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Abstract

Venus antigua is a dominant member of intertidal and shallow subtidal solt bottom communi-
ties in southern Chile, where it s a significant resource for artisana! fisheries, Growth, mortal-
ity and productivity of V. antiguea were investigated at an intertidal flat in Bahia de Yaldad, Chiloé.
Based on growth increment data obtained from a 20 months tagging-recapture experiment, the
parameters of the scasonally oscillating von Bertatanfly function were estimated (0 be
L, =800mm, K=0133y U C= 1211 and r, = 0.995. Production of V. antiqua is distinctly
higher than in other specics of the superfamily Veneracea. Annual production amounted to
40.69 g AFDM - -y ! (somaltic tissue), 26.42 g AFDM -m 7y 7! (shell organic matter) and
2.00 g AFDM -m 7y 7 {gonad), respectively, corresponding to a P/B: ratio of 0.585 v 7', Total
mortality Z, natural mortality A7 and fishing mortality } were cestimated (o be 0.064 y R
0.333 y ' and 0.331 y !, respectively. The high exploitation rate E, 0.498, indicates serious
overexploilation of the stock despite the closure of the fishery.

Key wards: Bivalvia; Chile; Population dynamic; Production; Veaus antigua

1. Introduction

The infaunal filter-feeding bivalve Fenus antigua (King & Broderip, 1835} inhabits
intertidat and shallow subtidal soft bottoms along the Pacific coast of South America
from aboutl 12°S (o 54°8, but also along the Atlantic coast south of 31°8, including
the Malvinas (Falkland Islands) (Osorio ct al.,, 1983), In Chile, the mtertidal and
subtidal banks of V. antiqua are exploited by local fishermen. During the last decade,
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annual landings were in the order of 30000 tons, most of which came from banks
around “Isia de Chilod™. Venus antigua s also a food source for several bird specics
{mainly scagulls) and the predatory gastropod Xanthochaoris cassidiformis (de Blainviile,
1832). However, despite the significance of this clam for artisanal fisheries only a fow
mvestigations on the hiology and ccology of V. antiqua have been carried out {see Jeres
et al.,, 1991 and references therein).

The purpose of this paper is to examine the population dynamics of V. anfigua in
the Bahia de Yaldad at the Isla de Chiloé and 1o evaluate the present state of its ox-
ploitation.

2. Methods
2.1 Sampling area

The study was carried out at a V. aarigua bank located on a tidal flat at Bahia de
Yaldad (43°07° S, 73744" W, Fig. 1), Isla de Chilo¢, which s the subject of an
interdisciplinary study of the ceology of tidal flats in southern Chile and the impact of
artisanal fisheries on the system {sce Stead, 1992; Zonmermann cl al., 1993; Asencio
et al., in press a, b; Navarro et al,, 1993). The tidal flat {0.5Y%; slope) has an area of about
I km? at low tide, and the V. antigua stock is concentrated in a 200 m wide band along
MLWN. The amplitude of spring tides just exceeds 5 m, with a semidiurnal reginie
throughout the year. Sediment in the arca of the V. antigua bank is heterogenous and
characterized as gravely muddy sand (according lo Folk, 1980}, with the gravel [rac-
ton composcd mainly (> 50%;,) of broken bivalve shells. Water temperature during the
study period ranged from 6.0°C in winter to 16.5°C in summer. Salinity fluctuated
around 28%,, occasionatly dropping betow 25%, after strong rainfalls.

During previous ycars the V. antiqua bank was heavily exploited by local fishermen,
with monthly catches reaching 6 tons wet mass and more (information provided by focal
dealers). However, cxploitation was prohibited by the national authoritics (Servicio
Nacional de Pesca) in 1991, shortly after the start of this investigation, because all clams
were below minimum size lor legal extraction (55 mm).

2.2. Sampling

Specimens used for the cstablishment of length-mass rclations were coliected in
December 1990, January, April, August 1991 and January 1992,

To estimate population density and biomass, quantitative samiples were collected
along a transect reaching from the low water level to the high water level at 13 dates
between April 1990 and August 1991. Each transect consisted of five stations, and at
cach station two sediment cores of 25 x 25: cm area and 20 cm depth were dug out and
sieved through 1.5 mm mesh size. All specimens of V. aatigua found were counted and
measured.

To obtain growth increment data, specimens of V. autiquea were sampled, measured,
marked with a number on the periostracum (black drawing ink covered with “Loclite
Super Bonder Extra™) and returned to the original site at 10 dates between Novem-
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ber 1990 and September 1991, At 10 dates between May 15th 1991 and July 3rd 1992,
speciniens were recovered, measured and returned again to the tidal fiat. The sampling
schedule 1s given in Table 1.

Possible cffects of repeated recovery on growth were checked by dividing all marked
specimens i August 1991 into two groups of 200 animals cach. The first groupy was
recovered periodically, whercas the sccond group was feft undisturbed until July 29th
1992, when the complete experimental arca was imtenscly scarched for all remaining
clams. The growth merements of both groups were compared by ANOVA.L

Growth of the newly scitied cohort (i.c. age class 0) was followed 11y 199071991 and
in 199171992 (Stead, 1992). Subscquent mcean length data were used as additional size
increment data pairs in the growth analysis.

2.3, Length-mass relations

Length was measured (o an accuracy of 0.1 mm. Shell, somatic tissue and gonad
tissue were weighed separately. Ash-free dry mass (AFDM) was determined by dry-
g at 80 °C [or 24 h (IDM) and subsequent ignition at 500 °C for 24 h (ash). Analy-
sis of covariance [log{M) vs log(L) and vs month) was used o test for differences
among different sampling months, and length-mass (L-M) relations of the form

M =qax [b

Table 1
The number of newly marked and re-marked specimens of V. anrigea per sampling date

Date Newly marked Re-measured
5 Nov. 1990 83 0}
3 Dec. 1990 28 0
15 Jan, 1991 37 0
I March 1991 28 0
30 March {991 25 )
15 May 1991 36 135
14 June 1991 32 0
13 July 1991 55 0
10 Aug. 1991 164 236
10 Sept. 1991 59 {
10 Oct. 1991 0 202
23 Nov. 1991 0 216
18 jan. 1992 0 202
18 Feb. 1992 0 142
18 march 1992 0 138
15 April 1992 0 105
16 May 1992 0 105
3 Jul 1992 4] 97

Tolal 607 1578
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were established by an iterative nonlinear fitting algorithm (SIMPLIZX see Press et al..
1986).

2.4, Growth analvsis

Growth was described by a scasonally oscillating von Bertalanfly growth curve ac-
cording to Pauly & Gaschitz (1979) as modificd by Hocenig & Choudary (1982) and
Somers (1988):

Lo=L, x(l ¢ ~x N )
A= Cxsin{2rn x (1 ~t))/2n
B Cxsin(@rx(, —))/2n

where L is asymptotic length, K is the growth constant, ¢, is age at which length 15
zero, Cis the amplitude of growth oscillation, and ¢ is the starting point of the oscil-
lation with respect 1o ¢=0. The parameters of this function were estimated by fitling
a re-arranged [unction (Appledoorn, 1987) te the size increment data pairs using the
SIMPLEX algorithm:

Ly=L, x{(1=(1 = L/L, )xe Kxli-nra iy
A= Cxsin(2u x {1, — 1,))2n
B = Cxsm2nr x{t, - ))/2n

For 1, no estimate can be obtained from growth increment data.
2.5, Production

Somatic production was calcuiated by the mass-specific growth rate method (sec
Crisp, 1984) from (1) an average length-lrequeney sample based on the pooled sampics,
(2) the von Bertatanfly growth function and (3) the {ength-mass relation:

P=XN x M, x G, [g AFDM-m~*-y ']

N ) - o .
N, and M, are the average number of animals (¥ m ™) and mean mdividual somatic
mass in size class i, and G 1s the mass-specific growth rate:

G=bx K x({L, /L)1) [y ']

where & is the exponent of the length-mass relation, K, L, are parameters ol the von
Bertalanffy function, and L; is the mean length in class i. Annual P/B ratio was cal-

culated from production P and biomass B:

B = IN x (M, + MG,) [g AFDM - -m "~ ?]

where MG; is annual average individual gonad mass in length class 1.
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Gonad production was computed from the length-gonad mass relations in the pre-
spawning and the post-spawning periods and the pooled fength-lrequency distributions:

PG = XN, x (MG, ~ MG,

Lpre
where MG, .,
ing, respectively.

and MG, ,,, arc gonad mass in length class i before and after spawn-

2.6, Nutwrad, fishing & total mortality and exploitation rate

Natural mortality rate A had to be estimated on an empirical basis. In uncxploited
populations M equals total mortality 7 since fishery mortality £ is zero. Allen (197 1)
showed that in a steady state population the somatic P/B ratio is equal to the total
mortaiity rate Z, il mortality can be described by the single negative model and i in-
dividual growth follows a von Bertalanffy function. Hence natural mortality of V.
antigua can be estimated [rom empirical relations between poputation parameters and
annual P/B ratio in unexploited benthic invertebrate populations. We cstimated maxi-
mum age Apy., [Tom an cmpirical refationship between Ay, and the growth constant
K of the von BertalanfTy fuaction in mollusc populations (Table 3), and A from cm-
pirical retations between P/B ratio and Ay, (Table 3).

A size-converled caleh curve was used to compute total mortality rate Z of the single
negative exponential mortality modecel:

N o= Ny xe 7!

This curve was calculated from the size-{requency distribution of the pooled quantita-
tive samples and the von Bertalanfly growth function by the ELEFAN (Electronic
Length Frequency Analysis) program of . Pauly and co-workers (see Brey et al., 1988,
1990; Gayanilo ct al., 1989):

(Nf80) = Ny’ x e 7%

N, is the number ol animals in size class 1, A is the time required (o grow through this
size class and 1 is the relative age of the mid-size of class 1. Tolal mortality Z s
compuled by the lincar repression:

log ANJAL) = a + b X ¢ 7= —b
Fishing mortality rate £ and actual exploitation rate £ were computed by

=7 -Mand £ = I'/Z.

3. Results

3.1 Length-mass relationy

Neither in ash (ree dry mass ol somatic tissue (p=0.07) and of the shell (p=0.55)
nor in the inorganic shell mass (i.e. ash, p=0.68) significant differences in the length-
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Fig. 2. Length-mass relations in V. anedqra (M = ax 1."). The corresponding parameter values arc given in

Table 2. Nole the common relation (or pre- and post-spawning gonad Ussue. O, Sematic lissuer A, shell
organic matter: [, gonads.

mass relations among the different months could be detected. Fig. 2 and Table 2 show
the fength-mass relations for the combined data. Gonad mass was determined in a few
animals (=< 15) per sampling daie only. To increase the reliability of the length-gonad

Table 2
Length-mass relations i V. antigua

(A) Somatic and shcll mass

Mass N aa H -
Somatic tissue {mg AFDM) 152 0.030 2.678 0.947
Shell (img AFDM) 152 0.006 27 0.946
Inorganic schell {mg Ash) 152 0.117 3.020 0.975
{B) Gonad mass

Date N « h rt
Dee. 90, Jan. 94, Jan. 92 d4 0.035 2.049 0.109
April 91, Aug. 91 23 4.66% 10" 7 488 0.577
Al sampling dates 67 0.003 3.678 0.137

Mass = ¢« x length®.
Units of length are mm,
7= | = resicual sum of squares/totat sum ol squares.
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mass relations, data from April and August were pooled 1o represent pre-spawning
data, whereas December and January were pooled 1o represent post-spawning data.
These two relations differ significantly (p = 0.01, Table 2B).

3.2, Growth

Praring the mvestigation period, 607 specimens of V. antigua were tagped and atotal
of 1578 re-measurements of length were done. The comparison ol specimens recovered
several times between August 91 and July 92 with those recovered only once showed
no significant differences in size increments (ANOVA, N, =70, N,y = 69, p=0.928),

All size mcrement data pairs of L and L, with Ar < 0.3 years (N = 1135) were used
for growth analysis. Additionally, 19 data pairs of L., and [, {rom the newly settled
cohorts were included (Fig. 3} Fig. 4 shows that (he daily length-increments vary
among scasons, they arce highest in spring and summer, fower in autumn and lowes(
i winter, indicating strong scasonality in growth.

The parameter values of the scasonally oscillating von Bertalanfty growth function
were estimated to L, = 71.22 mm, K = 0.224 y L= 1.224 and = 0.996 (N = 1154,
Residual Sum of Squares = 553.3, [~ RSS/TSS]=0.997). Since the ebtained valuce
for 1., is below the maximum length observed in subtidat arcas at the Bahia de Yaldad
(sce Discusston), a second fit with /. fixed at 80.0 mm was performed. It yiclded
slightly different parameter values of K =0.183 y ', C=1.211 and 1, = 0.995, but the
goodness of fit was nearly the same (Residual Sum of Squares = 562.4, [1-RSS/
TSS]=10.9906). These parameter values were used for further computations of produc-
tivity and mortality. At values of C>1 the oscillating growth curve shows negative

Length {mm)
=2

LS
L

)

|
1991 1992

Fig. 3. Growth of the newly scitled cohorts of V. antrqua in 199071991 and 199171992, Vertical bars indi-
cate + 1 sp {data lrom Stead. 1992).
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$CAS0NS.

growth during a certain period due to technical reasons (sinus function}, in reality there
is zero growth during this time (Figs. 4 & 5).

3.2.1. Productivity

Individual somatic lissue production as weil as shell organic matter production in-
crease steadily up to about 310 mg AFDM -ind 'y " and 240 mg AFDM -ind "' -y ™!
at 50-55 mm length and then decrease again. Calculated gonad production starts at
about 40 mm length and increases exponenliatly towards the highest leagth classes,
exceeding total non-gonad production above 55 mm length (Fig. 6).

Annual production of the population was compuled Lo be 40.69 g AFDM -m "2y
(somatic Llissue), 26.42 g AFDM-m-y~' (shell organic matter) and 2.00 g
AFDM -m *-y ' (gonad), respectively. Fig. 7 shows the distribution of production
among the length classes. Mean annual biomass amounts to 118.06 g AFDM-m ™*
(mean abundance = 227.6 ind-m %), hence annual P/B ratio is calculated to be
0.585 y "

~1
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Sthmm, K = 0,183, C= 1211, 7, = 0,995, A = 1154, Residual sum of squares = 3624, [ L-RSS/TSS = (1.996).
Superimposed are subsequent growth-increment data of five specimens of V. antigia.. Each symbol velers
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Fig. 6. Relation between lenglh (mm) and individual somatic and gonad production {img AFDM - vy, O,
somatic tissue; A, shell organic matter; O, gonads. Sce chapter “methods” Tor computation procedures.
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3.3. Mortality and exploitarion rate

Maximum age Any., of ¥ antigua at Yaldad was estimated 1o be 10.4 years by the
empirical relation between Ay, and K (Table 3), which is a reasonable estimate with
respect 1o our growth curve (Fig. 5). Subsequently, natural mortality rale M was cs-
timated to 0.333 y ™! (mean of 0.341, 0.423, 0.236 from cquations in Table 3).

Total mortality Z was estimated to be 0.664 y~' by the size converted catch curve
shown in Fig. 8. Hence, fishing mortality /' was 0.331 y ™' and cxploitation rate £ was
(.498.

Table 3
Empiricai relations between the growth constant K of the von BertatanfTy and maximum age (A} as well
as between Ay, and annual P/B ratio in unexploited benllic inverlebrale populations

Author X ¥ Intercepl o Slope b Number of dala £

Brey (unpubl.)! K Atax 0.450 -0.768 89 €.506
Brey (unpubl.)’ Antas /B 0.682 - 1130 219 0.767
Hoenig (1983) Angus P/B 0.625 - 0.982 (34 0.820
Warwick (1980} Ansas r/B 0.538 ~ 0112 3 0.567

iog,(¥) = a+bxiog,(X): ' Molluses only: Tlog, (V) =a+hx X,
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Fig. 8. Size converted caleh curve of Fooantigue based on (he pooled length-lrequency samples (Fig. 7) and

the von Bertalanfly growth function (Fig, 5). @. Points included in cateh curve calculation, O, poinls ex-
cluded. log (ViAL) = 7.393 - 0.664 x 7, " = 0801,

4. Discussion
4.1, Growth

The computed oscillating von Bertalanfty growth curve (IFig. 5) shows an excellent
fit 1o the data with the exception of specimens < 10 mm length (age class 0), where
growth seems to be gencrally overestimated by the above function. This indicates that
a growth [unction with inflexion point such as the Gompertz function may (it the data
better in this particular size range. Our first estimate of L, 71.22 mm, underestimates
the true L, , since specimens up to §0 mm length arc known from subtidal areas of the
Bahia dc Yaldad as well as [rom other areas ol southern Chile (Bustos et al., 1981; fercz
et al., 1991). In the intertidal of Yaldad, however, these large specimens do nol oceur
due to the impact of artisanal fishermen. Hence, they are missing (rom our growth
mcrement data set (Fig. 4), leading to an under-estimation of L ,, as indicated by the
almost equally good fit of the growth curve obtained with L, fixed at 80 mm.

Qur growth parameter values differ clearly from those cstimaled for a population of
V. antigua in the Bahia de Ancud, =~ 150 km north of Yaldad. From growth ring
readings, Bustos et al. (1981) estimated a non-oscillating von BertalanfTy growth curve
with £, =78.7:am and K =0.421 y "' Jerez et al. (1991) estimated £, = 102 mm and
K =0.421 y ' by a method based on the analysis of length-frequency samples. Bustos
et al. (1981) assumed V. autigua 1o form two growth rings per year as stated by Estay
ct al. (1979), but did not vaiidate this assumption. There is new evidence (rom recent
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investigations that V. antigua i the sublitoral of the Bahia de Ancud forms only one
growth ring per year during autuma/winter {C. Rojas, pers. comnt.), as observed in our
experiments in Bahia de Yaldad, too. Conscquently, Bustos ct ai. (1981) may have
overestimated the growth constant K by about 100%,. We thercfore conclude that V.
antigua around Ista de Chiloé will reach size al first reproduction (46—48 nmim, Lozada
& Bustos, 1984) at an age of 4-5 vears, wherceas size of permitted legal extraction (55
mm) will be reached at 5-6 years of age.

The observed strong scasonal pattern of growth in V. antigrua with highest growth
rates in spring and summer and lowest growth rates during winter may be related (o
the similar annual pattern of primary production in southern Chile waters (Navarro
. 1993).

cla
4.2. Productivity

Annual somatic P/B ratio of V. antigua in the intertidal of Yaldad, 0.572 y s in
the upper range of values referring te various species of the superfamily Veneracea, if
the relation between population P/B ratio and mean body mass is taken into account
(Fig. 9). The above-average P/B ratio may be explained best by increased mortality due
lo human exploitation, since P/B ratio and mortality rate are more or fess equivalent
(Allen, 1971). Under natural conditions, P/B ratio is expected to be equal (o natural

¢

log(P/B Ratio)
o
o

-1.2 A @

T k] T T 3 T

-3 -2 -1 0 1
log(Mecean Body Mass)

Fig. 9. Sematic preductivity of V. anifque at Yaldad compured Lo other species of Lhe superfamily Veneracea,
The relation between P/B ratio and mean body mass {converted to kF) is described by log{P/B) =
~(L738 - 0.329 x log{Mass), & = 14,17 = ~0.746 1, Chivne cancelfara, Florida/USA, Moore & Lopez (1969);
2, Mercenaria mercenaria, Southamplon/ UK, Hibbert {1976); 3 Mercenaria mercenaria, Georgia/US AL Walker
& Tenore (1984); 4, Fenerupis auwrea, Southampton/UK, Hibbert (1976); 5, V. ovara, Morlaix Bay/France,
Dauvin (1985); 6. V. erianide, Bristol Channel/ UK, Warwick ctal. (1978) {V] V. wntiqua, Yaldad, this study.
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mortalily rate A7, which has been estimated to 0.331 y ' This figure would fit naueh

better in the plot of log(P/B) vs log(body mass), even i mean body mass is expected
to increase due to reduced mortality.

Annual somatic production, 42 ¢ AFDM -m 7, is three times higher in V. antiqua
than in that species coming closest Lo this figure, the population of Mercenaria nieree-
naric at Southampton, 14 g AFDM -m 7 (recomputed from Hibbert, 1976). "Two
factors arc likely Lo be significant for this high production: the comparatively long period
of high primary production at Bahia de Yaldad, » 10 wk; and the high levels as well
as high nutritionat value of suspended organic matter at this particular tidal flat (Na-
varro ct al., 1993). Especially bacteria appear to provide a significant additional food
source for V. antiqua throughout the - year (Zimmermann ¢l al., 1993).

4.3, Mortality and state of exploitation

In that part of the V. antigua population at Yaldad living in the intertidal, fishing
mortality £ (0.331 y ') cquals nalural mortality A (0.331 y '), and the resutling ex-
ploitation rate of 0.5 indicates a high fishing pressure on the stock, despite the closure
of the fishery since 1991. Gulland (1971) suggested 7 =10.5 (i.c. #= M) Lo represent
optimum cxploitation conditions in {ish stocks. However, Beddington & Cooke (1983),
Caddy & Csirke (1983), Francis (1974) and others showed that this assumption gen-
erally overcstimates potential yield by a factor of 2 or even higher, i.c. £ = 0.5 is far
above optimum cxploitation conditions. These considerations arc likely to be valid for
benthic imvertebrate stocks, too, since there are no differences in the underlying prin-
ciples of population dynawics and fisherics. Hence, V. antiqua in the Bahia de Yaldad
seems to be in a state of overexploitation, comparable to the Babia de Ancud, where
V. antiqua was found (o be exploited by a rate 40%, above optimum level (Jerez et al.,
[991).

It is obvious {rom this study that the measures taken against overexploitation by the
authoritics are ineffective to control the fishery. Unfortunately, these are not isolated
phenomena. Although total landings of V. aniigua in southern Chile keep on rising
(Anonymus, 1991), the production to yield ratio is descending rapidly and average sizc
of extracled specimens is also diminishing. These observations indicate continuous
overexploitation of the traditional fishing arcas around Isfa de Chiloé (Reyes et al.,
1991). Hence, there is an urgent need for effective management of the V. antigua stocks
and the Venus fishery to prevent the coastal ccosystem [rom permanent damage and
to maintain the significance of this species for the local artisanal {isherics.
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