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CHAPTER 7

REPRODUCTION

7.1 Introduction

Reproduction in freshwater mussele has been extensively investigated
and is reasonably well understood for the unionaceans of northern
temperate climes. The North American fauna 1in particular, has
received considerable attention and in general two phases can be
recognised in the progress of studies in this region: {a) commercial
interest in freshwater mussels in the early 1900'z led to a spate of
broad, general studies concerned primarily with discovering means of
rearing mussels or restocking heavily exploited and depleted
populationg (Lefevre and Curtis, 1910, 1912: Surber, 1912: Coker et
al., 1921: Howard, 1922); (b} more intensive and specific
investigation hag been carried out only in comparatively recent times,
part of the impetus for this work being the threat made to species
whose ranges have been gignificantly reduced by anthropogenic changes
to their environments, Indeed attention in regard to fhe latter has
not only been directed at North American unionide (e.g. Trdan, 1931
Trdan and Hoeh, 1982: Zale and Neves, 1932, a,b,c) but at species

ecqually endangered in parte of Europe, e.g. Margaritifera

margaritifera (Bauer, 1979: Youny and Williams, 1984 a, b).

By comparison, reproduction in freshwater mussels from the tropice and
gouthern latitudes has received scant attention, Although the broad
anatomical and life stage differences that distinguish the southern

mutelaceans and hyriid unionaceans from northern forms have been
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described '(e.g. Fryer, 1961:; Parodiz and Bonetto, 1963), breeding

patterns and life cycleg for the vast majority of mussels are unknown,

Among tropical freshwater musszelz, documentation of the sexuality and
breeding seasong (Bloomer, 1931: Lomte and Nagabhushanam, 1969: Ghosh
and Ghose, 1972: Nagabhushanam and Lohgacnker, 1978) and parasitic
stages (Seshaiya, 1941, 1969) of the Indian unionide Lamellideng and
Parreysia, is the most extensive, More comprehensive, ecological
studies however, are few and comparatively recent. Noteworthy are
Kenmuir’'s (1980, 1981 a, b) investigations of the reproductive biology

of two mutelids, Agpatharia wahlbergqi and Mutela dubia, and the

unionid, Caelatura mogsambicensis, in Lake Kariba and Lake Mcllwaine,
Zimbabwe, Fryer’s (1961) thorough ztudy wasg the first description of
the parasitiem and development of a mutelid haustorium (Mutela

bourquignati of Uganda) upon a host fisgh, Otherwise, the only other

study of significance ig a reasonably complete account of reproduction

in Anodonta woodiana in Plover Cove, Hong Kong carried out by Dudgeon

and Morton (1983).

Very few studies have investigated the reproductive biology of the
hyriids of the Australasian region, though the situation has improved
in temperate Australia somewhat in recent timeg., Glochidia have been

described and fish hosts found for Hyridella menziesi (Percival,

1931), Velesunio ambicquug (Hiscock, 1951: McMichael and Hiscock, 1958:

Walker, 1981b), H. drapeta (Atkins, 1979), and RAlathyria jacksoni

(Walker, 1981b), Publiched reporte include glochidial descriptionsg of

an additional five species - A. p. pertexta, A. profuga, H. australis

(McMichael and Hiscock, 19%6), H. australis, H. depressa and
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Cucumerunic novaehcollandias (Jones and Simpson, in prep.): while there

are unpublished recorde of at leagt a further three - V. angasi, V.

moretonicus and Westralunic carteri (Walker, pers. comm.), Thus the
glochidia of eleven of the gzeventezen Australian hyriide have been
deacribed, From ohsgervationz made of the appearance of glochidia
(Percival, 1931; McMichael and Hiszcock, 1958: Atkineg, 1979) and of
brooding females (Walker, 1981k Jonez and Simpson, in prep.), the
probable breeding seasons of a number of specieg from temperate
Australasia (section R4.3) have heen inferred. Collection of material
for the studieg by Walker (1981b) and Jones and Simpson (in prep.) was
regular and seasonal and thus the breeding seasons of the species
involved are more or lesg confirmed, Among the species studied by
Joneg and  Simpson, gonadal arnd  larval  development of C,

novaehol landiae were also described.

The above review accentuatez the paucity of knowledge regarding the
reproduction of both tropical and Australian freshwater mussels. No
Australian or South American hyriid, haz been thoroughly investigated
in all aspects of 1ite reproductive biology. The study of reproducton

in Velesunic angasi therefore providez an impoertant contribution to

the krowledge relating particularly to the hyriids, and also to
freshwater muzsels of the tropics, Important aszpectz of the
reproduction of V. angagi studied included gonadal development,
gtructure of the breeding pepulaticon, larval production, glochidial
releage and parasitizm, Worldwide information of thiz completeness
for populations from gpecific lecationz is available for only a number

of unionacean gpecies, namely: Elliptio complanata (USA) (Matteson,

1948); Pleurobema cordatum (USR) (Yokley, 1972): Anodonta

cygnea
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(Italy) (Giusti et al., 1975): four (sympatric) lampsilines (USA)
(Zale and Neves, 1982 a, b): and A. woodiana (Dudgeon and Morton,

1983), while collectively, the reproductive biology of Margaritifera

margaritifera throughout itsg holarctic range is well known (Murphy,

1942: Bijork, 1962: Roscoe and Redelings, 1964: Smith, 1976, 1979;

Bauer, 1979: Young and Williams, 1984 a, h).

Literature reviews appropriate to the following sections on gonadal
development and structure of the breeding population, larval
production, and glochidial release and parasitism, appear in Appendix

4, sections A4.1 to RA4.3 respectively,

A, GONARDRL DEVELOPMENT

7.2 Materiale and methods

The material for histological study was taken from sexzually mature
mugsele, randomly selected from the collections made monthly in
Georgetown, the Magela Creek channel, Mudginberri and Nankeen
billabongs (section 3,3). Collectively, a diversity of billabong
types was represented, each varying considerably in limnological
character, Nevertheless, rationalising the large amount of material

to be processed, the annual gametogenic cycle of Velesunio angasi was

followed more clogely in Mudginberri billabong than in the other
waterbeodies., In this environment, regular seasonal patterns were
apparent in larval production but seasonal changes in water quality
were least discernible in comparison to the other waterbodies. The

pattern of larval production in the reaconably equitable envirorment
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of Mudginberri, apparently represented a baseline breeding cycle. In
other waterbodies, interruptions to this pattern caused by regular and
seasonal fluctuations in oxygen concentration (Nankeen), turbidity
(Georgetown and Nankeen) and exposure and inundation (Magela Creek
charmel) might occur., Description of this background breeding cycle

assumed priority in the studies undertaken here.

Individuals collected between June 1980 and May 1981 were used for
study. Monthly samples from Mudginberri billabong were processed over
this period, while quarterly samples taken in June, September,
December 1980, and March 1981 from Georgetown and Narkeen, were uged.
Restivating mussels collected during November and December 1980, and
submerged mussels taken in January 1961 from the Magela Creek channel,
were processed. Each mornthly sample comprised five individuals of
each sex, Specimens were fixed in Bouin’s solution and preserved in
70% ethanol. Sections were taken transversely through the central
vigceral mass at 6 um and stained with Mayer’s haematoxylin and

alcoholic eosin,

No broad stages of gonadal maturation could be assigned to individuals
as superficially the sectiong of testes and ovaries bore a resemblance
between all individuals, sites and collection dates., The gonads were
mature and sperm and primary oocytes present year round. The more

subtle changes in gonadal condition, however, were quantified in the

following manner:

For the testes of each individual, the proportion of the different

spermatogenic stages waz determined in 5 seminiferous tubules. The
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tubules chosen were sgpaced evenly across the section dorsally to
ventrally (i.e. at predetermined intervalg), and were selected using
an eyepiece graticule, Camera lucida drawings of each tubule in
relation to the different stagegs were made upon graph paper, and the
relative areas of each spermatogenic stage determined by counts of the
squares filled with the respective cell type. Sperm in the lumen of
the tubules were present in more or less varying densities, To
account for thisg variation, the areal presence of sperm was ranked
according to an arbitrary scale, 1-5, of dengity. The relative areas
of sperm was then adjusted accordingly. The values of the relative
areas of each spermatogenic stage for the 5 tubuleg were averaged and
a percentage compogition by cell type was determined for the testes of
each individual. 50 cells of each spermatogenic stage were measured

under an oil immersion lens, using an eyepiece graticule.

Measurements and counts of the free primary oocytes were used to
agsegs the female gonadal cycle., Qocyte counts were made on each of
25 follicles, Five fields of view were selected and located in the
came manner as described for the testes, Within the field of view,
the numbers of oocytez within each of 5 adjacent follicles were
counted, A mean number of ococytes per follicle averaged over the 25
counts, was calculated for each individual, Simultaneously, at each
field of view selected in the ovaries, the diameters across both axes
of all oocytes through which the nucleus had been sectioned, were
measured using an eyepiece graticule., For each individual, data were
accumulated on at least 20 cocytes. After averaging the values of the

two measurements made of each ococyte, a mean oocyte diameter was

calculated for each individual.
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7.3 Sex determination

7.3.1 Sexual dimorphism in shell size and shape

In the Magela Creek waterbodiez, there iz a tendency for female

Velesunio angasi to grow slightly faster than males; in billabongs

where females were underrepresented in the older age classes, however,
differences in growth rates were least apparent (sgection €.4.2). In
only 2 of the 12 populations sgampled, were eignificant growth
digparities (as determined by the confidence intervals about the

parameter, L =, of the von Pertalanffy growth equation) observed

between the sexes (Table 5,20},

With respect to shape, there were no tendencies observed between
relative height (i.e. in relation to tctal length) and sex (section
4,3.1), Of the populationg sampled both maleg and female tended to
have higher or lower sghells equally. In only one billabong, moreover,
did the slope of the length-height regression differ gignificantly
between the sexes., In 9 of the 12 waterbodies, females tended to be
more inflated (wider) than males (section 4.4), yet in only one

billabong did the slope of the length-width regression differ

significantly between the sexes,

The conclugion reached is that while obegity is the only morphometric
index that consistently portrays a =zexual dimorphism, nevertheless
differences between the zexes in either growth rate, relative height
or obesity are trivial and none of the indices haz a broader

application to sex determination. External shell characters in most
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instances therefore, could not ke uzed to confidently predict sex of

V. angagi in the Magela Creek.
7.3.2 Internal anatomy

For routine work, s=ex wasg determined by both morphology of the inner

gills and nature of the gonads (’'visceral s=ex’, Heard, 1975).

The inner gille of female V. angasi are modified as marsupia and are
easily distinguishable from either the male or non-marsupial
condition. While McMichael and Hiscock (1958) have described the
anatomy and structure of the marsupial and non-marsupial demibranchs
of V., angagi, for practical recognition their appearance in mussel
populations from the Magela Creek iz ag follows., The inner, marsupial
gille of females are notably thickened and the striation of the
modified water tubes appears uniformly regular and even over the
entire gill, Generally the gills are pigmented a light tan and this
coloration is similarly umiform throughout the gill, The
non-marsupial condition comprises both pairs of gills in males and the
outer pair in femalezs. These gille are congpicucusly thinner, and the
structure of the water tubes gives the appearance of a very irregular
striation and reticulation throughout, Coloration 1is eimilarly
variable both acrose the gill and between individuals where in the
latter instance, the range in colour may vary from light tan to a
deep, crimson red, Although the gill may be uniform in coloration, in
most cases an irreqgular, yellow-orange pigmentation is prominent at
itg base, losing intensity over the remainder of the gill. Only in

female mussels from the Magela Creek channel, was the marsupial
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appearance restricted to a peortion of the inner gills, In these
mussels, the marsupium occupied between one and two thirds of the

gills, the remainder having the non-marsupial appearance.

Determination of the visceral sex in V. angagi was easily accomplished
as the gonads were in a mature condition year round. By piercing the
vigceral mass with a probe, the ripe, yolky oocytes of females exuded
and were clearly vigible ag minute, white gzpecks amongst the body
fluids, The body fluids similarly exuding from males, however, mainly
comprised a white, milky fluid containing spermatogenic products (of
which <sperm predominated, section 7.4.2), For musgsels from
Georgetown, Mudginberri, the Magela Creek charmel and Nankeen
billabong, the body fluids containing the gonadal products were in all
instances smeared upon microscopic slides and examined under high
power magnification to confirm the nature of the gonadal tissues, The
gravid condition of many of the females throughout the year in most

populationg, greatly assisted in determining sex,

For individuals from all populations, zex was determined both by the
preserice or abgence of marsupial, immer gills and by puncturing the
visceral mass to observe the exuded gonadal products. With few
exceptiong (section 7.5), there was always a consigtent correlation
between the visceral s=ex and sex as determined by inner gill

morphology.

7.4 Gonad histology

Velesunio angasi is dioceciousg and only very occagional individualg are
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hermaphroditic (section 7.5). The gonads of both sexes ramify the
vigceral mass and within the follicles and tubules the wvarious

gametogenic stages develop.

7.4.1 Stages of gametogenesis

Stages of gperm maturation

The follicles or seminifercus tubuleg of the testes, each contain
discrete cell aggregations or 'nests’ of the various spermatogenic
stages arranged in guccescive layerse =o that cells in the more
advanced stages occur more or less regularly in succession towards the
centre of the tubule (Fig., 7.1 B). In the spermatogenesis of V.
angasi, six distinct stages were cbhserved,

1., Spermatogonia - These cellg have a mean ruclear diameter of 4.1 um
and are slightly angular in appearance., No cytoplasm is cbserved and
the nucleug is compact and basophilic, Spermatcogonia always occurred
in nests adjacent to the tubule walls (Figs 7.1 C and D),

2. Sperm morulae - Thege are large multinucleate structures, each
drupel of which resembles 1in appearance the spermatogonium,
Collectively they have a mean diameter of 11.0 pum . Sperm morulae are
often associated with spermatogonia and occur mere or less singly
scattered along the periphery of the tubule walls (Fig. 7.1 C).

3. Primary spermatocytes - Divisgion of the spermatogonia produces
primary spermatocytes which have a mean nuclear diameter of 5.3 um,
The nuclei of these rounded cells are slightly granular in appearance
ag dense chromatin material isg abundant. Primary spermatocytes occur

in nests more or less centripetal to the spermatogonia (Fig. 7.1 D).
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4, Secondary spermatocytes - These cells, produced by divisionsg of
the primary spermatocytes were rarely observed, This isg in accordance
with the observation of Tranter (1958): apparently division is very
rapid at this stage. The nuclei are characteristically granular in
appearance and measure 3.5 um  in  mean  diameter, Secondary
gpermatocytes when present, occur in neste adjacent to the primary
spermatocytes (Fig, 7.1 D).
S. Spermatids - The secondary spermatocytes divide to produce
spermatids. The nuclei of these zpherical cells have a mean nuclear
diameter of 2.7 um, and vesemble the spermatogonia in staining
quality. Invariably, the spermatide occurred in large nests outside
the central body of spermatozoa (Fig, 7.1 D).
6. Spermatozoa - The transformation of the spermatids into
gpermatozoa occurs in the centre of the tubule lumen, The nuclei of
these @mall cells stain intensely and homogeneously and are
bullet-shaped in appearance, having mean dimengions of 3.8 x 1.4 um

(Fige 7.1 C and D).

Qocyte maturaticn

The clasgification of oocyte maturation stages was basged on the
general scheme used by Tranter (1958) for describing the histological

changegs in the ovaries of the Ausgtralian pearl oyster, Pinctada

albina.

Oogonia and early previtellogenic cocytes (oocytes 1 and 2 of Tranter,
1958) stain heavily as little observable cytoplasm is present in these

cells., They are found imbedded in the follicle walls and were
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infrequently obhserved in the gectioned material,

At the onget of vitellogeneszig, the oocyte becomes attached to the
follicle wall amongst the nutritive granules, by a flat broad base of
attachment (Fig, 7.2 €). The cytoplasm of the semi-oval cell staing

less heavily than the ruecleus (oocyte 3).

The oocyte increases in gize and the cytoplasm staine more heavily as
yolk accumulates (Fig, 7.2 C). The baze of attachment constricts and

the stalked oocyte becomes almost spherical in appearance (oocyte 4),

By thiz stage, the oocyte has grown towards the centre of the lumen:
final detachment from the follicle wall occurgs and the ripe oocyte

lies free in the lumen (Fig, 7.2 C). After detachment, the cell is

termed the free or primary ococyte,

Amongst the sectioned material, no atretic cocytes were ever observed,

7.4.

o

Seasonal histological changes in the gonads

7.4,

™o
[N

The testes

Examination of the proportions of spermatogenic stages calculated for
each individual from the one time and location, revealed little
variation in the relative proportiong between the 5 individual testes,
Because of this similar appearance, the proportions were averaged over
the 5 individuals to provide a combined composition by cell type for

each month and location. The relative proportions of spermatogenic
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stages observed for each month and waterhody are shown in Figure 7.3.

Having calculated the relative gproportions of spermatogenic stages, it
is apparent that spermatogenesziz occurred throughout the year as
indicated by the presence of most of the early stages in the testes at
any one time, The relative equitability of the environment in
Mudginberri in particular, ie reflected in the similar constancy at
which spermatogenesis takes place in males throughout the year in this
billabong (Fig. 7.3). However, elgewhere periods of inactivity were
noted, Inactive phases were recognized by relative absence of the
stages of typical spermatogenesis (gpermatocytes and spermatids)., In
accordance with the findings of otherz (Ropes and Stickney, 1965:
Heard, 1975: Joneg and Simpgon, in prep.), most of the spermatogenic
activity is atypical during theze phases, activity being directed
towards production of gperm morulae. The characteristic appearance of
the testes at these times iz shown in Figures 7.1R and C, Sperm
morulae, spermatogonia and cpermatozoa (residual?) are chiefly
observed, Atypical and typical spermatogenesis are nevertheless not
mutually exclusive events, and sperm morulae are often found amongst
the typical spermatogenic units (e.g. Magela Creek channel, January:
Mudginberri, June, July, September: Nankeen, September - Fig, 7.3).
Inactive phases where found in the testes of males in Georgetown
during the early-mid Dry (June and September), in the testes of
aestivating Creek mussels (November and December) and early Dry season

testes in Nankeen (June).

Other than the periods stated above, the tectes were otherwise active,

and spermatozoa were dominant, Activity in Mudginberri mussels was
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discernible throughout the year, The appearance of the testes during

active phases is shown in Figures 7.1 B and D. Spermatozoa and the

stages characteristic of typical zpermatogenesis dominate the tubules,

Active gonade with the presence of =perm (and ripe cocytes) throughout
much (if not all) of the year, 12 concomitant with the notion that
gpawning 1in V. angaei 1e vrepetitive, Thig could be expected in
equitable, warm-water and tropical environmentsz, and in relation to
the testeg, implies that sperm 1s continuously produced and released
throughout the year., The actual presence and quantity of sperm in the
geminiferous tubules therefore, give no indication of the intensity of
spermiogenesis and resultant spawning, as the sperm is constantly in a
state of flux., Rather, under these circumstances, the presence and
abundance of the stages of typical szpermatogenesis - spermatocytes and
spermatide (but esgpecially the latter) may be expected to reflect
spermiogenic activity and subsequent release of sperm, i.e. spawning

intensity.

Spermicgenic activity of V. angagy in the present study was found to
respond to the =ame factors that influence oocyte and larval
production in the female cycle. To demonstrate this, the following
regression analyses were performed. In the reproductive cycle of the
female, larval production (% of females brooding embryocs and larvae in
the marsupia at any one time and location) was extensively studied and
environmental correlateg that might influence it, determined. (Larval
production nevertheless, directly and immediately reflects the
sinmultaneous production of oocytes occurring in the ovaries, section

7.4.2.2.) Larval production for the game period and locality was
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regressed against each of the =zpermatogenic stages occurring in the
testes, Both variables were arcsine trangformed, and the results of
the lirnear regressions for each spermatogenic stage and location are
shown in Table 7.1. Ag a whole year’s data uere analysed from
Mudginberri billabong, mere confidence iz stored in the conclusions
drawn from these results. From the reeulte in general, the following
conclusions and remarks can be made:

1, The abundance of sgpermatids correlated positively with larval
production., In Mudginberri hillabong this correlation was high and a
very gignificant regression relationghip was found (P < 0.01). This
same relationship was the strongest found in Nankeen billabong. These
results indicate that spermicgenesis and gpawning in males occur with
the =zame intensity as larval production (and thus oocyte production
and spawning) in females.

2. In the three billahongs, all stages of typical spermatogenesis
correlated positively with larval production,

3. The relative compactnesse of sperm in the tubuleg (the ‘empty’
category of Table 7.1) correlated negatively with larval preduction,
indicating that spermiogenesis and larval production proceed with the
same intensity. In Mudginberri, this relationship was significant (P
< 0.05), even though sperm abundance declined over the same gradient.,
The latter suggests that spawning of males in Mudginberri billabong is
exceedingly intense and that gperm release is a continuous event,
peaking with larval production.

4, The presence of sperm morulae (and thug atypical spermatogenesis)
in the tubules correlated negatively with larval production (and also

spermiogenic activity),

5. Spermatogonia appeared fto play a passive role in cycles of



265
zpermatogenesis as they were congtantly present in the tubules (Fig,
7.3). Their omnipresence indicateg that they act as a reservoir of

germ cells for all spermatogenic redevelopment,

0f the factors that promote larval production (and therefore oocyte
production) in the |billabongs, increasing water temperature
(Mudginbefri and Georgetown) and oxygen concentration (Nankeen), and
decreasing turbidity (Georgetown) are gstrongly implicated (section
7.10.1). According to the relationghips found in point 1. above
therefore, spermiogenic activity responds to these szame factors.
Thusg, it appears likely that the intensity of sgpawning in both sexes

of V., angagi is simultaneous,

0f final interest is the observation that spermatogenesis proceeded
apparently uninterrupted in mugsels from the Magela Creek channel,
aestivating during November and December, Normal physiological
processes such asg gametogenezis in V., angagi therefore, are not
sugpended during dormancy. Increaging ambient temperatures were
presumably responsible for the increase in spermatogenic activity
observed in Creek muscels over the period encompaseing aestivation and

subsequent inundation (January).

7.4,2.2 The ovaries

Superficially it wag asesumed that owing to the presence of primary
oocytes in the ovaries year round, in association with the gravid
condition of the marsupia for much of the vrii, oogenesis and spawning

in female V. angagi occurred throughout the year. However, the exact
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nature, intensity and timing of the eventz could not be zhown without
investigating the seasonal activity and development of oocyte
maturation in the ovariesz. The oogenic cycle in the ovaries was
followed by monitoring seasonal changes in the size and numbers of
primary oocytes, In the cvariez of hoth temperate (e.g. Zale and
Nevesg, 1982a: Jones and Simpeon, in prep.) and tropical (Dudgeon and
Morton, 1983) unionaceans, either the absence of primary ococytes or a
sharp decline in oocyte diameter immediately after a period of

reproductive maturity has been assumed to indicate that spawning had

occurred,

For each location and sampling period, a mean oocyte rnumber per
follicle and mean cocyte diameter were calculated from the individual
obgervationg averaged for the 5 zectioned ovarieg, The values and 95%
confidence intervals about the means, are shown in Table 7.2. From
microgcopic ingpection of the ovarieg, changes and patterns in ococyte
gizes between individuals, localities and sampling periods were mnot
visually discernible, However, periocds of inactivity just asg in the
male gametogenic cycle, or a partially spawned appearance in the
ovary, were readily observed by visual assessment of oocyte numbers in
the follicles., In a relatively inactive or partially spawned ovary,

primary ococytes were noticeably fewer (Fig, 7.2 RA) than in the active

ovary (Fig, 7.2 B),.

Mean oocyte number

Both ocogenic activity in termg of mean numbers of primary oocytes per

ovarian follicle, and the percentage of gravid females observed over
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all individuals examined from the =zame menthly collections, are
plotted with respect to billabong and against time in Figure 7.4.
Clearly, the ovaries and marsupia are in close communication with each
other and there is an immediacy of response to the intensity and
activity of oogenesis by spawning and zubsequent production of larvae,
The breeding pattern is apparently a repetitive one for unlike
distinct, seasonal breeding cyclez observed elsewhere, spawning in V.
angasi doeg not regult in an i1mmediate fall in oocyte numbers in the
follicles. Rather oocyte and asubsequent larval production occur
simultaneously, and the only indication of a spawning stress was
observed in Mudginberri billabong (for which the seasonal cycle is
complete) when between July and November, the intensity of larval
production was apparently so high that a lag in ocogenic activity was

obgerved (Fig, 7.4).

For the 12 monthly obgervationg in Mudginkerri billabong, analysis of
variance (ROV) testing was performed to discern whether the mean
oocyte numbers of the 5 obeervations differed when they were
partitioned according to the different stages of gravidity observed in
the respective marsupia, Although conzidered in detail in a later
section (section 7.9), the marsupial condition for the purposes of
this analysis, was classified: ‘empty’: with ‘developing larvae’: and
‘mature larvae’. The analysis revealed no significant difference (P >
0.05) in oocyte numbers among the different marsupial states. The
mean oocyte numbers determined were: 4,50 (empty): 4.15 (developing

larvae): and 5.30 (mature larvae),

When the partitioned data were replotted with respect to season,
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however, particular patterns emerged (Fig, 7.5), In the active phases
of the cogenic and larval cycles (from the peaks in activity obeerved
in Fig. 7.4), least oocytes were observed in the gonads of females
simultaneously brooding developiry larvae (Fig, 7.5)., This is to he
expected as presumably, individuals either (1) with empty marsupia
that have recently discharged their larvae and whose marsupia are
ready to receive a new batch cof eggs or (2) with fully developed
glochidia, have had a longer period since the previous spawning for
the gonads to have recovered, During relatively inactive phases of
the oogenic and larval cycleg (Fig, 7.4), however, least oocytes were
obgerved in the ovaries of females with empty marsupia (Fig. 7.5),
Various environmental factors at these times inhibit or retard gonadal
and larval development (szection 7,10.1), and apparently females with
empty marsupia represent a condition in which cogenesis ig slowed to
guch an extent that not enough eggz are availble for sgpawning and

subgequent brooding.,

Mean ococyte diameter

Oogenic activity in terms of mean cocyte diameters, and the percentage

of gravid femalez observed from the

)]

ame monthly collections, are
plotted with respect to billabong and against time in Figure 7.6.
Seasonal patterns in oocyte diamsterz are less obvious than the
patterns involving oocyte numbers, Only the diameters of free,
primary oocytes were measured and presumably a relatively advanced,
developmental threshold is required before the cocytes break away from
the follicle wall, Tranter (1952) in fact, thought it doubtful

whether there would be any further growth of primary oocytes after
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they had broken free into the lumina of the ovarian follicles in

Pinctada albina. However, assuming egge digcharged into the marsupia
are of a constant size, then the differences in sizes of free, primary
oocytes observed in the lumina of the ovarian follicles of V. angasi
between sampling periocds and lecations (Table 7.2), are themselves
evidence that either vitellogenic growth, or expansion of the eggs
must occur here, (It was noted for V. angasi nevertheless, that
larger eggs were produced in higher trophic environments - Georgetown,

Mudginberri, Nankeen hillabongs - in that order, Fig., 7.6.)

An interpretation of the data of Figure 7.6 ig asg follows, During
periods of gonadal activity (az previouzly discerned by mean cocyte
numbere in the follicles) larger egge are clogely associated with
increased spawning and intensity of larval production (Mudginberri
between July and November: Nankeen in September). Only after a period
of peak ovarian activity and larval development does the effect of
repetitive spawning finally outpace cocyte development, reflecting in
smaller egg =izes (Georgetown in March, Mudginberri in December and
April). During 1inactive yphases 1in the ovary, the fewer oocytes
present (Fig, 7.4) are nevertheless fully matured and developed.
Their larger gize (Fig., 7.6) suggests that they have accrued and
developed for some period of time in readinezs for the next spawning
(Georgetown between September and December: Mudginberri between
January and March: Nankeen in June and March). The small eqg sizes
obgerved in Mudginberri during July, the coolest month, are best
explained by a retardation of oogenesis caused by low water

temperatures,



270
Exceptiong to the above patternz (e.g. Nankeen in December) may also
be explained after partitioning individual ohkservations according to
different stagezs of gravidity. A0V testing in Mudginberri billabong
revealed a gignificant (P ¢ 0.05) difference in oocyte size among the
different marsupial ztatez (asg classgified earlier). Multiple range
testing (least significant different tegt: Zar, 1974, p. 151) showed
that while the oocyte means of individuals with empty marsupia (47.9
um) and oneg bearing mature larvae (48.9 um) were compatible, the
oocyte meanz in individuale hearing developing larvae (43,2 um) were

significantly lower than either (P < 0.05).

When the partitioned data were replotted with respect to season (Fig.
7.7), the same general patterns emerged as were discovered when mean
oocyte number was partitioned according to the different stages of
gravidity, Active ovarian development resulted in larger eggs in
females both brooding mature larvae and with empty marsupia. (The same
interpretation of thig phenomenon can be given to cocyte diameter, as
was previouzly given in relation to cocyte number,) During inactive
phases, however, some femalez with empty marsupia bore larger eggs in
the ovaries than those with developing larvae in the marsupia
(Georgetown in September, Mudginberri in June, Nankeen in December).
As mentioned above, thisz might veflect additional development
available for the egggs owing tco their retention in the ovaries for

relatively prolonged periods.
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Overall

Oogenic activity in termg of production of primary cocytes isg best
repregented by mean numbere of cocytes per ovarian follicle. That the
pattern of larval production may he directly superimposed upon that of
cogenic activity reflectz the close communication of the ovaries and
marsupia: the intengity of ocogenesis ig immediately reflected in the
intengity of larval production. A sceries of repetitive breeding
cycles ig concomitant with this description. (Very strong evidence
for the latter isg given in sgection 7.15.2.) Knowledge of primary
oocyte size adds supplementary information concerning recognition of
peaks in epawning intensity (marked by declines in oocyte diameter)
and periods of ovarian recovery (indicated by increases in oocyte

diameter when ococyte numbers are low),

Evidence from the previoug section (section 7.4.2.1) suggests that the
timing of both spermiogenic at least, and oogenic activity (and
therefore gpawning of both sexes) 1g the same, and both cycles are

presumably therefore, influenced by the same environmental factors

(described in section 7.10.1).

Finally, just as  gpermatogenesis proceeded  uninterrupted  in
aestivating mussels from the Magela Creek charnel between November and
December (1981), =0 too oogenic activity proceeded uninterrupted
(Table 7.2). Both mean primary cocyte numbers and diameters increased
over the period, presumably in regpongse to increasing ambient
temperatures, Inundation during January resulted in decreases in

oocyte numbers and sizes presumably asg a result of sgpawning.
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B. STRUCTURE OF THE BREEDING POPULATICN

7.5 Hermaphroditism and zerual integrity

Among the mussels from Georgetown, Mudginberri and Nankeen billabongs,
and the Magela Creek channel szexed by inspection of gonadal smears,
individuals were occasionally fournd in which both ripe eggs and sperm
were ypresent, Heard (1975) clasgified occasional hermaphrodites
amongst mnormally dicecious unionids az male or female hermaphrodite,
according to the predominant gonad prevailing. Smears, however, are
krniown to be a lezsg reliakle technique both for determining the
pregence of ‘Thermaphroditism and for assessing the comparative
aburdance of ovarian and testicular tissue (Heard, 1975). Having
determined by smears that the gonads were of an hermaphroditic nature,
the assignment into male or female hermaphroditic categories was made
according to inner gill morphology: male hermaphrodites possegsed
non-marsupial inner gills while the inner gills of female

hermaphrodites were marszupial in appearance,

The incidence of hermaphroditism according to different age classes of
mugsels from the populationg investigated, is shown in Table 7.3,
while seasonal incidence of hermaphroditism amongst male and female
hermaphrodites ig displayed in Table 7.4, Among the individuals
histologically sectioned, occurred € hermaphrodites: 3 of these had
not previously been discovered from gonadal smears. Thue the
incidence of hermaphroditism among the populations studied, as shown
in Table 7.3 needs to be corrected for cases where the condition is

undetected by smears, Assuning that the incidences are only half
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represented, neverthelezz hermaphreditism in V., angasi is uncommon and
ig confined to legg than 2% of each of the populations investigated

(Table 7.3).

The nature of the gonade of sgectioned hermaphroditesg is given in Table
7.5. Testicular tissue predominated (5 out of 6 cageg), and the
discrete ovarian follicles or testicular tubules were mostly confined
to distinct regiong of the gonad (5 out of 6 cases) (Fig. 7.2 D). In
contragt, the majority of known North American hermaphroditic unionids
either bear gonads with moncecicus acini (in which both eggs and sperm
are produced) or gonade with intermingled zones of male and female
acini (Heard, 1975). Only one hermaphrodite sectioned in the present

study digplayed the latter condition (Table 7.5),

Summarising known information on North American unionids, Kat (19834)
gtateg that hermaphroditeg reproducing chiefly as maleg are either
very uncommon or when present 1n appreciable numbers contain less than
5% female tissue. In V. angasi the predominant visceral sex of
hermaphrodites corresponded with the morphology of the inmer gills in
S out of & caseg (Table 7,5)., If the came relationship is applicable
to all the hermaphroditez exgamined, then hermaphrodites of V. argasi
in the Magela Creek reproduce hoth as maleg and femaleg more or less
equally. Twelve male and 14 female hermaphrodites were detected by
gonadal cmears (Table 7.4). Moreover, the ovarian follicleg in male
hermaphrodites occupied more than 5% of the gonadal tissue (Table
7.5). Thug the nature of hermaphroditiem in the hyriid V., angasi

differe from that found in unionids, According to Kat (1983d),

unionids reproducing chiefly asg females are common and are highly
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variable with respect to the amourt of male tissue found in the gonad.
While male and female hermaphrodites were equally common, nevertheless
the gonads of female hermaphroditez of ¥, angasi are apparently
equally variable., Two individualz with female inner gills contained
testicular tissue varying from less than 40% to more than 90% (Table
7.5). This observation accords with Kat's (1983d) hypothesis that
disruption of hormonal levels determining sex by developmental error
should result in considerable wvariability in male:female gonadal
ratios among females as the sen of females i3 hypothesised to be

determined by high hormone levels,

Hermaphroditism has been previoucly implicated as providing evidence
of sex reversal in unionids (e.g. Bloomer, 1934, 1935, 1939). The
possibility of congecutive, rhythiical consecutive, and alternative

gexuality (Coe, 1943) was 1investigated in V., angagi,

Congecutive sexuality iz zex reversal in which there is a single
change in the functional sgexuality of the individual, usually from
male to female (Coe, 1943). Protandry 1is one such example.
Chi-square analyses were performed on the data of Table 7,3 to discern
whether occasgional hermaphreodites were distributed evenly amongst the
age classges of the varioug populations ztudied, No evidence against
the hypeothesis of equal distribution (P > 0.05) was found, although
the chi-gquare value of the Mudginberri data wag high ( ¥y 2 = 39.4 on
31 DF), The incidence of hermaphroditism amongst the large numbers of
young of year musesels examined in thig billabong is digproportionately

high (Tahle 7.3).
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Inspection of Table 7.6 reveals that the sex ratios of young of year
mussels are often strongly biaged in favour of maleg, particularly in
populations where smaller individuals are well represented (Georgetown
and Mudginberri billabongs), Sexuval maturity in V. angasi is size
dependent (section 7.7) and from Table 7.7 it 1s apparent that the
gonade of @mall individuale function initially as males. (This
observation is best exemplified in populations in which larger sample
sires are available.,) The apparent protandry is not the result of an
earlier maturation of males: once mussels exceed 30 mm in length, few

immature and indeterminate gonads are found (Table 7.7) and yet the

proportion of females still remainz relatively low,

Presumably amongst Juveniles, protandey ig  accompanied by
hermaphroditism in which the dominant gonad does not necessarily
correlate with inmer gill morphology. No higtology wag undertaken to
investigate thig, however., Further, an intermediacy should be noted
in the inner gillg between the marsupial and non-marcupial condition
of at least some individuals. This waz not observed., Presumably the
change in morphology cccurs very rapidly. In any case the distinction
between marsupial and norn-marzupial gills in mussele so small ig not

always so clear,

In section 6.7,1, significant declinec were noted in the proportions
of females, with increaszing age in =ome mussel populations of the
Magela Creek. Long term mark-recapture sgtudies may be needed to
determine whether conzecutive zeruality 1z the cauze of these
declines. However, there ig very little evidence to suggest that this

form of sex reverzal did ccour in the populaticons in question as: 1)
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incidence of hermaphroditizm, that may suggest a sex change, is
overall very low: 2) in Mudginberci billabong where a rapid decline in
the proporton of females was ohserved over the oldest age classes
(Fig., 6.34), no noticeable increase in  the incidence of
hermaphroditism was noted (Table 7.3); and 3) =ignificantly, visceral
gex and the dominant gonad of hermaphrodites, are consistently
correlated with morphology of the inner gills of mature mussels
regardless of their age. For these populationg, differential

mortality between the sexes may he the bhest explanation availakle for

the observed change in zex ratioc with age (gection 6.7.1),

Rhythmical congecutive sexuality 12 cheerved where the initial phase
is male, followed by a serieg of alternating female and male phases
throughout life (Coe, 1943), For the reasons given in peints 1) and
3) above, it is very doubtful that this type of <cexuality
characterises populations of V. angazi in the Magela Creek.

Alternative sexuality isg a =ex reversal in which adults function
seasonally as zeparate zexes. No patterns were observed in the
geasonal incidence of hermaphrodites amongst the different populations
(Table 7.4) that were suggestive of a gew change confined to a
definite period of the year at least., Figure 7.8 ghows the geasonal
fluctuations observed over the study period in the sex ratios of
nussels between the different populations of the Magela Creek. The
decline in the proportion of females obzerved during the Wet-Dry
interchange (RApril and May, 1981) in Jabiluka billabong suggested a
strategy whereby females changed sex in response to the anoxic

environment that prevailed at the time, During Januvary of the
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following Wet geascn (1982), known female mussels from the respective
billabongs (gexed by obgerving individuals aborting larvae in the
laboratory) were marked and subszequently released in Jabiluka and
Mudginberri. Upon recollection at the end of May (1982), all
individuals were found to be female, zhowing that no sex change had

occurred over the period.

Nevertheless while no more than random sampling error is assumed to
account for the seascnal fluctuations observed in the sex ratios in
nost populations; definite patterns were discernible 1in  both
Georgetown billabong and the Magela Creek channel (Fig. 7.8). Both
patterns are almost in phase with one another, and two cycles are
apparent each year, The preoportion of females isg lowest at the end of
the Dry and again at the end of the Wet, Peaks in gproportiong of

females are observed in hetwesn these periods,

Although the sexes tend to occupy different habitates in different
geasons in Georgetown billahong (zection &.8.1), the nature of
sampling in thisg billabony uzing transectz, was such that no sampling
biazes were likely (gzection 3.1). In Gecrgetown as in all the
kbillabongs, vieceral sex congistently correlated with morphology of
the inner gille of mature muzsels, regardlezz of seaszon, Moreover,
hermaphrodites were least common in this billabong (Table 7.3), both
factors arguing against alternative szexuality. No satisfactory
explanation ig available to explain the seasonal patterns in sex
ratios observed in Georgetown billahong, (The only apparent
envirormental factor that resembles the diphasic pattern is water

temperature but the relationghip between temperature and sex ratio in



V. angazi is unknown.)

During 1981, a peak in female proportions was observed in Creek
massels at the onget of aegtivation (July), and declined over the
entire period of dormancy (up to Demember )., It ig tempting to suggest
that the rigours of dormancy promote a strategy whereby it is
energetically more expedient somehow, for these muscels to aestivate
as males. The highest propertion of hermaphrodites was observed in
this mugsel population (Table 7.3), and of further note is that the
inner gills of femalez are not entirely marsupial in appearance
(section 7.3). A cexr reversal is therefore not inconceivable for
mussels from the Magela Creek channel, particularly in consideration

of the rigours of their envirornment,

In concluzion, it is highly unlikely apart from protandry, that sex
reversal occurs seasonally or throughout the adult life of billabong
populations of V. angasi (and in all likelihood that of the Magela
Creek channel), Hermaphroditism 1= only occasional, and by all
appearances gexual integrity in V. angazi iz high., Further long-term
investigationg are required to determine the causes of the observed
fluctuations in the sex proportions of mussels in Georgetown billabong

and the Magela Creek channel. Sampling biases may yet explain the

patterns.

Among various North American unionide ztudied by Kat (1983d),
occasional  hermaphroditiem  ameny populationz  of  predominately
dicecious specieg wase found to ke associated with the presence of

digenean trematodes within the gonadz, Cercarial infections were also
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noted in the gonads of V., angasi. In zevere cases gametes were
entirely absent and mussels were rendered functionally sterile by the
gporocysta (Fig. 7.1 E). Ne dcukt all heavily infected individuals
were detected by gonadal smears, Higtology, however, chowed that 2

out of 5 infections found were 2o light that they were not previously

detected by smears,

The seasonal occurrence of cercarial parasitism ag determined by
gonadal smears is zhown for the different waterhodies in Table 7.8,
Corrected infection rates from histoleogical obgervationg are also
given in this table. The infecticn rates overall are low, but during
the Dry season in Georgetown billabong up to 10% of the population was
infected, Infections in mussels from the Magela Creek charnnel and
Mudginberri and Nankeen billabongs invariably occurred only during the
Wet season. In Georgetown, howsver, peak infections were observed
during the mid Dry and were associated with a period of low
physiological condition (body weights) of mussels (section 8.7.1).
Becauge of the generally low incidence of infections observed, the
reproductive potential of populaticnz of V., angagi was presumably not
affected to any significant degree, Female mussels, however, are

apparently more suzceptible to infection than males (Takle 7.2),

There wag no corregpondence bhetween incidence of cercarial infection
and occasional hermaphroditizm in the Magela Creek waterbodies. In
fact the Georgetown billabong population had the highest incidence of
cercarial infection but the lowest incidence of hermaphroditism,
whilst the reverse zituation applied to the population from the Magela

Creek charmel, Frezumably very high incidences of parasitiem (up to
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80% in Kat's (1983d) populaticnz! are required in order for trematodes
to cauge hermaphroditiesm via dizruption to hormonal levelsg, Errorg in
developmental procesges are liksly to be responsible for observed
hermaphroditism amongst populations of V. angasi in the Magela Creek.
That the incidence of hermaphroditism 1z highest in the Magela Creek
charnel, where normal metabolic processes such as filtering and

reproduction are periodically brought to an abrupt halt at the onset

of dormancy each Dry seascon, 1¢ supportive to this hypothesis,

7.6 Sex ratio

The =zex ratio of mussel populationg in the Magela Creek varied with
age. In most waterhodiez (and probably in all populations) the
primary gonad is apparently male (gection 7.5) and within several
billabongs a decline in the proportion of females with age was

obgerved (Fig. 6.34). In one or two populations moreover, seasonal

—t

fluctuations in zex ratiosg were discerned (zection 7.5, Fig. 7.8).

Averaged over seacong and age classesg, however, the proportion of

females in the waterbodies invariably falls below a 1:1, male:female
sex ratio (Table 7.6). Tests of departure from a 1:1 sex ratio were

performed on the proportions, using the normal approximation to the

binomial test (Zar, 1974, p. 289),

Significant departure from equal
proportions of the two sexes (H: p = 0.%) rezulted for populations
from Jakiluka (P < 0.05) and Buffalo and Leichhardt (P < 0.01)

~

hillabhongs,

The low proportiong of femalez obgerved may partly be explained in
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terme of longevity, and dissolved ouygen concentration in the
billabongs., The longest-lived populatics are found i1n Mudginberri and
Buffalo bkillabongs and in Mudginberri at least, males live
cignificantly longer than femaleg (gection 6.7.1), It is notable,
however, that both environmente in  which females are most
underrepresented - Jabiluka and Leichhardt billabongs (Table 7.6),
have the lowest mean concentrationz of dissolved oxygen, averaged over
the sgeasong, of the populations zampled (Table 2.7). This finding
adds further strength to the claim that low dissclved oxygen
concentrations are most strecsful to females, and the decline observed
in the proportiong of femaleg with increasing age are very likely the
result of this stress (gection 6.7.1), Low values of dissolved oxygen
that are at least periodic in most of the billabongs, may partly
explain why the proportiong of females are invariably always lower

than those of males,

~J3
~

Age and =ize at genual maturity

Gonadal maturation in V. angas: was determined by examination of
gmears for the presence of spermatozoa or primary cocytes. From Table
7.7 it ie apparent that gonadal maturity is =zize dependent, and the
mature gonad is first distinguishable from the undifferentiated gonad
zomewhere between the size ranges 25.0-29.9 and 30.0-34.9 mm. These
size classes generally lie well within the growth attained by mussels

in their first year in all study populations (Tables 6.9-6.19).

Gonadal maturity wasg followed in more detail in juvenile mussels from

Mudginberri billabong., Gonadal zmearz were made of 79 young of year
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muscels at various times during 1931, 211 mussels greater than 30 mm
in length possessed mature gonadz, Detaile of the gonadal appearance
of all mussels below thisg size are shown in Table 7.9. Below 30 mm,
the sex of most individuale cannot be reliably determined, Age at
gonadal maturation can he determined from the data of Table 7.10. 50%
of mugeels reach maturity at approxzimately 0.5 years of age, while all
mussels are mature by an age of 0.8 yearz. Mature gonads may be found

in individualg as young as 0.2 years.

The mean =zizes of female young of year mussels in which brooding
larvae were found, were uged to determine the age and size at which
mugsels first sgpawned and hrooded young. The results for a number of
populations are shown in Table 7,11, (Detailg of the developmental
stagez of the larvae are given in sgection 7.9)., The broader range in
gize at first gravidity, ag compared to the gize range at gonadal
maturation, is more apparent than real, partly because of low sample
gize, and becauge larval production 1g very sengitive to various
limnological factors =uch as temperature, dissolved oxygen and
turbidity (section 7.10.1), The greater size recorded of females
brooding young in Leichhardt billabong for example, resulted from
anoxic conditiong during the early Dry geasong that prevernted brooding
at an early age (section 7.10.1). The minimum mean =sizee at which
females were first observed brooding young (Table 7.11) are therefore
assumed to be the =zizes at which femalesg in most populations may
potentially sgpawn and become gravid, Thug first gravidity like

gonadal maturity isg esize deperdent and occurs at a ize of

0]

approximately 40 mm,
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Again age and size at which females first brooded young was studied in
greater detail in Mudginberri hillabong., The marsupial condition of
all females collected during September, October and November 1981 is
shown in Table 7.12. No brooding young were found in mussels below a
size of 36.0 mm, and most femalesz greater than 38 mm in length were
gravid, The mean age at firzt zpawning and brooding in Mudginkerri
bhillabong, extrapclating to the population as a whole, is reached at

approximately 0.8 years (Table 7.10).

Assuming & size at first gpawning and brooding of 40 mm, and
extrapolating from the growth data of Tables €.9-6.19, the mean age at
first spawning and brooding liez within an age span of from 0.6 to 1.5
vears (Table 7.11) depending upon the growth rates of mussels within
the variouz waterhodies. In all populations, however, sufficient
growth ig reached by a wore or lese zignificant proportion of
individuals, that some spawring and brooding by young of year mussels

ocour,

7.8 Senescence

The percent of gravid females with respect to age 1g plotted in
Figures 7.9 and 7.10, for each of the Magela Creek waterbodies. In 7
out of the 10 populations, gravidity wasg obsgerved to decline
significantly with age. The populationg in which significant declines
were noted and the rezpective regression equationg describing the
relationshipe are ghown 1in Table 7,13, Both linear and quadratic
weighted regression equationg were fitted to the data (the dependent

variable being arceine transformed), but in only two populations
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(Leichhardt and Jabiluka billabongs) was  the quadratic model

appropriate (Table 7.13),

There wag a decline in gravidity with agye in most of the populations
of V. angagi in the Magela Creck. Thiz decline appears to operate
over much of the life-spang of museels in the varioug populationg
{(Figs 7.9 and 7.10)., Larval production correlates directly with the
mean number of primary ococyteg in the ovarian follicles of V. angagi
(Fig. 7.4}, Thus with increazing age, cogenezis and ococcyte production
decline 1in activity, In the largest of the females histologically
aectioned (85 mm from Nankeen hillabong), the ovarian follicles were
entirely devoid of primary occytes - an unusual occurrence in all of
the muzsels sexed and sectioned. No attention was paid to the
likelihcod of the same decline in reproductive activity in male V.
angagi, Superficially, ns dizcernihles changes were noted in the
testes from the many gonadal gmears wade, and from the sectiong
examined. In both zexesg, however, condition (relative hody weight)
was noted to decline with age (section &.7.2). Declining reproductive

activity iz compatible with thiz cbhzervation,

The data ~f£ rudginberri, Buffalo, Leichhardt and Jabiluka billabongs
clearly indicate a peak 1n reproductive potential reached in the
fourth, fifth, third and gixth years of life respectively (Fige 7.9
and 7.10) after which a long and gradual senile or post-reproductive

rhase occurs., In other waterbodiez, the full reproductive potential

iz reached in the very first year or so of life (Figs 7.9 and 7.10).

In all probability the long and gradual sgenile phase of declining
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reproductive activity V. angaz: 12 limited toc or mest prominent at
least in females, Again the protracted nature of the decline in
reproductive potential, may be suggestive of a phyziological weakening
of femalee hy Dry season gtresges ie.g, turbidity and anoxia) to which
they are particularly sensitive to by virtue of the brooding, feeding
and resgpiratory function of the gills., Repetitive spawning (section
7.11) might further exacerbate the decline, A post-reproductive and
senile phase in females of V., angagi provideg further supportive
evidence that females are shorter-lived than males amongst several

populationg at least in the Magela Creek (gection 6.7.1),

C. LARVAL PRODUCTION

7.9 Stages and rate of larval development

Stages of larval develcpment

The development of krooding young of V. angasi wae obeerved and

divided into three gstages. Such a classification

2

was originally
thought wuseful for determining the times of sgpawning, incubation
period, the pericd of glochidial release and the number of broods of
larvae produced per year, All developmental stages were studied under
low power microscopy, usging living material, Photomicrographs of the
stages are chown in Figure 7.11. The large amounts of yolk material
present in the early embryological stagesz precluded any attempts at
studying the cleavage processes. By all accountg neverthelesgs, the
appearance of the developmental stagezs of larvae of V. angasi
apparently does not differ greatly from the records of Lillie (1895)
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and Wood (1974a) for unionidse.

ARlthough a continuum of development ig presgent in embryogenesis (Fig.
7.11), and therefore the clasgificationz are rather arbitrary, certain
morphological features were very characterigtic of each stage.,

Including the non-gravid conditicn, the larval classificationz are as

follows:

"Empty’ - No developing embryos or larvae were pregent in the

"Early larvae’ - The developmental continuum of early larvae is shown
in Figure 7.11 A-C. Early larvae included developmental stages from
zygote through all cleavage divigiong to at least gastrulation. The
emkryonic appearance ranged from an early spheroid (Fig, 7.11 AR) to a
more advanced elliptical (Fig, 7.11 B-C) mass of cells enclosed within
a vitelline membrans, Appacently the larger dorsal end is the
rudimentary, ectodermal shell gland. No other morphological featureg,
however, characterise the embryos. (The stagez represented in Fig,

7.11 A-C are relatively advanced emnbrycs, )

‘Developing larvae’ - Other than winor (largely unrecognisable)
cellular developments, the most discernible feature of the developing

larvae following gastrulation, is the appearance and development of
the larval adductor muscle., Developing larvae are shown in Figure
7.11 D-F, and the adductor muzcle 1z apparent as a cross band of

striated tissue within the centres of the larvae, In the latter

stages of this developmental phaze, slight invagination of the larval
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mantle is apparent (geen 1in the right-mogt larvae in Fig, 7.11 F).

‘Glochidia’ - The chief distinguizhing feature of the transformation
phase of young larvae into glochidia i1z the continuing invagination of
the larval mantle to affect the hifid condition of the mature larva.
Accompanying thiz movement ig the formation of the larval shell., As
yolk ig absorbed, the shell becomes gprogresgively thirmer until the
typical translucent appearance of the mature glochidium is reached,
The varioug glochidial stages are shown in Figure 7,11 G-1. Early
glochidia (Fig. 7.11 G) are enclozed in the vitelline membrane. The
shell marging are not necegeacily pactitioned fully and remain
untoothed, Mature glochidia are invariakly free of the vitellire
membrane, and possese well developed teeth (Fig, 7.11 H) and a sticky,

larval thread (Fig. 7.11 1),

Recompanying each of the developmental stages 1g a correcponding
change in colour of the larvae when obzerved in the intact marsupia,
brought about by yeolk abgorption and zhell formation, Early larvae
appeared white to pale yellow; developing larvae, yellow to light
brown; and glochidia, a light to a darker shade of tan, Development
in fact could ke followed on colour changez alone, However, the
embryos and larvae of all gravid females diszsgected were sorted into
stages microscopically. No unfertilized eggz were encountered, and
without exception developmental stagee were highly synchroniged,
indicating that the young mature and are releazed from the mother at
the one time, Finally, in eutrophic waters (e.g. Island, JaJa,
Jabiluka and Leichhardt billahengz) the larval masses were noted to

fill the entire irmer gill of females, In other populations, the
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portion of the gill used to incubate young wag generally restricted to

the immer two thirde,

Rate of larval development

Because 1) larval develcpment waz not synchronised between individuals
collected at the same time and location, 2) females brooded young
continuougly for most of the year, and 3) the developmental time was
very short in relation to the monmthly interval between samples, the
staging of larval development performed routinely on gravid femaleg
did little towards assisting the determination of the rate at which
young develop in the marsupia, Faced with the same problems, Kenmuir
(1981b) monitored the developmental rate of larvae in tropical Lake
Kariba by periodically ypriziny open the valves of marked female
mussels from the lake, probing the marsupial gills with sharp-pointed
forcepe and staging the larvae co zampled, The results achieved by

these methodz, Thowever, muzt he viewed with s=ome 2uzpicion.
Digturbance of brooding femaleg commonly resulte in abortion (noted by
Kermuir (1980) himgelf, amcongst many other authors - see section
A4.2), and the resulting patterns ohgerved may merely reflect the
attempts of the disturbed nwuzzelz at re-etablishing the marsupial

brood with a gubsgequent alteration in the release date,

Interruptions to larval development in mussels from the Magela Creek
populationg coeourred often, and resulted from adverse envircnmental

conditionz (section 7.10.1). During thesge periods, 1t waz common for

all females to have aborted brooding young or to be inhibited from

further production of larvae, Nze waz made of this phenomenon in
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agcertaining the rate of larval develeprment in V., angasi in the Magela
Creek. Having zampled muszels in a zynchronised condition of empty
marzupia, the subsequent zampling date  at  which mature larvae

reappeared in the margupia indicated the rate of larval development,
From Figureg 7.12-7.14 it 1z zeen that recovery, after such periods of
non-gravidity, to the stage of mature larvae present in the marsupia
can oceur by the time of the procesding monthly collection, Glochidia
appeared after 40 days in Igland (Jan,/Jul,, 1981), 41 day=s 1in
Corndorl (Jan./Feh., 198Z2), 47 days in Leichhardt billabong
(Jun,/Jul,, 1981) and 44 daye in the Magela Creek charmel (Dec./Jan,,
1981). All of these periods encompazs hoth winter and summer months,
and therefore even for the glowest rateg 1in winter, larvae had
developed within a 40-42 day period,  Sampling at shorter intervals
wasg carried out in Corndorl billabong (Nov./Dec., 1981) and in the
Magela Creek channel (Nov./Dec., 1921), for which recovery after a
period of cessation in larval production was noticed (Figs 7.12 and
7.13). Glochidia appeared aiter 1% days in Corndorl and after 12 days
in the Magela Creek channel. O0f interest ig the observation that the
latter population had been aestivating 12 days prior to collection in
December, 1981: subsequent inundation resulted in immediate spawning
and very rapid development cf active, mature glochidia, free of the
vitelline membrane, Larvae were gprobably mature even for some days

prior to collection.

Development rates are presumably affected by temperature, and larvae
may require a longer period to develop during the winter than the

minimum rate of 12 days recorded during the summer, However, the
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winter rate doeg not exceed 40 days and 1z probably much cleser to the

maximum of 12 daye noted during zummer,

7.10 Seagonal pattern of larval development

7.10.1 Between waterbodies

Seasonal breeding activity of ¥ in relation to larval

agl

production waz determined by compiling the monthly occurrences of the
gravid sgstagesg recorded over the entire period of investigation, for
each of the study populationsz, Larval production in each of the
populations, represented by histogramg of the monthly marsupial
appearance of females, iz gchown 1in Figures 7.12-7.14. From these
figures, it ig apparent that at any one time and location, all
developmental stagez of larvae may he preszent in different individuals
compriging the population, Thz asgynchroniged nature of larval
development within the populationsz and the chzervation that larval
production can occur  over the entire year were superficially
suggestive of repetitive breeding in V. angasi (substantiated in

.

section 7.11).

Seagonal patterns of larval production were discernible within most of
the waterbodies, but rarely was the game pattern common between any
two locationg, Major interruptions to larval production in particular
were a feature of several populationz, especially those from the

floodplain billakongs (Figs 7,12-7.14), Thug the sgeasonal appearance

of larval production vwvaried quite congiderably amongst  the

waterbodieg,
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While ne one ohvious envirormerntal variable was the cauvse of the

marked variationg observed bhoth within and between the billabongs,

zeveral factors - of climatic and limnclogical nature, seasonal in
occurrence, and in combination - were strongly implicated to affect

the patterns of larval production., 2 largely aseasonal breeding cycle
wae evident for V. angasi populations in the Magela Creek., Within
this general pergpective, however, a background breeding pattern
dependent upon temperature wag apparent while superimposed upon this,
the cycle was chown to be interrupted by adverse environmental
conditiong, especially the effects of digsolved oxygen and turbidity,
The effect of temperature upon larval production was clearly evident
in  Mudginberri billabong as zhown in  Figure 7.15, while the
significance of turkidity in Georgetown (Fig., 7.15), and diszsolved
oxygen in Nankeenn (Fig, 7.1%) and the other floodplain hillabongs
{Fig., 7.16) could also clearly be demonztrated, (It is worth noting
that larval preduction in V. angasy merely mirrors the intensity of
oogenesis (gection 7.4.2.2). Therefore the measure of the response of
larval production to varioug environmental factors i1g in turm a

measure of the rezponse of gonadal activity.)

Having delineated geveral envirornmental variableg of importance to
larval production, attemptz to¢ model the breeding cycle over all
billabongs and within billabongs, were made using a multiple
regression approach, Independent variableg chosen were temperature,
dissolved oxygen, turbidity, chlorophyll and time. The inclusion of
chlorophyll and time of year, waz made on the assumption that the

former ig a measure of food availahility, of conceivable importance to
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larval production, while the latter waz included az a measurs of other

{unmeasured) seasonal effecte. Such effectz may include aspecte of

the phy=iology of the muasecl 1tself, e.g. relative condition and

previoug zpawning history.

While the choice of temperature, dizsgolved onygen, turbidity,

chlcerephyll and time was fixzed

, stepwizs multiple regressions were
performed on the untrangformed data, various transformationg of the
data and on various multiplicative combinaticng of the data from each
billabong, to determine whether or not transformations were required
and whether congistent zynergiztic or antagonistic effects among the
variables were present, The rezulte indicated that a log
transfermation of disaclved oxygen only was required for the
regression analyses (also indicated from ingpection of the regiduals
of appropriate regreszziong)., No other zignificant factors resulted
that were suggestive of consistent gynergism or antagonism amongst the
variablez, Multiple regression analyses were performed on the five
independent variables against monthly larval production (percent of
gravid femalesz, arcsine trancformed) of each billabong. An equation

was also derived using the data of the bhillabongs combined,

The resulting multiple regreszion equaticng are shown in Table 7.14,
En AQV of the regregsion coefficients over the billabongs ghowed very
strong evidence against the asszumption that all 8 regression equations
egtimated the same population regression (P < 0,001). Even when the
billabongs were grouped according to the hydrological classifications
of backflow, channel and floodplain, the equations within the groups

atill differed in =ach caze (P < 0,001), Neverthelezs, within the
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broad billabong types, some enwiconmental influences were strong and
common in effect, Three environmental factors at leagt have a very
significant bearing upon the patternz of larval production ohserved

amongst the different billabongs:

1) Temperature - The major determinant of larval production in
Mudginberri billabong ig apparently water temperature (Table 7.14),
and increaging water temperature 12 conducive to production of young
(ag might be expected), The relaticnzhip between monthly larval
production and temperature for Mudginkherri billabong iz shown in
Figure 7.15, and a highly sgignificant linear regresgion equation (P <
0.001) was found to deszcribe 1t (Table 7.1%). The enviromment in
Mudginberri billabong ie the most equitable and temperate of all the
Magela Creek waterbodiez, and dizzolved oxygen iz generally adequate
and turbidity very low vyear round. The breeding pattern in this
billabong therefore, apparently vepresents a background cycle,
primarly dependent on water temperature. Except for Nankeen, the zign
of the partial regression coefficient for temperature amongzt the
billabongs wag consistently pozitive and in two other billabongs

.....

regression equation (Tahle 7.14),

2}  Turbidity - At high concentrations, suspended solids (as measured
by turbidity) had a mostly negative effect upon larval prodﬁction. In
Georgetown, the ‘dirtiest’ of +the Magela Creek billabongs, the
relationship is clear (Fig. 7.15%), and a highly significant linear
regreseion equation (P < 0,001 waz found to describe the relationship
between monthly larval production and turbidity (Table 7.15). The

significant, but positive sign of the partial regression ceoefficient
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for turkidity in Nankeen billahong 1z ambiguous. No correlation was
found bhetween larval production and turbidity when the variables were
regressed on theilr own, and the silgnificance of the parameter in the
multiple regression equation 1z zuggestive of intercorrelation between
the other independent wvariahlesz, Similarly, in the mnon-turbid and
marginally turbid billabongs, the poszitive gign of the coefficient in
the regreszion equationz (Tahle 7,140 may merely reflect increasing
algal production that turbidity partially measures during the Dry
season, Thusz, at high loads only, sugpended zolids apparently inhibit
larval production, wvery likely through an effect of interference to

normal gill functioning of brooding females,

) Digsolved oxygen - In all but one billabong, the partial
correlation coefficients of dizzolved oxygen in the multiple

regression ecuationg are positive, It ig particularly noteworthy
that the coefficientz in threes of the five floodplain billabongz are
eignificant (Table 7.14), and it 12 clear that dissolved oxygen hag a
marked influence wpon larval gproduction in theze billabongs (Fig,
7.16)., In four of the five floodplain billakongs, zignificant linear
regression equations were derived to describe the relaticonships
between dissolved oxygen and larval production (Table 7.15).

From Figure 7,16, larval production 12 suppressed at each Wet-Dry

i

eason interchange (Rpril-June), apparently in response to the same
zeasonal lulls obzerved 1in dizzclved ouygen concentration, Later in
the Dry, however, the same correzpondence ig not o clear., At these
times algal populationz have increased and the resultant respiratory
Iull measured in early morning disgolved oxygen concentration may be

tollowed by a supersaturated reading in the afternoon as a result of
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photosynthesis (section 2.3.2.70). it the Wet-Dry interchange,
however, algal populaticng are low and the effects of the relative
anoxia resulting from macrophytic decomperition are sustained, in all

likelihood, throughout much of the day. Thug, the responge of larval

production to disgolved owygen concentralion may he an integrated

measure of the zustained effect of low diszolved oxygen. Spot monthly
readings of dizsolved oxygen are probably of little walue in this
regard, Mankeen 1ig limnologically the least gproductive of the
floodplain hillahengz and presumably dissclved oxygen concentrations
are leze dependent upon algal blcomz, The close correspondence of
larval production to dizzolved crygen n thiz billabong therefore
(Fig, 7.15), may indicate that the early morning readings of dissolved

oxygen ars an effective measure of the daily concentration, In spite

(')

of an apparent relationship between dissolved oxygen and chlorophyll,
however, no multiplicative combinaticn of the two variables resulted

in any congistent and =zignificant patterns from the stepwice

regressionsg,

At low sugtained concentrations, digsolved oxygen mugt either inhibit
further larval production (via redured oogenic activity, section

7.4.2.2) or induce abortion in brooding females, In the former,

relative anoxia 1

)

azzumed fTo directly interfere with oogenesis at

leagt, while in the latter the hrooding larvae may impose a gerious
respiratory  burden wupon  the  wmother  or  conceivably, themselves

agphyxiate if their development ocours more or legs independently of

the parent.

4) Overall - Becausge larval production responds differently to the
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game envirormental conditionz hetwesn billabongz no overall model can
accurately predict larval production given a limited set of variables
az uged in thesze analysesz, In any maze, on ztatistical grounds, an

ecquation derived from the data of all the billabongs for predictive
purpoges iz invalidated., Thu within billabongz larval production may
respond in a predictable fashion to the immediate environment: yet
rezponzes averaged over all hillabengs differ sufficiently to =uggest
that control of hreeding 1z alzo influenced by more complicated
phyziological mechanisms, Other urmeazuresd, environmental influences
and synergisztic and antagoniztic <ffectz may also be influential to

breeding.,

Neverthelegs, the combined ecuation as derived in Table 7.14 whilst
not providing significant predictive value (having a low coefficient
of determination of 29%), indicates by way of the =2ign and
significance levelz of the ceefficientz a measure of the relative
importance of the ernvironmental parameters gtudied, to  larval
production, Accerding to the multiple regression equation, the
strongegt influence of the envirormental factors studied 1g dissolved
oxygen., Above a threszhold value, the influence of dissolved oxygen ia
not particularly marked, but at low sustained concentrations breeding
of mussels iz aupprezsed, Increazing  water  temperaturez alszo
significantly enhance breeding, while sugpended =olide at high
concentrations  inhikit it Blgal ahurdance (a2 measured by
chlorophyll) ag a source of food available to musecele is apparently

unmimpoertant in determining larval production,

In the Magela Creek charnel, the availability of water appears to be
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the only requirement for breeding as muzoels were observed in a gravid
condition for the entire duration of the Wet season (Fig, 7.12).
Breeding commences almoszt immedratsly after the Creek heging to flow
in about December, continues throngh the Wet zeagon and ceaseg at the
cessation of flow prior to asstivation in about May. Contiruous
breeding over the Wet sgeason i1z no Jdoubt snhanced by the high ozygen
concentration of the flowing waters and generally low lcads of

sucpended s=olidg.

7.10.2 Within hillahongs

The percentages of gravid females observed within each depth interval
over the study period, were catimated and pleotted according to depth
and/cr sampling location i1n Georgetown, Mudginberri and Buffalo (Fig,

7.17) and Leichhardt and Narkeesn (Fig, 7.12) hillabongs.

Givenn that larval groduction generally declines with mnussel age
(section 7,8), and that ags 1z rvelated to depth in the billabongs
according to the relationshipz dezcribed in section 6.5.3.1 and shown
in Figurez 6.,25-6,27, the relaticonshipz drawn here are merely the
inverted images of Figurez 6,25-6,27, Thus larval production
decreasez with depth in Gecorgetown, Mudginberri and BPuffalo hillabongs
{(Fig, 7.17) in responge to increasing age over the same gradient,
(The significance of the encirrled point an Buffalo billabong shown in
Figure 7,17, ig congidered in section #.5.3.1), In Leichhardt and

Nankeen billahongs, larval production 1z least at intermediate depths

(Fig. 7.18), corresponding to the zitec where the oldest museels are

10

fourd, The relationship fourd in Nankeen billabong, however, is not
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exactly an inverzion of the quadistis relationsghip hetween age and
depth as chown in Figure &,27, Larval production at the shallowest
and greatesgt depthz (Fig, 7.1%) waz lezz than might be expected, as

the youngest age claszes are heavily repregented here. The effectz of

-

anoxia may he assumed to he mozt pronoanced  at  depth, possibly
cuplaining the scuppressed breeding at the deepest gtation. At the
zhallowezt depth, wave-induced vesuspenzion of the zilty sediments

during the Dry seascn (see zecticn £.4.0.1) may interfere with larval

broocding, again perhaps

slairiing the slightly reduced  hreeding

activity here,

7.11 Duration of i1ncubation and frequency of brood production

The correlation between the percent of brooding femalez and the
incidence and intensity of parasgitiem of the host fishes by the
glochidia over the zeagons zection 7.15.2), clearly indicatez that
larvae are releazed from the mother as zoon ag they have matured.
From the data of zection 7.9 thersfore, 1

rvas are hrooded and

u\

releaged within at most 12 dayeg Jduring suwaner and within at most 40
days (probably much shorter) during winter. Unfortunately, 1t iz not
kriown over what time zpan the larvae are releaged to ascertain more
precizely the duration of an sntirs reprodactive cycle, from one brood
to the next., Possibly the periad of releasze of glochidia 12 no longer
than a week, R very conzervative egtimate would place the period at
tuwo weekg., In all likelihood therefcre, an entire reproductive cycle

ig completed within a pecriod of tws wesks and one month,

When reproductive activity 1z mest intenge in the

waterbodieg, few
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females were found in a nor-gravad condation, for often prolonged
periodg (e.g. Sept.-Dec., 1980 in Mudginberri billabong, Fig, 7.,12),
Thig indicates that a reszt period betwesn broods iz extremely short
during these phases of activity, and females are therefore breeding
repetitively, PRazed upon an eztimate of one month for the duration of
an entive reproductive cycle, and congidering that in most billaborgs,
there are active phazeg in which one cycle 12 1mmediately followed by
another, 1t 1e likely that as many as 9 roodg are produced esach year,
1f oyclez are of fortnightly duraticn, 1t 12 conceivable that as many
ag 1% broode may be produced each  year, The duration of 3

[a§

reproductive cycle, however, need: to he properly ascertained,

D. GLCCHIDIAL RELEASE AND FARRZITIZM

2 Materialz and msthodz

Natural infecticong

Fish collections from zeveral billabonge of the Magela Creek, were
made at variocus timez of the year to invezbigate glochidial infections
of V. angasi, Wherever pogsible (geveral ingtancesg) advantage was
taken of the catchez of other 1nvestigateorz involve in fish
auteccological gtudies in the Region, Only catchez made in bhillabongs
and zites known to harbour muszel beds, however, were utilized, Fish
were collected by =eining the zhallows on or adjacent to mussel beds,
while gill netting waz performed 1n zome deepec gitez mainly for
capture of the larger figh zperies, The zampling dates and sites of

collection are shown in Table 7.1¢. 211 fish from a catch were fixed
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in 10% formalin and subsegquerdly tranzferred to 70% ethanol for later
ingpection of glochidial infectionz, dhen individuale of a figh
zpecies were particularly numercuz, aubsamplez only were taken and

preserved,

Having ascertained early in the ztudy that Glosgogohiue gqiurus, the

flathead goby, waszs a host for the glochidia of V., angasi, regular
monthly collectiong were made of the fizh from Mudginkerri billabong
during 1981 and 1982, to morator the 2easonal incidence of parasitiszm,
G. giurug is benthic in habit and fish were collected by diving over
sitez where muzzelz occurred, wusing =2mall dip nete for their
individual capture, An sffort was made each month to capture at leas

20 fizh, However, during the lats Dry zeason of 1981 (Sept,-Dec,),
water clarity deteriorated t¢ zuch an extent that fich were difficult
to locate, Sample numbherz were thevefore low during thesze months

(Table 7.17)

In the laboratory, fish were 1ngpected under a dissecting microscope

for the prezence of encyzted glechidia,  Theze were conspicuous asz

w

mall, semi-opaque tubercleg on the hogt 'z fizsues., Rationalising the
time required to inzpect the fighez {for gpresence of glochidaa,

ingspections were made of the finz only unlegg otherwize 1ndicated

{zection 7.1).

Laboratory induced infectiong

The duration of the parasitic period of the glochidia of Y. angaci

upen a host fish, G, giluruz, waz determined in the following manner:



Fizh wsre collected from Muldginherr: ballabong two weeks prior to
eyperimentation to allow naturally occurring infectiong to be voided,
Individuals were kept in killabong water (from Mudginberrii throughout
the study and, during the experiments, water wag changed daily. Prior
to experimentation fizh were f{ed, but were starved during the

experiments,

Each trial compriged artificial sipozure of the fisgh to glochidia, at

a

[0)]

pecific water temperature, Tue triale were performed, at 220C
during the Dry season of 1951, and at 20°C during the Wet season of
1982, Siw fish were uzed in each trial, and each fizh was held in a l
litre glase hbeaker individually aerated, All heakers were held in a
waterbath whers water temperature waz thermostatically controlled to
within 1° C, 2 bharrier of nylon gauze mesh was placed a few

centimetrez above the hottom of the beaker through which newly

metamorphozed larvae could pase, to prevent them being fed upon by

fizh,

Mature glochidia from S or & mussels collected from Mudginberri
billabong, were uzed to infect fizh., Glochidia were encized from the
marsupial gills of mussele, placed in a water-filled petri dish,
agitated and mixed, and then pipetted lnté the heakers holding the
fish, Only glochidia free of the wvitelline membrane and with active,
gnapping movements were used in the infectionsg. Fish were exposed to
the glochidia for several minutez, after which they were transferred

to fresh beakerz ard water to begin the parazitic phasze.
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Bfter initial infection, fish were removed from the beakerzs every 24

hourg and the bottom debriz 1ndividually s=ighoned and carefully
collected anto water-filled petr: dishes for microscopic 1nspection,
(Fich were again ftranzsferred *t.o fresgh beakers and water.) Newly

metamorphosed larvae wers readily dizcernihle from sloughed glochidial

n

helle by their opaque zhellz indicative of the new internal

sktructurez), and by occasional and conzpiouous movements of the feet,

o

t each individual ingpection, the number of metamorphoged juvenileg
was recorded., The hottom dekriz of sach beaker was inspected for at
least 3 daye after the lagt juverniles were found,

A number of other fizh zpecies wore suposed to artifical infecticonz to

determine whether or net they were host for the ¢glochidia of V.
angagi. In thege casgez, the procedurzz were followed according to the
previoug degcriptiong of infectionz of G, gaurug, except that the

trialz were run at Z2°C only, and for Leiopotherapon unicolor and

Lateg calcarifer, 3 and 1 individuals rezpectively were tested. The
?

zingle individual of L. rcalecarifer was placed in a 40 1 perspex

aquarium for the duration of the trial., The precence of metamorphosed
juvenilez in the hottom debriz waz the criterion that a fish zpecies

was host to the glochidia of ¥V,

7.13 Site of attachment of the glochidia upon the host fish

The body surfaces of individuale of 4 zpecies of figh only, naturally

infected with glechidia of V. angazi, were thoroughly examined to

determine the sites of attachment, Thece species were Ambassis (spp.

complex), Glogsogobiuse gqiurus, Oxyslectriz lineolatus and Tandanus
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ater. Internal zurfacss exanined were mouth, opercula and gills,
while external surfaces comprized the fing and body surface other than
the finz, The mean mumbers of encyzted glochidia found on each of the
fich tigsues 1n relation to fish zpecies, number of figh examined, and

gsampling location, are zhown in Table 7,18,

For each speciesg examined, encyshted glochidia were proportionately
more commcn on the 1internal hody =urfacez than on the external
gurfaces, For individuals of each figh gpecies, the number of
glochidia recorded were combined for both the internal and external
body surfaces, From theze data, a mean number of glochidia per
individual waz estimated for hobh intern:l and ezternal body surfaces,
for the 4 naturally infected fizsh zpecies, 2 chi-gquare test wag

performed over the data of the 4 zpeciez to det

-

rrmine whether or not
there were disparitieg between the zpeciez 1n the relative proportions
of glochidia found on the ainter...? and external body surfaces. No
evidence wag found againgt the hypothesiz that the relative
proportions of glochidia on either hody surfacez were the same between
gall 4 fisgh sgpeciez  y * = 2,92, 3 D.F.). In all of the data a
tendency was found far *the benthic fesding G, gauruz and T, ater to
harbour proportionately more gi1ll infectiong, ag might be eupected,
{Ambazzizs spp. are more commemly  cbhsgerved in mid-waters, while 0.
lineolatuz frequents the henthog, but 1z lese dependent upon it for

food - Bighop et al.

et al,, 1981,,
To discern whether total body infections were correlated with thoze
cbzerved only on the ewternal hody zurfaces, the mean nunber of

infectiong with respect to internal (V) and external (¥) body surfaces



were szuhjected to regregssion analysiz over the four species. The
resulting linear regression ecuation Y = 0,72 + 2,36X) proved

non-gsignificant (2 degrees of fresdom only, P < 0,200, but correlation

between the infectiong obeerved on each of the body regions was

relatively high (r¥ = &%%;, Zimilar regregsion analyzis was pertormed

between internal and external (fing only) infections over the

individual data for G. caurus, ARz this species waz uzed as a monitor

of glochidial release over the geagons (gection 7.15.2), and as only
fin infectiong were zorutinised, 1t waz important to demonstrate that
fin and internal body infecticns were correlated. Using the data that

comprized the ohzervationz ain Table 7,14, a very significant linear

regression equation was found to dezcribe the relationghip between
internal infectionzg (Y) and infertionz on the fing (X)) of G, giurus.

The regression equation ig:
Y = 7,573 + 2,17X (P <« 0,01, r# = 0,344),

Further ohbhservationz are reguired over a wider rangs of fish species
with a broad range of habits, to confirme whether or not attachment of
glochidia to the fish hady 18 proporticonately higher on the internal
gurfaceg (chiefly the gille) than the euternal surfaces (mainly fins).
Although the chi-zquare test uzzd here chowed that there were no
digparitieg, between the species examined, in the relative proportiong
of glochidia found on the different hody surfaces, 3 of the 4 fish
species are chiefly bottom—dwelling, Gill infections therefore could
have bheen expected to he higher than fin infectionz in the 3
bottom-dwelling species, Meverthelesz, congidering that many of the

fish sgpecies from the Mag

T

la Creek feed from or on the bottom
(apparent in the data of PBishop et al,, 19813, gill infections

generally, may prove to e higher than fin infections, Thiz is
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contrary to the general observatisn, that hooked or toothed glochidia
tend to parasitise the external surfacee of their host fish (gee

zection R4.3).

7.14 The host fizh specisz and hogt specificity

Ohservations on natural infectionz of glochidia of V. angasi, upon the
fing of fish specieg from wvaricug Hagela Creek billabongs, are
summaricged in Table 7,13, The zampling periods that comprige the
total number of fich ewamined for =ach billabong are given in Takble
7.16. The percent of gravid femals muzzels recorded at each sampling
period (Table 7.16), and a mean percent of gravid females observed

averall are given in Tablez 7.14% and 7,19 respectaively,

The order at which gpeciesg appear in Table 7.19 ig baged more or less
upon highest to lowest incidence (% of fish infected) and intensity
(mean rnumber of glochidia per infected fish) of infection when the
data from all billabongs were averaged. While the order may change
glightly asg gill infectiong are gcorutiniged more, early indications

are that differenceg between fizh

1]

peciez in the site of attachment of
glochidia are glight (=zection 7,13, above). Therefore the results of
Table 7,19 while not providing total data on incidence and intengity
of infection, neverthelezz provide an adecquate measure of the relative

degree of infection between the different {1

3

b zpeciez. It chould be
noted, however, that particularly in view of the observation that gill
gome  low

p=1

infectiong  outnumber fin  anfecticng  (zection 7,137,
infectiong were possibly missed. The ligt of Table 7.19 therefore,

may possibly be an underestimate of the total number of known hosts
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ocourring from the obzervationz on natural infections.

Trdan and Hoeh (1982} emphagised that the designation of a figh
gpeciez serving az a sultahles hezt  reguired a combination  of
cbgervationg on naturally encysted glochidia and artificial laboratory
infectionz, The artificial infectioms performed on the ziw fish
gpecieg tested in the present ztudy (Table 7.20), resulted 1in
succezaful metamorphoziz of glochidia, k diverzity of families, =izes
and life habite were represented 1n these szpecieg, suggesting that
host fisgh sgpecificity of V., angazi 12 low if existing at all., The
natural infections observed on the figh specieg shown in Table 7,19
therefore, are likely to indicate that glochidia have the potential to
parasitige and guccezefully metamorphoze from the regpective sgpecies,

The 19 known fish hostz of the glochidia of ¥. angasi are shown in
Table 7.20. The rankirng ig hasged upon an order thought to represent

most to least important host to V., angasi., By "importance’ is meant

the number of glochidia that would eventually metamorphose from a fish

species under field conditionz, and iz fairly subjectively scaled
according to information on overall abundance of a fish gpecies

throughout the Magela Creek (Takle 2.5%), and ite incidence ard

intengity of infection of glochidia (Takle 7.19).

From Table 7.19 both inciderce and intenzity of infection, are low in

tish @pecies of the Magela Creek, sven considering that gill

infections are mot represented, Thuz the highezt intensity of

infection ig observed on G.

Is

LU

which bearsz upon the fing a mean

number of 4,1 glochidia per infected fizh or 16.5 glochidia upon all
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the hody surfaces (uging the regre

2ion equation from zection 7.13).
Seventy-three percent of G. giurus were found infected, and the rnext

highest incidence of infection waz for Amniataba percoides where only

40% of the individuals were found infected. Theze regulte are
somewhat surprising given that densitiez of muesels from all the

<

campling sites were high, arnd that high proportiong of gravid female

nuszels were present 1n the populationz at any one time (Table 7.16),

As mentioned above, no evidence was found of host fish specificity of
V., angazi and in relation to natural infectionz specifically, no one
figh family stood out as having a conzistently higher incidence or
intensity of infection than ancther, Infecticns are apparently more
influenced by fish bkehaviour than any other factor, The feeding
gurlds of fizh speciez identifisd az hoztz to V, angagl are shown in
Table 7.20. Generally speaking, bottom dwelling and feeding fishes

obgerved highest incidence and intenzity of infection.

All species liegted 1n Table 7.20 are known to feed in both benthic and

mid-water habitatz (Bizhop et al., 1%81), although Toxotes chatareus

and Melarnotaenia zplendida tend to inhabit and feed in mid- and

surface waters., G. giurug feeds excluzavely on the benthoz explaining
no doubt the high infectiong ocbeerved on thiz specieg (Table 7.19),

Ambaseirs spp., Glosgamia aprion and Dyvelectras

lineclatuz from direct

obeervationg, were notably inactive in the water column. The latter
two species probably capture prey in an ambuzh fashion, okbzerving long
periode of inactivity between gpredatory movenente, This relative
inactivity may provide more opporturatiez for infection., Scleropages

jardini, Lates calcarifer, Megalops cyprincides, Strongylura kreffta
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and Leilopotherapon uracolor  are no  doudt more active 1n their

predatory habite and 1n all likelihood, may not often frequent the
benthoz., Thiz may account for the generally low infections observed

on these specieg, The fing of the eeltalled catfiches Tandanue ater

and Forochilus rendahl: are probably not particularly suitable for
glochidial infectionz, as the membranes between the fin rays may be

too coarse and zlimy for atvactment,  Similarly the fing of larger

individuals of 8. jardini, L. caleacifer and 0. linecolatug may gprove

too coarse for glochidial attachment. In the eeltailed catfishes at

least, however, the gille have been zhoun to hear relatively large

)

infections (=section 7.13). Not enough zamplez were collected of many
specieg, however (Table 7.10), to zpeculate upon the relative degree

of infection,

7.15 Glossogebiuz giurus a2 a monitor of glochidial releage
7.15.1 Duraticn of the parazitic period

The mean numbers of newly metamorphosed Jjuvenilez of Y. angagi per

infected G. gluruz ar

T

plotted at daily 1intervalg subsequent to
initial infection, and with respect to temperature in Figure 7.19,
At lower temperaturez (22¢C) the duraticn of the paraszitic period was
protracted, and the pericd of larval metamophozig gpanned 3-15 days
after initial infection., Recovery of juveniles was greatest on the
11th day. At higher temperatures (30°C), however, the duration of
parazitism was very short (Fig, 7.1%) and the pericd of metamorphosis

gpanned & relatively zhort ypericd of 9 daye, 1.e. 2-10 dayz after

infertion, Greateszst recov

T

ry <f juvenilez waz on the 6th day.
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Thus, there was a relationship betuween the duration of the period of

metamorphozis of wglochidia of ¥,

and water temperature,
Metamorphozed juveniles were recovered caclier from the hozt fish at
30° C than 22°C., Libkeration from the host tigeues was more protacted
at 370 C ,

- L

pevcienl}

but at either temperaturs, metamorphosed juvenilsz left the
figh during the middle of the period of parasitiem, It was noted
during the trials that thoze glorhidia encysted after 2 days generally
continued development through to metamorphogis., Very few sloughed off
glochidia were found in the hottom debriz after 2 days. At Z2°C at

&

leagt, the duration of the parasitic period was cbserved to be cimilar
in all & gspeciez artificially infected (Table 7.20). Thus, the
duration of attachment by glochidia of ¥, angasi does not appear to be

influenced by host zpeciss to any extent,

7.15.,2 Seasonal incidence of parasitigm

1

The mean number (per fish ) of encyzfed glochidia of V., angasi (and
standard deviation) parasitising G, qaurus from Mudginbkerri billakong
during 1981 and 1982 are zhown in Tahle 7.17, The monthly meanz are
plotted with monthly percentages of gravid female mussels from the
billabong cobgerved over the zams period, in Figure 7,20, 21l of the
fich collected by diving, eveseded &0 mm, Only infectiong upon the
fing of these fizgh were ochezerved and counted, However, infections on
the fing were significantly correlated with infectiong recorded on
other body regionz of G. qiurus during March 1981 (zection 7.13).
There 1g no reason to sugpect that the same correlation would not hold

at other times of the year,

st

z the zams habits of G, giurus and
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habitat, were obzerved year vound, Thersfore the infections observed
cn the fing, although only relative, nevertheless directly reflect the

actual monthly internzities of ainfection,

From Figure 7.20, monthly intensgity of infection of G, qiurug clearly
correlates with the monthly percentage of gravid female mussels. Thus,
glochidia are releaged from fthe marsupla after a very short
developmental time., Releaze of gloechadia from breoding mussels, as
monitored by the intenzity of infection of G. giurug, 1g in direct

proportion to their seasgonal  production, Given that water

temperatureg in Mudginkerri hillabong alwaye exceed 25°C and average

§.22C over the seasons (from the data of Fig., Z.Z0), recovery of

[

metamocphosed juvenilez from the host rishes would span a period no

longer than two weekz: mogt reccvery averaged over the

in

easons would
be accomplished only & days after infection (extrapolating from the
data of sgecticn 7.15.1 ahoved, Thuz the seasonal intensity of
recruitment (with only a zlight lag phase) i=g in direct proportion to
glochidial production. (Thiz same relationzhip 1s assumed to apply to
the other Magela Creek waterbodies ase well.) From Figure 7.20
therefore, recruitmert would appsar to be greatest during the latter
period of the Dry geason (Aug.-Dec.) in Mudginberri. From the data of

zection 6.0.1, however, recruitment of V. angazi in billabongs of the

Magela Creek 1g clearly seasonal and occure during the Wet and early

3

U

Dry seasons 1n asscclation with periods of highest dizsolved oxygen
content, Thus, there ig a marked zeasonal digparity between the

intensity of larval production and zubszequent metamorphosiz of larva

[y

(Fige, 7.12-7.14) and actual recruitment of juveniles obeerved in the

zediments of the Magela Creek waterhodiez,  Thiz apparent anomaly in
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aseazonal breeding but seazonal recrwitmert of V. angasi is discussed

kelow,

E. DISCUSSION

Gonadal development

But for wvery occasgional hermaghrodites fzee below), the seneg of V.
angasi are geparate, in accordance with the general condition
prevailing in freshwater muscels. 22 in the majority of gpecies, sex
can be determined by both gonadal appearance and by morphology of the
marsupial gille., Sex in V. angagi iz readily determined by gonadal
smears, as ripe egge and zperm in zexually mature muzselz are present
year round, Nevertheless, for all practical purpoges sex ig most
eazily and reliably determined by gill morphology alene, az conzistent
correlation is found hetween zer asg determined by identification of

gamet

M

2 and zsex az determined by inner 911l morphology

In unicnaceans from femperate regiong, dametogenesis generally
continues throughout the year, but iz most intensgse during the warmer
monthe when more or lese synchronisged spauning occure (Matteson, 1948:
van der Schalie ard van der Schalis, 1953: Stein, 1969 Yokley, 1972:
Giusti et al., 1975: Heard, 197%: Zmith, 1979: Zale and Neves, 198&2a

Jones and Simpson, 1n prep.). Even in fropical climatez oogenesis is

reportedly slowed in the cooler =zeacong: spermatogenesis nevertheless,

I3

may continue unabated throughout the year, and spawning may be
protracted over the warmer months (Lomte and Nagabhusghanam, 1969:

Ghosh and Ghose, 1972: Nagabhushanam and Lohgaonker, 1972: Dudgeon and



Morton, 1983), Thus 11 umcnaceans  from all climates, zeasonal

gonadal activity ig influenced o a leszer or greater degree by water

temperature, The prezence of zpermatozoa and primary oocytes in the

regpective gonadse of the s=exes of V. angagi throughout the year,

zuggestad that gametogensols waz a ocontinuouz event, Nevertheless

D,

while gonadal activity was found to be synchroniged between maleg and

females, relatively inactive phazez, az identified hy prezence of

w

tages of atypical zpermatcgeneziz in the testes and by fewer numbers

of primary occytss in the ovaries, could be recognised,

’

Ag 1n all
other unionaceang ztudied, gonadal activity in V. angasi could alse be

shown to be respongive Lo water temperature, However, zuperimpozed

upont an apparent repetitive reproductive cycle (the relative activity
of which 1z only marginally slowed to any degree by low seasonal water
temperatucres), major interruptionsg to gonadal activity were obeerved

that were associated with zeasonal  1ulls  in dissclved  oxygen
concentrations and with seasonally high turbidities in the billabongs,

These factors are further conzidered bhelow,

That the period of spermatogenic activity i1nvariably overlape the came

period of oogenic activity in unionaceans, has been interpreted as

meaning that =perm are rele

I’\

aged over a timegpan that overlaps

ovulation in females, thuz enzuring zuoceszful fertilisation

{e.q.

Matteson, 1942; Dudgeon and HMeston, 1923), The timing of spermiogenic

and ocgenic activity of V. angasy 1z the zame, and loth sexes
therefore are aseumed to spawn both siymultanecusly and at a similar

intensity, A2 sperm are present in the testez at all timez of the

vear, however, it 1z probable that zome zperm are released even during

1nactive phases of zpermatogensziz, Abaence of gpawning in females
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merecver, iz moat conzpicuce:s whern for boief periodz the marsupia in

gome populationg may he entirely dsveid of brooding larvae

Further consideraticn of the breeding patterns obeerved in populationsz

of ¥, angasi from the Magela Creek 1s given below,

Structure of the hreeding population

Hermaphreditism in V., angagi is very occasional and in the Magela

Creek waz confined *to less fthan 2% of each of the populations

investigated. In North Zmerican unionaceans similarly, when
hermapghroditizm 12 encountered amongzt  predominately  dicecious

gpecies, incidence ig reportedly low (Kat, [983d), The incidence of

hermaphroditism in V.,

1z the fairst reported for any hyriid,
The mnature of hermaphroditism 1n ¥, angashr differs from other

unionaceans, but whether these diffe

r"l

encos are representative for the
hyriide ag a whole of courze, 1g not known., Unlike North American
unionaceans with morcecicus aciny of gonadz with intermingled zones of
male and female aciny (Heard, 1975}, the digerete follicles or tubuleg
of hermaphroditic V. angazi wers mmgily onfined to discrete regionz

cf the gonad. Further, hermaghroditic unionids of North 2merica
reproduce chiefly az femalez and 1f male hermaphrodites are present,
generally lege than 5% of the gonadal tizzue 1o female (Kat, 1983d).
In V. angazi, however, hermaphrodites reproduced both as males and
females more or lesgs equally., Mocreover, the ovarian follicleg in male
hermaphrodites occupied more than 5% (hetween 10 and 40%) of the

gonadal tigeue
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Rat  (1983d) found an agzociation  hetween presence of cercarial
trematodes within the gonads and occagional hermaphroditism  among

populations of predominately diosciouz specilez of unionids, No such

= =3

agsgociation wag obzerved in populationsz of ¥, angasi, however, where
incidence of parasitism was generally low (up to 10% infected at any
cne time), and seasonal 1n nature. PRecause of the low incidences of
infection, the reproductive potential of muzzel populations in the
Magela Creek ig asgzumed not to have been affected to any gignificant
degree by cercarial pacasitism, High 1ncidences of cercarial
infectiong obgerved in gome unionids, however, have been shown to have
severely affected the reprodurtive potential of respective populations
{e.g. Zale and Neveg, 19%Za; Kat, 1933d).

i

Both evidence for (Bloomer, 1934, 1935, 1939: Tudorancea, 1969, 1972)

and against (Heard, 197%: Dudgeon and Morton, 1983: Young and

Williams, 1984a)

b3

ey reversal 1n umlonaceans have been presented,
From limited mark-recapture ztudiez on known female mugeels and from
the close correlation obzerved between sex az determin=d by the gonad
and gex ag determined by inner gill morphology in animals from all
seazons and of all agez, =sey reverzal 1z azzumed to be absent from
adult populationsg of V. angagi in the Magela Creek, Heard (1975)
reached a zimilar concluzion in relation to the zewuality of varicus
North BRmerican anodontineg, Declinez in the proportions of females
with age observed in a number of jwpulations in the Magela Creek can
best be explained by differential and age zelective mortality between

the sexes. Tudorancea (1969, 1972) chserved this phenomenon in some

European unionide, Seasonal patterns were obgerved in the sex ratiog

of mussels from hoth Georgetown billabong and the Magela Creek



chammel. While sampling bia:

may affect the patterns observed in
Georgetown, both long and short tecm mark-recapture ztudies would he
needed to resclve the question of

zew reversal in V, angasi for the

espective populations,

Hermaphroditizm in adult populationg of V. angasi 1g apparently the
regult of none other than developmerntal ecrcr in 2exual determination,
Such cause has alsgo been implicated for hermaphroditism in other
noermally dioceciouz hivalves including waoonaceans (e.g. Coe, 1943; van
der Schalie, 1970: Kat, 1983d),. However, the relatively high
incidence of hermaphroditizm obzerved 1n young of year mussels in
Mudginberri billabong, did provide evidence suggestive of congecutive
gexuality in the form of protandry, In fact the gonads of the

smallest individuvals of ¥

from most populations function
initially as maleg. Protandry chserved at about the time of sexual
maturity may prove to he the general rule for unionaceans (Bloomer,

1929 Tudorancea, 1969, 1972: Kat, 198

xl'\

A,

’

In relation to the question of sewuality in V. angasi in the Magela

Creek, it 1= concluded that apart from carly protandry, sex reversal
appears to be abgent. Hermaphroditism occurs at a low incidence in
all populationg investigated and ctherwizs the diceciouz condition is

a stable one and zemual integrity 1s haigh,

The sexez of V. angasi in the Magela Creek populations are biased in
favour of males, Apart from age zpecific differences in sex ratios
malez live longer than females 1n many of the waterbodiesg, which

pres umqbl/ accounts for the observed digparities in proportions of the
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sexes, Repetitive gpawrang and periods of anoxia in particular
waterbodies may be causes of  zelechtive mortality of fenales,

Elzewhere, the literature zhowz that there may bhe more or less

n

predominance of either gex 1n freshwater museel populationz (zection
R4.1). However, no ztatisgtical evidence haz been presentsd to show
that gex ratiog wvary from 1:1 1in any population studied, nor has

gpeculation  been offered az toe  poszible  reazenz  for  ohserved

vt

digparities from a gex ratic of unity,

Gonadal maturity in V. angazi 12 2ize dependent, and is initiated
between the sgize rangesg 25.0-29.9 and 30,0-34.9 mm, Thie length 1ig

reached by mozt mussels during their ficst year, Firast gravidity is

gimilarly sirze dependent, ocourcing at a zize of

o

prroximately 40 rmm,
Thie mean length iz raached within an age gpan of from 0.6 to 1.5
years depending upon the waterhody., Such early maturity may be the
general rule amongst zpecies of freshwater muzsels from the tropies

LT e

Kenmuir (1920) observed gravid females of 2 ocut of 3 gpecies studied

o
i
%)
[y

in Lake Kariba hetween the age F 1 and 2, while Dudgeon and Morton

(1983) obgerved that Anodonta woodiana was mature by the end of the

firzt year in Hong Kong, Other fast growing temperate zpecie;

also

I

mature at a relatively ecarly age (Takle 24.1), but generally never in
the first year. Warm, =quitahls water temperatures, prezumably

enhance rapid gonadal maturation,

After a peak iz reached in reproductive potential relatively early in
life, for female muesels at least, in most populationg from the Magela
Creek a long and gradual decline 1n reproductivity with increasing age

occurs,  The same phenomenon haz previougly keen noted only for two
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European unionids (Haranghy st al., 19:4:, while a post-reproductive
phase (a decline with age) 1s reportedly abzent in many other gpeciesg
of freshwater mussel (Zrruggs, 1580 Stanshecy, 1967; Heard, 1975;
Kenmuir, 1980), The decline o reproductive effort of female Y,
angazi in the Magela Cresk with age 12 zuggestive of a phyeiological
weakening of museels by certain srvironmental stresses to which they,
because of the brocding hakat, may be pacticularly vulnerable - e.g.
turbidity and anoxia. Repetative breeding is alsoe, presumably, taxing
to the reproductive phyziclogy of female mussels, Both sexes
neverthelesgs, showed a decline in relative hody weight in the oldest
age classezs of most of the Magela Creesk populaticonz, corrohorative

evidence (gection £,7.2) of general zenescence in YV, angagi

Larval production

Larval development in V. angasi, from initial spawning to glochidial
maturation, iz eedingly rapid and may be completed during the Wet

geazon months at leasgt, in well under 12 days., Thig time zpan 1g the

M
i

shortest recorded of any speciss of freshwater mussel, although some

North American Quadrula spp. may complete development in 2 weeks

(Lefevre and Curtiz, 1912)., & longer pevaiod for larval development

hag been found in other tropical freshwater mussels: 4 weeke in

Ancdonta woodiana (Dudgecon and Mortor, 19%3) and 3-5 weeks for

species

from Lake Kariba (Kenmuir, 19&1b).

The ubiquity of mature primary oocytes and sperm, the prezence of
gravid females throughout much of the year in many populations, and

the knowledge that larval development 1z exceedingly rapid and that



nature glochidia are released in duirect proportion to the intensity
that they are produced, grovided olear evidence that zpawning and
breeding of V. angasi 1n the Magela Creek are repetitive, Elsewhere,

guch intengity of larval production 12 apparently matched only in the

mutelids Mutela bourguignaty (Fryer, 1961) and M. dubia, and the

unionid, Caelatura mogzambicensis (Fenmuir, 1981a)  from tropical

Africa, Uther fropical species are distinctly sgeazonal 1in their

breeding - #.g. Anodonta woodiana (Dudgeon and Morton, 1983), although

Eae Ay

rrotracted and/or repetitive hreeding during the warmer monthz have
js |

been observed for Indian unionidg iSeshaiya, 1969: Lomte and

’
Nagabhughanam, 1969; Ghosh  and  Ghese, 1972:  Nagabhuzhanam and

Loghaonker, 1978) and for the mutelid, 2epatharia wahlberqi in Lake

Kariba (Kernmuir, 1%&51al,

Amonget temperate tachytictiv bresders from northern climes, multiple
broods and repetibive zpawning during the warmer months have been
chgerved fe.g, Yokley, 1972: Wood, 1%74a) arnd even some bradytictic
formz have heen ghown to reproduce repetitively over the summer
(Heard, 1375}, Data ftfrom the temperate PRustralian hyriids alszo
indicatez that many of the species ztudied to date may have the

potential to produce a number of broods during the warmer monthe

11N3,

(Hiscock, 1951: MoMichael and Hizecook, 195%%: Rtkins, 1979 Walker,
1981b; Jones and Simpzon, 1n prep. ). Different climatic regiong
acrozs latitudes appeac to he largely wnfluential in determining the
reproductive patterns of the vespective freshwater mussel groupe.
Providing warm temperatures are suztaaned for a long enough period of

time, multiple broods may be the norm, suggesting that the breeding of

freshwater mussels may be largely cpportuniztic,
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Both wide temporal and szpat variatione were found in the breeding

patterng of V. angagi between the different populations of the Magela

'd

Creek. The superficial appearance observed was one of a number of
different populatione each breeding in a pattern peculiar to the
respective waterbody. Intraspecifilc variation in the timing and
frequency of breeding over a broad geographical range (Giusti et al,

19753 Kenmuir, 1981a,b: Dudgeon andl Morton, 1983), or on a more
regional scale between neighbouring lakes (Kernmuir, 1981b) or gites of
the zame river (Walker, 1981h: Yyoung and Williams, 1984a: Jones and
Simpeon, 1in prep.) have been attributed to climatic and temperature
variationg  hetween the varicug localities, Otherwise  both
interpopulation (Bjork, 196Z: Heard, 197%: Haukicja and Hakala, 1978b:
Young and Williams, 19244} and ever intrapopulation variations (Porter
and Horn, 1980) in the timing and frequency of reproduction of

intraspecifics have been left unexplained,

Interpopulation variation in hreeding patterng of unionide recorded at
the zpecific level was attrihuted by Dudgeon and Morton (1983) to
adaptations to conditiong peculiar to local environments, whilet Heard
(1975) concluded that breeding cycles were apparently not influenced
entirely by congpicuous environmental  factors such  ag  water
temperature and presence or abzence of current, Reproductive timing
amonget uniconaceans hasg been linked to the habite and activities of
the hozat fizhez (zection R4.3) although no evidence has been provided
to indicate that the activitiez of the host fizhes may influence the
timing and frequency of hreeding oycoles hetween specific populationg

of frechwater mussels,



Seasonality in other environmental facters haz largely been ignored in

termg of itg influence upcn ceproduction in freshwater mussels.

Numerouz  authors, neverthele have drawn attention to  the

gengitivities of gravid female muzgels to stressful environmental
conditionz such az high water tenperatures and oxygen deficiences
under laboratory conditionz i{zection 34,2), Under field conditiong,
however , only Matteson (19557 has ohoerved abortion in gravid museels,

in regponge to unzeasgonally warm, zhallow waters, While breeding of

—
T

. angasi in  the Magela Creck 11 esgutable and strese-free

&

environments conformg to a cycle apparently temperature dependent, the
breeding patterns in other billahongs are clearly interrupted by
zeagonal deficiences in dizsolved axygen concentrationsg and geasonally

high turbidities,

In ¥V, angasyr from the Magela Creck, zpawning and larval production are
immediate responses to the intenzaty «f gametogenziz, Rlthough &
background reproductive cycle dependent upon temperature, and which
may be interrupted hy the atorementioned seazonal stresses, is
suggested for mussel populations of the Magela Creek, no overall model
could be derived to chow this, Prediction of hreeding patterns within
billabongs may ke good, but responzes hetween billabeonge to the same
environmental parameters differ sufficiently to suggest that control
of breeding 1s algo influenced by more complicated physiological
mechanizms, Physiological condition of the muzselz themzelves (2.9,
body weightsg, oprevious szpawning history) 1n  addition to other
unmeasured, envirommental influences are alzo presumably, influential

to reproductive patterns,



Neverthelazsz, this ztudy 1z thz firat to attempt an elucidation of the
factorz that may influence breeding patterns, 1in a sgpecies of
frechwater musszel that hreeds largely azeaszonally, The resultz
clearly implicated two other envirormental variables apart from water
temperature that are influential to hreeding in freshwater mussels -
namely digegolved oxygen and turkidity, It would be of interest to
investigate the extert to which ernvironmental parameters other than

water temperature and implicabed hogt fish habite and activities,

influence reproductive cycles in cther zpecies of freshwater mussel,

Glochidial release and paragitism

From both field and laboratory chaervationa, a total of 19 fish hoste

are known for the glochidia of Y. angasi in the Magela Creek. In

accordance with the ohzervations for unionaceans in gerneral (Kat,
1984) including the Ausgtralian hyriidg (Atkineg, 1979: Walker, 1981b)

therefore, 1t appears that V.

=¢ has little host specificity.
Congidering the comparative richness of the fish comunity of the
Region (zection 2.3.3), it iz unlikely that a record of at least 19
fich hosts observed for V. angagsi will ever be surpassed by another
Australian hyriid confined to a zpecific catchment, Further hosts of
V. angagi are likely to be discovered moreover, ag gill infectiong are

more clogely scrutiniged, Only two North Rmerican anodontines are

knoun to parasitice a larger mmber of fich hoste (over 30) than V.
angasi (Trdan and Heeh, 1922, though these reports pertain to known
hoste over the entire ranges of the zpecieg roncerned, As more

tropical zpecies are ewamined, however, even theze records are likely



to be zurpassc’.

Both incidence and intensity of infection by glochidia of V., angasi

are low overall in faish species ¢f the Magela Creek. This finding
accords  with other natural nfectiong recorded in  unicnaceans
elaewhere {(gection R4,30. The voault might he expected for V. angasi
ags Trdan (19815 observed a negative correlation between the number of

species zerving as hestas for the glochidia of particular unionids and

the infection rate (percent infected and intensity),

While both host specificity and infecrtion ratez are low in V. angasi,
neverthelegg, some gpecieg were observed to zerve dizproportionately
az hoztz, Bettom feeding and dwelling fishez in the Magela Creek and

fisheg notably inactive in the water column {e.g. Glossogobiug giurus,

Anbagsis spp., Glogssamia apricn, Amniataba percoidez) had higher
infectiong than gpecieg inhabiting the mid- and surface waters

(Toxotez chatarsuz, Melanotasnia splendida) or species with active

predatory habits (e.g. Leiopctherapon wunmicolor, Lates calcacifer),

Elzewhere, hoste occurring in sympatry with muszsels may have heavy

infectiong of glochidia (Surber, 1912; Lefevre and Curtis, 1912:

e

Fercival, 1931: Fuller, 1974: Giuzti et al,, 13975: Kenmuir, 1980: Zale

N~

’

and Nevesg, 1982 a,b: Kat, 1934,

P g

For four specieg of fisgh whose body zurfaces were thoroughly examined

tor glochidial infectionz, infect.onz were obszerved to be higher on

the gills than the fing, Thig 12 contrary to the general obegervation,

that hooked or toothed glochidia tend to parasitize the external

surfaces of their hoste (zection 24,3), HMore zpecies of fish from all
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habitat types need to he examined, however, before conclusions
concerning the distribution of glochidia of V., angasi on the fish

host:

in

can be drawn, HNevertheleszz, thers are many recorded exceptions
to the general rules concerning the zite of attachment of glochidia
upon the host tissues (section R4,35, The glochidia of Anodonta
cygnea for example are of the hooked variety, but Giusti et al., (1975)
Found large burdens of infectioms upon the gills of hottom feeding,
host fishes than upon predatory fishez, Upon further examination,
this may algo prove to he case for infections of the glochidia of V.

angasi. Dartnall and Walkey (1979) concluded that such factors as
fish gize and feeding behaviour of fishes might interact to determine
the digtribution of the glochulia oun figh hosts,  Bmong the few other

Rustralian hyriids (larvae of the toothed variety) whose host fishes

are known, the glochaidia of Hyradella drapeta apparently attach

exclugively to the gills of hozt fizhes (Atking, 1979), Other
velegunionines, however, chiefly parasitize the fing and general body

surface of their hosts (Hizcock, 1951 Walker, 1981b),

As for other unicnaceans studied, temperature appeared to ke the most
important factor determining the duration of the parasitic period of
glochidia of V. angasi. Metamorphozed juvenileg were recovered from
host fish on average after 5 daye at a water temperature of 30°PC, and
after 10 days at 22°C, Recovery of metamorphosed juveniles occurred
as shortly as within 4% hours after infection at 30°C, and within 96
houre at 22°C, Thue larval metamorphoszis in ¥V, angagi is exceedingly
rapid, and ig matched only by some Indian umionids which may complete
the parasitic period in 3 daye (Sechaiya, 1969 - Table R4.2). The

glochidia of some temperate unicnids alzsc have a rapid metamorphoszis -



~

anodonta grandis and A. imbeciliz were observed to complete the

parasgitic phase on average & and 5 daye respectively after infection
at summer temperatures (Trdan and Hosh, 19827, Seshaiya (1969)
thought that the rapid metamorphosis obgerved for the larvae of
Lamellidens =pp. might be an  adaptation to  the environmental
conditione of the tropics., No reference was made, however, ag to what
these conditionz might be. Larval metamorphozig in V. angasi though,
ig probably no shorter than that which might be expected for any
uniconacean under the zame warm environmental conditions prevailing in

the Magela Creek,

By monitoring the seagonal incidence of parasitism of glochidia upon a

host fish species, Glozzogokiuz giuruz, 1t was shown that V., angas:

releages glochidia throughout the year 1n direct proportion to their
zeasonal yroduction, Thug metamorphozed glochidia drop from the
ficghes onto the sgediments throughout the year - again, in direct
proportion to their zeazonal production,  However, recruitment of V,

angasi in the Magela Creek is geagonal and occure during the Wet and

M
)

early Dry seagonz in aszociation with periods of highest dissolved

oxygen content {(gection h,6,1), It would zeem therefore, that much of
the energy expended in producing larvas during the Dry sgeascn 13
wasted ag little recruitment occurg during thege timeg, 2 hetter
strategy would zeem to be for muzsels to ancrus regerves and to breed

only during the Wet seaszon when conditiong are ideal for recruitment,

However, the fact that some Dry seaszon recruitment is obhzerved at all,

may be the clue to understanding the ageasonal and continuous breeding

pattern of V., angasi. Populationz of V. angasi have a very high
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reproductive potential, chiefly as a result of early maturation,
repetitive gpawning, and high longevity. In the deeper billabongs,
overall denzitiez are mainly affected hy Wet sgeason flow regimes
(gection 5.4.2), For all the considerable reproductive effort
expended by individuals neverthelezs, minor (and presumably constant)
recrultment hasg been obgerved in all of the billabonge during the Dry.
In billabongs where low densiticz of muzsels are ohbeserved guch as in
Jabiluka, it 12 conceivable that a =wgynificant proportion of the

population are the result of Ty season recrultment, as anoxia at the

Wet-Dry interchange may kill many of the Wet season recruits,

Thus environments may he envizaged where breeding during lentic phases
results in gignificant recruitment, and thereby 1ig a successful
strategy ensuring the continuation «f the population, Over the entire
geographical range of V. angasgi, a mongoonal climate occcurs. However,
ammual precipitation and stream dizcharges over this range may be
congiderakly lower than thoge oheerved in the Rlligator Rivers Region,
Low dissolved oxygen concentrations in part may limit Dry =eason
recruitment in the Magela Creek populations. Neverthelese it 1g
likely that in drier vyegionz of 1tz cange, there are lentic
envirorments where dissolved ouygen concentrationg are sufficiently
high to allow major recruitment of V., angazl throughout the year,

In the broader conteut of the recent climatic history of the

Rustralian environment, the year

may be better appreciated. From the zcenario presented by Galloway

and Kemp (1981), warmer and conzidecahbly wetter phagezs characterised

[

Pustralian climates during the Farly Tertiary In

Y. the perennial



streams of the time, yesar round lreeding for freshwater mussels was
presunably the norm, From the Middle Miocene onwards, there has heen
a general trend to drynesz over the continent, Fluctuating climates
characterised the Lower and Hiddle Pleistcocene and the trend to
dryness culminated in relative aridity hetween 30,000-17,000 years
B.P, With thie increasing aridity, streamg presumably became
intermittent, Algo, wet geazonz in monzeonal belts at the height of
thieg dry period, were (presumably) of less intensity than those
experienced today. Thuz, the reproduction of the freshwater muscels
wag probably modified under the rfluctuating and relatively arid
environments to one of opportunistic breeding  superimposed on &

a

year-round potential,

Past climates have heen drier and more variable than those cbgerved

today, and recruitment of V. anc

during periods of low and

fluctuating discharges, and under lentic conditions has presumably,

ensured the continuation of the zpecies.

v

U

The opportunistic breeding
pattern of V., angagi thue, may have been retained as a guarantee

against fluctuating climatez and ervironments,
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