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 Circumscriptions and the perceived importance of the family Saxifragaceae 

(Order Saxifragales) in angiosperm evolution have historically been highly mutable.  

It is only recently, with the advent of phylogenetic techniques employing molecular 

sequence data, that the content and relationships of the family appear to have 

stabilized.  Saxifragaceae is now thought to consist of ca. 30 genera of herbaceous 

plants and to form a monophyletic group with the small families Grossulariaceae 

(Ribes, the currants and gooseberries), Iteaceae (Chorstylis and Itea), and 

Pterostemonaceae (Pterostemon).  The earliest known member of this saxifrage clade, 

Divisestylus, occurs in Turonian-age (ca. 90 Ma) sediments of New Jersey, USA, and 

appears—based on both comparative morphological analysis and cladistic analyses of 

Saxifragales with Divisestylus—to be most closely related to Iteaceae, being nearly 

identical in floral morphology but lacking the characteristic diporate, psilate pollen of 

the modern family.  In contrast, the oldest potential member of Iteaceae proper, 

Iteaphyllum from the Eocene (ca. 49 Ma) Republic flora, Washington, USA, includes 

fossil leaves that co-occur with Itea sp. pollen in at least two localities.  The 

worldwide fossil record of Iteaceae is extensive, and, while the modern family 

includes one eastern North American-eastern Asian disjunct taxon (Itea) and one 

taxon endemic to eastern Africa (Choristylis), fossils suggest that in the Tertiary 

Iteaceae also occurred in western North America from the Eocene to Miocene and 

Europe from the Eocene to Pliocene.  In contrast, whereas Ribes is today distributed 

widely in the Northern Hemisphere and into the Andes of South America, the fossil 



record of Grossulariaceae largely consists of leaf compressions restricted to western 

North America.  Previously published papers suggest that Ribes appears in the 

Cretaceous and is well-represented in Eocene to Pleistocene sediments.  However, a 

reanalysis of the specimens on which this published record is based reveals that 

occurrences of Ribes leaf fossils are infrequent and restricted to the Eocene to 

Miocene in North America.  Despite this, at least two subgeneric lineages within Ribes 

can be recognized by the mid-Miocene, Symphocalyx and Cerophyllum/Caloboytra, 

suggesting that they had diverged prior to that time.  Saxifragaceae and 

Pterostemonaceae largely lack fossil records. 
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CHAPTER 1 

DIVISESTYLUS GEN. NOV. (AFF. ITEACEAE), A FOSSIL SAXIFRAGE 

FROM THE LATE CRETACEOUS OF NEW JERSEY, USA* 

 

ELIZABETH J. HERMSEN, MARÍA A. GANDOLFO, KEVIN C. NIXON, AND  

WILLIAM L. CREPET 

 

Reprinted with permission 

 

Notice.—Page, figure, table, and appendix numbers and formatting have been changed 

from the original to conform to dissertation requirements; also, several minor 

corrections made in page-proof stage in the published version are not included here.  

Any citations of this research and especially to particular tables, appendices, page 

numbers, and/or illustrations should be made to the American Journal of Botany 

article.  Free access to the American Journal of Botany version of this article can be 

obtained at http://www.amjbot.org. 

 

 

* Hermsen, E. J., M. A. Gandolfo, K. C. Nixon, and W. L. Crepet.  2003.  Divisestylus 

gen. nov. (aff. Iteaceae), a fossil saxifrage from the Late Cretaceous of New Jersey, 

USA.  American Journal of Botany, 90:  1373-1388 (and on-line supplementary 

material).   
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ABSTRACT 

 

Fossilized flowers and fruits from the Upper Cretaceous (Turonian, ca. 90 my before 

present) Raritan Formation of New Jersey are described as the new genus Divisestylus  

with two species, D. brevistamineus and D. longistamineus.  The fossils are fusainized 

and three-dimensionally preserved.  Morphological characteristics suggest affinities 

with extant Saxifragaceae and Iteaceae, two closely related families in Saxifragales.  

Similarities include a pentamerous perianth, calyx fused below into a hypanthium with 

free sepal lobes above, haplostemonous androecium with stamens situated opposite the 

calyx lobes, inferior ovary, bicarpellate gynoecium, numerous ovules on axile 

placentas, conspicuous intrastaminal nectary ring, and capsulate fruit opening apically.  

The unique fusion of the gynoecium, with carpels and stigmas fused but styles free, 

indicates closer affinities with extant Iteaceae, whereas other characters, such as 

basifixed anthers in D. brevistamineus, tricolpate, striate pollen grains, and 

anomocytic stomata, indicate closer affinities to Saxifragaceae.  Cladistic analyses 

utilizing molecular data from a previously published analysis and morphological data 

as well as morphological data alone demonstrate the fossils share a more recent 

common ancestor with Iteaceae than Saxifragaceae, thereby making Divisestylus the 

oldest fossils known with clear affinities to Iteaceae. 
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INTRODUCTION 

 

Saxifragaceae Juss. is a family of primarily Northern Hemisphere plants that reach 

their greatest diversity in north temperate, arctic, and alpine zones.  While saxifrages 

are postulated to have played a pivotal role in angiosperm evolution, potentially giving 

rise to a number of important angiosperm lineages (Takhtajan, 1969), the group has 

been ill-defined and its relationships poorly understood until recently.  Historically, 

the family Saxifragaceae, as defined by Engler (1930), included a broad array of 

woody and herbaceous taxa that share such features as bisexual flowers, a 

pentamerous perianth, bicarpellate gynoecium, axile or parietal placentation, and 

anatropous, bitegmic ovules. This suite of characters, however, was not characteristic 

of all Engler’s Saxifragaceae, and no single character or suite of characters strongly 

united the family. While various authors postulated that Engler’s Saxifragaceae was a 

highly heterogeneous grouping of taxa based on anatomical, morphological, and 

developmental evidence (Palmatier, 1942; Klopfer, 1973; Bensel and Palser, 1975a, 

1975b, 1975c, 1975d; Krach, 1976, 1977), it is only recently, with the advent of 

cladistic and molecular techniques, that the relationships among saxifragalean taxa 

have been tested phylogenetically (Morgan and Soltis, 1993; Soltis and Soltis, 1997; 

Fishbein et al., 2001).  As a result, many taxa within Engler’s family are now thought 

to be only distantly related to one another.  This is reflected by contemporary 

classification schemes (e.g., Stevens, 2001), in which Engler’s family Saxifragaceae is 

distributed among many different families and orders, and Saxifragaceae is reduced to 

a family of about 30 herbaceous genera roughly equivalent to Engler’s (1930) tribe 

Saxifrageae (hereafter referred to as Saxifragaceae sensu stricto as in Soltis and Soltis, 

1997).  Those families now considered to have closest phylogenetic affinities to 
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Saxifragaceae s.s., but formerly placed therein, include Grossulariaceae de Candolle 

(Ribes L. and, if recognized separately, Grossularia Miller), Iteaceae J. Agardh (Itea 

L. and Choristylis Harvey), and the unigeneric Pterostemonaceae Small (Morgan and 

Soltis, 1993; Soltis and Soltis, 1997; Fishbein et al., 2001).  This group of four 

families includes both woody and herbaceous species, most of which have bisexual 

flowers with a pentamerous perianth, one or two cycles of stamens, two carpels, and 

capsular fruit opening apically. 

While a wealth of literature exists on fossils placed within Saxifragaceae and 

Saxifragales, or simply described as “saxifragaceous,” the historic definition of the 

family and the long-running confusion over the relationships among taxa included 

within it has led to a broad concept of “saxifrage” throughout the paleobotanical 

literature.  In this paper, we abandon that concept in introducing new fossil saxifrages 

from the Old Crossman Clay Pit Locality of the Raritan Formation, Sayreville, New 

Jersey, USA, for one that more accurately represents our current understanding of 

phylogeny as discussed above (Stevens, 2001).  While other saxifrages of Late 

Cretaceous age have been reported in the literature, the fossils introduced herein may 

be the oldest with a floral morphology clearly suggesting affinities to extant 

Saxifragaceae s.s. and Iteaceae, which heretofore had macrofossil records extending 

back to the Oligocene (Conwentz, 1886) and Eocene (Wolfe and Wehr, 1987), 

respectively.
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MATERIALS AND METHODS 

 

Morphological studies.—The fossils are fusainized and three-dimensionally preserved.  

In order to remove the fossils from the unconsolidated matrix in which they occur, 

bulk samples of Amboy Fire Clay were dissolved in warm water and then sieved in 

successively finer screens to separate the majority of sand and organic material from 

the clay.  The resulting concentrate was soaked in warm water with detergent, then 

rinsed to remove the remainder of the clay; organic material was separated from sand 

by suspension in water and was removed by decanting.  The organic material was then 

soaked in 49% hydrofluoric acid to remove any adherent minerals and rinsed several 

times in distilled water.  Fossils were air dried and sorted under a Zeiss SV-8 

microscope.  Selected specimens were then mounted on stubs and sputter-coated with 

gold-palladium in preparation for viewing with a Hitachi 4500 scanning electron 

microscope (SEM).  Fossil specimens are deposited in the Paleobotany Collection of 

the L. H. Bailey Hortorium, Cornell University (CUPC).  Over 100 specimens later 

assigned to Divisestylus were examined, including specimen numbers CUPC 1340-

1474.  Those specimens that could be assigned to a Divisestylus species are designated 

as types in this paper.   

Extant material for pollen and morphological studies 

(http://www.amjbot.org/cgi/content/full/90/9/1373/DC1) was removed from 

herbarium or preserved specimens, mounted on stubs, sputter coated with Au/Pd, and 

viewed with a Hitachi 4500 SEM or examined with a dissecting microscope. 

 

Cladistic analyses.—Cladistic analyses were performed using a combination of 

molecular and morphological data.  Molecular data for five genes (atpB, matK, rbcL, 
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18S rDNA, and 26S rDNA; Fishbein et al., 2001), including 40 taxa and 9237 

characters, were downloaded from the Soltis laboratory website on 6 February 2002 

(www.wsu.edu.8080/~soltilab/Saxifragales.txt).  Data were unmodified save for 

conversion to a WinClada (Nixon, 2000) readable format and fusion of the four 

Paeonia L. species into a single terminal in order to simplify coding of the 

morphology matrix [the analysis by Fishbein et al. (2001) indicates that the Paeonia 

species fused in this analysis form a monophyletic group].  A total of 37 

morphological characters were scored (Appendix 1).  Because the genus Saxifraga L. 

is thought to be polyphyletic based on prior molecular analyses (Soltis et al., 1993; 

Soltis et al., 1996; Soltis et al., 2001), S. integrifolia W.J. Hooker and S. mertensiana 

Bongard were coded as for the species.  Other extant taxa were coded as for the genus 

(Appendix 2).  General references for coding of the morphology matrix include:  

Cronquist (1981) and Takhtajan (1997).  Other references include: Aphanopetalum 

Endl., Dickison (1975, 1994); Crassulaceae J. St.-Hil., Spongberg (1978), Endress and 

Stumpf (1991), Bartel (1993); Haloragaceae, Benthum and Mueller (1864), 

Praglowski (1970), Orchard (1979), Faegri (1982); Hamamelideae Takht. (incl. 

Cercidiphyllum Siebold et Zucc., Daphniphyllum Blume, Hamamelidaceae R. Br., 

Platanaceae Lestib., Tetracentraceae A. C. Sm., and Trochodendraceae Prantl), Vink 

(1958), Morley and Chao (1977), Bogle (1986, 1989), Endress (1986; 1987; 1989; 

1993a, b, c), Hufford and Endress (1989), Huang (1997), Endress and Igersheim 

(1999); Iteaceae J. Agardh, Harvey (1859), Schneider (1906), Spongberg (1972), 

Verdcourt (1973), Bensel and Palser (1975b), Hideux and Ferguson (1976), Grierson 

(1987b), Endress and Stumpf (1991), Al-Shammary and Gornall (1994), Shuying and 

Ohba (2001); Lambertia Sm., Rao (1969); Leea Royen ex L., Ridsdale (1974); 

Paeonia L., Stern (1946), Keefe and Moseley (1978), Inamdar et al. (1983); 

Penthorum L., Spongberg (1972), Haskins and Hayden (1987), Endress and Stumpf 
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(1991), Jintang and Soltis (2001); Pterostemon Schauer, Small (1905), Wilkinson 

(1994); Ribes L., Stern et al. (1970), Spongberg (1972), Bensel and Palser (1975b), 

Hideux and Ferguson (1976), Endress and Stumpf (1991), Gleason and Cronquist 

(1991), Lingdi and Alexander (2001); Saxifragaceae Juss. s.s., Rosendahl (1927), 

Hitchcock et al. (1961), Ferguson and Webb (1970), Spongberg (1972), Bensel and 

Palser (1975b), Hideux and Ferguson (1976), Wells (1984), Gornall and Bohm (1985), 

Grierson (1987a), Gornall (1989),  Webb and Gornall (1989), Endress and Stumpf 

(1991), Jintang and Ohba (2001); Tetracarpaea Hook., Hils et al. (1988); Vitis L., 

Brizicky (1965).  Direct observations were made on the specimens listed at 

http://www.amjbot.org/cgi/content/full/90/9/1373/DC1.   

Matrices were constructed in WinClada (Nixon, 2000).  Before tree searches 

were conducted, uninformative characters were highlighted and deactivated using the 

“Mop uninformative characters” and “Deactivate selected characters” options under 

the “Characters” menu; this left a total of 1475 informative molecular characters and 

35 informative morphological characters.  Heuristic tree searches were performed 

under equal weights parsimony using NONA (Goloboff, 1998) spawned from 

WinClada.  NONA was set so that up to 10 000 trees could be held per analysis.  For 

each analysis including molecular data, 100 replications were performed starting from 

a random Wagner tree, followed by tree bisection-reconnection (TBR) branch-

swapping.  Where morphological data alone were analyzed, the same procedure was 

followed but with 1000 replications.  A maximum of 10 shortest trees were held per 

replicate, so that up to 1000 shortest trees were held for the analyses including 

molecular data and up to 10 000 shortest trees were held for the analyses using only 

morphological data during this step.  Trees held from the replicates were then swapped 

to completion, and all unique most parsimonious trees (up to 10 000 unique trees for 

each analysis) were saved.  Trees were viewed and strict consensus trees were 
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constructed in WinClada; all unsupported nodes were collapsed both in most 

parsimonious trees and in consensus trees. 

Nine separate tree searches were performed including the following 

combinations of taxa and characters:  1)  extant taxa and molecular characters; 2)  

extant taxa and all characters; 3) all taxa (extant and fossil) and all characters; 4)  

extant taxa, Divisestylus brevistamineus, and all characters; 5)  extant taxa, D. 

longistamineus, and all characters; 6)  extant taxa and morphological characters; 7)  all 

taxa and morphological characters; 8)  extant taxa, D. brevistamineus, and 

morphological characters; 9) extant taxa, D. longistamineus, and morphological 

characters. 

 

RESULTS 

 

Genus.—Divisestylus Hermsen, Gandolfo, Nixon, et Crepet, gen. nov. 

 

Type species.—Divisestylus brevistamineus Hermsen, Gandolfo, Nixon, et Crepet, sp. 

nov. here designated. 

 

Etymology.—The name Divisestylus is from the Latin adverb divise, distinctly or 

separately, and adjective stylus, styled, referring to the unique feature of this taxon 

wherein the styles remain free while the carpels and stigmas are fused. 

 

Generic diagnosis.—Flowers bisexual or possibly functionally unisexual, 

actinomorphic, epigynous and pedicellate; sepals five, basally connate into a 

hypanthium, free above, with valvate aestivation; petals five, free, alternate with the 

sepals, with imbricate aestivation; stomata anomocytic; androecium haplostemonous, 
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stamens/staminodes five, opposite sepals; anthers dithecal, tetrasporangiate, basifixed; 

pollen tricolpate, prolate, exine striate; gynoecium bicarpellate; ovary bilocular, 

inferior, placentation axile, more than 10 ovules per locule; intrastaminal nectary ring 

smooth; styles two, distinct and free proximally but fused distally, style canal open; 

stigmas capitate, fused into a bilobed platform; fruit a two-beaked dehiscent capsule, 

with stigmas remaining connate or separating upon dehiscence.  Vegetative 

morphology unknown. 

 

Generic description.—Flowers bisexual or possibly functionally unisexual, 

actinomorphic, pentamerous, and epigynous, 0.4-1.2 mm in diameter, on pedicels up 

to 0.8 mm long (Plate 1, Figures 1, 2; Plate 2, Figures 1, 2, 4, 6).  Sepals five, fused 

below into a hypanthium and free above, lobes triangular 0.2-0.5 mm wide x 0.4-0.9 

mm high (Plate 1, Figures 1-3; Plate 2, Figures 1, 2, 4), separated by sinuses 0.06-0.1 

mm wide (Plate 1, Figure 2; Plate 2, Figure 2), with acute trichomes on adaxial and 

abaxial surfaces (Plate 1, Figures 2, 3; Plate 2, Figures 2, 4), or trichomes lacking; 

aestivation valvate.  Hypanthium 0.2-0.7 mm high, often bilobed and showing the 

position of the locules (Plate 2, Figure 4), or sometimes with prominent nerves (Plate 

3, Figure 5), outer surface with acute trichomes (Plate 1, Figure 2; Plate 2, Figures 2, 

4), or trichomes lacking.  Stomata anomocytic (Plate 1, Figure 4).  Petals five, 

alternate with and wider than the sepals (Plate 1, Figures 1, 7; Plate 2, Figure 5), 

papillae or acute trichomes on adaxial and abaxial surfaces, on the abaxial surface, or 

trichomes lacking (Plate 1, Figures 7, 8; Plate 2, Figure 5); aestivation imbricate (Plate 

1, Figure 1).  Androecium haplostemonous, of stamens with short, tapering filaments 

0.06-0.1 mm wide at the point of attachment to the hypanthium by 0.03-0.2 mm high 

and basifixed, sagitate anthers 0.1-0.2 mm wide at their widest point by 0.1-0.2 mm 

high (Plate 1, Figures 5, 6) or of ribbonlike structures possibly representing either 

9



  

staminodes or filaments (anthers unknown) 0.07-0.2 mm wide at the point of 

attachment to the hypanthium by up to 0.9 mm high (Plate 2, Figures 1, 4, 6); 

androecial members five, borne opposite the sepals (Plate 2, Figure 1).  Pollen 

observed on 14 specimens is tricolpate and prolate, radially symmetrical about the 

polar axis, 4-10 µm wide on the equatorial axis by 6-20 µm high on the polar axis, 

sculpture striate (Plate 4, Figures 1, 2).  Gynoecium of two fused carpels, ovary 

inferior (Plate 2, Figures 2, 4; Plate 3, Figures 5, 6), biloculate, with numerous (more 

than 10) ovules on axile placentas (Plate 3, Figure 1), ovules unornamented and 

sometimes folded over (Plate 3, Figures 2, 3), indicating they are possibly anatropous 

(no structure representing a micropyle has been identified).  Intrastaminal ring 0.1-0.9 

mm wide, of smooth tissue (Plate 2, Figure 6), interpreted as a nectary, surrounding 

densely papillate tissue at the base of the styles describing an oblong region 0.2-0.6 x 

0.3-0.8 mm in diameter (Plate 2, Figures 6, 7), papillate tissue grading into a sparse to 

dense surface of trichomes distally on the styles (Plate 1, Figure 10; Plate 2, Figure 9).  

Styles two, 0.1-0.2 mm wide x 0.3-0.9 mm high, free proximally and fused distally, 

sometimes appressed (Plate 1, Figure 9; Plate 2, Figure 8), canals open (Plate 2, Figure 

6; Plate 3, Figure 4).  Stigmas capitate, fused into a single, bilobed stigmatic platform 

(Plate 1, Figure 9; Plate 2, Figure 8; Plate 3, Figure 6).  Fruit a dehiscent capsule, 

splitting along the inner style sutures and opening apically (Plate 3, Figures 4, 8), the 

stigmas remaining connate or becoming free (Plate 3, Figures 6, 7), sepals and 

ribbonlike androecial structures sometimes persistent on the fruits (Plate 3, Figures 7, 

8).  Vegetative morphology unknown.   

 

Divisestylus brevistamineus Hermsen, Gandolfo, Nixon, et Crepet, sp. nov. 
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Holotype.—L. H. Bailey Hortorium Paleobotanical Collection CUPC 1340 here 

designated.  Plate 1, Figures 1, 2, 3, 4, 5, 7. 

 

Paratypes.—L. H. Bailey Hortorium Paleobotanical Collection CUPC 1341-1348. 

 

Repository.—Cornell University Paleobotany Collection, L. H. Bailey Hortorium, 

Department of Plant Biology, Cornell University, Ithaca, New York, USA. 

 

Type locality.—Old Crossman Clay Pit, Sayreville, New Jersey, USA. 

 

Stratigraphic Position.—South Amboy Fire Clay, Raritan Formation. 

 

Age.—Turonian, Late Cretaceous. 

 

Etymology.—The epithet brevistamineus is from the Latin brevis, short, and 

stamineus, stamened, referring to the distinctive short stamens of this species.  

 

Specific diagnosis.—Petals verrucose, with papillae on adaxial and abaxial surfaces, or 

petals glabrous; androecium of stamens with short, tapering filaments; anthers 

basifixed, sagittate, dithecal and tetrasporangiate, with a conspicuous connective 

extending apically; styles fully appressed, bearing blunt trichomes distal to the region 

of papillate tissue, and not protruding above the tips of the erect sepal lobes. 

 

Description.—Flowers bisexual, actinomorphic, pentamerous, and epigynous, 0.4-0.7 

mm in diameter, on pedicels up to 0.4 mm long (Plate 1, Figures 1, 2).  Sepals five, 

fused below into a hypanthium and free above, lobes triangular 0.2-0.4 mm wide x 
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Plate 1.  Floral parts of Divisestylus brevistamineus.   
 
Figure 1—Top view of a single flower in bud.  CUPC 1340 (Holotype).  Bar = 0.231  

mm.   
 
Figure 2—Side view of single flower in bud.  CUPC 1340 (Holotype).  Bar = 0.375  

mm.   
 
Figure 3—Adaxial sepal surface showing trichomes.  CUPC 1340 (Holotype).  Bar =  

0.075.   
 
Figure 4—Stomate on hypanthium surface.  CUPC 1340 (Holotype).  Bar = 0.010  

mm.   
 
Figure 5—Adaxial view of petal removed from flower.  CUPC 1340 (Holotype).  Bar  

= 0.0857 mm.   
 
Figure 6—Detail of petal surface.  CUPC 1343.  Bar = 0.020.   
 
Figure 7—Ventral view of single anther removed from flower.  Arrow indicates apical  

connective extension.  CUPC 1340 (Holotype).  Bar = 0.060 mm.   
 
Figure 8—Detail of anther attachment.  CUPC 1348.  Bar = 0.0231 mm.   
 
Figure 9—Styles.  CUPC 1344.  Bar = 0.120.   
 
Figure 10—Detail of style surface showing blunt trichomes.  CUPC 1348.  Bar =  

0.030 mm. 
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0.4-0.6 mm high, separated by sinuses 0.06-0.1 mm wide (Plate 1, Figure 2), with 

acute trichomes on adaxial and abaxial surfaces (Plate 1, Figures 2, 3; Plate 2, Figures 

2, 4), or trichomes lacking.  Hypanthium 0.3-0.6 mm high, outer surface with acute 

trichomes (Plate 1, Figure 2).  Petals five, spade shaped, alternate with the sepals 

(Plate 1, Figures 1, 7), papillae on adaxial and abaxial surfaces giving them a warty 

appearance (Plate 1, Figure 8), or papillae lacking, ~0.15 mm in width at their widest 

point and 0.2-0.3 mm high.  Androecium haplostemonous, stamens five, borne 

opposite the sepals; filaments short, blunt, and tapering, 0.06-0.1 mm wide at the point 

of attachment to the hypanthium by 0.03-0.2 mm high (Plate 1, Figure 6); anthers 

basifixed, sagittate, dithecal and tetrasporangiate, 0.1-0.2 mm wide at their widest 

point by 0.1-0.2 mm high from the base of the anther sacs to the tip of the connective 

(Plate 1, Figures 5, 6), connective large and conspicuous, extending distally, with a 

surface covered by polygonal cells (Plate 1, Figure 5). One pollen grain of the type 

described for the genus has been found on the external calyx surface of a single 

specimen.  Gynoecium as for the genus.  Intrastaminal ring ~0.1 mm wide, of smooth 

tissue, interpreted as a nectary, encircling an oblong region of densely papillate tissue 

at the base of the styles 0.2-0.4 x 0.3-0.4 mm in diameter, papillate tissue grading into 

a sparse covering of blunt trichomes distally on the styles (Plate 1, Figure 10).  Styles 

two, 0.1-0.2 mm wide x 0.3-0.4 mm high, free proximally but fused distally, 

appressed, not protruding above the distal ends of the erect sepal lobes (Plate 1, Figure 

9).  No fruits are definitively assignable to this species, but assumed to be as for the 

genus. 

 

Divisestylus longistamineus Hermsen, Gandolfo, Nixon, et Crepet sp. nov. 

 

14



  

Holotype.—L. H. Bailey Hortorium Paleobotanical Collection CUPC 1349 here 

designated.  Plate 2, Figures 1, 2. 

 

Paratypes.—L. H. Bailey Hortorium Paleobotanical Collection CUPC 1350-1355, 

1357, 1361-1399. 

 

Repository.—Cornell University Paleobotanical Collection, L. H. Bailey Hortorium, 

Department of Plant Biology, Cornell University, Ithaca, New York, USA. 

 

Type locality.—Old Crossman Clay Pit, Sayreville, New Jersey, USA. 

 

Stratigraphic position.—South Amboy Fire Clay, Raritan Formation. 

 

Age.—Turonian, Late Cretaceous. 

 

Etymology.—The epithet longistamineus is from the Latin longus, long, and 

stamineus, stamened, referring to the long filaments or staminodes that distinguish this 

species. 

 

Specific diagnosis.—Petals with acute trichomes on their abaxial surfaces; androecium 

of ribbonlike structures possibly representing stamens or staminodes, anthers 

unknown; styles appressed to widely spaced, bearing flat trichomes distal to the region 

of papillate tissue and protruding above the tips of the erect sepal lobes. 

 

Species description.—Flowers bisexual or possibly functionally unisexual (anthers 

unknown), actinomorphic, pentamerous, and epigynous, 0.6-1.2 mm in diameter, on 
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pedicels up to 0.5 mm long (Plate 2, Figures 1, 4, 6; Plate 3, Figure 7).  Sepals five, 

fused below to form a hypanthium and free above, lobes triangular 0.2-0.5 mm wide x 

0.5-0.9 mm high (Plate 2, Figures 1, 2), separated by sinuses 0.06-0.1 mm wide (Plate 

2, Figure 2), with acute trichomes on adaxial and abaxial surfaces (Plate 2, Figure 3), 

or trichomes lacking.  Hypanthium 0.2-0.7 mm high, often bilobed and clearly 

showing the position of the locules (Plate 2, Figure 4), outer surface with acute 

trichomes (Plate 2, Figures 2, 4), or trichomes lacking.  Petals five, shape unknown, 

alternate with the sepals (as inferred from the positions of partially preserved petals 

opposite sinuses between sepals; Plate 2, Figure 5), with acute trichomes on the 

abaxial surface in a longitudinally aligned band, outer margins glabrous (Plate 2, 

Figure 5), up to 0.8 mm wide and at least 0.5 mm long (full length unknown).  

Androecium haplostemonous, ribbonlike structures representing staminodes or 

stamens with ribbonlike filaments five, borne opposite the sepals, 0.07-0.2 mm wide at 

the point of attachment to the hypanthium by up to 0.9 mm long (Plate 2, Figures 1, 4, 

6); anthers unknown.  Pollen of the type described for the genus known from eight 

specimens (Plate 4, Figure 1).  Gynoecium as for the genus.  Intrastaminal ring 0.1-0.3 

mm wide of smooth tissue, interpreted as a nectary ring, encircling an oblong region 

of densely papillate tissue at the base of the styles 0.3-0.6 x 0.4-0.7 mm in diameter 

(Plate 2, Figures 6, 7), papillate tissue grading into a dense covering of flat trichomes 

distally on the styles (Plate 2, Figure 9), trichomes becoming sparse toward the 

stigmas.  Styles two, 0.1-0.2 mm wide x 0.5-0.9 mm high, free proximally but fused 

distally, appressed to widely spaced, protruding above the distal ends of the erect sepal 

lobes (Plate 2, Figures 2, 8).  Fruit a two-beaked capsule opening apically, sometimes 

with persistent sepals and androecial structures (Plate 3, Figures 7, 8). 
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Plate 2.  Floral parts of Divisestylus longistamineus.   
 
Figure 1—Top view of single flower with missing petals.  CUPC 1349 (Holotype).   

Bar = 0.500 mm.   
 
Figure 2—Side view of single flower with missing petals.  CUPC 1349 (Holotype).   

Bar = 0.600 mm.   
 
Figure 3—Detail of trichomes on hypanthium surface.  CUPC 1353.  Bar = 0.0429  

mm.   
 
Figure 4—Side view of single flower, positions of the two ovary locules are clearly  

visible on external surface of hypanthium.  CUPC 1351.  Bar = 0.500 mm.   
 
Figure 5—Abaxial surface of single petal with trichomes.  CUPC 1352.  Bar = 0.167  

mm.   
 
Figure 6—Top view of flower clearly showing nectary ring.  CUPC 1351.  Bar =  

0.429 mm.   
 
Figure 7—Detail of papillate tissue at base of styles.  CUPC 1354.  Bar = 0.020 mm.   
 
Figure 8—Side view of styles.  CUPC 1350.  Bar = 0.231 mm.   
 
Figure 9—Detail of style surface distal to region of papillate tissue, showing  

trichomes.  CUPC 1351.  Bar = 0.050 mm. 
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Plate 3.  Ovules and fruits of Divisestylus sp.   
 
Figure 1—Flower from below with hypanthium removed, showing two ovary locules  

and numerous ovules on axile placentas.  CUPC 1360.  Bar = 0.333 mm.   
 
Figure 2—Detail of immature ovule that appears to be folded over.  CUPC 1360.  Bar  

= 0.0429 mm.   
 
Figure 3—Detail of mature ovule.  CUPC 1356.  Bar = 0.0375 mm.   
 
Figure 4—D. longistamineus fruit from above showing splitting sutures on the inner  

surfaces of the styles.  CUPC 1354.  Bar = 0.117 mm.   
 
Figure 5—Side view of fruit showing hypanthium with nerves.  CUPC 1358.  Bar =  

0.429 mm.   
 
Figure 6—Side view of dehiscing fruit with connate stigmas.  CUPC 1359.  Bar =  

0.429 mm.   
 
Figure 7—D. longistamineus.  Side view of open fruit with persistent  

filament/staminode.  CUPC 1355.  Bar = 0.500 mm.   
 
Figure 8—D. longistamineus.  Top view of open fruit with persistent  

filament/staminode.  CUPC 1355.  Bar = 0.500 mm. 
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DISCUSSION 

 

Comparative morphology.—Morphologically, Divisestylus fossils have some features 

of both extant Iteaceae and Saxifragaceae s.s., families whose members share very 

similar floral morphology and anatomy (Bensel and Palser, 1975b).  Characteristics 

common among all members of Iteaceae, some Saxifragaceae s.s., and Divisestylus 

include a pentamerous calyx united below to form a hypanthium, a pentamerous 

corolla, a pentamerous androecium with stamens (or staminodes) situated opposite the 

calyx lobes, a bicarpellate gynoecium, axile placentation, presence of style canals, and 

capsulate fruit opening apically along the style sutures (Spongberg, 1972; Bensel and 

Palser, 1975b; Taktajan, 1997).  Ovary position in Iteaceae and Saxifragaceae s.s. 

varies (Spongberg, 1972; Bensel and Palser, 1975b; Taktajan, 1997), and both families 

reportedly have species that can produce unisexual flowers, though hermaphroditic 

flowers represent the predominant condition (for exceptions, see Small and Rydberg, 

1905; Knuth, 1908; Ohwi, 1965; Verdcourt, 1973; Elvander, 1982; Webb and Gornall, 

1989; Shuying and Ohba, 2001). The primary differences between members of 

Iteaceae and Saxifragaceae s.s. with similar floral morphology include habit, pollen 

type, degree of fusion of the carpels, and in the stamens, anther attachment position.  

Other families within the Iteaceae-Saxifragaceae s.s. clade, including 

Pterostemonaceae and Grossulariaceae, differ markedly from the fossils, the former in 

having a pentamerous gynoecium, filaments with appendages, and diplostemonous 

androecium, the latter in having parietal placentation and fleshy fruit (Takhtajan, 

1997). 

 Iteaceae and Saxifragaceae s.s. are similar in perianth structure.  In both 

families the calyx is usually formed by five sepals united below to form a hypanthium 

adnate (at least proximally) to the carpels and free above; the corolla is composed of 
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five petals alternating with the sepal lobes and inserted on the rim of the hypanthium 

(Hitchcock et al., 1961; Spongberg, 1972; Wells, 1984).  Symmetry of the flowers in 

each family is usually actinomorphic, though there is a tendency toward zygomorphy 

in some Saxifragaceae s.s. (Wells, 1984; Gornall and Bohm, 1985; Takhtajan, 1997).  

Both sepal and petal aestivation in Iteaceae are valvate, whereas in Saxifragaceae s.s. 

they can be imbricate or valvate (Britton, 1905; Spongberg, 1972; Gornall and Bohm, 

1985; Takhtajan, 1997).  Fossils of Divisestylus clearly show imbricate petal 

aestivation (Plate 1, Figure 1), and sepal aestivation is interpreted as valvate, given the 

shape, alignment, and spacing of the sepals (Plate 1, Figure 2; Plate 2, Figure 2). 

 The androecium is haplostemonous in Iteaceae and Divisestylus and 

haplostemonous or diplostemonous in Saxifragaceae s.s. (Takhtajan, 1997).  In 

Iteaceae and most haplostemonous Saxifragaceae s.s., a single whorl of five stamens is 

situated opposite the calyx lobes (Hitchcock et al., 1961; Spongberg, 1972; Wells, 

1984; Gornall and Bohm, 1985; Takhtajan, 1997), as it is in Divisestylus (Plate 2, 

Figure 1).  Anthers in Iteaceae, Saxifragaceae s.s., and D. brevistamineus are 

tetrasporangiate (Cronquist, 1981; Plate 1, Figure 7).  Anthers of Iteaceae are 

dorsifixed, whereas those of Saxifragaceae s.s. are basifixed to slightly dorsifixed with 

the distal end of the filament inserted in a pit at the base of the anther, a condition 

characteristic of Saxifragaceae s.s. and Crassulaceae (Endress and Stumpf, 1991; 

sometimes referred to as centrifixed, Baum and Leinfellner, 1953).  Anthers of D. 

brevistamineus are clearly basifixed (Plate 1, Figure 8), though they show no evidence 

of a basal pit (Plate 1, Figures 7, 8).  Anthers vary from sagittate to X-shaped in 

Saxifragaceae s.s., with or without shallow ventral and dorsal furrows, whereas 

anthers are reported as X-shaped in Iteaceae with prominent ventral furrows (Endress 

and Stumpf, 1991).  Anthers in both Saxifragaceae s.s. and Iteaceae have thick 

connectives (Endress and Stumpf, 1991).  An inconspicuous apical connective 
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protrusion occurs sometimes in Saxifragaceae s.s. (Endress and Stumpf, 1991) and 

Itea virginica L. (Schneider, 1906; Hermsen, personal observation) and a conspicuous 

apical connective protrusion has been reported for the monospecific genus Choristylis 

(Verdcourt, 1973).  Divisestylus brevistamineus anthers are sagittate with a thick 

connective that protrudes apically and have no dorsal or ventral furrows (Plate 1, 

Figure 7).  The mode of dehiscence in Iteaceae and Saxifragaceae s.s. is by 

longitudinal slits (Endress and Stumpf, 1991; Takhtajan, 1997), though it has not been 

observed for D. brevistamineus.  Filament length relative to other floral structures 

varies in both Saxifragaceae s.s. and Iteaceae (Harvey, 1859; Franchet, 1896; Rehder 

et al., 1988; Gangepain, 1916; Rosendahl, 1927; Chun, 1934; Yamamoto, 1937; Wu, 

1940; Hitchcock et al., 1961; Verdcourt, 1973; Roxburgh and Wallich, 1975; Wells, 

1984; Gornall and Bohm, 1985), encompassing the variation displayed between D. 

longistamineus and D. brevistamineus specimens (Plate 1, Figures 8, 9).   

Species of Iteaceae are not reported as having staminodes, though they do 

occur within some Saxifragaceae s.s. (Saxifragodes D. M. Moore, Heuchera L., and 

Mitella L.), usually along with functional stamens (Hitchcock et al., 1961; Spongberg, 

1972; Moore, 1983).  Within Saxifragaceae s.s., Tanakaea radicans Fr. et Sav. and 

some Saxifraga section Ciliatae Haworth are dioeceous (Ohwi, 1965; Webb and 

Gornall, 1989), polygamodioecy occurs in Astilbe Buch.-Ham. ex D. Don (Small and 

Rydberg, 1905), gynodioecy is exhibited in other Saxifraga species (though not 

consistently; Knuth, 1908; Elvander, 1982; Stevens and Richards, 1985; Webb and 

Gornall, 1989), and some species are protandrous with deciduous anthers (Spongberg, 

1972).  Within Iteaceae, flowers of Choristylis can achieve unisexuality through 

abortion of the stamens (Harvey, 1859).  The androecium of D. longistamineus may 

by composed of staminodes, representing a dioecious, monoecious, gynodioecious, or 
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polygamous syndrome, or stamens with caducous anthers, or the anthers may simply 

have been lost during fossilization. 

Although no pollen has been found inside anthers of D. brevistamineus, pollen 

of the type described for the genus has been found variously on the calices, nectaries, 

papillate tissue at the base of the styles, ribbonlike filaments/staminodes, and stigmas 

of 14 individual specimens of Divisestylus. These include five specimens assigned to 

Divisestylus sp. (CUPC 1359, 1421, 1430, 1456, 1472; Plate 4, Figure 2), eight 

specimens assigned to D. longistamineus (CUPC 1354, 1357, 1365-1367, 1376-1378; 

Plate 4, Figure 1), and one specimen assigned to D. brevistamineus (CUPC 1340).  

Over 80 individual Divisestylus-type pollen grains are known from these specimens, 

between one and ca. 30 per specimen (Plate 4, Figures 1, 2).  Colpate pollen is also 

found on three addition specimens of Divisestylus (CUPC 1358, Divisestylus sp., one 

grain; CUPC 1351, D. longistamineus, one grain; CUPC 1441, Divisestylus sp., ca. 

two grains), though on these specimens a definitive interpretation of exine 

ornamentation cannot be made.  No other pollen is known.  Because tricolpate, striate 

pollen is found on numerous Divisestylus specimens, it is reasonable to infer that the 

pollen produced by Divisestylus sp. flowers was of this type.  The pollen morphology 

of Saxifragaceae s.s. includes types similar to that found on Divisestylus specimens in 

being tricolpate or tricolporate with a striate surface sculpture (Ferguson and Webb, 

1970; Hideux and Ferguson, 1976).  Pollen of Iteaceae is of a distinctive diporate, 

psilate form (Plate 4, Figure 3; Erdtman, 1955; Wakabayashi, 1970; Hideux and 

Ferguson, 1976; Takhtajan, 1997), a morphological syndrome characteristic of all Itea 

pollen examined for this paper (save for that of one I. macrophylla Wall. specimen (A. 

D. E. Elmer 18023), which had some surface sculpture).  This pollen type appears to 

unite extant Itea and Choristylis (Erdtman, 1955; Pastre and Pons, 1973) and, in the 
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Plate 4.  Pollen of Divisestylus sp. and pollen, flower, and fruit of extant Itea sp.   
 
Figure 1—Polar view of pollen grain on D. longistamineus fruit showing position of  

the three colpi.  CUPC 1357.  Bar = 0.00429 mm.   
 
Figure 2—Equatorial view of pollen grain on Divisestylus sp. fruit showing single  

colpus.  CUPC 1359.  Bar = 0.00429 mm.   
 
Figure 3—Side view of Itea yunnanensis pollen grain.  Bar = 0.00667 mm.   

Heronswood Nursery (no number).   
 
Figure 4—Top view of I. yunnanensis flower showing conspicuous nectary ring.  Bar  

= 1.5 mm.  Heronswood Nursery (no number).   
 
Figure 5—I. yunnanenis, detail of single petal surface.  Bar = 0.0200 mm.   

Heronswood Nursery (no number).   
 
Figure 6—I. yunnanensis, detail of tissue surface at base of styles.  Bar = 0.0200 mm.   

Heronswood Nursery (no number).   
 
Figure 7—I. japonica fruit dehiscing along inner style sutures, but with stigmas  

remaining connate.  NY, G. Forreso 23432.  Bar = 1.20 mm. 
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fossil record, is first reported from the Eocene of Europe (Graus-Cavagnetto, 1976; 

Muller, 1981).   

The gynoecium of Divisestylus bears a closer resemblance to those of modern 

Iteaceae species than to those of Saxifragaceae s.s. species primarily due to its unique 

fusion.  While Iteaceae often have carpels, styles, and stigmas that are fully fused, 

sometimes the styles are free while carpels and stigmas, respectively, are connate 

(Harvey, 1859; Franchet, 1896; Gagnepain, 1916; Verdcourt, 1973; Bensel and Palser, 

1975b; Shuying and Ohba, 2001).  This characteristic is only reported elsewhere in 

angiosperms within extant Apocynaceae Juss. (including Asclepiadoideae), to which 

Divisestylus clearly bears little resemblance, as Apocynaceae are marked by a 

sympetalous corolla with adnate stamens and frequently by connate anthers 

(Takhtajan, 1997).  While it is true that most species of Iteaceae are reported to have 

fully fused styles (Rehder et al., 1988; Hu, 1925; Chun, 1934; Wu, 1940; Spongberg, 

1972; Roxburgh, 1975; Grierson, 1987b; Shuying and Ohba, 2001), even among these, 

splitting of the capsule takes place along the inner style sutures, and the styles diverge 

so that the capsule opens apically, often without a separation of the stigmas 

(Schneider, 1906; Spongberg, 1972; Verdcourt, 1973; Takhtajan, 1997; Hermsen, 

personal observation).  This results in a fruit that is nearly indistinguishable from that 

of some known Divisestylus specimens (Plate 3, Figure 6; Plate 4, Figure 7).  In 

contrast to carpels of Iteaceae and Divisestylus, the carpels in members of 

Saxifragaceae s.s. are often only fused below with no fusion of the styles or stigmas, 

and the fruit is a two-beaked capsule or sometimes two follicles (Hitchcock et al., 

1961; Wells, 1984; Gornall and Bohm, 1985; Webb and Gornall, 1989; Takhtajan, 

1997).  Both Saxifragaceae s.s. and Iteaceae can have open style canals as observed in 

Divisestylus (Bensel and Palser, 1975b; Plate 2, Figure 6; Plate 3, Figure 4).  Axile 

placentation occurs in all Iteaceae and some Saxifragaceae s.s., and ovules in both 
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families are anatropous, often numerous (more than 10) and usually bitegmic, though 

they can be unitegmic (Spongberg, 1972; Takhtajan, 1997).  In Divisestylus, 

placentation is clearly axile and ovules are numerous (Plate 3, Figure 1); however, the 

position of the micropyle and number of ovule integuments have not been observed. 

 Conspicuous ringlike intrastaminal nectaries as observed in Divisestylus are 

common in both Saxifragaceae s.s. and Iteaceae, though not ubiquitous (Britton, 1905; 

Chun, 1934; Hitchcock et al., 1961; Spongberg, 1972; Bensel and Palser, 1975b; 

Roxburgh, 1975; Huang and Huang, 1977; Wells, 1984; Gornall and Bohm, 1985; 

Rehder et al., 1988; Shuying and Ohba, 2001).  On Itea yunnanensis Franchet, one of 

two extant Itea flowers examined with the SEM 

(http://www.amjbot.org/cgi/content/full/90/9/1373/DC1), the nectary ring surrounds a 

region of papillate tissue at the base of the styles, as in Divisestylus (Plate 2, Figures 6, 

7; Plate 4, Figures 4, 6).  Notably, petals of I. yunnanensis display a knobby surface 

similar to that observed in some specimens of D. brevistamineus (Plate 1, Figure 6; 

Plate 4, Figure 5).   

 Trichomes can occur on any floral surface in Saxifragaceae s.s. and Iteaceae, 

including the calyx, corolla, filaments, anthers, carpels, and styles.  These trichomes 

may be uniseriate, multiseriate, or multiseriate with globular heads (glandular hairs), 

and may be useful in taxonomy (Bensel and Palser, 1975b; Wells, 1984; Gornall and 

Bohm, 1985; Gornall, 1986, 1989; Al-Shammary and Gornall, 1994).  Divisestylus 

appears to lack glandular trichomes, but has simple trichomes that have been observed 

variously on sepals, petals, and styles (Plate 1, Figures 3, 6, 10; Plate 2, Figures 3, 5, 

9).  Stomata in Divisestylus are anomocytic (Plate 1, Figure 4), also the common 

condition in Saxifragaceae s.s. (Takhtajan, 1997).  In Iteaceae, stomata are paracytic 

(Takhtajan, 1997).  
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Cladistic analyses.—Analysis of extant taxa (Appendix 2) using molecular data alone 

resulted in two shortest trees of length 4944 steps [Consistency Index (CI) 44, 

Retention Index (RI) 58]; the same data analyzed by Fishbein et al. (2001) resulted in 

two most parsimonious trees of length 5954 steps (CI 53, RI 63; however, the Paeonia 

terminal was unfused in the Fishbein et al. analysis).  The strict consensus of the two 

most parsimonious trees found in each analysis under equal-weights parsimony has 

nearly the same topology.  The only difference is in the placement of Lambertia 

Smith, which groups [(Platanus L., Lambertia) (all other taxa)] in the Fishbein et al. 

analysis (Fig. 3 in Fishbein et al., 2001), but [Platanus (Lambertia, all other taxa)] in 

our analysis.  Addition of morphological data did not change the topology of the trees 

found using the molecular data; the two trees found including all extant taxa, 

molecular data, and morphological data are of length 5095 steps (CI 44, RI 58). 

Analysis of all taxa (fossil and modern) and all characters (molecular and 

morphology) together resulted in six most parsimonious trees 5095 steps long (CI 44, 

RI 58).  In these trees, the branching pattern of the extant taxa is unchanged from the 

prior analyses, save for within the Pterostemonaceae-Iteaceae clade.  Without 

inclusion of the fossil taxa, this clade has the pattern [Pterostemon (Itea, Choristylis)].  

With inclusion of the fossil taxa, the clade is resolved in one of three ways, each 

represented in two of the six most parsimonious trees:  1)  [Divisestylus 

brevistamineus, D. longistamineus, Pterostemon, (Itea, Choristylis)]; 2)  [D. 

brevistamineus, D. longistamineus, (Pterostemon (Itea, Chorstylis))]; or 3)  [D. 

brevistamineus (Pterostemon, D. longistamineus, (Itea, Choristylis))].  In the strict 

consensus of all most parsimonious trees, the fossils form a polytomy with 

Pterostemon and Iteaceae (Plate 35).  

Because the fossil taxa have large numbers of missing data, only 1.85% of 

informative characters are coded for Divisestylus brevistamineus and 1.66% for D. 
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Plate 5.  Strict consensus of six most parsimonious trees 5095 steps long resulting 
from combined analysis of Fishbein et al. (2001) molecular data and morphological 
data (Appendices 1, 2) with the addition of both fossil Divisestylus species.  Most 
parsimonious trees were generated using NONA (Goloboff, 1998). 
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longistamineus, each fossil taxon was analyzed separately along with the extant taxa 

and all characters to determine whether the large numbers of missing data were 

causing the fossils to attract [see Nixon (1996) for a discussion of fossils and missing 

data in parsimony analyses].  When D. brevistamineus was analyzed with the extant 

taxa, two most parsimonious trees 5095 steps long (CI 44, RI 58) were found.  In both 

of these trees, branching order of the Pterostemonaceae-Iteaceae clade is [D. 

brevistamineus (Pterostemon (Itea, Choristylis))].  When D. longistamineus was 

analyzed with the extant taxa, two most parsimonious trees 5095 steps long (CI 44, RI 

58) were also found, but in these trees, the position of Pterostemon relative to the 

fossil taxon is unresolved and the branching order of the clade is [D. longistamineus, 

Pterostemon, (Itea, Choristylis)].  Thus, while the larger numbers of missing data 

present for the fossil taxa when analyzed together do not alter their placement relative 

to the extant taxa significantly, analyzing the two fossils together results in greater 

resolution in the position of D. longistamineus relative to the extant taxa in two out of 

the six most parsimonious trees found, and less resolution in the position of D. 

brevistamineus in two out of the six most parsimonious trees found when compared to 

the single fossil analyses.  The results of all analyses indicate, however, that the fossil 

taxa group within the Pterostemonaceae-Iteaceae clade, but not within extant Iteaceae.  

Analysis of the morphology matrix without molecular data produced trees that 

are largely unresolved.  When the extant taxa were analyzed alone, 138 trees 121 steps 

long were found (CI 37, RI 64); in the strict consensus of these trees, Platanus and 

Daphniphyllum Blume branch below a large basal polytomy in which several clades 

are resolved, one including Chrysosplenium L. and Heuchera L., one containing all 

Crassulaceae J. St.-Hil., one consisting of Exbucklandia R. W. Br., Rhodoleia Champ. 

ex Hook., Altingia Noronha, and Liquidambar L., one of Tetracentron Oliver and 

Trochodendron Siebold et Zucc., and one of Iteaceae and Ribes.  Analysis of all taxa 
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Plate 6.  Strict consensus of six most parsimonious trees 121 steps long resulting from 
analysis of morphological data (Appendices 1, 2).  Most parsimonious trees were 
generated using NONA (Goloboff, 1998). 
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and morphological characters produced six trees 121 steps long (CI 37, RI 65) and 

resulted in greater resolution of the strict consensus tree, where the fossils form a 

polytomy with the clade containing Itea, Choristylis, and Ribes (Plate 36).  The fossil 

taxa were again analyzed alone to determine whether their interaction was affecting 

their placement.  When D. brevistamineus was analyzed together with the extant taxa, 

six trees 121 steps long were found (CI 37, RI 65); when D. longistamineus was 

analyzed with the extant taxa, 16 trees 121 steps long were found (CI 37, RI 64).  In 

all trees, placement of the fossil is sister to the clade containing Itea, Choristylis, and 

Ribes.  The strict consensus of trees including only D. brevistamineus is identical in 

the branching order of extant taxa to that found using both fossils (Plate 36); the strict 

consensus of trees analyzed with only D. longistamineus is less resolved, with 

Haloragis, Myriophyllum, and Pterostemon collapsing into the large basal polytomy.  

 

Paleoecology and pollination biology.—Divisestylus is a component of the Raritan 

Flora known from the South Amboy Fire Clay, Sayreville, New Jersey (Late 

Cretaceous, Turonian, ca. 90 mya).  The clay is thought to be composed of avulsion or 

overbank sediments deposited under a subtropical to tropical climatic regime (Jengo, 

1995; Crepet et al., 2001).  Other elements of the flora include a moss 

(Polytrichaceae), two species of ferns (Gleicheniaceae R. Br. and Schizaeaceae 

Kaulf.), representatives of four families of gymnosperms (Cheirolepidiaceae Nakai, 

Pinaceae Sprengel ex Rudolphi, Cupressaceae Gray, Taxodiaceae Saporta), and 

numerous angiosperms, including fossils with affinities to modern Chloranthaceae R. 

Br. ex Sims, Lauraceae Juss., Clusiaceae Lindley, Triuridaceae Gardner, 

Hydrangeaceae Dumort., and Ericaceae Juss., among others (Crepet et al., 2001).  

Modern Itea is an eastern North American-eastern Asian disjunct taxon with one 

species in the southeastern United States and the remainder in Asia, ranging from 
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Japan to tropical regions in India, Java, and the Philippines (Spongberg, 1972).  In the 

United States, I. virginica can be found in wet habitats such as swamp forests, moist 

woodlands, and river banks (Spongberg, 1972); in Asia, Itea species occur in a variety 

of  forested and streamside habitats (Shuying and Ohba, 2001).  Choristylis is 

distributed in tropical east Africa to South Africa (Spongberg, 1972; Verdcourt, 1973).  

Most Saxifragaceae s.s. are found in the Northern Hemisphere in temperate, cold-

temperate, and alpine zones (Spongberg, 1972). 

Modern Saxifragaceae s.s. and Iteaceae are thought to be insect-pollinated, 

though as Webb and Gornall (1989) point out, Saxifraga-type flowers do not appear to 

be specialized to any particular type of insect, and plants may at times reproduce by 

selfing or by bulbils, runners, or offsets.  Among the animals observed on flowers of 

Saxifragaceae s.s. are bees, wasps, beetles, flies, butterflies, moths, and snails (Knuth, 

1908; Taylor, 1965; Webb and Gornall, 1989).  Itea virginica is thought to be 

entomophilous and has been described as “honeybee-associated” (Lieux, 1982).  

Given the similarity in morphology between Divisestylus flowers and the flowers of 

Saxifragaceae s.s. and Iteaceae, as well as the presence of what is interpreted as a 

nectar-secreting ring, it is likely that Divisestylus flowers were also entomophilous.  

Grimaldi et al. (2000) have identified a number of potential insect pollinators in 

Turonian New Jersey amber, including wasps, primitive Lepidoptera, beetles, and 

brachyceran flies. 

 

CONCLUSIONS 

 

The combination of comparative morphological study and cladistic analyses 

suggests that Divisestylus has close affinities to extant Iteaceae.  The floral 

morphology characteristic of Divisestylus is nearly indistinguishable from that of 
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Iteaceae, save for the anther attachment, which is basifixed in D. brevistamineus and 

dorsifixed in Iteaceae, and the type of stomatal apparatus.  Divisestylus also shares 

significant similarities in floral morphology with Saxifragaceae s.s., and its inferred 

pollen morphology is more similar to that of taxa within Saxifragaceae s.s. than 

Iteaceae, which is characterized by its unique diporate pollen.  Because both 

Divisestylus species group closer to Iteaceae than to Saxifragaceae s.s. in cladistic 

analyses (Plates 35, 36), however, the fossil taxa appear to share a more recent 

common ancestor with the former family than the latter.  Notably, a phenomenon 

wherein the floral morphologies of a fossil taxon and the extant taxon(a) to which it 

has closest affinities are remarkably similar, but the pollen morphology of the fossil 

taxon is tricolpate and that of the extant taxon(a) more derived is also observed in at 

least one other element of the Raritan Flora, Microaltingia apocarpela (Zhou et al., 

2001).  Whether this phenomenon is generalized and represents a trend wherein 

adaptation of pollen morphology lags floral morphology remains to be confirmed. 

 Although other Late Cretaceous (Santonian, ca. 86-83.5 mya) fossils, including 

Scandianthus Friis et Skarby, Silvianthemum Friis, and an unnamed flower, all of 

Sweden, have been compared  to Iteaceae (Friis and Skarby, 1982; Friis, 1990), 

Divisestylus is the oldest fossil taxon with clear affinities to the family.  The precise 

affinities of Scandianthus and the unnamed flower remain undetermined (Friis and 

Skarby, 1982), while a cladistic analysis by Backlund (1996) shows that 

Silvianthemum is related to the asterid genus Quintinia A. DC.  Thus, the occurrence 

of Divisestylus in the Turonian sediments of New Jersey pushes the record of the 

Iteaceae lineage, previously known only from the Eocene to the Recent, back more 

than 35 my.  The next oldest Itea-type fossil is a leaf taxon from the Eocene Republic 

Flora, Washington, USA, assigned to the genus Itea (Wolfe and Wehr, 1987, 1991; 

Wehr and Hopkins, 1994).  Other macrofossils are younger and known only from 
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Eurasia.  Flower and fruit remains include Ademanthemum iteoides Conwentz, an 

iteoid flower preserved in Oligocene amber (Conwentz, 1886), and the Miocene Itea 

europaea Mai, represented by multiple compressed fruits and seeds (Mai, 1985; 

Pingen, 1987, as Ericaceae sp. Taf. 6, Figs. 1-3; Dorofeev and Velichkevich, 1988, as 

Carpolithus sp. 1-4, Abb. 43 (1-6) and Taf. XL, Figs. 1-8; Pingen, 1996; Mai and 

Palamarev, 1997).  Two leaf taxa, I. Faujasii (Unger) Meschinelli et Squinabol 

(originally Cedrela Faujasii Unger) and I. transsilvanica Petrescu et Givulescu are 

reported from the Tertiary of Italy and Romania, respectively (Unger, 1845; Unger, 

1850; Meschinelli and Squinabol, 1892; Petrescu and Givulescu, 1986; Bertoldi et al., 

1994).  There are more reports from the microfossil record for Itea than from the 

macrofossil record, probably because dispersed diporate, psilate pollen grains are 

often easily ascribed to Iteaceae.  Pollen reports of Itea, Iteapollis Ziemb.-Tworz., and 

Iteapollenites (evidently a misspelling of Iteapollis; Petrescu and Givulescu, 1986) 

span the Eocene to Pliocene in Europe, with several reports from the Oligocene and 

Miocene of North America [Traverse, 1955 as Corylus?, Fig. 9 (35); Stuchlik, 1964 as 

Corylus americana, Plate XI (7-8); Schneider, 1965 as Psilodiporites angustiporatus, 

Taf. 1 (8-10); Ziembińska and Niklewski, 1966; Wolfe, 1970; Petrov and Drazheva-

Stamatova, 1972; Sadowska, 1973, 1977; Ziembińska-Tworzydło, 1974; Gruas-

Cavagnetto, 1976; Menke, 1976; Muller, 1981; Ziembińska-Tworzydło and 

Ważyńska, 1981; Petrescu and Kolovos, 1982; Dyjor and Sadowska, 1986; Petrescu 

and Givulescu, 1986; Rylova, 1989; Kohlman-Adamska, 1993; Bertoldi et al., 1994].   

38



  

REFERENCES 
 
 
AL-SHAMMARY, K. I. A., AND R. J. GORNALL.  1994.  Trichome anatomy of the 
Saxifragaceae s.l. from the southern hemisphere.  Botanical Journal of the Linnean 
Society, 114:  99-131. 
 
BACKLUND, A.  1996.  Phylogeny of the Dipsacales.  Comprehensive Summaries of 
Uppsala Dissertations from the Faculty of Science and Technology, 243: 1-34. 
 
BARTEL, J. A.  1993.  Dudleya.  In J. C. Hickman [ed.], The Jepson manual:  higher 
plants of California, 525-530.  University of California Press, Berkley, California, 
USA. 
 
BAUM, H., AND W. LEINFELLNER.  1953.  Die ontogenetischen Abänderungen 
des diplophyllen Grundbaues der Staubblätter.  Oesterreichische Botanische 
Zeitschrift, 100: 91-135. 
 
BENSEL, C. R., AND B. F. PALSER.  1975a.  Floral anatomy in the Saxifragaceae 
sensu lato part 1:  Introduction, Parnassioideae, and Brexioideae.  American Journal of 
Botany, 62: 176-185. 
 
BENSEL, C. R., AND B. F. PALSER.  1975b.  Floral anatomy in the Saxifragaceae 
sensu lato part 2:  Saxifragoideae and Iteoideae.  American Journal of Botany, 62: 
661-675. 
 
BENSEL, C. R., AND B. F. PALSER.  1975c.  Floral anatomy in the Saxifragaceae 
sensu lato part 3:  Kirengeshomoideae, Hydrangeoideae, and Escallonioideae.  
American Journal of Botany, 62: 676-687. 
 
BENSEL, C. R., AND B. F. PALSER.  1975d.  Floral anatomy in the Saxifragaceae 
sensu lato part 4:  Bauroideae and conclusions.  American Journal of Botany, 62: 688-
694.  
 
BENTHUM, G., AND F. MUELLER.  1864.  Flora Australensis:  a description of the 
plants of the Australian Territory vol. II:  Leguminosae to Combretaceae.  Lovell, 
Reeve, & Co., London, UK. 
 
BERTOLDI, R., A. BINOTTI, AND F. CASTELLO.  1994.  Reevesia and Itea in the 
pollen flora of the Upper Neogene continental deposit at Sarzana (lower Magra 
Valley, northern Italy).  Review of Palaeobotany and Palynology, 80: 159-172. 
 
BOGLE, L. A.  1986.  The floral morphology and vascular anatomy of the 
Hamamelidaceae:   subfamily Liquidambaroideae.  Annals of the Missouri Botanical 
Garden, 73: 325-347. 
 
BOGLE, L. A.  1989.  The floral morphology, vascular anatomy, and ontogeny of the 
Rhodoleioideae (Hamamelidaceae) and their significance in relation to the ‘lower’ 
hamamelids.  In P. R. Crane and S. Blackmore [eds.], Evolution, systematics, and 
fossil history of the Hamamelidae, vol. 1:  Introduction and ‘Lower’ Hamamelidae.  
The Systematics Association Special Volume, 40A: 201-226.  
 

39



  

BRITTON, N. L.  1905.  Family 8.  Iteaceae.  North American Flora, 22: 181. 
 
BRIZICKY, G. K.  1965.  The genera of Vitaceae in the southeastern United States.  
Journal of the Arnold Arboretum, 46: 48-67. 
 
CHUN, W.  1934.  Contributions to the flora of Kwangtung and south-eastern China 
(1).  Sunyatsenia, 1: 209-289. 
 
CONWENTZ, H.  1886.  Die Flora des Bersteins, 2.  Die Angiosperms des Bersteins.  
Comm.-Verlag Wilhelm Engelmann, Leipzig, Germany. 
 
CREPET, W. L., K. C. NIXON, AND M. A. GANDOLFO.  2001.  Turonian flora of 
New Jersey, USA.  Asociación Paleontologica Argentina Pulicación Especial 7, VII 
International Symposium on Mesozoic Terrestrial Ecosystems: 61-69. 
 
CRONQUIST, A.  1981.  An integrated system of classification of flowering plants.  
Columbia University Press, New York, New York, USA. 
 
DICKISON, W. C.  1975.  Studies on the floral anatomy of the Cunoniaceae.  
American Journal of Botany, 62: 433-447. 
 
DICKISON, W. C.  1994.  Comparative anatomy and systematics of woody 
Saxifragaceae. Aphanopetalum Endl.  Botanical Journal of the Linnean Society, 114: 
167-182. 
 
DOROFEEV, P. I.,  AND F. IU. VELICHKEVICH.  1988.  Miotsenovye flory 
tambovskoi oblasti.  Nauka, Leningrad, Russia.   
 
DYJOR, S., AND A. SADOWSKA.  1986.  Correlation of the younger Miocene 
deposits in the Silesian part of Carpathian Foredeep and the south-western part of the 
Polish Lowland Basin.  Geologia, 12: 25-36. 
 
ELVANDER, P. E.  1982.  Gynodioecy in Saxifraga integrifolia (Saxifragaceae).  
Madroño: 269-270. 
 
ENDRESS, P. K.  1986.  Floral structure, systematics, and phylogeny in 
Trochodendrales.  Annals of the Missouri Botanical Garden, 73: 297-324. 
 
ENDRESS, P. K.  1987.  Aspects of evolutionary differentiation of the Hamaelidaceae 
and the Lower Hamamelidae.  Plant Systematics and Evolution, 162: 193-211. 
 
ENDRESS, P. K.  1989.  A suprageneric taxonomic classification of the 
Hamamelidaceae.  Taxon, 38: 371-376. 
 
ENDRESS, P. K.  1993a.  Cercidiphyllaceae.  In K. Kubitzki, [ed.], The families and 
genera of flowering plants, vol. II:  Flowering plants, dicotyledons, 250-252.  
Springer-Verlag, Berlin, Germany. 
 
ENDRESS, P. K.  1993b.  Hamamelidaceae.  In K. Kubitzki, [ed.], The families and 
genera of flowering plants, vol. II:  Flowering plants, dicotyledons, 322-331.  
Springer-Verlag, Berlin, Germany. 
 

40



  

ENDRESS, P. K.  1993c.  Trochodendraceae.  In K. Kubitzki, [ed.], The families and 
genera of flowering plants, vol. II:  flowering plants, dicotyledons, 599-602.  Springer-
Verlag, Berlin, Germany. 
 
ENDRESS, P. K., AND A. IGERSHEIM.  1999.  Gynoecium diversity and 
systematics of the basal eudicots.  Botanical Journal of the Linnean Society, 130: 305-
393. 
 
ENDRESS, P. K., AND S. STUMPF.  1991.  The diversity of stamen structures in 
‘Lower’ Rosidae (Rosales, Fabales, Proteales, Sapindales).  Botanical Journal of the 
Linnean Society, 107:  217 293. 
 
ENGLER, A.  1930.  Saxifragaceae. In A. Engler and K. Prantl, [eds.],  Die 
Naturlichen Pflanzenfamilien, 74-226.  Verlag Von Wilhelm Engelmann, Leipzig, 
Germany. 
 
ERDTMAN, G.  1955.  Pollen morphology and plant taxonomy in some African 
plants.  Webbia, 11: 405-412. 
 
FAEGRI, K.  1982.  The Myriophyllum spicatum group in North Europe.  Taxon, 31: 
467-471. 
 
FERGUSON, I. K., AND D. A. WEBB.  1970.  Pollen morphology in the genus 
Saxifraga and its taxonomic significance.  Botanical Journal of the Linnean Society, 
63: 295-311. 
 
FISHBEIN, M., C. HIBSCH-JETTER, D. E. SOLTIS, AND L. HUFFORD.  2001.  
Phylogeny of Saxifragales (Angiosperms, Eudicots):  analysis of a rapid, ancient 
radiation.  Systematic Biology, 50: 817-847. 
 
FRANCHET, M. A.  1896.  Saxifragaceae, Crassulaceae et Combretaceae novae.  
Journal de Botanique, 10: 267-269. 
 
FRIIS, E. M.  1990.  Silvianthemum suecicum gen. et. sp. nov., a new saxifragalean 
flower from the Late Cretaceous of Sweden.  Biologiske Skrifter, 36: 1-35. 
 
FRIIS, E. M., AND A. SKARBY.  1982.  Scandianthus gen. nov., angiosperm flowers 
of saxifragalean affinity from the Upper Cretaceous of southern Sweden.  Annals of 
Botany, 50: 569-583. 
 
GAGNEPAIN, F.  1916.  Quelques Saxifragacees nouvelles.  Notulae Systematicae 
Herbier du Museum de Paris, 3: 222-223. 
 
GLEASON, H. A., AND A. CRONQUIST.  1991.  Manual of vascular plants of 
northeastern United States and adjacent Canada.  New York Botanical Garden, Bronx, 
New York, New York, USA. 
 
GOLOBOFF, P. A.  1998.  NONA (NO NAME) version 2.0.  Published by the author. 
Tucumán, Argentina. 
 
GORNALL, R. J.  1986.  Trichome anatomy and taxonomy of Saxifraga 
(Saxifragaceae).  Nordic Journal of Botany, 6: 257-275. 

41



  

 
GORNALL, R. J.  1989.  Anatomical evidence and the taxonomic position of 
Darmera (Saxifragaceae).  Botanical Journal of the Linnean Society, 100: 173-182. 
 
GORNALL, R. J., AND B. A. BOHM.  1985.  A monograph of Boykinia, 
Peltoboykinia, Bolandra, and Suksdorfia (Saxifragaceae).  Botanical Journal of the 
Linnean Society, 90: 1-71. 
 
GRAUS-CAVAGNETTO, C.  1976.  Etude palynologique du paleogene du sud de 
l’Angleterre. Cahiers de Micropaleontologie, 1: 5-49. 
 
GRIERSON, A. J. C.  1987a.  Family 67.  Saxifragaceae.  In A. J. C. Grierson and D. 
G. Long, [eds.], Flora of Bhutan, including a record of plants from Sikkim, vol. 3, 
485-515.  Royal Botanic Garden, Edinburgh, UK. 
 
GRIERSON, A. J. C.  1987b.  Family 72.  Iteaceae.  In A. J. C. Grierson and D. G. 
Long, [eds.], Flora of Bhutan, including a record of plants from Sikkim, vol. 3, 527-
528.  Royal Botanic Garden, Edinburgh, UK. 
 
GRIMALDI, D., A. SHEDRINSKY, AND T. P. WAMPLER.  2000.  A remarkable 
deposit of fossiliferous amber from the Upper Cretaceous (Turonian) of New Jersey.  
In D. Grimaldi [ed.], Studies on fossils in amber, with particular reference to the 
Cretaceous of New Jersey, 1-76.  Backhuys Publishers, Leiden, Netherlands. 
 
HARVEY, W. H.  1859.  Thesaurus Capensis or illustrations of the South African 
flora being figures and brief descriptions of South African plants selected from the 
Dublin University Herbarium, vol. II.  Hodges, Smith, and Co., Dublin, Ireland. 
 
HASKINS, M. L., AND W. J. HAYDEN.  1987.  Anatomy and affinities of 
Penthorum.  American Journal of Botany, 74: 164-177. 
 
HIDEUX, M. J., AND I. K. FERGUSON.  1976.  The stereostructure of the exine and 
its evolutionary significance in Saxifragaceae sensu lato.  In I. K. Ferguson and J. 
Muller, [eds.], The evolutionary significance of the exine, 346-376.  Henry Ling, Ltd., 
London, UK. 
 
HILS, M. H., W. C. DICKISON, T. W. LUCANSKY, AND W. L. STERN.  1988.  
Comparative anatomy and systematics of woody Saxifragaceae:  Tetracarpaea.  
American Journal of Botany, 75: 1687-1700. 
 
HITCHCOCK, L. C., A. CRONQUIST, M. OWNBEY, AND J. W. THOMPSON.  
1961.  Vascular plants of the Pacific Northwest Part 3:  Saxifragaceae to Ericaceae.  
University of Washington Press, Seattle, Washington, USA. 
 
HU, H. H.  1925.  Further notes on Chinese ligneous plants.  Journal of the Arnold 
Arboretum, 6: 140-143. 
 
HUANG, C. C., AND S. C. HUANG.  1977.  139a.  Iteaceae.  Flora Yunnanica, 1: 
100-106. 
 
HUANG, T.  1997.  Daphniphyllaceae.  Flora Malesiana Series 1, 13: 145-168. 
 

42



  

HUFFORD, L. D., AND P. K. ENDRESS.  1989.  The diversity of anther structures 
and dehiscence patterns among Hamamedidae.  Botanical Journal of the Linnean 
Society, 99: 301-346. 
 
INAMDAR, J. A., SR. AVITA, AND N. V. RAO.  1983.  Leaf architectural studies in 
some Paeoniaceae.  Feddes Repertorium, 94: 191-199. 
 
JENGO, J. W.  1995.  Stratigraphic framework and sequence stratigraphy of sections 
of the Cretaceous age Raritan-Magothy Formations, Middlesex County, New Jersey.  
Northeastern Geology and Environmental Sciences, 17: 223-246. 
 
JINTANG, P., AND H. OHBA.  2001. Chrysosplenium Linneaus.  In W. Zheng-yi 
and P. H. Raven, [eds.], Flora of China 8:  Brassicaceae through Saxifragaceae, 346-
358.  Missouri Botanical Garden Press, St. Louis, Missouri, USA. 
 
JINTANG, P., AND D. E. SOLTIS.  2001. Penthorum Linneaus.  In W. Zheng-yi and 
P. H. Raven, [eds.], Flora of China 8:  Brassicaceae through Saxifragaceae, 271-272.  
Missouri Botanical Garden Press, St. Louis, Missouri, USA. 
 
KEEFE, J. M. AND M. F. MOSELEY, JR.  1978.  Wood anatomy and phylogeny of 
Paeonia section Moutan.  Journal of the Arnold Arboretum, 59: 274-297. 
 
KLOPFER, K.  1973.  Florale Morphogenese und Taxonomie der Saxifragaceae sensu 
lato.  Feddes Repertorium, 84: 475-516. 
 
KNUTH, P.  1908.  Handbook of flower pollination, vol. II:  Ranunculaceae to 
Stylidiaeae.   J. R. Ainsworth Davis, [trans.].  Clarendon Press, Oxford, UK. 
 
KOHLMAN-ADAMSKA, A.  1993.  Pollen analysis of the Neogene deposits from 
the Wyrzysk Region, north-western Poland.  Acta Palaeobotanica, 31: 91-297. 
 
KRACH, J. E.  1976.  Samenanatomie der Rosifloren I.  Die Samen der Saxifragaceae.  
Botanische Jahrbücher für Systematik, Pflanzengeschichte und Pflanzengeographie, 
97:  1-60. 
 
KRACH, J. E.  1977.  Seed characters in and affinities among the Saxifragineae.  Plant 
Systematics and Evolution Supplement, 1: 141-153. 
 
LIEUX, M. H.  1982.  An atlas of pollen of trees, shrubs, and woody vines of 
Louisiana and other southeastern states, part IV.  Sapotaceae to Fabaceae.  Pollen et 
Spores, 24: 331-368. 
 
LINGDI, L., AND C. ALEXANDER.  2001.  Ribes Linneaus.  In W. Zheng-yi and P. 
H. Raven, [eds.], Flora of China 8:  Brassicaceae through Saxifragaceae, 428-452.  
Missouri Botanical Garden Press, St. Louis, Missouri, USA. 
 
MAI, D. H.  1985.  Beitrage zur Geschichte einiger holziger Saxifragales-Gattungen.  
Gleditschia, 1: 75-88. 
 
MAI, D. H., AND E. PALAMAREV.  1997.  Neue palaofloristische Funde aus 
kontinentalen und brackischen Tertiarformationen in Bulgarien.  Feddes Repertorium, 
108: 7-8. 

43



  

 
MENKE, B.  1976.  Pliozane und altestquartare Sporen- und Pollenflora von 
Schleswig-Holstein. Geologisches Jahrbuch Reihe A, 32: 3-197. 
 
MESCHINELLI, A., AND X. SQUINABOL.  1892.  Flora Tertiaria Italica.  Patavii 
(Padua), Italy. 
 
MOORE, D. M.  1983.  Flora of Tierra del Fuego.  Missouri Botanical Garden, St. 
Louis, Missouri, USA. 
 
MORGAN, D. R., AND D. E. SOLTIS.  1993.  Phylogenetic relationships among 
members of Saxifragaceae sensu lato based on rbcL sequence data.  Annals of the 
Missouri Botanical Garden, 80: 631-660. 
 
MORLEY, B. AND J. CHAO.  1977.  A review of Corylopsis (Hamamelidaceae).  
Journal of the Arnold Arboretum, 58: 382-414. 
 
MULLER, J.  1981.  Fossil pollen records of extant angiosperms.  The Botanical 
Review, 47:  1-142.  
 
NIXON, K. C.  1996.  Paleobotany in cladistics and cladistics in paleobotany:  
enlightenment and uncertainty.  Review of Paleobotany and Palynology, 90: 361-373. 
 
NIXON, K. C.  2000.  WinClada ver. 0.9.99.corn54 (BETA).  Published by the author, 
Ithaca, New York, USA. 
 
OHWI, J.  1965.  Flora of Japan (in English).  Smithsonian Institution, Washington, 
DC, USA. 
 
ORCHARD, A. E.  1979.  Myriophyllum (Haloragaceae) in Australia.  I.  New 
Zealand:  a revision of the genus and a synopsis of the family.  Brunonia, 2: 247-287. 
 
PALMATIER, E. A.  1942.  Some studies on the floral anatomy and morphology of 
the Saxifragaceae.  PhD Thesis, Cornell University, Ithaca, New York, USA. 
 
PASTRE, A., AND A. PONS.  1973.  Quelques aspects de la systématique des 
Saxifragacées a la lumière des données de la palynologie.  Pollen et Spores, 15: 117-
133. 
 
PETRESCU, I., AND R. GIVULESCU.  1986.  Presence du genre Itea L. dans le 
Tertiaire de la Roumanie.  Contributii Botanice, Cluj-Napoca: 71-78. 
 
PETRESCU, I., AND A. KOLOVOS.  1982.  Some palynological rarities of the 
Pontian from Darova Lugoj (Bakat, Romania).  Paleobotany-Palynology Symposium, 
Universitatea “Babes-Bolyai”, Cluj-Napoca, Catedra de Geologie-Mineralogie: 71-
122. 
 
PETROV, S., AND TS. DRAZHEVA-STAMATOVA.  1972.  Itea L. fossil pollen in 
Tertiary sediments of Europe and North America.  Comptes Rendus de L’Academie 
Bulgare des Sciences, 26: 811-814. 
 

44



  

PINGEN, M.  1987.  Eine miozäne Frucht- und Samenflora aus Kreuzau bei Düren.  
Documenta Naturae, 41: 14-18. 
 
PINGEN, M.  1996.  Neue Pflanzenfossilien aus dem niederrheinischen Tertiär XI 
Ernachweis von Eurya boveyana Chandler, Itea europaea Mai, und Phyllanthus 
secuinegaeformis Mai aus den obermiozänen Inden-Schichten von Hambach.  
Documenta Naturae, 104: 27-32. 
 
PRAGLOWSKI, J.  1970.  The pollen morphology of the Haloragaceae with reference 
to taxonomy.  Grana, 10: 159-239. 
 
RAO, C. V.  1969.  Studies in the Proteaceae XI.  Morphology, floral anatomy, and 
embryology of  Lambertia Sm. with a discussion of the taxonomic position of the 
genus.  Supplement to the Proceedings of the Indian Academy of Sciences, 68 (Sec. 
B): 11-24. 
 
REHDER, A., E. H. WILSON, AND C. SCHNEIDER.  1988.  Corrections and 
additions to Volumes I III.  In C. S. Sargent [ed.], Plantae Wilsonianae vol. III, 421-
460.  Dioscorides Press, Portland, Oregon, USA. 
 
RIDSDALE, C. E.  1974.  A revision of the family Leeaceae.  Blumea, 22: 57-100. 
 
ROSENDAHL, O. C.  1927.  A revision of the genus Sullivantia.  Minnesota Studies 
in Plant Science, 6: 401-427. 
 
ROXBURGH, W., AND N. WALLICH.  1975.  Flora Indica or descriptions of Indian 
plants, vol. 2. W. Carrey, [ed.].  Oriole Editions, New York, New York, USA. 
 
RYLOVA, T. B.  1989.  Morphological features of pollen in some fossil and extant 
species Itea (Iteaceae). Botanicheskii Zhurnal St. Petersburg, 74: 694-699. 
 
SADOWSKA, A.  1973.  Rodzaje Reevesia (Sterculiaceae) I Itea (Saxifragaceae) W 
Osadach Neogenskich Dolnego Skaska.  Acta Universitatis Wratislaviensis, 192: 247-
256. 
 
SADOWSKA, A.  1977.  Roślinność I Stratygrafia Górnomioceńskich Pokładów 
Węgla Polski Połundniowo-Zachodniej.  Acta Palaeobotanica, 18: 87-122.    
 
SCHNEIDER, C. K.  1906.  Illustriertes Handbuch der Laubholzknude 1.  Gustav 
Fischer, Jena, Germany. 
 
SCHNEIDER, W.  1965.  Zur faziellen Entwicklung im „Oberbegleiter des Lausitzer 
Unterflözes“ im Tagebau Spreetal.  Freiberger Forschungshefte C, 189: 203-224. 
 
SHUYING, J., AND H. OHBA.  2001.  Itea Linneaus.  In W. Zheng-yi and P. H. 
Raven, [eds.], Flora of China 8:  Brassicaceae through Saxifragaceae, 423-428.  
Missouri Botanical Garden, St. Louis, Missouri, USA. 
 
SMALL, J. K.  1905.  Family 9.  Pterostemonaceae.  North American Flora, 22: 183. 
 
SMALL, J. K., AND P. A. RYDBERG.  1905.  Family 5.  Saxifragaceae.  North 
American Flora, 22:  1-158. 

45



  

 
SOLTIS, D. E., R. K. KUZOFF, R. GORNALL, AND K. FERGUSON.  1996.  matK 
and rbcL gene sequence data indicate that Saxifraga (Saxifragaceae) is polyphyletic.  
American Journal of Botany, 83: 371-382. 
 
SOLTIS, D. E., R. K. KUZOFF, M. E. MORT, M. ZANIS, M. FISHBEIN, L. 
HUFFORD, J. KOONTZ, AND M. K. ARROYO.  2001.  Elucidating deep-level 
phylogenetic relationships in Saxifragaceae using sequences for six chloroplastic and 
nuclear DNA regions.  Annals of the Missouri Botanical Garden, 88: 669-693. 
 
SOLTIS, D. E., D. R. MORGAN, A. GRABLE, P. S. SOLTIS, AND R. KUZOFF.  
1993.  Molecular systematics of Saxifragaceae sensu stricto.  American Journal of 
Botany, 80: 1056-1081. 
 
SOLTIS, D. E., AND P. S. SOLTIS.  1997.  Phylogenetic relationships in 
Saxifragaceae sensu lato:  a comparison of topologies based on 18S rDNA and rbcL 
sequences.  American Journal of Botany, 84: 504-522. 
 
SPONGBERG, S. A.  1972.  The genera of Saxifragaceae in the southeastern United 
States.  Journal of the Arnold Arboretum, 53: 409-498. 
 
SPONGBERG, S. A.  1978.  The genera of Crassulaceae in the southeastern United 
States.  Journal of the Arnold Arboretum, 59: 197-248. 
 
STERN, F. C.  1946.  A study of the genus Paeonia.  The Royal Society, London, UK. 
 
STERN, W. L., E. M. SWEITZER, AND R. E. PHIPPS.  1970.  Comparative anatomy 
and systematics of woody Saxifragaceae.  Ribes.  In N. K. B. Robson, D. F. Cutler, 
and M. Gregory, [eds.], New research in plant anatomy.  Botanical Journal of the 
Linnean Society Supplement, 63: 215-237. 
 
STEVENS, D. P., AND A. J. RICHARDS.  1985.  Gynodioecy in Saxifraga granulata 
L. (Saxifragaceae).  Plant Systematics and Evolution, 151: 43-54. 
 
STEVENS, P. F.  2001.  Angiosperm phylogeny website.  Version 2, August 2001.  
(http://www.mobot.org/MOBOT/research/APweb/). 
 
STUCHLIK, L.  1964. Pollen analysis of the Miocene deposits at Rypin (N.W. of 
Warsaw).  Acta Palaeobotanica, 5: 1-111. 
 
TAKHTAJAN, A.  1969.  Flowering plants:  origin and dispersal.  Oliver and Boyd, 
Ltd., Edinburgh, UK. 
 
TAKHTAJAN, A.  1997.  Diversity and classification of flowering plants.  Columbia 
University Press, New York, New York, USA. 
 
TAYLOR, R. L.  1965.  The genus Lithophragma (Saxifragaceae).  University of 
California Publications in Botany, 37: 1-122. 
 
TRAVERSE, A.  1955.  Pollen analysis of the Brandon Lignite of Vermont.  Bureau 
of Mines Report of Investigations, 5151: 1-107. 
 

46



  

UNGER, F.  1845.  Synopsis plantarum fossilium.  Leopoldum Voss, Leipzig, 
Germany. 
 
UNGER, F.  1850.  Genera et species plantarum fossilium.  Wilhelmum Braumüller, 
Vienna, Austria. 
 
VERDCOURT, B.  1973.  Escalloniaceae.  Flora of Tropical East Africa, 84: 1-3. 
 
VINK, W.  1958.  Hamamelidaceae.  Flora Malesiana Series 1, 5: 363-379.   
 
WAKABAYASHI, M.  1970.  On the affinity in Saxifragaceae sensu lato with special 
reference to the pollen morphology.  Acta Phytotaxinomica et Geobotanica, 24: 128-
145. 
 
WEBB, D. A., AND R. J. GORNALL.  1989.  Saxifrages of Europe.  Timber Press, 
Portland, Oregon, USA. 
 
WEHR, W. C., AND D. Q. HOPKINS.  1994.  The Eocene orchards and gardens of 
Republic, Washington.  Washington Geology, 22: 27-34. 
 
WELLS, E. F.  1984.  A revision of the genus Heuchera (Saxifragaceae) in eastern 
North America.  Systematic Botany Monographs, 3: 45-113. 
 
WILKINSON, H. P.  1994.  Leaf and twig anatomy of the Pterostemonaceae (Engl.) 
Small:  ecological and systematic features.  Botanical Journal of the Linnean Society, 
115: 115-131. 
 
WOLFE, J. A.  1970.  Neogene floristic and vegetational history of the Pacific 
Northwest.  Madroño, 20: 83-100. 
 
WOLFE, J. A., AND W. C. WEHR.  1987.  Middle Eocene dicotyledonous plants 
from Republic, Washington.  US Geological Survey Bulletin, 1597: 1-25. 
 
WOLFE, J. A., AND W. C. WEHR.  1991  Significance of the Eocene fossil plants at 
Republic, Washington.  Washington Geology, 19: 18-24. 
 
WU, Y. C.  1940.  Beitrage zur Kenntnis der Flora Sud-Chinas.  Botanische 
Jahrbücher für Systematik, Pflanzengeschichte, und Pflanzengeographie, 71: 169-199. 
 
YAMAMOTO, A. Y.  1937.  Nota ad species Formosanas generis.  Acta 
Phytotaxonomica et Geobotanica, 11: 245-250. 
 
ZHOU, Z., W. L. CREPET, AND K. C. NIXON.  2001.  The earliest fossil evidence 
of the Hamamelidaceae:  Late Cretaceous (Turonian) inflorescences and fruits of 
Altingioideae. American Journal of Botany, 88: 753-766. 
 
ZIEMBIŃSKA, M., AND J. NIKLEWSKI.  1966.  Stratygrafia I Paralelizacja 
Pokładōw Węgla Brunatnego Złoza Ścinawa Na Podstawie Analizy Sporowo-
Pyłkowej.  Instytut Geologiczny Biuletyn, 202: 27-48. 
 
ZIEMBIŃSKA-TWORZYDŁO, M.  1974.  Palynological characteristics of the 
Neogene of western Poland.  Acta Palaeontologica Polonica, 19: 309-433. 

47



  

 
ZIEMBIŃSKA-TWORZYDŁO, M., AND H. WAŻYŃSKA.  1981.  A palynological 
subdivision of the Neogene in western Poland.  Bulletin de L’Acadèmie Polonaise des 
Sciences, Sèrie des sciences de la terre, 29: 29-43. 
  
 

 

 

48



CHAPTER 2 

 

ITEAPHYLLUM WEHRII NEW GENUS AND SPECIES:  ITEA-LIKE LEAVES 

FROM THE EOCENE REPUBLIC FLORA, WASHINGTON, USA 

 

ELIZABETH J. HERMSEN AND WESLEY C. WEHR 

  

 

ABSTRACT 

 

Iteaphyllum wehrii, a new morphotaxon in the family Iteaceae, is described.  

Iteaphyllum are compression fossils of simple, ovate to oblong to elliptic (obovate), 

pinnate, petiolate leaves with acute to acuminate (rounded to retuse) apices and 

convex to rounded (cordate) bases, semicraspedodromous secondary venation, straight 

to sinuous generally unbranching tertiary veins oriented perpendicular to the midrib, 

and serrulate margins with apically pointing glandular teeth.  The leaves are highly 

variable and may represent more than one biological species, though no basis for 

splitting them into more than one species was discovered.  Iteaphyllum leaves share 

characteristics with both Itea and Choristylis, the two genera that compose Iteaceae, 

but could not be placed definitively into either genus, as the genera are differentiated 

primarily on the basis of reproductive characters.  The habitat preferences of extant 

taxa within the family are consistent with the warm temperate highland environment 

inferred for the Republic Flora.  Of the three major elements of the flora, it is 

impossible to determine whether Iteaphyllum leaves represent a deciduous lakeside or 

streamside element or an evergreen or deciduous forest element.  The presence of 

Iteaphyllum leaves in the Eocene of western North America lends further support to 
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the evidence that Iteaceae was widespread during some portion of the Tertiary; the 

fossil record of Iteaceae spans the Eocene to early Pliocene in Europe, and occurs 

discontinuously in the Late Cretaceous and Oligo-Miocene of the eastern United 

States, and the Eocene and Mid- to Late Miocene in western North America. 

 

INTRODUCTION 

 

The Eocene Republic flora of northeastern Washington, USA, part of the Eocene 

Okangan Highlands floras of the Pacific Northwest (including Republic and a group of 

contemporaneous floras in southern British Columbia) is a compression flora thought 

to represent a warm temperate mixed coniferous forest that occurred in highlands of 

the Pacific Northwest approximately 49 million years ago based on both K/Ar and 
40Ar/39Ar dates (Pearson and Obradovich, 1977; Wolfe and Wehr, 1987; Moss et al., 

2005).  The flora is extremely diverse, with more than 200 species collected from 12 

sites (Wolfe and Wehr, 1991; Wing and DiMichele, 1996), and is characterized by 

both coniferous and dicotyledonous elements, including megafossils (leaves and/or 

reproductive structures) assigned to the fern families Osmundaceae, Salviniaceae, and 

Schizeaceae, the gymnosperm families Cupressaceae, Ginkgoaceae, Pinaceae, 

Taxaceae, Taxodiaceae, and Zamiaceae, and the dicot families Aceraceae, 

Anacardiaceae, Arecaceae, Betulaceae, Cercidiphyllaceae, Ericaceae, Fagaceae, 

Hamamelidaceae, Lauraceae, Musaceae, Myricaceae, Platanaceae, Rosaceae, 

Theaceae, Trochodendraceae, and Vitaceae, in addition to others (Wolfe and Wehr, 

1987; Mustoe, 2002; Pigg et al., 2001, 2003; Manchester and Dillhoff, 2004; Dillhoff 

et al., 2005; Greenwood et al., 2005; Moss et al., 2005).   

 Among the approximately 30 dicot taxa described in the original monograph of 

the Republic flora are three fragmentary specimens representing weakly acuminate 
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leaf apices with serrulate margins attributed to the genus Itea (Wolfe and Wehr, 1987), 

an extant genus of about 18 species of shrubs and small trees closely related to 

Saxifragaceae sensu stricto (a family composed of about 30 genera of temperate, 

arctic, and alpine herbs) and today distributed in the southeastern United States and 

eastern Asia.  Although the specimens are fragmentary, Wolfe and Wehr (1987:  17) 

felt that they possess at least three characteristics sufficiently diagnostic to place them 

within Itea:  “1) strongly eucamptodromous, strongly curving secondary veins, 2) 

somewhat sinuous tertiary veins that are approximately perpendicular to the midrib, 

and 3) a finely serrate margin that has teeth that are uniformly spaced and markedly 

point apically.”  Since Wolfe and Wehr’s (1987) initial publication of the Itea fossils, 

ca. 70 more partial and complete leaf specimens putatively assigned to the genus Itea 

have been recovered from the Republic flora, most of them poorly preserved but some 

with details of the secondary, tertiary, and/or higher order venation.  In light of the 

new information this increased pool of specimens provides, and taking into 

consideration both the sparse fossil record of Itea in North America (Traverse, 1955 

and 1994, Wolfe, 1970, and Gohn et al., 1996, list the only known Tertiary  

occurrences outside of the Okanagan Highlands; see discussion) and the potential 

importance of these fossils as the oldest record attributed to the genus Itea, we 

undertook a new study of the Republic “Itea” fossils.  Based on the results of our 

investigations, we here 1) argue that the fossils indeed have characteristics consistent 

with those of species within the genus Itea and should be assigned to the family 

Iteaceae based on the characteristics preserved (though not necessary to the genus Itea, 

for reasons discussed below) and 2) explore the potential significance of these fossils 

in the context of the paleoecology of the Republic localities and the fossil history of 

Iteaceae. 
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MATERIALS AND METHODS 

 

Fossil taxa.—Fossils representing 74 leaves assigned to Iteaphyllum wehrii new 

species were included in this study; these include fossils held in the United States at 

the Stonerose Interpretive Center (SR) in Republic, Washington, at the University of 

Washington Burke Museum of Natural History and Culture (UWBM) in Seattle, 

Washington, and the United States National Museum (USNM), in Washington, D.C., 

and in Canada at the University of Alberta Paleobotanical Collection in Edmonton, 

Alberta (UAPC-ALTA). 

In computing leaf length-to-width ratios for the fossil specimens (Table 1), 

only complete or nearly complete specimens of Iteaphyllum were used (length or 

width was not extrapolated in cases where leaves were considered nearly complete), 

including the following 15 specimens (parts and counterparts are listed together):  SR 

00-07-05; SR 01-12-04; SR 97-5-2A, B; SR 99-9-01; SR 99-18-4A, B; UWBM 

36814; UWBM 36871A, B; UWBM 39732; UWBM 55069; UWBM 76370, SR 93-4-

1; UWBM 76372; UWBM 77440; UWBM 77441; UWBM 95509; UWBM 97090.  

The smallest and largest specimens of Iteaphyllum currently known were among the 

complete specimens for which length-to-width ratio was computed. 

To determine the angle of origination of the secondary veins from the primary 

vein in the fossil leaves, specimens were photographed with a Sony DSC-F717 digital 

camera in the JPEG format at 2560 x 1920 pixels; pictures were converted to TIFF 

format using Adobe Photoshop Elements 2.1 and imported into the program Scion 

Image (Scion Corporation, 2000).  The angle of each secondary vein to the primary 

vein was measured using the angle tool.  Each measurement was taken by centering 

one arm of the angle on the primary vein and the other arm on the relatively straight 

portion of secondary vein where it originates from the primary vein (Plate 9, Figure 1).  
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Each measurement was taken three times and all measurements were used in building 

Table 2 and the histograms shown in Plate 10.  No corrections were made for the 

number of veins preserved per leaf.  Fossil specimens measured to construct Table 2 

and Plate 10 are listed in Appendix 3. 

Specimens of the fruit and seed taxon Itea europaea held at the Museum für 

Naturkunde in Berlin, Germany, were also examined for this study, though no new 

conclusions concerning this taxon were reached based on examination of the 

specimens (Appendix 5).   

Extant taxa.—Extant taxa examined for this study include Itea chinensis, I. ilicifolia, I. 

japonica, I. macrophylla (including specimens assigned to I. maesifolia), I. oldhamii 

(including specimens assigned to I. formosana), I. parviflora, I. virginica, and I. 

yunnanensis (Plate 8, Figures 1-16; Plate 9, Figures 1-7, 9, 10, 12-14); Choristylis 

rhamnoides (including specimens assigned to C. shirensis), the putative sister taxon to 

Itea (Plate 9, Figures 8, 11; Fishbein et al., 2001), was also examined for comparison. 

Herbarium specimens examined for this study are held at the United States National 

Herbarium (USNH) in Washington, DC, USA; the Wiegand Herbarium (BH), Cornell 

University, Ithaca, New York, USA; and the herbarium of the Botanischer Garten und 

Botanisches Museum Berlin-Dahlem (BGBM), Freie Universität, Berlin, Germany.  

Specimens of fruits and seeds of I. japonica, I. virginica, and I. yunnanensis held at 

the Museum für Naturkunde in Berlin, Germany, were also examined in conjunction 

with the specimens of I. europaea listed above. 

Leaves of some extant taxa were cleared for leaf architecture studies (Plate 9, 

Figures 3, 4, 7, 8, 10, 12, 13).  Leaves were prepared according to the following 

procedure:  Leaves were placed in 10 percent NaOH solution until nearly colorless, 

then soaked in a 20 percent solution of bleach until the remaining pigments were 

removed.  Following the bleach soak, the leaves were soaked in distilled water for 24 
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hours, then in 50 percent EtOH for 24 hours.  After the 50 percent EtOH soak, the 

leaves were stained in a solution of safranin dissolved in 50 percent EtOH until the 

venation could be seen.  Finally, the leaves were soaked in 50 percent EtOH followed 

by 100 percent EtOH until excess stain was removed, then mounted between two 

sheets of HighlandMC Transparency Film for Copiers using pure cedar oil as a 

mounting medium.  Excess oil was squeezed out of the sheets before leaves were 

studied.  Specimens from which leaves were taken for clearing include from BH, I. 

chinensis, W.T. Tsang 20337; I. ilicifolia, J.R. Jones (no number); I. ilicifolia, N. Floy 

Bracelin No. 1499;  I. japonica, Kakuo Uno (no number); I. virginica, Biltmore 

Herbarium No. 547; I. yunnanensis, Austin Griffiths Jr. and Ross Goodrich No. 3890; 

and from USNH, Choristylis rhamnoides, USNH 2961182; I. chinenesis, USNH 

2731087; I. oldhamii, USNH 212624; I. oldhamii, USNH 2459869.  Leaves were 

chosen for clearing in accordance with the amount of material available, so clearings 

were not made for some taxa observed on herbarium sheets.   

Angles of origination of the secondary veins from the primary vein were 

measured for the extant taxa in the same manner as for the fossil taxa.  See Appendix 

4 for the list of specimens from which measurements were taken. 

Leaf anomaly counts (see Discussion for explanation) were taken for 

herbarium specimens of I. virginica by first counting all the leaves preserved on each 

specimen, then counting the number of leaves with each type of anomaly.  Fifty 

separate specimens from the Cornell University Wiegand Herbarium were counted in 

this way; specimens were chosen for counting based primarily on the quality and 

number of leaves on the specimens (specimens were chosen where all or most leaves 

could be easily observed). Partially obscured leaves were included in the counts.  See 

Appendix 4 for list of specimens used in anomaly counts.   
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Imaging.—Overall views of fossils and leaves were taken with a Sony Cybershot 

DSC-F717 digital camera, with or without macro lens.  Photomicrographs were taken 

with Nikon Coolpix E5000 digital camera attached to M5 WILD (Heerbrugg) 

stereoscopic microscope using reflected light for the fossils and leaves that were not 

cleared and transmitted light for cleared leaves. 

Notes on terminology.—Several different sets of terminology have been developed to 

describe leaves, including the systems of Hickey (1973), Dilcher (1974, largely 

derived from Hickey 1973), Hickey and Wolfe (1975), and of the Leaf Architecture 

Working Group (LAWG, 1999).  While in many respects these systems agree in their 

usage of terms, in some cases, such as terminology describing fourth and fifth order 

venation, the terms may not be uniformly applied or terms may be unique to a single 

system.  Where terminologies disagree, we have specified the system being used by 

author (or acronym, in the case of LAWG), and have in most cases provided the 

terminology applied in alternate systems, if such terminology exists.  The term 

“secondary vein” is used in this paper to refer to the costal secondary veins unless 

otherwise specified. 

 

SYSTEMATIC PALEONTOLOGY 

 

Family ITEACEAE Agardh, 1858 

Genus ITEAPHYLLUM Hermsen et Wehr, new genus 

 

Itea L.  Wolfe and Wehr, 1987, p. 17, pl. 11, figs. 1-3. 

Itea L.  Wolfe and Wehr, 1991, pl. 1, fig. 6. 

 

Type species.—By monotypy 
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Diagnosis.—Leaf simple, pinnate, petiolate, and unlobed, secondary venation 

semicraspedodromous, tertiary veins mostly parallel to one another and perpendicular 

(acute to obtuse) to the midrib, margin serrulate with apically-pointed, simple, 

glandular teeth, 8-15(-21) per cm of leaf margin. 

Description.—Leaf simple, pinnate, petiolate, unlobed, petiole 2.5-13.0 mm long x 

0.5-2.0 mm wide; shape elliptic, oblong, ovate, or obovate; apex acute to strongly 

acuminate (rounded or retuse), base convex to rounded (slightly cordate); overall 

length 12-131 mm, overall width 9-65 mm, length-to-width ratio 1.25-2.45 mm; 0-2 

intramarginal or weak basal secondary veins (secondary veins emerging nearest the 

base of the leaf noticeably weaker than the costal secondaries), emerging from the 

petiole at an angle of 37°-125° and following the edge of the leaf margin, diminishing 

apically or fusing with superjacent secondary veins through a series of loops; 

remainder of the secondary veins numbering 4-15, strongly upcurving, sometimes 

crowded at leaf base but otherwise approximately evenly spaced, angle of departure 

from midvein 19°-98°; secondary venation semicrapedodromous (sometimes weakly 

so and nearly eucamptodromous); intersecondary veins present or absent; tertiary 

veins straight to sinuous, mostly parallel to one another and unbranching, occasionally 

dichotomizing, angle of tertiary veins to the midvein perpendicular (slightly acute to 

slightly obtuse); fourth- and fifth-order veins present, fourth-order veins areole-

forming, fifth-order veins areole-forming or dichotomizing; areolation well-developed, 

freely ending ultimate veins fith- or sixth-order, two or more branched; margin 

serrulate, teeth simple, glandular, regularly spaced, 8-15(-21) per cm of leaf margin. 

Etymology.—Iteaphyllum is a combination of Itea, referring to the extant genus Itea 

(the name Itea itself derived from the Greek for willow, possibly referring to the 

catkin-like appearance of the inflorescences of the genus; Spongberg, 1972), and 
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phyllum, from the Greek for leaf, acknowledging the correspondence in morphology 

between the fossil leaves and leaves of species in the extant genus Itea. 

Occurrence.—Middle Eocene (ca. 49 Ma) Republic flora, Klondike Mountain 

Formation, near Republic, WA, USA.  Republic localities USGS 8428 (Wolfe and 

Wehr, 1987); A0307, Corner Lot, intersection of 10th and Clark Streets, Republic, WA  

99166; B2737, Knob Hill Mine, Republic, WA  99166; and B4131, Boot Hill, Knob 

Hill Road, Hunners Additions Lots 13, 14, 15, & 16, Republic, WA  99166.  See 

Wolfe and Wehr (1987) and Gaylord et al. (1996) for a more detailed discussion of the 

geographic and stratigraphic occurrence of the Republic flora. 

 

Species ITEAPHYLLUM WEHRII Hermsen, new species 

Plate 7, Figures 1-12 

 

Diagnosis.—As for the genus. 

Description.—As for the genus. 

Etymology.—The specific epithet wehrii is here designated in honor of Wesley C. 

Wehr, recently deceased, who was integral in the discovery and description of the 

Republic Flora and who served as affiliate curator of the paleobotany collections at the 

Burke Museum of Natural History and Culture for many years. 

Types.—Holotype, University of Washington Burke Museum (UWBM) 97090 here 

designated (Plate 7, Figure 8); paratypes, Stonerose Interpretive Center (SR) SR 00-

07-05, SR 01-7-41, SR 01-12-04, SR 02-21-03, SR 92-17-6, SR 97-5-2A and SR-97-

5-2B; UWBM 76365, UWBM 76372, UWBM 77440, UWBM 95509, UWBM 97580; 

paratypes with part and counterpart:  SR 01-07-09A, B; SR 93-4-01, UWBM 76370; 

SR 97-5-2A, B; SR 99-18-4A, B; UWBM 39725, UWBM 76391; UWBM 56593A, B; 
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Plate 7.  Examples of Iteaphyllum wehrii leaf fossils, showing variation in size and 
shape.   
 
Figure 1—SR-00-07-05 (paratype), Loc. B4131.   
 
Figure 2—UAPC-ALTA S13290 (paratype), Loc. A0307.   
 
Figure 3—UWBM 7740 (paratype), Loc. A0307.   
 
Figure 4—SR 97-5-2A (paratype), Loc. B4131.   
 
Figure 5—UWBM 76372 (paratype), Loc. B2737.   
 
Figure 6—UWBM 77441 (paratype), Loc. B4131.   
 
Figure 7—UWBM 76365 (paratype), Loc. B4131.   
 
Figure 8—UWBM 97090 (holotype), Loc. B4131.  Note arrow indicating leaf  

anomaly (see Discussion for explanation).   
 
Figure 9—SR 02-21-03 (paratype), Loc. B4131.   
 
Figure 10—SR 99-9-01 (paratype), Loc. B4131.   
 
Figure 11—SR 01-12-04 (paratype), Loc. B4131.   
 
Figure 12—UWBM 95509 (paratype), Loc. B4131. 
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UWBM 76356, UWBM 76360; UWBM 76367A, B; UWBM 76380, UAPC-ALTA 

S13290 here designated. 

Other material examined.—SR 00-04-26, SR 01-12-02, SR 01-12-03, SR 02-19-04, 

SR 02-30-43, SR 90-5-7, SR 90-12-15, SR 92-13-4, SR 92-17-9, SR 93-1-3, SR 95-

25-60, SR 99-9-01, USNM 8428, UWBM 16366, UWBM 31262, UWBM 36812, 

UWBM 36813, UWBM 36814, UWBM 36815, UWBM 55061, UWBM 55069, 

UWBM 56689, UWBM 57466, UWBM 76355, UWBM 76359, UWBM 76363, 

UWBM 76364, UWBM 76368, UWBM 76369, UWBM 76377, UWBM 76379, 

UWBM 76383, UWBM 76581, UWBM 76385, UWBM 76582, UWBM 76392, 

UWBM 77441, UWBM 97579, UWBM 97581, UWBM 97582; specimens with part 

and counterpart:  SR 93-9-4A, B; UWBM 31260A, B; UWBM 31268, UWBM 

31268B; UWBM 36871A, B; UWBM 39732A, B; UWBM 76357, UWBM 76361; 

UWBM 76358, UWBM 76374; UWBM 76362, UWBM 97578; UWBM 76363, 

UWBM 76382; UWBM 76367A, B; UWBM 76373, UWBM 76371, UWBM 76381; 

UWBM 76376; UWBM 76375, UWBM 76378. 

Occurrence.—As for the genus.  Holotype from Republic locality B4131. 

Discussion.—The leaves of Iteaphyllum wehrii are simple, pinnate, and petiolate, the 

petiole 0.5-2.0 mm wide and 2.5-13.0 mm in length (Plate 7, Figures 1-12); the leaves 

of modern species of Itea are likewise simple, pinnate, and petiolate, the petiole length 

varying from 0.5-2.0 mm in width and 1.0-23.0 mm in length (Table 1).  Iteaphyllum 

leaf apices are usually acute to strongly acuminate, while leaf bases are convex to 

rounded to slightly cordate (Plate 7, Figures 1-12).  Overall leaf shape is usually ovate 

to elliptic to oblong, though occasionally may be slightly obovate (Plate 7, Figures 1-

12).  Leaves of extant species within the genus Itea are similarly variable, with acute 

to acuminate apices; convex to rounded to slightly cordate bases; and ovate, elliptic, 

oblong, or obovate overall shapes (Plate 8, Figures 1-16; Plate 9, Figures 1-14).  In 
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Plate 8.  Itea virginica leaves, demonstrating size and shape variation of leaves within 
a single species of extant Itea.  All specimens pictured are from BH.  
  
Figure 1—A.A. Heller 845.   
 
Figure 2—BH 387749.   
 
Figure 3—R.L. Crockett 418.   
 
Figure 4—K.M. Wiegand and W.E. Manning 1297.   
 
Figure 5—L.B. Smith and A.R. Hodgdon 958.  Note arrow indicating leaf anomaly  

(see Discussion for explanation).  
 
Figure 6—R.L. Crockett 418.   
 
Figures 7, 8—P.A. Munz and A.H. Wright (no number).   
 
Figure 9—K.M. Wiegand and W.E. Manning 1302.   
 
Figure 10—C. J. Heading (no number).   
 
Figure 11—A.H. Curtiss 831.   
 
Figures 12, 13—S.M. Tracy 7452.   
 
Figure 14—D. Goldman 1622.  Note arrows indicating leaf anomalies.   
 
Figure 15—K.M. Wiegand and W.E. Manning 1297.   
 
Figure 16—L.F. and F.R. Randolph 1105. 
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leaf length-to-width ratio, Iteaphyllum corresponds well to leaves of all extant species 

of Itea examined (Table 1), with the ratio of fossil leaves ranging from 1.25-2.45 

(length 10.0-103.0 mm, width 8.0-50.5 mm), and the range of the most variable 

modern species examined (as determined by the range of leaf length-to-width ratio), I. 

virginica, 1.27-3.97 (length 8.0-103.0 mm, width 4.5-38.0 mm) and the least variable 

modern species examined, I. macrophylla, 1.43-2.70 (length 28.5-222.0 mm, width 

16.0-110.0 mm).   

 Leaves of Iteaphyllum, like those of Itea species, are pinnate.  In Iteaphyllum 

and all Itea species examined, there may be 0-1 pair (in some taxa, up to two pairs) of 

intramarginal or basal secondary veins of weaker gauge than the costal secondary 

veins exiting the petiole or the most proximal portion of the midrib (Table 2).  In 

Iteaphyllum, these veins, when present, diverge at an angle of 37°-125° from the 

midrib and generally form a series of loops with the superjacent costal secondary veins 

(some may interpret these loops as representing weak agrophic veins, though they are 

not interpreted as such here).  The number of costal secondary veins diverging from 

the primary vein ranges from 4-15 in Iteaphyllum (not including intramarginal or 

intersecondary veins, when present), whereas those in extant species of Itea range in 

number from 4-20 (Table 2).  In fossil leaves, secondary veins are nearly always 

semicraspedodromous, though at times they may be very weakly 

semicraspedodromous and appear nearly eucamptodromous (Plate 7, Figure 1 shows 

obviously looping secondary veins).  Often a secondary vein will not terminate until it 

forms several loops with the superjacent secondary.  Leaves of modern species display 

a range of variation in type of secondary venation, both intra- and interspecifically; 

commonly, the leaves of modern species have one or more pairs of eucamptodromous 

veins proximally, and loop-forming veins distally (Plate 9, Figures 3, 4, 10, 13), 

though leaves can be completely eucamptodromous, semicraspedodromous, or, in 
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Plate 9.  Examples of leaves from selected extant taxa of Iteaceae examined for this 
study.  Figures 1 and 5 are I. chinensis; Figures 2 and 3 are I. ilicifolia; Figures 4, 6, 
and 7 are I. yunnanensis; Figures 8 and 11 are Choristylis rhamnoides; Figure 9 is I. 
macrophylla (white bar is herbarium tape); Figures 10, 12, and 14 are I. oldhamii; and 
Figures 13 is I. japonica. 
   
Figure 1—Itea chinensis, BH Tsang 20337.   
 
Figure 2—I. ilicifolia, USNH 596341.   
 
Figure 3—I. ilicifolia, BH N.F. Bracelin 1499 (cleared).   
 
Figure 4—I. yunnanensis, BH A. Griffiths, Jr., and R. Goodrich LASCA #51-c-92.   
 
Figure 5—I. chinensis, BH Taam 2057.   
 
Figure 6—I. yunnanensis, USNH 1332715.   
 
Figure 7—I. yunnanensis, USNH 1333534 (cleared).   
 
Figure 8—Choristylis rhamnoides, USNH 2961182 (cleared).   
 
Figure 9—I. macrophylla, USNH 1249870.   
 
Figure 10—I. oldhamii, USNH 2459869 (cleared).   
 
Figure 11—C. rhamnoides, USNH 2851115.   
 
Figure 12—I. oldhamii, USNH 212624 (cleared).   
 
Figure 13—I. japonica, BH Kakuo Uno (no number, cleared).   
 
Figure 14—I. oldhamii, USNH 1052887.   
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species which may have entire margins, brochidodromous (Plate 9, Figure 12; Table 

2).  The angle of divergence of the secondary veins, not including the intramarginal 

veins, from the primary vein is 19°-98° in Iteaphyllum; in species of Itea it is 

anywhere from 16°-74°, and in Choristylis (the other genus in Iteaceae; Takhtajan, 

1997; Fishbein et al., 2001) it is 39°-102° (Table 2).  Though the range of variation in 

both fossil and modern leaves is great, in all cases the angle of origination shows a 

normal to slightly skewed distribution with a peak somewhere between 40° and 60°, 

and a steep decline below 40° and above 60° (Plate 10, Figures 2-4); while 

Iteaphyllum peaks broadly in the 40°-60° range (Plate 10, Figure 2), I. macrophylla, I. 

virginica, and I. yunnanensis peak in the 40°-50° range (Plate 10, Figures 3, 5, 6), and 

I. oldhamii peaks strongly in the 50°-60° range (Plate 10, Figure 4).  Choristylis peaks 

in the 50°-60° range (Plate 10, Figure 7).   The extant taxa exhibit mean angles of 

origination between 46.73 (I. yunnanensis) and 54.49 (I. oldhamii) (Plate 10, Figures 

3-8); Iteaphyllum falls within this range, with a mean angle of origination of 49.43 

(Plate 10, Figure 2). 

The tertiary veins of Iteaphyllum, like those of most leaves of the extant 

species of Itea examined for this study (except I. olhamii USNH 212642; Plate 9, 

Figure 12), are usually unbranching, straight to strongly sinuous, parallel to one 

another, and perpendicular (slightly acute to slightly obtuse) to the midvein (Plate 11, 

Figure 4; usually corresponding to transverse of Hickey (1973) and Dilcher (1974) and 

opposite percurrent to mixed opp/alt percurrent of LAWG (1999), although USNH 

212642 is alternate percurrent).  Fourth- and fifth-order veins are interpreted as present 

in some specimens of Iteaphyllum (particularly UAPC-ALTA S13240, SR 00-07-05, 

SR 01-7-41, SR 01-12-02, and SR 92-17-6), though not easily distinguished from one 

another; fourth order veins are alternate percurrent, opposite percurrent, and/or regular 

polygonal reticulate, and fifth order veins are regular polygonal reticulate and/or 
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Plate 10.  Summary of measurements for angle of origination of secondary from 
primary veins in fossil and extant leaves.   
 
Figure 1—UWBM 97090 indicating manner in which angle measurements were taken  

using the program Scion Image (Scion Corporation, 2000).   
 
Figures 2-7—Histograms showing percent frequency (y-axis) with which the  

secondary veins of the leaves of a taxon depart from primary veins at a given  
range of angles (x-axis).  Taxon names are given to the upper right of each 
histogram, along with the mean angle of departure and its standard deviation.   
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Plate 11.  Examples of higher-order venation in Iteaceae and Iteaphyllum.  All scale 
bars are 1 mm. 
 
Figure 1—Itea ilicifolia, BH N.F. Bracelin 1499 (cleared). 
 
Figure 2—Itea oldhamii, USNH 212624 (cleared).  
 
Figure 3—Choristylis rhamnoides, USNH 2961182 (cleared). 
 
Figure 4—Iteaphyllum wehrii, SR-01-12-2. 
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freely-ending (Plate 11, Figure 4).  (Fourth and fifth order venation corresponds to 

orthogonal of Hickey (1973) and Dilcher (1974) and reticulate of Hickey and Wolfe 

(1975)).   In extant species of Iteaceae, fourth order veins can be alternate or opposite 

percurrent and/or regular polygonal reticulate and fifth order veins are usually regular 

polygonal reticulate (Plate 11, Figures 1-3).  Areolation is well-developed in fossils 

and moderately to well-developed in extant species (Plate 11, Figures 1-4).  Freely-

ending ultimate venation, where it is possible to clearly observe, appears two or more 

branched in fossils and usually one or more branched in modern taxa (Plate 11, 

Figures 1-4).  There are ca. 5 or more orders of venation in both fossil and modern 

leaves.  Marginal ultimate venation is difficult to discern in the fossils, as generally, 

even where the outline of the leaf margin is preserved, details of the marginal venation 

are obscured; it is clear, however, that the marginal veins do not end freely, but the 

presence or absence of a fimbrial vein could not be ascertained.  In extant species of 

Iteaceae, the margin may have a weak to strong fimbrial vein (Plate 12, Figures 1, 6) 

or the marginal veins may be looped but with no fimbrial vein (Plate 12, Figures 2-4), 

as based on examination of cleared leaf specimens. 

 Leaf margins in Iteaphyllum are serrulate, with small, simple, regular, apically-

pointing teeth that number 8-15(-21) per cm of margin (Plate 12, Figure 5).  In most 

specimens, the details of tooth architecture are obscured, though in at least two with 

particularly well-preserved teeth (SR 01-7-41, UW 97090), the tooth tips appear to be 

glandular (Plate 12, Figure 5).  Tooth shape, though somewhat variable, is usually 

convex to straight basally and straight to concave to slightly convex apically (CV or 

ST by CC, ST, or CV of LAWG (1999); 1 or 2 by A, B, or C of Hickey (1973)).  Each 

tooth is fed by a single vein running from base to tip (obscurely present in teeth shown 

in Plate 12, Figure 5).  Leaves of extant Itea species, similar to those of Iteaphyllum, 

have teeth fed by a single primary vein and have, at times, an apical gland (Plate 12, 
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Plate 12.  Examples of teeth and tooth venation in extant Iteaceae and Iteaphyllum.  
All scale bars are 1 mm. 
 
Figure 1—Itea chinensis, BH W. T. Tsang 20337 (cleared). 
 
Figure 2—Itea ilicifolia, BH N.F. Bracelin 1499 (cleared). 
 
Figure 3—Itea japonica, BH BH Kakuo Uno (no number, cleared).   
 
Figure 4—Itea virginica, BH Biltmore Herbarium No. 547 (cleared). 
 
Figure 5—Iteaphyllum wehrii, UWBM 97090 (holotype). 
 
Figure 6—Choristylis rhamnoides, USNH 2961182 (cleared). 
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Figures 1-4).  Tooth shape, however, varies significantly among extant species of Itea, 

from serrate to crenate to spinose, and can often by used as a character for 

distinguishing species (Plate 9, Figures 1-7, 8-10, 12-14; Plate 12, Figures 1-4; see 

also Jin and Ohba, 2001).  Among the species of Itea examined, the teeth of 

Iteaphyllum are most similar those of extant I. virginica, which is also serrulate with 

6-16 apically pointed teeth per cm of leaf margin (Plate 12, Figures 4, 5).  Serrulate 

margins are also reported for I. kiukiangensis, I. kwangsiensis, I. indochinensis, I. 

omeiensis, and I. yangchuensis (Jin and Ohba, 2001), none of which were examined 

for this study. Teeth that appeared to be gland-tipped were noted on many herbarium 

specimens examined for this study and are particularly characteristic of I. 

macrophylla; glandular teeth have been reported by others in I. amoena, I. coriacea, I. 

kwangsiensis, I. macrophylla, and I. riparia (Jin and Ohba, 2001).  Glandular 

punctations have been reported on leaf blades of I. indochinensis and  I. yangchuensis 

(Jin and Ohba, 2001), though were not noted on Iteaphyllum. 

 An interesting phenomenon noted in both the fossil and modern leaves 

examined for this study is the relatively frequent occurrence of anomalies of the leaf 

tip and margin.  In leaves of Iteaphyllum and those of I. ilicifolia, I. japonica, I. 

macrophylla, I. virginica, and I. yunnanensis, the leaf tip is usually acute to strongly 

acuminate (Plate 7, Figures 1, 2, 7-12; Plate 8, Figures 3, 5, 6, 8-10, 13; Plate 9, 

Figures 3-6, 9, 12-14).  However, in a low percentage of these leaves, the tip is weakly 

to strongly retuse (Plate 7, Figures 3, 4, 6; Plate 8, Figures 2, 4, 12, 16; Plate 9, Figure 

2).  All Itea species have unlobed leaves except perhaps I. oldhamii, some of which 

have leaves that may be interpreted as having large, angular lobes.  (Jin and Ohba 

(2001) interpret these “lobes” as large dentate teeth.)  However, sometimes a portion 

of the leaf margin develops anomalously, producing irregular invaginations (Plate 7, 

Figure 1; Plate 8, Figures 5, 14; note arrows).  The occurrence of the retuse tip in 
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Iteaphyllum is ca. 8.1 percent in leaves where the apex is preserved (3 out of 39 

leaves; SR 97-5-2A, B, Plate 7, Figure 4; UWBM 77440, Plate 7, Figure 3; and 

UWBM 77441, Plate 7, Figure 6, have retuse tips).  A sample of I. virginica 

herbarium specimens showed a retuse tip frequency of about 6 percent (97 out of 1579 

leaves), with the anomaly occurring on 56 percent of sheets examined (28 out of 50 

sheets) at a frequency of 2 to 32 percent of leaves per specimen.  The occurrence of 

invaginations in the leaf margin is ca. 1.4 percent of leaves of Iteaphyllum (1 out of 74 

leaves; only UWBM 97090, Plate 7, Figure 8, shows an anomaly) and 6.7 percent if 

only complete leaves are considered (1 out of 15 leaves), and about 2.5 percent of 

leaves of I. virginica (39 out of 1579 leaves), with the anomaly occurring on 44 

percent of herbarium sheets examined (39 out of 1579 sheets) at a frequency of 1 to 9 

percent of leaves per specimen.  Though these anomalies are certainly intriguing, their 

relative taxonomic significance remains to be determined. 

 While the large range of size and shape of leaves of Iteaphyllum appears to 

suggest that the fossil specimens should be divided among two or more species, to 

date no characteristic has been identified which can consistently be used to distinguish 

multiple taxa.  Leaf length or width or length-to-width ratios do not clearly show 

separate clustering of leaves.  Neither leaf architecture nor leaf margin, the latter 

significant in distinguishing extant species, differs significantly among Iteaphyllum 

leaves.  Pronounced crowding of the basal veins (often correlated with a rounded leaf 

base) is another possibly useful character, though does not correlate to all leaves with 

a rounded base and was judged insufficient to separate taxa at this time.  Thus, these 

leaves, at least at present, must all be considered a single rather variable morphotaxon, 

although it is possible that they represent more than one biological taxon.  However, if 

the leaves are treated as having been produced by a single biological species, their 

variability is not astounding when compared to extant members of the family Iteaceae 
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(Table 1; compare Iteaphyllum in Plate 7, Figures 1-12 to Itea virginica in Plate 8, 

Figures 1-16; also observe I. oldhamii, Plate 9, Figures 10, 12, and 14 and I. 

yunnanensis, Plate 9, Figures 4, 6, and 7). 

It should be noted that none of the species of Itea examined have consistently 

loop-forming secondary veins.  However, based on the material examined, the taxon 

considered the monotypic sister genus to Itea, Choristylis, does have consistently 

loop-forming secondary veins and shares most characteristics of leaf architecture with 

Itea (Tables 1, 2; Plate 9, Figures 8, 11; Plate 11, Figure 3; Plate 12, Figure 6). There 

are also often weak basal veins in Choristylis that form a series of loops with the 

superjacent costal secondary veins (Plate 9, Figure 8).  The leaves of Choristylis are 

distinguished from various species of Itea by their crenate margins with glandular 

teeth (sometimes with stalked glands at the tooth apex); their color, texture, and 

indumentum; the presence of domatia; more consistent and exaggerated crowding of 

the basal veins and/or uneven spacing of the secondaries; and, at times, by the 

occurrence of craspedodromous secondary veins toward the leaf apex. Choristylis 

leaves regularly exhibit the same sorts of anomalies documented for Itea leaves.  To 

date, the infrageneric monophyly of Itea has not been tested against Choristylis.  

Though a number of characters, including a cymose inflorescence, non-biseriate ovule 

arrangement, and unitegmic ovules in Choristylis (versus a racemose inflorescence, 

biseriate ovule arrangement, and bitegmic ovules in Itea; Verdcourt, 1973; 

Spongeberg, 1972) suggest that Choristylis deserves generic status, these characters 

could just as likely be autapomorphic for Choristylis nested within a paraphyletic Itea.  

Though the morphology of Iteaphyllum does not appear to fall within the range of 

variation of Choristylis, given the present limited evidence of the intrafamilial 

phylogeny of Iteaceae and the lack of reproductive characters for the fossils, it cannot 

be entirely ruled out that Iteaphyllum could group elsewhere within Iteaceae than 
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within Itea, and thus we have chosen to erect a separate morphotaxon for the fossil 

leaves. 

Iteaphyllum leaves do not present enough characters with which to conduct a 

cladistic analysis, so the assignment of these leaves to Iteaceae is based solely on 

correspondence of morphological characters between fossil and extant taxa.  

Unfortunately, as pinnate toothed leaves are notoriously difficult to classify, 

corroborating evidence, such as flowers, fruits, or seeds attributable to Iteaceae, which 

might help solidify the presence of Iteaceae at the Republic localities, are currently 

unknown.  However, Itea and Choristylis do produce a unique diporate, psilate type of 

pollen, on which the majority of the fossil record of Iteaceae is based (see discussion 

in the “Biogeographic Implications” section below).   A recent palynological study of 

the Eocene Okanagan Highlands localities (a series of roughly contemporaneous floras 

that are interpreted as representing Eocene highlands vegetation in British Columbia, 

Canada, and Republic, Washington), indicates that Itea-type pollen is present at the 

Republic localities of Boot Hill (UWBM B4131) and Corner Lot (UWBM A0307), 

making up ca. 5% of the pollen rain in the Boot Hill sample (Moss et al., 2005; the 

Knob Hill Mine locality was not sampled), thereby lending credence to the postulated 

affinities of the Iteaphyllum leaves.  Itea-type pollen has also been identified from 

similarly-aged Okanagan Highlands localities in southern British Columbia, Canada, 

including Falkland 2 (ca. 50.61 + 0.16 Ma by U/Pb), McAbee 2 and 5 (ca. 51 Ma by 

K/Ar), and Hat Creek 2 (minimally ca. 51.2 + 1.4 Ma by K/Ar), though no putative 

Itea megafossils have been identified from these British Columbian floras (Church et 

al., 1979; Ewing, 1981; Greenwood et al., 2005; Moss et al., 2005). 

Comparison with other leaves in the Order Saxifragales.—Hickey and Wolfe (1975) 

conceptualized leaves of members of the Order Saxifragales as typically pinnately 

compound with semicraspedodromous secondary veins and percurrent tertiary veins.  
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However, the current concept of Saxifragales (Angiosperm Phylogeny Group (APG), 

2003) is radically different from Saxifragales as conceived in Hickey and Wolfe 

(which appears similar to the Saxifragales of Takhtajan, 1969), and now includes taxa 

that often have simple, unlobed leaves; pinnate or palmate primary venation; 

eucamptodromous, craspedodromous, semicraspedodromous, or brochidodromous 

secondary venation; transverse (as defined by Hickey, 1973; Dilcher, 1974; Hickey 

and Wolfe, 1975) tertiary venation; and rosoid, platanoid, or chloranthoid teeth (as 

defined by Hickey and Wolfe, 1975.  See Stern, Switzer, and Phipps (1970) and 

Wilkinson (1994) for information on the leaves of Ribes and Pterostemon, 

respectively).  The leaves of Iteaceae can easily be distinguished from leaves of most 

of the order as presently defined by primary venation type, secondary venation type, or 

a combination of the two (see Wolfe and Hickey, 1975, for a discussion of characters 

of Hamamelidae, many of which are now in Saxifragales), succulence (especially 

when compared to Crassulaceae and some Saxifragaceae s.s.), compound form, 

dissection, and/or lobation (Spongberg, 1972, 1978; Inamdar et al., 1983; Haskins and 

Hayden, 1987; Hils et al., 1988; Webb and Gornall, 1989).  Common to both Hickey 

and Wolfe’s (1975) and the updated (APG, 2003) concept of the Order Saxifragales 

are the three families thought to be most closely related to Iteaceae:  Grossulariaceae, 

Pterostemonaceae, and Saxifragaceae (Morgan and Soltis, 1993; Soltis, 1997; Fishbein 

et al., 2001).  Grossulariaceae have palmately-veined and palmately-lobed leaves, 

Saxifragaceae have a variety of leaf types (including those that are simple or 

compound and have pinnate or palmate venation; Takhtajan, 1997).  Pterostemon 

species (Pterostemon is the only genus in monotypic Pterostemonaceae, the sister 

taxon to Iteaceae; Morgan and Soltis, 1993; Soltis et al., 1997; Fishbein et al., 2001) 

have pinnately veined leaves like Iteaceae, but are distinguished by their 

craspedodromous secondary venation (Wilkinson, 1994).  Grossulariaceae, 
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Pterostemonaceae, and Saxifragaceae are also characterized by their rosoid-type teeth 

(Hickey and Wolfe, 1975, pg. 580; see Wilkinson (1994) for a description and 

illustration of the teeth of Pterostemon), unlike Iteaceae, which have teeth that appear 

to fall in or near the cunonioid-type as defined by Hickey and Wolfe (1975, pg. 580).  

Leaves or reproductive remains of other members of the current Order 

Saxifragales reported from Republic include Cercidiphyllum (Cercidiphyllaceae), 

Corylopsis (Hamamelidaceae), Liquidambar (Altingiaceae), Ribes (Grossulariaceae), 

and leaves which appear to have affinities to Fothergillia (Hamamelidaceae) and 

Hamamelis (Hamamelidaceae) (Wolfe and Wehr, 1987, 1991; Wehr and Hopkins, 

1994; Wehr and Manchester, 1996; Pigg and Wehr, 2002; Dillhoff et al., 2005; 

Greenwood et al., 2005; Moss et al., 2005).  The extinct genus Langeria, which Wolfe 

and Wehr (1987) describe as characteristic Hamamelidoideae-type leaves, may also 

belong in Saxifragales.   

Paleoecological Implications.—The Republic flora is thought to be a Mixed 

Coniferous forest dominated by evergreen coniferous taxa, with a subsidiary element 

of lakeside or streamside deciduous broad-leaved and gymnospermous taxa, and a 

minor element of forest broad-leaved deciduous and evergreen taxa (Wolfe and Wehr, 

1987).  Based on an analysis of leaf physiognomy from the Republic site using the 

Climate-Leaf Analysis Multivariate Program (CLAMP), Wolfe and Wehr (1991) 

determined that the yearly mean annual temperature (MAT) for the site was 10ºC and 

the mean annual precipitation (MAP) was about 120 cm; newer studies suggest 

MAT’s for Republic of 11.4ºC (CLAMP), 8.0ºC (CLAMP with multiple linear 

regression), and 9.1ºC (leaf margin analysis or LMA), 9.4 + 2.0ºC (LMA), and 13.5 + 

2.2ºC (based on bioclimatic analysis of 51 taxa in the flora) and MAP of ca. 115 + 39 

cm/year (bioclimatic analysis of 52 taxa); in either case, the Republic flora is 

interpreted representing a microthermal-mesothermal—or warm temperate—flora 
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(Greenwood et al., 2005).  The Republic site is characterized by a more temperate 

flora than the roughly contemporaneous Middle Eocene Puget Group flora further 

west in Washington state, which is dominated by broadleaf evergreen taxa and 

calculated by CLAMP analysis to have a yearly mean temperature of 17°-18°C.  The 

difference in vegetation and inferred climate is though to have been caused by 

differing elevations, with the localities in western Washington state representing 

lowland floras and the Republic locality representing a highland flora at about 2300 m 

(Wolfe and Wehr, 1991). 

 Extant species of Itea occur in a number of warm temperate, subtropical, and 

tropical habitats, and several occur in environments similar to that inferred for the 

Republic locality.  The North American I. virginica is primarily a wetland shrub, 

occurring in swamp forests and low woodlands, though sometimes along riverbanks 

and pond margins in upland areas from southern New Jersey and eastern Pennsylvania 

south to Florida and west to Illinois, Missouri, Oklahoma, and Texas (Spongberg, 

1972).  I. yunnanensis is known from coniferous, broad-leaved, and mixed forests 

from 1100 to 3000 m in China (Jin and Ohba, 2001).  I. chinensis and I. kiukiangensis 

are similarly documented from Chinese forests equivalent in elevation to that inferred 

for the Republic flora (Jin and Ohba, 2001).  Choristylis rhamnoides occurs in 

mountainous regions of eastern, central, and southern Africa, in tropical evergreen 

forest from 1500-2400 m (Verdcourt, 1973). 

 Wolfe and Wehr (1991) surmised that Iteaphyllum (documented in their papers 

as Itea sp.) represents a deciduous lake- or streamside element in the Republic flora, 

although Moss et al. (2005) considered it an evergreen dicot tree.  The majority of 

extant species of Itea are evergreen, as is, apparently, Choristylis (this is never 

explicitly stated, though Verdcourt (1973) notes that the genus occurs in evergreen 

forests).  The genus Itea is divided into two sections by Engler (1930), section 
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Deciduae and section Sempervirentes.  Deciduae includes only two taxa, I. japonica 

and I. virginica, which occur in warm temperate to subtropical areas of Japan and 

eastern North America, respectively; Sempervirentes includes about sixteen species 

that occur in subtropical to tropical areas of China and several other countries in 

Southeast Asia (see below).  According to Engler, the sections can be distinguished by 

two features:  1) seed shape, ovoid in Deciduae and spindelform in Sempervirentes, 

and 2) leaf type, deciduous in Deciduae and evergreen in Sempervirentes.  

Unfortunately, on leaf morphological grounds alone, it is not possible to distinguish 

among the sections of Itea; leaf length, width, shape, margin type, and/or number of 

secondaries cannot be used to characterize sections (Table 2).  Leaf texture tends to be 

coriaceous in the evergreen species, while non-coriaceous in the deciduous species, 

but texture of Iteaphyllum leaves cannot be inferred from the fossil compressions.   

Therefore, by comparison to modern taxa, it cannot be concluded whether Iteaphyllum 

was part of the deciduous lakeside element in the Republic flora, whether it was part 

of the deciduous or evergreen broadleaf forest element, or whether it was part of both 

elements (representing different species with different habitat requirements or one 

versatile species, like I. virginica).  Also, whether the plants that produced the 

Iteaphyllum leaves were shrubs or trees is unknown. 

Biogeographical Implications.—As noted by Johnson (1996) and DeVore et al. 

(2005), many taxa represented in the Republic Flora occur today only in eastern Asia 

or have a disjunct distribution with representatives in eastern North America and 

eastern Asia.  Among the former group are such taxa as Cercidiphyllum, Corylopsis, 

Ginkgo, Koelreuteria, Metasequoia, Photinia, and Pseudolarix; among the latter are 

Gordonia, Lindera, Liquidambar, Sassafras, and, if it represents Itea as currently 

circumscribed, Iteaphyllum (Johnson, 1991; Wen, 1999).  Currently, the genus Itea 

occurs in southeastern North America, Japan, China, and the Southeast Asian 
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countries of Bhutan, India, Indonesia, Laos, Myanmar, the Philippines, Taiwan, 

Thailand, and Vietnam (Spongberg, 1972; Jin and Ohba, 2001).  Choristylis is 

distributed in the southeast African countries of Burundi, Democratic Republic of 

Congo, Lesotho, Malawi, Mozambique, South Africa, Swaziland, Tanzania, Uganda, 

and Zimbabwe (Verdcourt, 1973). 

Although in general the fossil evidence suggests that Itea and/or Iteaceae might 

have enjoyed a wider distribution in the Tertiary, Eocene fossils attributed to Iteaceae 

are known from only two areas (with two additional possible occurrences discussed 

below), the Okanagan Highlands localities and the Eocene Middle Headon Beds, 

equivalent to the Colwell Bay Member of the Headon Hill Formation in revised 

nomenclature (Insole and Daley, 1985), Isle of Wight, UK, the latter occurrence being 

based on palynological data and ca. 13-15 million years younger than the Republic 

flora (Graus-Cavagnetto,1976, as Iteapollis angustiporatus, later incorrectly cited by 

Muller, 1981, as Iteapollenites angustiporatus; Vandenberghe et al., 2003, fig. 24.7, 

provided the age range of 36.00-34.20 Ma for the Colwell Bay Member).  Intriguingly, 

however, one other report of diporate, psilate (to slightly punctate) pollen grains 

matching the description of Itea-type pollen is known from the Eocene of North 

America, though not attributed to Itea.  Frederiksen (1988) described and illustrated 

such grains from the Eocene Tallahatta Formation of Mississippi and Alabama and the 

Eocene Lisbon Formation of Alabama as Diporites sp. 1 (Frederiksen, 1988, p. 48 and 

pl. 1, fig. 17); he noted that the grains can be found in sediments that are between 

approximately 50-45.4 Ma (Frederiksen, 1988, pl. 17), roughly contemporaneous with 

the Okanagan Highlands floras. This pollen report should be reinvestigated and 

samples of “Diporites sp. 1” compared to Itea sp. pollen. 

The remainder of the fossil record of Iteaceae in North America and the 

majority of the record in Europe are also based on occurrences of the unique diporate, 
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psilate pollen grains of the family Iteaceae, which are attributed to Itea sp. or the 

dispersed pollen taxon Iteapollis angustiporatus.  Currently, it appears that there is no 

reason, based on pollen morphology alone, to consider the fossil pollen genera Itea or 

Iteapollis to have been produced by plants of the genus Itea exclusive of Choristylis.  

Only Menke (1976) and Rylova (1989) explicitly correlate their fossil Itea-type pollen 

to modern species, Menke his fossil pollen to I. virginica and Rylova her fossil pollen 

species Itea menkei, I. bielorussica, and I. miocenica to the modern species I. nutans, 

I. macrophylla, and I. virginica, respectively.  However, in the Neogene of western 

Eurasia, the occurrence of seed and fruit fossils clearly attributable to Itea (Mai, 1985, 

1995, 2001; Pingen, 1987, 1996; Dorofeev, 1988; Mai and Palamarev, 1997), suggests 

that at least some of the pollen found in sediments contemporary with the carpofossils 

in the region were produced by a member of the genus Itea as presently circumscribed. 

Documentation of Itea-type pollen in the Tertiary of North America is limited.  

Itea-type pollen has been documented in the Late Oligocene to Early Miocene (ca. 24 

Ma) Brandon Lignite of Vermont in the northeastern United States (Traverse, 1955, as 

Corylus?, fig. 9(35), as cited by Petrov and Drazheva-Stamatova, 1973; Tiffney, 1994; 

Traverse, 1994; absolute age taken from Woodburne, 2004.  Hermsen et al., 2003, 

attributed an Oligocene age to this pollen which is here revised in light of Tiffney, 

1994, and Traverse, 1994) and in the Early to Middle Miocene (ranging from ca. 24-

14 Ma) of the Pacific Northwest and Alaska in western North America (Wolfe, 1970).  

Itea sp. pollen was also reported by Gohn et al. (1996) in sediments thought to be 

Pliocene in age from a stratigraphic test hole drilled on Horn Island off the Gulf Coast 

of Mississippi, USA.  (Itea sp. pollen is not documented in Holocene sediments from 

the same core.)   

Conversely, documentation of Itea-type pollen in the Tertiary of continental 

Europe is extensive, and, according to Mai (1995), occurrences of Itea-type fossils 
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(pollen, fruits, seeds, and leaves; carpofossils and leaf fossils discussed below) span at 

least the Oligocene to Pliocene in Europe.  Mai (1995) tentatively extends this range to 

the Eocene, possibly in light of the single Eocene record from the Isle of Wight 

(discussed above).  Itea-type pollen has been reported from various stratigraphic 

intervals in Austria (Klaus, 1953, as Diorites sp. (Symplocaceae), taf. I(7), as cited by 

Thiele-Pfeiffer, 1980), Belarus (Rylova, 1989, 1996; Murashko et al., 1998), Bulgaria 

(Petrov and Drazheva-Stamatova, 1973), Germany (Schneider, 1965 as Psilodiporites 

angustiporatus, taf. 1(8-10), as cited by Ziembińska-Tworzydło, 1974; Menke, 1975, 

1976; Thiele-Pfeiffer, 1980; Mohr, 1984), Italy (Bertoldi et al., 1994; Bertoldi, 1997), 

the Netherlands (personal commun. from Zagwijn as cited by Muller, 1981), Poland 

(Stuchlik, 1964, as Corylus americana, pl. XI, figs. 7-8, after the usage by Traverse as 

cited by Petrov and Drazheva-Stamatova, 1973; Ziembińska and Niklewski, 1966; 

Sadowska, 1973, 1977; Ziembińska-Twordzydło, 1974; Oszast and Stuchlik, 1977; 

Ziembińska-Twordzydło and Ważyńska, 1981; Dyjor and Sadowska, 1986; Kohlman-

Adamska, 1993; Ziembińska-Twordzydło et al., 1994), and Romania (Petrescu and 

Kolovos, 1982; Petrescu and Givelescu, 1986, as Iteapollenites angustiporatus instead 

of Iteapollis angustiporatus, perhaps after Muller, 1981).  Although Itea-type pollen 

generally makes up very little of the pollen rain at the localities in which it occurs, at 

several localities in Europe it comprises 10 to 20 percent of the pollen rain in some 

horizons (Petrescu and Givulescu, 1986; Bertoldi et al., 1994).   

Itea sp. pollen also occurs in the United States in the Quaternary, where it has 

been recorded in sediments thought to be Pleistocene (Sagamonian or Altonian) in age 

from Louisiana and in “postglacial” (Holocene?) sediments of northwestern Georgia, 

areas where the genus can still be found today (Watts, 1970; Delcourt and Delcourt, 

1977, 1996).  As Itea sp. pollen is lacking in the Pleistocene of Georgia in the same 

cores where it is present in sediments thought to be deposited after glacial retreat, 
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Watts (1970) suggested that the Recent disjunct inland distribution of I. virginica and 

other “coastal plain disjuncts” in the southeastern United States may be the result of 

migration to suitable inland habitats from coastal plain swamps following glacial 

retreat. 

 The macro- and mesofossil record of Iteaceae is comparatively sparse.  Besides 

the leaf fossils known from the Republic flora, only five other fossil taxa have been 

linked to Iteaceae, three representing reproductive organs and two representing leaves.  

Floral, fruit, and seed remains include Divisestylus, a stem genus of the Iteaceae clade 

(or of the clade including Pterostemonaceae and Iteaceae; the position of Divisestylus 

is not completely clear) consisting of flowers and fruits from Upper Cretaceous (ca. 90 

Ma) sediments of New Jersey, USA (Hermsen et al., 2003), and missing the 

characteristic diporate pollen of the extant family; Itea europaea, a fruit and seed 

taxon that occurs in the Neogene of Belarus, Bulgaria, Germany, the Netherlands, and 

Russia, and that is nearly indistinguishable in seed and capsule morphology from I. 

virginica (Mai, 1985, 1995, 2001; Pingen, 1987, as Ericaceae sp. taf. 6, figs. 1-3, and 

Dorofeev, 1988, as Carpolithus sp. 1, abb. 43(1-6) and taf. XL, figs. 1-8, as cited by 

Pingen, 1996; Pingen, 1996; Mai and Palamarev, 1997); and Adenanthemum iteoides, 

a floral taxon thought to be closely related to Itea, and, from its description, possibly 

belonging within the genus, from Paleogene Baltic amber (Conwentz, 1886; Czeczott, 

1961.  The age of this fossil is given as Oligocene in Hermsen et al., 2003, but is likely 

be older as discussed by Czeczott.  Both specimens of A. iteoides have apparently 

been lost, as they are not documented among the specimens originally from the 

nineteenth century amber collection of the Westpreussischen Provinzial Museum 

cataloged at Muzeum Ziemi, Warsaw, Poland, where most of the remainder of that 

collection is held; see Kosmowska-Ceranowicz, 2001, for the history of this 

collection).  Leaf remains include Itea transsilvanica, a leaf taxon reportedly similar in 
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morphology to the Chinese I. ilicifolia from the Miocene (ca. 8 Ma) of Romania 

(Petrescu and Givelescu, 1986; Petrescu, personal commun., 2004, provided the 

absolute age) and Itea Faujassii, documented in the mid-nineteenth century, never 

illustrated, and purported to have come from the Oligocene of Italy (Unger, 1845, 

1850 as Cedrela Faujassii as cited by Meschinelli and Squinabol, 1892; Bertoldi et al., 

1994).  Specimens of both of these leaf taxa should be reexamined, especially any of I. 

Faujassii, a taxon that does not appear to have been revised since the nineteenth 

century. 

 Currently, no fossils representing Iteaceae are known from eastern Asia or 

Africa (Mai, 1995), areas where today the family is strongly represented.  The 

occurrence of Itea-type leaves in the Eocene Republic flora and Itea-type pollen in the 

Miocene of the west coast of North America and the Recent occurrence of multiple 

Itea species in Asia suggests that the distribution of Itea and/or Iteaceae may have 

once been continuous between western North America and eastern Asia, or that Itea 

reached eastern Asia from western North America (or vice versa).  Whether the 

distribution of Iteaceae was at one time continuous on an east-west axis across the 

North American and/or the Eurasian continents remains to be seen, though, given the 

distribution of Itea-type fossils on the east and west coasts of North America and in 

Europe during the Tertiary, the genus probably extended across at least one of these 

continents for some duration or continuously between the Eocene and the Miocene, 

though uplift of the cordillera and concomitant drying may have presented a barrier to 

dispersal of Iteaceae between eastern and western North America as early as the mid-

Eocene (Tiffney and Manchester, 2001).  The extinction of Iteaceae from Europe 

appears to have taken place in the Plio-Pleistocene, as no pollen or carpoflora reports 

of the genus post-date the Pliocene (see range summaries in Thiele-Pfeiffer, 1980; 

Traverse, 1994; and Mai, 1995), whereas the extirpation of Iteaceae from western 
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North America seems to have taken place sometime between the Middle and Late 

Miocene, as the last known occurrence of Itea-type pollen is from Middle Miocene 

sediments of the Pacific Northwest and Alaska (Wolfe, 1970).   

The hypothesized sister relationship of Choristylis to Itea remains to be tested 

phylogenetically while including more than one species of Itea in the analysis, and the 

time interval(s) during which the populations inhabiting the three major regions where 

members of Iteaceae occur today may have become isolated remains to be determined.  

The fossil record seems to suggest, however, that the present distribution of Itea, and 

possibly the entire family Iteaceae, is a remnant of what was once a much wider 

distribution.   

 

CONCLUSIONS 

 

Fossil leaves of Iteaphyllum have been shown to be consistent with the extant 

genera Itea and Choristylis in their morphology, including shape, dimensions, 

venation, and tooth type.  The occurrence of Iteaphyllum at the Republic locality is 

consistent with the ecology of many species within the modern family Iteaceae, which 

grow in wet, mountainous forests as understory plants or as plants bordering lakes or 

streams.  It is unclear from the morphology of the leaves whether they represent a 

deciduous riparian element or evergreen or deciduous forest element of the Republic 

flora, though they may represent one or more of these elements. 

The characteristics of both Itea species and Iteaphyllum wehrii as reported by 

Wolfe and Wehr (1987) are shown by this study not to be diagnostic for either the 

modern genus or the fossil taxon.  While Wolfe and Wehr were correct for the most 

part in characterizing the tertiary venation of Itea, it is clear from the discussion above 

that the secondary venation of the genus is not consistently eucamptodromous, nor is 
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the tooth type consistently serrulate, and that secondary venation in Iteaphyllum is not 

eucamptodromous.  Of the species examined for this study, these features are most 

characteristic for I. virginica, though, as mentioned above, often the apical secondary 

veins in this taxon form loops and may be considered semicraspedodromous. 
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CHAPTER 3 

A REVISION OF FOSSIL RIBES L. LEAF TAXA AND OCCURRENCES 

FROM THE CRETACEOUS AND TERTIARY OF THE WESTERN UNITED 

STATES AND CANADA 

 

ELIZABETH J. HERMSEN 

 

ABSTRACT 

 

Ribes L., the only genus in the saxifrage family Grossulariaceae, currently includes ca. 

200 species distributed widely in the Northern Hemisphere and into the Andes 

mountains of South America in the Southern Hemisphere.  Although the published 

fossil record of the genus is extensive, with ca. 16-17 unique and non-synonymous 

morphotaxa and numerous reports from over 30 paleofloras spanning the Late 

Cretaceous to Plio-Pleistocene prior to this study and, despite the fact that most of the 

original work on the fossil record of the genus was done in the early-to-mid twentieth 

century, it had never been critically reexamined.  In this study, specimens representing 

fossil leaf morphotaxa and reports of Ribes cited previously in the literature were 

reevaluated; an attempt was made to be as thorough as possible in finding published 

citations of Ribes and locating specimens, though, inevitably, some specimens were 

not examined.  The results indicate that many fossil leaf specimens previously thought 

to represent Ribes have insufficient characters to be placed within the genus, and some 

of the specimens are so poor as to be unidentifiable to taxon.  Thus, the fossil leaf 

record of Ribes is much reduced in both duration, extending only from the Eocene to 

Miocene and including only six fossil taxa (one, R. axelrodii, newly named here) from 

four floras and ca. seven reports of Ribes sp. from 5-7 additional floras (depending on 
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whether certain floras are considered single or separate).  At least two distinct 

subgenera and/or sections of Ribes (taxonomic level changing depending on the 

taxonomist cited) can be recognized in the fossil record, including Symphocalyx and 

Caloboytra.  Although subgenus Grossularia, the gooseberries, has been proposed 

multiple times for fossil leaf compressions in the past, no basis was found on which to 

distinguish Grossularia from the remainder of Ribes based on leaf characters 

previously proposed as distinctive to the gooseberries, and, thus, the fossil record of 

Grossularia is called into doubt. 

 

INTRODUCTION 

 

Ribes L., including the currants and the gooseberries, is the only genus in the 

saxifrage family Grossulariaceae Jussieu (sensu Takhtajan, 1997, and APG, 1993).  

Ribes species are evergreen or deciduous shrubs that grow in a variety of habitats.  

Today, the genus is composed of about 200 species distributed primarily in temperate 

zones of the Northern Hemisphere, with centers of diversity in North America 

(including Mexico) and eastern Asia, though Ribes also ranges into the South 

American Andes, which has recently been cited as another possible center of diversity 

for the genus (Lu, 1995; Weigend and Binder, 2001).  While molecular systematic 

studies indicate that the genus Ribes is sister to the family Saxifragaceae (composed of 

about 30 genera of primarily Northern Hemisphere, perennial, temperate, and alpine 

herbs) within the Order Saxifragales (Morgan and Soltis, 1993; Soltis and Soltis, 

1997; Fishbein et al., 2001), recent analyses have failed to clearly elucidate the 

infrageneric structure of Ribes (Messinger et al., 1999; Wiegend et al., 2002; Senters 

and Soltis, 2003; Schultheis and Donoghue, 2004), which has long been split into 

multiple subgenera and sections, though with different delimitations depending on 
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author (e.g., Berlandier, 1826; Janczewski, 1907; Coville and Britton, 1908; Berger, 

1924). 

Ribes has an extensive fossil record in western North America north of 

Mexico, with published reports spanning the Cretaceous to the Pleistocene in ca. 30 

separate floras (Tables 3-4; Fig. 13).  The majority of these reports are based on leaf 

compressions alone, although there is one dubious report of Cretaceous fossil wood 

from California possibly allied to Ribes, Riboidoxylon Page (Page, 1970), and one 

account of putative Eocene Ribes fruits from British Columbia that have not been 

formally described or illustrated (Cevallos-Ferriz, 1995; Wehr, 1995), as well as a 

limited number of pollen reports (Axelrod and Ting, 1960, 1961, from the Pliocene 

Wichman flora, San Joaquin Mountain flora, Owens Gorge flora, and Coso flora 

“florules” of Haiwee, Crowley Point, Darwin Summit, and Panamint Springs as well 

as the Pleistocene Bakeoven Meadows locality, though Millar, 1996, suggested that at 

least the Pliocene reports should be viewed skeptically pending reevaluation; also, 

Moss et al., 2005, from the Eocene Horsefly flora).  Since 1908, when the first 

putative Ribes leaf compression was reported by Cockerell, a total of 26 unique organ 

taxon names have been proposed for leaf compressions from the United States 

assigned to Ribes, and fossil Ribes leaves have also been assigned or allied to three 

extant species, Grossularia (=Ribes) menziezii (Pursh) Coville & Britton, R. 

nevadense Kellogg, and Ribes sp. cf. R. lacustre  (Pers.) Poir. (Hannibal, 1911; 

LaMotte, 1936; Axelrod, 1966b).  Of unique organ taxon names, six were 

synonymized with other Ribes species by later authors (Wolfe and Schorn, 1990), four 

were transferred to other genera or synonymized with species in other genera (Brown, 

1937; LaMotte, 1944, 1952; MacGinitie, 1953, 1969), and at least eleven have never 

been critically reexamined (Knowlton, 1916a; Axelrod, 1944, 1958, 1966a, 1991; 

Brown, 1949; MacGinitie, 1953; Becker, 1961; Wolfe, 1964).  Leaves later assigned 

100



Table 3. Published reports (not including abstracts, theses, passing mentions in the 
body of a text, or compilations such as Knowlton, 1919; LaMotte 1944, 1952; Millar, 
1996; and Graham, 1999) of putative Ribes leaf fossils in western North America 
north of Mexico, by date of publication.  All floras are in the United States, unless 
otherwise indicated.  An asterisk (*) indicates that the name given the fossil(s) at the 
locality is that of an extant species.  A † indicates that the name was removed to 
another genus or synonymized with another taxon (within or outside of Ribes) prior to 
the present study.  A ‡ indicates that the report was only part of a taxon list, and not 
described or illustrated. 
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Author(s) Locality Species
Cockerell, 1908 Florissant flora, CO R. protomelaenum†
Hannibal, 1911 Santa Clara flora (Calazbas Canyon) & 

Portola locality, CA
G. Menziesii*

Knowlton, 1916a Fruitland flora, NM R. neomexicana
Knowlton, 1916b Florissant flora, CO R.? florissanti†
Knowlton, 1923 Creede flora, CO R. protomelaenum†
Berry, 1929 Latah flora, Brickyard, Spokane, WA R. fernquisti†
Dorf, 1930 Santa Clara flora, CA R. stanfordianum
Berry, 1931 Latah flora, Grand Coulee, WA R. fernquisti†
LaMotte, 1936 49-Camp flora, ID Ribes sp. cf. lacustre*
Smith, 1941 Thorn Creek flora, ID Ribes sp.‡
Axelrod, 1944 Oakdale flora, CA R. mehrtensis
Brown, 1949 Cachee (Cache) Valley flora, UT R. hyrumense
MacGinitie, 1953 Florissant flora, CO R. errans
Axelrod, 1956 Creede flora, CO R. creedensis
Axelrod, 1958 Verdi flora, NV R. galeana
Becker, 1961 Ruby Paper Shale flora, MT R. auratum

R. cerinum
Axelrod, 1962 Chalk Hills flora, NV R. stanfordianum
MacGinitie, 1962 Kilgore flora, NE R. infrequens
Wolfe, 1964 Stewart Valley flora, NV R. webbi

Ribes (Grossularia) sp.
Axelrod, 1966a Upper and Lower Bull Run floras, NV Ribes sp.‡

Copper Basin flora, NV R. elkoana
Salmon flora, ID Ribes sp.‡

Axelrod, 1966b Soboba flora, CA R. nevadense*
Becker, 1966 Ruby Paper Shale flora, MT R. auratum‡

R. cerinum‡
Kirkland & Anderson, 1969 Rita Blanca lake deposits flora, TX Ribes sp. ‡
Martin, 1969 Rita Blanca lake deposits flora, TX Ribes sp.
Tidwell et al., 1981 Fruitland-Kirtland floras, NM Ribes neomexicana‡
Axelrod, 1985 Eastgate flora, NV R. stanfordianum
Axelrod, 1987 Creede flora, CO R. birdseyii†

R. creedensis†
R. dissecta†
R. lacustroides
R. riogrande†
R. stevenii†
R. wasonii†
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Table 3.  (Continued)
Author(s) Locality Species
Axelrod, 1987 (cont.) Creede flora, CO R. webbi†
Wolfe & Schorn, 1989 Creede flora, CO Ribes sp. 1†‡

Ribes sp. 2†‡
R. lacustroides‡

Fields, 1990 Succor Creek flora, OR Ribes sp.‡
Wolfe & Schorn, 1990 Creede flora, CO R. lacustroides

R. obovatum
R. robinsonii

Axelrod, 1991 Buffalo Canyon flora, NV R. barrowsae
R. bonhamii
R. stanfordianum
R. webbi

Wolfe & Wehr, 1991 Republic flora, WA Ribes sp.‡
Axelrod, 1992 Pyramid flora, NV R. stanfordianum
Fields, 1992 Succor Creek flora, OR Ribes sp.‡
Wehr & Hopkins, 1994 Republic flora, WA Ribes sp.

Grossularia sp.‡
Wehr, 1995 Princeton flora, British Columbia, Canada Ribes sp.‡
Axelrod, 1996 Upper and Lower Bull Run floras, NV Ribes sp.‡

Coal Creek flora, ID Ribes sp.‡
Copper Basin flora, NV Ribes sp.‡
Cow Creek flora, ID Ribes sp.‡
Germer flora, ID Ribes sp.‡
Thunder Mountain flora, ID Ribes sp.‡

Meyer & Manchester, 1997 Bridge Creek flora, OR Ribes sp.
Axelrod, 1998 Thunder Mountain flora, ID Ribes sp.
Manchester, 2001 Florissant flora, CO R. errans‡
Meyer, 2003 Florissant flora, CO R. errans‡
Dillhoff et al., 2005 McAbee flora, British Columbia, Canada Ribes sp.‡

Princeton flora, British Columbia, Canada Ribes sp.‡
Republic flora, WA Ribes sp.‡

Greenwood et al., 2005 McAbee flora, British Columbia, Canada Ribes sp.‡
Princeton flora, British Columbia, Canada Ribes sp.‡
Republic flora, WA Ribes sp.‡
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Table 4.  Locality data for floras mentioned in the text.  Absolute ages for floras based 
on dates from the following sources (error not given, see original references), with 
ages published before 1976 recalibrated after Dalrymple (1979) and rounded to the 
nearest hundredth:  (A) Adam et al., 1983, from the Blancan NALMA, with additional 
interpretation from mammalian biostratigraphy; (AK) Anderson and Kirkland (1969), 
derived from the inferred Blancan NALMA of the sediments, recalibrated because 
original absolute ages of 3.5-1.5 were based on K/Ar dates from Evernden et al. 
(1964) for Blancan-age sediments; (Ax.1)  Axelrod (1966c), K/Ar, recalibrated from 
original dates of 49 Ma for the Thunder Mountain flora, 45.5 Ma for the Salmon flora, 
45.2 Ma for the Lower Bull Run flora, 39.9 Ma for the Copper Basin flora, and 35.2 
Ma for the Upper Bull Run flora; (Ax.2) Axelrod (1987); (Ax.3) Axelrod (1996), 
source of age not given; (Ax.4) Axelrod (1998), interpreted by Axelrod from dates 
given in Leonard and Marvin (1984) and Adams (1985); (B) Bonham (1969) K/Ar, 
recalibrated from an original date of ca. 12.8 Ma for the Chalk Hills flora and ca. 15.2 
Ma for the Pyramid flora; (Be) Absolute age range of Blancan NALMA from Bell et 
al. (2004); (D) Downing and Swisher (1993, abstract), 40Ar/39Ar; (Di) Dilhoff et al. 
(2005), K/Ar dates from Ewing (1981); (E) Evernden and James (1964), K/Ar, 
recalibrated from a K/Ar date of 16.7 Ma for the Succor Creek flora, 14.5 Ma for the 
Latah (Spokane) flora and 5.7 Ma for the Verdi flora; (Ev) Evanhoff et al. (2001), 
40Ar/39Ar; (G) Graham, 1999; (GK) Gray and Kittleman, (1967), recalibrated from 
K/Ar dates of 16.8 and 15.7 Ma from the Latah (Grand Coulee) flora and 12.1, 13, and 
13.8 Ma from the Latah (Spokane) flora; (JE) Janecke and Evans (1999) from tephra 
correlations derived from various sources (age given is for the entire Salt Lake 
Formation, not just the southern Cache Valley); (L) Lanphere (2000), 40Ar/39Ar; (Mi) 
Millar (1996), age “radiometrically confirmed,” source unknown; (MM) Meyer and 
Manchester (1997), interpreted based on 40Ar/39Ar dates from McIntosh et al. (1997) 
and unpublished sources; (Mo) Moss et al. (2005), U/Pb and K/Ar dates from different 
localities, partially based on research from Rouse and Mathewes (1961); (P) Perkins et 
al., (1998), 40Ar/39Ar dates on sub- and superadjacent tuffs; (R) Retallack et al. (2004), 
absolute age given for type Goshen flora from 40Ar/39Ar and magnetostratigraphy; (S) 
Stewart et al. (1999), tephrachronology; (SF) Schwartz and Faulds (2004), 40Ar/39Ar; 
(W) Woodburne (2004), from various sources; (Wa) Wagner (1981); (Wi) Wing, 
derived from Whitneyan NALMA (1987); (Wo) Wolfe et al. (1997), based on 
40Ar/39Ar ages given in Swisher (1992); (WW) Wolfe and Wehr (1987) as interpreted 
from K/Ar dates given in Pearson and Obradovich (1977).  For the Fruitland flora, the 
absolute age given is the entire range of the Campanian, the age of the Cretaceous to 
which the flora is assigned (Lucas, 1981, gave the Campanian relative age for the 
formation; Gradstein et al., 2004, provided the absolute age boundaries for the 
Campanian).  Absolute ages given below are not an exhaustive list of published ages, 
but in all cases the most recently calculated age found is given.  Localities are in 
approximate order from oldest to youngest.  Locality data for UCMP localities are 
from the UCMP on-line database; other locality information from specimen labels or 
original publications (cited in text).  Formation information for the Coal Creek, 
Germer, and Salmon floras is from Axelrod (1968).  Floras for which no absolute age 
was located are listed after those for which an absolute age has been determined 
within the same relative age interval.  A (p) following the name of the flora indicates 
that only Ribes pollen has been identified from that locality; pollen reports did not 
undergo a critical review for this report, and most should be viewed skeptically (see 
discussion in Millar, 1996). 
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Plate 13.  Map showing approximate locations of floras and florules listed in Table 4.  
Locations of floras after Axelrod (1968), Graham (1999), Woodburne (2004), and 
original references for each flora.  Positions of some localities, particularly for the 
flora of the Fruitland flora (Fruitland-Kirtland flora) and Nye Ione Summit flora, were 
estimated based on the county in which they were reported to occur.  Base map 
created using Online Map Creation website (Weinelt, 1996-2004). 
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to Ribes have been initially identified as Acer L. (Aceraceae Juss. or Sapindaceae 

Juss.), Holodiscus (K. Koch) Maxim. (Rosaceae Juss.), Myrica L. (Myricaceae 

Martinov), Odostemon Raf. (=Mahonia Nutt., Berberidaceae Juss.), Physocarpus 

(Camb.) Maxim. (Rosaceae), and Rubus L. (Rosaceae), whereas leaves assigned to 

Ribes have later been reassigned to Acer, Humulus L. (Cannabaceae Martinov), 

Mahonia, Viburnum L. (Adoxaceae E. Meyer or Viburnaceae Raf.), and Vitis L. 

(Vitaceae Juss.) (Cockerell, 1908; Knowlton, 1916b; Brown, 1937; LaMotte, 1944, 

1952; MacGinitie, 1953, 1969; Chaney and Axelrod, 1959; Axelrod, 1987; Wolfe and 

Schorn, 1990).  Additionally, several clearly unidentifiable fossils have been described 

and illustrated as Ribes (for instance, Axelrod, 1998, pl. 14, fig. 5), artificially 

enriching the fossil record of the genus.   

The purpose of the present study is to critically reevaluate the leaf fossil record 

of Ribes from the Cretaceous and Tertiary of western North America (no leaves have 

been reported from east of the Mississippi River in North America) north of Mexico as 

reported in publications spanning the period 1908-2005.  This comprises the vast 

majority of the published fossil record of Ribes worldwide.  All taxa that have been 

formally described and illustrated in that time period are reviewed in this report, and 

all specimens that were figured and described or discussed (but not formally named) 

are also reexamined.  Some reports made only in taxon lists are also included, though 

no attempt was made to be exhaustive in regards to reports made only in lists, and, 

inevitably, some purported occurrences are likely missing.  However, this would 

probably be the case even if an attempt had been made to be exhaustive with regard to 

lists, given the number published in various studies and obscure journals.  While many 

specimens were examined for this study, only one new taxon is named, partially in the 

interest of not complicating the fossil record of Ribes further without solid evidence 

that the specimens examined belong therein. 
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A secondary purpose of this project is to determine whether any subgenera of 

Ribes can be distinguished in the fossil record.  The ability to identify leaves to 

subgenus may be important in determining whether Ribes or particular Ribes 

subgenera originated and diversified in western North America, as recently suggested 

for subgenus Grossularia A. Richard in a study incorporating only extant taxa 

(Schultheis and Donoghue, 2004). 

 

INTRODUCTION TO SYSTEMATIC PALEONTOLOGY 

 

PHILOSOPHICAL CONSIDERATIONS 

 

 The fossil taxa considered in this paper are morphotaxa represented by 

detached leaves.  Extant Ribes taxa are generally circumscribed based on 

characteristics of the whole shrub, including leaf morphology, flower and fruit 

morphology, presence or absence of nodal spines or bristles, hairs, and the like.  

Unfortunately, not much rigorous analysis has been done to date comparing and 

contrasting the leaf characteristics of different Ribes species, though some rudimentary 

analysis was performed during the course of this study. 

 Because the fossil species named herein are based on detached leaves, they 

should not be considered equivalent to extant Ribes species.  It is possible that a single 

morphospecies may represent multiple species of Ribes in the modern, whole-plant 

sense, or vice versa.  For instance, closely related species of the section or subgenus 

Symphocalyx Berlandier are distinguished chiefly on the basis of the size of the floral 

receptacle (Berger, 1924), whereas individual Ribes species may possess several leaf 

morphotypes (Staszkiewicz, 1997).  Therefore, each leaf species named in this paper 
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should not necessarily be considered to represent a single, interbreeding population of 

plants, and no such claim is here made that they should be considered as such. 

 In this paper, Ribes leaf specimens are split into a number of categories, 

including accepted taxa, accepted reports (assigned to Ribes sp.), questionable or 

dubious taxa, taxa that are not accepted, and reports that are not accepted.  Accepted 

taxa are taxa that 1) are represented by more than one specimen and 2) have sufficient 

characters to plausibly link them to the genus Ribes.  Accepted reports are Ribes sp. 

specimens, usually one to several from a single locality, that have features that 

plausibly link them to the genus Ribes, though in some cases these links are rather 

tenuous. In contrast to the accepted taxa, the accepted reports are usually represented 

only by very partial specimens, or too few and incomplete specimens to justify naming 

a new taxon, and were not designated as types for a taxon when originally published.     

Questionable or dubious taxa are generally represented by only one specimen (or one 

specimen that could be located).  These taxa generally have the following features:  1) 

their morphological characteristics are sufficiently concordant with those of the genus 

Ribes that they cannot be decisively eliminated from the genus (though they also 

usually lack features that would decisively place them within Ribes) and 2) the 

specimen(s) representing the taxon (invariably a holotype or cotype) is complete 

enough that it could serve as the type specimen for a taxon.   Taxa that are not 

accepted are generally represented by only a one or two specimens that are so partial 

that their overall morphology cannot be clearly discerned, and they would be useless 

as a types.  Reports that are not accepted are represented by specimens that either 1) 

have features clearly discordant with the genus Ribes, 2) have insufficient features to 

plausibly link them to the genus Ribes, or 3) are completely unidentifiable, in one case 

even as a leaf.  In some cases, determining whether a taxon should be considered 

“dubious” or should be dismissed entirely or whether a report should be considered 
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credible or not was difficult, and readers may disagree with the categorization of 

several of the specimens.  Due to this, the definitive record of the genus should be 

considered to consist of the named and accepted taxa, with the accepted reports 

assigned credibility in accordance with the degree of evidence that exists for their 

placement in Ribes.  

 In addition to the above categories, sections are designated for taxa and reports 

previously removed from Ribes and for taxa and reports for which specimens could 

not be located or were not obtained.   

 

FORMAT 

 

 All taxa and reports are listed in order of age (oldest to most recent) by section 

(accepted taxa, accepted reports, dubious or questionable taxa, taxa that are not 

accepted, reports that are not accepted).  If an absolute age has not been estimated for 

a flora, it is listed following the reports for which absolute ages have been estimated 

within the same epoch (except for the Horsefly flora, which is included with the other 

Okanagan Highlands floras).   

For each taxon, synonyms are listed from oldest to most recent date of 

publication. 
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TERMINOLOGY, MEASUREMENT, AND ABBREVIATION 

 

Terminological notes 

 

For the most part, the terminology in this paper follows that of the Leaf 

Architecture Working Group (LAWG, 1999), though the rosoid-type tooth venation is 

defined after Hickey (1973) and Hickey and Wolfe (1975).  In some cases, however, 

simply referring to these systems is inadequate.   

 

Primary venation.—Primary venation is largely defined as in LAWG (1999), though 

the 25 percent guideline was found to be somewhat unhelpful in distinguishing 

primary venation from higher venation orders.  Generally, primary veins were 

considered to be the veins that emerge from the distal end of the petiole (or shortly 

above it) and proceed toward the leaf margin, regardless of thickness.  The medial 

primary vein is referred to as the medial primary or “A” vein.  The primary veins to 

the immediate left and right of the medial primary vein are the first lateral primary 

veins, C1 and B1, respectively; the primary veins second to the left and right of the 

medial primary vein are the second lateral primary veins, C2 and B2, respectively, and 

so on.  The designations A, B1, B2, C1, C2, etc., are after Stern et al. (1970), whose 

observations are discussed more fully in the “Characteristics of extant Ribes leaves” 

section.  Leaf lobes are designated in similar fashion to the primary venation pattern. 

 

Secondary venation.—Secondary veins proved more difficult to describe, as non-

costal (rib-forming) secondary venation can be highly variable within Ribes.  

Secondary venation categories are not clearly distinguished in the LAWG (1999) 

system, so the terminology used in this paper is as below: 
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Costal secondary vein:  major rib-forming secondary veins of a tooth 

that emerge from the primary veins and terminate at the leaf margin 

(either in a tooth or bifurcating at a sinus) or form loops with 

superjacent costal secondary veins, all of approximately the same 

gauge; for the purposes of this paper, does not include interior 

secondary veins (with or without spurs), composite secondary veins 

(interior secondary veins bridging a primary and a secondary vein), 

weak secondary veins, and/or intersecondary veins (all described 

below). 

Intersecondary vein:  vein with same general course as costal 

secondary, emerging from a primary vein and proceeding toward the 

leaf margin (but not necessarily reaching it), but of weaker gauge 

(intermediate in width between a costal secondary and tertiary vein) 

and intercalated among the costal secondary veins; not an important 

category in the context of Ribes leaf descriptions, but occurs 

occasionally. 

Weak secondary vein:  Vein with the same course as the costal 

secondary veins, emerging from a primary vein, but of intermediate 

gauge between the costal secondary and tertiary veins and not 

intercalated with the costal secondary veins (usually in the proximal 

part of the lamina, below the costal secondary veins) or a secondary 

vein of weaker gauge than the costal secondary veins and given off by 

one of the costal secondary veins similar to the manner in which a 

primary vein would given off a secondary.  Sometimes has a slightly 

wavering or sinuous course. 
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Interior secondary vein:  secondary vein bridging two secondary veins 

or a secondary and primary vein; not terminating at the margin. 

Interior secondary vein with spur:  convex interior secondary vein that 

has a spur vein that emerges from its apex and proceeds toward the leaf 

margin, the spur often bifurcating below a sinus to form a sinal brace 

(sub-category of interior secondary vein). 

Composite secondary vein:  type of interior secondary vein that 

connects a primary to a costal secondary vein (sub-category of interior 

secondary vein). 

 

Higher-order venation, sinal and dental braces.—Tertiary, fourth-order, fifth-order, 

marginal, freely-ending ultimate, and fimbrial venation as well as areolation is after 

LAWG (1999).  Several other types of vein patterns that LAWG (1999) does not 

define appear in this text: 

 

Sinal brace:  the venation found immediately below the sinus 

separating two leaf lobes. 

Dental brace:  the venation found immediately below the sinus 

separating two teeth.  Dental brace architecture is not discussed except 

in several instances when it is particularly distinctive. 

 

 In order to simplify the descriptions provided in the text, sinal braces are here 

categorized into seven basic types referenced in the descriptions: 

 

1. Type 1:  Costal secondary vein (usually given off by subjacent primary) 

bifurcating below the sinus (Plate 14, Fig. 1). 
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Plate 14.  Drawings showing three of the common types of sinal brace architecture in 
extant and fossil Ribes leaves.  Grey lines represent higher-order (primary or costal 
secondary) veins, and black lines represent sinal braces, usually secondary or tertiary 
veins. 
 
Figure 1—Sinal brace types 1, 2, 3. 
 
Figure 2—Sinal brace types 5, 7. 
 
Figure 3—Sinal brace types 4, 6. 
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2. Type 2:  Weak secondary vein given off by a primary vein (usually subjacent) 

bifurcating below the sinus (Plate 14, Fig. 1). 

3. Type 3:  Weak secondary vein given off by a costal secondary vein bifurcating 

below the sinus (Plate 14, Fig. 1). 

4. Type 4:  Interior secondary (usually composite) vein with apex below sinus, 

giving off weaker veins to either side of the sinus distally (Plate 14, Fig. 3). 

5. Type 5:  Interior secondary (usually composite) vein with spur, spur 

bifurcating at sinus (Plate 14, Fig. 2). 

6. Type 6:  Tertiary vein with apex at sinus and sending veins distally to either 

side of sinus (similar to Type 4, but a tertiary vein; Plate 14, Fig. 3). 

 

7. Type 7:  Tertiary vein with spur coming from apex and bifurcating below sinus 

(similar to Type 5, but a tertiary vein; Plate 14, Fig. 2). 

8. Type 8:  Other (described as necessary). 

 

Finally, it should be noted that leaf shape categories and method of determining 

shape are after LAWG (1999); this may mean that some fossils described below are 

characterized by “different” shapes than in earlier publications, but, likely, this is due 

to differences in terminology or in method of recognizing shape, though, in cases 

where more specimens are consulted for the description than in the original 

publication, more shapes may simply have been represented in the sample. 

 

Leaf Measurements 

 

Extant Taxa.—Leaf measurements for extant taxa were taken on specimens held at the 

Weigand Herbarium of the L.H. Bailey Hortorium, Department of Plant Biology, 
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Cornell University, Ithaca, New York, USA (Appendix 7).  Taxa were chosen to 

represent each of the six subgenera of Ribes as recognized by Janewski (1907; see the 

“Subgenera of Ribes” section), including Berisia Spach (1 species), Coreosma Spach 

(3 species), Grossularia A. Richard (2 species), Grossularioides Janczewski (1 

species), Parilla Janczewski (1 species), and Ribesia Berlandier (1 species).  Species 

were chosen based on the amount of material available (so that 100 leaves could be 

measured) and, in the case of R. odoratum Wendl. and R. cereum Dougl., on their 

similarity to fossil taxa.  Identifications on herbarium sheets were considered to be 

accurate unless a specimen was of obviously different morphology than the remainder 

of the specimens assigned to the same taxon.  Some error may have been introduced if 

specimens of similar morphology were assigned to the wrong taxon, though, if most 

specimens were identified correctly, this error is likely insignificant in the context of 

the present study. 

Leaves measured were fully preserved, at least in terms of full length, width, 

and morphology of the first lateral sinuses and lobes (see terminological notes).  In 

some cases, leaves that were slightly wrinkled during drying were included in the 

measurements.  All measurements were taken with a Mitytoyo Extended Tip Absolute 

Digimatic Calipers (Model No. NTD12P-6” C).  Dimensions measured include petiole 

length, petiole width at approximately the midpoint of the petiole, petiole width at the 

base (proximal end) of the petiole, leaf length (total), leaf length from the tip of the 

medial lobe to the distal end of the petiole, leaf width at the widest point of the lamina, 

distance from the distal end of the petiole to the first lateral sinus (right and left sides) 

and distance from the distal end of the petiole to the tip of the first lateral lobe (right 

and left sides).   In measuring leaf length, the calipers were held as closely as possible 

to parallel with the medial primary (A) vein of the leaf; when measuring width, as 

closely as possible to perpendicular with the medial primary vein.   
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In Ribes, as Weigend and Binder (2001:  113) point out, “Young shoots 

frequently have very large leaves (sometimes with different morphology) even in 

species with very small leaves in mature parts of the plants.”  Staszkiewisz (1997:  65) 

similarly noted in a study of Ribes leaf morphology that “The studies have revealed 

the occurrence of considerable differences in the size and shape of the spring leaves on 

short shoots and the summer leaves on long shoots.  The summer leaves were far 

longer and broader.”  Despite this, no distinction was made as to whether leaves were 

produced on short or long shoots or early or late in the year in this study, as the extant 

taxa measured are being compared to compression fossils that have detached from the 

plant that produced them, and, thus, there is no way of determining what percent of 

fossil leaves were produced on short or long shoots or in spring or summer.  Although 

separating the data into short shoot versus long shoot might have been informative in 

the context of extant Ribes species, determining variations in leaf morphology of 

extant species is not the primary goal of this study.  Furthermore, as Weigend and 

Binder (2001:  113) go on to note, “aberrant leaf sizes of young basal shoots . . . are 

rarely represented on herbarium specimens.”  And, although Staskiewicz (1997) says 

shape varies between spring and summer leaves, only two of his measurements, I) 

angle between midrib and first lateral nerve and J) basal angle, describe shape rather 

than size variables.  That said, the measurements in this study should be considered a 

rough approximation of the variation in leaf morphology encompassed in extant 

species, as they were taken to answer a series of narrowly-circumscribed questions. 

 

Fossil specimens.—Leaf measurements for fossil specimens were taken largely using 

the same procedures as for the extant taxa.  Because many fossils represent only 

partial leaves, however, measurements taken for each specimen were determined by 

the parts that were fully preserved.  For degree-of-dissection (petiole-to-sinus and 
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petiole-to-lobe measurements), only one lateral sinus and lobe were measured even if 

both were preserved to prevent the data being biased due to double measurements 

from certain specimens (this is most important in the context of the quantitative 

comparison chart, Table 5).  Measurements were also not repeated on leaf counterparts 

for the same reason, though measurements were combined from parts and counterparts 

where parts and counterparts preserved different data (for instance, if the part had the 

full petiole but the counterpart had the full lamina, each of these measurements would 

be taken from the appropriate part of the part-counterpart specimen and combined to 

characterize the single leaf). 

 

Degree-of-Dissection Calculations.—Degree-of-dissection (DOD) for fossil and 

modern leaves was calculated by dividing the measured length between the distal end 

of the petiole and the first lateral sinus by the measured length between the distal end 

of the petiole and the corresponding first lateral lobe (so, right first lateral sinus and 

right first lateral lobe, left first lateral sinus and left first lateral lobe; Plate 23, Fig. 1).  

For calculations of mean, standard deviation, and range of extant taxa, two sinus-to-

lobe ratios were calculated for each leaf, and both were used to generate descriptive 

statistics.  For fossil taxa, only one sinus-to-lobe ratio was calculated per leaf, even if 

enough of the lamina was preserved to calculate both.  This was done to avoid 

weighting the data by double-counting leaves, which, in fossil taxa with a small 

number of specimens, could have skewed the descriptive statistics. 
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Leaf Clearings 

 

Leaves from selected extant taxa (Appendix 6) were cleared using methods 

modified from Buechler (2004).  Because these methods are currently self-published 

by the author, a brief description is provided below.  Leaves from selected herbarium 

specimens of extant Ribes sp. were removed from the specimens and placed in a 10% 

solution of NaOH until the pigments were leached out and the leaves were translucent, 

anywhere from 24 hours to several weeks.  The leaves were then removed to a 20% 

bleach solution where they were allowed to soak until transparent, usually 1-3 hours.  

After removal from the bleach solution, they were soaked in distilled water for 24 

hours followed by 50% ethyl alcohol for 24 hours, after which they were stained in 

50% ethyl alcohol in which safranin had been dissolved.  Leaves were allowed to sit in 

the stain until the veins could clearly be seen against the leaf lamina.  The leaves were 

then removed to 50% ethyl alcohol for 1-24 hours, and then 100% ethyl alcohol until 

stain ceased leaching from the leaf.  Following the 100% ethyl alcohol bath, the leaves 

were mounted on transparent plastic sheets using pure cedar oil as a mounting 

medium.  Excess oil was pressed from the leaf mounts prior to images being made. 

 

IMAGING 

 

 Overall views of fossils and leaves were taken with a Sony Cybershot DSC-

F717 digital camera, with or without macro lens.  Photomicrographs were taken with 

Nikon Coolpix E5000 digital camera attached to M5 WILD (Heerbrugg) stereoscopic 

microscope using reflected light for the fossils and leaves that were not cleared and 

transmitted light for cleared leaves. 
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ACRONYMS AND LOCATIONS OF SPECIMEN REPOSITORIES 

 

 Specimens cited in this paper come from a number of repositories, listed here 

in alphabetical order by acronym: 

 

CAS:  California Academy of Sciences, San Francisco, California, USA 

SDSMT:  South Dakota School of Mines and Technology, Rapid City, South Dakota,  

USA 

SUPC:  Stanford University Paleontology Collection, Stanford University, Stanford,  

California, USA; collection removed to CAS 

SR:  Stonerose Interpretive Center, Republic, WA, USA 

UCM:  University of Colorado Museum of Natural History, Boulder, Colorado, USA 

UCMP:  University of California Museum of Paleontology, Berkeley, California, USA 

UF:  Florida Museum of Natural History, University of Florida, Gainesville, Florida,  

USA 

UIMM:  University of Idaho, Moscow, Idaho, USA 

UMMP:  University of Michigan Museum of Paleontology, Ann Arbor, Michigan,  

USA 

USNM:  National Museum of Natural History, Smithsonian Institution, Washington,  

D.C., USA 

UWBM:  Burke Museum of Natural History and Culture, University of Washington,  

Seattle, Wasington, USA 
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LEAF CHARACTERISTICS OF EXTANT RIBES 

 

 Ribes leaves are simple and petiolate.  There is some disagreement in the 

literature on Ribes as to whether species in the genus lack stipules (Berger, 1924; 

Watari, 1939; Sinnot, 1985, referring only to subgenus Grossularia; Lu and 

Alexander, 2001) or whether some species have stipules (Coville and Britton, 1908; 

Freire-Fierro, 1998, described as a “winged base” instead of “stipular”; Wiegand and 

Binder, 2001), though some of this “disagreement” may be due to the geographically 

and/or taxonomically limited nature of most treatments; there appears to be a full 

range of variation from fully estipulate to intermediate (including taxa that have 

petioles with expanded proximal ends where stipules may be considered absent or 

present but poorly developed depending on the author; see, for instance, the discussion 

under Ribes robinsonii Schorn and Wolfe in the “Accepted Taxa” section) to clearly 

stipulate (well-illustrated, for instance, by Friere-Fierro, 1998, figs. 1C, 2B; Wiegand 

and Binder, 2001, figs. 4B, 5G), where the stipules are represented by attached 

“wings” or flanges of tissue adnate to the petiole base (compare, for instance, Plate 28, 

Fig. 17, which might be considered ambiguous, with Fig. 18, which is more clearly 

stipulate).  The lamina of Ribes leaves is usually 3-, 5-, or 7-lobed, though in some 

cases a Ribes species will be characterized by unlobed leaves (for instance, R. davidii 

Franchet; Lu, 1995; Lu and Alexander, 2001) and many specimens characterized as 

having lobed leaves will occasionally produce an unlobed leaf or a leaf with an even 

number of lobes.  The degree of dissection of the leaf lamina in the genus is highly 

variable, as is the overall leaf shape, which can be elliptic, obovate, or ovate (see, for 

instance, Lu, 1995, fig. 1; also Plate 15, Figs. 1-13).   

Primary venation is actinodromous to slightly palinactinodromous and basal to 

slightly suprabasal (Plate 15, Figs. 1-13).  As described by Stern et al. (1970) in their 
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Plate 15.  Examples of the degree of morphological variation in extant Ribes leaves.  
Scale bar is 5 mm; all leaves are to the same scale.  Taxon names after specimen labels 
unless otherwise noted. 
 
Figure 1—Ribes leptanthum A. Gray, BH 405657 (cleared). 
 
Figure 2—R. rotundifolium Michx., BH S. H. Burnham (no number), June 20, 1917  

(cleared). 
 

Figure 3—R. divaricatum Dougl., BH (no collector, no number) collected August 8,  
1932 (cleared). 
 

Figure 4—R. hirtellum var. calcicola, BH Frank C. Mackener MV 506 (cleared). 
 
Figure 5—R. montigenum McClatchie, BH Carl B. Wolfe No. 3004 (cleared). 
 
Figure 6—R. velutinum Greene (labeled as R. gooddingii, a synonym according to  

Holmgren, 1997), BH J. William Thompson No. 11334 (cleared). 
 

Figure 7—R. fasiculatum var. chinense Maximowicz, BH (no collector, no number),  
Cultivated Arboretum No. 3695-1 (cleared). 

 
Figure 8—R. giraldii Janszewski, BH S. Elsik & M. Weissman No. 4397 (cleared). 
 
Figure 9—R. missouriensis Nutt., BH A. F. Berginan No. 1386 (cleared). 
 
Figure 10—R. diacanthum Pallas, BH Herbarium of the Arnold Arboretum No. 2615- 

5, collected August 10, 1918 (cleared). 
 
Figure 11—R. aureum Pursh, BH Mackleau, collected August 26-27 (cleared). 
 
Figure 12—R. indecorum Eastw., BH W. C. Wiegand & G. B. Upton No. 3429  

(cleared). 
 
Figure 13—R. lacustre (Pers.) Poir., BH LHB & EZB, Nova Scotia, No. 546 (cleared). 
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study including 34 species of Ribes leaves, the leaf primary vasculature in Ribes is 

fairly consistent.  Three veins exit the distal end of the petiole (the end of the petiole at 

the point of attachment to the lamina).  The medial vein divides the lamina in half 

lengthwise and ends in the central tooth of the central leaf lobe.  Each of the lateral 

veins divides into three or more primary veins, thickest nearest the medial primary 

vein and progressively narrower further away, the narrowest entering the most 

proximal portion of the lamina (Plate 15, Figs. 1-13; Plate 27, Figs. 2, 9; Plate 28, Fig. 

14).  The larger lateral primary veins each usually end in the central tooth of one of the 

lateral lobes.  This general pattern of primary venation in Ribes was confirmed by 

observation of cleared leaves, though sometimes less than three primary veins were 

produced lateral to each side of the medial primary, as in R. diacanthum Pallas (Plate 

15, Fig. 10).  The course of the lateral primary veins may be straight or convex, 

arching slightly so that the ends of the curve point away from the medial primary vein.  

The most basal (external) primary veins may be concave, conforming to the shape of 

the leaf base (Plate 15, Fig. 7, for instance). 

All or most primary veins in a Ribes leaf can be characterized as 

craspedodromous-type, with the primary vein proceeding on an unbranching course to 

a tooth, where each primary vein forms either a central or subsidiary vein in the 

rosoid-type tooth venation pattern (best illustrated on Plate 15, Figs. 9, 13).  Although 

the medial primary vein is always craspedodromous-type, one or more of the lateral 

primary veins might be considered of several other types, including 1) cladodromous-

type, usually with the primary vein bifurcating, one half terminating as the central vein 

of a tooth and the other dwindling to eventually become a subsidiary vein of a 

superjacent tooth, or sometimes forming conspicuous arches and then 

semicraspedodromous-type (Plate 27, Figs. 2, 9), 2) brochidodromous-type, where the 

primary vein forms loops with superjacent primary or secondary veins without giving 
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off any major spur veins to the teeth (usually only the basal-most primary veins; Plate 

15, Fig. 7), or 3) semicraspedodromous-type, where the primary vein bifurcates, one 

half forming the primary vein of a tooth, and the other looping with a superjacent 

secondary (similar to cladodromous-type, but modified to form arches) or forming 

loops with a superjacent primary or secondary vein (similar to brochidodromous-type, 

but giving off a spur; Plate 15, Fig. 8).  In the case of the cladodromous-type and 

sometimes the semicraspedodromous-type primary veins, distinguishing whether the 

primary vein bifurcates or whether it gives off a secondary vein can be difficult, and in 

some cases deciding to interpret the venation in one way or another is probably 

completely subjective, though generally these are treated as bifurcating primary veins 

in this paper. 

 Costal secondary venation in Ribes, ignoring the veins that form sinal braces, 

can be broadly categorized in one of three ways: 1)  simply craspedodromous (for 

instance, R. cereum, R. glaciale, R. gooddingii, R. indecorum, R. lacustre, R. 

leptanthem, R. missouriensis, R. sanguinem; see especially, Plate 15, Fig. 13), 2) 

semicraspedodromous-type (at least some in R. divaricatum, R. fasiculatum, R. 

giraldii; for instance, Plate 15, Fig. 7), or 3) cladodromous-type, bifurcating, with one 

half forming the central vein of a rosoid tooth and the other diminishing to form the 

subsidiary vein of a supradjacent tooth without forming conspicuous arches (Plate 27, 

Fig. 2), 4) acrodromous (Plate 27, Fig. 9).  Costal secondary veins that form sinal 

braces are usually given off by a single primary vein subjacent to the sinus; they travel 

to the superjacent sinus and bifurcate, diminishing distally to either side of the sinus.  

Secondary veins often form the braces for sinuses separating adjacent leaf lobes, and, 

less often, form the braces for dental sinuses.  Other types of sinal brace venation 

patterns are described in the Materials and Methods 
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 In some leaves, a category of secondary veins with irregular courses occurs.  

These veins may be given off by one or more primary veins or by a primary and a 

costal secondary, or one costal secondary, and are usually slightly weaker (narrower in 

width) than the costal secondary veins, but also more prominent than the tertiary veins.  

These veins generally fall into the categories mentioned in the Materials and Methods. 

 Tertiary venation is variable, often opposite percurrent in the lobed parts of the 

leaf, and opposite and/or alternate percurrent or random reticulate more proximally.  

The course of the tertiary veins varies from straight to sinuous to weakly to strongly 

convex.  Tertiary veins may form dental or sinal braces. 

 Fourth-order venation is present and regular polygonal reticulate and/or 

opposite percurrent (Plate 16, Fig. 1).  Fifth order venation, where interpreted as 

present but not freely-ending, is regular polygonal reticulate. Dental braces may be 

formed by higher order veins.  Freely-ending ultimate venation is one or more 

branched.  Marginal veins are looped (Plate 16, Fig. 2).  A fimbrial vein is absent. 

 The teeth of Ribes leaves are usually CV/CV crenations (LAWG, 1999) often 

with a slight projection at the end which gives them a characteristic shape that some 

authors refer to as “mammillate” (Brown, 1937).  In some cases, the teeth may be 

rounded with no obvious projection, or may end in a glandular hair.  The venation of 

the primary teeth is classic rosoid (Plate 15, Fig. 3), with a medial central vein ending 

in an apical foramen and two strong subsidiary veins, though sometimes the teeth 

(particularly the subsidiary teeth) lack obvious subsidiary veins and/or a well-

developed apical foramen.  Based on the observations made on Ribes leaves for this 

study (Appendices 6, 7) as well as observations made by other authors (Lu, 1995; Lu 

and Alexander, 2001), all Ribes species leaves have teeth except some leaves 

produced by members of the section Symphocalyx (R. aureum (including R. 

gracillimum), R. chihuahense, R. fontinale, and R. odoratum) which also possess other 
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Plate 16.  Magnified images showing details of Ribes leaf architecture and 
indumentum.  All specimens from BH.  Scale bars are 1 mm. 
 
Figure 1— Ribes fasiculatum var. chinense, E. J. P., Cultivated Arboretum No. 3695-1  

(cleared), showing higher-order venation pattern.  Arrow is situated on medial  
primary (A) vein and pointing apically. 

 
Figure 2—R. lacustre, LHB & EZB Nova Scotia No. 546 (cleared), showing marginal  

venation. 
 
Figure 3—R. fasiculatum var. chinense, E. J. P., Cultivated Arboretum No. 3695-1  

(cleared), showing rosoid tooth architecture. 
 
Figure 4—R. americanum, E. Wilbending, Arnold Arboretum No. 558-4-E, showing  

glandular punctuations on the abaxial leaf surface. 
 
Figure 5—R. lacustre, LHB/EZB, Nova Scotia No. 546 (cleared), showing glandular  

hairs. 
 
Figure 6—R. indecorum, W. C. Wiegand & G. B. No. Upton 3429 (cleared), showing  

glandular hairs. 
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distinctive features, as discussed below.  Teeth in Ribes may be simple or compound, 

and often simple and compound teeth are mixed on the same leaf. 

 Leaves of Ribes usually have a hairy indumentum at some stage of 

development, which may consist of unicellular bulbous-based trichomes and 

multicellular stalked capitate trichomes (glandular hairs), which may be further 

branched (Plate 16, Figs. 5-6; also, Stern et al., 1970).  Trichomes generally occur on 

the petiole and on the upper and/or lower surface of the leaf blade.  In some species, 

glandular trichomes occur prominently on the leaf margin (Stern et al., 1970; Plate 28, 

Figs. 14, 17), and, in others, trichomes may be sessile or occur in invaginations and 

the leaf lamina may appear punctate (Plate 16, Fig. 4). 

 Leaf morphology may or may not be useful in distinguishing amongst different 

species of Ribes, depending on the species being compared. 

 

DISTINGUISHING RIBES FROM SIMILAR LEAF GENERA 

 

 Despite the fact that the actinodromous/palinactinodromous primary venation 

and lobed lamina of Ribes leaves make them distinctive from most other leaf genera, 

fossil Ribes leaves have been confused with the leaves of a number of other taxa, and 

vice versa.  Ribes leaves do not overlap completely in their morphological variation 

with any of the other taxa examined for this study, though there is some morphological 

overlap with leaves of several other genera.  The simplest way to distinguish Ribes 

from other leaf genera often differs from taxon to taxon.  Below is a brief list of the 

features that may most easily distinguish Ribes leaves from other leaf genera for which 

they have been or may be confused.  This list is not necessarily exhaustive for all leaf 

genera that resemble Ribes and includes only genera that have been confused with 

Ribes leaves in the literature. 
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Acer (Aceraceae/Sapindaceae) 

 

Leaves of Acer have cunoniod teeth and are always estipulate (Hickey and 

Wolfe, 1975; Wolfe and Tanai, 1987), whereas Ribes leaves often have strongly rosoid 

teeth and may have stipules (Hickey and Wolfe, 1975; Wolfe and Schorn, 1990).  

Additionally, Ribes leaves usually have CV/CV teeth (A-1 of Hickey and Wolfe, 1975 

or CV/CV of LAWG, 1999) with a rounded or mammillate apex, whereas leaves of 

Acer are often not CV/CV (Wolfe and Tanai, 1987; Wolfe and Schorn, 1990).   

 Only one plausible case of Acer and Ribes being confused was documented by 

Wolfe and Schorn (1990), who synonymized the taxon A. riogrande Axelrod with R. 

lacustroides Axelrod.  Chaney and Axelrod (1959) also suggested that a leaf assigned 

to Ribes sp. cf. lacustre by LaMotte (1936) belongs in Acer bolanderi, but this 

assignment should be reexamined. 

 According to Wolfe and Schorn (1990), in Acer, the most apical lateral 

primary veins (the B1 and C1) parallel or slightly converge with the secondary veins 

given off the medial primary (A) vein, whereas in Ribes the most apical lateral 

primary veins can diverge markedly from the course of the medial secondary veins; 

however, based on descriptions and illustrations of fossil Acer leaves provided in 

Wolfe and Tanai (1987) that indicate that the apical lateral primary veins can diverge 

from the secondary veins, this character should be dismissed as useful for 

distinguishing the taxa. 

 An example of an Acer leaf is shown on Plate 17, Fig. 11. 
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Plate 17.  Examples of extant genera mistaken for Ribes or for which Ribes has been 
mistaken in the fossil record.  Figures 2-9 are ca. 80 percent actual size.  Scale bar is 
10 mm and applies to figures 10-12, which are ca. 40 percent actual size. 
 
Figure 1—Detail of stellate hairs on the abaxial surface of a leaf of Physocarpus  

opuifolius (L.) Raf., BH Stewart H. Burnham (no number) May 28, 1911 
(cleared); scale is 1 mm.   
 

Figure 2—Physocarpus opulifolius (L.) Raf., BH Stewart H. Burnham (no number)  
May 28, 1911 (cleared).  

 
Figure 3—Physcarpus malvaceous (Greene) Kuntze, BH Richard R. Halse No. 1425  

(cleared).   
 
Figure 4—Physocarpus monogynous (Torrey) Coulter, BH K.M. & M.C. Wiegand  

No. 959 (cleared).  
 
Figure 5—Viburnum acerifolium L., BH J.R. Churchill (no number) May 23, 1899. 
 
Figure 6—Rubus thyrsanthus Focke v. subvelutinus Lindeb., BH Hj. Hylander (no  

number) 16/7, 9/8 1948. 
 
Figure 7—Holodiscus discolor (Pursch) Maxim., BH H. Rhodes No. 6467 (cleared).  
 
Figure 8—Vitis baileyana Munson, BH (no collector, no number) Experimental  

Station, Geneva, NY, 12 Sept. 1933 (cleared). 
 
Figure 9—Myrica pensylvanica Mirbel, BH Scott LaGreca No. 1028. 
 
Figure 10—Humulus lupulus L., BH W.C. Muenscher & Babette I. Brown No. 21859. 
 
Figure 11—Acer pensylvanicum L., BH M.C. Wiegand No. 2770. 
 
Figure 12—Mahonia bealei (Fort.) Carr., BH C.T. White No. 8516. 
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Holodiscus (Rosaceae) 

 

Holodiscus are unlobed leaves with pinnate primary venation, which should 

make them readily distinguishable from most leaves of Ribes, which are usually 3-7-

lobed leaves with actinodromous or palinactinodromous venation (Schorn, 1998).  

Wolfe and Schorn (1990) mention that, while Holodiscus leaves are stipulate, the 

stipules are deciduous, so that fossil Holodiscus leaves should appear estipulate, 

whereas Ribes leaves may be estipulate or possess non-deciduous stipules. 

 Two species of Ribes fossil leaves have also been assigned to Holodiscus, R. 

auratum Becker and R. obovatum Schorn and Wolfe, both by Axelrod (1987).  Both 

are here maintained in Ribes, the former with some reservations.  As mentioned by 

Schorn (1998), the fossil record of Holodiscus is sparse. 

 An example of a Holodiscus leaf is shown on Plate 17, Fig. 7. 

 

Humulus L. (Cannabaceae) 

 

The holotype of Ribes protomelaenum Cockerell (Fig.) may belong within 

Humulus florissantella (Plate 32, Fig. 8), though the assignment is not certain at this 

time (Cockerell, 1908; MacGinitie, 1953; MacGinitie, 1969; Manchester, 2001).  

Other than this possible single instance, which involved the poorly preserved holotype 

of R. protomelaenum (USNM 40769a is shown in Plate 32, Fig. 8), no other plausible 

instances of Ribes being confused with Humulus have been recorded, and it is unlikely 

that these taxa will be confused with one another in the future, as they are not 

particularly similar other than having palmate venation and lobation. 

An example of a Humulus leaf is shown on Plate 17, Fig. 10. 
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Mahonia (Berberidaceae) 

 

Leaves of Mahonia are compound with pinnate or palmate venation and 

spinose teeth (Wolfe and Schorn, 1990).  Ribes and Mahonia (as Odostemon 

marginata) have been confused only once, by Axelrod (1956, who reassigned the leaf 

figured as Odostemon by Knowlton, 1923, pl. 43, fig. 7, USNM 36532).  Since the 

leaves of these two taxa are not particularly similar, this is one of the stranger cases of 

misidentification.  Knowlton (1923:  189-190) himself described leaves of Odostemon 

(=Mahonia) as follows:  “They [Odostemon] are unarmed shrubs with pinnately 

compound spinose-toothed evergreen leaves.”  Axelrod (1987) later transferred 

USNM 36532 back to Mahonia, though he claimed the illustration of the specimen 

made it look like Acer.  A more detailed discussion of the taxanomic transfers 

involving this specimen is given in the “Additional notes” following Ribes 

lacustroides. 

An example of a Mahonia leaf is shown on Plate 17, Fig. 12. 

 

Myrica (Myricaceae) 

 

 Leaves of plants within the family Myricaceae have pinnate primary venation 

(Tahktajan, 1997).  A specimen assigned to Myrica (Lesquereux, 1883) was used to 

erect a new species, Ribes(?) florissanti, by Knowlton (1916b) solely on the basis of a 

drawing of a specimen provided by Lesquereux (Lesquereux, 1883, pl. 25, fig. 13).  

For a more detailed discussion of this transfer (and the later transfer of R.(?) florissanti 

out of Ribes), see Ribes(?) florissanti in the section on previously invalidated taxa. 

 An example of a Myrica leaf is shown on Plate 17, Fig. 9. 
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Physocarpus (Rosaceae) 

 

Physocarpus, a genus of about 10 species (Mabberly, 1997), may be the most 

difficult to distinguish from certain Ribes species leaves on the basis of morphology 

alone, and, though the overlap in leaf morphology between the two genera is limited, it 

is problematic where it occurs.  Physocarpus, like Ribes, have lobed leaves, usually 

with 3-5 lobes; however, immature leaves may be unlobed (Robertson, 1974).  

Usually, the central lobe of Physocarpus leaves is larger than the lateral lobes 

(Robertson, 1974), a characteristic that occurs in some extant Ribes species leaves 

(see, for instance, illustration in Lu, 1995).   

Physocarpus leaves are usually palinactinodromous with linear, deciduous 

stipules (Robertson, 1974; Wolfe and Schorn, 1990), which distinguishes them from 

Ribes leaves that are fully stipulate, stipulate leaves having an expanded leaf base 

which is non-deciduous.  Physocarpus leaves have five petiole traces, whereas Ribes 

has only three (Stern et al., 1970; Robertson, 1974). 

Only one fossil Ribes taxon has definitely been confused with Physocarpus, R. 

robinsonii Schorn and Wolfe (Axelrod, 1987; Wolfe and Schorn, 1990).  While Wolfe 

and Schorn pointed out that R. robinsonii has fully actinodromous primary venation, 

distinguishing it from Physocarpus, examination of a cleared specimen of P. 

opulifolius demonstrated that Physocarpus is not a strictly palinactinodromous taxon 

(Plate 17, Fig. 2).  In either case, a more obvious characteristic might be the presence 

of flat-topped hairs on the petiole of at least one R. robinsonii leaf specimen, and 

possible glandular punctuations on the lamina.  Simple and glandular hairs are 

common in Ribes, while simple and stellate hairs occur in Physocarpus (Plate 17, Fig. 

1). 

Examples of Physocarpus leaves are shown on Plate 17, Figs. 2-4.   
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Rubus (Rosaceae) and general Rosaceae 

 

Wolfe and Schorn (1990) suggested that the main difference between Ribes 

leaves and actinodromous leaves of Rosaceae that look like Ribes is the venation of 

the teeth, the rosoid teeth in Rosaceae being more weakly developed, with subsidiary 

veins that fail to reach the apical foramen or with the apical foramen absent.   

Other than Holodiscus and Physocarpus, the only other taxon in Rosaceae for 

which Ribes has been confused in the fossil record is Rubus, as Rubus creedensis 

Axelrod (1987).  Wolfe and Schorn (1990) synonymized Rubus creedensis with Ribes 

lacustroides, obstensibly because the specimens assigned to Rubus had strongly rosoid 

teeth and morphology indistinguishable from R. lacustroides. 

An example of a Rubus leaf is shown on Plate 17, Fig. 6. 

 

Viburnum (Adoxaceae/Virburnaceae) 

 

Viburnum species can have pinnate or palmately-veined, simple, lobed or 

unlobed leaves which are short-petiolate, with petioles from several millimeters to ca. 

2.5 cm in length, the petiole rarely more than one-fourth the length of the leaf lamina 

(Takhtajan, 1997; Manchester et al., 1999).  Ribes leaf petioles vary in length, though 

are often more one-half of the length of the leaf lamina (Plate 15, Figs. 1-13).   

 One fossil Ribes leaf taxon, R. fernquisti Knowlton, has been transferred to 

Viburnum ribesiforme (Brown, 1937; LaMotte, 1944, 1952).  However, although 

Brown supported his transfer of R. fernquisti out of Ribes using leaf morphological 

characters, his transfer of the species to Viburnum needs to be reinvestigated as it 

amounts to “picture-matching.”  Neither of the specimens of V. ribesiforme examined 
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for this study, nor the third specimen figured by Brown (1946, pl. 56, fig. 2) have their 

petioles preserved.  However, V. ribesiforme has blunt, broad teeth that tend toward 

being ST/ST and costal secondary venation that is concave; while concave secondary 

venation occurs occasionally in select Ribes taxa (see Ribes subgenera section below), 

generally the secondary venation is more or less straight and the teeth CV/CV.  Also, 

compound teeth appear to be lacking in V. ribesiforme, whereas they are often present 

on Ribes leaves. 

 An example of a Viburnum leaf can be see on Plate 17, Fig. 5. 

 

Vitis L. (Vitaceae) 

 

Wolfe and Schorn suggested that Vitis leaves can be distinguished from Ribes 

on the basis of their tooth shape, teeth of Vitaceae being “broad A-1, D-1, or D-4 

serrations” and those of Ribes are crenationa (Hickey and Wolfe, 1975).  They further 

note that Vitis leaves typically do not have subsidiary teeth, whereas Ribes leaves may 

have subsidiary teeth. 

 Additionally, the lateral primary veins in Vitis may be strongly curving toward 

the midvein whereas they are straight to curving slightly away from the midvein in 

Ribes (Plate 17, Fig. 8).  Furthermore, the secondary veins may be arching inward in 

Vitis, whereas in Ribes they usually curve only at the point of origination from the 

primary if at all and then proceed on a more or less straight course to the margin (Plate 

17, Fig. 8).  Finally, in the specimen of Vitis cleared for this study, the lateral primary 

veins do not appear to narrow as markedly progressively away from the midvein as in 

Ribes (Plate 17, Fig. 8), and they are fewer (two to each side of the medial primary as 

opposed to often three or more in Ribes). 
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 The first fossil Ribes taxon named, R. protomelaenum Cockerell, was 

transferred to Vitis by Sanborn (1947), who cited MacGinitie, personal 

communication, as recognizing its holotype as conspecific with Vitis florissantella 

Cockerell (MacGinitie, 1953).  Additionally, Ribes? florissanti Knowlton was 

removed to V. florissantella by MacGinitie (1953).  One leaf identified as V. 

florissantella was later transferred to Humulus (MacGinitie, 1969), and other 

specimens of V. florissantella may belong in Humulus (Manchester, 2001), so it is 

unclear at this time if this really represents an instance of Vitis being mistaken for 

Ribes. 

 

SUBGENERA OF RIBES 

 

Janczewski (1907), whose taxonomy is arguably one of the most influential on 

the genus Ribes, divided the genus into six subgenera, Berisia (Sections Davidia 

Janczewski, Diacantha Janczewski, and Euberisa Janczewski), Coreosma (Sections 

Calobotrya Spach, Cerophyllum Spach, Eucoreosma Janczewski, Fargesia Janzewski, 

Heritiera Janczewski, Microsperma Janczewski, and Symphocalyx Berlandier), 

Grossularia (Sections Eugrossularia Engler and Robsonia Berlandier), 

Grossularioides, Parilla (Sections Andina Janczewski, Euparilla Janczewski, and 

Hemibotrya Janczewski), and Ribesia.  A number of other workers (e.g., Endlicher, 

1839; Spach, 1835; Engler, 1891, 1930; Coville and Britton, 1908; Berger, 1924), 

have also proposed subgeneric and sectional classifications of Ribes, and/or have 

proposed splitting Ribes into multiple genera.  One of the simpler ways of splitting 

Ribes is to recognize only two taxa, Grossularia, the gooseberries, and Ribes, the 

currants, at either the subgeneric or generic level, the taxa differentiated by the jointed 

pedicel and disarticulation of the fruit from the pedicel in the currants but not the 
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gooseberries, and on the presence of nodal spines and bristles in the gooseberries 

which are usually absent in the currants (Coville and Britton, 1908; Berger, 1924; 

Rehder, 1940).  A history of the classification of the genus Ribes can be found in 

Sinnot (1985).  For the purposes of this paper, the subgenera and section names will 

follow Janczewski (1907) unless otherwise indicated; other recent papers follow 

various authors, including Janczewski (Weigend et al., 2002), Berger (Senters and 

Soltis, 2003), and Sinnot (1985) with modifications (Messinger et al., 1999; Schultheis 

and Donoghue, 2004).  For the purposes of the discussion below, the particular system 

used does not make a great difference, as Grossularia and Symphocalyx are relatively 

consistent in content, whether recognized at the genus, subgenus, or section level.  

However, Janczewski (1907) provides the most comprehensive coverage of the genus 

in general, though many of the more recently-named species and later species-level 

revisions are, of course, lacking. 

It is only very recently that cladistic and molecular techniques have been 

applied to the problem of delimiting separate species groups within the genus Ribes 

and to determining whether Ribes and Grossularia should be recognized as separate 

genera.  To date, four papers utilizing analyses of molecular data have focused on 

relationships within the genus Ribes, those by Messinger et al. (1999), Weigend et al. 

(2002), Senters and Soltis (2003), and Schultheis and Donoghue (2004).  While 

infrageneric species relationships have not completely stabilized on the basis of these 

analyses, it is clear from these studies that Grossularia should not be recognized as a 

genus separate from Ribes. It is still somewhat unclear as to whether Grossularia is a 

monophyletic clade within Ribes, though generally the molecular analyses seem to 

suggest this (Schultheis and Donoghue, 2004), as do the morphological characters 

mentioned above. 
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While Weigend et al. (2002) used morphological and anatomical features to 

characterize subgenera found in their molecular analysis, to date no classification 

relies on leaf morphological characters as an important factor in recognizing 

subgenera; classifications conceived before the widespread use of molecular 

techniques favor floral and fruit characters (for instance, Berger, 1924), as do new 

subgeneric circumscriptions based on molecular and morphological data proposed by 

Messinger et al. (1999).  However, there have been indications in the literature on 

extant Ribes that leaf characters may be important.  For instance, Weigend and Binder 

(2001:  116) wrote:  “Leaf morphology provides an important set of characters, 

especially at species and species group level.”   

 

Grossularia 

 

The state of flux in the infrageneric classification of extant Ribes makes it 

difficult to approach the problem of finding diagnostic leaf characters for 

distinguishing different infrageneric groups, since the groups are undefined and there 

is, as yet, no emerging consensus as to what they should be although molecular 

systematic studies are becoming progressively more thorough in terms of taxon and 

character sampling.  However, both morphological and molecular characters appear to 

indicate that subgenus Grossularia is monophyletic.  Subgenus Grossularia is also the 

only one that has been explicitly proposed for fossil leaves (though several authors 

have referred to leaves as representing “currant,” which could imply of affinity with 

one of the subgenera other than Grossularia, and authors have also suggested affinities 

between particular fossils and extant taxa outside of Grossularia).  Wehr (1995) 

suggested that Grossularia exists within the Eocene Princeton flora, though made no 

formal description of the leaf representing Grossularia.  Hannibal (1911) assigned 
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Pliocene fossils to the extant taxon Grossularia menziesii based on their purported 

similarity to leaves of extant R. menziesii Pursh (subgenus Grossularia).  Axelrod 

(1958) likened his leaf taxon R. galeana to extant R. roezlii, and considered the fossil 

a gooseberry.  Wolfe (1964), the only author who justified his classification with leaf 

characters, assigned a Miocene leaf fossil to Ribes (Grossularia) sp., considering it 

referable to Grossularia because it is deeply incised with compound serrations (not 

due to serration and venation features, as suggested by Schultheis and Donoghue, 

2004).  Highly incised leaves have also been mentioned by Weigend et al. (2002) as 

characterizing subgenus Grossularia, though Weigend et al. (2002) indicated that 

deeply incised leaves occur in subgenus Parilla as well. 

Because subgenus Grossularia is plausibly monophyletic based on 

morphological features (as well as some molecular analyses), and because it has been 

proposed for fossil leaf specimens based on specific characters, data were gathered to 

determine whether degree of leaf dissection and/or presence of compound serrations 

can be used to distinguish the gooseberries from the remainder of Ribes, since these 

characters have been proposed as distinguishing the subgenus. 

Representatives of all six subgenera of Ribes were measured for degree of leaf 

dissection (DOD, see Materials and Methods for explanation; examples of leaves of 

species measured shown in Plates 18 and 19), including three species from Coreosma, 

two species of Grossularia, and one each from Berisia, Grossularioides, Parilla, and 

Ribesia.  The data on degree of leaf dissection (Table 5) indicate that leaves of 

members of subgenus Grossularia are not, on average, markedly more dissected than 

those of species within other subgenera, for instance R. americanum Mill. (Coreosma), 

R. glandulosum Grauer (Parilla), and R. lacustre (Grossularioides).  The two species 

of Grossularia included in the measurements, R. cynosbati L. and R. hirtellum Michx., 

had a mean DOD of 0.66 (range:  0.49-0.83; sd:  0.07) and 0.62 (range:  0.41-0.79; sd:  
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Plate 18.  Examples of leaves of Ribes taxa measured for degree-of-dissection 
calculations.  Specimen numbers given in order as specimens are featured on the plate 
from left to right.  All specimens are from BH.  All leaves ca. 80 percent actual size. 
 
R. alpinum:  (No collector) Herbarium of the Arnold Arboretum No. 6611; D.  

Michener, S. Burke, & A. Shuhler No. 600; Wettstein No. 3674; P. Roren (no  
 number), collected 4 June 1897; (No collector, no number), collected August  

14, 1924, New York Agricultural Experiment Station, Geneva, NY Garden 
Herbarium; H.L.J. Rhodes No. 4C26; W.L.G. Edson (no number), collected 
July 22, 1923. 

 
R. americanum: BH 402744; S. Elsik & M. Weissman No. 4414. 
 
R. triste:  BH 386959. 
 
R. cereum: K.M. & M.C. Wiegand No. 829; G.M. Merrill (no number), collected April  

12, 1922; M.C. Wiegand and G.B. Upton No. 3434; Herbarium of W.A. Henry  
(no number), collected 12-7-75; A.A. and E. Gertrude Heller No. 2936; C.F. 
Baker, F.S. Earle, & S.M. Tracy No. 1120; W.C. Muenscher and M.W. 
Muenscher No. 11687; C.L. Hitchcock & C.V. Muhlick 12046. 

 
R. cynosbati:  BH 382839; S.J. Smith No. 1184; Herbarium of L.H. Bailey No. 7572;  

F.C. Stewart (no number), collected July 15, 1892 (fruiting specimen); 
Herbarium of L.H. Bailey (no number), May 18, 1918 (Ithaca, NY); David D. 
Taylor No. 3898. 
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Plate 19. Examples of leaves of Ribes taxa measured for degree-of-dissection 
calculations.  Specimen numbers given in order as specimens are featured on the plate 
from left to right.  All specimens are from BH.  All leaves are ca. 80 percent actual 
size. 
 
R. glanulosum: Dr. J.H. Sandberg No. 415; Willard W. Eggleston No. 2675; Ellys T.  

Moldenke & Harold N. Moldenke No. 9515; BH 374577; G.E. Butz No. 955. 
 
R. hirtellum:  Stewart H. Burnham (no number), collected May 10, 1897; Anne E.  

Perkins (no number), collected Sept. 17, 1932; J.B. Moyle No. 88; (No 
collector, no number) Milton, Vermont, collected July 9, 1896; N.C. Fassett 
No. 8409; L.H.B. (no number), collected August 8, 1932; M.L. Fernald & 
K.M. Wiegand (assisted by E.B. Barton & H.T. Darlington) No. 5524; A.J. 
Eames & F.P. Metcalf No. 8240. 

 
R. lacustre: BH 374819; M.L. Fernald & K.M. Wiegand (assisted by E.B. Barton &  

H.T. Darlington) No. 6586; A. Gershoy (no number) June 7, 1918; W.C. 
Muenscher, C.L. Wilson, & A.S. Foster No. 15572; Jean S. Harper No. 153; 
Bassett Maguire, A.G. Richards, & Ruth Maguire No. 4158. 

 
R. odoratum:  G.H.M. Lawrence No. P616; #FRW 535; BH 420074; Aven Nelson No.  

2127; D. Erskine No. 1768; G.M. Merrill (no number), collected Oct 11, 1921; 
Stewart H. Burnham (no number), collected May 1900. 
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Table 5.  Summary of measurements of fossil and extant Ribes leaves.  Subgenus and 
section names for extant species given after Janczewski (1907).  Subgenus and section 
classifications for fossil taxa are hypothesized based on evidence discussed in the text.  
For each measurement or ratio, a full range is given, as well as the mean (AVG), 
standard deviation (SD), and the total number of leaves the measurements are based 
on.  Measurements and ratios include total length (“Length” or “L”), length from the 
tip of the medial lobe to the distal end of the petiole (“Length to Petiole” or “L to P”), 
total width (“Width” or “W”), ratio of length to width (“Length:Width” or “L:W”), 
and degree of dissection (“DOD”).  For DOD, the difference between the highest and 
lowest values is also listed (the “Difference” column). 
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0.07), respectively.  R. lacustre (Pers.) Poir. (Grossularioides) had the most dissected 

leaves on average, with mean DOD 0.41 (range:  0.23-0.68; sd:  0.09) and R. 

glandulosum (Parilla) had the second most dissected leaves on average, with mean 

DOD 0.58 (range:  0.40-0.80; sd:  0.07).  R. americanum (Coreosma) has the same 

average DOD as R. cynosbati, 0.66 (range:  0.33-0.89; sd:  0.09).  R. alpinum 

(Berisia), R. cereum (Coreosma), R. odoratum (Coreosma), and R. triste Pall. 

(Ribesia) are all less dissected, on average, than R. cynosbati (DOD>0.66).  

Compound teeth were common on leaves of members of all subgenera, though they 

were more common in some species than others. 

Although the sample sizes for these measurements are rather small (100 leaves 

and 200 ratios per taxon, save R. triste, which had fewer), the data are suggestive that 

DOD cannot be used to determine whether a leaf does or does not represent subgenus 

Grossularia.  Given the extreme dissection of R. lacustre, it might be worth exploring 

this character more for subgenus Grossularioides or perhaps Parilla, though it seems 

somewhat doubtful based on this dataset that strict and exclusive quantitative limits 

for DOD delimiting certain subgenera will emerge. 

 

Symphocalyx 

 

Even cursory examination of cleared leaves and herbarium specimens of Ribes 

for this paper indicates that one section of subgenus Coreosma, Symphocalyx, can be 

recognized on the basis of leaves alone.  Symphocalyx (the golden currants) is a taxon 

erected by Berlandier in 1826 and encompassing about four species, R. aureum 

(including R. gracillimum after Hickman, 1993), R. chihuahense, R. fontinale, and R. 

odoratum, that occur in the northwestern and central United States to northern Mexico 

(Coville and Britton, 1908; Berger, 1924; Hickman, 1993).  R. odoratum is also found 
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in China, though it was introduced there through cultivation (Lu, 1995; Lu and 

Alexander, 2001).  Berger considered the species of Symphocalyx very closely allied 

to one another.  They are not necessarily easily distinguished, as the species are 

differentiated primarily on the size of the floral receptacle (Berger, 1924). 

Particularly characteristic within the species of Symphocalyx is the secondary 

venation.  In many cases, the first pair of secondary veins arises at an acute angle in 

the proximal half of each leaf lobe and curves markedly upward, paralleling the course 

of the primary vein from which they arise, either on a straight or slightly diverging 

course, or arching slightly away from, then back towards, the primary vein, so that the 

secondary veins might be characterized as acrodromous.  The secondary veins often 

bifurcate and dwindle markedly toward their distal ends.  Also, there are few pairs 

(usually one to two) of secondary veins in each lobe.  This, along with the 

concentration of the few, often rounded teeth to the distal ends of the lobes (and, at 

times, complete absence of teeth in extant specimens), gives the leaves their 

characteristic appearance (Plate 15, Fig. 11; Plate 19; Plate 27, Figs. 2, 9).  (It should 

be noted, however, that leaves on long shoots of some specimens approach the 

“typical” Ribes leaf in appearance; see Plate 19 for an example of variation in R. 

odoratum.)  Comparison of leaves of R. aureum and R. odoratum to those of other 

extant Ribes species (Plates 15, 18, 19) suggests that the Symphocaylx-type leaf, with 

its unique secondary venation and entire or nearly entire margin, is unique within 

Ribes to the section Symphocalyx.  Other Ribes species generally have straight to 

slightly curving secondary veins with a course that progresses steadily away from the 

primary vein from which they emerge and that do not bifurcate and dwindle distally, 

and more marginal teeth that are not so conspicuously concentrated distally on the 

lamina (Plate 15, Figs. 1-10, 12, 13; Plates 18-19, not including R. odoratum). 
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 Unfortunately, not much recent systematic research has focused on section 

Symphocalyx, so the relative significance of this finding cannot be fully ascertained at 

this time.  Other than morphological characters, chloroplast restriction-site studies 

(Messinger et al., 1999) and some cladistic analyses utilizing molecular sequence data 

(Schultheis and Donoghue, 2004) suggest that the golden currants are a monophyletic 

group, though sampling within Symphocalyx has been poor, encompassing at most two 

of the ca. four species of the subgenus in any one study, with only R. aureum included 

in Senters and Soltis (2003) and with species of Symphocalyx used to root the tree in 

Weigend et al. (2002).  The position of Symphocalyx within Ribes is currently 

equivocal; analysis of psbA-trnH sequence data and combined analysis of ETS and 

psbA-trnH sequence data suggest a basal position for species of Symphocalyx within 

Ribes (Schultheis and Donoghue, 2004), but analyses based on other datasets have 

generally suggested more derived positions (Messinger et al., 1999; Senters and Soltis, 

2003; Schultheis and Donoghue, 2004).   
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SYSTEMATIC PALEONTOLOGY 

 

ACCEPTED TAXA 

 

Division MAGNOLIOPHYTA 

Order  SAXIFRAGALES 

Family GROSSULARIACEAE A.-P. de Candolle 1805 

Genus RIBES L. 1753 

 

Upper and Lower Bull Run floras, Eocene 

 

Ribes axelrodii, new species 

 

Plate 20, Figs. 1-13 

 

Ribes sp.  Axelrod, 1966a, p. 47-48. 

Ribes sp.  Axelrod, 1996, p. 88-89. 

 

Diagnosis.—Leaf simple, estipulate, lamina elliptic (ovate, oblong, to slightly 

obovate), with 3-7 lobes, base rounded to truncate to cordate, lobe apices straight to 

convex, primary venation actindromous to slightly palinactinodromous, costal 

secondary venation craspedodromous, course of lateral secondary veins straight to 

concave toward the base and then straightening, teeth crenate, CV/CV, simple and 

compound, 1 subsidiary tooth per compound tooth, teeth not concentrated toward the 

distal ends of the lobes, dental braces not formed by extrasecondary vein loops. 
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Plate 20.  Ribes axelrodii new species.  Figures 1-7 ca. 80 percent actual size.   
 
Figure 1—UCMP 399033 (paratype), Loc. UCMP PA779.   
 
Figure 2—UCMP 399029 (paratype), Loc. UCMP PA780.   
 
Figure 3—UCMP 399036, UCMP PA785.   
 
Figure 4—UCMP 399032 (holotype), Loc. UCMP PA781.   
 
Figure 5—UCMP 399028, Loc. UCMP PA780. 
 
Figure 6—UCMP 399031, Loc. UCMP PA780. 
 
Figure 7—UCMP 399030 (paratype), Loc. UCMP PA780. 
 
Figure 8—UCMP 399032, (holotype), Loc. UCMP PA781, detail of lamina; scale is 5  

mm. 
 
Figure 9—UCMP 399030 (paratype), Loc. UCMP PA780, detail of petiole showing  

three traces, scale is 1 mm. 
 
Figure 10— UCMP 399032, (holotype), Loc. UCMP PA781, detail of tooth showing  

rosoid venation; scale is 1 mm. 
 
Figure 11— UCMP 399032, (holotype), Loc. UCMP PA781, detail of tooth showing  

rosoid venation; scale is 1 mm. 
 
Figure 12—UCMP 399030 (paratype), Loc. UCMP PA780, detail of lamina, scale is 5  

mm. 
 
Figure 13— UCMP 399032, (holotype), Loc. UCMP PA781, detail of base of lamina  

showing primary and higher-order venation; scale is 1 mm. 
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Description.—Leaf simple, petiole to 15.0-15.5 mm long x 0.50-0.80 mm in width, 

the base up to ca. 1.85 mm in width, glabrous, leaf traces three; estipulate (though 

proximal end may be slightly dilated); lamina with ca. 3-7 lobes, elliptic (ovate, 

oblong, to sl. obovate), base rounded to truncate to cordate, lobe apices straight to 

convex, lamina 9.5-19.5 mm in length (10.5-19.5 mm from the tip of the medial lobe 

to the distal end of the petiole) x 11.0-18.0 mm in width, glabrous; DOD 0.43-0.48; 

primary venation actinodromous to slightly palinactinodromous, primary veins up to 

8, lateral veins convex to straight to slightly concave (basal veins, where the lamina 

base is rounded), craspedodromous, basal veins also brochidodromous; costal 

secondary venation arising at acute angles from the midvein, craspedodromous, 

course straight or concave at the base and then straightening distally, at least 4 

diverging from the medial primary vein (A), ca. 4 from the first lateral primary veins 

(B1, C1), and up to ca. 2 from the second lateral primary veins (B2, C2); other types 

of secondary veins can include weak secondary veins given off from the lateral 

primary or costal secondary veins; tertiary venation opposite percurrent and convex; 

fourth-order venation polygonal reticulate; fifth-order venation apparently 

dichotomizing; degree of areolation moderately to well-developed; freely-ending 

ultimate venation one-or-more-branched; marginal veins looped; fimbrial vein 

unknown; sinal braces types 1, 2, but mostly obscure; leaf margins crenate, teeth not 

concentrated at the distal ends of the lobes, shape CV/CV, apex rounded or 

mammillate to extended mamillate, teeth simple and compound with up to one 

subsidiary tooth per compound tooth, tooth venation strongly rosoid. 

 

Holotype.—UCMP 399032 (part-counterpart, locality UCMP PA781) 
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Paratypes.—UCMP 399033; Specimens with part and counterpart.—UCMP 399029 

(P-CP); 399030 (P-CP) 

 

Other material examined.—UCMP 399031; Specimens with part and counterpart:  

399028 (P-CP); 399034 (P-CP); 399036 (P-CP) 

 

Occurrence.—Lower Bull Run flora UCMP PA779 (I-L Summit locality) and PA780 

(Cat (Gulch) locality); Upper Bull Run flora UCMP PA781 (Bluff locality), PA784 

(Benchmark locality), PA785 (Swale locality) (Plate 13; Table 4).  See Axelrod 

(1966a, 1968, 1996) for further information. 

 

Discussion.—Specimens from the Bull Run floras have been mentioned by Axelrod in 

taxon lists in several publications, including one on the Copper Basin flora (Axelrod, 

1966a) and one on upland Eocene forests in the western United States (Axelrod, 

1996).  Despite mentioning the Bull Run floras in several publications, and indicating 

that extensive collections had been made from them (Axelrod, 1996:  82, indicates that 

12,000 specimens from these floras were counted in the field), the Bull Run floras 

have not received a formal systematic treatment. 

 A total of eight leaves from the Bull Run floras could plausibly be assigned to 

Ribes (Plate 20, Figs. 1-7).  The description of the leaves can stand more or less 

without comment.  Most higher-order venation characters were based on the holotype, 

UCMP 399032, and the paratype, UCMP 399033, two of the better-preserved 

specimens from these localities (Plate 20, Figs. 1, 4, 8-11, 13).  These leaves have 

characteristics that are concordant with the genus Ribes, including that they are 

palmately-lobed and –veined with craspedodromous secondary venation and strongly 

rosoid, CV/CV rounded to mammillate teeth (Plate 20, Figs. 8, 10, 11, 12).  They are 
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also somewhat similar to Physocarpus, though at least one specimen, UCMP 399030, 

has three petiole traces (Plate 20, Fig. 9), whereas Physocarpus is reported as having 

five (Robertson, 1974).  These leaves were named as a new taxon rather than a report 

because they are represented by multiple complete or nearly complete specimens and, 

therefore, there were sufficient characteristics present on which to produce a detailed 

species description.  A summary of the descriptive statistics for this taxon is provided 

in Table 5. 

 Axelrod (1966a) indicated that six florules make up the Bull Run floras, three 

the Lower Bull Run flora and three the Upper Bull Run flora; he later indicated 

(Axelrod, 1996) that there are ten localities comprising the Bull Run floras, three 

localities (localities 1-3) comprising the Lower Bull Run flora and seven (localities 4-

10) the Upper Bull Run flora.  In consulting the UCMP on-line collections database 

(2005), it was found that locality UCMP PA779 is equivalent to Axelrod’s locality 2 

and UCMP PA780 is equivalent to Axelrod’s locality 3, making them both part of the 

Lower Bull Run flora.  UCMP PA781 is equivalent to Axelrod’s locality 4, UCMP 

PA784 to Axelrod’s locality 7, and UCMP PA785 to Axelrod’s locality 8, making 

them part of the Upper Bull Run flora.  All localities are part of the I-L Formation, 

except UCMP PA785, which is in the Chicken Creek Formation.  Notably, this means 

that five leaf compressions are from Lower Bull Run and three from Upper Bull Run.  

It is unclear from Axelrod’s reports of the Bull Run floras whether they should be 

treated together or separately.  Axelrod (1966a, 1996) made separate taxon lists for 

each flora, though sometimes discussed them as a unit (for instance, in discussing the 

age of the floras in Axelrod, 1966a:  48). 

 The best specimen from the Bull Run floras happens to be from Upper Bull 

Run, UCMP 399032 at locality UCMP PA781; therefore, it was named as the 

holotype.  Other specimens from Lower Bull Run with similar morphology were 
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considered paratypes.  Highly incomplete specimens or specimens with somewhat 

divergent morphology were not typified, hopefully avoiding difficulties if they are 

later to be transferred. 

 

Creede flora, Oligocene 

 

R. lacustroides (Axelrod, 1987) 

 

Plate 21, Figs. 1-23; Plate 22, Figs. 1-5 

 

Ribes protomelaenum Cockerell.  Knowlton, 1923, p. 188-189, pl. 42, figs. 5-9.   

(USNM 36521-36525) 

Vitis florissantella Cockerell.  Knowlton, 1923, p. 189, pl. 42, fig. 4.  (USNM 36520) 

Ribes protomelaenum Cockerell.  LaMotte, 1944, p. 272, in part.  (USNM 36521- 

36525; cited as Knowlton 1923, pl. 42, figs. 5-9) 

Vitis florissantella Cockerell.  LaMotte, 1944, 319, in part.  (USNM 36520; cited as  

Knowlton, 1923, pl 42, fig. 4) 

Vitis florissantella Cockerell.  Sanborn, 1947, p. 26, in part.  (USNM 36520-36525;  

cited as Knowlton, 1923, pl. 42, figs. 4-9) 

Vitis florissantella Cockerell.  LaMotte, 1952, 308, 356, in part.  (USNM 36520- 

36525; cited as Knowlton, 1923, pl. 42, figs. 4-9) 

Ribes creedensis Axelrod, 1956, p. 293-295, nomen nudum. 

Ribes birdseyii Axelrod, 1987, p. 115-116, pl. 32, figs. 7-9. 

Ribes creedensis Axelrod, 1987, p. 116-117, pl. 28, figs. 12-13. 

Ribes dissecta Axelrod, 1987, p. 117-118, pl. 24, figs. 14-15, pl. 25, fig. 10. 

Ribes lacustroides Axelrod, 1987, p. 118, pl. 24, figs. 16-18. 
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Plate 21.  Ribes lacustroides Axelrod.  All figures ca. 80 percent actual size.  
 
Figure 1—UCMP 396065, Loc. UCMP 574a.   
 
Figure 2—UCMP 7632, Loc. UCMP 571a.   
 
Figure 3—USNM 526227, Loc. USGS 6198 or 7242?   
 
Figure 4—UCMP  7600, Loc. UCMP 574c.   
 
Figure 5—UCMP 7621, Loc. UCMP 574.   
 
Figure 6—UCMP 7578, Loc. UCMP 571a.   
 
Figure 7—UCMP 7620 (paratype), Loc. UCMP 572a.   
 
Figure 8—UCMP 7625, Loc. 574a.   
 
Figure 9—UCMP 7615, Loc. UCMP 571a.   
 
Figure 10—UCMP 7633, Loc. UCMP 571a.   
 
Figure 11—USNM 526232, Loc. USGS 6198 or 7242?   
 
Figure 12—UCMP 7594 (holotype), Loc. UCMP .   
 
Figure 13—UCMP 7599, Loc. UCMP 571a.   
 
Figure 14—UCMP 7626, Loc. UCMP 574.   
 
Figure 15—UCMP 7602, Loc. UCMP 573a.   
 
Figure 16—UCMP 411176, Loc. UCMP P379.   
 
Figure 17—UCM 27389, Loc. UCM 84001.   
 
Figure 18—UMMP 15410 (1 of 6 specimens with this number), locality given as  

Creede, CO.   
 
Figure 19—UCM 34066, Loc. UCM 84001.   
 
Figure 20—USNM 36525, Loc. USGS 7242.   
 
Figure 21—USNM 526237, Loc. USGS 6198 or 7242?   
 
Figure 22—UCMP 7629, Loc. UCMP 571b.    
 
Figure 23—USNM 36524, USGS 7242. 
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Plate 22.  Ribes lacustroides Axelrod. 
 
Figure 1—UCMP 7618, Loc. UCMP P379, showing glandular punctuations on  

lamina; scale is 1 mm. 
 
Figure 2—UCMP 7584, Loc. UCMP 573b, showing glandular hairs on petiole; scale  

is 1 mm. 
 
Figure 3—UCMP 7621, Loc. UCMP 574, showing three petiole traces; scale is 1 mm. 
 
Figure 4—UCMP 7614, Loc. UCMP 574a, showing stipulate petiole (arrow);  

specimen is ca. 80 percent actual size. 
 
Figure 5—UCMP 7625, Loc. UCMP 574a, detail of higher-order venation (arrow is  

situated on the medial primary or A vein and is point apically); scale is 1 mm. 
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Ribes riogrande Axelrod, 1987, p. 119-120, pl. 25, figs. 11-13. 

Ribes stevenii Axelrod, 1987, p. 120, pl. 25, figs. 1-6. 

Ribes wasonii Axelrod, 1987, p. 121, pl. 25, fig. 9. 

Ribes webbii [sic] Wolfe.  Axelrod, 1987, p. 121-122, pl. 25, figs. 7, 8.  (UCMP 7632- 

7635) 

Rubus riogrande Axelrod, 1987, p. 137-138, pl. 31, fig. 1. 

Acer riogrande Axelrod, 1987, p. 141-142, pl. 32, fig. 10. 

Ribes lacustroides Axelrod.  Wolfe and Schorn, 1989, p. 197. 

Ribes lacustroides Axelrod.  Wolfe and Schorn, 1990, p. 20-22, pl. 5, figs. 6, 7, 10, 11,  

 pl. 6, figs. 1-17. 

Ribes lacustroides Axelrod.  Graham, 1999, p. 221. 

 

Diagnosis.—Leaf simple, stipulate, lamina elliptic (ovate, oblong) with 3-7 lobes, base 

cordate (rounded, truncate), lobe apices straight (convex, rounded, truncate), primary 

venation actinodromous to slightly palinactinodromous, costal secondary venation 

craspedodromous, course of secondary veins straight to convex, teeth CV/CV 

(ST/CV), simple and compound, 1-2 subsidiary teeth per compound tooth, teeth not 

concentrated toward the distal ends of the lobes, dental braces not formed by 

extrasecondary vein loops. 

 

Emended description.—Leaf simple, petiole 3.5-26.5 mm in length x 0.3-1.5 mm in 

width at the median point of the petiole and 0.5-3.5 mm in width at the most proximal 

point of the petiole, indumentum of glandular hairs, leaf traces three; stipulate, stipule 

more or less developed as expansion of the proximal end of the petiole; lamina with 

three to seven lobes, shape elliptic (ovate, oblong), base cordate (rounded, truncate), 

lobe apex shape straight (convex to rounded to nearly truncate) and lobes often 
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angular, lamina 7.0-58.0 mm in length (5.5-53.0 mm from tip of the medial lobe of the 

lamina to distal end of the petiole) x 8.0-51.0 mm in width, glandular punctate; DOD 

0.16-0.78; primary venation actinodromous to slightly palinactinodromous, primary 

veins ca. (5-)7-9, craspedodromous, lateral primary veins straight to convex, costal 

secondary venation craspedodromous, secondary veins diverging at acute angles 

from primary veins, ca. 6-12 diverging from medial primary vein, up to 11 from first 

lateral primary veins, and up to ca. 6 from second lateral primary veins, course more 

or less straight; other secondary veins include interior secondary veins and weak 

secondary veins, usually associated with the sinuses; tertiary venation opposite 

percurrent or opposite and alternate percurrent, course of tertiary veins convex to 

straight; fourth-order venation polygonal reticulate, areole-forming; fifth-order 

venation polygonal reticulate and areole-forming and/or freely-ending; areolation 

moderately-to-well developed; freely-ending ultimate venation one- or more-

branched; marginal veins looped; fimbrial vein absent; sinal braces primarily types 

1 and /or 2; leaf margins more or less crenate, tooth shape CV/CV (ST/CV), apices 

rounded (acute, mammillate), teeth simple and compound, compound teeth with one 

or two subsidiary teeth, tooth venation rosoid. 

 

Holotype.—UCMP 7594 

 

Paratypes.—UCMP 7585-7589, 7591, 7593, 7595, 7596, 7598, 7601, 7606, 7609, 

7620; specimens with part and counterpart:  UCMP 7590 (part-counterpart); 7592 

(counterpart to UCMP 7600) 

 

Other material examined.—UCM 27388, 34066 (2 specimens, not part-counterpart); 

UCMP 7576, 7578, 7579, 7580, 7582, 7583, 7594, 7597, 7599, 7610-7613, 7617-
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7619, 7623-7627, 7630, 7632-7836, 396001, 396003, 396005, 396007-396011, 

396013-396015, 396017, 396019, 396022-396025, 396027-396029, 396031, 

396032, 396036, 396038, 396045, 396046, 396048-396050, 396052-396054, 

396058-396060, 396065, 396068, 396069, 396072-396076; UMMP 15410 (6 

specimens, none part-counterpart), 73708-73710; USNM 36520-36524, 410967-

410969, 410972, 410973, 411042, 411043, 411045-411047, 411049, 411105, 

411106, 411115, 411167, 411171-411174, 411176, 411199, 411200, 411201, 

526219, 526221-526223, 526226-526231, 526233, 526234, 526237-526245; 

Specimens with part & counterpart.—UCM 27389 & 34065; UCMP 7577 & 7584; 

UCMP 7581 & USNM 411170; UCMP 7600 (counterpart to paratype UCMP 7592); 

UCMP 7602 & USNM 411116; UCMP 7603 & USNM 411117; UCMP 7604 & 7614; 

UCMP 7605 (P-CP); UCMP 7607 & 7628; UCMP 7608 & 7622; UCMP 7615 (P-

CP); UCMP 7616 (P-CP); UCMP 7621 & USNM 411048; UCMP 7629 & USNM 

411175; UCMP 7631 (part-counterpart); UCMP 7820 & USNM 526220; UCMP 

396004 (P-CP); UCMP 396020 (P-CP); UCMP 396026 & USNM 411202; UCMP 

396034 (P-CP); UCMP 396035 (P-CP); UCMP 396039 (P-CP); UCMP 396042 (P-

CP); UCMP 396051 (P-CP); UCMP 396061 (P-CP); UCMP 396062 (P-CP); UCMP 

396063 & USNM 411041; UCMP 396066 (P-CP); UCMP 396044 & USNM 411104; 

UCMP 396067 (P-CP); UCMP 396070 (P-CP); USNM 36525 & 526236; USNM 

410970 & 410971; USNM 411044 & 411050; USNM 526224 & 526232; USNM 

526225 & 526235 

 

Occurrence.—UCM 84001; UCMP 571, 5-Mile Bridge General I; 571a, 5-Mile 

Bridge A; 571b, 5-Mile Bridge B; 572, Dry Gulch General I; 572a, Dry Gulch A; 

572b, Dry Gulch B; 572c, Dry Gulch C; 572d, Dry Gulch D; 572e, Dry Gulch E; 572f, 

Dry Gulch F; 573, Wason Cliffs General; 573a, Wason Cliffs A; 573b, Wason Cliffs 
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B; 573d, Wason Cliffs D; 574, Birdsey Gulch General; 574a, Birdsey Gulch A; 574c, 

Birdsey Gulch C; UCMP P379, 5-Mile Bridge General II; P620; P681 (=572d); P682; 

P683 (=571b); P685, Dry Gulch General II (=571b); P985, Creede General; UMMP 

D3-10; USGS 6198; USGS 7242, Sevenmile Creek Bridge and north end of Lake 

Saint Maria. Creede flora (Plate 13; Table 4).  See Axelrod (1987) for geographic and 

stratigraphic context of the Creede flora.   

 

Discussion.—Axelrod originally applied the name R. lacustroides to three- to five-

lobed ovate leaves from the Creede Flora of Colorado.  Axelrod (1987:  118) stated 

that “This species is readily separated from others in the flora by the long middle lobe, 

simple, rounded teeth and deeply cleft lobes separated by narrow sinuses.”  The name 

R. lacustroides was in reference to the extant species R. lacustre (see Plate 13, Fig. 13 

and Plate 18 for examples of extant R. lacustre), widespread in western North 

America, which Axelrod (1987) felt bore resemblance to the fossils.   

 In their revision of the Creede Flora, Wolfe and Schorn (1990) synonymized 

six species of Ribes erected by Axelrod (1987) for specimens from the Creede flora—

R. birdseyii, R. creedensis, R. dissecta, R. riogrande, R. stevenii, and R. wasonii—with 

R. lacustroides and also placed leaves from Creede that Axelrod (1987) assigned to R. 

webbi Wolfe in R. lacustroides.  In addition, they included leaves assigned to Acer 

riogrande Axelrod 1987 and Rubus riogrande Axelrod 1987 within Ribes 

lacustroides.  Wolfe and Schorne (1990) pointed out that while Axelrod differentiated 

his Creede Ribes species “by degree of laminar dissection, whether the major teeth 

have subsidiary teeth, and relative rounding of the lobes and teeth,” these characters 

were not sufficient to distinguish multiple taxa among his Ribes specimens.  Wolfe 

and Schorn demonstrated, for instance, that the degree-of-dissection calculation 

(measured as the ratio of the length of the first lateral sinus to the distal end of the 
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petiole to the length of the first lateral lobe from its tip to the distal end of the petiole; 

Plate 23, Fig. 1) for Axelrod’s Creede specimens showed a normal distribution and 

that Ribes leaves from the Creede flora form a transitional series from least to most 

dissected with no obvious gaps (Wolfe and Schorn, 1990, p. 21, fig. 10, and pl. 6, figs. 

1-17).   

 The description provided in this study is similar to that provided by Wolfe and 

Schorn (1990).  The dimensions of leaves of this taxon as noted by Wolfe and Schorn 

are 10-35 mm x 12-80 mm compared to 7.0-58.0 mm x 8.0-51.0 mm here.  The 

differences, particularly the maximum width of 80 mm versus 58.0 mm, are not easily 

explained, since nearly the same suite of specimens was examined for both studies.  

Because only specimens whose complete width was preserved were used to define the 

width of R. lacustroides leaves for this study, the maximum width may be slightly 

underestimated, though even incomplete specimens do not approach an estimated 80 

mm in width.  Furthermore, the maximum length cited by Wolfe and Schorn is clearly 

too low (see, for instance, Plate 20, Figs. 20, 23).  Wolfe and Schorn characterized R. 

lacustroides as having five primary veins; while only five veins are preserved on many 

specimens, often there are seven, and up to nine were observed on several specimens.  

Also, the maximum number of secondary veins emerging from the lateral primaries 

cited in this study is higher than noted by Wolfe and Schorn.  Wolfe and Schorn also 

did not note the glandular punctuations (Plate 22, Fig. 1), glandular hairs (Plate 22, 

Fig. 2), or three-trace petioles (Plate 22, Fig. 3) of R. lacustroides leaves.  An example 

of a stipule (Plate 22, Fig. 4) and the best example of higher-order venation in this 

taxon (Plate 22, Fig. 5) are also illustrated.  While most leaves of R. lacustroides 

(Plate 22) may appear estipulate, many have petioles that lack their most proximal 

ends.  Fully-preserved petioles often have a distinctly dilated proximal end (Plate 21, 

especially Figs. 3, 9, 10; Plate 22, Fig. 4), so the taxon is here described as stipulate, 
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although it is possible there is some variation in this character among leaves of R. 

lacustroides. 

 Re-examination of leaf specimens from Creede generally supports Wolfe and 

Schorn’s conclusions, insofar as R. lacustroides leaves cannot be decisively separated 

into multiple taxa on the basis of qualitative features or simple quantitative analysis (a 

series of leaves is given on Plate 21, Figs. 1-23, to show the continuity in size and 

degree of dissection of R. lacustroides leaves).  A reanalysis of the degree of 

dissection of R. lacustroides leaves using Wolfe and Schorn’s “A” and “B” 

measurements (p. 21, fig. 10; also Plate 23, Fig. 1 in this paper and detailed above; see 

Materials and Methods for a detailed description of how the data were gathered and 

treated) to generate sinus-to-lobe ratios resulted in a histogram with the same shape as 

they produced, with a single peak and a slight left-skew (Plate 23, Fig. 3).  Curiously, 

however, only 94 specimens (Appendix 8) were identified in this study on which the 

appropriate measurements could be taken to generate the histogram (out of a total of 

183 leaves examined in this study) as opposed to the 181 specimens that Wolfe and 

Schorn indicated they used to generate their histogram (some unnumbered specimens 

at USNM were not measured for this study, which may have been used by Wolfe and 

Schorn).  Also, the peak of the histogram found in the present study lies is the 0.50-

0.59 range, with the total range of sinus-to-lobe ratios falling between 0.10-0.19 to 

0.70-0.79 (Plate 23, Fig. 3), whereas in Wolfe and Schorn’s study, the peak of the 

histogram falls in the 0.60-0.70 range, with a total sinus-to-lobe ratio distribution of 

0.00-0.10 to 0.90-1.0.  In examining specimens of R. lacustroides for this study, 16 

separated parts and counterparts were identified (some previously unnumbered), and 

these were each counted as only a single leaf for the purposes of taking measurements.  

This may account for some difference in the two histograms, provided Wolfe and 
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Plate 23.  Histograms and scatterplots summarizing Ribes lacustroides degree-of-
dissection measurements. 
 
Figure 1—Specimen of R. lacustroides showing how degree-of- dissection 

measurements were taken (black lines). 
 
Figure 2—Scatterplot of Ribes degree-of-dissection measurements with the sinus- 

to-petiole length on the x-axis and the lobe-to-petiole length on the y-axis.  All 
measurements in mm.  The gray squares represent seven highly dissected 
leaves whose measurements make up the leftmost three bars of the histogram 
in Plate 23, Figure 4. 

 
Figure 3—Histogram of percent frequency of degree-of-dissection ratios of Ribes  

lacustorides specimens.  X-axis intervals each encompass a range of 0.10. 
 

Figure 4— Histogram of percent frequency of degree-of-dissection ratios of Ribes  
lacustorides specimens.  X-axis intervals each encompass a range of 0.05. 
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Schorn did not recognize these separated parts, though does not account for the total 

difference in specimen numbers cited or the peaks of the histograms.   

 Breaking the categories of the histogram into intervals of 0.05 rather than 0.10 

produces another interesting result:  a second smaller peak between 0.15 and 0.24 that 

represents six highly dissected leaves (Plate 23, Fig. 4).  Another highly dissected leaf 

is represented in the valley between the two peaks of the histogram (0.25-0.29 

interval).   

 Wolfe and Schorn (1990:  21) argued in their discussion of R. lacustroides that 

the degree-of-dissection (DOD) histogram for the fossil leaves “represents a normal, if 

somewhat skewed, distribution for a single species.”  Although the DOD frequency 

histogram generated for R. lacustroides in both this paper and that of Wolfe and 

Schorn (1990) does have a relatively normal distribution (whether using the 0.05- or 

0.10-interval categories), the shapes of frequency histograms generated by combining 

data for multiple extant species indicates that frequency histograms of DOD may or 

may not be a useful way of distinguishing whether leaves of different Ribes species 

are present, depending on the structure of the underlying data and the amount of 

divergence between mean DOD’s.  Plate 24 shows histograms generated from 

combining 200 DOD ratios each for two species (for a total of 400 ratios, except in the 

case of R. triste, for which there were only 104 ratios, and the total number of ratios 

for the species combined is 304) superimposed over the DOD ratios for each species 

graphed separately.  Comparing the shapes of the histograms on Plate 24 and taking 

into consideration the mean DOD values given in Table 5, several conclusions can be 

drawn:  1) where the mean DOD for two taxa is the same or similar, the histogram 

generated when the two of them are combined will resemble a normal distribution 

(Plate 24, Figs. 3, 4); 2) where the mean DOD for two taxa is slightly divergent (Plate 

24, Figs. 1, 5, 7), the resulting histogram will be flatter and broader than for scenario 
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Plate 24.  Histograms showing percent frequency of degree-of-dissection ratios 
(expressed as the sinus:lobe ratio of each of the first lateral sinuses to the first lateral 
lobes) of leaves of extant Ribes specimens.  The x-axes represent sinus-to-lobe ratio 
intervals and range from 0.20-0.99 on all histograms with intervals of 0.05; the y-axes 
represent the percent frequency of each sinus-to-lobe ratio category and range from 0-
35 percent on all histograms with 5 percent intervals.  Each graph shows the histogram 
for the measurements from the species combined (stippled bars) superimposed over 
histograms for each individual species graphed separately (solid gray bars, species 
indicated in the legend to the right of each histogram). Specimens measured to 
generate histograms are listed by species in Appendix 7. 
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1, but will likely still have only a single peak; 3) where the mean DOD is very 

divergent or the peaks for the individual taxa are very strong (Plate 24, Figs. 2, 6), the 

distribution may become bimodal.  Introducing complications, such as including more 

than two taxa when constructing the histogram, may affect the shapes of the 

histograms in a number of ways.  For instance, combining data from three taxa such as 

R. cynosbati, R. hirtellum, and R. lacustre in equal proportions yields a difficult-to-

interpret histogram with a strong left-skew and a single high peak (Plate 24, Fig. 8).  

Also of note, it might be possible for data from one taxon to completely obscure data 

from another if the sample sizes are sufficiently different and the undersampled taxon 

falls within the range of variation of the well-represented one.  The upshot of this is 

that the relatively normal distribution of the DOD histogram for R. lacustroides is not 

very strong evidence that it represents only a single species in the sense that extant 

Ribes species are delimited today, though it may bolster the argument that, in the 

absence of other distinctive features, R. lacustroides should be considered a single 

morphospecies.  A summary of descriptive statistics for R. lacustroides can be found 

in Table 5. 

 Wolfe and Schorn (1990) envisioned R. lacustroides as a single, highly 

variable taxon and suggested that it may have given rise by canalization to two or 

more species, whereas Axelrod (1987) envisioned R. lacustroides as eight separate 

Ribes species and related them to various extant species of Ribes.  The conclusion of 

the present author is that, while R. lacustroides should be maintained as a single 

morphotaxon, there is no compelling reason to consider it a single species in the sense 

that extant species of Ribes are conceptualized.  Despite the fact that the leaves do 

show continuous variation, the small secondary peak and valley in the 0.15-0.19, 0.20-

0.24, and 0.25-0.29 intervals of the DOD histogram may be significant (Plate 23, Fig. 

4), although, in general, the findings detailed above suggest that generating a 

179



histogram is not necessarily an efficient way of discriminating among leaves of 

separate species of Ribes.  Illustrating the DOD data for R. lacustroides another way, 

as a scatterplot, shows that the specimens representing the secondary peak may form a 

separate group (Plate 23, Fig. 2, the specimens in the secondary peak plus the highly 

dissected specimen in the 0.25-0.29 interval valley represented as gray squares), 

though the evidence for this is currently rather weak.  If nothing else, the illustrations 

the histograms in Plate 24, provide, perhaps, a convincing illustration for why 

taxonomists have largely ignored quantitative leaf characters in circumscribing Ribes 

leaf species (other than the large amount of work involved in order to collect the data). 

The argument that R. lacustroides is an ancient species with uncanalized 

morphology that could have given rise to descendent taxa with divergent morphology, 

therefore, seems somewhat specious, as there is no compelling evidence to consider R. 

lacustroides a single, interbreeding species; while the argument put forth by Wolfe 

and Schorn (1990) is one possible scenario, R. lacustroides could also represent 

multiple, separate, but not easily distinguished whole-plant species of Ribes rather 

than a single, variable, population of the same species. 

The name Ribes lacustroides was recently applied by Fields (1996:  438) in his 

doctoral dissertation to putative Ribes leaves from the Miocene Succor Creek flora of 

Oregon (see Table4 for more information on the Succor Creek flora).   The leaves 

were not illustrated, but, according to Fields (1996), they consist of two partial 

specimens.  The leaves were not examined for this study and the attribution to R. 

lacustroides should be considered tentative until the specimens are illustrated and a 

discussion provided. 

 

Additional notes.—Some additional notes need to be made here concerning the 

nomenclature and specimen information on R. lacustroides from Creede: 
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1)  Specimens of R. lacustroides figured by Knowlton (1923) as R. protomelaenum are 

all listed under Vitis florissantella rather than Ribes protomelaenum in Lamotte’s 

(1952) Catalogue of Cenozoic Plants of North America through 1950, who followed 

Sanborn’s treatment of the specimens from Creede (1947), who in turn cited 

MacGinitie, personal communication, for recognizing that V. florissantella and R. 

protomelaenum from the Florissant flora represent the same taxon.  However, 

MacGinitie (1953) did not consider the Creede leaves assigned to R. protomelaenum 

or Vitis florissantella by Knowlton (1923) to be within V. florissantella, though he did 

consider the fossils described by Sanborn (1947:  26, pl. 8, figs. 1-3) from the Scio 

flora of Oregon as Vitis florissantella. 

 

2)  In their discussion of nomenclature in the 1990 revision of the Creede flora, Wolfe 

and Schorn did not address the application of the name R. creedensis prior to 1987, 

which would, at first glance, appear to give the epithet creedensis priority over 

lacustroides.  However, although the name R. creedensis was applied to the Creede R. 

lacustroides leaves in 1956, prior to application of the name R. lacustroides, the rules 

of the ICBN will allow the name R. lacustroides to stand without a special petition to 

conserve it. In erecting the taxon Mahonia creedensis, Axelrod (1956:  293-295) 

synonymized Odostemon marginata (Lesquereux) Knowlton 1923 with M. creedensis, 

save for one specimen, Knowlton (1923) pl. 43, fig. 7 (USNM 36532), which Axelrod 

thought to be Ribes.  Axelrod pointed out, however, the Ribes species R. 

protomelaenum Cockerell 1908 erected for Ribes-type leaves of the Florissant flora 

and applied to Ribes leaves of the Creede flora had been synonymized with Vitis 

florissantella Cockerell 1908 by MacGinitie (1953; though, of course, Sanborn was 

the first to synonymize these taxa in print, as discussed above), who recognized the 
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type specimen of R. protomelaenum as a leaf of Vitis (though it may now belong in 

Humulus; MacGinitie, 1962; Manchester, 2001).  Axelrod therefore erected the name 

R. creedensis in 1956 to include the specimen of O. marginata mentioned above, as 

well as the other figured specimens assigned to R. protomelaenum from the Creede 

flora (Knowlton, 1923, pl. 42, figs. 4-9, as cited by Axelrod, 1956; however, pl. 42 fig. 

4 features a specimen that Knowlton had placed in Vitis florissantella, though Axelrod 

did not point this out).  He did not, however, designate a holotype or provide a 

diagnosis or description for R. creedensis, and the name R. creedensis Axelrod 1956 is 

thus illegitimate (see a similar discussion pertaining to the taxon Mahonia creedensis 

Axelrod 1956 in Wolfe and Schorn, 1990:  17-18).  Despite this, Axelrod cited the 

name R. creedensis in publications on the Chalk Hills flora (Axelrod, 1962:  234) and 

the Copper Basin flora (1966:  71) as though it were legitimate. 

 In his 1987 revision of the Creede flora, Axelrod again coined the name R. 

creedensis for Ribes leaves, this time incorporating only two specimens, a newly 

designated holotype, UCM 27391, and a paratype, UCM 27398, neither of which are 

specimens figured by Knowlton (1923) and included in R. creedensis Axelrod 1956. 

He also did not mention Axelrod (1956) in Axelrod (1987) and presented the name R. 

creedensis as a new species in Axelrod (1987).  Oddly, he designated three of the 

specimens that he originally included in R. creedensis Axelrod 1956 as both the 

lectotype (USNM 36524) and paratypes (USNM 36523, 36525) of two different new 

species, R. riogrande Axelrod 1987 and R. stevenii Axelrod 1987, and he partially 

synonymized R. protomelaenum as applied to the Creede flora (Knowlton, 1923, pl. 

42, figs. 7-9) with R. riogrande.  He distributed the other specimens of R. creedensis 

Axelrod 1956 as follows:  Knowlton (1923), plate 42, fig. 4 (USNM 36520), “is a 

Ribes and may represent R. dissecta of this report, but is so poorly preserved that it is 

best rejected” (Axelrod, 1987:  119); Knowlton (1923), plate 42, figure 5 (USNM 

182



36521) “could be referred to R. stevenii Axelrod, though it is so poorly preserved it 

cannot stand as a type and is therefore rejected” (Axelrod, 1987:  119); Knowlton 

(1923), plate 42, figure 6 (USNM 36522), possibly R. lacustriodes, but, “the margin is 

incomplete, so the specimen is therefore rejected” (Axelrod, 1987:  119).  Although he 

had included Knowlton (1923), plate 43, fig. 7 (USNM 36532) in R. creedensis in 

1956, Axelrod did not address its placement in his discussion of Ribes in 1987.  

However, in his discussion of Mahonia creedensis, he (Axelrod, 1987:  113) wrote 

“Finally, one specimen of Mahonia (Odostemon) figured by Knowlton (1923, pl. 43, 

fig. 7) is incorrectly illustrated.  As retouched, it might be considered a leaf of Acer 

(cf. neomexicanum Greene).  Examination shows that it is a portion of a Mahonia leaf, 

with 3 leaflets preserved.”  Wolfe and Schorn (1990) maintained this specimen in 

Mahonia, though applied the epithet aceroides because the name M. creedensis 

Axelrod 1956 was illegitimate (Wolfe and Schorn, 1990:  17-18) and the type of 

Sterculia aceroides Knowlton from the Creede flora was determined to be Mahonia, 

so this specimen was used to typify Mahonia aceroides (Knowlton) Schorn and 

Wolfe. 

R. creedensis Axelrod 1987 was synonymized with R. lacustroides Axelrod 

1987 in 1990 by Wolfe and Schorn, who favored the name R. lacustroides because 

this taxon had the best suite of types of the Ribes taxa erected by Axelrod in 1987 

(except, according to Wolfe and Schorn, R. stevenii Axelrod 1987, which was 

removed from contention because it had become a junior synonym of R. riogrande 

Axelrod 1987 when both taxa were assigned the same specimen as their lectotype), 

and synonymized with R. lacustroides by Wolfe and Schorn (1990).  Because R. 

creedensis Axelrod 1956 is illegitimate, and because R. creedensis was proposed as a 

new species with a type in 1987, the name R. creedensis does not have priority over R. 

lacustroides, and the name R. lacustroides can be allowed to stand.  Incidentally, 
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Wolfe and Schorn never explicitly dealt with the USNM specimens that Axelrod 

rejected; though they did not include them in the list of types (either holo-, para-, or 

hypo-) in their treatment of R. lacustroides, they did include the figures of the 

specimens in their synonymy list for R. lacustroides (Wolfe and Schorn, 1990:  21).  

The specimens are explicitly restored here, though not as types.  It should be noted 

that these specimens are, admittedly, poorly preserved. 

 

3)  Wolfe and Schorn (1990) synonymized Acer riogrande Axelrod and Rubus 

riogrande Axelrod with Ribes lacustroides.  In revising the Ribes of the Creede flora, 

they were unable to locate the single specimen representing A. riogrande at UCMP.  

This specimen has been located for the present study.  It was originally left 

unnumbered (though Axelrod gave the specimen number as UCMP 7860); its 

counterpart, USNM 526220, has also been located.   

 

4)  UCMP 8599 was the number given for one of the paratypes of R. lacustroides 

(Axelrod, 1987; Wolfe and Schorn, 1990).  UCMP 8599 may be a typo for the 

intended paratype UCMP 7599, but, since the specimen was not figured, it is 

impossible to be certain.  The catalog number UCMP 8599 actually refers to a 

specimen assigned to Quercus dayana from the Buelah locality of Oregon (UCMP on-

line collections database, 2004). 

 

5)  Some of the figure captions for Wolfe and Schorn (1990) plate 6, are incorrect; 

namely, fig. 4 is UCMP 7606, fig. 7 is UCMP 7614, fig. 8 is UCMP 7602, fig. 9 is 

UCMP 7603, and fig. 13 is UCMP 7621, rather than UCMP 7594, 7603, 7614, 7602, 

and 7608, respectively.  Also of note, R. lacustroides in plate 5, fig. 11, is unlabelled; 

the caption for fig. 11 should be Hypotype UCM 34066. 

184



 

6)  Graham (1999:  220-221) listed both the treatments of Axelrod (1987) and Wolfe 

and Schorn (1990) in discussing the Creede flora.  However, since he followed the 

treatment of Wolfe and Schorn (1990) in characterizing the vegetation of the flora, the 

taxonomy of the flora as given by Axelrod in Graham (1999, Table 6.12) was not 

given in the synonymy list.  This is also true for R. obovatum and R. robinsonii below. 

 

R. obovatum (Schorn and Wolfe, 1990) 

 

Plate 25, Figs. 1-7 

 

Holodiscus harneyensis (Arnold) Axelrod.  Axelrod, 1987, p. 130 (in part, but not pl.  

30, figs. 1-4). 

Ribes sp. 2.  Wolfe and Schorn, 1989, p. 197. 

R. obovatum Schorn and Wolfe.  Wolfe and Schorn, 1990, p. 22-23, pl. 9, figs. 1-2. 

R. obovatum Schorn and Wolfe.  Graham, 1999, p. 221. 

 

Diagnosis.—Leaf simple, stipule unknown, lamina obovate to oblong and unlobed, 

base convex to nearly rounded, apex convex, primary venation actinodromous, costal 

secondary venation craspedodromous and semicraspedodromous, course of costal 

secondary veins straight, teeth CV/CV (ST/ST), simple or compound, 1-2 subsidiary 

teeth per compound tooth; teeth concentrated toward the distal end of the lamina; 

dental braces not formed by extrasecondary vein loops. 

 

Emended description.—Leaf simple, petiole to 2.5 mm long (none complete) and 1.0-

1.5 mm wide, glabrous, number of leaf traces unknown; stipules unknown; lamina 
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Plate 25.  Ribes obovatum Schorn and Wolfe.  Figures 3-6 are ca. 80 percent actual 
size. 
 
Figure 1—UCMP 7788 (holotype), Loc. UCMP 571, detail of higher order venation  

(large vein dividing image is the secondary to the right of the medial primary  
vein), scale is 1 mm. 

 
Figure 2—UCMP 7788 (holotype), Loc. UCMP 571, detail of leaf, scale is 1 mm. 
 
Figure 3—UCMP 7788 (holotype), Loc. UCMP 571. 
 
Figure 4—UCMG 34067 (paratype), Loc. UCM 19775. 
 
Figure 5—USNM 422589 (paratype), probably Loc. UCMP P379 (given as UCMP  

P397). 
 
Figure 6—UCMP 7790 (paratype), Loc. UCMP 571b. 
 
Figure 7—UCMP 7790 (paratype), Loc. UCMP 571b, detail of leaf, scale is 1 mm. 
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unlobed, obovate to oblong, base convex to nearly rounded, apex convex, 24.0-25.5 

mm in length x 14.5-16.5 mm in width, glabrous; primary venation actinodromous; 

major primary veins 5, course nearly straight, craspedodromous, entering the teeth 

medially; or, in the case of the first lateral primaries (B1 and C1), 

semicraspedodromous, appearing to bifurcate at the tip, one half entering a tooth 

medially and the other forming a series of arches that compose the subsidiary vein 

architecture of the superjacent tooth; or, in the case of the outermost primaries (B2 and 

C2), craspedodromous and forming the most proximal subsidiary veins in two of the 

lateral teeth; costal secondary veins emerging from midvein craspedodromous, two 

secondary veins arising at acute angles from the medial primary and more or less 

straight, entering the first lateral teeth medially; lateral primary veins B1 and C1 with 

one semicraspedodromous secondary vein each, the spur given off by the vein entering 

a tooth medially and the other branch forming a series of arches that compose one-half 

of the subsidiary venation architecture of a superjacent tooth; lateral primary veins B2 

and C2 with 0-1 craspedodromous secondary veins forming the midvein of a tooth; 

two interior secondary veins bridging the medial primary vein (A) and each of the 

adjacent costal secondaries, each interior secondary vein giving off two spur veins 

from their apices, one spur forming one half of the subsidiary vein architecture in the 

medial tooth and the other the innermost subsidiary vein architecture of the first lateral 

tooth; intersecondary veins few and weak; tertiary venation forming somewhat 

irregular polygons (polygonal reticulate); fourth-order venation regular polygonal 

reticulate; fifth-order venation probably dichotomizing; freely-ending ultimate 

veins two or more brached; areoles well-developed; marginal veins looped; fimbrial 

vein absent; leaf margins crenate; teeth CV/CV (ST/ST), with acute apices, venation 

strongly rosoid, usually simple, though outermost lateral primary teeth may have 1-2 

subsidiary teeth.  Number of primary teeth ca. 7 per leaf.   
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Holotype.—UCMP 7788 

 

Paratypes.—UCMP 7790; UCM 34067; USNM 422589 

 

Occurrence.— UCM 84001; UCMP P379, 5-Mile Bridge General II (see not at end of 

discussion, however); UCMP 572a, Dry Gulch A; Creed flora (Plate 13; Table 4); see 

Axelrod (1987) for further discussion of the occurrence of the Creede flora. 

 

Discussion.—The venation in Ribes obovatum is somewhat difficult to characterize, at 

least partially due to the courseness of the matrix in which the most detailed specimen, 

UCMP 7788, the specimen most consulted for description of third-order and higher 

venation in this taxon, is preserved.  Although most of the description of R. obovatum 

can stand without additional comment, a few notes should be made clarifying the 

manner in which the description was arrived at.  The primary venation in R. obovatum 

is actinodromous, with 5 major veins; the two most lateral primary veins, B2 and C2, 

give off fine-gauge suprabasal veins toward the leaf margin (Plate 25, Fig. 2), but 

these were not included among the primary veins in the description.  The medial and 

outermost lateral primary veins (veins A, B2, and C2) are craspedodromous.  The 

inner lateral primary veins, B1 and C1, may be considered semicraspedodromous, 

each bifurcating, one half of the bifurcation a vein that forms the central vein of the 

rosoid architecture in one of the second lateral teeth and the other half of the 

bifurcation forming a series of arches that compose one half of the subsidiary vein 

architecture of one of the first lateral teeth. 

 Secondary venation emerging from the medial primary veins and the second 

lateral primary veins is craspedodromous.  The medial primary vein gives off two 
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secondary veins in the proximal portion of the leaf lamina, each secondary vein 

forming the medial vein of one of the first lateral teeth (Plate 25, Fig. 2).  Interior 

secondary veins bridge the medial primary and the costal secondary veins emerging 

from the medial primary; these interior secondary veins give off a series of veins of 

similar gauge that form the subsisidiary venation of the rosoid architecutre in the 

central tooth and interior halves of the first lateral teeth (Plate 25, Fig. 2).  This 

network of interior secondary veins and major tooth architectural veins are the same 

width as the arches formed by the first lateral primary veins (B1 and C1).  Secondary 

veins emerging from the first lateral primary veins are interpreted as 

semicraspedodromous, with a spur that forms the central vein of a tooth and a series of 

arches that form one-half of the subsidiary vein complex in the superadjacent tooth 

(similar to the syndrome of the first lateral primary veins).  Very weak intersecondary 

veins occur toward the leaf base. 

 Tertiary veins form polygons, though these do not appear to be particulary 

regular in shape, the pattern of the tertiary venation probably confined by the overall 

shape of the leaf and the pattern of primary and secondary venation.  Fourth order 

venation is present and polygonal reticulate.  Fifth order venation is interpreted to be 

the highest order of venation, though this is somewhat difficult to determine with 

certainty due to the texture of the matrix.  Freely-ending ultimate venation is two or 

more branched (Plate 25, Fig. 1).  The teeth are strongly rosoid (Plate 25, Figs. 2, 7).  

A summary of descriptive statistics for R. obovatum can be found in Table 5. 

 Ribes obovatum is the only unlobed, obovate fossil Ribes leaf taxon; it was 

named by Wolfe and Schorn for leaves from the Creede flora with unlobed laminae 

and rosoid teeth.  Leaves of this taxon were originally assigned to Holodiscus 

harneyensis by Axelrod, though this assignment was problematic because 1) H. 

harneyensis is not a valid taxon as applied to Creede leaves, as discussed by Wolfe 
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and Schorn (1990), and 2) Holodiscus leaves have pinnate primary venation (Plate 17, 

Fig. 7), whereas the Creede leaves assigned to R. obovatum have actinodromous 

primary venation (Plate 25, Figs. 2, 7; also, Wolfe and Schorn, 1990).   

 For the most part, the description given here for R. obovatum matches that 

given by Wolfe and Schorn (1990), which was based on the same suite of specimens, 

though there are some minor differences, some of which may be simply the result of 

differing terminologies between the Hickey and Wolfe (1975) system and the LAWG 

(1999) system (the former used by Wolfe and Schorn, the latter utilized in this paper, 

except in characterizing tooth venation).  Wolfe and Schorn characterized the primary 

venation of R. obovatum as actinodromous to acrodromous.  However, acrodromous 

would imply that the lateral primary veins converge on the medial primary vein, 

whereas the lateral primary veins of R. obovatum diverge from the medial primary, in 

most cases on a nearly straight course.  Wolfe and Schorn (1990) also characterize the 

primary venation of R. obovatum as craspedodromous and brochidodromous, whereas 

in this study it has been characterized as craspedodromous and semicraspedodromous.  

This difference probably has more to due with the difficulty of applying the leaf 

architecture categories to R. obovatum than it does any real difference in interpretation 

of the leaf venation.  The first lateral primary veins bifurcate at their tips, one half of 

the bifurcation forming the central vein of one of the second lateral teeth, the other 

half forming a series of loops that compose the subsidiary vein complex in the rosoid 

tooth architecture of the superjacent (first lateral) teeth.  If one interprets the “spur” 

vein traveling to the center of one of the second lateral teeth as a secondary vein, then 

brochidodromous would be the correct term to apply; if one interprets it as a branch of 

the primary, then semicraspedodromous would be the correct term to apply.  In either 

case, neither term is particularly satisfactory to describe the condition of some of the 

lateral primary veins in R. obovatum, which is similar to the condition of some of the 
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secondary veins in R. barrowsae.  Similary, the number of secondary veins given off 

by the B1 and C1 primary veins could be one or two, depending on how one wishes to 

interpret the veins given off toward the centers of the second lateral teeth.  Higher-

order venation, particularly fourth-order and freely-branching ultimate venation, was 

more difficult to interpret than suggested by Wolfe and Schorn’s (1990) description, 

though, ultimately, the two interpretations of the venation are similar. 

Taxa characterized by unlobed leaves are rare within extant Ribes, though 

unlobed leaves occur either exclusively on or regularly enough to be mentioned in the 

descriptions of species assigned to multiple subgenera, including R. bolivianum 

(Parilla), R. davidii (Berisia), R. diacanthum (Berisia; Plate 13, Fig. 10), R. erectum 

(Parilla), R. henryi (Berisia), R. hunanense (Berisia), R. laurifolium (Berisia), R. 

pentlandii (Parilla), R. speciosum (Grossularia), and R. tianquanense (Berisia) (Lu, 

1995; Freire-Fierro, 1998; Lu and Alexander, 2001; Weigend and Binder, 2001),   The 

occasional unlobed leaf also occurs on many taxa that typically have lobed leaves 

(Hermsen, pers. obs.).  Wolfe and Schorn (1990) compared R. obovatum leaves with 

those of the extant R. speciosum, though they noted that leaves of “extant R. 

speciosum Pursh are typically broad and very shallowly three lobed.”  Most extant 

Ribes taxa with unlobed leaves were not examined for this study, though R. 

diacanthum was examined, and, while not exactly like R. obovatum, offers an 

approximation in form (Plate 13, Fig. 10).   

Another leaf taxon comparable to R. diacanthum (but apparently three-lobed) 

and represented by at least six specimens was described from the Miocene of 

Kazahkstan by Zhilin (1974) as R. diacanthoides Zhilin. 
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Additional notes.—The authorship for this taxon is given as Schorn and Wolfe, 

although the order of the authors in the publication is Wolfe and Schorn (1990) 

following the preference of the authors. 

USNM 422589 has the locality number UCMP P397 written on it; however, no 

such locality is associated with the Creede flora or, at present, any other flora in the 

UCMP collections (UCMP on-line collections database, 2005).  This is probably a 

typo for the intended locality UCMP P379. 

 

R. robinsonii (Schorn and Wolfe, 1990) 

 

Plate 26, Figs. 1-8 

 

Physocarpus petiolaris [sic] Axelrod, 1987, p. 133-134, pl. 31, fig. 10. 

Physocarpus triloba [sic] Axelrod, 1987, p. 134-135, pl. 31, fig. 9. 

Ribes sp. 1.  Wolfe and Schorn, 1989, p. 197. 

Ribes robinsonii Schorn and Wolfe.  Wolfe and Schorn, 1990, p. 22, pl. 5, figs. 8, 9. 

Ribes robinsonii Schorn and Wolfe.  Graham, 1999, p. 221. 

 

Diagnosis.—Leaf simple, estipulate (but with proximal end of the petiole slightly 

dilated), lamina ovate to elliptic with 3-5 lobes, base cordate, lobe apices straight to 

convex (to rounded), primary venation actinodromous, costal secondary venation 

craspedodromous, course of lateral secondary veins straight to slightly curved, teeth 

CV/CV (to ST/ST), simple and compound, with 1-2 subsidiary teeth per compound 

tooth, teeth not concentrated toward the distal ends of the lobes, dental braces 

unknown. 
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Plate 26.  Ribes robinsonii Schorn and Wolfe.  Figures 1-3 are ca. 80 percent actual 
size. 
 
Figure 1—UCMP 7630, Loc. UCMP 571a. 
 
Figure 2—UCMP 7817 (holotype), Loc. UCMP 571. 
 
Figure 3—USNM 422591, Loc. given as Creede, CO (no number). 
 
Figure 4—UCMP 7817 (holotype), Loc. UCMP 571, detail of lamina; scale is 5 mm. 
 
Figure 5—USNM 422591, Loc. given as Creede, CO (no number), detail of base of  

lamina showing primary venation; scale is 1 mm. 
 
Figure 6—USNM 422591, Loc. given as Creede, CO (no number), detail of petiole  

showing three traces; scale is 1 mm. 
 

Figure 7—UCMP 7817 (holotype), Loc. UCMP 571, detail of petiole showing three  
traces and slightly dilated base; scale is 1 mm. 
 

Figure 8—UCMP 7817 (holotype), Loc. UCMP 571, detail of lamina showing  
punctations; scale is 1 mm. 
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Emended description.—Leaf simple, petiole ca. 20.5-28.5 mm in length x ca. 0.5-1.5 

mm in width at the midpoints and ca. 2.5-3.0 mm in width an the most proximal end, 

indumentum of glandular hairs, leaf traces three; stipule interpreted as absent, 

although petiole based dilated; lamina with 3 to 5 lobes, shape ovate to elliptic, base 

cordate, lobes apices straight to convex (to rounded), overall lamina ca. 33.0-37.5 mm 

in length (length from tip of medial lobe to distal end of petiole 31.0-37.0 mm) x 25.5-

30.5 mm in width, glandular punctate; DOD 0.61-0.85; primary venation 

actinodromous, primary veins up to 7-9 in number, craspedodromous, course of lateral 

primary veins straight to convex; costal secondary venation craspedodromous, 

secondary veins diverging at acute angles from primary veins, courses straight to 

slightly curved, up to 5 secondary veins diverging from the medial primary vein, and 

ca. 1-3 from the first lateral primary veins (B1 and C1), and at least 1-2 from the 

second lateral primary veins (B2 and C2); other type of secondary veins unknown; 

tertiary and higher-order venation unknown; areolation and freely-ending 

ultimate venation unknown; marginal veins and fimbrial vein unknown; sinal 

braces possibly type 1 (ambiguous); leaf margins more or less crenate, tooth shape 

CV/CV, sometimes nearly ST/ST, apices rounded to acute, teeth simple and 

compound with 1-2 subsidiary teeth; tooth venation unknown, teeth not concentrated 

toward distal ends of the leaf lobes, dental braces unknown. 

 

Holotype.—UCMP 7817 (part-counterpart) 

 

Other material examined.—UCMP 7630; USNM 422591 (counterpart UCM 34064 

not located) 
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Occurrence.—UCMP P379, 571, 571a, Creede flora (Plate 13; Table 4); see Axelrod 

(1987) and Wolfe and Schorn (1990) for further discussion of the occurrence of this 

flora. 

 

Discussion.—The three leaves representing Ribes robinsonii are not particularly well-

preserved.  The description given above is largely self-explanatory, but differs from 

the description of Wolfe and Schorn (1990) in a number of ways.  Wolfe and Shorn 

(1990) considered these leaves stipulate; examination of the specimens listed above 

does not unambiguously support that interpretation.  The petiole base preserved on 

specimen UCMP 7817 (Plate 26, Figs. 6, 7) is certainly widely dilated, but it does not 

appear to change abruptly in width at its proximal end as in other stipulate Ribes 

leaves, such as R. lacustroides or R. webbi (for instance, Plate 21, Fig. 4 and Plate 28, 

Figs. 2, 3, 5, 13).  Therefore, the interpretation of the present author is that the leaves 

are estipulate.  Wolfe and Schorn (1990) list the number of primary veins as five; 

however, at least seven are preserved on USNM 422591 and UCMP 7817 (Plate 26 

Figs. 4, 5) and perhaps up to nine on UCMP 7630.  Furthermore, no tertiary venation 

(or at least any tertiary venation whose architecture could be interpreted) was noted on 

any of the specimens.  Flat-topped petiole hairs, noted by Wolfe and Schorn (1990) on 

specimen UCM 34064, appear to be very obscurely preserved on specimen USNM 

422591, so were included in the description above.  Unfortunately, UCM 34064 could 

not be located for the present study (A. Moe, pers. comm., 2004; this may also be the 

reason for the lack of tertiary venation characters).  Noting the number of teeth per 

lobe, as Wolfe and Schorn (1990) did in their description of R. robinsonii, is of 

uncertain value to identifying Ribes leaves, especially, in the present case, given both 

that there are so few specimens and that the leaf margins are generally poorly 

preserved.  One other character, not noted by Wolfe and Schorn, but interesting in the 
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context of linking the leaves to Ribes, is the three-trace petioles preserved in at least 

two specimens, UCMP 7817 and USNM 422591 (Plate 26, Figs. 6, 7) and the punctate 

lamina preserved on specimen UCMP 7817 (Plate 26, Figs. 4, 8).  A summary of 

descriptive statistics for R. robinsonii can be found in Table 5. 

Axelrod (1987) originally assigned leaves of Ribes robinsonii Schorn and 

Wolfe (Wolfe and Schorn, 1990) to two different species within the genus 

Physocarpus (Rosaceae), Physocarpus petiolaris and P. triloba (the species epithets, 

as noted by Wolfe and Schorn, were incorrectly declined and should properly be 

petiolare and trilobum).  Of the former Axelrod (1987:  134) said “Relationship is 

evident with leaves of P. malvaceous (Greene) Kuntze (UCD Herbarium no. 59285) 

and with P. capitatus (Pursch) Kuntze (UCD Herbarium no. 78636).”  Of the latter, he 

said “At first, this fossil was thought to be Ribes, for it shows a general similarity to 

leaves of such species as R. malvaceum of central and southern California, and R. 

indecorum of southern California and northern Baja California.  However, leaves of 

those species differ in that the lobes are broadly rounded and symmetrical, not acute 

and asymmetrically developed as in this fossil species, and the margin is more 

dissected in Ribes” (Axelrod, 1987:  134).  (Examples of Physocarpus leaves are 

shown on Plate 17, Figs. 2-4). 

 In erecting R. robinsonii, Wolfe and Schorn (1990:  22) pointed out, “In leaves 

of Physocarpus (as well as in many Ribes), the most basal lobes are entered by 

primary veins that originate as external veins from the two lateral primary veins (that 

is, the lamina is partially palinactinodromous), whereas in Ribes robinsonii the lamina 

is perfectly actinodromous.”  Examination of cleared leaves of extant Physocarpus 

malvaceous, P. monogynous, and P. opulifolius (Plate 17, Figs. 2-4; Appendix 6) 

confirms the usual (but not exclusive) presence of a partially palinactinodromous 

primary venation pattern in Physocarpus.  Wolfe and Schorn (1990) overlooked, 
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however, several potentially less subtle differences between Physocarpus and Ribes:  

glandular hairs and number of leaf traces.  On one specimen of R. robinsonii (UCM 

34064), according to Wolfe and Schorn (1990), the petiole clearly bears what appear 

to be glandular hairs.  While such hairs are common (though not ubiquitous) in Ribes, 

they are lacking on Physocarpus, which may by glabrous or bear stellate hairs (Plate 

17, Fig. 1).  Furthermore, the lamina of UCMP 7817 appears to be glandular punctate 

(Plate 26, Figs. 4, 8), another feature of Ribes but not Physocarpus.  And, finally, two 

specimens, UCMP 7817 and USNM 422591, clearly have three petiole traces entering 

the proximal end of the petiole (Plate 26, Figs. 6, 7), whereas Physocarpus has five 

(Robertson, 1974).  Axelrod’s arguments for placing these fossils in Physocarpus 

rather than Ribes are specious; degree of leaf dissection and leaf shape are variable 

within Ribes.  Also, it should be noted that leaves of R. robinsonii are not markedly or 

consistently asymmetrical (not that this would bolster the assignment to Physocarpus). 

 These leaves were recently mentioned by Oh and Potter (2005) in a molecular 

phylogenetic study of Neillieae (the tribe of Rosaceae to which Physocarpus belongs); 

they noted and agreed with the transfer of the leaves from Physocarpus to Ribes, 

though did not enumerate their reasons for agreeing with the transfer.  The leaves were 

not employed in the calibration of trees in their analyses. 

 Wolfe and Schorn (1990) thought these leaves similar to those of extant R. 

amarum, but no particularly distinctive character linking the fossils to a modern 

species was noted in the present study. 

 

Additional notes.— The authorship for this taxon is given as Schorn and Wolfe, 

although the order of the authors in the publication is Wolfe and Schorn (1990) 

following the preference of the authors. 
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One part of the specimen UCMP 7817 has the locality number UCMP P397 

written on it, though its counterpart is given as UCMP P379.  The former number is 

likely in error for the reason stated for R. obovatum.  The UCMP on-line collections 

database lists this part-counterpart specimen as coming from locality UCMP 571. 

 

Buffalo Canyon flora, Miocene 

 

Ribes barrowsae (Axelrod, 1991) 

 

Plate 27, Figs. 1, 3-5, 6-8 

 

Ribes barrowsae Axelrod, 1991, p. 54, pl. 15, figs. 2-4. 

Ribes barrowsae Axelrod.  Graham, 1999, p. 228. 

 

Diagnosis.—Leaf simple, estipulate, lamina ovate with 3-5 lobes, base slightly cordate 

to truncate, lobe apices convex to rounded, primary venation actinodromous to slightly 

palinactinodromous, costal secondary venation semicraspedodromous or 

cladodromous, course acrodromous or paralleling or diverging slightly away from the 

primary vein instead of converging with it; teeth CV/CV, few, simple or compound, 

up to one subsidiary tooth per compound tooth; teeth concentrated toward the distal 

ends of the leaf lobes; dental braces not formed by extrasecondary vein loops. 

 

Emended description.—Leaf simple, petiole to 24.0 mm long x 0.60-0.85 wide, 

glabrous; estipulate; lamina with 3 to 5 lobes, ovate, base slightly cordate to truncate, 

lobe apices convex to rounded, lamina 16.5- greater than 26.0 mm in length (16.5- 

greater than 25.0 mm from the tip of the medial lobe to the distal end of the petiole) x 
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Plate 27.  Ribes barrowsae Axelrod, Ribes aureum Pursch, and Ribes odoratum 
Wendl.  Figures 1 and 4-7 are ca. 80 percent actual size.  Figures 1 and 3-8 show R. 
barrowsae, Figure 2 shows R. odoratum, and Figure 9 shows R. aureum. 
 
Figure 1—UCMP 9604 (holotype), Loc. UCMP PA291. 
 
Figure 2—Ribes odoratum, BH W.  J. Dress No. 1796 (cleared); scale is 5 mm. 
 
Figure 3—UCMP 9604 (holotype), Loc. UCMP PA291; scale is 1 mm. 
 
Figure 4—UCMP 9605 (paratype), Loc. UCMP PA291. 
 
Figure 5—UCMP 9606 (paratype), Loc. UCMP PA291. 
 
Figure 6—UCMP 150214, Loc. UCMP PA291. 
 
Figure 7—UCMP 150214, Loc. UCMP PA291. 
 
Figure 8—UCMP 150214, Loc. UCMP PA291; scale is 1 mm. 
 
Figure 9—Ribes aureum, BH G. H. M. Lawrence No. 72 (cleared); scale is 5 mm. 
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greater than 16.5-greater than 29.0 mm in width, glabrous, number of leaf traces 

unknown; DOD 0.56-0.64; primary venation actinodromous to slightly 

palinactinodromous, primary veins up to 9, lateral primary veins straight to convex to 

concave in basal-most primaries, most craspedodromous and forming the central vein 

of a tooth or looping with the superjacent primary, the basal vein(s) may be 

semicraspedodromous or brochidodromous; costal secondary venation arising at 

acute angles from the midvein, acrodromous or paralleling or diverging slightly away 

from the primary vein distally instead of converging with it; veins 

semicraspedodromous or cladodromous, bifurcating at their tips, one half forming the 

central vein of a tooth and the other half forming the subsidiary of the superadjacent 

tooth with or without forming arches; 2-4 secondary veins emerging from the medial 

primary (A), and ca. 1-3 from the first lateral primaries (B1 and C1) and ca. 1-2 from 

the second lateral primary veins (B2, and C2); other types of secondary veins can 

include weak secondary veins given off from the lateral primary or costal secondary 

veins and/or interior secondary veins with spurs spanning two primary veins; tertiary 

venation opposite percurrent, straight to slightly convex; forth-order venation 

present, type not clear; higher-order venation not preserved, if present;  degree of 

areolation and freely-ending ultimate venation unknown; marginal veins looped; 

fimbrial vein absent; sinal braces types 1, 2, and/or 3; leaf margins crenate, teeth 

usually few and concentrated at the distal ends of the lobes, shape CV/CV, apex 

rounded or mammillate, teeth simple and/or compound with ca. one subsidiary tooth; 

tooth venation type unclear (rosoid?), though a strong central vein and subsidiary 

veins interpreted as present. 

 

Holotype.—UCMP 9604 
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Paratypes.—UCMP 9605, 9606, 9607 (counterpart of holotype UCMP 9604) 

 

Other material examined.—UCMP 150214 (part and counterpart) 

 

Occurrence.—UCMP PA291, Buffalo Canyon Flora (Plate 13; Table 4); see Axelrod 

(1991) for a more complete description of this locality. 

 

Discussion.—Axelrod (1991) did not provide much discussion of these leaves in his 

original description, save to say that they resemble leaves of the extant R. aureum 

Pursch, to which Becker (1961) also favorably compared R. auratum of the Oligocene 

Ruby Paper Shale flora (described below).  Within Ribes, R. aureum is a member of 

the subgenus or section Symphocalyx (the golden currants), a taxon erected by 

Berlandier in 1826 (see “Subgenera of Ribes” section in the “Introduction to 

Systematic Paleontology” for more background on Symphocalyx).  Berger considered 

the species of Symphocalyx very closely allied to one another, differentiated primarily 

on the size of the floral receptacle, and not necessarily easily distinguished.   

Comparison of leaves of R. aureum and R. odoratum to R. barrowsae shows 

them to be similar in overall form (Plate 19; Plate 27, Figs. 2, 3 8, 9).  In addition to 

characteristics typical of Ribes, such as the lobed lamina, palmate primary venation, 

and usually CV/CV teeth with rounded or mammillate apices, R. barrowsae and extant 

members of Symphocalyx share a number of features.   Particularly characteristic is the 

secondary venation.  Secondary veins originate from the primary veins at acute angles 

and curve sharply upward until their course parallels or diverges slightly from that of 

the primary vein from which they emerge (Plate 27, Figs. 2, 3).  In some cases, the 

secondary veins eventually curve toward the primary from which they emerge and can 

be considered acrodromous (Plate 27, Figs. 8, 9).  Also, there are few pairs (usually 
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one to two) of secondary veins in each lobe, and, where only one pair is present, it 

usually emerges from the proximal half of the primary vein.  In each taxon, secondary 

veins either proceed without bifurcating and form the central or subsidiary vein of a 

tooth (craspedodromous-type, observed only in extant species), or bifurcate, one half 

forming the central vein of a tooth, the other half forming the subsidiary vein of a 

superjacent tooth with or without forming arches (semicraspedodromous-type or 

cladodromous-type).  These venation features, along with the concentration of the few 

simple or compound teeth to the distal ends of the lobes (and, at times, complete 

absence of teeth in extant specimens), gives the leaves their characteristic appearance 

(Plate 27, Figs. 2, 3, 8, 9).  Tertiary venation is mostly opposite percurrent in both 

fossil and extant specimens, though preservation of the fossils does not permit 

comparison of higher-order venation (Plate 27, Fig. 3).  Marginal veins in extant and 

fossil taxa are looped.  Summaries of descriptive statistics for R. barrowsae and R. 

odoratum can be found in Table 5. 

Comparison of leaves of R. aureum and R. odoratum to those of extant species 

representing all six subgenera within Ribes (Plates 15, 18, 19; Appendices 6, 7) 

suggests that the R. aureum-type leaf, with its characteristic secondary venation and 

few teeth, is unique within Ribes to Symphocalyx, and, thus, that R. barrowsae leaves, 

with their Symphocalyx-type morphology, were probably produced by a Miocene 

golden currant.  The full implications of this finding will likely remain unclear until 

the infrageneric phylogeny of Ribes stabilizes.   
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Stewart Valley flora, Miocene 

 

Ribes webbi (Wolfe, 1964) 

 

Plate 28, Figs. 1-13, 15-16, 18-19 

 

Ribes webbi Wolfe, 1964, p. N23, pl. 9, figs. 13, 14, 17, 18. 

Ribes webbi Wolfe.  Millar, 1996, p. 119. 

 

Diagnosis.—Leaf simple, stipulate, lamina ovate to elliptic to oblong, with (0-)3-7 

lobes, base truncate to cordate, lobe apices retuse (incised) to truncate to rounded, 

primary venation actinodromous to slightly palinactinodromous, costal secondary 

venation craspedodromous, course of lateral secondary veins more or less straight, 

teeth CV/CV, simple or and compound, 1(-2) subsidiary teeth per compound tooth, 

teeth not concentrated toward the distal ends of the lobes, dental braces sometimes 

formed by extrasecondary vein loops. 

 

Emended description.—Leaf simple, petiole 3.0-20.0 mm in length x ca. 0.4-1.0 mm 

in width, indumentum of glandular hairs, leaf traces three (?); stipulate, stipules 

represented by an abrupt expansion of the proximal end of the petiole; lamina with (0-

)3-5(-7?) often very shallow lobes, shape ovate, elliptic, or oblong, base trucate to 

cordate, lobe apices retuse (incised) to truncate to rounded, lamina 5.5-28.5 mm in 

length (5.0-23.5 mm in length from the tip of the medial lobe to the distal end of the 

petiole) x 8.0-35.5 mm in width, possibly with glandular punctations; DOD 0.43-0.81; 

primary venation actinodromous to slightly palinactinodromous (to actinodromous), 

primary veins at least 7-9(-ca. 12), craspedodromous, course of lateral primary veins 
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Plate 28.  Ribes webbi Wolfe and R. cereum Douglas.  Figures 1-13 are ca. 80 percent 
actual size.  Figures 1-13, 15-16, 18, and 19 show R. webbi, Figures 14, 17, R. cereum. 
   
Figure 1—UCMP 300913, Loc. UCMP PA203.   
 
Figure 2—UCMP 300913, Loc. UCMP  PA203.   

 
Figure 3—UCMP 300916, Loc. UCMP PA203.   
 
Figure 4—UCMP 300917, Loc. UCMP PA203.   
 
Figure 5—UCMP 300917, Loc. UCMP PA203.   
 
Figure 6—USNM 41910 (paratype), Loc. USGS 9696.   
 
Figure 7—UCMP 300988, Loc. UCMP PA518.   
 
Figure 8—UCMP 300915, Loc. UCMP PA203.   
 
Figure 9—UCMP 300920, Loc. UCMP PA203.   
 
Figure 10—UCMP 300982, Loc. UCMP PA518.   
 
Figure 11.—UCMP 300989, Loc. UCMP PA518.   
 
Figure 12—USNM 41909 (paratype), Loc. USGS 9696.   
 
Figure 13—USNM 41908 (holotype), Loc. USGS 9696.   
 
Figure 14—R. cereum, BH K.M. & M.C. Wiegand No. 829 (cleared); scale is 5 mm.   
 
Figure 15—UCMP 300913, Loc. UCMP PA203; scale is 5 mm.   
 
Figure 16—Detail of UCMP 300913 (also depicted in Figs. 1 and 15) showing  

extrasecondary vein loop; scale is 1 mm.   
 
Figure 17—Detail of petiole of R. cereum, BH K.M. & M.C. Wiegand No. 826  

(cleared), showing glandular hairs and expanded, possibly stipulate, petiole  
base; scale is 1 mm.   

 
Figure 18—UCMP 300988 (counterpart to specimen depicted in Fig. 7), Loc. UCMP  

PA518, showing what are interpreted as glandular hairs on the petiole and  
stipulate base; scale is 1 mm.   

 
Figure 19—UCMP 300978, Loc. UCMP PA203, showing details of higher order  

venation; scale is 1 mm. 
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slightly convex; costal secondary venation craspedodromous, secondary veins 

originating at acute angles from primary veins, up to 8 costal secondary veins 

diverging from the medial primary vein (A), up to 8 from the first lateral primary 

veins (B1 and C1), and up to 4 from the second lateral primary veins (B2 and C2), 

secondary veins originating at acute angles from primary veins and proceeding on a 

more or less straight course to the margin; other types of secondary venation include 

weak secondary veins given off by the costal secondary veins and interior secondary 

veins; tertiary venation opposite percurrent, course of tertiary veins convex to 

sinuous; fourth-order venation regular polygonal reticulate; fifth-order venation 

present, type unclear, probably dichtomizing; freely-ending ultimate veins present, 

two or more branched; areoles well-developed; marginal veins of unknown type; 

fimbrial vein unknown; sinal braces mostly not preserved, though types 3 and 5 

interpreted as represented; leaf margins crenate, tooth shape CV/CV, apices rounded, 

venation rosoid, teeth simple and compound with 1(-2) subsidiary teeth; dental braces 

formed in a variety of ways, though, unique to this fossil taxon as opposed to other 

fossil taxa, sometimes by a vein given off by a costal secondary vein that loops under 

the dental sinus and re-joins the costal secondary vein (extrasecondary vein loop). 

 

Holotype.—USNM 41908 

 

Paratypes.—Specimens with part and counterpart:  UCMP 8645 & USNM 41909; 

UCMP 8646 & USNM 41911; USNM 41910 (counterpart UCMP 300924) 

 

Other Specimens Examined.—UCMP 300918, 300919, 300920, 300923, 300977, 

300979, 300982, 300983, 300984, 300987; specimens with part and counterpart:  

UCMP 300913 (part-counterpart); 300914 (P-CP); 300915 (P-CP); 300916 (P-CP); 
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300917 (P-CP); 300922 (P-CP); 300924 (counterpart of paratype USNM 41910); 

300978 (P-CP); 300981 (P-CP); 300988 (P-CP); 300989 (P-CP) 

 

Occurrence.—UCMP PA203, PA327, PA518, PA545, and USGS 9696 (=UCMP 

PA203), Stewart Valley flora (Plate 13; Table 4).  See Wolfe (1964) for further 

discussion of the occurrence of this flora. 

 

Discussion.—Wolfe, (1964), originally described and illustrated Ribes webbi from the 

Stewart Valley flora on the basis of six leaves.  Since that time, more leaves of R. 

webbi have been discovered in the Stewart Valley flora, providing further material on 

which to base an emended description.  Despite this, the increased pool of specimens 

does not provide many more characters than the original collection, save for an 

expansion of the range of dimensions for R. webbi leaves.  The description can largely 

stand without further explanation. 

 Wolfe (1964) compared R. webbi leaves to those of R. cereum (subgenus 

Coreosma), and, indeed, the two taxa are very similar in their leaf morphology and 

quite distinct from leaves of any of the other extant taxa of Ribes examined for this 

study (Plate 18; Plate 28, Figs. 1-15).  Shared characters unique to these taxa as 

opposed to other species of Ribes include a combination of a shallowly lobed leaf 

margin with fine teeth, presence of a dilated petiole base that may be interpreted as 

stipular (Plate 28, Figs. 17-18), and a lamina that is usually wider than long (length-to-

width ratio usually less than 1.0; see Table 5).  Also, the distal ends of the lamina 

lobes in each taxon are not acute to covex, as in many Ribes species leaves, but rather 

tend to be truncate to broadly rounded with the apices often incised or retuse rather 

than extending beyong the adjacent teeth (Plate 28, Figs. 14-15), giving the leaves of 

both R. cereum and R. webbi their characteristic fan-like appearance (Plate 18; Plate 
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28, Figs. 1-15).  The occasional extra-secondary vein loops found in some leaves of R. 

webbi were noted on one cleared example of R. cereum, though in the leaf of the latter 

taxon the loops were not as strong. Wolfe (1964: N23) considered R. webbi “nearly 

identical to leaves of the extant R. cereum Dougl.  The only major difference is that 

the margin of the latter is more finely divided (compoundly serrate) than in leaves of 

R. webbi.”  The present study suggests that Wolfe’s assessment of the similarity of the 

leaves is accurate, though leaves of R. cereum do not necessarily have more finely 

toothed margins.  Finally, the petioles of both R. cereum and R. webbi also appear to 

have glandular hairs (Plate 28, Figs. 17-18), and, while the lamina of R. cereum also 

has glandular hairs, faint glandular punctations are visible on at least one part-

counterpart specimen of R. webbi (UCMP 300980).  A summary of descriptive 

statistics for R. cereum and R. webbi can be found in Table 5. 

The extant R. cereum and R. inebrians were considered to form their own 

section, Cerophyllum, within subgenus Coreosma by Janczewski (1907); however, the 

two species are now considered varieties within R. cereum (Hickman, 1993).  The 

later treatment of Ribes by Berger (1924) put R. cereum within subgenus Calobotrya, 

largely corresponding to Jaczewski’s section Calobotrya within subgenus Coreosma.  

Recent molecular studies (Messinger et al., 1999; Weigend et al., 2002; Senters and 

Soltis, 2003; Schultheis and Donoghue, 2004) largely support placing R. cereum 

within Caloboytra, though its relationships within the section are not consistent among 

analyses.  Some analyses, particularly several by Senters and Soltis (2003) and 

Schultheis and Donoghue (2004) suggest that Caloboytra and R. cereum are relatively 

derived within the genus Ribes.  

R. cereum (including R. inebrians) is today restricted to North America, found 

in Arizona, California, Idaho, Montana, Nebraska, Nevada, New Mexico, South 

Dakota, Utah, Washington, and British Columbia (Coville and Britton, 1908).  Other 
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species within Calobotrya sensu Berger (1924) are also restricted to western North 

America, though the clade may include members of subgenus Heritiera sensu Berger 

(1924), some of which are found in eastern Asia (Senters and Soltis, 2003). 

 Axelrod (1987, 1991) assigned several leaves from other floras to R. webbi, 

including specimens from the Oligocene Creede flora and the Miocene Buffalo 

Canyon flora.  The material from the Miocene Buffalo Canyon flora consists of three 

part-counterpart specimens, one a lamina missing a petiole, one a leaf base (both of 

which are very poorly preserved), and one a simple leaf with pinnate primary venation 

(Axelrod, 1991, pl. 15, figs. 5-6; Plate 31, Figs. 20-22); neither of the former two has 

sufficient characters to place it within R. webbi, nonetheless definitively within Ribes, 

and the latter obviously has characters discordant with the genus, so the possible 

occurrence of R. webbi in the Buffalo Canyon flora should be dismissed on the basis 

of this material (also discussed below).  The material from the Oligocene Creede flora 

consists of four complete specimens, two of which were illustrated by Axelrod 

(Axelrod, 1987, pl. 25, figs. 7-8; also illustrated in Plate 21, Figs. 2, 10).  Wolfe and 

Schorn (1990:  21) provided several arguments as to why the Creede leaves should be 

placed in R. lacustroides rather than R. webbi:  “Leaves of R. webbii [sic] are ovate 

rather than elliptic, however, and the widest part of the lamina is on a line drawn 

between the apices of the more basal pair of lobes.  The medial lobe of R. webbii [sic] 

is very shallowly incised, and the lobe narrows from the subjacent lobal sinuses; in 

these small leaves of R. lacustroides, the medial lobe is broadly elliptic, and the lobe 

first slightly widens apically from the subjacent lobal sinuses.”  The former argument 

does not stand given the new description of R. webbi.  The latter argument does not 

seem to be correct:  The lobes in R. webbi tend to be broader distally than proximally 

or about equally broad proximally and distally, whereas in the “classic” Ribes leaf 

exemplified by R. lacustroides, the lobes are narrow at their most distal point, then 
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broaden proximally, before narrowing again toward the lobal sinuses (Plate 20, Figs. 

11 and 15, for instance).   

 The leaves illustrated as “R. webbii” by Axelrod are more deeply incised than 

is typical for  R. webbi leaves, and all four specimens assigned to R. webbi from 

Creede are of mediocre to poor preservation.  Given that the leaves fall within the 

range of variation of other R. lacustroides leaves in the Creede flora and that they lack 

any particular feature or suite of features that link them to R. webbi as opposed to R. 

lacustroides, the most common Ribes taxon in the Creede flora, the preference of this 

author would be maintain them in R. lacustroides following Wolfe and Schorn (1990) 

pending any compelling evidence to the contrary. 

  

Additional notes.— Finally, it should be noted that the species epithet of R. webbi has 

only one “i” (Wolfe, 1964), not two, although this is how the species epithet is cited in 

most literature including the taxon R. webbi (Axelrod, 1987, 1991; Wolfe and Schorn, 

1990) except the paper containing its initial description (Wolfe, 1964) and the taxon 

list in Millar (1996). 

 

ACCEPTED REPORTS:  RIBES SPECIES INDETERMINATE OR UNASSIGNED 

 

 The following accounts are leaves assigned to Ribes sp. that either have not 

been assigned to an existing species or were not used to erect a new taxon, though they 

may originally have been placed to an already existing taxon.  These specimens, while 

often fragmentary, are considered probable occurrences of Ribes on the basis of one or 

more features that link the specimens to the genus.  For each locality, listed from 

oldest to youngest, a brief discussion of the features linking the specimen(s) to Ribes is 

provided, though no formal diagnsis or description is given. 
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Okanagan Highlands floras, Eocene 

 

Plate 29, Figs. 1-4, 8-11 

 

Ribes sp.  Wehr and Hopkins, 1994, p. 27, 28, pl. 3, fig. 7. 

Ribes sp.  Wehr, 1995, pg. 11. 

Grossularia sp.  Wehr, 1995, p. 11. 

Ribes sp.  Graham, 1999, p. 215-216. 

Ribes sp.  Dilhoff et al., 2005, p. 156, 162. 

Ribes sp.  Greenwood et al., 2005, p. 173. 

 

Material examined (discussed as possibly Ribes below).—Republic:  SR 95-26-44; 

specimens with part and counterpart:  SR 02-02-06A, B; SR 95-15-05 & UWBM 

97098 (part-counterpart); UWBM 56514A, B; UWBM 96615 & 78173 (P-CP); 

UWBM 97099A, B.  McAbee, UWBM 97791.  Princeton (One Mile Creek):  UWBM 

77619A, UWBM 97639.   

 

Occurrence.—Republic flora localities UWBM B1795 and UWBM B2737 (see Wolfe 

and Wehr, 1987, for discussion of the Republic flora).  McAbee flora locality UWBM 

B5751.  Princeton flora, One Mile Creek locality, UWBM B3389.  Also see Plate 13 

and Table 4. 

 

Discussion.—In several papers on the Okanagan Highlands floras, it has been 

purported that there may be multiple species of Ribes and/or Grossularia at the 

McAbee, Princeton (Allenby Formation sites, including the One Mile Creek locality), 

and Republic floras represented by leaf compression fossils (Wolfe and Wehr, 1991; 
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Plate 29.  Ribes sp. from the  Okanagan Highlands (Figures 1-4 and 8-11) and Coal 
Creek (Figures 5-7) floras.  Figures 1-3, 5, and 9-10 are 80 percent actual size. 
 
Figure 1—UWBM 56514A, Loc. UWBM B2737. 
 
Figure 2—UWBM 96615, Loc. UWBM B1795. 
 
Figure 3—UWBM 97099A, Loc. UWBM B2737. 
 
Figure 4—UWBM 97099A, Loc. UWBM B2737, detail of higher-order venation;  

scale is 1 mm. 
 
Figure 5—UCMP 399039, Loc. UCMP PA950. 
 
Figure 6—UCMP 399039, Loc. UCMP PA950, detail of glandular hairs on petiole;  

scale is 1 mm. 
 
Figure 7—UCMP 399039, Loc. UCMP PA950, detail of petiole base showing hair  

bases; scale is 1 mm. 
 
Figure 8—UWBM 96615, Loc. UWBM B1795, detail of lamina showing dots  

interpreted as punctuations; scale is 1 mm. 
 
Figure 9—UWBM 77916A, Loc. UWBM B3389. 
 
Figure 10—UWBM 97639, Loc. UWBM B3389. 
 
Figure 11—UWBM 97639, Loc. UWBM B3389, detail of teeth showing rosoid  

venation; scale is 1 mm. 
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Wehr and Hopkins, 1994; Wehr, 1995; Dillhoff et al., 2005; Greenwood et al., 2005).  

Over 40 leaf compressions tentatively assigned to Ribes sp. from the McAbee, 

Princeton (including the One Mile Creek locality), and Republic floras were examined 

as part of the present study.  While many petiolate, palmately-lobed, palmately-veined 

leaves with crenate margins more or less resembling Ribes are present at these 

localities, the unfortunate fact is that many of these leaves are poorly preserved or lack 

sufficient characters to convincingly link them to the genus.  

 A suite of three leaves (six part-counterpart specimens) from the Republic flora 

that may represent the same species may be the best candidates for Ribes in the 

Okanagan Highlands floras (Plate 29, Figs. 1-3).  These are ovate, three-lobed, 

petiolate, estipulate leaves with slightly palinactinodromous primary venation, 

craspedodromous secondary venation and straight secondary veins, and crenate 

margins with simple and compound, CV/CV, rounded teeth.  One part-counterpart 

specimen, UWBM 97099A, B, has opposite percurrent convex tertiary venation (Plate 

29, Fig. 4), at least four vein orders, and teeth with what is interpreted as rosoid 

venation (no tooth has fully preserved venation, but in several cases, subsidiaries 

appear to to entering the teeth; Plate 29, Figs. 3, 4).  Another specimen, UWBM 96615 

(but not its counterpart UWBM 78173) clearly has a lamina with equally sized, 

relatively regularly-spaced dots, which are here interpreted as glandular punctuations 

(Plate 29, Fig. 8).  A fourth leaf of similar shape and margins to the putative Republic 

Ribes, though very poorly preserved, UWBM 97791, has been identified from the 

McAbee flora of British Columbia, Canada, and several other leaves from Republic 

held by the Stonerose Interpretive center (especially SR 99-15-05, counterpart to 

UWBM 97098, and possibly also SR 02-01-06A, B, SR 02-01-06A, B, and SR 95-26-

44) are also similar to these.  It should be noted that the specimen illustrated in Wehr 

and Hopkins as Ribes (pl. 3, fig. 7, SR-91-5-10) was not obtained for this study and 
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does not appear to be similar to the specimens from Republic illustrated in Plate 29, 

Figs. 1-3. 

Although Ribes has been cited several times as occurring in the Princeton flora 

(Wehr, 1995; Dillhoff et al., 2005; Greenwood et al., 2005), the evidence for this is 

currently rather weak.  Most palmately-veined, palmately-lobed leaves from the 

Princteon localities do not preserve details of tooth venation or higher venation 

patterns.  Only one leaf was located from the specimens held at UWBM from the 

Princeton flora One Mile Creek locality that is palmately-veined, palmately-lobed with 

simple and compound teeth with strongly rosoid venation, and, thus, may represent 

Ribes (Plate 29, Figs. 10, 11).  This specimen also has craspedodromous secondary 

venation and type 1 or 2 sinal braces.  A similar leaf, UWBM 77619A, B (Plate 29, 

Fig. 9), may represent the same morphospecies, though its venation patterns are more 

poorly preserved.  The putative Ribes sp. leaves from the One Mile Creek are distinct 

in their morphology from those discussed above from Republic and McAbee and, 

thus, likely represent a different morphospecies. 

 According to Wolfe and Wehr (1991), putative Ribes sp. leaves are rare 

elements in the Republic flora, and, based on the amount of material examined for this 

study, probably of other Okanagan Highlands localities as well.  The remainder of the 

specimens from the Okanagan Highlands localities that may possibly represent Ribes 

will not be detailed here, partially in the interest of not further complicating the fossil 

record of the genus without compelling evidence that the specimens belong therein.  

As the Okanagan Highlands localities continue to be studied and collected (the 

Republic flora, for instance, is collected on a continuing basis), it is likely that more 

Ribes-type leaves will be found, hopefully of better preservation, that can be treated in 

the context of the Okanagan Highlands floras.  On a promising note, Ribes-type pollen 

was recently found at the Okanagan Highlands locality Horsefly 3 in British 
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Columbia, Canada (Moss et al., 2005).  However, no putative Ribes megafossil 

remains have been reported from the Horsefly localities, and the Okanagan Highlands 

localities with previously documented putative Ribes megafossil remains that were 

sampled for palynological analysis, including localities from the Republic, Princeton, 

and McAbee floras, lacked Ribes-type pollen (Moss et al., 2005).  

 In addition to the Ribes leaves from the Okanagan Highlands localities, a 

primitive form of Grossularia has been reported (but not illustrated) from the One 

Mile Creek locality of the Princeton flora (Wehr, 1995).  No specific characters were 

listed that linked this specimen to Grossularia, though, as detailed in the beginning of 

this paper, no characters have yet been documented that can demonstrably be used to 

distinguish Grossularia, and this report of “Grossularia” should thus be considered 

dubious, though possibly linked to Ribes. 

 Finally, as noted by Oh and Potter (2005), leaves preliminarily assigned to 

Physocarpus from the Republic flora could easily belong in Ribes.  While Oh and 

Potter are correct in this observation that Physocarpus and Ribes can easily be 

confused (as detailed above in the section on extant leaf taxa), their critique of Wehr 

and Hopkins’ (1994) identifications of Physocarpus in the flora on the basis of the 

lack of stellate trichomes on the leaf laminas of putative Physocarpus specimens is 

somewhat specious.  Based on observation of extant specimens, stellate hairs on the 

laminas of Physocarpus may be sparse in their distribution.  Furthermore, surface 

features of leaves may be obscured during preservation; a good example of this are 

specimens of R. lacustroides of the Creede flora discussed above, on only some of 

which the punctuations noted in the corresponding description and discussion are 

preserved.  Also, the assumption that the leaves are not Physocarpus based on the 

Miocene age of the most recent common ancestor of Neillieae (the tribe to which 

Physocarpus belongs) inferred from a molecular phylogeny of Rosaceae (Oh and 
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Potter, 2005) is equally specious.  Estimation of divergence times based on molecular 

phylogenies has yet to be shown to be reliable (compare, for instance, the ca. 40 Ma 

age estimated for crown-groups Nymphaeaceae by Yoo et al., 2004, to the minimum 

90 Ma age provided by explicit phylogenetic analysis of a well-preserved fossil taxon 

by Gandolfo et al., 2004), and, thus, the argument that the fossils are not Physocarpus 

because they are too old based upon the date estimated from the molecular phylogeny 

is weak.  Also, the dates used in calibration of Oh and Potter’s (2005) trees are 

specious.  The date they fixed as the age of Rosaceae (76 Ma) was derived from a 

calibration by Wilkström et al. (2001), while the derivation of the minimum age they 

assigned to most recent common ancestor of Prunus and its sister clade is unclear.  

Although they cite fossils of Prunus from the Princeton flora described by Cevallos-

Ferriz and Stockey (1991), the minimum age they give to the node subtending Prunus 

is 44.3 Ma, whereas the Princeton Chert is generally considered near the Early-Mid 

Eocene boundary, ca. 50 Ma (see, for instance, Cevallos-Ferriz et al., 1991; Pigg and 

Stockey, 1996; Moss et al., 2005), and the 44.3 Ma date does not correspond to the 

absolute ages assigned to the boundaries of the Middle Eocene in North America 

(48.6-37.2 Ma after Gradstein et al., 2004).  That said, more work must be done to 

establish (or reject) the presence of Physocarpus in the Republic flora, as the 

identification was never discussed in the paper featuring “Physocarpus” (Wehr and 

Hopkins, 1994). 
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Coal Creek flora, Eocene 

 

Plate 29, Figs. 5-7 

 

Ribes sp.  Axelrod, 1996, p. 87. 

 

Material examined.—UCMP 399039 (part-counterpart) 

 

Occurrence.—Coal Creek flora, UCMP PA950 (Plate 13; Table 4).  See Axelrod 

(1968, 1996) for more on the occurrence of this locality. 

 

Discussion.—Axelrod (1968, 1996) and Axelrod et al. (1991) have implied the 

occurrence of Ribes in the Coal Creek flora in several taxon lists and/or general 

discussions.  Only one specimen from the Coal Creek flora collection at UCMP that 

had tentatively been identified as Ribes was located for this study, and no other 

specimen similar to Ribes in its morphology has been located from locality UCMP 

PA950.  UCMP 399039 is an extremely poor part-counterpart specimen representing a 

leaf with a partial lamina and petiole.  The lamina has at least three lobes and the 

primary venation is palmate and possibly slightly palinactinodromous, with at least 

five primary veins radiating from the leaf base.  The secondary venation appears to be 

craspedodromous, with secondary veins concave at the base and then straightening as 

they diverge from the primary vein from which they emerged and proceeding to the 

leaf margin.  The teeth are crenate, CV/CV with rounded apices, and appear to be 

simple.  One type 1 or 2 sinal brace is preserved.  The venation of the teeth is 

unknown. 
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 UCMP 399039 would be considered among the invalid reports of Ribes save 

for one feature:  the very clear occurrence of what appear to be long-stalked glandular 

hairs on the petiole one part of the part-counterpart specimen (Plate 29, Figs. 6-7).  

However, the occurrence of glandular hairs does not completely rule out Rosaceae as 

another possible identity for this specimen (Robertson, 1974), nor does it cement the 

determination of Ribes.  Rather, this specimen is more plausibly Ribes sp. than the 

specimens considered Ribes sp. in the rejected reports section, though it is not as good 

a specimen as many of the others considered here.  Given the ambiguous nature of this 

specimen, this report should be considered very tentative pending further discoveries. 

 

Bridge Creek flora, Oligocene 

 

Plate 30, Figs. 1-3 

 

Ribes sp.  Meyer and Manchester, 1997, p. 115, pl. 45, figs. 5, 6, 9, 10. 

 

Material examined.—UF 10476, 10631 

 

Occurrence.—UF 241 and UF 250, Bridge Creek flora (Plate 13, Table 4).  See Meyer 

and Manchester (1997) for further discussion of the occurrence of the Bridge Creek 

flora. 

 

Discussion.—Two specimens representing partial leaves from the Bridge Creek flora 

of Oregon were published by Meyer and Manchester (1997) as Ribes sp. (Plate 30, 

Figs. 1-2).  The fragments represent actinodromous to slightly palinactinodromous 

leaves with straight secondary veins (type of secondary venation unknown), opposite 
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Plate 30.  Ribes reports that are accepted from the Bridge Creek (Figures 1-3), Buffalo 
Canyon (Figures 5, 6, and 10), Eastgate (Figures 4 and 7-9) and Nye Ione Summit 
(Figures 11-17) floras.  All Figures ca. 80 percent actual size except Figures 3, 4, and 
10. 
 
Figure 1—UF 10631, Loc. UF 250. 
 
Figure 2—UF 10476, Loc. UF 241. 
 
Figure 3—UF 10476, Loc. UF 241, detail of glandular tooth and lamina showing  

glandular puncations; scale is 1 mm. 
 

Figure 4—UCMP 7009, Loc. UCMP PA533, detail of rosoid tooth; scale is 1 mm. 
 
Figure 5—UCMP 9010a, Loc. UCMP PA291. 
 
Figure 6—UCMP 9010, Loc. UCMP PA291. 
 
Figure 7—UCMP 7009, Loc. PA533. 
 
Figure 8—UCMP 7010, Loc. PA533. 
 
Figure 9—UCMP 195433, Loc. PA533. 
 
Figure 10—UCMP 9010, Loc. UCMP PA291, detail of tooth showing venation  

interpreted as rosoid; scale is 1 mm. 
 

Figure 11—UCMP 399017, Loc. UCMP PA517. 
 
Figure 12—UCMP 399000, Loc. UCMP PA517. 
 
Figure 13—UCMP 399016, Loc. UCMP PA517. 
 
Figure 14—UCMP 399009, Loc. UCMP PA517. 
 
Figure 15—UCMP 399004, Loc. UCMP PA517. 
 
Figure 16—UCMP 399005, Loc. UCMP PA517. 
 
Figure 17—UCMP 399003, Loc. UCMP PA517. 
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and alternate percurrent convex (straight to sinuous) tertiary venation, and CV/CV, 

clearly glandular teeth (Plate 30, Fig. 3).  The laminas of these specimens also have 

dots on them that are interpreted as glandular punctuations.  As stated by Meyer and 

Manchester (1997:  115), “The gland-dotted lamina, palmate venation, and blunt 

glandular teeth in this leaf are characters diagnostic of Ribes,” a statement with which 

this author concurs.  Meyer and Manchester compared the Bridge Creek leaves to R. 

japonicum, at least in that both have glandular punctuations.   

 

Buffalo Canyon flora, Miocene 

 

Plate 30, Figs.  5, 6, 10 

 

R. stanfordianum Dorf.  Axelrod, 1991, p. 55, pl. 15, fig. 10. 

R. stanfordianum Dorf.  Graham, 1999, p. 228. 

 

Material examined.—UCMP 9610 & 9610a 

 

Occurrence.—UCMP PA291, Buffalo Canyon flora (Plate 13; Table 4); see Axelrod 

(1991)  

 

Discussion.—Axelrod (1991) designated a single part and counterpart specimen, 

UCMP 9610 and 9610a, from the Buffalo Canyon flora as R. stanfordianum, stating 

“A single specimen in the flora is broadly 3-lobed and has all the characters typical of 

currant.”  He does not justify placement of this fossil into R. stanfordianum. 

 UCMP 9610, 9610a is a fragment of an actinodromous or palinactinodromous, 

lobed leaf with CV/CV crenations.  One type 5 sinal brace is preserved.  Multiple teeth 
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on UCMP 9610 have what is interpreted as rosoid venation, each ending in an apical 

foramen (Plate 30, Fig. 10).  Third and fourth order venation is present, though 

difficult to interpret; freely-ending ultimate venation is at least one-branched.  This 

leaf has features concordant with Ribes, though its fragmentary nature renders 

justification for its placement difficult; it cannot be positively linked to the other Ribes 

taxa known from the Buffalo Canyon flora, R. barrowsae or R. bonhamii, and 

certainly not to R. stanfordianum.  However, it is better preserved than the specimens 

in the “invalid reports” section, and is so here maintained as a very tentative report of 

Ribes. 

 

Eastgate flora, Miocene 

 

Plate 30, Figs. 4, 7-9 

 

R. stanfordianum Dorf.  Axelrod, 1985, p. 159, pl. 29, figs. 1, 3. 

 

Material examined.—UCMP 7009, 7010 (part-counterpart), 195433 

 

Occurrence.—UCMP PA533, Eastgate flora, Santa Clara formation, Miocene, 

Nevada, USA (Plate 13; Table 4).  See Axelrod (1985) for further discussion of the 

occurrence of this flora. 

 

Discussion.—Axelrod (1985) assigned two specimens, UCMP 7009 and UCMP 7010 

(part and counterpart), from the Eastgate flora to R. stanfordianum with the statement, 

“Three specimens in the Eastgate flora are broadly three-lobed and have all the 

characters typical of currant.”  UCMP 7009 is a three- to five-lobed petiolate leaf with 
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palmate primary venation, craspedodromous secondary venation, straight secondary 

veins, and a crenate margin characterized by simple and compound CV/CV teeth with  

rounded to mammillate apices and strongly rosoid venation, including well-defined 

apical foramens (Plate 30, Figs. 4, 7).  UCMP 7010 is a fragment of a leaf lamina with 

at least three lobes, palmate primary venation, craspedodromous secondary venation 

with straight secondary veins, and a crenate margin, characterized by CV/CV teeth 

with rounded apices (Plate 30, Fig. 8).  Third-order venation is convex and opposite 

percurrent, at least five vein orders are present, areolation is well-developed, and 

freely-ending ultimate veins are at least one-branched.  One type 6 sinal brace is 

preserved.  Both of these leaves match the description of Ribes, though justification 

for placing them in R. stanfordianum, which, as a taxon, is somewhat of a cipher, is 

unclear.  Due to the limited information on the overall form of these leaves, it is 

probably best to assign them simply to Ribes sp.   

 There is a third, poorly preserved specimen that may also represent Ribes, 

UCMP 195433 (Plate 30, Fig. 9), though it lacks most of the diagnostic characters of 

the genus, save for palmate primary venation, straight secondary veins, lobed lamina, 

and crenate margin with CV/CV rounded teeth. 

 

Nye Ione Summit, Miocene, absolute age unknown 

 

Plate 30, Figs. 11-17 

 

Material examined.—UCMP 399000, 399001, 399010, 399002, 399003, 399009, 

399008, 399007, 399012, 399016, 399017; Specimens with part and counterpart.—

UCMP 399002 (part-counterpart); 399005 (P-CP). 
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Occurrence.—Nye Ione Summit locality, UCMP PA517 (Plate 13; Table 4).   

 

Discussion.—This suite of specimens, from Nye County, Nevada, are the only 

specimens included in this paper that have not already been alluded to in another 

publication.  This suite also happens to include the only heretofore unpublished and/or 

unreferred-to specimens encountered in the UCMP or UMMP collections in 2002 or 

the USNM collection in 2003 that 1) could plausibly be Ribes and 2) includes more 

than one or two partial specimens.  Unfortunately, not much information is currently 

available for the locality, either stratigraphically or floristically, from which these 

specimens were collected. 

 The specimens are petiolate leaves with palmately 3-5-lobed laminas.  Some of 

the leaf petioles exhibit an expanded proximal petiole end that could be interpreted as 

stipular, and at least one (UCMP 399016; Plate 30, Fig. 13) appears to have three 

traces.  Primary venation is palmate with more or less straight lateral primary veins 

and secondary venation appears craspedodromous with more or less straight veins.  

Teeth are crenate, CV/CV with rounded apices.  Higher-order and tooth venation 

patterns are, unfortunately, lacking. 

 Although these specimens are not particularly well-preserved, in the features 

that are preserved, they are consistent with the genus Ribes.  Collection of more and 

better specimens might help to cement the determination. 

 

DUBIOUS OR QUESTIONABLE TAXA:  “RIBES” TAXA WITH POTENTIAL BUT 

INDETERMINATE VALUE 

 

 The Ribes taxa listed in this section are each represented by a single specimen 

(except, technically, Ribes bonhamii) and should generally be considered names of 

228



dubious value.  While most lack sufficient characters to definitively link them to 

Ribes, in one or two cases, the leaves probably do represent Ribes, but should not have 

been used to erect a new taxon.  In the remaining cases, based on the fact that the 

specimens representing these taxa are relatively complete and are generally different 

in morphology from the accepted taxa listed above, they have the potential to become 

useful names in the event that conspecific leaves are found that support their 

placement in Ribes.  For each taxon, a short description and discussion are provided. 

 

Division MAGNOLIOPHYTA 

Order  SAXIFRAGALES 

Family GROSSULARIACEAE A.-P. de Candolle 1805 

Genus RIBES(?) L. 1753 

 

Florissant flora, Eocene-Oligocene 

 

Ribes errans (MacGinitie, 1953) 

 

Plate 31, Fig. 1 

 

Ribes errans MacGinitie, 1953, p. 114, pl. 58, fig. 5. 

Ribes errans MacGinitie.  Graham, 1999, p. 206. 

Ribes errans MacGinitie.  Manchester, 2001, appendix 1. 

Ribes errans MacGinitie.  Meyer, 2003, p. 193. 

 

Diagnosis.—Leaf simple, stipules unknown, lamina ovate with 5 lobes, base truncate 

to slightly cordate, lobe apices convex, primary venation palmate, costal secondary 
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Plate 31.  Ribes taxa of questionable or dubious status, Ribes taxa that are not 
accepted, and Ribes reports that are not accepted.  Figs. 1-11 represent taxa with 
dubious links to Ribes and Figs. 12-23 represent taxa or reports that are considered of 
no value.  All figures are ca. 80 percent life size except Fig. 10. 
 
Figure 1—Ribes errans MacGinitie.  UCMP 3837 (holotype), Loc. UCMP PA200. 
 
Figure 2—Ribes auratum Becker.  UMMP 33602 (holotype), Loc. Ruby Paper Shale  

flora, MT (UMMP, no number). 
 
Figure 3—Ribes auratum Becker.  UMMP 33602 (holotype), Loc. Ruby Paper Shale  

flora, MT (UMMP, no number). 
 
Figure 4—Ribes cerinum Becker.  UMMP 33596 (holotype), Loc. Ruby Paper Shale  

flora, MT (UMMP, no number). 
 
Figure 5—Ribes cerinum Becker.  UMMP 33596 (holotype), Loc. Ruby Paper Shale  

flora, MT (UMMP, no number) 
 
Figure 6—Ribes galeana Axelrod.  UCMP 2018 (holotype), Loc. UCMP P102. 
 
Figure 7—Ribes galeana Axelrod.  UCMP 2018a (holotype), Loc. UCMP P102. 
 
Figure 8—Ribes bohamii Axelrod.  UCMP 9608 (holotype), Loc. UCMP PA291. 
 
Figure 9—Ribes bohamii Axelrod.  UCMP 9609 (paratype), Loc. UCMP PA 291. 
 
Figure 10—Ribes auratum Becker.  UMMP 33602 (holotype), Loc. Ruby Paper Shale,  

MT (UMMP, no number), showing actinodromous primary venation and  
irregular spots on lamina interpreted as fungi; scale is 1 mm. 

 
Figure 11—Ribes stanfordianum Dorf.  UCMP 382 (cotype), Loc. UCMP 160. 
 
Figure 12—“Ribes neomexicana” Knowlton.  USNM 35178 (holotype), Loc. USGS  

6958. 
 
Figure 13—“Ribes elkoana” Axelrod.  UCMP 20090 (holotype), Loc. UCMP P3918. 
 
Figure 14—“Ribes hyrumense” Brown.  USNM 222750 (syntype), Loc. USGS 9090.  
 
Figure 15—“Ribes hyrumense” Brown.  USNM 222571 (syntype), Loc. USGS 9090. 
 
Figure 16—“Ribes mehrtensis” Axelrod.  UCMP 1723 (cotype), Loc. UCMP P3682. 
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Plate 31 (continued).  Ribes taxa of questionable or dubious status, Ribes taxa that are 
not accepted, and Ribes reports that are not accepted.  Figs. 1-11 represent taxa with 
dubious links to Ribes and Figs. 12-23 represent taxa or reports that are considered of 
no value.  All figures are ca. 80 percent actual size except Fig. 10. 
 
Figure 17—“Ribes mehrtensis” Axelrod.  UCMP 1724 (cotype), Loc. UCMP P3682. 
 
Figure 18—“Ribes stanfordianum.”  UCMP 9827, Loc. UCMP PA791. 
 
Figure 19—“Ribes sp.”  UCMP 11156, Loc. UCMP PA953. 
 
Figure 20—“Ribes webbii” [sic].  UCMP 9611, Loc. UCMP PA291. 
 
Figure 21—“Ribes webbii” [sic].  UCMP 9612, Loc. UCMP PA291. 
 
Figure 22—“Ribes webbii” [sic].  UCMP 9613, Loc. UCMP PA291. 
 
Figure 23—“Ribes (Grossularia) sp.”  UCMP 8647, Loc. USGS 9696. 
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venation unknown, course of lateral secondary veins unknown, teeth CV/CV, simple, 

concentrated toward the distal ends of the lobes, dental braces unknown. 

 

Emended description.—Leaf simple, petiole ca. 7.5-8.0 mm in length x ca. 0.50-1.0 

mm in width, glabrous, number of leaf traces unknown; estipulate; lamina with 5 

lobes, ovate, base truncate to slightly cordate, lobe apices convex, lamina at least 13.5-

14.0 mm in length (at least 13.0-13.5 mm from tip of medial lobe to point of 

attachment of lamina) x 14.0-14.5 mm in width, glabrous; DOD:  0.40; primary 

venation palmate, primary veins at least 3, course unknown; costal secondary 

venation not preserved; tertiary- and higher-order venation not preserved; freely-

ending ultimate venation and areolation unknown; marginal venation and sinal 

braces unknown; margin crenate, teeth CV/CV, tooth apices rounded to mammillate, 

compound teeth absent, teeth few and concentrated towards distal ends of leaf lobes, 

dental braces unknown. 

 

Holotype.—UCMP 3837 

 

Occurrence.—UCMP PA200, Florissant flora (Plate 13; Table 4); see MacGinitie 

(1953) and Manchester (2001) for further discussion of the occurrence of the 

Florissant flora. 

 

Discussion.—Specimen UCMP 3837 is the only specimen of Ribes errans ever 

recorded (Plate 31, Fig. 1). MacGinitie (1953) thought it similar to the extant R. 

inerme Rydberg and R. leptanthum Gray of the southern Rocky Mountains.  Although 

the specimen resembles Ribes in that it is petiolate, has a palmately-lobed lamina, 

palmate primary venation, and CV/CV teeth with rounded to mammillate apices, 
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UCMP 3837 preserves no other details of the original leaf; the vasculature drawn on 

the specimen in MacGinitie (1953) pl. 58, fig. 5, is almost entirely lacking in UCMP 

3837.  Further, UCMP 3837 is apparently the only leaf of this type collected from the 

Florissant flora.  There is no particular reason to assign this leaf to Ribes as opposed to 

another actinodromous, palmately-lobed taxon.  However, if other specimens came to 

light that had features (for instance, strongly rosoid teeth, glandular hairs, etc.) that 

might more definitively link it to Ribes, it would clearly be a new morphospecies, and, 

although it lacks many characters, UCMP 3837 is complete enough to serve as a 

holotype.   

 Manchester (2001) listed R. errans in his update of the megafossil flora of 

Florissant, Colorado, citing MacGinitie (1953) as his source for the determination.  

Although he noted the taxon as “leaves,” it appears, based on MacGinitie’s original 

description as well as the material located for this study, that R. errans is based only 

on this single specimen.   

Graham (1993) listed Ribes as a component of the Florissant flora in his 

overview of the history of North American vegetation in Volume 1 of Flora of North 

America, presumably on the basis of this taxon.  Meyer (2003:  102) suggested that 

Ribes was one of the few genera to be found both fossil and extant at Florissant.  

Schultheis and Donoghue (2004:  94) later listed the age of the Florissant flora as the 

absolute lower bound for the oldest possible occurrence of Ribes leaves in the fossil 

record of North America, again presumably on the basis on this taxon. 
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Ruby Paper Shale flora 

 

R. auratum (Becker, 1961) 

 

Plate 31, Fig. 2-3, 10 

 

Ribes auratum Becker, 1961, p. 70-71, pl. 20, fig. 13. 

Ribes auratum Becker.  Becker, 1966, p. 97, 99. 

Holodiscus idahoensis auct. non Chaney and Axelrod.  Axelrod, 1987, p. 131-132 (in  

part, but not pl. 30, figs. 5-11). 

Holodiscus idahoensis auct. non Chaney and Axelrod.  Axelrod, 1991, p. 54. 

 

Diagnosis.—Leaf simple, estipulate, lamina obovate with 3 lobes, base cuneate, lobe 

apices straight to convex, primary venation actinodromous, costal secondary venation 

craspedodromous, lateral secondary veins curving upward after emerging from their 

respective primary veins so that they nearly parallel but slightly diverge from the 

primary veins from which they emerge, teeth CV/CV, ST/CV, to ST/ST, simple or 

compound, 1-2 subsidiary teeth per compound tooth, distribution of teeth sparse, 

dental braces unknown. 

 

Emended description.—Leaf simple, petiole decurrent, ca. 3.0-3.5 mm in length x ca. 

0.50-1.0 mm in width, glabrous, number of leaf traces unknown; estipulate; lamina 

with three lobes, obovate, base cuneate, lobe apices straight to convex, 9.0-9.5 mm in 

length x 6.0-6.5 mm in width, glabrous; DOD ca. 0.85; primary venation 

actinodromous, primary veins at least 3, craspedodromous, course of lateral primaries 

straight to slightly convex; costal secondary venation craspedodromous, two 
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secondaries given off by medial primary vein (A), 0-2(?) secondaries given off by 

lateral primary veins (B1 and C1), secondary veins emerging at acute angles from 

primary vein and curving sharply upward, so for most of their course they nearly 

parallel (but diverge slightly from) the primary vein from which they emerge; third- 

and higher-order venation not preserved; areolation and freely-ending ultimate 

venation unknown; marginal veins and sinal braces unknown; margin with teeth, 

teeth few, interpreted as, CV/CV, ST/CV, or ST/ST in shape, apices acute, tooth 

venation type unknown, distribution of teeth sparse, dental braces unknown. 

 

Holotype.—UMMP 33602 (part-counterpart) 

 

Occurrence.—Ruby Paper Shale flora (Plate 13; Table 4).  See Becker (1961, 1966, 

1972) for more complete locality information. 

 

Discussion.—The description of Ribes auratum can stand without comment, save for 

one minor detail.  The lamina on one part of the part/counterpart specimen has a dense 

concentration of circular dots on its surface (Plate 31, Figs. 3, 10); although some 

other Ribes leaf taxa are interpreted as having glands based on the presence of dots on 

the lamina (for instance, R. lacustroides, R. robinsonii, and the Ribes sp. from the 

Okanagan Highlands; Plate 22, Fig. 1; Plate 26, Figs. 4, 8; Plate 29, Fig.8), the dots on 

UMMP 33602 are not considered to be morphological structures of the leaf.  Rather, 

given their random arrangement, clustering, and various diameters, they are here 

interpreted as possibly representing fungi. 

In his original description of this taxon, Becker (1961) allied this leaf to a 

particular extant species of Ribes:  “The leaves compare in structure and dimensions 

with those of smaller size limit in the living Ribes aureum Pursch.”  However, in his 
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treatment of the Oligocene Creede Flora, Axelrod (1987:  132) removed these 

specimens to his newly erected Holodiscus idahoensis Chaney and Axelrod, justifying 

the reassignment as follows:  “In particular, the leaf identified by Becker as Ribes 

aureum [sic] differs from Ribes in basic ways:  the secondaries rise much higher along 

the midvein, and the teeth are totally different, as are the lobes.”  Wolfe and Schorn 

(1990) later argued that H. idahoensis was an invalid taxon under the ICBN and, in 

any case, that H. idahoensis of the Creede Flora had no diagnostic characters with 

which to separate it from H. harneyensis (Arnold) Axelrod, which in turn was an 

invalid name as applied to the Creede Flora Holodiscus-type leaves.  Wolfe and 

Schorn (1990) referred all Holodiscus leaves from the Creede Flora to a new taxon, H. 

stevenii Schorn and Wolfe, in which they did not include R. auratum Becker.  This 

new taxonomy was subsequently ignored by Axelrod (1991:  54), who again argued 

that R. auratum should be placed in Holodiscus in his treatment of the Buffalo Canyon 

Flora:  “the tips of the leaf lobes are acute rather than rounded, the base is cuneate, not 

truncate, and the petiole is short.  The leaf of R. auratum Becker is inseparable from 

Holodiscus idahoensis Chaney and Axelrod, the leaves of which are especially 

abundant in the Creede flora of Colorado (Axelrod, 1987).” 

 One of the key differences between Holodiscus and Ribes is the type of 

primary venation:  Holodiscus has pinnate venation and Ribes has actinodromous or 

palinactinodromous venation (Wolfe and Schorn, 1990; Schorn, 1998; see Plate 17, 

Fig. 7 for an example of a Holodiscus leaf).  The single preserved leaf of R. auratum 

appears to have actinodromous primary venation, with three veins, a midvein and two 

laterals, originating from the petiole at the base of the lamina.  This would link the leaf 

to Ribes as opposed to Holodiscus.  Axelrod’s other arguments for excluding R. 

auratum from Ribes, predicated on the shape of the leaf lobes, the leaf base, and the 

length of the petiole, are not applicable, as all of these fall within the range of 
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variation of extant Ribes species (see especially Plate 3.1, Fig. 10), although the 

serrate ST/ST teeth on the lateral lobes are, admittedly, somewhat unusual for Ribes.  

It is true that generally the secondaries of the midvein arise nearer the base of the 

lamina in leaves of R. aureum than R. auratum (see Plate 14, Fig. 11 and Plate 27, Fig. 

9 for example of leaves of R. aureum), though this character alone is insufficient to 

remove the leaf from Ribes.   

 Because R. auratum consists of a single leaf of mediocre preservation lacking 

such diagnostic features as rosoid tooth venation, the assignment to Ribes should be 

considered tentative at best.  Given the lack of characters, moreover, it seems pointless 

to speculate about the infrageneric position of this taxon within the genus Ribes.    

 Although Axelrod et al. (1991:  422) mentioned the occurrence of Ribes in the 

Ruby flora as evidence of a drier Eocene climate, they were evidently referring to R. 

cerinum since Axelrod thought this specimen to belong in Holodiscus. 

 

Ribes cerinum (Becker, 1961) 

 

Plate 31, Figs. 4-5 

 

Ribes cerinum Becker, 1961, p. 71, pl. 21, figs. 12-13. 

Ribes cerinum Becker.  Becker, 1966, p. 97, 99. 

 

Diagnosis.—Leaf simple, stipules unknown, lamina elliptic with 5 lobes, base cordate, 

lobe apices rounded, primary venation slightly palinactinodromous, costal secondary 

venation craspedodromous, course of lateral secondary veins more or less straight to 

slightly curving, teeth CV/CV to ST/ST, simple, not concentrated toward the distal 

ends of the lobes, dental braces unknown. 
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Emended description.—Leaf simple, petiole unknown; stipules unknown; lamina 

with 5 lobes, elliptic, base cordate, lobe apices rounded, lamina at least ca. 25.5-26.0 

mm in length (at least ca. 17.5-18.0 mm from the tip of the medial lobe to the distal 

end of the petiole) x at least ca. 31.0-31.5 in width, glabrous, number of leaf traces 

unknown; DOD ca.  0.73; primary venation slightly palinactinodromous, primary 

veins ca. 7, craspedodromous, lateral primary veins straight to convex; costal 

secondary venation craspedodromous, secondary veins diverging from primary veins 

at acute angles and proceeding to the margin on a straight to slightly curving course, at 

least 4 diverging from the midvein (A), up to 6 diverging from the first lateral primary 

veins (B1 and C1), and up to 4 diverging from the second lateral primary veins (B2 

and C2); other secondary veins may include one interior secondary vein spanning 

two primary veins and weak secondary veins given off by the costal secondary veins 

in the manner that a costal secondary vein would be given off by a primary vein; 

tertiary venation opposite percurrent, course of tertiary veins straight to convex; 

fourth-order venation polygonal reticulate; fifth-order venation unknown; 

areolation and freely-ending ultimate venation unknown; marginal and fimbrial 

veins unknown; sinal braces types 1 and 5 or 7 (ambiguous, as different vein orders 

difficult to distinguish); margins crenate, teeth CV/CV to nearly ST/ST, apices nearly 

acute to rounded, teeth simple, venation unknown, not concentrated toward the distal 

ends of the leaf lobes, dental braces unknown. 

 

Holotype.—UMMP 33596 (part and counterpart) 

 

Occurrence.—Ruby Paper Shale Flora (Table 3.2).  See Becker (1961, 1966, 1972) for 

more complete locality information. 
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Discussion.—The description above can stand largely without additional comment, 

save that the “interior secondary vein” may be a tertiary vein; the preservation of the 

material makes distinguishing among different vein orders difficult in some instances.  

Becker (1961:  71) provided a description of R. cerinum similar in overall detail to that 

provided above.  He compared R. cerinum to leaves of R. protomelaenum Cockerell 

(1908) as figured by Knowlton (1923, pl. 42, figs. 5-9; removed to R. lacustroides by 

Wolfe and Schorn, 1990), but decided they were not conspecific based on differences 

in the angle of origination of the primary veins of the two species and differences in 

shape and degree of dissection.  Becker (1961:  71) felt that R. cerinum resembled 

leaves of the extant North American R. cereum, stating that the “Recent occurrence of 

Ribes in the Ruby Range and its similarity with the fossil suggests that this form has 

existed there since mid-Tertiary time.”  

 The sole part-counterpart specimen of R. cerinum, which represents a single 

leaf fragment missing many of the details of the original architecture, cannot be 

meaningfully compared with the leaves of R. cereum, which the fossil fragment does 

not particularly resemble anyhow (see Plate 18 and Plate 28, Fig. 14 for examples of 

leaves of R. cereum).  In overall shape, lobation, and type of primary, secondary, and 

tertiary venation, as well as shape of the teeth, UMMP 33596 is concordant with 

leaves of the genus Ribes.  That stated, UMMP 33596 lacks any features that 

definitively link it to Ribes.  Knowledge of details of the petiole and tooth architecture 

could help cement the determination, if they were concordant with the genus.  Because 

R. cereum is represented by only one partial specimen, the taxon name should be 

considered of dubious value pending further discoveries; however, providing further 

discoveries are made, and the determination of Ribes is deemed correct, enough details 

likely exist for UMMP 33596 to serve as holotype. 
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 Axelrod et al. (1991:  422) mentioned the presence of Ribes in the Ruby flora 

as evidence of climate drying due to uplift of the Rocky Mountains during the Eocene. 

 

Buffalo Canyon flora, Miocene 

 

Ribes bonhamii (Axelrod, 1991) 

 

Plate 31, Figs. 8-9 

 

Ribes bonhamii Axelrod 1991, p. 54-55, pl. 15, fig. 1. 

Ribes bonhamii Axelrod.  Graham, 1999, p. 228. 

 

Diagnosis.—Leaf simple, stipules unknown, lamina elliptic with 3 lobes, base 

rounded, lobe apices straight to convex, primary venation actinodromous, costal 

secondary venation craspedodromous, course of lateral secondary veins more or less 

straight, teeth CV/CV, simple and compound, up to one subsidiary tooth per 

compound tooth, not concentrated toward the distal ends of the lobes, dental braces 

unknown. 

 

Emended description.—Leaf simple, petiole at least 18.0 mm in length x 0.5-1.0 mm 

width, glabrous, number of leaf traces unknown; stipules unknown; lamina with three 

lobes, overall shape elliptic, base rounded, lobes apices straight to convex, lamina at 

least 32.5 mm in length (ca. 30.0-30.5 mm from tip of medial lobe to distal end of 

petiole) x ca. 29.0-29.5 mm in width, glabrous; DOD ca. 0.64; primary venation 

actinodromous, primary veins ca. 9, craspedodromous (most basal vein preserved 

forming arches with superjacent primary vein and semicraspedodromous), lateral 
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primary veins straight to convex; costal secondary venation  craspedodromous, veins 

emerging at acute angles from the primary veins, course more or less straight, ca. six 

secondary veins emerging from medial primary vein, ca. 6-7 secondary veins 

emerging from first lateral primary veins, and ca. 2-3 from second lateral primary 

veins; tertiary venation unknown; fourth-order and higher-order venation 

unknown; areolation and freely-ending ultimate venation unknown; marginal 

veins and fimbrial vein unknown; sinal brace types 1 and 5 or 7 (order of veins 

forming sinal braces difficult to determine); leaf margins crenate, teeth CV/CV, 

rounded, simple and compound with up to one subsidiary tooth, venation obscure, but 

apical foramens interpreted as present, represented by dark areas at the apices of some 

teeth, teeth not concentrated toward the distal ends of the leaf lobes, dental braces 

unknown. 

 

Holotype.—UCMP 9608 (and counterpart UCMP 9608a) 

 

Paratype.—UCMP 9609 

 

Occurrence.—UCMP PA291, Buffalo Canyon flora (Plate 13; Table 4); see Axelrod 

(1991) for further discussion of the occurrence of this flora. 

 

Discussion.—Ribes bonhamii is the second of two unique specific epithets coined for 

leaves assigned to Ribes from the Miocene Buffalo Canyon flora.  Unlike R. 

barrowsae, R. bohhamii is really based on only a single part-counterpart specimen, the 

holotype UCMP 9608, 9608a (Plate 31, Fig. 8).  UCMP 9609 (Plate 31, Fig. 9), 

designated a paratype of this taxon, may very well be R. bonhamii, but, as it consists 
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only of a petiole and some primary and secondary venation with very little preserved 

lamina, on its own it is not identifiable to taxon. 

 The morphological features of R. bonhamii are concordant with the genus 

Ribes, and the taxon is unique among other fossil Ribes taxa in its combination of a 

trilobed lamina, rounded base, and elongate teeth.  However, because R. bonhamii is 

represented by only a single specimen and because that specimen lacks many 

characters (particularly a clear tooth venation architecture), this taxon is here 

considered of uncertain value pending further discoveries. 

 

Verdi flora, Pliocene 

 

Ribes galeana (Axelrod, 1958) 

 

Plate 31, Figs. 6-7 

 

Ribes galeana Axelrod, 1958, p. 132, pl. 23, fig. 14. 

Ribes galeana Axelrod.  Millar, 1996, p. 121. 

 

Diagnosis.—Leaf simple, estipulate, lamina ovate with 3 lobes, base slightly cordate, 

lobe apices convex to rounded, primary venation actinodromous, costal secondary 

venation craspedodromous, course of lateral secondary veins straight, teeth CV/CV, 

simple, concentrated toward the distal ends of the lobes, dental braces unknown. 

 

Emended description.—Leaf simple, petiole at least 7.40 mm in length x ca. 0.30-

0.35 mm in width, number of leaf traces unknown; estipulate; lamina with three 

lobes, ovate, base slightly cordate, lobe apices convex to rounded, lamina ca. 16.0-
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16.5 mm in length (ca. 14.0-14.5 mm from tip of medial lobe to point of attachment of 

petiole to lamina) x 13.5-14.0 mm in width; DOD ca. 0.48; primary venation 

actinodromous, primary veins ca. 6-7, craspedodromous, course of lateral primaries 

straight to convex (most basal veins concave); costal secondary venation 

craspedodromous, at least 2 secondary veins diverging from medial primary vein at 

acute angles and proceeding on a more or less straight course to the leaf margin; 

tertiary- and higher-order venation unknown; areolation and freely-ending 

ultimate venation unknown; marginal and fimbrial veins unknown; sinal braces 

unknown; leaf margins crenate, teeth CV/CV, apices rounded, subsidiary teeth 

absent, tooth venation interpreted as rosoid (somewhat ambiguous), teeth concentrated 

toward the distal ends of the leaf lobes, dental braces unknown. 

 

Holotype.—UCMP 2018 (and counterpart UCMP 2018a) 

 

Occurrence.—UCMP 102, Verdi flora (Table 3.2).  See Axelrod (1958) for further 

discussion of the occurrence of this flora. 

 

Discussion.—Axelrod (1958) described this taxon on the basis of one part-counterpart 

specimen representing a relatively complete leaf.  He expressed the opinion that the 

specimen represented a gooseberry rather than a currant, and, though he felt that he 

could not identify its closest living counterpart, still likened it to extant R. roezlii, a 

member of subgenus Grossularia.  No other reason was given for preferring the 

interpretation of the leaf as a gooseberry rather than a currant. 

 UCMP 2018, 2018a is well preserved considering the coarseness of the 

surrounding matrix.  The leaf is petiolate and estipulate, with a three-lobed lamina, 

actinodromous primary venation, straight craspedodromous secondary venation, and 
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CV/CV crenate teeth, possibly with rosoid venation (a central and two lateral veins 

appear to meet in an apical gland at the tip of one tooth, although this is faintly 

preserved).  The morphology of this leaf is not clearly like that of any other fossil 

Ribes, although it bears vague resemblance to R. errans in that the central lobe appears 

to be markedly longer than the lateral lobes. R. galeana presents some justification on 

morphological grounds for placement in Ribes, especially if the teeth are rosoid.  

However, it is still only represented by a single part-counterpat specimen, and 

probably should have been placed only to Ribes sp. by Axelrod in the first place, if 

definitively in Ribes at all. 

 There is no real justification for the speculation by Axelrod (1958) that the leaf 

belongs in subgenus Grossularia, especially in light of the findings of this study 

concerning the morphology of Grossularia leaves. 

 

Santa Clara flora (Calabazas Canyon locality) and Portola locality, Pliocene 

 

R. standfordianum (Dorf, 1930) 

 

Plate 31, Fig. 11 

 

Grossularia menziesii (Pursch.) Cov. et Brit.  Hannibal, 1911, p. 337. 

Ribes standfordianum Dorf, 1930, p. 97-98, pl. 10, fig. 6. 

Ribes stanfordiana [sic] Dorf.  LaMotte, 1944, p. 272. 

Ribes menziesii Pursch.  LaMotte, 1952, p. 308. 

Ribes stanfordianum Dorf.  LaMotte, 1952, p. 181, 308. 
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Diagnosis.—Leaf simple, stipules unknown, lamina elliptical with 3 lobes, base 

cordate, lobe apices rounded, primary venation slightly palinactinodromous, costal 

secondary venation craspedodromous, course of lateral secondary veins straight, teeth 

unknown, dental braces unknown. 

 

Emended description.—Leaf simple, petiole ca. 14.5-15.0 mm in length x ca. 1.10 

mm in width, indumentum and number of leaf traces unknown; stipules unknown; 

lamina with 3 lobes, elliptical, base cordate, lobe apices rounded, lamina ca. 31.5-32.0 

mm in length (ca. 26.5-27.0 mm from point of attachment of the petiole to tip of the 

medial lobe) x 37.5-38.0 mm in width; DOD ca. 0.77; primary venation slightly 

palinactinodromous, number of primary veins ca. 7, craspedodromous, lateral 

primaries straight; costal secondary venation craspedodromous, veins arising at acute 

angles from the primary veins, course more or less straight to the margin, at least 7 

secondary veins emerging from medial primary vein (A), ca. 6-7 from first lateral 

primary veins (B1 and C1), and ca. 3 from second lateral primary veins (B2 and C2), 

the secondary veins of the medial and first lateral primary veins paired, those of the 

second lateral primary veins given off basally and unpaired; tertiary and higher-

order venation not preserved; areolation and freely-ending ultimate venation 

unknown; marginal and fimbrial veins unknown; sinal braces unknown; margin 

indistinct, dental braces unknown. 

 

Holotype.—UCMP 382 

 

Occurrence.—UCMP 160, Santa Clara flora (Calabazas Canyon locality) and Portola 

locality (Plate 13; Table 4).  See Hannibal (1911) and Dorf (1930) for more complete 

descriptions of the localities. 
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Discussion.—Although Dorf (1930) stated that abundant collections of leaves of R. 

stanfordianum from the Calabazas Canyon locality were made, and although he 

designated three cotypes for this species (UCMP 382, 383, 384), only the type figured 

in his original publication, UCMP 382, could be located.  Dorf thought R. 

standfordianum to have been produced by a currant, subgenus Ribes, as opposed to a 

gooseberry, subgenus Grossularia, though he did not enumerate the reasons for this.  

Dorf also suggested that leaves of R. stanfordianum were conspecific with fossil 

leaves assigned to Grossularia menziesii (Pursch.) Cov. and Brit. by Hannibal (1911), 

which were also collected from the Santa Clara Formation at the Portola and 

Calabazas Canyon localities, though Dorf did not formally transfer them.  Although 

the figured specimens from Hannibal (1911) were located at the California Academy 

of Sciences (which houses the former Stanford University fossil collection, where 

Hannibal deposited his specimens), specimens of G. menziesii, which were briefly 

described but not figured, could not be located (DeMouthe, pers. comm., 2004).  

Despite the paucity of fossil material on which the present description was based, 

Dorf’s original description of R. stanfordianum does not differ markedly from that 

given above, though he described the leaves as 20-40 mm long x 30-50 mm wide and 

added that sometimes the leaves have an extra pair of basal lobes, for a total of five. 

 The single remaining leaf from the Calabazas Canyon locality does not have 

many characters that recommend it to Ribes.  The leaf is petiolate.  Both the primary 

venation, slightly palinactinodromous, and secondary venation, craspedodromous with 

veins arising at acute angles and maintaining a straight course to the leaf margin, are 

consistent with Ribes, as is the shape of the palmately-lobed lamina, which appears to 

have three lobes.  Third- and higher-order venation are not preserved, the margin is 

indistinct, and the venation of the teeth is unknown.  The rationale for maintaining this 
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taxon in the possibly valid category is the following:  1) the single preserved specimen 

might deserve to be called Ribes sp. or Ribes sp.(?) on its own, given the combination 

of features mentioned above, and 2) the original species description by Dorf (1930) 

was based on more specimens, and it is likely that more of this material could be 

collected, based on the fact that both Hannibal (1911) and Dorf (1930) reported that 

multiple specimens were collected for their studies.  That said, despite the widespread 

use of the name R. stanfordianum, it has probably been applied improperly outside of 

the Santa Clara Formation localities from which the original collections were made, 

and the contribution of R. stanfordianum to our understanding of Ribes evolution 

and/or biogeography is unlikely to be great, even in the event that further collections 

are made and the morphology of the taxon better understood. 

 R. stanfordianum is the oldest organ taxon name considered possibly valid for 

Ribes, by date of publication.  Other leaves referred to R. standfordianum from the 

United States include six leaves from the Miocene Chalk Hills flora of Nevada 

(UCMP 8110-8111, hypotypes, UCMP 8112-8115, homeotypes; Axelrod, 1962), two 

leaves from the Miocene Eastgate flora of Nevada (UCMP 7009, 7010 part and 

counterpart, hypotypes; Axelrod, 1985), one leaf from the Miocene Buffalo Canyon 

flora of Nevada (UCMP 9610, 9610a, hypotype; Axelrod, 1991), and one leaf from the 

Miocene Pyramid flora of Nevada (UCMP 9827, hypotype; Axelrod, 1992).  Axelrod 

identified all of these specimens as hypotypes or homeotypes for R. stanfordianum, 

indicating that they were used to extend the species or were intended as supplementary 

specimens.  This is problematic for several reasons:  1) none of these specimens were 

collected from the type locality for R. standfordianum, and 2) in most cases, the 

morphology of these fossils is not concordant with the description of R. 

stanfordianum.  Particularly egregious is UCMP 9827, from the Pyramid Flora, which 

cannot even plausibly be assigned to Ribes (Plate 3.17, Fig. 18, also discussed below).  
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Less implausible are UCMP 7009 and 7010, from the Eastgate Flora, which are 

concordant in their characters with the circumscription of R. stanfordianum, though, 

given the dearth of characters for the taxon and the partial nature of the Eastgate 

specimens, they are better assigned simply to Ribes sp. for the time being.  All of 

Axelrod’s hypotypes and homeotypes of R. standfordianum were disregarded in 

providing the emended diagnosis and description given above, and all have been 

removed from R. stanfordianum and some even from Ribes (all are discussed 

separately in the preceding or following sections). 

 A number of Miocene specimens from the Kamchatka Peninsula (northeast 

Asia) have also been referred to R. stanfordianum, but were not obtained for the 

present study (Il’jinskaja and Schvareva, 1976; Schvareva and Baranova, 1979).  

Illustrations of these specimens (Il’jinskaja and Schvareva, 1976, pl. 32, figs. 1, 2, and 

pl. 64, fig. 3; Schvareva and Baranova, 1979, pl. 5, fig. 1 and pl. 6, figs. 1-5), 

however, suggest that they may suffer from the same problems as Axelrod’s “R. 

stanfordianum” specimens:  some are highly fragmentary and in general they appear 

to be inconsistent with the emended diagnosis of R. stanfordianum. 

 If notes made by Hannibal (1911) and Dorf (1930) are any indication, it should 

be possible to make more collections of R. stanfordianum from the Calabazas Canyon 

and/or Portola localities to replace those collections that have apparently—and 

unfortunately—been lost, and to provide a better diagnosis and description for one of 

the most-used (and abused) Ribes fossil taxa in the literature. 

 

RIBES TAXA THAT ARE NOT ACCEPTED 

 

The following taxa and reports of Ribes species should be considered 

candidates for formal rejection.  As mentioned by Wolfe and Schorn (1990), the 
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process for rejection of taxon names under the IBCN is long; therefore, while not 

formally rejected at this time, the taxa discussed below should be considered of no 

value.  In most cases, taxa or specimens considered invalid are so poorly preserved 

that it is impossible to determine what even the most basic leaf characters are, and, 

even disregarding whether the specimens represent Ribes or not, they are not fit to 

serve as primary types.    

 

Fruitland-Kirtland floras, Cretaceous (Campanian) 

  

Ribes neomexicana (Knowlton, 1916) 

 

Plate 31, Fig. 12 

 

Ribes neomexicana Knowlton, 1916a, p. 342, pl. 89, fig. 4. 

Ribes neomexicana Knowlton.  Knowlton, 1919, p. 554. 

Ribes neomexicana Knowlton.  Tidwell et al., 1981, p. 315. 

 

Holotype.—USNM 35178 

 

Occurrence.—USGS 6958, Flora of the Fruitland Formation (Plate 13; Table 4).  See 

Knowlton (1916) for further discussion of this flora. 

 

Discussion.—R. neomexicana is based on a single specimen, designated the holotype, 

from the Campanian Fruitland Formation of New Mexico.  This specimen consists of 

a leaf base.  Although Knowlton (1916a) described the leaf as three-lobed, the number 

of lobes is not clear, as the apical portion of the specimen is missing.  The leaf 
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venation is also indistinct, though a single midvein is present, along with several 

lateral veins; the leaf may have palmate primary venation.  Third-order and other 

venation is missing.  The leaf margin is indistinct, and, while the leaf appears to be 

coarsely toothed, the venation of the teeth is absent.  Insufficient characters exist in the 

specimen to definitively assign it to Ribes or to any other taxon based on the present 

material, and the taxon R. neomexicana should be considered invalid. 

 Tidwell et al. (1981) included this taxon in a floral taxon list of the Fruitland 

and Kirtland Formations after Knowlton (1916). 

 

Copper Basin flora, Eocene 

 

Ribes elkoana (Axelrod, 1966a) 

 

Plate 31, Fig. 13 

 

Ribes elkoana Axelrod, 1966a, p. 70-71, pl. 16, fig. 8. 

Ribes sp.  Axelrod, 1996, p. 87. 

 

Holotype.—UCMP 20090 (and counterpart UCMP 20090a) 

 

Occurrence.—UCMP P3918, Copper Basin flora (Plate 13; Table 4); see Axelrod 

(1966a) for a more complete description of the locality. 

 

Discussion.—R. elkoana is based on one part-counterpart specimen from the Eocene 

Copper Basin Flora of Nevada.  Axelrod (1966a) differentiated R. elkoana from the 

fossil taxa R. creedensis Axelrod 1956 (nomen nudum), R. errans MacGinitie, R. 
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galeana Axelrod, R. hyrumense Brown, R. mehrtensis Axelrod, and R. stanfordianum 

Dorf based on such characters as overall size, blade size, width of lobes, length:width 

ratio, degree of dissection, tooth size, and petiole size.  Among extant taxa which 

Axelrod (1966a:  70) considered similar to this specimen are “R. divaricatum Douglas, 

R. inerme Rydberg, and R. mensizii Pursch of California and border areas; R. 

oxycanthoides Linnaeus and R. lacustris [sic] Poiret of the eastern and western United 

States; R. rotundifolium Michaux of the eastern United States; and R. fasiculatum 

Siebold and Zuccarini of China and Japan.”   

UCMP 20090, 20090a, the part-counterpart specimen on which the taxon R. 

elkoana Axelrod is based, and the only specimen ever assigned to the taxon, represents 

a single leaf with an incomplete lamina and an incomplete petiole.  Primary venation 

is clearly actinodromous.  While some secondary venation is preserved, the type of 

secondary venation cannot be definitively determined; it may be craspedodromous.  

Tertiary venation, preserved in UCMP 20090a, is transverse and straight to convex; 

fourth-order and possibly fifth-order venation are present; freely-ending ultimate veins 

appear two- or more-branched.  The margin of the lamina is not preserved on 20090a, 

though up to two teeth could be preserved on UCMP 20090; the venation of the teeth 

is unclear.  The number of leaf lobes and degree of leaf dissection cannot be 

determined.  While the features preserved are consistent with the genus Ribes, too few 

characters exist to definitively place the leaf therein; further, there are too few 

diagnostic characters on which to base a new species.  The specimen representing R. 

elkoana is certainly not comparable in any meaningful way with the taxa mentioned 

by Axelrod (1966a) and listed above.  This taxon and its type should be rejected. 

Graham (1999:  211) included Ribes as an element of the Copper Basin flora, 

presumably based on this taxon. 
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Cachee Valley flora, Miocene or Pliocene 

 

Ribes hyrumense (Brown, 1949) 

 

Plate 31, Figs. 14-15 

 

Ribes hyrumense Brown, 1949, p. 226, figs. 17-18. 

Ribes hyrumense Brown.  LaMotte, 1952, p. 308. 

 

Syntypes.—USNM 222750, 222751 

 

Occurrence.—USGS 9090, Cachee Valley flora (Plate 13; Table 4). 

 

Discussion.—Brown’s (1949:  226) original description of the leaves is vague, and his 

justification for placement in Ribes is weak:  “The choice between Physocarpus and 

Ribes as the genus to which these leaves belong is difficult to make.  They can be 

matched by leaves of species of both genera now living in the pinyon and aspen belts 

of Utah, particularly Physocarpus alternans (Jones) Howell and Ribes inebrians 

Lindley.  Assignment to either genus would not materially affect the compositional 

aspect of the flora or the conclusion regarding the environmental picture. I lean toward 

reference to the gooseberries, Ribes.” 

 The fossils represent petiolate leaves with shallowly lobed laminas, palmate 

primary venation, and straight secondary veins; USNM 222751 has crenate teeth.  

Based on the little morphological evidence available, there is no particular justification 

for placing them in Ribes exclusive of other palmately-lobed, palmately veined taxa 

(as alluded to by Brown) or necessarily both in the same taxon.  Neither is complete 
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enough to serve as the type for a new species.  R. hyrumense should, therefore, be 

considered a taxon of no value. 

 

Oakdale flora, Miocene 

 

Ribes mehrtensis (Axelrod, 1944) 

 

Plate 31, Figs. 16-17 

 

Ribes mehrtensis Axelrod, 1944, p. 163-164, pl. 33, figs. 3, 7. 

Ribes mehrtensis Axelrod.  LaMotte, 1952, p. 308. 

Ribes mehrtensis Axelrod.  Millar, 1996, p. 116. 

 

Syntypes.—UCMP 1723, 1724 

 

Occurrence.—UCMP P3628, Oakdale flora (Plate 13; Table 4).  See Axelrod (1944) 

for further discussion of the occurrence of this flora. 

 

Discussion.—R. mehrtensis is based on two specimens, syntypes from the Pliocene 

Oakdale flora of California.  Axelrod (1944:  164) considered these leaves comparable 

to extant Ribes quercetorum Greene, a semiarid species that “ranges from the central 

Sierra Nevada and inner south Coast Ranges into southern California, and reappears in 

south-central Arizona.”  He also suggested that “Judged by the character of its 

distribution, and the nature of its associates in the Oakdale flora, this species 

represents a member of the Madro-Tertiary Flora.” 
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 Specimen UCMP 1723, the first of Axelrod’s co-types, represents a single 

lamina missing a petiole.  The lamina has five lobes.  Primary venation is palmate; 

higher orders of venation are not evident.  The margin of the lamina has crenate teeth.  

The lamina is elliptical in shape. 

 Specimen UCMP 1724, the second of Axelrod’s co-types, represents a single 

leaf attached to a twig, opposite a second leaf petiole.  Only the midvein of this leaf is 

evident.  This leaf also has crenate teeth.  The shape of the lamina is slightly ovate. 

 Neither UCMP 1723 nor UCMP 1724 possess enough characters to place them 

within the genus Ribes.  In fact, it is not clear that they even represent the same leaf 

morphotype.  The taxon R. mehrtensis should thus be considered of no dubious value. 

 

MISCELLANEOUS REPORTS OF RIBES THAT ARE NOT ACCEPTED 

 

 The following reports include specimens that are so poorly preserved they 

cannot be linked to Ribes or that have characteristics clearly in conflict with the genus.  

In several cases, particularly of specimens from the Chalk Hills and Stewart Valley 

floras, discovery of more and better specimens might plausibly render these specimens 

worthy of being moved to the “Valid Reports” category.  In other cases, such as that of 

the Thunder Mountain flora, the specimens are clearly unidentifiable. 
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Thunder Mountain flora, Eocene 

 

Plate 31, Fig. 19 

 

Ribes sp.  Axelrod, 1996, p. 89. 

Ribes sp.  Axelrod, 1998, p. 48, pl. 14, fig. 5. 

 

Material examined.—UCMP 11156 

 

Occurrence.—UCMP PA953, Road florule, Thunder Mountain flora (Plate 13; Table 

4).  See Axelrod (1998) for further discussion of this flora. 

 

Discussion.—Axelrod (1998:  48) suggested that UCMP 11156, the only “Ribes” 

specimen known from the Eocene Thunder Mountain Flora, is “certainly a Ribes” and 

is comparable to the extant western North American species R. aureum, the golden 

currant (Plate 15, Fig. 11; Plate 27, Fig. 9).  USNM 11156 is, however, unidentifiable; 

the specimen may consist of a petiole and a poorly preserved lamina with veins 

radiating from the leaf base, if it is indeed a single simple leaf, which is not entirely 

evident upon examination of the material.  Schultheis and Donoghue (2004:  94) cited 

this specimen as one of the oldest possible fossil occurrences of Ribes in North 

America, though did not consider it definitive. 
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Pyramid flora, Miocene 

 

Plate 31, Fig. 18 

 

R. stanfordianum Dorf.  Axelrod, 1992, p. 39, pl. 11, fig. 2. 

 

Material examined.—UCMP 9827  

 

Occurrence.—UCMP PA791, Pyramid flora (Plate 13; Table 4).  See Axelrod (1992) 

for further discussion of the occurrence of this flora. 

 

Discussion.—Axelrod designated specimen UCMP 9827, the only specimen of “R. 

standfordianum” in the Pyramid Flora, a hypotype of R. standfordianum Dorf.  UCMP 

9827 is a lamina, either unlobed or perhaps with two short lateral lobes and a rounded 

to slightly cordate base.  Primary venation is actinodromous and suprabasal.  Some 

secondary veins are preserved, though type of secondary venation is indeterminate.  

Tertiary and higher order venation is lacking.  The margin is only clearly preserved 

basally, where it is entire.  No characters link this leaf to R. standfordianum or even to 

Ribes.  UCMP 9827 should not be considered a hypotype of R. standfordianum. 
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Buffalo Canyon flora, Miocene 

 

Plate 31, Figs. 20-22 

 

R. webbii [sic] Wolfe.  Axelrod, 1991, p. 55, pl. 15, figs. 5-6. 

R. webbii [sic] Wolfe.  Graham, 1999, p. 228. 

 

Material examined.—UCMP 9611, 9612 & 9612a, 9613 (P-CP) 

 

Occurrence.—UCMP PA291, Buffalo Canyon flora (Plate 13; Table 4).  See Axelrod 

(1991) for further details of the occurrence of this flora. 

 

Discussion.—Axelrod (1991) published three specimens from the Buffalo Canyon 

flora as R. webbi, UCMP 9611 and 9613 as hypotypes, and UCMP 9612 as a 

homeotype.  Of the three, UCMP 9611 (Plate 31, Fig. 20) could plausibly be Ribes, 

given its general outline with at least three lobes, palmate primary venation, and 

crenate margin.  However, UCMP 9611 lacks most of the details of the secondary and 

higher order venation and is not particularly similar to either of the other possible 

Ribes taxa from the Buffalo Canyon flora, R. barrowsae or R. bonhamii (see “Valid 

Taxa” and “Dubious Taxa” sections, respectively).  Thus, this report should be 

considered of dubious worth. 

 UCMP 9613 (Plate 31, Fig. 22) represents the poorly preserved basal fragment 

of an palmately-veined leaf with CV/CV teeth.  As with UCMP 9611, it cannot be 

linked definitively with Ribes due to lack of diagnostic characteristics. 

 UCMP 9612, 9612a (Plate 31, Fig. 21) is a simple leaf with pinnate primary 

venation obviously not representing Ribes. 
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Stewart Valley flora, Miocene 

 

Plate 31, Fig. 23 

 

Ribes (Grossularia) sp.  Wolfe, 1964, p. N23, pl. 9, fig. 11. 

 

Material examined.—UCMP 8647 

 

Occurrence.—USGS 9696, Stewart Valley flora (Plate 13; Table 4); see Wolfe (1964) 

for further discussion of the occurrence of this flora. 

 

Discussion.—Wolfe (1964:  N23) described the single specimen of this type, UCMP 

8647, as Ribes subgenus Grossularia because it “is deeply incised and has a few 

compoundly serrate teeth.”  UCMP 8647 represents a single petiolate leaf with 

actinodromous primary venation.  The lamina has five deeply incised lobes; some 

secondary veins are present, and teeth are few and crenate; details of third and higher-

order venation are lacking.  While this leaf could possibly be Ribes, there is no 

particular reason to link it to subgenus Grossularia or even to Ribes exclusive of 

similar taxa.  Because there is only one poorly preserved specimen of this type from 

the Stewart Valley flora, this report should be considered of dubious value pending 

further, more definitive discoveries.  
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Chalk Hills flora, Miocene 

 

Plate 32, Figs. 1-6 

 

R. stanfordianum Dorf.  Axelrod, 1962, p. 234, pl. 48, figs. 5, 6. 

R. stanfordianum Dorf.  Millar, 1996, p. 112. 

 

Material examined.—UCMP 8110-8115 

 

Occurrence.—UCMP P3526, Chalk Hills flora (Plate 13; Table 4).  See Axelrod 

(1962) for further discussion of the occurrence of this flora. 

 

Discussion.—Axelrod (1962) designated two hypotypes, UCMP 8110 and 8111 (Plate 

32, Figs. 1-2), and four homeotypes, UCMP 8112-8115 (Plate 32, Figs. 3-6), of R. 

stanfordianum from the Chalk Hills flora.  Axelrod provided no justification for 

including the leaf impressions in Ribes in his original publication of the fossils; he 

simply stated that “Five leaf impressions in the flora appear to represent a 3- to 5-

lobed currant” (Axelrod, 1962:  234) and assigned the fossils to R. stanfordianum 

while also comparing them favorably to R. creedensis Axelrod 1956 (nomen nudum) 

of the Creede flora.   

 The fossils representing “R. stanfordianum” from the Chalk Hills flora are not 

particularly well preserved.  UCMP 8115 (Plate 32, Fig. 6) is only a vague impression 

of a leaf of some sort, and cannot be assigned to any taxon with certainty.  The 

remainder of the specimens do represent actinodromous leaves which appear to be 

palmately lobed, generally with ca. 5 lobes.  UCMP 8110, 8111, 8112, and 8113 (Plate 

32, Figs. 1-4) have craspedodromous secondary venation and poorly preserved 
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Plate 32.  Further reports of Ribes that are not accepted and images of specimens 
representing the types of taxa that have been removed from Ribes.  Fig. 11 is a 
specimen of Ribes that was not directly examined during the course of this study.  All 
figures ca. 80 percent actual size. 
 
Figure 1—“Ribes stanfordianum.”  UCMP 8110, Loc. UCMP P3526. 
 
Figure 2—“Ribes stanfordianum.”  UCMP 8111, Loc. UCMP P3526. 
 
Figure 3—“Ribes stanfordianum.”  UCMP 8113, Loc. UCMP P3526. 
 
Figure 4—“Ribes stanfordianum.”  UCMP 8112, Loc. UCMP P3526. 
 
Figure 5—“Ribes stanfordianum.”  UCMP 8114, Loc. UCMP P3526. 
 
Figure 6—“Ribes stanfordianum.”  UCMP 8115, Loc. UCMP P3526. 
 
Figure 7—“Ribes nevadense.”  UCMP 20324, Loc. UCMP P620. 
 
Figure 8—Vitis florisantella Cockerell.  USNM 40769a (holotype specimen of “Ribes  

protomelaenum”), Locality given as Florissant flora, CO. 
 
Figure 9—Viburnum ribesiforme LaMotte.  USNM 39136 (holotype specimen of  
 “Ribes fernquisti”), Loc. USGS 7887. 
 
Figure 10—Acer taggarti (?) Wolfe and Tanai.  UCMP 800 (originally labeled as  
 Ribes sp. cf. R. lacustre), Loc. UCMP 97. 
 
Figure 11—Ribes sp.(?).  UIMM T-0251, Loc. UIMM P-29. 
 
Figure 12—Viburnum ribesiforme LaMotte.  USNM 38646 (originally assigned to 
 “Ribes fernquisti”), Locality given as Latah flora, Grand Coulee, WA. 
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margins.  UCMP 8110 (Plate 32, Fig. 1) has what appears to be opposite percurrent 

and convex tertiary venation and both UCMP 8110 and 8113 (Plate 32, Fig. 3) have 

large CV/CV teeth.  As is often the case with leaves that are identified through 

“picture-matching,” the difficulty with these specimens is less that they can be 

absolutely eliminated as specimens of Ribes, and more that they lack any diagnostic 

characters to support their identification as Ribes as opposed to another actinodromous 

taxon. 

 

Soboba flora, Plio-Pleistocene 

 

Plate 32, Fig. 7 

 

Ribes nevadense Kellogg.  Axelrod, 1966b, p. 69, pl. 12, fig. 1. 

 

Material examined.—UCMP 20324 & 20324a  

 

Occurrence.—UCMP P620, Soboba flora (Plate 13; Table 4).  See Axelrod (1966) for 

further discussion of this flora. 

 

Discussion.—R. nevadense is an extant species of Ribes that occurs in California, 

Oregon, and Nevada (Coville and Britton, 1908).  Specimens UCMP 20324 and 

20324a, the only “R. nevadense” fossils collected from the flora, represent a single 

leaf base.  The petiole and margin are not preserved.  Primary venation is 

actinodromous.  Some secondary veins are present, but the type of secondary venation 

is indeterminate, and there appears to be agrophic veins toward the margin.  Tertiary 

venation is opposite percurrent and relatively straight to slightly convex; some higher-
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order venation is preserved, but its type is indeterminate.  Leaf lobation is 

indeterminate.  Specimen 20324 was designated a hypotype of R. nevadense; however, 

neither part nor counterpart can be placed within the genus based on the characters 

available, nor, obviously, within the species.  Thus, UCMP 20324, 20324a should be 

disregarded as a hypotype of R. nevadense. 

 

RIBES TAXA AND REPORTS PREVIOUSLY REMOVED FROM THE GENUS 

 

Florissant flora, Eocene-Oligocene 

 

“Ribes protomelaenum” (Cockerell, 1908) 

 

Plate 32, Fig. 8 

 

Ribes protomelaenum Cockerell, 1908, p. 93, pl. 7, fig. 15.  (Listed in the text as pl. 2,  

fig. 15.) 

Ribes protomelaenum Cockerell.  Knowlton, 1919, p. 554. 

Vitis florissantella Cockerell.  MacGinitie, 1953, p. 151. 

Humulus florissantellus (?) (Cockerell) MacGinitie.  Manchester, 2001, appendix 1. 

 

Holotype.—USNM 40769  

 

Occurrence.—Florissant flora (Plate 13; Table 4); see MacGinitie (1953) and 

Manchester (2001) for further discussion of the occurrence of the Florissant flora. 
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Discussion.—Ribes protomelaenum Cockerell was described on the basis of a single 

leaf that may be represented by a part-counterpart specimen (this is somewhat unclear, 

as a counterpart to specimen “a” has not been located), of which Cockerell wrote:  

“This appears to be quite close to the living R. nigrum and R. hudsonianum” 

(Cockerell, 1908:  93).  MacGinitie (1953) later synonymized R. protomelaenum with 

Vitis florissantella Cockerell (1908, p. 102-103, pl. 7, fig. 18), recognizing the 

holotype of R. protomelaenum (which was the only specimen of this taxon from the 

Florissant flora) as conspecific with the holotype of Vitis florissantella, and, thus, also 

invalidating the name R. protomelaenum as applied to Ribes leaves from the Creede 

flora, which really did represent Ribes (Knowlton, 1923, pl. 42, figs. 5-9; these leaves 

are now in R. lacustroides as discussed above).  Complicating matters, Knowlton later 

applied the name V. florisantella to a leaf from the Creede flora that was eventually 

transferred to R. lacustroides (Knowlton, 1923:  189, pl. 42, fig. 4). 

MacGinitie (1969) later transferred one of the specimens of V. florissantella 

(MacGinitie, 1953, pl. 68, fig. 5) to Humulus florissantellus (Cockerell) MacGinitie 

(MacGinitie, 1969).  There is still some confusion over the identity of other leaf fossils 

assigned to V. florissantella from Florissant; specifically, the holotype of V. 

florissantella may resemble the leaf transferred to Humulus more than it resembles the 

figured specimen MacGinitie retained in Vitis (MacGintie, 1953, pl. 67), and thus may 

need to be transferred to Humulus itself (Manchester, 2001).  Of importance in this 

study, however, the specimens of Humulus and/or Vitis from Florissant are no longer 

plausibly considered to be Ribes.  In the meantime, Manchester (2001:  Appendix 1) 

suggest that “Vitis sp. may be tentatively accepted as a member of the [Florissant] 

flora, pending further study.” 
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“Ribes? florissanti” (Knowlton, 1916b) 

 

Myrica diversifolia Lesquereux 1883, p. 148, pl. 25, fig. 13 (in part, but not figs. 6-12,  

14, 15). 

Ribes? florissanti Knowlton, 1916, p. 272. 

Ribes? florissanti Knowlton.  Knowlton, 1919, p. 393, 554. 

Ribes? florissanti Knowlton.  LaMotte, 1952, p. 224, 308. 

Vitis florissantella MacGintie, 1953, p. 151. 

Humulus florissantellus (?) (Cockerell) MacGinitie.  Manchester, 2001, appendix 1. 

 

Holotype.—Lesquereux, 1883, pl. 25, fig. 13. 

 

Occurrence.—Florissant flora (Plate 13; Table 4); see MacGinitie (1953) and 

Manchester (2001) for further discussion of the occurrence of the Florissant flora. 

 

Discussion.—While he could not find the specimen of Myrica diversifolia Lesquereux 

that he thought to be Ribes in the USNM collections, Knowlton (1916b) still saw fit to 

describe and name a new species of Ribes leaf from the Florissant flora based on a line 

drawing provided by Lesquereux (1883:  pl. 25, fig. 13).    After comparing the 

drawing to Sorbus L. (Rosaceae) and Rhus L. (Anacardiaceae Lindley), Knowlton 

(1916b:  272) decided that the leaf represented in the drawing might be Ribes, stating, 

“On the whole it appears to agree best with the genus Ribes, being, for example, not 

greatly unlike R. aureum Pursch.” 

 MacGintie later synonymized this taxon with Vitis florissantella, part of which 

he later transferred to Humulus florissantellus (see discussion under Ribes 
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protomelaenum above).  Whether he found a specimen in the USNM collections 

representing Ribes? florissanti is unclear.  No specimen was located for this study. 

 

“Latah flora”, Miocene 

 

“Ribes fernquisti” (Berry, 1929) 

 

Plate 32, Figs. 9, 12 

 

Ribes fernquisti Berry, 1929, p. 251, pl. 63, fig. 21. 

Ribes fernquisti Berry.  Berry, 1931, p. 38, pl. 12, fig. 2. 

Viburnum fernquisti (Berry) Brown.  Brown, 1937, p. 166, 185, pl. 56, fig. 2. 

Viburnum ribesiforme LaMotte, 1944, p. 272, 316. 

Viburnum ribesiforme LaMotte.  LaMotte, 1952, p. 308, 353. 

 

Holotype.—USNM 38136 

 

Other material examined.—USNM 38646 

 

Occurrence.—USGS 7887, Brickyard locality, Latah flora, Spokane, Washington 

(Plate 13; Table 4); Latah Formation, Grand Coulee, Washington (Plate 13; Table 4); 

Latah Formation, Coeur d’Alene, Idaho (documented only as Viburnum at this 

locality; Plate 13; Table 4). 

 

Discussion.—USNM 38136, the holotype, and USNM 38646, are two of the three 

specimens assigned to this species, both from the Miocene Latah Formation of 
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Washington, though from different localities (Plate 32, Figs. 9, 12).  The third 

specimen, from the Miocene of Coeur d’Alene, Idaho (Brown, 1937, pl. 56, fig. 2), 

was identified as belonging to this taxon when Brown transferred it to Viburnum.  

Berry (1929:  251) assigned these leaves to Ribes on the basis of only USNM 38136, 

stating, “With the exception that some modern leaves of Ribes tend to have a cordate 

base, this Latah species shows all the foliar features of the genus, especially in the 

form of the teeth and in the position and disposition of the veins.”  Berry (1931) 

assigned a second specimen to this species from Grand Coulee, Washington.  As 

Brown (1937:  185) later observed, however, Ribes leaves tend to have “mammillately 

rounded” teeth, and “virgate rather than curving-craspedodrome” venation; he felt that 

Ribes fernquisti resembled the “aceroid” Viburnum species, and so removed the two 

specimens published by Berry as well as a third specimen from Coeur d’Alene, Idaho 

(Brown, 1937, pl. 56, fig. 2), to Viburnum fernquisti (Berry) Brown.  However, as this 

combination had already been used by Berry (1929) in the same publication in which 

the taxon R. fernquisti was originally erected, LaMotte (1944) renamed the species V. 

ribesiforme LaMotte.  Brown’s (1937) assessment that the leaf does not have the 

characteristics of Ribes leaves stands, particularly as regards the shape of the teeth, 

though his reassignment of the leaf to Viburnum is certainly “picture-matching” and 

requires more rigorous evaluation. 

 An example of an aceroid Viburnum leaf is given in Plate 17, Fig. 5. 
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49-Camp flora, Miocene 

 

“Ribes sp. cf. R. lacustre” (Persoon) Poiret (LaMotte, 1936) 

 

Plate 32, Fig. 10 

 

Ribes sp. cf. R. lacustre (Persoon) Poiret. LaMotte, 1936, p. 128-129, pl. 9, fig. 2. 

Ribes sp. LaMotte, 1944, p. 272. 

Ribes sp. LaMotte, 1952, p. 309. 

Acer bolanderi Lesquereux 1878.  Chaney and Axelrod, 1959, p. 192, 220. 

Acer taggarti (?) Wolfe and Tanai, 1987, p. 93. 

Ribes sp.  Millar, 1996, p. 121. 

 

Material examined.—UCMP 800 

 

Occurrence.—UCMP 97, 49-Camp flora (Plate 13; Table 4).  See LaMotte (1936) for 

further discussion of the occurrence of this flora. 

 

Discussion.—UCMP 800, described as Ribes sp. cf. lacustre from the Miocene 49-

Camp flora of Nevada, was compared favorably by LaMotte to the extant Ribes 

lacustre, a wide-ranging North American species, though he also noted that several 

other species of the genus are comparable to the fossil.  UCMP 800 represents the 

basal portion of a 3-lobed leaf lamina; a petiole is lacking.  The leaf appears to be 

actinodromous, with three primary veins radiating from the point where the petiole 

would have been attached to the lamina.  The margin is almost completely destroyed, 

though, where preserved, it appears to be entire.  The lack of teeth casts doubt on the 
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identification of this leaf as Ribes, as does the complete lack of any diagnostic 

characters.  LaMotte designated this specimen a holotype, though it is unclear why he 

did so as he did not erect a new taxon, and, obviously, the designation should be 

ignored. 

 Chaney and Axelrod (1959:  192) moved this specimen to Acer bolanderi.  

They wrote of it, “Examination of the leaf figured by LaMotte as Ribes sp. shows that 

it is no more than a small leaf of A. bolanderi, several of which are present in the 

collection from Upper Cedarville locality P97; the teeth which have been drawn on the 

specimen are not present.”  Comparison of the specimen with Acer was not made for 

the present study.  Wolfe and Tanai (1987) did not recognize UCMP 800 as an 

example of A. bolanderi in their monograph on fossil Acer in the Cenozoic of North 

America, though other specimens from the same locality were listed as representing 

Acer in this publication.  They did, however, synonymize the name A. bolanderi 

Lesquereux as cited by Chaney and Axelrod (1959) with A. taggarti Wolfe and Tanai 

(1987). 

 Millar (1996:  121) recently cited this Ribes sp. as part of the 49-Camp flora 

despite Chaney and Axelrod’s (1956) removal of this specimen to Acer. 

 

“Thorn Creek flora”, Miocene 

 

“Ribes sp.” (Smith, 1941) 

 

Ribes sp.  SMITH, 1941, p. 477. 

Ribes sp. Smith.  CHANEY AND AXELROD, 1959, p. 206, 220. 

 

Occurrence.—UCMP P4600, Thorn Creek flora (Plate 13; Table 4). 
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Discussion.—Chaney and Axelrod (1959:  206) rejected this report of Ribes for the 

following reasons:  “This specimen has not been described or figured, and has not 

been found in the Thorn Creek collections.”  Similarly, this reported Ribes was not 

located for the present study and should be considered an invalid report. 

 

RIBES TAXA FOR WHICH SPECIMENS WERE NOT LOCATED 

(and which have not been previously revised) 

 

Kilgore flora, Miocene 

 

Ribes infrequens (MacGinitie, 1962) 

 

Ribes infrequens MacGinitie, 1962, p. 111-112, pl. 8, fig. 4. 

Ribes infrequens MacGinitie.  Graham, 1999, p. 251. 

 

Holotype.—SDSMT P-764  

 

Occurrence.—Kilgore flora (Plate 13; Table 4); see MacGinitie (1962) for further 

discussion of the occurrence of this flora. 

 

Discussion.—This species was apparently described on the basis of a single specimen, 

which could not located for this study (C. Herbel, pers. comm., 2005).  The illustration 

of the holotype appears to have been traced to emphasize the features.  MacGinite 

(1962) offers no analysis as to why this specimen should be assigned to Ribes as 

opposed to another palmately-veined taxon. 
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RIBES REPORTS FOR WHICH SPECIMENS WERE NOT LOCATED OR NOT DIRECTLY 

OBSERVED 

 

Germer Basin flora 

 

Plate 3.18, Fig. 11 

 

Ribes sp.  Edelman, 1975, p. 100-101, p. 10, fig. 10. 

Ribes sp.  Axelrod, 1996, p. 85. 

 

Specimen.—UIMM T-0251 

 

Occurrence.—Germer Basin flora, UIMM P-29 (Plate 13; Table 4).  See Edelman 

(1975) for more information on the occurrence of this locality. 

 

Discussion.— Although a photograph of the specimen assigned to Ribes from the 

Germer Basin flora was obtained for the present study, the actual specimen was not 

observed, though its existence at the UIMM repository has been confirmed.  The 

specimen does appear to be a five-lobed simple leaf (or possibly a compound leaf with 

five leaflets) with palmate venation.  While the specimen could possibly represent 

Ribes, this identification should be considered dubious for the time being, not only due 

to the admittedly perfunctionary analysis given here, but also due to the fact that the 

systematics of the Germer Basin flora have never been published in a peer-reviewed 

paper (Edelman, 1975, is a dissertation and Axelrod, 1996, simply gives a taxon list 

for the flora based on the dissertation).  Revision of this specimen may be better 
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undertaken in the context of the publication of the entire flora, and the occurrence of 

Ribes within this flora should be considered dubious until that time. 

 

Salmon flora, Eocene 

 

Ribes sp.  Axelrod, 1966a, p. 46. 

 

Occurrence.—Salmon flora, UCMP P348, P3930 (Plate 13; Table 4); see Axelrod 

(1966a, 1968) for further discussion of the occurrence of this flora. 

 

Discussion.—This specimen was neither described nor figured.  No specimen of Ribes 

from the Salmon flora was located in the UCMP collections and none is listed in the 

collections database (UCMP on-line collections database, 2005).  Unless a specimen is 

located, this should be considered an invalid report. 

 

Cow Creek flora, Eocene 

 

Ribes sp.  Axelrod, 1996, p. 84. 

 

Occurrence.—Cow Creek flora, UCMP PA951 (Plate 13; Table 4); see Axelrod 

(1996) for discussion of the occurrence of this flora. 

 

Discussion.—This specimen was neither described nor figured.  No specimen of Ribes 

from the Cow Creek flora was located in the UCMP collections and none is listed in 

the collections database (UCMP on-line collections database, 2005).  Unless a 

specimen is located, this should be considered an invalid report. 
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Succor Creek flora, Miocene 

 

Ribes sp.  Fields, 1990, p. 55 

Ribes sp.  Fields, 1992, p. 50. 

Ribes lacustroides Axelrod.  Fields, 1996, p. 438. 

Ribes sp.  Graham, 1999, p. 259. 

 

Discussion.—Although Fields (1990, 1992) originally assigned these specimens to 

Ribes sp. in several published lists of Succor Creek taxa, in his 1996 dissertation, he 

assigned them to Ribes lacustriodes.  Fields (1996) indicated that only two partial 

specimens of Ribes were found in the Succor Creek flora; these have never been 

illustrated.  The specimens of the Succor Creek Ribes were not obtained for this study. 

 

Rita Blanca lake deposits, Plio-Pleistocene 

 

Ribes sp.  Kirkland and Anderson, 1969, p. 79. 

Ribes sp.  Martin, 1969, p. 104. 

 

Occurrence.—Rita Blanca lake deposits (Plate13; Table 4); see Anderson and 

Kirkland (1969) for discussion of the geographic and stratigraphic occurrence of these 

deposits. 
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Discussion.—These leaves were described by Martin (1969:  104) as follows:   

 

“Two leaf fragments are comparable to leaves of this genus 

[Ribes] in size, with an average of 22.5 mm in width, and appear to be 

three to five lobed.  Also, the major veins are arranged in a palmate 

fashion. 

 Ribes probably grew along breaks or slopes of low rocky hills 

or sparsely wooded areas in the vicinity of the lake. 

  Insufficient material is represented to arrive at species 

designation of these specimens.” 

  

Although the collection numbers 243 and 470 were given for these specimens, 

no repository information for the specimens could be found in either the paper by 

Martin (1969) or that by Kirkland and Anderson (1969).  Although some other 

megafossils were figured, these particular specimens were not.  This should be 

considered a dubious report until the specimens are reexamined. 

Graham (1999:  293) mentions the occurrence of Ribes in this flora, 

presumably based on these papers. 

 

DISCUSSION 

 

 The fossil record of Ribes in western North America north of Mexico is 

sparser—temporally, taxonomically, and in terms of number of floras—than suggested 

by the previous literature on the fossil record of the genus.  The results of this study 

suggest that the stratigraphic range of fossil Ribes leaf taxa probably encompasses 

only ca. the mid-Eocene to Recent, rather than the Late Cretaceous to Recent, that 
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there are only six truly valid fossil Ribes leaf species (those taxa with sufficient 

diagnostic characters that are recognized on the basis of more than one specimen), and 

that the number of floras in which Ribes can plausibly be considered to occur is not 

more than 30, as thought previously (Table 6), but ca. 15, with only four, the Bull Run 

flora, the Creede flora, the Stewart Valley flora, and the Buffalo Canyon flora, 

identified as having unique and plausible fossil Ribes taxa.  The most promising floras 

from which future Ribes taxa may later be identified or secured include the Okanagan 

Highlands floras (Horsefly, Republic, Princeton, McAbee), the Bridge Creek flora, the 

Nye Ione Summit flora, and the Santa Clara flora and Portola locality, all already 

having yielded multiple putative Ribes specimens, though in the case of the Bridge 

Creek flora these specimens are highly fragmentary. 

 This paper represents only an initial attempt to rationalize the fossil history of 

Ribes.  In addition to the fossils mentioned herein, many of which were previously 

documented in the literature, other probable Ribes fossils likely exist in museum 

collections waiting to be described. Arguably, these specimens may best be treated in 

the context of their respective floras, or in a future paper dealing solely with new 

occurrences.  Care must be taken, however, not to increase the difficulties for future 

workers by listing Ribes occurrences based on poor evidence, as has been done in the 

past. 

 Many uncertainties still exist surrounding the fossil record and evolution of 

Ribes.  For instance, the occurrence of fossils with affinities to Iteaceae from the 

Turonian of New Jersey (Hermsen et al., 2003) suggests that at least the stem lineage 

leading to Grossulariaceae should have been present by ca. 90 million years ago, yet 

the earliest putative fossil of Ribes does not appear until ca. 40 million years later in 

the Okanagan Highlands floras, with no plausible intermediate connections.  Although 

the petrified wood taxon Riboidoxylon Page, named by Page (1970), has been cited as 

276



Table 6.  Summary table of taxonomic changes made to fossil Ribes leaves. 
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Flora Taxon
Accepted taxa
Upper and Lower Bull Run floras, NV Ribes axelrodii

Creede flora, CO R. lacustroides
R. obovatum
R. robinsonii

Buffalo Canyon flora, NV R. barrowsae

Stewart Valley flora, NV R. webbi

Accepted Reports
Okanagan Highlands floras, WA, USA, and British Columbia, Canada Ribes sp. (2 species)

Cow Creek flora, NV Ribes sp.

Bridge Creek flora, OR Ribes sp.

Eastgate flora, NV Ribes sp.

Buffalo Canyon flora, NV Ribes(?) sp.

Nye Ione Summit, NV Ribes sp.

Taxa of Indeterminate Value/Questionable Ribes Taxa
Florissant flora, CO Ribes errans

Ruby Paper Shale flora, MT R. auratum
R. cerinum

Buffalo Canyon flora, NV R. bonhamii

Verdi flora, NV R. galeana

Santa Clara flora and Portola locality R. stanfordianum

Taxa Not Accepted
Fruitland-Kirtland floras, NM Ribes neomexicana

Copper Basin flora, NV R. elkoana

Cachee (Cache) Valley flora, UT R. hyrumense

Oakdale flora, CA R. mehrtensis

Reports Not Accepted
Thunder Mountain flora, ID Ribes sp.

Pyramid flora, NV R. stanfordianum

Buffalo Canyon flora, NV R. webbi

Stewart Valley flora, NV Ribes (Grossularia) sp.

Chalk Hills flora, NV R. stanfordianum
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Table 6.  (Continued)
Flora Taxon

Reports Not Accepted (cont.)
Soboba flora, CA R. nevadense

Previously Removed Taxa/Reports
Florissant flora, CO Ribes protomelaenum

Ribes(?) florissanti

49-Camp flora, NV Ribes sp. cf. R. lacustre

Latah flora (Grand Coulee, Spokane), WA and ID Ribes fernquisti

Thorn Creek flora, ID Ribes sp.

Specimens Not Obtained and Not Previously Reviewed
Germer (Germer Basin) flora, ID Ribes sp.

Succor Creek flora, OR Ribes sp. (R. lacustroides)

Specimens Missing or Nonexistent
Coal Creek flora, ID Ribes sp.

Salmon flora, ID Ribes sp.

Kilgore flora, NE R. infrequens

Status Unknown
Rita Blanca Lake deposits flora, TX Ribes sp.
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a plausible Campanian occurrence of Grossulariaceae by Cronquist (1981) and 

Woodland (1997), Page (1970: 1143) clearly stated that, “the name Riboidoxylon was 

devised as a term to describe this approximation but without the implication of 

affinity,” and compared the wood to Escallonia Mutis ex L.f. (Escalloniaceae R. Br. 

ex Dumort), Ilex L. (Aquifoliaceae A. Rich.), and Ribes.  In an odd sequence that 

stripped Page’s (1970) original interpretation of nuance, Cronquist (1981:  561) wrote 

that the fossil was “plausibly compared with the wood of modern Ribes” and, later, 

Woodland (1997:  238) cited Riboidoxylon as “Fossil wood attributed to 

Grossulariaceae,” despite the fact that no new evaluation of the wood had been 

undertaken.   

Furthermore, Ribes today has a wide distribution in the North Hemisphere and 

also the Andes of South America, yet the published fossil record of the genus is almost 

exclusive to the western United States, especially in the Paleogene. The only 

Paleogene report of Ribes from Eurasia, R. pilovensis Borsuk, was made by Borsuk 

(1956) on the basis of a single leaf fragment from Sakhalin Island (off the eastern 

coast of Asia and north of Japan) and, thus, should be considered dubious.  No reports 

of Ribes are known from Tertiary sediments in the United States east of the 

Mississippi River, and there is only one dubious report from Tertiary sediments east of 

the Rocky Mountains in North America (MacGinitie, 1962).  Whether this represents a 

real phenomenon—that Ribes originated and diversified in western North America and 

dispersed to Eurasia, South America, and eastern North America later—or whether 

this represents lack of data from other parts of the world is unclear.  Possibly 

supporting the former interpretation is a recent biogeographic study of extant taxa that 

suggests that subgenus Grossularia may have arisen in North America and dispersed 

to Asia, though results encompassing the entire clade (genus) are more ambiguous 

(Schultheis and Donoghue, 2004).  Possibly supporting the latter interpretation is the 
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Eocene fossil flower Marambioa antarctica Gandolfo, Hoc, Santillana, and 

Marnenssi, from Seymour Island (Isla Marambio in the Spanish literature) off the 

coast of Antarctica (southeast of the southern tip of South America), which may 

represent Ribes or a close relative thereof, although the determination is ambiguous 

(other taxa distantly related to Ribes have similar morphology, at least as concerns the 

characters represented in the single specimen of Marambioa) and no other pre-

Holocene Ribes-type fossils are known from South America (Gandolfo et al., 1998).   

Neogene reports of Ribes outside of North America are more extensive and 

confined to Eurasia.  Taxa include Ribes alpinum from Azerbaijan (Gokhtuni and 

Gabrielyan, 1989), Ribes cf. orientale Desf. from Georgia (Chelidze, 1970), R. 

diacanthoides Zhilin from Kazahkstan (Zhilin, 1974), Ribes (Grossularia?) sp. from 

Belarus (Vassiliev, 1960), Ribes sp., Ribes cf. ussuriensis Janczewski, R. maritima 

Fotjanova, and R. stanfordianum from the Kamchatka Peninsula (Chelebaeva, 1971, 

1978; Fotjanova, 1976; Il’jinskaja and Schvareva, 1976; Schvareva and Baranova, 

1979).  Most of these reports are based on fragmentary leaf compression material and 

are in need of revision. 

The only report of Ribes fossils from Mexico is from the Pleistocene of Cerro 

de La Estrella, Ixtapalapa, D.F. (Rui and Rzedowski, 1967).  This report is based on 

15 leaf compressions assigned to Ribes sp., two of which are illustrated (Rui and 

Rzedowski, lám. 7, figs. 4-5).  Further work on both extant taxa and Cretaceous and 

Tertiary floras worldwide is needed to fully understand the biogeographic history of 

the genus Ribes. 

 Finally, this study suggests that subgenus Grossularia cannot be identified on 

the basis of leaf characters alone, or at least the characters of having compound teeth 

and deep sinuses between lobes.  A study examining a broader suite of taxa within 

Ribes and correcting for some of the factors mentioned in the Materials and Methods, 
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however, might yet reveal broad patterns concerning degree-of-dissection that can be 

used as rules of thumb for postulating the subgeneric taxon to which a fossil leaf 

belongs.  This study does suggest that section Symphocalyx may be recognized on the 

basis of qualitative leaf features, which serves to highlight another intriguing but 

unresolved detail:  by the Miocene, ca.  15.595-14.1 Ma, it is possible that two distinct 

and identifiable modern lineages are represented in the fossil record, Symphocalyx, 

represented by R. barrowsae, and Caloboytra, represented by R. webbi (provided that 

one accepts a relationship between R. cereum and R. webbi; higher taxon names after 

clades as labeled in Schutheis and Donoghue, 2004).  However, whether other 

lineages, including Grossularia, which is often considered highly derived (Weigend et 

al., 2002; Schultheis and Donoghue, 2004), had evolved by this time is not clear. 

 

 

CONCLUSIONS 

 

 In addition to the Ribes-specific discussion above, there are several important 

lessons and recommendations that can be drawn from the taxonomy presented in this 

paper: 

 

1) Accounts of modern genera in published fossil floras should be viewed 

critically, especially if those floras were published in the nineteenth or early-

to-mid-twentieth centuries.  This is a maxim that has been reiterated time and 

again by paleobotanists (for instance, Wolfe, 1973; Wolfe and Schorn, 1990; 

Hermsen and Gandolfo, 2004).  New techniques radically changed the way 

paleobotanists approached the study of fossils, particularly leaf taxa, in the 

1970’s (see, for instance, Wolfe, 1973; Hickey and Wolfe, 1975), and fossil 
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identifications are now, for the most part, made using much more rigorous 

criteria.  However, as should be evident from the changes made above, 

determinations made by Axelrod should be critically examined regardless of 

when they were published. 

 

2) Taxon lists for fossil floras should not be published unless the taxa listed are 

described and figured, or, at the very least, unless the catalog numbers of the 

specimens tentatively referred to each taxon are listed for future reference.  

Validating taxa provided only in lists is difficult, especially if collections have 

been relocated (as in the case of the taxa listed by Hannibal (1911) for the 

Coast Ranges flora).  Furthermore, it is impossible to determine if the 

specimen(s) to which the name refers is missing or was simply originally 

misidentified (as in the case of the Ribes sp. occurrences listed by Smith 

(1942) and Axelrod (1996)) if no specimens can be located that plausibly 

belong in the taxon(a) indicated.  Finally, the danger exists that others will 

refer to these lists as though they were compiled under the same scrutiny as 

lists of formally described taxa, and draw conclusions (for instance, on the 

paleoecology of the flora) from them.  At the very least, repositories at which 

the specimens are held should be given.  Both Hannibal (1911) and Axelrod 

(1996), for instance, did not list the repositories at which collections they 

referred to were held, and educated guesses had to be made as to which 

repositories most likely held the collections. 

 

3) Care should be taken that new reports of extant genera in the fossil record are 

not published based on insufficient evidence, as these reports simply create 

confusion for other investigators:  for instance, the identification by Axelrod 
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(1998) of Ribes sp. in the Eocene Thunder Mountain flora or by Wolfe (1964) 

of Grossularia sp. in the Miocene Stewart Valley flora (later cited in 

Schultheis and Donoghue, 2004, though they did not base any critical analysis 

on these reports, but primarily used them to estimate the temporal duration of 

Ribes; however, see also point 1). 

 

4) Fossil leaf compression taxa should, preferably, not be established on the basis 

of a single specimen.  A single specimen, even if well-preserved, provides very 

little information and is difficult to extend to other floras.  At worst, as 

documented above, basing new taxa on solitary leaf specimens leads to the 

proliferation of difficult-to-eradicate names based on spurious identifications 

of extremely poor specimens.  It is much simpler to correct an identification to 

Ribes sp. than to reject outright a name such as R. neomexicana under the 

ICBN, especially if the specimen is so poorly preserved it cannot even be 

transferred to another genus.  Fortunately, the phenomenon of naming fossil 

taxa on the basis of a single leaf seems to have tapered off following the 

1960’s, at least in the case of Ribes. 

 

5) Fossil data, even much-maligned fossil leaf data, can be informative in 

exploring the evolution of angiosperm groups.  This study demonstrates, for 

instance, that while Grossularia apparently cannot be distinguished on the 

basis of leaf characters alone (or at least those proposed by Wolfe, 1964), 

Symphocalyx can, and that R. barrowsae has characteristics that likely put it 

within Symphocalyx.  This finding could be important for reconstructing the 

biogeography or evolutionary history of Ribes (see, for instance, the final 

paragraph in Scultheis and Donoghue, 2004), though our limited understanding 
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of the infrageneric phylogeny of extant Ribes makes extending these results 

difficult at the present time. 
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APPENDIX 1 

 

Appendix 1.  Characters and character states for the morphology matrix.  All 

characters are nonadditive unless otherwise indicated. 

0.    Habit:  (0) Herbaceous; (1) Woody 

1.  Vessels:  (0) Absent (tracheids only); (1) Present 

2.  Short shoots:  (0) Absent; (1) Present 

3.  Leaf phyllotaxy:  (0) Alternate; (1) Opposite; (2) Whorled 

4.  Leaf dissection:  (0) Simple; (1) Pinnately compound; (2) Palmately compound;  

(3) Trifoliate 

5.  Pedicel:  (0) Absent, flowers sessile; (1) Present 

6.  Flower gender:  (0) Bisexual; (1) Unisexual 

7.  Perianth:  (0) Absent; (1) Present 

8.  Perianth cycles:  (0) Unicyclic (tepals or sepals); (1) Dicyclic (sepals and petals) 

This character is coded as unknown for Platanus, as it is unclear as to whether 

Platanus has petals (Endress, 1989).  Tetracentron Oliver was not coded for this 

character because its perianth is not in whorls, nor Trochodendron Siebold ex. 

Zucc. because its perianth arrangement is undescribed (Endress, 1986). 

9.  Sepal connation:  (0) Sepals free; (1) Sepals connate 

The perianth of Chrysoplenium L. is interpreted as composed of sepals after 

Spongberg (1972) and Bensel and Palser (1975b), of Daphniphyllum after Huang 

(1997), and of Tetracentron Oliver and Platanus L. after Endress (1989).  

Lambertia is coded as unknown for this character, because its perianth is 

described as composed of petaloid tepals (Rao, 1969), and Trochodendron 

because its perianth is only present (if at all) at very early stages of floral 

development, but obscured at anthesis (Endress, 1986). 
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10.  Petal connation:  (0) Petals free; (1) Petals connate 

The single perianth whorl of Rhodoleia Champ. ex Hook. is interpreted as 

composed of petals after Endress (1989).   

11.  Stamen arrangement:  (0) Whorls; (1) Spirals; (2) Fascicles; (3) Decussate pairs 

12.  Number of stamen cycles:  (0) Unicyclic; (1) Dicyclic 

Cercidiphyllum is coded as having a single stamen cycle after Cronquist (1981). 

13.  Stamens epipetalous:  (0) Stamens free; (1) Stamens adnate to petals 

14.  Anther attachment:  (0) Basifixed; (1) Dorsifixed 

15.  Anther dehiscence:  (0) Longitudinal slits; (1) Valves 

This character was coded primarily after Hufford and Endress (1989) and Endress 

and Stumpf (1991).   

16.  Apical connective extension on anther:  (0) Absent; (1) Present 

Endress and Stumpf (1991) reported no apical connective extension on the anther 

of Itea virginica L.  Apical connective extensions were observed on the anthers of 

the single specimen of I. virginica examined with scanning electron microscopy 

(SEM) for this study, though none were observed on the anthers of I. yunnanensis 

Franchet (http://www.amjbot.org/cgi/content/full/90/9/1373/DC1).  Schneider 

(1906) also illustrates an apical connective extension on the anthers of I. 

virginica. 

17.  Anther basal pit:  (0) Absent; (1) Present 

This character is defined and coded after Endress and Stumpf (1991). 

18. Number of pollen ectoapertures:  (0) Biaperturate; (1) Triaperturate (2) 

Polyaperturate 

Pollen of Divisestylus brevistamineus and D. longistamineus was coded as 

triaperturate and colpate.  Although no pollen has been found within anthers of D. 

brevistamineus, tricolpate, striate pollen is known from a total of 14 Divisestylus 
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specimens; therefore, it is reasonable to infer that the pollen produced by 

Divisestylus sp. flowers was tricolpate and striate and the pollen has been coded 

accordingly.  For a more detailed discussion of the pollen assignment, see the 

discussion section of this paper. 

19.  Ectoaperture shape:  (0) Pore; (1) Colpus 

Sullivantia has both pores and colpi (Hideux and Ferguson, 1976). 

20.  Carpel Number:  (0) Unicarpellate; (1) Bicarpellate; (2) Tricarpellate; (3)  

Tetracarpellate; (4) Pentacarpellate; (5)  Polycarpellate (more than five carpels) 

21.  Carpel stipitation:  (0) Carpels sessile; (1) Carpels stipitate 

22.  Carpel connation:  (0) Carpels free; (1) Carpels connate 

Characters 22, 25, and 27 are not coded for Cercidiphyllum and Lambertia 

because they have unicarpellate flowers (Endress, 1993a; Rao, 1969). 

23.  Styles:  (0) Absent (stigmas sessile); (1) Present 

This character is coded after Takhtajan (1997) for Haloragaceae. 

24.  Style connation:  (0) Styles free; (1) Styles connate 

25.  Stigma connation:  (0) Stigmas free; (1) Stigmas connate 

26.  Stigma position:  (0) Decurrent; (1) Terminal 

This character is coded after Takhtajan (1997) for Haloragaceae. 

27.  Ovary position (additive):  (0) Superior; (1) Half-inferior; (2) Inferior 

Where the ovary position of a taxon is intermediate between two states, the taxon 

is coded for both states.  For instance, if the ovary is described as one quarter 

inferior, the character coding for that taxon is 0,1. 

28.  Placentation:  (0) Parietal; (1) Axile/marginal; (2) Pendant; (3) Basal 

Where carpels are basally connate, placentation is coded as in the region of 

connation. 

300



  

Altinigia and Liquidambar are coded as having parietal placentas after Bogle 

(1986).   

29.  Integuments:  (0) Unitegmic; (1) Bitegmic 

30.  Intrastaminal nectary:  (0) Absent; (1) Continuous ring; (2) Scales 

Many Saxifragaceae sensu stricto have a zone of nectiferous tissue lining the 

inside of the floral cup and covering the outer surface of the carpels that is not 

developed into a conspicuous ring (Bensel and Palser, 1975b); such a band of 

tissue is coded as state 1. 

31.  Fruit type:  (0) Dry dehiscent; (1) Dry indehiscent; (2) Fleshy 

32.  Floral Resin ducts:  (0) Absent; (1) Present 

33.  Seed ejection:  (0) Seeds not ejected; (1) Seeds ejected 

34.  Stomata:  (0) Anomocytic; (1) Paracytic; (2) Anisocytic; (3) Encyclocytic; (4)  

Laterocytic; (5) Actinocytic 

35.  Seeds winged:  (0) Wings absent; (1) Wings present 

36.  Glandular floral hairs (hairs with globose heads):  (0) Absent; (1) Present 

Glandular floral hairs include any hairs with globose heads located on the pedicel, 

perianth, stamens, and/or carpels of a flower.  Glandular hairs were observed on 

an Itea yunnanensis flower using the SEM, though not on I. virginica or I. 

japonica (http://www.amjbot.org/cgi/content/full/90/9/1373/DC1); these hairs 

have not been recorded previously in the literature on Itea yunnanensis.  

Glandular scales have been reported on the leaves of Pterostemon (Wilkinson, 

1994), but were not observed on the flowers examined for this study 

(http://www.amjbot.org/cgi/content/full/90/9/1373/DC1).  Glandular hairs have 

been reported on the leaves of some Sedum species (Spongberg, 1978), but it is 

unclear whether these hairs also occur on the flowers; Sedum was thus coded as 

ambiguous (0,1) for this character. 
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APPENDIX 2 

 

Appendix 2.  Morphology matrix for extant and fossil taxa.  Character and character 

state designations are given in Appendix 1.  Polymorphism key:  A = 0, 1; B = 3, 4, 5; 

C = 0, 1, 4; D = 0, 2; E = 0, 1, 2; F = 1, 2; G = 1, 2, 3; H = 1, 2, 3, 4; I = 1, 3; J = 0, 3, 

5; K = 1, 2, 3, 4, 5; L = 4, 5; M = 3, 4; N = 0, 3; P = 3, 5. 

 

                       0    5    10   15   20   25   30   35    

                       |    |    |    |    |    |    |    |     

Platanus               1100001A?A-000011011B0010000210100C00 

Lambertia              110D00010?-00-0010E000-1--1021F000110 

Aphanopetalum          11010101A100101011113011101A210100000 

Altingia               110000A0---00-010020F011000F010010100 

Boykinia               010A01011100A00011111011A01F111000001 

Cercidiphyllum         111E0010---00-00101101-0--00110000010 

Choristylis            110001A11100001010001011A112101000101 

Chrysosplenium         010A010101-0A-0001111011001F01A000000 

Corylopsis             11000-A11100000110111011001E112001100 

Crassula               A10101011AA00A000111B0A10010A12000200 

Daphniphyllum          110A011A01----0110F1GA1A1000010200100 

Disanthus              110000011100000010111011000A110000100 

Dudleya                0100010111101100111140A10010A1D000200 

Exbucklandia           11000000---00-0110111011000111-000110 

Haloragis              A10A01111100A00010FAH0110012110F00000 

Hamamelis              110000A111000001101110110001110001100 

Heuchera               01000101110000100111F011001E01A000001 
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Itea                   1100010111000010A0001011A11E11100010A 

Kalanchoe              A10FA10111101100111130110010012000200 

Leea                   A100E101111001100011B0111110I10200J00 

Liquidambar            110000A0---00-0010201011000F012010110 

Myriophyllum           010E00A11100A00010FAG0110012110100000 

Mytilaria              1100000111100101101110110001110000100 

Paeonia fused          A100F1011002-0000011K000-010111000000 

Peltoboykinia          01000101110010A011111011101A111000001 

Penthorum              01000101110010000111L011001A110000001 

Pterostemon            1100010111001010001140111112110000000 

Rhodoleia              1100000A1-000001101110110001012000110 

Ribes                  111001A111000010A0201011AA1F011200A0A 

Saxifraga integrifolia 010001A11100100001111011001F101000001 

Saxifraga mertensiana  0100010111001000011110110010111000001 

Sedum                  A10E01A11AA01000A111BAA10010A120002AA 

Sullivantia            01000101110000A0?12A1011001F111000011 

Tetracarpaea           110001011A0000000011M1A0-010110000010 

Tetracentron           10100001-0-3--01001130110001210000410 

Trochodendron          100001AA??-1--011011B0110001210000410 

Vitis                  1100N10111A00010001110111110I11200P00 

D longistamineus       ?????1A1110000????11101101121?100?000 

D brevistamineus       ?????1011100000?1011101101121?100?000 
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APPENDIX 3 

 

Appendix 3  Fossil specimens used in determining the average and frequency of the 

angle of origination of the secondary veins from the primary vein in Iteaphyllum 

wehrii. 

 

SR:  00-04-26, 00-07-05, 01-7-41, 01-12-02, 01-12-03, 01-12-04, 02-19-04, 02-27-03, 

02-30-43; 90-5-7, 90-12-15, 92-13-4, 92-17-6, 92-17-9, 95-25-60, 95-27-17, 99-9-01; 

specimens with part and counterpart:  01-07-09 A, B; 93-9-4 A,B ; 97-5-2A, B; 99-5-

2A, B; 99-18-4A, B.  

 

UWBM:  31262, 31268, 36812, 36813, 36814, 36815, 39725, 56689, 57466, 76355, 

76359, 76362, 76363, 76365, 76366, 76368, 76369, 76377, 76379, 76382, 76383, 

76391, 76581, 76582, 77441, 95509, 97090; specimens with part and counterpart:  

31260 A, B; 36871A, B; 39732 A, B; 39745A, B; 56593 A, B; 76356, 76360; 76357, 

76361; 76358, 76374; 76367A, B; 76371, 76381; 76373, 76376; 76375, 76378. 

 

Mixed part/counterpart specimens:  UWBM 76370, SR 93-4-1; UWBM 76380, 

UAPC-ALTA S14290. 
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APPENDIX 4 

 

Appendix 4.  Specimens of extant taxa examined for this study.  Key to symbols:  *)  

Indicates that one or more leaves from the specimen were used in computing angle of 

departure of secondary veins from primary vein; †)  Indicates that one leaf from the 

specimen was used to compute number of marginal teeth per cm of leaf margin; ‡)  

Indicates specimen was used in computing frequency of leaf anomalies.  For list of 

specimens from which leaves were taken for clearing, see Materials and Methods 

section.  Note that where collector numbers are given, the first and middle name of the 

collector are here only represented by initials.  As I. chinensis has recently undergone 

taxonomic changes, specimens of “I. chinensis” now likely represent a number of 

species (for synonymies, see Jin and Ohba, 2001). 

 

Itea sp. (labeled “I. chinensis”):  USNH: 1010336, 1246562, 1279319*, 1378133*, 

1508480, 1509005, 1513244, 1575049,  1753142, 1753607*, 1754526, 1757112*, 

1757532, 2063877, 2072823, 2072858, 2697335, 2697873, 2711561, 2730857, 

2732291*, 3013043, 3014252*, 3035178, 3114175, 877447* 

 

Itea ilicifolia:  USNH:  456921 

 

Itea japonica:  USNH:  -090840, 2211704, 2736132 

 

Itea macrophylla (including I. maesifolia):  BGBM: 724, 2147, 7200, C.I. Lei 41, 

Schwabe 1987; USNH: 1214957*, 1237510, 1237634*, 1249870*, 1332713*, 

1584181, 1659704, 1670109,  1670806*, 1754150*, 325459, 459462, 625631, 
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705856*, 707699*, 711191*, 711589, 803403, 803669, 803689*, 851875*, 852663, 

854701*, 854712, 894756*, 903587* 

 

Itea parviflora:  USNH:  1053095, 1092594, 1577481, 2035986, 455622, 455766 

 

Itea oldhamii (including I. formosana):  USNH: 1052887, 1053108, 1528125, 

2035724, 2062445*, 2071165, 2071427, 2093128, 2094192, 2126196*, 2459869, 

2459870*, 2459890*, 2459892, 2594099* 

 

Itea virginica:  BH:  A.A. Heller 845‡; A.B. Seymour and F.S. Earle 151†‡; A.G. 

Richards, Jr., 773; A.G. Watkins (no number) †‡; A.H. Curtiss 831†‡; A.H. Wright 455; 

A.E. Perkins and J.M. Hall 2234†‡; A.E. Perkins 981†‡; A.E. Perkins 982†‡; 

Agricultural College, Michigan (cultivated), March 1886 (no number)†‡; BH 

387749*†‡; Biltmore, North Carolina (cultivated), July 2, 1894‡; Biltmore Herbarium 

547*†‡; Biltmore Herbarium 547 (Herbarium of S.H. Burnham)‡; BTY 421†‡; C. Mohr 

(no number)*; C. Mohr and G.W. Clinton (no number)†; C.G. Urner, J.L. Edwards, 

and R.J. Clausen 1271; C.J. Heading 1922*†‡; C.L. Mohler 154†; C.L. Mohler 417‡; 

C.L. Mohler 501†‡; Cambridge, Massachusetts, June 21-29, 1919 (no number)†; D. 

Goldman 1622†‡; D. Michener, S. Dumaine, and K. Groves 1303†; D.C. Eaton (no 

number); Dr. C. Baenitz (no number)†‡; E.A. White (no number)‡; E.C. Townsend 

177‡; F.G. Meyer NA 35613†‡; F.J. Hermann, H.N. Stoudt, and H.W. Blaser 166; F.S. 

Earle 1351†‡; F.T. McFarland and M.E. James 12†; G.H.M. Lawrence and W.J. Dress 

277*†; G.M. Merrill (no number) †‡; G.W. Clinton (no number)‡; G.V. Nash 304†‡; H. 

Zabel (no number)* †‡; I.D. Thomas 21†; J.H. Miller and B. Maguire 773‡; J.H. Miller 

and B. Maguire 774†‡, J.W. Gillespie and D.K. Gillespie 10034*†‡; J. Schrenk (no 

number)‡; J.M. Fogg, Jr., 8746‡; J.P. Young (no number)†‡; J.W. and M.T. Adams 
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1993; K.M. Wiegand and W.E. Manning 1297; K.M. Wiegand and W.E. Manning 

1298; K.M. Wiegand and W.E. Manning 1299; K.M. Wiegand and W.E. Manning 

1300†; K.M. Wiegand and W.E. Manning1301; K.M. Wiegand and W.E. Manning 

1302†‡; K. Hunt 127c‡; L.B. Smith and A.R. Hodgdon 958†‡; L.F. and F.R. Randolph 

1105; L.H. Bailey (no number); L.H. Bailey 6676†‡; M. Esther 7452†; M. Slack 42*†‡; 

Mrs. R.E. Horsey, Oct. 21, 1917 (no number)*†‡; Mrs. R.E. Horsey, June 23, 1918 (no 

number)†; N. Hotchkiss 1366‡; P.A. Munz and A.H. Wright (no number); R.B. Clark, 

Arnold Arboretum 52*†; R.E. Horsey, State University College Geneseo Accession 

#1236†‡; R.F. Thorne 3551; R.F. Thorne 3585; R.K. Godfrey and P. Redfearn 

52819†‡; R.K. Godfrey and R.M. Tryon, Jr., 119‡; R.L. Crockett 418*†‡; R.S. Abbott 

1527‡; Rev. H. O'Neill (no number)*†; S. Elsik, A. Joseph, and R. Griffin 4667*†‡; 

S.M. Tracy 6776†‡; S.M. Tracy 7452‡; S.M. Tracy 8722*†‡; Strassburg (no number)†‡; 

T.H. Kearney, Jr., 720; Washington, North Carolina, May 17, 1930 (no number)†; 

W.C. Muenscher and M.W. Muenscher 14189; W.H. Schlesinger Voucher #22*†‡; 

W.H. Manning (no number)*†; W.J. Dress and R.W. Read No. 7832*†

 

Itea yunnanensis:  USNH: 1058159*, 1279015*, 1330080, 1332715*, 1332716*, 

1332717*, 1332718*, 1333534, 1334712*, 1513362, 1513509, 1529651, 3043332* 

 

Choristylis rhamnoides (including C. shirensis):  BGBM: 1104, 2174, A. Whyte (no 

number), Wood 6739, R.S. 153;  USNH:  J. Medley Wood (no number)*, 1172542*, 

2061786, 2851115*, 2896928*, 2961182*, 807355, 945880*  
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APPENDIX 5 

 

Appendix 5.  Specimens of Itea europaea examined in conjunction with this study: 

 

MNB:  Berzdorf Hgd. 8824, Fundlinse 2, Gozdnioa 1999/365, Hambach 7E-F 

1998/601, Hambach 9B 1999/63, Hambach Fp. 1 2001/125, Hambach Fp. 2 2001/209, 

Hartau 1048, Klara II Kausche 4695, Kleinleipisch 2 3979, Klettwitz VFI/OFI 

1993/877, Klettwitz 2 1236, Klettwitz 2 2036, Klettwitz 3 3834, Klettwitz 4 3926, 

Klettwitz 5 3642, Plessa Oberbank 5056, Reichwalde 5151, Reuverton/Belfeld 7830, 

Römerkeller 6163, Welzow 4388. 
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APPENDIX 6 

 

Appendix 6.  Leaves of extant specimens cleared for study; all specimens from BH.  

Number in parentheses after specimen name is the number of leaves successfully 

cleared and mounted from that particular specimen.  Subgeneric taxon name is given 

only for Ribes after Janczewski (1907).  Taxon names are from specimen labels. 

 

Taxon name    Subgenus  Specimen 

Holodiscus discolor (2)  NA   H. Rhodes, No. 6467 

Ribes aureum (2)   Coreosma  G.H.M. Lawrence, No. 72 

R. aureum (1)    Coreosma  No collecter (no number),  

collected Aug. 26-

27 Mackleau 

R. cereum (4)    Coreosma  K. M. & M. C. Wiegand,  

No. 829 

R. diacantha (1)  Berisia    No collector (no number),  

Herbarium of the 

Arnold Arboretum, 

No. A 2615-5 

R. divaricatum  (3)   Grossularia  No collector (no number),  

collected August 8, 

1932 

R. fasiculatum var. chinense (4) Parilla   E. J. P., Cultivated  

Arboretum No. 

3695-1 
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R. giraldii (4)    Berisia   S. Elsik & M. Weissman,  

No. 4397 

R. glaciale (2)    Berisia   No. 1026 

R. gooddingii (4)   Grossularia  J. W. Thompson No.  

(=R. velutinum after Holmgren, 1997)   11334  

R. hirtellum var. calcicola (1)  Grossularia  F. C. Mackener MV 506 

R. indecorum (2)   Grossularioides W. C. Wiegand & G. B.  

Upton 3429 

R. lacustre (3)    Grossulariodes LHB/EZB, Nova Scotia  

No. 546  

R. leptanthem (5)   Grossularia  BH 405657 

R. missouriensis   Grossularia  A. F. Berginan, No. 1386 

R. montigenum (2)    Grossularioides Carl B. Wolf, No. 3004 

R. odoratum (4)   Coreosma  W. J. Dress, No. 1796 

R. roezlii (2)    Grossularia  W. J. Dress, No. 3081 

R. rotundifolium (2)   Grossularia  S. H. Burnham (no  

number), collected  

June 20, 1917 

R. sanguinem (2)   Coreosma  W. C. Muensher, No.  

9768   

Physocarpus malvaceous (2)  NA   R.R. Halse, No. 1425 

Physocarpus monogynous (3)  NA   K. M. & W. C. Wiegand,  

No. 959 

Physocarpus opulifolius (2)  NA   S. H. Burnham (no  

number), collected  

May 28, 1911  
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Vitis baileyana (1)   NA   No collector (no number),  

collected  

Experimental 

Station, Geneva, 

NY, 12 Sept 1933 
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APPENDIX 7 

 

Appendix 7.  Specimens of extant taxa on which measurements were taken to 

generate the values given in Table 5 and also the histograms in Plate 24.  All 

specimens are from BH.  Examples of leaves of the species included in this Appendix 

are shown on Plates 18 and 19. 

 

Ribes alpinum  

BH 395134 

C. Baenitz (no number), collected 27/4, 26/6, 1899 

D. Michener, S. Burke, & A. Shuhler, No. 600 

Dr. C. Baenitz (no number), collected 24/4 & 16/7, 1906; specimen in fruit (left) 

G. H. M. Lawrence, No. 194 

H. Rhodes, No. 1494 

H. Rhodes, No. 2919 

H. Rhodes, No. 5300 

H. L. J. Rhodes & M. O'Connor, No. 4C26 

H. L. J. Rhodes, No. 1505 

Herbarium of the Arnold Arboretum (no number), collected May 9, 1918 

Herbarium of the Arnold Arboretum, No. 6611 

J. Eliot Cait (no number), collected 5-11 & 5-20, 1904, left specimen 

Mrs. R. E. Horsey (no number), collected May 8, 1918 

No name (no number), collected June 1870, male 

O. Fr. Andersen (no number),  collected 1885/5 

P. Roren (no number), collected 4 June 1897 

Paul Thayer (no number), collected April 29, 1922 
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W.L.G. Edson (no number), collected July 22, 1923 

Wettstein, No. 3674 

 

Ribes americanum 

BH 411818 

A. A. Heller (no number), collected May 11, 1901 

A. B. (no number), collected May 23-June 3, 1924; Arnold Arboretum No. 558-3 

A. C. Brown (no number), collected May 12, 1883 

A. F. Mackie & G. E. Thompson (no number), May 25, 1948; Dominion Arboretum  

Acc. No. X-2-1155 

A. H. Wright & L. Griscom No. 9977 

A. J. Breitung, No. 1748 

A. J. Eames, No. 2460 

Aven Nelson, No. 2125 

Aven Nelson, No. 9480 

C. F. Wheeler (no number), collected June 20, 1888 

C. W. Matthews, collected July 18, 1891 

C. W. J. (no number), collected June 1, 1914 

Charles Atwood (no number), collected August 3, 1918 

Charles Atwood (no number), collected May 26, 1923 

Chas. C. Deam, No. 48439 

D. B. Ward, No. 458 

D. B. Ward, No. 828 

D. H. Nicolson, No. 647 

Dan H. Nicolson, No. 645 

E. Wilbending, No. 558-4-E 
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E. S. Ford, No. 345 

F. Rolland-Germain, No. 46004 

F. L. Kilbourne (no number), collected May 18, 1880 

G. E. D., No. 44 

G. G. K., collected 21 May 1908 

H. A. Wahl, No. 345 

H. B. Brown (no number), collected June 27, 1908 

H. D. House, No. 9202 

H. L. Stewart (no number), collected May 17, 1887 

H. P. DeForest, No. 164G 

Herbarium of S. H. Burnham (no number), collected Aug. 12, 1899 

J. C. Arthur, L. H. Bailey, Jr., & E. W. D. Holway, No. B108 

J. C. Arthur, L. H. Bailey, Jr., & E. W. D. Holway, No. B77 

J. H. Ehlers, No. 3841 

K. M. Wiegand & F. W. Hunnewell, Jr. (no number), collected May 23, 1912 

K. M. Wiegand No. 2458 

K. M. Wiegand, T. C. Davis, & F. P. Metcalf, No. 2454 

L. H. MacDaniels, No. 4255 

L. M. Umbach, No. 7147 

No collector (no number), Milton, Vermont, collected July 9, 1896 

Mrs. R. E. Horsey (no number), collected May 8, 1918 

P. V. Krotkov, No. 9120 

Reed (no number), collected July 1, 1925 

S. Elsik & M. Weissman, No. 4414 

Stewart H. Burnham (no number), collected May 12, 1897 

Stewart H. Burnham (no number), collected May 19, 1897 
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T. Lohmeyer (no number), collected May 1892? 

T. J. Fitzpatrick (no number), collected May 1900 

Wm. Rhoades (no number), collected July 1928 

 

Ribes cereum (including R. inebrians) 

BH 398596 

A. A. & E. Gertrude Heller, No. 2936 

A. A. Heller, No. 12530 

Arthur Cronquist, No. 6835 

Aven Nelson & J. Francis Macbride, No. 1972 

Bassett Maguire & B.L. Richards, Jr., No. 5171 

Bassett Maguire & George Piranian No. 12809 

Bassett Maguire & George Piranian, No. 12810 

Bassett Maguire & George Piranian, No. 12811 

Bassett Maguire & Ruth Maguire, No. 15944 

Bassett Maguire, No. 3480 

Bassett Maguire, No. 3482 

C. F. Baker, F. S. Earle, & S. M. Tracy, No. 1120 

C. F. Baker, F. S. Earle, & S.M. Tracy, No. 668 

C. L. Hitchcock & C. V. Muhlick, No. 12046 

C. L. Hitchcock & C. V. Muhlick, No. 8304 

Carl B. Wolf, No. 3370 

Dr. D.T. MacDougal, No. 14 

G. M. Merrill (no number), collected April 12, 1922 

G. M. Merrill (no number), collected Oct. 11, 1921 

George T. Hastings (no number), collected July 10, 1941 
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H.T. Rogers, No. 230; with C. Boothroyd, F. G. Meyer, & M. Ownbey 

I. W. Clokey, No. 7137 

I. W. Clokey, No. 7966 

I. W. Clokey, No. 8630 

J. Francis MacBride, No. 853 

J. Francis MacBride, No. 924 

J. Francis MacBride, No. 928 

J. H. Sandberg, D. T. MacDougal, & A. A. Heller, No. 130 

Johnnie L. Gentry, Jr., & Gerrit Davidse, No. 1578 

Johnnie L. Gentry, Jr., & Gerrit Davidse, No. 1644 

K. M. & M. C. Wiegand, No. 829 

K. M. Wiegand, assisted by H. Castle, W. R. Dann, & G. E. Douglas, No. 1137 

K. M. Wiegand, assisted by H. Castle, W. R. Dann, & G. E. Douglas, No. 1138 

K. M. Wiegand, assisted by H. Castle, W. R. Dann, & G. E. Douglas, No. 1139 

K. M. Wiegand, assisted by H. Castle, W. R. Dann, & G. E. Douglas, No. 1140 

K. M. Wiegand, assisted by H. Castle, W. R. Dann, & G. E. Douglas, No. 1141 

K. M. Wiegand, assisted by H. Castle, W. R. Dann, & G. E. Douglas, No. 1142 

L. H. Pammel (no number), collected June 27, 1896 

M. C. Wiegand & G. B. Upton, No. 3432 

Marion Ownbey & Ruth P. Ownbey, No. 2014 

Norman C. Wilson (no number), collected May 1893 

W. C. Muenscher & Bassett Maguire, No. 2356 

W. C. Muenscher & M. W. Muenscher, No. 11687 

W. C. Muenscher & M. W. Muenscher, No. 15819 

W. C. Muenscher, No. 11430 

W. J. Dress, No. 3424 
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W. J. Dress, No. 4290 

W. J. Dress, No. 4356 

W. J. Dress, No. 4554 

 

Ribes cynosbati 

BH 382839 

BH 413245 

Herbarium of Charles Atwood (no number), collected May 26, 1923 

A. Gershoy, No. 8239 

A. J. Eames, No. 4250 

A. J. Eames, No. 614 

C. C. Thomas, No. 2445 

Constance G. DuBois (no number), collected May 12, 1887 

E. J. Palmer, No. 5823 

F. Rolland-Germain, No. 44186 

F. Rolland-Germain, No. 46003 

F. C. Stewart (no number), collected July 15, 1892 

F. C. Stewart (no number), collected June 4, 1892 

F. C. Stewart (no number), collected May 14, 1892 

F. C. Stewart (no number), collected May 24, 1892 

Frank Dobbin & S. H. Burnham (no number), collected August 17, 1913 

Frank Dobbin & S. H. Burnham (no number), collected June 15, 1907 

G. E. Douglas (no number), collected May 9, 1916 

H. A. Wahl, No. 15710 

H. B. Brown (no number), collected June 4, 1908 

J. K. Small & A. A. Heller, No. 267 
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J. V. Haberer, No. 293 

K. M. Wiegand (no number), collected June 16, 1931 

K. M. Wiegand (no number), collected June 25, 1933 

K. M. Wiegand, No. 2444 

K. M. Wiegand, No. 2446 

K. M. Wiegand, No. 4247 

L. H. Bailey, No. 7572 

L. H. Pammel, No. 321 

L. M. Umbach, No. 7077 

N. N. Clark (no number), collected May 24, 1901 

No collector (no number), collected Burlington, Vermont, May 20, 1896 

P. D. Strausbaugh, A. H. Wright, & L. T. Murray (no number), collected July  

22, 1931 

S. E. Wade (no number), collected May 22, 1964 

S. H. Burnett (no number), collected May 20, 1893 

S. J. Smith, No. 1184 

Stewart H. Burnham (no number), collected July 2, 1907 

Stewart H. Burnham (no number), collected June 12, 1090 

Stewart H. Burnham (no number), collected June 30, 1918 

Stewart H. Burnham (no number), collected June 7, 1910 

Stewart H. Burnham (no number), collected June 7, 1913 

Stewart H. Burnham (no number), collected June 8, 1917 

Stewart H. Burnham (no number), collected May 10, 1897 

Stewart H. Burnham (no number), collected May 21, 1897 

Stewart H. Burnham (no number), collected May 28, 1900 

W. Paddock, No. 958 
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W. C. McCalla, No. 615 

W. C. Muenscher & Babette I. Brown, No. 21336 

W. C. Muenscher, No. 22607 

W. E. Manning (no number), collected May 13, 1930 

 

Ribes glandulosum  

BH 374577 

BH 394393 

BH 407101 

A. H. Brinkman, No. 4240 

A. J. Eames & L. H. MacDaniels, No. 620 

A. J. Eames, No. 4256 

A. R. Bechtel, No. 8242 

C. O. Rosendahl, No. 3475 

Christine Heller (no number), collected June 18, 1950 

Christine Heller, No. 107 

Christine Heller, No.(?) 1949 

D. S. Carpenter & S. H. Burnham (no number), collected June 18, 1909 

Dr. J. H. Sandberg, No. 415 

Dr. M. F. Merchant (no number), collected January 6, 1881 

Ellys T. Moldenke & Harold N. Moldenke, No. 9515 

F. Marie-Victorin, F. Rolland-Germain, & E. Jacques, No. 33464 

Francis Harper, No. 3395 

Frank Dobbin & S. H. Burnham (no number), collected August 19, 1909 

Frere Rolland-Germain, No. 6100 

G. C. Tucker & R. S. Mitchell, No. 5270 
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G. E. Butz, No. 955 

G. H. M. Lawrence & W. J. Dress, No. 485 

H. Mann (no number), collected June 5, 1862 

J. B. Moyle, No. 220 

J. H. Soper, No. 11952 

J. V. Haberer, No. 299 

John P. Young (no number), collected June 21, 1919 

K. M. & M. C. Wiegand, No. 830 

K. M. Wiegand & A. J. Eames, No. 4257 

K. M. Wiegand (no number), collected May 7, 1896 

KLB, No. 5006 

M. L. Fernald, K. M. Wiegand, & Bayard Long, No. 28488 

N. C. Fassett & J. F. W. Schmidt, No. 15691 

No collector (no number), collected Mt. Mansfield, Vermont, July 3, 1896 

P. D. Strausbaugh, A. H. Wright, & L. T. Murray (no number), collected  

August 6, 1931 

R. H. Kimball, No. 112 

Rogers McVaugh & O. F. Curtis, Jr., No. 7074 

Stanley J. Smith, No. 946 

Stewart H. Burnham (no number), collected July 27, 1895 

Stewart H. Burnham (no number), collected July 4, 1906 

Stewart H. Burnham (no number), collected July 6, 1907 

Stewart H. Burnham (no number), collected May 25, 1892 

W. C. Muenscher, C. L. Wilson, & A. S. Foster, No. 15573 

W. C. Muenscher, No. 11005 

W. J. Cody, J. A. Calder, H. L. Mitchell, No. 424 
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W. J. Dress, No. 890 

W. W. Clark (no number), collected May 11, 1901 

W. W. Rowlee (no number), collected May, 24, 1890 

Willard W. Eggleston (no number), collected May 25, 1892 

Willard W. Eggleston, No. 2675 

 

Ribes hirtellum 

A. J. Eames & L. H. MacDaniels, No. 6565 

A. J. Eames, No. 2452 

Anne E. Perkins (no number), collected Sept. 17, 1932 

F. Dobbin & S.H. Burnham (no number), collected May 20, 1906 

Frank C. MacKeever, No. MV 506 

G. H. M. Lawrence, No. 192 

Harrison F. Lewis (no number), collected June 27, 1928 

Herbarium of S.H. Burnham (no number), collected July 7, 1900 

Herbarium of S.H. Burnham (no number), collected May 12, 1904 

J. B. Moyle, No. 88 

J. R. Churchill (no number), collected Aug. 1, 1901 

J. V. Haberer (no number), June 15, 1901 

K. M. Wiegand, No. 4253 

K. M. Wiegand, No. 6563 

K. M. Wiegand, No. 8241 

L. H. B. (no number), collected Aug. 8, 1932 

M. L. Fernald & K. M. Wiegand (assisted by E. B. Bartram & H. T. Darlington),  

No. 5524 

M. L. Fernald & K. M. Wiegand (assisted by J. Kittredge, Jr.), No. 3537 
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M. L. Fernald & K. M. Wiegand, No. 3538 

N. C. Fassett, No. 8409 

No collector, No. 2335, Plants of Dominion Arboretum and Botanic Garden 

Stewart H. Burnham (no number), collected June 2, 1900 

Stewart H. Burnham (no number), collected June 29, 1909 

Stewart H. Burnham (no number), collected May 10, 1897 

Stewart H. Burnham (no number), collected May 7, 1897 

 

Ribes lacustre 

BH 374819 

A. Gershoy (no number), collected June 7, 1918 

A. J. Eames, W. C. Muenscher, & K. M. Wiegand, No. 17938 

Anne E. Perkins (no number), collected July 12, 1934 

Aven Nelson, No. 2357 

Bassett Maguire & George Piranian, No. 15556 

Bassett Maguire, A. G. Richards, & Ruth Maguire, No. 4158 

Bassett Maguire, No. 859 

C. L. Hitchcock & C. V. Muhlick, No. 12164 

Edwin B. Payson & Lois B. Payson, No. 2818 

F. Vrugtman & K. Beamish, No. 621 

J. H. Sandberg & D. T. MacDougal & A. A. Heller (assistants), No. 231 

J. H. Sandberg & D. T. MacDougal & A. A. Heller (assistants), No. 710 

Jean S. Harper, No. 153 

K. Beamish, No. 8104 

K. M. Wiegand & M. C. Wiegand, No. 150 

K. M. Wiegand (no number), collected June 15, 1930 
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M. C. Wiegand & G. B. Upton, No. 3426 

M. L. Fernald & K. M. Wiegand, No. 6586 (assisted by E. B. Bartram & H. T.  

Darlington) 

M. L. Fernald, Bayard Long, & B. H. Dunbar, No. 26754 

Stewart H. Burnham (no number), collected August 17, 1900 

Stewart H. Burnham (no number), collected July 7, 1918 

Stewart H. Burnham (no number), collected June 27, 1918 

T. L. Fenner (no number), collected May 1908 

W. C. Muenscher, C. L. Wilson, and A. S. Foster, No. 15572 

 

Ribes odoratum 

BH 396604 

BH 417837 

BH 417895 

A. J. Eames, No. 2472 

Claude A. Barr (no number), collected April 1939 

D. Erskine, No. 1768 

E. J. Palmer, No. 5675 

E. J. Palmer, No. 5913 

F. R. Wesley, No. FRW 535 

G. Upton (no number), collected May 1898 

G. H. M. Lawrence, No. 40 

G. H. M. Lawrence, No. P616 

G. M. Merrill (no number), collected Oct. 11, 1921 

G. M. Merrill, No. 6608 

K. M. & M. C. Wiegand, No. 839 
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K. M. Wiegand & M. C. Wiegand, No. 838 

L. H. Pammel & C. R. Ball, No. 347 

M. C. Wiegand & G. B. Upton, No. 3425 

Mrs. R. E. Horsey (no number), May 8, 1918 

Paul D. Sorensen (no number, no date) 

R. Goldin (no number), collected May 14, 1925 

S. Elsik, S. Burke, & J. Whitehead, No. 254 

Stewart H. Burnham (no number), collected May 1900 

Stewart H. Burnham (no number), collected September 5, 1916 

W.J. Dress, No. 1796 

 

Ribes triste (primarily labeled as variety albinervium) 

BH 386959 

A. H. Wright, No. 13549 

A. J. Eames & K. M. Wiegand, No. 9981a 

A. J. Eames & L. H. MacDaniels, No. 4264 

A. J. Eames & L. H. MacDaniels, No. 621 

A. J. Eames & L. H. MacDaniels, No. 623 

A. J. Eames, No. 4262 

A. J. Eames, No. 4263 

A. J. Eames, No. 8243 

A. J. Eames, W. C. Muenscher, & K. M. Wiegand, No. 17940 

D. Lewis Dutton (no number), collected May 20, 1922 

Fr. Marie-Victorin, Fr. Rolland-Germain, Rene Meilleur, No. 44036 

Frank Dobbin & S. H. Burnham (no number), collected July 28, 1912 

H. D. House, No. 17381 
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Herbarium of Charles Atwood (no number), collected June 7, 1914 

Herbarium of L. H. Bailey (no name, no number), collected May 27, 1919 

J. R. Churchill (no number), collected July 18, 1922 

K. M. Wiegand & F. A. Gilbert, Jr., No. 28489 

K. M. Wiegand, No. 12138 

K. M. Wiegand, No. 15575 

K. M. Wiegand, No. 16165 

N. C. Fassett & F. J. W. Schmidt, No. 15564 

W. C. Muenscher & A. R. Bechtel, No. 202 

W. C. Muenscher, C. L. Wilson, & A. S. Foster, No. 15576 

W. C. Muenscher, No. 17236 

W. C. Muenscher, No. 18883 
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APPENDIX 8 

 

Appendix 8.  Specimens of R. lacustroides used to generate the histograms and 

scatterplot on Plate 23 and the degree-of-dissectedness descriptive statistics in Table 5. 

 

UCM:  34066 

UCM (part-counterpart specimens):  27389, 34065 

UCMP:  7576, 7578, 7583, 7585, 7589, 7593, 7594, 7595, 7597, 7598, 7599, 7601, 

7606, 7612, 7613, 7617, 7618, 7623, 7624, 7627, 7632, 7633, 7634, 7635, 7837, 7838, 

73708, 396003, 396007, 396015, 396027, 396031, 396032, 396036, 396049, 396053, 

396065, 396068, 396069, 396072, 396073, 396074 

UCMP (part-counterpart specimens): 7590 (P-CP); 7592, 7600; 7605 (P-CP); 7607, 

7628; 7608, 7622; 7615 (P-CP); 7616 (P-CP); 396004 (P-CP); 396020 (P-CP); 396035 

(P-CP); 396042 (P-CP); 396066 (P-CP); 396067 (P-CP) 

UCMP/USNM (mixed part-counterpart specimens): 7602, 411116; 7603, 411117; 

7621, 411048; 7629, 411175; 396044, 411104 

UMMP: 15410 (3 specimens, not part-counterpart), 73709, 73710 

USNM: 36520, 36521, 36523, 36524, 410968, 410972, 411045, 411046, 411047, 

411171, 411174, 411176, 411200. 526219, 526226, 526227, 526228, 526230, 526233, 

526234, 526237, 526238, 526240, 526245 

USNM (part-counterpart specimens): 36525, 526236; 526224, 526232; 526225, 

526235 
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