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Abstract: Our work shows the efficacy of DNA barcoding for recognizing the early stages of freshwa-
ter fish. We collected 3195 larvae and juveniles. Of them, we identified 43 different morphotypes.
After DNA barcodes of 350 specimens, we ascertained 7 orders, 12 families, 19 genera, 20 species,
and 20 Barcode Index Numbers, corresponding to putative species. For the first time, we reported
the presence of the brackish species, Gobiosoma yucatanum in Lake Bacalar. Specimens of the genus
Atherinella sp. and Anchoa sp. are possibly new species. Using both methods, morphology, and
DNA barcodes, we identified 95% of the total larvae collected (2953 to species, and 78 to genus), and
all of them were native. From them, the order Gobiiformes represented 87%. The most abundant
species were Lophogobius cyprinoides and Dormitator maculatus, followed by Gobiosoma yucatanum
and Ctenobius fasciatus. The Muyil and Chuyanché lagoons have the highest number of species. We
present for the first time a short description of Cyprinodon artifrons and Floridichthys polyommus. This
information conforms an indispensable baseline for ecological monitoring, to evaluate impacts, and
developing management and conservation plans of biodiversity, principally in areas under human
pressure such as Sian Ka’an, and Lake Bacalar, where tourism is high and growing in disorder.
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1. Introduction

Quintana Roo state, in the east of the Yucatan Peninsula, Mexico, is among the places
with higher levels of biodiversity. For this reason, on average this region receives 5 million
visitors annually [1], and in the last decade contributed with the highest tourism income
for the whole country [2]. Among the most visited natural attractions of the state are
freshwater bodies such as lagoons and cenotes (sinkholes that connect to one of the most
complex underground water systems in the world) [3]. However, the richness of the fishes
that inhabit such ecosystems is still poorly known. Specific studies about their larvae
are almost absent; the few fish larvae studies developed here have focused on marine
organisms and estuarine environments [4–8].

The knowledge of the early stages of fish is essential as it provides information about
the recruitment rates of juveniles and the size of the adult population [9,10]. Besides, these
stages are helpful in the characterization of taxonomic diversity, times, and locations of
spawning, and the assessment of connectivity between ecosystems [11].

The early stages of fish are considered as ichthyoplankton. They are characterized by
a high rate of development and a great diversity of forms that usually differ from adults [9].
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Furthermore, the morphology of the same species can change rapidly and significantly
during its growth from pre-flexion to post-flexion larvae and later to the juvenile stage [12].
Hence, the identification using morphology tends to be difficult.

Given the difficulties in identifying fish larvae by traditional methods, applying multi-
ple and complementary perspectives is advisable to identify them more precisely [13,14].
Integrative taxonomy proposes using morphological characteristics and molecular identifi-
cation [15,16]. This type of work has been used successfully before, as evidenced by the
study of Valdez-Moreno et al. [7], Hubert et al. [17], Baldwin, et al. [18], and Ko et al. [12],
among others.

Considering the lack of information and the relevance of the studies that help under-
stand biodiversity, this research has the goal to analyze the identities of the fish larvae
that inhabit freshwater ecosystems from Quintana Roo, based on integrative taxonomy.
We consider this work as a starting point towards the conservation and sustainable use of
these systems.

2. Materials and Methods
2.1. Study Site and Field Sampling

We collected in 18 places; 3 of them in Sian Ka’an, a Biosphere Reserve, 9 nearby
the reserve, 4 in Lake Lake Bacalar, and 2 lagoons Xul-Ha, and Huay Pix associated with
Bacalar (Figure 1 and Table 1).

We collected the samples using light traps according to the methodology proposed
by Elías-Gutiérrez et al. [11]. We placed only one light trap in most sites, except in Muyil,
Chunyanxche, Del Padre, Siijil Noh Ha, and Chancah Veracruz, where due to their depth
and area, two traps were used (one littoral and one limnetic). The sampling sites and
collection dates are summarized in Table 1. Figure 1 shows the geographic locations of all
sampled sites.

Once we got the samples, we immediately filtered them on a 50 µm sieve, then we
fixed the material with ethanol 96% and placed it on ice. In the lab, all samples were stored
for at least one week at −18 ◦C before processing [11,19].

2.2. Morphological Analysis

In the laboratory, the larvae were separated by morphotypes and stored in 5 mL vials
with 4 mL of 96% ethanol.

For the morphological identification of the larvae, we used different identification
keys as Richards [9], Fahay [20], and studies of freshwater fishes where their larval stages
are described [21]. For information about what species could be found in the study area,
we used Miller et al. [22], Schmitter-Soto [23], and Valdez-Moreno [24,25].

All larvae also were measured and separated according to the stage of development
(preflexion, flexion, postflexion, transition, and juvenile) following the previous criteria
proposed [9].

2.3. DNA Barcode Analysis

We selected 353 specimens for this study (from 1 to 5 organisms of each morphotype).
All of them were photographed under a Nikon SM2 745T stereomicroscope with an Eos
Rebel T7i camera.

We used a small piece of muscle (1–3 mm3) or the right eye to extract the DNA for
molecular analysis. We sterilized the forceps and the material using chlorine diluted in
water in a proportion 1:5 and subsequently neutralized it with 96% ethanol between each
tissue or eye extraction.

For each sample’s tissue digestion, a lysis buffer was used with proteinase K, and they
were allowed to digest overnight at 56 ◦C. The extraction was carried out through 1.0 mm
PALL glass fiber plates [26]. A Cytochrome Oxidase I (COI) gene segment with an approx-
imate length of 650 Bp [27] was amplified using the FishF1 and FishF2 primers [28,29].
Amplification was carried out with a final volume of 12.5 µL, prepared as follows: 6.5 µL of
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10% trehalose, 2 µL of ultrapure water, 1.25 µL PCR buffer X10, 0.625 µL MgCl2 (50 mM),
0.125 µL of each Primer (0.01 mM), 0.06525 µL dNTP mix (10 mM), 0.625 µL Taq polymerase,
and 2 µL of template of DNA. The reactions we cycled at 94 ◦C for a 1 min, followed by five
cycles at 94 ◦C for 30 s, 45–50 ◦C for 40 s and 72 ◦C for 1 min, followed by 35 cycles at 94 ◦C
for 30 s, 51–54 ◦C for 40 s and 72 ◦C for 1 min, and finally by one last cycle of 72 ◦C for
10 min. We visualized the PCR products in agarose gel Invitrogen TM with 4 µL of sample
and 16 µL of water. We sequenced the PCR products of Cenote Cocalitos samples at the
Canadian Center for DNA Barcoding (Guelph, ON, Canada), and the rest of PCR products
were sent to sequence at Eurofins Scientific (Louisville, KY, USA). Finally, we edited the
sequences with Codon code v.3.0.1 and uploaded them to BOLD (www.boldsystems.org)
in the dataset DS-FLYP Fish larvae from Yucatan(dx.doi.org/10.5883/DS-FLYP).

Figure 1. Study area, with the 18 sampling points: (1) Muyil, (2) Chunyaxche, (3) Km 48, (4) Santa
Teresa, (5) Tres Reyes 2, (6) Tres Reyes 1, (7) Del Padre, (8) Chancah Veracruz, (9) Siijil Noh Ha, (10) El
Toro, (11) Pucté 2, (12) Pucté-Cafetal, (13) Buena Vista, (14) Cayuco Maya, (15) Brujas, (16) Cocalitos,
(17) Xul-ha, and (18) Huay Pix. The shaded area represents the Sian Ka’an reserve and the Uaymil
protection area.

www.boldsystems.org
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Table 1. Collection sites * inside Sian Ka’an reserve, ** nearby of the reserve, *** inside Lake Bacalar.

Number Site Lat N Long W Number of Light
Traps Per Day Date

1 Muyil Lagoon * 20.069 −87.594 2 24 August 2019

2 Chunyaxche lagoon * 20.042 −87.581 2 24 August 2019

3 Km 48 sinkhole ** 19.943 −87.794 1 24 August 2019

4 Santa Teresa sinkhole * 19.723 −87.813 1 23 August 2019

5 Tres Reyes 2 sinkhole ** 19.692 −87.877 1 23 August 2019

6 Tres Reyes 1 sinkhole ** 19.668 −87.881 1 23 August 2019

7 Del Padre sinkhole ** 19.604 −88.003 2 23 August 2019

8 Chancah Veracruz sinkhole ** 19.486 −87.988 2 22 August 2019

9 Siijil Noh Ha sinkhole ** 19.475 −88.052 2 22 August 2019

10 El Toro sinkhole ** 19.098 −88.021 1 22 August 2019

11 Pucté 2 sinkhole ** 19.091 −87.994 1 25 August 2019

12 Pucté-Cafetal sinkhole ** 19.079 −87.994 1 25 August 2019

13 Buena Vista *** 18.88 −88.231 1 17 August 2015

14 Cayuco Maya *** 18.746 −88.325 1 18 August 2015

15 Brujas sinkhole *** 18.666 −88.395 1
28 June 2015

1 August 2019

16 Cocalitos sinkhole *** 18.651 −88.409 1

2 August 2015

18 April 2015

28 June 2015

19 July 2015

20 August 2015

1 December 2015

17 Xul-Ha lagoon 18.543 −88.46 1 15 August 2015

18 Huay Pix lagoon 18.512 −88.43 1 14 August 2015

2.4. Data Analysis

The sequences obtained were compared with sequences previously published using
the specimen identification tool in the Barcode of Life Data System (BOLD) [30]. In addition,
these sequences reached the standard to get a Barcode Index Number (BIN) [31].

We used Kimura 2-parameter model (K2P) to get the genetic divergences between
the species [32] and a maximum likelihood (ML) tree, using 500 bootstrap replicates [33],
provided with MEGA 7.0 software. Finally, the ML tree was simplified by using the
compression feature provided by the same software [34].

The criteria to assign taxonomic level identification using BOLD was a similarity
value≥99%. The resulting BIN number allowed to assign the specimens to species level [35].
Similarities with values ≥ 94% to ≤98.4% were identified to genus, and similarities <94%
were assigned to family [36].

3. Results and Discussion
3.1. Species Identification

We collected a total of 3195 larvae and juveniles. Using only morphology, we recog-
nized 43 different morphotypes and only one species, Bathygobius soporator. We assigned
the remaining 42 morphotypes to genus (Gobiosoma, Ctenogobius, and Astyanax) or fam-
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ily (Cyprinodontidae, Engraulidae, Gobiidae Atherinopsidae, Cichlidae, Poeciliidae, and
Characidae).

These results showed how difficult the identification of the early stages of fish using
only morphological characters is. There is no information available for most freshwater fish
larvae [37,38]. In addition, the fragile specimens can be damaged during the manipulation
and fixation process, which makes the identification more difficult [36,39]. In some cases,
the larvae can lose some body parts by predation when all zooplankton are together in
the light trap (obs. pers.). The result is either a high probability of erroneous taxonomic
identification or simply making it impossible.

For DNA barcode analyses, we processed 350 specimens from the 43 morphotypes.
We obtained 347 sequences. Their length varied between 600 and 658 base pairs (bp),
after trimming the sequences to remove un-formative nucleotide sites at the 3′ and 5′ ends,
except for five, which had from 171 to 585 bp. Only three specimens could not be sequenced.
We did not observe insertions, deletions, or stop codons in any of the sequences.

We considered a mini-barcode sequence with 171 bp [40], belonging to Gobiosoma
yucatanum with 100% similarity. This technique has been used previously, demonstrating
its efficacy in identifying degraded DNA [41–44].

Our sequencing success rate was 99%. This value is similar to that reported by
Frantine-Silva et al. [39], who registered a 99.81% success rate on fish eggs and larvae
from the Paranapanema River in Brazil. In contrast, Almeida et al. [36] had a lower value,
reporting 79.6% success in the same river with similar material. This difference could
be explained because the latter authors used a low alcohol percentage to fix the samples
(70%) and did not keep them in cold storage. Several authors suggest optimizing DNA
fixation [11,35]. The length and quality of the sequences were similar to other studies that
worked with this gene.

When comparing the 347 sequences with Bold identification system (http://www.
boldsystems.org/index.php/IDS_OpenIdEngine. Accessed on 15 September 2021), 324
(93.4%) matched in BOLD reference library with >99% similarity, allowing the species-level
identification [35,36] (Table 2). For the remaining 23 (6.6%), we identified them to genus
level, 22 Atherinella sp., and one Anchoa sp.

All sequences represented 7 orders, 12 families, 19 genera, 20 species, and 20 BINs
(Table 2 and Supplementary Materials. Gobiiformes were the order with more species
(five species), followed by Cyprinodontiformes, Clupeiformes (four), and Cichliformes
(three).

All species identified were based on similarity values that confirmed their placement
under different numbers of BINs [31]. These were congruent with the K2P distance tree,
and the patterns are seen in the genetic distance.

The ID tree does not show overlapping between species clusters (Figure 2). These
results allowed us to make reliable species assignments [45,46].

Each BIN number was associated with one species, except Astyanax aeneus and Cyprin-
odon artifrons. In these two cases the BINs cannot distinguish them, due to both having
congeners closely related that have recently evolved. Consequently, the genetic distance
between them is small [28,35,47,48].

Most of the fish species found in this study have been reported in different aquatic
systems in Yucatán and the Quintana Roo state [22,24]. Valdez Moreno et al. [25], using
metabarcoding in the same places as us (except Minicenote), corroborated the presence of
all the species found by us in these sites [24,25]. However, we found some interesting cases,
explained in the following paragraphs.

http://www.boldsystems.org/index.php/IDS_OpenIdEngine
http://www.boldsystems.org/index.php/IDS_OpenIdEngine
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Table 2. Species and genus list detected with Barcodes with their BINs numbers.

Order Family Species # Specimens % Similarity BIN

Atheriniformes Atherinopsidae Atherinella sp. 22 100 BOLD:AAI4788

Beloniformes Belonidae Strongylura notata 2 100 BOLD:AAC4691

Hemiramphidae Chriodorus atherinoides 1 100 BOLD:AAD0222

Characiformes Characidae Astyanax aeneus 3 100 BOLD:AAA6360

Cichliformes

Cichlidae Mayaheros urophthalmus 3 100 BOLD:AAB5118

Thorichthys meeki 8 100 BOLD:AAA4760

Vieja melanura 3 100 BOLD:AAB9907

Clupeiformes

Clupeidae Dorosoma petenense 1 100 BOLD:AAC3463

Engraulidae Anchoa lyolepis 1 99.85 BOLD:AAR3806

Anchoa sp. 1 100 BOLD:AAE1085

Anchovia clupeoides 26 100 BOLD:ACV0719

Cyprinodontiformes

Cyprinodontidae Cyprinodon artifrons 56 100 BOLD:AAA8182

Floridichthys polyommus 48 100 BOLD:AAA6554

Garmanella pulchra 11 100 BOLD:AAD5728

Poeciliidae Gambusia yucatana 5 100 BOLD:AAA4520

Gobiiformes

Eleotridae Dormitator maculatus 20 99.36–100 BOLD:AAC2209

Gobiidae Bathygobius soporator 7 100 BOLD:AAA7195

Gobiosoma yucatanum 50 100 BOLD:ACV0831

Lophogobius cyprinoides 45 99.83–100 BOLD:AAB6671

Oxudercidae Ctenogobius fasciatus 34 100 BOLD:AAE7730

We collected Anchoa lyolepis in the Cocalitos sinkhole in Lake Bacalar. It is considered
a marine species and has been reported in the northern Gulf of Mexico and from Yucatán to
Brazil [49]. In the BOLD database, there are eight specimens, one is from the same sinkhole,
but the specimen is incomplete. It has no head, so morphological determination is difficult.
The other samples are dried fishes collected from a Mexico City market, whose morphology
appears to be this species. So, it is probable that our larvae seem to be well identified. This
observation will have to be confirmed with more specimens.

The Gobiosoma yucatanum holotype was collected from the south side of the pier in
Chetumal city, Quintana Roo [50]. Its distribution range includes rivers, estuaries, and
inland lagoons from Mexico to Belize and Honduras [51,52]. Elías-Gutiérrez et al. [11]
reported the presence of Gobiosoma sp. in the larval stage in Lake Bacalar. In the BOLD
database, there are adults from Chetumal Bay, all matched with our larvae. It is the
first report of the presence of G. yucatanum in Lake Bacalar. This result confirms the
connectivity between the Chetumal bay and Lake Bacalar. Something similar was reported
for Cyprinodon artifrons, whose adults are located in the in the reef lagoon in Xcalak and
Chetumal Bay, and the larvae which were in Lake Bacalar [11].
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Figure 2. ML tree showing the clustering of the 20 identified species. The numbers on the branches
are the bootstrap support after 500 replicates. Numbers after the names are the BINs.

Some specimens of the genus Atherinella matched with two species, A. alvarezi and
Atherinella sp., with a 100% similarity value (Table 2). Both species have also been reported
in inland waters of the Yucatán peninsula [22–24,53]. However, the morphological charac-
ters overlap between them. The taxonomy of freshwater atherinopsids of this region needs
further studies because they possibly belong to an undescribed species [23].

One specimen collected in Huay Pix near Lake Bacalar matched with Anchoa sp.
Four species of this genus were found in freshwater. However, Anchoa parva is the only one
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reported in the Yucatan Peninsula and Bacalar, Quintana Roo [22,23]. We do not have any
barcodes for it yet. It is necessary to collect and sequence this species and compare it with
our larvae to confirm its identity.

With the barcode results, we were able to recognize the different morphotypes. Then,
it allowed us to identify 2681 larvae that did not enter the molecular analysis. These results
are excellent because we identified 95% (3031) from all the collected larvae and juveniles.
In addition, it allowed us to know the stage of development in each of them (Table 3).

Table 3. Species, size range, number of specimens, stage of development and collection sites: (1) Muyil, (2) Chunyaxche,
(3) Km 48, (4) Santa Teresa, (5) Tres Reyes 2, (6) Tres Reyes 1, (7) Del Padre, (8) Chancah Veracruz, (9) Siijil Noh Ha, (10) El
Toro, (11) Pucté 2, (12) Pucté-Cafetal, (13) Buena Vista•, (14) Cayuco Maya•, (15) Brujas•, (16) Cocalitos•, (17) Xul-ha,
(18) Huay Pix. • inside Lake Bacalar. * LT = total length. ** LS = standard length.

Specie
Size Range

(mm) * LT ** LS
Number of
Specimens Stage

Collecting Sites

1 2 3 7 8 9 10 11 12 13 14 15 16 17 18

Atherinella sp. 3.2–7.2 * 58 Preflexion larvae x x x x

11.5 1 Postflexion larvae x x

21–22 * 3 Transition stage x x

27.5–42.5 * 15 Juvenil x

Strongylura 12 ** 1 Postflexion larvae x

notata 95 ** 1 Juvenil x

Chriodorus
atherinoides 15 ** 1 Postflexion larvae x

Astyanax
aeneus 33.7–40.2 * 3 Juvenil x

Mayaheros 6.5–6.9 * 2 Postflexion larvae x

urophthalmus 14.4–17.50 * 2 Transition stage x

Thorichthys 4.5–5 3 Flexion larvae x

meeki 6.5–7.4 * 7 Postflexion larvae x

Vieja melanura 9.8 * 1 Postflexion larvae x

14.4–15 * 2 Transition stage x

Dorosama
petenense 4 ** 4 Preflexion larvae x

Anchoa
lyolepis 30 ** 1 Transition stage x

Anchoa sp. 21 ** 1 Transition stage x

Anchovia 3 ** 1 Preflexion larvae x

clupeoides 7 ** 6 Flexion larvae x

11–23 ** 52 Postflexion larvae x x x

37–47 5 Juvenile x

Cyprinodon 4.2–6.9 * 49 Postflexion larvae x x x

artifrons 9–11 * 11 Transition stage x x

Floridichthys 4.5–8.5 * 84 Postflexion larvae x x

polyommus 9–10 * 3 Transition stage x

24.2 * 1 Juvenil x

Garmanella 4.2–4.5 * 3 Postflexion larvae x x

pulchra 11–12 * 2 Transition stage x

14.2–20 * 6 Juvenil x x

Gambusia
yucatana 7.9–8.2 * 6 Postflexion larvae x

Dormitator 5.2–13.6 * 529 Postflexion larvae x x x x

maculatus 14.2–16.8 * 26 Transition stage x x x

Bathygobius 2–2.2 ** 38 Preflexion larvae x

soporator 7 ** 2 Postflexion larvae x

Gobiosoma 2.2–3.5 ** 72 Preflexion larvae x x
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Table 3. Cont.

Specie
Size Range

(mm) * LT ** LS
Number of
Specimens Stage

Collecting Sites

1 2 3 7 8 9 10 11 12 13 14 15 16 17 18

yucatanum 3.8–4.6 ** 216 Flexion larvae x

4.8–11 ** 270 Posflexion larvae x x

13 ** 1 Transition stage x

Lophogobius 2.8–3.2 ** 157 Preflexion larvae x x

cyprinoides 3.4–4 ** 420 Flexion larvae x x x

4.3–8 ** 415 Postflexion larvae x x x

Ctenogobius 3.3–3.4 ** 29 Preflexion larvae x

fasciatus 3.5–3.8 ** 94 Flexion larvae x

4.5–11 ** 427 Postflexion larvae x x

unidentified
organisms 164 x x

Total 3195

Most of the larvae identified belonged to the order Gobiiformes, representing 87%
of the total. The most abundant species were Lophogobius cyprinoides (992 specimens),
Dormitator maculatus (655 specimens), G. yucatanum (556 specimens), and Ctenobius fasciatus
(550 specimens). The rest of the species had less than 88 to 1 individual. The most widely
distributed species were D. maculatus and Atherinella sp. located in four different sites
(Table 3).

These results are different from those reported by other studies, based in adults. In
three previous research about the fish community structure in the Sian Ka’an reserve, it was
found that Cichlidae and Poeciliidae are the families with more species in this area [54–56].
Their presence and other families have been found in samples from these aquatic environ-
ments (obs. pers.) and using environmental DNA [24,25,57]. These differences are most
likely due to different collection methods and objectives (minnow traps, dip, cast nets,
hanging nets, DNA in water, and none of them collected larvae).

In our results, we reported larvae from the poeciliid Gambusia yucatana. However,
their larvae were not collected with the use of the light traps. We collected some adults
with a hand net in Del Padre sinkhole and put them in an aquarium. The females gave
birth to some young, which were barcoded and included in this study (Table 3).

These results show that light traps have limitations due to their selectivity [58]. Some
species seem to be less attracted to light, such as the poeciliids. Most likely, the parental
care of cichlids such as Mayaheros uruphtalmus, Thorichthys meeki, and Vieja melanura [59]
prevents their larvae from dispersing and reaching the light traps (obs. pers.). It is necessary
to perform more studies about fish behavior to confirm these ideas.

The results regarding the number of species per site were variable. Cocalitos Sinkhole
had nine species, Muyil lagoon had six, and Chuyanché lagoon had five. The rest of the
localities presented from three to one species, while no larvae were collected in Santa
Teresa, Tres Reyes 1, and Tres Reyes 2.

Although Cocalitos has the highest number of species, it is necessary to consider that
this place was sampled six times compared to the others, which were visited once or twice
(Table 1). Based on our results and previous studies [25], Muyil and Chuyanché lagoons
have the highest number of species. The differences among the richness reported can be
associated with several factors such as vegetation, shore area, and collecting method [54,56].

The analysis of the different early development stages showed that the larval stage was
predominant in all species, except A. aeneus, represented by the juvenile stage. A. lyolepis
and Anchoa sp. were found in the transition stage.
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The most common larval stage was postflexion in 12 species, followed by the flexion
stage in 6 species and preflexion in 4 species.

Atherinella sp., Anchovia clupeoides, and G. yucatanum were the species that showed four
different stages during the same sampling day. Chriodorus atherinoides, A. aeneus, Dorosoma
petenense, A. lyolepis, Anchoa sp., and G. yucatana were found in a single stage. The other
11 species had 2 or 3 stages (Table 3).

The high percentage of larvae in postflexion indicates that there has been a recent re-
production period. Schmitter-Soto [23] mentions that the reproduction period of C. artifrons
is during spring and autumn. For T. meeki, M. urophthalmus, V. melanura and A. aeneus,
it is from March to June, while D. maculatus is from September to October. In thecase of
Floridichthys polyommus, its reproduction is in spring and summer [60]. Miller et al. [22] re-
ported that the genus Atherinella and G. yucatana have long reproductive periods. Therefore,
most of the species found here have reproduction periods close to or during the summer.

Some authors report that the caudal and pectoral fins are the first to develop because
they are the main ones involved in the locomotion of the larvae for feeding and move-
ment [9,61–64]. These ideas agree with the results presented here. Most larvae were found
in postflexion, which developed these fins, allowing them to enter the light trap. It also
explains the small number of larvae in the preflexion stage since they have more limited
movement [9].

Identifying larvae of C. artifrons, F. polyommus, and Garmanella pulchra (Cyprinodonti-
dae) is challenging because they are morphologically similar. The DNA barcodes allowed
us to distinguish them.

In the following paragraphs, we present a short description of the larvae from the first
two species. The minimum number of specimens reviewed for each of the stages was five.

3.2. Cyprinodon Artifrons (Hubbs, 1936)

Postflexion (TL 4.2–4.6 mm): presence of finfold; up to 9 pectoral rays. Robust head
and dorsally pigmented without a distinct pattern. Eyes with a round pupil. Incipient
lateral pigmentation of the body with 5–7 patches of melanophores, the patches beginning
above or slightly forward the anus and ending at the base of the caudal fin; some larvae
with prominent abdomen have marked ventral pigmentation (linear or slightly branched),
larvae without prominent abdomen show less ventral pigmentation and more isolated
melanophores (Figures 3A and 5A).

Postflexion (TL 5.0–5.5 mm): presence of finfold; 10–13 pectoral rays. The pupil with a
small depression (barely noticeable), with 1–3 melanophores below the eye (Figure 3C1).
Slight or absence of ventral pigmentation (Figures 3B and 5A).

Postflexion (TL 6.0–6.9 mm): presence or absent vestigial finfold; 10–14 pectoral rays;
2–6 dorsal rays; 3–4 anal rays. Lateral pigmentation of the body with five patches of
melanophores; melanophores on the dorsal part of the head and body; a patch of pigments
between the fourth and fifth dorsal fin rays (Figure 3C).

Transition stage (TL 9–11 mm): no finfold; 13–15 pectoral rays; 6–10 dorsal rays;
6–8 anal rays; 4–7 pelvic rays. Head pigmented dorsally and laterally. A slightly oval
pupil with further pronounced upper depression; a patch of melanophores below the eye
(usually three to four). Incipient scales; pigments and melanophores on the dorsal part of
the head and body; five well defined lateral bands, the second band is at the level of the
anus, at this same level, is located a patch of pigments in the dorsal fin from the fourth to
the seventh radius (Figure 3D).
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Figure 3. Early stages of development of Cyprinodon artifrons with their DNA barcode. (A) LT = 4.6 mm; (B) LT = 5.5mm;
(C) LT = 6.9 mm; (C1) Pigments below the eye and pupil shape. (D) LT = 11 mm.

3.3. Floridichthys Polyommus (Hubbs, 1936)

Postflexion (TL 4.5–5.5 mm): presence of finfold; up to 10 pectoral rays. Robust head
and dorsally pigmented; 4.5 mm larvae without pigment below the eye, from 5.4 mm
pigmentation appears below the eye. Lateral pigmentation without pattern or with four to
six patches of melanophores from anus to the base of the caudal fin; prominent abdomen
with large branching melanophores (Figures 4A and 5B).

Postflexion (TL 6.0–6.5 mm): presence of finfold; 11–16 pectoral rays; up to 6 dorsal
rays; up to 5 anal rays. A slightly oval pupil with an invagination of approximately 1/5
of the pupil diameter (Figure 4C1); pigmentation below the eye with 3–12 melanophores.
Lateral pigmentation without pattern or with four to six patches of melanophores; the size
of the abdomen and the ventral pigmentation begins to reduce from 6.5 mm (Figure 4B).

Postflexion (TL 7.0–8.5 mm): presence or absent vestigial finfold; 15 to 18 pectoral
rays; 5–10 dorsal rays; 3–7 anal rays; up to 4 pelvic rays. The main characteristics of the
eye are the oval shape of the pupil with invagination and the pigmentation below the eye.
Lateral pigmentation without pattern or with four to five patches of melanophores; more
dispersed pigmentation than C. artifrons in similar sizes already show pigmentation in the
form of lateral bands. The abdomen with slight or totally absent pigmentation; pigment at
the base of the first dorsal ray (dorsal view) (Figure 4C).
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Figure 4. Early stages of development of Floridichthys polyommus with their DNA barcode. (A) LT = 5.4 mm; (B) LT = 6.4 mm;
(C) LT = 7.5 mm. (C1) Pigments below the eye, invagination, and pupil shape.

Compared to Cyprinodon artifrons, Floridichthys polyommus has a prominent abdomen
and large branching melanophores (Figure 5).

The characters used to separate and describe the larvae of C. artifrons and F. polyommus
principally were pigmentation below the eye, lateral pigmentation, the pupil shape and
ventral pigmentation. However, we consider that the last two are the most notable and
relevant.

We observed that F. polyommus presented an invagination in the pupil in sizes greater
than 5.5 mm, unlike C. artifrons had minor depression and was distinguishable only up to
9.0 mm.

The pigmentation below the eyes was different for both species. In the case of C. ar-
tifrons, most of the specimens had no more than three melanophores (Figure 3C1), while in
F. polyommus up to 11 melanophores were observed (Figure 4C1).

In the smallest sizes, ventral pigmentation and the belly prominent was found for both
species. The pigmentation in C. artifrons showed a linear pattern (Figure 5A), while F. poly-
ommus showing this pigmentation more intense and with a branched pattern (Figure 5B).
This character has been used previously to delimit some species of the Cyprinidae fam-
ily [65].

The melanophores patches in the lateral side of the body, at the size of 6.5 mm in C. ar-
tifrons are well defined; from 9.0 mm, the melanophores are grouped into bands (Figure 3).
In the case of F. polyommus, the patches of lateral pigments were less distinguishable from
6.5 mm (Figure 4).
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Figure 5. Ventral pigmentation patterns of (A) Cyprinodon artifrons, (A1) LT = 4.6 mm;
(A2) LT = 4.5 mm; (A3) LT= 6.0 mm; and (B) Floridichthys polyommus, (B1) LT = 5.4 mm;
(B2) LT = 5.5 mm; (B3) LT = 6.0 mm.

The smallest sizes were the most difficult to identify because most of the characteristics
used to delimit these species appear after 5.0 mm.

It is essential to consider identifying the larvae of these species correctly. It is necessary
to take all these characteristics into account as a whole and not individually.

4. Conclusions

In the present study, 95% of the specimens were identified employing DNA barcodes,
providing the first report on the taxonomic composition of freshwater ichthyoplankton and
their distribution in epicontinental systems in Quintana Roo state.
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We report, for first time, the presence of G. yucatanum in the Lake Bacalar and the
first larval description of C. artifrons (postflexion of and transition) and F. polyommus
(postflexion).

Although the use of light traps has limitations due to selectivity, they have the advan-
tage of catching species that often escape other sampling gears. However, the best approach
is using various sampling gears to estimate species richness, measure biodiversity, and
plan conservation strategies.

These results are the first report about some aspects of reproductive biology, and
development of several species. This information is indispensable for ecological monitoring,
to evaluate impacts, and developing management and conservation plans of biodiversity.

Our study confirmed the utility of the DNA barcodes for identifying larvae and
juveniles by comparing their sequences with adults uploaded in BOLD.

This work confirms the importance of building DNA barcode reference libraries for
all Mexican ichthyofauna.

This research is essential in areas under human pressure from different activities such
as the Sian Ka’an Biosphere Reserve and the Lake Bacalar, where tourism is growing mostly
in disordered ways.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/d13110513/s1, Supplementary Figure S1: ID tree of all specimens found in the dataset used for
this paper. Include species name, sample ID, locality collection, BIN number.
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