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Table 1. Limnoperna fortunei. The sex and stage of development of individuals collected from
Plover Cove Reservoir, Hong Kong from October 1971 to February 1974. Mean stages of

gametogenesis and times of spawnings are also given.
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Figure 1. Limnoperna fortunei. The cycles of gametogenesis and spawning related to water tempe-
rature and dissolved oxygen level changes in Plover Cove Reservoir during the period
February 1972 to February 1974.
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THE REPRODUCTIVE CYCLE IN LIMNOPERNA FORTUNEI
(DUNKER 1857) (BIVALVIA: MYTILIDAE) FOULING
HONG KONG’S RAW WATER SUPPLY SYSTEM

Brian Morton

(Department of Zoology, The University of Hong Kong)

Limnoperna fortunes (Dunker 1857) is a freshwater mytilid and has been recorded
from the Pearl River around Canton (People’s Republic of China) by Miller and
MeClure (1931) and from Hong Kong (Morton, 1975).

Limnoperna lacustris, which is probably synonymous with L. fortune: (Habe, 1977)
has been reported from Dongting Liake (Hunan province) and Lake Huama (Hubei
provinee) respectively located south and north of the Changjiang River (Yangtze River)
(Tchang Si and Liu, 1955; Chen, 1979). It also inhabits the middle and lower reaches
of the Yangtze itself (Liu, Zhang, Wang and Wang, 1979).

Mizuno and Mori (1970) record the same species from the Kwai River, Thailand.
Brandt (1974) records a new species, L. supott, from Sopa Falls, Pitsanuloke, Thailand,
and a further new species, L. depressa, has been recorded from the Mekong River of
Laos and Cambodia (Brandt and Temcharoen, 1971).

L. fortunei has the potential to become a freshwater fouling bivalve of regional
importance comparable with Dreissena polymorpha in Europe (Morton, 1969b; Kerney
and Morton, 1970) and Corbicule flumineg in the U.S.A. (Sinclair and Isom, 1963).

A series of studies (Morton, 1973; 1975; 1977a; Morton, Au and Lam, 1976) has
elucidated aspects of the anafomy, population dynamics, settlement and growth, and
control of Limmnoperna fortunes following its colonisation of Hong Kong in 1965. This
study adds to our knowledge of this unique mytilid by investigating its eyele of game-
togenesis in Hong Kong and relating this to the seasonal hydrological conditions pre-
vailing in Plover Cove Reservoir over a period of 28 months.

Though L. fortunei is not a serious fouler in Hong Kong (nor Thailand), uncon-
firmed reports from the People’s Republic of China indicate that in the northern parts
of its range, the species has become a fouling pest.

Clearly L. fortumet occurs over a very wide range in China and it is therefore impor-
tant to establish the eycle of gametogenesis, the season of spawning and the relation-
ship between these processes and seasonal hydrological changes in Hong Kong as repre-
sentative of the species in the middle, sub-tropical component of its range.

Such information is important because it allows for the selective treatment of raw
water to prevent settlement of the bivalve within freshwater domestie, industrial, and
agricultural water supply systems.
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MATERIALS AND METHODS

On average, 10 specimens of Limnoperna fortunet were collected every month from
test panels (earlier described in Morton, 1977a) immersed in Plover Cove Reservoir,
Hong Kong, over the period from October 1971 to February 1974 inclusive.

In the Mytilacea, the gonads develop largely in the mantle but also in the visceral
mass and a piece of tissue was removed from each specimen, fixed in Bouin’s fluid,
sectioned at 6 pym and stained in either Bhrlich’s or Heidenhain’s haematoxylin,

The gonads, as seen in the sections, were assigned to one of 5, either male or female
development indices approximately equivalent to either 1, primordia; 2, developing; 3,
maturing; 4, mature or 5, spent. These indices are based approximately upon those
defined by Loosanoff (1937; 1942), Shaw (1964; 1965) and Morton (1982) and will
be defined later.

The data obtained from the above study has been considered in relation to water
temperature and dissolved oxygen levels in Plover Cove Reservoir and routinely
obtained by the Water Supplies Office of the Public Works Department of the Hong
Kong Government.

RESULTS

Limnoperna fortune: is dioecious; no hermaphrodites have been found. Of a total
of 291 individuals, 100 or 34.3% were male. L. fortunei spawns twice every year.

During January and February (of 1972, 1973 and 1974) and again in August or
July and August in 1972 and 1973 respectively, both male and female gonads were in-
active and comprised small, primordial seminiferous tubules or ovarian follicles (Cate-
gory 1) (Plate I: Al; B1) (Table 1). In the latter, small developing oocytes each with
a clear vesicular nucleus and a distinet nucleolus line the germinal epithelinm while
the former comprises a germinal epithelium producing round, lightly staining, primary
spermatocytes 5 um in diameter.

In both 1972 and 1973 active gametogenesis began in March and September. At
these times (Category 2) (Plate I, A2; B2) (Table 1) the seminiferous tubules had
enlarged and possessed primary and, more darkly staining, secondary spermatocytes
2.5 ym in diameter with a few spermatids 1.5—2.0pm in diameter occurring in the
lumen. At this time also the ovarian follicles possed narrow lumina, the walls of which
were producing broadly stalked oogonia, some of which were 10 ym in diameter.

By April—May and Oectober of each year, gametogenesis (Category 3) (Plate I:
A3; B3) (Table 1) was progressing, the tubules and follicles were much larger and
possessed in the former case a number of spermatozoa and, in the latter case, narrowly
stalked oogonia, still basally attached to the follicle wall and approximately 30 pym in
diameter with an enlarged clear nucleus, with a distinet nucleolus.

The testis and ovary were considered ripe (Category 4) (Plate I, A4; B4) (Table
1) from May to June and from November to December in each year. At these times the
seminiferous tubules possessed many primary and secondary spermatocytes and sperma-
tids but the central ITumen was full of slipper-shaped spermatozoa, arranged in radial
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cords, forming dense lamellae, their heads projecting towards the germinal epithelium,
their long flagellae into the lumen. The follicles were packed with, detached, rounded
eggs some 60 um in diameter possessing a clear, vesicular nucleus a maximum of 40 ym
in diameter with a darkly staining nucleus 10 um in diameter. The eggs possess but
a little yolk and are thus oligolecithal.

By December 1971, July 1972, January and July 1973 and January 1974, the
gonads were spent and comprised (Category 5) (Plate I, A5; B5) (Table 1) empty
tubules and follicles undergoing a general reduction in overall size and with cytolysis
and reabsorption of gametes as oceurs in Mercenaria and Crassostrea (Loosanoff, 1937;
1942) and most other mytilids (Seed, 1976). In L. forfunes, in Hong Kong, the ger-
minal epithelium almost immediately, prepares itself for another phase of aetivity.

From Figure 1, which relates gametogenesis and spawning to seasonal changes in
mean water temperature in Plover Cove Reservoir, it can be seen that the species begins
to sexually mature in the Spring as water temperatures progressively rise. By dJune
1972 and 1973 when the temperature had reached 25.5°C amd 27°C respectively the
gonads were mature and from June to July in both 1972 and 1973 spawning took place
at temperatures of between 27—28°C.

A second phase of gametogenesis begins almost immediately, the gonads progres-
sively maturing as the temperature falls from the Summer high, with the approach
of Autumn. By December 1972 and 1973 when the mean water temperature had fallen
to 19.5°C and 17.5°C respectively, the gonads were mature and typically, in January
to February, spawning began when temperatures were lowest and between 16°—17°C.

Figure 1 also shows the seasonal variation in dissolved oxygen levels in the reser-
voir over the same period. This demonstrates, as would be expected, a clear inverse re-
lationship with temperature so that as noted earlier for Corbicula fluminea (Morton,
1977b) spawning takes place at times of high temperature and low dissolved oxygen
levels in summer and at low temperatures with high dissolved oxygen levels in winter.
Other factors may also vary with seasonal changes in temperature and could also in-
fluence gametogenesis and spawning as reviewed for various mytilids by Seed (1976).

DISCUSSION

Generally, the processes of gametogenesis and spawning in the Bivalvia, especially
freshwater, estuarine and intertidal species, are related to changes in temperature
(Orton, 1920; Kinne, 1963; Seed, 1975), though there is often other associated water
quality changes, e.g. pH, salinity and, as this study has shown, dissolved oxygen, so that
it is not absolutely certain whether a single or a multiplicity of factors determines
the onset and rate of gametogenesis. Very often simultaneous spawning may be triggered
by a variety of extraneous factors including chemical and mechanical stimuli. Some
intertidal species spawn in relation to lunar cycles. Epidemic spawning in oysters
may result from inbalation of other gametes. Nevertheless temperature must be seen as
the critical factor responsible for and influencing the broader aspects of the reproduc-
tive ¢yele. In many bivalves this critical temperature is extremely specific (Nelson,
1928).

Generally, shallow water bivalves reproduce one or more times a year. Thus, in
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Burope, Dreissena polymorpha reproduces once a year, spawning in Summer when tem-
peratures are high (Morton, 1969a). Similarly Corbicula cf fluminalis from the Pearl
river, People’s Republic of China, breeds once a year, but when temperatures are fal-
ling to a Winter minimum (Morton, 1981). On the other hand, in Plover Cove Re-
servoir, Corbicula fluminea spawns twice a year, in early Summer and Autumn, again
when temperatures are high (Morton, 1977b). In the introduced component of its
range- the U.S.A.- a similar breading parttern is maintained (Aldrich and McMahon,
1978; Britton et al., 1979).

1t is very difficult to relate breeding patterns in Limnoperna, Dreissena and species
of Corbicula to habitat, because they are generally ‘‘opportunistic’’, even the broad
divisions of lotic and lentic are inappropriate because they all seem capable of living
in both running and standing water bodies.

Another way of classifying organisms adapted to one or other of two habitat extre-
mes has been described by MacArthur and Wilson (1967) as r and K-selection. r strate-
gists occupy highly variable, often unpredictable habitats, in which rapid development
and early reproduction in a short-lived species is typical. Conversely, K strategists
occupy stable, usually predictable habitats and are slow to mature often with delayed
reproduction and bhave longer life spans. Few organisms fit exactly into one or other of
these categories, but Limnoperna fortunei is more closely identifiable as an r-strategist
being short lived, maturing early and with a high fecundity (Morton, 1977a). For si-
milar reasons, Corbicula fluminee is probably also an r-strategist (Britton and Morton,
1979) whereas C. ef. fluminalis (Morton, 1982) is more appropriately defined as a K-
strategist.

These generalizations often break down, however, with regard to the expression
of sexuality in freshwater bivalves. Thus, Corbicula flumines is a protandric herma-
phrodite i.e. many small males fertilizing a few established older females (Morton,
1977b) while C. ef. fluminalis is dioecious with a tendeney towards protogynous
hermaphroditism (Morton, 1981). On the other hand Dreissena polymorpha is dioecious
(Morton, 1969a) as is Limnoperna fortunei, though in the former case but not the latter
approximately 4.5% of individuals are hermaphrodite (Antheunisse, 1963). No herma-
phrodites have been found in this survey of Limnoperna fortunes.

In Corbicula fluminea (Morton, 1977b), the young are incubated in the inner
demibranch to a length of 220 pm (this facility is also possibly possessed but rarely used
in C. ef. fluminalis) (Morton, 1981). Conversely Dreissena polymorpha does not in-
cubate its young. Liu, Zhang Wang and Wang (1979) report that L. fortunei incubes
eggs within all four demibranchs, but I have not confirmed this in this study and if
true would represent a most unusual facility on the part of this mytilid with ctenidial
filaments only weakly united by ciliary junctions (Morten, 1973).

Limnoperna fortunes is clearly in most respects the almost exact Asian equivalent
of the European Dreissena polymorpha but with strong differences in the number and
timing of spawnings possibly resulting from differences in distribution pattern.

Just as temperature is generally considered to order the basic processes of game-
togenesis and spawning so it is also conceded that variations in breeding pattern often
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result from occupation of the same niche but in different components of the total range.
Thus, reproduction in Mytilus varies with latitude (Wilson and Hodgkin, 1967; Lubetf
and Le Gall, 1967). It is also a general principle that southern species usually reproduce
later in the year and have a progressively restricted season further northwards whereas
northern species exhibit the reverse trend——spawning earlier and with a more extended
season further south. In all of these cases, however, it is general that there is but a
single reproductive season that may be divided into a number of phases, usually two.
Thus gametogenesis in Mytilus edulis ocecurs over Winter and there is a partial spawn-
ing in the Spring with the gonad then rapidly maturing to fully spawn in early Summer
(Seed, 1975). Simitarly Dreissena polymorpha reproduces once a year, again in Summer
(Morton, 1979a) and thus closely matehes Mytilus edulis. On Hong Kong shores,
Anomalocardia squamosa spawns during the Summer months in a single peak that may
be divided into two phases (Morton, 1978) as in the Brazilian species A. brasiliana
(Narchi, 1976). The endobyssate mytilid Musculista senhausia also spawns onee a year
in Hong Kong, but in Winter when temperatures are low (Morton, 1974). In Mya
arenaria, a major Autumn spawning is sometimes followed by a 2nd Spring spawning,
the spermatozoa of this spawning, when it occurs, derived from sperm balls retained
from the Autumn spawning (Shaw, 1964; 1965).

Limmnoperna fortuner is unusual but resembles Corbicula fluminea in Plover Cove
Reservoir. In the latter species larval release takes place generally in June and
January, but because the fertilized eggs are vetained within the inner demibranch
spawning takes place carlier, probably in Spring and late Summer. In Limnoperne
fortunei, however, where the sexual eycle is uncomplicated, spawning occurs twice and
is, most unusually, correlated with Summer maximum and Winter minimum tempera-
tures. Clearly a rising and a falling temperature order gametogenesis in this species
and that two temperature criteria (approximately 27—28°C and 16—17°C) stimulate
spawning. It is well known that extreme temperatures may inhibit spawning, though
these seem to be less limiting in warmer climates (Young, 1945; Allen, 1955; Heinonen,
1962; Moore and Reish, 1969), but less well known that two extremes of temperature
may stimulate spawning. As noted earlier spawning in bivalves typically only occurs
over a single critical temperature range that is constant for each species (Nelson, 1928),

The unusual reproductive cycle of Limnoperna may be accounted for by referen-
ce to its distribution. It seems to be widely distributed in the north of China (Tchang,
Li and Liu, 1955; Chen, 1979) and yet oceurs in tropical Thailand (Mizuno and Mori,
1970; Brandt, 1974) and possibly in Laos and Cambodia (Brandt and Temcharoen,
1971). Chen (1979) has shown that in Lake Huama, the tfemperature (in
1959—1960) ranged between 8°C in January and 30°C in July. These figures
characteristic of a ‘‘continental’’ water body, approximate those recorded from Plover
Cove Reservoir Hong Kong and one would thus expect L. fortunes here to also possess
winter and breeding cycles. The observations of Liu, Zhang, Wang and Wang
(1979), however, indicate that but a single reproductive cycle oeccurs in the northern
part of this bivalve’s range, in Winter, from September to November when tempera-
tures are between 16—21°C. This gives some measure of support to the contention
here put forward that Limnoperne in Hong Kong is in the middle sub-tropical com-
ponent of its total range and that in the north it breeds but once per annum. In the
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south (i.e. Thailand, Laos, Cambodia) it may have a more extended Summer breeding
programme.

Clearly research is meeded to clarify the reproductive strategy of this bivalve over
its total range especially as Limnoperna has a very great potential to become a fouling
species of importance. The heteromyarian form of this bivalve, its exploitation of an
epibyssate niche not colonised by other freshwater bivalves (except Dreissena poly-
morpha in Europe) already confirms it as a potential pest; a wide reproductive
potential magnifies this.

The information contained within this paper when considered together with earlier
information on the time of larval settlement in Limnoperna fortune: (Morton, 1977a)
does now, however, allow for the economical application of control procedures, at least
within this component of its total range. Morton, Au and Lam (1976) have defined
residual chlorine eoncentrations effective in the control of Lemnoperna, the present
information defines the time of application. A variety of other control methods are
available to control settlement of freshwater bivalves (Morton, 1977¢; 1979). This in-
formation assists application of these controls also.

Finally this paper concludes with a warning against the accidental introduction
of Lamnoperna fortumei outside its home range. The example of Corbicule fluminea
introduced into North America (Britton and Morton, 1979) should suffice to demon-
strate the grave problems that may arise. A species unrestrained from the econtrols
that normally hold it in check rapidly comes to colonise almost all available niches in
the freshwater domain and with adjusted growth patterns and breeding cycles can be
a very real pest.
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Plate [. Limnoperna fortunei. Photomicrographs of the five stages of gametogenesis in A, males and
B, females: 1. primordia; 2. developing; 3. maturing; 4. mature; 5. spent.
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