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ABSTRACT

Diplodon granosus was one of the first freshwater mussels to be described for South America. However, the status of the species
was confusing for a long time, receiving different taxonomic treatments. In this paper, we redescribe the shell, with new data on
the soft parts and information on the distribution and conservation of D. granosus, a rarely recorded species. The shell is thin,
not inflated; the macrosculpture is composed only by granules that cover the whole shell, not forming bars; the microsculpture
comprises short spikes. In the soft parts we highlight the few, weak and irregularly distributed lamellar connections of the outer
demibranch and some features of the stomach, such as the distally enlarged minor typhlosole. There are records of D. granosus
over a large area of South America, from Guiana to Argentina. However, most of these records are related to other species and
the distribution of D. granosus is restricted to the north of South America in the basins of the Amazonas and Orinoco rivers,
and coastal rivers in between. Despite this wide distribution, the species occurs in specific habitats, mainly streams (igarapés),
resulting in an extremely fragmented occurrence. Thus, any disturbance to these habitats can threat this freshwater mussel.
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Morfologia e distribuicao do bivalve de agua doce Diplodon granosus, uma
espécie rara e pouco conhecida
RESUMO

Diplodon granosus foi um dos primeiros bivalves de 4gua doce descritos para a América do Sul. Contudo, o status dessa espécie foi
confuso por um longo tempo, recebendo diferentes tratamentos taxondémicos. Neste estudo, apresentamos a redescri¢io da concha,
assim como novos dados da anatomia das partes moles, e informagées acerca da distribuicio e conservagio desta espécie raramente
avistada. A concha ¢ fina, nao-inflada; a macroescultura ¢ composta somente por grinulos que cobrem toda a concha, e no formam
raios; a microescultura ¢ composta por espinhos curtos. Nas partes moles, destacamos as poucas, fracas e irregularmente distribuidas
conexoes interlamelares da demibrinquia externa, assim como algumas caracteristicas do estdmago, como a tiflossole menor distalmente
aumentada. Existem registros de D. granosus em uma grande drea da América do Sul, da Guiana até a Argentina. Contudo, muitas
destas ocorréncias sao relacionadas com outras espécies, estando D. granosus restrita as bacias dos rios Amazonas e Orinoco, ¢ a rios
costeiros entre essas duas bacias. Apesar desta aparente ampla distribuigo, a espécie ocorre em habitats especificos, principalmente riachos
(igarapés), resultando em uma distribuigio fragmentada. Assim, qualquer modificagiio nestes ambientes pode ameacar esta espécie.

PALAVRAS-CHAVE: Unionida, Hyriidae, Rhipididontini, taxonomia, conservagao

INTRODUCTION multistriatus (Lea, 1831), Diplodon pfeifferi (Dunker, 1848) and

Diplodon granosus (Bruguiére, 1792) is one of the first species Diplodon psammactinus (Philippi, 1848) in synonymy with D.

of freshwater mussels (Unionida: Hyriidae) described for — &74#705us. Haas (1931; 1969) considered three subspecies for
South America. Initially it has been included as a valid species D. granosus: D. granosus granosus, D. granosus ellipticus Spix in
in descriptive global lists and catalogues (e.g., Lamarck 1819;  Wagner, 1827 and D. granosus multistriatus. He also concluded
Hanley 1843). Later, Simpson (1900; 1914) placed Diplodon  that the distribution of D. granosus granosus is so extensive that

CITE AS: Miyahira, 1.C;; Mansur, M.C.D,; Pimpao, D.M.; Couceiros, S.R.M,; Santos, S.B. 2020. Morphology and distribution of the freshwater mussel
Diplodon granosus a rare and poorly understood species. Acta Amazonica 50: 44-53.
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some synonyms should be subspecies. Martinez-Escarbassiere
and Royero (1995) presented a brief description of the shell and
some details of the glochidium of D. granosus. Recent revisions,
mostly based on shell features, considered D. granosus as valid,
with several species in synonymy (Simone 2006; Graf and
Cummings 2007; Pereira ez al. 2014; Miyahira ez al. 2017), yet
its soft parts were still practically unknown. Recently, Diplodon
ellipticus and D. multistriatus were redescribed (Miyahira ez al.
2013; 2019) and the differences of these species compared to
D. granosus were pointed out. However, detailed information
on Diplodon granosus is still missing.

The confusion in taxonomy affected the understanding of
the distribution of D. granosus. Firstly restricted to the rivers
of French Guiana (Bruguiére 1792), the distribution range of
the species was extended as successive taxonomic treatments
placed the species in synonymy. Different authors registered the
species from Guayana [sic] to Sao Paulo, in southeastern Brazil
(Haas 1969), in Suriname (Leentvaar 1993), in the Amazonas
and Parand rivers, and coastal rivers in Brazil from the states
of Bahia to Sio Paulo (Simone 2006), in the Amazonas and
Orinoco basins and in the Sio Francisco and Parand basins
(Grafand Cummings 2007), in the Orinoco Basin in Venezuela
(Martinez- Escarbassiere ez /. 2004; Martinez-Escarbassiere and
Royero 1995), and in Argentina (Rumi ez a/. 2008). Overall,
the current distribution of D. granosus extends from Venezuela,
Suriname and French Guiana to Argentina, excluding only the
Magdalena River basin and Pacific drainages.

The aim of this study was to redescribe Diplodon granosus,
providing data for a consistent identification of the species,
including new information on morphology and taxonomy.
Based on our newly acquired knowledge, we revised and updated
the distribution range of the species and its conservation status.

MATERIAL AND METHODS

Specimens from the following museums were studied: Instituto
Nacional de Pesquisas da Amazo6nia (INPA, Manaus — Brazil),
Universidade do Estado do Rio do Janeiro (UER]J, Rio de
Janeiro — Brazil), Zoologische Staatssammlung Miinchen
(ZSM, Munich — Germany), Senckenberg Forschungsinstitut
und Naturmuseum (SME Frankfurt — Germany), Florida
Museum of Natural History (FLMNH, Florida — USA),
Illinois Natural History Survey (INHS, Illinois — USA) and
National Museum of Natural History (USNM, Washington
D.C. — USA). The latter three institutions had the material
checked through the MUSSELp site (http://mussel-project.
uwsp.edu/). Pictures of the type specimen were requested to
the MNHN (Muséum National d’'Histoire Naturelle, Paris —
France). Other museums in Brazil, Uruguay, Argentina and
Germany were visited, however specimens from this species
were not found. It was common to find specimens identified
as D. granosus in museum collections, but most of these were
misidentifications of other species. All specimens studied
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were only shells, except for the material from UER], which
was composed of five whole specimens that were used for the
description of soft parts. Based on the examined material, we
updated the species” distribution map.

The morphology (shell and soft parts) was described
according to Mansur and Anflor (1981), Ricci ez al. (1988),
Mansur and Pereira (2006), and Miyahira ez /. (2019).
The microsculpture of the shell was described following
the proposals for Anodontites Bruguiere, 1792 by Callil and
Mansur (2005), with modifications (see Miyahira ez a/. 2019).
The nomenclature for the form, type and structures of the
glochidium shell follows Pimpao ez a/. (2012).

RESULTS
Diplodon granosus (Bruguiére, 1792)
(Figures 1-4)

Unio granosa Bruguiére, 1792: 103; Lamarck 1819: 79; Lea
1829: 424; Lea 1834: 91.

Margarita (Unio) granosa (Bruguiére, 1792): Lea 18306: 17.

Iridea granosa (Bruguiére, 1792): Swainson 1840: 379; Nuttall
1990: 267.

Unio granosus Bruguicre, 1792: Hanley 1843: 182.

Margaron (Unio) granosus (Bruguiere, 1792): Lea 1852: 23;
Lea 1870: 34.

Diplodon (Diplodon) granosus (Bruguiere, 1792): Simpson
1900: 878, in part; Simpson 1914: 1250, in part; Ortmann
1921: 485, in part; Morretes 1949: 17, in part; Rumi ez al.
2008: 84, in part; Martinez-Escabassiere ez al. 2004; Pereira
et al. 2012: 91; Pereira et al. 2014: 24.

Diplodon (Diplodon) granosus granosus (Bruguiere, 1792):
Haas 1931: 31, in part; Bonetto 1964: 324, in part; Haas
1969: 525, in part.

Diplodon granosus (Bruguiére, 1792): Parodiz 1968: 6, 18; Simone
2006: 259, in part; Graf and Cummings 2007: 312; Martinez-
Escarbassiere and Royero, 1995: 80; Lasso ez al. 2009: 72.

Material examined. VENEZUELA, Bolivar: tributary of
Erebata River, 24/iii/1981, R. Franz et al. (FLMNH 29407);
Guanare River, El Miamo, 11/i/1994, K.S. Cummings ez
al. (INHS 14954); Yuruari River, El Manteco, 9/i/1994,
K.S. Cummings er a/. (INHS 14950); Territério Federal
Amazonas: Negro River, Siapa River, Raudal Timoshoteri,
21/i/1989, R. Martinez and R. Royero (INHS 16984);
GUYANA, Cuyuni-Mazaruni: small tributary of Cuyuni
River, Kamaria, 22/vii/1925, PE. Morrison (USNM 428118);
FRENCH GUIANA, Cayenne: a short distance from the
sea, M. Leblond (MNHN 1710 - 33). BRAZIL, Amazonas:
Igarapé Irapirapi, Pohoro Indian Post, 29/09/1994, Py-Daniel
and Barbosa (INPA 1035); Pard: Belterra, igarapé in National
Forest of Tapajés, 2012, S. Couceiro (UER] 10480); Caraipé
River, Tucurui, 09/1982, C.S. Motta (INPA 511); Paru de
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Figure 1. Shell of Diplodon granosus (Bruguiere, 1792): A— MNHN 1710 (Holotype), Cayenne, French Guiana; B — ZSM A354, Pard, Brazil; C— UERJ 10480, Belterra, Para, Brazil;and
D - Detail of the granules of the macrosculpture and the mesoscopic wrinkles over them (magnification = 63 x). Scale bars = 1 cm. This figure is in color in the electronic version.

Oeste River, 07/1967, R. Geisler (SMF 2381); Igarapé Akahe,
Tumucumaque Mountain Range, 15/03/1962, Fittkau (ZSM
935); Roraima: Tepequém Mountain Range, 25/07/2006, D.
Coscarelli (INPA 1196); Maracd Ecological Station, Igarapé
Paubaru, Santa Rosa, “Tiporen” waterfall, 03/2008, V.T.
Carvalho (INPA 1424).

Type locality. River of Cayenne (French Guiana) at a
short distance from the sea (Brugui¢re 1792). The name of
the river is not mentioned. The city of Cayenne is bordered
by Cayenne River and Mahury River.

Etymology. Granosus, meaning “with grains”, reference to the
granules of the macrosculpture that covers almost the whole shell.

Type material. The collection of Bruguitre is housed at
MNHN (Dance 1966) and the holotype is catalogued under
the number 1710 and was collected by Jean Baptiste LeBlond
(Bruguiére 1792). Measurements of the holotype (length x height
x width): 37.3 mm x 24.34 mm x 13.40 mm. Bruguiére (1792)
offered the measurements, in the same order, as 18 lines (= 37.4
mm) x 1 inch 5 lines (= 40.6 mm) x 6 lines (= 13.5 mm). The
length and width measurements are very close to those taken by
us, but the height is completely divergent. The measurements by
Bruguitre (1792) result in a square-like shell, contradicting his
own drawings and Figure 1. According to Marshall (1930), the
way in which Bruguié¢re measured could explain this difference:
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the length would be equal to the “traditional” measurement
of height, and the width to the “traditional” length. Even
considering this discrepancy, one of the measurements still does
not make sense. It is possible that he measured the valves in
another unusual way or a typographical error may have occurred.

Diagnosis. Shell of small size, thin, not inflated, outline
ovoid; macrosculpture composed by granules that cover almost
the whole shell, organized in rows that do not form bars.

Redescription of the shell. Shell of small size (< 5 cm); not
inflated (Table 1). Shell outline ovoid, length greater than height,
anterior region lower than posterior, anterior margin rounded,
posterior margin truncated, dorsal and ventral margins curved,
both in half-ellipse (Figure 1). Valve fragile, thin, translucent
when opposed to the light. Posterior ridge low and rounded.
Beaks low, without exceeding the hinge line, beaks located up to
2/5 of the shell length, usually eroded. Short and low ligament,

Table 1. Basic measurements (in mm) of Diplodon granosus (Bruguiére, 1792)
based on the holotype (MNHN 1710) and on UERJ 10480 (n = 5).

Length Height Width
Mean + SD 38.1+35 246+20 133+13
Maximum 43.1 276 14.8
Minimum 338 222 113
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spreading from beak to the middle of lateral teeth length. Shell
macrosculpture composed on granules (each ~-500 pm) that
cover almost completely the shell surface, aligned in rows thatare
convergent on the disc and divergent on the anterior and posterior
regions. Periostracum light to dark brown, dull. Concentric folds
of periostracum visible only at shell margins, where granules are
absent. Periostracum with narrow and relatively small wrinkles,
amesoscopic sculpture, occurring over the whole shell, including
over the granules of the macrosculpture (Figure 1d, 2). The
wrinkles are of different lengths, width of approximately 10-20
um, looking like elongated narrow folds that can be straight or
diagonal to each other (Figure 2). The wrinkles give an overall dull
and rugose aspect to the shell surface (Figure 1d). Microsculpture
composed of very short spikes (-1 pm) that apparently occur over
the whole shell, including the wrinkles (Figure 2c-d); microfibers
and microdepressions were not observed.

Nacre greyish white, iridescent, generally with brown
rounded spots, shell edge without internal thickening (Figure
1). Right valve with two cardinal teeth, lower tooth longer, taller
and thicker with radial furrows, upper tooth shorter, about half
the thickness of the lower cardinal tooth, small protuberance
posterior to cardinal teeth acting like an accessory tooth, one
lateral tooth. Left valve with one thin and lamellar cardinal
tooth, lateral teeth double, both tooth of same thickness.

MIYAHIRA et al. Morphology and distribution of Diplodon granosus

Anterior adductor muscle scar deep and rounded, posterior
adductor muscle scar shallow and elongated. Umbonal cavity
shallow, three radial grooves departing from the umbonal cavity
in ventral direction. Two to four dorsal muscle scars.

General morphology of soft parts. Inhalant and exhalant
openings not projecting; exhalant opening smooth, corresponding
t0 65.9% of the inhalant opening (Figure 3); inhalant opening
with conical simple tentacles of approximately same width,
aligned in a single line in the lower region of inhalant opening,
in a double line without overlapping in the upper region;
internal tentacles longer than the external. Demibranchs of
homogenous height, or the outer surpassing the internal at the
posterior section; external demibranch usually triangular, with
few and weak interlamellar junctions, without clear organization
pattern; internal demibranch trapezoid. Marsupium in a central
position of internal demibranch, occupying 61% of demibranch
length in the observed specimen; marsupium filling starts by the
anterior portion. Labial palp triangular, small extension of the
dorsal margin fused (- 35% of the length). Anterior and posterior
adductor muscles of similar size, posterior larger, both nearly
elliptical in shape. Posterior pedal retractor and pedal protractor
fused to respective adductor muscle; anterior foot retractor slight
detached from the adductor. Two to four dorsal muscles, usually
the last one is rectangular and elongated.

Figure 2. Meso and microsculpture of Diplodon granosus (Bruguiére, 1792): A— Overview of the granules of the shell; B— Detail of one granule covered by mesoscopic
wrinkles; C—Wrinkles covered by spikes of the microsculpture; and D — Detail of the wrinkles with several spikes. Scale bars, A =200 um, B= 100 um, C=20 ym, D=2 pm.
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Figure 3. Anatomy of Diplodon granosus (Bruguiere, 1792): A— General overview of the soft parts; B — Detail of inhalant opening; C — First section of the digestive system
(stomach); D — Anal papilla; E - Outlines of demibranch and marsupium. Scale bars: A, E=1cm; B, C, D = 1 mm. Abbreviations: AAM = anterior adductor muscle, AF =
anterior fold, AP = anal papilla, APR = anterior pedal protractor muscle, ASA = anterior selection area (SA7), ASP = anterior selection pouch, CN = conical protuberance,
COl' = common opening of intestine and stylet sac, DF = diaphragm, DH = dorsal hood, DM = dorsal muscles, EDB = external demibranch, EMF = external mantle
fold, EO = exhalant opening, ES = esophagus, FT =foot, IC = interlamellar connections, IDB = internal demibranch, IMF = internal mantle fold, 10 = inhalant opening,
LLP = left side projection, LP = labial palp, LP = lip, LSD = opening of left side diverticula, MA = mantle, MAR = marsupium, MMF = middle mantle fold, MT = mouth,
PAM = posterior adductor muscle, PP = pedal protractor muscle, PRA = pseudofeces rejection area, PPR = posterior pedal protractor muscle, PSP = posterior selection
pouch, RFA = stomach roof selection area (SA8), RRG = stomach roof rejection groove, RSA = right side selection area (SA3), RSD = opening of right side diverticula,
RT = rectum, SRG = stomach floor rejection groove, T = typhlosole, TE = tentacles, TG = transversal groove, TM = minor typhlosole.
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Digestive system. Mouth with a V-shapped indent; buccal
cavity bell shaped. Esophagus narrow; transversal groove
well-marked. Stomach pear-shaped in dorsal view; anterior
selection area with shallow folds; anterior fold voluminous
and projected, with transversal lobes of regular size, gradually
diminishing towards the stomach roof; right side selection area
wide and with two pouches; stomach-roof selection area with
grooves of similar size and divided by the rejection groove,
which continues through the stomach floor, increasing in
width towards the common opening of stomach and sytlet
sac, that is surrounded by a thick annulus. Major typhlosole
narrower than minor typhlosole, surrounding a slightly
projected cone. Minor typhlosole ends “]” shaped and a little
larger distally, near the pouches of the right side, with gently
and short distal folds. Dorsal hood not deep, with the narrower
distal part relatively short reaching the level of the left duct
openings. Rectum with a sphincter that regulates the release
of feces, before ending in a single anal papilla.

Glochidia. Among the specimens with soft parts examined
by us (UER] 10480), which were collected in Belterra, Pard
state (Brazil) in October 2012, there was one gravid female
with encapsulated embryos. No mature glochidia were found.

Appointments on glochidium structure were based on
Martinez-Escarbassiere and Royero (1995), who presented
the glochidium of Diplodon granosus using specimens from
Venezuela collected in February 1989. They described and
illustrated the glochidium as of parasite type, relatively big,

MIYAHIRA et al. Morphology and distribution of Diplodon granosus

presenting the following measurements: length = 286.03 pm;
height = 27.42 pm; dorsal line length = 188.1 pm and angle of
obliquity = 2.88°. The value for height is probably a mistake,
as it indicates an extremely low glochidium, in disagreement
with their own images (Martinez-Escarbassiere and Royero
1995). From the figure in the latter publication, we estimated
the height of the specimen to be 265.4 pm. Thus, it is probable
that a typing error may have occurred, and the correct original
value was 274.2 pm, very close to our measurement.

From Figure 2b, 3 and 4 in Martinez-Escarbassiere and
Royero (1995), we were able to describe the additional details
on glochidium morphology. Glochidium outline similar to
equilateral triangle; ventral edge in a sub-central position, less
externally pronounced than in Diplodon ellipticus (Miyahira
et al. 2019), posterior and anterior regions of similar size;
shell with undulations and pores; border of the glochidium
slightly internally projected; glochidial hooks “S” shaped,
apparently shorter than in D. ellipticus (Miyahira et al. 2019),
glochidial hook with three terminal cusps, central cusp longer;
protuberance at the base of glochidial hook low and rounded.

Distribution. This species occurs in coastal rivers of French
Guiana; Essequibo River and Orinoco River basins (Guyana and
Venezuela); Amazonas River basin (Venezuela and Brazil) and
lower Tocantins River basin (Brazil) (Figure 4). According to the
records available to us, the species does not occur homogeneously
throughout these basins, as it frequently occurs in streams or
igarapés, as they are known in the Brazilian Amazon. Igarapés

15°N

10°N

5°N

5°8

200 400 600 N

Kilometers

T
50°W

Figure 4. Distribution of Diplodon granosus (Bruguiere, 1792) in northern South America, based on the material examined in the present study. This figure is in color

in the electronic version.
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are small and shallow courses of slightly acid water, usually with
few suspended sediments. The specimens collected in Floresta
Nacional do Tapajés, in Belterra, Pard (UER] 10480), were
found in a small igarapé where the forest on one margin had
been transformed into pastures. At the collection site, the stream
was 6.9 m wide, 0.66 m deep, with slightly acid water (pH 6.4),
low conductivity (24.65 mS cm™), moderate suspended solid
concentration (12.23 mg I'!), water current of 0.42 m s, high
water temperature (27.4 °C) and dissolved oxygen of 6.75 mg
I (SRMC, unpublished data). The species was also recorded in
whitewater rivers with good transparency (40 cm) and pH 6.5
(Martinez-Escarbassiere and Royero 1995), and on sandy bottom
(Martinez-Escarbassiere ez al. 2004). Even in streams the species
seems not to be common. The five specimens of the UER] 10480

record were found in only one Zgarapé out of ten surveyed.

Remarks. Lamarck (1819) was the first to comment on
this species after the original description and claimed that the
specimen was in his cabinet (at MNHN). Lea (1834) said that
the only specimen of D. granosus seen by him in Europe was
the specimen in Jardin des Plantes of Paris, where the MNHN
is located). It is quite possible that Lamarck (1819) and Lea
(1829; 1834) referred to the same specimen, the holotype. Lea
(1829, 1834) considered this species very pretty and distinct
from all other species of Rhipidodontini. Hanley (1843)
presented a brief description, emphasizing the presence of
granules crowding the shell. These three latter authors applied
a restrictive view of D. granosus, as did Parodiz (1968) and
Nuttall (1990). The former concluded that D. granosus was
an exclusive and little know species from French Guiana,
and that records 1500 miles (-2400 km) south from the
type locality must be incorrect. However, other authors still
identified non-amazonian records as D. granosus over the years.
Simpson (1914) included some species described for Brazil
in the synonymy of D. granosus, such as D. multistriatus, D.
psammactinus and D. pfeifferi. Haas (1931, 1969) proposed
three subspecies for D. granosus, and illustrated the species
with others related to D. multistriatus, such as D. granuliferus
and D. coriaceus, both described for the state of Rio de
Janeiro (Miyahira ez a/. 2017; 2019). Simone (2006) made a
similar arrangement and illustrated Diplodon granosus with a
specimen of Diplodon multistriatus, adding two species that
are synonym with Diplodon multistratus (D. granuliferus and
D. psammactinus) in the synonymy of D. granosus. These
authors considered a wide variation on the macrosculpture
of D. granosus, from independent granules to smooth bars.
Simone (2006), Graf and Cummings (2007) and Pereira ez al.
(2014) considered the species as valid, without any subspecies.

DISCUSSION

‘The authors that considered other species in the synonymy
of D. granosus (e.g. Simpson 1914; Ortmann 1921; Haas
1969; Simone 2006) possibly deduced that the specimen
presented by Bruguiere (1792) represented the extreme of
a range of morphological variation. The inclusion of other
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species, such as D. multistriatus, D. granuliferus, D. expansus,
D. coriaceus and D. pfeifferi, in the synonymy of D. granosus
was probably due to the similar shell outline and the presence
of grains in the macrosculpture of these species. However these
similarities are only superficial; the umbonal sculpture of D.
multistriatus and other related species (e.g. D. granuliferus,
D. expansus, D. coriaceus and D. pfeifferi) is composed of
imbricated bars in a net pattern, wihch is thickened when
the bars cross each other (Miyahira ez a/. 2013; 2019). The
sculpture of D. multistriatus never extends over the whole
shell, as is common to all known specimens of D. granosus.
The sculpture of D. granosus is composed only by granules,
with no connection among them (z.e. without the presence of
bars). These granules are larger than the grains found at the end
of the bars at the umbonal macrosculpture of other species,
and also cover almost the entire shell, except the borders. The
sculptural pattern observed in D. granosus was not recorded in
any other species of Rhipidodontini, but appears in another
hyriid, Triplodon chodo Mansur & Pimpao, 2008 (Mansur
and Pimpio 2008). In Rhipidodontini, the macrosculpture
of D. granosus can be considered exclusive (i.e. diagnostic) and
an easy feature to identify this species. Diplodon granosus has
a small and thin shell, usually with eroded umbones. These
shell features are probably related to the habitat of the species,
with slightly acidic water and low nutrient level, typical of
igarapé environments, which limit growth and shell thickness.

‘The microsculpture of D. multistriatus, which is sometimes
confused with D. granosus, is composed of elongated spikes,
microfibers and microdepressions (Miyahira et 2/. 2019), while
on the shell surface of D. granosus there are only short spikes,
and microfibers and microdepressions were not observed. The
spikes of D. ellipticus are very similar to those of D. granosus,
however, they occur along the microfibers. The microsculpture
was not known to many species of Rhipidodontini, but it is
proving to be useful in species delimitation. Other differential
characteristic of the D. granosus sculpture is the presence of
mesoscopic wrinkles on the shell surface. This intermediate-
size sculpture is not observed in the Rhipidodontini
species redescribed by Miyahira ez a/. (2019), whereas the
microdepressions and microfibers of the microsculpture of
those species were not found in D. granosus.

The description of soft parts also added information for
a better definition of this species. The external demibranch
is triangular with few, weak and not organized lamellar
connections. The general external demibranch outline of D.
multistriatus and D. ellipticus can be similar, however, these
two species present more lamellar connections (Miyahira ez a/.
2019). The anterior fold of the stomach found in D. granosus is
similar to that of D. ellipticus, but with more lobes, and is more
robust than the fold of D. multistriatus Miyahira et al. 2019).

The general outline of the glochidium of D. granosus
is almost an equilateral triangle, while in other species of
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Rhipidodontini the glochidia usually look like a scalene triangle
(Martinez-Escarbassiere and Royero 1995; Mansur 1999;
Pimpio et al. 2012; Miyahira et al. 2019). Unfortunately, it
was not possible to obtain specimens with mature glochidia to
improve our observations. However, the detailed examination
of the images in Martinez-Escarbassiere and Royero (1995)
allowed us to improve the description of the glochidia of D.
granosus. Despite the relatively large size of the glochidia of this
mussel (Martinez-Escarbassiere and Royero 1995), the hook
is apparently small, and can also be diagnostic for this species,
though more specimens need to be analyzed.

After our extensive museum survey and analysis of
specimens of D. granosus for its redecription, it became
clear that the specimen used by Bruguiére (1792) in the
original description does not represents an extreme of shell
variation, but is the typical form of the species. All the other
species previously related to D. granosus, like D. multistriatus,
have features (shell, soft parts or glochidia) that allow us to
differentiate them. Thus, it is not possible to consider D.
multistriatus and D. ellipticus as subspecies of D. granosus, as
proposed by Haas (1969). Diplodon psammactinus, D. coriaceus
and D. granuliferus, included by Haas (1969) and Simone
(2006) in synonymy of D. granosus, should be removed, as
these three species are related to D. multistriatus (Miyahira
et al. 2019). Similarly, D. nuloticus (sic = niloticus Sowerby,
1868) and D. famelicus (Gould, 1850), which were also
placed in synonymy with D. granosus (Simone 2006) are not
related to this species. The first was described for the Nile
River and possibly does not even belong to Diplodon; the
second is described from Oregon (USA), but its type locality
could be an error (information on the type lot label, USNM
5929). Diplodon famelicus does not present granules on the
macrosculpture covering the whole shell, as does D. granosus.
Thus, other nominal species that were previously included in
the synonymy list of D. granosus should be removed.

Diplodon granosus presents parasite glochidia, a S-shaped
glochidial hook, a protuberance at the base of the hook,
microsculpture of the shell with short spikes and few and weak
lamellar connections on the outter demibranchia. Miyahira
et al. (2019) presented a tentative and updated definition
of both genera included in Rhipidodontini, Diplodon and
Rbipidodonta. The redescription of D. granosus fits into the
proposal for Diplodon by these authors, strengthening the
definition. Among the characteristics listed by Miyahira et
al. (2019) for the genus Diplodon, only the microfibers were
not observed in D. granosus.

The specimens of Diplodon recorded under the name
“D. granosus” in the literature include a wide range, from the
extreme north of South America to Argentina (e.g. Bruguiere
1792; Haas 1969; Simone 2006; Rumi ez /. 2008). However,
our reevaluation of the species restricted its distribution to the
north of South America (Figure 4). Only the specimens from the
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north of South America fit into the description here presented.
The records south of the Amazonas River basin are considered
as in need of further revision and are probably related to other
species. Thus, the species occurs only in the basins of the
Amazonas, lower Tocantins and Orinoco rivers, and in coastal
rivers of northern South America. Diplodon granosus seems to
prefer small water bodies, specially small streams or igarapés, but
even in this environment it seems not to be a common species.
For example, the description of the soft parts was based on only
five specimens. The material on the species in other museum
collections was usually composed of small lots, which probably
owes to sparse populations at the collection points. Surveys
of freshwater mussels in the Amazonas River basin did not
record specimens of D. granosus in the Uraricoera and Branco
rivers (Mansur and Valer 1992), Madeira and Aripuana rivers
(Pimpio 2007), Aripuani River (Pimpao and Mansur 2009),
and the confluence of the Negro and Solimées rivers (Pimpao
et al. 2008). The species also was not not recorded in areas of
the Pantanal region bordering the Amazon region (Serrano ez 4.
1998; Colle and Callil 2012). All these surveys recorded other
Diplodon species. Therefore, D. granosus seems to have a wide
distribution, but not continuous and extremely fragmented.

'The igarapé environment is not continuous in the Amazon
biome, which can partially justify the apparent patchy
distribution of the species. The Amazon biome is less modified
than other Brazilian biomes, however, the lower Tocantins
River is one of the most impacted areas in the region, with
many large hydropower reservoirs, and extensive areas of
cropland and pasture. In Belterra (Pard, Brazil), where some
specimens used in this study were collected, the forest has also
partially been converted into pasture and the collection site
is frequented by local people for waterside leisure. lgarapés
frequently suffer the effects of anthropogenic impacts (Callisto
et al. 1998; Couceiro et al. 2010; Matos et al. 2011; Falcao
et al. 2012; Martins et al. 2017) from deforestation, illegal
mining and forest fires. There are plans to install several
hydroelectric powerplants in the Amazonas River basin
(Winemiller ez al. 2016), which could aggravate the impacts
to low order streams by altering their hydrologic dynamics
and environmental characteristics. These impacts, associated
to an extremely fragmented distribution, can represent a
threat to this species. In addition, invasive species have also
spread in the Amazon basin over the last years (Beasley ez al.
2003; Pimpdo and Mansur 2008; Silva and Silva-Forsberg
2015). In the most recent edition of the Brazilian Red Book
of Threatened Species (ICMBio 2018), D. granosus was
classified as of Least Concern (the species categorized as LC
were not published, but authors ICM and SBS participated
in the evaluation process). However, the new information
presented here should be sufficient for a reevaluation of the
conservation status of the species.

The glochidium is of parasite type but the host fish(es) of

D. granosus are still unknown. This information is extremely
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important for a better understanding of the life cycle and
restricted distribution of this mussel, and to adequately
support conservation strategies.

CONCLUSIONS

Our data suggest that Diplodon granosus is a valid species,
clearly differentiated from other Rhipidodontini species. It is
distributed exclusively in northern South America and is likely
in need of conservation efforts and further studies to improve
the knowledge on its distribution, life cycle and ecology.
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