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Introduction.

Tbe productivity of aquatic populations has received much attention
since the International Biologica1 Programme during which severa1 books
appeared that much influenced later dcvelopmcnts. Among thc standard works
in the field One needs to mention Edmondson & Winberg (1971). Holme &
Mclntyre (1971. 198~). Winberg (1971). Zaika (1973). One of the important
consequcnccs was the standardization of concepts and symbols and the
acquisition of a large body of data which had its theoretical roots in thc
paradigm of trophic organisation of ecosystcms developed by Lindeman
(1942) •

In stcady statc conditions thc energy budget of an organism may be
described by thc weIl known equation:

C·P+R+F+U

where C is food intake or consumption. P is production of biomass. R is
respiration. F is egested faeces and U is excretion. Production is thc sum
of somatic growth and reproductive output P • Pe + Pr' Absoption (Ab) is
the portion of the consumption not egested as faeces Ab = C - F • P + R +
U. Assimilation (Al i5 the portion of consumed energy used for production
and respiration A • P + R.

In this equation 811 variables have to be expressed in the same units.
e.g. kJ.m- 2 .an- l • One has to be aware that even then thc ecological
lIeaning of each term is quite different: growth and reproduction yield
high energy particulate organie matter. respiration has as its end product
COz• a gaz. faeces is low-energy particulate matter and many excretion
products are soluble and may be organie or inorganic. In order to evaluate
their pathways in the ecosystem the redox-potcnti81 of these end-products
may be a useful parameter.
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2. Produetion

Production measures the part of the energy consumed by a population
that is trensformed into organie matter (body tissues end reproductivc
products) potentially available for eonsumption by populations from ß

higher trophie level. Gross end net growth effieieneies of animals (K I and
K2 ) and produetion efficieney P!A • P!(P+R) of populations may be
relatively predictable. and are thereCore worth studying.

2.1. Somatle growth.

Produetion by somatle growth ls the sum oC the growth increments oC all ~
individuals in the population during a eertain time. ineluding the growth
of the individuals that died during the interval. The a:ethods used to
Ileasure product1on depend on the life his tory of the ·population. These
methods can be reduced to two types: summation of e1iminated biomass 01'

summation oC growth inerements. According to the method used one needs
good data either about growth. reproduction and recruitment or about
mortali ty and changes in biomass •

The equivalenee between both approaches has been demonstrated by Crisp
(1971). In the first ease growth processes can be ignored if the biomass
eliminated during the time period 6t considered can be accounted Cor:

P • BI - Bo • M

where M is the eliminated biomass during 6t.
When the finite mortality rate 6N/6t of individua1s from weight e1ass i

(mean weight "I) is ZI then the expected Ilortality during IIt is Z. IIt and
the expeeted 1055 of biomass is Zlwl 6t. Thus :

and

(1)

In the second esse production is Ileasured as the sum of the growth
increments of all individuals in the population during IIt: ~

(2)

where G, i9 the instantaneou9 weight specific growth rate

G, • ---
wl dt
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end NI Is the meen number of Individuals alive in welght class i during
the interval.

In both equatlons (1) end (2) growth and mortality have to be known as
a function of individual weight. Using (1) one needs to know weight
specific mortallty. using (2) one needs to know weight-specific growth.

Cohort populations •

If cohorts (same-aged individuals) are recognizable as a result of
semi-simultaneous reproduction. production measurement is relatively easy
if emigration an immigration can be accounted for. The methods require
accurate estimates of abundance and weight over time. Four basic and
equivalent methods exist (Waters t Crawford, 1973 ; Heip et al., 1982a) :

- increment-summation : production during a time interval is the product
of the average abundance on two successive dates and the change in average
weight of an individual

- removal-summation : production durlng a time interval Is calculated as
the change in abundance multiplied by the average individual weigth during
the interval :

- instantaneous growth : the average biomass In a sampling interval is
mul tiplied by the instantaneous weight-specific growth rate (assumed
constant during the interval)

- Allen curve : meen weight is plotted against abundance (survlvorship)
end production is the surface under the curve.
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Non-eohort populations.

When eohorts are not identifiable. as is the ease for most meiofauna
populations, due to overlapping generations 01' continuous reproduction.
methods to ealeulate production require data on ineremental inereases in
weight of individuals from the time they are born until they die. Most
methods are based on knowledge of the finite growth rate of en individual
over its life. Growth inerement methods use experimental growth eurves 01'

estimations of stage durations. elimination lllethods include the si2e
frequeney method end population dynamie81 models.

The si2e frequeney method was origin81ly designed for estimation of the •
eorrect order of magnitude of produetion by Hynes (1961) and subsequently
refined (Hynes &. Colemen, 1968: Benke. 1979). Thereby the method was
restricted to the analysis of spedes groups w!th sim11ar generation
times. size and trophic position. The population is divided into si2e
classes of similar duration. It was adapted to. and used for. populations
divided in development81 stages by Hermen et 81. (1983. 1984a) and Herman
& Heip (1985).

Estimations of the duration of life stages in the population een be
obtained from laboratory experiments 01' from population models fitted to
the field data.-Laboratory experiments offer the possibility to establish
eomplete life and fertllity tables (e.g. Vranken &. Heip. 1983). However.
they pose the problem of extrapolating the results to the field.

Fitting models to field data (e.g. the lllethods of estimating birth end
death rates 01' stage-frequeney Ilethods) requires additional data 01'

assumptions on the population. Stage-frequency methods are extensively
reviewed by Southwood (1978). Threlkeld (1979) gives an example of
estimating birth end death rates by using extra information on the age
distribution of Daphnia embryos. Hermen et al. (1983) estimate the
duration of developmental stages in the ostraeod Cyprideis toro"a by
eounting empty shells in the sediment : the distribution of the empty
shells over the stages gives information about the lDortality in the
different stages. .

2.2 Reproductive output.

Reproduetive output lIay make up a considerable part of the total
produetion of a population. In three populations of lIeiobenthic copepods
1t was estimated as between 13 and 29 %of the total production (FeUer.
1982. Hermen &. Heip. 1985).

V81ues for nematodes in lab eultures range from 10 % (Warwick. 1981) to
ovar 90 % (Schiemer. 1983). These values strongly depend on the culturing
conditions (Vranken &. Heip 1983. 1986: Vranken et 81. in press).

Apart from the expet'imental conditions. the age structure of the
population 1s important in determining the relative importanee of
reproductive output. If the population is in stable age distribution at
exponenti81 growth. it w11l mainly be composed of Cast-growing juveniles.
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Ilowever, if juvenile mortaUty is important the population ago strueture
will be different and the relative importanee of egg produetion may weIl
inerease. 'Ibis is most probably the ease in the above-mentioned eopcpod
populations, where naupliar mortality rates are mueh larger than
eopepodite and adult mortality rates (this does not prevent that naupliar
produetion was quite important : naupUar and egg produetion together
aeeounted for 54-55 % of the total produetion in all three studies
mentioned) •

Meiofauna produetion •

In praetiee it is often impossible to use any of the deseribed methods
for meiofaunal populations. Direet produetion estimates of field
populations only exist for a few speeies : four harpaetieoid speeies
(FeUer, 1982; Fleeger & Palmer, 1982; Herman et. al. 1984a; Herman & Heip.
1985), and an ostraeod speeies (Herman et al., 1983).

Laboratory experiments pose their own problems. Many speeies of
nematodes end copepods have now been cultured (see reviews by Heip et al.,
1985 and Ilieks & CouU, 1982). Two trends seem clear. In setting up
experiments, one almost automatically seleets the more "weedy" speeies. It
is no wandel' that so many data are available on the genera Monhvstera (for
nematodes) 01' Ti sbe (eopepods). Seeond. the more one knows about a
speeies, the cl;;;;:re;;- become the effects of the culture eonditions. As an
example, Vranken et a1. (in press) show that for Monhystera disjuneta.
cultured with different baeterial strains as food and with different
densities of one strain. the minimum generation time ean differ with a
faetor 1,1l. whereas the egg produetion rate dlffers with a faetor 3.5.

In vie.. of the gross uncertainlies introdueed using laboratory
experiments. indireet approaches have been advocated. 'Ibe foUowing are to
be mentioned :

- Measurement or respiration. When a proportionality between produelion
and respiration of a population is assumed, respiration measurements may
be used to estimate produetion, though respiration measurements also are
teehnieally diffieult for meiofauna. Humphreys (1979) showed a signifieant
log-log relationship between population produetion end population
respiration ..hith a dope equal to one. whieh implies that P!(P.R) is
independent of size. 'Ibis study eovered populations from widely different
eeologieal and taxonomieal groups, but no meiofauna. Herman et al. (1984b)
were able to eompare respiration and field produetion of three melofaunal
populations (one ostraeod end twa harpaetieoid eopepods) end found indeed
a constent value P!(P.R) _ 0.4.

For nematodes, Schiemer et al. (1980), Tietjen (1980), Warwiek (1981)
and Schiemer (1982a,b) found much higher values, in the order of 60-90 %.
Herman et a1. (1984b) diseuss some of the faetors possibly responsible for
such a large difference. llowever. Hermen &Vranken (submitted) also found
very h. gh produelion efficieneies (> 60 %) for a eultured population of
Monhys'cra disjuncta. even when faetors such as the "negative production"
(due to weight loss) in the egg stage is taken into aeeount. High
produetion effieieneies seem to be a consistent feature of nematode
populations.
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A~ nematodes so much mo~ efficient than e.g. copepods. converting up
to 90 % of their energy intake into production ? At the moment. this
cannot be excluded. elthough it. seems improbable. An interesting
alternative hypothesis is that respiration measurements unde~stimate the
energy losses. Microelectrode measurements show that in many sediments no
free oxygen is present from a depth of a few mm onwards (see e.g. Revsbech
et al •• 1980). In these sediments one ean easily find nematodes down to a
depth of...10 em. This is also true in sediments without animal burrows.
whieh have been advoeated to be a major souree of oxygen to the meiofauna
(Reise & Ax. 1979). It is almost inevitable to eonelude that most
nematodes live (at least partially) enaerobieally. It is possible that
even in the presenee of oxygen. where they do have a measurable
respiration. they do not use fully aerobic metabolie pathways. This is a
field of research whieh surely provides the scope for interesting studies. •.
In the meentime. the estimation of produetion based on respiration beeomes
quite questionable. At least it seems safest to assUDIe a very high
"apparent production effieiency" for nematodes. .

When the problem of produetion effieiencies eould be solved. the
estimation of production from respiration has some practieal advantages.
Warwiek & Priee (1979) showed that. after eorrection for temperature. the
eommunity respiration of nematodes nearly equalled 6 1 O2 g-l wwt an- 1 in
several habitats. where individual nematode weight differed by an order of
magnitude.

- PIß raUos end body weight: Qerlach (1971) provided the first estimate
of ennual PIB • 9 for meiofauna in general. The figure has two components.
a life eycle tumover of threa end threa generations annually. The
justifieation for the first assumption lies in a model study by Waters
(1969) "ho showed that for a 'lide variety of growth and morta1ity Ilodels.
the lifetille P/B does not vary greaUy around a modal velue of 3.5. Hermen
et al. (1984b) showed that for nematodes under eertain eonditions (neonate
weight is produetion. juvenile growth is exponential. adult growth is not
too important and the generation tille is defined as the development time
of juveniles) a P/B • 3 per generation (juvenile period) may be expected.

Sealing of ennual P/B to body size has been proposed by Banse & Mosher
(l980). who showed a log-log relationship between the two variables. It
was applied to Ileiofauna by Heip et al. (1982a) and to nematodes by
Vranken & Heip (1986). Both eompilations of meiofauna data show that the
weight dependenee eoefficient in Ileiofauna is similaI' to the general value
found by Banse & Mosher (l98O). However. the intercept values ara much
lower. in the order of 1/10 the intereept values of the Ilacrofauna. This
feature was antieipated by Banse & Mosher (l980). end diseussed by Heip et ..
a1. (l982a) and Vranken & Heip (l986). However. no eonclusive arguments .,
have been found to explain it.

- The number of generations : since the P/B per generation (juvenile
developmental period) is around three a fairly accurate indireet
estimation of production Ilay be obtained by Ilultiplying the number of
generations produced ennually by this figura. The reviews of Help et al.
(1982b. 1985) and Hicks & Coull (1982) give data on the annual number of
generations in nematodes and eopepods respectively. For both these grQUps
it is elear that a uniform value for the number of generations produced
annually does not exist and that each population has to be studied in its
own right.
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For nematodes the existing data from lab eultures have been reviewed by
Vranken et al. (1986) who proposed the following equation relating the egg
to egg development time T. lft to temperature and adult female weight W :

log T. lft ~ 2.202 - 0.0~61 t + 0.627 log W

~~en multiplied by the eonstant biomass turnover per generation (P/B)g ~

3. development rate IfT. lft can be used as a predictor of daily P/B.
This estimate is as representative for the nematode eommunity as the
cultured speeies are. The danger thus exists that the estimate. based on
"weed" species. gives an overestimate of the real production. However•
some eomforting evidence regarding its usefulness was presented by Vranken
et al. (1986).

production and Biomass of meiofauna in the North Sea.

Energy flow models for the North Sea use meiobenthic biomass to
evaluate the trophic role of the meiofauna. Usually. the biomass (around
1-2 g dwt m- 2 for subtidal sediments) is multiplied by a eonstant faetor
(often 8-10) to obtun a production of 8-20 g dwt m- 2 an-I and energy
eonsumption. which is perhaps around five times this value. i.e. 40-100 g
dwt m- 2 an-I. or 16-60 g C .-2 an-I. Cross uneertainties are present in
such extrapolations and the use of a single P/B ratio has been strongly
discouraged by Vranken &Heip (1986).

The reasonably constant produetion effieieney f'/A • 0.4 found in
"aerobic" meiofauna poplations may be used to obtain estimates of
produetion from respiration measurements. In order to evaluate the energy
eonsumption of a population one l1ay try to obtain similar eonstants for
PIe. Very few data exist on which such extrapolations might be based. Heip
et al. (1985) sUIlIIarize the data for nematodes. Consumption of baeteria
and algae by three species of nematodes varied between 14 and 60.10. 2 \lg e
d- I • Admiraal et al. (1983) estimated that a nematode eats about double
its own earbon eontent each day. A community with a standing stock of 0.3
g e 11- 2 would then eonsume about 220 g e m- 2 an-I. However, it is
unreasonable to extrapolate the (spring) rates from a highly produetive
intertidal eommunity to subtidal eommunities without in situ primary
produetion.

The evaluation of nematode produetion given by Heip et al. (1982a) and
Ileip et al. (198~) for areas in the Southem Bight have been revised by
Heip et al. (1985). Two eonstrasting situations were eompared. On a linear
sandbank with litUe organic input nematode biomass was 0.07 g C m- 2 •
Nematode respiration was calculated as 1.06 g C m- 2 an-I. If production
efficieney is 40 %. nematode production then would be 0.71 g e m- 2 an-I
and with an assimilation effieieney of 20 %. eonsumption would amount to
8.8 g C .,2 an,l. However. with a production efficiency of 70 %. total
consumption would be 17.7 g e .-2 an-I. In the first ease P/B per year
would be 10.1. in the seeond esse it would be 35.3.

Use of the P/B - body weight relation necessitates the knowledge of the
distribution of adult sizes of the species in the community. A gross
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estimate, taking an average female size of 0.4 pg dwt (average individual
size is 0.26 pg dwt), results in a year1y PIß of 16.6. using the equation
given by Vranken & Heip (1986). 'Ibis is in between the two previous
estimates. It is near to the annual PIß of 20 estimated by Vranken et al.
(1986) for an impoverished sublittoral nematode community in the North
Ses.

It is at least as difficult to estimste the production of the
harpacticoid copepods in the North Sea. A very rough guess could proceed
as folIows. We assume an average biomass of 20 pg dwt I 10 cmz : this is
based on the observation that when density is high, individual weight 1s
low, thus compensating ror the higher numbers. We further assume an
average respiration rate of 3 nl 0z h- l (pg dwt)-l. 'Ibis is 1n the lower
end of the range described by HeI'1llan & Heip (1983), and in the same order •
as found by Gee & Warwick (1984) for interstitial species. Respiration
would then amount to 0.21 gC m- Z an-i. With a production efficiency of
0.4, production 1s 0.14 gC m- Z an-i. With an assimilatiQn efficiency of 20
%, total consumption would thus 8IIlount to 1.75 gC m- l an-i. Annual P/B
would equal around 14.

It should be stressed that these estimates are not much more than
guesses. 'Ibey show that consumption by meiofauna is in the order of 10 gC
m- z an-i. Nematodes are almost an order of magnitude more important than
harpacticoids.
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