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Abstract The Antarctic marine environment is extreme in

its low temperatures and short periods of primary produc-

tivity. Invertebrates must therefore adapt to maximise

reproductive output where low temperature and limited

food slow larval development. Brooding is a common

reproductive trait in Antarctic marine bivalves; larval

development occurs within the mantle cavity, and larvae are

released as fully developed young. Lissarca miliaris is a

small, short-lived, shallow-water brooding bivalve of cir-

cum-Antarctic distribution and found most abundant in the

sub-Antarctic Magellan Region and islands of the Scotia

Arc. Here, an unusual hermaphrodite reproductive trait is

described for L. miliaris from King George Island (62�140S,

58�380W) and Signy Island (60�420S, 45�360W), Antarctica,

using histological and dissection techniques. Specimens

demonstrate simultaneous and sequential hermaphrodite

traits; male and female gonads develop simultaneously, but

the production of oocytes is reduced while testes are ripe.

Functional females are more abundant in specimens above

3 mm shell length, although male reproductive tissue per-

sists and functional males are found in all size classes. The

number of previtellogenic oocytes produced by far exceeds

the number of oocytes extruded and brooded, which may

indicate an ancestral link to a planktotrophic past. Her-

maphroditism in L. miliaris maximises reproductive effi-

ciency in a short-lived species, in which the female’s

capacity to brood its young is limited, and demonstrates a

specialised adaptation to a cold stenothermal and food-

limited environment prevailing in the Southern Ocean.

Keywords Antarctica � Invertebrate reproduction �
Cold adaption � Hermaphrodite � Early ontogeny

Introduction

Brooding is a common and successful reproductive trait in

many Antarctic and deep-sea invertebrates representing an

extreme of parental trade-offs between quantity and qual-

ity, with lowest mortality and lowest fecundity (Vance

1973; Ripley and Caswell 2008). In some invertebrate

groups from the Antarctic, such as echinoids and bivalves,

the predominance of brooding traits is striking (for review

see Poulin et al. 2002; Thatje et al. 2005), but the sug-

gestion that this has been driven by the current cold

stenothermal and stable environmental constraints is often

questioned (Strathmann 1978; Poulin et al. 2002; Pearse

and Lockhart 2004; Thatje et al. 2005; Pearse et al. 2008).

It has been discussed that the phyletic constraints on the

reproduction and extinction of many planktotrophic traits

during previous glacial periods have driven the evolution

of entirely brooding clades of taxa (Strathmann 1978;

Emlet et al. 1985; Gallardo and Penchaszadeh 2001; Thatje

et al. 2003; Pearse and Lockhart 2004; Pearse et al. 2008).

Southern Ocean brooding species may have become iso-

lated in ice-free shelf refuges on multiple occasions during

glacial periods, forming fragmented and isolated popula-

tions, preventing gene flow and facilitating speciation of
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brooding clades over time (Thatje et al. 2005, 2008; Pearse

et al. 2008; Thatje 2012).

Reproduction in polar and deep-sea benthic inverte-

brates has always been a subject of contrasting opinions

and controversy, but there are still few detailed descriptions

on the reproductive ecology of many benthic species,

especially in the Antarctic. There is a well-documented

mismatch between the long developmental times of indi-

rect planktotrophic larvae and the short period of primary

production in Polar Regions, potentially selecting for non-

feeding larval forms (Thorson 1950; Mileikovsky 1971).

Vance (1973) stated that selection must favour the repro-

ductive trait with the greatest efficiency. Lecithotrophy and

direct development have higher investment per egg with

lower fecundity compared with planktotrophy. This is

balanced by lower dependence on external food sources

and settlement sites (Strathmann 1974). Recent studies

have challenged the early views on the dominance of direct

development in the Antarctic after the description of spe-

cies with successful planktotrophic larval development in

the Southern Ocean (Arntz and Gili 2001; Poulin et al.

2002; Raupach et al. 2010; but see Thatje 2012) and the

belief that the isolation of the Southern Ocean has driven

evolution and endemism in many taxa (Arntz et al. 1997;

Clarke and Johnston 2003; Pearse and Lockhart 2004;

Thatje et al. 2005).

Philobryidae are a notably speciose and increasingly

studied family of bivalves, typical of the Southern Ocean

and often occurring in high abundances in shallow bays

and the continental shelf (Tevesz 1977; Arntz et al. 1997;

Linse 2004). A characteristic important to the success of

this group is the ability to brood young to juvenile stages,

facilitated by the reduced or absent anterior adductor

muscle and strongly constructed modified filibranch cte-

nidia (Tevesz 1977; Morton 1978; Prezant et al. 1992; Brey

and Hain 1992; Hain and Arnaud 1992; Higgs et al. 2009).

The philobryid Lissarca miliaris (Philippi, 1845) is a small

ubiquitous bivalve (\6 mm shell length) often found

attached to macroalgae by byssal threads between the

intertidal and 270 m (Dell 1964). With a life span of up to

6 years, it is relatively short-lived for a cold-water inver-

tebrate and broods up to 70 young in clusters within the

mantle cavity for 17–18 months (Richardson 1979). Pop-

ulations are known to occur along the Western Antarctic

Peninsula, Scotia Sea islands, and in the Ross Sea, as well as

reaching into the sub-Antarctic Magellan Region, Falkland

and Kerguelen Islands (Huber 2010, www.scarmarbin.be).

They are most commonly found in large numbers and dense

aggregations in shallow bays (\30 m). The brooding char-

acteristics of L. miliaris were described by Richardson (1979)

from a population at Signy Island, but no study has described

reproduction from gametogenesis. Only few studies have

comprehensively described reproduction in any Antarctic

philobryid species (Morton 1978; Brey and Hain 1992; Higgs

et al. 2009). Philobryids are normally considered to be

dioecious (Morton 1978; Richardson 1979; Brey and Hain

1992; Higgs et al. 2009) although a small percentage of

Lissarca notorcadensis within certain size classes possess

both testes and ovaries, indicating protandric hermaphrodit-

ism in a small proportion of a population (Prezant et al. 1992).

Studies on the reproductive ecology of benthic invertebrates

from the Southern Ocean are important for our knowledge of

reproductive trade-offs in Polar Regions. This study describes

the reproductive biology in L. miliaris and discusses the

reproductive trade-offs associated with hermaphroditic traits

within the species.

Materials and methods

Sample collection

Specimens of L. miliaris were collected by divers at 10 m

depth in Potter Cove, King George Island (Fig. 1a, c),

Scotia Sea (62�140S, 58�380W) in December 1993 and

January 1994 and fixed in 4 % buffered formalin. A total

of 461 specimens were hand-collected from the intertidal

of Shallow Bay, Signy Island (Fig. 1a, b), Scotia Sea

(60�420S, 45�360W) in April 2002 and fixed in 96 % eth-

anol during the R/V Polarstern LAMPOS (ANT XIX/5)

expedition (Arntz and Brey 2003).

Histology

Fifty-three individuals from King George Island (Potter

Cove) and nineteen specimens from Signy Island (Shallow

Bay) between 2.0 and 5.0 mm shell length were used for

histological analysis. Maximum shell length, height and

width were measured using a stereomicroscope. Whole

animals were processed after decalcification (hydrochloric

acid). Tissue was processed as described by Higgs et al.

(2009) and embedded into wax blocks. Sections of 7 lm

were mounted on slides and stained with haemotoxylin and

counter-stained in eosin. Reproductive features were cap-

tured with a Nikon D5000 mounted on a stereomicro-

scope and analysed using SigmaScan Pro4 software; Feret

diameters used to measure oocyte sizes.

Dissection

A total of 306 specimens from King George Island were

selected for dissection. Bivalves were opened and the

gonads examined. Separate sexes were easily identified in

specimens above 2.5 mm shell length. The vitellogenic

eggs of 90 females from 2.5 to 5.8 mm shell length were

manually removed from the gonads and counted; 44 of
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these had oocytes photographed with a Leica Microsystem

camera and Feret diameter calculated.

Sex ratios

Sex ratios were determined from specimens collected at King

George Island. Histology was used to determine functional

sex of specimens below 3 mm; males determined by mature

ripe testis and females from the presence of previtellogenic

oocytes and no testis. Above 3 mm shell length, specimens

were dissected to observe functional sex. Hermaphrodite

percentage in the population was determined by using his-

tology data of all size classes and is observed as functional

males with previtellogenic oocytes developing in a small

portion of gonad.

Results

Lissarca miliaris demonstrate traits of both simultaneous

and sequential hermaphroditism—sequential by a change

in sex that can occur once within their lifetime and

simultaneous by the occurrence of both male and female

tissue present throughout the life of some specimens.

Gametogenesis is observed from 2.00 mm shell length with

oogenesis occurring in two small portions of gonad beside
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the posterior adductor muscle from 2.15 mm. Developing

testis is observed from 2 mm as gonad extending from the

posterior adductor muscle to the antero-dorsal half on both

the left and right sides. Up to and over 200 previtellogenic

oocytes develop in both males and females and vary in size

between 19 and 50 lm (Figs. 2a, 5a). They appear densely

packed or loosely arranged and often exceed the maximum

number of eggs that become vitellogenic and brooded.

Vitellogenesis occurs from 2.9 mm length;\35 oocytes

from the site of oogenesis develop on each side in dorsal

parts of gonad extending from the posterior adductor

muscle to the anterior-dorsal half (Fig. 2b). Oocytes are

lined up in tightly packed rows in the dorsal parts of the

gonad and measure between 200 and 500 lm Feret diam-

eter at King George Island (mean = 368 lm, SD = 44,

n = 396) depending on degree of vitellogenic

accumulation (Fig. 3b). The observed number of eggs per

female increased with shell length from 2.9 mm (r2 =

0.451, F1,89 = 72.34, p \ 0.001, King George Island) but

also showed large variation within size groups (Fig. 4).

Between 15 and 69 eggs were found in females of 2.9 to

5.0 mm shell length. Fully developed but unfertilised eggs

are extruded into the mantle cavity and are initially held

together in two clusters on each side (Fig. 2c) by an

unidentified maternal tissue (Fig. 3c, d). This tissue breaks

down, probably after fertilisation but the clusters remain

loosely held together by thin chords resembling thin

strands of byssus (Fig. 3c). Embryos develop larval shells

and the large prodissoconch (Signy Island mean length =

699 lm, SD = 33, n = 47) often displays a distinct

growth disturbance mark. Fully developed but pre-release

shelled veliger was only found in specimens from Signy

Fig. 2 Lissarca miliaris. a, b King George Island January 1994,

c, d Signy Island April 2002. a Section through the posterior part of the

body of functional male (3.6 mm shell length) showing histology of

previtellogenic oocytes in a small portion of gonad next to posterior

adductor muscle; b transverse section through dorsal portion of gonad

in a functional female (4.2 mm shell length) showing histology of

vitellogenic oocytes; c transverse section of entire brooding female

(4.2 mm shell length) showing histology of brooded ova in mantle

cavity; d transverse section of mantle cavity of brooding female (3.1-

mm shell length) showing histology section of advanced brooded

veligers. pvo Previtellogenic oocyte, m muscle, vo vitellogenic oocyte,

ct ctenidia, vel veliger. Wax sections, 7 lm thick, stained with

haemotoxylin and eosin. Scales 100 lm
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Island and were loose in the mantle cavity (Fig. 2d) with a

mean shell length of 0.715 mm (SD = 0.04, n = 13). The

smallest released shelled young from King George Island

had a shell length of 0.775 mm.

Hermaphroditism is most commonly observed as func-

tional males with ripe testis and previtellogenic oocytes

developing in the small portions of gonad beside the pos-

terior adductor muscle (Figs. 3a, 5a–d). In functional

females, hermaphroditism is observed above 2.9 mm shell

length with broods or large vitellogenic oocytes and

reduced testis at the edges of the dorsal portion of the

gonad (Fig. 5e). Sex ratio data from specimens at King

George Island demonstrates an increase in functional

females from 2.5 mm and a corresponding decrease in

male abundance (Fig. 6). The proportion of functional

males with previtellogenic oocytes increases in stages from

15 to 17 % between 2 and 2.99 mm, 33–37 % between 3

and 3.99 mm and 83–100 % between 4 and 4.99 mm. The

changing ratios, supported by evidence of hermaphrodite

stages, suggest that the dominant sex of the species changes

with age but both male and female portions of gonad

persist. Testis appears to be the dominant functional gonad

up to 3 mm shell length, but previtellogenic oocytes are

also developing simultaneously. During vitellogenesis, the

testis becomes inactive and reduced while the oocytes

develop in ovaries that form dorsally, in the position that

testis had previously occupied. Brooding females with partly

shelled veligers were found to have large (250–500 lm)

Fig. 3 Lissarca miliaris, King George Island January 1994. a Micro-

graph image showing previtellogenic oocytes developing next to

posterior adductor muscle and testis in functional male (4.2 mm shell

length); b micrograph showing dorsal view of vitellogenic oocytes

lined up in dorsal portion of gonad (4.9 mm shell length); c micro-

graph showing brooded vitellogenic oocytes in mantle cavity held in

place by maternal tissue and thin chords (4.7 mm shell length);

d micrograph of cluster of vitellogenic oocytes brooded in the mantle

cavity (4.7 mm shell length). m Muscle, pvo previtellogenic oocytes,

t testis, vo vitellogenic oocytes, ch thin chords, mt maternal tissue.

Scales 1 mm
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vitellogenic oocytes developing in the dorsal parts of the

gonad, and there is no evidence that suggests the male por-

tions of gonad become active at larger sizes once reduced. No

differences in reproductive trait were observed between the

two populations studied, and despite the temporal difference

between collections, no differences in the hermaphrodite

stage were observed between sites.

Discussion

Brooding and gametogenesis

The Antarctic shallow-water environments are dynamic

and diverse habitats, disturbed by ice scouring, cold tem-

peratures and high concentrations of short-lived primary

production (Gutt 2001; Thatje et al. 2005; Barnes and

Conlan 2007). In such limiting conditions, a diverse range

of benthic fauna have evolved traits that not only increase

the survival of young but also maximise reproductive

output. The brooding traits of L. miliaris are not unusual

for philobryids although there are distinct differences to the

described traits of L. notorcadensis (Brey and Hain 1992)

and Adacnarca nitens (Higgs et al. 2009). L. miliaris are

typically abundant in shallow water, commonly in high

abundances in the intertidal and sub-tidal shallow bays in

the sub-Antarctic (Dell 1964; Richardson 1979), whereas

the previously studied L. notorcadensis were found

between 80 and 1,108 m in the Weddell Sea and A. nitens

at 84 m in the Ross Sea (Brey and Hain 1992; Higgs et al.

2009). Different environmental constraints associated with

these depths and latitudes may influence reproductive

cycles, investment of energy into offspring, and brooding

characteristics.

Despite a smaller shell size, L. miliaris have larger broods

than L. notorcadensis, but this is balanced by smaller

young—L. miliaris producing young up to 0.77 mm shell

length compared with 1.25 mm in L. notorcadensis

(Table 1). Both species have seasonal reproduction, but

L. miliaris have a shorter 18-month reproductive cycle

compared with the 24-month cycle of L. notorcadensis

(Richardson 1979; Brey and Hain 1992). In contrast, A. nitens

are asynchronous producing few eggs at a time in small

numbers continuously through the year (Higgs et al. 2009).

Availability of food is the single most likely factor explaining

these differences with L. miliaris in this study being exposed

to the high concentrations of phytoplankton during the

summer months at Signy Island (Clarke et al. 1988) and Potter

Cove, King George Island (Klöser et al. 1994; Schloss et al.

2002; Tatian et al. 2002) while their deeper relatives may only

be exposed to sinking phytodetritus or low concentrations of

phytoplankton during blooms.

Egg size of L. miliaris are similar to L. notorcadensis

and A. nitens, developing up to 500 lm and as described in

A. nitens, the eggs appear to have a high yolk content,

demonstrating a high investment of energy into each egg

(Higgs et al. 2009). It is not clear how fertilisation occurs

although it is likely that the unidentified maternal tissue

(Fig. 3c, d) may play a role in holding the ova in position

or in fertilisation.

A previously unknown trait observed in L. miliaris is the

large number of previtellogenic oocytes that develop in a

small portion of gonad beside the posterior adductor

muscle which far exceed the number of young an indi-

vidual can brood, perhaps in the lifetime of the animal.

Brooding traits are considered to have evolved from more

primitive planktotrophic traits as a consequence to envi-

ronmental conditions and once lost, these traits are not

likely to be reacquired (Strathmann 1985). These previ-

tellogenic eggs are akin in size (19–50 lm), number

(200?) and arrangement to planktotrophic species and may

be indicative of a planktotrophic past of an ancestor

species.

Fig. 5 Lissarca miliaris, Signy Island April 2002. a, b Transverse

section through posterior part of body in functional male (3.5 mm

shell length) showing; a previtellogenic oocytes developing in two

areas of gonad beside the posterior adductor muscle; b previtellogenic

oocytes developing beside the posterior adductor muscle next to

mature testis. c, d Two dorsal–ventral sections from same specimen

(3.1 mm shell length) demonstrating (c) testis reduced in size and low

density in spent male (d) oocytes from portion of gonad by posterior

adductor muscle spreading into portion of gonad the testis occupies;

e Dorsal–ventral section showing functional female (4.1 mm shell

length), which contained shelled brood (not seen) with vitellogenic

oocytes and reduced testis. m Muscle, pvo previtellogenic oocytes,

t testis, vo vitellogenic oocytes. Wax sections, 7 lm thick, stained

with haemotoxylin and eosin. Scales 100 lm unless stated

Fig. 4 Lissarca miliaris from Potter Cove, King George Island,

Dec–Jan 1993/1994. Number of vitellogenic oocytes plotted against

maximum shell length. R2 = 0.451, n = 90, p \ 0.001

c
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Hermaphroditism

Hermaphroditism is not a rare reproductive trait in South-

ern Ocean molluscs and has been described in the bivalves

Laternula elliptica (Bosch and Pearse 1988), Thracia

meridonalis (Sartori and Domaneschi 2005) and the

brooding bivalves Mysella charcoti and M. narchii (Passos

and Domaneschi 2009), all demonstrating simultaneous

hermaphroditism. Sequential protandric hermaphroditim is

also common in molluscs where an organism functions

initially as a male and then female at a later stage (Heller

1993) and is potentially advantageous for small brooding

species, which are limited by space available to brood their

young (Ghiselin 1969; Heath 1977; Wright 1988; Heller

1993). The occurrence of different types of hermaphrodite

traits within populations is known to persist in species of

Crassostrea (Heller 1993). This group of oysters is mostly

single sex but also demonstrates protandric and simulta-

neous hermaphrodite traits, the cues of which are geneti-

cally or environmentally driven (Coe 1943; Guo et al.

1998; Ruiz-Verdugo et al. 2000).

Sequential protandric hermaphroditism was described in

L. notorcadensis when a 5 % of a population from the

Scotia Sea was found to possess both testes and ovaries

while the proportion of males was highest in the smallest

size classes (Prezant et al. 1992). Hermaphroditism in L.

miliaris is different, however, as it demonstrates both

simultaneous and sequential traits. The long retention of

male gonads in mature females and development of pri-

mary oocytes in mature males are evidence of simultaneous

gonad development, but the reduction of one of the gonads

is indicative of sequential hermaphroditism. Sex-ratio data

in this study support the change of sex from male to female

and the proportion of hermaphrodites in the entire popu-

lation is 30 %, higher than the 5 % observed in L. notor-

cadensis (Prezant et al. 1992). The higher percentage of

females in the 2.00–2.49 mm size class may relate to the

difficulty of determining immature testis from other tissue

types and the development of previtellogenic oocytes may

occur before the formation of determinable testis.

The occurrence of reduced testes in brooding L. miliaris

could also be evidence of the rarer alternating sex her-

maphrodite trait where specimens change sex more than

once in their lifetime. This is commonly found in temperate

and tropical Ostrea spp., which change sex seasonally (Asif

1979; Heller 1993) and is supported in this study by the

Fig. 6 Lissarca miliaris from

Potter Cove, King George

Island, January 1994.

Percentage frequency

male:female sex ratios with

increasing size classes using

histology\3 mm and dissection

[3 mm. Percentage frequency

of males with developing

previtellogenic oocytes is from

histology on mature males

Table 1 Brooding traits of

Antarctic philobryid bivalves

L. miliaris, L. notorcadensis and

A. nitens

Species Depth

range (m)

Brood

size (n)

Size at

release (mm)

References

L. miliaris 0–275 15–69 0.77 Richardson (1979), this study

L. notorcadensis 100–1,000 15–30 1.25 Brey and Hain (1992)

A. nitens 8–2,350 16–55 0.84 Hain and Arnaud (1992),

Aldea et al. (2008),

Higgs et al. (2009)
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observation of reduced testis in late brooding females,

indicating a possible male reproductive stage whilst

brooding young. Reduced testis at this stage of reproduc-

tion is curious as its position is in the portion of gonad

where vitellogenesis of oocytes occurs. Figure 5e, which

shows the undeveloped testis in the dorsal portion of gonad

and vitellogenic oocytes, may be in a transitional stage

where the oocytes are being extruded into the mantle cavity

and the testes are re-developing; however, only regular

sampling of L. miliaris would confirm this reproductive

stage. Alternating sexuality would enable females to allo-

cate energy to male gonad production and remain sexually

active during long periods of brooding. In a short-lived

species with a long period between gametogenesis and

larval release, alternating sexuality would maximise the

reproductive output of L. miliaris that may otherwise only

reproduce up to 3 times within their life span. Ripe testis

has not, however, been observed in a brooding L. miliaris,

and larger brooding females have been observed with small

vitellogenic oocytes. It is not possible to accurately deter-

mine the percentage of functional females with testis in L.

miliaris as reduced testes are not easily distinguished from

surrounding tissue.

Lissarca miliaris may have evolved hermaphrodite

brooding traits in response to a number of different con-

straints including small adult size and isolation. Small size

is commonly associated with brooding as larger animals

can often produce more young than they can brood

(Strathmann and Strathmann 1982; Strathmann et al.

1984). In the Antarctic context, brooding is likely to be so

high due to speciation within brooding clades and the

possible extinction of non-brooding species during glacial

periods (for discussion see Poulin et al. 2002; Thatje et al.

2005). Hermaphroditism can also be linked to small sizes,

however, as the female’s limited capacity to brood may

select for sequential protandric hermaphroditism (Ghiselin

1969; Heath 1977; Strathmann and Strathmann 1982;

Wright 1988) and the retention of unused gonad may

represent an intermediate stage of development. Isolation

and small population size may also select for hermaphro-

dite traits as this may increase the chances of successful

reproduction (Ghiselin 1969; Heller 1993).

Evolutionary consequences

The limited capability for dispersal in brooding species can

be overcome by rafting, and the unique oceanographic

conditions offered by the Antarctic circumpolar current

allow for connectivity between separated island groups

(Highsmith 1985; Martel and Chia 1991; Smith 2002;

Nikula et al. 2010). It has to be recognised, however, that

genetic diversity in brooders appears high, frequently

resulting in cryptic speciation and species clusters of

circum-Antarctic distribution (Held 2003; Held and

Wagele 2005; Cope and Linse 2006; Linse et al. 2007;

Hunter and Halanych 2008; Leese et al. 2008; for discus-

sion see Thatje 2012). The distribution of L. miliaris in the

Scotia Sea is likely to be the consequence of dispersal via

macroalgal rafting (Highsmith 1985; Higgs et al. 2009) or

juvenile byssus drifting (Sigurdsson et al. 1976; Beaumont

and Barnes 1992). Hermaphroditism may have facilitated

founding populations and population expansion following

habitat contraction during glacial periods (Thatje et al.

2008, Thatje 2012) as small populations in ice-free refugia

would be likely to have both sexes for reproduction. Future

molecular studies into the origins of L. miliaris may pro-

vide evidence of the Scotia Sea Islands acting as stepping-

stones into the Antarctic from the Magellan region during

recolonisation events (Arntz 1999).

Lissarca miliaris demonstrates a specialised reproduc-

tive trait in the Southern Ocean and provides more evi-

dence to the hypothesis that brooding in small bivalves

may provide an evolutionary advantage over other Ant-

arctic fauna (Dell 1972; Poulin et al. 2002; Thatje et al.

2005, 2008; Higgs et al. 2009). The occurrence of her-

maphroditism in this species is a further adaptation that has

enabled the species to maximise their reproductive output

and perhaps to colonise islands on both sides of the polar

front. Philobryid bivalves represent many species of small

benthic Antarctic fauna by demonstrating common traits

(small size, brooding, and variable Antarctic/sub-Antarctic

distributions), and this study highlights the need for further

investigation into brooding traits and the processes that

may have driven unique characteristics. Lissarca spp. also

make a good model species for future studies of population

genetics, potentially revealing in detail the origins and radi-

ation processes of the philobryid bivalves and increasing our

understanding on the processes that have driven the evolution

of Antarctic benthic diversity.

Summary

Lissarca miliaris show an unusual reproductive trait that

may function to maximise reproduction in a cold steno-

thermal and food-limited environment and are distinct from

other Antarctic bivalves by;

• A transitional hermaphrodite phase in L. miliaris from

male to female occurring throughout every size class,

and functional males are found in the largest size class.

• Male reproductive tissue persisting long after changing

sex and observed in late brooding females, 18–24

months after the change in sex.

• The production of a large number of previtellogenic

oocytes in functional males, where the number of
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oocytes observed exceeds the number of young an

individual is likely to brood in a lifetime.
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