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ABSTRACT. Complement to the diagnosis of Sminthurides Borner is given and illustrated with Scanning Electron
Microscopy (SEM) photos, and a new Mexican species of this genus is described with specimens from Tabasco
State. It belongs to penicillifer group, characterized by the presence of two trichobothria on second antennal
segment. Males of the new species are distinguished by a triangular cavity in Ant Il and a reduced labial
chaetotaxy, females with Ant. IV subdivided into 9 subsegments and abundant labial chaetotaxy. A discussion
of the variability of some characters, as teeth and empodial filament of unguis Il are discussed and illustrated,
and the use of new morphological structures, as postlabial chaetotaxy and setation of ventral Abd. IV for the
taxonomy of this genus are proposed and included in this contribution.

Keywords: Taxonomy, morphological variation, sexual dimorphism.

RESUMEN. Se da un complemento a la diagnosis de Sminthurides Borner y se ilustra con fotos en el Microscopio
Electronico de Barrido (MEB); se describe una nueva especie mexicana del género con ejemplares del estado
de Tabasco. Pertenece al grupo penicillifer, que se caracteriza por la presencia de dos tricobotrias en el segundo
artejo antenal. Los machos de esta especie nueva se distinguen por una cavidad triangular en el Ant Il y
quetotaxia labial reducida; las hembras con el Ant IV subdividido en 9 subartejos y abundante quetotaxia labial.
Se discute sobre la variacion de algunos caracteres como los dientes del ungues y el flamento empodial del
ungues lll, mismos que son discutidos e ilustrados; se propone el uso de estructuras morfoldgicas nuevas para
la taxonomia de este género, como la quetotaxia postlabial, y el nimero de sedas ventrales del Abd. IV que son
usadas en esta contribucion.

Palabras clave: Taxonomia, variacion morfolégica, dimorfismo sexual.

INTRODUCTION Palacios-Vargas et al. (2018) have gathered

information about 26 species in aquatic

Aquatic collembolans are very common, they  environments in Mexico, most of which are
have been found in epicontinental water such  marine littoral; and they added 12 new records
as lakes and rivers, in caves, and even sand or from Montebello lakes, Chiapas, including two

on rocks at marine littoral zones, but rarely in undescribed Sminthurides in deep benthos of
submerged plants or bottom sediments. lakes at more than 20 m deep.
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Palacios-Vargas: New aquatic Sminthurides species from Mexico.

Among the Symphypleona, Sminthurididae
Borner, is one of the families with most
interesting sexual dimorphism (Palacios-
Vargas and Castano-Meneses, 2009), it has
12 genera and close to 150 valid species. Most
speciose genera are Sphaeridia Linnaniemi
with 70 taxa, Sminthurides Bérner with 60 and
Denisiella Folsom & Mills with 15 (Bellinger et
al. 2020), other genera are monospecific or
have only 2 or 3 taxa. Most members of
Sminthurides are aquatic, marine littoral or
fresh water and few are terrestrial. Males of this
family are characterized by antennal segments
Il 'and Il modified for sexual mating behavior
and are smaller than females (Betsch 1980);
the complexity of morphological modifications
varies among the genera.

The genera Sminthurides is cosmopolitan,
with 23 species cited from the Americas, but
only S. bifidus Mills, S. globocerus Folsom &
Mills, S. hyogramme Pedigo, S. macnamarai
Folsom & Mills, S. plicatus (Schétt) Folsom &
Mills, and S. terrestris Maynard, have been
cited from Mexico (Palacios-Vargas, 1997;
Magafna-Martinez et al. 2019). Recently
Ferreira et al. (2021) described S. cihuatlensis
Ferreira, Arango & Palacios-Vargas living in
litter, soil and moss from Iztaccihuatl volcano at
estado de México, and S. fridakahloae from
Lagoon Las Garzas, Colima, and also on water
surface of river Agua Limpia at Anenecuilco,
Morelos state.

A recent modified diagnosis for this genus
was given by Ferreira et al. (2021); most
important characters which allow to isolate
Sminthurides from the two other genera living
in Mexico (Sphaeridia and Denisiella) are: 4
trochanteral setae and one tibiotarsal organ on
leg Ill, Th lll in males with one pair of vesicles;
females bigger than males but with similar
trochanteral organ on leg lll, and Ant IV
undivided in males; annulate or subdivided in
females. New characters are used in this study,
as the postlabial setae, ventral setation of Abd.
IV and variation of ungual teeth.

MATERIALS AND METHODS

Specimens were collected in small pools (Fig.
1) close to Emiliano Zapata city and other
places in Tabasco state at the South-East of
Mexico; by epineustic traps, as described by
Palacios-Vargas (1990) with 75% alcohol (Fig.
2). Before mounting the specimens under
slides, they were cleared in KOH 10%, later in
warm lactic acid and mounted under slides in
Hoyer’s solution for their study under a contrast
phase microscope Carl Zeiss and drawn with
the aid of a camera lucida. For Scanning
Electronic ~ Microscope  (SEM)  study,
specimens were dehydrated by ethanol
graduate series and then dried up in a critical
point dryer Baltec CPD030; and covered by
gold in the ionizator Denton Vacuum Desk |I.

The nomenclature for of Ant. Il and Ant. Il
follows Betsch (1980); tibiotarsi and furcular
chaetotaxy follow a simplified system of Nayrolles
(1988, 1990); head and great abdomen
chaetotaxy follows Betsch and Waller (1994),
and Vargovitsh (2009) for posterior setae of
great abdomen; Betsch (1997) was used for Abd
VI. The chaetotaxy of postlabium is a proposal of
the author of this contribution. All measurements
are given in gym, specimens were measured and
“n” refers to number of specimens used in each
case, and average is given and follows the range
in parenthesis.

Abbreviations: a, anterior seta; ae, anterior
external seta; b1-b5, modified setae of Ant. Il of
male; ¢1-c2, modified setae of Ant. lll of male;
Ant., antennal segment; Ga, dental anterior
seta; Gai, dental anterior internal seta; Ge,
dental external seta; Gi, dental internal seta; Gp,
dental posterior seta; Gpi, dental posterior
internal seta; LESM, Laboratorio de Ecologia y
Sistematica de Microartropodos, UNAM,
Mexico; m, middle seta; p, posterior; pe,
posterior external seta; SS, sensillum, sensilla;
Th., thorax; Tri, trichobothrium; trichobothria;
0.C., opening of cavity; 0.0., oval organ; t.c.,
triangular cavity; X, assymetric lack of setae.
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Figure 2. Epineustic trap and Sminthurides specimens.

RESULTS

TAXONOMY
Class Collembola Lubbock, 1870
Order Symphypleona Bérner, 1901
Superfamily Sminthuridoidea Bérner, 1906
sensu Fjellberg, 1989
Family Sminthurididae Bérner, 1906 sensu
Betsch, 1980
Genus Sminthurides Bérner, 1900

Complement to the diagnosis of Sminthurides
Borner modified from Ferreira et al. (2021).
Cuticular primary ornamentation hexagonal, as
that found at big alveoli of trichobothria (Fig. 3),
and the thoracic vesicles of males (Fig. 4);
secondary granulations resulting from the

fusion of some of them is mainly in aquatic
forms. Body setae smooth and short in males
(Fig. 5) and longer in females (Fig. 6, 36);
female labral and postlabial setae longer and
thicker than in males (Fig. 33, 35).

Postlabial setae in two rows in males (A, M)
and 3 in females (A, M, P). Male antennae very
modified and species specific. Ant Il thick with
Tri 1, and seta B1 barbulate (aquaticus-group)
(Fig. 9) or with and Tri 2 (penicillifer-group) in
posterior surface; ciliate seta b1 on the biggest
process; Tri 1 b2—b4 on middle process and bS
in the distal part (b6 usually missing) (Fig. 7,
13); 3 main spines: c1 long with ciliated and
broadened tip (Fig. 11); c2 short of different
shape; c¢3 long, thick and with spiral
ornamentation on a big process (Fig. 7); b1 in
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Ant. Il and ¢3 in Ant. Il are the most important
for clasping on female antennae (Fig. 8). Dens
often with increase setae numbers in additional
rows, sometimes in females those of inner side
longer than others (Fig. 39). Mucro with 3
lamellae often wide and undulated, but
sometimes  thin, slightly crenulated, or
serrated, or ending before apex (Fig. 21, 22).
Metathoracic vesicles always present in males,
very rare and reduced in females. Mucronal
seta always present.

Remarks. One of the main problems for the
study of this family is the small length of adults
from 0.12 to 0.5 mm in males and from 0.3 to
1 mm in females, and that most characters
used for species identification are those of
adult males. Ant Il and Il of males are
transformed to clasp the antennae of female in
courtship behavior. Ant. | in males is about
twice the size of the female and Ant. IV of
female is about 2.5 times the size of the male.
Furcula, dens chaetotaxy have not been
described in many species but it seems to be a

good character for their isolation in different
groups. Mucro has 3 lamellae, and they often
are broad and crenulate, it is an important
adaptation to epineustic life (living on water
surface), another is the increasing number of
dental setae, and their length mainly those of
inner side of the females.

Type species: Sminthurus aquaticus Bourlet

Sminthurides pejelagarto sp. nov.
(Figs. 13-39)

Type material. Mexico: State of Tabasco,
Municipality of Emiliano Zapata; Usumacinta
River region (17° 44' 35.8" N, 91° 46' 30.4" W),
29.1.2019, J. G. Palacios-Vargas Col., on
surface 29.11.2019, J. G. Palacios-Vargas Col.,
on surface of water with epineustic traps.
Holotype male  (FC-UNAM:LESM-AC:QL
22551), and 15 paratype females on slides.
(FC-UNAM:LESM-AC:QL  22552-16).  All
deposited in LESM, Sciences Faculty, UNAM,
México.

Figure 3. Cuticle of Sminthurides fridakalohae; trichobotrium and alveolus.
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Figure 5. Dorsal chaetotaxy of Sminthurides cihuatlensis; male.

Additional material: México, Tabasco:
Macuspana: Agua Blanca (17° 38" 30.0" N,
92° 27" 18.0" W), 4 males and 4 females
(Collection numbers FC-UNAM:LESM-AC:
14922 and 3; 14931 and 2).

México, Veracruz: Tlacotalpan, 5 males, 1
juvenil and one female. Collection numbers
FC-UNAM:LESM-AC: 22566 to 22570 and
22574.

Description. Male. Head length (n = 6)
181(range 150-200); antennae 336 (range

315-352); ratio head: antenna = 1.85;
abdomen length (n = 5) 326 (270-400). Ratio
Ant. LI I 1V = 1:1.2; 0.7; 1.3. Antennae

classically bent as in all Sminthurididae males,
elbowed between Ant. Il and Ant. Ill (Fig 13);
Ant | with 7 setae, one small. Ant. Il with 18
setae, two trichobotria (Tri 1 and Tri 2), one
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microsensillum on posterior side; modified
setae b1-bb5 ciliated, b2 b4 on the same
tubercle, and b5 on separate tubercle (Fig. 9,
13). After seta b5 there is a triangular cavity
(Fig. 32) with a small opening (Fig. 10), it can
be a gland or a vestige of tubercle and seta b6
(Fig. 10, 32). Ant. Il with 13 setae, Ant. organ

Il with a pair of oval sensilla, modified setae
c1-c3, ¢1 ciliate broad and flat, ¢2 short sharp
tubercle, ¢3 has shape of strong sharp spine
with spiral ornamentation and with two small
elements between ¢1 and c3. Ant. IV simple
with about 48 setae and 5 sensilla difficult to
distinguish (Fig. 14).

Figure 7. Sminthurides cihuatlensis; morphology of Ant Il and IlI.
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Figure 8. Coupled antennae of male and female Sminthurides cihuatlensis.

Figure 9. Ant Il and lll of male male Sminthurides cihuatlensis, showing characters of
aquaticus group: Tri 1 and barbulate seta “B1”.

Head. 7+7 clear eyes with smooth cuticle
and one additional eye covered with cuticle
granulation. G small, C reduced and covered
with cuticular granulation. Three ocular
tubercles and one pair of interocular setae on
each side (Fig. 15). Inter-antennal region a
and B with 4 setae and one pair of pores (Fig.
25); labral chaetotaxy pl/m, p, a with 6/554
respectively thin setae, those of m and a row
on small tubercles. Cephalic seta A (n=6): 11

(range 9-13); Prelabral seta pl (n= 5) 13
(range 10-15). Two rows of thin postlabial
pairs of setae, A1, A2, A4 and M1 (Fig. 34).
Leg | (Fig. 19). Coxa with one seta;
trochanter with three setae; femur with 11
setae, one is thick, curved turned
perpendicularly; tibiotarsus with 35 setae:
whorl | with 8 setae, Ja not curved and Jp
absent; whorl Il with 8 setae; whorl Il with 6
setae llli absent and two oval organs 3ae and
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3pe present; whorl IV with 7 setae; whorl V
with 5 setae Va, Vp and Vpe absent. Length of
leg | (n=6) 81 (range 90-100).

Leg Il. Coxa with one seta; trochanter with
three setae; femur with 12 setae and one
polycarinate seta; tibiotarsus with 33 setae:

whorl | with 8 setae, Ja is slightly curved, Ipi
and Jp absent; whorl Il with 8 setae llpi absent;
whorl lll with 8 setae and two oval organs 3ae
and 3pe present; whorl [V with 8 setae; whorl
V with 6 setae Va and Vp absent. Length of
Tita. Il (n=6) 95 (90-100).

Figure 11. Element c1 of Sminthurides cihuatlensis, big magnificaction.

Leg Il (Fig. 20). Coxa with three setae;
trochanter with four setae, one short and thin in
ventral position; femur with 13 setae; tibiotarsus
with 33 setae: whorl | with 9 setae, Ja is slightly
curved and tibiotarsal organ Il Ipe short hook
shape and Ip bifid long seta (Fig. 20, 38); whorl

Il with 6 setae, llpe and llpi absent, tibiotarsal
organ Il llp short hook shape, whorl Il with 8
setae lllpe and llla absent, two oval organ 3ae
and 3pe present; whorl IV with 8 setae IVp
absent; whorl V with 5 setae Va and Vp absent.
Length of Tita. lll (n=6) 107 (100-120).
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Figure 12. Shape on c2 element of Sminthurides cihuatlensis.

Unguis without tunica and pseudonychia;
unguis | with internal tooth; unguis Il without
inner tooth; unguiculus I, Il and Il with
lanceolate filament surpassing the unguis.
Pretarsus with one anterior and one posterior
seta on each leg.

Ventral tube 1+1 seta. Corpus of tenaculum
with three setae and each rami with three teeth
and basal appendix. Ventral Abd. IV with 6+6
setae.

Furcula. Manubrium with 7+7 setae, dens (n =
©6) 185 (range 180-200) without strong
plurichaetoses: anterior surface Ge with 6
setae, Ga with 7, Gai with 5 and Gai with 2;
about 50 posterior setae; mucro 50 (n = 6)
broad, shaft broad with lamellate edges, inner
lamella narrowed, smooth and ending before
the apex, outer lamella entire and median
posterior lamella crenulate (Fig. 21, 22). Ratio
dens: mucro = 4.

Great abdomen (Fig. 17, 29). All setae short
and smooth. Th. Il and Il with one pair of small
pores and one pair of vesicles (Fig. 17, 18).
Trichobothria ABC form an obtuse angle
opening anteriorly, Tri B short and Tri-C very
long. Seta b1 below Tri-B; c1 above and c2
below Tri-C. Posterior dorsal complex dl, dll,

and dlll: 6, 5, 6 setae respectively. Seta circa
Tri-B, (n= 6) 14 (range10-18). Six setae on
ventro-lateral Abd IV. Small abdomen (n= 6)
(Fig. 17). Ab. V with Tri D in row a, and Tri E
very short in row p. Ab.VI chaetotaxy: row a
with 7 setae; row m with 9 setae and mi6 short;
row p with 5 setae and pi3 short. Genital plate
with 3+3 short setae. Seta circa Tri-E (n= 6) 21
(range 14-28).

Female. Head length (n = 13) 323 (range
280-350) antenna (n = 17) 491 (range 350-
600); ratio head antenna: 1: 1.5. Abdomen
length (n =16) 491 (range 350-600). Antennae
not elbowed between Ant. Il and Il (Fig. 23).
Ant. | with 7 setae. Ant. Il with 11 setae. Ant. lll
with 21, Ant organ Il a pair of oval sensilla and
one microsensillum (Fig. 23). Ant. IV subdivided
into 9 subsegments, with about 55 setae and 6
sensilla (Fig. 24). Ratio Ant. L:II; lIl; IV: 1:1.3; 3.2;
6.2. 8+8 eyes D small, C absent with interspecies
variation 8+8 C and D small and two pairs of
interocular setae. Head chaetotaxy (Fig. 25) like
male (Fig. 16) but longer. Cephalic seta A (n=
17) 21 (ratio 15-27); Pl seta = 28 (range 25-50).
Labral setae thick, spiniform (Fig. 33). Venter of
head with 3 rows of postlabial setae, A1, A2,
A3, A4, M1, P1, P2, P3 (Fig. 35).
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Figures 13-15. Male of Sminthurides pejelargarto sp. nov. 13. Ant. ll-lll. 14. Ant. IV with sensilla; 15. eyes distribution.
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Figure 16. Male of Sminthurides pejelagarto sp. nov., head and labral chaetotaxy.

Leg I. (Fig. 26). Coxa with one seta;
trochanter with three setae; femur with 11
setae and one is thick, curved turned
perpendicularly to longitudinal axis; tibiotarsus
with 35 setae: Ja is slightly curved in whorl |
and two oval organ 3ae and 3pe in whorl lIl. Tita
length (n = 17): 143 (110-190).

Leg Il. Coxa with one seta; trochanter with
three setae; femur with 11 setae; tibiotarsus
with 36 setae: Ja is slightly curved in whorl |
and two oval organ 3ae and 3pe in whorl llI. Tita
length (n = 17) 143 (110-190).

Leg Ill (Fig. 28), coxa with 5 setae, one short
and thin; trochanter with four setae; femur with
12 setae; tibiotarsus with 32 setae: Ja is slightly
curved, tibiotarsal organ Ill like male and two

oval organ 3ae and 3pe in whorl lll. Chaetotaxy
of whorl of tibiotarsus is similar to male. Tita
length (n = 17) 170 (140-200).

Unguis without tunica and pseudonychia;
unguis | and Il with one inner tooth, unguis Ill
without inner tooth; unguiculus I, Il and Il
lanceolate filament surpassing unguis (Fig. 27,
28) Pretarsus with one anterior and one
posterior seta on each leg.

Abdominal setae from 2.5 to 4 times longer
than males (Fig. 29), seta circa Tri-B (n=17) 50
(range 20-85) (Fig. 36). Seta circa E (n= 16)
44 (20-85). Ventral tube 1+1 seta. Corpus of
tenaculum with 3 setae and each ramus with
three teeth and basal appendix.

11
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18 /

Figures 17-18. Sminthurides pejelagarto sp. nov. 17. Male great and minor abdomen in lateral view; 18. Male Th II-
[ll and Abd. | dorsal view.
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Figures 19-20. Male Sminthurides pejelagarto sp. nov. 19. Tibiotarsus I; 20. Tibiotarsus and tibiotarsal organ IIl.

13
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21

Figures 21-22. Male of Sminthurides pejelargarto sp. nov. 21. Apex of dens an mucro posterior side; 22. Apex of
dens anterior side.
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Ant. III org.

b
i

Figures 23-24. Female Sminthurides pejelargarto sp. nov. 23. Ant lll chaetotaxy; 24. Ant IV chaetotaxy and sensilla.
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Figure 25. Female Sminthurides pejelagarto sp. nov., head and labral chaetotaxy.

Furcula. Manubrium with 7+7 setae (Fig. 39);
length of dens (n = 17) 298 (270-300) and
mucro (n = 17) 108 (100-120), mucronal
lamellae reaching the apex, posterior internal
side with 7 long setae, distal longer and
proximal small. Ratio dens: mucro as: 3.
Posterior surface of dens with about 60 setae
(Fig. 30), anterior surface with 26 (Fig. 31).
Chaetotaxy of great and small abdomen is
similar to the male but with longer setae (Fig.
36) Genital setae thick, 2 + 2 (Fig. 37).

Etymology. Sminthurides pejelagarto sp. nov.
is named after the fish Lepisosteus
Lepisosteidae) known as “pejelagarto”, typical
food of Tabasco state which can live in fresh or
marine water.

Distribution and habitat. The specimens in
small ponds close to Emiliano Zapata (17° 44'
35.8" N, 91° 46' 30.4" W), in the area of
Usumasinta, State of Tabasco, 30 masl. The
city of Emiliano Zapata is in the municipality of
the same name, in the state of Tabasco,
Mexico.

The climate is warm and humid with rains in
summer (Am, according to the Kdppen
classification of 1936). The average annual
temperature is 27.5 °C, with an average annual
rainfall of 1,829 mm, with rainy season
spanning from June to November, while the dry
season is from December to May (Servicio
Meteoroldgico Nacional, 2020).

16
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Figure 26-28. Female Sminthurides pejelagarto sp. nov. 26. Tibiotarsus and foot complex |; 27. Variation of filament
of empodial appendix and ungual teeth Ill; 28. Tibiotarsus lll, tibiotarsal organ and foot complex.

The area has a complex hydrological which cause overflows and floods during the
network, formed mainly by the Usumacinta rainy season. The new species is distributed
River and its tributaries, the Chacamax rivers also at Agua Blanca (Macuspana) and
and the Hondo, Jobo and Pochote streams, Tlacotalpan (Veracruz State).

17
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Figure 29-31. Female of Sminthurides pejelagarto sp. nov. 29. Great and minor abdomen chaetotaxy; 30. Dens and
mucro posterior view; 31. Dens an mucro anterior view.
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Figure 33. Female Sminthurides pejelagarto sp. nov., labral chaetotaxy.

Remarks. Sminthurides pejelagarto sp. nov.
belongs to the penicillifer-group (Massoud &
Betsch 1972) because it has two trichobotria
(Tra 1 and Tra 2) on Ant Il. It has a mucro
broad, trilamellate and dens  with
plurichaetosis as S. bifidus Mills, S. condei

Delamare Deboutteville & Massoud and S.
spegazzinii Borner. The new species differs
from S. bifidus in the absence of inner tooth on
unguis Il and females have unguiculus Il with
filament splitting into branches (from 1 to 7 in
the new species).

19
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Figure 34. Male Sminthurides pejelagarto sp. nov., labial chaetotaxy.

Figure 35. Female Sminthurides pejelagarto sp. nov., labial chaetotaxy.
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Figure 36. Female Sminthurides pejelagarto sp. nov., great abdominal setae.

Figure 37. Female Sminthurides pejelagarto sp. nov., genital plate.

Female Ant. IV in S. bifidus subdivided into 5
subsegments while in S. pejelagarto sp. nov.
it has 9 subarticles. S. condei has Ant. Il b5
spherical and two head macrosetae in row f
not seen in any other member of the genus

and most dental setae similar in size. S.
spegazzinii female has only 5 subsegments on
Ant IV and a stronger setation on dens.
Ventral Abd. IV of males differs from S.
fridakahloae in having 6 setae (versus 3).

21
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Figure 39. Female Sminthurides pejelagarto sp. nov. furcula in black champ.




Males with 4 pairs of postlabial setae in two
rows and females with 8 pairs in three rows on
S. pejelagarto sp. nov. Females are also more
sclerotized than males and the labral and
postlabial setae are thicker than those of males
(Setae A and Pl twice the size of males).
Abdominal setae of female are very long, from
2.5 to 4 times those of male. In some keys
males and females match with S. penicillifer
(Schaffer), but they differ in the shape of mucro
and dental setae. Postlabial setae were study
and compared with several specimens from
other countries and seta M1 can be a small
spine as one undescribed species from
Colombia (Cundinamarca: Sopo, 12-VII-2016,
J. G. Palacios-Vargas and O. Pinzon col.).

Morphological Variation: Number of teeth in
unguis varies from 1 to 7, and there is a
variation of the number of branches of the
empodial appendix of ungues Ill, as well as
number of branches of the filament. The
variation in the length of the morphological
structures is given in the range.
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