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Abstract: nioni is the ost ierse cle o reshwter biles. on the rops occrrin in oth eric one 
with the hihest nber o species is hipioontini riie nioni leoheteroont ili. oweer seerl 
issues remains on taxonomy and systematic of this group, leading to problems on species identi¿cation, description, as 
lso s  liitin ctor to other tpe o sties e.g., ecolo consertion. n this pper is presente  snthesis o 
ilble nowlee bot Diplodon pi in ner  n Rhipidodonta Mörch, 1853 in South America, as a ¿rst 
step in orer to  better nersttin o hipioontini. he eltion o ierent thors eposes the little reeent 
between the tht reslte in  sort o ierent tonoicl opinions. oe coents on ecolo consertion n 
hbitt preerences were e. his wor cn lso encore tre reserch on tono sstetic ecolo n 
consertion o reshwter ssels in oth eric.
Keywords: Diplodon, Rhipidodonta, Hyriidae, Bivalvia, Freshwater bivalve.

Bivalves de água doce da América do Sul: estado da arte de Unionida, especialmente 
Rhipidodontini

Resumo: nioni  o clo is ierso e biles e  oce. ntre os rpos e ocorre n ric o 
l  os co ior nero e espcies  hipioontini riie nioni leoheteroont ili. 
Porém, diversas questões taxonômicas e sistemáticas ainda incidem sob este grupo, levando a problemas de identi¿cação 
de espécies, descrição, entre outros, como também tem atuado como limitador de outros tipos de estudos (e.g., ecoloi 
conservação,..). Neste trabalho é apresentada uma revisão do conhecimento acerca dos gêneros Diplodon pi in 
ner  e Rhipidodonta Mörch, 1853 na América do Sul como um primeiro passo para a melhor compreensão de 
hipioontini. linose ierentes tores se torn clro  poc concornci entre eles resltno e opinies 
taxonômicas divergentes. São feitos também alguns comentários sobre ecologia, conservação e preferências ambientais. 
Este trabalho também deve encorajar futuros trabalhos sobre a taxonomia, sistemática, ecologia e conservação de 
biles e  n ric o l.
Palavras-chave: Diplodon, Rhipidodonta, Hyriidae, Bivalvia, Bivalve de água doce.

Introduction
ollsc is the secon phl in nber o species with estites 

on the nber o liin species rnin p to  oner  
inber . ili constittes one o the ost representtie 
rops o this phl with ore thn  species liin worlwie. 
lthoh ost re rine species bot  lie in reshwter in 
ll continents ecept ntrctic ppert et l.  on . 
eerl linees colonie reshwter ecosstes especill the orer 
nioni leoheteroont s well s soe species o rci tili 
terioorph eneri i n noloest eteroont 
sestin tht bile insions o reshwter enironents occrre 
neros ties  . ll liin species o nioni n 

pheriie eteroont: eneri lie eclsiel in reshwter 
nsr  iribet . reshwter ssels nioni re one 
o the ost ennere nil rop e to continos ertion o 
their ecosstes trer et l.  rl et l.  ereir et l. 
. ore recentl sin reshwter biles lie Limnoperna 
fortunei ner  tilie n Corbicula spp. renie 
tht he been introce to seerl istnt contries n continents 
inclin oth eric cse seere ecoloicl n econoicl 
loss rrirn  borene  nsr et l.  oltoso 
 orre   et l. .

iles inhbit the botto sbstrte n re iportnt ebers 
o reshwter conities perorin iportnt ecosste serices 
hn . cept or the enironentl ierences between rine 
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n reshwter orniss the reshwter species re enerll siilr to 
marine ones; although they are less colorful, camouÀaged among sand 
rins n stones nsr . reshwter biles cn be on in 
lost ll ilble icrohbitts occpin ierent niches: brrowers 
o sot seients orit o species brrowers o copcte seients 
e.g., Mycetopoda rbin  n Mycetopodella rshll  
weers o sot rocs n lterite e.g., Bartlettia s  ttche b 
bsss e.g., Byssanodonta rbin  n Eupera orint  
n species ceente to hr sbstrte e.g., Acostaea rbin  n 
Etheria rc  nsr     ereir et l. .

r in ol ws to srie the nowlee bot nioni 
ili leoheteroont in oth eric especill rerin 
hipioontini riie.

1. Systematics of Unionida
he tonoic instbilit o biles reslts in prt ro the lre ont 

o ilble nes ieler  ielsen  which chne ccorin 
to the ierent chrcters ephsie b ech thor. he sstetic o 
ili ws resse b seerl thors hiele  ewell  
o et l.  rnc  chneier  iribet  n the position o 
leoheteroont reins ite stble. leoheteroont is sll presente 
s  hlw between terioorphi n eteroont chneier  
iribet . ieler et l.  presente  slihtl ierent rrneent 
where leoheteroont is sister rop to rchiheteroont n this 
is sister to  cle copose b noloest  prienti tht 
ebrces ost biles preiosl in eteroont. nioni is incle in 
leoheteroont n it is  rop o sll lresie ssels tht he 
 peclir lie ccle with  prsitic ste n presents the ost sccessl 
rition in reshwters b biles r  ins   .

he inner reltionships o nioni re not s cler s the position o 
leoheteroont. ipson  propose onl two ilies in nionoi 
 nioni: nionie n telie. ost biles tht re crrentl 
reconie s nionie rritierie n riie ire  
compose the ¿rst group; and the current representatives of Mycetopodidae 
n riinie re prt o the secon rop ire . hereore 
nionie sensu ipson  encopsses the species with lre o 
lochii tpe wheres telie sensu ipson  those with 
the lsii tpe. rtnn  reconie three ilies within the 
speril ies: rritnie  rritierie nionie 
n telie  riie  cetopoie  riinie. se on 
orpholoicl chrcteristics o their sot prts not onl on their shells 
rtnn   note siilrities between hriis n telis 
n reoe hriis ro nionie estblishin the s  sbil 
o telie.

hiele  classi¿ed all freshwater mussels as Unionacea, recognizing 
or ilies: rritnie nionie telie n etheriie 
ire ). That is the ¿rst classi¿cation scheme that posed an exclusive 
il or reshwter osters etheriie  theriie ire . 
hiele  se the se sbilies o telie propose b 
rtnn .

These ¿rst arrangements of Unionida follow biogeographical patterns: 
orel species rope in rritierie or rritnie n 
nionie n strl species in telie  riie  cetopoie 
rtnn  hiele . oweer the seprtion is not cler ct 
or eple hiele  let Virgus ipson  n other strl 
inslr species o ceni in nionie.

oell  propose or ilies telie lliptionie 
rritierie n nionie with n sbilies. lliptionie 
coprises the orit o species tritionll llocte in nionie. 
oell  lso seste  reltionship between this rop n 
telie wherein ll lsii berers were rope toether. oell 

 s ipson  plce hriis within nionie. ccorin to 
oell  telie is  bsl rop tht oriintes ll other ssels.

roi  onetto  propose n rrneent in two sperilies 
bse inl on the lrl tpe which ws wiel ccepte b sbseent 
thors: nionce nionie  rritierie  riie with 
lochii lr n telce telie  cetopoie with 
lasidium larva. Etheriidae is not included in the classi¿cation, as its larval 
ste ws nnown t tht tie on  oe . he lrl ste o 
Acostaea rivolii (Deshayes, 1827) (Etheriidae) was later identi¿ed as a 
lsii rteooso  onetto . bt  reise 
the nes se in nioni cliin tht therioie n riinie shol 
be se inste o teloie n telie. he recent wors ccepte 
these sestions e.g., r  ins .

n the beinnin o the st centr there hs been  reeltion o 
sstetic reltionships bse on phloenetic ethooloies inclin 
oleclr t in soe o these nlses. he onophl o theriie 
ws estione b on  oeh  who consiere Acostea n 
Etheria tritionll incle in theriie within cetopoie 
n Pseudomulleria nthon  n nin reshwter oster insie 
nionie. on  oeh  propose ltiple oriins to ceenttion 
on reshwter biles rin the occrrence o the se process in 
the nonrelte renie Posostrea anomioides on  ochet . 
he nlsis o oeh et l.  is siilr to on  oeh  
sestin tht riie is  sister rop to the reinin nioni n 
consierin nionce sensu roi  onetto  s  prphletic 
rop. ht schee iplies tht the lochii n the lre incbtion 
in the inner eibrnch enoenos re plesioorphic chrcteristics 
o nioni.

r  nle the reltionships insie therioie with n 
ephsis on riie sestin tht riie riinie n theriie 
re onophletic. nionie once ore h its onophl estione 
n Grandidieria orint  tritionll plce in nionie 
is consiere  sister rop o therioie. r  ins  
seste tht leoheteroont is onophletic n iie nionoi 
in two cles: nionoie nionie  rrtierie n therioie 
riie  theriie  cetopoie  riinie. nlie other thors 
e.g., on  oeh  oeh et l.  r  ins 
seste the onophl o nionie n theriie conition ltter 
lso spporte b heln et l. . n tht schee nionoie is the 

Figure 1. ebers o nioni.   nionie Lampsilis fasciola Ra¿nesque, 
  se cionl o io e neiro    rritierie 
Margaritifera sp.     Echyridella menziesii ieenbch  
    riinie Aspatharia pfeifferiana ernri    
   cetopoie Mycetopoda soleniformis rbin    
  theriie Etheria elliptica rc    . cle br   c.
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bsl rop o nioni while riie is the bsl rop o therioie. 
n certin spects this rrneent is  retrn to erl schees o sstetic 
ornition e.g., rtnn  with borel species seprte ro 
the strl species. he eceptions re soe strl species o nionie 
s  r  ins .

eess  reconie two rops o liin reshwter 
ssels: nionoie nionie  rrtierie n therioie 
telie  theriie bt i not list the ener within ech rop 
so it is ipossible to now precisel where riie n cetopoie 
stn. s telie tritionll ebrce the species o riinie 
cetopoie n riie rtnn  hiele  r  
we cn sppose tht eess  consiere ll the species o these 
ilies s belonin to telie.

 or point o isreeent between ierent thors is the position 
o riie soeties rope with lochiiberin species n 
soeties rope with the other onwnic species cetopoie 
n theriie on  oeh  r  r  ins  
on . ieler et l.  opte n intereite soltion to the 
proble iiin the liin species o nioni in three sperilies 
ble ). In this classi¿cation, Hyrioidea (represented only by Hyriidae) 
occp n intereite position between the two other rops therioie 
and Unionoidea, reÀecting the conÀicting data from other authors concerning 
the position o riie on  oeh  oeh et l.  r  
ins  . r et l.  presente riie s sister to 
ll other reshwter ssel ilies in  position ite ierent ro the 
preiosl one r  ins  howeer siilr rerin to 
riie position to topolo presente b on  oeh  n 
oeh et l. .

2. Geographical distribution of South American 
mussels

nioni occrs worlwie in ierent ins o reshwter hbitts 
ecept in ntrctic r  ins  on . rrent estites 
reconie pproitel  species istribte on si ilies: 
riie cetopoie nionie riinie n theriie r  
ins   ieler et l. .

theriie is onwnic n coprises or species occrrin in ric 
Etheria elliptica rc  ni Pseudomulleria dalyi ith  
n oth eric Acostea rivolii n Bartlettia stefanensis oricn 
 s  r  ins  . he onophl o this 
il is ispte n there is no reeent s hihlihte b ierent 
opinions ilble roi  onetto  on  oeh  onetto 
 ione  oeh et l  nsr et l. .

cetopoie is eotropicl istribte ll oer oth eric 
est o the nes n west o entrl eric ll the w to eico 
r  ins  on . here re bot  li species 
o cetopoie in  ione  or  ener r  ins 
. onetto  lso incles Acostaea in cetopoie wheres 
other thors roi  onetto  r  beliee tht Leila r 
 sll plce in cetopoie belons to riinie. he oriin 
o cetopoie is in the retceos o et l. .

here re ron  species o riie occrrin throhot ceni 
n oth eric with onl two or three species west o the nes 
onetto et l.  r  ereo  r  ins  
on . riie is onophletic r et l.  n sll 
iie in two rops sbilies the riine which coprises oth 
ericn species ecept b Hyridella winson  n soe relte 
strlin species n elesnionine tht coprises ost strlin 
species r  ins   ieler et l.  r et l. . 
on riie seen ener re reconie to oth eric: Prisodon

chcher  Paxyodon chcher  Callonaia ipson 
 Castalia rc  Castaliella ipson  Diplodon
pi in ner  n Rhipidodonta rch  ione  
n nine ener to strli: Hyridella Cucumerunio rele  
Echyridella cichel  iscoc  Virgus Velesunio rele  
Alathyria rele  Lortilella rele  Microdontia pprone 
neri  Westralunio rele  r  ins . 
t is noteworth tht not ll thors ree with the li stts o ech 
o these ener. ione  consiere Triplodon pi in ner 
 s snon nlie Mansur & Pimpão (2008) who escribe  
new species o this ens. he olest riie recor is ro rissic o 
ew eln pbell et l.  n ro rssic o oth eric 
ere et l. . oleclr cloc inicte  onwnn oriin o 
riie r et l.  ntoseto et l. .

he ires  to  bse on the t ilble in r  ins 
 llow  ore etile eltion o the istribtion o the 
oth ericn species o riie theriie n cetopoie. 
r  ins  iies the eotropicl reion in si res: 
esoeric inclin b rnsnen inclin the bsins o 
riers len n rcibo onsrinoco inclin the 
Guyanas), Atlantic coastal streams (including the São Francisco River 
bsin rnr n toni. he two in ilies riie 
n cetopoie re wiespre in the reion cetopoie occrs 
in all regions and Hyriidae in ¿ve of them (ire . theriie re liite 
to three reions. n the reions o tlntic costl stres rnr 
n toni preils species o riie in the others reions there re 

Table 1. eltionships o leoheteroont ollowin ieler et l. , modi¿ed 
to incle onl the liin t o leoheteroont.

leoheteroont rionii rionioie rioniie
nioni therioie theriie

riinie
cetopoie

rioie riie
nionoie nionie

rritierie

Figure 2. ber o species o riie n cetopoie in ierent res 
o eotropicl reion. se on the oriinl t b r  ins . 
e: r r  riie lc  theriie n iht r  cetopoie.



ihir .. et l.
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ore cetopoie species ire . he res with the retest totl 
nber o species re onsrinoco  spp. n rnr 
(41 spp.), the ¿rst with the greatest number of Mycetopodidae (24 spp.) and 
the secon with the retest nber o riie  spp.. ereir et l. 
 inicte the se res s those o hih iersit n pointe 
ll reion est o nes ecept b orthest ril s phloeneticll 
strctre b riie n cetopoie.

oprin the representtieness o ech il in ierent res 
we notice  tren towrs  ecrese in cetopoie lon with n 
increse in riie ire  ro orth to oth. he etrees re 
esoeric withot riie species n toni where riie 
represents ore thn  o nioni n. oweer toni is  poor 

reion in ssels richness n this hih percente onts to onl three 
species. theriie is lws  sll rction o totl species.

ire  presents the iersit o hipioontini Rhipidodonta  Diplodon. 
here re no representties o hipioontini in the esoeric n 
rnsnen reions. he nie species o riie pointe ot b r 
 ins  to rnsnen reion is Castalia multisulcata p 
 tht belons to stliini. hipioontini represents ost species 
o riie in eotropics resltin in siilrities between ¿gure 4 and 2. 
he ierence between the onsrinoco reion n tlntic costl 
stres reion lower in ire  thn in ire  re e to the occrrence 
o eclsie onin riie ener lie Callonaia Castaliella n 
Prisodon. r  ins  incle these ener in other tribes 
riini or stliini.

3. Taxonomy and systematics of Rhipidodontini
he ost iportnt sties concernin the sstetics o hipioontini 

ire  re shown in ble  n ppeni  see ppleentr 
teril: ipson  rtnn  orretes  roi 
 s  ione  n r  ins . he 
following discussion focused on speci¿c epithet, regardless of the genus or 
sbens the thor eploe. or eple s  se Diplodon
Rhipidodonta rhombea pi in ner  while r  ins 
 se Rhipidodonta rhombea rerless o ens esintion we 
rere tht both thors consiere rhombeus s  li species. 
Diplodon is tritionll iie in sbener inl bse on etres 
o the shell n the two ost se re Rhipidodonta n Diplodon s.s..

ipson  n hiele  reconie three sbener: 
Diplodon s.s. Rhipidodonta  Cyclomya ipson  n Bulloideus
ipson  see ble  n ppeni . rtnn  n orretes 
 reconie two sbener Diplodon n Rhipidodonta. he species 
plce in Bulloideus were sll incle in Rhipidodonta b the thors 
that did not use the ¿rst subgenera. s  reconie or sbener 
in Schleschiella oell  to those entione preiosl. rtnn 
 was the ¿rst to notice differences in glochidium, however, he did 
not ssin those ritions to sbener. he chrcteristics o lochii 
were line to sbener b onetto   n roi  onetto 
. ione  rise Rhipidodonta to ens stts n ie 
ollowe lter b r  ins   consierin Diplodon
to encopss the species with prsite lochii n Rhipidodonta those 
with nonprsite lochii. hese two ener Diplodon n Rhipidodonta 
were incle in tribe hipioontini r  ins  with 
ll species preiosl rrne in sbener b other thors ble  
ppeni . ione  o not presente n eplntion to spport 
his ecision n probbl or this reson soe thors lie ereir et l 
 ont ollowe his sestions. t is cler tht lochii is  oo 
inostic etre in riie roi  oneto  nsr  
nsr  il  Pimpão et al. 2012), but is also necessary to ¿nd 
other chrcteristics on the orpholo o lt speciens s well s on 
oleclr spects to sbstntite this iision. t is lso iportnt to ention 
tht in oth eric there re n nersple res n nescribe 
lochii o hipioontini. e propose to opte prsioniosl the 
sestion o ione  sin Rhipidodonta onl to the species tht 
the glochidium is described and without any doubts about identi¿cation.

lochii is nown or  noinl species o Diplodon n 
or  noinl species o Rhipidodonta. n cses where the lochii tpe 
is issin the ens ssinent is bse onl on lt shell orpholo. 
ht is the cse o soe species reconie in seerl wors s Diplodon 
rhombeus  Rhipidodonta rhombea ter ione  ire . here 
were lso soe cses o chne o the lochii tpe ter etile 
reision or eple lochii tpe in Diplodon suavidicus rbin 
 ire ) was ¿rstly assigned as non-parasite (ione  n 

Figure 3. epresenttieness o riie cetopoie n theriie in 
the eotropicl reion bse on the oriinl t b r  ins . 
e: r r  riie lc  theriie n iht r  cetopoie.

Figure 4. ber o species o hipioontini Rhipidodonta  Diplodon in 
eotropicl reion. he reions tht re not presente ont he n hipioontini 
species i.e. esoeric n rnsnen. se on the oriinl t b r 
 ins .
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Figure 5. ebers o hipioontini.  Rhipidodonta charruana rbin   seo cionl e istori trl  ontiieo    Diplodon chilensis
r   oo bbece se sselor w/n isihe collection   Diplodon fontainianus rbin      Diplodon 
parallelopipedon e   w/n isihe collection   Rhipidodonta hylaea rbin   se r trne w/n etel collection 
  Diplodon multistriatus e      Diplodon parodizi onetto    oc. t    Diplodon rhombeus pi in ner  
 encenber orschnsinstitt n trse. cle br  c.
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lter s prsite Pimpão et al. 2012. Pimpão et al. (2012) sccessll 
se the lochii to ierentite onin species o riie ths 
proin tht lochii cn be powerl in species eliittion.

ne concept tht ppere in seerl oler wors ws tht o  rop 
o species ipson  rtnn  s  b bnone 
in ore recent wors s  ione  r  ins . 
 rop o species incles seerl species tht shre soe chrcteristics 
sll the shell strctre n the ost proinent species ccorin to 
the thor len their ne to the rop. oweer the chrcteristics o 
the ierent rops re not er cler which le to soe oerlppin. 
 rop o species oes not hol tonoic stts n is se onl s  
w to ornie the species b orpholoicl siilrit. ll the thors 
tht se rop o species presente si rops howeer the choice o 
in species n the coposition o ech rop ws ierent ble . 
he rops o Diplodon granosus rire  n D. delodontus
rc   D. lacteolus were entione b the three thors 
boe ipson  rtnn  s  b howeer 
the species incle in ech rop were ierent ccorin to ech 
thor. or eple ipson  llocte  species in the rop 
o D. granosus wheres rtnn  n s  b 
propose onl one species with three sbspecies. he concept o rop 
o species ws siilr to the concept o sperspecies se b roi 
  bt lso not pplie in sbseent wors e.g. ione  
r  ins .

ipson  presente the hihest nber o species  with 
seen new species n one new sbspecies. oe species nes were 
se onl b ipson  lie Diplodon ampullaceus e  
Diplodon aplatus eee  Diplodon effulgens e  Diplodon 
modestus ster  Diplodon quadrans e  n Diplodon 
rufofuscus e . ipson  lso incle soe strlin 
species in Diplodon sbener: Hyridella Cucumaria n Laevirostris 
which were reoe b sbseent thors e.g., rtnn  s 
. ipson  snonie soe species nes n escribe the 
species bse inl on their shell sin ew inortion bot the sot 

prts. Diplodon dunkerianus e  n D. martensi herin  
were onl presente b ipson  n roi  on the 
thors o ble . oweer there re ore recent reerences to D. martensi
nsr   et l.  nsr  eier  itoni  n 
D. dunkerianus rl et l. .

rtnn  presente  siilr nber o species copre 
to lter wors s  r  ins  howeer the 
species liste were ierent. rtnn bse on the nioni sotprts 
morphology, proposed the ¿rst phylogenetic relationships of the Unionida 
families and subfamilies, as well as one of the ¿rst schemes to classify 
the oth ericn nies which is still prtill ccepte. e lso 
broht  welth o inortion on the shell coprtie orpholo n 
lochii o riie  tool neee to better nerstn the hih eree 
of polymorphism at the speci¿c level.

he tenenc to escribe seerl new species ecreses ter rtnn 
. oweer s     still escribe or new 
species in seprte wors. his chne in point o iew is probbl e to 
 better coprehension o shell polorphis. he st o the nis 
strts to cire its crrent shpe in s  when he pre n 
epne the snonic lists strte b ipson  n rtnn 
. eerl species lite b s  reine with the se 
stts in sbseent wors. or eple ot o the  species consiere 
li b r  ins   receie the stts o species or 
sbspecies b s .

here re  species nes ssocite to Diplodon n Rhipidodonta 
eclin ossil species n nomen nudum roi  onetto  ssr  
 . were se in species or sbspecies rn b t lest one o 
the thors o ble  n ppeni  ipson  rtnn  
orretes  roi  s  ione  r  ins 
 lein ot  species nes . tht were not se b n 
o the. espite the hih nber o species nes se i.e.  ost 
o the were se onl b one or two thors . n . 
respectiel ire  ppeni .

Table 3. rops o species o Diplodon pi in ner  presente b ierent thors.
Author Groups proposed

ipson  Diplodon lacteolus, D. granosus, D. burroughianus, D. pazi, D. parallelipipedon, D. quadrans
rtnn  D. hylaeus, D. granosus, D. chilensis, D. charruanus, D. lacteolus, D. ellipticus

s  b D. chilensis, D. charruanus, D. hylaeus, D. parallelipipedon, D. delodontus, D. granosus

Table 2. ber o species o hipioontini consiere li b ierent thors. oteworth tht or or prposes  lobl scope wor is lost el to  oth 
eric scope becse the recent n hipioontini occrs onl in oth eric.   he thor presents soe strlin ors s Diplodon sbener Hyridella
winson  Cucumaria onr  Laevirostris ipson  tht re not incle in this tble in orer to llow n el coprison with other thors. 
  onsiere obtl b the thor.

Reference Genera or subgenera Number of valid species Geographic scope
ipson  Diplodon Diplodon Diplodon

Cyclomya Diplodon Bulloideus
 species   sbspecies lobl

rtnn  Diplodon Diplodon Diplodon
Cyclomya

 species oth eric

orretes  Diplodon Diplodon Diplodon
Rhipidodonta

 species   sbspecies ril

s  Diplodon Diplodon Diplodon
Rhipidodonta Diplodon

Schleschiella Diplodon Bulloideus

 species   sbspecies lobl

roi  Diplodon Diplodon Diplodon
Rhipidodonta

 species   sbspecies oth eric

ione  Diplodon Rhipidodonta   spp. in Diplodon  spp. in 
Rhipidodonta   spp. obtl

ril n nerb res

r  ins  Rhipidodonta Diplodon   spp. in Diplodon  spp. in 
Rhipidodonta

lobl





tte o the rt o hipioontini

Biota Neotrop. : e 

http://.oi.or/./ http://www.scielo.br/bn

nl or species . re reconie s li b ll thors nel: 
Diplodon charruanus rbin  Diplodon granosus Diplodon 
hylaeus n Diplodon parallelopipedon e  ire . 
esies these ll the thors cite the set ellipticus pi in ner 
  wagnerianus ipson  tht reers to the se bioloicl 
species thoh s  se ellipticus s  sbspecies o Diplodon 
granosus. his reeent between the thors col sest tht these 
species re esil reconible. his is probbl tre to Diplodon hylaeus 
and Diplodon parallelopipedon which he peclir shell chrcteristics. 
he others charruanus/granosus/ellipticus) were among the ¿rst species 
escribe to oth eric n he priorit bt were inole in 
tonoicl probles. 

i nes: D. besckeanus ner  D. burroughianus
e  D. suavidicus e  Diplodon gratus e  
Diplodon patagonicus rbin  n Diplodon fontainianus
rbin  were se b si thors s species or sbspecies 
representin . o ll nes. Diplodon lacteolus is clerl  snon 
o Diplodon delodontus s lre note b e  in the oriinl 
escription. he set lacteolus  delodontus ws entione b ll the 
thors ecept or orretes .

his eltion illstrtes the ierence on thors  reslt o 
ierent chrcteristics eploe or species ierentition. en in the 
species reconie b ost thors there re consierble ierences in 
escriptions n snonic lists.

espite the ierences in the eorphic scope o ione  n 
r  ins  the ree copletel bot the eiht species 
incle in Rhipidodonta. he ew ierences between these thors 
coprise species incle in Diplodon s.s. ie species in r  ins 

 were not incle in ione  nel: Diplodon chilensis
r  Diplodon Àucki orrison  Diplodon guaporensis
onetto  ssr  Diplodon losadae s  n Diplodon 
solidulus hilippi . espite the ierences ione  n r 
 ins  were the ost siilr wors presente in ppeni .

4. Identi¿cation of Rhipidodontini
Shell characteristics were considered since the ¿rst researches on 

hipioontini e.g. ipson . he st o ntoicl etres ws 
introce b rtnn  n recentl soe oleclr sties were 
one e.g. r  ins  ntoseto . oweer none 
o these pproches he been ehste.

he shell otline ws se or  lon tie to ierentite the 
sbener o Diplodon. or eple the rone species were sserte to 
Rhipidodonta n the ore elonte species to Diplodon s.s. his iision 
based only on shell proven to be arti¿cial and not agree with other aspects. 
ows the shell strctres were still in se n were not escribe 
in etil or ost species ihir et l. . he ost iportnt 
chrcteristics o the shell re the bo position bonl sclptre n 
hine etils. he ltrstrctre o the shell ws poorl stie in riie 
ieler et l.  n st to be iproe.

nl ter the sties o rtnn  n roi  onetto 
 tht proie the bsic inortion on the lochii tpe with or 
withot hoos it ws possible to lin lr to sbener n lter to ener. 
Diplodon hs lochii with hoos n n oblite ste s prsite o 
¿shes (nsr et l.  Pimpão et al. 2012. he lie ccle o D. martensi
ws escribe b nsr  n reins s the nie species to he 
the ccle escribe in ril. he lochii o Rhipidodonta is hooless 
n the lie ccle still poorl nown. he lochii eelop t the 
rspi n the ssel relese  enile chtler et l.  nsr 
 il  nsr et l.  Pimpão et al. 2012. nortntel the 
lochii tpe ws not escribe to ll species o hipioontini ble . 
ccorin to Pimpão et al. (2012) the lochii ws sel not onl to 
seprte the ener bt lso to ienti species bse on orphoetrics 
n  etile escription. n orer to oi nnecessr tonoicl 
Àuctuations, it is recommended that species remains at Diplodon ntil 
inortion on lochii were obtine.

oe etils o internl orpholo ws escribe onl to the ollowin 
species Diplodon charruanus D. pilsbry rshll  D. besckeanus 
D. multistriatus e  D. rhombeus fontainianus n D. rotundus 
gratus eblin  enteo  lren  icci  nsr 
 nlor  icci et t  elr  nh . eer et l. 
  escribe the reproctie sste o D. expansus ster 
 n D. ellipticus ro  histoloicl perspectie. onsierin the 
reduced knowledge about Rhipidodontini morphology it is dif¿cult to 
elect oo inostic etres in sot prts. ntil now soe ierences 
between species were on with sccess on the otline n orpholo 
o brnchie position o rspi lbil plps n stoch.

Table 4. oinl species o hipioontini with lochii tpe escribe in the litertre. e  rtnn  onetto    onetto  crr
ero  lren  icci  onetto et l.  nsr  poselho  icci et. l.  rtinescbssiere  oero  nsr  il 
 Pimpão et al. 2012. e se Diplodon or ll species to oi new cobintions withot rther sties

Glochidium with hooks (Diplodon s.s.) Hookless glochidium (Rhipidodonta)
D. atratus, D. berthae, D. besckeanus, D. decipiens, D. delodontus, 

D. ellipticus var. santanus, D. expansus, D. granosus, D. guaranianus, 
D. ¿rmus, D. fontaineanus, D. frenzeli, D. hartwrighti, D. imitator, D. martensi, 

D. mogymirim, D. multistriatus, D. obsolescens, D. parallelopipedon, 
D. parodizi, D. paulista, D. peculiares, D. piceus, D. rhuacoicus, D. rotundus, 

D. simillimus, D. solidulus, D. suavidicus, D. trivialis, D. vicarius, 
D. wagnerianus e D. yaguaronis

D. assuncionis, D. bulloides, D. burroughianus, D. charruanus, D. garbei, 
D. hasemani, D. hildae, D. hylaeus, D. iheringi, D. koseritzi, D. paranensis, 

D. peraeformis, D. rhuacoicus, D. subcuadratus, D. suppositus e D. variabilis

Figure 6. ber o ties tht  eterine noinl species is cite b the elte 
thors ble . ee the ppeni  to bse t.



ihir .. et l.

 Biota Neotrop. : e 
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nl or species o Diplodon were se in oleclr pproches: 
D. deceptus ipson  D. suavidicus D. demeraraensis e  n 
D. chilensis oeh  on  r et l.  ntoseto et l. . 
ll these oleclr sties els with wier estions inner reltions o 
hipioontini were neer inestite in etil.

nlin ll these inortion it is cler tht seerl ps rein 
in ilble nowlee bot hipioontini. ore t re necessr 
to provide better species identi¿cation and consequently the genera 
ierentition. ows the nie secre ttribte to seprte Diplodon
n Rhipidodonta is the lochii tpe. ll these t will be necessr 
to iscoer the internl reltionships o hipioontini.

5. Ecological preferences of Rhipidodontini
he species cn occr in lentic or lotic hbitts ro sll stres 

to bi riers n les howeer the re not coon in stron crrents. 
They tolerate a wide granulometric range, but prefer ¿ne sediments, 
sll rich in ornic tter. oe species cn occr between or below 
pebbles or een in roc crcs. he sll strt pperin t  epth 
o  c. he re soeties on ssocite to roots o tic plnts 
elr  nh ). They prefer the ¿nal sections of the river, due 
to the hihest ont o ntrients n re rre or bsent in hewters 
ereir et l.  ihir et l. . he cn shre spce with 
other ntie reshwter ssels s is coonl seen in sothern ril 
northern rentin n r pprentl withot hr to the species 
nsr  ereir  ereir et l.   nsr et l. . 
he species o hipioontini re sensitie to enironentl chnes 
n ser with oestic n instril sewe ischre the in cse 
o ecrese in popltions o reshwter ssels trer et l.  
ihir et l.  nsr et l.  ereir et l. .

6. Threats and the conservation of Unionida
reshwter ssels re on the ost ennere species 

trer et l.  on  ntos et l.  ihir et l. . 
he in cse o this thret is the hbitt chne. t the bsin o the rn 
ier one o the richest res in ril rerin reshwter ssels there 
is a series of 70 reservoirs, turning a long-term survival dif¿cult for mussels 
ntos et l.  nsr et l.  ereir et l. . he chne o 
lotic to lentic hbitts cse b the s proonl chnes the phsicl 
n cheicl conitions ectin not onl the ssels bt lso the host 
¿shes (in the case of parasitic life cycle of Diplodon. his sittion 
cretes relictl popltions o ssels lie bt te to ie becse 
they cannot reproduce or disperse without ¿sh host. The long life achieved 
b these ssels llows the to he  lon sril bt withot n 
hope hilipp  bele . his sittion crete n etinction ebt 
tht lre stte to be pi in orth ericn n with seerl recent 
etinctions  .

reshwter ssels were eploite b the other o perl btton 
instr or  lon tie inl in orth eric ees    
bt lso in oth eric esle  tos  lio . 
ht eploittion cse the ecline o seerl ssel popltions in the 
USA, especially in the ¿rst half of the twenty century (trer et l.  
 . lthoh sll consiere  thret ro the olen s 
popltions o Paxyodon Triplodon n Castalia in the rilin on 
re still eploite b the btton instr esle  tos .

ecentl one o the or threts to the ntie biles is the introction 
o insie species   nsr et l. . on the ost 
hrl species tht were introce to ril re Limnoperna fortunei 
Corbicula Àuminea ller  Corbicula Àuminalis ller  n 
Corbicula largillierti hilippi . Limnoperna fortunei olen ssel 

hs cse the worst es to ntie ssels popltions s the row 
oer n hr sbstrte inclin the shell o ntie ssels preentin 
the to open their les csin eth b soction n strtion 
nsr et l.  rrirn  borene  nsr et l. . 
esies the ecoloicl probles the introce species cn cse seerl 
economic losses to industries and energy plants; clogging pipes, ¿lters and 
other strctres nsr et l. b rrirn  borene  
nsr  rrirn et l. . he es cse b these biles 
were recentl reiewe b oltoso  orre .

n the  eition o the rilin e oo o hretene pecies  ot 
o the  liste ollscs re reshwter ssels inclin ten species o 
Diplodon rl et l. . oweer  recent reeltion o the list 
ntos et l.  which strictl se the criteri o  liste onl 
two species as threatened, 11 as Data De¿cient and 9 as Near Threatened. 
t is cler tht the enironentl conitions in ril not iproe in these 
ew ers. his is ctll n eience o the lc o t n the ris o 
etinction st be reelte consierin the rilin relit. he thret 
to reshwter ssels is  lobl phenoenon. n orth eric there 
re  species criticll ennere n  probbl etinct ees  
trer et l.   .

Knowledge on freshwater mussels of Brazil is not suf¿cient, with 
seerl iportnt t to species etinction eltion ris issin 
sch s inortion bot popltion nics n reproctie ccle. 
his preents the inclsion o species in  ris cteories nless 
i istribtion eience is se the better t tht we he. oweer 
een the inortion bot istribtion hs probles. n ties the 
istribtion o reshwter ssels is ssine to  hrorphic bsin s 
 whole e.g., ione  nsr et l.  howeer the sittion in 
the rel worl is ite ierent s the istribtion o the species is not 
hooeneos n epens on seerl enironentl ctors   
nsr et l. . he ssels ssebles re ptchil istribte n 
the oeents in lt ssels re restricte ereir et l   
 hn  ihir et l. . hs the istribtion o  ssel 
cn neer consier the bsin s the whole or eltion o etinction riss. 
ereir et l.  elte si sites lon  rient t  stre in the 
stte o io rne o l ril Anodontites trapesialis rc 
 n Anodontites lucidus rbin  were on in one site A. 
patagonicus rc  in two n Diplodon pilsbry in three. iilr 
sittion is on b ihir et l.  in  rier t stte o io e 
neiro ril A. trapesialis n D. ellipticus where on respectiel in 
two n three sites ot o ten sree. nother proble bot istribtion 
inortion is the se o ol t obtine in litertre n ses 
recors e.g., nsr  ereir  ione  ihir et l. . 
hs the istribtion presente in ost wors is closest to the oriinl bt 
lso incles seerl plces where species o not occr nore lein 
to  wron eltion o the ris o etinction.

oreoer coplete orpholoicl inortion is bsent s etile 
boe n this not ect onl the tono bt lso consertion. 
or eple Diplodon pfeifferi ner  is  species recore onl 
t the stte o io e neiro n liste in  eition o the rilin 
e oo rl et l.  bt soe thors incle this species in 
the snon o D. granosus ipson  s  ione  
a species not listed as threatened. It is clear that the correct identi¿cation 
o these two species is not onl  proble o tono.

t is necessr to iproe the eltion o ris to or ssels soe 
recoentions re one:  etil the istribtion o the species reltin 
when possible to enironentl ctors  seprte the ol or se 
recors ro crrent recors  collect in sbsple res  iproe 
or nowlee on orpholo n enetics to sole the tonoicl 
estions  st the popltion nics o the species n  st 
the species reproction ccle.
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7. Summary of studies on Brazilian freshwater mussels
The ¿rst studies on South American Unionida fauna occurred during 

the tie o ret epeitions seerl ntrlists/collectors ce to or 
receie teril ro oth eric. ne o the bprocts o this ctiit 
ws tht ost prt o oth ericn tpe speciens re crrentl eep 
in ropen ses. ronicll ew species o nis were escribe 
b oth ericn reserches soe eceptions re onetto  
onetto  ssr  n Mansur & Pimpão (2008). n this phse the 
escriptions were bse inl on the shells n the species nows 
reconie s Diplodon or Rhipidodonta, were plce in the ens Unio
etis  n coonl n rition o the shell ws escribe s 
 new species resltin in  lre nber o species nes.

o this escriptie phse  new phse in the st o oth ericn 
reshwter ssels ollowe tht encopsse the ornition n nlsis 
o these nes with the i to eterine wht rell correspon to  
bioloicl species. herin   etsch ooloist estblishe in ril 
made the ¿rst attempt to organize some Brazilian species, and an improved 
wor ws pblishe lter herin . e lso pblishe  series o 
sties bot rilin ssels e.g., herin   inclin soe 
speciens ro little stie sttes o ril lie ois herin . 
orretes  is the ¿rst catalogue about freshwater mussels of Brazil 
e b  rilin resercher. rshll      
escribe  series o oth ericn species n propose two new 
ener Diplodontites rshll  n Mycetopodella both still in 
se ione  r  ins . rtnn receie  lre 
ont o speciens ro oth eric with sot prts tht llowe 
hi to escribe new species n proce the boe entione ctloe 
rtnn . s  b pblishe  ctlo bot oth 
ericn species in  series o ll illstrte wors. s  is  
lnr in the st o reshwter biles not onl in oth eric 
bt lso in the worl n reins s the ost oern lobl ctlo o 
nioni species with snonic lists. t the se tie o et l. 
presents  schee inclin ossil rops.

The formation of South American freshwater mussel researches ¿nally 
strts in the s. rentino . onetto ro the s onwrs pblishe 
 series o ppers concernin the ssel n o oth eric. ro his 
etensie bibliorph we cn ention soe o his sties bot hipioontini: 
elin with iersit n nto onetto      
onetto  nsr  lrl stes onetto   onetto  
crr  se collection reision onetto  n ctors tht 
ect ssel istribtion onetto et l.  onetto  i ersi . 
he thor lso escribe two new species o Diplodon onetto  
onetto  ssr  n one sbens onetto et l. .

onst the ost iportnt ppers pblishe b n . roi bot 
ssels re the copeni o ilble nes or Diplodon roi  
n  st bot the hbriition o Diplodon delodontus roi . 
oweer his sterpiece ws the ctlo bot continentl ossil ollscs 
roi . roi  onetto  seste  sstetic rrneent 
o nioni ilies bse on lrl tpe see etils boe.

In Brazil, the studies of freshwater mussels intensi¿ed during the 1960’s. 
nrini  pblishe  note bot the occrrence n istribtion 
o Diplodon n Anodontites rire  in the stte o rn. 
 reter increse in nowlee bot reshwter ssel n ben 
with the wors o nsr  tht presente the ctlo o riie 
n cetopoie o the stte o io rne o l. he pblishe 
wors elin with speciens ro sothern ril nsr  
 nsr  nlor  nsr  ereir  s well s ro 
the on ier bsin nsr  ler  Mansur & Pimpão 2008 
ipão & Mansur 2 n ntnl errno et l.  llil  nsr 
 . here re lso two technicl wors one ientiin othern 
n othestern ener o ssels nsr et l.  n nother on 

how to obtin n ienti lochii nsr  poselho . 
ecentl her sties re inl concerne with nonntie biles 
nsr et l. . he orpholoicl spects o cetopoie were 
lso stie in sothern oth eric eitenheierenes b 
eintenheierenes  nsr b .

ther reserchers lso stie reshwter ssels in ril. t the 
stte o io e neiro .. lren n .. icci stie the sot 
prts n lochii o Diplodon multistriatus icci et l.   
s well s the orpholo o sot prts lochii n shell rition 
o Diplodon besckeanus lren  icci b ). In the ¿eld 
o nctionl nto there re the wors o ner elr elr  
ntos  elr  elr  nh  n ilton eblin 
eblin  enteo  eblin  concernin riie n 
cetopoie species. ione   escribe the orpholo 
o two species o Anodontites. ione  pblishe n illstrte 
ctloe o ollscs species o ril etils boe.

here re ew sties on ecolo popltion nics n reproction 
in ril. s the tonoic n sstetic isses he not been properl 
hnle or ost species this oten becoes n obstcle or ecoloicl 
pproches. Henry & Simão (1985) nle the istribtion o  popltion 
o Diplodon delodontus expansus (Küster, 1856) in the state of São Paulo. 
esle  presents strteies or nin hriis ro the on 
ier bsin. eer et l.  elte the popltion strctre n 
sel proportion in  popltion o Diplodon expansus. esle et l. 
presente the reproctie ccle o Paxyodon syrmatophorus eschen 
 while Avelar & Mendonça (1998) presente the etoenesis o 
Diplodon rotundus gratus. oelli et l.  seste the potentil se 
o A. trapesialis s bioloicl sentinel n the lie ccle o this species were 
inestite b llil  nsr  n llil et l . opes et l. 
 identi¿ed the parasite interaction in Diplodon suavidicus prsite 
b Hysterothylacium sp. (Nematoda). Recently the ¿rst phylogenetic 
pproch o riie in ril ws presente b ntoseto et l. .

portnt nl sres bot reshwter ssels eist in other oth 
ericn contries: rench n roet  ssein et l.  
rine erhot  eneel er  sso et l.  ins 
 er  er re et l.  r intn  
rentin i et l.  r orsi  lrri  crbino 
 nsr  lio  n hile r  ereo .

8. Conclusions
he lre nber o wors concernin reshwter ssels in oth 

eric cn ie  lse ie tht the nowlee bot these species is 
eep bt ost o wors re iscreet n el with one or two species. 
oprtie pproches o ll ins orpholoicl ecoloicl or oleclr 
re irtll bsent. en bsic inortion is issin s n species 
he not been stie beon the oriinl escription. here he been 
soe recent nces in nioni sstetic n the schee with si 
or ¿ve families looks well established. However, the relationships inside 
the rops e.g., ilies ener re poorl nown n hipioontini 
is not n eception. ore t were neee to  better coprehension 
of the species and try to de¿nitively solve questions like the status of 
Rhipidodonta. t is lso n iportnt step in orer to reel the rel iersit 
o this rop. he bsence o oo tonoic n sstetic inortion 
hs been  liitin ctor or bioloicl n ecoloicl sties preentin 
pproprite etinction ris eltion. he interctions o ntie with the 
insie species nee to be better nerstoo consierin tht the ispersion 
o the ltter is notorios n hrl or ntie species. ntertin ll 
this inortion is essentil to eelopent o pproprite consertion 
strteies or reshwter ssels in oth eric.
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he ollowin online teril is ilble or this rticle:
Appendix I  onoicl rrneent o principl reisions o 

hipioontini.   species   sbspecies   not se b the thor 
s species or sbspecies.
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