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New species, new taxon report and biogeography of the diatom genus Gomphoneis Cleve
(Bacillariophyceae) in Patagonia, Chubut Province, Argentina
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The presence of three Gomphoneis species from Chubut Province in Argentina is documented with light and scanning electron
microscopy. Two of the taxa, G. patagoniana and G. eriense var. variabilis, are part of the Herculeana subgroup of Gomphoneis. Gom-
phoneis patagoniana is a newly discovered species and G. eriense var. variabilis is reported from Argentina for the first time. These two
species have evident axial plates, differentiated apical pore fields (APFs), a stigmal opening that is round externally and slit-like internally,
and areolae that are mostly tri-radiate in shape. The third species, G. frenguellii, is also newly discovered and described. Presence of four
isolated stigmoids, undifferentiated APFs and lack of an axial plate indicates G. frenguellii is a member of the Elegans subgroup of the
genus. Presence of these newly described species, and the previously unreported taxon, may also be associated with the invasive species
Didymosphenia geminata. Given there is no long history of reports of Gomphoneis in the country and, in the case of G. eriense var.
variabilis, its previously known distribution, it is possible that the origin of this Gomphoneis taxon is from western North America.

Keywords: Gomphoneis, Argentina, Didymosphenia geminata, new species, new distribution record, Patagonia, Chubut

Introduction

The diatom genus Gomphoneis Cleve (1894) was ini-
tially established with three species, G. elegans (Grunow)
Cleve, G. herculeana (Ehrenberg) Cleve and G. mammilla
(Ehrenberg) Cleve, and has grown to currently comprise
over 75 species worldwide (Fourtanier & Kociolek 2011,
Kociolek et al. 2013, You et al. 2013). Kociolek & Sto-
ermer (1989, 1993) suggested there were two subgroups
within the genus. The first, including the generitype G. ele-
gans, has either multiple stigmoids or lacks isolated pores
in the central area. In addition, the ‘Elegans’ subgroup has
undifferentiated apical pore fields (APFs) and, if longitudi-
nal lines are present, they are formed by laminae of silica
covering the margins and mantle area of the valve. While
North America appears to be the area of origin of this
group (Kociolek & Stoermer 1989), many species have
been described from Lake Baikal (Kociolek et al. 2013),
NW China (You et al. 2013) and Europe (as Gomphonema
Ehrenberg species, Levkov & Williams 2011), and some
species, such as Gomphoneis olivaceum (Hornemann) P.
Dawson ex Ross & Sims and G. quadripunctata (QJstrup) P.
Dawson ex Ross & Sims, are widely distributed (Kociolek

& Stoermer 1989, 1993). The second subgroup within the
genus recognized by Kociolek & Stoermer (1989, 1993),
termed the ‘Herculeana’ subgroup, typically has a single
stigma, differentiated APFs, and longitudinal lines in valve
view formed by a lamina of silica underneath the valve face
(termed a marginal lamina, Kociolek & Stoermer 1988a).
This subgroup may have originated in Europe, but most
species are known from Western North America (Koci-
olek & Stoermer 1989), with subsequent dispersal to other
regions of the world.

Recent data have shed light on the phylogenetic rela-
tionships of Gomphoneis. While Kociolek & Stoermer
(1989) suggested the genus was monophyletic, further
analysis (Kociolek & Stoermer 1993) placed the Her-
culeana subgroup closer to Gomphonema than to con-
geners of the Elegans subgroup of Gomphoneis, a place-
ment supported by molecular data (Nakov et al. 2014).
Kociolek et al. (2015) showed that the Elegans subgroup
may be sister to the newly described genus Gomphosinica
Kociolek et al. (2015), a genus only found in China and
North America.

*Corresponding author. Email: patrick.kociolek@colorado.edu
Associate Editor: Mark Edlund

(Received 3 October 2016; accepted 15 September 2017)

© 2017 The International Society for Diatom Research


http://crossmark.crossref.org/dialog/?doi=10.1080/0269249X.2017.1393009&domain=pdf
mailto:patrick.kociolek@colorado.edu

Downloaded by [201.254.85.156] at 04:31 15 December 2017

2 Kociolek et al.

Gomphoneis has not previously been widely reported
in South America. Rivera and colleagues (Rivera & Arcos
1975, Rivera et al. 1973, Rivera 1974, Rivera & Valdeben-
ito 1979) reported G. herculeana (Ehrenberg) Cleve, G.
herculeana var. robusta (Grunow) Cleve and G. her-
culeana var. septiceps M. Schmidt from several rivers in
Chile and Rumrich et al. (2000) and Basualto et al. (2016)
reported Gomphoneis minuta (Stone) Kociolek & Stoermer
from Chile. According to Voilloud (2003), G. herculeana
and G. minuta (Stone) Kociolek & Stoermer, both from
the Herculeana subgroup, were reported from Argentina.
These two species are widely distributed in Patagonia
and G. herculeana was also mentioned from Coérdoba in
the central region of the country (Luque & Martinez de
Frabricius 2003, Gari & Corigliano 2004). Aside from the
cosmopolitan species G. olivaceum (Voilloud 2003), no
other species from the Elegans subgroup have previously
been reported from Argentina. From a historical perspec-
tive, no species of Gomphoneis have been reported before
1980 among the diatoms of Patagonia (e.g., Frenguelli
1941, 1942).

A recent (November 2015) expedition to Chubut
province, Patagonia, to document the presence of the
invasive diatom Didymosphenia geminata (Lyngbye) M.
Schmidt resulted in collections in the western portion of the
province, and along the Chubut River. The purpose of the
present report is to document and describe with light (LM)
and scanning electron microscopy (SEM) the Gomphoneis
species present in this region of Argentina.

Materials and methods

For LM and SEM observations, organic material was
removed by following the method described in CEN
(2003). For all LM observations, cleaned material was
air dried onto glass coverslips and permanent slides were
prepared using Naphrax (Brunel Microscopes Ltd., Chip-
penham, UK) mounting medium. All LM observations
were performed using an Olympus BX-51 light microscope
(Olympus America Inc., Center Valley, PA, USA) with a
100 x oil immersion objective (numerical aperture 1.40).
Light micrographs were taken using an Olympus DP71
digital camera.

For SEM observations, cleaned material was air dried
onto glass coverslips, mounted onto aluminium stubs
and sputter coated with ca. 1.5nm gold, using a Jeol
FINE COAT ION SPUTTER JFC-1100. Scanning electron
microscope observations were made using a Jeol JSM-
6360 LV at the Servicio de Microscopia Electronica del
Museo de La Plata and a Carl Zeiss NTS SUPRA 40 SEM
at the Centro de Microscopias Avanzadas (CMA) de la
Universidad de Buenos Aires.

Slides and material used in this study are listed in
Table 1 and deposited at the Nacional Museum of Natu-
ral History, La Plata, Argentina (LPC) and at JPK Diatom
Collection at the University of Colorado, Boulder, USA

(COLO). We also consulted the type material of Gom-
phoneis herculeana var. abundans Kociolek & Stoermer
(1988a) to make measurements of the striae at the centre
of the valve, and to confirm the stria densities reported for
the poles. A total of 25 valves were measured from slide
021084 in the JPK Collection at COLO. The co-occurrence
of the three taxa included here, along with D. geminata,
based on visual inspection of the samples, is also presented
in Table 1.

Results
Gomphoneis frenguellii Kociolek & Sala, sp. nov.
Figs 1-19; Fig. 3 is of the holotype

Description: Valves lanceolate-clavate, with headpole pro-
tracted and broadly rounded, footpole protracted, rounded.
Length 1324 um, breadth 4.0-5.5 um. Axial area narrow,
straight, expanded to form a wide, nearly-rectangular cen-
tral area with 1-2 very short striae on either side. Four stig-
moids, one positioned at the end of each of the four elon-
gate striae bordering the central area. Raphe straight, fili-
form. Striae internally costate, radiate to parallel toward the
headpole, radiate to the footpole, 9—13/10 um. Pseudosepta
and septa present, indistinct. APF not distinguished.

Holotype: LPC 13481

Isotype: Accession Number 12289, JPK Collection
(COLO).

Type Locality: LPC 13481 Argentina, Chubut Province,
Buenos Aires Chico, S 42° 4 7.3”7; W 71° 13’ 44.9".
Submerged moss.

Etymology: The species is named for Joaquin Frenguelli,
who was the leader in describing the diversity of diatoms
in Argentina.

Comments: In the SEM, the valve exterior has a straight
raphe (Figs 9—14) with distinctly dilated proximal raphe
ends (Figs 12, 13). In the central area four stigmoids are
evident (Figs 12, 13). The stigmoids are round in outline
and without occlusions. Striae are doubly-punctate, formed
by round, unoccluded areolae and continue without inter-
ruption from the valve face to the mantle (Figs 9—14). At
the headpole, the distal raphe end is only slightly deflected
and extends for a short distance onto the mantle (Fig. 10).
At the footpole, porelli of the APF are of the same size
and shape as the areolae, and appear continuous with them
(Fig. 11). The distal raphe end is slightly bent on the valve
face and then extends onto the mantle, bisecting the APF
(Fig. 11). The cingulum is of the open type.

Internally, the biseriate nature of the striae is evident.
The small central nodule is bordered by the four stig-
moids, as well as the proximal raphe ends. The stigmoids
are rounded in appearance and have teeth-like projections
(Figs 15, 18, 19). The proximal raphe ends are tightly
curved in the same direction, barely extending onto the
central nodule (Figs 15, 18, 19).
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Table 1. List of samples used in the present study from Chubut Province, Argentina. All samples were collected by J.P. Kociolek. LPC numbers refer to designations at the Museum
of Natural History, La Plata, Argentina. Taxon abbreviations include D = Didymosphenia geminata, P = Gomphoneis patagoniana, F = Gomphoneis frenguellii, E = Gomphoneis

eriense var. variabilis.

Collection number Site Locality coordinates Sample information Date Taxa

LPC 13450 Epuyén River S42°1229.6"; W 71° 23/ 21.1” Composite rock scrape. 19-X1-2015 P, F

LPC 13451 Epuyén River S42°1229.6"; W 71° 23" 21.1” Quiet water, benthos. 19-X1-2015 P

LPC 13452 Epuyén River S42°1229.6"; W 71° 23/ 21.1". Composite rock scrape. 19-X1-2015 P

LPC 13453 Trail to waterfall Corbata S42°12/30.3"”7; W 71°23/21.7" Overflowing water tower, 19-X1-2015 F
Blanca assorted mosses.

LPC 13454 Trail to waterfall Corbata S 42° 12/ 30.3"; W 71° 23" 21.7" Composite mosses from 19-XI1-2015 F
Blanca stream.

LPC 13456 Trail to waterfall Corbata S 42°12/30.3"; W 71° 23" 21.7" Quiet water, brown sediments 19-XI1-2015 F
Blanca and mosses.

LPC 13457 Trail to waterfall Corbata S 42°12/30.3”; W 71° 23’ 21.7" Benthic sediments; small 19-XI1-2015 F
Blanca stream.

LPC 13459 Entrance to Lago Puelo S42°3 14.4”7; W 71° 29 43.1". Benthos. 20-XI-2015 D,P
National Park

LPC 13460 Entrance to Lago Puelo S42°3" 144”7, W 71°29" 43.1” Isolated Charophyta. 20-XI-2015 D,P
National Park

LPC 13461 Entrance to Lago Puelo S42°3 14.4”7; W 71° 29" 43.1"” Floating brown mats in small 20-X1-2015 D, P
National Park pond.

LPC 13462 Entrance to Lago Puelo S 4203/ 1447 W; 71°29" 43.1". Composite sample from lake 20-X1-2015 D,P
National Park shore.

LPC 13464 Entrance to Lago Puelo S42°3" 1447, W 71°29 43.1” Rock scrape. 20-XI-2015 D,P,F
National Park

LPC 13466 River Azul S42°456.3"7; W 71° 36/, 58.2" Rock scrape; Didymosphenia. 20-X1-2015 D,P,F

LPC 13467 River Azul S42°4'56.3"; W 71° 36/, 58.2" Composite rock scrape. 20-X1-2015 D,P,F

LPC 13468 River Azul S42°4'56.3"; W 71° 36/, 58.2" Fast flow, composite. 20-X1-2015 D,P,F

LPC 13469 River Azul S42°456.3"; W 71° 36/, 58.2" Composite at shoreline. 20-X1-2015 D,P

LPC 13470 River Azul, just upstream S42°2' 13.5"; W 71° 36/ 12.5" Rock scrape. 20-XI-2015 D,P,F
from first River Azul site

LPC 13471 River Azul, just upstream S42°,2/,13.5"; W 71°, 36/, 12.5" Rock scrape. 20-XI1-2015 D,P,F
from first River Azul site

LPC 13472 River Azul, just upstream S42°2/13.5”; W71°36' 12.5” Diatom mucilage; 20-XI1-2015 D, P
from first River Azul site Didymosphenia.

LPC 13473 River Azul, just upstream S42°2'13.5"”; W 71° 36/ 12.5" Small rocks, no mucilage 20-X1-2015 D,P,F
from first River Azul site evident

LPC 13474 River Chubut, at small park S42°3'31.2"; W71°9 459" Composite. 20-X1-2015 D,P,E,F
1 km outside the village of
El Maiten

LPC 13475 River Chubut, at small park S42°3'31.2"; W71°9 459 Baster benthos. 20-XI1-2015 D,P,E, F

1 km outside the village of
El Maiten

(Continued).
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Table 1. Continued.

Collection number Site Locality coordinates Sample information Date Taxa

LPC 13476 River Chubut, at small park S42°3/31.2"7; W71°,9 459" Composite collection. 20-XI-2015 D,P,E,F
1 km outside the village of
El Maiten

LPC 13477 River Chubut, at small park S42°3'31.2"; W71°,9 459" Composite rocks from river. 20-X1-2015 D,P,F
1 km outside the village of
El Maiten

LPC 13478 River Chubut, at small park S42°3/31.2"7; W71°,9 459" Benthos from shallow pool. 20-XI-2015 D,E,F
1 km outside the village of
El Maiten

LPC 13479 Cailadon de los Ensuefios S 4204737, W 71° 13 44.9" Submerged moss. 20-X1-2015 F

LPC 13480 Cafiadén de los Ensuefios S42°4' 73", W 71°13' 44.9” Rock scrape, fast flow. 20-X1-2015 F

LPC 13481 Cafiadén de los Ensuefios S42°4'73"; W 71°13' 44.9” Submerged moss. 20-X1-2015 P, F

LPC 13482 Cailadon de los Ensuefios S 4204737, W 71° 13 44.9" Submerged moss. 20-X1-2015 F

LPC 13483 Cafiadén de los Ensuefios S42°4'73"; W 71°13' 44.9” Rock scrape, slow flow. 20-X1-2015 F

LPC 13484 Small stream on Provincial S 42012 255”7, W 71°6' 22.4" Filaments with epiphytes. 21-X1-2015 P,E
Road #4

LPC 13485 Small stream on Provincial S 420,12/ 25.5""; W 71° 6/ 22.4” Epiphytes on aquatic plants. 21-X1-2015 P,E
Road #4

LPC 13488 River Chico Canyon, small S 42°3/29.45”; W 70°28'31.38" Composite sample. 21-X1-2015 P, F
leading to waterfall

LPC 13489 River Chico Canyon, spray S 42°3/29.45"; W 70°28'31.38" Composite sample. 21-X1-2015 P, F
zone of waterfall

LPC 13490 River Chico Canyon, spray S 42°3'29.45"”; W 70° 28" 31.38" Composite sample. 21-XI1-2015 P, F
zone of waterfall

LPC 13491 River Chico Canyon, small S 42° 3" 31.53"; W 70° 28’ 27.92" Composite sample. 21-X1-2015 P, F
wetland away from
waterfall

LPC 13492 River Chico Canyon, small S 42°3'31.53"”; W 70° 28 27.92" Composite sample. 21-X1-2015 D,P,F

wetland away from
waterfall

1%
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Figs. 1-14. Gomphoneis frenguellii, sp. nov. Light microscopy. Size diminution series. Fig. 3 is of the holotype. All LM images are
from sample LPC 13481. Scale bar = 10 um. Gomphoneis frenguellii. SEM, external views. Fig. 9. Whole valve view showing the
elliptical-lanceolate valve shape with rounded poles, straight raphe with dilated proximal ends and four stigmoids. Fig. 10. Headpole,
with protracted apex, doubly-punctate striae composed of round areolae. The distal raphe end is straight and extends a short distance
onto the mantle. Fig. 11. Footpole, showing APF positioned almost entirely on the mantle, bisected by the distal raphe end. Porelli are
similar in size and structure to the areolae. Figs 12, 13. Central area with dilated proximal raphe ends, stigmoid openings with and without
occlusions and doubly-punctate striae terminating near the central area in a single areola. Fig. 14. Headpole, showing that striae extend
continuously from valve face to mantle. All SEM images are from sample LPC 13481. Scale bars = 5 um (Fig. 9), 1 um (Figs 10—14).

Internally, the stria-like nature of the APF is evi- This species forms Janus cells (McBride & Edgar 1998,
dent (Fig. 17). At the footpole and headpole, the Kociolek & Stoermer 2010), with one valve having much
helictoglossae and narrow pseudosepta can be seen coarser striae than the other valve, hence the great range in

(Figs 16, 17). stria densities for this taxon.
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Figs. 15-19. Gomphoneis frenguellii. SEM, internal views. Fig. 15. Whole valve view with broad striae, straight raphe and rounded
central nodule evident. Pseudosepta at the poles are narrow. Fig. 16. Headpole, with narrow pseudosepta and evident helictoglossa. Fig. 17.
Footpole, showing the APF is composed on double rows of pores similar to the striae separated by thinner interstriae. The helictoglossa is
evident. Fig. 18. Central area, with doubly-punctate striae evident. The small central nodule bears tightly recurved, short proximal raphe
ends and bordered at four corners by stigmoid openings. Fig. 19. Stigmoids with small tooth-like projections near curved proximal raphe
end. Scale bar = 0.5 um. All SEM images are from sample LPC 13481. Scale bars = 5 um (Fig. 15), I um (Figs 16-18), 0.5 um (Fig. 19).

This species resembles Gomphonema olivaceoides var.
hutchinsoniana Patrick (1971), differing in the shape of the
valve, and morphometric data (length: 15—18 pm; breadth:
5—6pum and stria density 13—14/ 10 pum). Also G. oli-
vaceoides var. hutchinsoniana has curved terminal raphe
fissures; the proximal raphe ends do not reach the central
area, which is delimited by two shortened striae on one
side and one in the other. Though we attempted to com-
pare our new species with the type material of Patrick’s
taxon, it appears to have been lost (M. Potapova, personnel
communication, 3 April 2017).

Distribution in Chubut Province: Epuyén River (LPC
13450); Trail to waterfall Corbata Blanca (LPC13453-
13454,13456- 13457); Entrance to Lago Puelo National
Park (LPC13461, 13464); River Azul (13466, 13469-
13478), River Chubut; Cafiadon de los Ensuefios (LPC
13479-13483) and River Chico Canyon (LPC 13488-
13490).

Gomphoneis patagoniana Kociolek & Sala, sp. nov.
Figs 20-36; Fig. 24 is of the holotype.

Description: Valves lanceolate-clavate, distinctly tumid in
the central area, with headpole somewhat protracted and
broadly rounded, footpole rounded. Length 51—143 pm,
breadth 14.0-24.5 pum. Axial area straight, expanded to
form a small nearly circular central area bearing a single
distinct stigma opening. Raphe straight, lateral, with exter-
nal proximal ends dilated and distal ends deflected onto the
mantle in the same direction, opposite the stigma-bearing
side of the valve. Longitudinal lines are evident about 2/3
of the way between the axial area and margin. Striae curved
and radiate, strongly so at the footpole, comprising double
rows of areolae, 11-13/10 um at the centre, 10—13/10 pm
at the headpole, 11-13/10 um at the footpole. Large and
distinct pseudoseptum and septum present at both poles.
Bilobed APFs differentiated from the areolae of the striae.
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Figs. 20-31. Gomphoneis patagoniana, sp. nov. Light microscopy. Size diminution series. Fig. 24 is of the holotype. All LM images
are from sample LPC 13490. Scale bar = 10 pm. Gomphoneis patagoniana. SEM, external views. Fig. 27. Whole valve view showing
rhomboid-clavate valve outline and straight raphe. Fig. 28. Headpole, with dumbbell-shaped to tri-radiate areolae. The distal raphe
end is curved and extends onto the valve mantle. Fig. 29. Footpole showing bilobed APF composed of round porelli, distinguished
morphologically and separate from areolae. Fig. 30. Central area with relatively large, round stigma opening, dilated proximal raphe ends
and tri-radiate areolae. Fig. 31. View of slit-like to tri-radiate areolae. All SEM images are from sample LPC 13490. Scale bars = 10 pm

(Fig.27), 2 um (Figs 28-30), 0.5 um (Fig. 31).

In the SEM, the valve exterior is dominated by stria
areolae organized in double rows, of a variety of shapes,
including straight lines with bulbous ends to tri-radiate
(Figs 27-31). The raphe is relatively straight. Proximal
raphe ends are dilated, and the stigma opening is round
and much larger than the areolae (Fig. 30). At the footpole,

the distal raphe end bisects the bilobed APF. The APF is
composed of groups of small porelli, which are physically
separate and morphologically different from the areolae
(Fig. 29). At the footpole, the distal raphe end extends onto
the valve mantle (Fig. 28). The cingulum is of the open

type.
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Figs. 32-36. Gomphoneis patagoniana. SEM, internal views, LM. Fig. 32. Whole valve view showing wide axial plate, with elongate,
inwardly-projecting central nodule and distinct pseudosepta at the poles. Fig. 33. Headpole with distinct pseudoseptum. Helictoglossa
is covered and not visible due to the presence of the pseudoseptum. Fig. 34. Footpole, with evident pseudoseptum and helictoglossa
present. Fig. 35. Central part of the valve. The central nodule has recurved proximal raphe ends at either end. A distinct, thickened,
slit-like stigma opening is evident. Openings of the areolae into the centre of the valve are limited, due to the presence of the axial plate
and marginal lamina. Fig. 36. LM, Initial valve. All SEM images are from sample LPC 13490. Scale bars = 10 um (Figs 32, 36), 2 um

(Figs 33-35).

Table 2. Comparison of size and stria density for Gomphoneis species similar to G. herculeana, based on Koci-
olek & Stoermer (1988a) and the current work, including a re-examination of the type material of G. herculeana

var. abundans (*).

Taxa Length Width Striae in 10 pm centre  Striae in 10 pm poles
G. patagoniana 51-143pum  14.0-24.5um 11-13 10-13 at headpole
11-13 at footpole
G. herculeana 50-165 um 22-34 um 8-12 12—14 at headpole
13—16 at footpole
G. herculeana var. abundans  76-160 pm 1625 um 11-13* 12—14 at headpole
13—16 at footpole
G. minuta 20—128 ym 1426 pm 1012 Not reported

Internally, the valve is dominated by the wide axial
plate (Figs 32-35). The elongate central nodule bears
recurved proximal raphe ends and a large, thickened

slit-like stigma opening. The internal lamina of the axial
plate allows only a small area of the striae to be evident
(Figs 32, 35). The footpole bears a distinct helictoglossa
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and the pseudoseptum covers the bilobed APF (Fig. 34).
A large pseudoseptum is present at the headpole (Fig. 33).
Septa are present on the valvocopulae.

Holotype: LPC 13490
Isotype: Accession Number 12296, JPK Collection
(COLO)

Type Locality: Argentina, Chubut Province, River Chico
Canyon.

Etymology: The species is named for the region in
Argentina in which it is found in this study.

Comments: Auxospores (Fig. 36) of G. patagoniana are
138-143 um long, significantly larger than those in G.
minuta (Kociolek & Stoermer 1988a); the cells are more
lanceolate than G. herculeana var. abundans (the latter
taxon is more club-shaped in outline), but more linear than
the nominate variety. Gomphoneis patagoniana also has
fewer striae per 10 um at the footpole than G. herculeana
var. abundans. A comparison of this new species with other
similar taxa is presented in Table 2.

Distribution in Chubut Province: River Epuyén (LPC
13450-13452); Trail to waterfall Corbata Blanca (LPC
13457); Entrance to Lago Puelo National Park (LPC
13459-13460, 13462, 13464); River Azul (LPC 13468-
13471, 13473); River Chubut (LPC 13474-13478); River
Buenos Aires Chico (LPC 13479-13482); Small stream
on Provincial Road #4 (LPC 13484-13485), River Chico
Canyon (LPC 13488-13492); River Chubut Fofo Cahuel
(LPC 13493).

Gomphoneis eriense var. variabilis Kociolek &
Stoermer

Figs 3748

Description: Large valves are lanceolate-clavate, broadest
at centre or slightly towards the footpole, with a protracted
headpole and broadly rounded footpole. Length 3849 um,
breadth 9.0—-10.0 pm. Axial area narrow, straight, expanded
to form a linear central area with a single, distinct round
stigma opening. Striae comprise double rows of areolae,
indistinct, radiate, 10—13 in 10 pum in the central portion
of the valve and parallel to radiate at the headpole, and
strongly radiate, 14—16 in 10 pm, at the footpole. APFs
are bilobed and differentiated from the areolae near the
footpole. Septa and pseudosepta present at the poles. Lon-
gitudinal lines are distinct near the axial area.

In the SEM, the valve exterior has doubly-punctate
striae, composed of straight or triangular-shaped areolae
(Figs 41—44). The raphe is undulate and the central area
bears a round, distinct stigma (Figs 41, 44). Proximal raphe
ends are slightly rounded. At the footpole, the bilobed APF
is composed of round porelli and located almost exclu-
sively on the valve mantle (Figs 43, 45). The APF is
bisected by the distal raphe end, which is deflected on the
valve face and extends across the mantle (Fig. 43). Porelli
of'the APF are physically separated and morphological dis-
tinct from the areolae. At the headpole, the distal raphe end

extends onto the mantle and is sharply deflected to one side
(Fig. 42).

Internally, the axial plate is narrowly lanceolate and
extends between the two helictoglossae (Figs 46-48). The
mound-like central nodule bears the recurved proximal
raphe ends and slit-like stigma opening (Figs 46, 48). At
the footpole, the helictoglossa is offset slightly from the
raphe and there is a short pseudoseptum (Fig. 47). A large
pseudoseptum is present at the headpole (Fig. 46). The
cingulum is of the open type. Septa are present on the
valvocopulae.

Comments: This is the most widely distributed species of
Gomphoneis in North America, with its largest popula-
tions in the western part of the USA (Kociolek & Stoermer
1988a).

Distribution in Chubut Province: Epuyén River (LPC
13452); Entrance to Lago Puelo National Park (LPC
13460, 13464); River Azul (LPC 13471); River Chubut
(LPC 13474, 13476- 13477), Small stream on Provincial
Road #4 (LPC 13484-13485); River Chico Canyon (LPC
13488-13492); River Chubut Fofo Cahuel (LPC 13495).

This is a new taxon report for Argentina.

Discussion

Taxa of both subgroups of Gomphoneis were present in
the freshwater ecosystems of Chubut Province, Patago-
nia. Of the Herculeana subgroup, G. eriense var. variabilis
has not been reported previously from Argentina. Gom-
phoneis eriense var. variabilis has been known previously
only from the western United States (Kociolek & Sto-
ermer 1988a), suggesting dispersal from this region of
North America. The known distribution of G. eriense var.
variabilis from many localities in western North Amer-
ica (Kociolek & Stoermer 1988a) adds evidence to the
suggestion that this taxon has dispersed from a source
in that part of the USA. This might also suggest the
possible population source of invasive D. geminata in
Patagonia.

Of the Elegans subgroup, one new species, G. frenguel-
lii, is reported. This is the first report of a quadristigmoid
gomphonemoid diatom of this genus in Argentina,
although there are previous reports of G. olivaceum (an
astigmoid taxon) (Voilloud 2003). This Gomphoneis sub-
group is well-known throughout Asia (Kociolek & Sto-
ermer 1988b, Tuji 2005, Kociolek et al. 2013), North
America (Stoermer et al. 1999, Kociolek 2014) and Europe
(Hustedt 1950, Krammer & Lange-Bertalot 1986).

Verified records of Gomphoneis taxa in collections
from South America date back to 1964 from Chile (Rivera
1974, Kociolek & Stoermer 1988a, Santinelli et al. 1996).
There are no Didymosphenia in these older samples from
Chile (personal observations on Rivera’s samples sent to
JPK; see Kociolek & Stoermer 1988a). However, the ear-
liest records of Didymosphenia in Chile pre-date these
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Figs. 37-48. Gomphoneis eriense var. variabilis. Light microscopy. Size diminution series. Figs 41-45. G. eriense var. variabilis. SEM,
external views. Fig. 41. Whole valve view showing broadly lanceolate-clavate valve outline and undulate raphe. Fig. 42. Headpole, with
tri-radiate areolae. The distal raphe end is curved and extends onto the valve mantle. Fig. 43. Footpole showing bilobed APF present on
the valve mantle only and composed of round porelli, distinguished morphologically and separate from areolae. Fig. 44. Central area with
relatively large, round stigma opening and distinguished from the tri-radiate areolae. Fig. 45. Footpole, girdle view, with APF physically
separated from striae and positioned on the mantle. Figs 46-48. SEM, internal views. Fig. 46. Whole valve view showing wide axial
plate, with elongate, inwardly-projecting central nodule and distinct pseudosepta at the poles. Helictoglossa at the headpole is covered
and not visible due to pseudoseptum. Fig. 47. Footpole, with evident pseudoseptum and helictoglossa present. Fig. 48. Central part of the
valve. The central nodule has recurved proximal raphe ends at either end. A distinct, slit-like stigma opening is evident. The axial plate
is narrow and underlies a small portion of the striae. All images are from LPC 13489. Scale bars = 10 um (Figs 37—40), 5 um (Figs 41,
46), 2 um (Figs 42, 43, 45, 47), 1 um (Figs 44, 48).
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records (Asprey et al. 1964), although they have never
been subsequently verified. In Argentina, the first report of
Didymosphenia is more recent (2010, Sastre et al. 2013).
In our 2015 collections from Argentina, Gomphoneis taxa
are nearly always associated with Didymosphenia. The
relatively recent observations of Gomphoneis and Didy-
mopsphenia in Chile (Basualto et al. 2016) and Argentina
may point to them being introduced species; it is uncer-
tain which arrived first. Gomphoneis was identified from
New Zealand decades before the first report of Didy-
mosphenia there (Wood 1961, Foged 1978, Kociolek &
Stoermer 1988a). Based on the phylogeny and biogeog-
raphy of Gomphoneis (Kociolek & Stoermer 1989), it is
likely that, similar to New Zealand, members of the genus
are not native to South America, and have been secondarily
introduced to the continent. It may be that the Gom-
phoneis species treated here are ‘early warning’ invasive
species, and documenting their presence may be helpful to
understanding the spread of species with which they are
associated, such as D. geminata.
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