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ABSTRACT

The life-cycle of several species of marine nematodes has 
been studied in laboratory conditions. Temperature has a 
significant influence on egg development and on the development 
time of both males and females. Temperature dependent 
developmental acceleration is highly different among the species 
studied. The marine species Monhystera disjuncta has a small 
temperature dependent acceleration. The development of 
Monhystrella parelegantula on the contrary is extremely dependent 
on temperature. The optimum temperature of the latter species is 
35C.

There exists a highly significant correlation (p < 0.01) 
between egg size and the embryonic developmental period on the 
one hand and between minimum generation time Tm|n and weight at 
sexual maturity Ms on the other hand. The latter relationship 
can be described with an allometric function:
Tmin= 1.530 Ms°-647 at 20C, with Tmjn in days and Ms in ng dry
weight.

The mean number of generations for the species studied up to 
now is estimated at 8 per year. For each species separately, the 
annual number of juvenile periods D(t) can be estimated from the 
wet weight ww at sexual maturity with the allometric function 
D{t) = 7.566 ww-0-503 with ww iryWg.

Weight specific production of the juveniles is constant due 
to the exponential somatic growth in this stage. The weight 
specific productivity of the adults is highly dependent on age, 
except for Monhystera disjuncta where it is constant. It peaks 
immediately after the adult stage has started. This initial 
maximum is followed by a steep decline with ageing. Weight 
specific reproductivity is nearly constant among the species 
studied. It varies between 40% of the total productivity in 
Diplolaimella spec.l and 77% in the parthenogenetic species 
Monhystrella parelegantula.The productivity/biomass ratio (P/B) 
per year is much higher than 9 and varies between 22 for 
Monhystrella parelegantula and 66 for Monhystera disjuncta.
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Introduction

The importance of free -liv in g  marine nematodes in aquatic environments is
generally recognized (P la tt and Warwick, 1980; Heip z t a t . ,  1982; Heip z t  a t . ,

in press and Nicholas, 1984). However information on th e ir life -cycles  is s t i l l
very scarce. Existing data on development time, reproductivity and longevity
have been summarized by Zaika and Makarova (1979) and Heip z t  a t. (in  press). .
Most data on life -h is to ries  have been obtained from laboratory conditions and
this w ill remain unavoidable, especially for the small and moderately large
species such as Monhyitnzlta paAztzgantuta (Vranken z t  a t . , 1981) and V lp lo ta t-

m ztto tdz i b m c tz l (Warwick, 1981), species which are able to realize very high
developmental rates in the summer. The impact of temperature (T) on development
time (Tm̂ n) can be described by a simple power equation (Warwick, 1981; Heip z t

a t . ,  1982) : T . = aTb, where a and b are constants, b is a measure of tem-’ ' m í n
perature-dependency. In this paper we w ill examine whether the value of b is 
correlated with geographic distribution and whether b relates to taxonomic pos­
itio n .

From lite ra tu re  i t  is known that large species tend to develop more slowly 
than small ones. For example, the large oncholaimid Onchotatmui oxyuAti which 
has an adult weight of 20 pg, has a generation time of 114 days at 20° C (Heip 
z t  a t . ,  1978), whereas the generation time of the small monhysterid V lp to ta t-  
mztta spec. 1 (wet weight = 0.5 pg) is only 10 days at the same temperature 
(Vranken z t  a t . ,  1984a). Similar discrepancies in development rate between eggs 
of d iffe rent size is known (Gerlach and Schrage, 1971; Heip z t  a t . ,  1978 and 
Vranken z t  a t . ,  1981). In this paper we w ill study the relationship between de­
velopment time (Tm-¡n) j  embryonic development time (Emi-n) on the one hand and 
biomass on the other and discuss the scatter around the regression line relating  

Tmin and biomass.
Direct production estimates from the fie ld  require frequent sampling with 

intervals of two or three days. For meiobenthic populations of the open sea 
such a sampling frequency is much too expensive. The use of indirect production 
estimates is therefore completely ju s tif ia b le . Two of these short-cut methods, 
which have been reviewed by Heip z t  a t. (in  press) are of special interest for 
this study. A f i r s t  approach consists of calculating the annual production 
biomass ratio  (P/B ratio ) from the empiric relationship between wet weight at 
sexual maturity (Banse and Mosher, 1980) and P/B. The other uses the life -cyc le  
turnover concept (life -cy c le  P/B) of Waters (1969). In the la tte r  method, the 
life -cyc le  turnover, which has a modal value of three in nematodes (Gerlach,
1971; Herman z t a t . ,  1984; Heip z t  a t . , in press; Vranken, 1985), has to be mul­
tip lie d  by the annual number of generations the population realizes in the
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f ie ld . Again, fie ld  studies can only provide us with information for the long- 
lived , slowly developing species (Smol z t  a t . ,  1980). For the fast-developers 
the number of generations has to be determined from laboratory experiments.
The relationship between the annual number of generations and the adult biomass 
is investigated. Finally the partitioning of production over the d ifferent l i f e -  

history stages is analyzed.

Material and methods

The nematode species studied were isolated from the Sluice Dock of Ostend, 
a marine lagoon near the Belgian coast and from the Dievengat, a poly-meso- 
haline pond, situated in a Polder in northwestern Belgium. Meiobenthic organ­
isms and detritus were extracted from the mud using Barnett's method (1968), and 
collected on a sieve (mesh width = 38 pm). Hereafter the mud containing the 
organisms is placed in petri-dishes f i l le d  with unenriched bacto-agar (0.8 %) 
made up with brackish water. Bacto-agar was used to cultivate the nematodes.
The great advantage of this material is that the animals can be observed ind i­
vidually during the ir entire l i f e .  Two enrichments have been used successfully: 
the Vlasblom-medium (Vranken z t  a t . ,  1984a) and modified K illian  medium (von 
Thun, 1966). During the experiments the food for the bacterial-feeders ( V ip lo - 
ta im z tta  spec. 1, Monhy&tzAa (Liijuncta., UonhyitAzlta paAztzgantuta) consisted 
out o fa  mixture of unidentified bacteria which were given in excess. The her­
bivorous nematode-species (ChAomadoAa nud icap ita ta , Monky&tzna paAva and Vojia- 
cantkonchui cazcut) were grown on the following mixture of diatoms : Navicula 
pzAzgfiina, N itz ic h ia  ovata ,, Cocconzit, ic u tz lt im , C yc to tz lta  sp. and UztoiiAa  
sp., supplemented with the green algae Vuna tiz tta  ¿atina. The experiments were 
done in small vented petri-dishes (0 : 35 mm). The bacterial-feeders were grown 
in the dark, the herbivorous species under continuous lighting . Salin ity  was 
measured with a Goldberg refractometer. For more details concerning the culture 
techniques and for a definition of some life -h is to ry  features discussed in the 
present work, we refer to Vranken z t  a t . ,  1984 a & b.

Results and Discussion
a. Influence of temperature on development rate

Here we w ill present the results of an extensive study of the influence of 
temperature on development time (Tm̂ n) , which is defined as the time-period be­
tween egg-deposition and the moment when 50 % of the female offspring become 
gravid. Time zero is taken as the mid-point of the interval in which the eggs 
are deposited. Temperature has a profound influence on T . as is shown in Fig. 
la & b for males and females of V ip to la im ztta  sp. 1 grown at a constant sa lin ity  of 
20 ° / 00. The fu ll line is the power equation, T .. = aTb and the dotted line is a
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quadratic function, the use of which w ill not be discussed here. Development 
times of the other species together with complete sta tis tics  are given by Vran­
ken (1985). b-values obtained for female and male development times and for the 
embryonic development are shown in table 1. From these data i t  is obvious that 
within each species, Monhy¿tn.eIM pcuitlzgantula  excluded, the temperature depen­
dency of the duration of the three stages studied, does not d iffe r  substantially. 
Hence both sexes have the same temperature dependent development acceleration.
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Fig. 1. VÁ.ptotdimeJLÍa. spec. 1 : Duration of development time (days) until
adulthood in relation with temperature (°C) at 20 °/oo salinity under
laboratory conditions (a : females; b : males).

Table 1. b-values o f the power equation. The e r ro r  o f b, given between 
brackets , is  ca lcu la ted  according to  Sokal and R o h lf, 1981 (99 
we = gravid  fem ales, dd : males, E min ; embryonic development)

Species
Sal.

( °/oo) b (99 we) b (dd) b (E min)

V¿plolaímeJJLa. sp. 1 20 -1.96 (0.49) -2.10 (0.35) -2.25 (0.36)
30 -2.01 (0.09) -1.99 (0.13) -2.15 (0.42)
11 -1.67 (0.41) -1.76 (0.40) -1.92 (0.46)

M. pasielzgantulcL 30 -3.11 (0.44) — -2.07 (0.21)
M. paJxva 30 -1.74 (0.21) -1.78 (0.22) -1.76 (0.29)
C. nu.cUcapÁXcuta 30 -1.49 (0.25) -1.48 (0.24) -1.45 (0.20)
M. d íiju n a ta 30 -0.84 (0.05) -0.82 (0.05) -0.76 (0.06)
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Further i t  is shown with V ip lo la im e lla  sp. 1 that s a lin ity  has no influence on the 
value of b, whereas i t  has a profound influence on development time its e lf .
Among the species on the contrary, there exists large differences in temperature- 
dependency. The marine monhysterid Monhystera d is juncta  has a much lower b than 
the highly opportunistic brackish water species Monhystrella parelegantula. The 
la tte r  species also occurs in hot water springs and in inland salinas where tem­
perature can rise above 30° C. Its  biological zero (T , temperature below which 
no development occurs) is + 14° C and therefore i t  has to realize a high devel­
opmental acceleration in the favourable season to guarantee its  survival in the 
temporary habitats where i t  lives. In f ig . 2 a ll b-values for the nematode 
species cultivated up to now are compiled. The b-values are highly heterogeneous 
(F = 7.3; df = 18,48; P < 0.001). The bars are 95 % comparison intervals 
(Gabriels' T-method, Sokal & Rohlf, 1981). b1 s with non-overlapping intervals 
are significantly  d ifferent from each other. Monhystera dú,juncta, has a much 
lower value than the other species as w ell, most of which are estuarine or brack­
ish water forms. The tropical species (H a lip lectus d o rsa lis , Oncholaimus sp., 
D ip lo la im e lla  oce lla ta , D ip lo la im e llo ides  sp. and P e llio d it is  manina) cultured 
by Hopper e t a l.  (1973) have s ta tis tic a lly  higher b-values than those inhabiting 
temperate regions. The monhysterids with the exception of Monhystrella parele­
gantu la , have intermediate b-values. Temperature-dependency of development time 
of Monhystrella parelegantula  is as high as that of the warm-water species. Its  
optimum temperature is + 35° C which is even higher than that of the warm-water 
species (Hopper e t a l . ,  1973). Temperature appears to have a minor effect on 
the development of Monhystera d is junc ta . This species is able to reproduce at 
temperatures as low as 0° C (Gerlach and Schrage, 1971), observations which are 
confirmed from the fie ld  as the species was found in Antarctica (V ig lierchio ,
1974). P e llio d it is  marina has an intermediate b-value (-1 .5 9 ). The species has 
already a short development time in its  lower temperature range and therefore 
its  acceleration rate is lim ited. The chromadorids have smaller b-values than 
the monhysterids and much smaller values than the warm-water species. I t  may be 
concluded that the warm-water species have the highest b-values and that there 
appears to exist a relationship between temperature-dependency and geographic 
occurrence.
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F ig .
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Values of b in the power equation Tm£n = aT . References are given in 
Heip z t  aZ. (in press). The b-value for PzZZZoditÁi maAÁna was calcu­
lated by using the data of Hopper z t aZ. , 1973. (+) = 11 °/°° S; (0) =
20 °/°° S and (*) = 30 °/00 S; b-values of PcLflO.ca.nthonc.hui cazcui and 
ChAomadofUL nudtcapZtata (0) are unpublished data of D. Van Brussel.
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b. Effect of body weight on T . , E , and D(t)mxn m m
In general small species have short life -cycles  while large species mature

la te r , having longer life -cyc les . Therefore a positive relationship between
minimum generation time (T • ) and biomass is to be expected. The relationship
between Tm̂ n at 20° C and biomass (dry weight) at sexual maturity is given in
f ig . 3. There exists a weak but significant correlation (r  = 0.325; 0.05 >  P >
0.01; n = 41) between T . and biomass. The relationship can be described by ' irnn r J
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Fig. 3. Relationship between Tm^n (days) at 20° C and biomass at sexual maturity 
(dry weight in nanogram). The full line is a GM-regression using all 
data : Tmf n = 1.53 dw t^-65 . t h e dashed line is a GM-regression using the 
circles only : Tm£n = 1.24 dwfO-69, See text for more explanation.

the following equation : T ^  = 1.530 dwt (n g )^ "® ^ S  ̂” ^-098) (GM-regression,
model I I ) .  In the computations the generation time of Chhomadonlta. tznuU  (Jen­
sen, 1983) is included. This is the reason why a s ligh tly  d ifferent equation 
is obtained as the one proposed by Heip eX a í. (in  press). The scatter around
the line has been attributed to suboptimal cultivation (species labeled as ■ ) ,
to differences in acceleration rate and basal temperature (T ) between species 
inhabiting d ifferent climates (▼) and to the nature of the temperature response 
of extreme opportunists (V and A) .  For a more detailed analysis with a fu ll 
argumentation for each species separately, we refer to Heip eX a t. (in press). 
After omitting these points a much higher correlation coefficient r = 0.654
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(P < 0.01) is obtained. Using a ll data in the lite ra tu re  the correlation be­
tween embryonic development time (Em.¡n) and egg weight, presented in f ig . 4, is 
0.612 (P < 0.01; n = 32). The correlation is r  = 0.676 (P < 0.01) with P&Uio- 
cLLbU manina, an euryhaline saprobic te rre s tria l form, excluded. Data for Chno- 
madonita tm w ii  (Jensen, 1983) and Ponto m m  vulgane. (Malakhov, 1974) were included.

In Emin at 20°C
4

3

3

1

0
3 5 7 9 .5 11

In dwt (10 yjg)
l

Fig. 4. Relation between Em£n (days)at 20° C and egg-weight (dry weight in 10  ̂
Pg). The full line is a GM-regression using all data : E • =0.28

 ̂  ̂ o  Ö 12.Hdwtu-^o; the dashed line is a regression with P í l l i o d i t i i  manina (V) ex­
cluded : E • = 0.43 dwt0-41.

Again development rate is highly correlated with biomass.
A high correlation between the number of annual generations D(t) and biomass 

is therefore to be expected. Existing estimations of D(t) both from the fie ld  
and the laboratory have been summarized previously (Heip et a l , ,  in press). Here 
we added data lis ted  in table 2. For a ll species studied up to now the mean 
annual generation number is 8.2 (95 % Cl = 2.5; n = 30) which is considerable 
higher than Gerlach's number 3.
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Table 2. Number of annual generations D(t) of nematode species, 
estimated either from the fie ld  (F) or laboratory 
experiments (L)

Species D(t) Ref e re nee

Pontonema vulgare F 0.5 Malakhov, 1974
Atrochromadora denticulata. L 14 Garcia, 1982
Monhystera sp. L 14 id.
Monhystera parva L 14 id.
Monhystera m ultisetosa  L 17 id.
D ip lo la im e lla  spec. 1 10 this study
Chromadora nud icap ita ta0 L 13 id.
Monhystera parva L 16 id.
Monhystera d is junc ta  L 23 id.
Monhystrella parelegantula  L 6.3 id.
Paracanthonchus caecus L 3.5 Van Brussel, unpublished
Chromadora nud icapita tan L 10 id.
Mesacanthion diplechma F 1 Lorenzen, 1974

° : Sluice Dock population; D : Dieven gat population
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Fig. 5. Relation between D(t) (maximum number of annual generations) and wet 
weight (ww in pg) at sexual maturity.

The relation between D(t) and wet weight (yg) at sexual maturity (Mg) is 
presented in fig . 5. There exists a high significant correlation between the 
two ( r  = -0.876; P < 0.01; n = 30). I t  can be described by the following GM-
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regression : D(t) = 7.566 ms-i1' 5^(SE -  0.046)^ Warwick (1984) proposed for 

both meio- and macrofauna an optimum weight. For the meiofauna i t  is approxi­
mately 2.56 yg. A nematode species having this weight realizes approximately 5 
generations per year. A number significantly  less than the mean number obtained 
in this study, but 1.6 times higher than Gerlach's number 3. However the present 
data indicate that some species realize fa r more cycles as has been assumed up 
to now. Nevertheless i t  s t i l l  remains premature to speculate upon a modal value 
for the meiobenthic community, mainly because the error induced by extrapolating 
development rates from laboratory assays to the fie ld  is not know as yet.

c. Productivity

Somatic growth during the juvenile stage of the five species studied is ex­
ponential. Consequently weight specific growth during this period is constant
and the juvenile P/B equals the growth rate G in the exponential growth equation: 

ctWt  = W0e 1 , where Wt  is fresh weight at time t ,  W0 and G are constants obtained 
by linear least squares regression. The following juvenile P/B's are obtained :

species T (°C) Juvenile P/B (Joule. Joule-1 , day-1 )
Monhystera d is junc ta  12 0.21
D ip lo la im e lla  spec. 1 20 0.36
M onhystrella parelegantula  30 0.36
Monhystera parva 12 0.20
Chromadora nud icap ita ta  12 0.17

Fecundity is much higher than 20 eggs per female (Gerlach, 1971; Zaika and 

Makarova, 1979). In optimum conditions D ip lo la im e lla  sp. 1 produces approximately 
300 eggs; M. d is junc ta  approximately 200 eggs; M. parva 170 eggs; Monhystrella  
parelegantula  50 eggs and Chromadora nud icap ita ta  (Sluice Dock population) de­
posits more than 400 eggs during her life -tim e . In it ia l  daily fecundity is con­
stant in a ll species studied. With D ip lo lc lm e lla  sp. 1 and M. d is junc ta  daily fec­
undity is highly dependent on temperature. I t  ranges between 2.5 eggs per day
at 15° C and 13.6 eggs per day at 30° C with D ip lo la im e lla  sp. 1 and between 2.7 
and 9.2 eggs per day respectively at 3 and 7° C with M. d is juncta .

Daily weight specific productivity (calculated as the birth rate) is depen­
dent on temperature. With D ip lo la im e lla  sp. 1 daily P/B is a linear function of 
temperature : P/B (day-1 ) = -0.23 + 0.023T ( r Z = 0.96; n = 4 ). With M. d is junc­

ta  the daily P/B varies between 0.06 day-1 at 3° C and 0.29 day 1 at 17° C.
-1 2 Again i t  is a linear function of temperature : P/B (day ) = 0.006 + 0.016T (r  =

0.98; n = 3 ). The daily P/B of C. nud icap ita ta  at 12° C equals 0.135 day ^
that of M. parva is 0.16 day-1 at 12° C and the daily P/B of M. parelegantula  is
0.31 day-1 at 30° C.

When the weight of hatchlings is considered as reproductive production



(Herman et a t . ,  1984), the adult P/B, calculated as the sum of the weight-speci­
fic  reproductivity (sE) and the weight-specific somatic growth (sP), equals 0.20 
day 1 with M. d is junc ta  (12° C, 30 ° / 00 S); 0.21 day 1 with D ip lo la im e lla  spec.l 
(20° C, 20 °/oo S); 0.23 day"1 with M. parva (12° C, 30 °/oc S); 0.08 day'1 with 
Monhys.trella parelegantula  (30° C, 30 ° / 0o S) and 0.24 day 1 with Chromadora nu- 
d ica p lta ta  (12^ C, 30 ° / 0o S). The adult weight-specific productivity is highly 
dependent on age, except with M. d is jm c ta  where the individuals (at least in 
agnotobiotic cultures) stop growing once they have reached the adult stage. As 
a result of prolonged somatic growth in the adult stage, the adult P/B peaks im­
mediately a fter the moment of maturing. Hereafter the adult P/B decreases 
strongly with ageing. Weight-specific reproductivity, situated on population 
leve l, is fa ir ly  constant and varies between 40 % with D ip lo la im e lla  spec. 1 and 70 
with the parthenogenetic Monhystrella parelegantula  of the total productivity.
When the negative production in the egg-stage is considered (fresh eggs are 
heavier than hatchlings) this reduces to 33 % in D ip lo la im e lla  spec. 1 and 46 E in M. 
parelegantula. The relationship between body weight at sexual maturity (M$ in 
kcal) and the annual P/B is highly significant ( r  =-0.90; P < 0.01; n = 30).
The weight-dependency (model I regression) of the annual P/B is -0.44 (95 % Cl =
+ 0.08) a value not d ifferent from -0.37 as proposed by Banse and Mosher (1980).
The weight-specific productivity of nematodes is much lower than in other invert­
ebrates (0.05 versus 0.65 as calculated by Banse and Mosher, 1980). Nevertheless 
yearly P/B is much higher than 9 in the species studied. The yearly P/B is 22 
for Monhystrella parelegantu la, 27 fo r  D ip lo la im e lla  spec. 1, 49 for Chromadora nudi­
c a p ita ta , 52 for Monhystera parva and 66 for Monhystera d is juncta .
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