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Abstract. Monthiy soluble and insoluble protein. carbohydrate, lipid and ash levels and energetic
content were measured in lissues of Paracentrotus fividus adults living in a lagoonal environment over
a l-year period to increase our understanding of resource allocation to the different tissues. The
biochemical composition of P. livicies individuals in this environment is similar to that observed in
other environments. The gonad and gut contained a high level of proteins (soluble or insoluble), u lesser
amount of lipids and. finally, a low level of carbohydrates. The main compoenent of the test was ash,
followed by protein levels. The lipid and carbohydrate levels in the test were very low. Seasonal
variability in the biochemical composition of the different body parts was observed. In the gonad, an
increase in the level of lipids was recorded concomitant to an increase in gonad weight. The lipids and
carbohydrates, after an initial increase. decreased with the maturation of the gonad. The biochemical
variations obscrved in the gut seem to be linked to both the reproductive cycle and the sca urchin’s
trophic activity. Variability in the test was low and irregular for all of the observed biochemical
compenents. As P fividus is’an important member of the benthic community in the Urbinu lagoon.
this echinoid represents an important store of materuils and energy within this lagoonal environment.

Problem

The biochemical composition of the Echinodermata has been studied in a number
of marine species inhabiting both coastal or deep waters and originating from
tropical, temperate or polar environments (GIESE, 19964.b; LAWRENCE, 1973; SiB-
UET & LAWRENCE, 1981; LAWRENCE & GUILLE, 1982; McCLINTOCK & PEARSE, 1987,
McCLINTOCK ¢f al., 1990a,b). Insight on biochemical compaosition is important at
the tissue. organism and population levels. These studies provide information at
several levels: they can explain the nature and role of the tissues and cells which
compose them (GIESE, 1966a,b; LAWRENCE & GUILLE, 1982) and they can be used
to calculate energy allocation in body components or the energetic biomass of
‘populations (LAWRENCE & KaFr1, 1979; McCLINTOCK ¢t af., 1990a). They can also
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be used to define nutritive requirements (applicable in the development of artificial
diets) (FLORETO ez al., 1996). Sea urchins are often the dominant herbivore in many
sublittoral communities and are frequently regarded as determinants of community
structure in marine macrophyte habitats (MILLER & MaN, 1973; LAWRENCE, 1975,
LAWRENCE & SAMMARCO, 1982). They play a particularly important role in the
transfer of energy between benthic and pelagic environments (FENAUX ez al., 1977).
Paracentrotus lividus (LAMARCK) plays such a role in the Mediterranean Sea (VER-
LAQUE, 1987). In addition, this species is actively fished in a number of regions
and is the object of budding aquaculture activity (LEDIREACH, 1987, LEGALL &
BucAILLE, 1987, LEGALL, 1989; FErRNANDEZ & CALTAGIRONE, 1994; GROSIEAN &
JANGOUX, 1994; FERNANDEZ et al., 1995). The aim of the present study was to
examine seasonal variability in the biochemical and energetic composition of sea
urchin tissues from a lagoon environment and to link these variations to the
organisms’ feeding and reproductive cycles (FERNANDEZ & BOUDOURESQUE, 1997).

Material and Methods

Specimens of P. lividus were collected from a scagrass site situated in the Urbinu lagoon. This lagoon
is located in Corsica {France), on the coast of the eastern plain of the island (42°03° N; 928" E}. The
seagrass bed is characterized by a sandy bottom colonized by the seagrass Cymuodocea nodosa UCR1A
(AsiiErsoN). This dense bed (750 shoots-m™?) provides an abundant sapply of food. C. nodosa is
considered to be a preferred food source for P. lividus (TRAER, 1980). At this site. the sea urchin
population density is low (0.7+£0.4 indiv.-m~?) and composed mainly of adults (FERNANDEZ, 1990,
1996; FERNaNDEZ & BOUDOURESQUE, 1997). Ten sea urchins 41-50 mm in size, were sampled monthly
from June 1991 to June 1992 by SCUBA diving. All individuals were dissected into the following body
components: test (with spines), gonad, gut and gut contents. Each compartment was drained on filter
paper and weighed to the nearest 0.1 mg (wet weight). For each compartment, half was weighed (wet
weight) and dried at 70°C to constant weight for estimation of water content (difference between wet
and dry weight) (for gut contents, the whole amount was dried}. The gonad and repletion indices were
then calculated. The relationship used was: CI [mg-cm ™) = DWC-d~* where CI (Component Index)
is the ratio between the dry weight of the component (DWC) expressed in mg and the test diameter
cubed (d") expressed in em® [this relationship is derived from the index of repletion in NEDhLEC (1983)].
The results of these indices have been discussed previously in FERNANDEZ & BOUDOURESQUE (1997).

The other half part of each tissue type was homogenized with an Ultra turax and the level of soluble
proteins, carbohydrates and lipids was determined using the techniques of LowRy (1931), DuBois ef al.
(1956) and Barnes & BLackTock (1973), respectively. Water content was determined by placing tissues
in an oven at 70°C until a constant weight was obtained. Ash was measured by placing the dried tissues
in a muffle furnace at 500°C for 4 h. Insoluble protein levels were estimated by subtraction as described
by LawrencE & Karwri (1979) {although this method is generally accepted, it may be somewhat
problematic for mature testes in which nucleic acids, rather than insoluble proteins, may contribute
significantly to the composition of the tissue). The energetic values of tissues were calculated by
multiplying the level of each organic constituent by its energy equivalent (Brony, 1943) and by adding
the energetic levels of all the constituents, Data have been processed by one-way analysis of variance
(one-way ANOVA) followed by tests of TUKEY or KRUSKAL-WALLIS test. Previously, normality and
homoscedasticity were verified by KOILMOGOROV-SMIRNGV and BARTLETT tests, respectively (Zax, 1984).
The software Stratgraphics plus (v. 1.4) for Windows was used.

Results

The biochemical composition of the gonad and gut of Paracentrotus lividus exhi-
bited seasonal variations (Figs 1 and 2). For the gonads, statistical analysis of the



Seasonal changes in the biochemical composition of Paracenirotus lividus 3

a 50+
45
40 1 proteins
_ 35
=
;25. lipids
-
15_ A .'4 .“‘ --‘-}_. “‘} Ml
of T T
-~
1w carbohydrates
0 L} T T 1 T T T L) T T L) T 1
- 2 3 e i - N - = oo
. B s & @
23383828588 8§ 223
c = =
3 S
3
energy
b 40 -
35 4
30 4
£ 251 i
] —
>
> 20 £
=}
£t : 2
2 15 - 2
10 4
5 4
0 L} T T T T T T T T T T Li 10
— = oTh = - - o c n £ - =0
[« Q ]
? >3 2 g0 28 3¢ 52 =2
g = <
3 =
3

Fig. 1. Mean seasonal changes in cnergy [expressed in kJ - g (dry weight) ™ '] and biochemical composition
(% dry weight) (£ CI, n = 10) for the gonads of Paracentrotus lividus living in seagrass beds. a; soluble
protein, lipid and carbohydrate levels. b: insoluble proteins, ash level and energy content.

temporal variations of the different nutrient components revealed that the level of
soluble protein increased significantly from October 1991 to March 1992, followed
by a significant decrease between April and June 1992 {one-way ANOVA, F = 8. 42,
P < 0.0001}) (Fig. 1a). This evolution of the gonadal proteins followed closely the
progression of the gonadal index (Fig. 3). A significant correlation exists between
these two parameters throughout the vear-long study period (r = 0.83, r sig-
nificance test, P < 0.05). As for the carbohydrate levels, a significant increase was
observed between July 1991 and January 1992, followed by low values from April
to June 1992 {one-way ANOVA, ¥ = 7.37, P < 0.0001), with the decrease being
initiated in January (Fig. 1a). The relationship between these carbohydrate levels
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Fig. 2. Mean scasonal changes in energy [expressed in kT - g{dry weight) '] and biochemical compoesition
(% dry weight) (£ CL 0 = 10) for the gut of Paracentrotus lividhs living in scagrass beds. a: soluble
protein. lipid und carbohydrate levels. b insoluble proteins, ash level and energy conlent.

and the gonadal index is less evident than for the proteins. Nevertheless, the sugar
levels apparently increased during gonad development and subsequently decreased
during the last month of gonadal growth. Following a short period during which
lipid levels remained constant, lipids increased [rom November 1991 to February
1992, decreased in March, and then remained at the same level from April to
Junce 1992 (KRUSKAL-WaLLIS test, F =373, P < 0.0001). In addition, lipids are
accumulated after the fall spawn and then drop at the beginning of the gonad
index’s diminution. Ash content slightly increased between July 1991 and March
1992 (one-way ANOVA, F = 3.1, P < 0.05; TUKEY test, P < 0.05) (Fig. la). The
cnergy content of the gonads was lower in autumn and winter (September to
December) than in spring and summer (May to August) {one-way ANOVA,
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Fig. 3. Annual cycle for the gonads and repletion indices of Paracentrotus Hridus living in scagrass beds
from June 1991 to June 1992 (from FrryannEzZ & BOUDOURESQUE, 1997).

F =23, P <005 Tukey test, P < 0.05) (Fig. |b). Finally, the lipid levels were
higher in the female gonad than in the male testes (Student’s t-test, P < 0.05).

The level of organic matter in the gut also exhibited seasonal variability (Fig. 2).
Statistical analysis, however, revealed that the variations in soluble protein levels
are not significant (KrUSKAL-WALLIS test, t = 17.5, P = 0.14). The variation in
carbohydrale levels in the gut is more evident; sugar levels increased during the
summier (from June to August) and then decreased to minimum values in October
1991, A second increase in carbohydrate levels occurred from October to March
1992, followed by a decreasc in April, after which levels remained stable until June
1992 (one-way ANOVA, F = 7.03, P < 0.0001; Tukgy test, P < 0.05) (Fig. 2a).
The vartation in lipid levels throughout the study period was less obvious, with a
decrease during the summer (Junc Lo August 1991), a slow increase from August
to March 1992, followed by a stabilization of levels through to June 1992 (one-
way ANOVA, F = 21.86, P < 0.0001; TUKEY test, P < 0.05). The energy content of
the gut varied during the ycar but these variations were erratic (one-way ANOVA,
F = 8.8, P < 0.001: TUKEY test, P < 0.05) (Fig. 2b).

Seasonal variability of the biochemical components in the test throughous the
1-year sampling period was fairly low (Fig. 4). The variations in insoluble protcin
and ash levels were not significant (one-way ANOVA, F = 0.54 and 0.63, respec-
tively; P > 0.05). Conversely, soluble protein, carbohydrate and lipid levels varied
significantly (one-way ANOVA for the proteins and lipids, F = 2.79 and 16.25
respectively, P < 0.05) (KrRuskaL-WALLIS test for the carbohydrates, t = 74.08;
P < 0.05). The protein levels ranged from 3.4% in August to 2.2% in December.
In a generalized fashion, protein levels decreased from the summer months to
December and then increased until the spring. The carbohydrates followed a more
erratic temporal evolution, with levels ranging from 0.2% in October to 0.3% in
March. Finally. the lipid levels ranged from 0.2 % in May to 0.5% in March.
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Fig. 4. Mean seasonal changes in energy [expressed inkJ - g (dry weight) 'Jand biochemical composition
(% dry weight) (£ Cl, n = 10) for the test of Paracentrotus fividus living in seagrass beds. a: soluble
protein, lipid and carbohydrate levels. b: insoluble proteins, ash level and energy content.

Discussion

The biochemical composition of the gonad and gut of P. lividus living in a lagoon
environment is similar to that observed in various other temperate, tropical and
polar Echinoidea species (GIESE, 1966a,b; LAWRENCE & GUILLE, 1982; McCrin-
TOCK & PEARSE, 1987: LAWRENCE & BYRNE, 1994). These two organs contain high
levels of protein (both soluble and insoluble). Lipids are also relatively abundant
while carbohydrate levels are low. Based on results gleaned from the literature, the
Mediterranean sea urchin Arbacia lixula (LINNAEUS) is the species whose study
generates data the closest to those presented here (FENAUX ef al., 1975, 1977).
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Such similarities in the distribution of biochemical components are due to the
organization of the various organs, which is similar in all the Echinoidea, regardless
of species and geographical location (LAWRENCE & GUILLE, 1982; MCCLINTOCK &
PEARSE, 1987).

According to McCLINTOCK & PEARSE (1987), no taxonomic difference in the
composition of the gonad exists, with high levels of protein and lipid being observed
in all taxa. It is of interest to note that, in the present study, the lipid levels were
higher in the ovaries than in the testes, a result observed in a number of other
species (FENAUX ef al., 1977; McCLINTOCK & PEARSE, 1987; LAWRENCE & ByRNE,
1994) and in particular in several species of Antarctic Echinodermata (McCLIN-
TOCK & PEARSE, 1987).

The lipid levels observed in the gut are relatively high (10.6-27.2%), and similar
to those observed in Echinoidea from polar regions (McCLINTOCK & PEARSE,
1987). These abservations reveal the importance of this organ in nutrient storage.
Indeed, a number of researchers have demonstrated that the gut is the site of short-
term reserve accumulation (LAWRENCE et al., 1966; LAWRENCE, 1967, 1970; FENAUX
ef al., 1975, 1977, KLINGER et al., 1988; BisHoP & WATTS, 1992). Under food
limiting conditions, the lipids (in particular the neutral lipids) and carbohydrates
are drawn upon to meet the organism’s immediate metabolic needs (LAWRENCE,
1970; Fenaux et al., 1975, 1977). Compared to the results obtained in other species,
the gut of P. lividus seems to contain a relatively high level of carbohydrates
(between 3.4 and 12.6%). A. lixula alone has carbohydrate levels similar to those
of the present study (3.4-10.2%) (FENAUX et a@l., 1975, 1977). Other species have
much lower carbohydrate levels in the gut (between 0.7 and 4.6 %) (LAWRENCE,
1967, 1970; McCLINTOCK et al., 1990a; LARES & McCLINTOCK, 1991; McCLINTOCK
& PEARSE, 1987). The carbohydrate reserves in the gut of P. lividus seem therefore
to be important.

The biochemical composition of the test is also similar to that of other Echinoidea
from various geographic areas. As in the other organs examined, no major differ-
ence in test composition was observed between P. lividus and sea urchins living at
different latitudes or depths (LAWRENCE & GUILLE, 1982; McCLINTOCK & PEARSE,
1987). Most of the test is composed of ash originating from the skeletal matter.
The most abundant organic compounds are the soluble and insoluble proteins,
while the lipid and carbohydrate levels are low. The high levels of skeletal material
point to the structural function of the test (McCLINTOCK & PEARSE, 1987). The
divergent protein levels in the test of different species are generally due to the
proportion of connective tissue present. This tissue helps support the test plates
and is rich in protein (McCLINTOCK ¢/ al., 1990a). The encrgetic levels in P. fividus
tests are low (4.3 kJ-g~") but comparable to those recorded for other species.
Energy level is strongly linked to protein level and, consequently, to the quantity
of connective tissue (MCCLINTOCK ¢f alf., 1990a). The total energy level of the test
is also highly dependent upon its mass. Larger individuals therefore invest a
significant amount of total encrgy here (LAWRENCE & BYRNE, 1994). As the mass
of the test is appreciably greater than that of the other organs, this component
represents the main energy containing body part. Even during the reproductive
periods, the gonads have a lower energy level than the test. Asis true for the gonads
and gut, the test is also a nutrient storage organ (LAWRENCE, 1971; FENAUX et al.,
1975, 1977). Under food limiting conditions, test carbohydrates and lipids are used
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almost immediately. FENAUX ez al. (1975) and LAWRENCE (1971) demonstrated that
protein levels decline during starvation and could excecd losses in carbohydrates
and lipids (which indicate tissue destruction). The present study reveals that, in a
lagoon environment, even if the lipid and carbohydrate levels in the test of P.
lividus are low, the nutrient reserves available in this organ are quite important due
to protein levels.

Previous studies on biochemical composition variations in the gonad of other
species have revealed that gametogenesis is typically characterized by increased
protein levels and glycogen storage (GIESE ¢t al.,, 1959 in FENAUX ef af., 1977,
Miwa, 1966: Moss & LAWRLENCE, 1972; FeNaux ef af., 1977). In the case of proteins,
this result is confirmed for P. fividus: levels were significanlly correlated to the
gonadal index. Lipid levels, however, differ from specics to species and can either
increase and then diminish (Miwa, 1966; GIFESE ef al., 1959 in FuNaux et af., 1977),
or they can remain constant (Moss & LAWRENCE, 1972). According to FENAUX et
af. (1977). the period of carbohydrate and lipid level increases corresponds to an
accurnulation of reserves which are subscquently used during gamete development.
In P. lividus carbohydrates decrease from January to June. This period corresponds,
according to histological studies of this species in the Mediterrancan, to the last
part of the maturation period and to the spawning period (GUETTAF, 1997). Carbo-
hydrate level variations in P. fividus are close to those reported in FENAUX et al.,
(1977).

Very little data, however, are available on variations in the biochemical com-
position of the gut in Echinoidea. Moss & LAWRENCE (1972) observed low carbo-
hydrate variations (accompanied by low levels) and an erratic variability of the
protein levels in Mellita quinquiesperforata (LESKE) (now Mellita tenuis, according
to HaroLD & TELFORD, 1990}, Conversely, FEnaux e/ al. (1977) observed steady
protein levels and a temporally staggered storage of carbohydrates and lipids in A4.
lixula. This staggered storage of nutrients could be due either to a different food
type, or to the transformation of sugars and lipids in order to build up energy
reservas for gonad maturation. LAWRENCE & LANE (1982) suggested that the gut
was probably not an important source of nutrients for gametogenesis due to its
small mass compared to the gonad. The present study reveals no evident link
between the reproductive cycle and the variations in the lipid and carbohydrate
levels in the gut. A fall and spring decrease in the carbohydrate gut level was
observed during the two annual spawns, however. as was a halt in lipid level
increases starting in March (during the spring spawn as well). The relationship
between the temporal evolution of the biochemical composition and the repletion
index cycle (Fig. 3) is also not very clear. Indeed, the fipid levels (which indicate
nutrient storage) increase during winter, a time in which the repletion index reaches
its lowest yearly value, but remain constant once feeding has resumed. A com-
parison between these variations and the sea urchins’ trophic activities seems
necessary if we are to understand the observed biochemical fluctuations. Indeed.
the quality and quantity of food ingested can influence the biochemical composition
of the gut. Finally, the variations observed for the test are low and irregular for all
the compounds cxamined. They seem to be linked neither to the reproductive cycle
nor to the repletion index cycle.

In conclusion, the biochemical variability in P. lividus from a lagoon environment
is similar to that obscrved in other sea urchin species living in the open sea.
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Although coastal lagoons are considered to be unstable environments in terms of
ecological factors, with important environmental fluctuations during the year (e.g..
temperature, oxygen) (KIENER, 1978), this habitat does not seem to allect either
the biochemical composition or the metabolic processes and nutrient allocation in
the different organs. P. lividus is an important member of the benthic community
in the Urbinu lagoon (DE CasaBIANCA ef al., 1973). Its density typically varics
from 0.2 to 27 indiv. - m~? {(depending on the benthic communities present and on
bottom type) and can be as high as 120 indiv. - m™" in numerous sites (FERNANDEZ,
1990). The P. lividus stock in this lagoon was cstimated at approximately 6 million
individuals (FERNANDEZ, 1990). The high energy content of an adult P. /ividus (80
kJ) makes this echinoid an important store of materials and energy within this and
other lagoonal environments along the coast of France.

Summary

The gonads and the gut of Paracentrotus lividus living in a lagoon environment
contain a high level of protein (both soluble and insoluble); lipids are also relatively
abundant while carbohydrate levels are low. The test is mostly composed of ash
and the most abundant organic compounds are the soluble and insoluble proteins,
while the lipid and carbohydrate levels are low in this body part. Seasonal changes
in the biochemical composition of tissues secm to be linked to the reproductive
cyele for the gonads and both to the reproductive cycle and the sea urchin’s trophic
activity for the gut. No evident relationship between seasonal changes in the
biochemical composition of the test and the physiological cycles was observed.
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