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Premise of research. Fused or connate leaves are a well-known phenomenon observed across a limited num-
ber of angiosperm clades, and no study has attempted to examine this form of fusion from an evolutionary, mor-
phometric, or functional perspective. We examined leaf fusion in honeysuckles, specifically the Periclymenum
clade (∼22 species) of Lonicera (Caprifoliaceae, Dipsacales), which exhibits variation in leaf shape, degree of
fusion, and the position of fused leaves. As fused leaves co-occurred with reproductive structures, evolutionary
correlations between leaf fusion and inflorescence architecture were also examined.

Methodology. Variation of leaf fusion was assessed using elliptical Fourier analysis, and multiple individuals
of 19 of the 22 species of Periclymenum were sampled. As fused leaves occurred only on reproductive shoots, a
suite of inflorescence characters were also studied. A phylogeny for Periclymenum was reconstructed using pub-
lished sequence data, and this tree was used for ancestral character state reconstructions and correlation analyses.

Pivotal results. Leaves directly subtending inflorescences of Periclymenum were free or fused but were rarely
partially fused. Fused leaves were ancestral to Periclymenum and were lost in parallel. Leaf fusion was not cor-
related with inflorescence architecture features, yet inflorescence architecture has become more complex among
Periclymenum species.

Conclusions. While free leaves are the ancestral condition in the Dipsacales, fused leaves have been gained at
least three times and lost at least twice. Given the proximity of fused leaves to reproductive structures, particularly
in Lonicera, fused leaves may play a role in protection or in the discovery of flowers and fruits by pollinators and
seed dispersers, respectively.
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Introduction

The evolutionary origins of leaf shape variation among angio-
sperms remain an enigmawithin the botanical community. Great
variation in leaf form has long captured the attention of biol-
ogists, thus becoming a widely studied component of plant bi-
ology (Dickinson 1986; Kores et al. 1993; Young et al. 1995;
Premoli 1996; Jensen et al. 2002; Plotze et al. 2005; Viscosi
et al. 2009; Klingenberg et al. 2012; Silva et al. 2012; Schmerler
et al. 2012; Chitwood andOtoni 2017; Spriggs et al. 2018). His-
torically, leaf shape has played a prominent role in species iden-
tification, and with recent improvements in image analysis, soft-
ware such as Leafsnap (Kumar et al. 2012) makes use of this
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most notable feature to bring plant identification to the general
public. Leaf shape differences have been correlated to changes
in climate (Royer et al. 2005, 2008; Santiago and Kim 2009;
Schmerler et al. 2012; Edwards et al. 2016; Spriggs et al. 2018)
and insect interactions (Rausher 1978; Brown et al. 1991). Yet
no universal function has been favored to explain changes in leaf
form, though thermoregulatory capacity, hydraulic efficiency,
mechanical limitations, herbivory avoidance, and light intercep-
tion optimization have been prominently featured in such dis-
cussions (Nicotra et al. 2011; Chitwood and Sinha 2016).
Although plants may be recognizable because of a particular

leaf shape, leaf form within an individual plant is not necessarily
uniform. Leaves within a plant that differ due to heterophylly, for
instance, might be the result of microhabitat differences due to
light availability, whereby leaves in the sun tend to be smaller and
lighter in color compared with those in the shade (Yano and Tera-
shima 2001; Tsukaya 2005; McIntyre and Strauss 2014). Different
juvenile and adult leaf forms, or heteroblasty, have been observed in
a number of plants, including jackfruit (Artocarpus heterophyllus;
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Jarrett 1959) and the tropical vine Monstera (Andrade and Mayo
1998). Additionally, seasonal heteroblasty can cause differences
in leaf lamina shape and margin serration based on the timing
of leaf formation in a single season (Spriggs et al. 2018).
Among the myriad ways that leaf form can differ, the effects

of fusion among leaves can produce yet another distinct leaf
morphology. One example is perfoliate leaves,which occurwhen
the base of a single leaf at a node surrounds the stem (e.g.,
Uvularia perfoliata). In some species, opposite leaves can be-
come perfoliate-connate (hereafter, fused leaves): fusion of a pair
of opposite leaves across the stem results in the formation of a sin-
gle continuous structure in which the petioles are no longer pres-
ent. Fused leaves are an uncommon morphological feature but
are present in clades such as Buddleja (Scrophulariaceae; Chen
et al. 2010),Eupatorium (Asteraceae; Johnson1974),Hypericum
(Hypericaceae; Nürk and Blattner 2010), Liabellum (Asteraceae;
Robinson 1983), Lonicera (Caprifoliaceae; Rehder 1903), Rum-
fordia (Asteraceae; Sanders 1977), Pedicularis (Orobanchaceae;
Yang et al. 1998), and Triosteum (Caprifoliaceae; Ferguson 1966).
Despite the fact that fused leaves have been described in a number
of different plant groups, the evolutionary origins of fused leaves
and the function of this specific form of fusion are unknown. Fur-
ther, while leaf shape has been studied using morphometrics
(Young et al. 1995; Silva et al. 2012) and elliptical Fourier anal-
ysis (EFA; Schmerler et al. 2012; Chitwood and Otoni 2017),
thesemethods have not been conducted or investigated in a phy-
logenetic framework to quantify the variation of fused leaves
within and among species. Species of honeysuckles (Lonicera,
Caprifoliaceae, Dipsacales) exhibit varying degrees of leaf fu-
sion within and among species, providing an excellent system in
which to study the evolutionary origins and shifts of leaf forms.
Lonicera comprises approximately 160 species that are largely

distributed in the Northern Hemisphere, with a center of species
diversity inChina. Species in this clade are generally recognized as
vines, small trees, or shrubswith opposite leaves andmostly bilat-
erally symmetric flowers with tubular corollas that vary in length
among species (Rehder 1903; Hara 1983; Yang et al. 2011).
Lonicera species are divided between two well-supported clades,
Chamaecerasus and Periclymenum (Theis et al. 2008), which co-
incide with the original subgenera described by Rehder (1903).
Chamaecerasus (∼140 species) species produce flowers in pairs
from axillary branches, whilePericlymenum (∼22 species) species
are largely vines that produce terminal inflorescenceswithflowers
occurring in pairs of three-flowered sessile cymes (Rehder 1903;
Perino 1978; Hara 1983; Yang et al. 2011). While fused struc-
tures occur throughoutLonicera, bract andovary fusion is largely
restricted to Chamaecerasus, while leaf fusion is restricted to
Periclymenum.
Species of Periclymenum are generally characterized by the

presence of fused leaves, which occur on reproductive shoots. For
some individuals, only the first set of leaves subtending inflores-
cences is fused (fig. 1B), while other individuals havemultiple sets
of fused leaves subtending the inflorescence (fig. 1C). The extent
to which leaves can fuse also varies depending on the position of
the leaves relative to the inflorescence. In many cases, the degree
of fusion among a set of leaves decreases among leaves that are
positioned farther from the inflorescence (fig. 1C; Perino 1978).
Despite leaf fusion being a common feature of this clade, three
species (Lonicera periclymenum, L. griffithii, and L. subspicata;
fig. 1A) lack fused leaves (Rehder 1903).Variation inPericlymenum
allows for the study of fusion in an evolutionary context andmay
ultimately provide perspectives on the possible functions of leaf
fusion both within this clade and in other plant groupswith fused
leaves.

The observation that fused leaves occur on reproductive shoots
may suggest that leaf fusion facilitates pollination or seed dis-
persal in Periclymenum species, perhaps by contributing to vi-
sual signaling. Many Periclymenum species are pollinated by
hawkmoths, hummingbirds, or bees (Brown and Kodric-Brown
1979; Ottosen 1986; Jordano 1990; Guitian et al. 1993; Díaz-
Valenzuela andOrtiz-Pulido 2011; Lázaro et al. 2015), andmost
have red fruits that are largely dispersed by birds (Ingold and
Craycraft 1983; Drummond 2005; Bartuszevige and Gorchov
2006; McCusker et al. 2010). The identification of connections
between leaf fusion and plant-animal interactions may provide
insights into the potential ecological functions of fused leaves.
This study has three objectives: (1) to describe the variation of
leaf fusion in Periclymenum species, (2) to examine how fusion
has changed throughout evolutionary history, and (3) to charac-
terize and evaluate the evolution of reproductive morphology
within the Periclymenum clade to determine whether these fea-
tures correlate with leaf fusion and to elucidate the possible func-
tions of fused leaves.
Material and Methods

Species Sampling

We sampled 19 of 22 species in the Periclymenum clade of
Lonicera as described by Rehder (1903) and as previously pub-
lished in Smith and Donoghue (2010). Publications on Lonic-
era often used the subgeneric names Caprifolium and Lonicera
following Ferguson (1966). Here, we followed the subgeneric
names used in the first global treatment of honeysuckles by
Rehder (1903), where Periclymenump Caprifolium and Cham-
aecerasus p Lonicera, to avoid confusion of the two clades re-
ferred to as Lonicera. We followed the classifications of Rehder
(1903) and Hara (1983) with the following exceptions: Lonicera
carnosifolia was recognized as a synonym of L. subaequalis
(Yang et al. 2011), and L. glaucescenswas recognized as a vari-
ety ofL. dioica (Clements et al. 1912).We recognizedL. prolifera
(Kirchner) Rehder and considered L. sullivantiiGray to be a syn-
onym ofL. prolifera (Rehder 1910). Also with respect to L. prol-
ifera, the taxonomy of Rehder (1903, 1910) is followed over that
of Rafinesque (1836). Rafinesque applied the name L. reticulata
to describe a species of Lonicera in the north-central area of the
United States that in 1903 Rehder considered a potential syno-
nym ofL. sullivantii. In 1910, Rehder omitted this name as a syn-
onym of L. sullivantii (now L. prolifera) because it was doubtful
that it was aLonicera. However, L. reticulataRaf. has since been
widely applied instead of L. prolifera to recognize this species in
the United States (see discussion in Perino 1978). This is problem-
atic, asL. reticulatawas described byChampion inChina in 1858
and is still recognized as a valid species (Yang et al. 2011). Mov-
ing forward, we recommend recognizing L. prolifera (Kirchner)
Rehder from North America and L. reticulata Champion from
China to reduce confusion between names.

Morphological data were collected forL. yunnanensis, though
molecular sequences were unavailable for this species. Lonicera
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Fig. 1 Leaf and inflorescence architecture variation in the Periclymenum clade of Lonicera. For each trait, the species illustrated and voucher
material referenced are provided, followed by the magnification in parentheses. A–C, Leaf fusion. A, No fusion, Lonicera dioica, J.E. Parsons s.n
(NY), iNaturalist 8168368 (#0.37). B, Single fused leaf, L. hirsuta, C.O. Grassl 5788 (NY), iNaturalist 15061735 (#0.4). C, Multiple fused leaves, L
prolifera, D.B. Ward & A.R. Bechtel 17531 (NY), iNaturalist 6309481, 14724654 (#0.39). D, E, Peduncle. D, Absent, L. dioica, C.D. Richards 4715
(NY), iNaturalist 13726671, 13456274 (#0.51).E, Present, L. caprifolium, O.R.Willis s.n. (NY), iNaturalist 14730194 (#0.35). F,G, Verticel clustering
F, Present,L. flava, W.C. Coker s.n. (NY), iNaturalist 12066275, 12066255, 5121980 (#0.49).G, Absent,L. sempervirens, D. Gully 15 (NY), iNaturalist
11787878, 12805306, 15992951 (#0.64).H, I, Lateral shoots.H, Absent,L. ciliosa, A.J. Cronquist 6650 (NY), iNaturalist 12331824 (#0.45). I, Present
L. hispidula, J.M. Coulter 8489 (NY), iNaturalist 13628377, 14307899 (#0.57). Illustrations by L. Zhang.
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morrowii (Chamaecerasus) was included as an outgroup (Smith
and Donoghue 2010).

Leaf Morphometrics

Digitized herbarium specimenswere used to sample leaf shapes
(app. A). The first pair of leaves subtending an inflorescence was
selected on the basis of minimal leaf damage, folding, and visual
obstructions, suchasflowersoradhesionstripsapplied in specimen
mounting. All image editing was performed using GIMP 2.8.22
(GIMP Team 2018). The set of leaves was isolated from the her-
barium specimen image using the free selection tool. The fuzzy
select tool was applied to the leaf before the selection was in-
verted and the remainder of the image was deleted to eliminate
background noise. Leaf pairs were then rotated such that the pri-
mary leaf vein was parallel to the horizontal axis. All leaf pair
images were binarized using the threshold tool with the range
minimum set to 255. Images containing holeswithin the leaf lam-
inae were manually filled in to prevent errors during image input
for analyses. Because of the limited number of optimal specimens
for analysis, several leaf samples that were partially obstructed
by additional morphological features were collected. We manu-
ally resolved regions of the leaf outline that were obscured by
best approximating the leaf margin, which is entire in Lonicera.
Images were saved as JPEG files.
Images of pairs of leaves were collected from 140 individuals

across 19 species, representing 4–10 replicates per species (no
more thanone pair of leaves per specimen analyzed).Most species
sampled were represented by eight replicates. Lonicera arizonica
(n p 4) and L. stabiana (n p 4) were undersampled because
there was a limited number of digitized herbarium specimens.
No leaves of L. pilosa were of a high enough quality to be sam-
pled, though we were able to score leaf and inflorescence char-
acters for this species (see below).
All morphometric analyses were conducted in RStudio ver-

sion 5.3.2 (RStudio Team 2015) with R version 3.5.2 (R Core
Team 2019) using the Momocs package (Bonhomme et al.
2014). First, all binarized JPEG images of Periclymenum species
were imported. Next, outlines of the leaf images were extracted
and aligned based on the longest horizontal axis across the out-
line. Aligned outlines were then used to perform EFA. The results
of the EFA were analyzed using principal component analysis
(PCA) to visualize the morphospace of leaf fusion inLonicera us-
ing the ggplot package (Wickham 2016). We generated the mor-
phospace by plotting principal components.

Leaf and Inflorescence Characters

We examined a total of 1075 digitized herbarium specimens
(app. B) to score the morphological characters of all Periclym-
enum species. Specimens from Harvard University Herbaria
were examined and photographed in person. Characters scored
in this study were observed only in flowering shoots. A total of
four characters were scored; these were (1) leaf fusion, (2) pe-
duncles, (3) verticel clustering, and (4) inflorescence lateral shoots
(fig. 1). Character states were assigned based on the condition
exhibited by the majority of the specimens examined. The char-
acters and character states were as follows.
Leaf fusion. Leaf fusion was scored as free (0) or fused (1;

fig. 1A–1C). Leaf fusion was observed only on reproductive
branches on the pair of leaves directly subtending an inflores-
cence or infructescence. Plants with free leaves had only pairs of
opposite leaves with discernible leaf bases and petioles (fig. 1A).
Fused leaves were scored when the first pair of leaves subtending
an inflorescence was partially or fully fused (fig. 1B, 1C). Addi-
tionally, we documented whether stems had a single pair or mul-
tiple pairs of fused leaves subtending an inflorescence. In the case
of a single set of fused leaves, only the set of leaves subtending the
inflorescence was fused, and all other pairs of leaves on the stem
were free (fig. 1B). Multiple fused leaves were noted when there
was partial or full fusion of two or more pairs of leaves subtend-
ing reproductive structures (fig. 1C).

Peduncles. Peduncles were scored as absent (0) or present
(1; fig. 1D, 1E). We determined the absence or presence of a
peduncle by examining the junction of the base of the inflores-
cence and the pair of leaves (whether free or fused) subtending
it. Absence of peduncles occurredwhen the inflorescence was ses-
sile and sitting on the set of leaves directly subtending it (fig. 1D).
When present, a peduncle separating the inflorescence and a set
of subtending leaves was visible (fig. 1E). Peduncles separating
whorls of flowers were not considered in scoring this trait.

Verticel clustering. Verticel clustering was scored as absent
(0) or present (1; fig. 1F, 1G). We scored verticel clustering by ex-
amining thedistancebetweenverticels (here,whorlsof sixflowers)
along an inflorescence axis. Plants lacking verticel clustering had
elongated peduncles separating floral whorls along the inflores-
cence axis (fig. 1G). Plants with verticel clustering lacked or had
short pedicels between floral whorls, giving the appearance of a
single large cluster of flowers or fruits (fig. 1F).

Inflorescence lateral shoots. Inflorescence lateral shoots were
scored as absent (0) or present (1; fig. 1H, 1I). Lateral shootswere
observed as the production of additional reproductive branches
originating from the base of the peduncle on a terminal inflores-
cence. The absence of lateral shoots was scored for species with a
single inflorescence stalk, regardless of thenumberof verticels that
occurred along that stalk (fig. 1H). The presence of lateral shoots
was scored when axillary branches were observed arising from
the peduncle, typicallywith a total of three brancheswithin the in-
florescence (fig. 1I). An individual with lateral shoots could have
enlarged and/or fused bracts subtending the inflorescences.

A discrete character matrix was assembled in Mesquite ver-
sion 3.61 (Maddison and Maddison 2018). We determined
character states for each species by examining approximately
47 specimens per speciesonaverage (app.B)andconsulting the lit-
erature (Rehder 1940; Perino 1978; Yang et al. 2011; Villarreal-
Quintanilla et al. 2016, 2017). Character state assignment was
basedon themost common state for the species, though some in-
dividuals within each species may deviate from the associated
character state. Taxa were scored as polymorphic if multiple
character states were observed in similar proportions.

An additional character matrix was created to score the pres-
ence or absence of fused leaves across the Dipsacales using data
gathered from the literature (Torrey 1824; Roxburgh 1832;
Hooker 1882; Chapman and Eaton 1884; Small 1913; Piper
and Beattie 1914, 1915; Rydberg 1917; Wiegand and Eames
1926; Makins 1937; Jones 1940; Ohwi 1965; Correll 1968;
Nash 1976; Scoggan 1979; Das and Giri 1991; Straley 1994;
Pojarkova 1999; Donoghue et al. 2001). Any instance of a pair
of leaves fused across the stem was scored as present. Data ma-
trices are available on the Dryad Digital Depository (https://
doi.org/10.5061/dryad.9p8cz8wd1; Zhang and Clement 2021).
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Phylogenetic Reconstruction

Publicly available sequence data were obtained fromGenbank
(app. A) for 19Periclymenum species and included the nuclear ri-
bosomal internal transcribed spacer (ITS) region, seven plastid
regions (atpB-rbcL, matK, petN-psbM, psbM-trnD, rbcL, rpoB-
trnC, and trnS-trnG), and the low-copy nuclear region LEAFY
(LFY; app. A). Though the majority of the data compiled were
published by Smith and Donoghue (2010), this is the first time
that this combination of gene regions has been analyzed for
Periclymenum.

Each gene region was aligned individually using MUSCLE
(Edgar 2004) with default parameters. The ITS sequence for L.
caprifolium (MG220043) was removed because of difficulty
aligning this sequencewith the rest of thematrix. Aligned gene re-
gions were concatenated with SequenceMatrix (Vaidya et al.
2011). A partitioning scheme and models of evolution for the re-
sulting partitions were determined using PartitionFinder ver-
sion 1.1 (Lanfear etal.2012).Phylogeneticanalyseswereperformed
using maximum likelihood (ML) and Bayesian inference (BI). A
total of five independent ML analyses, each with five iterations,
were conducted using GARLI version 2.01 (Zwickl 2006). An
ML bootstrap analysis with 500 replicates was also conducted
using GARLI version 2.01 (Zwickl 2006). Bayesian analysis was
performed using MrBayes version 3.2.6 (Huelsenbeck and Ron-
quist 2001; Ronquist and Huelsenbeck 2003). The analysis in-
cluded two runs, eachwith 40million generations sampled every
1000 generations. Convergence between the two runs and an ap-
propriateburn-inwasdeterminedusingTracerversion1.5 (Ram-
baut et al. 2018).

To examine the evolution of fused leaves across theDipsacales,
we used the Dipsacales phylogeny published by Donoghue et al.
(2003) and collapsed branches to represent major lineages in the
clade. However, as Triosteum contained multiple species with
fused leaves, we grafted a species tree of Triosteum (Gould and
Donoghue 2000) onto the Dipsacales phylogeny (Donoghue
et al. 2003). All sequence data matrices and trees are available
on the Dryad Digital Depository (https://doi.org/10.5061/dryad
.9p8cz8wd1; Zhang and Clement 2021).
Ancestral Character State Reconstruction
and Character Correlations

An ancestral character state reconstruction using maximum
parsimony (MP) and ML was performed for all four characters
using the BI maximum clade credibility consensus tree in Mes-
quite version 3.61 (Maddison and Maddison 2018). The ML
ancestral character state reconstruction required that taxa be
coded as nonpolymorphic. Polymorphisms were resolved by
recoding present and absent states as present. We also conducted
an ancestral character state analysis of fused leaves across
Dipsacales in Mesquite (Maddison and Maddison 2018) using
MP. As the tree used in the analysis was grafted, branch lengths
were not a factor in the analysis.

Pagel’s test of correlated evolution (Pagel 1994) was imple-
mented using thefitPagel function in the phytools package (Revell
2012) in R (R Core Team 2019) and was used to test possible
two-way and one-way evolutionary correlations along the Peri-
clymenum ML tree between leaf fusion and the following char-
acters: lateral shoots, peduncles, and verticel clustering. Two-
way correlations were also computed for all combinations of
the three inflorescence architecture characters. By examining
all combinations of inflorescence architecture and leaf fusion
correlations, we were able to fully explore how leaves and in-
florescencesmayaffect one another inPericlymenum. Species ex-
hibiting polymorphisms (e.g., absent and present) were recoded
as having the presence of that particular character. Significance
was assessed using the likelihood ratio test (LRT) and P values.
To test hypotheses of correlated evolution across a distribution

of trees, independent contrast: correlation tests were conducted
with BayesTraits version 3.0.1 (Pagel et al. 2004; Pagel and
Meade 2017) for the same comparisons described above. A step-
ping stone samplerwas used to obtain themarginal likelihood un-
der an independent or dependent model. The sampler was set to
use 100 stones, and each stone ran for 10,000 iterations. An LRT
was used to compare the likelihood of the correlated versus un-
correlated model for each pair of traits.

Phylomorphospace

To examine the morphospace in an evolutionary context, we
generated a phylomorphospace by projecting theMLphylogeny
onto the PC plot. The tree was pruned to remove L. pilosa,
which could not be sampled in the morphometrics study, and
L. morrowii, which was used to root the tree. Since the original
PCA contained multiple individuals per species, PC1 and PC2
scores were averaged for replicates within a species and were re-
placed by a single point. All phylomorphospace analyses were
conducted in RStudio version 5.3.2 (RStudio Team 2015) with
R version 3.5.2 (R Core Team 2019) using the phytools (Revell
2012) and ape (Paradis et al. 2019) packages.

Results

Morphological Variation of Shape in Periclymenum Leaves

The EFA revealed that Periclymenum species were concen-
trated in two distinct areas of the morphospace, free or fused,
with very few species or individuals exhibiting partial fusion,
in which the petiole is still distinguishable from the leaf lamina
or there is constriction of the leaf lamina near the base of the
leaf (fig. 2). PC1 accounted for 92.6% of the variation in leaf
shapes observed in this clade, and increasing PC1 scores repre-
sented a transition from unfused to fully fused leaves (fig. 2).
PC2 accounted for 2.76% of leaf shape variation, and increasing
PC2 scores represented a transition from absent to increasingly
acute leaf apexes. PC3 scores accounted for 0.7% of leaf shape
variation. Increasing PC3 scores represented a decrease in the
amount of constriction at the base of the leaves that separate op-
posite leaves across the stem.
Two general groups of leaf shapes were identified from the

morphospace. The first grouping of species in the morphospace
included Lonicera subspicata and L. periclymenum, which are
distinguished by their low PC1 scores, indicating unfused leaves.
While these species varied little with regard to the separation of
opposite leaf laminae, there was considerable variation in both
species regarding the shape of the leaf apex. The second group-
ing included all other species sampled, which overall had higher
PC1 scores, indicating fused leaves, relative toL. subspicata and
L. periclymenum. Although species with fused leaves overlapped

https://doi.org/10.5061/dryad.9p8cz8wd1
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in the morphospace, some species tended to cluster in specific re-
gions. For example,L. dioica andL. prolifera occupied regions in
themorphospace that aredistinct fromoneanother (fig.2). Finally,
while some species within the morphospace exhibited limited
variationwith regard to the amount of fusion (becomingmore or-
bicular with less definition along opposite leaf laminae), we de-
tected variations in leaf apex shape in nearly all species sampled.

Periclymenum Phylogeny

The aligned datamatrix includednine gene regionswith a com-
bined length of 9128 bp. A partitioning scheme allowing for a
separate partition for each gene regionwas selected.Models of se-
quence evolutionwere as follows: ITS, TIM1I;LFY, GTR1I1G;
atpB-rbcL, petN-psbM, and rpoB-trnC,K81uf1G;matK, psbM-
trnD, and trnS-trnG, K81uf1I1G; and rbcL, K801I. Trees gen-
erated usingML (fig. 3) and BI (fig. 4) had no supported topolog-
ical conflicts. Seven strongly supported clades (bootstrap support1
70; posterior probability 1 0.95) were recovered (fig. 3). Clades
corresponded to geography rather than to the existing subsec-
tional classification of the subgenus Periclymenum.

Ancestral Character State Reconstruction

Ancestral character state reconstructions performed using
MP and ML identified fused leaves as the ancestral state of
Periclymenum (proportional likelihood [pl] p 0.99; fig. 4A).
Two independent transitions from fused to free leaves were
recovered along the branches leading to L. periclymenum (pl p
0:963) and L. subspicata (pl p 0:913; fig. 4A). Ancestral char-
acter state reconstructions of the number of fused leaves re-
covered transitions from multiple fused leaves to single sets of
fused leaves or from multiple fused leaves to no fused leaves.
We note, however, that there was much lability in the number
of fused leaves along a stem, and we scored six taxa (L. flava,
L. hirsuta, L. hispidula, L. sempervirens, L. subaequalis, and L.
Fig. 2 Morphospace representing the variations in the shapes of paired leaves directly subtending inflorescences in species of Periclymenum.
The principal component analysis (PCA) was constructed from the results of an elliptical Fourier analysis of 140 individuals representing 19 species
of Periclymenum, and percent variations explained by each PC are indicated on the axis. Each species is indicated by a different color and symbol,
and leaves from five Periclymenum species have been placed throughout the figure to indicate the general shape of leaves in that area of the
morphospace. Top left, Lonicera periclymenum. Top right, Lonicera hirsuta. Bottom left, Lonicera subspicata. Bottom middle, Lonicera etrusca.
Bottom right, Lonicera prolifera.
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tragophylla;fig. 4A) as polymorphic.Also,while species scored as
having a single set of fused leaves exhibited this condition among
the majority of specimens observed, there were typically a small
number of individuals observed as having a second set of partially
fused leaves.

Absence of lateral shoots was favored as the ancestral state
under MP and ML (pl p 0:696). Five independent shifts from
absent to present lateral shoots were recovered along branches
leading to L. stabiana, L. etrusca (pl p 0:487), L. hirsuta (pl p
0:5), L. prolifera, and the clade containing L. hispidula-L.
subspicata (pl p 0:649). When polymorphisms were rescored
as the presence of lateral shoots, no changes occurred in the an-
cestral character state reconstruction.

For verticel clustering, the presence of clustering was identi-
fied as the ancestral state under MP and ML (pl p 0:997). Two
losses of verticel clustering occurred along the branch to L.
sempervirens and the clade containing L. hispidula-L. subspicata
(pl p 0:903; fig. 4A).

For peduncles, the absence of a peduncle was ancestral under
MP, with eight shifts from absence to presence (reconstruction
not shown). However, the absence or presence of a peduncle
was equally likely as the ancestral state under ML (pl p 0:5).
Further, many species were observed as polymorphic for this
trait. When polymorphisms were resolved as present, the ances-
tral character state recovered in theMP analysis flipped from ab-
sent to present, with at least five shifts to absent. Reconstructing
ancestral character states under ML resulted in all nodes being
equally likely to have either the presence or absence of peduncles.
Within the Dipsacales, free leaves were ancestral, and fused

leaves were gained at least three times (fig. 4B). Reconstruct-
ing leaf fusion in Triosteum resulted in two equally likely pos-
sibilities, that leaf fusion was gained three times independently
or that leaf fusion was gained once and lost twice (fig. 4B).

Evaluating Correlated Evolution

Fused leaveswere not correlatedwith any other character using
Pagel’s test of correlated evolution (LRT < 2; P > 0:05; Pagel
1994) and BayesTraits (log Bayes factor ! 2; fig. 4). Since we
were unable to confidently assign an ancestral character state
Fig. 3 Results from the maximum likelihood (ML) analysis of 19 Periclymenum species constructed using LFY, internal transcribed spacer, and
seven plastid gene regions. ML bootstrap values greater than 70%, followed by posterior probabilities greater than 0.90, are indicated above or
below the branches. Geographic distributions (left) and subsectional classifications (right) of Periclymenum (Rehder 1903) are indicated in the
columns to the left of the taxon names. Branch colors correspond to the phylomorphospace (fig. 5). C p Cyhpeolae; E p Eucaprifolia; NA p
North American; P p Phenianthi.
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for peduncles, this character was excluded from tests of corre-
lated evolution. The evolution of lateral shoots was found to
depend on the absence of verticel clustering (LRT p 5:69; P p
0:0581).
Phylomorphospace

The results of the phylomorphospace further emphasize the
distinction of taxa having free or fused leaves and the absence
of a leaf shape that would conform to partially fused leaves.
Lonicera periclymenum and L. subspicata occurred in a simi-
lar region of the morphospace but represent two independently
evolving lineages, thus supporting the parallel loss of fused
leaves in this clade. The remaining sampled species generally
formed a large cluster that retained the ancestral condition of
.

fused leaves for this clade. Fused leaves of Periclymenum spe-
cies have lost distinct leaf bases, but the fusion form can range
from oval (e.g., L. hispidula) to orbicular (e.g., L. albiflora).
Two species, L. hirsuta and L. prolifera, extended from this clus-
ter, representing extreme forms of fused leaf shapes. Fused sets of
leaves in L. prolifera were nearly spherical, with rounded leaf
apexes. On the other extreme, fused leaves ofL. hirsutawere also
nearly spherical but had acuminate leaf apexes.

The North American clade of Periclymenum (fig. 3) covered
the widest area of the morphospace, while clades distributed
through the North American chaparral, Europe, and China
occupied more restricted areas within the morphospace. How-
ever, both the European and North American chaparral clades
had extensions to the region of the morphospace represent-
ing free leaves, while no other species of the North American
clade exhibited free leaves subtending the inflorescence.
Fig. 4 Ancestral character state reconstructions for Periclymenum (A) and Dipsacales (B). A, Ancestral character state reconstruction of leaf
fusion under maximum parsimony (MP) using the maximum clade credibility tree resulting from the Bayesian inference analysis of 19 Peri-
clymenum species. Colored bars indicate the gain of lateral shoots and the loss of verticel clustering. The number of fused leaves along an observed
stem is indicated by asterisks following taxon names (excluding the outgroup): one asterisk indicates a single set of fused leaves, two asterisks
indicate multiple sets of fused leaves, and both one and two asterisks indicate that it is polymorphic for single and multiple sets of fused leaves
B, Ancestral character state reconstruction of leaf fusion using MP was reconstructed across the Dipsacales phylogeny obtained by grafting the
species tree of Triosteum (Gould and Donoghue 2000) onto the most recent phylogeny of Dipsacales (Donoghue et al. 2003). Terminal branches
with two colors indicate polymorphism in a species or clade, and internal gray branches indicate an equivocal result from the ancestral character
state analysis.
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Discussion

While leaf fusion can be treated as a discrete character, analysis
of leaf shape as a continuous character through EFA provided
insights into the degree of fusion within and among species of
Periclymenum. Additionally, a range of shapes that represented
fusion would have otherwise been masked by scoring discrete
character states. For example,L. etrusca andL. prolifera both oc-
curred in the fused region of themorphospace, but fused leaves of
L. prolifera consistently formed a rounder structure, compared
with those of L. etrusca (figs. 2, 5).

To ensure the comparison of homologous structures, our mor-
phometric analysis was restricted to sampling the first set of fused
leaves subtending an inflorescence and did not measure addi-
tional sets of leaves farther from the apical meristem. However,
we observed two patterns of leaf forms along a reproductive
shoot—first, multiple sets of fused leaves subtending an inflores-
cence, and second, a single set of fused leaves directly subtending
an inflorescence, followed by pairs of free leaves. In the case of
multiple fused leaves, leaves became increasingly fused moving
along the growing axis, with the final set of leaves subtending
an inflorescence being completely fused. Here we discuss the im-
plications of the evolution of leaf fusion and consider potential
functions of fusion in this context.
Evolutionary Relationships within Periclymenum

We presented a comprehensive phylogeny of Periclymenum
analyzing four additional plastid gene regions, comparedwith the
last phylogenetic study of the group (Smith andDonoghue 2010).
With all but three species of the clade sampled, a number of
strongly supported clades were recovered within Periclymenum,
although many relationships within these clades remained unre-
solved. As in Smith and Donoghue (2010), we did not recover
the monophyly of established subsections but instead recovered
clades that corresponded to geography rather than to the sub-
sectional classification proposed by Rehder (1903).
Fig. 5 Phylomorphospace comprising the morphospace (fig. 2) and maximum likelihood phylogeny (fig. 3) pruned to include only taxa sam-
pled in the morphometrics study. Terminal taxa represent species averages in the morphospace and are indicated by circles. Leaf shapes are placed
in corresponding regions of the morphospace to indicate the leaf shape in that region. Middle left, Lonicera periclymenum. Bottom left, Lonicera
subspicata. Middle, Lonicera hispidula. Top right, Lonicera hirsuta. Middle right, Lonicera sempervirens. Bottom right, Lonicera prolifera. Clades
are colored according to their geographic distributions (fig. 3). PC p principal component.
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In 1903, Alfred Rehder published the first global monograph
of Lonicera and recognized four subsections of Periclymenum,
emphasizing features of the corolla and bracteoles over geog-
raphy. Section Cyhpeolae comprised nine species from North
America and one from China, L. yunnanensis. Section Phen-
ianthi included five North American species and a single spe-
cies fromChina,L. subaequalis.Lonicera subaequaliswas newly
described in this treatment, and Rehder noted that L. subaequa-
lis was not closely allied with any other species of Lonicera. Fur-
ther, Rehder noted that theNorth American species ofCyhpeolae
and Phenianthi seemed more closely associated with each other
than with the remaining two sections, Eucaprifolia and Thora-
cianthae. Section Eucaprifolia comprised all European Periclym-
enum species and, here again, a single species from China, L.
tragophylla. Finally, the fourth subsection, Thoracianthae, was
monotypic and included L. griffithii, from Afghanistan.
Instead of recovering the three sampled subsections in our phy-

logenetic analysis, we recovered a topology similar to previous
phylogenetic work (Smith and Donoghue 2010) that included
three clades corresponding to geography: (1) a clade containing
L. subaequalis (Phenianthi) and L. tragophylla (Eucaprifolia),
native to China, (2) a clade native to Europe and the Caucasus
(largely Eucaprifolia), and (3) a clade native to North America,
extending fromCanada south throughMexico (largelyCyhpeolae
and Phenianthi; fig. 3). The clade of species from China was well
supported as sister to all other Periclymenum species. We would
predict that the third species from China, L. yunnanensis (Cyh-
peolae), would also fall within this clade rather than among the
species from North America, where it has been classified on the
basis of morphology (Rehder 1903). The European clade largely
containedmembers ofEucaprifolia, aligningwithRehder’s vision
of the Periclymenum classification, with the one exception of L.
tragophylla from China, discussed above. We were unable to
sample L. splendida, native to Spain and placed in Eucaprifolia,
but we predict that it would fall within this clade. The European
clade is strongly supported and may be sister to a clade of North
American species. However, strong support for a monophyletic
NorthAmerican groupwas lacking. Instead, theNorthAmerican
species fell between two well-supported clades, one clade distrib-
uted acrossNorthAmerica and a second clade comprising species
with distributions that include the chaparral of western North
America. These two clades did not correspond to subsections
Cyhpeolae and Phenianthi and instead represented a mixing of
the two subsections.
The third and final Periclymenum species not sampled in this

study was L. griffithii, the sole member of subsection Thora-
cianthae collected from theKuramValley ofAfghanistan (Rehder
1903). ThoughL. griffithiimaynot be closely associatedwith any
of the Periclymenum clades recovered, on the basis of the geo-
graphic distribution of L. griffithii, a case could be made for
assigning it to the clade containing species from either Europe/
Caucasus or China. Further, this species has a unique set of attri-
butes that sets it apart from the typical formofPericlymenum spe-
cies, further clouding its evolutionary affinities. Unlike themajor-
ity of Periclymenum species, L. griffithii joins L. periclymenum
and L. subspicata in having distinct leaves rather than fused
leaves. Further, as with all Periclymenum species, L. griffithii
has a whorl of six flowers. Here, however, the sets of bracteoles
that subtend each of these six flowers fuse together to form a cu-
pule nearly as tall as the ovary itself (Rehder 1903). Bracteoles
fusing to forma cupule is a feature otherwise restricted to the other
major subclade of Lonicera, Chamaecerasus.

Evolution of Two Distinct Leaf Forms in Periclymenum

While variation in the degree of leaf fusion varied across
Periclymenum, our analysis supported two distinct leaf forms
for the first set of leaves that directly subtends inflorescences
of Periclymenum—free or fused (fig. 2). The shape of the free
or fused leaf ranged from lanceolate to obovate (figs. 2, 5).
The amount of intraspecific variation differed, with some spe-
cies, such as L. prolifera and L. hispidula, having less varia-
tion among individuals compared with L. interrupta and L.
implexa, which had more lability in leaf shape.

Missing from the morphospace of leaf shape were partially
fused leaves directly subtending the inflorescence, in which the
leaf base or the petiole, while still discernible, is somewhat ex-
panded. Instead, nearly all connate leaves were completely fused
across the stemwith no petiole-like structure, with the exception
of one individual of L. arizonica (fig. 2). Partially fused leaves,
however, were more frequently observed among the second and
third sets of leaves subtending the inflorescence in herbarium
specimens.

A combination of ancestral character state analysis and analy-
sis of the phylomorphospace confidently supported the loss of
fused leaves at least twice (figs. 4, 5) across Periclymenum, in L.
periclymenum and L. subspicata. These species were placed in
two independently evolving lineages, with L. periclymenum re-
covered in the European clade and L. subspicata in the North
American chaparral clade (figs. 3, 5). A third potential loss of
fused leaveswas inL. griffithiiofAfghanistan; however, inclusion
of this species in a phylogenetic analysis is needed to confirm this
hypothesis. Comparing the inflorescence architecture of L. peri-
clymenum and L. subspicata does not reveal any similarities that
might help to explain the parallel loss of fused leaves. Lonicera
periclymenum, native to Europe, typically has tight clusters of
inflorescences that sit directly on the leaves. This species is polli-
nated at night by sphinx and Deilephila hawk moths (Knuth
1909;Horwood1919; Brantjes 1973).Lonicera subspicata, a na-
tive of the chaparral of California, has an inflorescence subtended
by a peduncle, with lateral branching and distinct peduncles sep-
arating verticels. This species is primarily visited by diurnal but-
terflies, includingZerene eurydice, Plebejus acmon,Aricia lupini,
Aricia icarioides, Lycaeides melissa, and Erynnis funeralis (J. A.
Caldwell, unpublished data). Further investigation of the pollina-
tion and seed dispersal ecology of these plants, coupledwith stud-
ies of the genetic and molecular mechanisms required to achieve
this shift, may help identify selective pressures that underlie the
reversion to free leaves.

In the context of Dipsacales, the larger clade to whichLonicera
belongs, free leaves represent the ancestral condition, with fused
leaves gained at least three times throughout the clade. Fused
leaves were gained once in Periclymenum (followed by a parallel
loss), at least once in Triosteum (Caprifoliaceae), and once in
Dipsacus (Dipsacaceae; fig. 4B). The fused leaves of Dipsacus
fullonum (Dipsacaceae) form a cuplike structure that can retain
water, which is thought to facilitate carnivory (Christy 1923; but
see Shaw and Shackleton 2011; Krupa and Thomas 2019). The
fused leaves of Triosteum are more similar to those of Lonicera
in that these leaves are associated with reproductive structures.
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However, the inflorescences of Triosteum, unlike the typical ter-
minal inflorescences ofPericlymenum, also occur in the leaf axils
(Ferguson 1966). Yet, in either case, the fused leaves create a uni-
form backdrop against the flowers or fruits of these plants.

Among Periclymenum species, multiple forms of leaves were
commonly observed within an individual when fusion was pres-
ent. In some cases, individuals had a single set of fused leaves
representing one leaf shape and free leaves representing a second
leaf shape. Among species with multiple sets of fused leaves, we
typically observed that two or three (but up to five) pairs of leaves
subtending an inflorescence exhibited some amount of fusion. For
example, L. prolifera regularly displayed two or three sets of par-
tially fused leaves below the fully fused leaves that subtended the
inflorescence, while L. tragophylla tended to have only one addi-
tional set of partially fused leaves subtending a single set of fully
fused leaves. Additionally, leaves and petioles became more dis-
tinct farther from the inflorescence, resulting in a number of leaf
shapes along a stem (fig. 1C). As this trait is quite labile, there are
likely multiple shifts that would be required to explain the evolu-
tion of the single andmultiple sets of fused leaves observed across
Periclymenum, though our initial findings suggest that multiple
sets of fused leaves are ancestral. Shifts between numbers of fused
leaves and the degree of fusion along a stem suggest possible
changes in gene regulation. A hypothesized candidate gene is
CUP-SHAPED COTYLEDON (CUC), which has been impli-
cated in defining organ boundaries, as CUC mutants have re-
sulted in the fusion of cotyledons into a cup inArabidopsis (Aida
et al. 1997; Takada et al. 2001; Vroemen et al. 2003). More re-
cent studies have connected CUC activity to leaf serration (Has-
son et al. 2011) and identified a potential role forCUC in the for-
mation of compound leaves (Vlad et al. 2014), suggesting that
CUC plays a significant role in leaf shape and fusion. CUC acts
in a dosage-dependent manner, with reductions in CUC expres-
sion resulting in increased tissue fusion. The first step in this tran-
sition to fused leaves could have involved a decrease in CUC ex-
pression along the axis subtending the inflorescence that then
becamemore canalized to only a single set of fused leaves in some
clades, similar to the “fading borders” hypothesis forMADs-box
genes (Chanderbali et al. 2016). Therefore, initially, this may
have involved dosage of gene expression along a stem before
the evolution of the ability to regulate a complete switch from
the absence to the presence of leaf fusion (e.g., single fused leaves).
This could also explain the absence of partially fused leaves
subtending an inflorescence—the growing axis instead simply
continued to produce sets of leaves until they were fully fused be-
fore triggering the production of an inflorescence. Development
and expression studies of known genes involved in fusion, includ-
ing CUC, are needed to continue this line of inquiry.
Fused Leaves Are Associated with Reproductive Structures

Our study of leaf form inPericlymenum has confirmed that the
majority of species in this clade exhibit leaf fusion, with multiple
leaf forms occurring along a single reproductive shoot. Yet, con-
sistently among species exhibiting leaf fusion, the pair of leaves
subtending the inflorescence exhibited the greatest degree of fu-
sion. Despite a close and consistent association between fused
leaves and reproductive structures, we did not detect correlated
evolution among these traits.
Our study of the evolution of inflorescence architecture across
Periclymenum did generally support that the ancestral forms of
Periclymenum inflorescencesweremore compact, followed by re-
peated gains of lateral branching and peduncles between clusters
of flowers. There are additional inflorescence features to consider
to fully explore inflorescence evolution in honeysuckles as it may
relate to leaf fusion, some of which (e.g., the presence of axillary
branching or numbers of verticels along an inflorescence axis)
should be evaluated in livingplants and assessed at the population
level. As an example, while species in the European clade of
Periclymenum exhibit differences in lateral branching, this clade
also varies in the positioning of the inflorescences. Lonicera
caprifolium and L. implexa largely lack lateral branching within
their terminal inflorescences but produce inflorescences from the
axils of fused leaves (Rehder 1940). When the possible roles of
fused leaves in reproduction are considered, differences in the po-
sitioning of reproductive shoots affect the overall density and dis-
tribution of flowers across a whole plant. Additionally, quantita-
tive approaches to capturing variation in floral traits such as
corolla tube size and shape or petal lobe size and positioning
would better describe the inflorescence as a whole. Expanding
the study of leaf shape to include additional sets of partially fused
leaves while also exploring additional reproductive characters
may help illuminate correlated traits.
The spatial association of fused leaves with flowers and fruits

points to a possible role of reproductive ecology in the evolution-
ary history of this clade of honeysuckles. Given the positioning of
fused leaves surrounding a developing inflorescence, a protective
role for fused leaves has been suggested (Perino 1978). In mature
inflorescences of L. subaequalis and L. pilosa, the fused bracts
continue to form a large cuplike structure around the whorls of
flowers. In L. pilosa the inflorescences are pendulous, and it has
been noted that the fused leaves act as an umbrella shielding com-
pact clusters of flowers (Zappi and Taylor 1993).
Fused leaves form a consistent backdrop to the reproductive

structures of these honeysuckles (Perino 1978).Whileflower color
across Periclymenum varies, nearly all species have red fruits
(Rehder 1903). The discoverability of these fruits by a seed dis-
perser, typically birds, in the case of Lonicera (Ingold and
Craycraft 1983; Drummond 2005; Bartuszevige and Gorchov
2006;McCusker et al. 2010),may not be solely dependent on this
red color. The “contrast hypothesis” (Schmidt et al. 2004) sug-
gests that increasing the contrast of fruit displays increases the
likelihood of disperser detection and consumption (Schmidt et al.
2004; Schaefer et al. 2006; Cazetta et al. 2009; Ordano et al.
2017), and though this is untested, perhaps fused leaves further
enhance this contrast by providing a less heterogeneous surface
against which reproductive structures can be viewed. Further,
among the strong chromatic contrasts detectable by birds is
the red-green contrast (Burns and Dalen 2002; Schaefer et al.
2006), which would be especially pertinent for these red-fruited
Periclymenum species. Other types of modifications in red-
fruited Lonicera species without fused leaves may also allow
for such a contrast. For instance, the paired and fused red fruits
of L. alpigena of the Chamaecerasus clade occur at the end of a
long stalk that sits appressed to the top of a leaf. Though repro-
ductive ecology is not at the forefront of discussions on func-
tional differences in leaf shape (Nicotra et al. 2011; Chitwood
and Sinha 2016), further studies of the intersection of leaf fusion
and reproduction may prove to be important in honeysuckles.
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Conclusions

While fused, or perfoliate-connate, leaves occur independently
in a number of clades of flowering plants, this study is the first to
consider this feature inanevolutionary context.AcrossDipsacales,
free leaves are ancestral, and fused leaves have been both gained
and subsequently lost primarily within two clades, Lonicera and
Triosteum. Fused leaf shape varies across species of the Pericly-
menum clade of Lonicera, with fully fused leaves always directly
subtending an inflorescence. Those species with multiple sets of
fused leaves exhibit successively less fusion among pairs of leaves
more distant from an inflorescence. Given the close and consistent
association of fully fused leaveswith reproductive structures, fused
leaves may protect a developing inflorescence or provide a consis-
tent background that affects the visibility of flowers and fruits to
pollinators and seed dispersers, respectively. As few studies have
focused on the evolution of fused leaves, we hope that the con-
clusions of this study propel future work on morphological diver-
sity and the functions of this trait across flowering plants.
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Appendix A

A list of voucher specimens used in morphometric and phylogenetic analyses of the 21 species of Lonicera sampled in this study.
Herbarium specimens are listed with the collector name and number as well as herbarium acronyms. If no collector or collector num-
ber was noted on the specimen, the specimen barcode is provided. GenBank accession numbers are listed in the following order: LFY,
internal transcribed spacer, trnS-trnG, rbcL, psbM-trnD, rpoB-trnC, atpB-rbcL, petN-psbM, and matK. Most sequence data are from
Smith and Donoghue (2010). A dash indicates missing data.
Herbarium abbreviations are as follows: A p Arnold Arboretum, Harvard University Herbarium; AIX p Museum d’Histoire

Naturelle of Aix-en-Provence Herbarium; BG p University Museum of the University of Bergen; CHE p Société des Sciences
Naturelles et Mathématiques de Cherbourg; DES p Desert Botanical Garden Herbarium; GH p Gray Herbarium, Harvard Uni-
versity Herbarium; GXMI p Guangxi Institute of Traditional Medical and Pharmaceutical Sciences; K p Kew Royal Botanic
Gardens; KUN p Kunming Institute of Botany, Chinese Academy of Sciences; NEBC p New England Botanical Club; NEU p
Neuchâtel Herbarium; NY p New York Botanical Garden; MO p Missouri Botanic Garden, Tropicos; MPU p Herbarium
of Université de Montpellier; MW p Moscow State University; O p Natural History Museum, University of Oslo, OAC-BIO Her-
barium, University of Guelph and University of the Basque Country; P p Museum National d’Histoire Naturelle; PE p Institute of
Botany, Chinese Academy of Sciences; SM p Chongqing Municipal Academy of Chinese Materia Medica; TAA p Estonian Uni-
versity of Life Sciences; UBC p University of British Columbia; US p Smithsonian National Museum of Natural History; USCH p
University of South Carolina, A. C. Moore Herbarium; USF p University of South Florida Herbarium; UNM p University of New
Mexico Herbarium Palmer; WUK p Northwestern Institute of Botany.
L. albiflora Torr. & A. Gray S. Stephens 37453 (NY); D.S. Correll 21091 (NY); R. McVaugh 7233 (NY); T.F. Daniel 2757

(NY); F.S. Earle s.n. (NY); J. Reverchon 1072 (NY); E.O. Wooton s.n. (US); J. Carter & S.M. George 67 (UNM); P04333693
(P); R.A. Haughey s.n. (DES); GU269257; FJ217862; FJ217893; JN796941; -; -; -; -; -. L. arizonica Rehder E.A. Goldman
2118 (US); C.R. Hutchins 4990 (UNM); E. Palmer 537 (K); M. Licher 3119 (DES); GU269260; FJ217881; FJ217934; -; -; -; -; -.
L. caprifolium L. NEU000030449 (NEU); O.R. Willis s.n. (NY); 2437409 (NY); T. Barta s.n. (NY); G. Sag 3506 (P); B.
Wallnöfer 12366 (US); Dorfman s.n. (MW); S. Talts 23573 (TAA); GU269250; MG220043; FJ217891; MG224462.1; -; -; -; -; -.
L. ciliosa D. C. M. Murley 1727 (NY); L.F. Henderson 15705 (NY); M. Ridewood 39 (NY); J.W. Thompson 11726 (NY);
L.C. Wheeler 2762 (NY); E.R. Manton s.n. (UBC); C.A. Mosier s.n. (US); P03301449 (P); GU269263; MG218113; FJ217907;
MG223114; -; -; -; -; KX677615. L. dioica L. H.A. Gleason s.n. (NY); R.F.C. Naczi 15391 (NY); 2437745 (NY); A.W. Cusick
29499 (NY); H. Gillman s.n. 2437727 (NY); H.M. Denslow s.n. 2437804 (NY); K.K. Mackenzie s.n. (NY); GU269259;
GU269247; FJ217892; MG224262, EU265443, EU265507, EU265571, EU265635, MK520270. L. etrusca Santi J. Bornmuller
2746 (A); J. Bornmuller 13454 (A); L. Kharpal 627 (A); F. Petter 234 (A); Kammerer 2663 (GH); J. Ball 2214 (GH); J.G.
Spreitzechofer s.n. (A); G. Pellanda 1765 (GH); GU269256; FJ217842; FJ217899; MG223949, EU265409, EU265473,
EU265537, EU265601, -. L. flava Sims W.H. Lewis s.n. (NY); H.P. Sartwell s.n. (NY); S.R. Hill 36456 (NY); W.W.
Denslow s.n. (NY); I.A. Lapham s.n 278506 (NY); J.G. Smyth s.n. (NY); P03708938 (P); O.W. Harbin 258 (USF); -; FJ217875;
FJ217943; -; -; -; -; -; -. L. hirsuta Eaton H.A. Gleason 9561 (NY); C.O. Grassl 5788 (NY); C.C. Stewart 1728 (NY); E.G. Whitney
4197 (NY); P.V. Krotkov 9426 (NY); C.E. Garton 8533 (NY); H.D. House s.n. (US); W. Shumovich 718 (OAC-BIO); GU269262;
FJ217821; FJ217913; HQ590166; -; -; -; -; MK520271. L. hispidula Pall. ex Schult. E.C. Earle 4409 (NY); A.D.E. Elmer 4596
(NY); E. Palmer 2348 (US); J. McMurphy 24 (US); G.R. Vasey s.n. (US); J. Torrey 191 (US); H.E. Brown 872 (US); R. Dennis
& M. Ivie s.n. (US); GU269264; FJ217855; FJ217889; MG221342, EU265419, EU265483, EU265547, EU265611, KX676707.
L. implexa Aiton H. Bouby 2700 (P); P03709798 (P); P02445359 (P); P02445369 (P); P0.709993 (P); Dubourg s.n. (CHE);
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P03709811 (P); P03709802 (P); GU269255; FJ217861; FJ217897; -; -; -; -; -; -. L. interrupta Benth. B. Bartholomew 4268 (NY);
C.L. Hitchcock 6498 (NY); D.E. Breedlove 62607 (NY); W.J. Williamson 186 (NY); W.C. Cusick 2898 (NY); A.A. Heller 5551
(NY); O.M. Clark 5215 (UNM); O.M. Clark 5215 (UNM); GU269266; -; FJ217909; -; -; -; -; -; -. L. morrowii A. Gray D.E. Atha
10262 (NY); D.E. Atha 10306 (NY); W.D. Longbottom 13169 (NY); G. Eiten 1288 (NY); W. Longbottom 10994 (US); L.J.
Mehrhoff 21656 (NEBC); GU269249; FJ217859; FJ217917; KJ841385, EU265427, EU265491, EU265555, EU265619,
MK520273. L. periclymenum L. A. Mørch s.n. (BG); T. Lillefosse s.n. (BG); R. Nordhagen s.n. (BG); J. Naustdal s.n. (BG); L.
Malme s.n. (O); H. Bratli 4256 (O); P. Størmer s.n. (O); GU269254; FJ217825; FJ217928; KX677804; -; -; -; -; KJ204503. L. pilosa
(Kunth) Spreng. No morphometric data collected. -; GU269248; FJ217900; -; -; -; -; -; -. L. prolifera (Kirchner) Booth ex Rehder M.
McGee 818 (NY); T.G. Yuncker 18979 (NY); H.A. Gleason 9163 (NY); R.A. Davidson 448 (NY); S.R. Hill 29283 (NY); H.E.
Ahles 78550 (NY); J.M. Halginger s.n. (NY); C.S. Whulia s.n. (NY); GU269258; -; -; MG222051; -; -; -; -; -. L. sempervirens
L. D.E. Atha 9889 (NY); C. Stone 221 (NY); W.D. Longbottom 14915 (NY); 2442260 (NY); 2442269 (AIX); M. Connelly 98
(USCH); C. Aulbach-Smith 911 (USCH); C.A. Aulbach-Smith 911 (USF); GU269261; FJ217845; FJ217886; KY627129;
EU265434; EU265499; EU265563; EU265627; KJ772905. L. stabiana Guss. ex Pasq. collector unspecified 188/10 (P);
P04334309 (P); MPU1128176 (MPU); GU269261; -; -; -; -; -; -; -; -. L. subaequalis Rehder 潘超逸 850 (SM); 方鼎 姚良琪

63972 (GXMI); 方鼎 姚良琪 63972 (GXMI); 方鼎 方鼎 覃德海 63966 (GXMI); 方鼎 方鼎 覃德海 63966 (GXMI); 方鼎 陆小鸿

8158 (GXMI); 方鼎 姚良琪 63972 (GXMI); 方鼎 姚良琪 63972 (GXMI); 潘超逸 850 (SM); GU269252; EU240675;
EU265341; -, EU265405, EU265469, EU265533, EU265597, -. L. subspicata Hook. & Arn. S. Boyd 1831 (NY); C.A. Morse
17781 (NY); T.S. Ross & S. Boyd 3542 (NY); G.R. Vasey 241 (NY); G. Collins & J.H. Kempton 279 (NY); I.L. Wiggins
11871 (US); E.Palmer 120 (MO); GU269265; FJ217843; FJ217915; -; -; -; -; -; -. L. tragophylla Hemsl 陈彦生、吴振海、黎斌、

孙建钊等 4405 0502444 (WUK); 陈彦生、吴振海、黎斌、孙建钊等 4672 0501718 (WUK); 侯喜祥 郭友好 706 (WUK); E.
Wilson 346 (US); P03302042 (P); P03302043 (P); P03302046 (P); R.P. Farges 834 (P); P03302053 (P); GU269251; FJ217874;
EU265377; NC037953; EU265441; EU265505; EU265569; EU265633; NC037953. L. yunnanensis Franch. K.M. Feng 1047
(PE); G. Forrest 10795 (PE); collector unspecified 22913 (PE); 秦仁昌 2102 (KUN); P03301684 (P); P03301682 (P); no molecular
data collected.

Appendix B

Additional specimens examined for scoring morphological traits of Lonicera. For each herbarium specimen examined, the col-
lector name and number (or herbarium barcode when collector information was absent) as well as the herbarium acronym are
provided. Species are listed in alphabetical order. Herbarium abbreviations are as follows: A p Arnold Arboretum, Harvard Uni-
versity Herbarium; AIX p Museum d’Histoire Naturelle of Aix-en-Provence Herbarium; B p Botanic Garden and Botanical Mu-
seum Berlin-Dahlem; BG p University Museum of the University of Bergen; BNU p Beijing Normal University; CDBI p Chengdu
Institute of Biology, Chinese Academy of Sciences; CHE p Société des Sciences Naturelles et Mathématiques de Cherbourg; CSH p
Shanghai Chenshan Botanical Garden; DES p Desert Botanical Garden Herbarium; FR p Herbarium Senckenbergianum; GH p
Gray Herbarium, Harvard University Herbarium; GXMI p Guangxi Institute of Traditional Medical and Pharmaceutical
Sciences; GOET p University of Goettingen; IBSC p South China Botanical Garden; HX p Chinese Academy of Sciences, Huaxia
Mountain Botanical Garden Herbarium; K p Kew Royal Botanic Gardens; KHD p Kathryn Kalmbach Herbarium (Denver
Botanic Gardens); KUN p Kunming Institute of Botany, Chinese Academy of Sciences; LBG p Lushan Botanical Garden;
NAS p Institute of Botany, Jiangsu Province and Chinese Academy of Sciences; NBIC p Norwegian Biodiversity Information Cen-
tre; NEBC p New England Botanical Club; NEU p Neuchâtel Herbarium; NY p New York Botanical Garden; M p Vascular
Plant Collection at the Botanische Staatssammlung München; MO p Missouri Botanic Garden, Tropicos; MPU p Herbarium of
Université de Montpellier; MW p Moscow State University; O p Natural History Museum, University of Oslo, OAC-BIO Her-
barium, University of Guelph and University of the Basque Country; P p Muséum National d’Histoire Naturelle, Paris (France);
PE p Institute of Botany, Chinese Academy of Sciences; PEY p Peking University; SLA p Société des Lettres, Sciences et Arts de
l’Aveyron; SM p Chongqing Municipal Academy of Chinese Materia Medica; SZ p Sichuan University, Jianghong Ran; TAA p
Estonian University of Life Sciences; UBC p University of British Columbia; US p Smithsonian National Museum of Natural His-
tory; USCH p University of South Carolina, A. C. Moore Herbarium; USF p University of South Florida Herbarium; UNM p
University of New Mexico Herbarium Palmer; WUK p Northwestern Institute of Botany; XBGH p Xian Botanical Garden.

L. albiflora Torr. & A. Gray Aven Nelson 2006 (NY); O.B. Metcalfe 870 (NY); Palmer 157 (NY); B.C. Tharp s.n. (NY); E.
Whitehouse 19500 (NY); H.H. Rusby 149 (NY).

L. arizonica Rehder R.T. Schuh 14 (NY); L.M. Pultz 1031 (NY); R.C. Barneby 3105 (NY); T.F. Daniel 1582 (NY); B. Maguire
121249 (NY); B. Maguire 11868 (NY); T.F. Daniel 1762 (NY); G.J. Goodman 1170 (NY); E.A. Mearns 244 (NY); D.T.
MacDougal 104 (NY).

L. caprifolium L. Rehder Piaget s.n. (NEU); NEU000030445 (NEU); NEU000030453 (NEU); NEU000030457 (NEU);
NEU000030458 (NEU); NEU000030450 (NEU); C. Coaz s.n. (NEU); J. Berset s.n. (NEU); NEU000030455 (NEU);
NEU000030456 (NEU); NEU000030448 (NEU); H.P. Sartwell s.n. (NY); 2437410 (NY); 2632935 (NY); 3240473 (NY);
1688370 (NY); J. Hale s.n. (NY); A. Wood C.B. 299? (NY); 2437415 (NY).

L. ciliosa D. C. A.D.E. Elmer 347 (NY); T.E. Wilcox s.n. (NY); D.T. MacDougal 297 (NY); D.E. Boufford 23789 (NY); M.W.
Lyon 22 (NY); F.H. Rose 911 (NY); D.T. MacDougal 104 (NY); H.T. Rogers 966 (NY); H.E. Brown 401 (NY); A.D.E. Elmer 786
(NY); J.H. Christ IV 10121 (NY); M. Parks 27 (NY); J.A. Calder 29514 (NY); N.H. Holmgren 2703 (NY); R.R. Halse 3599 (NY);
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A.N. Steward 6903 (NY); C.L. Hitchcock 17229 (NY); Q. Jones 50 (NY); L.C. Wheeler 2762 (NY); J.H. Christ IV 683006 (NY);
R.S. Ferris 11731 (NY); F.E. Lloyd s.n. (NY); C.C. Eugberg s.n. (NY); L.F. Henderson 417 (NY); E.P. Sheldon 10418 (NY); H.
St. John 6347 (NY); J.M. Grant s.n. (NY); D. Griffiths 217 1 (NY); 30434 (NY); J.H. Sandberg s.n. (NY); V. Rattan s.n. (NY); G.
Davidse 606 (NY); A.J. Cronquist 6650 (NY); W.W. Eggleston 22100 (NY); M.W. Gorman s.n. (NY); M.B. Dunkle 13605 (NY);
J.H. Sandberg 390 (NY); T.J. Howell s.n. (NY); J.H. Christ IV 12098 (NY); S.M. Zelle 787 (NY); J.M. Macoun 42695 (NY); J.H.
Christ IV 7374 (NY); E.K. Balls 21714 (NY); T.S. Brandegee 807 (NY); J.M. Macoun 64647 (NY); B.T. Butler 2264 (NY); R.R.
Halse 8873 (NY); E. Hall 224 (NY); C.W. Sharsmith 3582 (NY); J.H. Christ IV 6866 (NY); O.D. Allen 113 (NY); B.L. Richards
s.n. (NY); M.L. Conrad 6895 (NY); W.H. Baker 756 (NY); J.H. Christ IV 86 (NY); J.H. Sandberg 554 (NY); E.W. Hammond 179
(NY); J.H. Christ IV 3834 (NY); 2437534 (NY); J.A. Calder 10239 (NY); H.J. Rust 74 (NY); R.S. Williams s.n. (NY); F.O.
Kreager 200 (NY); R.J. Davis 291 -37 (NY); A. Kellogg 340 (NY); W.B. Cooke 16019 (NY); A.A. Heller 13253 (NY); A.A. Heller
3316 (NY); A.A. Heller 3938 (NY); J. Grimes 1877 (NY); J.W. Thompson 17005 (NY); J.W. Thompson 11726 (NY).
L.dioica L.V.L.Harms17368 (NY); E.J.Grimes 383 (NY); E.J.Grimes 662 (NY); E.J.Grimes 1050 (NY);O.K.Lakela1424 (NY); J.W.

Moore 12871 (NY); W.L. Stern 578 (NY); P. Wilson s.n. (NY); F.A. Gilbert 829 (NY); M.H. Nee 52326 (NY); J. Torrey s.n. (NY); E.M.
Kittredge s.n. (NY);W. Hartmann 11546 (NY);W.W. Eggleston s.n. (NY); H.M. Raup 2692 (NY); J.E. Parsons s.n. (NY); A.J. Grout s.n.
(NY);N.L.Britton s.n. (NY); J.A. Steyermark 22132 (NY);W.H.Leggett s.n. (NY);G. Thurber s.n. (NY);N.L.Britton s.n. (NY);A.M.Vail
s.n. (NY); E.J. Hill s.n. (NY); C.A. Darling s.n. (NY); A.A. Tyler s.n. (NY); W. Hill 22 (NY); J.C. Arthur s.n. (NY); J. Fowler s.n. (NY); A.
Hayden 2054 (NY); C.D. Richards 4715 (NY); A.J.J. Breitung s.n. (NY); T.R. Robinson 29 (NY); S.L. Clarke s.n. (NY); A.M. Vail s.n.
(NY); 2437688 (NY); 2437691 (NY); N.L. Britton s.n. (NY); K.K. Mackenzie s.n. (NY); K.K. Mackenzie 4659 (NY); K.K. Mackenzie
s.n. (NY); H.N.Moldenke 11046 (NY);W.M. Benner 6711 (NY); G.T. Hastings s.n. (NY); BiltmoreHerbarium 554 f (NY); J.R. Gardner
661 (NY); 2437708 (NY); Biltmore Herbarium 554 b (NY); J. Lunell s.n. 2437712 (NY); T.G. Yuncker 10314 (NY); L. McCaskey s.n.
(NY);W.G. Dore 9800 (NY); F.H. Blodge s.n. (NY); A.M. Vail s.n. (NY);M.A. Vincent 13958 (NY); C.T. Frye 5914 (NY); P.A. Rydberg
s.n. (NY);H.Gillman s.n. (NY); C.D.Richards 2111 (NY); E.J. Palmer 34801 (NY); J.Macoun 72603 (NY);O.K. Lakela 1423 (NY); L.H.
Pammel s.n. (NY); P.V.Krotkov9424 (NY); J.L.C.Marie-Victorin 55133 (NY); F. Fabius 522 (NY);W.N.Denike 122 (NY); J.Murdoch Jr.
4062 (NY); A.J.J. Breitung 17623 (NY); 2437744 (NY); F.W.Hunnewell 8254 (NY); K.M.Wiegand s.n. (NY); F.D. Lawton s.n. (NY);
M.Heatley s.n. (NY);H.M.Raup3728 (NY);C.D.Richards 1910 (NY); E.S. Burgess s.n. (NY); J.F. Kemp s.n. (NY); B. Barlow s.n. (NY);
H.F. Bergman s.n. (NY); 2437768 (NY); H.A. Gleason 9653 (NY); 20611 (NY); A.J. Mc Clatchie s.n. (NY); 2437775 (NY); N. Taylor
1301 (NY);N. Taylor 1959 (NY); A.T. Beals s.n. (NY); C.H. Bissell 89 (NY);N.L. Britton s.n. (NY); C.C. Freeman 3367 (NY); J.D. Dwyer
s.n. (NY); E.S. Anderson 26020 (NY); A.H. Brinkman 3440 (NY); J.Macoun 20615 (NY); C.C. Curtis s.n. (NY);W.N. Denike 140 (NY);
W.H. Leggett s.n. (NY); J. Lunell s.n. (NY); E.S. Steele 17 (NY); T.A.Williams s.n. (NY); E.W.Wood4212 (NY);C.E.Garton 24082 (NY);
C.E. Garton 24082 (NY); H.M. Denslow s.n. (NY); H.R. Bennett s.n. (NY); 2437810 (NY); 2437811 (NY); I.A. Lapham s.n. (NY); J.B.
Moyle 185 (NY); N. Taylor 174 (NY); K.E. Rogers 44103 (NY); B. Shimek s.n. (NY); R.D. Dorn 4052 (NY); R.D. Dorn 3994 (NY); G.H.
Turner 13 (NY); S. Stephens 20007 (NY); E.T.Moldenke 9646 (NY); I.A. Lapham s.n. (NY); K.O. Foltz s.n. (NY); H.N.Moldenke 2376
(NY); H.E. Ahles 43985 (NY); T.J.W. Burgess s.n. (NY); J.M.Macoun 59980 (NY); BiltmoreHerbarium 554 (NY); F.E. Fenno 182 (NY);
C.C. Deam 14425 (NY); J.M.Holzinger s.n. (NY); L.R.Moyer 5 Je. 1909 (NY); J.H. Lehr 332 (NY); H.M.Denslow s.n. (NY); R.D. Dorn
4052 (NY); 1072 (NY); O.A. Phelps 1203 (NY); Biltmore Herbarium 554 (NY); I.A. Lapham s.n. (NY); A.J.J. Breitung 557 (NY); H.A.
Gleason9814 (NY); F.W.Rapp4332 (NY);H.A.Gleason9810 (NY);A.C.McIntosh 1413 (NY); B.Rawlinson49-193 (NY);W.H.Camp
1300 (NY); 2437869 (NY); F.W.Hunnewell 6903 (NY);N.L. Britton s.n. (NY); 2437873 (NY); J. Kezer s.n. (NY); F.H. Blodgett s.n. (NY);
2437876 (NY); Biltmore Herbarium 554 f (NY); J.M. Holzinger s.n. (NY); Oakes s.n. (NY); C.A. Kofoid s.n. (NY); C.D. Richards 2097
(NY); F.J. Hermann 7774 (NY); C.D. Richards 692 (NY);M.E.Moodie 11 (NY); E.J. Palmer 37179 (NY); H.M. Raup 3096 (NY); H.M.
Raup 3090 (NY); H.M. Raup 3095 (NY); M.E.Moodie 929 (NY); F.K. Butters 868 (NY); S. Stephens 5967 (NY); P. Johnson 209 (NY);
C.D. Richards 2099 (NY); J.F. Poggenburg s.n. (NY); E.J. Alexande s.n. (NY); E.T. Moldenke 11628 (NY); Z.E. Murrell 229 b (NY);
H. Hapeman s.n. (NY); J.K. Small s.n. (NY); J.K. Small s.n. (NY); J.K. Small s.n. (NY); 2437854 (NY); 2437651 (NY); 2437642
(NY); 2437815 (NY); 2437806 (NY); 2437810 (NY); 2437814 (NY); 2437850 (NY); R.C. Schneider 3602 (NY); G.T. Hastings s.n.
(NY); 2437626 (NY); 2437655 (NY);V.H.Chase 12495 (NY);V.H.Chase 12608 (NY);W.W.Eggleston 231 (NY);W.L. Stern 615 (NY).
L. etrusca SantiAmat, R. s.n. (AIX); G. Sag 5 (P); H. Bouby s.n. (P); P. Jovet s.n. (P); S.V. Dudov Eur 14 034 (MW); S.V. Dudov Eur 14

034 (MW); M.N. Kozhin s.n. (MW); A.V. Popovich s.n. (MW); E.E. Gogina s.n. (MW); G. Grosset s.n. (MW); Ivanova s.n. (MW);
Litvinova s.n. (MW); Avvakumova s.n. (MW); Novichkova s.n. (MW); Korobkov s.n. (MW); P. van Royen 11890 (US); J.A. Calder
36678 (NY); M.E. Peck 8828 (NY); B. Verdcourt 4562 (USF); E. McClintock s.n. (USF).
L. flava Sims Steven R.Hill 39155 (NY); 2437900 (NY); R.M.Harper 216 (NY); G.T. Robbins 2913 (NY); D. Demarée 22857 (NY);

M. Pyne 94- 42 (NY);W.C.Coker s.n. (NY); A.M.Huger s.n. (NY); D.Demarée 22768 (NY); 2437924 (NY);H.E.Wheeler s.n. (NY);D.
Demarée 6531 (NY); D. Demarée 14336 (NY); C.F. Wheeler 1071 (NY); A.J. Cronquist 4440 (NY); A.J. Cronquist 5054 (NY); W.H.
Duncan 20046 (NY); R.M. Harper 330 (NY); H.K.D. Eggert s.n. (NY); S. Boykin s.n. (NY); A.M. Huger s.n. (NY); N.E.Mullens 68027
(NY); A.M.Huger s.n. (NY); E.J. Alexander s.n. (NY); J.K. Small 769 (NY); 2437960 (NY); P.L. Redfearn Jr. 4155 (NY); J.K. Small s.n.
(NY); J.K. Small s.n. (NY); J.K. Small s.n. (NY); J.K. Small s.n. (NY); J.K. Small s.n. (NY); 2437952 (NY); 2437966 (NY); G.V. Nash
1042 (NY); R.C. Schneider 1042 (NY); W.S. Sullivant 80 (NY); I.A. Lapham s.n. (NY).
L. griffithii Hook.f. & Thomson W. Griffith 752 (K); W. Griffith 3408 (K); W. Griffith, 3408 (K); W. Griffith 752 (K); W.

Griffith 1165 (K); W. Griffith s.n. (K); W. Griffith 3408 (P); J.E.T. Aitchison 535 (P); W. Koelz 11510 (US); W. Koelz 11695
(US); W. Koelz 11657 (US); W. Griffith 3408 (M); W. Griffith 3408 (M).
L. hirsuta Eaton H.A. Gleason 9574 (NY); C.E. Garton 1831 (NY); 2438021 (NY); O.K. Lakela 1303 (NY); E. Brainerd s.n. (NY);

E.M. Round s.n. (NY); F.W. Hunnewell s.n. (NY); A.M. Keefe s.n. (NY); E.J. Palmer 36833 (NY); H.P. Sartwell s.n. (NY); T.W.
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Edmondson s.n. (NY); 2438031 (NY); J.W. Moore 20281 (NY); J. Fowler s.n. (NY); C.E. Garton 1192 (NY); H.P. Sartwell s.n. (NY);
A.Eaton s.n. (NY); B. Barlow s.n. (NY); A. Brown s.n. (NY); Sartwell s.n. (NY); H.R. Bennett s.n. (NY); J.B. Moyle 206 1 (NY); J.H.
Shuette 12. 4 .66 (NY); J.H. Eby 1 (NY); J. Macoun s.n. (NY); W.H. Welch 9730 (NY); C.A. Ballard s.n. (NY); J. Macoun 62954
(NY); I.B. Crawe s.n. (NY); E.L. Hankenson s.n. (NY); C.W. Mulford s.n. (NY); P.A. Rydberg 7824 (NY); O.A. Farwell 1073 (NY);
Hadley 13 (NY);H.Gillman s.n. (NY);H.A.Gleason 9812 (NY);A.P.Garber s.n. (NY); 2438070 (NY); C.F. Austin s.n. (NY); J.Macoun
s.n. (NY); A.P.Garber s.n. (NY);N.L. Britton s.n. (NY);N.L. Britton s.n. (NY); 2438077 (NY); 2438076 (NY);H.D.House 20345 (NY).

L. hispidula Pall. ex Schult. E. Hall 225 (NY); C.E.O. Kuntze 3174 (NY); J. Macoun 87926 (NY); E.K. Balls 18625 (NY); M.E.
Peck 8581 (NY); E. Hall 226 (NY); T.J. Howell s.n. (NY); L. Constance 959 (NY); M.W. Gorman 4161 (NY); C.C. Eugberg s.n.
(NY); R.A. Plaskett 153 (NY); J.H. Dickson s.n. (NY); E. Hall 225 (NY); J. Torrey 191 (NY); J. Macoun 87924 (NY); C.F. Baker
1533 (NY); C.C. Eugberg s.n. (NY); R.A. Plaskett 153 (NY); A.D.E. Elmer 4255 (NY); L.S. Rose 39278 (NY); T.F. Daniel 2938
(NY); B. Crampton 3127 (NY); H.H. Smith 3930 (NY); E.C. Smith 771 (NY); L.R.J. Dennis s.n. (NY); G.H. True 6829 (NY); J.M.
Coulter 8489 (NY); J.M. Grant s.n. (NY); R.R. Halse 7281 (NY); J. Torrey 191 (NY); A.M. Ottley 1556 (NY); G.R. Vasey 241
(NY); G.K. Helmkamp 14899 (NY); G.L. Jenks s.n. (NY); H.E. Hasse 4060 (NY); W.M. Canby s.n. (NY); 2438123 (NY); G.R.
Vasey s.n. (NY); E. Hall 225 (NY); F.R. Fosberg S 4851 (NY); J.I.W. McMurphy 24 (NY); G.B. Grant 3789 (NY); B. Trask 197
(NY); S.M. Zeller 882 (NY); 2438143 (NY); J. Torrey 191 (NY); R.R. Halse 4094 (NY); W.C. Cusick 2858 (NY); H.T. Edwards
s.n. (NY); C.E.O. Kuntze 231 (NY); T.G. Lammers 11074 (NY); L. Abrams 5921 (NY); 2438090 (NY); 2438124 (NY); Hartweg
s.n. (NY); H.E. Brown 872 (NY); A. Kellogg 838 (NY); J. Macoun s.n. (NY); M.T. Cook s.n. (NY); A.A. Heller 5723 (NY); A.A.
Heller 5767 (NY); A.A. Heller 13799 (NY); A.A. Heller 7478 (NY); J.W. Thompson 9961 (NY).

L. implexa Aiton K. Larsen et al. 36175 (USF), G. Sag 3506a P00040794 (P). L. Mercurin 1652 P00101127 (P). V. Raquet vr 41
P00735646 (P). J. Raynal 4305 P00699267 (P). J. Guillet s.n. P 00699270 (P). C. Legros s.n. P00699271 (P). L. Rotereau s.n.
P00699272 (P). A. Beaugé B184 P00789323 (P). C. Dupin s.n. P00791082 (P). R. Grasl & P. Excobar García 1761
P00263628 (P). C. Billot s.n. P04360057 (P). P04310058 (P). P04360061 (P). P04360063 (P). P04360064 (P). P04360065 (P).
P04362288 (P). P04362290 (P). P04362291 (P). P04362344 (P). P04364027 (P). P04364592 (P).

L. interrupta Benth.K.T. Hartweg 1759 (NY); J.B.Walker 1306 (NY); 2438155 (NY); L.C.Wheeler 2784 (NY); E. Anderson 7473
(NY); T.S. Ross 2779 (NY); T.S. Ross 3975 (NY); H.D.D. Ripley 6989 (NY); B. Maguire 11387 (NY); W.R. Dudley 544 (NY); H.E.
Hasse 6056 (NY); R.T. Schuh s.n. (NY); R.T. Schuh s.n. (NY); L.R. Landrum 6861 (NY); J. Peñalosa 2067 (NY); C. C. Bruce 2472
(NY); L.A. McGill LAM 1410 (NY); C.H. Quibell 1949 (NY); J. Torrey 190 (NY); J.D. Culbertson 5044 (NY); J.I.W. McMurphy 26
(NY); C.C. Parry 151 (NY); S.R. Hill 38551 (NY); G. Hansen 137 (NY); H.E. Brown 232 (NY); L.C. Higgins 18111 (NY); T.S. Ross
2885 (NY); E.C. Twisselmann 9477 (NY); F. Shreve 13 (NY); A. Nelson 1876 (NY); T.C. Bridges 137 (NY); G. Hansen 137 (NY); J.
Torrey 190 (NY); T. Elias 8503 (NY); K. Reichhardt 90-01 (NY); B Maguire 11306 (NY); B. Maguire 12076 (NY); G.K. Helmkamp
14698 (NY); A.D.E. Elmer 4346 (NY); C.C. Parry 151 (NY); R.E. Collom 13 (NY); D.J. Keil 3956 (NY); J.H. Barnhart 2977 (NY);
J.M. Bigelow 1- 2 (NY); E. Hall 226 (NY); C.C. Parry 151 (NY); L. Abrams 136 (NY); L. Abrams 4537 (NY); L. Abrams 326 (NY); L.
Abrams 4537 (NY); A. Kellogg 339 (NY); H.M. Edwards s.n. (NY); E.B. Copeland 3492 (NY); W.B. Cooke 15161 (NY); A.A. Heller
11408 (NY); A.A. Heller 7881a (NY); A.A. Heller s.n. (NY).

L. periclymenum L. A. Kirchhoff s.n. (B); J. Kohava s.n. (TAA); J. Kohava s.n. (TAA); H. Hupke s.n. (FR); H. Hupke s.n. (FR);
J. Ratzloff s.n. (KHD); G. Dominicique 3504 (P); F. R. Fosberg 57732 (P); Changy 42 (AIX); P. Pedersen & B. Øllgaard 254 (US);
G.V. Nash 5747 (NY); H.P. Statwell s.n. (NY); Morong s.n. (NY); I.T. Worthley 5747 (NY); M.L. Fernald s.n. (NY); R.R. Halse
5223 (NY); E. Jahr s.n. (NBIC); L. Sekse 605.2 (BG); G.B. Straley 5550 (UBC); K and S.S. Larsen 38542 (USF); E. Fremstad 6052
(BG); P. Pedersen and B. Øllgaard 254 (BG); A. Danielsen 966-99 (BG); J. Kohava s.n. (TAA).

L. pilosa (Kunth) Spreng. A.B. Ghiesbreght 699 (MO);. 2331682 (MO); J. Gregg 699 (MO); J.C. Hinton 17127 (MO); G.S.
Hinton 20270 (MO); J.C. Hinton 23262 (MO); J.C. Hinton 23320 (MO); G.S. Hinton 25425 (MO); C.C. Parry & Edward Palmer
297 (MO).

L. prolifera (Kirchner) Booth ex Rehder E.N. Plank s.n. (NY); B.F. Bush 10135 (NY); C.S. Sheldon s.n. (NY); W.H. Welch 908
(NY); W.H. Welch 847 (NY); O.K. Stark 457 (NY); F.J. Hermann 8948 (NY); J.H. Vincent 8.4.66 (NY); I.F. Holton s.n. (NY);
J.W. Moore and I.W. Murphy 10038 (NY); F.J. Hermann 8832 (NY); C.C. Deam 984 (NY); E.J. Palmer 40517 (NY); H.F. Jaeger
s.n. (NY); D.J. Vasey s.n. (NY); F. Hall s.n. (NY); W.H. Welch 666 (NY); M. Nee 55428 (NY); H.V. Ogden s.n. (NY); J. Hastling
26837 (NY); L.M. Umbach s.n. (NY); A. Hayden 9512 (NY); C.T. Whuler (NY); H.N. Patterson s.n. (NY); J.M. Hanginger s.n.
(NY); W.A. Kellerman. s.n. (NY); F.W. Johnson 1680 (NY); W.A. Kellerman s.n. (NY); N.L. Britton s.n. (NY); W.S. Moffatt M.D.
s.n. (NY); M.S. Bebb s.n. (NY); W.M. Canby s.n. (NY); T.F. Lucy 11927 (NY); R.C. Schneider 3620 (NY); G.V. Nash Sept 1 1904
(NY); H.E. Ahles 16225 (NY); G.V. Nash 3621 (NY); R.A. Howard 17956 (NY); R.C. Friesner s.n. (NY); D.B. Ward and A.R.
Bechtel 17531 (NY); E.J. Palmer and J.A. Steyermark 41167 (NY); J.A. Steyermark 25977 (NY); J.A. Steyermark 71555 (NY); J.A.
Steyermark 28728 (NY); G.J. Goodman 2985 (NY); H.C. Steels s.n. (NY); S.R. Hill 36681 (NY); S.R. Hill 36129 (NY); J.M.
Greenman et al. 42 (NY); V.E. Chase I0774 (NY); R.C. Schneider 26837 (NY).

L. sempervirens L. S.T. Olney s.n. (NY); 4159b (NY); 2442461 (NY); D.E. Atha 9480 (NY); D.S. and H.B. Correll 10086 (NY);
Chapman s.n. (NY); T. Morong s.n. (NY); A. & C. Krochmal s.n. (NY); N.K. Berg s.n. (NY); J.S. Grace s.n. (NY); M. Whaily s.n.
(NY); A.T. Beals s.n. (NY); E. Hall 286 (NY); L.R. Gibbs s.n. (NY); J. Pruski and K. Malin 210 (NY); J.M. Coulter 8495 (NY);
E.S. Britton s.n. (NY); Biltmore 14678 (NY); A.S. Reed 266 (NY); G.B. Goodr s.n. (NY); G.B. Goodr s.n. (NY); Redford and Stu-
art 479a (NY); S.T. Olney s.n. (NY); 2442292 (NY); L.M. Perry s.n. (NY); Chapman s.n. (NY); S.M. Tracy 9206 (NY); W.W.
Thomas 28 (NY); G.V. Nash 246 (NY); N.K. Berg s.n. (NY); F.S. Earle, C.S. Baker 419 (NY); S. McCoy 2520 (NY); T.G. Yuckner
1327 (NY); S. McCoy 961 (NY); G. Wilson s.n. (NY); 2442315 (NY); H.J. Banker 3511 (NY); M. Hitchcock 1069 (NY); J.E.
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Fairey et al. 705 (NY); M.L. Fernald and B. Long 10433 (NY); J. Lusk 2 (NY); 2442327 (NY); J.L. Poggenberg s.n. (NY); E.L.
Davis s.n. (NY); D. Gully 15 (NY); A. Staccick s.n. (NY); 2442340 (NY); 2442341 (NY); 2442342 (NY); M.B. Warner s.n. (NY);
H.E. Ahles and C.R. Bell 10394 (NY); C.W. Short M.D. s.n. (NY); Morong s.n. (NY); A.H. Curtiss 4654 (NY); V.L. Cory 53388
(NY); F.W.H. 17576 (NY); R.K. Godfrey 3665 (NY); D.T. Carraway 124 (NY); G. Fletcher 163 (NY); S.B. Buckley s.n. (NY);
H.E. Ahles and J. Haesloop 53309 (NY); G. and F. Haas s.n. (NY); H.E. Ahles and J. Haesloop 53309 (NY); W. Lucian 60
(NY); D. Hale s.n. (NY); A.G. Reanolds s.n. (NY); R.D. Thomas 13053 (NY); W.M. Canby s.n. (NY); A. Wood CB 299
(NY); 2442392 (NY); R.T. Worthington 12917 (NY); J. Pruski, L. Urbastch 1659 (NY); A.H. Curtiss 6375 (NY); A.M. Attley
and H.J. Davis 1720 (NY); Morong s.n. (NY); T.H. Kearney Jr. s.n. (NY); 2442406 (NY); 2442407 (NY); M. Ajour 15 (NY);
R. McVaugh 6569 (NY); S.R. Hill 22962 (NY); S.R. Hill 13730 (NY); P. Fryxell 2895 (NY); P. Fryxell 2477 (NY); P.R.S. s.n.
(NY); S.R. Hill 13917 (NY); Rugel s.n. (NY); B.F. Bush 142 (NY); I.F. Lewis 249 (NY); 2442437 (NY); E. J. Palmer 39793
(NY); H.A. Gleason 8544 (NY); W.A. Mukhill s.n. (NY); 812 (NY); A.H. Curtiss s.n. (NY); Rev. L.H. Lighthipe 644 (NY);
E.J.C. Gilbert s.n. (NY); 2442452 (NY); W.M. Canby s.n. (NY); G. McCathy s.n. (NY); E. Hall 268 or 068 (NY); A. Cronquist
4475 (NY); A. Cronquist 4991 (NY); K.K. Mackenzie 7922 (NY); K.K. Mackenzie 6984 (NY); H.A. Gleason 8445 (NY); W.D.
Longbottom 14844 (NY); F.W. Pennell 6728 (NY); R.F.C. Naczi 12412 (NY); A. Ruth s.n. (NY); W.D. Longbottom 12673 (NY);
W.H. Leggett s.n. (NY); N.L. Britton s.n. (NY); K.M. Wiegand s.n. (NY); W.C. Ferguson 7579 (NY); W.C. Ferguson 6650 (NY);
W.C. Ferguson 7671 (NY); A.M. Vail s.n. (NY); S.L. Clarke s.n. (NY); A.M. Vail s.n. (NY); M.A. Vincent & M.W. Vincent 14831
(NY); F. Moore 71602 (NY); H. Swift 71602 (217) (NY); J.W. Tansey s.n. (NY); Arkin s.n. (NY); Gray 221 (NY); W.D.
Longbottom 16908 (NY); J. Brinker 8151 (NY); Gray 2013 (NY); 2442344 (NY); E.P. Bicknell s.n. (NY); J. Grimes 2529
(NY); F.E. Egler 40-12 (NY); F.S. Earle and C.F. Baker s.n. (NY); S. Brown et al. 2035 (NY); J.E. Fairey, III et al. 717 (NY);
N.L. Britton and J.K. Small. s.n. (NY); R. Dragonetti 31 (NY); J. Aloian 23 (NY); A.A. Heller 844 (NY); N.L. and E.Q. Britton
and A.M. Vail. s.n. (NY); C.A. Hollick s.n. (NY); N.L. Britton s.n. (NY); W.M. Benner 64 (NY); F.W. Pennell 3920 (NY); A.R.
Hodgdon s.n. (NY); J.K. Small s.n. (NY); J.K. Small s.n. (NY); J.K. Small s.n. (NY); J.K. Small and A.A. Heller 224 (NY); J.K.
Small and A.A. Heller 224 (NY); M.L. Fernald and B. Long 6401 (NY); H.N. Moldenke 1212 (NY); A.D. Granger s.n. (NY);
J.W. and M.F. Moore. 10274 (NY); E.J. Palmer 42242 (NY); I.M. Clute 100 (NY); S. McDaniel 2305 (NY); S. McDaniel
1783 (NY); D.S. Correll & H.B. Correll 23567 (NY); R.R. Haynes 7729 (NY); F.S. Earle and L.M. Underwood s.n. (NY); F.S.
Earle and E.S. Earle 70 (NY); D.L. Curtis 133 (NY); H.D. House 3847 (NY); S.R. Hill 39156 (NY); H.D. House 1813 (NY);
H.D. House 2039 (NY); R.T. Clausen and H. Trapido 3784 (NY); H.D. House 3279 (NY); C.C. Freeman 20484 (NY); R.K.
Godfrey 53012 (NY); R.P. Martin 1503 (NY); B. Moore 50 (NY); R.K. Godfrey 84534 (NY); C. Easley 186 (NY); W. Kittredge
915 (NY); D.S. & H.B.Correll 53762 (NY); F.J. Hermann 10509 (NY); D. Demaiee 12025 (NY); D. Demaree 17147 (NY); D.
Demaree 19897 (NY); D. Demaree 20844 (NY); D. Demaree 22074 (NY); R.D. Thomas et al. 104692 (NY); D. Demaree
16823 (NY); D. Demaree 18937 (NY); D. Demaree 16898 (NY); A.W. Cusick 27441 (NY); B.C. Tharp 49-1030 (NY); J.F. Collins
s.n. (NY); S.R. Hill 36320 (NY); J.F. Poggenberg s.n. (NY); A. Staccick s.n. (NY); B.H. Long 23028 (NY).
L. splendida Boiss. P.E. Boissier 95 (K); P.E. Boissier 95 (K); J. Ball s.n. (K).
L. stabiana Guss. ex Pasq. V. Le Bussion 2995 (P); V. Le Bussion s.n. (P); G. Pellanda s.n. (P); M. Guadagno s.n. (P); Pellanda, G

s.n. (MPU); Pellanda, G s.n. (NL); 188/10 (SLA).
L. subaequalis Rehder 方鼎 覃德海 63966 (GXMI); 方鼎 覃德海 63966 (GXMI); 姚良琪 63972 (GXMI); 姚良琪 63972

(GXMI); 姚良琪 63972 (GXMI); 姚良琪 63972 (GXMI); : 陆小鸿 8158 (GXMI); 姚良琪 63972 (GXMI); 包维楷等 1830 (CDBI);
包维楷等 1830 (CDBI); 红水河植物考察队 1960 (PE); 方鼎,覃德海 63966 (PE); 刘照光 4632 (PE); 杨开太、王方瑜等 11465
(CDBI); 印开蒲、陈庆恒 224 (CDBI); 印开蒲、陈庆恒 224 (CDBI); 716 (CDBI); 川经植 142 (PE); 川经植 142 (PE); 川经植

286 (PE); 川经植 716 (PE); 川经植 716 (PE); 管中天 8696 (PE); 李鳌、黄云珍 川经宜 142 (CDBI); 禹平华 859 (WUK); 禹平华

859 (PE); 余师珍 49506 (SZ); 俞德俊 3936 (PE); 169 (NAS); 206 (NAS); 331 (IBSC); 331 (NAS); 716 (KUN); 835 (KUN);
C. W. Yao 3079 (PE); 川经江 1187 (KUN); 川经江 142 (KUN); 秦沛南 黄治平 朱树屏等 206 (PE); 禹平华 859 (KUN); 四川大

学生物系植物调查队 49506 (WUK); 赵汝垲 200 (KUN); A.E. Pratt 364 (K); A. Henry 8936 (K).
L. subspicata Hook. & Arn. F.E. and E.S. Clements 201 (NY); H.P. Chandler 5288 (NY); 23212 (NY); Cleveland s.n. (NY);

C.R. Orcutt s.n. (NY); J.F. Allen s.n. (NY); Schwartz 24-3 (NY); LeDoux et al. 1138 (NY); F.M. Reed 5824 (NY); I.W. Clokey
and B. Templeton 4554 (NY); G.H. Horn s.n. (NY); G.T. Hastings s.n. (NY); H. Edwards s.n. (NY); L. Abrams & E.A. McGregor
302 (NY); V. Durna 3496 (NY); Schuh et al. s.n. (NY); C.Ç. Parry s.n. (NY); A.J. McClatchie (NY); L. Abrams 4148 (NY); A.J.
McClatchie (NY); H.M. Hall 2529 (NY); L. Abrams 2544 (NY); A. Eastwood 65 (NY); A. Eastwood 197 (NY); A.W.E. Elines
3729 (NY); H.P. Chandler 5466 (NY); E.S. Ferris et al. 6082 (NY); E. Palmer M.D. 120 (NY); G. Thurber 538 (NY); C.A. Morse
17713 (NY); L.R. Landrum 7818 (NY); E.A. Purer 6513 (NY); J.T. Howell 6278 (NY); P.A. Munz 11567 (NY); L.C. Wheeler 830
(NY); G.L. Fisher 96 (NY); G.R. Vasey 242 (NY); P.A. Munz 7128 (NY); G.T. Hastings (NY); M.F. Spencer 88 (NY); G.T.
Hastings (NY); F.M. Reed 6026 (NY).
L. tragophylla Hemsl. 何毅、吴磊 GSL2014050668 (BNU); 李思峰、黎斌、张莹、胡浩 17659 (XBGH); 李思峰、黎斌、张莹、

王宇超 17791 (XBGH); 李思峰、黎斌、张莹、王宇超 17791 (XBGH);李思峰、黎斌、张莹、胡浩 17149 (XBGH);李思峰、黎斌、

张莹、周亚福、胡浩 16297 (XBGH);李思峰、黎斌、张莹、柏国清 15586 (XBGH);李思峰、黎斌、张莹、张瑞博 13457 (XBGH);
李思峰、黎斌、张莹、张瑞博 13758 (XBGH);李思峰、黎斌、张莹、张瑞博 13900 (XBGH);李思峰、黎斌、张莹、张瑞博 13911
(XBGH); 李思峰、黎斌、张莹、张瑞博 14224 (XBGH); 李思峰、黎斌、张莹、陈昊、张瑞博、韩桂军 10806 (XBGH); 吴振海

WZH-08-129 (CSH); 吴振海 WZH-07-077 (CSH); 张超 20071123 (HX); 白水江考察队 124 (PE); 陈彦生、吴振海、黎斌、孙建

钊等 4405 (WUK); 陈彦生、吴振海、黎斌、孙建钊等 4405 (WUK); 陈彦生、吴振海、黎斌、孙建钊等 4405 (WUK); 陈彦生、

吴振海、黎斌、孙建钊等 4672 (WUK); 陈彦生、吴振海、黎斌、孙建钊等 4672 (WUK); 陈彦生、吴振海、黎斌、孙建钊等
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4672 (WUK);陈彦生、吴振海、黎斌、孙建钊等 4672 (WUK);陈彦生、吴振海、黎斌、孙建钊等 2281 (WUK); A. Henry 685 (K);
A. Henry 1707 (K); A. Henry 4010 (K).

L. yunnanensis Franch. 蓝顺彬 435 (PE); 蓝顺彬 435 (PE); 刘照光 4632 (CDBI); 刘照光 4632 (CDBI); 刘照光 4632 (CDBI); 滇
东北队 1247 (PE); 滇西北金沙江队 6248 (PE); 滇西北金沙江队 63-6248 (PE); 姜恕等 5618 (PE); 邱炳云 57914 (WUK); 邱炳云

57914 (NAS); 冯国楣 21584 (PE); 刘伟心 51250 (IBSC); 辛景三 513317 (IBSC); 云南植物 51250 (WUK); 冯国楣 50401 (IBSC);
毛品一 1453 (PE); 毛品一 1453 (PE); 毛品一 1453 (WUK); 秦仁昌 21626 (PE); 刘慎谔 21815 (PE); K. M. Feng 9069 (PE); 秦仁昌

22913 (PE); H.T Chang 207 (IBSC); 蒋英 16497 (IBSC); 吴征镒 刘德义 12208 (PE); T.T. Yu 11453 (PE); 俞德俊 11453 (PE); H.T.
Tsai 53650 (LBG); H.T. Tsai 53607 (PE); H.T. Tsai 53650 (IBSC); H.T. Tsai 53650 (PE); Y. Tsiang 12010 (NAS); 445 (IBSC);
10605 PEY0040530 (PEY); 10605 PEY0040529 (PEY); 10605 PEY0040528 (PEY); 10632 (PEY); 12208 (PEY); E.E. Maire
s.n. (IBSC); J.M. Delavay 229 (HUH); 蔡希陶 53650 (KUN); 毛品一 1453 (KUN); 吴征镒 刘德义 s.n. (PE); 玉溪队 89-131 (KUN).
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