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Summary

The reproductive cycle of Eurhomalea exalbida (Chemnitz, 1795) in Ushuaia Bay, Beagle

Channel, was studied from October 1998 to December 1999. Clams were collected monthly by

SCUBA diving at 3–5 m water depth. The degree of sexual maturity was determined histo-

logically (n=338). The sex ratio was 1:1 (Chi-squared p>0.05). First sexual maturity occurred at

39 mm shell height in males and 40 mm in females (i.e., 4 years of age). Five distinct histological

stages of sexual maturity could be established in males: (1) early active, (2) late active, (3) ripe,

(4) partially spawned with recovery and  (5) spent. Females had oocytes ranging from small and

immature to large and  fully developed in their ovaries throughout the year. Since we could not

classify reproductive stages based on a qualitative histological scale of sexual maturity,

quantitative measures using an image analyser were used. In males a high percentage of mature

individuals were present between January and August. The percentage of early active and

partially spawned individuals was highest in November 1998 (70%) and 1999 (60%). In females,

the mean number of developed oocytes per unit of gonadal area in a cross section, the mean

diameter (minor axis) of oocytes, and the percentage of gonadal area occupied by oocytes were

lowest in November, indicating a spawning peak. These results indicate synchronous gonadal

development and spawning in males and females. The more intensive spawning activity in

November coincides with the higher biomass and production of phytoplankton in spring.
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Introduction

The venerid Eurhomalea exalbida (Chemnitz,

1795) is a shallow sublittoral species widely repre-

sented in the extreme south of coastal South America,

and is considered to be a potential economic resource

in the Beagle Channel. Population dynamic study

indicated an average abundance of 83 ind m!2 in the

study site (Lomovasky et al., in press). The northern

limits of its distribution are Chiloé (42° S) in the

Pacific littoral zone (Soot-Ryen, 1959; Dell, 1964;
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Osorio et al., 1979) and the province of Buenos Aires

(38° S) in the Atlantic littoral zone. The southern limit

is the Beagle Channel (54°50NS) (Carcelles, 1944;

1950). The lowest temperatures within the species’

geographic distribution are found in this southern zone

with average monthly maximum and minimum

temperatures of 8.7°C and 4.5°C, respectively

(Hydrology Service of Austral Centre of Scientific

Research). The importance of low temperatures as a

factor that slows the rate of oogenesis and growth in

bivalve molluscs has been widely demonstrated (Giese,

1959; Sastry, 1979; Pearse et al., 1991) and may be an

important limitation on the capacity of the organisms to

withstand commercial extraction. Consequently,

studies of the biological characteristics of populations,

such as growth and reproduction, are important for

species that inhabit high latitudes. Only the population

dynamics and morphology of some venerids in sub-

Antarctic regions have been investigated thus far

(Urban, 1994; Urban and Tesch, 1996).

Several species in this family (E. exalbida, Venus

(Ameghinomya) antiqua, Protothaca thaca) are

exploited commercially on the Pacific coast of Chile

(Osorio et al., 1979), but investigations have only

studied reproduction in populations of Venus (A.)
antiqua in Ancud Bay (41°51NS, Lozada and Bustos,

1984) and Yaldad Bay (43°08NS, Stead et al., 1997). In

coastal Argentina, reproduction in the clams E.

exalbida, Tawera gayi, and Venus (A.) antiqua has

been studied in Punta Loma, 42°47NS (Schuldt, 1975;

Verdinelli and Schuldt, 1976). This last species is

commercially exploited sporadically on the Argen-

tinean coast (Ciocco et al., 1998).

The objective of this study was to determine the sex

ratio, the size at first maturity, and the reproductive

cycle — in particular the spawning period and the

period of maximum maturity — in a population of E.

exalbida in the Beagle Channel.

Materials and Methods

Monthly samples were collected in Ushuaia Bay

(54°50NS, Beagle Channel), in a subtidal flat with a

water depth between 2 and 4 m at low tide. Sampling

was conducted by SCUBA diving from October 1998

to December 1999. Mean surface temperature in the

sampling zone was taken from SECEDOC (Hydrology

Service of Austral Centre of Scientific Research,

Argentina), ranging from 8.7°C in summer to 4.5°C in

winter (Fig. 1). Salinity was measured sporadically

with a Horiba U-10 meter, with values ranging from

30.9 to 32.9‰.

Fig. 1. Monthly mean with maximum and minimum seawater
temperature in Ushuaia Bay, Beagle Channel, between
October 1998 and November 1999.

Shell height (umbo to ventral axis, H), and length

(anterior–posterior axis, L) were measured with

electronic calipers to the nearest 0.01 mm and were

recorded for each individual (n = 1196). A subsample

was taken for histological analysis; the shells were

removed and the soft parts (n = 138 females; 180

males; 20 undifferentiated) were fixed in Bouin’s fluid

and then washed with water and transferred to 70%

alcohol. A cross-sectional block was dissected from
each clam, dehydrated in an alcohol series, cleared in

benzene, embedded in Paraplast, sectioned at 5 µm and

stained with Groat’s hematoxylin and eosin.

The stage of development of male gonads was

determined by analysis of different levels of develop-

ment of germinal cells in histological preparations.

A quantitative analysis of the histological prepara-

tions of female specimens was performed using images

captured by a video camera (Panasonic KR222) and

viewed using the Image-Pro Plus 3.0 software. Three

microscopic fields (100×) per cross section were

analysed for each specimen. In each field the non

gonadal area was disregarded and the remaining area

was expressed as the gonadal area in µm2. The mean

number of oocytes (divided into three size classes:

<25 µm, 25–40 µm and >45 µm, minor axis) per

100 µm2 gonadal area, the mean diameter (minor axis)

of oocytes, and the percentage of gonadal area

occupied by oocytes were determined.

Height at first maturity was based on 91 specimens

between 24 and 48 mm H. Specimens were grouped

into size classes (3 mm) and classified histologically as

sexually active (with oocytes or sperm) and inactive

(with scantly and small alveoli containing few sexual

cells). The median of the cumulative frequency

distribution of sexually active specimens was con-

sidered to represent the height at which 50% of animals

are sexually mature.
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The sex ratio was assessed for the total sample by

examining gonadal smears and was tested against a 1:1

ratio with Chi-square tests.

Statistical Analysis

The monthly differences in mean oocyte diameter

(minor axis) and the number of oocytes > 40 µm per

gonadal area were analysed using an analysis of

variance (ANOVA). The assumptions of normality and

homogeneity of variances were tested and the

appropriate transformations were applied when

necessary. Unplanned comparisons were made

(STATISTICA software) when significant differences

were found.

Results

E. exalbida is gonorchoristic. The gonad is made up

of interconnected gonadal alveoli and surrounds the

digestive gland and the gut, infiltrating the muscular

tissue of the foot. The alveoli contain different types of

germinal cells and are separated by connective tissue.

Individuals larger than 23 mm H could be sexed

histologically and the largest specimen sampled
measured 85.3 mm H. When fresh, female gonads are

white and male gonads are beige to orange. The sex

ratio did not differ significantly 1:1 (370 males; 379

females,P2 test, p > 0.05).

Male gonadal stages

1. Early active (Fig. 2A)

Gonads at this stage contain abundant, round

alveoli, with very little interalveolar space. In the

alveoli a row of spermatogonia and a wide band of

spermatocytes and spermatids form a germinal layer.

The spermatozoa become arranged with tails pointing

toward the center of the lumen.

2. Late active (Fig. 2B)

At this stage the alveoli are larger. Although the

band of spermatocytes and spermatids remains con-

spicuous, it is narrower than in the previous stage. The

quantity of spermatozoa increases and in a few alveoli

they are found disorganised. 

3. Ripe (Fig. 2C)

The alveoli are very large and touching each other,

leaving no interalveolar space. The band of spermato-

cytes and spermatids is very reduced, and the lumen is

wide and full of spermatozoa. In some alveoli the

spermatozoa are disorganised, and ready to be expelled

to the tubules.

4. Partially spawned with recovery (Fig. 2D)

Partially empty alveoli with a decrease in the

number of spermatozoa filling the lumen are observed.

The presence of a spermatocyte and spermatid band

indicates an imminent gonadal recovery. This stage is

difficult to distinguish from the early active stage, the

greatest difference lying in the somewhat disorganised

state of the spermatocyte and spermatid band and the

irregular shape of the alveoli due to their partial

contraction.

5. Spent (Fig. 2E)

This stage is characterised by small and irregular

alveoli, with few and disorganised spermatocytes and

spermatozoa, and abundant interalveolar connective

tissue. Few individuals were found at this stage.

6. Inactive (Fig. 2F)

This stage was only observed in juveniles. The

gonads have small and few alveoli, with much

interalveolar tissue. The alveoli contain spermatogonia
and a few spermatozoa.

The male reproductive cycle was determined by an

analysis of the monthly percentage of gonadal

development stages.

Male reproductive cycle

An analysis of the monthly percentages of the

stages of development (Fig. 3) shows that a high

percentage of individuals (60–100%) were mature for

a large part of the year (January–August), with a low

percentage of partially spawned with recovery

individuals. In November, 1998, a low percentage of

early active individuals (25%) and a high proportion of

partially spawned with recovery individuals (58.33%)

were observed. In November, 1999, 58.33% of the

specimens were observed in the partially spawned with

recovery stage and none in the early active stage,

which may indicate that their recovery was slower than

in the previous year. At the end of spring (December),

spawning ceases, increasing the numbers at the late

active stage.

Female reproductive cycle

Histological observations of female gonads

revealed different types of germinal cells. Oogonia (5–

7.5 µm), small oocytes adhering to the alveolar walls
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Fig. 2. Photomicrographs of gonadal stages of males of E. exalbida. A. early active: (Sc) spermatocytes; B. late active: (Sz)
spermatozoa; C. ripe; D. partially spawned; E. spent; F. inactive: (arrow) spermatogonia. Scale bar = 100 µm (A–E) and
50 µm (F).

(< 25 µm), pedunculate oocytes (25–40 µm), and

spherical free oocytes (> 40 µm) were distinguished,

the latter being considered full grown or near maturity

(Fig. 4A). Mature oocytes were observed using fresh

smears. They measured between 82 and 103 µm and

were surrounded by a jelly coat. Histological process-

ing produces a contraction of oocyte diameter of

approximately 40%.

The monthly mean number of mature oocytes

(diameter >40 µm; Fig. 5) showed little variation over

the period February–October. In November, 1998, the

number of  mature oocytes per gonadal area was lower

than in the other months of the year, indicating

spawning had occurred. These values for November,

1998, were significantly different from the values

observed in January, 1999 (one-way ANOVA, F =

2.105; p< 0.05; and subsequent modified Tukey test:

November vs. January, p < 0.01). Histological images

of the gonads in November (Fig. 4B) showed

significant numbers of mature oocytes in the interior of

the alveoli, indicating that spawning was only partial.

Following the spawning peak in November there was
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Fig. 3. Percentage of males of E. exalbida in each gonadal
stage, between October, 1998, and December, 1999 (n =
184).

Fig. 4. Photomicrographs of females of E. exalbida.
A. mature gonad: free oocytes in the lumen; B. partially
spawned gonad: immature oocytes attached to the alveolar
wall and few free oocytes in the lumen. Scale bar = 100 µm.

a marked decrease in the number of oocytes with small

diameters (<25 and 25–40 µm). Mature oocytes (>

40 µm) increase in quantity until January when the

maximum number of mature oocytes was observed

Fig. 5. Mean number of oocytes per 100 µm2 of gonadal area
of E. exalbida from October, 1998, to December, 1999 (n =
117).

Fig. 6. Percentage of gonadal area occupied by oocytes ±SD
of E. exalbida from October, 1998, to December, 1999 (n =
117).

Fig. 7. Mean oocyte diameter (minor axis) ± SD of E.
exalbida from October, 1998, to December, 1999 (n = 117).

(Fig. 5). In April and July there was also a decrease in

the number of mature oocytes, although it was less

marked than that in November. The percentage of the

gonadal area occupied by oocytes (Fig. 6) was smallest

in November (1998 and 1999), April and July. The
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Fig. 8. Size at first maturity of E. exalbida in the Beagle
Channel. (n = 41 males, N = 50 females).

mean diameter (minor axis) of oocytes (Fig. 7) was

also smallest in November, 1998, and July, 1999, while

the largest mean diameters were observed in

December, 1998, and March, 1999 (one-way ANOVA,

F = 3.358; p < 0.001; and subsequent modified Tukey

test: November vs. December p<0.05; July vs.

December: p<0.05; July vs. March: p<0.01).

Height at first maturity

In males, the mean height at first maturity was

approximately 39 mm H and in females it was about

40 mm H (Fig. 8). These heights correspond to

individuals of 4 years of age (Lomovasky et al., in

press). Relationships between height and length was H

= 0.9529, L = 1.8436 (R2 = 0.983). The smallest males

and females with active gonads measured were 32 and

30 mm H, respectively.

Discussion

Variable proportions of oocytes in different stages

of maturity were observed in the gonads of female

individuals of E. exalbida over time, yet this variation

was not sufficiently marked to establish qualitative

gonadal stages in the reproductive cycle. However, the

quantification of diverse gonadal parameters (the

percentage of gonadal area occupied by oocytes, the

number of oocytes per gonadal area and the mean

oocyte diameter) by analysis of microscopic images,

allowed the female reproductive cycle to be understood

and permitted the periods of maturity and spawning to

be identified.

In both sexes a spawning peak was detected in

November (1998 and 1999; Figs. 3, 5, 6 and 7). These

results partially coincide with the findings of Schuldt

(1975), who found that spawning in E. exalbida occurs

from August to November in a study site located in the

province of Chubut (42°47NS).

In the same population of E. exalbida analysed in

this study, Lomovasky et al. (2001) determined the

energy content (KJ/g AFDW) and Relative Condition

Index (RCI; see Lomovasky et al., 2001) in three

groups of organs: foot-visceral mass (gonad, digestive

gland and gastrointestinal tract), adductor muscles, and

gills-mantle-siphons. The energy content and RCI of

gills-mantle-siphons and adductor muscles did not vary

over time, indicating that they do not function as

reserve organs. The energy content and RCI of the

gonad-digestive gland-gastrointestinal tract decreased

significantly in November, coinciding with the peak of

the spawning period indicated by the current study.

The greatest values of energy content and RCI for the

gonad-digestive gland-gastrointestinal tract and the

highest degree of ripeness as determined in the present

study (Figs. 3 and 5) were observed in January.

In the Ushuaia Bay population of E. exalbida, the

gonads recovered quickly following each gametic

emission, hence a large percentage of individuals were

mature throughout a large part of the year (Figs. 3 and

5). In mature female gonads the largest oocytes never

totally occupied the alveoli (Fig. 4A), suggesting a

gradual expulsion of oocytes. Coinciding with these

observations, a small percentage of males (15–20%)

partially evacuates spermatozoa throughout the year

(Fig. 3). No evidence of a period of sexual quiescence

was found in the study population. These results are in

agreement with findings in others clam species that

inhabit high latitudes. An extended spawning period

was described in Laternula elliptica from Antarctic

waters (Urban and Mercuri, 1998), and in the Baltic

Sea in  Astarte borealis, A. elliptica and Cyprina

islandica (von Oertzen, 1972).

Temperature and food supply are considered the

most important environmental factors in the regulation

of gamete maturation and spawning in bivalves (Brey

and Hain, 1992; MacDonald and Thompson, 1985;
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Pearse et al., 1991). The spawning peak observed

during November in the studied population of E.

exalbida coincides with increasing sea temperature

(Fig. 1) and a high concentration of phytoplankton

(Hernando and San Román, 1999) enhancing the

prospects for larval survival. In fact, in this species

larval settlement is higher between November and

February (Lomovasky et al., in press). During the rest

of the year (March to October), however, partially

spawned specimens are found (Fig. 3), and this is

consistent with the small pulses of larval settlement

occurring at these times (Lomovasky et al., in press).

The low and scattered reproductive effort observed

in E. exalbida coincides well with the low P/B ratio,

low mortality rate and a long life span (up to 70 years,

Lomovasky et al., in press), all pointing towards a life

history strategy characterised by low rates and slow

turnover.
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