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ABSTRACT

An investigation of the reproductive biclogy of five fresh-water mussel species, Cucumerunio
novashollandiae, Hyridella ausiralis, H. depressa, Hyridetla sp. and Alathyria profuga was
underiaken in the Macleay River, northern New South Wales. Gametogenesis was studied in
detail for C. novaehollandiae but anly the cycle of larval production was described for the other
species. In C. novaehollandiae gametogenesis occurred throughout the year. Ripe oocytes and
spermatozoa were abundant in the ovaries and testes from January until August. The breeding
season was highly synchronized and occurred in April, although i is possible that a second
breeding season occurred during August in the upper reaches of the river. The reproductive cycle
of the downstream popuiations lagged behind the cycle of the upstream populations of C.
novaeholiandiae. Spawning was associated with the occurrence of floods, and the resulling drop
in water temperature might possibly be an important exogencus factor influencing spawning. The
brooding period extended over nine weeks. Glochidial release proceeded from mid-May to the
end of July in the upper reaches of the river and from June until August further downstream.

The breeding season in Hyridefla ausiralis, a repetitive breeder, occurred from spring to
auvtumn but was observed only during spring and summer in H. depressa and Hyridella sp. H.
australis produced three broods during the breeding season. The brooding pericd was from eight
to eleven weeks depending on water temperature. Glochidia were released throughout most of
the year with peak release periods in November, February and May. Females of A, profuga were
gravid in mid-summer when most individuals were collected.

The glochidia of Cucumerunic novaehollandias, Hyridefla ausiralis and H. depressa are
described. Except for M. depressa, these are much smailer than the known giochidia of other

Austrafian species and alse differ markedly in shape,

INTRODUCTION

The fresh-water Unionacea have highly
specialized life cycles. Among the Hyriidae,
the eggs are moved into specialized portions
of the inner gilis (marsupia) where they de-
velop into a hooked larval stage {the glochid-
ium). Mature glochidia are released into the
water where they spend some time attached
to a vertebrate host. This is generally a fish,
although tadpoles (Seshaiya, 1941; Walker,
1981) and a salamander (Howard, 1951)
have also been shown 1o be host species.

General reproductive patterns are well
known for both North American uniohaceans
(Lefevre & Curiis, 1910, 1912; Coker et af.,
1921; van der Schalie, 1938; Pennak, 1953;
Clarke & Berg, 1959) and European union-
aceans (Bloomer, 1935, 1946; Negus, 1966;
Tudorancea, 1969, 1972; Wood, 1974;

Haukioja & Hakala, 1978; Dartnall & Walkey,
1979). Detailed life histories providing infor-
mation on gametogenesis, breeding seasoens,
periods of glochidial release, fish hosts and
the duration of the parasitic pertiod are un-
availahle for most species. The reproductive
biology of Margaritifera margaritifera, how-
ever, is well known in both Europe and North
America (Murphy, 1942, Roscoe & Redelings,
1964; Wood, 1974; Smith, 1976, 1979; Bauer,
1979}. Trdan (1981) determined the breeding
season, period of giochidial development and
fish hosts for Lampsilis radiata siliquoidea but
ignored gametogenesis. Reproductive cycles
of unionaceans, including gametogenesis,
have been determined in both temperate
(Matteson, 1948; van der Schalie & van der
Schaiie, 1963; Stein, 1969; Yokiey, 1972;
Giusti et al., 1975; Heard, 1975; Zale &
Neves, 1982) and tropical (Lomte & Nagab-
hushanam, 1969; Ghosh & Ghose, 1972;
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Nagabhushanam & Lohgaonker, 1978; Dud-
geon & Morton, 1983; Humphrey, 1984} re-
gions.

Despite the numerocus morphological de-
scriptions of giochidia in the literature (Surber,
1912; Coker et al, 1821; Clarke & Berg,
1959), few of these enable identification of
glochidia at the species level (Rand & Wites,
1982). The type of glochidium {ie. hooked,
hookiess and axehead types) is constant for
the genus and in some cases the shape is
also characteristic (Lefevre & Curtis, 1910).
ldentification of giochidia at species levei, es-
pecially conspecifics, is often more difficult
(Porter & Horn, 1980) but it has been
achieved by using scanning electron micro-
scopy (Rand & Wiles, 1982) and analysing
glochidial morphometrics (Wiles, 1975).

Little is known of the reproductive biology of
the fresh-water mussels from the Australasian
region. There is, at present, only one compre-
hensive study of the reproductive biology of
an Australian mussel and this is a tropical
species (Humphrey, 1984). Fish hosts have
been found for several species (Percival,
1931; Hiscock, 1951; Atking, 1979; Walker,
1981; Humphrey, 1984). The available data
indicate that the glochidia of Australian fresh-
water mussels are nonspecific parasites of
fish (Atkins, 1979; Walker, 1981; Humphrey,
1984). The glochidia of less than half of
Australia's 17 species of fresh-water mussels
have been described (McMichae!l & Hiscock,
1958; Atkins, 1979; Walker, 1981) although
there are several unpublished records (K. F.
Walker, personal communication).

The aim of the present study was to inves-
tigate reproductive strategies of warm-
temperate mussels in the Macleay River, New
South Wales. (Other workers are currently
studying reproduction of fresh-water mussels
in the Murray River.) Five and possibly six
species occur in the Macleay River system
glthough one, Velesunio ambiguus, is found
only in the tablelands section of the Apsiey
River (Fig. 1}. Cucumerunio novaehollandiae
{Gray) is ubiquitous throughout the river and
for this reason was chosen for a detaiied
investigation of its reproductive cycle, includ-
ing gametogenesis, breeding seasoen and the
period of glochidial release. Upstream and
downsiream populations were chosen for &
comparison of the reproductive cycle in differ-
ent parts of the river. Less detaited study was
made of the reproductive cycies of the four
other hyriid species cccurring in the river—

Hyridella australis (L.}, Hyridella depressa
(L.), Hyridella sp. and Alathyria profuga
(Gouid).

MATERIALS AND METHODS
The study area

The Macleay River is situated in northern
New South Wales, with its source in the New
England Tablelands. Three major Wributaries,
the Apsley, Chandler and Muddy Rivers drain
the centrai catchment area via a system of
deep gorges from which the river emerges
near its junction with the Georges River (Fig.
1). From here, the river flows more or less
directly to the sea 220 km downstream.

The Macleay is a bicarbonate river, with soft
waters of low salinity and turbidity. The chem-
ical characteristics of the river at Turner's Flat
{mean values) were as follows: Calcium 9.48
mgl™, bicarbonate 55.51 mgl™, pH 7.7, hard-
ness 46.0 mgl™, chlorine 12.40 mgl™, con-
ductivity 143 pSem™ and salinity 62 mgl™
T.0.8. (N.S.W. Water Conservation and Irri-
gation Commission; Australian Water Re-
sources Gouncil, 1976).

Discharge is seasonal but variable and the
highest discharge rates occur during the
months from January to June with a minor
peak in the spring {Fig. 2). During the study
period water temperatures rose to a peak of
27°C in mid-summer and began falling during
March, reaching a minimum of 11°C in June
(Fig. 3). This was typical of previous years.
Little difference in temperature was apparent
between upstream and downstream parts of
the river except in May when the water tem-
perature of the lower reaches was 2°C higher
than upstream.

Coliections and species identifications

Sampling of the fresh-water mussel popu-
lations was confined to stretches of the
Macleay River below Georges River since the
rugged terrain and inaccessible nature of the
central gorge system precluded sampling
above this point. The river was regularly sam-
pled at two stations: at Honeymoon Bend
(station 1}, approximately 160 km above the
tidat fimit and at Toorooka (station 4), 50 km
above the tidal fimit. Infrequent sampling was
carried out at two other stations {2 and 3)
along the river (Fig. 1).
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FIG.1. The Macleay River, showing the locations of the sampling stations {1, 2, 3, 4}, Haitching indicates

waterfalis at the 1op of the central gorge system.

Species identifications were based on
McMichael & Hiscock (1958) and shell collec-
tions held by the Australian Mussum
{Sydney}. We are confident about the identi-
fications made of four species that occur in
the main stem Macleay River. These species
are Cucumerunio novaehollandiae, Hyridella
australis, M. depressa and Alathyria profuga.
{The occurrence of A. profuga in the Macleay
River drainage is a new distributional record.)
There is a likelihood, moreover, that a fifth
species occurs although uncommoniy; some
shells collected during the present study
match closely, published descriptions
{McMichael & Hiscock, 1958) and museum
identifications of M. drapeta. However, the
glochidia {found in only one of the specimens
collected from the Macleay River) do not
match published descriptions of the glochidia
of this species {Atkins, 1879). in morphology
they are similar to the glochidia of H. de-

pressa, although from the scant data avail-
able they are smailer {see Table 1). More
collections wilt need to be made to determine
whether these shells are merely ecopheno-
typic variants of H. depressa or whether in fact
they represent individuals of an undescribed
species of Hyridella. For now, individuals of
this type are referred to as Hyridella sp.

The abundances of the five species ocour-
rng in the main stem Macieay River were, in
decreasing order, Cucumerunio novaehoflan-
diae, Hyridella australis, H. depressa, A.
profuga and Hyridella sp. Specimens were
coHected monthly from July 1982 to July 1983
by snorkelling or by hand. Supplementary col-
lections were made in January 1985. Care
was taken to process mussels quickly after
coliection since gravid females are known o
abort the larvae from the marsupia when un-
der stress (Lefevre & Curtis, 1810, 1912;
Hiscock, 1951). Animals were either packed
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FIG. 2. Daily discharge of the Macleay River during the study period. {Based on data supplied by the New
South Waies Water Conservation and lrrigation Commission).

in ice or fixed in 10% formalin made up from
river water. Approximately 50 C. novaehollan-
digewere collected monthly from each of these
stations, but the other species were collected
in similar numbers from station 1 only. Only C.
novaehollandiae was abundant at station 4.

Examination of gonads

Adult C. novaeholiandiae ranging from
100160 mm in iength were sectioned at 6
pwm through the central region of the visceral
mass and stained with Masson’s trichrome or
Mayer's haematoxylin and counterstained
with eosin. Quantitative data of the stages of
spermatogenesis were obtained from micro-
scopical examination of stained sections
through the central region of the visceral
mass. In each of five individuals from each
month, ten acini were selected at random and
the proportion of each celi type, along a line
through each acinus, was calculated using an
ocular micrometer.

Oocyte sizes were measured with an ocular
micrometer from visceral smears of 10 indi-
viduals per month and seasonal changes in

the mean oocyie size determined. 4500
oocytes were measured. The number of oo-
cytes (sample size) required to give a repre-
sentative mean cocyte size in each individual
was determined by plotting the means against
sampie size (Fig. 4) until the mean value
ceased to fluctuate (Elliott, 1877).

The inner demibranchs of the gilis of fe-
males from all four species were examined to
determine gravidity. Small portiens from
gravid gills were removed and examined un-
der the microscope so that the stage of de-
velopment of the larvae could be determined.
Four stages were recognized:

Stage 1. Marsupium empty and undevel-
oped.

Stage Il Eggs or embryos present in the
marsupia. Embryos included all stages of de-
velopment from zygotes to individuais in
which the larval shell had not formed.

Stage I Glochkidia present in the marsupia.
Glochidia were characterized by the develop-
ment of the adductor muscle and the larval
shell. This included individuals in which hooks
were unformed or rudimentary to fully devel-
oped larvae, free of their vitelline membrane,
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FIG. 3. Monthly water temperatures for the Macleay River, showing readings taken during the study period
{broken line) and the mean monthly water temperatures for Georges River junction (closed circles) and
Tumner's Flat (open circles) since 1876. (Data supplied by the New South Wales Water Conservation

Irrigation Commission}

Stage V. Post-glochidial release phase.
Some glochidia may be retained in the mar-
supium, which often has a bubbly appearance
immediately after glochidiatrelease. The water
tubes are clearly visible in the inner demi-
branchs of C. novaehollandiae that have
recently released giochidia. The dorsal two-
thirds of the marsupia in H. ausiralis retains a
mass of tissue after the glochidia have been
released, which imparis a false impression of
gravidity. Abcrted gicchidia could be distin-
guished from those normally released at stage
IV only if they were not mature glochidia.

The stages of glochidial development were
further subdivided into early glochidia, inter-
mediate glochidia and mature glochidia after
Heard (1975}). Dimensions of length (maxi-
mum valve diameter in the hinge plane), hinge
length and height (depth from hinge to hook}
of mature glochidia were measured. Refer-

ences made to glochidial dimensions are in
the order of height x length.

Definition of some terms is needed here,
The breeding season, for animals that fertilize
externally, spans the caoincident periods of
spawning of eggs and spermatozoa {Giese,
1959; Simpson, 1877). For those animais that
do not fertiize externally, spawning and fertii-
ization can be two separate events. The
breeding seascon of fresh-water mussels is
when the spermatozoa are spawned by the
males to fertilize ova being moved inte the gill
chambers. The gestation period then follows
and refers to the time elapsing between the
movement of the oocyles into the marsupia
until the development of mature glochidia,
The gestation period is part of the total brood-
ing period, which spans the time of placement
of oocytes in the marsupia to the release of
glochidia.
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TABLE 1. Morphometric data for giochidia of the five species of fresh-water mussels found in the Macleay

River.
Mean Mean Hinge HiLth Hinge/Lth
length height length ratic ratio
Species n = 3D {ppm) = 8D (m) + SD{pm) (%) (%)
C. novaehollandiae 50 52206 4.1+ G2 35 116 64
H. austraiis 50 73905 947 = 0.3 40 128 68
H. depressa’ 50 253 = 5 244 £ 5 152 = 6 97 80
Hyridella sp. 20 239 % 4 233+ 4 136 = 2 97 57
A. profuga’ 20 2395 204 = 2 165 = 4 85 69
A. profuga® o 245 200 — 82 —
H. drapeta® — 330 x 16 230 = 10 248 71 75

“Erom five individuals (C. novashoilandiae, H. australis and H. depressa) and one individual each (Hyrideda sp. and A

profuga).
"Measurements made from preserved material.
2From McMichael & Hiscock (1858).

*From Atkins (1979). Hinge lengih is estimated from an illustration,

RESULTS

Spermatogenic cycle

The patiern of spermatogenesis in male
Cucumerunio novaehollandiae from the up-
stream station between July 1982 and July
1983 was determined (Fig. 5). Spermato-
genesis occurred throughout the year but at
reduced termpo during the colder months of
June and July as indicated by the reduced
numbers of cells in the earlier spermatogenic
stages {Table 2). The period between August
and November was a recovery period in which

unspawned gametes from the previous sea-
son were either resorbed or released and
during which & build-up of spermatogonia and
sperm-morulae occurred (Fig. 6). Typical
spermatogenesis was almost completely ab-
sent during this time, most of the activity being
directed towards the production of sperm-
moruiae. An increase in the tempo of sperma-
togenesis occurred from late November until
fate April during which intensive production of
spermatozoa and enfarging of the acini oc-
curred (Figs. 7-8). This phase was also char-
acterized by large clusters of spermatids that
were absent in the months prior to November.
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FIG. 4, Relationship hetween number of oocytes measured (sampie size) and mean ococyte size in
Cucumerunio novaehoflandiae from the Macleay River: 28 January 1983, Honeymoon Bend (triangles); 26
March 1883, Toorooka {crosses); 15 July 1983, Toorooka (closed circles).
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Spawning occurred in the period of fate March
and April but was incomplete and many
spermatozoa remained in the acini. After
spawning, spermatogenesis continued from
the remaining spermatogenic cells and the
acini were again packed with spermatozoa in
June and July (Fig. 9). Hence, three phases of
spermatogenesis were recognized:

1) a recovery phase characterized by nests
of spermatogonia and a high proportion of
sperm-morulae;

2} an active phase characterized by nests
of primary spermatocytes, secondary sper-
matocytes and spermatids. Spermatozoa
were present in the lumen of the acini,
and

3) a maturation phase in which sperma-

fozoa were abundant but spermatogenic ac-
tivity was reduced.

Female cycle

The following description of seasonal oo-
cyte production is for females from the upper
reaches of the river. Both developing oocytes,
connected to the follicle walls by a stalk, and
malure oocytes were absent from the ovary
between August and November. Mature 0o-
cytes remaining from the previous reproduc-
tive period were resorbed early during this
period {Fig. 10). Nutritive granules were pro-
lific along the follicle walls which, by late Oc-
tober, were thickened with oogonia (Fig. 11).
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TABLE 2. Monthly descriptions of spermatogenesis in Cucumerunio novaehollandiae.

JULY: Both spent and mature individuals were present. The acini of mature individuals were large and
closely spaced. The acini were filled with mature spermatozoa and very few of the earlier spermatogenic
stages were present. The acini of spent individuals were small and widely spaced. Few spermatozoa were
present in the lumen of the acini and spermatogonia and sperm-morulas were abundant,

AUGUST: Acini were slighlly reduced in size when compared with individuals from July and fewer
spermatozoa were present, Acint walls were thicker and there were numerous clusiers of spermatogonia,
Sperm-morulae were common.

SEPTEMBER: Acini were small, widely spaced and completsly filed with sperm-morulae. Nests of

spermatogonia were common and very few spermatozoa were present.

OCTOBER: Very little change from the previous month,

NOVEMBER: Clusters of primary spermatocyies appeared in some individuais and many of the sperm-
morulae appearsd to be metamorphosing into clumps of spermatozoa,

DECEMBER: Spermatozoa began to build up in the acini lumina and clusters of spermatocytes and
spermatids were abundant. Sperm-morulae still dominated the acini,

JANUARY: In all individuals, spermatozoa were abundant and large clusters of spermatids in various
stages of metamorphosis into spermatozoa were present. Spermatocytes were very common but there were

fewer sperm-morulae.

FEBRUARY: Acini were large and closely spaced. Spermatogenesis was slightly more advanced than the

previous month.

MARCH: Acini were densely packed with spermatozoa with peripheral bands of sparmatooytes and

spermatids.

APRIL: Acini were reduced in size and contained fewer spermatozoa than in March. The incidence of

sperm-moruiae increased.
MAY: Littie change from April.

JUNE: Acini were again filled with spermatozoa but very few earlier spermatogenic stages were present.
JULY: Little change from the previous month excepl for the appearance of bands of spermatogonia and

sperm-morulae around the periphery of acini.

Rapid growth of primary oocytes owing to
viteliogenesis occurred from November {Fig.
12) and continued unti the end of March when
the acini were packed with matute oocytes. A
sharp decrease in mean oocyte diameter oc-
curred between March and April, coinciding
with the movement of eggs into the marsupia.
Following spawning, there was a second
rapid build-up in the numbers of mature oo-
cytes and acini were again packed with oo-
cytes by mid-July {Fig. 13}. Oogenesis in the
downstream population lagged behind the up-
stream population and spawning did not oceur
until late-April or early-May (Fig. 14). Hence,
three phases could be recognized in the 0o-
genic cycle:

1) a recovery period from the end of the
pravious breeding season until late October
(upstream) or Becember (downstream). Ripe
oocytes remaining from the previous repro-
ductive period were resorbed or passed out of
the ovaries and the follicle walis thickened
owing to a build-up of cogonia and nuirient
reserves; .

2) a.growth phase from late October until
about the end of March (upstream) and from
December until about May (downstream).

Buring this phase vitellogenesis occurred and
the acini became swollen as they filled with
primary oocytes, and

3) a spawning phase from late March (up-
stream) until early May (downstream).

Description of the glochidia

Mature glochidia of all species were col-
lected, altthough these were found in the mar-
supia of oniy one female each of A, profugaand
Hyridella sp. The glochidial morphometrics of
these species are summarized in Table 1.

The glochidia of C. novaeholiandiae (Figs.
15-17) are extremely small (64 = 55 pm),
globose and of suboval outline. Two short
hooks are present on the inside of each shell
valve. Scanning electron microscopy has re-
vealed a convoluted surface structure of the
shell valves (K. F. Walker, perscnal commu-
nication}. Glochidia of H. australis {Figs.
18-20} are small in comparison with other
hyriids, measuring 95 X 74 wm. The glochidia
are slighily elongate, subtriangular and the
sheli valves are perforated by small pores.
The larvae are double-hcoked and the teeth
are recurved and set on a common base. The
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glochidia of H. depressa (Figs. 21-25) are
large (244 »x 253 um), subtriangular and pos-
sess a single, bifurcated hock set slightly off-
centre on the ventrai surface of each valve.
The glochidia of Hyridella sp. also possess a
bifurcated hook; they are very similar in mor-
phology to H. depressa but are slightly smalier
(233 = 239 um}. The glochidia of A. profuga
compare well with pubiished descriptions for
this species (McMichael & Hiscock, 1958}
(see Tabie 1).

Broeding period
Cucumerunio novaehollandiae

C. novaehollandiae is a winter breeder with
a highly seasonal cycle {Figs. 26-27). The
brooding period extends from April to August.
The reproductive cycle of downstream popu-
lations, however, lags slightly behind that of
the populations upstream (Table 3).

When collected on 9 May 1983, immedi-
ately after a major flood (Fig. 2), most of the
females from the downstream population had
just moved eggs info their marsupia. Five
weeks later these were at an intermediate
glochidial stage and mature glochidia were
being released in mid-July, 9 weeks after
spawning. Mussels from the upstream station
were releasing glochidia during mid-May and
had finished by mid-July. On the basis of a
simitar progression in development, females
in the upstream population probably spawned
in late March or early April.

Hyridella australis

The reproductive activity in this species ex-
tended throughout most of the year except for
the coldest month, July (Fig. 28). Most of the
November collection from the upstream pop-
ulation aborted their larvae, Consequently, it
was not pessible to accurately separate fe-
maies with mature glochidia in their gills
(stage IHl) from those which had released their
larvae (stage 1V).

-

There were at least two, probably three,
brooding periods during 1982/1983, indicated
by the high proportion of females carrying
glochidia at different times of the year. The
four week intervals between sampling pre-
ciuded accurate assessment of the fime
elapsing between fertilization and glochidial
release. However, the gesiation period ap-
pears to have been about sight weeks during
the summer months when the water temper-
ature was in the vicinity of 27°C, and about 11
weeks during the autumn when the water
temmperature was lower (11°C). Breeding pe-
riods must have occurred between 26 No-
vember and 22 December 1982, and again
hetween 28 February and 26 March in 1983,
that is, approximately 13 to 14 weeks apart.

One of us (C.L.H.) has observed the re-
lease of glechidia of H. australis while diving
in clean river conditions in January 1985,
Glochidia are extruded from the exhalent si-i%&
phon of mature females in a wormlike conglu-
tinate. The conglutinate, approximately 4 cm
in length, is tan coloured and bears whits,
transversely striated bands along one side.
Laboratory examination revealed that the
tanned material is composed entirely of ma-
ture glochidia bound together in a mucous
matrix with the white striations comprising a
loosely binding tissue. Distinct, rhythmical
pumping actions of the exhalent siphon were
noted that caused the wormlike mass to
wave and fall about the siphon where it was
posteriorly inserted or attached. Discharged
congiutinates were also found lying free and
intact on the sediments adjacent to adult
females.

Hyridella depressa, Hyridelfa sp. and
Alathyria profuga

Scant data were obtained for the brooding
periods of these species (Table 4). However,
H. depressa and Hyridella sp. were gravid
during the spring and summer. It is possible
that both species breed more than once per
year, as in H. australis. Femaies of A. profuga
bearing glochidia were present only in mid-

=

FIGS. 6-13. Stages of gonadal activity in Cucumerunio novaehoilandiae collected from the upper reaches
of the Macieay River. FIG. 6. Sperm-morulae in an inactive testis, 26 Ocicher 1382, FIG. 7. Maturing testis,
26 February 1982. FIG. 8. Mature testis immediately prior ic spawning, 26 March 1983. FIG. 8. Mature
spermaiozoa in a festis, 15 July 1983. FIG, 10. Deteriorating occytes (arrow) from an ovary, 27 July 1982.
FiG. 11. Ovary in the resting phase and filled with nutrient matter, 26 October 1982, FIG. 12. Early cegenasis,
26 November 1982, FIG. 13. Mature ovary, 15 July 1883, N. nutrient granules; PO, primary oocyies; SG.
spermatogonia; SM, sperm-morulae; SSP, secondary spermatocytes; ST, spermatids; SZ, spermatozoa.
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FIG. 14. Seascnal variation in grimary oocyte size of Cucumerunio novaehollandiae. The bars are equal to
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populations.

-summer, although very few specimens were
collected at other times of the year.

DISCUSSION

(Gametogenesis occurred throughout most
of the year in Cucumerunio novaehollandiae,
with peak activity during the hottest months of
the year. This is typical of unionaceans from
termperate climates (van der Schalie & van der
Schalie, 1963; Yokley, 1972; Giusti ef al,
1975; Heard, 1975; Smith, 1979; Zale &

Neves, 1882). Mature ova were produced
during the summer and autumn, coinciding
with the peak in spermiogenesis.

A highiy synchronized breeding season oc-
curred during the autumn. However, maies
only partially spawned. This could reduce the
risk of mistiming the release of gametes by
the sexes. In other temperate {resh-water
mussels both males and females spawn atthe
same time {Zale & Neves, 1982). Giusti ef al.
(1975), however, noted that not all male
Anodonta cygnea spawned at the same time
and Elfiptio complanatus males release sper-
matozoa over a time span of about one
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FIGS. 15-17. Gioshidium of Cucumerunio novaehollandiae. FIG. 15. Lateral view. FIG. 16. Ventral view.
FIG. 17. Qutline of the shell valves, FIGS. 18-20. Glochidium of Hyridella australis, F1G. 18. Oblique ventral
view. FIG. 19. Lateral view. FIG. 20. Qutiine of the shell valves.

month, which overlaps the period when fe-
males are likely to be receptive to fertilization
(Matteson, 1948).

In contrast to C. novashollandiae, other
members of the southeastern Australian
fresh-water mussel fauna may have much
broader breeding seasons. Atking (1979), in a
study of a coastal Victorian stream, found
Hyridefla drapeta giochidia on fish throughout
the year, with peak infections during the
spring. Similarly, Hiscock (1951) found Ve-
fesunio ambiguus giochidia on fish throughout
the year except between May and Septem-
ber, when no fish were examined. In agree-

ment with Hiscock’'s data, Walker (1981)
found that glochidia may be present in the
marsupia of Velesunio ambiguus throughout
the year, although two peaks in gravidity were
recognized; one in spring and the other during
late summer/early autumn. The results of the
present study indicate that H. ausfralis, H.
depressa and Hyridella sp. breed throughout
much of the warmer part of the year. This also
appears 1o be the case for the New Zealand
species, H. menziesi (Percival, 1931) and
prolonged breeding seasons may well prove
to be characteristic of the genus Hyridelia.

A series of broadly synchronized repreduc-
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FIGS. 21-25. Gilochidium of Hyridella depressa. FIG. 21. Oblique view. FIG, 22. Ventral view. FIG. 23.
Laterai view of the forked teeth and the protuberances at their bases. FIG. 24. Structure of the teeth, FiG.

25. Qutline of the shell valves.

tive cycles, such as occurs in H. ausiralis,
have been infrequently reported for fresh-
water mussels from temperate regions (Allen,
1924, cited by Heard, 1975) but asynchro-
nous, repetitive breeding cycles occur
throughout the year in some tropical union-
aceans (Kenmuir, 1981h; Humphrey, 1984).
More detatied investigations of the reproduc-
tive biclogy of temperate zone unionaceans
may find repetitive breeding to be more wide-

spread than presenily indicated; especially
since some achytictic species such as Unio
spp. have the potential to produce many
broods per year (Dudgeon & Morton, 1983).
There are, however, several cases of fresh-
water mussels breeding twice per year (Le-
fevre & Curtis, 1810, 1912; Ortmann, 1912;
Wood, 1974; Heard, 1975). Successive build-
ups of large numbers of mature gametes in-
dicated that C. novaehollandiae may breed
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FIGS. 26-28. Seasonal distribution of the reproduc-
tive stages in the gills of freshwater mussets from
the Macleay River. FiG. 26. Cucumerunio novaehol-
iandiae, upstream population. FiG. 27. C.
novaehoilandiae, downstream population. FIG. 28,
Hyrideila australis, upstream popuiation. For indi-
vidual animals, open circles = non-gravid females;
closed circles = embryos In marsupia; closed trian-
gles = giochidia in marsupia; open tfriangles =
non-gravid but glochidia recently released.

TABLE 3. Proportion of Cucumerunio novaehol-
fandiae with different stages of developing larvae in
qills throughout the Macleay River, 9 May 1983.

Station

Stage of development 1 2 3 4

| 00 53 50 00
il 0.0 00 00 500
llf Early glochidia 0.0 847 00 00

intermediate glochigia 1000 0.0 95.0 50.0
Mature glochidia 00 00 00 0O

twice per year: once in autumn and again in
late winter/earty spring. This pattern only oc-
curred in the upper reaches of the river. Sim-
ilarly Porter & Horn {1980) detected area vari-
ation in the reproductive cycie of a North
American mussel in Lake Waccamaw. Also,
variation in reproductive patterns within the
one species of fresh-water mussel has been
previcusly shown between rivers {Bauer,
1979) and at different latitudes (Matteson,
1948; Smith, 1976; Kenmuir, 1981a).

Sperm-morulae are of widespread occur-
rence in the Bivalvia {Bloomer, 1935, 1936,
1939; Coe & Turner, 1938; Ropes & Stickney,
1965; van der Schiie & Locke, 1941}, inciud-
ing the Hyriidae (Heard, 1975; Peredo & Par-
ada, 1984; Humphrey, 1984}, Sperm-morulae
occurred seasonally in C. novashollandiae
and were absent during the period of spermi-
ogenesis. Seasonality of occurrence of
sperm-morulae has alsc been described for
other bivalves (Heard, 1975; Smith, 1979).
Bloomer {1946) inferred that sperm-morulae
metamorphosed inio spermatezoa in
Anodonta cygnea from the observation that
sperm-morulae disappeared prior to the ap-
pearance of spermatozoa. This was also the
case for C. novaehollandiae in which the pro-
cess of atypical spermatogenesis was ob-
served to the stage where the sperm-morutae
consisted of elongate spermatids immediately
prior to active spermatogenesis. Coe &
Turner (1938) thought that sperm-morulae in
Mya arenaria underwent cytolysis but there
was no evidence of this in C. novaeheliand-
iae.

Loosancii & Davis (1952) and Sasiry
{1983) have demonstrated from their experi-
ments with marine hivalves the importance of
temperature as an activator of spawning. En-
vironmental cues responsible for intiating
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TABLE 4. Miscellanecus brooding records for individuals of the minor species found in the Macleay River,

State of marsupta

Embryos

Glochidia Empty

g

Date Hs* Ap*

Hd Hs Ap Hd Hs Ap

3 Aug. 1982

26 Oct, 1982
7 Nov. 1982

26 Nov, 1682
22 Dec. 1982
22 Jan. 1983
26 Feb. 1983
26 Mar. 1983
26 Apr. 1983
16 May 1983 — —_— —
1/2 Jan. 1985
16 Jan. 1985 4 —
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M = Hyridella depressa; Hs = Hyridalla sp.; Ap = Alathyria profuga

spawning in fresh-water mussels have not
been experimentally identified but numerous
authors have brought attention to the correla-
tion between breeding season and water tem-
perature (Harms, 1909; Tudorancea, 1969;
Yokiey, 1972; Kenmuir, 1981b; Zale & Neves,
1982). Reproductive activity in H. australis
may well be limited by low temperatures since
gravid females were absent during the coldest
months of the year. Similarly, low water tem-
peratures were found to reduce breeding ac-
tivity in Velesunio angasi, a tropical northern
Australian species (Humphrey, 1984). Con-
versely, spawning in C. novaehollandiae ap-
pears to be reiated to faliing water tempera-
tures. Spawning in this species took place
immediately after a flood which resulted in a
sudden drop in water temperature, Sudden
temperature changes brought about by the
Banube high floods were thought to initiate
breeding in Unio tumidus (Tudorancea, 1969,
1972) and a similar mechanism may be re-
spensible for the highly synchronous breeding
season in C. novaehollandiae.

The duration of the brooding periods in C.
novaehollandiae and H. australis are compa-
rable wih many temperate unionaceans.
Organogenesis is completed in two weeks
and giochidia are mature in one month in
Elliptio complanatus {(Matteson, 1948). Devel-
opment took two months in Anodonta cygnea
(Wood, 1974; Giusti ef al., 1975), one month
for Unio tumidus {Tudorancea, 1969} and
Margaritifera margaritifera (Smith, 1976) and
seven {0 eight weeks for four species of fresh-

water mussels from the Upper Tennessee
River drainage, U.S.A. (Zale & Neves, 1982).
Yokley (1972) found that the brooding period
in Pleurobema cordatum took four to six
weeks depending on water temperature. Wa-
ter temperature also affects the gestation pe-
riod in M. margaritifera (Smith, 1976). The
resulis of the present study suggest that the
gestation periods of H. australis and C.
novaehollandiae are similarly influenced by
water temperature.

Glochidial release by way of worm-like con-
glutinates such as occurs in H. australis has
not previously been reported in hyriid union-
aceans, although this mode of release is com-
mon to members of several genera of North
American unionids (Kat, 1984), The larval
conglutinates reported in unionids resemble
various vermiform foed items of the fish host
and thereby enhance the likelihood of host
contact (Chamberlain, 1934; Kat, 1984}, At
this early stage of investigation the appear-
ance and rhythmical waving action of the con-
glutinates of H. australis suggest a similar
mimicry of host food items as is displayed by
the North American species.

Of the species examined in the present
study, only the glochidia of H. australis and A.
profuga have been previousiy described
(McMichae! & Hiscock, 1958). However, the
descriptions by McMichael & Hiscock for the
glochidia of H. australis maich in size and
general outline those for the glochidia of H.
depressa, described here for the first time. In
the present study, identifications of adults
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ware carefully checked and therefore it ap-
pears that McMichael & Hiscock incorrectly
assigned a description of H. depressa gloch-
idia to H. australis.

The glochidia of the Australian hyrlids can
no longer be viewed as a group which vary
only slightly in size and shape (Atkins, 1979;
Walker, 1981). C. novaehollandiae and H.
australis produce much smaller glochidia than
any other Australian fresh-water mussel. In-
deed, in relation to other unionaceans the
glochidia of C. novaehollandiae are amongst
the smallest known, exceeded only by M.
margaritifera (47 pm diameter) (Roscoe &
Redelings, 1964) and Margaritana (= Marg-
aritifera) monodonta (50 x 52 um) (Lefevre &
Curtis, 1912}. Moreover, the morphology of
the hooks of H. australis and C. novaehollan-
diae differ markedly from previous descrip-
tions of glochidia of Australian fresh-water
mussels. Typically, the Hyriidae possess a
single, curved hook on each valve which may,
or may not, have a forked point (Parodiz &
Bonetto, 1963). These hooks, however, have
been greatly modified in H. australis and C.
novaehollandiae. The glochidia of H. australis
bear a protruding double-hook on each valve.
H. glenelgis also produces double-hooked
glochidia {K. F. Walker, personal communica-
tion). In C. novaehollandiae the glochidia pos-
5ess a pair of short, recurved hooks on each
valve. Further, finer details of the hook mor-
phology of H. depressa glochidia show clear
differences between this species and its con-
geners.

H. australis, H. depressa and H. drapeta
have almost identical geographical ranges
and possess only slight conchological and
anatomical differences (McMichael & His-
cock, 1958). The distinctive characteristics of
the glochidia of each (namely, size and
shape of the shell and structure of the hooks)
are strong evidence that these mussels are
separate species and not ecophenotypic vari-
ants of the one species as hinted at by
Walker (1981). On the contrary, the limited
evidence presented in this study suggests
that the Hyridella complex may need to be
subdivided even further. The hooks of H. de-
pressa and H. australis appear t0 be modifi-
cations of a singite hook in which a forked
point has evolved. In H. australis this is more
advanced. Even in C. novashollandiae it ap-
pears as though the two hooks have evolved
from a single hook through to the stage
where they are now almost separate.
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