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Summary: Sample collection and cultureAquatic plant samples were collected from
habitats across the USA and a sediment sample from Australia (Tables S1.1, S1.2).
Limnias melicerta and L. ceratophylli were identified and isolated from rehydrated
sediments or by removing a piece of vegetation to which they were attached. Species
identification was based on tube structure, shape of corona, antennae length, and the
number of dorsal nodules [1]. Clonal lineages initiated from single females were cultured
in modified MBL media [2] and fed a mixture of the algae Chlorella vulgaris Berijerinck,
1890 (The UTEX Culture Collection of Algae at the University of Texas at Austin [UTEX]
strain 30) and Chlamydomonasreinhardtii Dangeard, 1888 (UTEX strain 90). Rotifers in
this genus produce tubes of hardened secretions [3]; we added powdered carmine (Alfa
Aesar, UK) to lab cultures to provide a supplementary matrix to aid tube construction and
to increase their visibility in culture. Voucher specimens were deposited in the UTEP
Biodiversity Collections at The University of Texas at El Paso (L. melicerta: UTEP:Z00:43,
105-134; L. ceratophylli: UTEP:Z00:32-42, UTEP:Z00:52-61).Deposited specimens
included approximately 10 individuals from each population preserved in 95% ethanol and
10 clonal individuals preserved in 4% buffered formalin for molecular analyses and
identification, respectively. DNA Extraction and gene amplificationDNA was extracted from
one individual of each clonal lineage by adding 13 ul Chelex®-100 (Bio-Rad Laboratories,
CA, USA) and incubating at 100°C for 10 min. DNA templates were stored at -80°C until
used for amplification. Number of clonal lineages examined from each population is given
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in Tables S1.1 and S1.2.An approximate 630 bp portion of the cytochrome c oxidase
subunit | (COI) gene was amplified using the primers LC0O1490: 5' -
GGTCAACAAATCATAAAGATATTGG-3' and HCO2198: 5'-
TAAACTTCAGGGTGACCAAAAAATCA-3' [4]. The entire nuclear internal transcribed
spacer region (ITS) was amplified using the primers ITS4: 5'-
TCCTCCGCTTATTGATATGC-3' and ITS5: 5-GGAAGTAAAAGTCGTAACAAGG-3' [9],
and 865 bp of the 18S rRNA gene was amplified using primers 3F: 5'-
GTTCGATTCCGGAGAGGG-3' as modified by Giribet et al. [6] and primer 18Shi: 5'-
CTAGAGTCTCGTTCGTTATCGG-3' as modified by Whiting et al. [7].PCR reactions
contained 10 pl of genomic DNA, 1 pl of each primer (500 ng/ pl), 22 yul HPLC grade sterile
water, 1 ul GoTag® G2 DNA Polymerase (Promega), 10 pl 5X PCR buffer B (10 mM
MgClI2, pH 8.5) or 5X PCR buffer A (7.5 mM MgCI2, pH 8.5), followed by adding 5 pl
dNTP mix (2.5 mM each of dATP, dCTP, dGTP, dTTP) at 80°C. PCR cycles were run on a
thermocycler (TECHNE TC-412) and consisted of an initial denaturation at 94°C for 1 min,
followed by denaturation at 94°C for 1 min, annealing at 48°C for 2 min and extension at
72°C for 3 min for 35 cycles, and a final extension step at 72°C for 7 min. To verify the size
of amplification products we used electrophoresis, and we purified them using
GENECLEAN® kits (MP Biomedicals, LLC) before sequencing. Sequencing was done at
UTEP’s BBRC Genomic Analysis Core Facility on an Applied Biosystems 3130x| Genetic
Analyzer using BigDye Terminator v3.1 Cycle Sequencing Kits (Applied Biosystems).
GenBank accession numbers for all sequences obtained are given in Tables S1.1 (L.
melicerta) and S1.2 (L. ceratophylli). The COI gene sequences of L. melicerta (accession
number, KT870155.1) and L. ceratophylli(KT870157.1) from GenBank are not included in
our analyses for two reasons. 1) The COI sequence of L. melicerta KT870155.1 is 330 bp,
which was much shorter than COIl sequences obtained in this study (623 bp). 2) The COI
sequence of L. ceratophylli KT870157.1 grouped with cryptic species M of L. melicerta in
phylogenetic analyses. Additional 18S rRNA sequences (L. melicerta: KM873599.1, L.
ceratophylli: KM873598.1) and a COI sequence from L. melicerta (KT870154.1) were
included from GenBank. Sinantherina socialis(Linneaus, 1758) and Ptygura pilula (Cubitt,
1872) were included as outgroups in phylogenetic analyses for the COI gene. Floscularia
conifera (Hudson, 1886) andPtygura brachiata (Hudson, 1886) were used as outgroup
taxa in phylogenetic analyses based on ITS region. For analysis of 18S rRNA sequences,
we used Collotheca campanulata as the outgroup (Table S1.1).Genetic DiversityFinchTV
v 1.4.0 [8] was used to check sequences manually, especially for potential double peaks in
the ITS region sequences. The ITS region alignment was uploaded to the SegPhase
online tool (http://segphase.mpg.de/segphase/) to phase the sequences as described by
Flot [9]. Contigs for all sequences were made using CAP 3 [10] and were aligned using
MAFFT v 7 [11]. Mesquite v 3.2 [12] was used to manually check the alignments and to
translate COI gene sequences to proteins. To measure substitution saturation, we used
DAMBE v 6 [13]. Number of polymorphic sites, number of parsimony informative sites,
number of haplotypes, haplotype diversity (h), and nucleotide diversity (?) were calculated
using DnaSp v 5.10.01 [14], and uncorrected pairwise sequences distances ("p") were
calculated in Mega v 7.0 [15]. A haplotype network was constructed using the median
joining method in Network v 5.0.3 [16]. Species delimitation Models for sequence evolution
were TPM2uF+I1+G for the COI gene, TPM1uF+I for the ITS region, and JC for the 18S
rRNA gene as determined using Jmodeltest2 [17,18] available at the Cipres Science
Gateway 3.3 [19]. To construct the phylogenetic trees, Bayesian analysis was run for 107
generations with two parallel runs and a 25% burn in period using MrBayes v 3.2.6 on
XSEDE high-throughput computing resources available at Cipres Science Gateway [19].
Phylogenetic analyses were implemented in BEAST and *BEAST [20] using GTR+I+G




model of sequence evolution for the COI gene and GTR+I model for the ITS region.
TPM2uF and TPM1uF models are not available in BEAST. However, both of these models
are classified under the GTR model. Thus GTR was used in both instances.To determine
the number of evolutionary entities (putative cryptic species), we used Generalized Mixed
Yule Coalescent (GMYC, [21]), Poisson Tree Process (PTP, [22]), Automatic Barcoding
Gap Discovery (ABGD, [23]), *BEAST v 1.8.3 [20], and Bayesian Species Delimitation
(BSD) implemented in Bayesian Phylogenetics and Phylogeography software (BPP v 3.1,
[24—-26]). We used BEAST v 1.8.3 [20] to construct ultrametric trees and *BEAST v 1.8.3
[20] for species delimitation. Both analyses were run for the COI gene and ITS region
sequences separately for 107 generations, with sampling every 1,000 generations. Tracer
v 1.6.0 [27] was used to check the effective sample size (ESS>200) and to verify
convergence. Consensus trees were obtained using TreeAnnotator v 1.8.3 with a 25%
burn in. Ultrametric trees were used for species delimitation in single threshold and
multiple threshold GMYC [28] (http://species.h-its.org/gmyc/, accessed June 12, 2018),
Bayesian GMYC (bGMYC) [29] and PTP methods. bGMYC was run using the R package
bGMYC v 1.0.2 for 100,000 iterations with sampling every 1,000 iterations. We ran PTP by
uploading the ultrametric trees to the online tool available at http://species.h-
its.org/ptp/(accessed June 12, 2018) andused default settings. ABGD delimitation was
done by uploading the sequence alignment to the online tool available at
wwwabi.snv.jussieu.fr/public/abgd/ under the default settings (accessed June 12,
2018).*BEAST v 1.8.3 [20] was run under assumptions regarding the number of species
for both the COI gene and ITS region sequences. Lineages having posterior probabilities >
0.90 were retained in *BEAST analyses. To run BSD, the phylogenetic tree based on
Bayesian inference was used as the guide tree, and we used the joint species delimitation
and tree estimation method (unguided species delimitation) that does not rely on the
topology of the guide tree.Isolation by Distance Geographic distance matrices were
constructed using Geographic Distance Matrix Generator v 1.2.3 [30]. To test the
correlation between genetic variation and geographic distances (log transformed; km)
among populations, Mantel tests with 10,000 permutations were run using the R package
ecodist v 1.2.9 [31]. Trophi morphologyTrophi were prepared for scanning electron
microscopy (SEM) by dissolving rotifer tissue in ~5% sodium hypochlorite, rinsing with
deionized water 10-15 times, and air-drying on circular cover slips at room temperature
[32]. Trophi were coated with gold/palladium using a Gatan 682 PECS sputter coater.
SEM images were obtained at 20 kV using a Hitachi S-4800 system. Trophi were
prepared for individuals from one clonal lineage from each examined population. We used
a geometric morphometric approach to study variation in the shape and size of 92 trophi
for L. melicerta and 60 trophi for L. ceratophylli among putative cryptic species. This
method uses Cartesian coordinates for a set of anatomical landmarks [33]. SEM images
were obtained from caudal and frontal views of the trophi. Using TPS series software [34],
nine landmarks on the caudal view and 10 on the frontal view of the trophi were digitized
(Fig 1). Configuration of landmarks were analyzed using Generalized Procrustes Analysis
[33]. Trophi size was calculated as Centroid Size (CS): i.e., the square root of the sum of
squared distances between landmarks and their centroid [35]. Variation in the shape of
trophi based on landmarks was examined using Discriminant Analysis in SPSS v 24 [36].
Because trophi centroid size was not normally distributed, variation in size among putative
cryptic species was tested using a non-parametric Kruskal-Wallis test, and between the
two morphospecies using a non-parametric Man-Whitney U test implemented in SPSS v
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