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Abstract: The temporal and spatial distribution and production of Nereis diversicolor in a serni-naturallagoon system were 
studied by taking monthly samples at 4 sites during two years. The numerical abundance and biomass, with mean annual 
estimates of 1886 ind. m 2 and 4.6 g AFDW. m 2 respectively for the whole studied system, showed considerable inter
season and intersite variations. The lowest N. diversicolor density was recorded at the most confined lagoonal area. Seasonal 
patterns for the numerical abundance, although showing sorne differences among sites, had main annual peaks in late 
auturnn-early winter and in late spring-early summer. The studied population showed a prolonged recruitment period, with 
maxima in late spring and late autumn, and overlapping cohorts. The growth in width, with annual mean growth rates 
between 0.008 and 0.010 mm d·l , showed consider~ble seasonal oscillations. Using the size-frequency method, the mean 
annual production and productionlbiomass ratio (PIB) for the system were estimated to be 22.7 g AFDW. m·2 • yr l and 4.9 
respectively. 
Résumé: L'évolution temporelle, la distribution spatiale et la production de Nereis diversicolor ont été étudiées dans une 
lagune littorale, en prélevant des échantillons chaque mois, pendant deux années, dans quatre stations différentes. La den
sité et la biomasse, avec des valeurs moyennes de 1886 ind. m 2 et de 4,6 g poids sec sans cendres. m 2 respectivement, mon
trent une importante variation saisonnière et aussi une variation selon les différentes zones de la lagune. Les valeurs les plus 
basses ont été trouvées dans la zone la plus confinée. L'évolution saisonnière de la densité montre deuxpics l'un à la fin de 
l'automne-début de l'hiver et l'autre à la fin du printemps-début de l'été, mais il y a des différences entre les zones. La 
période de récrutement est très longue, avec cependant un maxima à la fin du printemps et un autre en automne. Plusieurs 
cohortes coexistent durant la plus grande partie de l'année. La croissance en largeur, avec des taux m~yens annuels de 0,008 
à 0,010 mm d- I , montre une importante variation saisonnière. La production moyenn_e annuelle pour toute la lagune a été 
estimée à 22,7 g de poids sec sans cendres. m-2 et le rapport productionlbiomasse (PIB) à 4,9. 
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Introduction 

The study of macroinvertebrate population dynarnics and 
secondary production rates is a valuable tool for the man
agement of coastal ecosystems. Nereis diversicolor O.F. 
Müller is among the most abundant polychaetes living in 
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shallow lagoons throughout European coasts (Heip & 
Herman, 1979; Mason, 1986; Britton & Jonhson, 1987; 
Nicolaidou et al., 1988; Kristensen, 1993; Arias & Drake, 
1994), and is considered a key species in sorne coastal food 
webs (Moreira et al., 1992). In the lagoonal systems which 
surround the Bay of Câdiz, where N. diversicolor is com
mon (Arias & Drake, 1987 and 1994), this species is an 
important prey for several species of fish and shore birds 
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(Arias, 1980; Arias & Drake, 1985 and 1986; Pérez
Hurtado, 1992). Except for the information provided by 
Sprung (1994) from a lagoon in southern Portugal, the life 
cycle and production rates of N. diversicolor in warm tem
perate lagoons are still poorly known. 

The present study is part of an extensive research pro
gram on invertebrate secondary production in the lagoonal 
systems of the Bay of Câdiz, where the benthic macroinver
tebrate community is the main source of food for extensive
ly reared fish. A first crude estimate of macroinvertebrate 
production, using equations provided by Edgar (1990), sug
gested that the accuracy could be improved by obtaining a 
better knowledge of the life cycle of the most abundant 
species and by calculating their production by classical 
methods (Arias & Drake, 1994). As N. diversicolor is 
among those most abundant species, this paper describes its 
distribution and abundance patterns and estimates its pro
duction by the size-frequency method in one of these warm 
temperate hypersaline lagoons. 

Materials and methods 

Study site 
The present study was carried out in the San Francisco de 

ASIs lagoon system, a shallow coastal enclosed ecosystem 
located in the saltmarsh zone of the Bay of Câdiz (36°23'-
36°37'N, 6°8'-6°15'W). The lagoon is divided into two main 
areas on the basis of the prevailing hydrodynarnic regime 
and aquaculture use: the main water body and the fish-pond 
battery (Fig. 1). The former is a shallow 12.5 ha pan used 
for extensive fish polyculture. Gates of this pan remain open 
between February and April each year in order to permit the 
passive entrance of fish larvae and free exchange of water 
with the adjacent tidal channel. During the remaining 
9 months of the year exchange is possible only at spring 
tides with a mean renewal rate of about 25% of the water 
volume per high tide (Arias & Drake, 1987). The area close 
to gates (Zone A and B) has higher rates of water renewal 
than the area further away from gates (Zone C). The fish
pond battery (Zone D), 7 ponds of 0.4 ha, is used for semi
intensive culture of seabream Sparus aurata. Thorough 
exchange of water in Zone D (about 150% d- I

) is made pos
sible by continuous pumping of sea water from the tidal 
channel. Water depths and sediment characteristics at the 4 
different zones of the studied lagoon are resumed in Table 1. 

Four sampling sites located in Zones A, B, C and D re
spectively were chosen for this study. While the gates 
remained open, Site B was always submerged, while Sites A 
and C were flooded during sorne high tides. The upper sedi
ment layer at Site B was periodically removed (February 
1992) to avoid that submerged channels fill up. Site D was 
always submerged except when the pond was emptied to 
clean the bottom (17 March to 21 April and 8 September to 
6 October of 1992). Aigai coyer (mainly Ulva lactuca and 
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Figure 1. Map of the lagoon system and its location in the Bay 
of Câdiz. A, B, C and D: sampling sites; CP: fish-pond battery; 
HRR and LRR: main water body zones with high and low renewal 
rates respectively; SC: submerged channels; OL: other lagoon sys
tems; *: fish nursery not included in this study; arrows: water cir
culation. 

Figure 1. Carte de la lagune et son emplacement dans la Baie 
de Câdiz. A, B, C et D : sites d'échantillonnage ; HRR et LRR : 
étendues d'eau principales avec respectivement renouvellement 
élevé et faible ; SC : canaux submergés ; OL : autres lagunes ; 
* : la nursery de poissons n'est pas incluse dans cette étude ; 
flèches: circulation de l'eau. 

Cladophora sp.) was present at Sites A, Band C during 
most of the sampling period but never at Site D (Fig. 2). 

In the lagoon studied, the water temperature (8.1 to 
24.3°C) and the salinity (18 to 65 p.s.u.) displayed consider
able seasonal variation, with minima in winter and maxima 
in summer (Fig. 2). Organic content in the sediment, esti
mated as percentage weight 10ss on ignition, ranged be
tween 8.6% (Site D) and 10.0% (Site C) (Table 1) and had 
maxima in late summer (Fig. 2). 

Estimate of numerical abundance and biomass 
Benthic samples were collected between January 1991 

and January 1993 at Sites A and C, between April 1991 and 
January 1993 at Site B, and between January 1992 and 
September 1993 at Site D. Three to six monthly samples 
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Table 1. Water depth and sediment characteristics at the 4 sam
pling sites in the studied lagoon. 

Tableau 1. Profondeur et caractéristiques du sédiment aux 
4 sites d'échantillonnage dans la lagune étudiée. 

Site Water depth Sediment composition (%) % Organic 
matter 

(m) Sand Silt Clay Mean 
(~40 mm) «40-2 mm) «2 mm) (SD) 

A 0.30-0.40 11.2 4.3 84.5 8.8( 1.4) 
B 0.60-0.70 3.1 1 LI 85.8 9.1(2.5) 
C 0.25-0.35 2.0 13.8 84.2 10.0(1.9) 
D 2.00-1.80 1.1 9.6 89.3 8.6(2.0) 

were taken randomly at each station, by an Ekman-Birge 
grab (15 x 15 cm) modified to close by hand. After a pre
sieving (0.3 mm mesh) to eliminate the finest fraction of the 
sediment, samples were preserved using 5% formalin in sea 
water. Later, the samples were re-sieved through a 0.3 mm 
mesh sieve and N. diversicolor individuals were sorted and 
counted under a binocular microscope. The width of the 
tenth segment (w) was measured using an ocular microme
ter. Fresh specimens were used to relate the ash-free dry 
weight (AFDW mg) of worms to the corresponding width of 
the tenth segment (w, mm). Ash-free dry weight was deter
mined after worms were dried for 48 h at 80 oc and subse
quently ignited for 2 h at 500 oc. 

AFDW = 1.299 W 3.107 (r = 0.94; n = 24). 
The distribution of body widths in each sample was 

expressed in terms AFDW using this conversion. 
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Figure 2. Monthly water temperature COC), salinity (p.s.u.), 
organic matter in sediment (%) and algal biomass (g DW m ') at 
the 4 sampling sites. 

Figure 2. Evolutions mensuelles des températures (oC), sali
nité (p.s.u), matière organique dans le sédiment (%) et de la bio
masse algale (g de poids sec. m") aux 4 sites d'échantillonnage. 

The total number of specimens and biomass caught every 
month at each sampling site were extrapolated to the study 
area by relating the estimates of density at the four lagoonal 
zones (A, B, C and D) to the corresponding surface area. 
The total density or biomass was estimated by addition. 

Stepwise, least-squares multiple regression was used to 
discriminate environmental factors which have significant 
effects on the density of N. diversicolor. Monthly estimates 
of water temperature and salinity, organic content in sedi
ment and biomass of algal coyer at each sampling site was 
related to the corresponding monthly me an abundance and 
biomass of N. diversicolor after a ln (x + 1) transformation. 
Only variables with partial effects significant at P < 0.05 
level were retained in the regression model. 

Estimate of production 
Since age classes were not separable due to an almost 

continuous recruitment of new individuals of N. diversico
Lor, production estimates were ca1culated using the size
frequency method, also called Hynes method, as refined by 
Menzie (1980). According to this author, the equation for 
estimating production is: 

C 
P = .1: (Nj - Nj+ l) (Wj x Wj+l)1I2 

J=l 

where P is the annual production, Wj is the mean dry weight 
of individuals in size-class j, C is the number of size classes, 
and Nj is the number of individuals developing to size-class 
j during the year. Nj was ca1culated as: 

Nj = (nj . Pei/Paj) (GP / CPI) . C 
where nj is the mean number of individuals in size-class j, 
GP is the number of days over which production is being 
estimated, CPI is the cohort production interval or time from 
hatching to reaching the largest size, Pej and Paj are the esti
mated and the actual proportion of CPI spent in size-class j , 
respectively, and C is the number of size classes. As sug
gested by Waters (1977), the maximum size was taken as the 
largest size-class containing a substantial number of individ
uals. In our study, this corresponded to the largest size-class 
used in the estimation of production. 

To estimate the adjustment factor GP/CPI, introduced 
into the Hynes method by Benke (1979) for populations 
whose CPIs are greater or shorter than a year, values of 
mean growth rates were obtained from growth curves for 
N. diversicolor at each sampling site, based on seasonalized 
versions of the von Bertalanffy Growth Formula (SVBGF). 
Growth parameters were estimated from width-frequency 
data using the ELEFAN 1 pro gram (Pauly & David, 1981). 
The SVBGF has the form: 

W
t 
= W 00 (1 - e -[K(t-to) + C(K/2'lT} sin 2'lT(t - WP + 0.5)]) 

where W t is width at time t, W 00 is maximum width, K is 
the growth rate, C is a constant which expresses the inten
sity of seasonal growth oscillations, and WP is the winter 
point or the time of the year when growth is slowest. 
However, as the main factor goveming the growth rate was 
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the water temperature and there was recruitment both during 
the warm period and during the cool period, to estimate the 
ratio Pej/Paj we have considered that the growth of N. diver
sicolor was linear on average (Pej/Paj = 1) over the entire 
size range used to estimate its production (see Results and 
Discussion) . 

Results 

Density 
The average density of N. diversicolor over the whole 

studied system and time period was 1886 individuals . m 2 

(4.6 g AFDW . m 2
), ranging from 653 to 2626 individ

uals . m 2 and 3.7 to 6.9 g AFDW . m 2 at Sites C and D re
spectively. Monthly estimates of density fluctuated wide1y 
at all sites (Fig. 3), with a peak in late autumn-early winter 
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Figure 3. Monthly estimates of abundance and biomass of 
Nereis diversicolor at each sampling site. 

Figure 3. Estimation mensuelle de l'abondance et de la bio
masse de Nereis diversicolor à chaque site d'échantillonnage. 

and late spring-early summer. Biomass peaked in late spring 
or summer. There was also considerable interannual varia
tion of N. diversicolor density and biomass at all 4 sites. 

The results ofthree-way ANCOVAs (Table 2) on the den
sity of N. diversicolor at Sites A, B and C (Site D, where the 
sampling period was not totally coincident, was ornitted) 
showed that the intersite variation was more significant than 
the temporal variations. In addition, a very important Site x 
Year interaction effect was observed, indicating that the 
intersite differences changed from year to year. Therefore 
multiple regression analysis was used to examine the re1a
tionship between the density of Nereis diversicolor and 
enviroÎnnental variables (water temperature and salinity, 
organic matter in the sediment and biomass of algal cover) 
when simultaneous samples from aIl 4 sites were available 
(Fig. 2). Results of regression analysis indicated that during 
1992 there was a significant dependence of the abundance 
(D) of this species on the organic matter content in the sedi
ment (OM) and water salinity (S), and of the biomass 
(AFDW) on the water temperature (T): 
ln (1+ D) = 12.975 - 0.273 OM - 0.071 S, (P < 0.001; N = 46) 

ln (1 + AFDW) = 6.215 + 0.099 T, (P = 0.016; N = 46) 

Table 2. Mean squares (MS) and significance level (P) for 
ANCOVAs of the numerical abundance ofindividuals [ln (l+No)] 
and biomass [ln (l +Ash Free Dry Weight mg)] of Nereis diversi
color in each replicate from Sites A, B and C. Site, Month and Year 
are categorical variables and dry weight of macroalgae [ln (l +Dry 
Weight g)] in each replicate is the covariate. DF, degrees of free
dom. 

Tableau 2. Carré des moyennes (MS) et probabilité (P) pour les 
ANCOVAs du nombre d'individus [ln (l+No)] et de la biomasse, 
exprimée en mg de poids sec sans cendres [ln (l + poids sec sans 
cendres mg)], de Nereis diversicolor, à chaque échantillonnage aux 
sites A, B et C. Lieu, mois et année sont des variables qualitatives, 
et le poids sec des macroalgues exprimé en grammes [ln (l + poids 
sec g)] pour chaque prélèvement est la covariable. DF, degré de 
liberté. 

Abundance Biomass 
Source of variation DF MS P MS P 

Covariate 4.0 <0.05 6.5 ns 

Main effects 
Site 2 46.4 <0.01 60.6 <0.01 
Month 11 7.1 <0.01 9.2 <0.01 
Year 1 0.3 ns 9.5 <0.05 

2-way interactions 
Site x Month 22 4.0 <0.01 6.3 <0.01 
Site x Year 2 29.3 <0.01 47.7 <0.01 
Year x Month 11 4.5 <0.01 6.1 <0.01 

3-way interactions 
Site x Year x Month 19 1.5 <0.01 5.0 <0.01 

Residual 218 0.7 2.1 
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The variables are included in the equations in decreasing 
order of their partial significance. The fitted equations 
explain 32 and 13% of the observed variation for abundance 
and biomass of N. diversicolor respectively. On the other 
hand, intersite differences were observed in the distribution 
of residuals of both equations: A) 92% of the abundance 
values at Site C were lower than the corresponding predic
tions from the model, while 75% of abundance estimates at 
Site A were higher than predictions; B) 58% of biomass 
estimates at Site C were lower than predictions, while 100 
and 90% of biomass values at Site Band D respectively 
were higher than predictions. These results suggest that 
environmental factors not inc1uded in the regression model 
(predatory pressure, rate of water renewal, sediment desic
cation, etc.) must account for a considerable part of spatial 
fluctuations showed by N. diversicolor in the studied 
lagoon. 

Life cycle and production 
The studied N. diversicolor population showed bi-modal 

size-frequency distributions on most sampling dates, with 
ranges of body widths of 0.12-4.00, 0.12-4.00, 0.12-4.80 
and 0.12-3.90 mm at Sites A, B, C and D respectively 
(Fig. 4). Juveniles (body width < 1.3 mm) (M611er, 1985) 
dominated the population on most sampling dates, except in 
late summer-early auturnn at Sites A, Band C, indicating 
that recruitment occurred during a prolonged period, with 
main peaks of recruitment in late autumn (November
December) and late spring (May-June). The former was 
often the strongest pulse of recruitment, but a high mortal
ity of these new recruits occurred at Sites A, Band C while 
the gates remained open (February to April). 

The growth parameters estimated by the ELEFAN 1 pro
gram from size-frequency data of N. diversicolor (Table 3) 
indicate considerable seasonal growth oscillations (C = 1) 
and slowest growth (WP) during the period of low water 
temperatures (Fig. 4). On the other hand, the predicted mean 
body widths;after one year of growth, which ranged from 2.9 
at Sites C to 3.5 at Site A (Table 3), gave mean growth rates 
of 0.010,0.009,0.008 and 0.009 mm d-' at Sites A, B, C and 
D respectively. Considering these growth rates, an initial 
width of = 0.12 mm for the smallest recruited individu aIs 
and terminal widths of2.7, 2.9, 3.5 and 3.3 (Table 3) we esti
mated CPIs of 258, 309, 423 and 353 days at Sites A, B, C 
and D respectively. Then the adjustement factor GP/CPI, 
ranged from 0.86 at Site C to 1.41 at Site A (Table 4). 

Estimates of annual production for N. diversicolor were 
22.6,35.0, 11.0 and 38.1 g AFDW. m'. yr' at Site A, B, C 
and D respectively (Table 4). At Sites B and D, where 
samples were collected only during 21 months, the estimates 
of nj were calculated using data from these months, but to 
estimate the adjustement factor GP/CPI, GP was considered 
to be entire years. In addition, an annual estimate of 

Table 3. Nereis diversicolor. Estimated parameters for season
alized version of the von Bertalanffy Growth Formula (Woo, maxi
mum width; K, growth rate; WP, winter point; C, intensity of 
seasonal oscillations), predicted mean body widths after one year 
of growth (w, mm) and corresponding mean annual growth rate (G, 
mm d") at the four sampling sites. 

Tableau 3. Nereis diversicolor. Paramètres estimés pour la ver
sion saisonnière du modèle de croissance de von Bertalanffy (Woo, 
largeur maximum ; K, taux de croissance ; WP, point 
d'hiver ; C, intensité des oscillations saisonnières), largeur 
moyenne du corps prévisible après un an de croissance (w, mm) et 
taux de croissance annuel moyen correspondant (G, mm d"), aux 
4 sites de prélèvement. 

Site Woo K WP C w G 

A 4.2 2.0 0.10 1.0 3.5 0.010 
B 4.1 2.0 0.00 1.0 3.4 0.009 
C 4.4 1.2 0.10 1.0 2.9 0.008 
D 4.0 2.0 0.05 1.0 3.3 0.009 

N. diversicolor production and biomass was derived over the 
whole studied area (Table 5). We estimated pooled annual 
production and biomass to be 22.7 g AFDW. m'. yr'. an~ 
4.6 g AFDW. m' respectively. The annual turnover (PIB 
ratio) was 4.9, where Bis the annual mean biomass. 

Discussion 

Spatial and temporal distribution of Nereis diver
sicolor 

Previous field studies have indicated that sediment prefer
ence is not the primary deterrninant for the spatial distri
bution patterns of N. diversicolor (Kristensen, 1988; Miron 
& Kristensen, 1993). The results of the present study seem 
to agree with this fact. No significant differences in N. diver
sicolor density were observed between Site A and D where 
the most considerable differences in sediment character
istics were recorded. In general, the high tolerance of 
N. diversicolor with respect to environmental factors allow 
this species, des pite its low competitiveness, to be one of the 
main macrobenthic components of marginal habitats where 
the fitness of stronger competitors is reduced (Kristensen, 
1988). Although this being the case for the studied lagoon 
as a whole, considerable spatial differences in N. diversico
lor density were observed. 

Laboratory experiments have indicated that the survival 
of N. diversicolor is low at salinities greater than 50 p.s.u., 
the species being unable to survive in salinities higher than 
65 p.S.u. (Mason, 1986). Salinities at the main water body of 
the studied system reached both these values regularly 
during the summer. Therefore, the negative effect of the 
water salinity on the studied populations during 1992 seems 
to agree with these previous laboratory experiments. The 
negative effect of the organic sediment content on the abun
dance of this species, which may feed on organic debris, 
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Figure 4. Monthly width (segment 10) distribution of Nereis diversicolor and growth curves (estimated by ELEFAN 1) for late autumn 
and summer cohorts at each sampling site. 

Figure 4. Distribution mensuelle des largeurs (segment 10) de Nereis diversicolor et courbes de croissance (estimées par ELEFAN 1) 
pour les cohortes de fin d'automne et d'été à chaque site d'échantillonnage. 
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Table 4. Production of Nereis diversicolor estimated by the size-frequency method. nj is mean number of individuals in size-class j per 
m2; Wj is mean ash-free dry weight (mg) of individuals in size-group j, Pis the annual production in g.m-2.yr l ash-free dry weight and 
GP/CPI is the adjustement factor for populations whose CPIs are greater or shorter than a year. 

Tableau 4. Production de Nereis diversicolor estimée par la méthode des fréquences de taille. nj = nombre moyen d'individus par 
classe de taille j par m2 ; Wj = poids sec sans cendres moyen (ing) des individus de classe de taille j ; P = production annuelle en g. m-2

. 

an" de poids sec sans cendre; GP/CPI est le facteur d'ajustement pour des populations avec des CPIs plus longs ou plus courts qu'un an. 

Site A Site B Site C SiteD 
(GP/CPI = 1.41) 

Size-class (Wj . Wj+I)1/2 nj P nj 
(mm) 

0.12-0.30 583 343 
0.32-0.50 0.1603 806 1.00 404 
0.52-0.70 0.4479 326 0.87 386 
0.72-0.90 0.9685 176 0.83 282 
0.92-1.10 1.7956 111 0.27 197 
1.12-1.30 3.0047 99 1.33 185 
1.32-1.50 4.6726 65 0.40 110 
1.52-1.70 6.8773 59 0.21 122 
1.72-1.90 9.6982 56 2.57 77 
1.92-2.10 13.2155 36 2.85 66 
2.12-2.30 17.5101 19 2.91 43 
2.32-2.50 22.6643 6 -1.53 30 
2.52-2.70 28.7606 12 4.34 17 
2.72-2.90 35.8827 9 
2.92-3.10 44.1145 
3.12-3.30 53.1874 
3.32-3.50 63.8229 

~p 16.05 
Adjusted P 22.63 

suggests that competition for food was not a limiting re
source. It appears that the studied system provides a difficult 
environment for the survival of newly recruits in late sum
mer, when high water temperature and salinity conditions in 
these organically enriched lagoons may result in periods of 
hypoxia (Arias & Drake, 1987). Although hypoxia may 
partly explain the seasonal abundance pattern, it was not a 
direct cause' for the observed intersite differences. In the 
most confined area, where Site C was located, the mean 
individual size (total biomass/total number of individuals) 
was the highest, indicating a relatively lower dominance by 
juveniles. We hypothesize, therefore, that the distribution of 
N. diversicolor within the studied lagoon was related to the 
water dynamics: the reduced circulation at Site C and its dis
tant location from gates must cause low immigration rates. 
When a considerable decrease of the abundance occurs, 
either by adverse environmental conditions or by predation, 
the recuperation of the population must be based on the 
remaining individuals at Site C, while the other 3 sites may 
have an additional immigration of individuals from the exte
rior. At Site D, where the pond was emptied in October 1992 
and the surface layer of the sediment was removed, an abun
dance of 3215 newly recruits m 2 was apparent after only 

(1.18) (0.86) (1.03) 

P nj P nj P 

146 198 
0.04 165 0.27 510 -0.39 
0.66 65 0.09 662 1.68 
1.15 53 0.23 427 2.42 
0.40 39 0.03 271 3.71 
3.15 38 0.77 142 2.16 

-0.78 23 -0.32 97 1.05 
4.27 27 1.17 83 2.64 
1.52 17 0.33 59 1.71 
4.37 15 1.57 48 4.44 
3.16 8 -2.38 27 -3 .08 
4.00 16 2.31 38 4.35 
3.38 10 1.96 26 5.98 
4.32 6 -3.66 13 1.72 

12 4.50 10 -0.71 
6 2.71 11 9.36 
3 3.26 

29.64 12.8 1 37.04 
34.98 11.02 38.15 

two months (Fig. 3 and 4). The extreme low abundance of 
N. diversicolor observed from May 1992 onwards at Site C 
must respond to the especially adverse conditions during 
this dry year that also caused an anomalously low density of 

Tal!,le 5. Annual mean production P (g AFDW. m''o yr') , bio
mass B (g AFDW. m') and productionlbiomass (PIB) ratio of 
Nereis diversicolor at each site and in . .the lagoon system as a 
who le. PE, proportion of the surface area of the system repre
sented by each sampling site (see text for details). 

Tableau 5. Production moyenne annuelle P (g poids sec sans 
cendres.m' . an"), biomasse E (g poids sec sans cendres.m' ) et rap
port productionlbiomasse (PIE) de Nereis diversicolor à chaque 
site de prélèvement et dans l'ensemble du lagon. PE, proportion de 
la surface de chaque site sur l'ensemble du système (voir texte pour 
plus de détails). 

-
P B P/B PE 

Site A 22.6 4.0 5.6 0.44 
Site B 35.0 6.2 5.6 0.07 
Site C 11.0 3.7 3.0 0.31 
Site D 38.1 6.9 5.5 0.18 

System 22.7 4.6 4.9 
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chironomid larvae (Drake & Arias, 1995) and a high den
sity of Capitella capitata (unpublished data). It is known 
that the latter can survive a variety of conditions which are 
detrimental to other species (Grassle & Grassle, 1974). 

As previously observed in other estuaries (Dales, 1951; 
Chambers & Milne, 1975; Wharfe, 1977; Kristensen, 1984; 
Sola & Ibâfiez, 1990) and lagoons (Mason, 1986; 
Kristensen, 1993), seasonal fluctuations in density of 
N. diversicolor populations can be considerable. In the main 
water body, the abundance decreased mainly when the gates 
of the system were open (early spring) and in late summer. 
The first instance can be explained by the fact that while the 
gates were open, most sediment surfaces of the main water 
body was flooded orny during spring tides (Arias & Drake, 
1994). Mortality by desiccation and bird predation must 
have increased during these periods of prolonged emersion. 
In addition, warm temperatures in summer may force the 
worms towards shallower sediment layers (Esselink & 
Zwarts, 1989) and thus to a higher risk of predation. A 
considerable part of the intersite and inter-year differences 
observed in the seasonal abundance pattern can therefore be 
explained as a consequence of the natural life cycle of 
N. diversicolor in the lagoon, with two main annual recruit
ment pulses and a higher predation risk in summer, com
bined with the disturbances connected to aquaculture 
practices. 

LiCe cycle and production 
Timing of spawning of N. diversicolor seems to vary 

from one geographical region to another (Dales, 1951; 
Chambers & Milne, 1975; Heip & Herman, 1979; Olive & 
Garwood, 1981; Mettam et al., 1982; Kristensen, 1984; 
Müller, 1985; Sola & Ibâtiez, 1990). The size-frequency 
distributions of N. diversicolor in the studied lagoon indi
cates that the recruitment took place during a prolonged 
period, but with maxima in late spring and late autumn. 
From the estimated growth rates (0.009 mm d-1 in width on 
average), we estimate the age of newly recruited worms 
(0.3 mm width on average) to be four weeks. Therefore, it 
must be concluded that two main annual spawning peaks 
occurred in the studied area: one in spring and one in 
autumn. Similar recruitment periods have been recorded in 
the Estuaries of Loire (Gillet, 1990) and Bou Regreg (Gillet, 
1993). Although Dales (1950) reported that the inducing 
stimulus for spawning is a sharp temperature rise, we 
suggest from our results that the inducing stimulus also 
could be a sharp decrease in water temperature. 

Previous estimates of growth rate for N. diversicolor 
have been calculated in terms of total body length (Dales, 
1951; Chambers & Milne, 1975; Heip & Herman, 1979; 
Müller, 1985). To compare these with the growth rate in 
width from the present study, we have used the equation 
L = 16.7 w1.48 (Esselink & Zwarts, 1989) to estimate the 

body length (L, mm) of the worm as a function of the width 
of the tenth segment (w, mm). The mean growth rate of 
0.272 mm d-1 in length for the studied population was gener
ally faster than in more northern latitudes (Chambers & 
Milne, 1975; Heip & Herman, 1979; Müller, 1985). A 
growth rate similar to our estimate can be derived from the 
size-frequency distributions recorded by Sprung (1994) for 
a N. diversicolor population from a portuguese lagoon situ
ated at our latitude. Temperature is thought to be one of the 
most important factor influencing growth (Huryn, 1990). As 
previously observed for other benthic species (Drake & 
Arias, 1995), differences in growth rates among populations 
from different latitudes may be a consequence of different 
local temperature regimes. 

To estimate the number of individuals of N. diversicolor 
growing into a particular size category during the year (Nj), 
we assumed linear growth (Pej/Paj = 1) over the entire size 
ranges used to calculate production. For young N. diversi
color individuals (1 to 13 mm length) the growth seem to be 
linear (Müller, 1985). Furthermore, Heip & Herman (1979) 
concluded that linear growth is a good representation for a 
long period of the life-span of N. diversicolor, although 
worms grow slightly slower when they get older. On the 
other hand, the growth curve estimated by Dales (1951) for 
aN. diversicolor population with a size range similar to that 
found in this study seems to indicate that the main factor 
governing the growth rate was not the size of individuals but 
the water temperature. The SVBGF used in this study to 
describe the growth of N. diversicolor considers the effect 
of both factors. The model predicts considerable growth rate 
variation for individuals with a same size but from different 
cohorts. To iIlustrate this fact we have compared the predic
ted growth curves for individuals recruited at difffrent 
seasons at Site A (Fig. 5). Since recruitment occurred during 
a prolonged period and overlapping cohorts were not sepa
rable, we have considered that the best approximation is a 
linear growth over the entire size range. The higher abun
dance of large individuals during the warm period must 
compensate partially their lower growth rates. In addition, it 
has been shown that deviations from the assumption that 
individuals spend equal amount of time in each size class do 
not seem to result in large errors of the production values 
estimated by the size-frequency method (Benke, 1979). 

The estimated mean annual production of 22.7 g AFDW. 
m2

• yr1 for N. diversicolor in the studied lagoon as a whole 
is in the same order of magnitude as previous estimates for 
other estuarine and lagoonal N. diversicolor populations, 
which range from 12.78 to 66 g DW. m2

• yr1 (Chambers & 
Milne, 1975; Heip & Herman, 1979; ~stensen, 1984; 
Gillet, 1990, 1993; Sprung, 1994). The PIB ratios estimated 
in the present study are very close to those recently recorded 
by Gillet (1993) in a moroccan estuary and by Sprung 
(1994) in a lagoonal system in southern Portugal, and 
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slightly higher than those found for the more northern 
N. diversicolor populations, which ranged between 2.2 
(Gillet, 1990) and 3.0 (Chambers & Milne, 1975). 
According to Sprung (1994), the higher P lB ratios ' in 
southern populations could be a consequence of factors such 
as a shorter life span, high productivity of the ecosystem and 
a high predation pressure which keeps populations in a 
young state. 
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Figure 5. A: growth curves for Nereis diversicolor individu aIs 
recruited at different seasons. B: evolution of the corresponding 
growth rates in relationship to the body size. Data were derived 
from growth curves (estimated by Elefan 1) at Site A. (- 0 - 0) 
autumn; (--) winter; (- - -) spring; (- ....... ... ...... ) summer. 

Figure 5. A : courbes de croissance pour les individus de Nereis 
diversicolor recrutés à différentes saisons. B : évolution des taux 
de croissance correspondants en relation avec la taille du corps. 
Les données dérivent des courbes de croissance (estimées par 
ELEFAN 1) au site A. (- 0 - 0) automne; (--) hiver; (- --) 
printemps ; ( .... .......... ... ) été. 
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