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Relocation of the freshwater mussel Diplodon chilensis (Hyriidae) as a strategy
for 1ts conservation and management

. T
S. Peredo’, E. Parada
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The commonest species of freshwater mussel in Chile is Diplodon
chilensis {Gray, 1828}, with a distribudon in the country
extending from 34°38'S to 46°37'S in hoth leatic and lotic
environments in a aumber of hydrographic basing,’ T is also
present in Argentina between 32°52'S and 45°51°8 7
this species in the ceosystem f'umlion has b amply docwmen-
ted. Through their Blier-feeding” and because they are Jong-Hved
(m‘(umms,‘ J)L} may influence the abundance of phy ro])iank-
tonic communities, water quality and the putrient oycle.” In
recent decades, a considerable reduction in abundance andjor
disappearance of populations in logic environments has heen
noted (personal observations). This decline may be atiributed o
degradation of water quality, destruction of habitat (damming,
canalization, ete.) and probably to the introduction of ish species
for tourisny, or Installations for industrial fsh production, which
have displaced the native species that are the hosts for rthe
glochidium larvae, To date there have been no propeosals in Chile

faor the protection of populations of hyriids in the face of

snthropogenic disturbance. The aim of this study was to evaluare
the elfectivenass of the relocation ol a population of B, chilensis as
a strategy for fs conservation and management, through the
fong-term evaluation ol survival and recruitment.

In the swmmer of 1983, 400 sgnunum ol Diplodon chilensis with
a wvalve .(Jlglh of 16-6.5em, wting from natural
population n Villarrica Lake L3 in the River Toltén basin,
were tramsferced o the Gibbs Channel (GO, Tanuce {Fig. 1),

or i
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The mussels were transported in coolers filled with water taken
from the Jake. The area of the channel selected for che relocation
1 & site with muddy substrate and profuse vegelation aloug the
banks. Sampling conducted prior to the relocation, at the
relocation site as well as 3 km upstream and downstream, found
macreinvertehrates and Gsh, but no specimens of 2. chilensis. The
fearures of the area indicated that this was a suitable site for
relocation of O chilensis. The specimens were ])]d(td at random
alorg 6 of the a()ufh bank of the channel, at an averag
o 66 mdl\idu als/m®. The spechmens were not marked, In order ro
avold stress of n’mmpu]amm. However, lack of marking
prohibited a wue quantitative assessment of individual mussel
survival, recovery and growth.

In addidon, 100 mdividuals {from the
population were taken at randem by hand, w measure valve
length (L7, valve dry weight {VIYW), dssue dry weighe (TDW)
and gravid gill dey weight (GGDW); and o estimare the

Villarrica Lake

population paramerers sex ratio, density of adults, percentage of

gravidd females, size structure, physiologieal state or condition
mdex [GI), fertility, recrultment and adult moralicy, in
accordance with the methods developed by Parada of o, During
the swmmer of 1986, 100 specimens of the GO relocated
population were recapiured and processed w assess and compare
their bionetric and population parameters.

L 2001, 18 years alter the relocation, samples were taken from
three sites i GO {site A corvesponding to the area in which the
population was relocated in 1985, site B, 3 km downstream; and
site (,

4km upstream {rom the relocation site) to evaluate the
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Figure L. Location of study area on the Villarrica Lake and Gilbs Channel

presenes of D, dhilensis, and 1o w its hiometric and population
paramerers for comparison with those recorded in 1983 and 1986,
The collection of specimens of D. ehilensis was carried ouat
manually, av random, with all the caprured individuals being
collected in Zh w vhich was the time vequired to collecr 100
specimens i the patural population in VL. To estimate the
capacity for sustained repopulation In the area, an examination
of the three sites was carried out for the presence of juvenile and
adult D, elilensis, benthonic macroinvertebrates (possible
predators), and fishes {host species for glochidium larvae) over
a 20-m stretch of the channel aveach site, Bach fish was examined
to check for the presence of glochidial cysts in the Ans and gills,

The demit\» of the VL population in 1983 way 106
dividualsfm®, and that ui the translocated population in the
GO owas ()h individualsim? at the beginning of the study. The
density of the GU population 3 years later was :

5 individuals/m®.
The natural population in VL showed asex ratio ol 1:1 and so did
the relocated population. The average valve length (L) for males
in the VL population in 1983 was 401 an (£33 0.79} and for
females 3.76om [(£0.91); i the GO population in 1986 the
average Lo owas .73 (£0.78} lor males and 491 (2 0.34) for
females, Histograms for each population are shown in Figure 2.
The size range of adults in the GO population was 2.3-6.5
valve length, and in the VL population 2.2+ 5.1 am; thus a larger
size range was recorded in the cansplanted population after 3
years than in the original population.
The bometrie ratios of vabve dry we
length {L) and tissue dry weight {TDW)
both males

CIm

ight {(VDW) s valve
us valve length (L} for
and females are shown in Table 1, Both the YDW:L
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ratio and the TDW:L rado show bighly signilicant correlations
for both males and females in each population (Tahle 1),

Recruitment, indicated by the presence of juveniles (individ-
uals with a valve Jength of less than Fem), was recorded in 1983
in the VL population, with 5 (%4} individuals/m®. Juvenibes
were not recorded in the GO pc:pui.xmm in 1986,

Adult morality assessed in 1983 in the nawral populaton
(VL) and in 1986 in the translocated populadon (GO, by
recording the number of empty valves, was i both
populations, Tn VL it was 10.9 {£ 3} individuvals/m®, whereas
m GC [ 0.5) individualsim®. Assuming that this
mortality rate Is similar over time, the number of mussels left at
the end of the study iy feasible. The availability of {ood
measured by the CI of the non-incubating Individuals {(males), is
high: 5,22 {+0.66) in VL and 4.96 (0.7} in GC (Tahle 11,

The onser of sexual maturity, or size at which the first
reproducton occurs, assessed by a visual examination ol the inner
demibranchs of the gravid females in each population, was at
2.2cm valve length for the VL population. In the relocated
population in GG, the smallest female containing embryos was
3.8cm in valve Jength.

Fertdity, measured by the number ol embryos contained in the
iner demibranchs of females, is hié,‘h with average values in the
VL population of 116,700 7,355} embryos in females with
valve lengths between 48 and 5. Rgm In the GG relocated
population, this value was 45,200 {2 1,737], but the length of the
fernales was 4.4--5.2 em. The embryos occupy the whole of both
demibranchs in incubaung females In both populations. The

ratio gravid gill dry weight [GGDW? zovalve length (L) of all the
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A, Gibbs Channel 1986
b
populations,

incubating females of the VL poy )uiatmn showed a significant
The
!

correlation {;

Cp 10976079 0.78; P> 0,001,
correlation between GGDW and 1L for the incubating fer
oi" the GO population was not significant |y = 9.880¢"

= (.28; P > 0.001) {Table 1},

Of the three sites sampled in the Gibbs Channel in sunmimer
2001, adult D. chilensiy were only recorded at the relocation site
site Aj. jm»ﬁmles were recorded only downstream at siee B, at a
density of 1 (£6.5) individuals/m®,

Twenty-two mdividuals from o total of 93 recovered at site A
(12 ferales and 10 males) were sampled in 2001, The aver

age
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valve length for males was 6.75cm (0.4
{2645 em) for females (Fig 2). The size range for males was 6.9
74em and for females 5.4-7.0cm. The ratios TDW:L and
VDW:L for males and females are given in Table 1. Adult
mortality recorded av site A was 2 (0.3} individuals/m®, The
average CI of males was 3.28 (£ 0.68}. The tnner demibranchs of
all the females collected were full of rerminal glochidium larvae,
ag in the fernales analysed In summer [586, suggesting similar
lertility, Likewise, no significant correlation between dry weight
of the gravid gills and valve length was found {Table 1),

The benthonte macroinvertebrates and fishes collecred art the
three sites in the Gibbs Channel are shown in Table 2.
Examination of the fing and gills of each of the captured fish
did notshow the presence of glochidial cysts,

The results of our study show that the relocation of freshwater
mussels is a viable tool for the protecion andfor conservation of
mussel populations, The relocadon of 1. diilensts from Villarrica
Lake to the Gibbs Channel was suceesslul, as 1s demonstrated by
the vesults obtained from the stadies carried out 3 and 18 years
alter relocation.

The sex ratio of 111 found here is in agreement with earlier
studies™” for ]) chilensis and odier hyritds of South America®™”
and Australia.'® The size struceure of the V I, popula(mn agrees
with that recorded elsewhere for D, ehilensis.® ™1 However, the GO
population shows a relatively lower proportion o{'iuvcniles and a
higher proportion of adult mdlx iduals of larger sizes than those of
the (mgnmi population (Fig. 2). This may be atwibutabie to the
fact that the transplanted individuals grew to a lavger size in this
lotic environment, as has been found in other comparisons of
D chilensis i Jotic and lentic environments.” The ratios VDW:L
and TDW: L are simifar in both populations, with the exception
of the females in the GG population. This may he due o the
energetic cost of seasonal reproduction, because incubation of
embryos in lotic populations occurs mainly In spring and
summmer, whereas in lende popuelations gravid females may be
recarded abnost throughout ah(* year, albeit with greater
frequency in spring and summer.” The non-significant corre-
fation of GGIYW with L in the G(J females may be explained by
the narrow range of lengths {Table 11

With regard o recruitiment, thiy wag evident in the natural
population in VL. In the GO population, no juveniles of Tess than
EDem valve length were recorded in 1986, However, the
presence of specimens of 2.0--2.9 cm, corresponding to an age of
2--3 years,” may indicate recruitment in the firsy vear alter
relocation. They may also correspond o Individuals ransplanted
as ]memlvs whose growth was restricted due to the stress of the
relocation.”

With respect to mortality, the values obtained for the VL
population are more representative of reality, for the valves
remait in place, uniike the GC population where the empty shells
may be carried away by the current in the channel. From the
total ndividuals relocated in 1983, 306 were found n 1986, The
missing individuals could have been predated or their valves
carsicd away by the currens. In mark—recapture stuclies’ it was
pussible to recover only 25% of the specimens after 1 vear. In
the present study, 76.5% of the individuals were recovered after
3 years,

The presence of 95 specimens (25.7%) in the relocation site
after 18 years Indicates that at least the adulis successtully
adapted to the change from a lentic w a lotic environment. The
macrocrustaceans Aegla sp. mld Parastaens pugrax may be the
cause of the mmtdlny recorded'? (Table 2

However, to achieve a successlul relocation requires that the
lite cycle is complered and recruitment takes place. Data indieate
that D)., chilensis behaves as a generalist species with Tespect o fish
hosts of ae, being able to use both native and introduced
fish species,” Fish present in the GCin 2001 are listed i Table 2.
From the data 1'(*.]:)01'{(3(131] for VL, the rwo bodies of warter share

Wem? and 6.1%om
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Table 1, Number of males and females (N
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3> condition index (G} and biomeuic relations of natural Villarica Lake populadon and translecated Gibbs

Chanrel {1983) population specimens. All relationships ﬁmmha ant ar P> (001

Papulalion e Ci VDW ws L 2 TOW vs b r# GBDW vs L IS
Natural Vi 1983

Maies 49 5.22 (0.66) y = 00885892 0.94 y = 18,2570 0.85

Famales 51 5.12 (0.84) y = 0.081g"501% 006 y = 18.1¢%717% 0.90 y = 10879 0.78
Translocated GG 1988

Males 53 4.96 (0.7} y = 0163g™ 7 0.85 y = 25 1908 0.90

Females 47 4.74 (0.8} y = 0.148¢% 7 077 y w2520 1F 0.01 y = 0.589e"5% 0.27
Translocated GG 2001

Males 10 5.26 (0.68 y = 0.858g"1%7% .70 y = 7B g 47x 0.70

Females 12 6.94 (1.63} y = 05140817 0.58 y = 238.9¢"% 0.37 y = 8.2298a% 0.08

WIW = valve dry waight; | = vaive tength; TDW = lissue dry weighl; GODW = gravid gill dry weight.

Table 2. Benthic macroinvertebrates and fI\i'l(S coltected at the sampling
sites in Gibbs Channel,

Taxa Site A Site B Sie G
Moltusca
Diplodon chilensis K ia} X -
Musculium argentinum X - X
Chifina ampuflacesa - X () X
Arthropoda
Aegla ablao X X X
Farastacus pugnax A X X
Vartebrata
Geotria australis X Xl -
Galaxias macuiatus - X -
Percilia gitlissi X X X
Oncorhiynchus mykiss - X -
a == adults, § = juvenles, | = larvae
fish species including Percichiiys tracha, the species which displays

the greatest affinity as a host lor D. chilensis." Tn the present
study, even though laboratery examinaton of the fishes caprured
did not reveal any glochidial eysts, nounetheless juveniles of less
than LOcm valve length were ound at site B, downstream {rom
the relocation site, indicating rthat recruimment has occurred
resulting from dispersion of larvae by a host. The size of the
Juveniles suggests that recrultment ok place in the previous
reproductive Sseason.

A comparison of the histograms (Fig. s that there
his been no recruitment at the relocarion site (site A n GO
during 18 years. However, the adults have remained th

2% indica

(llspld\ ing an fmprovement in condition and growth greater than

in the first years of their relocation, and indeed greater than that
of the source population. We suggest that they have a functional
reproductive role, and that recruitment is cceurring in ar least

oue area (site B) away from the point of relocation. One way of
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- this would be to extend the sampling
quent monitoring.
We comclude releeation a sultable tool for the
conservation and management of freshwater mussel populations.
We are grateful to Direccidn de Investigacidn, Catholic
University of Temuco, Chile (Project 2003-4-01) for financing
the study.
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[Presence of glochidia of Diplodon chilensis Hass 1931
(Mollusca, Pelecypoda) in Patagonian freshwater fishes]

[Article in Spanish]

Semenas L, Ortubay 8, Ubeda {.

Centro Regiona Universitario Bariloche, Universidad Nacional del
Comahue, Rio Negro, Argentina.

The presence of glochidia of Diplodon chilensis Haas 1931 (Mollusca,
Pelecypoda) has been reported in gills of wild freshwater fish in the
Argentinian Patagonia. Death occurrences due to glochidiasis have not been
observed either in wild fish or in cultured fish. The records of Oncorhynchus
mykiss, Galaxias platei, Patagonia hatcheri and Percichtys trucha extend the
number of known hosts for D. chilensis and add new localities, thus
extending the distributions of the mollusc.,
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