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(Rutaceae). Brittonia 45:286-314. 1993.--The neotropical subtribe Cuspariinae 
(Rutaceae) comprises as many as 26 genera and over 125 species. Pollen grains 
from 111 collections representing 71 species and 24 genera were examined by 
LM, SEM, and TEM. The pollen morphology of this subtribe is very diverse. 
Grains are mostly 3-6-aperturate and colporate, rarely porate (Spiranthera) or 
pantocolporate (Almeidea). Exine sculpturing is most commonly reticulate, some- 
times perforate, foveolate-perforate, foveolate, foveolate-reticulate, reticulate, stri- 
ate-reticulate, echinate, clavate, or baculate. The exine structure is columellate 
and tectate-perforate, columellate and semitectate, or intectate and is stratified 
into ektexine and endexine. The exine of Leptothyrsa is distinctive in that the 
ektexine of the mesocolpium is longitudinally deeply ridged. The pollen of Hortia, 
characterized by a psilate exine with rare perforations, a very thick foot-layer, and 
reduced columellae, is unlike that of any member of  the Cuspariinae and offers 
no support for the transfer of  this genus from the Toddalioideae. The pollen data 
correlate with macromorphological characters and are taxonomically useful. 
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Cuspari inae Engl. and  Pilocarpinae Engl. 
are the only two subtribes in the tr ibe Cus- 
parieae DC. o f  the subfamily Ruto ideae  o f  
the Rutaceae.  The  subtribe Cuspar i inae  is 
composed  o f  abou t  26 neotropical  genera 
with about  125 described species. Mos t  gen- 
era are m o n o t y p i c  or represented by  fewer 
than 10 species. The  largest are Angostura 
with more  than  35 species and Raveniopsis 
with 19 species. Most  are small trees and 
shrubs with dehiscent  fruit (as all Ruto-  
ideae), der ived  f rom either an apocarpous  
or syncarpous  gynoecium. The Cuspar i inae  
differ f rom the rest o f  the subfamily  by sev- 
eral tendencies: zygomorphic  flowers, union 
o f  petals into a tubular  corolla, union o f  the 
filaments with the corolla, reduct ion in 
n u m b e r  o f  fertile s tamens  f rom five to two 
by sterilization, basally appendaged  an- 
thers, loss o f  endosperm,  and plicate coty- 
ledons. 

The mos t  recent t rea tment  o f  the sub- 
tribe, that  o f  Engler (193 l) in which he rec- 

ognized 16 genera, is outdated. The  second 
au thor ' s  s tudy o f  the Cuspari inae is result- 
ing in modif icat ions  o f  Engler's sys tem (Kal- 
lunki, 1990, 1992, unpubl.). For  purposes  
o f  the present  study, 26 genera are recog- 
nized (Table I), differing f rom Engler in the 
following cases. 1) Angostura includes A. 
trifoliata (the type o f  the genus), the apo-  
carpous species o f  Galipea (e.g., G. longi- 
flora), and some undescribed species. In  ad- 
dition to apocarpous  ovaries,  these share 
connate  petals, anthers with free basal  ap- 
pendages,  tuberculate  seeds, and  branched  
t r ichomes.  2) All other species described in 
Angostura are here called " A n g o s t u r a - l . "  
This  " 'genus" is a collection of  species with-  
out a distinct combina t ion  of  characters.  Al- 
though all species have  alternate leaves, the 
genus is po lymorph ic  for all other  characters  
examined  so far. Most  species have  free car- 
pels, free petals, free s tamens,  two fertile 
s tamens,  no anther  appendages,  and  curved  
embryos ,  but  others have var ious  combi -  
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TAaL~ I 
A COMPARISON OF THE GENERA OF CUSPARIlNAE RECOGNIZED FOR THE PRESENT STUDY WITH THOSE RECOGNIZED 

BY ENGLER (1931) 

Present study Engler's circum~rription 

Achuaria Gereau ~,b 
Adiscanthus Ducke 
Almeidea A. St.-Hil. 
Angostura Roem. & Schult. 

[including Angostura trifoliata (Willd.) T. S. Elias and ap- 
ocarpous Galipea, e.g., G. longiflora K. Krause c] 

"Angostura- l"a 
(including all Angostura except A. trifoliata) 

Apocaulon R. S. Cowan ~ 
Decagonocarpus Engl. 
Desmotes Kallunki = 
Ertela Adans. 
Erythrochiton Nees & Mart. 

(excluding Toxosiphon and Desmotes) 
Euxylophora Huber 
Galipea Aubl. 

(including only syncarpous species of Galipea and excluding 
the apocarpous species, e.g., G. Iongiflora) 

Leptothyrsa Hook. f. 
Lubaria Pittier 
Naudinia Planch. & Linden b 
Neoraputia Emmerieh 
Nycticalanthus Ducke ~ 
Raputia Aubl. 

(including Ravenia amazonica Huber and Lubaria szczer- 
banii Steyerm.~) c 

Raputiarana Emmerich 
(including Raputia heptaphylla Pittier) ~ 

Rauia Nees & Mart. 
Ravenia Veil. 

(excluding Ravenia amazonica) 

Raveniopsis Gleason a 
Sigmatanthus Emmerich 
Spiranthera A. St.-Hil. 
Ticorea Aubl. 
Toxosiphon Baill. 

same 
same 
as Cusparia Humb., composed ofA. trifoliata 

and "Angostura- 1" 

included in Cusparia 

same 

as Monnieria L. 
including Toxosiphon 

same 
including both syncarpous and apocarpous 

species 

same 
same 
same 
included in Raputia 

including Neoraputia, Raputiarana, Sigma- 
tanthus 

included in Raputia 

same 
+_+_ same, but including R. ruellioides Oliv. 

(now included in Raveniopsis) and R. ama- 
zonica 

included in Raputia 
same 
same 
included in Erythrochiton 

a These taxa were described after 1931 (or not yet in the case of "Angostura-l") and were not treated by 
Engler. 

b Pollen of these genera was not included in this study. 
c The nomenclatural transfers will be published elsewhere (Kallunki, unpubl.). 

n a t i o n s  o f  c o n n a t e  carpels  (at least axially), 
cohe ren t  or  c o n n a t e  petals,  conna te  fila- 
men t s ,  conna t e  an thers ,  three or  five fertile 
s t amens ,  an the r  appendages ,  a n d  straight  
embryos .  W h e t h e r  or  n o t  the species in  
" A n g o s t u r a -  1" fo rm a coheren t  genus is no t  
yet  resolved.  3) Erythrochiton is recognized 
in  a restr ic ted sense by  the segregation o f  
Toxosiphon a n d  Desmotes  (Kal lunki ,  1992). 
4) Galipea inc ludes  the  synca rpous  species, 
wh ich  share c o n n a t e  an the r s  wi th  a g land-  
do t t ed  do r sum,  a s ter i l ized base (above  the 
p o i n t  o f  a t t a c h m e n t  o f  the  f i lament) ,  a n d  

c o n n a t e  appendages ;  c o n n a t e  carpels ( and  
consequen t ly  a capsular  fruit); smoo th  seeds; 
a n d  s imple ,  i f  any,  t r i chomes .  5) Raputia is 
recognized  wi th  the exc lus ion  o f  Neorapu- 
tia, Raputiarana, a n d  Sigmatanthus (Em-  
mer ich ,  1978) a n d  o f  Raputia heptaphylla 
Pi t t i e r  (Kal lunki ,  1990) a n d  wi th  the inc lu-  
s ion  o f  Ravenia amazonica H u b e r  a n d  Lu- 
baria szczerbanii Steyerm.  Raputia hepta- 
phylla differs f rom the o ther  species assigned 
to  the genus  by, for example ,  its a l te rna te  
(vs. opposi te)  leaves,  free (vs. conna te )  a n -  
thers,  tubercu la te  (vs. smoo th )  seeds, a n d  
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conduplicate and plicate (vs. merely con- 
duplicate) cotyledons. It resembles Rapu- 
tiarana in these characters and, therefore, 
is considered as a member of  that genus. 
Ravenia amazonica differs from most spe- 
cies of Ravenia in its smooth (vs. tubercu- 
late) seeds and leathery (vs. succulent) cot- 
yledons. Lubaria szczerbanii differs from the 
other species of  Lubaria in its five connate 
(vs. four connate and one free) petals and 
no connate filaments (vs. the two fertile fil- 
aments connate). Both share with Raputia 
five connate petals, no connate filaments, 
smooth seeds, and leathery cotyledons and, 
therefore, are considered to belong in Ra- 
putia. 

Because pollen morphology proved to be 
useful in distinguishing Toxosiphon from 
Erythrochiton (Kallunki, 1992), pollen of 
other Cuspariinae was examined to assess 
whether the pollen characters are taxonom- 
ically useful and whether they support the 
reorganization of  the subtribe outlined above 
and in Table I. 

In this study, pollen was examined also 
of  some possibly related genera: Rutanebli- 
na Steyerm. & Luteyn, a genus of  uncertain 
subtribal affinity, and Hortia, whose trans- 
fer from Engler's drupaceous-fruited sub- 
family Toddalioideae to the Cusparieae was 
suggested recently because of chemical sim- 
ilarities (Fernandes da Silva et al., 1988). 

Mater ia l s  and Methods  

Pollen from 71 species (111 specimens), 
representing all but two of  the 26 genera of 
the Cuspariinae were studied by light mi- 
croscopy (LM) and scanning electron mi- 
croscopy (SEM). Some species, chosen to 
represent the range of  pollen types, were 
examined also with transmission electron 
microscopy (TEM). Pollen was obtained 
from the dried herbarium specimens and 
the few pickled specimens listed in Appen- 
dix I. 

For light microscopy, pollen was mount- 
ed in glycerine jelly on glass slides sealed 
with paraffin. Slides were studied with a Ni- 
kon Optiphot microscope, and measure- 
ments of pollen grains were made with a 
computerized morphometrie unit and Neu- 

rolucida software. The size classes used in 
the descriptions are based on the measure- 
ment of  the longest axis of the pollen grain, 
exclusive of any spines (Erdtman, 1969). 
Shape was determined by the ratio of  the 
mean length of  the polar axis and the mean 
length of  the equatorial axis (Erdtman, 
1969). Photomicrographs were taken with 
a Nikon AFM automatic photomicrograph 
attachment. Glass slides of all specimens 
examined are deposited at the New York 
Botanical Garden. 

Pollen samples for SEM study were 
mounted on stubs to which double-adhe- 
sive tape had been attached and were coat- 
ed with gold-palladium in a sputter-coater 
for approximately 90 seconds. Observations 
were made on a JSM-T300 scanning elec- 
tron microscope. All SEM micrographs were 
taken using Polaroid Type 665 P/N film 
with 0 tilt and an accelerating voltage of 15 
KV. 

For TEM, acetolyzed pollen was washed 
in distilled water, suspended in agar, fixed 
with osmium tetroxide for 2 hours, stained 
with uranyl acetate for one hour, dehydrat- 
ed in a graded ethyl alcohol series, and em- 
bedded in LR White at 60~ Pollen was 
sectioned using an RMC MT6000 ultra- 
microtome with a DuPont diamond knife, 
and sections were stained with lead citrate 
and examined and photographed with a 
JEOL 1200EX TEM. Measurements of  the 
exine thickness were obtained from only a 
single individual for all sampled taxa except 
from two each for Adiscanthus fusciflorus 
and Spiranthera odoratissima. 

The terminology used here for morpho- 
logical characters follows, with few excep- 
tions, Walker and Doyle (1975). "Panto- 
colporate'" and "mesocolpium'" are used. in 
the sense of  Erdtman (197 l) and "'endoap- 
ertures" and "ectoapertures" in the sense of 
van der Ham (1990). The ratio of  colpus 
length to polar axis length (CL/PL) is intro- 
duced in this paper to describe the length 
of  the colpus. These ratios were arbitrarily 
divided into classes of: short (0.01-0.35), 
medium (0.36-0.65), long (0.66-0.9), and 
very long (0.9 l - l ) .  When used to describe 
the frequency of infratectal rod-like struc- 
tures, "dense" means that the surface of  the 
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foot-layer is obscured by the closely packed 
structures, "less dense" means that the sur- 
face can be seen between the structures, and 
"occasional" means that only a few struc- 
tures are present. 

Results  

The observations of  the pollen samples 
in Table II and in Figures 1 through 12 were 
used as the basis of the following descrip- 
tions. To facilitate discussion and compar- 
ison, the pollen was divided into 12 types 
based on sculpture pattern and aperture type 
(Table III). 

POLLEN OF THE SL1BTRIBE CUSPARIINAE 

Pollen grains are solitary, radially sym- 
metrical, isopolar or rarely apolar (Almei- 
dea), usually oblate-spheroidal, sometimes 
euprolate, subprolate, prolate-spheroidal, or 
spherical, rarely suboblate (Nycticalanthus) 
or perprolate (Leptothyrsa), usually large, 
sometimes medium, or infrequently very 
large (Erythrochiton brasiliensis, E. gym- 
nanthus, and Ticorea longiflora). Mean grain 
size ranges from 32.9 ~m (P) x 18.8 ~tm 
(E), in "Angostura-l" sp. 4, to 107.6 ~m (P) 
x 114.1 #m (E), in Ticorea longiflora. Grains 
are 3-6-colporate or rarely 3-porate (Spi- 
ranthera) or pantocolporate (Almeidea). Ec- 
toapertures are meridionally aligned or 
rarely evenly distributed (Almeidea). Colpi 
are short, medium, or long. Endoapertures 
are lalongate, circular, or inconspicuous. 
Exine sculpturing is most commonly retic- 
ulate, sometimes perforate, foveolate-per- 
forate, foveolate, foveolate-reticulate, retic- 
ulate, striate-reticulate, echinate, clavate, or 
baculate. The exine structure is columellate 
and tectate-perforate,  columellate and 
semitectate, or intectate, stratified into ek- 
texine and endexine, with the ektexine com- 
posed either of a distinct tectum, columel- 
lae, and a foot-layer or of  columellae and a 
foot-layer. Nonapertural exine thickness 
ranges from 1.29 ~m (in "Angostura-l" 
ucayalina) to 9.4/~m (in Leptothyrsa spru- 
cei). The endexine is thin to absent in the 
mesocolpium and thicker, or rarely equal 
(Angostura), along the margins of  and/or 
under the colpi. 

POLLEN OF THE GENERA OF THE CUSPARI1NAE 

Adiscanthus Ducke (Fig. 1 A-D) 

Pollen grains 3-colporate, euprolate, large. 
Ectoapertures long (ave. CL/PL 0.8), nar- 
row, with sparse small granules covering the 
surface. Endoapertures lalongate. Exine 
sculpturing reticulate, the lumina irregular 
in outline, small to medium, the reticulum 
forming a solid tectum along the colpi mar- 
gins. Exine structure columellate, semitec- 
tate, with a nonapertural exine ca. 2.8 ~m 
thick, stratified into a distinguishable ek- 
texine and endexine. Ektexine composed of  
rectum, columellae, and foot-layer, the tec- 
turn well developed, ca. 37% of the total 
exine thickness, the columellae reduced, ca. 
6.5% of the total exine thickness, the foot- 
layer very prominent, ca. 56.5% of the total 
exine thickness. Endexine thin in the me- 
socolpium and slightly thicker under and 
along the margins of the colpi. 

Almeidea A. St.-Hil. (Fig. 1E) 

Pollen grains pantocolporate, medium. 
Ectoapertures ca. 10 um long, narrow to 
wide, with sparse polymorphic granules 
covering the surface. Endoapertures circu- 
lar. Exine sculpturing foveolate-perforate, 
the lumina circular to irregular in outline 
and small. Exine structure columellate, tec- 
tate-perforate. 

Angostura Roem. & Schult. (Fig. 2A-D) 

Pollen grains 5- or 6-colporate, oblate- 
spheroidal, large. Ectoapertures short (ave. 
CL/PL 0.2), wide, with dense polymorphic 
granules covering the surface. Endoaper- 
tures inconspicuous. Exine sculpturing bac- 
ulate, with small rod-like structures be- 
tween bacula, the sculpturing elements more 
abundant surrounding the apertures. Exine 
structure intectate, with a nonapertural ex- 
ine ca. 3.6 #m thick, stratified into a distin- 
guishable ektexine and a reduced or absent 
endexine. Ektexine composed ofcolumellae 
and foot-layer, the columellae distinct, ca. 
67% of the total exine thickness, the foot- 
layer prominent, ca. 33% of the total exine 
thickness. Endexine thin to absent in the 
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TAaL~ III 
POLLEN TYPES OF THE C U S P A R I I N A E  a 

Pollen type ~ Taxon 

1. Perforate, 3- or 4-colporate "'Angostura-l" larensis, 
"A.- 1" macrophylla, 
"A.- 1" cf. transitionalis 

Euxylophora 
Rauia 

2. Foveolate-perforate, pantocolporate Almeidea 
3. Foveolate, 4-6-colporate "Angostura-1'" sp. 1, 

"A.- I '" pentagyna, 
"A.- 1" silvestris, 
"A.-1" sp. 4 

4. Foveolate-reticulate, 3-colporate "Angostura- 1" ucayalina 
5. Reticulate, 3- or 4-colporate Adiscanthus 

"Angostura-l" sp. 2, 
"A.- 1" sp. 3 

Decagonocarpus 
Ertela 
Galipea 
Neoraputia 
Raputiarana 
Raveniopsis fraterna, 

R. linearis, R. ruellioides 
Toxosiphon 

6. Reticulate, 5- or 6-colporate "Angostura-l" ramiflora 
Lubaria 
Raputia 
Ravenia 
Raveniopsis breweri, 

R. peduncularis, R. sericea, 
R. stelligera, R. steyermarkii 

Sigmatanthus 
Ticorea 

7. Striate-reticulate, 3-colporate Leptothyrsa 
8. Striate-reticulate, 4-colporate Apocaulon 
9. Echinate, 3-porate Spiranthera 

10. Baculate, echinate, or clavate, 3(4)-colporate Erythrochiton 
11. Baculate, 4-colporate Nycticalanthus 
12. Baculate, 5- or 6-colporate Angostura 

a Not examined: Achuaria, Naudinia. 
Of uncertain type: Desmotes (echinate, but apertures unknown). 

mesocolpium and thin under and along the 
margins of  the colpi. 

"Angostura-1" (Figs. 2E--G, 3) 

Pollen grains 3-6-colporate, euprolate, 
subprolate, or oblate-spheroidal, medium 
or large. Ectoapertures of  some grains me- 
dium (ave. CL/PL 0.38), of others long (ave. 
CL/PL 0.83), narrow to wide, with sparse 
or dense polymorphic granules covering the 
surface. Endoapertures lalongate. Exine 
sculpturing perforate, foveolate, reticulate, 

or rarely foveolate-reticulate (.4. ucayalina), 
the lumina circular to irregular in outline, 
small  to m e d i u m ,  either s m o o t h  or with oc-  
casional  infratectal rod-l ike structures. Ex- 
ine structure columellate ,  tectate-perforate 
or semitectate ,  with a nonapertural  exine ca. 
1.29 ~tm thick, stratified into a dist inguish- 
able ektexine  and a reduced or absent  en- 
dexine. Ektexine c o m p o s e d  o f  tectum,  col-  
umellae,  and foot-layer, the t ec tum well 
developed,  ca. 54% o f  the total exine  thick- 
ness, the co lumel lae  reduced or granular, ca. 
2% o f  the total exine thickness,  the foot-  
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FIG. 1. Pollen of Cuspariinae. A-D. Adiscanthus fusciflorus (A, Daly et al. 5722; B-D, Ducke 234). A. 
Equatorial view showing long, narrow ectoaperture and reticulate sculpturing with the sculpturing forming a 
solid tectum along the colpus margin (arrow). B. Radial section of whole grain showing thicker endexine under 
and along the aperture (arrow). C. Equatorial view showing lalongate endoaperture. D. Radial section through 
mesocolpium showing reduced columellae and prominent foot-layer. E. Almeidea rubra (Farias 118). Pollen 
grains with foveolate-perforate sculpturing and pantocolporate apertures. (Scale bars: A, E = 10 ~m; B, D = 4 
~m; C = 30 um.) 

layer ca. 44% of  the total  exine thickness. 
Endexine thin to absent  in the mesoco lp ium 
and thicker under  and  along the margins  o f  
the colpi. 

A p o c a u l o n  R. S. Cowan  (Fig. 4A-D)  

Pol len grains  4 - co lpo ra t e ,  subpro la te ,  
large. Ectoapertures long (ave. CL/PL 0.85), 
narrow,  with sparse small  granules covering 
the surface. Endoaper tures  inconspicuous. 
Exine sculpturing striate-reticulate, the lu- 
mina  irregular in outline, small to med ium,  
with occasional infratectal rod-like struc- 
tures. Exine structure columellate,  semitec- 
tate, with a nonaper tura l  exine ca. 2.0 # m  
thick, stratified into a distinguishable ek- 
texine and endexine.  Ektexine composed  o f  
rectum, columellae,  and  foot-layer,  the tec- 

t u m  well developed,  ca. 30% of  the total  
exine thickness, the columellae distinct, ca. 
36% of  the total exine thickness, the foot- 
layer ca. 34% of  the total  exine thickness. 
Endexine thin in the mesoco lp ium and 
thicker  under  and  along the margins  o f  the 
colpi. 

Decagonocarpus  Engl. (Fig. 4E, F) 

Pol len  grains  3 -co lpo ra t e ,  subpro la te ,  
large. Ectoapertures very  long (ave. C L / P L  
0.91), narrow, with ei ther  sparse or no small  
granules covering the surface. Endoaper-  
tures short-lalongate.  Exine sculpturing re- 
ticulate, the lumina  irregular in outline, me-  
d ium,  with occasional  infratectal rod-like 
s t ruc tu res .  Exine  s t r u c t u r e  co lume l l a t e ,  
semitectate.  
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Fio. 2. Pollen of Cuspariinae. A-C. Angostura trifoliata (Stergios et al. 5909). A. Oblique equatorial view 
showing short-colporate apertures. B. Surface view showing baculate sculpturing with rod-like structures. C. 
Radial section through mesocolpium showing intectate exine. Note sizes of bacula and rod-like structures. D. 
Galipea longiflora (= Angostura) (Daly 6382). Oblique equatorial view showing baculate sculpturing with rod- 
like structures and short-colporate apertures. E, F. Angostura ucayalina (= "'Angostura-1") (Schunke 5635). E. 
Radial section showing thickened endexine under and along the margin of the aperture. F. Radial section showing 
reduced and granular columellae. G. Angostura macrophylla (= "Angostura-l") (Thomas et al. 6817). Polar 
view showing 4 apertures. (Scale bars: A, B, D = 10 #m; C, E, F = 4 #m; G = 30 #m.) 

D e s m o t e s  K a l l u n k i  

(One  c o l l a p s e d  s a m p l e  was  o b s e r v e d . )  
Po l l en  so l i t a ry .  Exine  scu lp tu r ing  ech ina te ,  
wi th  r o d - l i k e  s t ruc tu res  b e t w e e n  the  spines .  
Exine  s t r u c t u r e  in tec ta te .  

Ertela  A d a n s .  (Fig.  4G)  

Po l l en  g r a in s  3 -co lpo ra t e ,  m e d i u m .  Ec- 
t o a p e r t u r e s  shor t ,  na r row,  wi th  spa r se  sma l l  
g ranu le s  c o v e r i n g  the  surface.  E n d o a p e r -  
tu res  i n c o n s p i c u o u s .  Exine  s c u l p t u r i n g  re-  



1993] MORTON & KALLUNKI: CUSPARIINAE 297 

FIG. 3, Pollen of Cuspariinae. A, B. Angostura ucayalina (= "Angostura-l") (Schunke 5635). A. Oblique 
equatorial view showing foveolate-reticulate sculpturing. B. Surface view showing irregularly shaped lumina. C. 
Angostura pentagyna (= "Angostura-1") (Sousa 453). Polar view showing foveolate sculpturing. D. "Angostum- 
1" sp. 3 (Mattos Silva et al. 1822). Polar view showing reticulate sculpturing and 3 apertures. E. Angostura cf. 
transitionalis (= "Angostura-l") (Pinard 860). Equatorial view showing perforate sculpturing. F. Angostura 
macrophylla (= "Angostura-1 ") (Thomas 6817). Oblique polar view showing perforate sculpturing and 3 of the 
4 apertures. (Scale bars: A, B, D, F = 10/~m; C = 15 tzm; E = 11 ~tm.) 
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FIG. 4. Pollen of Cuspariinae. A-D. Apocaulon carnosum (Maguire & Maguire 29188). A. Equatorial view 
showing striate-reticulate sculpturing and long, narrow ectoaperture. B. Radial section of whole pollen grain. 
Note increased thickness of endexine under and along the aperture (arrow). C. Radial section lhrough meso- 
cotpium showing thin endexine. D. Surface view showing lumina with occasional infratectal rod-like structures. 
E, F. Decagnocarpus oppositifolius (E, Maguire et al. 37493; F, Maguire et al. 42618). E. Equatorial view showing 
reticulate sculpturing and ectoaperture. F. Surface view showing lumina with occasional infratectal rod-like 
structures. G. Ertela trifolia ( H. T. Beck et al. 321). Surface view showing reticulate sculpturing, H. Erythrochiton 
gymnanthus (Kallunki 309). Equatorial view showing short-colporate apertures and clavate sculpturing. (Scale 
bars: A, B, E, F =  1 0 # m ; C = 4 # m ; D , G = 2 0 • m ; H =  15#m.) 
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FXG. 5. Pollen of Cuspariinae. A-D. Erythrochiton fallax (A, B, Idrobo & Schultes 830; C, D, Daly et al. 
6445). A. Radial section showing abundant spines near the aperture. B. Radial section through mesocolpium 
showing spines and reduced rod-like structures. Note thin endexine in the mesocolpium (arrow). C. Equatorial 
view. D. Oblique equatorial view showing short-colporate aperture and echinate sculpturing. E. Euxylophora 
paraensis (Rosa & Santos 2227). Equatorial view showing perforate sculpturing. F. Galipea sp. nov. 1 (Daly et 
al. 1891). Polar view showing reticulate sculpturing. G-I .  Galipea jasminiflora (Anderson 12331). G. Surface 
view showing large lumina with rod-like structures. H. Radial section showing thickened endexine near the 
aperture (arrow). I. Radial section through mesocolpium showing semiteetate exine with rod-like structures, a.  
Galipea davisii (Ducke RB-35598). Equatorial view. (Scale bars: A, B, H, I = 4 #m; C, J = 30/am; D, F, G = 
10 tam; E = 13 tam.) 
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ticulate, the lumina irregular in outline, 
small to medium, either smooth or with oc- 
casional infratectal rod-like structures. Ex- 
ine structure columellate, semitectate. 

Erythrochiton Nees & Mart. (Figs. 4H, 
5A-D) 

Pollen grains 3(4)-colporate, oblate-sphe- 
roidal, large or very large. Ectoapertures of 
some grains short (ave. CL/PL 0.35), of  oth- 
ers medium (ave. CL/PL 0.45), wide, with 
dense polymorphic granules covering the 
surface. Endoapertures circular or incon- 
spicuous. Exine sculpturing baculate, echi- 
hate, or clavate, with small rod-like struc- 
tures between projections, the sculpturing 
elements more abundant around the aper- 
tures. Exine structure intectate, with a non- 
apertural exine ca. 6 #m thick, stratified into 
a distinguishable ektexine and endexine. 
Ektexine composed ofcolumellae and foot- 
layer, the columellae distinct, ca. 64.5% of 
the total exine thickness, the foot-layer ca. 
35.5% of the total exine thickness. Endexine 
thin in the mesocolpium and thicker under 
and along the margins of the colpi. 

Euxylophora Huber (Fig. 5E) 

Pollen grains 3-colporate, euprolate, large. 
Ectoapertures of  medium length (ave. CL/ 
PL 0.55), narrow, with sparse granules cov- 
eting the surface. Endoapertures lalongate. 
Exine sculpturing perforate, the lumina cir- 
cular in outline and small. 

Galipea Aubl. (Fig. 5F-J) 

Pollen grains 3- or 4-colporate, prolate- 
spheroidal or oblate-spheroidal, large. Ec- 
toapertures inconspicuous, short (ave. CL/ 
PL 0.28), narrow, with sparse small granules 
coveting the surface. Endoapertures circular 
or inconspicuous. Exine sculpturing retic- 
ulate, the lumina irregular in outline, large, 
with less dense infratectal rod-like struc- 
tures. Exine structure semi-tectate, with a 
nonapertural exine ca. 5.5 #m thick, strat- 
ified into a distinguishable ektexine and en- 
dexine. Ektexine composed of tectum, col- 
umellae, and foot-layer, the tectum well 
developed, ca. 36% of the total exine thick- 
ness, the columellae distinct, ca. 32% of the 

total exine thickness, the foot-layer prom- 
inent, ca. 32% of the total exine thickness. 
Endexine thin in the mesocolpium and 
thicker under and along the margins of the 
colpi. 

Leptothyrsa Hook. f. (Fig. 6) 

Pollen grains 3-colporate, perprolate, 
large. Ectoapertures long (ave. CL/PL 0.86), 
narrow, with sparse polymorphic granules 
coveting the surface. Endoapertures lalon- 
gate. Exine sculpturing striate-reticulate, the 
lumina irregular in outline, small to medi- 
um, with occasional infratectal rod-like 
structures, the reticulum forming a solid 
tectum along the colpi margins. Exine struc- 
ture columellate, semitectate, with a nonap- 
ertural exine 3.0-9.4 #m thick, stratified into 
a distinguishable ektexine and endexine. 
Ektexine of the ridged mesocolpium, com- 
posed oftectum, columellae, and foot-layer, 
the tectum well-developed, 10-23% of the 
total exine thickness, the columellae dis- 
tinct, 11-27% of the total exine thickness, 
the foot-layer very prominent, 50-79% of 
the total exine thickness. Endexine thin and 
granular in the mesocolpium and thicker 
under and along the margin of  the colpi. 

Lubaria Pittier (Fig. 7A, B) 

Pollen grains 5- or 6-colporate. Ectoap- 
ertures inconspicuous, long (ave. CL/PL 
0.73), narrow, with either sparse or no small 
granules covering the surface. Endoaper- 
tures inconspicuous. Exine sculpturing re- 
ticulate, the lumina irregular in outline, me- 
dium to large, with occasional infratectal 
rod-like structures. Exine structure colu- 
mellate, semitectate. 

Neoraputia Emmerich (Fig. 7C, D) 

Pollen grains 3-colporate, oblate-sphe- 
roidal or spherical, large. Ectoapertures of 
medium length (ave. CL/PL 0.65), narrow, 
with sparse to dense polymorphic granules 
covering the surface. Endoapertures circular 
to short lalongate. Exine sculpturing retic- 
ulate, the lumina irregular in outline, me- 
dium, with less dense infratectal rod-like 
structures. Exine structure columellate,  
semitectate. 
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Fio. 6. Pollen of Cuspariinae. A-E. Leptothyrsa sprucei (A--C, Killip & Smith 29844; D, E, McDaniel & 
Rimachi Y. 29660). A. Equatorial view showing striate-reticulate sculpturing with ridged walls of the mesocol- 
pium. B. Surface view showing striate-reticulate sculpturing with the sculpturing forming a solid tectum along 
the colpus margin. C. Equatorial view showing the ridged walls of the mesocolpium. D. Radial section showing 
the presence of endexine under and along the margins of the aperture. E. Radial section of whole grain showing 
ridged walls of the mesocolpium. (Scale bars: A, C = 12 ~m; B = 20/~m; D = 4 ~m; E = 8/~rn.) 

Nyct icalanthus  Ducke  (Fig. 7E--G) 

Pollen grains 4-short-colporate ,  subob-  
late, large. Ectoapertures  short  (ave. C L / P L  
0.2), wide, with sparse to dense po lymor -  
phic granules cover ing the surface. Endo-  
a p e r t u r e  i nconsp i cuous .  Exine s t ruc ture  
columellate,  tectate-perforate.  Exine sculp- 
turing baculate,  wi th  small  rod-like struc- 
tures (1.5 ~tm) be tween bacula, the sculp- 
turing elements  m o r e  abundan t  around the 
apertures.  Exine structure intectate, with a 
nonaper tura l  exine ca. 6.4 #m thick, strat- 
ified into a dist inguishable ektexine and a 
reduced or absent endexine.  Ektexine com-  
posed o f  columellae and  foot-layer,  the col- 

umel lae  distinct, ca. 70% o f  the total exine 
thickness, the foot- layer  prominent ,  ca. 30% 
o f  the total  exine thickness.  Endexine absent  
in the mesoco lp ium and  thin under  and  
along the margins  o f  the colpi. 

R a p u t i a  Aubl. (Fig. 8A) 

Pollen grains 5- or  6-colporate,  spherical 
or  prolate-spheroidal ,  large. Ectoapertures 
long (ave. CL /PL  0.88), narrow, with sparse 
small  granules cover ing the surface. En- 
doaper tures  lalongate. Exine sculpturing re- 
ticulate, the lumina  irregular in outline, me-  
d i u m  to large, with less dense infratectal 
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FIG. 7. Pollen of  Cuspariinae. A, B. Lubaria aroensis (Bernardi 5824). A. Oblique polar view showing 
reticulate sculpturing and inconspicuous aperture. B. Surface view showing lumina with occasional rod-like 
structures. Note aperture (arrow). C, D. Neoraputia alba (Pirani et al. 2489). C. Polar view showing reticulate 
sculpturing, lumina with rod-like structures, and 3 apertures. D. Equatorial view showing colporate aperture. 
E-G. Nycticalanthus speciosus (Duke 99). E. Radial view showing endexine (arrow) and ektexinous bacula near 
the aperture. F. Slightly oblique polar view showing baculate sculpturing and 4 apertures. G. Surface view 
showing rod-like structures between bacula. (Scale bars: A, B, F, G = l0/~m; C = 14 urn; D = 12 ~tm; E = 4 
~m.) 
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FIG. 8. Pollen of Cuspariinae. A. Raputia ulei (Maas & Maas 490). Oblique polar view showing reticulate 
sculpturing and lumina with occasional infratectal rod-like structures. B. Raputia heptaphylla (= Raputiarana) 
(Steyermark 91443). Oblique equatorial view showing meridionally aligned, long, narrow ectoapertures. C, D. 
Raputiarana subsigmoidea (C, Davidson 5209; D, Rimachi Y. 2728). C. Equatorial view showing reticulate 
sculpturing and irregular lumina with occasional infratectal rod-like structures. D. Polar view showing 3 apertures. 
E-G.  Rauia resinosa (E, Mori et al. 11540; F, G, Duarte 6291). E. Equatorial view showing perforate sculpturing 
and 2 of 3 apertures. F~ Radial view through mesocolpium showing tectate-perforate exine. G. Surface view 
showing elongate and circular perforations. (Scale bars: A, B, C = 10 ~tm; D = 30 #m; E = 13/~m; F = 4 gm; 
G = 20 #m.) 
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rod-like structures. Exine structure colu- 
mellate, semitectate. 

Raputiarana Emmerich (Fig. 8B-D) 

Pollen grains 3-colporate, prolate-sphe- 
roidal, large. Ectoapertures long (ave. CL/ 
PL 0.8), narrow, with sparse to dense small 
granules covering the surface. Endoaper- 
tures inconspicuous. Exine sculpturing re- 
ticulate, the lumina irregular in outline, me- 
dium to large, with less dense infratectal 
rod-like structures. Exine structure colu- 
mellate, semitectate. 

Rauia Nees & Mart. (Fig. 8E-G) 

Pollen grains 3-colporate, euprolate, large. 
Ectoapertures long (ave. CL/PL 0.79), nar- 
row, with sparse small granules covering the 
surface. Endoapertures lalongate. Exine 
sculpturing perforate, lumina circular or 
elongate in outline, small. Exine structure 
columellate, tectate-perforate, with a non- 
apertural exine ca. 1.75 ttm thick, stratified 
into a distinguishable ektexine and endex- 
ine. Ektexine composed of tectum, colu- 
mellae, and foot-layer, the tectum well-de- 
veloped, ca. 39% of the total exine thickness, 
the columeUae reduced, ca. 14% of  the total 
exine thickness, the foot-layer prominent, 
ca. 47% of  the total exine thickness. Endex- 
ine thin in the mesocolpium and thicker 
under and along the margins of  the colpi. 

Ravenia Vell. (Fig. 9A) 

Pollen grains 5- or 6-colporate, oblate- 
spheroidal or prolate-spheroidal, large. Ec- 
toapertures of  medium length (ave. CL/PL 
0.5), narrow, with sparse small granules 
covering the surface. Endoapertures circu- 
lar. Exine sculpturing reticulate, lumina ir- 
regular in outline, medium to large, smooth 
or with occasional infratectal rod-like struc- 
tures. Exine structure columellate, tectate- 
perforate or semitectate. 

Raveniopsis Gleason (Fig. 9B-G) 

Pollen grains 3-colporate or 5- or 
6-colporate, euprolate, prolate-spheroidal, 
or subprolate, medium or large. Ectoaper- 
tures of  some grains medium (ave. CL/PL 
0.64), of  others long (ave. CL/PL 0.84), nar- 

row, with sparse small granules covering the 
surface. Endoaper tures  circular. Exine 
sculpturing reticulate, the lumina irregular 
in outline, medium, either smooth or with 
occasional infratectal rod-like structures. 
Exine structure columellate, tectate-perfo- 
rate or semitectate, with a nonapertural ex- 
ine ca. 2.75 t~m thick, stratified into a dis- 
t inguishable ektexine and endexine. 
Ektexine composed of  tectum, columellae, 
and foot-layer, the tectum well-developed, 
ca. 23% of  the total exine thickness, the col- 
umellae reduced, ca. 32% of the total exine 
thickness, the foot-layer prominent, ca. 45% 
of  the total exine thickness. Endexine thin 
to absent in the mesocolpium and thicker 
under and along the margins of  the colpi. 

Sigmatanthus Emmerich (Fig. 10A) 

Pollen grains 5-/or 6-colporate, oblate- 
spheroidal, large. Ectoapertures inconspic- 
uous, short (ave. CL/PL 0.31), narrow, with 
sparse to dense small granules covering the 
surface. Endoapertures inconspicuous. Ex- 
ine sculpturing reticulate, the lumina very 
irregular in outline, medium to large, with 
less dense infratectal rod-like structures. Ex- 
ine structure columellate, semitectate. 

Spiranthera A. St.-Hil. (Fig. 10B-E) 

Pollen grains 3-porate, oblate-spheroid- 
al, large. Ectoapertures porate (ave. 4 #m in 
diam.). Endoaper tures  circular. Exine 
sculpturing echinate, with a dense infratec- 
tal rod-like structures between spines, the 
sculpturing elements more abundant around 
the apertures. Exine structure intectate, with 
a nonapertural exine ca. 3.9 #m thick. Exine 
stratified into a distinguishable ektexine and 
a reduced or absent endexine. Ektexine 
composed of  columellae and foot-layer, the 
columellae distinct, ca. 53% of the total ex- 
ine thickness, the foot-layer prominent, ca. 
47% of the total exine thickness. Endexine 
absent in the mesocolpium and thin under 
and along the margins of  the colpi. 

Ticorea Aubl. (Fig. 10F-I) 

Pollen grains 6-short-colporate, oblate- 
spheroidal, large or very large. Ectoaper- 
tures sometimes inconspicuous, short (ave. 
CL/PL 0.12), narrow, with either sparse or 
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FIG. 9. Pollen of Cuspariinae. A. Ravenia leonis (Bro. Clemente 6240). Polar view showing reticulate sculp- 
turing. B-D. Raveniopsis ruellioides (B, Huber et al. 8078; C, D, Maguire et al. 42447). B. Equatorial view 
showing reticulate sculpturing and long ectoaperture. C. Surface view showing lumina without infratectal rod- 
like structures. D. Radial section through mesocolpium showing semitectate exine. E. Raveniopsis stelligera 
(Maguire & Maguire 35262). Polar view showing 6 apertures. F, G. Raveniopsis peduncularis (F, Maguire 32815; 
G, Huber 10401). F. Equatorial view of prolate-spheroidal grain. G. Equatorial view showing reticulate sculp- 
turing and lumina with occasional infratectal rod-like structures. (Scale bars: A, G = 10 #m; B = 12 #m; C = 
20 #m; D = 4 urn; E, F = 30 #m.) 

no  smal l  granules  c o v e r i n g  the  surface. En-  
d o a p e r t u r e s  circular .  Ex ine  sculp tur ing  re- 
t icula te ,  the  l u m i n a  i r regu la r  in out l ine ,  m e -  
d i u m  to  large, w i th  dense ,  long to  shor t  

in f ra tec ta l  rod- l ike  s t ructures .  Ex ine  s truc-  
tu re  co lumel la te ,  s emi t ec t a t e ,  wi th  a n o n a p -  
e r tu ra l  ex ine  ca. 4.6 # m  thick,  s trat i f ied in to  
a d i s t ingu i shab le  ek t ex ine  a n d  a r educed  or  
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FIG. 10. Pollen of  Cuspariinae. A. Sigmatanthus trifoliatus (Rosa et al. 4048). Equatorial view showing 
colporate apertures and reticulate sculpturing with dense infratectal rod-like structures. B-E~ Spiranthera odor- 
atissima (B, E, Harley et al. 18650; C, Irwin et al. 23085; D, Heringer 15954). II. Equatorial view showing 
porate aperture and echinate sculpturing. C. Radial section through mesocolpium showing spine (large arrow) 
and reduced rod-like structures (small arrow). D. Polar view showing 3 apertures. E. Radial section showing 
endexine (arrow) near the aperture. F-I.  Ticorea cf. longiflora (Cid Ferreira et al. 6858). F. Surface view showing 
lumina with dense rod-like structures. Note short-colporate aperture (arrows at ends of aperture). G. Radial 
section through mesocolpium showing semitectate exine. H. Radial section showing endexine near aperture. I. 
Polar view showing reticulate sculpturing. (Scale bars: A = 8 um; B, F, H = 10/~m; C = 2 ~m; D = 30/~m; E, 
G = 4 ~m; I = 20 ~zm.) 
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FIG. 11. Pollen of Cuspariinae. A, Toxosiphon trifoliatus (Klug 2729). Equatorial view showing reticulate 
sculpturing with occasional infratectal rod-like structures. B, Toxosiphon lindenii (Lent 2588). Polar view showing 
3 apertures. (Scale bars: A = 10 tzm; B = 30 #m.) 

absent endexine. Ektexine composed oftec- 
tum, columellae, and foot-layer, the rectum 
well-developed, ca. 32% of the total exine 
thickness, the columellae distinct, ca. 37% 
of  the total exine thickness, the foot-layer 
prominent, ca. 31% of  the total exine thick- 
ness. Endexine absent in the mesocolpium 
and thin under and along the margins of  the 
colpi. 

Toxosiphon Baill. (Fig. 11) 

Pollen grains 3-colporate, oblate-sphe- 
roidal, large. Ectoapertures  of  medium 
length (ave. CL/PL 0.5), narrow, with sparse 
small granules covering the surface. En- 
doapertures lalongate. Exine sculpturing re- 
ticulate, the lumina irregular in outline, me- 
dium to large, with occasional infratectal 
rod-like structures. Exine structure colu- 
mellate, semitectate. 

POLLEN OF POSSIBLE RELATIVES 

Hortia Vand. (Fig. 12) 

Pollen grains solitary, radially symmet- 
rical, isopolar, 3-colporate, subprolate, or 
euprolate, medium. Ectoapertures meri- 
dionally aligned, of  medium length (ave. CL/ 

PL 0.58), narrow, with either sparse or no 
polymorphic granules covering the surface. 
Endoapertures lalongate. Exine sculpturing 
psilate-perforate, the lumina infrequent, 
when present circular, small. Exine struc- 
ture columellate, tectate-imperforate to in- 
frequently perforate, with a nonapertural 
exine ca. 3.6 #m thick, stratified into a dis- 
tinguishable ektexine and thin endexine. 
Ektexine composed of  tectum, columellae 
and foot-layer, the rectum well-developed, 
ca. 25% of the total exine thickness, the col- 
umellae reduced, ca. 7% of the total exine 
thickness, the foot-layer very prominent, ca. 
68% of the total exine thickness. Endexine 
thin in mesocolpium (at least in the few 
instances in which it was stained sufficiently 
to be observed) and thick under and along 
the margins of the colpi. 

Rutaneblina Steyerm. & Luteyn 

Pollen grains solitary, radially symmet- 
rical, isopolar, 3-colporate, subprolate, me- 
dium. Ectoapertures meridionally aligned, 
long (ave. CL/PL 0.72), narrow, with sparse 
to dense small granules covering the surface. 
Endoapertures inconspicuous. Exine sculp- 
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FIo. 12. Pollen ofHortia. A-C. H. brasiliana (Fonseca 843). A. Equatorial view showing psilate-perforate 
sculpturing with perforations infrequent and small. B. Radial section showing endexine under and along the 
margin of the aperture. C. Radial section through mesocolpium showing thick foot-layer, reduced columellae, 
and solid tectum. (Scale bars: A = 10 t~m; B = 4 #m; C = 2/~m.) 

turing reticulate, the lumina irregular in out- 
line, small to medium, with infratectal rod- 
like structures. Exine structure columellate, 
semitectate. 

Discuss ion 

POLLEN CHARACTERS IN THE RtYrACEAE 

No survey of  the pollen of  the family has 
been published. The published observa- 
tions that do exist usually appear as a sam- 
pling of  taxa found in geographically ori- 
ented pollen surveys (Barth, 1982, 1983, 
1985; Erdtman, 1971; Heusser, 1971; Sell- 
ing, 1947; Ybert, 1979). Data are available 
for some representatives of  all subfamilies 
but one (i.e., for Rutoideae, Toddalioideae, 
Citroideae, Dictyolomatoideae, and Flin- 
dersioideae but not for Spathelioideae). 
These data (Barth, 1982, 1983, 1985; Erdt- 
man, 1971; Heusser, 1971; Selling, 1947; 
Ybert, 1979) indicate that pollen of  the Ru- 
taceae is (2) 3 (4-6)-colporate  (rarely 
3-pororate), usually reticulate, rarely echi- 
nate, striate, foveolate, or psilate, prolate to 
suboblate (rarely perprolate), and 15-100 
um through the longest axis. That of  the 
Rutoideae reflects this entire range of  vari- 
ation with the exception of  the 2-colporate 
state. 

The only previously published observa- 
tions of  pollen of  the Cuspariinae are those 
of  Erdtman (1971) and Barth ( 1982). Erdt- 

man (1971) examined one species in each 
of  six genera of  the Cuspariinae. Except for 
minor differences in the reported measure- 
ments of  the axes, our observations of  the 
same genera correlate with his. Barth (1982) 
reported observations of  12 genera and ap- 
proximately 20 species. No voucher speci- 
mens are cited, specific epithets for some of 
the genera examined are lacking, photo- 
graphs are present for only eight species, and 
full, comparable descriptions of  the pollen 
of  each genus are not given. Thus, an ac- 
curate comparison of our results is not pos- 
sible, but, for the most part, our observa- 
tions agree with hers. 

POLLEN CHARACTERS AND GENERIC 
DELIMITATION IN THE CUSPARIINAE 

Each of  seven genera is uniquely char- 
acterized (Table III) by a single pollen type-- 
Almeidea (type 2), Leptothyrsa (type ,7), 
Apocaulon (type 8), Spiranthera (type 9), 
Erythrochiton (type 10), Nycticalanthus (type 
11), and Angostura (type 12). 

The two largest genera, Raveniopsis and 
"Angostura-1 ," exhibit more than a single 
pollen type. The grains of Raveniopsis are 
reticulate, but are either 3-colporate (Fig. 
9B) and type 5 or 5- or 6-colporate (Fig. 9E, 
G) and type 6. These two types correlate 
almost perfectly with two groups of  species 
in Raveniopsis; the species with type 5 (Ta- 
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ble III) have simple trichomes, and, with 
one exception, the species with type 6 (Table 
III) have branched trichomes. The excep- 
tion is R. sericea, which has type 6 and sim- 
ple trichomes. Raveniopsis fraterna, which 
has type 5, and R. sericea are quite similar 
in macromorphological features--so much 
so that they have been considered to be one 
species (Steyermark, 1984). That these two 
apparently closely related species have dif- 
ferent pollen types argues against the use- 
fulness of aperture number as a distinguish- 
ing character of the two groups within the 
genus. 

Like the macromorphological characters, 
the pollen characters of  "Angostura-1" are 
highly variable. Five pollen types occur in 
the genus. The sculpture pattern ranges from 
perforate (Fig. 3E, F) to foveolate (Fig. 3C) 
to foveolate-reticulate (Fig. 3A) to reticulate 
(Fig. 3D), i.e., all patterns present in the 
subtribe except the intectate pattern (types 
9-12). Aperture class ranges from 3-6-col- 
porate, i.e., all except pantocolporate (type 
2) and porate (type 9). Because pollen of 
only 10 of the ca. 35 species has been ex- 
amined, it is likely that additional variation 
in pollen characters will be found in other 
species. Sculpture pattern and aperture 
number are not useful in solving the generic 
problem in "Angostura- 1." 

Each of the fifteen other genera examined 
exhibits only one of  three pollen types (1, 
5, or 6), but these types are distributed 
among several genera (Table III) and, there- 
fore, are not unique identifiers of genera. 
The pollen characters are taxonomically 
useful, however, in supporting the separa- 
tion of the apocarpous species described in 
Galipea (e.g., G. longiflora, here assigned to 
Angostura) from the syncarpous species of  
true Galipea. The former species have bac- 
ulate, 5- or 6-colporate pollen (type 12; Fig. 
2A, B, D), and the latter have reticulate, 3- 
or 4-colporate pollen (type 5; Fig. 5F, G). 
The presence in Angostura trifoliata of pol- 
len type 12 (Table III; Fig. 2A, B) correlates 
with other macromorphological characters 
(discussed in the introduction to this paper) 
and supports its separation from all other 
species described in Angostura and its alli- 

ance with the apocarpous species of Galipea 
(Fig. 2D). 

Furthermore, as discussed by Kallunki 
(1992), the semitectate pollen of Toxosi- 
phon (Fig. 11), in combination with several 
macromorphological characters, supports 
its segregation from Desmotes and Erythro- 
chiton, which have intectate pollen (Figs. 
4H, 5B, D). 

Because Lubaria (Fig. 7A, B), Raputia 
(Fig. 8A), and Ravenia (Fig. 9A) all have 
type 6 pollen, pollen data offer no additional 
support for, but do not negate, the align- 
ment of Lubaria szczerbanii and Ravenia 
amazonica with Raputia. 

Although morphological characters sup- 
port the separation of  Neoraputia, Rapu- 
tiarana, and Sigmatanthus from Raputia, 
pollen data are equivocal with respect to the 
separation or union of  these genera; Raputia 
and Sigmatanthus have pollen of type 6 and 
Neoraputia and Raputiarana of type 5. 

A COMPARISON OF POLLEN AND OTHER 

CHARACTERS IN THE CUSPARIINAE 

The taxa with perforate to foveolate (types 
1-4) pollen grains, i.e., Almeidea, Rauia, 
Euxylophora, and some species of "Angos- 
tura-1," have free petals, stamens, and car- 
pels and five rather than only two fertile 
anthers and may be more closely related to 
each other than to other genera in the sub- 
tribe. Almeidea is similar to many species 
of"Angostura-1 "" in its choripetalous flow- 
ers, five fertile stamens, and free carpels, but 
its anthers appear to be dorsifixed rather 
than basifixed as in most "Angostura-l," 
and its pollen is pantocolporate (Fig. 1E), 
unique in the subtribe. 

Rauia was distinguished from "Angos- 
tura-1" (as Cusparia) by Engler (1931) only 
by characters of dubious value: in Rauia the 
carpels initially united ventrally and ulti- 
mately becoming free in fruit and the petals 
valvate, and in "Angostura-1" the carpels 
free from the beginning and the petals im- 
bricate. The species described in Rauia have 
linear petals, usually narrower than those in 
"Angostura-1," and some species have un- 
equal cotyledons, a character not found so 
far in "'Angostura-l." Rauia is, however, 
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similar to most species of"Angostura- 1" in 
the free or only slightly coherent petals that 
are narrowly imbricate not valvate, free sta- 
mens, and two fertile stamens with unap- 
pendaged anthers. Given the variation in 
most characters in "Angostura-1," the ad- 
dition to "Angostura-l" of Rauia with its 
characters of  slightly connate carpels, nar- 
rower petals, and unequal cotyledons would 
not be discordant (cf. Gereau, 1990). Pollen 
characters do not negate this possibility. 

Euxylophora resembles Rauia and some 
species of"Angostura-1" in its narrow, free 
petals and its free stamens bearing five fer- 
tile, unappendaged anthers, but differs from 
them by being a large tree rather than a 
shrub or treelet and by having connate car- 
pels and no cupular disc. That the pollen 
characters--aperture number, aperture type, 
and sculpture pattern--of "Angostura- 1," 
Rauia, and Euxylophora are similar (Table 
III; Figs. 3E, 5E, 8E) may indicate that they 
are related. 

The taxa with reticulate pollen form a 
variable group. Splitting these further into 
two groups (types 5 and 6) based on number 
of colpi results in variable groups as well. 
An examination of the genera in these groups 
will illustrate this point. "'Angostura-1,'" as 
mentioned in the previous section, has a 
wide range of  pollen types, of which types 
5 and 6 are only two. Adiscanthus is quite 
unlike the other genera with type 5. It has 
actinomorphic 5-merous flowers with free 
petals, stamens, and carpels, and with dor- 
sifixed, unappendaged anthers, and no cup- 
ular disc, while others have zygomorphic 
flowers with coherent or connate petals, bas- 
ifixed, basally appendaged anthers, and a 
cupular disc. Its relationships are not known. 
Decagonocarpus and the species of  Raven- 
iopsis with pollen of  type 5 and Ertela, Lu- 
baria, Raputia, Ravenia, and the species of 
Raveniopsis with pollen of type 6 form an 
apparently related group of genera charac- 
terized by opposite leaves, free, imbricate 
sepals, connate petals, and free carpels and 
usually by connate, appendaged anthers with 
a gland-dotted dorsum and by conduplicate, 
bilobed cotyledons. Galipea, Neoraputia, 
Toxosiphon (with type 5) and Ticorea (with 

type 6) form a group characterized by, among 
other features, connate carpels, and Rapu- 
tiarana (with type 5) and Sigmatanthus (with 
type 6) form another characterized by free 
carpels. That the otherwise similar taxa 
within each of  these two groups have dif- 
ferent pollen types argues against the use- 
fulness of  aperture number as a generic 
character. 

Striate-reticulate grains (types 7 and 8) 
occur in both Leptothyrsa and Apocaulon. 
In Leptothyrsa, the ektexine of  the meso- 
colpium is longitudinally deeply ridged (Fig. 
6A, C-E), while in Apocaulon the ektexine 
is not ridged (Fig. 4A). This difference in 
pollen structure correlates with differences 
in a multitude ofmacromorphological char- 
acters that distinguish these two genera, and 
despite their striate-reticulate pollen these 
two genera are probably not closely related. 
Leptothyrsa is a treelet with actinomorphic 
flowers ca. 2 cm long in which all anthers 
are fertile and unappendaged and the em- 
bryo is straight with planate cotyledons ori- 
ented sagittally to the floral axis. Apocaulon 
is a low, rhizomatous herb with zygomor- 
phic flowers ca. 7 mm long in which only 
two anthers are fertile and basally appen- 
daged and the embryo is curved with con- 
duplicate cotyledons oriented proximally to 
the floral axis. Apocaulon despite its alter- 
nate leaves, shares many macromorphol- 
ogical characters with members of  a group 
of  genera with opposite leaves--including 
Decagonocarpus, Ertela, Lubaria, Raputia 
(sensu Kallunki, 1990), Ravenia, and Rav- 
eniopsis. Unlike Apocaulon, however, these 
latter six genera have reticulate pollen of 
type 5 or 6. In this case, Apocaulon may be 
closely related to this group of  genera de- 
spite the difference in pollen characters.~ 

Apart from this group of  genera, opposite 
leaves occur only in Desmotes, which dif- 
fers, however, in its echinate pollen, large, 
connate, valvate, rose-colored sepals, co- 
herent petals, and free anthers without a 
gland-dotted dorsum. Although originally 
described, because of the large, colored ca- 
lyx, as a species ofErythrochiton, D. incom- 
parabilis, the only species of the genus, dif- 
fers in several features from Erythrochiton 
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(Kallunki, 1992). Its relationships are ob- 
scure, in part because it is known only by 
the flowering type collection and its fruit 
and seeds are unknown, but it pollen is echi- 
nate like that of some Erythrochiton. 

The four genera with intectate (echinate, 
clavate, or baculate) pollen (types 9-12) 
[Spiranthera (Fig. 10B, D), Nycticalanthus 
(Fig. 7F, G), Erythrochiton (Figs. 4H, 5D), 
and Angostura (Fig. 2A, D)] fall into two 
groups based on macromorphological char- 
acters. These two groups may not be related 
to each other, but within each, however, the 
taxa may indeed be closely related. Nycti- 
calanthus (an endemic of the Brazilian Am- 
azon) and Spiranthera (a genus of three or 
four species ranging from northern South 
America to Bolivia and southern Brazil) 
share rather large, choripetalous flowers, five 
fertile stamens bearing unappendaged an- 
thers, and a gynophore. Erythrochiton and 
Angostura share connate petals, tuberculate 
seeds, free anthers with free appendages, and 
free carpels. 

In Kallunki's (1992) revision, she men- 
t ioned that exceptional individuals o f  
Erythrochiton from Iquitos, Peru resembled 
E. brasiliensis in their actinomorphic flow- 
ers with red calyx and five fertile stamens, 
but differed from typical representatives of  
that species in, for example, their shorter 
and rather equally 3-dentate calyces and 
smaller anthers. Only one (Thomas 6782) 
of  the specimens ofE. brasiliensis examined 
for the present study has been collected in 
the Iquitos area. Its pollen grains were 
smaller than those of  a typical representa- 
tive (Mori et al. 9361) of the species (com- 
pare samples 2 and 5 in Table II). 

The pollen of Hortia, characterized by a 
psilate exine with rare perforations, a very 
thick foot-layer, and reduced columellae 
(Fig. 12), is unlike that of any member of  
the Cuspariinae. Our observations differ 
from Barth's (1983) in that she reported the 
grains to be "punctate," i.e., possessing a 
perforate tectum, and somewhat larger, e.g., 
with a mean polar axis length of 50.5-51.0 
#m vs. ours of 33.4-34.4 #m. In any case, 
data from pollen characters offer no support 
for the transfer of this genus from the Tod- 

dalioideae to the Cuspariinae, as was sug- 
gested based on chemical characters (Fer- 
nandes da Silva et al., 1988). 

Rutaneblina was described by Steyer- 
mark and Luteyn (Steyermark, 1984) with- 
out reference to tribal affinity or possible 
relationships. Its 3-colporate, reticulate, 
subprolate, medium-sized pollen is similar 
to the type 5 Cuspariinae pollen but also to 
that of the Pilocarpinae (Morton, unpubl.). 
Pollen characters offer equivocal evidence 
as to its placement within either subtribe. 

Preliminary observations of the pollen of  
three genera (Pilocarpus, Metrodorea, and 
Esenbeckia) of the Pilocarpinae (Morton, 
unpubl.) show that the range of pollen char- 
acters in this subtribe fall within that of the 
Cuspariinae and support a close relation- 
ship between the two. 

Conclusions 

As discussed earlier in this paper, aper- 
ture number is not a useful generic character 
in Raveniopsis or in "Angostura- 1 ." On this 
basis, types 5 and 6 may be better consid- 
ered as a single type--reticulate and 3-6- 
colporate, thus uniting the species of Rav- 
eniopsis. The pollen characters that may be 
most useful at the generic level may be more 
broadly defined sculpture patterns and ap- 
erture classes defined without reference to 
aperture number, i.e., pantocolporate, col- 
porate, and porate. 

This survey of  the pollen of the Cuspa- 
riinae has demonstrated the variety of pol- 
len characters in the subtribe and has con- 
firmed the taxonomic usefulness of such 
characters in delimiting some genera. The 
use of these characters in phylogenetic anal- 
yses will show whether or not such char- 
acters are also useful indicators of relation- 
ships among these genera. Our study suggests 
that systematic examination of  the pollen 
of other groups throughout the Rutaceae 
may provide information useful in assessing 
relationships within this diverse family. 
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A p p e n d i x  I 

Spec imens  f rom which  po l len  samples  were o b t a i n e d  for this  study. All  are d r i ed  her-  
b a r i u m  s p e c i m e n s  depos i ted  at  N Y  unless  ind ica ted  otherwise .  The  sample  n u m b e r  (used 
in  Tab le  II) is boldfaced.  I f a  species is recognized in  th is  s tudy  as be longing  to a descr ibed  
genus  to wh ich  it  has no t  been  t r ans fe r red  or  to an  u n d e s c r i b e d  genus,  the n a m e  o f  tha t  
genus  is i n d i c a t e d  in  parentheses ,  a n d  in  quotes  i f  undesc r ibed ,  after  the species" n a m e .  
Such i n d i c a t i o n s  are no t  n o m e n c l a t u r a l  transfers.  

Adiscanth us fusciflorus Ducke 
1) Daly et aL 5722, 2) Klug 723 (US), both Loreto, 
Peru; 3) Ducke 234, Amazonas, Brazil 

Almeidea limae I. M. Silva 
Martinelli 9904, Rio de Janeiro, Brazil 

Almeidea rubra A. St.-Hil. 
1) G. L. Farias 118, Espirito Santo, Brazil; 2) Oct6vio 
RB-96444, Rio de Janeiro, Brazil 

Angostura larensis (Tamayo & Croizat) Albuq. (="An- 
gostura- 1") 

Dorr et al. 5641, Barinas, Venezuela 
Angostura macrophylla (J. C. Mikan) Albuq. (="An- 

gostura- 1 ") 
1) Mori et al. 13072, 2) Thomas et aL 6817, both 
Bahia, Brazil 

Angostura pentagyna (A. St.-Hil.) Albuq. (="Angos- 
tura- 1 "') 

1) Mori et aL 10692, 2) F. Sousa Santos 453, both 
Bahia, Brazil 

Angostura ramiflora (Engl.) Albuq. (="Angostura-1 ") 
1) Cid Ferreira 9327, Amazonas, Brazil; 2)Maguire 
et al. 36790, Amazonas, Venezuela 

Angostura silvestris (Nees & Mart.) Albuq. (="Angos- 
tura- 1") 

1) Maas & Tawjoeran LBB-10888, Surinam~ 2) 
Schatz et al. 944, Maranh~o, Brazil 

Angostura sp. nov. 
Silva & Bahia 2883, Parfi, Brazil 

Angostura cf. transitionalis Rizzini (="Angostura-1") 
Pinard 860, Acre, Brazil 

Angostura trifoliata (Willd.) T. S. Elias 
1) Colella et al. 1393, 2) Stergios et al. 5909 (MO), 
both Bolivar, Venezuela 

Angostura ucayalina (Huber) Albuq. (="Angostura-1 ") 
1) Daly et al. 1835, Parfi, Brazil; 2) Schunke 5635, 
San Martin, Peru 

"Angostura- I" sp. 1 
Mori et al. 9579, Bahia, Brazil 
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"Angostura-l" sp. 2 
Schunke 4495, San Martin, Peru 

"Angostura-l'" sp. 3 
Mattos Silva et al. 1822, Bahia, Brazil 

"Angostura-1" sp. 4 
Mattos Silva et al. 1488, Bahia, Brazil 

Apocaulon carnosum R. S. Cowan 
Maguire & Maguire 29188, Amazonas, Brazil 

Decagonocarpus cornutus R. S. Cowan 
Hoist & Liesner 3352, Amazonas, Venezuela 

Decagonocarpus oppositifolius Engl. 
Maguire et al. 1) 30457, 2) 37493, 3) 42618, all 
mmazonas, Venezuela 

Desmotes incomparabilis (L. Riley) Kallunki 
Collenette in Riley 470 (MO), Panama 

Ertela trifolia (L.) Kuntze 
Beck et al. 321, Pani, Brazil 

Erythrochiton brasiliensis Nees & Mart. 
1) Harris 58 (herbarium ?), cult. in Jamaica; 2) Mori 
et al. 9361, 3) Pinheiro & dos Santos 2340 (CEPEC), 
both Bahia, Brazil; 4) Prance 9312, Roraima, Brazil; 
5) Thomas 6782 (pickled), Loreto, Peru; 6) Oldeman 
2047 (US), French Guiana 

Erythrochiton fallax Kallunki 
1) Daly et aL 6445, Beni, Bolivia; 2) Idrobo & Schultes 
830 (US), Colombia; 3) M. Saldfas 78, Santa Cruz, 
Bolivia 

Erythrochiton gymnanthus Kallunki 
1) Hammel  et al. 13958 (MO), 2) Kallunld 294 (pick- 
led), 3) Kallunld 309 (pickled), all Costa Rica 

Euxylophora paraensis Huber 
1) Ducke 27- 9-23, 2) Rosa & Santos 2227, both Parfi, 
Brazil 

Galipea davisii Sandwith 
Ducke RB-35598 (US), Amazonas, Brazil 

Galipeajasminiflora (A. St.-Hil.) Engl. 
1) W. R. Anderson 6358, Goigts, Brazil; 2) W. R. 
Anderson 12331 (US), Rond6nia, Brazil; 3) W. 
Hoehne 15252, 4) E. Kuhn, 9 Mar 1967, both S~o 
Paulo, Brazil 

Galipea longiflora K. Krause (=Angostura) 
Daly 6382, La Paz, Bolivia 

Galipea sp. nov. 1 
Daly et aL 1) 1630, 2) 1891, both Parfi, Brazil 

Hortia arborea Engl. 
Mori et al. 12692, Bahia, Brazil 

Hortia brasiliana Vand. 
1) S. G. Fonseca 843, Distrito Federal, Brazil; 2) 
Hatschbach 43860 (US), Minas Gerais, Brazil 

Hortia excelsa Ducke 
Rabelo & Cardoso 2900, Amapfi, Brazil 

Leptothyrsa sprucei Hook. f. 
1) Killip & Smith 29844, 2) McDaniel & Rimachi Y. 
29660, both Loreto, Peru 

Lubaria aroensis Pittier 
1) A. L. Bernardi 5824, Miranda, Venezuela; 2) Ruiz  
& Rondon 3775, Falc6n, Venezuela 

Lubaria szczerbanii Steyerm. (=Raputia) 
Boom 9491, Bolivar, Venezuela 

Neoraputia alba (Nees & Mart.) Emmerich 
Pirani et al. 2489, Espirito Santo, Brazil 

Neoraputia paraensis (Ducke) Emmerich 
Foster & Balde6n I2600, Madre de Dios, Peru 

Neoraputia trifoliata (Engl.) Emmerich 
D. A. Folli 764, Bahia, Brazil 

Nycticalanthus speciosus, Ducke 
Ducke 99, Amazonas, Brazil 

Raputia heptaphylla Pittier (=Raputiarana) 
Steyermark 91443, Distrito Federal, Venezuela 

Raputia maroana (R. S. Cowan) Kallunki 
Gu~inchez & Melgueiro 3460 (MO), Amazonas, Ven- 
ezuela 

Raputia sp. nov. 1 
Klug 544, Loreto, Peru 

Raputia sp. nov. 2 
Prance et al. 17015, Amazonas, Brazil 

Raputia ulei (K. Krause) Kallunki 
Maas & Maas 490, Amazonas, Brazil 

Raputiarana subsigmoidea (Ducke) Emmerich 
1) Davidson 5209, 2) Rimachi Y. 2728, both Loreto, 
Peru 

Rauia resinosa Nees & Mart. 
1) Duarte 6291 (US), Guanabara, Brazil; 2) Mori et 
aL 9379, 3) Mori et al. 11540, both Bahia, Brazil 

Rauia sp. nov. 1 
Thomas et al. 7674, Bahia, Brazil 

Rauia spicata Have 
Steyermark 87821 (US), Bolivar, Venezuela 

Rauia subtruncata Steyerm. 
FDBG F1729, British Guiana 

Ravenia biramosa Ducke 
Schunke 5711, San Martin, Peru 

Ravenia leonis Vict. 
Bro. Clemente 6240 (US), Cuba 

Ravenia rosea Standl. 
Kallunld 297 (pickled), Costa Rica 

Ravenia urbanii Engl. 
J. A. Duke 7515 (US), Puerto Rico 

Raveniopsis breweri Steyerm. 
Huber et al. 8092, Bolivar, Venezuela 

Raveniopsisfraterna R. S. Cowan 
1) Huber et al. 10215, 2) Pruski & Huber 3597, both 
Bolivar, Venezuela 

Raveniopsis linearis (Gleason) R. S. Cowan 
M. Fari~as et al. 418, Amazonas, Venezuela 

Raveniopsis peduncularis Pittier & Lasser 
1) Huber 10401, 2) Maguire 32815, both Bolivar, 
Venezuela 

Raveniopsis ruellioides (Oliv.) R. S. Cowan 
1) Huber et al. 8078, 2) Wurdack 34166, both Bo- 
livar, Venezuela; 3) Maguire et aL 42447, Amazo- 
nas, Venezuela 

Raveniopsis sericea R. S. Cowan 
Steyermark et aL 128764, Bolivar, Venezuela 

Raveniopsis stelligera (R. S. Cowan) R. S. Cowan 
Maguire & Maguire 35262, Amazonas, Venezuela 

Raveniopsis steyermarkii R. S. Cowan 
Luteyn & Steyermark 9575, Bolivar, Venezuela 

Rutaneblina pusilla Steyerm. & Luteyn 
1) Boom & Weitzman 5770, 2) Liesner 16030, both 
mmazonas, Venezuela 

Sigmatanthus trifoliatus Emmerich 
1) Fr6es 11796, Maranh~o, Brazil; 2) N. A. Rosa et 
al. 4048, Par~, Brazil 

Spiranthera odoratissima A. St.-Hil. 
1) Harley et al. 18650, Bahia, Brazil; 2) Heringer 
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15954, Distrito Federal, Brazil; 3) Irwin et al. 23085 
(US), Minas Gerais, Brazil 

Spiranthera parviflora Sandwith 
N. A. Rosa 2417,4, Par~, Brazil 

Ticorea foetida Aubl. 
Granville 2795, French Guiana 

Ticorea longiflora DC. 
Cid Ferreira et al. 6858, Amazonas, Brazil 

Ticorea cf. longiflora DC. 
Prance et al. 24022, Amazonas, Brazil 

Toxosiphon carinatus (Little) Kallunki 
Dodson & Gentry 9859, Ecuador (MO or SEL) 

Toxosiphon lindenii Baill. 
Lent 2588, Costa Rica 

Toxosiphon trifoliatus (K. Krause) Kallunki 
1) Camp 999, Ecuador; 2) Klug 2729, San Martin, 
Peru 

A N N O U N C E M E N T  

The Award Committee of the Lawrence Memorial Fund invites nominations for the 1994 
Lawrence Memorial Award. Honoring the memory of Dr. George H. M. Lawrence, founding 
Director of  the Hunt Institute for Botanical Documentation, the Award ($1,000) is given biennially 
to support travel for doctoral dissertation research in systematic botany or horticulture, or the 
history of  the plant sciences, including literature and exploration. 

Major professors are urged to nominate outstanding doctoral students who have achieved official 
candidacy for their degrees and will be conducting pertinent dissertation research that would benefit 
significantly from travel enabled by the Award. The Committee will not entertain direct applica- 
tions. A student who wishes to be considered should arrange for nomination by his/her major 
professor; this may take the form of a letter which covers supporting materials prepared by the 
nominee. 

Supporting materials should describe briefly but clearly the candidate's program of research and 
how it would be significantly enhanced by travel that the Award would support. Letters of nom- 
ination and supporting materials, including seconding letters, should be received by the Committee 
no later than 1 May 1994 and should be directed to" Dr. R. W. Kiger, Hunt Institute, Carnegie 
Mellon University, Pittsburgh, PA 15213-3890 U.S.A. Tel. (412) 268-2434. 


