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ABSTRACT: Specimens were examined from a number of stations (960 to 2120 m depth) in the
Porcupine Seabight and Rockall Trough, N. E. Atlantic Ocean. Both species are gonochoric and show
an equal division of the sexes. The ovary of Laetmogone violacea is a compact nodose structure
containing eggs up to 400 um diameter. The testis is highly digitate, with the wall of each tubule
containing numerous infoldings lined with spermatogonia and spermatocytes; spermatozoa reach a
maximum size of 2 um (head diameter). The ovary of Benthogone rosea consists of thin-walled nodose
tubules through which the large egg of 750 um diameter can be clearly seen. The testis of B. rosea is a
small digitate structure, the walls of which lack the infoldings found in L. violacea; spermatozoa have a
head diameter of 5 to 7 um. In neither species is there any evidence for reproductive seasonality.

INTRODUCTION

Holothurians comprise a large and conspicuous
proportion of the total biomass of the benthic boundary
at great depths (Pawson 1966, Filatova 1969, Menzies
et al. 1973, Barnes et al. 1976, Khripounoff et al. 1980,
Sibuet & Lawrence 1981). They appear regularly in
deep-sea photographs (Heezen & Hollister 1971) and
may be observed occurring singly or in large aggrega-
tions (Barham et al. 1967, Barnes et al. 1976, Billett &
Hansen 1982). Of the 6 orders of holothurians, the
Elasipoda are the most common in the deep-sea.
Although the taxonomy and zoogeography of this order
have been described extensively by Hansen (1975), our
knowledge of the reproductive biology of deep-sea
holothurians remains rather limited. In general, shal-
low-water holothurians show a wide variety of repro-
ductive habits (Hyman 1955) but only the commer-
cially important species of shallow-water holothurians
have received much attention (Tanaka 1958, Krishnas-
wamy & Krishnan 1967, Krishnan 1968, Conand 1981).
Elsewhere, especially along the seaboard of North
America, studies of a limited number of brooding and
indirectly developing species have been undertaken
(Pearse 1968, Rutherford 1973, Green 1978, Engstrom
1980).
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In accounts of the truly deep-sea species, reproduc-
tion has usually been given little more than cursory
attention. Mortensen (1927) and Heding (1935, 1942)
briefly discuss egg size in relation to development
within deep-sea holothurians whilst Hansen (1975)
devotes a section of his monograph on the Elasipoda to
reproduction, although the number of specimens
examined is small. More recently, Billett & Hansen
(1982) described the egg size of the elasipod Kolga
hyalina as 180 um diameter and predicted lecitho-
trophic development, whilst for the dendrochirote
Ypsilothuria bitentaculata (mistakenly given as Y.
talismani; see Gage et al. 1985), Tyler & Gage (1983)
described a maximum fecundity of <50 eggs indi-
vidual~! with the eggs growing to a maximum size of
350 um. This was thought to suggest lecithotrophic
development, with a reduced larval stage for this
species.

Laetmogone violacea is considered to be a typically
bathyal species with almost a cosmopolitan distribu-
tion that may be dependent on ocean currents (Hansen
1975). It has a general depth range of 225 to 1804 m
(Hansen 1975) but in the Rockall Trough and Por-
cupine Seabight, it is found at depths of 700 to 1500 m.
Benthogone rosea appears to have a widespread dis-
tribution in the E. Atlantic, S. W. Pacific and W. Indian
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Fig. 1. Gross morphology of gonads. (A) Laetmogone violacea, ovary, (B) testis. (C) Benthogone rosea, ovary, (D) testis. g:
gonoduct; oo: oocyte. Bar: 10 mm

develops it is surrounded by follicle cells which are
believed to act as nutritive support cells for the
developing oocyte. Rarely were oocytes observed to be
undergoing phagocytosis.

Histologically the gonoduct consists of the epithelial
linings of the ovary wall but these are separated by a
very thick connective tissue layer and two layers of
muscle.

To determine the oocyte size distribution in each
specimen, and to determine any variation between
samples, oocyte size-frequency figures have been con-
structed. Examination of individual specimen oocyte
size-frequencies suggests that there is a pool of imma-
ture oocytes <150 um which numerically constitute the

vast majority of oocytes present and that some of these
develop, undergo vitellogenesis and grow to a max-
imum size of ca 350 um diameter before being
spawned. There is some suggestion that these vitel-
logenic oocytes develop as a distinct cohort, whilst in
other specimens there is a steady production of vitel-
logenic oocytes.

Within the sample-summated oocyte size-frequency
figure {Fig. 3) there is no evidence of any reproductive
seasonality although no winter or early spring samples
have been collected. These data have been analysed
by an r X k contingency table and the null hypothesis
that there is no difference between the 9 samples is
accepted (x? = 90.55, df = 96, p = <0.001).
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Fig. 2. (A) Laetmogone violacea, oogenesis; (B) Benthogone rosea, oogenesis; (C) B. rosea, spermatogenesis; (D) L. violacea,
spermatogenesis. W: gonad wall; P: previtellogenic oocyte; V: vitellogenic oocyte; L: lumen of gonad; G: germinal epithelium;
Ph: phagocytosed oocyte; =: individual phagocytes in (B); sp: spermatozoa; T: sperm tails; ¢: coelomic epithelium; sg:
spermatogonia; f: fold in germinal epithelium. Horizontal bars: 100 um. All haemalum and eosin except (A) (Toluidine blue)

Microscopic and oocyte size-frequency observations much greater cellular presence in B. rosea than in L.
of gametogenesis in Benthogone rosea violacea. The original clumps found in L. violacea are

not as easy to identify in B. rosea. However, sub-

The wall structure of Benthogone rosea is similar to cellular previtellogenic oocyte growth appears to fol-

that of Laetmogone violacea except that there is a low a similar pattern although oocytes in this stage in
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Fig. 3. Laetmogone violacea. Summated sample oocyte size-frequency of all seasonal samples. Samples from different years are
plotted on an annual axis; ® mean oocyte size; o +1 standard deviation

B. rosea are surrounded by numerous follicle cells (Fig.
2B). Vitellogenesis appears to commence at an oocyte
diameter of about 300 um. At this stage, fine PAS-
positive granules appear and the oocyte then grows to
a maximum size of 750 um. There is some evidence
from sections through the tips of the gonad tubules that
previtellogenic activity is highest at these distal points.
In the largest oocytes (ca 700 um) the cytoplasm con-
tains dense granular PAS-positive material and in
some oocytes a 'dent’ in the nucleus appears to open to
the oocyte surface. The nucleolus is also very eccentric
within the nucleus.

Some oocytes, particularly in the range 200 to 300
um diameter were permeated with follicle cells sug-
gesting some form of phagocytic process. The follicle
cells that had supported the early growth of the oocyte
now invade the oocyte and result in its complete

breakdown (Fig. 2B). The proportion of oocytes >200
um being broken down varied from zero in newly
developed specimens to ca 40 % in well developed
specimens. This ‘nurse cell’ pattern has been observed
in a number of deep sea asteroids (Tyler et al. 1982a,
Pain 1983).

On capture, a large number of Benthogone rosea
were found to have eviscerated. In many cases only a
few gonadial strands could be found, just enough to
determine the sex. In the remaining cases oocyte size-
frequency analyses were attempted, but we believe
that partial spawning of many of the specimens had
taken place during capture. However, we present
oocyte size-frequency counts for 7 intact specimens
(Fig. 4). These data suggest there is a ‘pool’ of previtel-
logenic oocytes <250 um diameter and that from this
pool a limited number of oocytes undergo vitel-
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logenesis, possibly supported by phagocytosed oocy-
tes, to reach the maximum oocyte size of 750 um at
which point they are spawned. The paucity of large
oocytes in these figures suggests some release of
gametes took place during capture. This pattern is
typical of deep-sea asteroids with direct development
(Tyler et al. 1983).

Spermatogenesis in Laetmogone violacea and
Benthogone rosea

The germinal epithelium of the testis of Laetmogone
shows numerous infoldings (Fig. 2D) that are lined
with spermatogonia (ca 70 um diameter). These divide
to give a thin layer of spermatocytes which then
undergo reduction division to produce spermatids that
mature into round-headed spermatozoa (2.0 um diame-
ter). The testis appeared to be in a continually mature
condition ready for spawning on meeting a female.

The germinal epithelium of the testis of Benthogone
rosea rarely showed the infolding found in Laet-
mogone violacea except in some narrow distal tubules.
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The gonads usually contained loosely packed sper-
matozoa (Fig. 2C) with very little evidence of other
spermatogonial cells. The heads of these spermatozoa
were large (ca 5 to 7 um diameter) and round, whilst
the sperm tail extended into the lumen of the testis.

DISCUSSION

It is of considerable interest that these 2 closely
related elasipod holothurians show interspecific varia-
bility in their reproductive pattern. Both are wide-
spread species with Laetmogone violacea being found
on the upper to mid-continental slope, whilst Benth-
ogone rosea is found on the middle and lower slope.
All the specimens we have examined are mature,
although at least 50 % of specimens of B. rosea had
totally eviscerated during capture. Hansen (1975) sug-
gests that L. violacea reaches reproductive maturity at
50 mm length whilst the smallest specimen of B. rosea
examined (ca 44 mm) was already undergoing de-
velopment.

The pattern of early oogenesis, with oogonia giving
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Fig. 4. Benthogone rosea. Oocyte size-frequency values of individuals that had not eviscerated on capture
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rise to previtellogenic oocytes, would appear to be
similar in both species. In Laetmogone violacea these
oocytes begin yolk production at about 150 um before
increasing in size to a maximum of 350 um diameter.
However, the oocytes of Benthogone rosearemain pre-
vitellogenic until about 300 pm diameter before under-
going yolk production to produce eggs in excess of 750
um diameter. In both species the germinal vesicle was
intact, even in the largest oocytes, suggesting that
reduction division takes place immediately before
spawning, or in the water column after spawning. In
L. violacea nearly all the oocytes were spawned
whereas in B. rosea a number of oocytes in the size
range 200 to 300 um underwent phagocytic break-
down. During egg production follicle cell activity
appeared to be much greater in B. rosea than in L.
violacea.

From these data we can make certain inferences.
The egg size of Laetmogone violacea is considered an
‘intermediate’ egg size between the small eggs of
planktotrophic developers (<100 pum) and the large
eggs (>600 um) of direct developers. This intermediate
egg size has been found in only 2 other deep-sea
echinoderms, both typically slope species, the large
epifaunal brittle star Ophiomusium lymani and the
small, deposit-feeding dactylochirote Ypsilothuria
bitentaculata (Gage & Tyler 1982, Tyler & Gage 1983,
as Y. talismani). By comparison with shallow-water
species (Hendler 1979), it is suggested that this size of
egg gives rise to an 'abbreviated’ larva.

Although no direct evidence is available we may
expect these abbreviated larvae to be dispersed
throughout the adult population by near-bed current
activity.

As with other echinoderm species producing an egg
of the intermediate size, spawning is a complete pro-
cess In Laetmogone violacea. Maximally developed
oocytes are rarely found undergoing follicle cell activ-
ity, thus negating the need for any recycling processes.
In contrast, Benthogone rosea produces the large egg
typical of direct development to a juvenile usually
considered to occur close to the adult population. It
would appear that large eggs are more difficult to
maintain in the ovary and if not spawned are phagocy-
tosed by follicle cell activity so that the energy is
retained within the adult rather than being lost to the
environment. This dichotomy of follicle cell activity
between those species producing intermediate and
large eggs is a common feature amongst cogenesis in
deep sea echinoderms.

From the available data there was no evidence of
reproductive synchrony related to any of the seasonal
phenomena that have been recently identified from the
deep-sea (Deuser & Ross 1980, Deuser et al. 1981,
Dickson et al. 1982, Tyler et al. 1982, Billett et al. 1983).

The reproductive pattern observed in Laetmogone vio-
lacea and Benthogone rosea would appear to be more
typical of deep sea echinoderms as 30 out of 36 species
so far examined appear to reproduce year round.

Within the males the spermatogenic process was not
distinctly different between the species. The germinal
epithelium of the testes of Laetmogone violacea was in
folds which increases the surface area of sper-
matogenesis. The much larger sperm head {ca 7 um) of
Benthogone rosea, compared to that of L. violacea (ca 2
to 3um) may be related to the need to penetrate the
larger egg of B. rosea.

These data pose a number of questions. First, the rate
of vitellogenesis and egg production in each species
remains unknown; it may take weeks, or years. After
feeding we do not know how long storage lasts; nut-
rients may be stored in the body wall in holothurians or
transported directly to the gonads. The lateral or verti-
cal transport of large eggs is not usually expected, but
an abbreviated larva may be transported up, down or
along the slope perhaps for considerable distances.
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