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ABSTRACT.

In the south Pacific in the Province of Valparaiso
(Chile) the sea-urchin Loxechinus albus spawns in spring
time when the sea water temperature is relatively stable.
During the maturation process, the nitrogen and the water
content of the gonads follow the decrease of the gonad
index, while the ether extract increases.
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SUMMARY.

In one reproductive cycle of Loxechinus albus in
Central Chile it is possible to recognize animals in
spawning condition almost the year round. However, the
main spawning season is a very restricted period beginning
in August in Tate winter and lasting through to October in
spring. During gamete release the protein and the water
content of the gonad decreases; these compounds are possibly
replaced by the ether extract. To delimit the spawning
period, the developmental period of the larvae has also
been taken into account, and this is the phase in which
they reach metamorphosis which occurs when coastal water
temperature are at their most stable. After the spawning
season there is a period when some sea-urchins are still
in spawning condition. This period is in reality a
continuation of maturation which is interrupted by the
onset of winter conditions. The accumulated energy is
essentially employed to avoid starvation. The reproductive
cycle is not a fixed process, and varies both geographically
and from one breeding season to another.

RESUMEN.

En un ciclo reproductivo de Loxechinus albus en Chile
Central es posible identificar animales en condiciones de
desovar durante casi todo el afio. Sin embargo el dosove
propiamente tal es un perfbdo restringido que se extiende
desde agosto hasta octubre. Durante la polucidn de Tos

gametos las proteinas y el contenido de agua de las gonadas
disminuye, compuestos que posiblemente son reemplazados por
el extracto etéreo. Para delimitar el per1odo de desove,
también se considerd la fase en que las larvas de esta
especie pueden alcanzar la metamorfosis, 1o cudl sucede
cuando las temperaturas del agua en el érea son las mds
estables del afio. Transcurrido el perfodo de desove aun

es posible encontrar animales en estas condiciones. Este
es en realidad un intento de continuar la maduracidn de

las gdnadas, interrumpida por las condiciones ambientales
del Invierno. La energia acumulada es empleada esencial-
mente para evitar la 1nan1c16n E1 ciclo reproductivo no
es un proceso fijo, varfa geogréficamente y de un ciclo
anual a otro.
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INTRODUCTION.

In several regions of the world the sea-urchins are utilized as a
human food resource: Tripneustes esculentus in Barbados constitutes
an important fishery (Lewis, 1958); similariy many species of the
genera Strongylocentrotidae are of commercial importance in Japan
(Fuji, 1967). Edible sea-urchins have also been fished in the
Mediterranean (Harvey, 1956). Loxechinus aibus a species of sea-
urchin indigenous to coastal waters from Peru to the southern rocky

chavrac nf tha Maaallan ctrait {lavvrain 1078)  hac haan econcimad ac
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food since the time of the earliest settlements along the Pacific
coast. Because of the high demand in the market for gonads of this
species, considered as a delicacy (Schwabe, 1936; Arrau, 1958), the
commercial exploitation of the animals has virtually produced
extinction of the natural populations along the north and central
coasts of Chile. Since the L. albus fishery is the only income

of large groups of fishermen there is now considerable risk of

ite danlatinn in tha cnuth af Chila The 1ahavatnry af Anuacultura
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Department of Oceanology, University of Chile in Valparaiso was
granted support to carry out a research project on the biology of
this species. This project was directed towards gathering basic
information needed for the development of artificial culture
methods.

Previous papers (Biickle et al., 1976) have described the results
of mass culture of larvae and feeding experiments with animals reared
in captivity (Bickle et al ., 1977b). In the present study the

reproductive cycle, and its correlation with the seasonal biochemical
changes in the gonad, are investigated. A similar approach to
understanding the reproductive cycle of sea-urchins has been carried
out in other species such as Echinus esculentus (Stott, 1931),
Strongylocentrotus purpuratus and S. franciscanus (Bennet and Giese,
1955; Greenfield, g}_gj, 1959), and S. intermedius (Fuji, 1967)

amnna othorc

among cthers,

MATERIALS AND METHONS.
A patural population of Loxechinus albus in the Province of

Yalparaiso was sampled bi-weekiy from May 1968 till October 1970.
Animals from two to fifteen metres depth were collected by diving

almnn s Fiva Lilamatva ctwateh AF avnnend rnactlina Tn all nvor
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100 individuals were taken each month, with the exception of July
1968 and May 1969 when heavy seas hampered sampling. In the
following years smaiier samples were used to corroborate the
maturation process and other biological observations.
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From each individual were recorded: a) the total wet weight
measured with a Sartorius balance to the nearest gram, b) the height
and diameter of the test, measured with a sliding caliper to the

nearest millimetre ) thae valume nf the navivicceral fluyid {afror
I2arest MiiqvheLre, €, Nt vo.ume C7 Tne perivisdera: 7.Uilad (ariey

removal of the Aristotle's lantern) together with the colour of the
fluid, classified according to a colour dictionary (Maesz and Paul,
1956), d) gonad total wet weight, e) the Tength and weight of the
largest and smallest gonads, f) the colour of the gonads, g) the
digestive tract contents which were preserved in indiluted formalin
for later analysis as well as h) the ocurrence of the comensal crab

Pinnaxodes chilensis which are usua]]y found in the distai region of

+ia _l-.-.,.nd--. [P - o L Y S N N,

the digestive tract and l} samp‘ues of th e spines of the sea-urchin.

The reproductive cycle was observed through both the gonad index
and a histological analysis of gonad tissue. The monthly variation
of the gonad index was calculated as the ratio of the wet gonad
weight (g) to the diameter® x 1000. For histological analysis,
samples of the gonads of each sea- urchin were fixed in Bouin's fluid

Fnmmnl | AAna FivunAd DA~ e Flisd o
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random sample of 500 were embedded in paraffin wax, sectioned at 5 p
thickness (from the middle of the gonad), and stained with haematoxylin
and eosin. All the gonads fixed in formalin (1164) were investigated
by cryoscopic technique and stained with Delafield's haematoxylin.

The detailed analysis of the gametogenic cycle of L. albus will be
presented in a future paper.

For a period of one year, starting in November 1568, the co
of 1ipids and other d1ssolved chemical compounds (Greenfield, et.al
1959) were analyzed by ether extraction in the Soxhlet apparatus
(= 0.5% standard error). The total nitrogen content was measured
with the micro-Kjeldahl method (=0.01% error).

The water content was measured and expressed as the percentage
of the dry weight (=6% standard error) after 24 hours at 65-70°C.

,,,,,

The resuits are given by Guisado and Rojas, (1971).

A1l the animals analised in this study were adults with an average
diameter of 7.07 cm (SD+1.59).

The perivisceral fluid index was calculated as the volume of the

fluid (ml1) / diameter?® x 108,
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The monthly variations in sex ratio of the natural populations of
L. albus from Valparaiso, from May 1968 until May 1969, are shown in
Fig. 1. The average for this period was 50.2% for the females, 39.7%
for the males and 10.1% for undifferentiated (neuter) animals which
were either too young for sexual development, or were adults in a
specia] gonada] condition. Only in Ju]y 1968 were no neuters present
in the samples. Evidence for gamewgemc activity was found in femaies
starting at 3.8 cm diameter and in males starting at 4.7 cm. The
largest animal with ripe gametes was a 12.9 cm female. Gutierrez and
Otsu, (1975) studying the same species in the northern part of the
country (22°54'50" S. Lat., 70°18'30" W. Long.) obtained very different
results, reporting that in 1965 95% of the population were females;

thgy also poted that in January 1966 the proportion of males was
slightly higher than 53%: no neuter animals were reported.

The seasonal changes in the gonadal condition are summarized in
Fig. 2 only for mature animals and those in spawning condition.
(These will be examined in greater detail in a later publication)
L. albus went through the same pattern of deve]opment in the years

eamnlads A Af matiumarinn £
sampled: a period of maturation followed by a spawning period and

finally a resting period. Spawning apparently took place twice a
year with spawning period in spring (September-November) and a second
period in autumn (March-May). The highest level of reproductive
activity occured in spring, and declined through the summer. This
followed by a second spawning period, which however, was at a lower
level. Late autumn and early winter was characterized by a resting
period during which no reproductive activity occured. The two

e ~rTlase Aahecanuand awna 1t imilaw

reproductive cyclies observed are quite similar.

The gonadal index was in general lower for the females, with the
exception of September 1969 when the female gonadal index was clearly
higher than the male index (Table 1). After homogeneity test (d.f.
=22; x% = 2.24; P=0.995) both indexes were pooled together. When
the pooled gonad index is compared with the pooled mean percentage
of spawning animals (Fig. 3), a decrease of the index is apparent

from May till Ju]y 1968 and from May till June 1969, in spite of an

absence of spawning animals. Afterwards the index recovered just
before the first spawning animals were evident. The process continued
with a marked decline in the gonad index accompanied by an increase

in the number of spawning animals.

Certainly, determination of the spawning season by fluctuation in
the gonadal index, and by the proportion of spawning animals, lends
itself to subjective interpretation, but a more accurate appreciation

of the fenomena is obtained when observations are included on the
chemical changes during gonad maturation.

[$)]
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Figure 1. Changes in sex ratio in the population of Loxechinus albus.

The annual mean percentage of ether extract from the gonads was
28.69% for the females and 26.55 for the males of the dry weight
{Table 2}. The ether extract from the gonads in the males and in
the females separately have a relationship with the monthly gonad
index. The correlation for the males is r=0.67 and for the females
r=0.65 both significant at the 5% significance level (Fig. 4a). The
total amount of ether extract has also a significant relationship
with the pcoled mean gonad index (Fig. 4b). After spawning, the
ether extract decreases, as has been observed in other echinoderms
{Pearse, 1965). Microscopic examination of the fresh gonads showed
that the fat dropiets at the beginning of the maturation process
were very small and numerous, becoming fewer and bigger at the end
of the season.
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Figure 2. Seasonal variation in gonad condition:®=mature, e=spawning.

The annual mean nitrogen content (proteic and non proteic) was
6.39% in the females and 7.12% in the males (Table 2). There was
no significant correlation between the monthly mean nitrogen content
and the monthly gonad index in either sex. Before the breeding
season, the nitrogen content of the female gonad was more or less
stable compared with the wider fluctuations observed in the males
(Fig. 5). In July 1969 when spawning started, both sexes had
approximately the same percentage of nitrogen. The breeding season
in the femaies was characterized by a more or less steady decrease
in nitregen content until October. Guisado and Rojas, 1971 have
observed that dark coloured gonads contain less nitrogen than those
5f Tight colour {Table 3}

3
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TABLE 1.
Temp.C. Gonad Index Pooled Gonad Index
1968 99 N8 N X
May 12.4 0.32 60 0.39 48 0.35
J 12.6 0.29 69 0.40 44 0.35
J 12.1 0.24 35 0.25 32 0.24
A 11.8 0.29 55  0.33 47 0,31
S 11.9  0.14 72 0.16 49 0.15
0 12.2 0.13 64 0.13 54 0.13
N 13.1  0.12 5 0,15 51 0.14
D 13.4 0.16 61 0.15 43 0.16
1969
Jan 4.8 06.19 60 0.22 49 0.20
F 13.8  0.22 43 0.25 46 0.24
M 14.0 0.26 49 0.26 36 0.25
A 13.6 0.26 37 0.33 35 0.29
M 13.5  0.29 30 0.40 15 0.34
J 13.4 0.22 26 0,29 23 0.26
J 2.1 0.32 3 0.30 0.31
A 11.9 0.20 10  0.20 0.20
S 12,2 0.30 4 0.19 0.24
0 12.2  0.16 5 0.16 8 0.16
N 12.8  0.14 9 0.12 1 0.13
D+ 0.20 7 025 13 0.23
1970
Feb. 4.3 0.22 7 0.21 2 0.21
M 14.6 0.29 15 0.33 8 0.31
A 12.9 0.20 17  0.30 4 0.25
M 13.4  0.16 0.16 4 0.16
J 12.5  0.18 0.26 9 0.22
J 1.1 0.18 10 0.23 10 0.20

Table 1. Mogth]y mean surface temperature, gonad index and pooled gonad
index.

The annual mean water content in the males was 74.26% and in the
females 75.06% (Table 2). The water content of the testes had a
significant correlation with the gonad index (r=0.679) but
in the ovaries this correlation was low (r=0.136) (Fig. 6). There
seems to be a strong tendency among the males to lose water when the
animals spawn. In the females, however, the water content is more
or less stable during the annual cycle observed (Fig. 7).

8
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Figure 4. Relationship of the ether extract contents of the gonads
and the gonad indices:

a, in males (A——) {Y=35.9295+(-33.4739 X); Syx=3.17}
and females (o- —) {Y=36.2208+(-32.8693 X); Syx=2.42}

b, the total ether extract contents of the gonads compared
with the pooled mean gonad index

{Y=37.7614+(-39.3209 X); Syx=2.29}.

The volume of the perivisceral fluid in both sexes tends to
fluctuate greatly during the annual cycle (Fig. 8). There was no
significant correlation with the gonad index, although the amount
of fluid was lees in the spring of both 1968 and 1969, that is to
say, during the first spawning period.

Figure 9 shows that there is a certain relationship between the
pooled mean gonad index and the surface water temperature (Table 1,
observed at 08:00 hours), if one of this two variables is rearranged
forward or backward three months in time (r=0.85; 1% significant
level) (Fig. 9). ‘

Moore and Lopez (1972) found a relationship between seasonal
variation in the gonad index and the rainfall, but we were not able
to investigate this matter because rainfall figures from the sampling
area were not available to us.

1C
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TABLE 2.

% ETHER EXTRACT % NITROGEN % WATER CONTENT
1968 Total 9 % 86 Total %% Py Total r i 88
Nov. 35.51 (4) 35.35 (2) 35.72 (2) 6.84 (6) 6.79 (4) 6.94 (2) 73.25 (4) 75.00 (2) 71.50 (2)
D 32.96 (1) 32.96 (1) - 7.32 (8) 6.30 (2) 8.34 (2) 67.68 (5) 67.40 (2) 638.86 (2)
1969
Jan. 29.00 (10) 31.19 (1) 27.55 (6) 7.09 (12) 6.51 (6) 7.67 (6) 73,85 (14) 71.71 (7) 72.61 (6)
F 27.94 (4) 26.73 (2) - 6.74 (6) 6.64 (2) 6.20 (1) 76.04 (9) 76.47 (4) 77.50 (1)
M 24,70 {11) 27.17 (7) 21.28 (3) 6.76 {13) 6.52 (8) 7.01 (3) 74.88 (13) 74.03 (8) 72.20 (3)
A 26.66 (5) 28.21 (1) 26.28 (4) 6.99 (5) 7.47 (1} 6,87 (4) 75.32 (5) 74.00 (1) 75.50 (4)
M 27.03 {2) 28.04 (1) 26.02 (1) 6.94 (6) 6.69 (4) 6.55 (1) 84,08 (6) 80.37 (4) 98.00 (1)
J 23.06 (10) 23.34 (5) 22,77 (5) 6,94 (12) 6.57 (6) 7.30 (6) 77.83 (11) 77.31 (7) 78.83 (4)
J 25.46 (5) 27.64 (2) 23.98 (3) 6.63 (6) 6.59 (3) 6.67 (3) 72.56 (6) 72.06 (3) 72,96 (3)
A 29.51 (8) 28.36 (5) 31.45 (3) 6.64 (13) 6.07 (8) 7.54 (5) 76.05 (15) 76.32 (10) 75.48 (5)
S 29,15 (3) 26.28 (1) 30.56 (2) 6.25 (3) 5,29 (2) 8.18 (1) 69.06 (5) 75.35 (2) 65.36 (3)
0 32.85 (2) - 31.15 (1) 5,17 {2) 5.17 (2) - 69.36 (5) 71.25 (2) 72.10 (2)
N 29.21 (7) 29.18 (1) 29.22 (6) 6,26 (9) 6.19 (2) 6.28 (7) 77.19 (11) 79.36 (3) 76.40 (8)

Table 2. Monthly variation of the ether extract, nitrogen and water
content of the sea-urchin gonads. In parenthesis are the
numbers of individuals analyzed. If the totals exceed the
sum of males and females, the excess represents neuter animals,
(from Guisado and Rojas 1971).
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Figure 5. Changes in the nitrogen content in the gonads of males
{A —) and females (o0- —).
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TABLE 3.

Colour

Ochre
Ochre-orange
Orange
Pale-orange
Orange-yellow

Colour classification

Plate 13 G 8
Plate 10 J 10
Plate 10 F 7
Plate 10 E 7
Plate 9L 7

% Nitrogen

6.48
6.66
6.67
6.98
7.01

Table 3. The colour change of the sea-urchins gonads related to the
nitrogen contents (form Guisado and Rojas, 1971).
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Figure 6. Water content in testes and ovaries related to the respective
gonad index in males

and females
(o- —) {Y=72.8762+7.6394 X; Syx= 3.4853}.

{Y=60.0875+63.6279 X; Syx=5.6856}
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Figure 9. Apparent relationship between the surface water temperature
and gonad condition.

{Y= -0.5567+0.0603 X; S,,,=0.0352}.

yX
DISCUSSION.

During the reproductive cycle studied in 1968, the span of the
breeding season of Loxechinus albus in the central region of Chile
was from August in late winter of 1968 to April in autumn of the
following year. In the ensuing cycle a displacement of one month
in the spawning process was observed; it has also been reported for
other species of sea-urchins (Lewis, 1958).

Before the first spawning animals were evident in the population,
the gonad index decreased. This could be explained as a loss of
weight due to starvation probably caused by the effect of colder
water (Biickle, et al., in preparation).

The breeding pattern had two distinct spawning periods. The
first one, which ocurred in spring time, is the most important. It
is confined to a few months and has been reported also in other
biological studies of this species dealing with its mass culture.

Blickle, et al. (1976) reported that it was feasible to rear larvae

in an open circulating system until October, which is the month

when sea temperatures show leest fluctuation. Pizarro, (1973) analyzed
the variations of this factor in the area of Valparaiso during a ten
year period and showed that water temperatures were at their most
stab’c during the span of the first spawning period. Successful
larva?l development is enhanced by stable water temperature. Later,
Aaoweyer, temperature changes as a result of the replacement of one
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water mass by another (Pizarro, op. cit.) inflienced the "stabilization
and extinction interval” of the Tarval cultures (Biickle, et al, 1976).
The results of experiments with larval development were negative
during December and January. This suggests that although spawning
may occur during and after this time, larval development 1n the w11d
is unlikely to be successful. However, the developmental range 1n
time of the larvae is one problem in the reproduction biology of the
sea-urchin, and the spawning range of the population another. Since
the productivity of the species does not depend only on one of these
variables, both of them should be taken into accoynt in a ana]ys1s-
of its reproduction cycle. In this way the effective spawning period
is a very restricted phenomenon compared to the large breeding season
observed (Boolootian, 1963).

What appears to be, from the histological evidence, a second
spawning period in the autumn may arise from a concentration of the
energy needed to recover the gonads (which would expldin the marked
increase in gonad index at this time), and also from a resistance
to the onset of starvation which is probably caused by the decreasing
sea temperature (Biickle et al., in preparation). It is possible to
assume that this "second spawning period" corresponds to a growth

phase probably due to the storage of nutrients for the ensuing winter
food shortages. ’

At the time of the first spawning period, the decreasing gonad
index correlates also with a decrease in nitrogen content, especially
for the females, where the high energy concentrated at the beginning
of the breeding season (Fuji, 1967) is utilized during ovarian
activity apparently without being replaced. The males, however,
seem to concentrate more nitrogen to mantain sperm production. A
reduction in the water content is very marked in the males and the
water may be replaced by an increase in the ether extract in both
sexes. The significant regressions with decrease of the gonad index,
obtained with ether extract in males and females, and with water
content in males, suggest that the first spawning peak is the most

important period for gametogenic production. On the other hand, the
"second spawning period" is characterized by the greatest gonad index
observed in the present study, which may explain the high water
contents found in testes and ovaries, the low ether extracts and the
normal level of protein in the animals at this period. Even if in
this period there are still animals in spawning conditions, what
appears to be an attempt to continue maturation is detained by the

ensuing winter, and the energy accumulated is therefore in part
utilized to maintain 1life.

* The change in the time of spawning is to be expected from the

work of Bennet and Giese (1955) who have shown that maturation

varies geographically in sea-urchins, particularly with respect to
the onset of spawning. However, the two minor spawning in February
and April reported in Antofagasta may in reality correspond to the
"second spawning period" in Central Chile which we believe to be

a growth phase rather than a spawning period. L. albus may therefore,
have only one reproductive pattern in the subtropical region.
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ERRATA.

* The
the same
thad FhA
vila v Ll

province

results obtained by Gutierrez, J. and Otsu, I., 1975 for
species in the northern regicn of the country suggest
v s doarar mwmn At EEavmand g +

indd e - T ]
YEPrOGUCTIVE patiern are Givrerent. oSea-urinins in the

of Antofagasta, have a massive spawning which takes place

in November and December, and two minor spawnings, one in February
and the other in April (Gutierrez, J. and Otsu, I., op. cit.).





