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Abstract

To elucidate growth and gonad development of Hemicentrotus pulcherrimus in the bed of Eisenia bicyclis, we examined
gonad indices, gonad histology, gut content indices and ages of the sea urchins collected approximately monthly from
March 2008 to September 2009 in Kitsunezaki in the Oshika Peninsula, northern Japan. We also monitored the densities
of the kelp in six 1 m? quadrates. The kelp at 1- to 3-years of age decreased in density from January to July due to strong
wave action. The urchin test diameters at 1-, 2- and 3-years of age were 12.7 mm, 23.7 mm and 30.5 mm, respectively
and these growth rates were equal to that measured in Sargassum beds in previous studies. The gonad recovering stage
was classified into the two sub-class stages; the recovering I stage with relict spermatozoa or ova surrounded by renewed
nutritive phagocytes, and the recovering Il stage with nutritive phagocytes filling the lumen. The recovering I stages
was prolonged from February to April when the gonad indices were around 10 % of total body weight, then rose sharply
through the recovering II stage during May to August and the growing stage until October. The gonad indices rose sharply
from November and reached a maximum of 18.8 in December when the gonad shifted from the premature to mature
stages, then fell in January at the partly spawned and spent stages. Gut content indices were high at the recovering I stage,
suggesting high availability of the drift thalli and lateral blades dislodged from the kelps and accumulation of nutrients
in nutritive phagocytes.
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Introduction

Temporal and spatial variations of the growth and gonad production of sea urchins are closely associ-
ated with difference in the algal vegetations. It is well known that grazing front or change in feeding
behavior from drift to attached algae as food source of strongylocentrotid sea urchins result in kelp
deforestation (Breen & Mann 1976; Harrold & Reed 1985). In southwestern Australia, Heliocidaris
erythrogramma consumes mainly detached fragments of large brown macroalgae, such as Ecklonia
radiata (Vanderklift & Kendrick 2005; Vanderklift & Wernberg 2008). But, there are a few studies on
the seasonal gonad production in relation to the seasonal algal biomass or the drift abundance (Endo
et al. 2007; Basch & Tegner 2007).

The growth and gonad production of the edible sea urchin Hemicentrotus pulcherrimus, which is
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most widely distributed in Japan, also differ among different algal beds (Agatsuma et al. 2005; Endo
et al. 2007). Grazing of attached kelp by this sea urchin has not been observed. The present study
aims to clarify age and growth, and seasonal gonad development of H. pulcherrimus in a bed of the
kelp Eisenia bicyclis in relation to seasonal changes in the drift abundance. We classified the recov-
ering stage into two sub-stages; the recovering I stage with relict spermatozoa or ova surrounded by
renewed nutritive phagocytes, and the recovering II stage with small numbers of primary spermato-
cytes or previtellogenic oocytes along the acinal wall and with nutritive phagocytes filling the lumen.

Study Area

This study was undertaken in shallow waters in Kitsunezaki (38°21' N, 141°25" E) in the Oshika Pen-
insula, Miyagi Prefecture, northern Honshu, Japan, where the beds of the kelp Eisenia bicyclis grow
on boulder sea beds up to a depth of 2 m along the shore in the range of about 200 m.

Materials and Methods

We collected about 20 to 50 adult H. pulcherrimus in a bed of E. bicyclis at the depths of 1.0—1.5 m in
Kitsunezaki approximately monthly from March 2008 to September 2009. At this study site, no other
species of sea urchin are present. We measured test diameter and body wet weight of all sea urchins
collected using a vernier caliper (0.1 mm accuracy) and an electric balance (0.01 g accuracy), respec-
tively. We also measured gonad wet weight and gut content wet weight of the large 20 specimens,
and calculated the gonad index and gut content index as the percentages relative to body weight. The
ages of all sea urchins were determined by the number of black bands formed in the genital plates
(Agatsuma & Nakata 2004). A regression formula between the maximum width of the fifth genital
plate and the test diameter was calculated by the least squares method and the relationship between
age and test diameter was obtained.

According to standard histological techniques, we made the serial cross sections of the gonads of
large 10 specimens, and classified into the six gonad developmental stages from developmental pro-
cess of germinal cells and nutritive phagocytes (Byrne 1990).

In the kelp bed, we placed two 1 m? quadrates along the nails knocked into the seabed at each
of three places, and counted the thallus numbers in each of the six 1 m? quadrates, bimonthly from
September 2008 to July 2009. In September 2008 and July 2009, we measured the branch length of
the kelps between the center part where stipe is bifurcated and the eroded terminal blade at the lower
margin of lateral blades as age marker in each quadrate using a vernier caliper and estimated ages
according to Taniguchi & Kato (1984), who studied at Tomarihama (38°21’' N, 141°31' E) in the
Oshika Peninsula adjacent to this study site.

During this survey, we obtained the data of monthly wind direction from north-northwest, north-
west, west-northwest and west, which cause wave action at this study site and the daily maximum
velocities observed at intervals of 10 minutes by the Ishinomaki Meteorological Observatory, Mete-
orological Agency. In parallel with sea urchin collection, we measured the surface water temperature
at the study site using a bar thermometer.
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FIGURE 1. Changes in densities of adult and juvenile Eisenia bicyclis in the six 1 m? quadrates. Vertical bars indicate
standard errors. Different letters indicate significant differences in the adult densities among months (P < 0.05).

Results and Discussion

Sea surface water temperature at the study site reached to a maximum of 23.0°C in July in 2008, and
a minimum of 6.4°C in January and a maximum of 22.5°C in July in 2009. In March 2008 and during
November to March 2009, the monthly frequencies of the winds from north-northwest, northwest,
west-northwest and west were high and the daily maximum velocities were also higher than the other
months. In particular, the wind velocities from west-northwest were high, exceeding 15 m/sec. This
directional wind with high velocities was occasionally found during April to June in 2009.

The average densities of adult kelp in the six 1 m? quadrates ranged 9 to 10 individuals/m? from
September 2008 to January 2009, decreased until April when the wave action was high, and sig-
nificantly decreased to 5.8 individuals/m?in July (Fig. 1). Meanwhile, 6.5 juveniles/m? appeared in
November, and then disappeared. The branch lengths of the kelps were less than 20 cm, ranging 1- to
5-years of age. During the 10 months from September 2008 to July 2009, the kelps with the branch
length of less than 12 cm corresponding to 1- to 3-years of age disappeared markedly.

The urchin test diameters at 1-, 2- and 3-years of age were 12.7 mm, 23.7 mm and 30.5 mm,
respectively. This test growth is faster than that in the algal turfs (Agatsuma et al. 2005) and almost
equal to that in Sargassum bed (Agatsuma & Nakata 2004; Agatsuma et al. 2005).

From histological observation of the gonads, we classified the recovering stage into the two
sub-stages; the recovering I stage with relict spermatozoa or ova surrounded by renewed nutritive
phagocytes, and the recovering Il stage with small numbers of primary spermatocytes or previtello-
genic oocytes along the acinal wall and with nutritive phagocytes filling the lumen (Fig. 2). Subsequent
gonad development stages were the growing stage, with increasing numbers of spermatocytes or
early vitellogenic oocytes along the acinal wall and with nutritive phagocytes filling the lumen, the
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FIGURE 2. Histology of ovaries (right) and testes (left) at the recovering I stage (a, ¢) and the recovering II stage (b, d).
NP, nutritive phagocytes; PS, primary spermatocytes; PO, previtellogenic oocytes; RS, relict spermatozoa; RO, relict ova.
Scale bars represent 100 pm.

premature stage, with spermatozoa or ova at the center of the lumen and with spermatocytes and vitel-
logenic oocytes, the mature stage, with spermatozoa or ova filling the lumen and with spermatocytes
and small numbers of vitellogenic oocytes along the acinal wall, the partly spawned stage, with ova
loosely packed and separated by spaces and with spermatozoa less concentrated and with spaces in
the lumen, and the spent stage, with some relict spermatozoa or ova and empty spaces in the lumen.
Monthly changes in gonad indices and gut content indices are shown in Figure 3. The gonad indices
were around 10 from March to April 2008 when the gonads shifted from the partly spawned to the
recovering I stages. Then, the recovering Il stage was occupied from May to August, and the growing
stage was predominant from September to October. During April to October, the gonad indices rose
significantly, and reached a peak of 18.8 in November when the gonad shifted to the pre-mature stage.
Part of gonads shifted to the mature stage in December and the gonad indices fell to January, then
remained around 10 until April at the recovering I stage. The gonad shifted to the recovering II stage
from May and the indices rose the same as the previous year.

The gut content indices change was the reverse of that of the from the gonad indices, rose from
the premature or mature stage to the recovering I stages significantly, indicating the most abundant
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FIGURE 3. Monthly changes in the gonad index (open circles) and the gut content index (open squares). Vertical bars
indicate standard errors. Different letters indicate significant differences in each index among months (P < 0.05).

food intake in the course of the year, and fell to the recovering II stage significantly. The gut content
indices were high at the partly spawned, the spent, recovering I stages and the early periods of the
recovering II stage, showing high grazing activity at lower water temperature when active movement
to algal turf for foraging (Agatsuma et al. 2006). The recovering I stage shows no phagocytosis of
relict gametes. The stage was prolonged due to abundant food intake and accumulation of nutrients in
nutritive phagocytes in the gonad, resulting in test growth and subsequent increase in gonad indices
at the recovering II stage. Prolonged recovering I stage is a species-specific characteristic found in H.
pulcherrimus (Ogasawara et al. 2011) with spawning season in winter.

During summer to autumn when gonads increase in size, the drift thalli of the kelp decreased,
however, the dislodgement of lateral blades increases (Taniguchi et al. 1991, 1993a). The maximum
gonad index of H. pulcherrimus fed E. bicyclis in excess attains 30 (Endo 2008). But, the maximum
index of 18.8 in November in the present study is less than that of 25.0 in the Sargassum bed in
Oshoro Bay, Hokkaido (Agatsuma & Nakata 2004), showing low availability of the kelp as food.
During winter to spring, the increase in the drift thalli of the kelp due to high wave action the same
as found in Macrocystis pyrifera forest (Seymour et al. 1989), in addition, the dislodgement of lateral
blades (Taniguchi et al. 1991, 1993a, b) show high availability of the kelps as food for the sea urchins.

Conclusions
Hemicentrotus pulcherrimus in E. bicyclis forest consumes the drift as food source, which contribute

the somatic growth, especially at recovering I stage in spring, but does not gonad production during
summer to autumn.
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