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Investigation on the annual availability of gametes in 
two populations (south-eastern Bay of Biscay, Spain) of 
the sea urchin Paracentrotus lividus  (Lamarck, 1816) 
for toxicity tests

Iratxe Menchaca*, María Jesús Belzunce, Javier Franco, Joxe Mikel Garmendia 

Abstract 
The reproductive cycle of the sea urchin, Paracentrotus lividus (Lamarck 1816), was studied on 

the Basque coast (innermost part of the Bay of Biscay), to establish the temporal availability and the 
quality of gametes to be used in routine toxicity tests. Samples were collected monthly from January 
to December 2007, at 2 relatively adjacent locations; these differ in their wave exposure and algal 
communities. According to one year results, spawning took place at the end of winter. The maturity 
period was longer and embryogenesis success was higher at the more sheltered site. Factors such as 
hydrodynamic conditions and food type could explain the observed differences in the reproductive 
cycles, between the locations. The sheltered site appears to be a suitable locality to sample the sea 
urchins, necessary for routine bioassays; this is related to the good quality and availability of gametes 
for almost the whole of the year. 
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Introduction
The sea urchin, Paracentrotus lividus (Lamarck, 1816) 

(Echinodermata: Echinoidea) is very abundant along the 
southern European coasts (Reboreda 1994; Barnes et al. 2001; 
Lustres 2006); its ecological and commercial importance is 
well-known. On the one hand, its grazing activity controls the 
macrophytic structure and biomass; such as it is considered a 
key species for the maintenance of equilibrium of sublittoral 
communities (Sala et al. 1998). In contrast, it is a prized food 
for its roe (Barnes et al. 2001), although the use of destructive 
harvesting methods has collapsed its fisheries in some countries 
(Andrew et al. 2002; Berkes et al. 2006; Pais et al. 2007).

Bioassays on the embryonic phase of this species 
are performed frequently to evaluate the toxicity of the 
contaminants present in marine waters and sediments; this is in 
relation to its large geographic distribution, easy manipulation, 
simplicity for achieving gametes and for performing in vitro 
fertilisation and the high toxicological sensitivity of its larvae 
(Casado-Martínez et al. 2006; Arizzi et al. 2006; Marín et al. 
2007; Beiras and Saco 2006). In fact, such bioassays have been 
included in several guidelines for assessing toxicity in marine 
environments (e.g. Environment Canada 1992; USEPA 2002; 
Garmendia et al., 2009).

In order to undertake routine toxicity bioassays tests, an 

appropriate knowledge of the seasonality of gametes in the 
field is necessary. In Atlantic and Mediterranean waters, the 
reproduction cycle of P. lividus takes place during spring and 
early summer (Byrne 1990; Spirlet et al. 1998; Barnes et al. 
2001; Gago et al., 2003; Sellem and Guillou 2007; Garmendia 
et al., 2010). However, in spite of the high abundance and 
the large distribution of this species on the rocky bottoms of 
the Basque coast, many aspects of its reproduction are still 
poorly known; in part, this is related to a lack of interest in 
the commercial exploitation of this species, over this area 
(Garmendia et al., 2010). 

Analysis of temporal changes in gonad index is used often 
to study the reproductive cycle, the fluctuations in gonad size 
and the spawning periods (Lozano et al, 1995; Guettaf et al. 
2000; Sánchez- España et al. 2004; Sellem and Guillou, 2007). 
In this sense, food availability and quality (Lozano et al. 1995), 
water depth (Himmelman 1986), the prevailing hydrodynamics 
(Guettaf et al. 2000), phytoplankton blooms (Himmelman 
1986; Starr et al., 1990), water temperature and photoperiod 
(Kawamata 1997; Spirlet et al. 1998) are some of the most 
important environmental factors responsible for gonad index 
variations. 

The aim of this investigation is to identify suitable locations, 
within the Basque coast, for the supply of sea urchin gametes, 
for toxicity bioassays, throughout the year. Hence, the annual 
cycle of gonad development of P. lividus is studied, through 
examination of the monthly variation of gonad index and 
gamete availability and quality from two different locations. 
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Material and methods

Sampling locations 

The study was carried out on sea urchins obtained from 
two relatively close locations (35 km): Donostia (43º 32’ N; 
2º 02’ W) and Zumaia (43º 18,2’ N; 2º 15’ W), both in the 
Basque Country (northern of Spain), in the innermost part of 
the Bay of Biscay. The sampling site at Donostia was a shallow 
rocky zone (0.2 to 2 m water depth); this was emerged at low 
tide, being dominated by seaweeds, mainly Lithophyllum 
incrustans, Corallina elongata and Gelidium corneum. This 
site is sheltered from wave action and, therefore, exposed to 
low hydrodynamics [0-10 kw/m of wave energy (Borja et al. 
2006)]. In contrast, the sampling area of Zumaia is a large 
intertidal area, with shallow pools occupied by Lithophyllum 
incrustans, Corallina elongata, Cystoseira tamariscifolia, 
Plocamium cartilagineum and Stypocaulon scoparium. The 
prevailing hydrodynamics of the area are high, being very 
exposed to wave energy [20-30 kw/m (Borja et al. 2006)]. 
At both of the sites, water temperature ranges from 12 °C 
to 23 °C and the salinity lies between 32 and 36 psu. None 
receives direct discharge from rivers or effluents; therefore, it 
is assumed that the sampled specimens come from unpolluted 
environments.

Sampling methods

Individuals (16), between 40- 65 mm diameter (excluding 
spines), were collected randomly on a monthly basis from 
January to December 2007, at both locations. All of the 
samplings were performed at low tide. The sea urchins were 
collected and then transported alive, in a cool box with seawater, 
being processed immediately in the laboratory. Temperature 
and salinity of the water were registered in situ. Day length 
was checked in the nautical calendar of the Defence Ministry 
of Spain (RIOA 2006).

Laboratory methods 

Each individual was measured (height and diameter, 
excluding spines), its body wet weighed and dissected, to 
extract the 5 gonads. One of the gonads was wet weighed and 
dried with the remaining body, for 48 h at 60 °C, and then 
reweighted. Subsequently, the monthly gonad index was 
calculated, for both populations, as follows:

GONAD INDEX (GI): gonad dry weight x100 (g)/ body dry 
weight (g) (Spirlet et al., 1998)

Where, gonad dry weight was estimated by multiplying (by 
five) the value for a single gonad. 

Sexes and maturity of the 16 sea urchins were determined 
according to the material obtained from the other four gonads 
(see above). A specimen was considered to be mature when 
sperm or eggs were present in the gonads (Lozano et al. 1995). 
Microscopic observations were necessary to check the quality 
of gametes: high mobility in male gametes and a minimum of 
100 µm size and spherical shape in female ones. To confirm 

the viability of gametes and the reproductive capacity at 
both of the sites, monthly gonad material was used to carry 
out fecundation. Following Fernández and Beiras (2001) and 
Garmendia et al. (2009), gametes were obtained directly from 
gonads, after having dissected one mature male and one mature 
female. Eggs were transferred into a 100 mL measuring cylinder, 
containing 0.2 μm-filtered sea-water; 5 µL of sperm were added 
(ratio sperm/egg was approximately 20000:1). After 5 to 10 
minutes, this mixture was checked and, only if a minimum of 
90% of fertilized eggs had developed a fertilization membrane 
the fecundation was considered successful. Approximately 
600 fertilized eggs were transferred into 10 vials (20 mL), 
containing 0.2 μm-filtered sea-water. These were incubated 
in darkness at 20 ºC. After 48 hours, the vials were fixed, by 
adding 3-5 drops of 40% formalin; then, they were observed 
directly under an inverted microscope, to check the percentage 
of well-developed larvae and to extrapolate the viability of the 
gametes. 

Statistical analysis 

Data were arc sin √p transformed, to achieve normality 
(p= probability). After checking normality by Shapiro-
Wilks W and homogeneity of the variances, comparisons of 
different variables, over time and between sites and sexes were 
performed using ANOVA and the Tukey test. The Chi-Square 
test was used to compare the sea urchin maturity period, 
between populations. The Statgraphics® Plus 5.0 package was 
used for these analyses.  

Results
Some individuals, mainly at Zumaia in autumn, were not 

sexually classified, due to the low level of gonad development. 
Comparing the GI between males and females and between 
months by two-way ANOVA, there was no significant 
difference at either site (p>0.05). Grouping both sexes, one-
way ANOVA on the GI revealed a strong effect of the season 
(month) both at Donostia (F= 12.36, p<0.001) and at Zumaia 
(F= 17.86, p<0.001). The Tukey test between months at 
Donostia classified the gonad index into two different groups: 
values from October to February (5-6.3) were significantly 
higher than those from March to September (2-3.5) (p<0.05). In 
contrast, the IG lowest values at Zumaia were in February, June 
and August. Comparing the gonad index between locations, the 
GI at Donostia was significantly higher than at Zumaia only in 
February 2007 (p<0.05) (Figure 1). 

At both sites the GI reached a maximum in December-
January, when the day length was about 10 hours. At this 
period, temperature was lower than 14°C. Between January 
and March, when the photoperiod increased in three hours, the 
maturity percentage increased and the GI decreased drastically 
(Figures 1 and 2). At Zumaia, a second minimum GI value was 
observed in June. The GI increases from August to late winter 
in both populations, when the corresponding day length was 
shortening and the water temperature was decreasing.
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At Donostia, the percentage of fertile sea urchins remained at 
high values (> 75%) from March to December (Figure 2). The 
Chi-Square test revealed that the period of maturity at Zumaia was 
significantly shorter than at Donostia (p<0.05). At Zumaia, high 
maturity percentages (> 75%) were found occasionally in spring 
and summer, whereas low maturity percentages (~ 50%) extended 
from late summer to winter. From August to December, high values 
at Donostia contrasted with low values at Zumaia (Figure 2). 

According to the site, the maturity percentages differed by 
sex: they were high and not very different between male and 
female at Donostia (Figure 3A). At Zumaia, the percentage of 
mature females was low compared to the males during August, 
September and October (Figure 3B).

Embryo-larval success percentage at Donostia was more 
than 90% for almost all of the year (Table 1). In contrast, the 
reproductive capacity was lower at Zumaia, mainly because 

Figure 1.  �Mean values of gonad index (GI: gonad dry weight x100 (g)/ body dry weight (g)) in sea urchins from Donostia (DO) and Zumaia (ZU) from 
January to December 2007. Key: bars indicate standard deviation; and ** significant differences (p<0.05) between locations. Note: environmental 
variables (day length, in hours, and water temperature, in ºC) are also represented.

Figure 2.  �Percentage of mature sea urchins from Donostia (DO) and Zumaia (ZU), from January to December 2007. 
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Table 1. �Embryogenesis success achieved with sea urchins from Donostia (DO) and Zumaia (ZU) from January to December 2007 (YES = more than 90% of 
the larvae developed the four arms; NO = less than 90% of larvae developed the four arms; * Lack or poor quality of gametes; NS = no sample).

2007

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

DO YES YES YES YES YES NO YES NO YES NO YES YES

ZU NO** NO* NS YES YES NO YES NO* NO* YES YES NO*
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of the lack of gametes. Here, 90% embryo-larval success was 
achieved only in less than half of the sampling occasions. 

Discussion

According to one year results, the reproductive cycle, 
identified from changes in the gonad parameters, indicated a 
general annual pattern at both localities. This pattern follows 
the three main phases, identified by Spirlet et al. (1998): (i) 
the gonad-growing phase (late summer and autumn), when 
sea urchins accumulate reserve material in their gonads; (ii) 
the maturation phase, or gametogenesis (during winter), when 
nutritive cells turn into gametes; and (iii) the spawning phase, 
when gonad indices reduction takes place, in early spring. In 
the case of San Sebastian location, our results are in according 

to Garmendia et al. (2010), who affirmed that sea urchins were 
observed to behave like a typical Atlantic population, with 
generally high gonad indices between April and May.

Moreover, there was a drastic decrease of GI values one month 
earlier at the exposed site and the maturation period was longer 
at the sheltered site. In relation to this earlier spawning event at 
Zumaia, Lozano et al. (1995) observed that a drastic reduction 
in gonadal values ​​could be explained as a result of adverse 
weather conditions that induce the reduction of gonadal 
content., Consistent with this observation, the bad weather during 
February and March coincided with that drastic decrease and could 
have been related to this premature spawning event. 

Moreover, during winter, the sea urchins at the sheltered 
site had higher gonad indices than at the exposed site. The low 
gonad index found at Zumaia would confirm the hypothesis 
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Figure 3.  Percentage of mature individuals for each sex in (A) Donostia and (B) Zumaia, from January to December 2007. 
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that higher hydrodynamism could reduce the reproductive 
potential due, in part, to a higher cost of maintenance and spine 
repair (Sellem and Guillou, 2007) and a limited food grazing in 
open sea exposure (King et al. 1994; Kawamata 1997). 

A reduction in water temperature, concomittant with decrease 
in day length at the end of summer coincides with an increase 
in gonad index (Kelly 2001; Walker et al. 2001; Shpigel et 
al. 2004; James et al. 2007). However, for the beginning of 
spawning at the end of winter, the day length appears as a more 
decisive factor (Spirlet et al. 1998).

At Donostia, we found sea urchins with different gonad 
conditions during the same sampling period. This observation 
could be explained by the fact that gonads are not emptied 
completely, and that small spawnings are possible during the 
autumn and winter months. Therefore, this individual variability 
during the spawning period could be also related partially to 
differences in the acquisition and allocation of energy reserves 
to gametogenesis (Meidel and Scheibling 1998). 

Conclusions
Finally, as conclusion, the present study suggests that the 

population of Donostia would supply gametes for almost all year. 
However, the number of sea urchins to be used will depend on the 
season, as a high percentage of individuals with spawning capacity 
were found from February to October, and a low percentage from 
November to January. In the case of Zumaia, the use of sea urchins 
is more limited, mainly because of the lack of gametes, especially 
due to the shorter period of maturity of the females. 

Acknowledgments 
I. Menchaca was supported by a PhD fellowship from 

Fundación Centros Tecnológicos–Iñaki Goenaga. J.M. 
Garmendia was supported partly by the programme Torres 
Quevedo (Ministerio de Educación y Ciencia and Fondo 
Social Europeo). We wish to thank J. G. Rodriguez, Ángel 
Borja, Marta Rodríguez and Iñigo Muxika, for their comments 
and suggestions. We wish to thank also Professor Michael 
Collins (School of Ocean and Earth Science, University of 
Southampton, UK; and AZTI-Tecnalia) for kindly advising us 
on some details of this paper. This is contribution number 532 
of AZTI-Tecnalia Marine Research Division.

References
Andrew NL, Agatsuma Y, Ballesteros E, Bazhin AG, Creaser EP, Barnes 

DK, Botsford A, Bradbury A, Campbell A, Dixon JD, Einarsson 
S, Gerring PK, Hebert K, Hunter M, Hur SB, Johnson CR, Juinio-
Meñez MA, Kalvass P, Miller RJ, Moreno CA, Palleiro JS, Rivas D, 
Robinson SML, Schroeter SC, Steneck RS, Vadas RL, Woodby DA, 
Xiaoqi Z (2002) Status and management of World sea urchin fisheries. 
Oceanogr  Mar  Biol  Annu Rev 40: 343-425

Arizzi Novelli A, Losso C,  Libralato G, Tagliapietra D, Pantani C, 
Volpi Ghirardini A  (2006) Is the 1:4 elutriation ratio reliable? 
Ecotoxicological comparison of four different sediment:water 
proportions. Ecotoxicol  Environ  Saf  65: 306-313

Barnes DKA, Crook A, O’ Mahoney M, Steel S, Maguire D (2001) Sea 
temperature variability and Paracentrotus lividus (Echinoidea) 
population fluctuations. J Mar Biol  Ass U. K.  81: 359-360

Beiras R, Saco-Álvarez L (2006) Toxicity of seawater and sand affected by 
the Prestige fuel-oil spill using bivalve and sea urchin embryogenesis 
bioassays. Water Air and Soil Poll  177: 457-466

Berkes F, Hughes TP, Steneck RS, Wilson JA, Bellwood DR, Crona B, 
Folke C, Gunderson LH, Leslie HM, Norberg J, Nyström M, Olsson 
P, Österblom H, Scheffer M, Worm B (2006) Globalization, Roving 
Bandits, and Marine Resources. Science 311: 1557-1558

Borja A, Bald J, Liria P, Muxika I (2006) Relationships between wave 
exposure and biomass of the goose barnacle (Pollicipes pollicipes, 
Gmelin, 1790) in the Gaztelugatxe Marine Reserve (Basque Country, 
northern Spain).  ICES J Mar Sci 64: 626-636

Byrne M (1990) Annual reproductive cycles of the commercial sea urchin 
Paracentrotus lividus from an exposed intertidal and sheltered subtidal 
habitat on the west coast of Ireland. Mar Biol 104: 275-289

Casado-Martínez MC, Fernández N, Lloret J, Marín A, Martínez-Gómez C,  
Riba I, Beiras R, Saco-Álvarez L, Del Valls TA (2006) Interlaboratory 
assessment of marine bioassays to evaluate the environmental quality 
of coastal sediments in Spain. III. Bioassay using embryos of the sea 
urchin Paracentrotus lividus. Cienc Mar 32: 139-147

Environment Canada (1992) Biological Test Method: fertilization assay 
using echinoids (sea urchins and sand dollars), Report Environmental 
Protection Series, 1/RM/27-December 1992, Otawa, Ontario, pp 99

Fernández N, Beiras R (2001) Combined toxicity of dissolved mercury 
with copper, lead and cadmium on embryogenesis and early larval 
growth of the Paracentrotus lividus sea-urchin. Ecotoxicol 10(5): 
263–271

Gago J, Range P, Luis O (2003) Growth, reproductive biology and habitat 
selection of the sea urchin Paracentrotus lividus in the coastal of 
Cascais, Portugal. In Echinoderm Research 2001 (ed. Féral J.P. and 
David B.), pp 269-276

Garmendia JM, Menchaca I, Belzunce MJ, Revilla M (2009) Protocolo 
del test de toxicidad de sedimentos marinos con larvas del erizo de 
mar Paracentrotus lividus (Lamarck, 1816). Investigaciones Marinas, 
AZTI-Tecnalia, 11, pp 27

Garmendia JM, Menchaca I, Belzunce MJ, Franco J, Revilla M (2010) 
Seasonal variability in gonad development in the sea urchin 
(Paracentrotus lividus) on the Basque coast (Southeastern Bay of 
Biscay). Mar Poll Bull 61: 259-266

Guettaf M, San Martín GA, Francour P (2000) Interpopulation variability 
of the reproductive cycle of Paracentrotus lividus (Echinodermata: 
Echinoidea) in the south-western Mediterranean. J Mar Biol Ass U. 
K. 80: 899-907

Himmelman JH (1986) Population biology of green sea urchins on rocky 
barrens. Mar Ecol Progr Ser 33: 295-306.

James PJ, Heath P, Unwin MJ (2007) The effects of season, temperature 
and initial gonad condition on roe enhancement of the sea urchin 
Evechinus chloroticus. Aquaculture 270: 115-131

Kawamata S (1997) Effect of wave-induced oscillatory flow on grazing 
by a subtidal sea urchin Strongylocentrotus nudus (A. Agassiz). J Exp 
Mar Biol  Ecol 224: 31–48

Kelly MS (2001) Environmental parameters controlling gametogenesis in 
the echinoid Psammechinus miliaris. J  Exp  Mar  Biol  Ecol 266: 
67-80

King CK, Hoegh-Guldberg O, Byrne M (1994) Reproductive cycle of 
Centrostephanus rodgersii (Echinoidea), with recommendations for 
the establishment of a sea urchin fishery in New South Wales. Mar 
Biol  120: 95-106 

Lozano J, Galera J, López S, Turón X, Palacín C, Morera G (1995) 
Biological cycles and recruitment of Paracentotus lividus 
(Echinodermata: Echinoidea) in two contrasting habitats. Mar Ecol 
Progr Ser 122: 179-191

Lustres V (2006) El erizo de mar. Paracentrotus lividus (Lamarck, 1816) 
en las costas de Galicia. PhD Theses, University of Santiago de 
Compostela, Spain



Availability of gametes in two populations of Paracentrotus lividus  

44  |  Revista de Investigación Marina, 2011, 18(3)

Marín A, Montoya S, Vita R, Marín-Guirao L, Lloret J, Aguado F (2007) 
Utility of sea urchin embryo-larval bioassays for assessing the 
environmental impact of marine fishcage farming. Aquaculture 271: 
286-297

Meidel SK, Scheibling RE (1998) Annual reproductive cycle of the green 
sea urchin, Strongylocentrotus droebachiensis, in differing habitats in 
Nova Scotia, Canada. Mar Biol 131: 461-478

Pais A, Chessa LA, Serra S, Ruiu A, Meloni G, Donno Y (2007) The 
impact of commercial and recreational harvesting for Paracentrotus 
lividus on shallow rocky reef sea urchin communities in North-western 
Sardinia, Italy. Est Coast  Shelf  Sci  73:  589-597

Reboreda P (1994) Dispersión, demografía y producción gonadal de una 
población de Paracentrotus lividus (Lamarck, 1816). Technical report, 
University of Santiago de Compostela, Spain

RIOA (2006) Almanaque náutico 2007. Real Instituto y Observatorio de la 
Armada, San Fernando, Defence Ministry, Spain, pp 460

Sala E, Boudouresque CF, Harmelin-Vivien M (1998) Fishing, trophic 
cascades and the structure of algal assemblages: evaluation of an old 
but untested paradigm. Oikos 82: 425-439

Sánchez-España AI, Martínez-Pita I, García FJ (2004) Gonadal growth 
and reproduction in the commercial sea urchin Paracentrotus lividus 
(Lamarck, 1819) (Echinodermata: Echinoidea) from southern Spain. 
Hydrobiologia 519: 61-72

Sellem F, Guillou M (2007) Reproductive biology of Paracentrotus lividus 
(Echinodermata: Echinoidea) in two contrasting habitats of northern 
Tunisia (south-east Mediterranean). J Mar Biol Ass U. K.  87: 763-
767

Shpigel M, McBride S, Marciano S, Lupastch I (2004) The effect of 
photoperiod and temperature on the reproduction of European sea 
urchin Paracentrotus lividus. Aquaculture 232: 343-355

Spirlet C, Grosjean P, Jangoux M (1998) Reproductive cycle of the 
echinoid Paracentrotus lividus: analysis by means of the maturity 
index. Invertebr  Reprod  Dev  34: 69-81

Starr M, Himmelmann JH, Therriault, JC (1990) Direct coupling of marine 
invertebrate spawning with phytoplankton blooms. Science 247: 
1071-1074.

USEPA (2002) Short-term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to Marine and Estuarine Organisms. 
Third Edition. EPA-821-R-02-014. Environmental Protection Agency, 
Washington, U.S. pp 464

Walker CW, Unuma T, McGinn NA, Harrington LM, Lesser MP (2001) 
Reproduction of sea urchin. In: Lawrence J.M. (Ed.), Edible Sea 
Urchins: Biology and Ecology, Elsevier Science, Amsterdam, pp 
5-26.



Herrera Kaia, Portualdea z/g 
 20110 Pasaia (Gipuzkoa) 
Tel.: +34 94 657 40 00
Fax: +34 94 657 25 55

Txatxarramendi ugartea z/g 
48395 Sukarrieta (Bizkaia) 
Tel.: +34 94 657 40 00
Fax: +34 94 657 25 55

w
w

w
.a

zt
i.e

s

Parque Tecnológico de Bizkaia
Astondo bidea. Edificio 609. 
48160 Derio (Bizkaia)
Tel.: +34 94 657 40 00
Fax: +34 94 657 25 55




