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ABSTRACT: The  N eo m ysis  in te g e r  (Leach, 1814) (Crustacea,  M ysidacea) populat ion  of the  brack ish  
part  of the  W es te rschelde  es tuary  was sam p led  on a fortnightly basis from N o v em b er  1990 to D e ce m ­
ber  1991. Density, biomass, populat ion  s truc ture  and  brood size w e re  recorded .  The  Bhattacharya  
m ethod  was app lied  to the leng th -f requency  da ta  for the de tect ion  and  separa t ion  of cohorts. Grow th 
is described  both by a g enera l ised  von Bertalanffy function an d  by a von Berta lanffy function incorpo­
rating seasonal  oscillations in growdh. Secondary  production  was es t im ated  for each  cohort using 
4 approaches .  The  seasonal  p a t te rn  in densi ty  and  biomass show ed  3 peaks:  a relatively  small, yet d is­
tinct, p e ak  in early M arch (30 ind. m “2, 60 mg AFDW n r 2) and  2 m ain  p e ak s  in late spring (160 ind, m -2, 
225 mg AFDW m “2) and  in su m m er  (140 ind. m “2, 125 m g AFDW m -2). T h ro u g h o u t  winter, N. in teg er  
densi ty  re m a in ed  well below 30 ind. n f 2 T h ree  periods of increased  reproduc t ive  activity a n d  su b s e ­
q u e n t  input  of juveniles w e re  found. This suggests  that 3 cohorts w e re  p ro d u ced  per  year. The  over­
w in ter ing  genera t ion  lived from a u tu m n  until  the following spring. T he  spring  g enera t ion  was born  in 
early s p n n g  a n d  lived for abou t  3 mo, while the sum m er  genera t ion  lived from su m m er  until  early w in ­
ter. T he  3 cohorts sh o w ed  m a rk e d  d ifferences in their biology. T he  overw in te r ing  g en era t io n  sh o w ed  
seasonal  growth  oscillations, la rge r  brood size and  a  la rge r  size at maturity . Individuals be longing  to 
the o ther 2 cohorts genera lly  g rew  faster, p ro d u ced  less y o u n g  per  female,  and  a t ta ined  maturi ty  at a 
sm aller  size. Within each  cohort,  both sexes exhibited  different g row th  characteristics, females g e n e r ­
ally lived longer, g rew  faster and  consequen t ly  becam e  la rg e r  th an  males. T he  size-frequency, g row th  
su m m ation  an d  removal  sum m ation  m ethods  yielded com parab le  p roduction  estimates.  T he  annual  
p roduction  w as  0.3 g AFDW m ' 2 yr“1 with an  annual  P/B ratio of 6. T he  a v erag e  cohort P/B w as  3. The  
s ize-frequency  m ethod  gave  similar results  only w hen  app lied  to the  3 cohorts a n d  to bo th  sexes s e p a ­
rately. T he  sp n n g  cohort accoun ted  for almost half of the  an n u a l  production. Despite  the  longer life 
span  of the overw in ter ing  genera tion ,  it g e n e ra te d  only a q u a r te r  of the  an n u a l  production . An in d e ­
p e n d e n t  est im ate  of p roduction  using the  mortality rate of the different cohorts resu lted  in va lues com ­
p a rab le  to those  ob tained  by the  o ther m ethods  for the  overw in ter ing  cohort, while  the p roduction  of 
the  o ther 2 cohorts was overest im ated .
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INTRODUCTION

G enerally  the lack of reliable es tim ates of secondary  
production  d u e  to poorly d o cum en ted  life history data  
for key species constitutes a major p rob lem  in u n d e r ­
s tanding  the  functioning of aqua tic  ecosystems. This 
p roblem  occurs especially  in studies of en e rgy  flows 
th rough  food w ebs in estuaries.
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Estuaries are  highly productive  ecosystems. T hey  are  
w idely recogn ised  as im portan t  nurseries for fish and  
ep ibenth ic  crustaceans.  Especially the low salinity zone 
a round  the typical e s tuar ine  turbidity m ax im um  is 
character ised  by h igh  am ounts  of o rganic detritus, high  
densities of Zooplankton (Soetaert & van  Rijswijk 1993), 
epi- an d  h y p e rben thos  an d  bo th  dem ersa l  an d  pelagic  
fish (Ham erlynck et al. 1993, M ees  et al. 1993b).
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The g e n u s  N e o m ysis  C zern iavsky  has  r e p r e s e n ta ­
tives on an d  a round  each  continen t and  deta i led  s tu d ­
ies exist on the  biology of several species (e.g. 
Ish ikaw a & O shim a 1951, H eu b a ch  1969, Pezzack & 
C orey  1979, Toda et al. 1982, C ooper et al. 1992 and  
r e fe rences  therein). N eo m ysis  in te g er  (Leach, 1814) is 
one of the  most com m on mysids a ro u n d  the  coasts of 
Europe .  It is a  hyperbenth ic ,  eu ryha line  and  eu ry th e r ­
mie species, typically occurring in h igh  n u m b e rs  in 
es tuarine ,  b rack ish  w ate r  environm ents  (Tattersall & 
Tattersall  1951). It also occurs in oiigohaline to f resh ­
w ate r  bodies  w hich  in recen t geological history w ere  
co n nec ted  to the  sea  (Bremer & Vijverberg  1982). 
Tesch (1911) rep o r ted  the  species to be  com m on in and  
character istic  for low salinity w aters  in the delta  a re a  in 
the  sou thw est  of The N etherlands.

This study, which is p a r t  of an  in teg ra ted  study  on 
m ajor food chains in E u ro p e an  tidal estuaries, focuses 
on the  es tim ation of the  p roduction  of N eo m ysis  in te ­
ger.

T he life history of lacustrine N eo m ysis  fn feger  p o p u ­
lations in the  Dutch delta  w as previously  s tud ied  by 
Borghouts (1978) and  P la tenkam p  (1983). The biology 
of N. in te g e r  in lakes and  pools in The N ethe r lands  
w as  s tud ied  by Vorstm an (1951), Beattie & de Kruijf 
(1978) an d  B rem er & V ijverberg (1982). O ther  va luable  
inform ation is ava ilab le  on popula tions in a Scottish 
loch (M auchline 1971), an  Irish lough  (Parker & West 
1979) an d  in the coastal w aters  of the  Baltic (Wiktor 
1961, J a n s e n  et al. 1980, Rudstam  et al. 1986). Life 
cycle studies in the  Ythan, Scotland (Astthorsson & 
Ralph 1984), the  Eider-Ring, G erm any  (Kinne 1955) 
and  the  Gironde, F rance (Sorbe 1981) are  the  only 
es tua r ine  studies to date, but these  do not give any 
p roduction  es tim ates  of N. in teger.

Baseline studies on spatial and  tem poral pa t te rn s  in 
the  h y p erben th ic  com ponen t of the  W esterschelde 
h ave  b e e n  pub lished  (Mees & H am erlynck  1992, M ees 
e t al. 1993a, b). T hese  studies ind icated  N eo m ysis  in te ­
g e r  as the  dom inan t species in the  brack ish  par t  of the 
estuary, both  in the m ain  channe l  and  ad jacen t  tidal 
m arshes.  The mysid w as recorded  in salinities rang ing  
from 8 to 25 PSU, but it w as never  found dow nstream  
of H a n sw e e r t  (Fig. 1). The lacustrine limit of the  p o p u ­
lation lies a few kilom etres u p s tream  of the Dutch- 
Belgian bo rder  (Mees et al. 1993a). Data on the  hori­
zontal distribution of the W este rschelde popula tion  are 
d escr ibed  in M ees et al. (1993b). As life history ch a rac ­
teristics of a species can vary  considerably  from one 
hab i ta t  to another,  local know ledge  of the  biology of N. 
in te g e r  in the  W esterschelde is essential for fu rther  use 
in ecosystem  modelling, energy-flow  studies and  
expe r im en ta l  w ork (e.g. von O ertzen  et al. 1988).

N e o m ys is  in te g e r  is an  omnivorous species. As a 
p red a to r  on Zooplankton (e.g. B rem er & Vijverberg

1982) it can s tructure Zooplankton populations and  as a 
detritivore it can  also, to a certain  extent, affect the 
detrital food chain. The species is also an im portant 
prey  for dem ersa l  and  pelagic  fish and  la rger  ep iben- 
thic c rustaceans (e.g. M auchline  1980). In the Wester- 
schelde N. in te g er  is know n to be a major food source 
for sand  goby Pom atoschistus m inutus, Lozano's goby 
P. lozanoi, com mon goby P. m icrops, seabass  D icentrar­
chus labrax, bib Trisopterus luscus, sea snail Liparis 
liparis, pipefish S yn g n a th u s  rostella tus  and  the brown 
shrim p Crangon crangon  (A. Cattrijsse & K. Hostens 
pers. comm.). O ther  potentia l (and commercially  im ­
portant)  p reda to rs  on N. in te g er  include sprat Sprattus  
sprattus, herr ing  C lupea harengus, f lounder P leuro­
n ec te s  flesus, d ab  L im anda lim anda  and  plaice Pleuro­
n ec te s  p la tessa  (M auchline 1980), all of which are 
com m on in the study area  (Hamerlynck et al. 1993). It 
is therefore believed to be  a key species in the  ecosys­
tem  of the brackish  par t  of the W esterschelde.

MATERIALS AND METHODS

Study area. The W esterschelde es tuary  (Fig. 1) is the 
lower par t  of the  river Schelde. The maritime zone of 
the tidal system is abou t 70 km long from the  N orth  Sea 
(Vlissingen) to the  Dutch-Belgian bo rder  n ea r  Bath. 
T he  W esterschelde is the last rem ain ing  true  es tuary  of 
this delta a rea  and  is characterised  by a m arked  sa lin­
ity gradient.  The w ate r  is completely mixed and  the 
res idence  time is ra the r  h igh  (about 70 d or 150 tidal 
cycles). Consequently , freshw ate r  (average inflow 
100 m 3 s"1) dilution is g radua l and  this results in re la ­
tively s table salinity zones w hich are  m a in ta ined  in 
m ore or less the  sam e position th roughou t a tidal cycle. 
The most im portan t shifts occur in acco rdance  with 
seasonal variations in the freshw ate r  inflow. The ab i ­
otic env ironm ent is discussed in Heip (1988) and  Van 
Eck et al. (1991).

Sam pling. Sam ples w ere  taken  on a m ore or less 
fortnightly basis from 27 N ovem ber  1990 to 16 D ec em ­
ber  1991. In D ecem ber  1990, May 1991 and  S ep tem ber  
1991 the es tuary  could only be sam pled  once (Table 1). 
Each sam pling  day 4 stations (OV, SA, BA and  LI) w ere  
covered  (Fig. 1). Sam pling  was done from the RV ‘Luc- 
tor '. All sam ples  w ere  taken  during  daytim e w hen  
hyperben th ic  mysids are  know n  to concentra te  near  
the  bottom. The sam ples  w ere  collected with a h y p e r ­
benth ic  s ledge (Ham erlynck & M ees 1991), 1 m wide, 
consisting of a heavy  metal frame eq u ip p ed  with 2 
nets,  one above the other. The catch in both nets was 
pooled  for this study. The nets w ere  4 m long with a 
m esh  size of 2 x 2 mm  in the  first 3 m and  l x l  m m  in 
the last 1 m. The m outh  of each  net had  a total a re a  of
0.8 m 2 and  sam pled  the hyperben thos  from 20 to
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Table  1. Sam pling sites w h e re  the p e ak  a b u n d a n c e s  of N eo m y sis  in te g e r  w ere  reco rded

Date Station Salinity
(PSU)

Temp.
(°C)

O xygen
(%)

Secchi
(cm)

PH Conductivity  
(pS c m ' 1)

27 Nov 1990 BA 17.0 8.4 65 40 7.65 28.1
11 Dec 1990 OV 17.1 6.0 75 45 7.60 28.3
08 Ja n  1991 SA 9.0 5.8 79 40 7.88 15.2
21 Ja n  1991 OV 14.6 4.3 90 45 7.85 25.2
05 Feb 1991 SA 11.8 2.8 64 25 7.63 19.8
22 Feb 1991 OV 18.2 1.4 95 40 7.88 29.9
05 M ar 1991 BA 12.3 4.8 67 40 7.54 19.8
18 M ar 1991 SA 13.3 8.2 47 40 7.42 21.6
12 Apr 1991 BA 13.1 11.0 75 60 7.64 20.8
24 Apr 1991 SA 18.7 9.7 98 100 7.86 26.5
08 M ay 1991 LI - - - - -

11 Ju n  1991 BA 15.0 15.3 88 55 7.88 24.3
26 Ju n  1991 BA 14,4 16.8 - 45 7.68 23.5
09 J u l 1991 SA 11.7 - - 70 7.42 16.1
24 J u l 1991 OV 17.5 19.6 84 50 7.61 28.8
12 Aug 1991 LI 10.3 22.8 49 50 7.45 17.6
20 Aug 1991 SA 18,6 20.5 110 100 7.22 30.6
19 Sep 1991 OV 18 9 21.5 103 125 7.84 34.9
07 Oct 1991 BA 16,8 16.3 83 45 7.68 28.0
17 Oct 1991 SA 21.4 14.8 106 80 7.85 35.1
05 Nov 1991 BA 17.7 11.4 86 50 7.81 29.5
18 Nov 1991 BA 13.3 9.1 70 50 7.70 22.1
03 Dec 1991 SA 12.6 7.3 44 45 7.41 21.4
16 Dec 1991 SA 17.3 4.0 73 55 7.67 28.9

Average 15.2 79 56 7.66 25.0
SD 3.1 18 23 0.18 5.4
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Fig. 1. Study a rea  a n d  the  4 sam pling sites, W es te rschelde  estuary, SW N e th er lan d s
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100 cm above  the  bottom. T he  s ledge  w as tow ed for 
1000 m at an  ave rag e  ship sp e ed  of 4.5 knots relative to 
the  bottom. Positioning w as done  by radar  read ings 
from fixed points. T he  total a rea  sam pled  on each  occa­
sion w as  thus approxim ate ly  1000 m 2. Trawling was 
a lways done  with the  tide. The sam ples  w ere  taken  
in the  m a in  ebb-tidal channe l  of the es tuary  (where 
possible, the  10 m d ep th  isobath  w as  followed). The 
sam ples  w ere  im m edia te ly  p re se rv e d  in a buffered  
fo rm a ldehyde  solution, 7 %  final concentra tion. Salin­
ity, conductivity, pH, dissolved oxygen  concentration, 
te m p e ra tu re  (all m e a su re d  at 1 m above the bottom) 
an d  Secchi disc dep th  w ere  reco rded  at the  en d  of each  
h au l  (Table 1).

Laboratory procedures. Sam ples w ere  sorted  and  
the  n u m b e r  of spec im ens  p e r  sam ple  w as  counted. 
Each  sam pling  date, the  sam ple  with the  h ighest  n u m ­
b e r  w as  se lec ted  for fu rthe r  analysis (Table 1). After 
p ick ing  out all N eo m ysis  in te g e r  spec im ens  in each  
catch  these  w ere  em p tied  on a w hite  tray d iv ided into 
48 squares .  Subsam ples ,  each  conta in ing  500 spec i­
mens, w ere  then  ob ta ined  by pick ing  from random ly 
se lec ted  squares .  About 1000 individuals of N. in teg er  
w ere  thus ob ta ined  for ea ch  sam ple  (500 from the 
u p p e r  ne t  and  500 from the  low er net). T hese  w ere  
sexed  and  ca tegorized  in 6 life cycle stages according 
to M auch line  (1980): adult  males, adult  females, 
subadu lt  males, su badu lt  females, juveniles  and  gravid 
females. M a u ch lin e ’s 7th stage, post-grav id  females, 
was not d is t inguished  in this study. Adult m ales  are 
d is t ingu ished  by their  e longa ted  4th p leopods  which 
reach  beyond  the posterior ed g e  of the  last abdom inal 
segm ent .  T hey  are  further  charac ter ised  by a well- 
deve loped  and  setose lobus m asculinus b e tw e en  the 
f lagellae of the  an ten n a l  pedunc le .  Adult females all 
have  a fully deve loped  m arsup ium  b e tw e e n  their  tho ­
racic legs. Juveniles  lack seconda ry  sexual charac ter is ­
tics. A furthe r  distinction b e tw e e n  adul t  and  subadu lt  
(immature) m ales  and  fem ales  is often m ore subjective. 
For su badu lt  m ales  the  following criteria w ere  used: 
the  4th p leopods stop short of reach ing  the end  of the 
last abdom inal se g m en t  an d /o r  the  lobus m asculinus is 
p re se n t  bu t it is m uch  smaller th a n  in adul t  m ales  and 
it is not yet setose. The la tter criterion is the most reli­
able  one to d is tinguish the  im m atu re  m ales  from the 
juveniles. Fem ales  w ere  ca tegorized  as adults  w h en  
their  m arsupia  w ere  la rge e n o u g h  to be seen  from the 
lateral side. In contrast the  oostegites b e tw e en  the 
thoracopods in subadu lt  fem ales are  only visible w hen  
the ven tra l side of the  an im al is carefully exam ined. 
Adult females w ere  further  d iv ided into females w ith ­
out la rvae  (fully d eve loped  bu t em p ty  marsupia) and 
'gravid ' or ovigerous fem ales (larvae p re se n t  in the 
marsupium). W hen  such gravid  fem ales w ere  present,  
larval counts w ere  m a d e  on 60 fem ales with complete

broods p e r  sample. Bisexual individuals, i.e. ind iv idu­
als which have  e longa ted  4th p leopods an d  a m a r ­
supium, w ere  rare  (less than  30 individuals en c o u n ­
te red  in the study) and  w ere  exc luded  from further 
analyses.

In each  sample, the  s tandard  lengths  (the distance 
from the  base  of the eye stalk to the end  of the last 
abdom inal segm ent)  of 60 individuals of N eom ysis  
in te g e r  per  sex and  per  deve lopm enta l  s tage w ere  
m e a su re d  to the n ea res t  0.1 m m  using a calibrated 
b inocular  m icroscope with  draw ing  mirror and  a d ig i­
tizer (subsam ples ta k en  in a similar w ay  as described 
above).

Fifty specim ens (10 individuals from each  s tage and  
sex, excluding gravid females) from the April and  
O ctober  sam ples  w ere  used  for w e igh t m easurem ents .  
S pecim ens covering the entire  rep resen ta t ive  size 
ran g e  for each  stage w ere  se lec ted  for this analysis. 
T hey  w ere  dried  in an  oven at 60 °C for 5 d. The dry 
w eigh t of the mysids was de te rm ined  to the  neares t  
microgram. The ash  w eigh t of the individuals was 
la ter m e asu red  after incenera tion  at 550 °C for 2 h. 
The ash-free dry w eigh t (AFDW) of the  mysids was 
then  calculated  as the difference b e tw e en  the  dry 
w eigh t and  ash  weight.  L ength-w eight regressions 
w ere  linearised th rough  double logarithmic transfor­
mation. Possible d ifferences be tw een  spring and  a u ­
tum n  individuals w ere  assessed  by analysis of covari­
ance  of the corresponding  linear  regressions. The 
sam e 100 specim ens w ere  also used  to de te rm ine  re ­
gressions b e tw e e n  s tandard  leng th  (SL) and  2 other 
leng th  m easu res  frequently  used  in mysid research: 
ca rapace  length  (CL, the  d istance from the  tip of the 
rostrum  to the mediodorsal m arg in  of the  carapace) 
and  total leng th  (TL, the d istance from the  base  of the 
eye s talk  to the posterior end  of the uropods exc lud­
ing the setae).

Data analysis. Density of the  popula tion  is expressed  
as n u m b e r  of individuals (n) per  m 2, b iomass as mg 
AFDW per  m 2.

O n each  sam pling  date  the  mysids w ere  pooled  in 
1 m m  length  classes. Because prelim inary  exam ination 
of the da ta  revea led  length  and  g row th  differences 
b e tw e e n  males an d  females, leng th - frequency  data  of 
the 2 sexes w ere  ana lysed  separate ly  unless o therw ise 
stated. Juveniles  w ere  d ivided equally  over the male 
an d  fem ale data  matrices. To facilitate calculations of 
biomass, a regress ion  be tw e en  SL and  AFDW was 
de te rm ined  by the  least-squares  m ethod. Biomass was 
then  derived  from the leng th -frequency  distributions 
and  the SL-AFDW regression.

In order  to detec t  and  separa te  cohorts the length- 
f requency  distributions w ere  ana lyzed  with the  Bhat- 
tacharya  m ethod  (Bhattacharya 1967, im p lem en ted  
in Pauly & C addy  1985). It splits composite length-
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frequency  distributions into separa te  norm al d is t r ibu­
tions (Sparre 1985). The m eans  of the norm al d is tribu­
tions for all sam pling  dates  are  then linked to trace the 
modal length  progression of the cohorts.

After cohort separation, the resulting m ean  sizes by 
age  for each  cohort and  sex w ere  subm itted  to ELE- 
FAN I (Pauly & David 1981) in order  to de term ine  
cohort and  sex specific growth curve param eters.

The grow th  model used  in ELEFAN I is a seasonally  
oscillating version of the genera lized  von Bertalanffy 
growth function (Gayanilo et al. 1989):

L, = L (l _ e F K|' " io1 " •>"£ Isin 2ït ( f - („) - sm2n[lj.|-(s)|j

w h e re  L, is the  p red ic ted  s tandard  length  at age  t, L„ is 
the asymptotic  length, K  is a g row th  constant, C  is the 
am plitude of the seasonal g rowth oscillation, f5 is the 
starting point of that oscillation with respect to t0 
[within ELEFAN ts is rep laced  by the w inter  point WP 
correspond ing  to the time of the year with the slowest 
growth  (WP = t s + 0.5)], and  t0 is the age  at zero length. 
A detailed  explanation  of the different p aram ete rs  is 
given in Pauly (1987).

An in d e p e n d e n t  es tim ate of L„ w as ob ta ined  with 
the W etherall m e thod  as modified by Pauly (1986) (also 
available in the ELEFAN package).

Production estim ates of N eo m ysis  in te g er  w ere  
ob ta ined  from the basic leng th -frequency  data, and 
the leng th -w e igh t regression. The first 2 sam pling 
dates  (27 N ovem ber  and  12 D ecem ber  1990) w ere  not 
used  in the calculations. The year  over which p ro d u c ­
tion w as calculated  thus s ta r ted  on 8 J a n u a ry  and  
en d e d  on 16 D ecem ber  1991.

T hree  commonly u sed  m ethods  w ere  applied  to esti­
m ate  an n u a l  production: the grow th  summ ation 
m ethod, the removal sum m ation  m ethod, and  the  size- 
f requency  m ethod  (Waters 1977, M enzie 1980, Crisp 
1984).

In the g row th  sum m ation  m ethod  (Crisp 1984) p ro ­
duction (P) is ca lcula ted  as the inc rem ent of biomass 
from one sam pling time to the next th roughou t the 
cohort's life span. In m athem atica l  term s this can be 
expressed  as:

P = 1 N A W

w here  N  = the n u m b e r  of individuals at time f, and  
AW  = the increase  in w eigh t of an  ave rage  individual 
during  the time interval.

The rem oval sum m ation  m e thod  (Crisp 1984) sums 
the loss ( instead of growth) in w eigh t b e tw e en  consec­
utive sam ples  for the whole life span  of the cohort and 
is g iven as:

P  = S  W  A N

w here  W  is the  w eigh t of the  ave rag e  individual d u r ­

ing the sam pling  interval, an d  A N  is the ch a n g e  in 
n u m b e r  of individuals dur ing  the interval.

The s ize-frequency  m e th o d  used  here  (Menzie 1980) 
involves the calculation of an  ave rag e  len g th - fre ­
quency  distribution from quant i ta t ive  sam ples  taken  at 
evenly spaced  in tervals th roughou t  the year. P ro d u c ­
tion is es t im ated  as the sum  of the losses of individuals 
from one  size class to the nex t and  the b iomass loss this 
represen ts ,  co m p en sa ted  by the increase  in m e an  ind i­
vidual w e igh t with increas ing  age. The following 
expression w as used:

P  = 365/CPI
1=1

w h ere  P  is an n u a l  production, i is the n u m b e r  of size 
classes, ñj is the  n u m b e r  of individuals tha t have  d e v e l­
oped  into a par t icu lar  size ca tegory  j  du r ing  the  year, 
Wj is the  m e an  w eigh t of an  individual in the  j t h  size 
category, and  CPI is the cohort production  in terval (the 
n u m b e r  of days from the da te  of birth of the cohort to 
the a t ta inm en t  of the  la rges t  size).

The s ize-frequency  m ethod  was originally d es ig n ed  
to es tim ate p roduction  in mixed populations of univol- 
tine species (Hynes & C o lem an  1968). However, it has 
usually b ee n  app l ied  in single species production  s tu d ­
ies. In species with life spans d ifferent from 1 yr the 
cohort production  is m ultiplied by the ratio of 365 to 
the  cohort p roduction  interval, CPI, in days (365/CPI) 
to obta in an n u a l  production. In the  p resen t  study the 
3 cohorts differed in their  life span. H ence  an  ave rag e  
CPI was ca lcu la ted  from the CPIs of the  3 cohorts. 
Since the  3 cohorts over lapped  in time, the use of this 
ave rage  CPI m ay not yield a good es tim ate of p ro d u c ­
tion. To check  on this an o th e r  es tim ate  of an n u a l  p ro ­
duction w as ob ta ined  by considering each  cohort s e p ­
arately. A nnual p roduction  accord ing  to this t rea tm en t  
is then  the sum  of the  production  of each  of the 3 
cohorts. Waters & Craw ford  (1973) sugges ted  tha t  s e p ­
ara te  production  es tim ates  are  n e e d e d  in species 
which show sex-re la ted  leng th  differences. As this w as 
clearly the  case for N e o m ysis  in te g e r  in the study area, 
p roduction  es t im ates  w ere  also m ade  for the  m ales  and  
females separately.

Furthe rm ore ,  an  in d e p e n d e n t  es tim ate  of production  
w as ob ta ined  from the mortality  rate. U nder  certa in  
conditions (in case of a s teady  sta te  model an d  if 
individual g row th  is descr ibed  by a von Bertalanffy 
function) the  total mortality of a popula tion  is equa l  to 
the  P/B ratio of the  popula tion  (Allen 1971). If the  a v e r ­
age  an n u a l  biomass of the  popula tion  is known, the 
production  can  be  d e te rm in e d  as the  p roduct of the 
b iomass and  the P/B o b ta ined  from the mortality rate. 
Total mortality (Z) for these  calculations w as ob ta ined  
from a leng th  conver ted  catch  curve (e.g. G ulland
1983).
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RESULTS 

Location of the abundance m aximum  and 
environm ental variables

T he density  p ea k s  of the  N e o m ysis  in te g e r  p o p u la ­
tion w e re  always distinctively located  in one station. 
T he  a b u n d a n c e  m ax im a w ere  usually  found  at Stns SA 
a n d  BA (9 an d  8 times, respectively). Only twice was 
the  m ax im um  located  ups tream  of the  Dutch-Belgian  
b o rd e r  (at Stn LI) an d  only 4 times in the  most d o w n ­
s trea m  station (OV).

M ost env ironm en ta l  variables m e a su re d  (Table 1) 
d id  not d isplay clear seasonal pat terns .  Salinity 
va r ied  b e tw e e n  9 an d  21.4 PSU with  an  ave rag e  of 
15.2 ± 3.12 (conductivity 15.2 to 35.1 pS cm "1, a v e r ­
a g e  25 ± 5.42 pS cm "1). A verage  pH  w as  7.66 ± 0.18. 
D issolved oxygen  concentra tion  av e ra g e d  78.6 ± 
18.3%  of the  sa tura tion  value an d  only rea ch ed  
sa tu ra tion  values on 3 occasions, bu t  d ro p p ed  below  
50 %  twice. P eaks of 100 cm Secchi disc d ep th  and  
m ore w e re  obse rved  in April an d  A u g u s t - S e p te m b e r  
w hile  the  a n n u a l  av e rag e  w as abou t  60 cm. The 
t e m p e ra tu re  in the  w a te r  column w as  8.4 °C at the 
s ta rt  of sam pling  in Novem ber. It d ec reased  to a 
m inim al value  of 1.4 °C in F ebruary  and  then  g r a d u ­
ally in c reased  to a m ax im um  of 22 .8 °C in August. 
From  S ep te m b er  onw ards  it d ec re a s e d  aga in  to 
w in te r  values  of 4 °C by the end  of sam pling  in 
D ecem ber.

Seasonal changes in density, biom ass, length  
com position  and stage distribution

The allometric rela tionships be tw e en  total length  
(TL), ca rapace  length  (CL) and  s tandard  length  (SL) 
w ere  found to be:

TL = 1.165 SL -  0.080 (N = 112, r = 0.997, p < 0.001)
CL = 0.266 SL + 0.439 (N = 112, r = 0.908, p < 0.001)

The following SL-AFDW regression, significant at the 
p < 0.001 level, was used  for the calculation of biomass:

ln(AFDW) = 2.267 ln(SL) -  5.539 (N = 100, r = 0.997)

No significant differences (p > 0.5) w ere  found 
b e tw e en  SL-AFDW regressions of spring and  au tum n  
individuals, nor b e tw e en  males and  females.

The seasonal pa t te rn  in density  and  biomass is 
show n in Fig. 2. M e an  density  for the  study period was 
28 ind. m "2 with a m in im um  of 2.5 ind. m "2 in D ec em ­
ber  1990 and  a m ax im um  of 128 ind. m"2 in June .  M e an  
an n u a l  b iomass w as 54 m g AFDW m "2.

In au tum n  and  w in ter  (October to the  end  of F e b ru ­
ary), densities w ere  low (less than 25 ind. m “2). In 
spring (March, April and  May) densities rem a ined  low 
but biomass inc reased  due to growth. From late spring 
onw ards  high densities and  biomass of N eo m ysis  in te ­
g er  w ere  recorded, with p ea k  densities of m ore than 
100 ind. m "2 in J u n e  and  A ugust (Fig. 2).

In the observed  leng th -frequency  dis tnbutions by 
da te  several bimodalities (Fig. 3a) indicate  recurr ing
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Fig. 4. N eo m y sis  in teger. O b serv ed  populat ion  s truc ture  on each  sam pling date

rec ru itm en t of cohorts. T he  la rvae of mysids develop in 
the  m arsup ium  of the  fem ales an d  are  re leased  as 
m in ia tu re  mysids at a leng th  of abou t 2 m m  (M auch­
line 1980). R ecru itm ent of a spring cohort in A pri l-  
May w as obvious as well as the  p resence  of an  over­
w in te ring  gene ra t ion  tha t  g rew  from N ovem ber  1990 
to M ay 1991 and  from O ctober  1991 th rough  D ecem ­
ber  1991, respectively. The sum m er  situation was g e n ­
erally m ore complex. M axim um  observed  leng th  was 
18.7 m m  for a fem ale  in June .

The s tage com position of the  popula tion  on each  
sam pling  da te  is p re se n te d  in Fig. 4. In N ovem ber  and  
D ecem ber  1990, abou t 40 %  of the  popula tion  w ere  
(large) juveniles.  Im m ature  m ales  and  females to ­
g e th e r  accoun ted  for an o th e r  40%  of the  population. 
Less th a n  20% of the  popu la tion  w ere  adults. T h ro u g h ­
out w in ter  and  in early  spring  juveniles  a p p e a re d  to be 
grow ing  g radually  into su badu lt  s tages, and  the 
subadu lts  s im ultaneously  bec am e  adul t  males and  
females. In early M arch  the  n u m b e r  of adults  inc reased  
sharply  and  some of the  fem ales  w ere  gravid. In early 
April nearly  all mysids w ere  adul t  an d  a substantia l 
n u m b e r  of g ravid  fem ales  w as observed . T hroughou t 
late spring and  su m m er  ch anges  of the population 
s tructure  w ere  m ore difficult to follow. Still, 3 periods 
of juven ile -subadu lt  recru itm ent,  each  p re c e d e d  by 
an  inc rease  in the  p e rc e n ta g e  of gravid females, w ere  
evident: M a y -J u n e ,  J u ly - A u g u s t  an d  S e p te m b e r -  
Novem ber. S tage  composition from N ovem ber  1991 
onw ards  w as similar to the  observa tions in the  year 
before with a dom inance  of subadults .

Cohort separation

T hree  different cohorts w ere  identified in the  length- 
f requency  distribution. The overw in tering  cohort 
(cohort I) w as first detec tab le  in N ovem ber  1990 at a 
m e an  leng th  of 8 m m  indicating tha t these  individuals 
w ere  born  before the start of the sam pling  period. The 
m e an  leng th  of this cohort inc reased  to 14 mm  by 
M a y -J u n e .  This cohort died  out by the end  of June .  A 
co rrespond ing  cohort for the  nex t year  w as first visible 
in S ep te m b er  1991 hav ing  a m e a n  leng th  of 4 mm. 
T hese  mysids had  a t ta ined  a m e a n  leng th  of 9 m m  by 
the  end  of sam pling  in D ecember. The spring cohort 
(cohort II) w as de tec ted  in late A p r i l -M ay  at a m ean  
leng th  of 3 mm. By the end  of J u n e  cohort II had  an 
ave rag e  length  of abou t 10 mm. This cohort was not 
de tec tab le  in early  August. The su m m er  cohort (co­
hort III) show ed  a similar increase  in ave rag e  size from 
its rec ru itm en t in July  to the d ea th  of the last mysids in 
the  first half of October.

Data on adult  leng th  also contribu ted  to a reliable 
separation  of the  cohorts. The m ean  length  of the 
adults  of both sexes varied considerably  during  the 
course of the year  (Fig. 5). M ean  length  of overw in te r­
ing adu l t  males increased  steadily from abou t 9 mm in 
N ovem ber  to m ore than  12 m m  in April. The decrease  
in m e a n  size and  the  high s ta n d a rd  deviations in 
June ,  A ugust  and  N ovem ber  indicate co-occurrence 
of adult  m ales  be long ing  to d ifferent generations. 
Adult females show ed  similar p a t te rn s  of variation in 
m e a n  length: the ave rag e  increase  in leng th  was from
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10 to 14 mm. As in case of the males the occasional 
d ec rease  in m e a n  size and  s tandard  deviations ind i­
cate co-occurrence of individuals belonging  to 2 g e n ­
erations.

L eng th -frequency  distributions and  popula tion  
s tructure of the  3 cohorts are  p re se n ted  in Figs. 3b, c, d 
& 6, respectively. The au tum n  sam ples contained  only 
recently  re leased  individuals from cohort I, the m ajor­
ity of w hich  overw in te red  as subadu lts  and  m a tu red  in 
March. Gravid  females w ere  p resen t  from April until 
June .  From M ay onw ards  cohort I consisted to a very 
high ex ten t of adul t females, sugges ting  that the m ales  
died  soon after mating. The cohort 1 females re leased  
the young  of cohort If w hich caused  the density  p e a k  in 
early May. Individuals of cohort II m a tu red  very 
rapidly: the first gravid  females w ere  a lready  observed  
in June .  The last juveniles w ere  observed  in A ugust 
and  b reed ing  cont inued  until the  d isa ppea rance  of the 
cohort in Septem ber.  Cohort III juveniles  ap p e a re d  in 
the Ju n e  sam ples  and  cont inued  to recruit until O cto ­
ber. This cohort also m a tu red  rapidly and  b red  from
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5. N eo m ysis  integer. Tem poral  variation in m ea n  length  
(± SD) of adult  m ales a n d  females

A ugust  until October, y ie ld ing the  juveniles  of the  n ew  
overw in tering  generation .  T he  last cohort III ind iv idu­
als died in N ovem ber. No diffe rence in mortality b e ­
tw een  the  sexes was obse rved  for the sum m er cohorts.

Growth

The grow th  pa ra m e te rs  of the von Bertalanffy 
growth curves of the  3 se p a ra te  cohorts are  p re se n ted  
in Table 2. In Fig. 7 these  g row th  curves are  plo tted  
toge ther  with the co rrespond ing  modal leng th  of the 
observed  leng th - frequency  distributions. Only the 
overw in tering  gen e ra t io n  show ed  seasonally  oscillat­
ing g row th  (C > 0.5). F rom  S ep te m b er  th rough  N o v em ­
ber  the mysids g rew  at a rate  of 3 to 4 m m  m o "1. In 
D ecem ber  g row th  slow ed dow n  and  ceased  almost 
com pletely  dur ing  the w in te r  m onths  (WP = is -  0.5 
= 0). In spring, the  mysids reg a in ed  their fast g row th
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Fig. 6. N e o m y sis  in teger. Popula tion  s truc ture  of the 3 cohorts
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T ab le  2. N e o m y s is  integer. G row th  p a ram ete rs  of the von 
g ro w th  curves  of the 3 cohorts and  bo th  sexes separately .  L„. 
length;  K. g row th  constant; C: am p li tu d e  of seasonal  g row th  
fs; s ta r ting  point  of oscillation; f0: a g e  at zero length; Rn; a

goodness  of fit

Bertalanffy 
asymptotic  
oscillation; 

m easu re  of

Sex /C o h o r t U K C fs to Rn

M ales  I 16.0 2.70 0.66 0.50 0.72 0.75
Fem ale s  I 19.0 3.00 0.80 0.52 0.78 0.69
M ales  11 14.3 3.43 0.00 0.00 0.20 0.61
F em ale s  II 16.0 3.35 0.00 0.00 0.25 0.48
M ales  III 13.1 3.01 0.00 0.00 0.33 0.50
F em ales  III 14.3 3.37 0.00 0.00 0.41 0.76

rate. T h e re  w as no seasonal oscillation d e tec ted  in the 
g row th  of the mysids of the spring an d  sum m er  g e n e r ­
ations (C = 0). In these  cohorts the  smaller mysids 
(mainly juveniles  and  subadults)  g rew  fastest (3 to 
4 m m  m o -1); the  la rger  mysids (mainly adults) g rew  
less (1 to 2 mm  m o -1).

Individuals of the  overw in tering  gene ra t ion  a t ta ined  
a la rg e r  size than  spring or su m m er  individuals (higher 
L„ for both  sexes). M arked  diffe rences in grow th  p a t ­
terns  of the  2 sexes w ere  ev iden t in all cohorts: the 
fem ales  always h ad  a h igher  L„ th a n  the  males. The 
a v e ra g e  size at maturity  for fem ales (14 mm) an d  males 
(10 mm) of the  overw in tering  gene ra t ion  w as la rger  
than  for the  s p n n g  and  sum m er  gene ra tions  at 10 mm 
(females) and  less than  9.5 m m  (males).

Brood size

The n u m b e r  of la rvae in the m arsupium ,
i.e. the brood size (b), show ed a strong 
positive correlation with female length  (i) 
(Fig. 8):

ln(fa) = -3 .349 + 2.6761n(f ) 
or b = 0.0365 I2 656

(n = 420, r = 0.866, p < 0.001)

Analysis of covariance show ed  tha t 
females in the overwintering generation  
had  significantly la rger  broods than 
females in the  spring and  sum m er g e n e r a ­
tions (p < 0.05). The d ifference in brood 

size be tw een  the spring an d 'su m m e r  generations was 
marginally  significant at p = 0.067. The following 
equations w ere  found to apply to the 3 cohorts:

Cohort I 

Cohort II 

Cohort III

Thus, at  the  sam e body size, a fem ale of the  over­
wintering genera tion  on average  p roduces  a h igher  
num ber  of la rvae per  brood than  a female of the spring 
or sum m er generations.

ln(b) = -3 . 720 + 2.828 ln(f)
(n = 167, r = 0.655, p < 0.01)

In (b) = -2.:307 + 2.223 ln(7)
(n = 149, r = 0.562, p < 0.01)

ln(fo) = -0 . 974 + 1.673 ln(7)
(n = 104, r = 0.615, p < 0.01

length (mm)
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Fig. 7. N e o m y sis  in teger. G row th  curves of the  3 cohorts a n d  both  sexes separately.  O p en  symbols: males;  solid symbols: females
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Table  3. N eo m ysis  in teger. Su m m ary  of the production  esti­
m ates  (mg AFDW m -2 yr~1 ) ob ta ined  with different m ethods

Production Biomass P/B ratio

G rowth sum m ation
Cohort 1 81.65 24.20 3.4
Cohort 11 164.51 51.28 3.2
Cohort III 76,54 19.48 3.9
Total 322.69 94.97 6.0

Rem oval sum m ation
Cohort I 81.82 24.20 3.4
Cohort II 163.82 51.28 3.2
Cohort III 76.78 19.48 3.9
Total 322.43 94.97 6.0

Size-frequency
Sexes sepa ra ted  

C ohort  I 91.70 25.34 3.6
Cohort II 175.41 55.93 3.1
Cohort III 61.95 21.15 2.9
Total 329.06 102.42 6.1

Sexes not sep a ra ted  
Cohort I 96.94 25.34 3.8
Cohort 11 183.54 55.93 3.3
Cohort III 65.63 21.15 3.1
Total 351.82 101.85 6.5

All cohorts 448.52 53.73 8.3

Production

The production es tim ates  for N e o m ysis  integrer 
ob ta ined  with the d ifferent m e thods  an d  at d ifferent 
levels of pooling of sexes an d  cohorts a re  sum m arised  
in Tables  3 & 4. T he  an n u a l  production  estim ates 
ob ta ined  with the grow th  sum m ation  an d  removal 
sum m ation  m ethods  are  almost identical (322 mg 
AFDW m ' 2 yr_ 1 ). The result of the  size-frequency  
m e thod  is very close (2% difference) to tha t of the 2 
former m ethods only w h e n  the calculations w ere  p e r ­
formed for the  3 cohorts an d  bo th  sexes separately. 
Calculations on pooled le ng th - frequency  distributions 
of the 2 sexes per  cohort and  of the  3 cohorts (average 
CPI of 202 d) gave  es tim ates  tha t  w ere  9%  and  39%  
higher, respectively. A nnual p roduction  as es t im ated  
from the mortality rate  of each  cohort w as 24% h igher  
than the  es tim ates  using the  g row th  summ ation, the 
rem oval sum m ation  or the maximally  d isa g g re g a ted  
size-frequency  m ethods. Only the  values  for the first 
cohort are  com parab le  to the ones ob ta ined  with the 
other methods.

DISCUSSION

A m ore or less s tandard  m ethod  is p re se n ted  for 
s tudying the life history an d  popula tion  dynam ics of 
mysids from field data. It was successfully app l ied  to 
the W esterschelde population: sam ples  w ere  ta k en  at 
regu la r  intervals and  the tem poral evolution of the 
popula tion  s truc tu re  was assessed  by dividing the a n i ­
mals in a nu m b e r  of distinct sexual a n d  deve lopm en ta l  
s tages  (M auchline 1980). L eng th -f requency  distribu-

Table  4. N e o m y sis  integer. Production  es t im ates  (P, in mg 
AFDW m “2 yr~') ob ta ined  from the mortality ra te  (Z) as com ­
p a red  to the es t im ates  from the  d isa g g re g a te d  s ize-frequency  

m eth o d  (s-f)

Z Biomass P( Z) F (s-f)

C ohort  I 
Males 
Fem ales 
Total

3.15
4.27

10.10
15.24
25.34

31.82
65.07
96.89

35.65
56.05
91.70

Cohort  II 
Males 
Fem ales 
Total

3.27
4.41

29.37
26.56
55.93

96.04
117.13
213.17

91.31
84.09

175.41

Cohort  III 
Males 
Fem ales 
Total

4.49
3.90

10.37
10.78
21.16

46.56
42.04
88.60

29.49
32.46
61.95

Annua l  p roduction 398.66 329.06
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tions p e r  s tage an d  p e r  sam pling  da te  th e n  allowed an 
es tim ate  of the  n u m b e r  of genera tions  p ro d u ce d  in a 
year. Seasonally  oscillating (for the  overw in tering  g e n ­
eration) or gene ra lised  (for the  spring an d  sum m er 
generations)  von Bertalanffy g row th  m odels  could be 
fitted to the  data, p rov ided  m ales  an d  fem ales w ere  
t rea ted  separately .

D istribution

Salinity zones in the  W este rschelde  are  relatively 
s tab le  (Heip 1988). In the  W esterschelde,  in contrast to 
o ther  E u ro p e an  estuaries, the  N e o m ys is  in te g e r  p o p u ­
lation is concen tra ted  in a n a r ro w  zone of app rox i­
m ately  20 km  th ro u g h o u t  the  yea r  (Mees et al. 1993b). 
This is a t tr ibu ted  to the  adverse  oxygen  conditions 
u p s trea m  of the D utch-Belgian  b o rd er  (Mees et al. 
1993a). The m ax im um  popu la tion  density  is found 
a round  the  isohaline of 15 and  is therefore  found at a 
m uch  h ighe r  salinity than  in other, less polluted, e s tu ­
aries. In the  Gironde, the  Eem s (The Netherlands) ,  the 
E lbe (Germany) and  the  S h annon  (Ireland), for e x a m ­
ple, the  popu la tion  m ax im um  w as found at 3.5 and  typ­
ically a d ifferential distribution of the deve lopm enta l  
s tages  and  sexes a long the  salinity g rad ien t  is 
obse rved  (Sorbe 1981, H o u g h  & Naylor 1992). The 
restr ic ted  distribution of the  species in the  Wester- 
schelde  results  in a h o m ogenous  mix of deve lopm enta l  
stages. This facilitates the  study  of N. in te g e r  p o p u la ­
tion dynam ics an d  justifies the  selection of a single 
1000 m sam ple  in the  zone of m axim al a b u n d a n c e  for 
the  p roduction  estimates.

R eproduction

The life cycle of N e o m ys is  in te g e r  in the  Wester- 
schelde is similar to the life cycle previously  described  
for this species occurring in o ther  localities. Vorstman 
(1951), M auch line  (1971), Borghouts (1978), P arker  & 
West (1979) and  Brem er & V ijverberg  (1982) all con ­
cluded  tha t N, in te g e r  p ro d u ce d  3 genera tions  per  year  
in the I js se lm e er  (former Zuiderzee),  the  w est coast 
lochs of Scotland, Lake V eere (southwest Netherlands) , 
in the Frisian lakes (north N etherlands) and  in a lough in 
w es te rn  Ireland, respectively. Two genera tions  p er  year 
w ere  found in the Y than (Astthorsson & Ralph 1984) and 
Eider-Ring estuaries (Kinne 1955) and  in the  coastal w a ­
ters in the  Baltic Sea (Kinne 1955, Wiktor 1961, Ja n sen  
et al. 1980, R udstam  et al. 1986). At low er la titudes life 
cycles a re  m ore complex, b ree d in g  being  almost contin­
uous th roughou t  the  year  (Sorbe 1981).

In the  W esterschelde, rep roduction  of N e o m ysis  in ­
teger  hal ted  com pletely  in winter. It res ta r ted  in April

w h en  the w ate r  te m pera tu re  rose to 10 °C and  stopped  
again  in O ctober  w h en  the te m pera tu re  dropped  
below  the sam e value. Fem ales  of the overw intering 
genera tion  had  la rger  brood sizes for mysids of the 
sam e leng th  than  females in the other generations. 
W he the r  this was correla ted  with a h igher  fecundity 
can not be  derived from the field data. Smaller brood 
sizes m ay be com pensa ted  by the  production of several 
broods per  fem ale in the spring an d  sum m er  g e n e ra ­
tions. Indeed, in culture experim ents  conduc ted  at 
20 °C individual females w ere  found to p roduce  up  to 5 
consecutive broods (C. R. Ja n ssen  unpubl.). The physi­
ological back g ro u n d  and /o r  ecological adap tiveness  of 
these  different reproductive  strategies rem ain  unclear.

Brood size

The results of the p resen t  study seem  to corroborate 
the hypothesis  of Brem er & Vijverberg (1982) that 
brood size is positively corre la ted  with salinity: the 
W esterschelde population  lives at a h igher  salinity 
than  other s tudied  populations and  is character ised  by 
the  la rges t  ave rage  brood sizes repo r ted  to date. H ow ­
ever, the  reason  for this and  w hy most populations of 
N e o m ysis  in te g e r  a re  found at salinity ranges  that 
result in relatively small brood sizes rem ains unclear. 
Possible explanations m ay include a trade-off for sub- 
optimal brood sizes with competitive ad v a n ta g es  of liv­
ing in low-salinity w aters which  in es tuaries  coincides 
with the zone of m ax im um  turbidity: lower (visual) p r e ­
dation pressure ,  m ore available  food, less competition 
with  other mysids (e.g. M esopodopsis slabben}  or ben- 
thic filter feeders.

Growth

T he most f requently  used  m e thod  for de term in ing  
g row th  in crus taceans  involves the identification and  
tracing of m odes (cohorts which  are  g e n e ra te d  by se a ­
sonal reproduction) in the  leng th -frequency  dis tribu­
tions. As a result of the asynchrony  of moulting 
b e tw e en  individual mysids the lengths within a cohort 
are  as sum ed  to be  normally distributed. G rowth curves 
are  then  fitted to the m ean  lengths of the traced 
cohorts in relation to their  age. For the analysis of 
g row th  the  com plete  ELEFAN prog ram  pac k ag e  
(Pauly & David 1981) proved  to be  very  useful. The 
B ha ttacharya m ethod  is a powerful tool for identifying 
cohorts, bu t  a careful exam ination  of the  population 
s tructure  and  leng th -frequency  distributions of the  dif­
fe ren t  deve lopm enta l  stages w as still necessary. The 
grow th  model used  was a von Bertalanffy equation  
which incorporates seasonal variation in growth. In the
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absence  of seasonal growth  variations this function is 
red u ced  to the generalized  von Bertalanffy growth 
equation. We w ere  able to show that differences in 
growth b e tw e en  the sexual stages  had  to be ta k en  into 
account. Seasonally oscillating von Bertalanffy growth 
equations have previously only been  applied  to the 
m esopelag ic  mysids M eteryth rops m icrophthalm a  
from the J a p a n  Sea (Ikeda 1992) and  the hyperben th ic  
A ntarc tom ysis m axim a  and  M ysid e te s  p osthon  from 
Antarctic w aters  (Siegel & M üh lenhard t-S iege l 1988).

Production

Production estimates of N eo m ysis  in teg er  a re  difficult 
to m ake  because  of sampling m ethodological problems. 
No correction w as m ade  for n e t  efficiency which is u n ­
likely to be  100 % as mysids are  know n to avoid nets to a 
considerable ex ten t  (Mauchline 1980). The ab u n d a n ce  
of the smallest size classes was certainly underestim ated  
due to m esh  selection. Only the w a te r  column be tw e en  
0.2 m an d  1 m  above the bottom was sam pled  and, 
though  there  are  indications that a la rge par t  of the p o p ­
ulation is concen tra ted  in this zone th roughou t the day, 
some N. in te g e r  can  be  found in Zooplankton samples 
taken  at in te rm ed ia te  depths. Moreover, only the subti- 
dal channel was sam pled  and  N. in te g er  m akes  e x te n ­
sive use of the salt m arshes  (Mees et al. 1993a) and  p os­
sibly of other shallow areas. Samples w ere  p reserved  for 
at least 4 mo prior to analysis and  the w eight loss associ­
ated  with formalin preservation, es tim ated to be  about 
10 % by Brem er & Vijverberg (1982), was not ta k en  into 
account. Nor was a correction m ade  for the u n d e re s t i ­
mate  of w eigh t which results from backtransform ation  
of the linearised length-w eight relationship (Baskerville 
1972). O rgan ic  m atte r  is also lost du r ing  moulting. 
Holmquist (1959) found tha t M ysis relicta  lost 5 to 10 % 
of its dry w eigh t d ue  to ecdysis. This bias is not n e c e s ­
sarily re levan t since use of this refractory chitinous m a ­
terial in the food w eb  is p robab ly  limited. Finally no a t ­
tem pt w as m a d e  to include in tra -m arsupial production 
in the calculations. Against this background , the  p ro ­
duction estimates p resen ted  in this study are likely to be 
too low.

N eo m ysis  in te g er  p roduced  abou t  0.3 g AFDW m “2 
yr“1. This is m uch  h igher  than  the estim ate by Brem er 
& Vijverberg (1982) for a lacustrine popula tion  (10 m g 
DW m “2 yr-1 with a P/B of 4.0). However, our estimate 
is rem arkab ly  close to the  p roduction  values repor ted  
for N. m erced is  in lakes tha t support  similar popula tion  
densities (sum m arised  in C ooper et al. 1992).

The g row th  sum m ation and  removal sum m ation  
m ethods yielded approxim ate ly  the  sam e production 
estimates. The use of the  size-frequency  m ethod  is 
only rec o m m en d e d  for populations that can easily be

d isa g g re g a ted  into cohorts an d /o r  sexes with  more 
uniform life-history characteristics. Pooling of data  
leads to an  overestim ation of production. Indeed , one 
of the basic assum ptions of the s ize-frequency  m ethod  
is that all species or, as in the case of this study, all 
sexes and  cohorts m ust have  the capability of growing 
to the  sam e m ax im um  size (Hamilton 1969). W aters & 
Crawford  (1973) a lready  no ted  tha t the m ethod  y ie lded 
es tim ates  15 to 26% h ighe r  than  the rem oval su m m a ­
tion m ethod  and  postu la ted  tha t this could be  due  to 
the size difference b e tw e e n  the  sexes. A lthough  id e n ­
tification of cohorts is not req u ired  to obta in a p ro d u c ­
tion va lue  with the s ize-frequency  m ethod, not doing 
so will thus lead  to overestim ates. The sam e conc lu ­
sions apply  to the  m e th o d  w hich  uses the  total m or ta l­
ity w ithin the  popula tion  to es tim ate production. 
T hough  not f requently  used, the  effort r eq u ired  to ca l­
culate p roduction  with  this m e thod  is very  low, as no 
a b u n d a n c e  an d  m e a n  individual w e igh t per  sam pling  
date  is necessary. Only a leng th - frequency  distribution 
at each  sam pling  da te  and  an  es tim ate  of m e an  annua l 
b iomass is requ ired  (Brey 1986).

CONCLUSIONS

The N e o m ysis  in te g e r  popula tion  of the Wester- 
schelde  p roduced  3 gene ra tions  per  year. T he  over­
w in tering  gene ra tion  lived from a u tu m n  until spring of 
the following year. The spring  gene ra t ion  w as  born  in 
April and  lived for a round  3 mo, while the sum m er 
gene ra t ion  lived from Ju ly  until early w in te r  of the 
sam e year. T he  spring gene ra t ion  p roduced  the  h ig h ­
est n u m b e r  of mysids and  accoun ted  for almost half of 
the an n u a l  biomass. T he  overw in tering  gene ra tion  
contribu ted  least to the  biomass. The biology of the 
mysids in the la tter  gene ra t ion  w as m arked ly  d ifferent 
from tha t  of individuals be long ing  to the  spring and  
sum m er  generations : they  h ad  a lower g row th  rate, 
la rger  size at maturity  and  a la rge r  brood size. Within 
any one cohort bo th  sexes show ed  different g rowth 
characteristics, with the females gene ra lly  living 
longer, g row ing  faster and  a t ta in ing  a la rger  size than  
the males. Biomass production  of N e o m ysis  in te g e r  
was found to be  qu ite  h igh  in the b rack ish  zone of the 
W esterschelde. T he  3 m e thods  for es tim ating  se c ­
ondary  production  y ie lded  com parab le  results. A nnual 
p roduction  am o u n ted  to 0.3 g AFDW m “2 yr“1. The 
s ize-frequency  m e thod  only resu lted  in values  similar 
to those ob ta ined  with  the  g row th  sum m ation  an d  r e ­
moval sum m ation  m e thods  w h e n  it was app l ied  to the 
3 cohorts and  both  sexes separate ly . T he  spring cohort 
p ro d u ce d  nearly  half of the  total a n n u a l  production. In 
spite of its longer lifespan, the  overw in te ring  cohort a c ­
coun ted  for bare ly  half of the  total an n u a l  production.
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