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Abstract A major obstacle to biodiversity conservation is that thousands, if not millions, of plant and animal
species have yet to be discovered and described, even in historically well‐explored regions. Carex sect. Lupulinae
(Cyperaceae; “sedges”) is a small group of six showy Eastern North American species that, until recently, was
thought to be well understood. However, a DNA barcoding study of North American Carex undertaken over a
decade ago serendipitously revealed unsuspected molecular diversity, including one potentially undescribed
cryptic species. Here, we test the hypothesis that this entity is a species on a separate evolutionary trajectory by
expanding barcoding results with an integrative approach that combines a densely‐sampled molecular phylogeny
(five plastid and two nuclear markers, 112 sequenced specimens), morphometric analyses (93 characters, > 300
measured specimens), ecological field surveys, and common greenhouse observations. Results all support the
recognition of a new, abundant species common in the southeastern United States′ Coastal Plain that we name
Carex gator. This study highlights how integrative taxonomy can help to describe cryptic plant species revealed by
DNA barcoding. We provide illustrations, a distribution map, and an identification key, and discuss how C. gator
may be a rare example of homoploid sympatric speciation in plants.
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1 Introduction
Our planet is home to millions of undescribed species (Mora
et al., 2011). This reality represents one of the main frontiers
and challenges for biodiversity science and conservation
despite steady progress in cataloging the global diversity of
life (Costello et al., 2012). For a little over two decades
(Hebert et al., 2003), DNA barcoding has significantly
advanced taxonomy by facilitating the identification of
cryptic taxa (i.e., morphologically difficult to recognize, but
genetically distinct), leading to the description of thousands
of new species for science (DeSalle & Goldstein, 2019). By
sequencing a small number of standardized genetic markers,
individuals showing unusually high genetic divergence with
conspecifics can be identified and further analyzed to
determine if they represent cryptic species (Kress, 2017).
This method is fast and has been applied with great success
to groups where morphological characters are reduced or
environmentally plastic, like in fungi, some groups of
arthropods, and parasitic plants (Yu et al., 2018; Léveillé‐

Bourret et al., 2021; Li &Wiens, 2023; Cunningham et al., 2024).
Despite these advantages, the method also has its short-
comings, as it is generally ill‐advised to equate any pre‐
determined level of genetic divergence to species‐level
differentiation (Carstens et al., 2013). This is especially true
in plants, where divergence in accepted barcodes (e.g.,matK,
rbcL; CBOL Plant Working Group et al., 2009) may be low
(< 1%) to non‐existent among morphologically distinct plant
species (Starr et al., 2009; Chouinard, 2010; Saarela
et al., 2013). Moreover, genetically structured populations
with important barcode divergence can occur in species
whose individuals do not seemingly differ by any other
characteristics, particularly those with patchy geographical
distributions (Sukumaran & Knowles, 2017).
An alternative methodology for species delimitation,

coined “integrative taxonomy” (Dayrat, 2005), has gained
traction in recent years (Padial et al., 2010; Pante et al., 2015;
Karbstein et al., 2024). This methodology relies on the
combination of multiple sources of evidence, such as
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morphologic, geographic, genetic, cytologic, ecologic, or
behavioral data, to support the distinctiveness of groups of
organisms as independently evolving lineages, that is, species
(de Queiroz, 2007). In this study, we demonstrate how such
an integrative approach can take full advantage of the
heuristic value of plant DNA barcodes in recognizing
unknown species diversity by focusing on a well‐studied
clade within the genus Carex (Cyperaceae).
Carex is a remarkable group characterized by its excep-

tional diversity (ca. 2000 spp.), varied habitats (arctic steppes
to rain forests), diverse biogeographical patterns (e.g.,
Gondwanan, bipolar), and holocentric chromosomes whose
frequent reconfigurations may promote speciation (Escudero
et al., 2016; Martín‐Bravo et al., 2019; Lucek et al., 2022). It is
also a genus rife with morphologically cryptic species, even in
historically well‐explored regions (Starr et al., 1999; Derieg
et al., 2008; Maguilla & Escudero, 2016; Nygaard et al., 2021).
On average over the past 30 years, more than one new Carex
species has been described per year in the continental United
States alone, mostly in poorly studied clades with incon-
spicuous inflorescences and subtle diagnostic characters like
Carex sects. Acrocystis, Cyperoideae, Griseae, and Laxiflorae
(Rothrock & Reznicek, 2001; Naczi et al., 2002; Sorrie
et al., 2011; Zika et al., 2019; POWO, 2024).
In contrast, the “bladder sedges” of Carex sect. Lupulinae

(J. Carey) Mackenzie represent a surprisingly well‐studied
and taxonomically stable group: five taxonomic treatments
undertaken over the last 50 years have all agreed on the
delimitation of the section and its species (Hoffman, 1974;
Reznicek & Ball, 1974; Menapace et al., 1986; Jones &
Hatch, 1990; Ball & Reznicek, 2002). This eastern North
American group common to wet‐mesic forests and swamps
consists of six largely sympatric species that are easily
recognized by their relatively large monoecious inflores-
cences dominated by the largest inflated perigynia known in
Carex, which are flask‐like structures surrounding naked
female flowers (refer to Léveillé‐Bourret et al., 2018 for
distinction from the often synonymous term “utricle”).
Despite expectations based on morphology, Carex sect.

Lupulinae has consistently been recovered as polyphyletic in
recent molecular studies (Waterway & Starr, 2007; Global
Carex Group et al., 2021). This section consists of two
monophyletic, but distantly related subsections that differ in
fruit micromorphology and other subtle morphological
characters: (1) Carex subsect. Intumescentes Menapace,
Wujek & Reznicek, with C. intumescens Rudge and C. grayi
J. Carey and (2) Carex subsect. Lupulinae (J. Carey) Kük. with
C. gigantea Rudge, C. louisianica L.H. Bailey, C. lupulina Muhl.
ex Willd., and C. lupuliformis Sartw. ex Dewey. (Menapace
et al., 1986; Jiménez‐Mejías et al., 2016). Unlike Carex subsect.
Intumescentes, which is widespread across Eastern North
America from Canada south to Texas, Carex subsect.
Lupulinae is most diverse in the southern United States
Coastal Plain, where all its species occur, often within meters
of each other.
DNA barcoding efforts over 15 years ago by Chouinard

(2010) not only confirmed the distant relationship of these
two subsections, but they also suggested the existence of
undescribed species within Carex subsect. Lupulinae. Notably,
the serendipitous sequencing of a herbarium specimen from
Florida (Longbottom 5609; DOV049188) showed unusually

high molecular divergence to conspecific samples in the
matK barcode. Subsequent targeted searches in herbaria led
to the discovery of a second specimen from Georgia (Carter
16587; FSU FSU000135) with similar morphological and
molecular characteristics, reinforcing the idea that they
belonged to an undescribed cryptic species. Unfortunately,
both specimens were immature, and some of their structures
were distorted, possibly due to dipteran parasitism, which is
a known cause of taxonomic confusion in Carex sect.
Lupulinae (Reznicek & Ball, 1974). Furthermore, the matK
barcode was mostly invariant among the rest of the species
of Carex subsect. Lupulinae, and proved insufficient to infer
the relationships between the species in this clade. Although
such results warranted further study to clarify the status of
this entity, the specimens remained unstudied in a herbarium
cabinet for over a decade due to a lack of time and
resources, a common and worrisome trend in biodiversity
studies and conservation worldwide (Fontaine et al., 2012).
Here, we test the hypothesis that the entity we initially

detected within Carex subsect. Lupulinae through molecular
barcodes is genetically and morphologically distinct from its
closest relatives, even in sympatry, and should thus be
treated as a species on a separate evolutionary trajectory
sensu de Queiroz (2007). To do this, we combine multi‐locus
phylogenetic analysis with herbarium‐ and field‐based
morphometric analyses, ecological surveys, and common‐
garden greenhouse observations. Through this integrative
approach, we clarify the relationships of the new taxon and
offer tools to further investigate the biology of this locally
common species that has long eluded botanists.

2 Materials and Methods
2.1 Sample collection
Specimens of all four species of Carex subsect. Lupulinae were
received on loan from 20 herbaria (see Acknowledgments). The
first author visited BH, BR, CAN, DAO, DOV, GH, L, MICH, MO,
MT, NY, P, QFA, SFS, TRT, and UPOS (herbarium codes follow
Thiers, 2025) to review type material and the entirety of their
collections for the species of interest (ca. 4500 specimens). The
types for Carex lupulina Muhl. ex Willd., housed at B (barcode
BW17210010), and for Carex gigantea Rudge, housed at BM
(barcode BM001042056) were only seen by photographs,
although these images were adequately resolved to discern
well‐developed fruits sufficient for a positive identification.
Additionally, the first author reviewed over 3000 observations
of Carex subsect. Lupulinae on iNaturalist (https://www.
inaturalist.org/). Field surveys across the southeastern United
States enabled us to get a better grasp of the ecology of each
species and to collect fresh specimens for molecular and
morphological analyses, specifically targeting putative hybrids,
morphologically extreme plants, and getting a complete
sampling of the co‐occurring Carex subsect. Lupulinae species
at each site. Detailed records for most of these collections (ca.
150) are published on iNaturalist (Mat. 1). Habitat descriptions
and associates for all species were developed from herbarium
label data supplemented by iNaturalist pictures. Live rhizomes
and seeds were collected from sites all over Eastern North
America and grown in greenhouses until flowering under the
same environmental conditions (alternating cycles of 16 h of
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natural or artificial light at a minimum of 22°C and 8 h of
darkness at 12°C; reducing to an alternation of 12°C/5°C during
winter dormancy period) to determine whether morphological
differences observed in the field were only due to local growth
conditions. Herbarium vouchers were also used to complete
the geographical scope of sampling and to cover the entirety of
species′ distributions (full list of vouchers sampled in Mat. 2,
and mapped in Mat. 3).

2.2 Genetic analyses
Field‐collected silica‐dried leaf fragments, as well as leaves
of selected herbarium specimens, were used for total
genomic DNA extraction using a DNeasy Plant Kit (QIAGEN).
Care was taken to extract DNA from distinct Carex subsect.
Lupulinae species growing together at the same sites
whenever possible to increase our odds of detecting gene
flow. DNA from selected voucher samples was amplified for
up to five markers from the plastid genome (rps16, rpl32‐
trnL, ccsA‐ndhD, ndhF, matK) and for up to two markers
from the nuclear genome (ribosomal DNA regions ETS‐1f
and ITS), using polymerase chain reactions (PCR). Previous
studies (Starr et al., 2009; Gebauer et al., 2014; Jiménez‐
Mejías et al., 2016) have shown that these markers are
phylogenetically useful in sedges. Primers and cycler
parameters are listed in Mat. 4. PCR product purification
and Sanger sequencing were done by Genome Québec
(Montréal, Canada). The raw Sanger sequences were
manually inspected, cleaned, and aligned using Geneious
software version 11.0.3 (Biomatters, Auckland, New Zea-
land). Special attention was paid to detecting heterozygous
loci in nuclear regions, as this can provide evidence of
hybridization (Nagasawa et al., 2021). Twenty‐two se-
quences were sourced from GenBank after the identifica-
tion of the voucher was verified, and 271 new sequences
from 112 specimens were generated for this study and
deposited on BOLD and GenBank (complete list of
accessions in Mat. 4). Indels were coded using the simple
gap coding method (Simmons & Ochoterena, 2000)
implemented in SeqState version 1.4.1 (Müller, 2005).
Phylogenetic analyses were run independently for each
marker, but since topological incongruence was unsup-
ported among single‐marker analyses (<52% bootstrap),
only trees from a concatenated matrix of all markers are
presented in the Results (see below). Trees separately
reconstructed from concatenated nuclear and concaten-
ated plastid sequences, as well as all single‐marker
alignments, are available in Mat. 5, Mat. 6.
Heuristic parsimony searches were performed with PAUP*

4.0 (Swofford, 2003), and branch support was evaluated
using 1000 bootstrap replicates (Felsenstein, 1985). In
addition, a maximum likelihood (ML)‐based approach was
used. The best‐fitting substitution models and partitions
were determined objectively with the ModelFinder Plus
function of the IQ‐Tree 2 software (Nguyen et al., 2015;
Kalyaanamoorthy et al., 2017), including indel partitions. ML
analyses were performed using these optimal partitions and
the GTR+ G model in the program RaxML‐pthreads version
8.2.12 (Stamatakis, 2014), with the best tree calculated using
1000 random heuristic searches, and the support value of
each branch inferred using 1000 traditional bootstrap
replicates. Phylogenetic analyses were run on the Beluga

Cluster of the Digital Research Alliance of Canada using
the Bash code available in Mat. 7. Clade support was
characterized subjectively as weak or poor (< 75% BS),
moderate (75%–84% BS), good or well supported (85%–95%
BS) and strong or strongly supported (95%–100% BS)
following Léveillé‐Bourret et al. (2014).

2.3 Statistical analyses of morphological traits
Based on taxonomic references (Reznicek & Ball, 1974; Ball &
Reznicek, 2002; Weakley, 2020) and preliminary examination of
herbarium material, 64 traits were measured (22 binary and 42
continuous) with 29 additional characters calculated from the
64 already measured (e.g., ratios, differences), for a total of 93
characters (Mat. 8). Each variable was scored on herbarium
specimens for all species in Carex subsect. Lupulinae plus
selected species of Carex sect. Vesicariae that were used as
outgroups, given their close morphological and molecular
relationship to Carex sect. Lupulinae (Jiménez‐Mejías et al., 2016).
Specimens were selected to represent the extent of infra-
specific morphological variability within each taxon whilst
providing the broadest coverage of their geographical range.
Specimens with a few missing values (e.g., caused by a broken
structure) had these values imputed using an unsupervised
Random Forest algorithm implemented in the R package
MissForest version 1.4 (Stekhoven & Bühlmann, 2012). The
dataset using imputation is shown in the Mat. 9. Analyses were
also run on a reduced dataset excluding characters or
individuals with missing data, all to ensure that the Random
Forest algorithm did not introduce bias. This Carex_no_imputa-
tion_all_vars.csv dataset comprises 261 observations of 76
variables. Boxplots were produced for each variable (Mat. 10),
and only variables that were not strongly correlated and
demonstrated some level of separation between species in
Carex subsect. Lupulinae were retained for further analysis
(var_select dataset). This dataset included only 30 variables out
of the original 92, with 271 observations without imputation.
Data recorded from fragmentary specimens and dropped
variables were still used to generate the species descriptions.
For every dataset, a Principal Component Analysis (PCA) was
run in R (Mat. 11).
To test whether individuals belonging to the the putative

new species could be adequately identified morphologically,
both supervised and unsupervised learning algorithms were
used (Mat. 12). At first, supervised linear discriminant
analyses (LDA) were run on both the imputed and non‐
imputed var_select datasets using the MclustDA function of
the package Mclust version 5.4.9 (Scrucca et al., 2016),
specifying the model type EDDA and selecting the EEE
model, which corresponds to classical LDA (assuming each
group fits in an ellipse of equal volume, shape and
orientation). To test the predictive power of the model and
prevent overfitting, K‐fold cross‐validation was run on the
whole dataset. In parallel, we also implemented the hold‐out
method by splitting up the var_select dataset into a
“training” set comprised only of specimens that were not
DNA sequenced (70% of data), and testing the predictive
accuracy of the trained model using out‐of‐sample specimens
from the “test” set whose identifications were all DNA‐
confirmed (remaining 30% of data). A confusion matrix was
produced for each model, outlining the mismatches between
the model‐based classifications and the a priori species
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assignations that were based on morphology and genetic
data (when available). To better visualize the separation
between groups, discriminant axes that capture most of the
classification structure contained in the data were extracted
and plotted using the MclustDR function (Scrucca, 2014).
Apart from the EEE model, which is essentially an LDA, other
types of Gaussian mixture models were tested (e.g., EVE,
which allows the ellipse of each group to be of a different
shape) and compared for their classificatory power (i.e.,
error rate in confusion matrix). As these alternative models
were no better than EEE in classificatory power despite
additional parameters and complexity, these results are not
shown.
LDA was also run on selected species pairs (e.g., C. gigantea

and putative new species) using the R package MASS version
7.3‐54 (Ripley et al., 2021) to compute an easier‐to‐interpret
discriminant function. The scores of each specimen along this
discriminant function were then centered around the mean
and reduced so that their standard deviation was equal to 1.
To obtain the correlation matrix between the discriminant
scores and the original variables, we calculated the covariance
between these scores and the original variables, divided
by the standard deviation of the original variables. This
correlation score ranges from 1 to ‐1 and is here referred to as
“LDA corr.” Finally, Gaussian Mixture Models, a class of
unsupervised classification algorithms that do not require
a priori identifications, were used to further test the
distinctiveness of the putative new species. Detailed

methodologies are shown in the Mat. 12. All analyses were
run using R version 3.6.2, using the code found in Mat. 13.

3 Results
3.1 Genetic analyses
The concatenated molecular alignment was 6268 bp long with
an additional 54 binary‐coded indel characters (6322 characters in
total). It consisted of 446 variable characters (Mat. 14), of which
136 were parsimony‐informative, and 70.6% were missing data
(includes markers that could not be sequenced for some
individuals). Despite morphological similarity and having often
been sampled from the same locality, all species were
reciprocally monophyletic in the combined analyses, although
bootstrap support (BS) was sometimes low (Fig. 1). All
sequenced individuals of Carex gigantea and the new species,
hereafter named Carex gator (see Taxonomic Treatment),
formed strongly supported clades in ML trees (99% and 95%
bootstrap). Sequenced individuals of Carex lupulina also formed a
clade that received good support (84% bootstrap), whereas C.
louisianica and C. lupuliformis formed poorly supported clades
(< 61% bootstrap). Consistent with the literature, Carex subsect.
Intumescentes was distantly related to Carex subsect. Lupulinae,
whereas Carex retrorsa Schwein. was strongly supported (100%
bootstrap) as a sister to Carex subsect. Lupulinae, with some
markers (ETS‐1f, rpl32‐trnL and rps16) even placing it nested
within the subsection with low support. Carex gigantea was
recovered in all analyses as sister to all other Carex subsect.

Fig. 1. Maximum likelihood phylogeny of Carex subsect. Lupulinae, inferred from the concatenation of two nuclear (ETS‐1f, ITS) and
five plastid markers (matK, rps16, rpl32‐trnL, ccsa‐ndhD, and ndhF). Numbers above a branch are bootstrap percentage of Maximum
Likelihood (ML) and of Maximum Parsimony (MP) analyses, respectively; the number in front of some samples is DNA sample number,
followed by the two‐letter acronym of the American state or Canadian province of origin for the voucher. Complete voucher list in
Mat. 4. Nodes without values represent<50% support in both ML andMPmethods. A picture of an isotype of Carex gator, showing an
inflorescence and a close‐up of a fruit, is to the left of the tree.
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Lupulinae species with moderate to strong support in maximum
likelihood, except for rps16 and ndhF, which lacked backbone
resolution. Individuals of Carex gator were sister to Carex
gigantea for some markers (ccsA‐ndhD, 82% BS; rpl32‐trnL 93%
BS; rps16 68% BS; matK 59% BS; concatenated plastid 83% BS;
concatenated nuclear+plastid 83% BS), but were closer to Carex
louisianica in others (ITS 36% BS; ETS 61% BS; concatenated
nuclear 52% BS), with ndhF showing no resolution. However, low
branch support due to a limited number of parsimony‐
informative characters prevented us from ruling out phyloge-
netic uncertainty as the reason for topological differences among
markers. The matK gene was quite variable for Carex gigantea
and the new species, but it showed no variability in the
remaining three species of the subsection. rpl32‐trnL and rps16
contained many single‐nucleotide polymorphisms (SNPs) and
variations in nucleotide repeats that clearly distinguished each
species, while containing few parsimony‐informative characters,
and would therefore best be used as barcodes rather than
markers for inferring relationships. All markers contained at least
one autapomorphy for C. gator. Heterozygous sites in nuclear
markers were rare among species, except for a few sterile hybrid
specimens not shown here, and some samples of C. lupulina and
C. louisianica. Carex gator only had a single heterozygous locus, a
G/T found at position 331 of the ETS region among 2/3 of the
samples, the rest displaying homozygous T. This T nucleotide is a
synapomorphy of C. gator; all other species share a G at this
locus. Some clades within Carex gigantea and C. lupulina had a
restricted geographical range (i.e., Coastal Plain, especially
Florida), but these were weakly supported in our genetic
analyses and not detected by morphometry (see Section 3.2
below).

3.2 Morphometric study
Supervised discriminant analyses achieved a high degree of
separation (Fig. 2; Mat. 11, Mat. 12) and high classificatory power

when specifying five a priori groups corresponding to the four
previously recognized Carex subsect. Lupulinae species and
Carex gator as a fifth group (at least 95% correct classification in
k‐fold validation in the three models with the highest BIC
score). Discriminant analyses of the imputed dataset consis-
tently had a higher error rate (eight misclassifications over 299
specimens, or 2.7% for the var_select_LDA dataset) than those
run on datasets not resorting to imputation of missing values
(two misclassifications over 271 specimens, or 0.7% error, for the
same dataset). Some value imputations made by the Random
Forest algorithm proved inadequate, especially for Carex
louisianica specimens with short peduncles and without mature
fruits, which were grouped erroneously with C. lupulina in the
imputed dataset. Errors like these rarely occurred but did so
consistently enough as to outweigh the main purported benefit
of using imputation (i.e., the increased amount of data available
to train the model).
The model trained with all the data and cross‐validated

using k‐fold algorithms performed slightly better than the
model trained with 70% of the data and tested using DNA‐
sequenced specimens (error rates of 0.7% and 1.2%,
respectively), but both still had a very high classificatory
power. When the number of clusters was set to five,
discriminant analyses following model EEE had the best
classificatory power (two misclassifications over 271 speci-
mens), followed closely by the EEI model (three misclassi-
fications). Other models with more parameters were overfit
and performed poorly when using cross‐validation of
samples. Overall, supervised discriminant analyses assigned
specimens to the correct cluster with a very low error rate
(<1%), including those belonging to Carex gator, supporting
every a priori group as morphologically diagnosable.
As for unsupervised Gaussian Mixed models, when the

number of clusters was set to five, the classifications of the
three models with the highest BIC score were all very similar

Fig. 2. Linear discriminant analysis of the 30‐variables morphometric dataset without imputation, including 271 samples of
Carex subsect. Lupulinae. Discriminant axes 1–3 are shown. All samples were used to train the model, with no cross‐validation.
Species identity refers to a priori identification of the samples, based either on morphology or DNA (marked as “DNA
confirmed”).
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to each other and were concordant with the a priori
identifications with very low (1.5%–2.3%) error rates. Models
with fewer clusters consistently performed worse, while
models with 6–7 clusters distinguished the same five species
with the additional one or two clusters containing a
heterogeneous assemblage of depauperate or parasitized
specimens, none supported by DNA or geography. Detailed
results of these analyses are shown in Mat. 12.
The most discriminating variables separating Carex gator

from C. gigantea (Fig. 3) were the presence of conspicuous
cross‐septation on the leaves (LDA corr= 0.91), the width of
the perigynium at half its length (LDA corr= 0.83), the ratio
of fruit length at 1/8th of the width over the length of the
fruit body (LDA corr= 0.82), the width of the widest leaf
(LDA corr= 0.76), the total culm height (LDA corr= 0.59),
the presence of a red tinge on the pistillate scale (LDA
corr= 0.53), and the density of perigynia in the pistillate
spikes (LDA corr= 0.51). Carex gator was significantly
different from C. gigantea in 43 characters and from
C. louisianica in 35 characters in pairwise t‐tests (Mat. 10).

3.3 Field observations
Our field observations suggest the species of Carex subsect.
Lupulinae occupy distinct micro‐topographical niches when co‐
occurring at the same site, each likely corresponding to varying
flooding durations. Carex gigantea occurred in the deepest
parts of shaded vernal pools and thick muck in the lowest
portions of riverine swamps, where few other plant species
were found. This species was usually covered by thick layers of
mud, as seen on many herbarium specimens, particularly on the
lower leaves that emerge early in the growing season. Despite
its ability to reach heights exceeding 1.5m, we never found C.
gigantea in sunnier environments or areas with shorter flooding
periods where competition from faster‐growing species may be
too intense. Carex lupuliformis is also found in the deeper parts
of vernal pools and lower portions of riverine swamps, where it
can withstand deep shade. Despite its wide distribution from
the southern USA to Québec, Canada, it is uncommon to rare
across its entire distribution, even when suitable habitat is
available (Anton Reznicek, pers. comm.; Étienne Lacroix‐
Carignan, pers. obs.). At slightly higher microelevations (a few
centimeters higher), Carex louisianica and C. gator dominate
(Figs. 4E, 4F). These strictly rhizomatous species are restricted
to habitats where frequent flooding suppresses competition
from more robust species like ferns, but they seem more
shade‐tolerant than the other members of Carex subsect.
Lupulinae. The inflorescences of Carex gator are frequently
depauperate, with few perigynia and even fewer mature fruits
(Figs. 4C, 4D). In some populations, more than 50% of the
perigynia were empty (voucher ELC1178, Georgia; Mat. 15).
Carex gator appears to ecologically replace C. louisianica in
peninsular Florida, where C. louisianica is virtually absent. In the
northern portion of its range, Carex gator most often occurred
on calcareous substrates, as evidenced by calciphilic associates
like Chasmanthium nitidum, Carex lutea, Baccharis glomeruliflora,
Elytraria caroliniensis, Trillium maculatum, and Scirpus lineatus
(e.g., MT00318246, MT00303886; Mat. 15).
At comparable micro‐topographical positions, Carex lupulina

co‐occurs with C. louisianica, but the latter is usually much more
locally abundant where both species coexist. Carex lupulina
rarely produces long rhizomes and becomes depauperate in

heavily shaded areas. It is the most ecologically and
morphologically plastic species in Carex subsect. Lupulinae,
where it thrives in a wide range of habitats with high moisture
and fine, nutrient‐rich soils (Reznicek & Ball, 1974). Unlike the
other species in the subsection, C. lupulina can also colonize
disturbed habitats, such as sunny roadside ditches (e.g.,
specimen MT00304235 from Missouri). It has the broadest
distribution, encompassing the entire range of all other species
in Carex subsect. Lupulinae. In contrast, Carex gator has the most
restricted range within the subsection (Fig. 5, observations listed
in Mat. 15). Though present in four states, it is confined to the
United States Coastal Plain Ecoregion, does not occur in the
Everglades—where only C. gigantea and C. lupulina are found—
and does not extend into the Mississippi River Valley. Carex
louisianica reaches more northern states, with a disjunct
population in Ohio along Lake Erie. A detailed species list of
associates with Carex subsect. Lupulinae and their relative
frequencies at our field study sites in Florida are provided
in Mat. 1.

3.4 Common greenhouse observations
Although the number of specimens observed was low,
differences in flowering phenology were observed when
plants were grown together under the same greenhouse
conditions (n= 2 clones [six distinct pots] of C. gator from

Fig. 3. Most discriminant characters separating Carex gator
and Carex gigantea.
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Florida, one clone [four pots] of C. gigantea from Texas,
three clones [four pots] of C. lupuliformis from Ontario, no C.
louisianica, and six clones [12 pots] of C. lupulina from
Ontario, Missouri, Alabama, Florida). Carex gator was the
earliest to bloom, followed a week later by Carex gigantea
and Carex lupuliformis. Our specimen of Carex louisianica died
before flowering. Specimens of Carex lupulina from across its
range all flowered simultaneously, about 1–2 weeks later

than the other species observed. Some depauperate late‐
flowering culms were produced a few months after the main
blooming period in Carex gigantea and C. lupulina. Stigmas
were receptive to pollen for about 1 week, and flowering
lasted less than 2 weeks in total for each species. At least C.
gigantea and C. gator proved to be self‐compatible and set
viable seeds even in the absence of other flowering
individuals of Carex. Young plants of Carex lupuliformis and
C. gigantea produced overwintering sterile pseudoculms
(Reznicek & Catling, 1986) with very densely arranged leaves,
a growth pattern that we found in none of our plants of C.
gator or C. lupulina. Some plants of C. lupulina sown in April in
the greenhouse managed to produce seed in September of
the same year, a rare occurrence in subg. Carex, according to
Ball & Reznicek (2002) and something that no other species
in the subsection achieved, given the same growth
conditions. We noticed that germination of Carex subsect.
Lupulinae species was triggered by higher light intensities,
and cold‐wet stratification appeared to be the optimal
pretreatment, resulting in very high germination rates
(> 90%) for seeds collected the year before. The specimens
of Carex gator brought in cultivation (Figs. 4A, 4B, 4G) spread
prolifically, and the leaves of these plants were wider than
what has been observed in the wild (up to 7.5 mm wide vs.
rarely wider than 5.0 mm). The transverse cross‐septa in the
blades and sheaths of the proximal leaves of greenhouse‐
grown Carex gigantea were not as distinct as those observed

Fig. 4. Carex gator sp. nov. Scale bar 2 cm unless otherwise
indicated. (A, B) Close‐up of inflorescence. Specimen
cultivated at Montreal Botanical Garden, original collection
ELC1178 from Georgia (MT). (C, D) Close‐up of pistillate spike,
showing variability. From iNaturalist observation #39511736,
photographs by Jeff Stauffer. (E) Habit. From iNaturalist
observation #209178060, photograph by Vida Svahnström.
(F) Habitat in a Taxodium distichum swamp, with Carex gator
dominating the forest floor. Type locality. (G) Side‐ by‐side
comparison of flowering plants grown from rhizomes in the
greenhouse under the same conditions. Left: Carex gator,
original collection ELC1228 from Florida (type). Right: Carex
gigantea, original collection ELC1292 from Texas. Scale
bar 10 cm.

Fig. 5. Distribution map of all known occurrences of Carex
gator, compiled from herbarium vouchers and iNaturalist
observations. Complete list in Mat. 15.
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on wild specimens. Nevertheless, diagnostic reproductive
characters remained sharply distinct in cultivation between C.
gator and C. gigantea (length of longest pistillate spikes
20–26 mm vs. 34–36mm, width of the perigynium at half its
length 2.1–2.2–2.4 mm vs. 1.3–1.4–1.5 mm, ratio of fruit length
at 1/8th of the width over the length of the fruit body
28%–34%–35% vs. 36%–38%–42%, when measured on cultivated
specimens; Fig. 4G).

4 Discussion
4.1 Morphology and genetics support the existence of a new
biological species
Through an integrative analysis of morphometric and genetic
variation, as well as detailed field and common greenhouse
observations, we were able to demonstrate the existence of a
new biological species for the southeastern United States, one
of the most studied floras in the world (Weakley, 2020). This
discovery is yet another addition to a long list of new species
described from the continental USA in the last two decades
(POWO, 2024), but it stands out in that it was discovered by
opportunistic DNA barcoding. Such discoveries are likely to
become more frequent as larger portions of our floras are being
barcoded in the context of phylogenetic, floristic, or ecological
studies (Kuzmina et al., 2017; Pinson et al., 2017; Kesling &
Patel, 2024; Rink & Licher, 2024; Schilling et al., 2025). It also
demonstrates the importance of sequencing more than one
individual per species in phylogenetic studies, even at the cost of
reducing the number of loci, as this is often the only or most
efficient way to parse infraspecific variability. However, sequence
divergence alone is not sufficient to support the existence of a
species (Carstens et al., 2013), and our study differs from a
number of recent species descriptions (e.g., Eberly & Naczi, 2023;
Ertter, 2024; Gowen & Pankratz, 2024; Uelman, 2024) in the use
of the integrative taxonomic approach. A cursory morphological
examination would have probably failed to recognize the
distinctiveness of Carex gator, but our detailed morphometric
analysis highlighted multiple diagnostic morphological criteria
that remained stable in the greenhouse. Likewise, field studies
proved essential to uncover subtle ecological differences
between the new species and its closest relatives. Although
more work‐intensive, we contend that such integrative
approaches should become the norm when describing new
taxa from well‐studied floras, in order to reduce the risk of
taxonomic inflation that would add names to an already
unwieldy list of synonyms (e.g., already six heterotypic synonyms
for Carex lupulina Muhl. ex Willd.). All the species of Carex
subsect. Lupulinae, including the new species Carex gator, were
recovered as tightly cohesive and non‐overlapping clusters in
morpho‐space in both supervised and unsupervised discriminant
analyses. The morphological affinities of Carex gator lie with C.
gigantea due to its very wide fruits with concave faces, and with
Carex louisianica, due to its narrow leaves, its perigynia that
gradually taper into a beak, and its long‐rhizomatous habit
(Fig. 6). This explains why specimens of C. gator with
undeveloped fruits were historically identified as C. louisianica
(e.g., FSU 18371), and those with mature fruits were identified as
C. gigantea (USF 178731). All species of Carex subsect. Lupulinae
were recovered as reciprocally monophyletic in combined
phylogenetic analyses, and all sequenced individuals of Carex

gigantea and Carex gator formed strongly supported clades in
maximum likelihood analyses (respectively 99% and 95% boot-
strap), despite having been often sampled from the same
localities. Nonetheless, bootstrap support for the topology
presented in this analysis was often low, suggesting that more
nuclear data are necessary to fully resolve relationships within
Carex subsect. Lupulinae. The position of Carex gator varied in
the nuclear and plastid datasets, which could be due to
incomplete lineage sorting or to noise resulting from the limited
number of parsimony‐informative characters. We are currently
planning to increase the number of loci analyzed (e.g., 3RAD;
Bayona‐Vásquez et al., 2019) in order to better infer the
phylogenetic position of Carex gator and the phylogeny of the
whole clade. Interestingly, all the sequences of Carex louisianica
that were available on GENBANK for this publication were
misidentified as Carex gator based on our examination of the
vouchers for these sequences, including the specimen Long-
bottom 5609 [catalog number DOV 049188] that appears in the
phylogenies of Jiménez‐Mejías et al. (2016) and Martín‐Bravo
et al. (2019) as Carex louisianica. This demonstrates the necessity
of linking extracted DNA sequences found in online databases to
a clearly defined physical voucher that can be verified
independently by other researchers, so that misidentifications
like these can be corrected and the phylogenies updated.

4.2 Ecological differentiation and its potential role in the
speciation of sympatric species
The species in Carex subsect. Lupulinae all share several
vegetative and reproductive traits, as well as superficially
similar ecological niches. For instance, they all possess big,
inflated perigynia that are buoyant and well‐suited for
hydrochory, a key adaptation to their periodically flooded
habitats (Hoffman, 1974). The persistent curved style of
these species may also play a role in providing mechanical
strength to keep the large perigynia inflated and buoyant.
Moreover, these perigynia contain relatively big fruits for
Carex, which may provide seedlings with more energy
reserves for successful establishment on shaded forest floors
where these species thrive (Leishman & Westoby, 1994).
Despite these shared characters, each species appears to
have specialized into a specific niche, which likely explains a
large part of their ability to occur in sympatry. Ecological
specialization in each species was mirrored by functional
traits. The increased investment in vegetative growth of the
strictly long‐rhizomatous Carex louisianica and Carex gator is
accompanied by reduced seed production and a lower
average number of perigynia per spike (Mat. 2). These two
taxa could be good examples of a stress‐tolerant species
according to Grime′s competitor, stress‐tolerator, ruderal
(CSR) theory (Grime, 1977). Both seem to be able to
withstand low‐light levels and oxygen deprivation during
long periods of flooding, but they are outcompeted by other
species when one or both stress factors are removed. In
contrast, Carex lupulina is less exposed to these stressors,
and it allocates comparatively less biomass to rhizome
production and more to seed output. This strategy may
have facilitated dispersal and colonization of new areas, as
this species is by far the most widespread of Carex subsect.
Lupulinae.
In Carex gigantea, and to a lesser extent C. lupuliformis, the

outermost periclinal cell walls and cuticle are thinner in the
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blades and sheaths of flooded proximal leaves, making the
transverse cross‐septa (i.e., portions of anticlinal cell walls)
on these structures appear more prominent. This
submergence‐induced leaf plasticity appears to be a common
adaptation to low oxygen levels during flooding, reducing
the overall resistance for gas molecules to reach chloroplasts
(Mommer et al., 2007). The preeminence of these cross‐
septations has been found to be useful in separating other
closely related species of Cyperaceae that differed by their
habitat requirements, such as Scirpus atrovirens Willd., found
in flooded marshes, from the more terrestrial S. hattorianus
Makino (Whittemore & Schuyler, 2002). This taxonomic
character is most likely environmentally induced, as our
specimens of Carex gigantea grown in the greenhouse
without being exposed to floods did not present any
conspicuous cross‐septa.
The slight differences between the species of Carex subsect.

Lupulinae, in their tolerance to flooding, could have evolutionary

ramifications. We hypothesize that the phenological differ-
entiation observed in the greenhouse is caused by each species
reacting differently to environmental cues related to flooding
regimes, such as water temperature or light intensity. The
resulting differences in flowering times could lead to gametic
isolation and speciation among these sympatric species,
especially given that these plants have a very short flowering
period (1–2 weeks; see Section 3.4). Previous models already
suggest that sympatric ecological speciation can be achieved
through divergent selection on phenological traits, one common
example being flowering time differences, which automatically
lead to assortative mating via temporal isolation (Gavrilets &
Vose, 2007; Nosil, 2012). However, these ecological speciation
models posit that this speciation process is driven by selection,
divergence in flowering phenology acting as a reinforcement
mechanism for speciation between sympatric species pairs.
Our hypothesis differs from these models in positing that

phenological isolation is not necessarily a result of selection,

Fig. 6. Photos of fruits and perigynia of all species of Carex subsect. Lupulinae, showing intraspecific variability. Scale bar
2 mm. (A) Carex gator sp. nov. (B) Carex gigantea Rudge. (C) Carex louisianica L.H. Bailey. (D) Carex lupuliformis Sartwell ex
Dewey. (E) Carex lupulina Muhl. ex Willd. Complete list of vouchers in Mat. 2.
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but may simply originate from a plastic response to abiotic
factors, such as local differences in flooding duration due to
microtopography that cause shifts in flowering time. These
plastic and selectively neutral differences in flowering times, if
they persist for a few generations, could eventually facilitate
genetic divergence and sympatric speciation through assorta-
tive mating of plants growing at similar microelevations and
flooded for the same duration. We hypothesize that such a
phenomenon of speciation driven by phenological differ-
entiation caused by abiotic factors may be widespread in other
lineages occurring in seasonally flooded habitats. The idea that
evolution of reproductive isolation in sympatry may sometimes
start through a selectively neutral process was first hypothe-
sized by Stam (1983), whose theoretical model successfully
recreated such speciation events in the right conditions.
Despite this theoretical support, empirical proofs of

sympatric speciation remain relatively scarce in plants,
even more so if excluding polyploid speciation (Wood
et al., 2009; Olivares et al., 2025). We are of the opinion that
the Carex subsect. Lupulinae is a promising study system to
test such hypotheses, as this group comprised only of
diploid species appears to satisfy the four empiric criteria
for sympatric speciation outlined in Bolnick & Fitzpa-
trick, 2007: (1) largely overlapping ranges, (2) completed
speciation, (3) the species forming a monophyletic group,
and (4) a very unlikely allopatric phase during speciation. It
would be interesting to test the last criterion using species
range modeling and phylogenetic dating approaches to
estimate how much their distribution range overlapped
during speciation.

4.3 Diversification of cold‐adapted Carex of the southern US
Coastal Plain
The southern United States Coastal Plain, where Carex
subsect. Lupulinae is most diverse, is not a region that is
otherwise rich in Carex species. Why has this group of
Carex diversified so far south compared to other North
American Carex radiations like those of sects. Acrocystis,
Cyperoideae or the Paniceae‐Laxiflorae‐Bicolores alliance
(Martín‐Bravo et al., 2019) might be explained by their
habitat specificity: nutrient‐rich and seasonally flooded
muddy areas, often under dense canopy cover. During the
summer, these habitats are comparatively cooler than
adjoining habitats in the Coastal plain, like pine barrens
(U.S. Geological Survey, 2025), and in that sense, have
more in common with northern temperate regions like
the Appalachian Mountains, which harbor a higher Carex
diversity (Naczi et al., 2020). This biogeographic pattern is
mirrored in a few other Carex groups, namely Carex sect.
Glaucescentes (three North American species restricted to
the Coastal Plain, with a fourth in South America) and in a
clade of eight species within Carex sect. Griseae that
includes Carex calcifugens Naczi (Martín‐Bravo et al., 2019).
Diversification of these lineages may also have been
promoted by flood‐driven phenological isolation, as
evidenced by non‐overlapping flowering times in some
species pairs in these lineages (Ball & Reznicek, 2002).

4.4 Intraspecific variation and hybridization
Intraspecific genetic diversity was highest in Carex gigantea, the
earliest diverging lineage, and in Carex lupulina, the most

ecologically plastic and widespread species of the group. In
contrast, Carex lupuliformis, C. louisianica, and C. gator were
remarkably uniform in both their morphology and SNP profile,
probably indicating low overall genetic diversity. Coincidentally,
these species are also the ones that propagate most readily by
vegetative means, forming extensive rhizomatous colonies,
which may have resulted in a lower retention of neutral genetic
diversity due to smaller effective population sizes, and in a
slower rate of divergence between populations due to a mostly
clonal reproductive mode (Tepedino, 2012; Stoeckel et al., 2021).
Genetic diversity among those colonies should be explored in
more detail to determine whether they are fully clonal or if there
is some level of genetic variation, suggesting that both
vegetative and reproductive propagation coexist at the
same site.
A small form of Carex gigantea with less abruptly tapered

perigynia, named Carex grandis var. helleri L.H. Bailey, was
described in 1896 based on a collection from southern Virginia,
United States, by A. A. Heller (no. 989, holotype at GH!,
barcode 00027248). The type specimen shows some
intermediacy in the width of the leaves and the shape of
the perigynia with Carex gator and with C. louisianica, which
erroneously led Kenneth Kent Mackenzie to assign the type
specimen to C. louisianica. However, the fruit shape for the
holotype of C. grandis var. helleri is identical to that for the
holotype of Carex gigantea, and the length of the fruit body at
1/8 its width is far outside the range of C. gator. Recent
collections of C. gigantea were made by the authors near the
type locality of C. grandis var. helleri (specimen ELC1077,
https://www.inaturalist.org/observations/140738420). These
are very similar to the type of var. helleri and proved to be
genetically identical to C. gigantea for the five markers
sequenced in this study. This leads us to conclude that C.
grandis var. helleri is a heterotypic synonym of Carex gigantea
Rudge, and not an anterior applicable name for Carex gator.
Despite the large proportion of sterile perigynia that we

found in Carex gator during our field surveys, none of the
genetic markers used suggest any trace of hybridization.
Some of these depauperate plants, when brought into
cultivation in the greenhouse, were abundantly fertile the
following year, suggesting they were light‐ or nutrient‐limited
in the wild (Figs. 4A, 4B). No intermediate between Carex
gigantea or C. louisianica and Carex gator was found in the
field or in herbaria, despite these species growing next to
each other in at least three of our field sites (Ralph E.
Simmons State Forest in Florida, the side of the Edisto River
in South Carolina, and Julington–Durbin Preserve in Florida
for C. gator and gigantea only). This suggests that even when
they grow close enough for cross‐pollination to be possible,
there are strong and persisting barriers to reproduction
supporting this entity as a valid biological species.

5 Conclusions
Integrative approaches based on different data sources are
well‐suited for testing and refining species boundary
hypotheses. Our study of some problematic species belonging
to the extensively studied Carex sect. Lupulinae revealed
unsuspected cryptic diversity in the form of a well‐defined
group of individuals that display a congruent set of diagnostic
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morphological, molecular, and ecological characters. This
species is here recognized as Carex gator sp. nov., an endemic
to the southeastern United States of America Coastal Plain
Ecoregion. The relatively narrow distribution of this new
species and the fact that few specimens were found in
herbaria outside of Florida, explain why it has evaded formal
taxonomic description for so long. However, as shown in the
map (Fig. 3), the species is by no means rare, as the wealth of
records in Floridian herbaria and on iNaturalist demonstrates.
The fact that it co‐occurs in the same habitat as its closest
living relatives while maintaining a clear genetic and
morphological identity in a separate micro‐habitat suggests
that this could be one rare example of homoploid sympatric
speciation driven by ecological or phenological divergence.

6 Taxonomic treatment
Carex gator Lacroix‐Carignan, Naczi, J.R.Starr & Lév.‐Bourret
sp. nov.
Diagnosis: Similar to depauperate C. gigantea Rudge, from

which it differs by its narrower leaves 3–5.5mm wide, its
perigynia less abruptly tapered into a beak 1.4–2.8mm wide at
half its length, and its fruit body length at 1/8th of its width
25%–37% of total length of fruit body versus 35%–50% in
C. gigantea.
Type: United States, Florida: Hernando Co., Withlacoochee

State Forest, along West side of the Withlacoochee River ca.
3.7 km SE of Nobleton, 28.6161°N 82.2436°W. 26‐06‐2022.
É. Lacroix‐Carignan, É. Léveillé‐Bourret & R. F. C. Naczi no. 1228.
Holotype: catalog number MT00304081 (MT). 12 Isotypes at
CAN, MO, MICH, MT, MEL, NY, K, KH, P, TN, USF, and WU.
Paratypes: United States, Georgia: Camden Co., Along
Refuge Rd. 22‐06‐2022. É. Lacroix‐Carignan & É. Léveillé‐
Bourret no. 1178. MT000303993, six isoparatypes sent to BR,
DAO, NCU, SALK, UBC, UPOS. Florida: Orange Co.,
Tosohatchee WMA, É. Lacroix‐Carignan & É. Léveillé‐Bourret
no. 1217 (MT). 24‐06‐2022. Three isoparatypes at BOT, FLAS,
FTG; Alachua Co., Newnans Lake, É. Lacroix‐Carignan, É.
Léveillé‐Bourret & R. F. C. Naczi no. 1237 (MT). 26‐06‐2022. Four
isoparatypes at A/GH, LSU, UWBN, TAIF; Madison Co. Along
the Aucilla River at Crossing of U.S. Rt. 19‐27, R. K. Godfrey
no. 74964a (isoparatypes at NCU[00189534], MO[2757912];
FSU[000018076] and TTRS[000000188]), 15‐5‐1976.
Other material: See Mat. 15.
Morphological description: Measurements based on 40

representative dried herbarium specimens. Value ranges are
indicated as (2% quartile –)10% quartile–median–90% quartile
(–98% quartile).
Culms 20–60 cm high, erect, trigonous with edges smooth,

solitary or few together from a pale brown, elongated sympodial
rhizome 0.5–1.2mm thick with dark red‐purple scales. Basal
sheaths are persistent, dark red‐purple, with cross‐septa present
but indistinct. Leaves deciduous, 4–6 per fertile culm, not
crowded; widest leaf blade (3.5–)3.9–4.9–5.5(–6.5) mm. Sheath
of uppermost leaf (2.3–)2.7–4.5–8.1(–13.5) cm; inner band hyaline
and papery, without spots or scabrules, often slightly prolonged
distally; ligule triangular, as long to slightly longer than wide.
Inflorescence 7–40 cm, often one‐sided, (24–)26–39–59(–82)%

of the total culm height.

Staminate spikes 1, rarely 2 per culm, the lowest up to
19 mm shorter than or exceeding the tip of pistillate spikes
by no more than 18mm, terminal 15–61 mm × 1–4mm atop a
peduncle 1–11 cm long, with a few scabrules or smooth.
Staminate scales tan, body (5–)6–7–10(–13) mm long,
awnless or with a smooth, rarely scabrous mucro <0.5 mm
long. Anthers 2.2–4.5 mm long. Lateral androgynous spikes
are present in more than 60% of the fertile culms.
Pistillate spikes (1–)2–4 per culm, 1.6–4.5 cm × 1.8–2.6 cm, the

uppermost usually not overlapping for most of their length,
ovoid to cylindric, ascending to spreading, with(8–)11–16–28
(–31) perigynia in the longest spike, (0.5–)0.6–1.0–1.4(–1.7)
perigynia per mm; peduncle of second proximal spike (1–)
3–7–24(–46) mm. Bracts leafy and sheathing; blade of proximal
bract (11.8–)15.4–25–36.8(–46.0) cm long, 1–2.6 times as long as
the inflorescence; associated sheath (0.2–)0.4–1.3–3.8
(–4.6) cm long.
Pistillate glumes body (3.8–)4.0–5.0–6.0(–7.5) mm × 1–2.5mm,

lanceolate to lanceolate–ovate, tan, often orange–tinged along
the edges but never red–tinged, 1–5 veined; acute to awned,
awns rough or smooth, up to 0.5 (–1.0) mm long, these not over
11(–22)% of the length of the body.
Perigynia 9–15 mm long × 3–5mm, sessile, width at half

the length of the body (excluding the teeth) (1.3–)
1.4–2.0–2.7(–2.9) mm, with 13–22 strong nerves that remain
distinct in the beak, green to stramineous in drying, rather
dull, without golden or black tinge, those in the middle
portion of the spike spreading at an angle of (50–)80–90
degrees from the spike axis. Beak conic, bidentate, gradually
narrowed, surfaces smooth or with up to 0.8 (–1.3) scabrules
on average; teeth 0.5–1.1(–1.4) mm long, smooth or each
with fewer than 0.1(–0.5) scabrules on average on the
inner side.
Fruit body rhomboid, triquetrous, broadly stipitate, brown and

rigid when mature, (2.0–)2.3–2.6–2.9(–3.1) mm long × (2.0–)
2.3–2.7–3.3(–3.6) mm wide, (0.67–)0.76–0.96–1.19(–1.34) times as
long as wide, widest at 49–56–63(–65)% its length, length at 1/8th

of its width 25–37% of total length of fruit body; faces concave,
indentation depth (0.07–)0.10–0.18–0.27(–0.39) mm, angles
(0.17–)0.23–0.3–0.37(–0.4) mm thick at midlevel, epidermis with
basal plates of silica, without any papillae. Style persistent, same
color and texture as fruit; strongly contorted (1.0–)
1.1–1.5–2.1(–3.5) mm above base. Stigmas 3, papillose, shortly
exserted from the perigynium aperture.
Habitat: Riverine (rarely upper freshwater tidal) forested

swamps, in areas flooded for at least a few weeks every year,
although plants are tolerant of prolonged flooding of at least
four to five months. Grows in constantly moist and nutrient‐
rich alluvium, mostly over silt or clay, rarely in sand‐covered
loams, often on calcareous substrates, especially near the
northern edge of its range. Most often under a canopy of
Taxodium distichum (L.) Rich. var. distichum, Liquidambar
styraciflua, Quercus nigra, Nyssa spp., Ulmus americana, and
Acer rubrum. Other common associates include Sabal minor,
Hypoxis curtissii, Carex lupulina, Dichanthelium joorii, Carex
intumescens, Carex tribuloides, Cephalanthus occidentalis,
Asclepias perennis, Carex gigantea, Carex louisianica, Saururus
cernuus, and Persicaria punctata. A more detailed list of
associates with their relative frequencies was produced for
the sites targeted in our field studies in Florida (Mat. 1).
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Distribution: Endemic to the United States of America in the
states of Florida, Georgia, South Carolina, and North Carolina,
where it is restricted to the Coastal Plain Ecoregion. Common
in peninsular Florida, but absent from the Everglades, where
only Carex gigantea and C. lupulina are found. The type locality,
in the Withlacoochee River Park, is home to an uninterrupted
stand of Carex gator that stretches along the Withlacoochee
River for over three kilometers and comprises more than a
million culms, as estimated by counting the number of

pseudoculms per meter and extrapolating over 3 km of
suitable habitat. Less frequent in the Panhandle of Florida,
where it reaches no further west than the Choctawhatchee
River. Somewhat frequent in Coastal Georgia, but scarcer to
the north, with its limit at the Neuse River of North Carolina.
Phenology: Flowering in February–March with fruits

maturing in June–July and persisting on plants occasionally
as late as October.
Iconography: Fig. 7

Fig. 7. Carex gator sp. nov. (A) Habit and close‐up of upper leaf sheath, drawn from ELC1228, isotype to be deposited at herbarium
GH. (B–F) Closeups, drawn from greenhouse‐grown live material collected during the same gathering as the isotypes. (B)
Inflorescence. (C) Staminate flower, including a staminate scale. (D) Female flower enclosed in a perigynium. (E) Inside view of a
perigynium, showing the fruit. (F) Close‐up of fruit and its cross‐section. Drawing by Bobbi Angell.
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Conservation status: In Florida, the bald cypress swamps
(Taxodium distichum (L.) Rich. var. distichum) where Carex gator
dwells have been relatively spared from active development,
especially by comparison to adjoining longleaf pine (Pinus
palustris) habitats where estimates suggest only ~5% of their
pre‐European settlement range still exists (Hutchens et al., 2024).
For this reason, we do not recommend any particular
conservation status for Carex gator, and suggest a G4‐G5 rank
according to Natureserve′s standard (NatureServe, 2002) and a
IUCN rank of “Least Concern” (IUCN, 2025) based on the
extensive range (> 293 257 km2), no evidence of declines, and no
important immediate and identifiable threats that could affect a
large portion of the population or lead to sufficient declines for
listing.
Etymology: Gator is a colloquial name in the United States

for the alligator, a crocodilian that inhabits the same swampy
areas as this species of Carex. The type specimen was collected
along the Withlacoochee River, a waterway known for its
sizable alligator population. This epithet is to be treated here as
a noun in apposition, derived from the genus name Alligator.

Key to the species of Carex sect. Lupulinae
**(10% quartile–median–90% quartile) distribution of char-

acters is used in the key unless otherwise noted. Characters
are all measured on dried specimens. Fruits are considered
mature when they can no longer be crushed or bent using the
fingers. The silica papillae on the species of the subsect.
Intumescentes are hidden beneath the external cell walls and
are best seen using a Scanning Electron Microscope or when
then fruits are very mature and the external cell wall has
disintegrated. Rugosity caused by these papillae can be felt
when scraping the fruit surface with metal tweezers. Perigynia
in the distal parts of the spikes and on the distal spikes often
have more scabrules than the rest; make sure to include these
when calculating the average scabrosity.

1a. Sheath of uppermost leaf absent or < 1.5 cm. Perigynia with
beaks < 1/3 their entire length, inner side of each tooth with
> 10 scabrules. Fruit papillose at 50X, angles rounded, upper
part of style brittle. Plants densely cespitose, elongate
rhizomes absent…………………2 [subsect. Intumescentes]

1b. Sheath of uppermost leaf 3.0–13.0 cm long. Perigynia
with beaks generally > 1/2 their entire length, inner side
of each tooth < 5 scabrules. Fruits smooth at 50x, angles
obtuse to winged, upper part of style thick and the same
texture as the base. Plants cespitose to long‐
rhizomatous.……………….………3 [subsect. Lupulinae]

2a. Perigynia with cuneate bases, radiating at all angles from
the center of the globose pistillate spike like a starburst.
Perigynia glabrous or densely hispid all over, dull when
dry.…………………………………………… Carex grayi

2b. Perigynia with rounded bases, the lower ones ascending
to spreading with a recurved tip, but not reflexed from
the base. Pistillate spikes ellipsoid to rarely globose.
Perigynia strictly glabrous on the surfaces, often
lustrous when dry.……………………Carex intumescens

3a. Base of lowest staminate spike overtopping the tip of
pistillate spikes by 2.3–7.5 cm in the longest culms. Mature
fruits 1.5–1.8–2.0mm wide, mostly flat‐sided in cross‐section.
Leaves 3–5mm wide. Plants always long‐rhizomatous,
forming extensive patches.….….………….Carex louisianica

3b. Base of the lowest staminate spike overlapping with
pistillate spikes or overtopping them by no more than
2.2 cm in the longest culms. Mature fruits 1.9–2.6–3.3
(–3.8) mm wide, concave in cross‐section (rarely flat‐
sided in C. lupulina). Leaves 3–12 mm wide. Plants
cespitose to long‐rhizomatous.………….………………4

4a. Fruit body 2.8–3.3–3.7 mm long, 1.1–1.4–1.7 times as long
as wide, edges without distinct knobs or acute upturned
angles, the outline smoothly curved without an inflexion
point. Fruit length at 1/8th the width > 1.10 mm. Perigynia
densely arranged in the spikes (except for depauperate
individuals), 12–17–24 perigynia /cm in the middle of the
spike, these spreading at an angle of 40–50–70° from
vertical.……………………….………….…Carex lupulina

4b. Fruit body 1.9–2.6–3.1mm long, 0.7–1.0–1.2 times as long as
wide. Edges with distinct knobs or acute upturned angles
(often rounded in gigantea but then fruit bodies clearly
wider than long). Fruit length at 1/8th the width < 1.10mm.
6.6–13–18 perigynia/cm, these spreading at an angle of
45–60–90° from vertical.…………………….………………5

5a. Perigynia green with a slight orange tinge when mature,
spreading at an angle of 45–60–70° from vertical.
Perigynia body (excluding border of stigma aperture)
with 2.9–15–30 scabrules on average. Distance between
the apex of fruit body and the start of style curvature
0.2–0.6–1.2 mm.…….…………….……Carex lupuliformis

5b. Perigynia green when mature, drying brown and without
an orange tinge, these spreading at an angle of 60–80–90°
from vertical. Perigynia body with 0–0.2–3 scabrules on
average. Distance between the apex of the fruit body and
the style curvature 1.1–1.6–2.3mm (style rarely straight in
C. gigantea).….…………….……………………….…….…6

6a. Widest leaf blade 3–5.5(–7.5) mm wide. Perigynium
gradually narrowed into a beak, (1.3–)1.4–2.8(–3.2) mm
wide at half its length. Fruit body length at 1/8th of its
width 25–37% of total length of fruit body. Longest
pistillate spike with 11–16–27 perigynia. Plants strictly
long‐rhizomatous……………………….………Carex gator

6b. Widest leaf 5.5–12(–13) mm wide. Perigynium abruptly
narrowed into the beak, (0.5–)0.7–1.4(–1.6) mm wide at
half its length. Fruit body length at 1/8th of its width
(32–)35–50(–52)% of the total length of the fruit body.
Longest pistillate spike with 25–38–65 perigynia. Plants
cespitose to long‐rhizomatous.…………. Carex gigantea
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