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ABSTRACT

Haliclona elegans is particularly useful for a study of skeletal variation,
because it is easily identified by the ‘slime strand’ test. Spicule samples
of specimens collected at low water spring tides throughout the year

have been measured and subjected to statistical analysis.

Monthly

changes in the mean lengths and widths of the spicules were found,
and in their standard deviations and coefficients of variation (C.V.).
There was a marked drop in the C.V. for width and length in June,
explicable by a cessation in spicule production. Vertical and surface
sections of the sponges in February were strikingly different from those
in August. The taxonomy of the species and causes of skeletal variation

are discussed.

INTRODUCTION

Spicule dimensions are extensively used in
the diagnosis and identification of sponge species,
but relatively little is known about the causes
of variation in spicule lengths and widths. Infor-
mation is needed on the range of genotypic and
phenotypic variation and on the environmental
factors responsible for the latter. However,
difficulty can at times be experienced in deter-
mining the extent of the variation even for a spe-
cies in a particular locality. For example, some
haplosclerid species are poorly defined and have
only oxeote spicules whose size range tends to
overlap those of other haplosclerids in the same
locality (Jones, 1984). However, Haliclona
elegans is a haplosclerid that can easily be identi-
fied in the field, thanks to a property first used
diagnostically by Topsent (1887, 1925): when
pieces of the living sponge are pulled apart, inter-
connecting slime strands appear between them.
The slime strands result from the presence of
segmented organic fibres in the mesohyle, which
are readily discernible in alcohol-fixed hand
sections of the sponge after mounting in balsam.
Each fibrous segment is contained within a single
cuboidal spherulous cell, so that the fibres appear
like long strings of beads. A number of such
strings may be associated together in parallel,
along with sclerocytes and other cells, to form
‘bundles’ or ‘cellular tracts’, the thickness of which
can vary, According to Herlant-Meewis (1948),
in specimens exhibiting hollow digitations there
are more strings per bundle at the base of the
digitations and in the centre of their walls than
elsewhere, whereas beneath the subdermal cavities
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or near the atrium. or at the free ends of branches,
the strings occur singly or in groups of merely
2 or 3. Whatever their size, the bundles tend to
follow the longitudinal axes of branches of the
sponge. The segmented fibres are not composed
of spongin (Herland-Meewis, 1948; Lévi, 1967),
which is at times abundantly present in H. elegans,
enveloping the oxeote spicules composing the
main skeletal framework. This consists of a rough-
ly orthogonal arrangement of primary and secon-
dary fibres of spicules and spongin. Usually the
fibres are unispicular, with only the ends of the
spicules overlapping those of their neighbours,
but in deeper regions of the sponge multispicular
bundles can occur, with two or more spicules side
by side (Herlant-Meewis, 1948). The segmented
organic fibres are fibrillar under the electron
microscope (Lévi, 1967) and elastic, but their
chemical composition is as yet unknown (Garrone
& Pottu, 1973).

Other diagnostic features of H. elegans
are: the presence of a dermal reticulation, usually
exhibiting - a triangular mesh with unispicular
sides (Bowerbank, 1866); a smooth surface, with
relatively little protrusion of spicules at the dis-
tal ends of the primary bundles; oscula usually
raised, at times on the tops of large, hollow
mounds, or situated at the distal ends of branches,
or simple, i.e. flush with the general surface;
sponge soft to touch; colour when alive, grey,
yellow, rose (Greissinger, 1971), or deep lilac
(Topsent, 1925); spicules curved, typically short,
stout and abruptly tapering, and variable in size
(see later); sponge of variable form, encrusting on
rock or epiphytic on scaweeds and zoophytes.



Plate 1.  Alcohol fixed specimens of Haliclona elegans. The rod is 1¢m long.

Fig. 1-3. Rhosneigr specimens collected- on 16th May 1980 (figs. 1 and 2) and 27th
August 1980 (fig. 3). Fig. 4. Church Island specimen collected on Ist August 1984,
Note the lacework of tracts visible through the general surface, but not obvious on the
sides of the oscular chimneys. In fig. 1 the oscula are large and situated at the summits
of mammillate mounds. In fig. 3 the specimen is only partially encrusting, the remainder
having the form of anastomosing, cylindrical branches.
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Fig. 6 The monthly variation in the mean width, standard deviation, minimum width
and maximum width of spicules in the aggregated samples used for the calculations of
coefficient of variation in fig. 5. The number of 100-spicule samples in each aggregate
is given in brackets above the corresponding date.
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Fig. 7 The monthly variation in mean length, standard deviation, minimum length
and maximum length of spicules from the same specimens as in figs. 5 and 6.
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Fig.8.  Monthly percentage frequency distributions for spicule lengths and widths
in the 100-spicule samples of the Rhosneigr and Church Island specimens.
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LEGENDS FOR PLATES 2, 3,4 and 5

Plate 2. Vertical sections and slime strands of
Haliclona elegans. The magnification is the same
in figs. 9 — 11. The scale lines in figs. 10 and 12
equal 100um.

Fig.9 Vertical section through the surface of a
specimen collected at Church Island on 21st Feb-
ruary 1984. The spn::ules are thick. Sections of
cellular tracts containing spicules are visible on
the right. '

Fig. 10. Corresponding section of a Church Island
specimen collected on 1st August 1984. The spi-
cules are thin. Cellular tracts containing segmen-
ted fibres in parallel and relatively few, thin spi-
cules are present. Note the supérficial dermal
membrane; segmented fibres are associated with
this in places.

Fig. 11  Corresponding section of a Rhosneigr
specimen collected on 11th June 1984. The
spicules in the main framework are mostly thick.
The cellular tracts have segmented fibres, but lack
spicules. As in figs. 9 and 10, the surface is
minutely hispid on account of the projecting
primary spicule bundles.

Fig. 12  Segmented intracellular fibres seen at
higher magnification through the surface of a
balsam-mounted specimen collected at Rhosneigr
on |1th June 1984.

Plate 3. The dermal reticulation and underlying
lacewoik of cellular tracts of Haliclona elegans.
The scale lines indicate 100um - in figs. 14 and 15.
The magnification is the same in figs. 13 - 15.

Fig. 13. The dermal reticulation of a specimen
collected at Rhosneigr on 11th June 1984. In the
centre S spicules radiate to form a very imperfect
hexagonal pattern of triangles, but most of the
meshwork is basically polygonal.

Fig. 14. The dermal reticulation of a Church
Island specimen collected on Ist August 1984.
Note the thin spicules and more open meshwork.
Fig. 15 The dermal reticulation of another
Church Island specimen collected on 1st August
1984. The reticulation is hardly present, being
composed of relatively few spicules and exhibiting
at the most only incomplete polygons.

Fig. 16. Lacework of cellular tracts beneath
the dermal reticulation of a specimen collected
at Rhosneigr on 27th August 1980.

Plate 4. Further sections of Haliclona clegans.
The magnification is the same in all 4 figs. The
scale line in fig. 18 indicates 100um.
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Fig. 17. Section of the Church Island specimen
collected on 21st February 1984 showing densely
spiculated cellular tracts running mainly along
the cylindrical branch. Part of the section of a
large canal can be seen in the bottom right corner.
Fig. 18. Section of a Rhosneigr specimen collec-
ted on 17th March 1984. The cellular tracts
here intercross and run in a variety of directions
some ascending towards the surface. A subdermal
cavity is visible just beneath.the surface on the
left while bottom right can be seen a section of
a canal.

Fig. 19. Vertical section of the basal part of an
encrusting specimen collected at Rhosneigr on
12th July 1983, showing a tendency for the
primary spicule. bundles to branch and diverge
upwards and outwards from the base. The upper
surface can be seen in the bottom left corner.
Fig.20. Vertical section of another part of the
same specimen as in fig. 19, exhibiting conspic-
uous growth bands.

Plate 5. Sections, embryos and spicules of
Haliclona elegans. The scale lines in figs. 22 and
26 indicate 100um. Figs. 21 - 25 are all at the
same magnification, as are figs. 26 and 27. v % =
Fig.21. Vertical section of a Church I§lind
specimen collected on 15th May 1980. The oxea
are thick distally and thin proximally. Segmented
fibres are visible near the bottam right corner,
but relatively little living tissue appears to have
been present.

Fig.22. Vertical section of a Church Island
specimen collected on Ist August 1984. The oxea
are thin distally and thick proximally. A delicate
dermal membrance occurs at the surface.

Fig.23. Spicule-less embryo in a Rhosneigr
specimen collected on 12th July 1983,

Fig. 24. Ovoid embryo containingsome very thin
spicules in a Church Island specimen collected on
st August 1984,

Fig.25. Ovoid embryo containing spicules in
abundance and exhibiting a cap at one end, from a
Rhosneigr specimen collected on 27th August
1980.

Fig.26. Spicules from a Rhosneigr specimen
collected on 27th August 1980.

Fig.27. Spicules from a Church Island specimen
collected on 19th March 1981,
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ted by displacement or overturning of the boul-
ders. Thus some sponges might have been quies-
cent or undergoing "retrogression, while others
elsewhere were actively growing, or engaged in
sexual reproduction. Quiescence, or. absence of
growth, is implied when the sponge surface is
littered by detritus. Distinctive growth bands
(fig. 20) also are exhibited by some of the vertical
sections of sponges, each dark band indicating
where denser spiculation, presumably encouraged
by a temporary lack of upward growth of the
sponge surface, has later been overlain by a more
delicate spicule framework. Such growth bands
were observed in sections of some sponges collec-
ted in May, July and September. Renewal of
growth need not involve the whole surface, becau-
se al times one sees a denser zone inclining up-
wards and curving to form the surface at the
boundary of an area of more recent growth.

Where . healthy growth conditions prevail
the surface is minutely hispid to varying extents
(fig. 9 - 11), thanks to some projecting primary
spicule bundles. Beneath the dermal membrane,
which tends to arch inwards between the projec-
ting spicules, one can usually distinguish a hori-
zontally-extending subdermal cavity, traversed
by spicule bundles (fig. 10 and 11). The most
distal horizontal spicules that interconnect the
primary bundles make up the so<alled dermal
reticulation, visible in the surface sections as a
spicule framework, with links of usually no more
than one spicule’s width in thickness bounding
polygonal spaces (figs. 13 - 15). Where the surflace
is hispid, the primary bundles usually do not pro-
ject more than onc spicule’s length above the
level of this reticulation.

Near the surface there is a lacework of cellu-
lar tracts, which is visible through the surface at
low magnification in alcohol-fixed specimens
(fig. 16). The tracts are composed largely of intra-
cellular segmented fibres (figs. 10 - 12), arranged
in parallel. Spicules are frequently embedded in
these tracts. Their abundance varies, as will be
explained below. As many as 17 spicules have
been counted in the cross-section of a tract of
about 100 x SOum in a specimen collected in
February. When relatively few are present, they
can be seen to be distinctly separated from one
another, not contacting other spicules as in the
spongin-cnveloped spicule bundles of the main
skeletal framework. The spicules may also vary
in thickness and length and thus probably include
growing and fully grown spicules which are cither
being transported to sites ol incorporation in the
main spicule framework, or heing stored until a
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time when the sponge will resume growth. They
would thus be intracellular within sclerocytes,
or associated with transporting cells. The cellular
tracts branch and anastomose (fig. 16) and lie at
different horizontal levels (fig. 17). They can
ascend towards the surface obliquely and curve
into the horizontal direction ([ig. 18).

The primary spicule bundles, running per-
pendicular to the surface, consist of usually
a single row ol spicules, their ends overlapping
and cemented together by spongin. Typically
the primary bundles are crossed by, and united
with, rows of secondary bundles, more or less
at right angles, in the parts nearer the free surface
of the sponge. However, basally the framework
tends to be more disorderly, owing to the abun-
dance of cellular tracts, choanosomal tissue and
sometimes developing embryos or larvae. The
primary bundles may be more than one spicule
thick in places, and they can diverge and branch
upwards and outwards from the base of the
encrusting sponge (fig. 19).

Rounded embryos with clearly demarcated
surface and without spicules were found in genera-
lly the basal parts of some specimens collected
in July and August. In late August one specimen
exhibited, in addition to rounded embryos with no
spicules (fig. 23), others with very fine, short
oxeote spicules arranged around the periphery
(fig. 24), and ovoid larvae containing an abundan-
ce of internal, short, thin spicules (fig. 25). The
larvae have a distinct cap at one pole.

Seasonal variations in the skeletal arrangement.

Two extreme types of skeletons can be
recognised. The arrangement in February and
March is characterized by an abundance of stout
spicules forming a framework of unispicular
primary and sccondary bundles ncar the surface
of the sponge (fig. 9), with a more confused
arrangement at the base. The dermal reticulation
is composed of single spicules joined together at
their ends*to form irrcgular polygons, which app-
roximate to squares or rcctangles, occasionally
triangles or pentagons. Here and there triangles
arc combined to form pentagonal or hexagonal
paticrns (fig. 13).  The sponge surface can be
largely smooth, or finely hirsute throughout,
thanks to the projecting ends ol primary bundles.
A striking featurc of the vertical sections, how-
ever, is the concentration of cellular tracts con-
taining an abundance of spicules of various sizes
(figs. 17 and 18).

The other extreme is best scen in specimens
collected early in August. The spicules then are






were either sparsely or moderately well spiculated.
Some specimens had a zone of thin spicules
united to form a delicate, somewhat irregular
framework beneath the superficial, better con-
structed skeleton. In general the dermal reticula-
tion had the arrangement seen in the February
specimen. Spongin mounds at the distal ends of
primary bundles were still in evidence in some
specimens.

In October some specimens were showing
thicker spicules in the cellular tracts, which
appeared more numerous and crowded together.
The dermal reticulation was like that of the
February specimen, with a meshwork of single
spicule links, but the spicules were not as thick.
The lacework of cellular tracts was conspicuous
beneath. The primary bundles hardly protruded
above the reticulation and the spicules of the
superficial framework were generally thicker than
those of the underlying skeletal framework,

Finally, the December specimens had
numerous tracts containing many spicules, some
of which were thicker than those in the dermal
reticulation. The latter, apart from its somewhat
thinner spicules, resembled that of the February
form. In vertical sections the superficial frame-
work exhibited thicker spicules than the frame-
work beneath, but their thickness was not as
great as in the February specimen.

One cannot be precise about the seasonal
trends in view of the considerable variation often
found between specimens collected in the same
month. One would need to take samples from
one and the same specimen at monthly intervals
throughout the year, and to make histological
preparations, to be certain of understanding the
changes taking place. However, in broad outline
it would appear that in the Winter months the
specimens are generally healthy. Spicule tracts
are numerous and contain an abundance of deve-
loping and fully grown spicules, the spicule frame-
work is well developed, with a neat orthogonal
arrangement and the dermal reticulation exhibits
a polygonal meshwork with singe spicule sides to
the polygons. From April to May the sponge
grows rapidly and spicules previously stored in,
or moving along, the tracts become incorporated
in the superficial skeletal framework, In June
growth appears to cease and energy is probably
diverted to the formation of gamctes. Spicule
production is at an end and the tracts become
clear of spicules. Then towards the end of June
and in July spicule production resumes, while
embryo development is in process. The spicules
formed, however, are very thin and not sufficient-
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ly numerous to enable a regular skeletal frame-
work to be constructed, so that in August the
superficial spicule framework and dermal reticu-
lation appear delicate, wide-meshed and imperfect.
From late August through to December the newly
forming spicules progressively achieve greater and
greater thickness and the superficial skeletal frame-
work becomes more regular.

One specimen, collected in May, 1980,
was largely composed of a clean skeleton, with
clumps of detritus in some of the interstices of
the distal framework and relatively little that
could be regarded as representing living tissue.
Slime strands were recognizable in places, however
and clearly the sponge had not been completely
dead at the time of collection. Most of the skele-
ton resembled that of a sponge collected in late
Summer, while in places at the surface the spicule
framework was reminiscent of the skeleton of a
Spring specimen. Presumably this sponge had
been living in conditions of near starvation
throughout the Autumn and Winter months.

Skeletons even more extreme than the
August specimens from North Wales were exhibi-
ted by most of the 5 Lough Ine specimens, collec-
ted on 12th September, 1983. The dermal reticula-
tions were mostly composed of extremely short
and thin spicules enveloped by spongin, and the
mesh was wide, with sides of up to 4 spicules in
series.  Sometimes single spicules in isolation
occurred within the spongin at the side of a poly-
gon. Thin spicules were present in parts-of the
cellular tracts seen beneath the dermal reticula-
tion, but slime strands unaccompanied by spicules
were also visible. The skeletal framework super-
ficially in vertical sections was quite irregular,
the primary bundles protruding by generally 2
spicules lengths beyond the dermal reticulation.
The primary bundles distally were enveloped by
spongin. However, on onc specimen an extensive
framework of thick spicules was present just bene-
ath the thin spicule framework at the surface.
Another specimen had a dense, thick-spicule
framework at the surface, from which few spicules
protruded, muny of which were broken. Presuma-
bly the surface here had not been growing, althou-
gh in the cellular tracts and interstices of the
framework there were thin spicules. Vertical
sections of this specimen exhibited growth bands,
Clearly it had come from a site which had not
favoured continuous growth. To conclude, the
Lough Ine specimens show similar varation to the
specimens from North Wales, but 4 of the speci-
mens represented a more extreme form of *Sum-
mer’ skeleton: the spicules were thinner and
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