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ABSTRACT: The  secondary  production  of the harpac tico id  co pepod  T ach id iu s d isc ip es  G iesbrech t  
1881 was es t im ated  du r ing  spring  1979. The  popula t ion  was sam p led  every  3 d. T h ree  g enera t ion  
p e ak s  w ere  observed. T hese  w ere  clearly  distinct in the first copepod i te  stages,  b u t  g rad u a l ly  show ed  
more overlap  in o lder stages. Production of copepodites  and  adu lts  was es t im a ted  in 2 ways: (1) Peaks 
w ere  sep a ra ted  and  the forward shifting of p eak s  in consecutive  s tages  w a s  used  to es t im a te  s tage 
durations; (2) the size-frequency  m ethod  w as applied .  Both es t im a tes  of the  p roduction  of copepodites  
and  adu lts  a re  in good ag reem en t :  1.10 g  dwt m -2 a n d  1.02 g dwt m ~ 2. Egg  p roduc tion  a m o u n ts  to 
0.31 g dwt m - 2 ; n au p l ia r  production  is roughly es t im ated  at 1.11 g dw t  m -2 . T he  p roduction  efficiency, 
P/(P+R),  of copepodites  a n d  adu lts  is 0.36; for the total p o p u la t ion  it is 0.43. This va lue  corresponds 
well  to the  value es t im a ted  from culture  exper im en ts  with this populat ion .

INTRODUCTION

M eioben th ic  popula tions are am ong the  least 
s tud ied  from the point of view of energetics.  Only 
recently  have papers  a p p e a red  d ea l ing  with  direct 
production es tim ates  of field popula tions of m e io b e n ­
thic crustaceans (Feller, 1982; F leeger  and  Palmer, 
1982). The lim ited information ava ilab le  reveals  that 
the productivity  (m easured by  yearly production / 
b iomass rates, P/B) of m eioben th ic  popula tions can 
differ w idely  from the  specula tive  and  often u sed  value 
P/B =  9. This va lue  was proposed  by Gerlach (1971), 
b ased  on the  life cycle characteristics of 2 nem atode  
species. W hereas  the  use  of a s ing le  P/B value for all 
popula tions is not advisable, the  scaling  of P/B by body 
mass (Banse and  Mosher, 1980) m ay be more useful 
(Heip et al., 1982). This scaling reveals  a rem arkab le  
pattern, a l ready  an t ic ipated  by Banse and  M osher
(1980), in  that the P/B-body w eig h t  l ine for m e io b e n ­
thic popula tions lies considerab ly  lower than  w ould  be 
expected  from the extrapolation  of values for la rger  
organisms. The scaling  of the intrinsic rate of natura l 
increase rm by body w eigh t (Banse, 1982) corroborates 
this observation, s ince both rm and  P/B are h ighly  
correla ted with  the genera tion  time, and  thus with 
each other.

Not only are  P/B an d  rm re la tive ly  lower in  m e io b e n ­
thic popula tions, the  rev iew  of Banse (1982) also shows 
that the resp ira tion  ra te  of m eio fauna  is lower than  
would  be expec ted  from ex trapolat ion  from the re sp i­
ration of la rge r  organism s. We could confirm this trend  
for 1 ostracod (Herm an and  Heip, 1982) and  5 copepod  
species (H erm an and  Heip, 1983) from a brack ish  
w ater  habitat .  The low resp ira t ion  ra te  of the  ostracod 
C yprideis torosa exp la ins  w hy the  production effi­
ciency (P/[P +  R|) of this s low -grow ing  species  is almost 
equa l  to the  m e a n  va lue  for non-insec t  detritivores 
g iven by H um phreys  (1979) (Herm an et al., 1983). The 
ques tion  of p roduction  efficiencies in  m e ioben th ic  
popula tions is not at all se ttled. Several studies on 
nem atodes  (Schiem er et al., 1980; Warwick, 1981; 
Schiemer, 1982a, b) y ie lded  ex trem ely  h igh  values for 
the p roduction  efficiency, one va lue  even  exceed ing  
90 %.

For the harpac tico id  copepod  T ach id ius d iscipes, 
W arwick (1981) ca lcu la ted  a p roduction  efficiency of 
ca. 70 %. His ca lculation  w as  b ased  on field data from 
the  'D ievengat ' ,  a b rack ish  w ate r  p o n d  in northern  
B elg ium  (Heip and  Smol, 1976; Heip, 1977), and  from 
respira tion  m easu rem en ts  of copepods  from the  Lynher 
es tuary  (S.W. England) (Teare and  Price, 1979). E lse ­
w here  we show tha t  the re  is a cons iderab le  difference
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in resp ira tion  ra tes  b e tw e en  the  2 popu la tions  of this 
spec ies  ex a m in e d  (Herm an and  Heip, 1983). In this 
p a p e r  w e  trea t  in more detail  the  p roduction  of the 
D iev en g a t  popu la tion  so tha t a more accurate  ca lcu la ­
tion of the  production  efficiency is possible.

T ach id iu s d isc ipes  is a w ide ly  d is t r ibu ted  m e m b er  of 
e s tu a r in e  m eio fauna  (Muus, 1967). In the com m unity  
w e s tudied, it typically  occurs in la rge  n u m bers  during  
sp r ing  (Heip, 1979; H erm an  and  Heip, in press). M a x ­
im u m  dens it ie s  are  ca. 100,000 ind iv iduals  m ~ 2, one 
p e a k  va lue  ex ceed in g  300,000 ind. m ~ 2. The species 
lives ep iben th ica l ly  and  feeds on b en th ic  m icroalgae.

MATERIAL AND METHODS

During  sp r ing  1979 (M arch-June),  a popu la tion  of 
T ach id ius d isc ip es  w as s tud ied  in a 10 cm d ee p  b ra c k ­
ish w ate r  pond, the 'D ievengat ' ,  no r the rn  Belgium. 
Salin ity  f luc tua ted  b e tw e e n  11 an d  16 %0 (mean: 
14.6 %o) du r ing  the  period of investigation .  The s e d i­
m e n t  is a w ell-sorted  fine sand  (m ed ian  g ra in  size 
0.223 mm), covered with  la rge  am ounts  of detritus.

Sam ples  w ere  ta k en  every 3 d w ith  a 6.06 cm2 glass 
corer, to a d ep th  of 5 cm, an d  fixed in a neu tra l  4 % 
fo rm aldehyde  solution, h e a te d  to 70 °C. T he  copepods 
w ere  ex tracted  from the  sed im en t as descr ibed  by H eip  
et al. (1974), except that cen tr ifugation  of the f iner 
fractions w as done with  LUDOX, a sil ica-gel, in s tead  
of sucrose (De Jo n g e  an d  Bouw man, 1977).

It w as im possib le  to sam p le  the  naup l i i  q u a n t i ta ­
tively in  this  detri tus-rich  sed im ent.  C opepod ites  and  
adults  w ere  ex tracted  w ith  h igh  efficiency. On each  
da te  the n u m b e r  of copepods in each  deve lopm en ta l  
s tage (from Cop I to adult) w as recorded.  The d esc r ip ­
tions of the  copepodites  of T ach id ius d isc ip es  by Teare  
(1978) w ere  used.

Dry w eigh ts  w ere  d e te rm in e d  on  a M ett le r  ME22 
m ic roba lance  to a prec is ion  of ±  1 pg. Batches of 50 to 
100 ind iv iduals  be long ing  to the  sam e deve lopm en ta l  
s tage w ere  dried  for 2 h at 110 °C before w eigh ing .

In order to suppress  the  random  varia tion  ( 'noise ) in 
the  dens ity  data, a w e ig h ted  ru n n in g  m ean  was 
ap p l ied  w ith  leng th  3 and  w eig h t  factors 0.23, 0.54, 
0.23 (Velleman, 1977). Inspection  of the  density  curves 
of the  6 deve lopm en ta l  s tages  r evea led  the  ex is tence of 
several p e a k s  w hich  can b e  in te rp re ted  as r e p re se n t­
ing se p a ra te  generations . T hese  p ea k s  are well s e p a ­
ra ted  in the  first stages, b u t  b ecom e g radua l ly  less 
d istinct and  more over lapp ing  in the  older ones. In 
o rder  to separa te  them  we u sed  a m e th o d  dev ised  for 
sp li t t ing  statistical f requency  d is tribu tions into G a u s ­
sian  com ponen ts  (Bhattacharya, 1967). In this m ethod  
the m e an  and  var iance  of the constitu t ing  G auss ians 
are  d e te rm in e d  g raph ica lly  on a p lot of ln (Y 1 + 1/Y¡)

against  X; (where X¡ is the class m idpoin t of the i-th 
class, and  Y¡ the corresponding  frequency). The abso­
lute num bers  N ; in each  of the G auss ian  com ponents  
are de te rm ined  by solving a system  of k equations 
(k be in g  the n u m b e r  of Gaussians). This gives a good 
fit, a l though  it does not consider  error terms explicitly 
(Bhattacharya, 1967).

The results of this analysis  can be  used  for a p roduc­
tion es tim ate with  the  m ethod  of Rigler and  Cooley 
(1974): the m ean s  of the G auss ian  com ponents  corres­
pond  to their  ‘m ean  pu lse  t im e ’ of the  peaks, and  the 
num bers  Nj to the surfaces u n d e r  a p ea k 's  curve. For 
each  gene ra tion  the  production is es tim ated  as:

P = V  f N . + i N ¡ \  Y  , w
f e - D ; ) X( W-

Nr
W,1 ( 1)

w here  i =  stage num ber; D¡ =  duration  (days) of the 
s tage i; Nj/D¡ =  n u m b e r  of copepods in the  stage.

As an  in d e p e n d e n t  test of the  w hole  p rocedure  we 
also es t im ated  the production with  the  s ize-frequency 
method, as modified for the  analysis  of popula tions 
g rouped  in deve lopm enta l  s tages by H erm an  et al. 
(1983). This m ethod  gives an  approxim ation  of the 
rela tive duration  of each  stage (giving S tage I the 
arbitra ry  duration  of 1) by assum ing  exponentia l m or­
tality. In the case of T achid ius d isc ipes w e  also n ee d  an 
es tim ate  of the rela tive duration  of egg  +  naup l ia r  
stages. This is p rov ided  by  culture exper im en ts  of Smol 
and  H eip  (1974) from w hich  it can  be  conc luded  tha t 
this duration  is % of the  copepodite  stages com bined. 
The m ethod  further requires  only an es tim ate  of the 
n u m b e r  of genera tions  occurring dur ing  the study 
period, w hich  in this case is 3.

The n u m b e r  of eggs  p roduced  w as ca lcula ted  from 
the observed  density  of fem ales  carrying eggs  by the  
formula:

N . x c  
2  —!-----  X
t T t

( 2 )

w here  sum m ation  is over all sam pling  dates t ; c =  in ­
terval (days) b e tw e en  2 samplings; T, =  em bryonic 
deve lopm en t tim e at the  p reva il ing  tem pera tu re  at 
time t; E =  n u m b e r  of eggs p e r  egg  sac. Both Tt and  E 
are ava ilab le  from culture exper im en ts  by Smol and 
H eip  (1974) and  H eip  and  Smol (1976).

This es tim ate  of the  n u m b e r  of eggs p roduced  allows 
a rough calculation  of the nau p l ia r  production. A ssum ­
ing tha t w ith in  the  naup l ia r  p h ase  both  growth and 
mortality  are exponentia l,  we have:

W, =  W„ e c

N t =  N 0 e-

( 3 )

(4 )

w here  G and  Z =  ins tan taneous  growth and  mortality 
rates, respectively.
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Production is g iven by Allen (1971) as:

P =  (G/[G-Z]) (NtWt -  N 0W 0) (5)

w here  N 0, W 0, NT, WT =  num bers  presen t and  ind i­
v idual w e igh t at times o and  T, respectively. We es ti­
m ated  W 0 as the  w e igh t  of an  egg, and  WT as the 
w e igh t of a C opepod ite  I. NT is the num ber  en tering  
the C opepodite  I stage, and  N 0 is the  num ber  of eggs 
produced. G and  Z can be ca lcula ted  from Eq. (3) and
(4), p rovided  an es t im ate  of T is available . An es tim ate 
of G, and  thus of T is necessary  for the biomass in tegral 
(see below), but for the  production  es tim ation by Eq.
(5) it is sufficient to es tim ate  GT and  ZT, since the 
factor T d isappears  in the division G/(G-Z). GT and  ZT 
are es t im ated  as In (WT/W 0) and  - In  (NT/N 0), respec­
tively.

One com plication arises because  this es tim ate of 
naup l ia r  production is b ased  on the  growth increm ent 
principle, w hereas  the  production of copepodites  is 
based  on the  princip le  of sum m ation  of e l im ination  
(see H eip  et al., 1982 for a discussion). As a conse­
q uence  of this difference, it can  be  se en  tha t the p ro ­
duction of C opepodite  I is ca lcu la ted  twice. As this 
production  belongs most logically to the  naup l ia r  
stage, it is sub trac ted  from the copepodite  production 
for the  calculat ion  of p roduction  efficiency.

In order  to es t im ate  the m ean  biom ass of the nauplii  
w e  use the relation (Allen, 1971)

P / Bx =  G (6)

w hich  is valid  in the  case of exponen tia l  growth and 
mortality. H ere  Bx =  biomass -  integral:

T
Bx =  ƒ N tW ( dt (7)

0

Once Bx is known for the nauplii,  the  calculation of the 
m ean  biom ass of the total popula tion  is straightfor­
ward.

The m e an  respira tion  of the different stages of 
copepodites  and  adults  at 20 °C w as de term ined  by 
H erm an  and  Heip (1983) with  C artesian  Diver m i­
crorespirometry. The resp ira tion-body  w eigh t relation 
w as g iven by R =  13.18 W° 82, with R in nl 0 2 in d H  h " \  
and  W in ;xg dwt. Total popu la tion  respira tion  w as 
ca lcu la ted  from these values  after ad ju s tm en t for te m ­
pera tu re  in the field with  Krogh's norm al curve (Win- 
berg, 1971). The production  efficiency was calcu la ted  
directly for copepodites  and  adults.

Respiration of nauplii  was es t im ated  in the  following 
way. Assum ing  exponen tia l  g row th and  mortality (cf. 
above) w e have  at any tim e t : W t =  W 0 e Gt and  from 
Rt =  a W?-82 we get

R, =  a W 0° 82 e0 82 G * (8)

The resp ira tion  in tegral,  by ana logy  to the  b iom ass 
integral,  is g iven by:

T
Rx =  a N 0W 0° 82 ƒ e (0 82 G " Z) ' dt

0
Rx =  a ([NTWT° 82 -  N 0W 0° 82] /  ,[0.82 G -  Z]) (9)

This respira tion  is com pensa ted  for te m pera tu re  effects 
by the sam e factor as was o b ta ined  for fem ales  carrying 
eggs.

For the conversion of dry w eigh ts  to energy  units  we 
used  the  following conversion factors: 1 1 0 2 consum ed  
is as sum ed  equ iva len t  to 0.4 g C m e tabo lized  (Crisp, 
1971); 1 g C =  45.8 kJ  (=  10.92 kcal) (Salonen et al., 
1976), and  organic carbon is 52 % of ash  free dry 
w eigh t  (Salonen et al., 1976).

All production  es t im ates  g iven  in the  text are p ro ­
duction over the  study per iod  of 99 d.

RESULTS

The raw data  (i.e. counts 6.06 c m -2 of the different 
stages) are g iven in Table  1. M ean  dry w eig h t  of the 
stages, and  geom etr ic  m e an  w eig h t  of consecutive 
s tages  are g iven in T able  2. Fig. l(a -f )  shows the 
dens ity  curves of copepodite  and  adu l t  s tages  (running 
means), w ith  the  com bined  fitted G auss ian  d is t r ibu ­
tions superim posed . We found 3 g ene ra t ions  dur ing  
the study period, well d is t ingu ished  in  the  first stages, 
bu t g radua lly  more over lapp ing  in  the  o lder  ones.

For ca lculations of the  stage duration  with  Rigler and  
Cooley 's (1974) m e thod  it is necessary  to d raw  a 
smooth curve on a plot of m ean  pu lse  tim es aga ins t  
s tage num bers .  Rigler and  Cooley (1974) advise  p e r ­
forming the  sm ooth ing  in such a w ay  tha t each  s tage is 
longe r  than  the  p rec ed in g  one, and  tha t n eg a t iv e  m o r­
tality is minimal.  Fig. 2 shows the  effect of this sm oo th ­
ing. The only im portan t modification  is tha t the
sm oothed  m e an  pu lse  tim e |xs of C o pepod ite  IV in the
first peak  is shifted forward. T here  is no nega tive
mortality. The resu lt ing  stage durations and  the
nu m b e r  of copepods in each  s tage are show n in 
T ab le  3. A p rob lem  is posed  by the  adu l t  s tage. The 
m ethod  of Rigler and  Cooley (1974) im plies  tha t all 
m orta lity  occurs at the  transition  of one s tage to the  
next. This assum ption  does not le ad  to serious b ias as 
long as the  s tages are of short duration, b u t  w h e n  they 
last longer  and  the re  is cons iderab le  morta lity  (as in 
the  adu l t  s tage, w h ere  all ind iv iduals  even tua l ly  die) it 
results  in a re la tive  forward shift of the  m e an  pu lse  
time. Therefore  the  m e a n  pu lse  tim e of the  adu l ts  is not 
re l iab le  as a bas is  for the es t im ation  of its duration. 
F ortunate ly  there  is alm ost no som atic  g row th  b e tw e e n  
C opepod ite  V and  adults. The assum ption  tha t all 
C opepod ite  V b ecom e adu l t  therefore  in troduces only
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Tab le  1, Tach id iu s disc ipes. O rig ina l  counts (No. 6.06 cm 2) on w h ich  the  p roduction  est im ates w e re  based. Cl, ... CV: 
C opepod ite s  1 to 5; AD; total nu m b er  of adults;  FCE: nu m b er  of females carrying eggs

Date Cl CU CHI CIV CV AD FCE

21. 3. 79 0 0 0 0 0 2 1
24. 3. 79 0 0 1 0 1 2 1
27. 3. 79 1 1 0 1 2 12 3
30. 3. 79 3 0 1 1 1 10 2

2. 4. 79 6 3 0 2 2 7 1
5. 4. 79 0 2 2 1 2 17 6
8. 4. 79 9 14 10 1 0 8 3

14. 4. 79 1 3 2 3 8 11 0
17. 4. 79 1 7 0 6 10 13 1
20. 4. 79 11 20 29 27 21 24 3
23. 4. 79 22 15 13 13 17 39 8
29. 4. 79 55 52 62 37 17 4 1

2. 5. 79 14 21 27 17 25 57 8
5. 5. 79 11 23 35 60 73 85 12
8. 5. 79 25 15 34 52 40 101 19

11. 5. 79 22 16 13 41 54 152 32
14. 5. 79 31 41 41 31 19 92 34
17. 5. 79 50 40 30 23 39 191 96
20. 5. 79 22 26 39 43 39 131 68
23. 5. 79 1 5 5 10 9 56 13
26. 5. 79 1 0 1 1 6 62 26
29. 5. 79 8 1 4 5 12 98 30

1. 6. 79 1 2 1 1 0 44 15
4. 6. 79 0 0 0 0 0 26 5
7. 6. 79 0 0 1 1 2 28 9

10. 6. 79 0 0 0 1 0 76 21
13. 6. 79 0 0 1 0 1 42 7
19. 6. 79 1 0 1 2 1 7 4
25. 6. 79 3 0 3 0 1 11 5

T ab le  2. T a ch id iu s d iscipes. Dry w e ig h ts  W, of copepodite  
stages.  N  =  n u m b e r  of copepods  w e ig h ted  in a batch. 
(W¡W1 + 1) 1/2 = geom etric  m ean  of the  w e igh ts  of 2 co n secu ­

tive s tages

T ab le  3. Tach id ius discipes. D ura t ion  (D) of copepod i te  s tages 
and  n u m b er  of copepods recrui ted  to the s tage  for the 3 p eak s  
in spr ing  1979, de te rm in ed  by the  m eth o d  of Rigler and 

Cooley (19 14)

Stage N w , (i.g) (W¡W¡+1)1/2

C OP I 50 0.20 0.23
C O P II 54 0.26 0.34
C O P III 108 0.45 0.60
COP IV 70 0.80 1.18
C O P V 68 1.73 1.76
AD 325 1.80
Egg sac 60 0.43

a very ligh t bias, and  circum vents  the tricky p rob lem  of 
es t im ating  ad u l t-s tag e  duration. The p roduction  of 
copepod ites  and  adu l ts  thus ca lcu la ted  is 1.57 g 
dwt m -2 . This va lue  inc ludes  the production  of the 
b iom ass en te r ing  the  copepod ite  stage as C opepod ite  I 
(see 'M ateria l and  M ethods '):  this am ount of 0.47 g 
dwt m ~ 2 is b e t te r  inc luded  in the  naup l ia r  production. 
Pc, the  p roduc tion  of copepod ites  and  adults, is then  
e s t im a ted  as Pc =  1.10 g dw t m -2 .

Stage Duration
(d)

Recruitment 
(per 10 cm2)

COP I 0.85 79
COP II 2.15 69

1st peak COP III 1.85 62
COP IV 8.15 55
COP V 9.85 49

COP I 0.50 1615
COP II 1.50 563

2nd peak COP III 2.50 434
COP IV 4.00 277
COP V 6.00 211

COP I 0.90 635
COP II 1.10 600

3rd peak COP III 1.30 536
COP IV 1.30 302
COP V 1.70 175
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COP. I (N 10cm 2) COP. IV (N lOcnf2)
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Fig. 1. (a-f): T a ch id ius discipes. D e n ­
sit ies (N IO c m -2) of copepod i te  s tages I 
(a), II (b), III (c), IV (d), V (e) and  of the 
adults  (f) in a brack ish  w a te r  pond  during  
the  spring  of 1979. Full lines: trend line  
(see text) through observations.  Broken 
lines: com bined  G auss ians  fitted to the 

data

COP. III (N 10cm 2)
BO

40

March April May June

ADULTS (N 10cm' 
1 BO

March April May June

Table 4 gives the production es tim ation with  the 
size-frequency method. The Pc, corrected for C opepo­
dite I production  by the value 0.47 g dwt m -2 (of the 
previous estimate) is: Pc =  1.02 g dwt m -2 .

Table  4. Tachid ius d iscipes. P roduction estimation  by the 
s ize-frequency method. a f =  re la tive  dura tion  of S tage  j 
(where a ,  =  arb itrari ly  chosen  as 1); Hj =  m ean  n u m b er  of 
copepods in Stage j; Nj =  an  est im ate  of the recru i tm ent into 

S tage j, ‘Pj’ of the  p roduction  of Stage  j

Stage a i ni N i ■Pj-

COP I 1 17.13 1199.36 28.50
COP II 1.14 17.49 1074.36 50.26
COP III 1.53 20.26 927.38 90.53
COP IV 1.86 20.63 776.50 182.11
COP V 2.24 21.49 621.65 137.01
AD 9.43 73.27 544.03 995.56

17.38 1483.98

Egg production, e s t im a ted  by Eq. (2) is: Pe =  0.31 g 
dw t m -2 . N u m b er  of eggs  p roduced  is 29,161 10 c m -2 .

N aup lia r  production, e s t im a ted  by Eq. (5) is: Pn =  
1.11 g dwt m -2 .

Total p roduction  am ounts  to 2.52 g dw t m -2 and  
2.44 g dwt m ” 2, d e p e n d in g  on w h e th e r  the first or 
second  es tim ate  of Pc is used.

Duration  of the  copepod ite  s tages  is 23, 14.5 and  
7.5 d for the 3 peaks.  D ura tion  of the  n au p l ia r  s tage is 
abou t half that of the  copepod ite  s tage (Smol an d  Heip, 
1974). Using this expe r im en ta lly  o b ta ined  ratio, the 
duration  of the n au p l ia r  p h ase  is es t im a ted  to be  8 d. 
T he  b iom ass in teg ra l  Bx for the  naup l i i  th e n  becomes: 
Bx =  2.96 g dwt x  days X m -2 . The b iom ass in tegral 
for copepodites, adu l ts  and  eg g s  is 22.77 g dw t x  days 
X m -2 . M e an  b iom ass  B =  25.73/99 =  0.26 g dw t m -2 . 
P/B is 9.7 over the  study  period, or 3.2 g e n e ra t io n -1 .

Respiration of copepod ites  and  adu lts  is e s t im ated  as 
Rc =  3.3 1 0 2 m -2 over the  sam pling  period. Their  
p roduction  efficiency is 0.30.
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Fig. 2. (a-c): Tach id ius discipes. M ean  pu lse  t imes of the 
different d eve lopm en ta l  s tages  p lotted aga ins t  s tage  num bers  
for the 3 p e ak s  in the  spr ing  of 1979. The  smooth l ines are 
used  for the app licat ion  of Rigler & Cooley 's  (1974) m ethod

W hen  eg g  production  is a t tr ibu ted  to the  adu l t  p o p u ­
lation, production  efficiency becom es 0.36. With an 
e s t im a ted  n au p l ia r  resp ira tion  of 1.12 1 0 2 m -2 (Eq. 
[9]), the  production  efficiency of the  total popu la t ion  is 
ca lcu la ted  as 0.43.

DISCUSSION

T ach id ius d isc ipes  p roduced  3 gene ra tions  in spring 
1979. In a 5 d in terval sam pling  in 1980 (essentially  
a im ed  at ano ther  population)  w e could d is t ingu ish  the 
sam e pat tern .  It was, as a whole, shifted to 10 to 12 d 
later.

T herefore  we suppose  this pa t te rn  occurs consis t­
ently  each  year. Previously, it w as  not r evea led  by 
H eip  (1980) in fortnightly  sam ples  with  all copepodite  
s tages  pooled. O ne  sing le  p e a k  w as  described, and it 
w as conc luded  tha t g row th  is slower u n d e r  natura l 
conditions than  in laboratory  cultures. It is show n here 
tha t  sam p ling  in tervals  shou ld  be  very short, and  that 
the  copepods  should  be  subd iv ided  into short-living 
s tages in order to revea l  the  dynam ics of a rapidly  
d e v e lo p in g  popu la tion  such  as T ach id ius discipes.

We es tim ated  the production in 2 different ways, 
each  character ized  by a n u m b e r  of simplifying 
assumptions. In the first method, the smoothing of the 
m ean  pu lse  times m ay well b e  the  most critical step, 
espec ia lly  in C opepodites  IV and  V. B ecause of the 
bias, possibly in troduced  by this ex tensive data  h a n d l­
ing, w e m ade  a second, in d e p e n d e n t  estimate. This has 
a w ea k n ess  in the  assum ption  of a constant mortality 
rate  in all copepodite  stages. Both es tim ates are re la ­
tively close to one another,  though. This adds  some 
confidence to our estimates.

D ue to the rap id  developm ent,  the production of 
T ach id ius d isc ipes  is rela tively  high. The species  is

T ab le  5. P/B of m eioben th ic  c rustaceans d e te rm in ed  from 
field observations

Species P/B
(yr-’)

Source

Huntem annia jadensis 3.6 Feller (1982)
Microarthridion littoralis 18.0 Fleeger & Palmer (1982)
Cyprideis torosa 2.7 Herman et al. (1983)
Tachidius discipes 34.3 This study
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only found during  spring in this habitat. Expressing 
the P/B on a yearly base  by ch ang ing  the time d im e n ­
sion, it becom es P/B =  35 y r _ I . C om pared  to other 
m e ioben th ic  popula tions for w hich  direct production 
es tim ates  have b ee n  made, this is very h igh  (Table 5). 
It should  be kep t in m ind here  that T. d isc ipes  does not 
realize this h igh  productivity. As it is restric ted  in 
ap p e a ran c e  to the most favourable season, many 
m a in tenance  costs' expe r ienced  by other species  in 

adverse  seasons, are p robably  less im portant to this 
species. Therefore the value  P/B =  35 y r~ ’ is of lim ited 
significance. Only w hen  the m ean  biomass w ould  be 
es tim ated  from samples, regularly  spaced  over a full 
year, this biomass would  have to be m ultip lied  by 35 to 
find the yearly  production.

The production  efficiency of T achid ius d isc ip es  is 
m uch  h ighe r  than  21 %, the m ean  value g iven  by 
H um phreys  (1979) for non-insec t invertebrate  h e rb i ­
vores. It is nearly  equa l  to 39 %, the m ean  va lue  for 
non-social insect herbivores, and  it also approaches  
the  m ean  for non-insect inverteb ra te  detritivores 
(36 %). The formation of the 2 groups 'non-social 
insects ' and  ‘non-insect invertebrates '  was the best 
possible  statistical inference H um phreys  (1979) could 
m ake  on the basis of the existing data. In these data 
certain  taxonomical (and p robably  also ecological) 
groups are overem phasized , w hereas  others are almost 
unstudied .  It is h ighly  im probab le  that the g roup ing  in 
non-social insects and  non-insect invertebrates  will 
rem ain  u n c h a n g e d  w h en  more data  are accum ulated .  
Anyway, T. d isc ipes  has  a production efficiency very 
n ear  to tha t of the non-social insects, to w hich it is both 
taxonomically  and  ecologically  more ak in  than  to the 
molluscs, w hich  constitute the bu lk  of H um phreys '  
non-insect invertebrates.

It must be  noted here  tha t Banse (1979) did not find 
differences in production efficiency according to the 
species ' w e igh t  at maturity, longevity  or feed ing  type. 
He used  a limited, bu t  more critically se lec ted  data 
base. W hen sam ple  size is small, it is, of course, dif­
ficult to prove the existence of s ignificant differences. 
N evertheless, Banse's (1979) study indicates tha t the 
differences be tw e en  groups in H um phreys  (1979) 
could, at least in part, also be  due to different 
m ethodologies  used  in the  study of different groups. 
This is an  im portant ecological ques tion  w hich  
requires  further study.

The production efficiency ca lcu la ted  here  is cons id ­
erably  lower than  the value ca lcu la ted  by W arwick
(1981) for the sam e species. This d iscrepancy is 
entirely  due  to the com bination  of field data  and  re sp i ­
ration data  from 2 different populations. T able  6 lists 
the  efficiencies for different tem pera tu re s  using  W ar­
w ick 's  calculation method, w ith  the appropria te  resp i­
ration data. That calculation  is perform ed for an  expo-

Tab le  6. T ach id ius d iscipes. P roduction efficiency calcu la ted  
from cu ltu r ing  da ta  of H e ip  and  Smol (1976)

Temp. C C) P (J.J“1 d"1) R (J.J-1 d - ’) P/(P +  R)

5 0.036 0.086 0.30
10 0.086 0.122 0.41
15 0.136 0.180 0.43
20 0.186 0.259 0.42
25 0.236 0.374 0.39

nentia l ly  increas ing  population ,  w ith  s tab le  ag e  d is­
tribution, w here  the  p roduction  per  unit  b iom ass is 
e s t im ated  as rm, the intrinsic rate  of natura l  increase . 
(A more consistent m easure  of it is the b ir th  rate  b, 
w hich, however, is not kn o w n  for T ach id ius d iscipes, 
and  will not be  m uch  h ig h e r  than  rm in an  e x p o n e n ­
tially inc reas ing  popu la tion  w ith  little m orta lity  an d  a 
short gene ra t ion  time.) The popu la tion  structure in the 
field is c learly  different from a stable age  distribution, 
and  obviously the  mortality is qu ite  important.  
Nevertheless ,  the p roduction  efficiency found in this 
study  is exactly  equa l  to the  p red ic ted  va lue  of 43 % at 
15 °C. This corroborates the f ind ings of W oodland  and  
Cairns (1980) that,  g iven certa in  pa ram ete rs  (respira­
tion rate, longevity, ratio final : initial weight),  the  p ro ­
duction efficiency is almost in d e p e n d e n t  of the  precise 
popu la tion  age  s tructure w ith in  the ra the r  w ide  limits 
of 'b iologically  reasonab le '  m orta lity  patterns.

A ck n o w led g e m e n ts .  P. H e rm an  a n d  C. H e ip  a ck n o w le d g e  a 
g ran t  of the  Belgian  N a tiona l  Founda t ion  for Scientific  
Research  (NFWO). Part of this re sea rch  w as suppor ted  by the 
B elg ian  Ministry  of Science Policy (Concerted  Actions 
O ceanography) .  We th an k  W. G ijse linck  for pract ica l  a ss is t­
ance.
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