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Cornrnt~nicatingEditor: Aaron Liston 

ABSTRACT.The neotropical members of Gesneriaceae are characterized by numerous characters that 
appear to be adaptations to life in the wet tropics. Among these are epiphytism, anisophylly, hummingbird- 
pollination, and bird-dispersal of seeds. Many of these characters have diversified to a broad extent in the 
single tribe Episcieae. This analysis investigates the phylogenetic relationships among genera of Episcieae and 
also examines the evolutionary origin of several characters found within this tribe such as fruit characters, 
epiphytism, chromosome numbers, and tubers. All genera of the tribe were included in the analysis except the 
Guyana endemic Rhoogeton and the Central American Oerstedinn. Larger genera such as Columnen and Eplscia 
were represented by several species with attempts to include members of the different sections of these 
genera. Columnen appears to be a monophyletic group but its relationship to Drymoizin and Alloplectus is not 
resolved. The latter genera may need to be included in Columnea to make it strictly monophyletic. Neomortonia 
is polyphyletic with one species in the Columnen clade and another with Episcln. The anomalous position of 
some Pnradrymonia indicate a more thorough analysis of this genus is necessary to resolve phylogenetic 
relationships. 

Comparative studies o f  morphological characters subfami ly  b u t  anisophylly, leading t o  a n  apparent 
can b e  greatly facilitated through a well-supported alternate arrangement following abscission o f  the 
phylogenetic analysis o f  the  taxa being examined smaller leaf ,  i s  common .  T h e  fami ly  is divided into 
(Donoghue and Ackerly 1996). This approach has subfamilies w i t h  Gesnerioideae found almost exclu- 
been  used w i t h  success for dif ferent plant groups sively i n  the  neotropics (Burtt and Wiehler 1995; 
(Donoghue 1989; Sytsma et al. 1991; Baum et al. Smi th  et al. 199%). Gesnerioideae are divided 
1994; Givnish  et al. 1996) although less attention has further into six tribes and 60 genera (Burtt and 
been  paid t o  tropical groups (Chase and Palmer Wiehler 1995; Smi th  et al. 199%). 
1989; Smi th  and Sytsma 1994b; Givnish  et al. 1996). Episcieae are one  o f  the largest tribes i n  Gesneri- 
Tropical plants, particularly herbaceous groups, oideae and comprise 16 genera (Table 1) .  T h e  tribe 
possess numerous  adaptations t o  living i n  lowland i s  a well-supported monophyletic group o n  the  
we t ,  montane cloud,  and seasonally d ry  tropical basis o f  molecular data (Smi th  et al. 199%). 
forests. A m o n g  these adaptations are epiphyt i sm Morphologically it i s  distinct among other Gesneri- 
and suites o f  vegetative and reproductive charac- oideae b y  its nodal anatomy (Wiehler 1983) a 
ters that co-occur w i t h  the  epiphytic habit (Acker- character not  used i n  a cladistic analysis o f  
m a n  1986), modif ication o f  stems into tubers t o  morphology (Smi th  1996). Episcieae are character- 
survive d ry  periods, and modif ication o f  leaves for ized b y  a three-trace trilacunar node  w i t h  split 
increased light-capture ef f iciency (Givnish 1984). lateral bundles,  superior ovaries, and most  m e m -  

O n e  tropical plant fami ly  that exhibits a broad bers have  chromosome counts o f  x = 9 (x = 8 i n  
diversity o f  morphological characters is Gesneria- Codonanthe (Mart . )  Hanst .  and Nematanthus 
ceae. Gesneriaceae comprise approximately 2,500- Schrader). This  combination o f  character states is 
3,500 species i n  120-135 genera, distributed primar- u n k n o w n  among other neotropical members  o f  the 
i ly i n  the  tropics w i t h  a f e w  temperate species i n  family. 
Europe, China and Japan (Heywood  1978; A. Episcieae are represented b y  some o f  the  more  
Weber, pers. comm.) .  T h e  majority o f  species i n  diverse morphological characters w i th in  Gesneria- 
Gesneriaceae are herbaceous perennials, b u t  others ceae. Whereas  most  Gesneriaceae are characterized 
are annuals, shrubs, lianas, or trees. Many  species b y  capsular fruits, m a n y  Episcieae are berry-
(20%) are epiphytic, and Gesneriaceae rank among fruited. Episcieae also contain the  only  members  o f  
the t op  t e n  plant families i n  terms o f  absolute the  fami ly  w i t h  a fruit t ype  intermediate be tween a 
numbers  o f  epiphytic taxa (Madison 1977; Kress berry and capsule. This fruit has been  called a 
1986). Leaves are opposite i n  the  majority o f  the display fruit (Wiehler 1983) and is distinguished b y  
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TABLE 1. Species sequenced in this study with Genbank submission numbers and voucher specimens. 
SI-Smithsonian Institution living collection accession numbers. Letters in parentheses indicate herbarium where 
vouchers are deposited. 

Species 

Alloplectus pannmensis C. V. Morton 
Alloplectus sp. 
Alsobia dianthifiora (H. E .  Moore & R. G. Wilson) Wiehler 
A. ptinctntn (Lindl.) Wiehler 
Alsobia sp. 
Alsobia sp. 
Chrysothemis friedriclzsthalinna (Hanst.) H.  E. Moore 
Cobnnatzthus calochlnmys (J. D. Sm.) Wiehler 
Codoizanthe elegnizs Wiehler 
Codoizanthops~s perzivinna Wielder 
Columizea anrbigzia (Urban) Morley 
C .  mirn Morley 
C .  obloizgiJolia Rusby 
C .  snngtiitzea (Pers.) Hanst. 
C. sclziedentza Schlecht. 

Corytoplecttis speciosus (Poepp.) Wiehler 

Drymoizin iirceolatn Wiehler 

Episcinjmbrinta Fritsch 

E ,  sphnlern Leeuw. 

Nnzitilocnlyx ndenosiphoiz (Leeuw.) Wiehler 

Nematnnthus lzirszitus (Mart.) Wiehler 

Neomortotzia tztimmularia (Hanst.) Wiehler 

N .  rosen Wiehler 

Parndrymonin nuren Wiehler 

P. densn (C. H.  Wright) Wiehler 

P.fiiqziainiza Wiehler 

Rufodorsia major Wiehler 

Outgroups 
Cyrtandroideae 
Aeschynatzthus micranthzis C. B. Clarke 
Agnlmyla parasitica (Lam.) Kuntze 
Atznn mollifolin (W. T. Wang) W. T. Wang & K. Y. Pan 
Boea hygroscopica F. Muell. 
Chiritn sinensis Lindl. 
Cyrtnndrn hawnieizsis C. B. Clarke 
C .  umbelliJern Merr. 

Cyrtnizdromoea acziminnta Benth. & Hook. 

Didissaizdra frzitescens Clarke 

Didymocnrptis albomnrgitznta Hemsl. 

Hemiboen henry1 C. B. Clarke 

Lysionotus paucifiorus Maxim. 

Monophyllaea hirticnlyx Franch. 

Opitlznndrn primtiloides (Miq.) B. L. Burtt 

Ornithoboen wildentza Craib. 

Paraboen rtlJescetzs (Franch.) Burtt 

Petrocosrnenfiaccida Craib 

Primtilinn tnbncum Hance 

Rnmoizda rnyconi (L.) Rchb. 

Rhyizchoglossum tzotonintzum (Wall.) B. L. Burtt 

Sniiztpaulia rzipicoln B. L. Burtt 

Streptocnrpus holstii Engl. 

S.  snxorzim Engl. 

Titnizotrichtirrl oldhamii (Hemsl.) Soler. 

Gesnerioideae: Beslerieae 

Voucher 

SI 93-060 
Smi th  3418 (SRP) 
SI 94258 
Smi th  3600 (SRP) 
51 94-005 
Smi th  3599 (SRP) 
51 94335 
S194-421 
Smith et al. 1997a 
Turley s.n. (SRP) 
Smi th  3701 (SRP) 
Smi th  2450 (WIS) 
Smi th  1721 (WE) 
Smi th  3369 (SRP) 
Smith et al. 1997a 
S I  94-268 
Smi th  3416 (SRP) 
S195-005 
S194-043 
SI 9 3 4 1  7 
Olmstead & Reeves 1995 
S194-469 
S I  94-230 
51 94-474 
Steruart s.11. (SRP) 
SI 93427 
SI 94-575 

Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Olmstead & Reeves 1995 
Smith et al. 1997a 
Smith et al. 1997a 

Genbank 
number 

AF013685 
AF013686 
AF013687 
AF013688 
AF013689 
AF013690 
AF013691 
AF013692 
U62178 
AF013693 
AF013694 
AF013695 
AF013696 
AF013697 
U62164 
AF013698 
AF013699 
AF013700 
AF013701 
AF013702 
L36404 
AF013703 
AF013704 
AF013705 
AF013706 
AF013707 
AF013708 

U62169 
U62171 
U62188 
U62205 
U62189 
U62172 
U62165 
U62173 
U62190 
U62207 
U62180 
U62182 
U62168 
U62183 
U62166 
U62206 
U62184 
U62167 
U62185 
U62179 
U62176 
L36415 
U62170 
U62187 
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TABLE1. 

Spec~es 

Besleria a f in i s  Morton 
Gasteratzthus corallinus (Fritsch) Wiehler 
Gesnerioideae: Coronanthereae 
Asteratztlzera ovata (Cav.) Hanst. 
Fieldia australis Cunn. 
Mitraria coccitzea Cav. 
Negria rhabdothnmizoides F. Muell. 
Sarrrlieiztn repens R. & P. 
Gesnerioideae: Gesnerieae 
Gestzerin christii Urban 
G .  pedzcellaris Alain 

Rytzdophyllum aziriczilatum Hook. 

R .  tomentosum (L.) Mart. 

Saizango racernosum (R. & P.) Barringer 

Gesnerioideae: Gloxinieae 

Achimenes skitzneri Lindl. 

Dinsterrla racemifertirrl Benth. 

Gloxinia sylvntica (H.B. K.) Kunth 

Koellikeria erinoides (DC.) Mansf. 

Kolzleria spicata (Kunth) Oerst. 

Monopyle macrocarpa Benth. 

Niphaea oblotzga Lindl. 

Solenophorn obliqua D. L. Denham & D. N. Gibson 

Gesnerioideae: Napeantheae 

Napeaizthzis costaricensis Wiehler 

N .  macrostoma Leeuwenberg 
Gesnerioideae: Sinningieae 
Paliavaiza prasiizata (Ker-Gawl.) Fritsch 
Siizningia (Lietzia) brnsiliensis (Regel &Schmidt) Wiehler 
S .  cooperi (Paxt.) Wiehler 
S .  riclzii Clayb. 

Vaizhozittea lnnata Fritsch 


the dehiscence of the fleshy fruit walls to reveal a 
brightly colored interior pericarp that contrasts 
with the dull, often purple-black mass of seeds and 
funiculi (Wiehler 1983). It is the goal of this study to 
construct a well-supported cladogram for genera 
within the Episcieae as a means of examining the 
origins of the morphological characters discussed 
above. 

Additionally, this study attempts to examine 
several of the questions regarding generic delimita- 
tions within this tribe. Several taxa have been 
termed "waste-basket" genera, implying that their 
species have been placed there due to an overly 
simplistic classification system (Wiehler 1983). 
Among these are Episcia Mart., Columnea L., and 
Alloplecfus Mart. (Wiehler 1983). In his earlier 
revision of this tribe, Wiehler (1983) described 
several new genera and rearranged the position of 
many species among those already described. One 
group that received a major rearrangement was the 

Continued 

Voucher 
Genbank 
number 

Smith et al. 1997a 
Smith et al. 1997a 

Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 

Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997b 

Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Duntz s.n. (SRP) 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 

Smith et al. 1997a 
Smith et al. 1997a 

Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 
Smith et al. 1997a 

Columnea alliance. Initially comprising three gen- 
era, Wiehler (1973,1983) split this group into eight, 
most being divided from Columnea s.1. This split has 
remained controversial and more thorough exami- 
nations of these species on the basis of morphology 
(Kvist and Skog 1994; Smith 1994; Smith and 
Sytsma 1994a) and chloroplast DNA (cpDNA) 
restriction site analysis (Smith and Sytsma 199413, 
1994c) indicated that Columnea s.1. was best retained 
as a single genus and that the other genera were not 
monophyletic. As a means of investigating this 
question further, these larger genera have been 
represented by several species each in the present 
analysis. 

The source of data for this analysis is the cpDNA 
gene ndlzF which in tobacco encodes a protein of 
740 amino acids presumed to be a subunit of an 
NADH dehydrogenase (Sugiura 1992) The use of 
ndlzF sequences for systematic studies has provided 
a far greater number of characters to resolve 
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relationships than studies using vbcL (Olmstead 
and Sweere 1994; Clark et al. 1995; Olmstead and 
Reeves 1995; Scotland et al. 1995; Smith et al. 1997a, 
199%) The larger number of variable characters 
makes ndhF sequences ideal for taxonomic groups 
that have not been resolved well using vbcL data, 
such as members of Asteridae and Lamiales s.1. 
(Olmstead et al. 1992,1993; Chase et al. 1993). 

MATERIALSAND METHODS 

The gene sequences used in this analysis were 
generated by thermal cycle sequencing (Innis et el. 
1988) of previously amplified ndlzF regions. The 
ndhF gene was amplified in two overlapping 
sections (positions 1-1,350, and 972-2,044) from 
genomic DNA isolated from fresh, frozen, or silica 
gel dried material (Smith et al. 1992). Amplification 
and sequencing procedures followed that of Smith 
et al. (199%) used for other members of Gesneria- 
ceae. 

This analysis focused on the relationships within 
Episcieae, therefore every attempt was made to 
gather all genera within the tribe and several 
species within some of the larger genera. The only 
members of Episcieae excluded from this analysis 
are the rare Guyana endemic Rhoogeton Leeuwen-
berg and the Central American Oevstedina H. 
Wiehler. Two to five species each were used to 
represent the larger or potentially non-monophy- 
letic genera (Columnea, Episcia, Alloplectus, and 
Pavadvymonia Hanst.). Two of the three species of 
Neomovtonia Wiehler were included in this analysis 
to test the monophyly of this small, but morphologi- 
cally diverse, genus. The species used in the 
analysis, voucher information, and Genbank acces- 
sion numbers are included in Table 1. The data 
matrix contains 0.82% missing cells based on total 
sequence alignments. 

Outgroups were selected to root the tree based on 
recent morphological and molecular analyses of 
tribal relationships within Gesneriaceae (Smith 
1996; Smith et al. 199%). The most appropriate 
outgroups for Episcieae were genera representing 
the other tribes of Gesnerioideae. However, to 
verify first that the tribe was monophyletic, an 
initial analysis was performed with 24 representa- 
tives (22 genera) of the Old World subfamily 
Cyrtandroideae as outgroups. Only after all Epi- 
scieae included in the analysis were determined to 
be monophyletic based on ndhF sequence data, 
were members of tribes Beslerieae, Napeantheae 
and Coronanthereae used as outgroups in a smaller 

analysis that included only Gesnerioideae to mini- 
mize parsimony. 

Phylogenetic Analysis. Phylogenetic diver-
gence was reconstructed using PAUP version 3.1.1 
(Swofford 1993) to implement parsimony (Farris 
1970; Farris et al. 1970; Swofford and Maddison 
1987). In this analysis, trees were generated using 
the general heuristic option. To search for islands of 
equally parsimonious trees (Maddison 1991), the 
search strategy of Olmstead and Palmer (1994) was 
implemented searching for 1,000 trees each in five 
subsequent analyses with the nearest neighbor 
interchange (NNI) search option in effect and 
mulpars "off." Each of the results from the five NNI 
searches was used as the starting tree(s) for a search 
with tree bisection reconnection (TBR) and mulpars 
"on." This strategy was used in the full analysis 
with genera of Cyrtandroideae designated as 
outgroups. The same strategy was used with only 
tribes Napeantheae, Beslerieae, and Coronan-
thereae designated as outgroups, and when using 
the constraints option of PAUP to test for various 
monophyletic groups. 

Branch support analysis was performed to 
examine trees that were six or fewer steps longer 
than the most-parsimonious trees (Bremer 1988, 
1994; Donoghue et al. 1992). This type of analysis 
provides an indication of the robustness of the data 
by determining which clades persist in a consensus 
tree as parsimony is relaxed. To minimize computer 
time and obtain maximal amount of information 
regarding branch support, a further reduced data 
set was used for branch support analysis. Only 
Episcieae were used with members of Gesnerieae 
(both species of Rytidophyllum Mart, excluded) 
Sinningieae, and Gloxinieae designated as out-
groups. Branch support analysis was performed by 
saving all trees up to six steps longer than the 
most-parsimonious trees and then examining sub- 
sets of trees one to six steps longer with the filter 
option of PAUP. 

Bootstrap analysis (Felsenstein 1985) was per- 
formed using 100 replicates with TBR and mulpars 
"off." 

The monophyly of taxa not obtained in the 
most-parsimonious trees was examined by using 
the constraints option of PAUP. The constraints 
option also was used to examine the position of 
Koellikevia Post & Kuntze in Gloxinieae in the full 
analysis with Cyrtandroideae as outgroup, the 
monophyly of Episcia (including Alsobia Hanst.), 
Neomovtonia, Paradrymonia, berry-fruited genera, 
and epiphytic genera. Only monophyly of the 
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designated groups was constrained wi th  n o  struc- 
ture designated within the separate groups. 

The full analysis, using members o f  Cyrtandroi- 
deae as outgroup resulted in six most-parsimoni- 
ous trees o f  5,413 steps each, consistency index 
(CI) = 0.25, retention index (RI) = 0.40. The strict 
consensus o f  these trees is presented in  Fig. 1. All 
members o f  Episcieae used in  this analysis form a 
monophyletic group. Koellikerza (Gloxinieae) is the 
sister to  Episcieae i n  this analysis (see discussion). 
Since Episcieae were monophyletic, a reduced 
analysis was justified i n  including only members o f  
Beslerieae, Napeantheae, and Coronanthereae as 
outgroups to minimize homoplasy i n  the data 
(Fig. 1).  This smaller analysis resulted i n  10 
most-parsimonious trees o f  2,910 steps each (CI = 

0.30, RI = 0.38).Koellzkeria is i n  its traditional tribe, 
Gloxinieae, i n  this analysis. The strict consensus o f  
these trees is presented i n  Fig. 2. 

In the analysis, which excluded Beslerieae, 
Napeantheae, and Coronanthereae, to  determine 
branch support, the topology within Episcieae was 
identical to  the tree that included members o f  these 
three tribes as outgroups. Episcieae were monophy- 
letic and strongly supported o n  the basis o f  branch 
support. The sister to Episcieae i n  this reduced 
analysis is Gloxinieae (Fig. 2).  In the full analysis 
(Fig. 1)  the sister to  Episcieae was a single member 
o f  Gloxinieae, Koellikeria. 

The Columnea alliance appears as a single clade 
which includes Alloplectus, Dryrnonia Mart., Coryto-
plectus Oerst., and Neomortonia rosea (Fig. 2). 
However, the relationships among five o f  these 
genera are unresolved in  the strict consensus. 
Within this group, Covytoplectus and Columnea 
ambigua form a clade wi th  a branch support o f  t w o  
(Fig.2).  

Alsobia, previously removed from Episcia (Wiehler 
1978), is clearly distinct f rom that genus, but  not 
monophyletic i n  this analysis (Fig. 2). Episcia sensu 
Wiehler is a paraphyletic genus in  this analysis, 
containing Neomortonia nummularia (Fig. 2).  

Pavadryrnonia is polyphyletic i n  this analysis. 
However, this is due to the separate position o f  
Paradryrnonia densa which was p u r p ~ s e f u l l y  in- 
cluded i n  the analysis due to its discrepant 
morphology compared to  other members o f  the 
genus. 

Results o f  the constraints analyses are presented 
i n  Table 2. 

Figure 2 was used as the cladogram to  map  
character evolution o f  fruit type, epiphytism, 
tubers, and chromosome number. Parsimony was 
used to plot the character state changes onto the 
figure b y  hand. These character transformations are 
presented i n  Fig. 3. 

The full cladistic analysis o f  all genera o f  
Episcieae except Rhoogeton and Oevstedina identi-
fied a monophyletic tribe (Fig. 1).  One unusual 
aspect o f  this cladogram is the appearance o f  
Koellikeria as the sister to  Episcieae (Fig. 1). This 
position o f  Koellikeria is likely to be anomalous due 
to sampling density. A smaller analysis o f  Episcieae 
that excluded Cyrtandroideae results i n  a more 
traditional placement o f  this genus (Fig. 2) ,  and an 
analysis that includes all genera o f  Gloxinieae 
except Lembocarpus Leeuw. and Goyazia Taubert, 
results i n  a paraphyletic Gloxinieae, but  Koellikevia 
is wi th  the majority o f  the genera i n  this tribe 
(Smith, unpubl. results). 

The reduced analysis o f  these data that includes 
only members o f  the N e w  World subfamily 
Gesnerioideae also results i n  a monophyletic 
Episcieae that is well-supported wi th  a branch 
support value o f  six (Fig. 2). Unlike the full 
analysis, all tribes within Gesnerioideae also are 
monophyletic wi th  Koellikeria i n  Gloxinieae, and 
Gloxinieae as sister to Episcieae. 

Taxonomic Anomalies.  The position o f  Koellike-
via as sister to  Episcieae i n  the full analysis is likely 
to be  anomalous rather than reflecting its true 
phylogenetic position. However, i n  the original 
description for the genus RtlJodorsia Wiehler, Wiehler 
(1975) commented that the corollas o f  Rufodorsia 
matched those o f  Koellikeria i n  size, shape, and 
color; these being the only t w o  genera i n  Gesnerioi- 
deae to possess a short corolla w i th  a red back. The 
reduced analysis that uses only members o f  
Gesnerioideae, and an unpublished analysis o f  
Gloxinieae (Smith,  unpubl.  results), both indicate 
that Koellikevia is best retained within Gloxinieae 
and that the similarity o f  the flowers between 
Koellikevia and Rufodovsia can be explained as 
convergence. 

Episcia Complex. Episcia has been viewed as a 
"waste-basket" genus b y  Wiehler (1978,1983) w i th  
many  diverse morphological features. In his treat- 
ment  o f  Episcia, Wiehler (1978) erected several 
generic names to encompass the diversity within 
this morphologically heterogeneous taxon (RtlJodor-



SYSTEMATIC BOTANY [Volume 22 

Diastema 
Gloxinia 

14 

18 
Achimenes 
Kohleria 

15-

25-

13-

11 

11-
5-

11 

30 Codonanthe 
Codonattthpsisa 

30-

20 

Cyrtandroideae -CE 



19971 SMITH & CARROLL: CLADISTIC ANALYSIS OF EPISCIEAE 719 

sia, Oevstedina, Nautilocalyx Lind. ex Hanst., Neomov-
tonia, Alsobia, and Pavadymonia). Support for a 
division of Episcia is strong; 32 additional steps 
beyond the most-parsimonious trees are necessary 
to create a monophyletic Episcia s.1. (Table 2). 

Episcia sensu Wiehler, is paraphyletic in this 
analysis and includes Neomovtonia nummulavia. The 
support for the relationships among these three 
species is weak (Fig. 2)  and may be the result of 
limited sampling within Episcia. Neomovtonia was 
erected to encompass two species that did not fit 
fully into the generic delimitations of Wiehler 
(1983)in his revision of New World Gesneriaceae. 
The genus originally encompassed two species, 
N. vosea, a thin-stemmed, epiphytic, trailing plant 
with pink funnelform corollas that have a large, 
rotate, fringed limb, and N. nummulavia, a terres- 
trial, trailing plant with red to orange, inflated 
corollas and a short limb. A third species, N. alba 
Wiehler, was .described later and is morphologi- 
cally similar to N .  vosea with the exception of having 
white corollas. Both N. vosea and N. nummulavia are 
strikingly different morphologically, however, 
Wiehler (1983)placed them both in a single genus 
on the basis of a "laterally somewhat compressed" 
bright orange berry, absence of stolons, and 
common chromosome number (Wiehler 1983).The 
latter two character states are symplesiomorphic 
for Episcieae. 

It is apparent from this analysis that Neomovtonia 
is not a monophyletic genus. Twenty steps beyond 
the most-parsimonious trees are necessary to make 
both species of Neomortonia included here monophy- 
letic. Neomovtonia nummulavia perhaps is best 
viewed as a species of Episcia and N. vosea may best 
be viewed as a species of Columnea. The placement 
of N ,  vosea within Columnea does not have the same 
morphological support as does the placement of 
N. nummularia in Episcia. The large rotate limb of 
N. vosea is unique within Columnea although the 
latter does comprise several thin-stemmed epi-
phytic trailing herbs. This analysis does not place 
N ,  vosea closely to any species of Columnea and 
instead places it in a polytomy of Columnea species 
along with Dvymonia and Alloplectus (Fig. 2). 

Although it is clear that N. vosea belongs to this 
alliance, its exact generic delimitation can not be 
resolved by these data. 

The separation of Alsobia species from Episcia is 
supported in this analysis. The lack of monophyly 
for Alsobia may reflect the poor taxonomy of this 
genus despite recent revisions (Wiehler 1978,1983). 
A more inclusive single genus may be more 
appropriate that would encompass Cobananthus 
Wiehler and Rufodovsia. Alternatively, it is possible 
that the inclusion of more species in these latter 
genera, or the inclusion of supplemental molecular 
data that is more capable of resolving relationships 
among closely related species (such as ITS, Baldwin 
et al. 1995), may result in three monophyletic 
genera. 

The separation of both Nautilocalyx and Pavadvy-
monia from Episcia due to their lack of stolons 
(Wiehler 1978) is justified on the basis of this 
analysis as is the separation of Nautilocalyx from 
Pavadvymonia on the basis of erect versus creeping 
stems, respectively (Wiehler 1978). However, Par-
advymonia is polyphyletic. Both P, fuquaiana and P. 
auvea are in a single clade, but P, densa is removed 
from this clade and is sister to the majority of 
Episcieae excluding other species of Pavadvymonia, 
Nautilocalyx, Chvysothemis Decne, Codonanthe, and 
Codonanthopsis Mansf.(Fig. 2). The decision to 
include P. densa in this analysis was based entirely 
on its generically unique characters of long-
creeping stem and petiolate leaves and potentially 
uncertain placement within Pavadvymonia. One 
potential explanation for this position of P, densa is 
sampling artifact. If additional species, more closely 
related to P. densa, were included in an analysis, it 
could draw it into one of the genera in this analysis, 
including Pavadvymonia.Alternatively, it is possible 
that P. densa is best treated as a new genus within 
Episcieae since eight additional steps beyond the 
most-parsimonious trees are necessary to make 
Pavadvymonia monophyletic (Table 2). Regardless, 
Pavadymonia as a whole needs further examination 
both through morphological and molecular means. 

The Columnea Complex. Perhaps the most 
controversial generic question within Episcieae is 

FIG.1. Strict consensus of six trees 5,413 steps each of genera of the Gesnerioideae, CI = 0.25, RI = 0.40. These trees 
were rooted using 24 members of the Cyrtandroideae sensu Burtt and Wiehler (1995) as designated outgroups (species 
not shown in this figure). For a complete list of species used to root the tree, refer to Table 1. Numbers above clades are 
branch lengths using the acctran option of PAUP. Abbreviations for tribes are as follows: Be - Beslerieae, Co -
Coronanthereae, Ep - Episcieae, Ge - Gesnerieae, G1- Gloxinieae, Na - Napeantheae, Si - Sinningieae, OG - outgroup. See 
text for the anomalous position of Koellrkeura. 

C 
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TABLE2. Number of steps beyond the six most-
parsimonious trees of 5,413 steps required to constrain 
monophyly of various taxa. 

Number 
Group of extra steps 

Koellikevin in Gloxinieae, Cyrtandroi- 
deae as outgroup 10 

Episcia 32 
Pavadvyrizoi~ia 8 
Neomovtonin 20 
berry-fruited genera 22 
epiphytic genera 32 

that of Columizea sensu Wiehler (1973, 1983). In an 
attempt to reduce the impact of floral characters on 
generic delimitations within Gesneriaceae, Wiehler 
(1973, 1983) divided Columizea into four segregate 
genera, Columizea s. str., Dalbevgaria Tuss.,Trickantha 
Hook., and Pentadeizia (Planch.) Hanst. Addition- 
ally, a fifth 'genus, Buciizellina Wiehler, was de-
scribed to encompass the variation found in two 
newly described species. Morley (1974, 1976) 
strongly disagreed with the division of Columnea 
and proposed instead a revised sectional treatment 
within Columnea to encompass its variation. Subse- 
quent analyses (Kvist and Skog 1993; Smith 1994; 
Smith and Sytsma 1994a, b, c) have examined this 
issue and resolved that the species are best retained 
as a single genus. Despite these analyses, Wiehler 
(1995) has retained the generic treatment outlined 
in Wiehler (1973,1983). 

As a means of further examining this generic 
division, this analysis included representatives 
from five of the six currently delimited sections of 
Columnea (Kvist and Skog 1993; Smith 1994). 
Section Buciizellina was not included since material 
was not available. This analysis places all members 
of Colunznea in a single clade. However, the 
relationsl~ips of the different representative species 
are not resolved (Fig. 2). Likewise the relationships 
among species of Columnea, Alloplectus, and Drymo-
nia are not resolved by this analysis (Fig. 2). These 

data do not provide substantial evidence for either 
a monophyletic Colunznea or the genera proposed 
by Wiehler (1983). It is apparent that the izdhF gene 
is at the limits of its utility at this taxonomic level, 
and an additional source of data (e.g., ITS) will be 
necessary to resolve this issue. 

The small genus Covytoplectus Wiehler originally 
was described as Alloplectus and raised to generic 
status on the basis of inflorescence structure and 
fruit color (black or transparent) (Wiehler 1973, 
1983). Although Covytoplectushas been accepted as 
a distinct genus from Colunznea, this analysis 
indicates that it is best viewed as a species of 
Columnea. 

Evolution Of Movphological Chavactevs. 
FRUITTYPE. Three fruit types are known from 

Episcieae. The majority of genera have capsules 
common to Gesneriaceae, but some genera have 
berries, a fruit type known outside of Episcieae 
only in the genus Besleria (Plum.) L. and members 
of the Coronanthereae. Unique to Episcieae is the 
"display fruit" (Wiehler 1983). The display fruit is a 
fleshy dehiscent fruit. The interior of the pericarp is 
brightly colored, either red, pink, white or yellow, 
and contrasts with the mass of seeds it reveals 
when split open, usually black or blue-black. 
Presumably this provides a strong visual cue to aid 
in bird dispersal of the seeds (Wiehler 1983). 

Berries appear a minimum of four times in the 
evolution of Episcieae, Columnea/Covytoplectus/ 
Neonzovtonia vosea, Rufodovsia, Codoizanthe, and Neo-
movtonia izumnzularia (Fig. 3). Each of these clades is 
well separated from each other and constraining all 
berry-fruited taxa as monophyletic results in 22 
additional steps beyond the most-parsimonious 
trees. Therefore, the multiple origins of berries in 
this tribe is likely to be real and not an artifact of the 
analysis (Fig. 3). 

Display fruits are found in a minimum of three 
instances, Codonaizthopsis/Codonanthe, Nematanthus, 
and Alloplectus/Dvymonia (Fig. 3). Since the relation- 
ship among genera in the Colunznea clade is not 

e 


FIG. 2. Strict consensus of 10 trees of 2,910 steps each of genera of the Gesnerioideae with tribes Beslerieae, 
Napeantheae, and Coronanthereae as designated outgroups (OG), CI = 0.31,RI = 0.38. Numbers above clades represent 
branch support values, numbers below clades represent bootstrap values. To minimize computer time, branch support 
was analyzed using a smaller data set that excluded the Beslerieae, Napeantheae, and Coronanthereae (and 
Rytzdophylluriz from the Gesnerieae to minimize sampling) and used Sinningieae, Gesnerieae, and Gloxinieae as 
outgroups (OGb). Taxa that were not used in the branch support analysis are indicated with dashed lines in the 
cladogram. Clades that did not appear in the shortest of these trees are marked with an asterisk. Abbreviations for tribes 
are as follows: Be - Beslerieae, Co - Coronanthereae, Ep - Episcieae, Ge -Gesnerieae, G1- Gloxinieae, Na - Napeantheae, Si 
- Sinningieae, OG - outgroup, OGb -outgroups for branch support analysis. 



722 SYSTEMATIC BOTANY [Volume 22 

U -capsule 

0 - display fruit 

A B C 

Columnen schiedeana Q 
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Alloplectus sp. 0 
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I Drymonia
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P1) 

Alsobia sp. 4b 
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Paradrymonia aura  U 
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Codonanthopsis (r) 

FIG.3. Strict consensus of genera of the Episcieae used in this analysis as in Fig. 2 but showing only the members of 
the Episcieae to demonstrate evolution of fruit types (column A), epiphytism (column B), tubers (column C), and 
chromosome numbers (genera with n = 8 are marked on cladogram, all others are n = 9). 

fully resolved, it is possible that this fruit has had a 
fourth origin, but it is more likely to be a 
synapomorphy for Alloplecfz~sand Duymoizia. Re-
gardless of the number of times it occurs, the 
display fruit is always found in clades with 
berry-fruited taxa although one clade with berry-
fruited taxa does not possess display fruits (Fig.3). 
Two scenarios can be envisioned. Either the display 
fruit may be an intermediate type between capsules 
and berries as is suggested by its intermediacy of 
fleshiness and dehiscence or, it is possible that the 
display fruit is derived from ancestors with berries 
and that the ability to dehisce is a reversal. Either 
possibility can be inferred from the current trees, 
however, the latter is more likely because berries 
are found elsewhere in the cladogram without 
display fruits whereas display fruits are found only 
in conjunction with berries. 

EPIPHYTISM.Episcieae contain the majority of 
epiphytic species within Gesnerioideae, although 

epiphytism is largely limited to a few of the larger 
genera. Epiphytism here is considered a complex 
character, being the suite of characters that permit 
plants to grow on trunks and branches of other 
plants. Since most other genera in the subfamily are 
terrestrial (including all possible sister groups to 
the Episcieae), the terrestrial condition is presumed 
to be ancestral for the Gesnerioideae. Based on the 
cladograms generated in this analysis, the most-
parsimonious explanation for the origin of epiphyt-
ism (including facultative epiphytes, which are 
counted as epiphytes) is a single gain at the base of 
the tribe with five to six reversals to the terrestrial 
condition (Fig. 3). The terrestrial habit found in 
species of both Duymoizia and Alloplecfus also may 
serve as an additional synapomorphy to unite these 
genera and thus would represent one rather than 
two reversals to the terrestrial condition. Terrestrial 
species of Colunznea also have been described but 
are not included in this analysis. All other scenarios 
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of gains and losses require at least one additional 
step. 

TUBERS.The tuberous condition is present among 
several species of Gesneriaceae presumably as an 
adaptation for surviving seasonally dry habitats 
(Wiehler 1983). Tubers are known from four genera 
of Episcieae, Dvynzonia, Chvysothemis, Nautilocalyx 
(Fig. 3), and Rhoogeton (not included in the 
analysis). Tubers also are known outside Episcieae 
in species of Sinningieae and Lenzbocarpus in 
Gloxinieae (not included in this analysis). The 
cladogram from this analysis indicates that tubers 
have evolved at least twice within Episcieae (Fig. 3) 
and up to four times within Gesnerioideae (Fig. 1). 
The inclusion of both Rhoogeton (Episcieae) and 
Lembocavpus (Gloxinieae) could alter this scenario. 
Both of these genera have reduced vegetative 
bodies and have superficial similarities, suggesting 
that their current classification in separate tribes 
(Burtt and wiehler 1995) may be inappropriate. 

CHROMOSOMENUMBEREpiscieae are unique 
among Gesnerioideae in having a base number of 
nine. This number serves as an additional synapo- 
morphy for the tribe. However, two genera have 
counts of tz  = 8; these are Nernatanthus and 
Codonatztlze. Based on the cladogram from this 
analysis, the count of tz  = 8 has evolved twice 
within Gesneriaceae since these two genera are 
widely separated (Fig. 3). The close sister group 
relationship of Codonatztlze to Codonaiztlzopsis has 
been suggested previously and the two genera have 
been combined (Moore 1973). The close affinity 
between Codonantlze and Codonaizthopsis (iz = 9) 
with branch support of greater than six steps and 
bootstrap values at 727'0, implies that the count of 
tz  = 8 in Codonaiztlze must have arisen as an 
aneuploid reduction from Codotzantlzopsis. 
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The Award Committee of the Lawrence Memo- 
rial Fund invites nominations for the 1998 Lawrence 
Memorial Award. Honoring the memory of Dr. 
George H. M. Lawrence, founding Director of the 
Hunt Institute for Botanical Documentation, the 
Award ($1,000) is given biennially to support travel 
for doctoral dissertation research in systematic 
botany or horticulture, or the history of the plant 
sciences, including literature and exploration. 

Major professors are urged to nominate outstand- 
ing doctoral students who have achieved official 
candidacy for their degrees and will be conducting 
pertinent dissertation research that would benefit 
significantly from travel enabled by the Award. The 

Committee will not entertain direct applications. A 
student who wishes to be considered should 
arrange for nomination by his/her major professor; 
this may take the form of a letter which covers 
supporting materials prepared by the nominee. 

Supporting materials should describe briefly but 
clearly the candidate's program of research and 
how it would be significantly enhanced by travel 
that the Award would support. Letters of nomina- 
tion and supporting materials, including seconding 
letters, should be received by the Committee no 
later than 1May 1998 and should be directed to: Dr. 
R. W. Kiger, Hunt Institute, Carnegie Mellon 
University, 5000 Forbes Avenue, Pittsburgh, PA 
15213-3890 USA. Tel. (412) 268-2434. 


