 Spray procedures 0:22:44 0:21:16 0:22:32 0:22:11 0:22:04 0:21:58 0:21:30 0:21:51 0:21:09 0:21:11 0:21:24 0:21:15
9 Spray procedures 0:25:35 0:23:55 0:25:21 0:24:57 0:24:49 0:24:42 0:24:12 0:24:35 0:23:47 0:23:50 0:24:05 0:23:54
10 Spray procedures 0:28:25 0:26:35 0:28:10 0:27:43 0:27:35 0:27:27 0:26:53 0:27:18 0:26:26 0:26:29 0:26:45 0:26:33

efficiency o f  th e  m e th o d  co m p ared  w ith  the 
m an u a l egg-sorting m eth o d , a n d  th e  am o u n t o f  p lan k ­
ton  co n tam in a tio n  in  the co llec ted  egg fractions is 
unknow n.

P rice et al. (Price et al., 19771 d escrib ed  an  au tom atic  
so rting  o f  Z ooplankton by isopycnic sed im en ta tion  in 
g rad ien ts o f  silica sol. Following an  overn igh t p e rio d  o f  
sed im en ta tion  a n d  equ ilib rium , the  fish eggs were 
recovered from  th e  top  o f  th e  g rad ien t, invertebrates 
from  the cen tra l p a r t  o f  th e  g ra d ie n t a n d  fish larvae 
from  the b o ttom  o f  the g rad ien t. Phaeocystis spp. and  
hydro ids renders th e  p lan k to n  sam ples unsu itab le  for 
separa tion  by sed im en ta tion  (Price el at., 1977). T his 
study  was in itia ted  in  a n  effort to  red u ce  the  sorting  
tim e fo r p lan k to n  sam ples. T h e  au th o rs  only  m en ­
tioned: “ th e  system  can  ap p rec iab ly  reduce  sorting  
tim e” . H ow ever, it  is n o t stated  to w h a t extent.

M am h o t el at. (M am h o t et al., 1988) described  Zoo­
p lan k to n  so rting  by sed im en ta tio n  in  g rad ien t solutions 
as a  m ethod  fo r rap id  sep a ra tio n  o f  fish la n a e . 
I t  greatly  reduced  the tim e o f  all m an u a l so rting  by 
a b o u t one-half. H ow ever, the fish eggs d id  n o t con ­
stantly  sed im en t in  any  fixed layer. It seem s therefore 
ap p ro p ria te  to conc lude  th a t th is m e th o d  does no t 
a p p e a r  to be  useful fo r au to m atic  egg sorting.

.\l th o u g h  th e re  have been  m a jo r advances in  th e  use 
o f  im age analysis a n d /o r  p artic le  co u n te rs  fo r the 
analysis o f  p lan k to n  (W iebe a n d  B cnfield, 2003; 
C u lverhouse et a í ,  20061, n o n e  o f  th e  m e th o d s rep o rted  
allow  fish eggs to  b e  au tom atica lly  iden tified  by  species 
an d  staged. T h u s  m an u a l egg en u m era tio n  is still 
requ ired . N o references cou ld  be fo und  on  im age a n a ­
lysis a n d /o r  p artic le  coun te rs re la ted  to  egg-sorting 
devices.

S p ray  te c h n iq u e  in  c o m p a r is o n  to  th e  
m a n u a l e g g -s o r t in g  m e t h o d

T h e re  are  m a n y  advan tages o f  th e  spray m e th o d  an d  
these a re  listed below  in  an  overview  an d  then  fu rth e r 
d iscussed in m o re  detail. R esults from  th e  com parative 
experim ents d em o n s tra ted  th a t th e  spray m eth o d  is:

(i) ex trem ely  fast co m p ared  w ith  th e  trad itiona l 
m an u a l egg-so rting  m e th o d  (Fig. 5 an d  T able III);

(ii) as accu ra te  a n d  precise as requ ired , because it 
can  easily be  rep ea ted  as often as necessary  
(Fig. 31; '

(iiil excellent in  separa ting  th e  p lan k to n  from  th e  fish 
eggs (Fig. 4);

(jv) p erfo rm s w ell u p  to  h ig h  levels o f  p lan k to n  
(Figs 3 a n d  4);

In  ad d itio n  the  spray  m eth o d  has th e  follow ing im p o rt­
a n t advantages:

(v) M u ch  less p ro n e  to  “ h u m a n  e rro rs” th an  the 
m a n u a l egg-so rting  m ethod ;

(vi) I t  can  be  standard ised ;
A dditional ad v an tages based  o n  experience o b ta ined  
d u rin g  th e  m ackere l egg surveys:

(vii) It p e rfo rm s well o n b o a rd  research  vessels an d  
ap p ea rs  to  cope w ith  d ifferen t species co m p o ­
sitions o f  th e  p lank ton .

T h e  spray m e th o d  d id  n o t a p p e a r  to  have any  d isad ­
van tages c o m p a re d  w ith  the m an u a l egg-sorting 
m e th o d  re g a rd in g  th e  egg sorting. H ow ever, the spray  
techn ique  does n o t w ork  fo r the rem oval o f  fish larvae , 
w hereas the  m a n u a l m e th o d  does. F u rth e rm o re , fu ture  
users o f  th e  sp ray  techn ique  shou ld  be  aw are th a t th e
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spray techn ique  shou ld  n o t be  used too  soon after 
hav ing  ad d ed  4° 0  fo rm aldehyde  to th e  p lankton  
sam ple, because th e  buoyancy  o f  the eggs ap p ea red  to 
increase only  g radually  over tim e due to  fixation. T his 
im p o rtan t possible pitfall w hen  starting  to use th e  spray 
m eth o d  is discussed la te r in  m ore  detail. In  add ition , 
the spray m e th o d  w orked  well w ith m ackerel eggs and 
is likely to function  well fo r o th e r  fish eggs w ith  a h a rd  
an d  firm  chorion . H ow ever, p rob lem s in  app ly ing  the 
spray techn ique m ig h t o ccu r w ith  fish eggs w ith  a  soft 
chorion  (e.g. sardine). T h is  p rob lem  has n o t been 
investigated in  this study.

T h e  spray techn ique  is a  very  fast m e th o d , because 
each so rting  p ro ced u re  takes only less th an  3 m in  
(Table III). T h erefo re , it can  be  repeated  easily un til a  
requ ired  accuracy a n d  p recision  is achieved. It ap p eared  
to be approx im ately  a fac to r 25 , 60 and  110 faster than  
the trad itional m an u a l m e th o d  w hen  using p lank ton  
sam ples w ith, respectively  a  low, m ed ium  a n d  high 
p lank ton  level. T h ese  factors a re  based  on  the du ration  
o f  only  one  spray tech n iq u e  p ro ced u re  com pared  w ith 
the d u ra tion  o f  th e  m an u a l egg-sorting m ethod , 
because the first egg-sorting  p rocedu re  by  the spray 
technique a lready  achieved a  h igher accuracy  an d  p rec i­
sion th an  one  th o ro u g h  m an u a l egg so rting  (Fig. 3). It 
should  be no ted  th a t these factors shou ld  be regarded  
as only indicative (see also com m en ts on  standard isa tion  
o f  the spray m ethod).

D uring  the  last in te rn a tio n a l IC E S  M ackerel and  
H orse  M ackerel E gg  Surveys in  2004, eigh t countries 
collected d u rin g  291 ship  days 1760 p lank ton  sam ples 
(ICES, 2005). A  very  ro ugh  ind ica tion  o f  the reduction  
in  egg-sorting tim e for this survey m igh t be  ~ 2 6 0 0 -  
3500 m an -h o u rs  assum ing  th a t th e  new  spray technique 
reduces o n  average the so rtin g  tim e by  1 .5 -2  h  p e r 
p lank ton  sam ple (the w et w eights o f  th e  p lank ton  
sam ples are  n o t availab le  to allow a m ore  accurate 
estim ation).

T h e  spray tech n iq u e  can  b e  repea ted  easily, because 
it is a  very fast m e th o d  o f  w hich  each so rting  p rocedu re  
takes only less th a n  3 m in . T h is  allows, therefore, a  
con tinua tion  un til a  h igh  accuracy  an d  precision  is 
achieved (Fig. 3 a n d  see also com m en ts on  standard is­
a tion  o f  the spray m e th o d !.

T h e  experim en ts have d em o n s tra ted  th a t th e  coll­
ec ted  egg fraction  o b ta in ed  from  th e  first egg-sorting 
p rocedure  by  the sp ray  m e th o d  con ta in ed  m u ch  less con ­
tam ination  by th e  p lan k to n  partic les th an  the egg frac­
tion  by  the m an u a l egg-sorting  m e th o d  (Figs 2 an d  4). 
T h e  co n tam in a tio n  o f  the  egg fractions w ith  th e  p lan k ­
ton  particles a p p ea red  to  be  less th an  lin ea r a t d ifferent 
p lank ton  levels. T h e  first egg-so rting  p rocedu res o f  the 
triplicate experim en ts w ith  th e  100 g  w et w eight

p lan k to n  show ed t h a t  on  average only  38 p lan k to n  p a r ­
ticles w ere m ixed  w ith  the eggs w hile th e  p lank ton  
sam ples c o n ta in e d  ~  100 000  p lank ton  particles. T h is  
rep resen ts an  e x c e lle n t separa tion  o f  the p lank ton  from  
th e  fish eggs, b e c a u s e  in these 100 g w et w eigh t p lan k ­
to n  sam ples, o n ly  0 .0 3 8 %  (in num bers) o f  th e  to tal 
p lan k to n  partic le s  m ixed  w ith  the eggs, w hereas 
9 9 .9 6 2 %  (in n u m b e rs )  was re trieved  in th e  floating 
layer. D u rin g  successive  egg-sorting  procedures, the  co n ­
tam in a tio n  by p la n k to n  partic les g radually  increased 
b u t alw ays re m a in e d  low er th an  th e  co n tam in a tio n  esti­
m a ted  from  th e  m a n u a l  egg-sorting  m ethod .

T h e  e x p e rim e n ts  d em onstra ted  th a t th e  spray 
m e th o d  p erfo rm s w e ll up  to  a  h igh  p lank ton  le te i o f  
100 g w et w eigh t p la n k to n . Ju s t if  there  ap p ea rs  to be 
too  m u ch  p la n k to n  in  one sam ple, the p lan k to n  sam ple 
can  always be  sp lit in to  two aliquots for spraying.

U p  to now, v a r io u s  institutes have app lied  the trad i­
tional m a n u a l eg g -so rtin g  techn ique. T h e  accuracy o f  it 
m ay  d ep en d  on  th e  p rocedu res used, e.g. w h e th e r the 
eggs w ere ob serv ed  by eyesight o r by b in o cu la r m icro ­
sco p es /m ag n ify in g  glasses, w h e th e r sub-sam pling  was 
ap p lied  to  reduce  so r tin g  tim e, etc. H ow ever, th e  person  
w ho  ac tua lly  is c a rry in g  o u t the m an u a l egg so rting  is 
expected  to  d e te rm in e  the  achieved accuracy to  a m uch 
la rger extent. T h e s e  so-called  ‘‘h u m a n  erro rs’’ p robab ly  
have a  significant effec t on  th e  accuracy. T h ese  are: the 
tim e taken  o r  the tim e  available fo r egg so rting  o r  the 
speed  o f  egg so rtin g , the ability  to w ork accurately, the 
quality  o f  the eyesigh t, the ability' to recognise ro und  
shapes easily' in  b e tw een  the m an y  p lan k to n  particles, 
the ability  to co n cen tra te  fo r a  long  tim e, th e  size o f  the 
p lan k to n  aliquots, etc. T h is im plies th a t a n  accuracy 
a n d  p recision  figu re  o f  th e  trad itiona l m an u a l egg- 
so rtin g  m e th o d  c a n n o t be given, because  it d ep en d s too 
m u ch  on  these e rro rs . In  add ition , th e  accuracy  is 
expected  to d ecrease  w ith  an  increasing  vo lum e o f 
p lan k to n  in th e  sam ple.

In  this s tu d y  th e  accuracy a n d  precision  in  m an u a l 
egg so rting  have b e e n  estim ated  fo r the a u th o r  o f  this 
study', w ho  c a rr ie d  o u t these egg-sorting  experim ents. 
T h e  accuracy  ach ieved  m igh t be an  underestim ate , 
since th e  a u th o r  is n o t an  experienced  m a n u a l egg 
sorter. T h e  trip lica te  m anual egg-sorting experim ents 
w ith  the 100 g w e t w eight p lank ton  sam ples indicated  
th a t th e  egg -so rting  dura tion , w h ich  is re la ted  to p lank­
to n  a liq u o t size, has  a large im p ac t on  th e  accuracy. In  
4 h  o f  egg so rting , only 8 8%  o f  the eggs cou ld  be 
rem oved , w hereas in  5 h , 92%  o f  the eggs cou ld  be 
ex tracted . T h is  ind ica ted  th a t a t least 6 o r  7 h  egg- 
so rtin g  m ig h t p robab ly  be  n eeded  to achieve 95%  
re trieval as w as already  achieved fo r only  one  egg- 
so rting  p ro ced u re  by the spray techn ique w ith in  less
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th a n  3 m in . T herefo re , the estim ation  o f  how  m u ch  
faster the spray  techn ique is co m p ared  w ith  th e  m anua l 
egg-sorting  m e th o d  m ay be  an  underestim ate , though , 
p e rh ap s , com pensa ting  fo r the fact th a t th e  a u th o r  is 
n o t a n  experienced  m anual egg sorter.

I t  is im p o rtan t to  no te  th a t th e  p ro p o r tio n  o f  eggs 
rem oved  p e r  egg-sorting p ro ced u re  by the sp ray  tech ­
n iq u e  p robab ly  depends on:

(i) the specific density  o f  th e  eggs, w h ich  differs by  
fish species an d  by egg deve lopm en ta l stage 
(C oom bs, 1981: C oom bs et al., 1985) a n d  fu rth e r­
m ore  is expected  to change over tim e a fte r fixation 
w ith 4 %  form aldehyde;

(ii) the a m o u n t o f  p lank ton  as well as th e  species 
com position  o f  the p lank ton;

(iii) the salin ity  o f  th e  seaw a te r used for spraying;
(iv) the degree  o f  aera tion  o f  the seaw a te r  fo r spraying.

T herefo re , the p resen ted  results o f  this study  should  
n o t b e  regarded  as be ing  represen tative fo r o th e r  app li­
ca tions o f  th e  spray  technique. In  o th e r  cases, i t  m igh t 
be  th a t m ore  egg-sorting p rocedu res  a re  n eed ed  to 
rem ove all eggs. "It is recom m ended to a  target 
accuracy in egg sorting in  advance o f  the actual 
egg sorting” (e.g. bias should  be less th a n  — 2° o, 
w h ich  co rresponds to  a  rem oval a t least 9 8 %  o f  the 
eggs from  a  p lank ton  sam ple). F u rth e rm o re  “it is 
recom m ended to follow a standard operation  
procedure, when applying the spray technique” 
(e.g. app ly  the spray techn ique to each  p lan k to n  sam ple 
a t least th ree  tim es an d  con tinue  to d o  so u n til three 
tim es in  succession no  m ore  eggs a re  found). Such a 
s tan d a rd  o p e ra tio n  p ro ced u re  m igh t help  to  ensu re  th a t 
th e  ta rg e t accuracy  in  egg so rting  will be  reach ed . T h e  
know ledge o f  how m an y  eggs a re  rem oved  d u rin g  the 
last egg-sorting  p rocedu re  is one o f  th e  m a jo r a d v an ­
tages o f  th e  spray  m ethod , because it allows an  im m ed i­
a te  decision  to  co n tinue  o r to stop.

It shou ld  be em phasised  th a t w 'henever th e  spray 
tech n iq u e  is app lied , the accuracy  sh o u ld  be  estim ated  
a t regu la r in tervals to  evaluate w h e th e r th e  ta rg e t accu­
racy  in  egg so rting  has been  achieved. P lan k to n  sam ples 
th a t co n ta in  large  n u m b ers  o f  eggs a re  especially  sui­
tab le  for th is pu rpose . F irst rem ove all eggs from  a  
ce rta in  p lan k to n  sam ple acco rd ing  to th e  ag reed  s tan ­
d a rd  o pera tion  p ro ced u re  an d  th e n  afte rw ards rem ove 
all rem ain in g  eggs from  this sam ple  (by th e  m a n u a l egg- 
so rtin g  m eth o d  a n d /o r  by  app ly ing  th e  sp ray  tech n iq u e  
as m an y  tim es as possible). T h e  accu racy  (bias') in  egg 
so rtin g  can  b e  estim ated  as follow s:

Bias ( % ) =  —100 X  [(eggs coun ted  afterw ards)/ 
(counted  eggs from  stan d a rd  o p e ra tio n  p ro ced u re  and  
eggs coun ted  afterw ards)].

T h e  s tan d a rd  op e ra tio n  p ro c e d u re  fo r the spray 
techn ique  should  b e  revised, i f  th e  targeted  accuracy  in 
egg so rting  has n o t been  ach iev ed  o r  overshot too 
m uch . T h is  strategy can  p ro v id e  a  s tandard ised  m ethod , 
w h ich  can  be  ap p lied  by  d iffe ren t users a n d  ensures 
sim ilar accuracies a n d  p rec is io n  levels o f  th e  egg-sorting  
m e th o d  a n d  excludes m ost o f  th e  possible erro rs tha t 
app ly  to th e  m a n u a l egg -so rting  m ethod .

T h e  separa ting  funnel sh o u ld  n o t b e  shaken  o r  dis­
tu rb ed  w hen  th e  eggs sep a ra te  from  the floating  p lan k ­
to n  o therw ise p a r t  o f  the flo a tin g  p lank ton  m igh t sink 
an d  m ix w ith th e  eggs. Flow ever, this separa tion  tech ­
n ique  is sufficiently robust th a t  it can  successfully be 
app lied  on b o a rd  research  vessels du rin g  ich thyop lank­
to n  surveys. T h e  slow m o v em en ts  o f  th e  ship a n d  the 
ships \ib ra tio n s  d id  n o t seem  to  increase th e  p lank ton  
sed im entation .

T h e  egg-sorting experim en ts  d em onstra ted  th a t the 
spray  techn ique  p e rfo rm e d  w ell w ith p lan k to n  consist­
ing  o u t o f  m ain ly  c rustaceans a n d  C h ae to g n a th a  (arrow  
w orm s). A dditionally, based  o n  au tho rs  experience in 
app ly ing  the spray  tech n iq u e  d u rin g  the  egg surveys 
ca rried  ou t from  2001 to 2 0 0 5 , the spray  m ethod  
a p p ea red  to cope qu ite  well w ith  o th e r p lank ton  species 
such as: sm all jelly-fish, C ten o p h o re s , salps, pelagic 
snails, phy top lank ton , etc. In m a n u a l egg sorting, large 
am o u n ts  o f  phy to p lan k to n  c a n  cause a  p rob lem , 
because  eggs can  b eco m e en tan g led  in  it. T h e  spray 
techn ique is m ore  successful in  rem o Y n g  eggs from  this 
relatively dense p h y to p lan k to n , because the pow erful 
spray o f  aera ted  seaw ater can  d isen tang le  th e  eggs from  
it d u rin g  successive spray p rocedu res .

B efore the ac tua l egg so rting  c a n  take p lace , bo th  the 
trad itiona l m an u a l m e th o d  a n d  th e  new  spray tech ­
n iq u e  require  a  ce rta in  w aiting  tim e  after hav ing  ad d ed  
4° o fo rm aldehyde fixative to th e  fresh cau g h t p lank ton  
sam ple. Fresh eggs are  difficult to  rem ove by eyesight 
w ith  a  p ipette  because  o f  th e ir  translucency, w hich 
m akes them  m o re  o r less invisible in seawater. 
T herefo re , th e  p lan k to n  sam ples shou ld  be  left in a  4%  
fo rm aldehyde so lu tion  long  en o u g h  for the fish eggs to 
b ecom e visible (opaque). H ow ever, regard ing  the spray 
techn ique, th e  w aiting  tim e sh o u ld  be even m ore  p ro ­
longed  because fixation  shou ld  in  add ition  increase th e  
specific density  o f  the  eggs. T h e  im p o rtan ce  o f  th e  la tter 
w as experienced  d u rin g  th e  2001 m ackerel a n d  horse 
m ackerel egg survey.

O n b o a rd  RY “T rid en s” , the fish eggs w ere rem oved 
by th e  spray techn ique , w hile th e  4 %  fo rm aldehyde 
fixation tim e w as lim ited  to  the tim e in  betw een  tw o
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p lan k to n  stations, w hich co rresponded  to  ~ 2  h. Back at 
the la b o ra to n ; these p lan k to n  sam ples w ere again  
so rted  a n d  the eggs staged. O n ly  h a lf  o f  all th e  m ackerel 
an d  horse m ackerel eggs w ere rem oved  o n b o a rd , b u t it 
was rem arkab le  th a t these o n b o a rd  so rted  eggs con ­
sisted o f  over 60° 0 stage 1 eggs, w hereas the  o th e r  ha lf 
o f  th e  eggs, w hich w ere rem oved a t the  laboratory , con ­
sisted o f  only  ~ 3 0 ° o  stage 1 eggs (Ingeborg  de Boois, 
IJm u iden , personal com m unication). A cco rd ing  to 
C oom bs ^Coombs. 19811, th ere  is a  progressive decli­
n in g  tre n d  in  the specific density- (from  1.0245 to 
1.0205 g e m  31 o f  fresh m ackerel eggs d u rin g  egg deve­
lopm ent. T h is  is the likely exp lana tion  w hy m ain ly  stage 
1 eggs w ith  a relatively h ig h e r specific density  were 
rem oved  o n b o a rd  by the spray  tech n iq u e  an d  th a t the 
o ld e r egg stages still rem ain ed  in  the p lan k to n  sam ple. 
C oom bs (C oom bs, 1981) fu r th e r n o ted  th a t m o rib u n d  
m ackerel eggs sank to th e  b o ttom . T h e  specific density 
a t th e  b o ttom  o f  the density -g rad ien t co lum n  was 
1.040, w h ich  im plies th a t m o rib u n d  m ackerel eggs 
a p p e a r  to  have a  specific density la rg e r th an  
1.040 g c m - 3 .

O n  th e  basis o f  th e  above-described  experience, it 
can  b e  concluded  th a t the increase in  specific density  o f  
eggs th a t have been  p u t in  4 %  fo rm ald eh y d e  is a re la­
tively slow process. N o experim en ts have b een  carried  
ou t, how ever, to evaluate this process, b u t  a  strategy has 
b een  app lied  to w ait w ith  th e  spray  tech n iq u e  a t least 
24  h  after th e  onset o f  fixation. L a te r check ing  for 
rem ain in g  eggs in  the p lan k to n  a t th e  laboratory- con ­
firm ed  th a t this strategy w orked qu ite  well. H ow ever, it 
is still possible th a t th e  efficiency o f  th e  spray  m ethod  
m igh t even increase w h en  the  fixation tim e is fu rth er 
ex tended  th an  24 h.
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