
A

(
fl
r
d
s
c
b
©
(

K

R

G
p
n
g
p
u
p
b
©
(

P

1
(

Available  online  at  www.sciencedirect.com

Revista Mexicana de Biodiversidad

www.ib.unam.mx/revista/
Revista Mexicana de Biodiversidad 88 (2017) 1–20

Taxonomy and systematics

New records and combinations of Lyrella (Bacillariophyceae: Lyrellales)
from a protected coastal lagoon of the northwestern Mexican Pacific

Nuevos registros y combinaciones de Lyrella (Bacillariophyceae: Lyrellales) de una laguna costera
protegida del noroeste del Pacífico mexicano

David A. Siqueiros-Beltrones a,∗, Uri Argumedo-Hernández b, Francisco Omar López-Fuerte b,c

a Departamento de Plancton y Ecología Marina, Centro Interdisciplinario de Ciencias Marinas, Instituto Politécnico Nacional, Av. IPN, s/n, Col. Playa Palo
de Santa Rita, 23091 La Paz, Baja Califonia Sur, Mexico

b Departamento Académico de Economía, Universidad Autónoma de Baja California Sur, Km 5.5 Carretera al Sur, 23080 La Paz, Baja Califonia Sur, Mexico
c Colección de Microalgas, Centro de Investigaciones Biológicas del Noroeste, Mar Bermejo 195, 23090 La Paz, Baja Califonia Sur, Mexico

Received 3 November 2015; accepted 7 November 2016
Available online 1 March 2017

bstract

To determine the diversity of species and subspecific taxa of diatoms of the genus Lyrella  found in subtidal sediments of Laguna Guerrero Negro
LGN), BCS-BC (Mexico), samples from 4 seasons were analyzed. Twenty-one species and sub-specific taxa of Lyrella  are here recorded within a
oristic list of 232 identified epipelic diatom taxa. Seven Lyrella  taxa are new records for the Mexican coasts and 12 for the northwestern Mexican
egion. Additionally, we are proposing 6 transfers of taxa into Lyrella  that remained hitherto in the genus Navicula. Morphometric and meristic
ata, and an iconographic reference are provided. Environmental conditions in the lagoon favor the diversity and abundance of Lyrella  species and
ub-specific taxa. Thus, LGN is proposed as a diversity hotspot for this genus. Lack of floristic studies on benthic diatoms in much of the Mexican
oasts precludes insight of their ecology and distribution. However, continuous floristic surveys should eventually allow precise definition of their
iogeographic affinities.

 2017 Universidad Nacional Autónoma de México, Instituto de Biología. This is an open access article under the CC BY-NC-ND license
http://creativecommons.org/licenses/by-nc-nd/4.0/).

eywords: Biosphere reserve; Epipelic diatoms; Guerrero Negro; Navicula; New combinations

esumen

Con el objetivo de determinar la diversidad de especies y taxones subespecíficos de Lyrella  presentes en sedimentos del submareal en la laguna
uerrero Negro, BCS-BC (México), se analizaron muestras de 4 estaciones. Se registraron 21 especies y taxones subespecíficos de Lyrella  como
arte de una lista florística de 232 taxones epipélicos. Siete de estos taxones son nuevos registros para las costas mexicanas y 12 para la región
oroeste de México. Además, se proponen 6 transferencias de taxones que hasta ahora eran consideradas dentro del género Navicula  hacia el
énero Lyrella. Se proporcionan datos morfométricos y merísticos, así como una referencia iconográfica. Dado que las condiciones ambientales
ropias de la laguna favorecen la diversidad y abundancia de especies y taxones subespecíficos de Lyrella, laguna Guerrero Negro se propone como

n hotspot de diversidad para este género. Aunque la escasez de estudios florísticos sobre diatomeas bentónicas en las costas mexicanas limita la
erspectiva ecológica y biogeográfica que ameritan, se confía en que la continuidad de estudios florísticos reditúe bases para definir sus afinidades
iogeográficas.

 2017 Universidad Nacional Autónoma de México, Instituto de Biología. Este es un artículo Open Access bajo la licencia CC BY-NC-ND
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ntroduction

Studies on benthic diatoms (Bacillariophyceae) from the Baja
alifornia Peninsula date back 3 decades to the first list of ben-

hic diatoms (Hernández-Becerril & Álvarez-Borrego, 1983)
ollowed by a more complete study on epiphytic forms thriv-
ng on eelgrass Zostera  marina  Linneo (Siqueiros-Beltrones

 Ibarra-Obando, 1985; Siqueiros-Beltrones, Ibarra-Obando,
 Loya-Salinas, 1985). Further studies of benthic diatoms

ncluded other substrata, such as sediments from hypersaline
nvironments (Brown, Margulis, Ibarra, & Siqueiros, 1985;
ópez-Fuerte & Siqueiros-Beltrones, 2006; López-Fuerte,
iqueiros-Beltrones, & Navarro, 2010; Siqueiros-Beltrones,
988, 1990; Siqueiros-Beltrones & Morzaria-Luna, 1999;
iqueiros-Beltrones & Sánchez-Castrejón, 1999; Siqueiros-
eltrones, Ibarra-Obando, & Poumián-Tapia, 1991), and highly
roductive ecosystems (Hernández-Almeida & Siqueiros-
eltrones, 2012; Siqueiros-Beltrones, 2006). Although these

tudies recorded over a 1,000 species for this region, the many
istinct ecosystems along the latitudinal gradient and various
ypes of substrata are yielding taxa not seen before, or showing
hat hitherto rare taxa may occur abundantly. In this study, we
ocused on the benthic diatoms from fine sediments covering
he sub-tidal bottom of Laguna Guerrero Negro (LGN), located
etween BCS and BC, a coastal lagoon found half way on the
estern coast of the BC Peninsula, Mexico.
Initial observations of said sediments suggested that the

iatom flora in this location would be highly diverse and that
itherto rare or uncommon taxa recorded in previous stud-
es in the region would be better represented, such as Lyrella
arayeva (Bacillariophyceae: Lyrellales). This taxonomic group

omprises solely marine species which are commonest in the
pipelon of sandy sediments (Round, Crawford, & Mann, 1990).
pecies formerly classified as Navicula  were first allocated in

he genus Lyrella  by Karayeva (1978) based on a single mor-
hological trait, the conspicuous double lyrae. This taxonomic
egregation was later justified in depth by Mann and Stickle
1993), showing that their former status as Navicula  was highly
rtificial, and currently they represent separate orders.

Although only 53 taxa transferred by D.G. Mann were
isted by Round et al. (1990), currently 82 Lyrella  taxa have
een uploaded in the algaebase webpage (Guiry & Guiry,
015) thus supporting the early expectations by Mann and
tickle (1993) on the diversity of this taxon. Species of the
enus Lyrella  include naviculoid, solitary individuals mostly
ppearing in valval view. Valve face are flat or slightly undu-
ate with relatively shallow mantles. Frustules are heavily
ilicified, broadly linear or lanceolate with bluntly rounded or
ostrate poles. The raphe system is central and straight. Striae are
oarse, uniseriate, and are interrupted by a lyre-shaped thickened
rea of silica, often depressed (Round et al., 1990). Notwith-
tanding, the similarity with certain naviculales such as Fallacia
osed the risk of confusion in routine identifications. However,
ased on the above, the presence of a single plastid in Falla-

ia and 2–4 in Lyrella, that justifies their placement in different
rders is very helpful to discriminate between them observing
resh material. Also, relying on experience with benthic diatom
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axocoenoses, the strongly silicified frustule of Lyrella  species
rojects the double lyrae, that are simulated traits (fallacious)
n Fallacia  species which are mostly small and inconspicuous;
ith certain exceptions most likely from fresh-water habitats,
here Lyrella  do not occur.
Species of Lyrella  have been frequently observed in ben-

hos samples from the Baja California Peninsula coasts where
hey appear conspicuously mainly because of their particu-
arly esthetic forms. However, the variety and abundance of
yrella species may be considered moderately high in certain
nvironments of the region, such as mangrove systems like
agdalena Bay, BCS where 9 Lyrella  taxa were recorded in a

ingle locality (Siqueiros-Beltrones, López-Fuerte, Hernández-
lmeida, & Argumedo-Hernández, 2011). Likewise, 10 Lyrella

axa were recorded as epiphytes on macroalgae in the southern-
ost region of the east coast of the Baja California Peninsula
here mangrove forests are common (Siqueiros-Beltrones &
ernández-Almeida, 2006). Furthermore, up to 11 taxa were

ecorded in a study that comprised 3 mangrove ecosystems of the
outhern BC Peninsula, and 1 from Sinaloa in mainland Mexico
hat included tychoplanktonic forms (López-Fuerte et al., 2010).
lso, the number of Lyrella  species recorded in studies on phy-

oplankton may be as high as in the sediments. For example,
eave-del Castillo, Zamudio-Resendis, Aké-Castillo, Guerra-
artínez, and Barbosa-Ledezma (2003) compiled 11 Lyrella

axa records in the tychoplankton of the Mexican Pacific, and
oreno-Ruíz, Licea-Durán, and Santoyo (1996) accounted for

3 Lyrella  taxa for the Gulf of California. Whilst by compari-
on Navarro and Hernández-Becerril (1997) compiled 13 taxa
ecords from the highly diverse Caribbean Sea. These accounts
et a reference as to the expected species variety in any given
rea for the genus Lyrella.

Earlier, Magdalena Bay was proposed as a “hot spot” for
iatom species diversity, in which the high number of Lyrella
and Mastogloia) taxa marked the difference with other ecosys-
ems in the region (Siqueiros-Beltrones et al., 2011). As stated
bove our first observations lead us to hypothesize that LGN
ould harbor a high number of Lyrella  species and sub-species

axa, in which case this area would fit the denomination of
otspot used in earlier works.

aterials  and  methods

Laguna Guerrero Negro is located between 27◦35′ and
7◦52′ N, 113◦58′ 114◦10′ W in the northern- and southernmost
arts of BCS and BC, Mexico, respectively (Fig. 1); it is part of

 complex along with Laguna Ojo de Liebre, comprised within
he Reserva de la Biosfera del Vizcaíno (Arellano-Martínez, De
a Cruz-Agüero, & Cota-Gómez, 1996). The lagoons have sep-
rate mouths connecting them with Sebastián Vizcaíno Bay. The
limate in the region is arid with a low annual rainfall (mostly
n winter) of >100 mm (Salinas-Zavala, Llinas, & Rodríguez-
strella, 1991). LGN is rectangular and extends approximately

,100 ha, with a length of 13 km, and a maximum width of

 km, with a narrow channel that opens into Vizcaíno Bay
Contreras, 1985). It has a shallow bottom, mostly between 2
nd 12 m (Lluch-Cota, Castellanos-Vera, Llinas-Gutiérrez, &
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igure 1. Location of sampling sites for epipelic diatoms in Laguna Guerrero
egro.

rtega-Rubio, 1993), with a maximum depth of 26 m; eel grass is
mply distributed from 6 m deep up to high tide level (Eberhard,
966). Lagoon sediments are composed mainly of gray sand
ixed with organic alluvial deposits. Normal salinity gradi-

nts, and hypersalinity gradients as well, have been reported
Lankford, 1977), although it has also been considered an iso-
aline lagoon; salinity values range from 35.5 to 37.5 (winter),
nd 34.7–35.6 (summer) (Phleger & Ewing, 1962).

Sediment samples were collected in November (2013),
anuary, March, June, and July (2014) in 12 sites within LGN
t depths between 3 and 15 m (Fig. 1). Approximately 150 g of
ediments from the upper layer were sampled by scuba diving
sing a 250 mL plastic jar.

At the laboratory, a subsample was placed in a beaker dis-
olved with 50 mL of purified water. This was submerged in
ater contained in the ultrasound bucket and treated with ultra-

ound for 1 min while agitating gently. Afterwards, sediments
ere removed by decanting while the remaining fraction was
laced in a 100-mL test tube. After 2 h, the overlaying water was
ecanted in-order-to separate a concentrate of diatom frustules

n the bottom of the tube. A subsample from this concentrate
as examined under the microscope for observing live diatoms.
he rest of the sample was treated with alcohol and nitric acid at

 ratio of 1:3:5, adjusting to the amount of organic matter in the
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ample (Siqueiros-Beltrones, 2002). After oxidation, the sam-
les were rinsed repeatedly with purified water until reaching a
H ≥6. From each subsample 2 double permanent slides were
ounted using the synthetic resin Pleurax (IR = 1.7).
The diatom slides were examined under an opti-

al microscope with phase contrast and planapochromatic
ptics. Species identification was done based on regional
eferences: and basic literature: Hernández-Almeida and
iqueiros-Beltrones (2008, 2012), López-Fuerte et al. (2010),
oreno-Ruíz et al. (1996), Siqueiros-Beltrones (2002,

006), Siqueiros-Beltrones and Hernández-Almeida (2006),
iqueiros-Beltrones, Argumedo-Hernández, Murillo-Jiménez,
nd Marmolejo-Rodríguez (2014), Hustedt (1959, 1966),
eragallo and Peragallo (1908), Round et al. (1990), Schmidt
t al. (1959), Stidolph, Sterrenburg, Smith, and Kraberg (2012),
nd Witkowski, Lange-Bertalot, and Metzeltin (2000). All taxa
ere updated using AlgaeBase (Guiry & Guiry, 2015). An icono-
raphic reference was built using micrographs taken with a
MOS Konus digital ocular lens at 1,000×. Measurements of

pecimens were done directly with a calibrated micrometric ocu-
ar lens, and images were manipulated so esthetically fit the
lates according to size (interval when possible).

esults

Out of a floristic list of 232 identified diatom taxa from sub-
idal sediments of LGN for the sampling period, 21 species and
ub-species taxa of Lyrella  were recorded; most were observed
requently although 6 are hitherto represented only by a single
pecimen. The Lyrella  taxa represent less than 10% of the floris-
ic list, however, its diversity is second only to Amphora  (25),
nd clearly surpasses previous records, thus supporting our pro-
osal of considering LGN as a hot-spot for Lyrella  species, at
east until further surveys in Mexican coasts are carried out.

Seven of the Lyrella  taxa recorded are new for the Mexican
oasts, 12 for the NW Mexican region, and 1 for the western
oast of the Baja Peninsula. Six taxa had not been transferred
rom their original genus Navicula  and are here proposed as new
ombinations and transferred to the genus Lyrella; morphomet-
ic and meristic data are included for the identified Lyrella. An
conographic reference (Figs. 2–105) is also provided where
t is shown that much fine sediment precluded better images of
ome specimens which were however included to show variation
ithin the taxon.
In what follows, descriptions of the Lyrella  species and

ub-species taxa identified in subtidal sediments of Laguna
uerrero Negro are provided. Twelve are new records for the

egion (*), 7 for the Mexican coasts (�), and 2 for the W coast
f the Baja California Peninsula (**). Six new nomenclatural
ombinations (comb. nov.) are proposed. Morphometric and
eristic data are provided for all taxa.
yrella  abrupta  (Gregory) D.G. Mann
igures 58, 59, 62, 63, 65
imensions: length 21–35 �m, width 12–19 �m, 14 striae in
0 �m (n  = 4).
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owin

R
B
S
G

Previous records: Navachiste, Sinaloa (López-Fuerte et al.,
Figures 2–9. Lyrella clavata var. caribaea sh

eference: López-Fuerte et al. (2010), Witkowski et al. (2000).

asionym: Navicula  lyra  var. abrupta  Gregory.
ynonym (homotypic): Navicula  lyra  var. abrupta
regory.

2
L
f

g size variation. Bar = 15 �m for all images.
010); La Ventana Bay, BCS (Siqueiros-Beltrones et al., 2014).
yrella approximatoides  (Hustedt) D.G. Mann in Round, Craw-
ord et Mann.
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Figures 10–16. Lyrella clavata var. caribaea; 13, 16

igures 81–83
imensions: length 29–60 �m, width 19–25, 10 striae in 10 �m
n = 12).
eference: Foged (1984) as Navicula  approximatoides; Round
t al. (1990).

P
2
H

lla lyra var. constricta. Bar = 15 �m for all images.

asionym: Navicula  approximatoides  Hustedt.
ynonym: none.

revious records: Magdalena Bay, BCS (López-Fuerte et al.,
010); La Paz Bay (Siqueiros-Beltrones & Argumedo-
ernández, 2012).
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Figures 17–23. Lyrella clavata var. caribaea; 20, 23 

yrella  atlantica  (A. Schmidt) D.G. Mann �*
igures 86–88, 90–91

imensions: length 34–76, width 18–27, 8–10 striae in 10 �m.
eference: Hendey (1964), Witkowski et al. (2000).
asionym: Navicula  lyra  var. atlantica  A. Schmidt.

L
n

a hennedyii var. furcata. Bar = 15 �m for all images.

ynonym (heterotypic): Navicula  lyra  var. atlantica  A. Schmidt.
revious records: none.
yrella  clavata  var. caribaea  (Cleve) Siqueiros-Beltrones comb.
ov.



D.A. Siqueiros-Beltrones et al. / Revista Mexicana de Biodiversidad 88 (2017) 1–20 7

lla fu

F
D
1
R
P

c
C

Figures 24–30. Lyrella lyra var. constricta; 26, 27 Lyre

igures 2–12, 14–19, 21, 22
imensions: length 34–88 �m, width 20–30, 11–13 striae in

0 �m (n  = 15).
eferences: Schmidt et al. (1959) as Navicula  cariboea  Cleve;
eragallo and Peragallo (1908) as Navicula  clavata  var.

B
S
R

ndata; 30 Lyrella fogedii. Bar = 15 �m for all images.

ariboea  Cleve; López-Fuerte et al. (2010) as Navicula  caribaea
leve.

asionym: Navicula  caribaea  Cleve in Schmidt et al. (1959).
ynonym: Lyrella  clavata  var. indica  (Greville) J. L. Moreno-
uíz.
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Figures 31–37. Lyrella clavata var. elongata; 34, 37 Lyrella excavata. Bar = 15 �m for all images.
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Figures 38–45. Lyrella exsul showing size variation. Bar = 15 �m for all images.
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Figures 46–54. Lyrella granulata showing size variation. Bar = 15 �m for all images.
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Figures 55–67. Lyrella granulata; 64 Lyrella granulata; 58, 59, 62, 63, 65 Lyrella abrupta; 66, 67 raphe valves of Cocconeis californica var. kerguelensis. Bar = 15 �m
for all images.
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Figures 68–83. Lyrella impercepta; 81–83 Lyrella approximatoides. Bar = 10 �m for all images.



D.A. Siqueiros-Beltrones et al. / Revista Mexicana de Biodiversidad 88 (2017) 1–20 13

Figures 84–91. Lyrella irrorata; 86–88, 90, 91 Lyrella atlantica. Bar = 15 �m for all images.
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Figures 92–99. Lyrella lyra; 98, 99 Lyrella spectabilis var. 1. Bar = 15 �m for all images.
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igures 100–103. Lyrella hennedyi var. crassa; 101 Lyrell aspectabilis; 102 Lyr

revious records: La Bocana, BCS (Siqueiros-Beltrones &
rgumedo-Hernández, 2015).

yrella clavata  var. elongata  (H. Peragallo) Díaz-Ramos *�

igures 31–33, 35–36
imensions: length 47–84 �m, width 26–33 �m, 13 striae in
0 �m (n  = 7).
eferences: Peragallo and Peragallo (1908) as Navicula  clavata
ar. elongata; Díaz-Ramos (2000).

asionym: Navicula  clavata  var. elongata  H. Peragallo.
ynonym: Navicula  clavata  f. elongata  H. Peragallo in Hustedt
1966).

S
P
1

lavata var. indica; 103 Lyrella lyra var. subtypica. Bar = 15 �m for all images.

revious records: none.

yrella  clavata  var. indica  (Greville) J. L. Moreno-Ruíz
igure 102
imensions: length 60 �m, width 32 �m, 10 striae in 10 �m

n = 1).
eference: Hustedt (1966), Moreno-Ruíz et al. (1996) (image
f L.  caribaea).
asionym: Navicula  indica  Greville.
ynonym: Navicula  clavata  f. indica  (Greville) Cleve.

revious records: Gulf of California (Moreno-Ruíz et al.,
996).
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(Lyrella) abruptoides.
Figures 104 and 105. Lyrella lyra var. subtypica; largest s

yrella  excavata  (Hustedt) D.G. Mann *
igures 34, 37
imensions: length 32–44 �m, width 18–22 �m, 12–13 striae

n 10 �m (n  = 5).
eference: López-Fuerte et al. (2010), Round et al. (1990),
chmidt et al. (1959) as Navicula  spectabilis  f. emarginata;
oreno-Ruíz et al. (1996) as Navicula  spectabilis  var. excavata

Grevillei) Cleve.
asionym: Navicula  excavata  Greville.
ynonym (homotypic): Navicula  excavata  Greville.
revious records: Magdalena Bay, BCS (López-Fuerte et al.,
010); Gulf of California (Moreno-Ruíz et al., 1996).

yrella exsul  (A. Schmidt) D.G. Mann
igures 38–45
lender and with lyra sterna narrower than the type form in
ustedt’s description.
imensions: length 30–75 �m, width 18–24 �m, 11–12 striae

n 10 �m (n  = 11).
eference: Hustedt (1966), Peragallo and Peragallo (1908) as
avicula  clavata  var. exsul  (A. S.) Cleve; Round et al. (1990).
asionym: Navicula  exsul  A. Schmidt.

ynonyms (homotypic): Navicula  exsul  A. Schmidt, Navicula
lavata  var. exsul  (A. Schmidt) Cleve.

B
S

ens observed in this survey. Bar = 15 �m for all images.

revious records: La Paz Bay (Siqueiros-Beltrones & Sánchez-
astrejón, 1999); Magdalena Bay, BCS (López-Fuerte et al.,
010).

yrella  fogedii  Witkowski, Lange-Bertalot et  Metzeltin*
igure 30
imensions: length 29 �m, width 18 �m, 11 striae in 10 �m

n = 1).
eference: Witkowski et al. (2000).
asionym: Lyrella  fogedii  Witkowski, Lange-Bertalot, &
etzeltin, 2000.

ynonym: Navicula  aestimata  Hustedt sensu  Foged (1975).
revious records: La Paz Bay (Siqueiros-Beltrones &
ernández-Almeida, 2006).

yrella fundata  (Hustedt) Siqueiros-Beltrones comb. nov. *�

igures 26, 27
imensions: length 44–55 �m, width 23–28 �m, 9–10 striae in
0 �m (n  = 3).
eference: Hustedt (1966), where it is placed as Navicula  fun-
ata, in the vicinity of Navicula  (Lyrella) abrupta  and Navicula
asionym: Navicula  fundata  Hustedt.
ynonym: Navicula  fundata  Hustedt.
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revious records: none.

yrella  granulata  (Grunow) Nevrova, Witkowski, Kulikovskiy
t Lange-Bertalot *�

igures 46–57, 60, 61, 64
imensions: length 28–67 �m, width 18–32, 9–12 striae in
0 �m (n  = 13).
eferences: Hustedt (1966), Nevrova, Witkowski, Kulikovskiy,
ange-Bertalot, and Kociolek (2013).
asionym: Navicula  hennedyi  var. granulata  Grunow.
ynonym (homotypic): Navicula  hennedyi  var. granulata
runow.
revious records: none.

yrella  hennedyi  var. crassa  (Peragallo) Siqueiros-Beltrones
omb. nov. *�

igure 100
triae bordering the raphe somewhat elevated.
imensions: length 72 �m, width 34 �m, 12 striae in 10 �m

n = 1).
eference: Peragallo and Peragallo (1908).
asionym: Navicula  hennedyi  var. crassa  Peragallo.
ynonym: Navicula  hennedyi  var. crassa  Peragallo in Peragallo
nd Peragallo (1908).
revious records: none.

yrella  hennedyi  var. furcata  (Peragallo) Siqueiros-Beltrones
omb. nov. *�

igures 20 and 23
imensions: length 30–48 �m, width 18–26 �m, 11–12 striae

n 10 �m (n  = 3).
eference: Desikachary (1989), Lam. 374, fig. 10; Hustedt

1966).
asionym: Navicula  hennedyi  var. furcata  Peragallo.
ynonym: Navicula  hennedyi  var. furcata  Peragallo in Peragallo
nd Peragallo (1908).
revious records: none.

yrella  impercepta  (Hustedt) J. L. Moreno-Ruíz
igures 68–80
imensions: length 20–33 �m, width 15–20 �m, 9–10 striae in
0 �m (n  = 8).
eference: Hustedt (1966) as Navicula  impercepta; Moreno-
uíz et al. (1996).
asionym: Navicula  impercepta  Hustedt.
ynonym (homotypic): Navicula  impercepta  Hustedt.
revious records: Gulf of California (Moreno-Ruíz et al.,
996); Magdalena Bay, BCS (López-Fuerte et al., 2010;
artínez-López, Siqueiros-Beltrones, & Silverberg, 2004).

yrella implana  (Hustedt) J. L. Moreno-Ruíz**

imensions: length 40 �m, width 25 �m, 14 striae in 10 �m

n = 1).
h
q
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eference: Hustedt (1966) as Navicula  implana; Moreno-Ruíz
t al. (1996).
asionym: Navicula  implana  Hustedt.
ynonym (homotypic): Navicula  implana  Hustedt.
revious records: Gulf of California (Moreno-Ruíz et al., 1996).

yrella irrorata  (Grevillei) D.G. Mann
igures 84, 85, 89
imensions: length 55–110 �m, width 27–34 �m, 6 striae in
0 �m (n  = 6).
eference: Hustedt (1966), Round et al. (1990).
asionym: Navicula  irrorata  Greville.
ynonym (homotypic): Navicula  irrorata  Greville.
revious records: La Paz Bay (Siqueiros-Beltrones & Sánchez-
astrejón, 1999); Navachiste, Sinaloa (López-Fuerte et al.,
010).

yrella  lyra  (Ehrenberg) Karayeva
igures 92–97
imensions: length 42–80 �m, width 24–32 �m, 11–12 striae

n 10 �m (n  > 20).
eference: Round et al. (1990), Moreno-Ruíz et al. (1996),
itkowski et al. (2000).
asionym: Navicula  lyra  Ehrenberg.
ynonyms: (homotypic): Navicula  lyra  Ehrenberg,
chizonema  lyra  (Ehrenberg) Kuntze, Clevia  lyra  (Ehrenberg)
ereschkowsky.

revious records: Gulf of California (Moreno-Ruíz et al., 1996);
exican Caribbean (López-Fuerte, Siqueiros-Beltrones, &
ernández-Almeida, 2013).

yrella lyra  var. constricta  (Peragallo) Siqueiros-Beltrones
omb. nov. *�

igures 13, 16, 24, 25, 28, 29
imensions: length 45–88 �m, width 21–27 �m, 11 striae in
0 �m.
eference: Hustedt (1966).
asionym: Navicula  lyra  var. constricta  Peragallo.
ynonym: Navicula  lyra  var. constricta  Heiden.
revious records: none.

yrella  lyra  var. subtypica  (A. Schmidt) Siqueiros-Beltrones
omb. nov. *
igures 103–105
arlier referred to as such by Moreno-Ruíz et al. (1996),
ánchez-Rueda (2002), and Martínez-López et al. (2004) as L.

yra f. subtypica, albeit a formal taxonomic transference was not
roposed.
imensions: length 70–103 �m, width 30–37 �m, 12 striae in
0 �m (n  = 9).
eference: Hustedt (1966), Peragallo and Peragallo (1908).
asionym: Navicula  lyra  var. subtypica  A. Schmidt.

ttp://www.algaebase.org/search/species/detail/?species id=
7e8fb0c05459c57c

http://www.algaebase.org/search/species/detail/?species_id=q7e8fb0c05459c57c
http://www.algaebase.org/search/species/detail/?species_id=q7e8fb0c05459c57c
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ynonym: Navicula  lyra  var. subtypica  A. Schmidt in Hustedt
1966).
revious records: Gulf of California (Moreno-Ruíz et al., 1996);
ulf of México (Sánchez-Rueda, 2002); off Magdalena Bay

Martínez-López et al., 2004).

yrella spectabilis  (Gregory) D.G. Mann *
igure 101
imensions: length 62 �m, width 40 �m, 10 striae in 10 �m

n = 1).
eference: Hustedt (1966), Stidolph et al. (2012).
asionym: Navicula  spectabilis  Gregory. http://www.algaebase.
rg/search/species/detail/?species id=q7e8fb0c05459c57c
ynonym (homotypic): Navicula  spectabilis  Gregory.
revious records: Campeche Bay (Stidolph et al., 2012).

yrella spectabilis  (Gregory) D.G. Mann var. 1*
e refer this as a possible variety due to our specimen is clearly

maller and with a less conspicuous appearance than the former
hich is more robust.
igures 98, 99
imensions: length 33 �m, width 20 �m, 12–13 striae in 10 �m

n = 1).
eference: Desikachary (1989), Lam. 648, fig. 4.
asionym: Navicula  spectabilis  Gregory. http://www.algaebase.
rg/search/species/detail/?species id=q7e8fb0c05459c57c
ynonym (homotypic): Navicula  spectabilis  Gregory.
revious records: none.

iscussion

In none of the few surveyed areas of the Mexican NW region,
or in other coasts of Mexico for that matter, have so many
yrella species been recorded hitherto. Several of these species
ccur frequently in the Gulf of California, either as tychoplank-
on (Moreno-Ruíz et al., 1996), or have been collected directly
rom the benthos (Hernández-Almeida & Siqueiros-Beltrones,
012; López-Fuerte & Siqueiros-Beltrones, 2006; López-Fuerte
t al., 2010; Siqueiros-Beltrones, 2006; Siqueiros-Beltrones

 Morzaria-Luna, 1999; Siqueiros-Beltrones & Sánchez-
astrejón, 1999; Siqueiros-Beltrones et al., 2011). On the other
and, taxa such as Lyrella  approximata  (Greville) D.G. Mann
nd Lyrella  circumsecta  (Grunow ex A. Schmidt) D.G. Mann
Siqueiros-Beltrones & Hernández-Almeida, 2006), or Lyrella
bruptoides  (Hustedt) D.G. Mann (Siqueiros-Beltrones, 2002)
ere not found in our samples, although all have been recorded
reviously further south just within the Gulf of California,
ith adjoining mangrove forests. Laguna Guerrero Negro is

ocated northward beyond the geographic distribution of man-
roves along the western coast of the Baja California Peninsula
González-Zamorano, Nava-Sánchez, León-de la Luz, & Díaz-
astro, 2011).
The variety of Lyrella  species and sub-specific taxa, and their
requencies in the samples indicate that environmental condi-
ions in LGN promote the high diversity of the genus. Which,
long with the 12 new Lyrella  records for the Mexican NW

t
t
p
H
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egion back up the proposal that this area be considered a hot-
pot for Lyrella. The fact that 6 taxa were represented by a single
pecimen shows the need for further observations, including
ther seasons. Current analysis of the whole taxocoenosis as
ell as continuing sampling during other months (only 4 were

urveyed) may yield other Lyrella  species, or further information
n the temporal distribution of those recorded, providing further
vidences for comprising this and the rest of the taxa under the
ot-spot concept.

It has to be implied that the geographic distributions of the
yrella taxa recorded here are also extended. In this subtropi-
al zone, the possible influence of tropical waters in the area
as been underlined by Hernández-Rivas, Jiménez-Rosenberg,
unes-Rodríguez, and Saldierna-Martínez (2000), albeit the
alifornia Current and regional upwelling events stand out in the

egion. The low temperature water they provide correlate with
ertain characteristic biota recorded by Eberhard (1966), which
s found also in San Quintín bay and Punta Banda estuary fur-
her north in Baja California. This may be defining a transitional
one as proposed earlier by Dawson (1960) and observed later in
he structure of phytoplankton assemblages (Gárate-Lizárraga &
iqueiros-Beltrones, 1998) for the Magdalena Bay lagoon com-
lex. All this may also be used to explain the presence of Lyrella
pecies from tropical, subtropical and temperate regions. Fur-
hermore, López-Fuerte, Siqueiros-Beltrones, and Yabur (2015)
bserved a particular benthic diatom flora in Isla Guadalupe,
ocated further north off the west coast of Baja California for
hich a biogeographical affinity could not be established, with
any tropical species (Mastogloia  spp.) including recent records

rom the Caribbean Sea. Likewise, the transitional nature of
he oceanographic region would be expected to influence the
emporal occurrence of certain Lyrella  species. However, partic-
lar environmental characteristics will determine whether these
emain as permanent residents of LGN or not.

From another angle, the transfer of the six Navicula  taxa to
yrella in this paper is an example of the general inertia caused
y the establishment of new genera. At first, taxa are rapidly
ncluded but process slows down gradually until new surveys
ecord the remaining taxa, as is presented here as a side effect of

 floristic effort. As it turns out, identification of diatom species
nd construction of floristic lists is a still much needed activ-
ty that is improving on the basis of comprehensive taxonomic
orks that incorporate the latest advances in diatom system-

tics. In this case our contribution is possible because of the
ombined work of Guiry and Guiry (2015), Hustedt (1959),
arayeva (1978), Mann in Round et al. (1990).
In spite of the above, identification of diatom species and sub-

pecies taxa poses much difficulty and always will. Although
yrella species are conspicuous some difficulty exists espe-
ially for the untrained eye when certain Fallacia  taxa appear in
he samples, and certain experience with benthic diatom tax-
coenoses is required to readily discriminate between these
enera relying on the taxonomic traits exposed earlier. Moreover,

rying to discern between certain Lyrella  species or sub-species
axa may imply an important degree of uncertainty. An exam-
le is the raphe valve of Cocconeis  californica  var. kerguelensis
eiden, initially mistaken for Lyrella  and then Craspedopleura

http://www.algaebase.org/search/species/detail/?species_id=q7e8fb0c05459c57c
http://www.algaebase.org/search/species/detail/?species_id=q7e8fb0c05459c57c
http://www.algaebase.org/search/species/detail/?species_id=q7e8fb0c05459c57c
http://www.algaebase.org/search/species/detail/?species_id=q7e8fb0c05459c57c
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Figs. 66 and 67). This happens particularly in the traditional
ractice of identifying diatoms from samples that yield over
50 species and resorting to several taxonomic references. An
xample is the nine Lyrella  from Magdalena Bay (Siqueiros-
eltrones et al., 2011) which were reduced from 15 that were

ecorded earlier (López-Fuerte & Siqueiros-Beltrones, 2006).
lso, because in this study we focused solely on diatoms of the
yrella group it was expected that a more efficient discrimina-
ion of the taxa be done, thus resulting in the higher number
f species and sub-specific taxa here recorded. In this case, our
oristic effort yielded 12 new records for the region although
nly samples for 4 months were surveyed. It is thus evident that
he lack of floristic studies on benthic diatoms in much of the

exican coasts precludes insight of their ecology and distribu-
ion. However, continuous floristic surveys should allow precise
efinition of biogeographic affinities of benthic diatom flora in
he coasts of Mexico.
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