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ABSTRACT. This study describes the gametogenic cycle of Ophioderma januarii Litken, 1856, a common species of
ophiuroid in Southeastern Brazil. The specimens were collected during the project “Biodiversidade Béntica Marinha no
Estado de Sdo Paulo-BIOTA/FAPESP-Bentos Marinho” (Marine benthic biodiversity in the State of Sdo Paulo-BIOTA/
Fapesp-Marine Benthos) which was conducted off the northern coast of the state of Sdo Paulo. Specimens were cap-
tured monthly between February 2001 and December 2002. Due to the low number of individuals the monthly data
was grouped in seasons (spring to winter). A total of 101 specimens were obtained: 33 in spring, 10 in summer, 23 in
autumn, and 35 in winter. The gonads of eighty-eight individuals (45 females, 42 males, and one hermaphrodite) were
analyzed histologically. The male and female gametogenic cycles were classified into five different gonadal stages,
which were analyzed separately. The reproductive pattern could be defined through histological analyses of male and
female gonads, together with oocyte diameter frequency. Some general conclusions could also be reached: this is a
gonochoric species that reproduces year-round but increases its gonadal activity during summer; based on the size of its
mature oocytes, it has lecithotrophic development. Apparently, its recruitment is enhanced in late summer, and smaller

individuals are more frequent during autumn and winter.
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Members of Ophiuroidea can adapt to different habitats,
trophic levels, and biological interactions, with a high degree
of heterogeneity in their reproductive biology. The reproduc-
tive period in ophiuroids usually lasts from one to three months,
and occurs in spring, summer, or autumn (BoorLooTian 1966,
FeLL 1966). However, according to HenpLer (1991), the conclu-
sions of these authors were based on studies lasting less than
one year. Recent studies (MorGaN & Jancoux 2002, CISTERNAS &
Byrne 2005, Yokovama et al. 2008) of ophiuroid reproduction
have shown that the duration and seasonality of the gameto-
genic phases are variable, and that brooding periods are nor-
mally longer than three months. Species from deep and warm
waters may reproduce continuously (HenpLEr 1979, 1991). Re-
production is generally seasonal (in summer months) in tem-
perate regions, while more extended in the tropics, but the
data are pretty sparse. Moreover, the seasonality in some ophi-
uroids has been shown to be due to seasonal changes in sea
temperature, photoperiod, and primary production, which are
less seasonal in the tropics (HEnDLER 1991).

Henprer & Tran (2001) related that in spite of the abun-
dance and diversity of ophiuroids, reproduction and larval
development are known for only 4% of the species. Egg size

and kind of development have been also used to infer the re-
productive mode (ScHoener 1972, HenpLER 1975, 1991). Usu-
ally, ophiuroids with small eggs have planktotrophic, moder-
ate, or lecithotrophic larvae; large eggs indicate the occurrence
of brooding (HenpLer 1991, HenpLer & Tran 2001).

According to McEpwarp & Miner (2001) lecithotrophic
development, both in the plankton and benthos, is phyloge-
netically widespread and occurs in more families of the
Ophiuroidea, included Ophiodermatidae.

Although only a small proportion of ophiuroids species
have been studied, the diversity of larval forms suggests sev-
eral alternative (and possibly multiple) evolutionary routes to
the range of developmental patterns in ophiuroids (McEpwarD
& Miner 2001). Cisternas & Byrne (2005) mention that there are
three larval forms in Ophiuroidea: feeding (planktotrophic)
ophioplutei, reduced nonfeeding (lecithotrophic) ophioplutei,
and vitellaria larvae. There are two patterns of metamorphosis
among echinoderms, Type I (with ophiuplutei) and Type II (lack
ophioplutei) development. The significance of the two patterns
has remained elusive because details of development, through
metamorphosis, have been documented for only a small num-
ber of species (CisTerNAs & Byrne 2005).
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Among ophiuroid families with vitellaria larvae (Type II
development), the Ophiodermatidae is a widespread tropical
family, with one genus in the Atlantic and several genera in the
Indo-Pacific (HenpLer et al. 1995). However, descriptions of de-
velopment are available for few species (Cisternas & Byrne 2005).

Most of the species of this family, present an annual re-
production with a single spawning event, like Ophioderma
apressum (Say, 1825) (Henprer 1991) and O. brevispinum (Say,
1825) (Henprer & Tyrer 1986). However, species with a con-
tinuous reproductive cycle are not frequent in this family.
Ophioderma januarii Liitken, 1856 is a robust species, commonly
found above 120 m depth, inhabiting sand and mud bottons,
in the Southern Brazilian coast (BorGges & Amarar 2005). There
is little information about its reproduction, only a reference to
the presence of mature gonads in the bursa during several
months (Tommast 1970), which would imply in a continuous
reproductive pattern. So far, the reproductive state of this spe-
cies remains unknown, since no histological investigation was
made. Herein, we report on first study of the gametogenic cycle
of O. januarii, by means of histological analysis over one year
of gametogenesis, with the purpose of a critical examination
on whether this species has seasonal reproduction.

MATERIAL AND METHODS

The specimens of O. januarii (Figs 1 and 2) were collected
monthly, from February 2001 to December 2002, during the
program “Biodiversidade Béntica Marinha no Estado de Sao
Paulo - BIOTA/FAPESP-Bentos Marinho”, from depths between
five and 50 m, with a rectangular dredge and a bottom net, off
the northern coast of the state of Sdo Paulo, Brazil. The speci-
mens used in this study were sampled in stations between
23°23'18”-23°58'10"S and 44°11'42"-45°30’48"W (Fig. 3).

Because of the small numbers of individuals for each
sample, the data was grouped seasonally (spring, summer, au-
tumn and winter). A total of 101 specimens of O. januarii were
sampled, but only 88 analyzed due to a better conservation
state. The disc diameter of each individual was measured with
a digital caliper to the nearest 0.01 mm.

Specimens were dissected and their gonads (Figs 4 and 5)
were removed and the fixation method employed (70% etha-
nol). Although the 70% ethanol is not the appropriated method
for histological procedures of the tissues, there was no other
options since the animals were already fixed in that solution
when this gametogenic study was initiated.

The tissues were dehydrated in graded ethanol, and then
infiltrated and embedded in glycol-methacrylate resin. The speci-
mens were serially sectioned to 3-5 pm thickness with glass knives
in a microtome. Sections were stained with toluidine blue and
later analyzed by light microscopy and photographed. To gen-
erate the oocyte diameter frequency plots, 30 oocytes with a
nucleus and nucleolus of each female were measured. Identifi-
cation of gametogenic stages in both sexes was based on the
work of Servakumaraswamy & Byrne (1995). Documentation of

Figures 1-2. Ophioderma januarii: (1) dorsal view; (2) ventral view.

oogenesis was based on the oocyte diameter and its staining
properties, according to the works of Byrne (1991), SELVAKUMARAS-
wAMY & BYrNE (1995), and STEwaArRT & MraDENOV (1995).

Analyses of seasonal variation in the size of the species
were test via ANOVA.

RESULTS

Eighty-eight individuals were analyzed, 45 female, 42
males, and one hermaphrodite. Eleven specimens could not be
sexed because they either lacked gonads or were in an initial
development stage (indeterminate). Two had their gonads dam-
aged during the process of drying for image capture.

ZOOLOGIA 26 (1): 118-126, March, 2009
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Figure 3. Studied area showing the stations of sample.

Ophioderma januarii had disc diameters between 7.38 mm
and 25.7 mm with an annual mean # standard error of 15.22
mm + 4.49. No significant seasonal differences were observed
between the ophiuroid sizes (F = 61.05, p > 0.05). Thus, there
was a tendency to larger individuals occurring in spring and
summer (mean * standard error: 17.57 mm * 5.35 and 16.26
mm + 5.23, respectively) while small specimens were more fre-
quent in the autumn and winter months (mean * standard
error: 13.81 mm + 3.77 and 13.62 mm * 2.55, respectively).
However, Individuals lacking or with inconspicuous gonads
were generally in the small size classes (disc diameters between
8.01 and 11.0 mm) (Fig. 6). There is a predominance of indi-
viduals with growing gonads from 11.01 mm and mature indi-
viduals from 10.01 mm, enhancing its occurrence in higher
size classes, mainly between 23.01 and 25.0 mm.

For both sexes of O. januarii, five different gonadal stages
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in the gametogenic cycle were observed: 1) recovering, 2) grow-
ing, 3) mature, 4) partly spawned, and 5) empty (Figs 7-22).

Female

The specimens had a disc diameter between 8.65 and 25.4
mm (mean + standard error: 15.7 £ 4.13). Approximately 30
oocytes from each female were measured (total number of oo-
cyte: 883). Four categories were established, based on the ap-
plicable literature (BYrNE 1991, SELVAKUMARASWAMY & BYRNE 1995):
1) pre-vitellogenic oocytes, with diameter up to 75 pm (mean
+ standard error = 56.27 + 13.11); 2) early-vitellogenic oocytes,
diameter between 75 and 150 pym (mean * standard error =
106.79 + 20.39); 3) mid-vitellogenic oocytes, diameter between
150 and 300 pm (mean + standard error = 227.95 + 45.35); and
4) late-vitellogenic oocytes, completely filled with yolk and with
diameter larger than 300 mm (mean + standard error = 353.31
+ 37.39). The largest oocyte had a diameter of 489.91 ym and
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Figures 4-5. Ophioderma januarii, detail of the oral region and the gonads. (go) Gonads, (op) oral papillae, (os) oral shield.
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Figure 6. Frequencies for maturation stage in the different size
classes (mm) of O. januarii.

19 showed diameters higher than 400 pm. Based on these data,
the following gonadal maturation stages were identified: I)
Recovering: observed after the spawning. Composed of pre-
and a few early-vitellogenic oocytes (Figs 7 and 8). The gonod-
uct and the lumen, filled with an unidentified substance, can
be observed. II) Growing: early- and mid-vitellogenic oocytes
predominating. Those that contained some late-vitellogenic
oocytes, probably in an intermediate stage between the grow-

ing and mature stages, were included in this classification (Figs
9 and 10). III) Mature: ovaries with predominance of late-
vitellogenic oocytes (> 300 um). Other categories of oocytes
can also be observed, however in small numbers (Figs 11 and
12). IV) Partly spawned: empty spaces in the gonad lumen.
Some late-, early-, and mid-vitellogenic oocytes still present
(Fig. 13). V) Empty: shrunken appearance with few pre-vitello-
genic oocytes. It is difficult to observe this stage, which was
recorded for the majority of females in autumn and for one
female in summer (Fig. 14).

Male

In the testes sections, mature and immature cells were
present together. Spermatogenesis was divided into the same
gonadal maturation stages as the females: I) Recovering: small
testes with spermatogonia in the peripheral region. Some sper-
matozoa were observed in the lumen. Individuals in this stage
were found only in winter and spring (Figs 15 and 16). IT) Grow-
ing: large numbers of spermatogonia adhered to the germinal
epithelium. Spermatozoa columns in the initial development
phase can be observed (Figs 17 and 18). III) Mature: large num-
ber of densely packed spermatozoa, fully occupying the testis
lumen. Spermatogonia in the peripheral region, but in low
numbers (Figs 19 and 20). IV) Partly spawned: some spermato-
zoa present, but with empty spaces in the testis, indicating the
beginning of a spawning event (Fig. 21). V) Empty: testes are
reduced, with only a few spermatogonia and spermatozoa. This
stage was observed only in spring (Fig. 22).

ZOOLOGIA 26 (1): 118-126, March, 2009
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Flgures 7-22.(7-14) H|sto|og|ca| secctions of ovaries of O januarii wnth respectwe gonadal maturity stages of oogenesis: (7-8) recover-
ing; (9-10) growing; (11-12) mature; (13) partly-spawned; (14) empty. (ev) Early vitellogenic oocyte, (g) gonoduct, (lv) late vitellogenic
oocyte, (mv) mid-vitellogenic oocyte, (n) nucleous, (pv) pre-vitellogenic oocyte; (15-22) histological secctionc of tates of O. januarii
with respective gonadal maturity stages of spermatogenesis: (15,16) recovering; (17-18) growing; (19-20) mature, (21) partly-spawned,
(22) empty. (sc) Spermatocyte, (sg) spermatogonia, (sz) spermatozoa.

Oogenic cycle

During the spring, a large number (80%) of females with
growing gonads were present (Fig. 23). The analyses of the histo-
logical sections showed that the majority of females were in an
advanced developmental stage, almost reaching maturity. How-
ever, because of the presence of pre- and early-vitellogenic oo-
cytes, such gonads could not be considered completely mature.
This result is compatible with the oocyte diameter frequency (Figs
25 to 28), because of the high percentage of early- (75-150 ym),
mid- (150-300 pm), and late-vitellogenic oocytes (> 300 pm) in
spring, showing the predominance of the growing stage.

Consequently, a high percentage of females would be
reaching maturity in the warmer months of the year, in the
spring and summer. In summer, only three females were
sampled, two of which had growing gonads and one had an
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empty ovary (Fig. 23), which caused some difficulties in the
data interpretation. The end of summer might mark the begin-
ning of the reproductive period.

In the autumn and winter there were females in differ-
ent gametogenic stages (Fig. 23), with a relative predominance
of growing and mature stages. The results from the oocyte size
frequencies (Figs 25-28) indicated high numbers of pre-
vitellogenic oocytes during autumn and winter, although the
other oocyte categories were also present. Partly spawned and
empty gonads were uncommon in the population, suggesting
that in winter only a small proportion of individuals are spawn-
ing. Thus, besides the continuous occurrence of different sizes
of oocytes during the entire year, i.e., a pattern of continuous
reproduction, there is a period of more intense reproductive
activity in the warmer months (Spring and Summer).
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Figures 23-24. Frequencies (%) for maturation stage in the female (23) and male (24) gametogenic cycles of O. januarii in the different

seasons.

Spermatogenic cycle

Mature males were recorded year-round, especially in
spring and summer (Fig. 24). The frequency of males with grow-
ing testes was very low at those seasons, and gradually increased
in autumn and winter, when the number of animals in mature
stages declined. Individuals with partly spawned gonads were
observed year-round, especially in spring and autumn, indicat-
ing the continuous presence of active spermatozoa. Males with
recovering gonads were only observed in winter and early spring.

These results are very similar to those found for females,
in which reproduction occurred all year long, increasing in the
warmer months of spring and summer.

DISCUSSION

The reproductive cycle of an organism is composed of
gamete-developing and growing stages, alternating with spawn-
ing periods. The gonad maturity index, based on histological
observations, is one of the most reliable methods to evaluate
the reproductive stage of a population (MorGAN & JANGOUX
2002). This method allows comparisons between different
populations and the determination of the principal periods of
its gametogenic cycle. However, it is essential that the analyses
be done in conjunction with that of oocyte diameter frequency,
in order to better understand the reproductive process
(Servakumaraswamy & BYrRne 1995). These methods were used in
the present work, and proved to be very efficient in determin-
ing the reproductive pattern of this species.

The present study found that mature individuals of O.
januarii were present during the entire year, which implies con-
tinuous reproduction. Tommasi (1970), referring to the species at
Santos, Sao Sebastido, and Ubatuba, Brazil, mentioned the pos-
sibility of gonadal maturity in March, July, and early August
(Tab. I). Ana M.G. Monteiro (Universidade Estadual Paulista,
pers. comm.), analyzing individuals from Ubatuba, observed the

presence of mature gonads in February, May, September, No-
vember, and December, which suggests a longer and continu-
ous reproductive period (Tab. I). Both authors analyzed only the
presence or absence of mature gonads in the bursae of O. januarii,
with no other approach in histological techniques for this spe-
cies in Brazil. In the present work, the small samples, especially
in summer, could not be sufficient to one assume a continuous
reproduction. However, this is the third time that mature indi-
viduals were observed in this period for the species and besides
the low number of individuals we still can not discard the possi-
bility of a continuous gametogenic cycle for O. januarii.

According to Henprer (1991), some tropical ophiuroids
have a short spawning period (O. apressum and O. brevicaudum
Liitken, 1856) (Tab. I); however, there seems to be a tendency
toward longer reproductive periods in lower latitudes. HENDLER
(1991) mentioned that continuously reproducing species may
show periodic fluctuations in the spawning intensity, as we ob-
served for O. januarii. Populations of Ophioderma cinereum Miiller
& Troschel, 1842 off Panama have spawning peaks in October
and May, however spawning occurs year-round (Tab. I). This
characteristic may be associated with continuous vitellogenesis
and rapid replacement of released oocytes. Still, the majority of
the Ophiodermatidae present a restricted spawning period. The
reproductive cycle of O. brevispinum in Massachusetts (U.S.A.)
has an annual pattern with spawning in June and July (HenDLER
& Tyier 1986) (Tab. I). Temperature plays an important role in
the reproduction of this species, compared to Ophioderma
longicaudum (Retzius, 1805). The authors mentioned that differ-
ences in the reproductive pattern can be caused mainly by dis-
similarities in the ambient temperature. O. brevispinum (Massa-
chusetts) spawns in a one-month period, whereas O. longicaudum
(Mediterranean) spawns for two months (July and August) (Tab.
I), showing a tendency to extend gonadal growth and spawning
stages in warmer waters (HenDLER & TyLErR 1986).

ZOOLOGIA 26 (1): 118-126, March, 2009
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Figures 25-28.0ocyte diameter frequencies (%) for the several size classes (um) in O. januarii. The number of oocyte (N) analyzed for

every season are marked on top of each plot.

Table I. Reproductive spawning periods and respective sampling locations of some species of Ophioderma.

Species Reproductive Period Location Reference
Ophioderma appressum (Say, 1825) September-November ~ Panama HenDLER (1991), HenpLer et al. (1995)
Ophioderma brevicaudum Litken, 1856 August-November Panama HenpLer (1991),

Ophioderma brevispinum (Say, 1825) June-july

Ophioderma cinereum Miiller & Troschel, 1842 All year (continuous)

Ophioderma longicaudum (Retzius, 1805) July-August
Ophioderma rubicundum Liitken, 1856

Ophioderma januarii Litken, 1856

February-December

All year (continuous)

September-November

March, July and August

Henoter et al. (1995), HenbLer & TyLer
(1986), HenpLer (1991)

HenpLER (1991), HenpLer et al. (1995)
HenDLER & TyLer (1986), HenpLEr (1991)
HenpLER (1991), HenplLer et al. (1995)
Tommasi (1970)

Ana M.G. Monteiro (pers. comm.)

Massachusetts, USA

Panama
Mediterranean
Panama

Sao Paulo, Brazil
Séo Paulo, Brazil

Sé@o Paulo, Brazil Present Study

With regard to the size of O. januarii, Tommast (1970)
sampled specimens between 1.52 and 20.5 mm disc diameter;
Ana M.G. Monteiro (pers. comm.) between 11.7 and 22.7 mm;
and MontERo et al. (1992) between 10.5 and 21.5 mm. In the
present study, the size varied from 7.38 to 25.7 mm and contrary
to what MonteIro et al. (1992) affirms, there was no significant

ZOOLOGIA 26 (1): 118-126, March, 2009

relation between individual size and temperature. Small individu-
als registered in cold months for the present study are non-sig-
nificant. The variation in the size of O. januarii does not indicate
seasonality in the reproduction once mature individuals were
observed during the entire study and also by Tommasi (1970) and
MontERO et al. (1992). These similarities observed for different
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years also suggest that the continuous reproductive pattern is
being maintained in the population. No study of the gametoge-
nic cycle of this species was conducted during a longer period,
i.e. more than one year, and it might be a useful approach.

Based on the measurements of the late-vitellogenic oo-
cyte diameters in O. januarii (mean diameter 353.31 pm + 37.39)
and the relationship between the oocytes and pattern of devel-
opment (Henprer 1975, 1991), it can be concluded that this
species, like others Ophiodermatidae, has lecithotrophic de-
velopment (McEpwarD & Miner 2001, CistErNAs & Byrne 20095).
The presence of a huge oocyte (489 pm in diameter) in the
gonads of O. januarii is uncommon for the Ophiodermatidae.
Henprer & Tyrer (1986) reported that the largest oocyte of O.
brevispinum measured had a diameter of 350 ym. In Ophioderma
Miiller & Troschel, 1842 there is a predominance of lecithotro-
phy, with many species having late-vitellogenic oocytes with
diameters between 300 and 350 pm, a size indicative of this
mode of development (HenpLER ef al. 1995, CisterNas & BYRNE
2005). Henprer & Littman (1986), working from the relation-
ship between reproduction, body size, and habitat for differ-
ent coral-reef ophiuroids, listed eight species of Ophioderma
having lecithotrophic development. Cisternas & Byrne (2005),
studding the development of other species of Ophiodermatidae,
Ophiarachnella gorgonia Miiller & Troschel, 1842, demonstrated
the presence of vitellaria larvae (lecithotrophy) too.

Ophioderma januarii probably has a lecithotrophic larvae
(vitellaria) and the discrepant size of its late vitelogenic oocytes
may reflect a poor food resource area for the larvae. Hence, the
species would produce larvae with a higher amount of yolk to
reduce losses in the gamete investment. A more detailed survey
in the food resources for the area where the juveniles and adults
occur might bring evidence to support this hypothesis.

The definition of gametogenesis period and the mode of
larval development should be made with care. Generalizations
based on few observations and small number of individuals
should always be treated with precaution. Indeed, partial in-
formation or even results from small samples had their useful-
ness and researchers have to analyze the data in the appropri-
ate form. The present work made a generalization for the re-
productive pattern of Ophioderma januarii, however compari-
sons with other species were made (Tab. I) and problematic
points, specially with the small number of individuals, were
issued. Also, suggestions for improvement in future works were
appointed. For the present species the continuous reproduc-
tion was only established after a careful bibliographic research.
We observed that other authors noted some patterns of sea-
sonality in the number of mature individuals that agreed with
our findings. Although the number of individuals is small, es-
pecially during the summer samples, we still were able to as-
sume that O. januarii is a continuous reproductive ophiuroid.

In conclusion, Ophioderma januarii reproduces year-round,
with an increase in gametogenic activity in summer. The egg
size indicates lecithotrophic development, and recruitment must

occur in late summer. The species is reproductively active from
9 mm of disc diameter, with gonochoric reproduction. The mean
size varies seasonally, with larger individuals predominating in
spring and summer, and smaller ones in other seasons.
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