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Abstract

TAXONOMIC STUDY OF THE ELAPHOGLOSSUM APODUM COMPLEX (ELAPHOGLOSSACEAE)

by

LUCIA ATEHORTUA

Adviser: Dr. J .T . Mickel

The section P o ly tric h ia  subsection Apoda Mickel & Atehortua 

comprises e ig h t species, a l l  of which are Neotropical in d is t r i ­

bution (West In d ie s , Central America and northern South America). 

Results of morphological and chemical in ves tig a tio n s  of the 

Elaphoglossum apodum complex are presented. The comparative 

research is  summarized in a diagram showing the probable evolu­

tio n a ry  re la tio n sh ip s  w ith in  the subsection. A taxonomic revis ion  

is  presented including keys, d escrip tio n s , i l lu s tra t io n s  and 

discussion of the taxa . Two new species Elaphoglossum amazonicum 

and Elaphoglossum latum are described.
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In troduction

The genus Elaphoglossum 1s composed of nearly 600 species, 

a l l  of which are tro p ic a l or subtropical 1n d is tr ib u tio n . About 

70% of the species occur 1n the Neotropics. Because of th e ir  

remarkable uniform ity and s im p lic ity  1n gross morphology, the 

species are often overlooked 1n the f ie ld ,  and consequently the 

group has been poorly co llec ted . The great s im ila r ity  among cer­

ta in  species complexes has led to serious d i f f ic u l t ie s  In d e l i ­

m ita tion  of the taxa; th e re fo re , names have often been misapplied  

and many have been created fo r previously known species. The 

genus has long been very problematic to  p te rld o lo g ls ts  from the 

taxonomic and phylogenetic points of view. Alston (1956), Hoittum  

(1966 ), Pi chi SermolU (1968 ), and Mickel (1980 ), have emphasized 

the need fo r a taxonomic revis ion  of th is  genus.

The author decided to undertake a study of subsection Apoda 

Mickel & Atehortua. The members of th is  small complex are e x tre ­

mely s im ila r 1n th e ir  gross morphology and th ere fo re  taxonoml- 

c a lly  very d i f f i c u l t .  The purpose of th is  study was to define the 

species 1n question and to examine th e ir  re la tionsh ips  w ith in  and 

without the subsection. An attempt has been made to In teg rate  

comparative morphological and chemical evidence and to apply
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recent techniques and methods of analysis to study the varia tio n  

and speclatlon w ith in  subsect. Apoda.

H is to rica l Background

In the early  days of fern taxonomy a ll ferns with sporangia 

covering the abaxlal lamina surface were placed 1n the genus 

Acrostichum (the sorus condition being termed acro stich o ld ).

The f i r s t  species of Elaphoglossum was described by Linnaeus 

(1753) as Acrostichum crln ltum . Schott (1834) proposed the name 

Elaphoglossum but unfortunatly  did not provide any d escrip tio n . 

John Smith (1841) described the genus as having "veins simple or 

forked, in te rn a l,  venules p a ra lle le d , th e ir  apices free  or c la -  

vate , term inating w ith in  a thickened margin. Fronds simple, 

e n t ire , oblong or 11 n ear-lan ceo la te , smooth or squamose; margin 

f e r t i l e ,  frond usually membranous."

F§e (1845) kept Elaphoglossum w ith in  Acrostichum but 

divided the elaphoglossoids in to  two groups: OUgolepldea and 

Polylep idea, each of which were subdivided in to  sm aller, mostly 

unnamed groups. Fee (1852) revised his c la s s if ic a tio n  and 

recognized four primary groups without fu rth e r subdivisions: 

O lig o lep id ea , Polylepidea, P ilo s e !la  and Chromatolepldea (Table 

I ) .
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Table I

C la s s ific a tio n  schemes fo r the genus Elaphoglossum (1852-1899)

F§e (1852) Sodiro (1897) Oiels (1899)

Group I . O ligolepidea * I .  Glabra I .  Eu-Elaphoglossum *

Group 11. Polylepidea I I .  Setosa I I .  Hymenodium

Group I I I . P ilo s e lla A. O lig o tric h ia

Group IV . Chromatolepidea B. P o ly tric h ia  *

I I I .  Squamosa

A. Oligolepidea

B. Lacin iata

IV . Polylepidea

*  where some known species of subsect. Apoda where placed.



Moore (1857-1862) was the f i r s t  to consistently  recognize 

Elaphoglossum a t the generic le v e l. In 1t he made many new 

combinations. His subgroup OUgolepldeum contained species with  

fronds naked or with few scales, and Polylepldeum those with  

fronds clothed with numerous scales.

Hooker (1863-1864) described 94 species of Acrostichum 

under subgenus Elaphoglossum together with other subgenera, such 

as Lomar1ops1s, Polybotrya, Stenochlaena, Rh1p1dopter1s, and 

Egenolfla . Smith (1896) accepted Elaphoglossum as a genus 1n a 

s t r ic t  sense, re fe rr in g  1t to  the t r ib e  Acrostlchae. He excluded 

the genera R hlpldopteris and M lcrostaphyla, considering them as 

belonging to section Polybotryae. Kuhn (1868) In d iscrim in ate ly  

mixed species of Acrostichum and Elaphoglossum, creating  con­

s iderable taxonomic confusion. As la te  as 1892 Baker was 

describing species w ith in  Acrostichum subgenus Elaphoglossum, but 

the subgenus was subdivided In to  sm aller groups based on the sca­

les and hairs of the lamina.

Sodlro (1893) followed the model proposed by Hooker and 

described 81 species as Acrostichum (Elaphoglossum) ,  separating  

them In to  two groups based on vein characters and creating  

more subgroups based on scales (Table I ) .

D ie ls  (1899) recognized two subsections: Eu-Elaphoglossum
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fo r the bulk of the species and Hymenodlum fo r  the d is t in c t ,  

broad, net-veined E. crln ltum  (Table I ) .  However, his subsec- 

tio n a l groups large ly  followed those of Sodlro. In the same year 

C hris t (1899) published his c lassic  Monographle des Genus 

Elaphoglossum, which stands as the most deta iled  treatment of 

th is  genus covering 142 species 1n 32 groups. The primary d iv i ­

sion was based on venation: Ordo Stenoneura w ith veins running 

a l l  the way to the margin without thickened ends and Ordo 

Condyleoneura with veins ending ju s t short of the margin with  

swollen ends (hydathodes). C hrist fu rth e r subdivided these In to  

sections, subsections, and d iv is ions (Table I I )  using characters 

such as blade scales, frond s iz e , s tip e  a r t ic u la t io n , and rhizome 

habit and thickness. B asica lly  his species groups were natural 

and recognizable but unfortunately  he placed what are now 

believed to be unrelated d iv is ions and subsections together and 

did not provide a usable key to the groups.

C hrist placed some of the species with black, m arginal, 

subulate scales 1n each of the two ordos when 1n fac t they now 

seem to be closely re la ted  based on anatomical and chemical 

studies. By the same token, his Condyloneura subdivisions 

Dlmorpha, P etlo losa , P1losa, and Ovata have no hydathodes and 

belong w ith close re la tiv e s  1n Ordo Stenoneura.
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Table I I

C h ris t's  scheme of the genus Elaphoglossum (1899)

Ordo Stenoneura Ordo Condyloneura

1. Sectlo Craspedoglossa 1. Sectlo Gymnoglossa

A. Subsect1o Platyglossa A. Subsectlo Dlmorpha

-D1v1s1o Lat1fol1a B. Subsectlo Feeana

-D1v1s1o Melanolepldea C. Subsectlo Coespltosa

-D1v1s1o Decorata D. Subsectlo Amygda11fol1a

B. Subsectlo Pachyglossa 2. Sectlo P o ly tric h ia

-D1v1s1o Conformla A. Subsectlo Hymenodlum

-D1v1s1o Mlcradenla B. Subsectlo Hybrlda

-D1v1sio Squam1ped1a C. Subsectlo Setosa *

-D1v1s1o Rh1p1dopter1s D. Subsectlo Petlo losa

C. Subsectlo Flacclda E. Subsectlo P llo s e lla

D. Subsectlo Hermlnlerlana F. Subsectlo Pllosa

2. Sectlo Lepldoglossa -D1v1s1o Gardneriana

A. Subsectlo Polylepidea -D1v1s1o Boraglnea

-D1v1s1o Muscosa G. Subsectlo Ovata

-D1v1s1o Bellermanlana 

-D1v1s1o Argyrophylla 

-D1v1s1o F1mbr1ata 

-D1v1s1o St1p1tata

B. Subsectlo M1crolep1dea

C. Subsectlo Glossoldea

3. Sectlo Undulata

*  where known species of subsect.
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Scfummann (1915) was the f i r s t  to recognize Elaphoglossum 

and re la ted  genera as c le a r ly  d is tin c t from other acrostlchold  

fe rn s . Following th is  example, Bower (1928) d ivided the ferns  

with acrostlchold s o r l , placing them 1n several d iffe re n t groups. 

He suggested that Elaphoglossum belonged to his metaxyold ferns, 

of which Metaxya was thought to be the most p r im itiv e , Syngramma 

taking an Interm ediate p o s itio n , and Elaphoglossum the most 

advanced.

In con trast, Christensen (1938) placed Elaphoglossum in  a 

separate subfam ily, Elaphoglossoldeae, w ithin the Polypodlaceae.

He remarked on I ts  uncertain taxonomic position and suggested that 

th is  subfamily had reached a more advanced evolutionary condition  

than most other subfam ilies of Polypodlaceae. Thus he placed 

1t at the end of his scheme. Chlng (1940) and H erter (1940, 1949) 

raised Elaphoglossum to  fam ily  le v e l, although the fam ily was not 

v a lid ly  published a t that tim e. Copeland (1947) placed 

Elaphoglossum and re la ted  genera In to  the fam ily  Asp1d1aceae and 

pointed out tha t I t  did not have near re la tiv e s  among other 

genera of th is  fam ily . In the same y e a r, Holttum (1947) reviewed 

a l l  the arguments to  place Elaphoglossum In d iffe re n t groups, 

and, based on his f ie ld  experience and observations, Included  

the genus in the subfamily Lomarlopsldoldeae of his broad fam ily
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Dennstaedtlaceae. He gave In te res tin g  arguments against 

Christensen, Bower, and Copeland's views and suggested that the 

genus most closely re la ted  to Elaphoglossum was Lomarlopsls. His 

arguments were based on the dorslventra l rhizome, venation, 

s o rla tlo n  and spore morphology. He also suggested the p o s s ib ility  

th a t Elaphoglossum had a po lyphyletlc  o rig in  w ith in  the genus 

Lomarlopsls. In his work on Elaphoglossum of M alaysia, Holttum 

(1966) suggested a te n ta tiv e  subdivision of the genus based on 

scale characters and remarked about the Importance of these 

structures as the only possible basis fo r fu rth e r subdivision of 

th is  complex genus.

P1ch1 Sermolli (1 9 68 ), considering several aspects of morpho­

logy and re la tionsh ips  of Elaphoglossum, described a separate 

fam ily  Elaphoglossaceae belonging to the stock of the Asp1d1ales, 

s im ila r  to Copeland's view.

Relationships of the Genus

The re la tionsh ips  of the elaphoglossold ferns to other ferns 

are s t i l l  unclear. Elaphoglossum 1s placed close to Lomarlopsls by 

some authors (Holttum 1966; Kaur, 1974, Crabbe, Jermy & Mickel 

1975; Lovls 1977) because of the acrostlchold s o r l , la rg e ly

8



epiphytic  h a b ita t, monolete spores and chromosome number of 

41. Christensen (1938) gave 1t I ts  own subfamily Elaphoglossoldeae 

in  the Polypodlaceae but could not determine Its  re la tionsh ips  

with c e rta in ty . Holttum (1947) placed 1t 1n the Lomar1ops1d1o1deae 

of his Dennstaedtlaceae and Alston (1956a) placed 1t 1n the 

Lomariopsldaceae together with Lomarlopsls, E gen o lfla , Bolb1t1s, 

Teratophyllum and Lomagramma. P1ch1-Sermoll1 (1968) erected a new 

fam ily fo r  I t .  Kaur (1974) also placed 1t 1n the Lomariopsldaceae. 

Crabbe, Jermy & Mlckel (1975) placed i t  1n the Elaphoglossoldeae 

of the Asplenlaceae close to Lomar1ops1do1deae. Lovls (1977) 

placed 1t between the dryopterold and dava lH o ld  ferns .

Holttum (1947) and Sporne (1975) have suggested a d a v a lllo ld  

re la tio n sh ip  because of I ts  s im ila r it ie s  1n s te le  and chromosome 

number, whereas Kaur (1974 ), suggested a te c ta r lo ld  o rig in  from 

the stock of the Asp1d1ales.

In sp ite  of the controversial points of view, 1t seems 

th a t the m ajority  of p te rld o lo g ls ts  more or less agree that 

Elaphoglossum belongs close to or 1n the Lomariopsldaceae.

W ithin the la s t three decades, taxonomic treatments of the 

genus have been published fo r B ra z il (A ls ton , 1956b); Hawaii 

(Anderson & Crosby, 1966); India (Sledge, 1967); tro p ic a l A frica  

(Schelpe, 1969); continental A frica  (P1ch1-Sermoll1, 1975);

9



Malesla (Holttum , 1978); Guatemala (M lcke l, 1981a); Chiapas, 

Mexico (M icke l,1981b ); and South A frica (Roux, 1982).

Although they did not provide any conspectus of the genus as 

a whole, these treatments have Increased our knowledge and 

Improved our understanding of the characters on which species 

d iscrim ination  1s based. Holttum (1978) summarized his own obser­

vations 1n the f ie ld  and re la ted  morphological and ecological 

In form ation. He emphasized the Importance of scale characters as 

the main basis fo r subdividing the genus and suggested a ten­

ta t iv e  d iv is io n  based on th a t character. His observations and 

discussion of these re la tionsh ips  have provided the background 

fo r  a more carefu l study of those s tru c tu res , which have been 

very helpful 1n solving some of the problems 1n the subsection 

herein trea ted . For example, scale characters such as shape, 

s iz e , c o lo r, c e l lu la r  pattern  and d is tr ib u tio n  have been 

overlooked 1n the e a r lie s t  proposed d iv is io n .

Mlckel & Atehortua (1980) divided the genus In to  nine 

sections and 21 subsections based mainly on scale characters, 

characters as was proposed by Holttum (1947), and on additional 

characters such as hydathodes, resin  dots, glandular h a irs , 

phyllopodla, blade tex tu re  and shape (Table I I I ) .
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S u b s e c t io n  Apoda

H is to rica l background

In the f i r s t  treatment of the genus Elaphoglossum (F§e, 1845, 

under the genus name Acrostichum) the only known species of th is  

subsection were A. apodum K aulf. and Its  synonym A. platyneuron 

FSe. However, F6e placed them In to  his group Oligolepidea  

together w ith some of the glabrous species ( i . e .  A. conforme and 

re la ted  species).

Sodiro (1893) only c ited  those Elaphoglossum species growing 

1n Ecuador, Including only one species of the E. apodum complex, 

Acrostichum apodum, which was Included 1n group O lig o tr ic h ia  

together w ith some of the subulate and pseudo-subulate species 

( I . e . ,  A. vlHosurn and A. dendrlcolum, re s p e c tiv e ly ). He did not 

mix scaly and glabrous species together.

C hrist (1899) 1n his monographic treatment of the genus 

(w ith only 142 species known at his tim e) rearranged the species 

of subsection Apoda — E. apodum, E. cubense, and E.procurrens—  

In to  his subsectlo Setosa together with some of the known 

subulate-scaly species ( I . e . ,  E. v illosum , E. plum lerl and E. 

setosum ) ,  but he did not Include E. backhouslanum as a part of 

th is  subsection; 1t was only lis te d  1n his desiderata.
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T a b le  I I I

Mlckel and Atehortua c la s s if ic a tio n  scheme of the genus 

Elaphoglossum (1980)

1. Section Elaphoglossum

Subsection Pachyglossa 
Subsection Tenu1fo11a

2. Section Squam1ped1a

Subsection Squamipedla 
Subsection P e ltap te ris  
Subsection Feeana *

3. Section Decorata

4. Section Lepldoglossa

Subsection Polylepldea  
Subsection M1cro1ep1dea 
Subsection Pllosa  
Subsection Petlo losa  
Subsection Huacsaro 
Subsection Muscosa

5. Section P o ly tric h ia

Subsection Hymenodlum 
Subsection Hybrlda *  
Subsection Apoda *

6. Section Setosa

Subsection Setosa 
Subsection P llo s e lla  
Subsection A lp e s trla  
Subsection Plumeriana

7. Section Ex1m1a

Subsection Eximia 
Subsection Cardenaslana

8. Section Undulata

9. Section Am ygdalifolia

*  where some of the known species of subsect. Apoda were placed.
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Mickel & Atehortua (1980) included only three species in 

th e ir  subsect. Apoda: E. apodum, E. cubense and E. s iliq u o id e s . 

This low number was in large part due to the poor knowledge of 

the characters on which species d iscrim ination  was based, the 

large amount of m aterial to deal w ith , and the nomenclatural 

chaos of the species Involved in tha t study (Table IV ) .

As a resu lt of increased understanding I decided to under­

take a study of subsection Apoda because I was aware of the 

characters on which species d iscrim ination  were based in th is  

group and had a good p icture  of the geographical v a r ia b i l i ty  in  

some populations. One of the most fascinating  aspects of th is  

group is the remarkable s im ila r ity  between species in terms of 

th e ir  gross morphological appearance making i t  almost Impossible 

to  s u p e rf ic ia lly  d is tingu ish  one species from another. The 

problem was to find characters that more c le a r ly  define the spe­

c ies . These included rhizome scales, (o v e ra ll frond shape, spore 

ornamentation, geographical d is tr ib u tio n , and flavonoid d is tr ib u ­

tio n  p a tte rn s ).

I went beyond our previous treatment looking fo r possible 

re la tionsh ips  to other groups and su rp ris in g ly  found one species, 

E. procurrens, th a t did not s a tis fy  me, although i t  seemed to 

f i l l  the requirements for sect. Squamipedia. Elaphoglossum pro-
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T a b le  IV

C l a s s i f i c a t i o n  schemes o f  s u b s e c t .  Apoda

Christ (1899) Mickel A Atehortua (1980) Atehortua (1983)

Ordo Condyloneura Section P o ly tric h ia Section P o ly tric h ia

Sectio P o ly tric h ia Subsection Apoda Subsection Apoda

Subsectio Setosa 1. E. apodum 1. E. amazonicum

1. E. apodum 2. E. cubense 2. E. apodum

2. E. cubense 3. E. s iliquo ides 3. E. aurip ilum

3. E. procurrens 4. E. backhousianum

5. E. cubense

6. E. latum

7. E. procurrens

8. E. raywaense



currens was o r ig in a lly  Included 1n subsect. Feeana C hris t based 

on Its  frond shape, slender creeping rhizome, Inconspicuous 

phyllopodlum, absence of hydathodes, and spore shape w ith narrow 

cres ts . However, I ts  frond appearance and scale Indumentum were 

e x tra o rd in a r ily  s im ila r  to those of E. cubense, which also shares 

a s im ila r geographical d is tr ib u tio n . Furthermore, the presence of 

subulate scales covering I ts  oblanceolate fronds, short s tipe and 

long decurrent base formed a good syndrome of characters that 

were shared by almost a l l  the species 1n subsect. Apoda. F in a lly ,  

I ts  spore ornamentation gave me clues to possible re la tionsh ip  

w ith in  th is  subsection, 1. e . , they are very s im ila r  to those 

found 1n E. raywaense. Consequently, 1t was removed from the pre­

vious group Squam1ped1a and Included 1n subsect. Apoda.

Although C hrist (1899) was accurate 1n Including E. procurrens 

w ith E. apodum and E. cubense 1n his sectlo  P o ly tric h ia  subsect. 

Setosa he fa ile d  to d is tingu ish  the E. apodum complex from the E. 

Setosa complex. These two groups are re la ted  but are d is tin c t 1n 

th e ir  vein ending, flavonold d is tr ib u tio n  p a tte rn , and to a 

lesser extent 1n spore ornamentation.

Elaphoglossum s lU q u o ld es , which was o r ig in a lly  1n our sub- 

sect. Apoda, has been removed to sect. Setosa subsect. P1losella  

This change 1s based mainly on the presence of inconspicuous
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hydathodes 1n adult fronds, Inconspicuous phyllopodlum, rounded 

f e r t i l e  frond, flavonoid d is tr ib u tio n  pattern  (which diverges 

g reatly  from the common pattern found 1n almost a l l  species of 

th is  subsection), and spore ornamentation.

Elaphoglossum aurlp llum  was removed from subsect. Hybrlda 

to subsect. Apoda because of its  extraordinary s im ila r ity  w ith  

E. apodum, E. cubense, and E. rayawaense 1n rhizome h a b it, short 

s tip e , spore ornamentation, and flavonold d is tr ib u tio n  p a tte rn . 

These features were considered Important enough to support Its  

Inclusion 1n subsect. Apoda.

Also four species were added to subsection Apoda;

E. amazonlcum, E. backhouslanun, E. latum , and E. raywaense.

During the current study, one specimen found In Cuba and 

others from Cocos Island (Costa R1ca) seemed to be part of th is  

subsection and closely re lated  to E. apodum, E. au rlp llu m , E. 

cubense, and E. latum. U nfortunatly , the specimen from Cuba is 

s te r i le  as are most of the specimens from Cocos. I t  was decided 

that u n til new m ateria l 1s ava ilab le  they w ill  remain uniden­

t i f i e d  and be classed as Species In c erta e ."
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C h a r a c t e r i z a t i o n  o f  S u b s e c t io n  Apoda

Elaphploglossum subsect. Apoda Mlckel & Atehortfia 1s a 

re la t iv e ly  homogeneous group of e ight species which exh ib it 

strong s im ila r it ie s  1n th e ir  eco lo g ica l, m orphological, and ana­

tomical characters, and are fu rth e r characterized by th e ir  re la ­

t iv e ly  uniform flavonold d is tr ib u tio n  (F1g. 17).

Subsection Apoda has been aligned with two other subsections, 

Hymenodlum (F6e) C hrist and Hybrlda C h ris t, w ith in  section  

P o ly tric h ia  C h ris t, based on th e ir  external morphology, such as 

scale characters and d is tr ib u tio n , absence of hydathodes, vein 

endings, anatomy, and flavonold patterns.

Although members of subsect. Apoda c lo se ly  resemble those 

of sect. Setosa 1n th e ir  orange-yellow to brown subulate blade 

scales and 1n th e ir  general appareance, they have been Included 

1n sect. P o ly tric h ia  Christ on the absence of hydathodes (vein  

endings) and the spore sculpturing which 1s characterized by the 

presence of low ridges and often perforated crests (F ig . 7: a -b ) .

Since th is  study was In it ia te d  Important new Information  

has been gathered through the observation of liv in g  m ate ria l.
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I t  was observed tha t leaves of E. cubense and E. crln ltum  have 

hydathodes in th e ir  ju v en ile  stages which disappear with age.

This observation was also made by Bell (1955) 1n some plants of 

E. apodum. Perhaps the hydathodes play an Important physiological 

ro le during the early  developmental stages and may have some 

function re la ted  to the m icrohabitat 1n which the species grow. 

Consequently, our previous d e fin it io n  of subsect. Apoda must be 

m odified, adding th a t hydathodes may be present In ju v en ile  stages 

though lacking 1n adult leaves.

As a part of the morphological syndrome of th is  subsection, I 

would add th a t the fronds are often characterized by a long, gra­

dually  decurrent base, acute to acuminate apex, and long and 

th in  glandular hairs which are associated w ith long and d e lic a te  

subulate blade scales.
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M orphologoy and Anatomy

C hris t 11899) made the f i r s t  morphological study of the genus 

Elaphoglossum. This study Included characters such as vein 

endings, scale morphology, tydathodes, glandular h a irs , and 

frond s ize  and shape. Holttum (1947), on the basis of f ie ld  

observations, emphazlsed the Importance of the scales as taxonoml- 

c a lly  re lia b le  characters among the species.

Bell (1950, 1951a, 1951b, 1955, and 1956) made an anatomical 

survey of the genus based on species co llected  1n Jamaica and 

Ecuador. He Included three species of subsect. Apoda — E. apo­

dum, E. cubense, and E. procurrens — , but did not provide sp ec ific  

d e ta iled  observations of these species. Nevertheless, his general 

observations and descriptions are consistent w ith those of the 

present study and w ith  the study of Roux (1982) on some 

Elaphoglossum species of South A fr ic a .

Stokey & Atkinson (1957) studied the gametophytes of some 

neotropical species of Elaphoglossum, but did not Include any 

species of the E. apodum complex, fty own observations on th is  

group have not shown s ig n if ic a n t d ifferences from the species 

observed by them.
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Van Cotthem (1970a), 1n his survey of stomatal patterns 1n the 

fe rn s , studied f iv e  species of Elaphoglossum, none of which were 

members of subsect. Apoda. Nevertheless, his observations are 

s im ila r  to those of Bell (1955), Roux (1982), and myself 1n sec­

tions Setosa and P o ly tric h ia  (Includ ing subsect. Apoda).

Lloyd (1970), 1n his study of several morphological features  

1n re la tio n  to the h a b ita t, Included one of the species of th is  

subsection — E. aurlp llum . I discuss some of his conclusions 1n 

the ecology chapter (Chapter V)

Although the spore morphology of the genus was surveyed by 

Mlckel & Atehortua (1980 ), more d e ta iled  studies on spore 

ornamentation using Scanning Electron Microscope (SEM) are pre­

sented and analyzed here.
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M a t e r i a l s  and Methods

Rhizomes, p e tio le s , fronds, spores, and gametophytes of spe­

cies 1n Elaphoglossum subsect. Apoda were examined during th is  

study. About 3000 herbarium specimens of subulate-scaled  

Elaphoglossum species have been studied Including nearly 600 spe­

cimens of the E. apodum complex. These were supplemented by stu­

dies of liv in g  plants cu ltiva te d  at the New York Botanical 

Garden.

In i t ia l  Inspection of the specimens was made with a 

dissecting scope (30X m ag n ifica tio n ). Pieces of fronds, e n tire  

scales , and spore samples were removed as needed, mounted 1n 

Hoyer's solution (Anderson, 1954), and viewed w ith a lig h t  

microscope. The c learing  action of Hoyer's solution enhanced exa­

mination of the c e llu la r  d e ta il of the scales, frond surfaces, and 

gametophytes. Other le a f clearings were made by placing dried le a f 

segments In to  5% aqueous NaOH so lu tion  fo r 2-5 days, bleaching with  

chlorox so lu tio n , and sta in ing  w ith tannic acid and fe r r ic  chloride  

1n 50% alcohol (modified from Foster, 1934). The stained segments 

were mounted 1n p lc c o llte  or Canadian balsam. Using fresh  

m a te ria l, cross-sections of the rhizome, ro o t, p e tio le , and frond 

were made on a s lid in g  microtome at thickness of 2 0 -3 5 /jm, 

stained in 1% safranin  and counterstained 0.5% fa s t green.
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Rhizome and p e tio le  samples from herbarium specimens and 

l iv in g  m aterial were softened In a solution of g lycerlne-alcohol 

(1 :1 ) fo r  3-5 weeks and then placed 1n 10% Aerosol OT solution  

forseveral days. Before f ix a t io n , a ir  bubbles were removed by 

placing the m aterial 1n a vacuum fo r several minutes. The samples 

were then fixed  In FAA, dehydrated In an ethanol-TBA s e rie s , 

embedded 1n Paraplast Plus (m elting point 56-57*C ), and s e r ia lly  

sectioned at 5-15yjm on a rotary microtome. These sections were 

also stained w ith safranln and counterstained with fas t green and 

then mounted according to the techniques described by Johansen 

(1940).

Sporangia and spore studies were based p rim arily  on c learing  

and SEM techniques. For the c learing  procedures the samples were 

placed 1n a drop of 85% la c t ic  acid w ith cover s lip  and placed on 

a warming p la te  fo r several hours u n til the o il droplets had been 

driven out. Measurements of the sporangia and spores were made 

using 20 spores/sporangia per species. Measurements were made at 

400X m agnification using an ocular micrometer.

In addition to observations by lig h t  microscope, represen­

ta t iv e  specimens were chosen fo r fu rth e r examination with the 

SEM. Samples of spores were mounted on standard aluminum SEM 

studs using doublesided adhesive tape. The prepared studs were
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vacuum coated w ith gold-palladium  fo r 2 minutes. The spores 

were viewed w ith a JEOL JSM-U3 SEM and pictures were taken 

w ith an le ra tlo n  voltage of 25 KV, using a polarold type 55/ 

p o s itive -n eg ative  f ilm .

Viable spores fo r gametophyte studies were obtained from 

l iv in g  plants 1n the greenhouses of the New York Botanical Garden. 

A fte r several attempts at germination on d iffe re n t media, 

sphagnum moss was selected as the best substrate fo r germination. 

Fresh sphagnum was placed 1n p e tri dishes of 9 .5  cm d1am. Spores 

were sown on th is  medium and s te r il iz e d  water was added to main­

ta in  the humidity. The p e tr i dishes were sealed w ith parafllm  "M" 

tape and placed under fluorescent l ig h t  fo r seven months and then 

changed to In d ire c t d ay lig h t. The stages of germination were 

observed under the l ig h t  microscope.
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Rhizome

A ll species Investigated were co llected  1n the ra in  fo res t 

or cloud fo res t zone a t elevations of 20-2400 m. The general 

habit f o r  the e n tire  complex is  epiphytic on tre e  trunks or

w ith rare exceptions on wet, rocky banks.

Holttum (1964) stated th a t ferns with creeping or climbing

rhizomes are b io lo g ic a lly  specia lized  and 1n most cases the r h i­

zome 1s dorslventra l In s tru c tu re . This 1s the case fo r  

Elaphoglossum. He argued that the creeping, d o rs lv e n tra l, 

so len o ste llc  rhizome does not represent a stage 1n the evolu­

tionary  development of leptosporanglate fe rn s , but 1s more pro­

bably derived from an ancestral stock having a ra d ia lly  organized 

rhizome.

External morphology

The rhizomes of the members of subsect. Apoda are dorslvent­

ra l densely sca ly , and s im ila r  In both outward appearance and 

in te rn a l s tru c tu re . The rhizome diameter and length of Internodes 

are v a ria b le . In  most of the species the rhizomes are obliquely  

ascendant or horizontal w ithout Internodes. The fronds are borne 

1n several orthostlch les  crowded together on the dorsal side of 

the rhizome, the whole plant having a caespltose appearance. In 

E. amazonlcum, E. apodum, E. aurlp llum , E. latum, and E. raywaense
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the rhizome 1s short-creeping, s to u t, and often has four rows of 

fronds. Buds, 1f present, are only associated w ith those petio les  

nearest the ventral surface of the rhizomes, ju s t below the 

p e tio le  base. Bell (1950) and Roux (1982) reported th a t 1n 

Elaphoglossum branches arise  from these buds which could survive  

as Independent plants a f t e r  the parent rhizome died. In subsect. 

Apoda I found buds to be conspicuous 1n E. procurrens, Inconspi­

cuous 1n E. backhouslanum and E. cubense, and not v is ib le  1n the 

other species.

The roots are scattered and most of them are located on the 

ventral side of the rhizome. I t  1s very d i f f ic u l t  to evaluate  

root and bud association due to the proxim ity of the le a f bases.

Most of the species 1n th is  complex have polystlchous  

p h y llo tax ls  with the exception of E. backhouslanum, E. cubense, 

and E. procurrens. The la t te r  1n p a rtic u la r  has a very s lender, 

creeping rhizome which bears fronds 0 .6 -1 .5  cm apart 1n an a lt e r ­

nate p a tte rn . Also at each p e tio le  base 1n E. procurrens there  

1s a conspicuous bud which contributes to a poorly developed 

branch system. In E. backhouslanum, which 1s also d is tichous, the 

rhizome 1s more s to u t, compact, and short-creeping. I t  1s o b li­

quely ascendant and the distance between the In sertio n  of the
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p etio les  is shorter (0 .5 -1 .0  cm) than 1n E. procurrens. Buds 

are associated w ith the p e tio le  bases but seem to remain 

dormant. Elaphoglossum cubense appears Interm ediate between 

distichous and polystlchous, although Bell (1955) considered I t  

as d istichous. In some specimens 1t appears to have two whereas 

1n others appear to have three rows of fronds which are also very 

compact. The rhizome of th is  fern 1s stout w ith short Internodes 

(0 .5 -0 .8  cm). The remaining species have a short-creeping rhizome 

(0 .5 -1 .5  cm d1am. Including the scale cover). The rhizome is 

ascendant with polystlchous p h y llo ta x ls , and buds are very d i f ­

f ic u l t  to detect due to  the proximity of the le a f bases. The rh i­

zome 1n a l l  species 1s densely covered with scales (F ig . 1: a -d ).

In te rn a l anatoiqy

The rhizome 1s d lc ty o s te llc  and consists mainly of parenchy­

matous ground tissue (F1g. 2 :d -e ) . The parenchyma c e lls  are th ic k -  

w alled , 1sod1ametr1c, and contain many starch granules, espec ia lly  

those c e lls  surrounding the s te le  (F1g. 3: c ) .  In E. 

backhouslanum, the rhizome 1s densely s c le r lf le d  through the 

outer c o r t e x .  Imbedded In the ground tissue are the vascular 

bundles organized 1n a broad ventral amphlcrlbal vascular bundle 

and one or two sm aller dorsal amphlcrlbal vascular bundles. Each 

amphlcrlbal vascular bundle of the stem 1s surrounded by an endo-



F1g. 1. Habit and le a f features of Elaphoglossum latum

a. General appearance of the plant

b. Juvenile leaves

c. Leaf vernation

d. Rhizome scales

e. S te r ile  lamina

f .  Subulate scales on midvein

27



28



Fig . 2. Features of the rhlzopodlum and root of the 

Elaphoglossum apodum complex.

a. Rhizome habit of E. procurrens showing the rhlzopodlum

b. Cross-section of the root showing rhlzopodlum c e lls

c. Cross-section of the root above the rhlzopodlum level

d. Cross-section of the stem showing the root emergence

e. Cross-section of the stem showing root and rhlzopo­

dlum
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Fig . 3. Some sporophyte characters of the Elaphoglossum 

apodum complex.

a. Cross-section of the stem showing root traces near 

I ts  emergence

b. Cross-section of the stem showing root emergence

c. Cross-section of the stem showing the s te le  type

d. Cross-section of the phyllopodium 1n the tra n s it io n

zone

e. Cross-section of an aerophore

f .  Cross-section of the p e tio le  showing one of the vascu­

la r  bundles surrounded by prosenchyma c e lls
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Figure 3
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dermis and pericycle  usually one c e ll layer th ic k . The d is tr ib u ­

tio n  of 1em, phloem, parenchyma, le a f gaps, and root traces  

correspond to the same pattern  described by Bell (1950) fo r  E. 

la t ifo llu m  and by Roux (1982) fo r  E. angustatum.

According to B ell (1955, 1956), Elaphoglossum has four forms 

of s te la r  symmetry. In subsect. Apoda three of these forms are 

present: E. backhousianum and E. procurrens possess "grade alpha

(1 )" ,  consisting of a dorsiventral tw o -lea f position  and w ith  

bud traces posterio r to each le a f trace . The dorsal part consists 

of one or two c y lin d ric a l or Ir re g u la r ly  shaped strands (B e ll ,  

1950; Roux, 1982). Elaphoglossum cubense possesses a "grade alpha

(2 )" ,  consisting of a dorsiventral three le a f position and bud 

traces associated w ith the marginal ventral le a f traces .

F in a lly , the "grade alpha (3 )"  consists of a dorsiventra l three  

or m u lt i- le a f  position and bud traces associated w ith  the 

marginal dorsal leaves; 1t 1s present 1n the remaining species 

E. amazonicum, E. apodum, E. au rip ilu m , E. latum, and E. 

raywaense. The bud traces are less conspicuous 1n these species. 

Branching has been not observed 1n the species w ith th is  type of 

symmetry and s te la r  s tru c tu re . The s itu a tio n  1s s im ila r

to  the condition found In E. muscosum (B e ll ,  1950) which has a 

dorsiventra l rhizome with ventral and dorsal bundles and bud t r a ­

ces a ris in g  from the margins of the ventral bundle. The dorsal



bundle 1s much dissected by the departure of le a f traces as was 

also observed 1n E. pallidum (sect. P o ly tric h ia  subsect. Hybrlda) 

by Bell (1950). However, Bell (1956) l is te d  E. apodum as having 

alpha (2 ) l ik e  E. cubense.

Bell (1956) suggested th a t the states of s te la r  symmetry 

could be arranged 1n a morphological series of Increasing  

com plexity, where the dorsiventral two-ranked condition of 

E. backhousianum and E. procurrens 1s the sim plest, th is  1s 

followed by the dorsiventra l two-ranked condition of E. cubense 

1n which the bud traces are found only 1n association with the 

ventral marginal rows of leaves; and f in a l ly  the th re e - or m u lti-  

ranked condition found 1n E. amazonlcum, E. apodum, E. a u r lp l-  

lum, E. latum , and E. raywaense.

34



Root

In th is  complex group the roots are generally fib rous , 

black, wiry and produced on the ventral side of the rhizome. Root 

hairs appear throughout much of th e ir  length and are f in e ,  

brownish or yellow-brown, up to 1 mm long, lin e a r  and u n ic e llu ­

la r .  Old roots have los t most or a l l  th e ir  root h a irs , and are 

black or dark brown 1n color (0 .1 -0 .3  mm d1am).

One In te res tin g  feature  th at seems to occur throughout the 

genus 1s a sm all, H ght-co lo red  tissue around the base of the 

root (F1g. 2: a -c ) .  This tissue appears to be a p ro life ra tio n  of 

the rhizome cortex that has been ruptured by the emerging root 

(F ig . 2: d -e ; F1g. 3: a -b ) and 1s variab le  1n size  and shape, up 

to  0 .7  mm long and 0 .5  mm 1n diam. In external morphology 1t 

looks lik e  a swollen base which sharply contrasts with the dark 

surface of the root and rhizome. This "rhlzopodlum" 1s espe­

c ia l ly  conspicuous In E. procurrens In which the rhizome Is long- 

creeping and consequently the leaves do not obscure the root 

bases. This small amount of tissue somewhat resembles the p hy llo - 

podlum but the color of the tissue of the rhlzopodlum 1s tran s lu ­

cent or U g h t-ye llo w  1n fresh or rehydrated tissue of herbarium 

specimens. The length of the rhlzopodlum varies with each spe-
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c le s , I . e . ,  0 .6 -1 .0  mm 1n E. procurrens, 0 .2 -0 .5  mm 1n E. a u r lp l-  

lum. The general appearance Is ra ther v a ria b le . In E. au rip llu m , 

the rhlzopodlum 1s a broad, orange mammlferous s tru c tu re , whereas 

1n other species of subsect. Apoda 1t 1s more slender.

In some members of the closely re la ted  sect. Setosa subsect. 

A lp estria  th is  tissue forms a s ca le -H k e  sheath. Apparently 

th is  tissue was overlooked by Bell (1951) 1n his anatomical 

studies of the genus.

The In te rn a l structure of the root does not d i f fe r  appre­

c iab ly  from that commonly found 1n other leptosporanglate ferns 

(Ogura, 1972). Bell (1951) stated th a t the roots 1n Elaphoglossum 

show a diarch *ylem strand (F1g. 2: b ). Although th is  1s true  fo r  

most species, 1n E. procurrens there  1s a monarch strand w ith  

exarch protoxylem.

The endodermal c e lls  are narrow and th in -w a lled  w ith or 

without suberlzed w alls (F ig . 2: b ). Sometimes the endodermts 

1s poorly developed or may appear d is in tegrated  1n dried speci­

mens as 1n E. procurrens, but by contrast 1s very well developed 

in  E. aurip llum . The Inner sclerenchymatous cortex 1s well deve­

loped 1n a l l  taxa and consists of more than three laye rs , as in 

E. procurrens, or of 7-8 c e ll layers 1n E. aurip llum  (F1g. 2: b ). 

The outer cortex which composes most of the rhlzopodlum 1s 

several c e lls  th ick but 1s not 11gn1fled (F1g. 2: b; F ig . 4: c ) .
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F1g. 4. Anatomical sections of le a f ,  ro o t, and aerophore.

a. Cross-section of the le a f showing the epidermal c e lls

b. Cross-section of the lea f at the margin level showing

the u n d iffe re n tia te d  mesophyll

c . Cross-section of the root at the rhlzopodlum level

d. Cross-section of the aerophore showing the epidermal

c e lls

e. Close up of the root showing the Inner sclerenchyma- 

t1c cortex
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The number of c e lls  ranges from two to f iv e  and the c e llu la r  

content 1s very dense. The epidermis of the root above the rh1- 

zopodlum Is highly H g n lfle d  (F1g. 2: c) w ith the outer cortex  

very narrow and consists of two c e ll layers (F1g. 4: e ) .

Although the anatomy of the root 1s re la t iv e ly  uniform  

throughout the e n tire  genus, the presence of the rhlzopodlum could 

be used In phylogenetic In te rp re ta tio n s . Comparative work must be 

done with representative species of other sections.
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L e a f

In species of subsect. Apoda the fronds are s h o rt-p e tlo la te ,  

obliquely ascending, oblanceolate, and m arginally scaly (F1g. 1: 

a ,e , f ) .  Frond length Is qu ite  v a ria b le , from 1-12 cm long 1n E. 

procurrens, to 45-95 cm long 1n E. amazonlcum .

The fronds are dimorphic, e n t ire ,  and lack t\ydathodes ( F1 gs. 

22-29 ). Elaphoglossum has a very sharp d is tin c tio n  between the 

trophophylls (s te r i le  leaves) and the sporophylls ( f e r t i l e  

leaves). The trophophylls are always la rg er and s h o rt-p e tlo la te  

to  almost sess ile ; the sporophylls are sh o rte r, narrower, and more 

conspicuously p e tlo la te . Most of the trophophylls have a long- 

decurrent base, but apex shape 1s qu ite  va ria b le .

Juvenile fronds of some species observed In the greenhouse 

showed a tendency to be obovate with an obtuse apex and a conspi­

cuously decurrent base (F1g. 1: b ). This was also noted by Christ 

(1899) and Il lu s tra te d  by Roux (1982).

The sporangia are borne ab ax la lly  on the sporophylls and 

nearly cover the surface.

P etio le

As stated above, the fronds of most members of th is  complex
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are s h o rt-p e tlo la te . The petio les  (s tip e s ) are sem lterete and 

sulcate or b lsucalte  on the abaxlal s id e, 0 .5 -6 .0  mm 1n diam eter, 

and a r t ic u la te  with the phyllopodla. The stipes vary from slender 

1n E. procurrens (0 .5-1  mm d1am.) to  very stout and fibrous 1n 

E. au rlp llu m , E. latum, E. cubense, and E. raywaense the stipes  

are shallowly sulcate on the ventral surface with two furrows 

running c o lla te ra lly  along the midvein. In E. backhouslanum the  

stip e  Is very s to u t, fib ro u s , du ll brown, and has a deep central 

furrow on the abaxlal s ide. Elaphoglossum amazonlcum 1s also very 

s to u t, fib ro u s , du ll ye llow , and has two deep furrows on the 

abaxlal side.

The amount of Indument present on the s tip e  1s v a ria b le . 

Although most species are densely clothed w ith subulate scales 

and glandular h a irs , some have dlclduous scales which give the 

Impression th a t the frond 1s naked (E. cubense and E. procurrens) ,  

or they lack the glandular hairs ( E. backhouslanum).

Phyllopodlum

As 1n most of the species 1n the genus, the p e tio le  base 1s 

d iffe re n tia te d  into  a phyllopodlum (F1g. 5: c ) .  The phyllopodia 

are variab le  1n length (0 .2 -2 .0  cm). This region remains a fte r  

the frond dies and 1s easy to  recognize because Its  darker color
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contrasts sharply w ith the rest of the p e tio le , which Is 

generally  stramineous to orange or ra re ly  brown ( E. 

backhouslanum). Phyllopodia are conspicuous 1n a l l  species other 

than E. procurrens, 1n which the phyllopodia may or may not be 

w ell d if fe re n tia te d .

The d is a rtic u la t io n  zone at the end of the phyllopodlum 

abruptly  changes color (F ig . 3: d ) , but there 1s not a d is t in c t iv e  

swollen area as was previously reported by Bell (1951) fo r  other 

species of Elaphoglossum (F1g. 5: c ) .

A cross section of the phyllopodlum and p e tio le  show th at 

they are nearly c irc u la r . In the a r t ic u la t io n  zone the epidermis 

consists of rectangular c e lls  which are very rich 1n starch and 

organelles content and are unplgmented. Adjacent to the epidermis 

there  1s a zone of compact, f ib ro u s -lik e  c e lls  which gradually  

Increase 1n length from the base to the apical p a rt. They are 

strongly pigmented by phlobaphene (B e l l ,  1951), and th ic k ly  

w alled w ith many fin e  la te ra l p its . M icroscopically these 

c e lls  gradually lose the pigmentation near the tra n s it io n  zone 

(F1g. 3: d; Fig. 5: a -b ). No changes 1n dimensions of the c e lls  

were observed at th is  le v e l,  although the outward appearance of 

the tra n s it io n  zone between pigmented and unplgmented 1s very 

sharp.
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F1g. 5 .  P h y l lo p o d lu m  and b la d e  s c a le

a. Longitud inal-section  of the phyllopodlum showing the 

epidermal c e lls  and fibrous area with la te ra l fin e  

canals

b. Longitud inal-section  of the phyllopodlum showing the 

prosenchyma c e lls  th a t surround the vascular tissue

c. External appearance of the phyllopodlum and the 

aerophore 1n E. aurlp llum

d. Typical subulate scale present on the blade of the 

species of subsect. Apoda
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A l i t t l e  fa rth e r from the tra n s it io n  zone these fibrous c e lls  

become highly 11gn1f1ed. Inm edlately In te r io r  to th is  11gn1f1ed 

tissue  1s the parenchymatous cortex that consists of Iso - 

d iam etric , th ick-w alled  c e lls  th a t are consplcously nucleated and 

very rich  1n c e llu la r  content. At the tra n s it io n  zone the 

parenchymatous c e lls  become wider and the w alls  th inner (F1g. 3: 

d ). Above th is  zone the parenchyma c e lls  are markedly th in n er, 

s lig h t ly  elongated and the nucleus as well as the c e llu la r  starch  

content 1s conspicuous. Surrounding the vascular bundles 1s a 

layer of parenchyma c e lls  whose w alls  are perforated with  

conspicuous canals or p its  (F1g. 3: f ) .  A. R. Smith (1967), 1n 

his studies of s tipe anatomy 1n "Aspldaceae", re fe rred  to them as 

a so lid  cy linder of blackened sclerenchyma tissue and also 

suggested th a t th is  thickening was corre la ted  w ith the dissection  

of vascular tissue fo r some s tru c tu ra l reasons,  which he did not 

specify . He found there s c le ro tic  sheets 1n most asp1d1o1d ferns. 

Other anatomists have called  1t prosenchyma (Esau, 1953).

Although there 1s no abscission layer between the phyllopodlum 

and the p e tio le  proper, the physiological changes as well as the 

death of transverse c e ll layers could account fo r d is a r t ic u la t io n .  

Bell (1951) believed th a t "the sharp tra n s it io n  from pigmented to 

unplgmented c e lls ,  due the presence of phlobaphene together with  

the thickness changes of the parenchyma c e l ls ,  Indicates a meta-
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bollc  d iscontinu ity  and may provide a lin e  of weakness."

The phyllopodium 1s often associated w ith  an epiphytic  

h a b ita t, but Lloyd (1970) found that 1n Elaphoglossum 1t was more 

consistently  present In te r r e s tr ia l  species than 1n the epiphytic  

ones (91.6% te r r e s tr ia l  vs. 80.4% epiphytes). On the other hand, 

Holttum (1966) and Roux (1982) argued the contrary.

P etio le  Anatomy

The number of vascular bundles of the p e tio le  varies  

among the species and also w ith in  the plnats according to the 

size  and age of the fronds. In subsect. Apoda there  are usually  

3-7 strands at the base.

The bundles consist of an Inner almost e l l ip t ic a l  xylem 

strand w ith polar protoxylem elements surrounded by parenchyma 

and phloem which 1s more widely developed on the outside than the 

Inside of the bundle (F1g. 3: f ) .  The bundle 1s surrounded by a 

d is tin c t endodermls. Outside of the endodermls there 1s a promi­

nent and asymmetrlal layer o f thickened c e lls  which p a r t ia l ly  

surround the vascular bundle. This sem1-r1ng of c e lls  with th ick  

w alls  1s strongly pigmented, probably with phlobaphene. A cross- 

section of these c e lls  shows a series of transverse p its  or 

canals and the lumen seems 1s f i l l e d  with a gummy brown substance.
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For some unexplained reason, these c e lls  are conspicuously deve­

loped along the In te r io r  side of the vascular bundles. Adjacent 

to  th is  sem1-r1ng of thickened c e lls  there 1s a ring of very 

reg u la r, almost symmetrical c e lls  which are surrounded by the 

cortex. The cortex consists of several layers of th in -w alled  

prrenchyma c e lls  which are prominently rich  1n starch content. 

Outside the cortex 1s another ring of 5-7 layers of sclerenchyma 

c e lls  which are variab le  1n size and shape and may have some com­

parative  value (e .g . ,  1n E. backhouslanum the ring of c e lls  1s 

almost complete, and a l i t t l e  wider than 1n the other species). 

Outside of th is  band of sclerenchyma c e lls  1s the epidermis which 

consists of a row of rectangular or almost symmetrical, th in -  

walled c e lls  (F1g. 6: a ) .

At the base of the p e tio le  where the phyllopodlum meets the 

rhizome there are two undulate ridges or aerophores along the 

flanges of the phyllopodlum, passing through the tra n s it io n  zone 

and disappearing gradually at the wings of the decurrent lamina 

(F1g. 5: c ) .  This structure 1s present 1n most species of subsect. 

Apoda. I t  was not observed 1n E. procurrens and E. backhouslanum, 

however, and was only occasionally present In E. cubense.

This structure  has an area of parenchymatous c e lls . The ep i­

dermal c e lls  abruptly lose th e ir  1sod1ametr1c shape becoming more
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Ir re g u la r , and stomata are scattered throughout the epidermis 

(F ig . 3: e ) .  The parenchyma c e lls  adjacent to the epidermis are 

th in n er-w a lled  and have somewhat la rg er In te rc e llu la r  spaces, 

almost suggesting aerenchyma tis su e . In most cases the aerophores 

are very d i f f ic u l t  to observe because they are burled among the 

rhizome scales and are generally very narrow.

Elaphoglossutn aurlp llum  shows a wel 1 -developed aerophore 

which 1s fleshy and orange. This species 1s the only one growing 

In  cloud fo res ts . Lloyd (1970) suggested th a t the aerophores 

(pneumatophores) may function 1n aeration 1n association w ith a 

high metabolic ra te ; however, Bell (1955) Ind icated  that they may 

not have adaptatlve s ign ificance because they are lacking In 

young fronds which are supposed to  have a high metabolic ra te .

Blade

Dimorphism

In Elaphoglossum there 1s a very sharp d is tin c tio n  between 

the trophophylls and the sporophylls. Wagner & Wagner (1977) 

suggested th a t th is  may be due to  the ro le  played by each type of 

frond. Nozu (1968) noted that le a f dimorphism 1s dependent on 

physiological and/or ecological e ffe c ts  and may be compared gene-
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t ic a l ly .  He also stressed that from the morphological characters  

of the le a f and rhizome, Elaphoglossum should be regarded as the 

most advanced and specialized genus of ferns . Walker (1966) 

based on his studies and f ie ld  observations on ferns of Jamaica, 

stated th a t the species of Elaphoglossum d i f f e r  widely 1n the 

frequency of production of sporophylls and 1n the number pro­

duced, apparently Independent of season. On the other hand, 

Holttum (1978) suggested that the sporophylls are produced

p e rio d ic a lly  In response to dry weather.

The trophophylls In th is  subsection are e n t ire , upright or

ra re ly  pendent, lustrous green, and very scaly on the midvein and

margin. The o u tlin e  of the blade 1n most of the species varies  

from oblanceolate to s lig h t ly  lin e a r-la n c e o la te  as 1n E. a u r l-  

pHum var. longlpllosum. The apex varies from rounded-obtuse to 

subacute In E. procurrens, E. backhouslanum and E. cubense, from 

acuminate to long-cuspidate 1n E. apodum, E. aur1p11um, and E. 

latum, or to  long-caudate 1n E. amazonlcum and E. raywaense. The 

base varies from cuneate or s lig h t ly  rounded 1n E. backhouslanum 

and E. auripHum to  long-decurrent as 1n the rest of the species. 

The tex tu re  of the lamina 1s usually chartaceous to subcorlaceous 

( E. procurrens and E. cubense) or subcorlaceous ( E. 

backhousianum, E. latum, and E. amazonlcum).
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The sporophylls vary from oblanceolate 1n E. amazonlcum,

E. cubense, E. latum , E. procurrens and E. raywaense to  U n e a r-  

lanceolate 1n E. apodum and E. backhouslanum. In th is  sub­

section the sporophylls are shorter overa ll than the trophophylls  

although they do have longer s tipes . In re la tio n  to the lamina 

the sporophylls are always narrower than the tropho-phylls . The 

trophophylls as well as the sporophylls grow oblique to v e rtic a l 

1n re la tio n  to the rhizome.

Venation

A ll members of subsect. Apoda are characterized by an 

a b ax la lly  prominent midvein which 1s esp ec ia lly  noteworthy 1n 

E. backhouslanum, E. amazonlcum, E. latum and E. raywaense.

In these species the p e tio le  seems to continue Independent of 

lamina form ation. Departing from the midvein are fin e  la te ra l  

veins which run toward the margin at an angle of 60*-70* or 

ra re ly  80° angle to midvein. The veins often dichotomize near 

th e ir  base and also at a broad angle 0 .5  mm or less from the 

margin. The la s t b ifu rcatio n  extends a short distance p a ra lle l to 

the margin, occassionally un iting  w ith adjacent veins, to  form a 

narrow, cartilag in o u s  border on which scales are borne (F1g. 7: 

a -b ) . In some species, the point of attachment of the marginal
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scales coincides w ith the terminal trachelodal endings of the 

secondary veins. I t  appears th at the m arginal, subulate scales 

are connected to the end of the vascular bundle and may function  

as a c a p illa ry  tube fo r some type of exchange, perhaps as 

modified hydathodes. However, in E. procurrens the veins end 

fre e ly  0 .5 -0 .7  mm before the margin and the scales are attached 

to  the margin without any re la tio n  to the trachelodal bundle of 

the vein (F ig . 6: c ) .

The sporophylls lose the marginal scales 1n adult s ta ­

ges and the veins end fre e ly  0.5-1 mm before a narrow s te r i le ,  

cartilag in o u s  margin, which 1s very conspicuous 1n E. apodum. The 

marginal vein connections are lacking 1n the sporophylls, as also 

reported by Holttum (1939) fo r  species of Lomar1ops1s. Although 

re t ic u la te  venation 1s known in some species (e .g . E. c r1 -  

nitum , E. c rass lfo llu m , E. a u b e r tH , E. macropodium, and E. 

hybrldum) , 1t does not occur 1n any members subsect. Apoda.

Even 1n the sporophylls the veins remain simply forked.

Stomatal pattern

Stomata are hypostomatlc (confined to the abaxlal surface) 

and oriented with th e ir  long axes p a ra lle l to the la te ra l veins. 

They are less concentrated near the vein endings and do not occur
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Fig. 6. Anatomy of the lea f

a. Cross-section of the mldveln showing the d is tr ib u tio n  

of the vascular bundles 1n E. apodum

b. Anatomical d e ta il of the u n d iffe re n tia te d  mesophyll 

of E. apodum

c. Cross-section of the blade margin showing glandular 

hairs 1n E. apodum
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Fig. 7. Typical vein endings 1n the species of subsections 

Apoda and Setosa and morphological features of the glandular 

hairs and young gametophyte.

a. Vein ending 1n E. cubense showing the marginal 

subulate scales

b. Vein ending 1n E. backhouslanum showing the scars 

of the marginal subulate scales

c. Vein ending In E. plum lerl (sec t. Setosa)

d. A branched glandular h a ir of E. aurlp ilum

e. A simple glandular h a ir o f E. apodum

f .  Young gametophyte of E. latum
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on the sporophylls ( F1gs: 8 -11: a -d ).

The structures of the stomata correspond to those described 

by Bell (1955) and Van Cotthem (1970a). Claessens & Van Cotthem 

(1973) described th is  type of stomata as eupolo- and copolo- 

mesoperlgenous based on the subsidiary ce ll pa ttern .

Some measurements of stomatal frequency— Stomatal Index 

( S . I . *  S /  E + S x 100, where S- n0< of stomata per un it area 

and E* n0# 0f  epidermal c e lls  of the same a re a )— Salisbury  

(1927) as well as stomatal s ize  were made fo r each species 

trea ted  here (Table V).

Salisbury (1927) emphasized that stomatal frequency 1s high 

when the epidermal c e lls  are small and low when the epidermal 

c e lls  are larg e . However, Luck (1966) c r it ic iz e d  the use of the 

Stomatal Index, arguing that 1t Is nothing more than a re la t iv e  

frequency because varia tio n  of S . I .  depends upon the value of the 

frequency and u n re liab le  because of the small s ize  of the samples 

of lea f m aterial upon which the S . I .  1s often based.

As shown 1n Table V the S . I .  values and s ize  of stomata fo r  

most the species of th is  subsection appear to be d iffe re n t and 

could be useful as a d if fe re n t ia l  characters but only with a cer­

ta in  degree of caution because, as has been suggested (W ilkinson, 

1979) the v aria tio n  1n stomatal length depends at least In part
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Table V

Stanatal Index (S .I.) and size in the Elaphoglossun apodtw complex *

Taxon S. I.
Average 

stomatal size (microns) Voucher

E. amazoniam 14.06 37.8 x 23.5 WUrdack 1981 (Peru)

E. apodun 22.3 35.4 x 25.7 Maxon 1827 (Jamaica)

E. auripilun var. auripilun 23.5 27.8 x 23.3 Mickel 2657 (Costa Rica)

E. auripilun var. longipil. 15.7 34.8 x 28.0 Lankester 829 (Costa Rica)

E. backhousianun 10.3 33.2 x 25.0 Porter 4711 (Panama)

E. cubense 12.2 39.0 x 29.5 WB6 Teahouse acc. no. 394/70

E. latum 20.8 3B.8 x 29.7 Smith 2688 (Colonbia)

E. procurrens 20.7 34.4 x 26.0 Shafer 8862 (Cuba)

E. raywaense 15.5 33.4 x 24.5 Pinkley 482 (Ecuador)

*  Measurements were made in the oentral region of the lamina, approximately midway between the midrib 
and the margin. The average was based on 20 counts per species.



upon d ifferences In ploldy level and also on environment.

Elaphoglossum aurlpllum  var. aurlp llum  appears to have the 

sm allest stomata ( 2 7 . 8  x 2 3 .3 ^m ). This value may be re la ted  to 

h ab ita t because 1t 1s the only species of th is  subsection growing 

1n cloud forests at high a lt itu d e .

Because of the lack of cyto log lca l data fo r most of the spe­

cies of th is  subsection 1t 1s very risky to make conclusions based 

on the size  of the stomata, at least at th is  stage of knowledge. 

The only cyto log lcal report fo r th is  complex (W alker, 1966) 1s 

fo r  E. apodum which 1s d ip lo id  (^* 41).

Although each species 1n th is  complex has Its  own average sto- 

matal s ize , the d ifferences are s lig h t and probably not asso­

c ia ted  w ith ploldy le v e l.

Epidermal c e lls

Thf»re Is l i t t l e  varia tio n  1n the pattern  of the epidermal 

c e lls . The abaxlal epidermal c e lls  are generally  less convoluted 

than those of the adaxlal surface. The common ce ll pattern on 

the upper epidermis seems to be one of Ir re g u la r , rectangular and 

wavy-walled c e lls  (F1gs. 8-11: a -d ).

From the standpoint of comparison of species, epidermal pat­

te rn  1s of lim ited  value because, as previously mentioned, the
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c e lls  possibly are subject to  d ifferences 1n the environment. 

However, 1n th is  subsection 1n p a r t ic u la r , the pattern  1s more or 

less consistent, perhaps due to the more or less stable condition  

of the tro p ic a l ra in fo res t environment where most of the species 

occur.

Walls are generally th in  except fo r the very th ick walls of 

E. backhousianum and the rather th ick  ones of E. amazonicum. This 

re fle c ts  to some extent the subcorlaceous texture  of fronds of 

the two species.

A cross-section of the blade shows scales and glandular 

hairs (F ig . 6: b -c ). The epidermal c e lls  are rectangular or 

nearly 1sod1ametr1c, with a th in  c u t ic le . The mesophyll consists 

of three to four u n d iffe ren tia ted  layers of chlorenchyma c e lls  

(F1gs. 4: a -b ) .

Lateral veins run through the mesophyll and have the same 

arrangement described by Bell (1955).

Indument

C hris t (1899 ), Holttum (1947), Bell (1951b), P1ch1 SermolU 

(1975 ), Mickel & Atehortfla (1980 ), and Roux (1982) stated that 

the scales are perhaps taxonomlcally the most valuable character
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F i g .  8 .  E p id erm a l c e l l  p a t t e r n s  1n th e  E lap h og lossu m  apodurn

com plex .

a. Upper epidermis of E. apodum

b. Lower epidermis of E. apodum

c. Upper epidermis of E. amazonlcum

d. Lower epidermis of E. amazonlcum
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F i g .  9 .  E p id e rm a l c e l l  p a t t e r n s  1n th e  E lap h g lo ssum  apodum

com plex .

a. Upper epidermis of Elaphoglossum procurrens

b. Lower epidermis of E. procurrens

c. Upper epidermis of E. aur1p11um

d. Lower epidermis of E. aurip llum
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F ig .  1 0 .  E p id erm a l c e l l  p a t t e r n s  In  th e  E lap h og lossu m  apodum

c o m p lex .

a. Upper epidermis of E. raywaense

b. Lower epidermis of E. raywaense

c. Upper epidermis of E. cubense

d. Lower epidermis of E. cubense
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F i g .  1 1 .  E p id erm a l c e l l  p a t t e r n s  in  th e  E lap h og lossu m  apodurn

co m p lex .

a. Upper epidermis of E. backhousianum

b. Lowe epidermis of E. backhousianum

c. Upper epidermis of E. latum

d. Lower epidermis of E. latum
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in the genus Elaphoglossum. Holttum (1966) placed special empha­

sis on these structures and considered them as the main character 

to  d iv ide the genus. The scales are densely spread over the r h i­

zome, p e tio le , midvein, and margin, and are less abundant on the 

blade surfaces. In th is  complex the rhizome scales, and to a 

lesser extent the blade scales, have been the most useful charac­

te rs  to d e lim it the taxa.

Rhizome scales

Most species are characterized by a densely scaly rhizome. The 

generalized scale shape is tr ia n g u la r-la n c e o la te  to lin e a r  lan­

ceo la te , w ith a truncate or cordate base and long-acuminate to 

caudate apex (F igs. 12-13: a -d ). The size  varies from 1 .5 -3 .0  mm 

in  E. procurrens to  0 .8 -4 .0  mm 1n E. latum. The color ranges 

from yellow-orange in E. aurip ilum  to  yellow-brown in E. 

raywaense. Elaphoglossum raywaense has bicolored scales which 

gradually darken toward the t ip ,  g iv ing  the appearance of being 

resinous (F ig . 12: d ). The scale margins range from smooth in E. 

auripilum  to  dentate in E. amazonicum. The c e lls  are rectangular 

and s l lg t ly  undulate in E. aurip ilum  to  conspicuously flexuous 1n 

E. amazonicum (F igs. 12: b -c ) . Table VI (F1gs: 12-13: a -d ) show 

the varia tio n  1n rhizome scales among the species of th is  

complex.
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F ig .  1 2 .  Rhizome s c a le s  in  th e  E lap h og lossu m  apodum c o m p lex .

a. E. backhousianum

b. E. aurip ilum

c. E. amazonicum

d. E. raywaense
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F i g .  1 3 .  Rhizome s c a le s  in  th e  E lap h og lossum  apodum co m p lex .

a. E. apodum

b. E. latum

c. E. procurrens

d. E. cubense
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T a b le  VI

Rhizome s c a le  c h a r a c t e r s  in  th e  E laphog lossum  apodum complex

T*xon habit size(mm) shape margin base t ip cel 1 shape color

E.amazonicum spread 0 .5 -15
0 .1 -10

lin e a r
lanceol

dentat basif cuspi re c t. flexuous fulvous 
(concol. )

E. apodum spread 0 .5 -15  
0 .3 -0 .8

tria n g
lanceol

dentat basif acum large rec t. golden y e ll  
(concol. )

E. auripilum spread 10 -  25 
0 .1 -0 .5

1 inear 
lanceol

e n tire b as if acum long re c t.th ic k  
end w a lls , und.

reddish-oran 
orange-brown 
(concol. )

E. backhousianum spread 0 .5 -25  
0 .1 -0 .8

1 inear 
lancol

e n tire basif acum re c t. hexag. 
th ich  end walls

golden-yel1
golden-brown
(conco l.)

E. cubense appres. 3 .0 -6 .0  
0 .8 -1 .3

tr ia n g
lanceol

ir re g .
too th .

cordat long
acum.

rhomboidal-rect golden-yel 1
golden-brown
(conco l.)

E. latum spread 0 .8 -40  
0 .8 -1 .2

lin e a r
lanceol

s lig h t l
dentat

basif long
cusp

re c t. hexagon orange-redd 
golden-yel1 

(concol.)
E. procurrens appres. 3 .0 -1 .0 tr ia n g

lanceol
e n tire basif long

cusp
irreg u l rect reddi sh-brow 

(concol. )

E. raywaense spread 2 .0 -8 .0  
0.1

1 inear 
lancol

dentat basif long
caud

re c t. slender 
wavy

yellow-brown 
ferrugineous 
(b ic o lo r .)

den ta t* dentate; b a s if*  bas ifixed ; cuspi* cuspidate; cord-cordate ; caud*caudate ; rect*rectangu1 a r; th ic *th ic k
acum*acuminate;



1

Scales of the P e tio le  and Blade

The scales on the p e tio le , mldvein and blade margin are per­

pendicular to  the surface to which they are aattached. They are 

usually p ersis ten t and d i f fe r  In s ize  and shape from those on the 

rhizome. A ll the species 1n th is  complex have subulate scales on 

the p e tio le  and blade (F ig . 5: d ).

Both surfaces of the trophophylls and upper surface only of 

the sporophylls are covered with subulate deciduous scales and 

glandular h a irs .

The p e tlo la r  and marginal subulate scales of E. backhousianum 

are p a r tic u la r ly  d is t in c t .  The scales are broadly subulate, 

la rg e r than 1n other species, dark-brown to maroon, heavily  

s c le r l f le d ,  and abruptly broader at the base which bears a lac1-  

n la te  margin; Its  apex 1s f i l i fo r m  and curved downward (F1g. 14: 

b -e ).

In Elaphoglossum latum the basal p e tlo la r  scales often show 

and abruptly broader apex w ith Ir re g u la r  c e lls  walls (F ig . 14: a ) .

Elaphoglossum aurip ilum  var. longlpilosum bears the most 

co lo rfu l type of p e tlo la r  and marginal scales 1n th is  complex.
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Fig. 14. Scales and glandular hairs on petio les  and blades 

in the Elaphoglossum apodum complex.

a. P e tio le  scale of E. latum

b. M1dve1n scale of E. backhousianum

c. Glandular ha ir of E. aurip ilum

d. The common typ e  of glandular h a ir 1n subsect. Apoda

e. Marginal blade scale of E. backhousianum
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They are longer than 1n E. aurip ilum  var. aurlp llum  and are held 

r ig id ly  perpendicular to the p e tio le  and midvein, g iving a pecu­

l i a r  appearance to  th is  v a rie ty .

Almost a ll  the species have scattered , subulate, laminar sca­

les (F1g. 5: d) w ith the exception of E. backhousianum, which has 

a naked blade but bears scattered glandular hairs on both sur­

faces. Perhaps th is  condition could be correlated  w ith Its  nearly  

coriaceous te x tu re . The subulate scales 1n th is  species are con­

centrated on the midvein and margin.

Elaphoglossum procurrens bears the sm allest subulate scales 

which are also very sparse on the laminar surface. Elaphoglossum 

apodum, E. latum , E. au rip ilu m , and E. raywaense have the most 

abundant laminar scales 1n th is  group, p a r t ic u la r ly  E. aurip ilum  

var. longlpllosum.

In general, the p e tio le  and blade scales of th is  complex have 

s lig h t ly  toothed margins with th e ir  bases deeply cochlearlform  and 

a u rlc u la te . The base of the auric les  1s often covered with glan­

dular hairs and 1s closely  appressed to the surface of the s tipe  

and blade. The attachment 1s at the center of the base of the 

sinus and sometimes may be s h o rtly -p e d lc e lla te  but usually the 

a u ric les  are s es s ile . Scale s tructure  has been I l lu s tra te d  by 

C hris t (1899) and described 1n d e ta il by Bell (1951) fo r  E.
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v i1losum (sect. Setosa) , which has scales s im ila r to those of 

subsect. Apoda (F ig . 5: d ).

The degree of sealiness as well as the size  and shape of the 

scales are variab le  w ith in  subsect. Apoda, but i t  1s often d i f ­

f ic u l t  to  judge the degree of scaliness because of the deciduous 

condition a t least on the lamina (F1g. 1: e - f ) .  The marginal and 

midvein scales p ers is t longer and are therefore  b e tte r fo r com­

parison.
However, in th is  group there 1s l i t t l e  varia tio n  among 

these, e .g . ,  fo r they are uniform 1n size  and shape, w ith the 

exception of those found 1n E. backhousianum, which are unique 

1n th is  complex.

Glandular Hairs

Glandular hairs In the genus Elaphoglossum are re s tric te d  to  

sections Setosa and P o ly tr ic h ia . In subsect. Apoda the glandular 

hairs are evenly d is trib u te d  on the p e tio le  and blade and highly  

concentrated around the abaxlal part of the midvein and the base 

of the subulate scales. They usually consist of one elongated 

c e ll w ith  a rounded apex that sometimes 1s broadly expanded to a 

c ap ita te  terminus. The simplest type of glandular ha ir consists 

of one long cap ita te  c e l l ,  and the most complex consists of 

several rows of adpresed or shortly  erect c e lls  which branch 1n 

d if fe re n t  d irec tio n s . The common type consists of a fu rcate  g lan-



dular h a ir (F ig . 14: c -d) o f which the main axis Is often  

oriented toward the midvein and runs p a ra lle l to  the secondary 

vein . Elaphoglossum apodum, E. amazonicum, E. latum, E. cubense,

E. procurrens and E. raywaense bear the simple as well as the 

fu rca te  types, whereas E. aurip ilum  bears the simple as well as 

the most complex types.

In E. backhousianum the glandular hairs are sm all, simple, 

and scattered throughout the laminar surfaces, but are also con­

centrated on the abaxlal surface around the midvein, where they 

branch in several d irec tio n s . In th is  species they are not present 

on the p e tio le , perhaps as a re su lt of the dense mass of scales that 

covers I t .  Elaphoglossum aurip ilum  has abundant glandular hairs  

which are shorter and erect giving a “viscous" consistency and 

seem to secrete some sort of resinous substance. They may play a 

physiological ro le  as a secretion device or could be to gather 

atmospheric moisture as an epiphyte.

From a taxonomic point of view, the glandular hairs are 

re la t iv e ly  u sefu l, a t least at the species le v e l. Their re s t r ic ­

t io n  to only certa in  sections may have some evolutionary Im plica­

tions 1n the d iv e rs if ic a tio n  of th is  genus. A more carefu l study 

of these structures could give some clues about the In te r re la ­

tionships among the sections and th e ir  phylogenetic re la tio n sh ip s .
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S p o ra n g ia  and Spores

The sporangia are borne on the abaxlal surface of the 

sporophylls and densely cover 1t except fo r narrow s te r i le  areas 

along the margin, on the midvein, and along both sides of the 

base of the midvein.

The sporangia are s ta lked , e re c t, s lig h t ly  ovate, globose 

and 156-203 / p  long x 146.9-171.6 /|m wide. The annulus Is ver­

t ic a l  and consists of a row of 11-12 rectangular, th ick -w alled  

c e lls  and a th in -w a lled  stomlum. The stomlum consists of about 

seven elongate, sm aller, and th in -w a lled  c e l ls ,  and extends down­

ward adjacent to the s ta lk . The c e lls  of the sporangia are I r r e ­

gular In s ize  and shape, but no strong d ifferences e x is t between 

species of th is  complex. The s ta lk  consists of two ranks of c e lls .

Table V II shows the average sporanglal s ize  of the members 

of th is  complex. The sizes are only s lig h t ly  d if fe re n t from one 

species to another and show not meanlnful d iffe ren ces ; so they 

are not considered here to be a good comparative character.

The spores of the Elaphoglossum apodum complex are b i la ­

t e r a l ,  monolete, and s lig h t ly  trapezoidal In la te ra l view, with a 

broader base and several c o lla te ra l and rectangular areas which 

are apical ly  connected by sm all, continuous ridges. They are el U p -
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t ic  to ovate In polar view and bear a conspicuous perlspore.

The color ranges from brown to yellow .

Table V I I I  shows the range of v aria tio n  In spore length

and the average size fo r each of the species based on 20

spores/sporangia per species. Although each species has Its  own 

average spore s ize , some are too close to be used as re lia b le  

taxonomic characters ( e .g . ,  E. amazonicum, 28.3 ĵm and E. 

backhousianum, 28.8 yjm.

Tryon A Tryon (1982) have suggested th a t 1n the genus 

Elaphoglossum the sm allest leaves bear the largest spores and 

vice versa. This 1s p a r t ia l ly  tru e , at least 1n th is  complex. 

Elaphoglossum procurrens which has the smallest leaves bears the 

la rgest spores (3 0 /jm ). However, E. amazonicum and E. backhousianum 

have the largest leaves but do not appear to bear the sm allest 

spores (28 .3  pm and 28.8 /im, re s p e c tiv e ly ). Elaphoglossum apodum,

E. au rip ilu m , E. cubense, E. latum and E. raywaense, which have 

Interm ediate le a f s iz e , do not show any re la tio n  w ith  spore s ize .

In other fern genera spore size  has been used as a clue 

to  detect hybrids, the a llopo lyp lo ids  being conspicuous by th e ir  

la rg er spores. In subsect. Apoda, however, spore s ize  Is re la ­

t iv e ly  uniform, suggesting that they are no a llopo lyp lo ids  1n the 

group. Furthermore, spore abortion was not seen, which suggests 

th a t h ybrid iza tion  1s rare or non-existent In th is  group.
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T a b le  V I I

S p o ra n g ia l  s i z e  in  t h e  E laphog lossum  apodurn co m p le x *

Taxon Sporangium s ize  (microns) Vouchers

E. amazonicum 203.77 x 171.66 Bu'es 1737 (Peru)

E. apodum 156.0 x 149.5 Maxon 1827 (Jamaica)

E. auripilum  var. auripilum 187.1 x 142.0 Maxon & Harvey 8184 (C .R .)

E. auripilum  var. longipilosum 172.9 x 150.6 Croat 863 (Costa Rica)

E. backhousianum 164.5 x 155.1 Folsom 3576 (Panama)

E. cubense 171.2 x 167.9 Wright 1040 (Cuba)

E. latum 166.3 x 150.67 Smith 2688 (Colombia)

E. procurrens 166.3 x 151.4 Shafer 8862 (Cuba)

E. raywaense 156.8 x 146.9 Schunke 10164 (Peru)

*  Measurements were based on 20 counts per species.



Table V III

Range and mean length of selected spores in the 

Elaphoglossum apodum ccrp lex.*

Taxon Range of length (microns) Mean length Voucher

E. amazoniam 25.4-31.5 2B.3 Bues 1737 (Peru)

E. apodum 22.7-28.0 25.3 UnderMOOd 1589 (Jamaica)

E. auripilum var. aur. 21.0-31.5 27.3 Maxon & Harvey 8184 (C.R.

E. auripilun var. long. 22.7-29.5 27.0 Croat 863 (Costa Rica)

E. backhousiarun 24.5-33.3 28.8 Folsom 3676 (Panama)

E. cubense 19.3-29.7 25.4 Wright 1040 (Cuba)

E. latum 22.7-31.5 27.1 Snith 2588 (Coloitia)

E. procurrens 26.3-33.3 aa 0 Writft 793 (Ctia)

E. raywaense 22.7-31.5 27.6 Schunke 10164 (Pern)

*  Spores Mere measured across their yeatest length not including the sculpturing; measurements Mere based 
on 20 sanples per species.



F1g . 1 5 .  Spores in  th e  E lap h og lossu m  apodum c o m p le x .

a. E. latum (3000x)

b. E. latum (6000x)

c. E. aurip ilum  (3000x)

d. E. aurip ilum  (6000x)

e. E. backhouslanum (2800x)

f .  E. backhouslanum (6000x)
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F i g .  1 6 .  Spores 1n th e  E lap h og lossu m  apodum c o m p lex .

a. E. cubense (2800x)

b. E. procurrens (3000x)

c . E. raywaense (2400x)

d. E. amazonlcum (2600x)
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F ig u r e  1 6
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Tryon A Tryon (1982) also stated tha t the perlspore of 

Elaphoglossum consists of three s tra ta : s u p e r f ic ia l.c e n tra l, and 

basal. The central stratum often has a columnar structure  

between the s u p erfic ia l and basal s tra ta . In subsect. Apoda the  

perlspore Is perhaps less complex than 1n other sections of the 

genus and consists of a series of Interconnected narrow, smooth 

or shortly-splned ridges which surround the central areas. These 

areas are often covered w ith fin e  but conspicuous perforations 1n 

E. procurrens (F ig . 16: b ) ,  E. latum (F1g. 15: a -b ) ,  E. aurip ilum  

(F ig . 15: c -d ) and E. raywaense (F1g. 16: c ) ,  or sometimes are 

d is c re te ly  perforated as 1n E. cubense (F1g. 16: a ) ,  or the pro­

tuberances which surround Inner areas are covered by sm all, 

f in e ly  perforated ridges. In co n tras t, E. backhouslanum has Its  

own pecu liar type of spore ornamentation with the ridges 

enclosing trapezoidal areas ornamented w ith  sm all, Ir re g u la r  and 

basally  connected fin e  ridges ( F1g. 15: e ) .

In subsect. Apoda the spores o ffe r  a good c r ite r io n  fo r  

distingu ish ing  species, not only by themselves but also when com­

bined w ith the rest of the characters, such as rhizome and margi­

nal scales, anatomical fea tu res , and chemical spot patterns. 

Together they make d e lim ita tio n  of the taxa more re lia b le .

The spore sculpturing 1n th is  group shows a close a f f in i ty
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with the species of subsections Hybrlda and Hymenodlum, supporting 

presumed re la tionsh ips  based on other characters.

Gametophyte

The gametophyte of Elaphoglossum has been studied 1n some 

d e ta il by Stokey & Atkinson (1957 ), although no species of 

subsect. Apoda were Included. The present study has shown some 

s lig h t v a ria tio n  from the descriptions made by Stokey & Atkinson 

(1957).

Spores of Elaphoglossum latum were obtained from liv in g  

plants at the greenhouses of the New York Botanical Garden. Three 

d iffe re n t media were used as germination substrates: d is t i l le d  

w ater, Inverted small pots f i l l e d  w ith  sphagnum moss and covered 

with a b e ll j a r ,  and p e trl dishes f i l l e d  w ith fresh sphagnum moss. 

The la t te r  medium proved the best.

The spores were sown on sphagnum moss on September 1, 1982 

In to  p e trl dishes at saturated hum idity. The p e trl dishes were 

sealed w ith a Parafllm  "MM tape and exposed to continuous lig h t  

fo r  four months. Germination was not observed during th is  period. 

In February the cultures were tran s fe rred  to  In d ire c t, continuous 

d a y lig h t, and one week la te r  the spores were s lig h t ly  swollen 

which seems to be the f i r s t  sign of germination. Two weeks la te r
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the f i r s t  filam ent ce ll appeared. Four weeks la te r  3-4 more 

filam ent c e lls  were formed and the basal rh lzo ld  appeared (F1g.

7: f ) .

The c e lls  of the filam ent are already rounded, b r i l l ia n t  

green, and elongate considerably before la te ra l expansion occurs. 

At th is  stage of development they form a s ingle filam ent of 

c e lls .  The filam ent developed very slow ly, and three months 

a f te r  germination the f i r s t  longitud inal c e ll d iv is io n  occurrs 

In i t ia t in g  the two-dimensional growth phase.

Although the In i t i a l  development was s im ila r to that 

described by Stokey 4 Atkinson (1957) there  were some d iffe re n ­

ces 1n several respects. F irs t  of a l l ,  the germination period was 

extremely delayed (four months) 1n contrast to the 8-20 days 

reported by them. Another d iffe ren ce  was th a t the filam ent of 

Elaphoglossum latum developed considerably before the f i r s t  

rh lzo ld  appeared. This 1s 1n contrast to th e ir  observations In 

which the f i r s t  rh lzo ld  usually appeared on basal c e lls  at about 

the same time as the germination filam ent emerged.

My observations are s t i l l  In progress and 1t 1s expected 

th a t the fo llow ing developmental stages w ill  not d i f fe r  from 

those reported by Stokey 4 Atkinson (1957 ), 1n which the f i l a ­

ment continued growing u n til several rows of transverse walls
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developed forming a ribbon-shaped prothalHum . The gametangla then 

developed along the center of the ribbon.
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Chemotaxoncmiy

Although several reports on fern  chemistry have been 

published (B ertl A B o t ta r l , 1968; Cooper-Driver, 1980; Swain & 

Cooper-Dr1ver, 1973), no formal comparative phytochemical study 

has been done among the species of Elaphoglossum. A prelim inary

study of th is  group has been made by G1annas1 (pers. comm.), who

1s working on a general survey of the genus. According to

Glannasl, the genus Elaphoglossum 1s divided Into  four basic

groups based on the presence of flavo n o ls , flavones, xanthones, 

and anthochlors. He surveyed 34 species from d iffe re n t sections 

of the genus, find ing  strong chemical re la tio n s  w ith in  sections 

and subsections. Section Elaphoglossum subsect. Pachyglossa 

fo r  example, appears to be chemically uniform. Most of the spe­

cies sampled w ith in  th is  subsection showed the presence of mang1- 

f e r ln ,  a tetrahydroxyxanthone-C-glycoslde (Wallace et a l . ,

1982). However, during a survey of sect. P o ly tric h ia  subsect. 

Hybrlda I found two xanthones 1n addition to m anglferln. One of 

these was characterized as 1somang1fer1n, and the other from a ll  

known xanthones. The corre la tions  found by Glannasl c e rta in ly  

have phylogenetic Im p lica tions , but more work has to be done to
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elucidate  the re la tionsh ips among the sections.

The purpose of th is  study was to survey subsect. Apoda fo r  

le a f flavonolds and to determine any chemical corre la tions  among 

th is  complex group of species. Equally Important was to find  

whether or not the chemical spectra could be used to d iffe re n ­

t ia t e  between chromatogram spots which had s im ila r colors and Rf 

data. I f  so, spot data could then re lia b ly  be used to d iffe re n ­

t ia t e  between taxa.

Dried lea f m ateria l of eight species Involved 1n th is  complex 

was removed from herbarium specimens and fresh leaves from the 

l iv in g  co llec tions  of the NYB6. Voucher c ita tio n s  fo r each group 

of species are given as follow s:

Elaphoglossum amazonlcum. BOLIVIA: R. S. Williams 1027 

(NY, US); PERU: Bues 1737 (US).

Elaphoglossum apodum. HAITI: Holdrldge 2199 (NY, US); 

DOMINICAN REPUBLIC: Ekman 13406 (US); JAMAICA: Maxon 1740 (US), 

Underwood 1589 (NY, US); NICARAGUA: Schram 29 (US); PUERTO RICO: 

Hloram 257 (US), Chase 6213 (US).

Elaphoglossum aurip ilum . COSTA RICA: Croat 863 (MO),

Jim6nez 7900 (NY), Lankester 829 (US), Maxon 402 (NY, US), 39876, 

52258 (US), Stork 1370 (MICH, UC); PANAMA: Maxon 5035, 5036, 5239 

(US); Porter 4938 (NY).
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Elaphoglossum backhouslanum. COLOMBIA: L e lH n g er 649 (COL,

US); PANAMA: Correa 196. 1886 (both US), Porter 4828 (MO).

Elaphoglossum cubense. CUBA: Morton 9707 (US), Underwood 1358 

(NY, US), 3259 (NY, US).

Elaphoglossum latum. COLOMBIA: Lei U nger 571 (COL, US), H.H. 

Smith 2688 (NY); COSTA RICA: Seldenschnur 108 (NY), Lloyd 4162 

(NY). GUATEMALA: von Tuerckheim 8351 (US); PANAMA: Correa & 

Dressier 186 (MO, US), Porter 4938 (MO).

Elaphoglossum procurrens. CUBA: Shafer 8862 (NY, US), Wr1ght 

793 (GH, US).

Elaphoglossum rayawaense. BRAZIL: Spruce 2186 (CGE, US); 

ECUADOR: Pink ley 482 (COL) Sodlro s .n . (US); FRENCH GUIANA: 

Rombouts 871 (US), K1ll1p 26792 (NY,US), 28498 (US).

For comparative purposes 1t was decided to  chromatograph 

representative samples of sect. P o ly tric h ia  subsections 

Hymenodium and Hybrlda and sect. Setosa subsesct. P 1 lo se lla .

Section P o ly tric h ia

subsection Hymenodlum. E. crln ltum  (L .)  C h ris t: CENTRAL AMERICA;

NYBG liv in g  c o lle c tio n , accession no. 554/79 

subsection Hybrlda. E. tam blllense (Hook.) Moore: DOMINICAN

REPUBLIC; Mlckel 8264 (NY).
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S e c t io n  S eto sa

subsection P ilo s e lla . E. s iliquo ides  (Jenm.) C. C h r.: DOMINICAN

REPUBLIC; Mickel 8528 (NY)

Procedures

To is o la te  flavonolds from each species s te r i le  fronds were 

cut In to  pieces and then ground up 1n an e le c tr ic  tissue grinder 

(homogenlzer). This was a polytron PT 10-35 w ith two generators, 

10 ST and 20 ST, both with saw-teeth fo r extrac tin g  p lant tissue  

(Richardson, 1982). The speed control was set at number s ix . The 

extrac tio n  medium was 80% methyl a lcohol. Because the samples 

were sm all, the extrac tion  medium was usually carried  out 1n 

centrifuge  tubes (1 .5  x 10 cm ) using the sm aller PT 10 ST 

generator. The extrac t was homogenized fo r  20 seconds and le f t  

fo r several minutes to allow  g rav ity  to c la r i fy  the so lu tion . 

Small amounts of extrac t were c a re fu lly  removed w ith a pasteur 

p ip e tte  fo r use on two-dimensional chromatograms.

Several applications of the extrac t were spotted (2 .5  cm 

d1am.) on a sheet of Whatman 3 MM chromatography paper (46 x 57 

cm) and developed using two-dimensional descending chromatography 

in  the fo llow ing solvents:

Solvent I .  TBA. te r t ia ry -b u ta n o l: g la c ia l acetic  acid: 

water (3 :1 :1 , v /v ) .
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Solvent I I .  HOAc. g la c ia l acetic  acid: water (15: 85 v /v ) .

A fte r chromatrography the sheets were dried and viewed 1n UV 

l ig h t  (360 nm) both with and without ammonia vapor. Individual 

spots were c irc le d  w ith p e n c il, th e ir  colors were noted w ith and 

without exposure to ammonia fumes, and th e ir  Rf values were 

calcu la ted . Rf values were determined fo r only the obvious and 

constantly recurring spots. The major spots are lis te d  1n Table 

IX .

Although the Rf values determined from the chromatograms of 

crude extracts varied somewhat, they were h e lp fu l, as were the 

color reactions, 1n determining which spots on d iffe re n t chromato­

grams may represent the same compound or at least the same type 

of flavonold compound. Spots which were judged (on the basis of 

Rf values and color reactions) to  represent the same compound 

were extracted from several chromatograms using a minimum of 10 

chromatograms per sample.

The Is o la tio n , an a lys is , Id e n t if ic a t io n , and chromatographic 

data In te rp re ta tio n  of Ind ividual compounds that were extracted 1n 

reasonable amounts were carried  out fo llow ing the techniques 

described by Crawford (1973). A fte r the spectral data were 

obtained, several attempts to  Id e n tify  Ind ividual compounds were 

made. The data were compared d ire c tly  w ith compounds Id e n tif ie d
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from previous studies. (G lannasl, 1975; Harborne, 1967; Mabry e t 

a U ,  1970; E ve re tt, 1977; Markham, 1982).

Results

Several attempts to extrac t and analyze the d iffe re n t com­

pounds were made using standard techniques (Crawford, 1973; 

Harborne, 1967; Mabry e t al_., 1970), and also using absorption 

maximum and Rf values lis te d  by Everett (1977 ). U nfortunate ly , 

none of the Iso la ted  compounds 1n n\y study corresponded to known 

flavonolds. In sp ite  of the fac t that spot patterns are con­

sidered of lim ited  value (Crawford & Dorn, 1974; Adams, 1974), or 

even almost worthless (Welmark, 1972), I decided to consider them 

as a possible approach to a chemical analysis of th is  complex 

group. Consequently, th is  analysis was based mostly on spot pat­

te rn s , co lor reactions, and Rf values.

A to ta l of 16 flavonold compounds were detected 1n the chro­

matographic survey. The chromatograms of the eight species of 

Elaphoglossum subsect. Apoda examined f e l l  In to  two basic spot 

p a tte rn s - the £ .  apodum type and £ .  procurrens typ e - (Table X).

The spot patterns were mostly uniform In six o f the eight 

species- E. amazonicum, E. apodum, E. auriplum , E. cubense, E. 

latum, and E. raywaense. These species also are q u ite  s im ila r in
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terms of th e ir  external morphology and some anatomical charac­

te rs , but the chemical features th a t d istinguish  one species from 

the others are very tenuous. Some differences occurred 1n the 

presence or absence of certa in  spots and not a l l  Ind ividuals  of a 

species displayed exactly the same flavonold p ro f i le .

Intraspec1f1c v aria tio n  seems to be common but 1s seldom 

extensive. This could not be re la te  with geographical d is tr ib u ­

t io n . The species p ro f i le  given 1n F1g. 17 Includes the spots 

most commonly encountered.

Compared to the aforementioned species, E. procurrens 

and E. backhouslanum show very d iffe re n t spot patterns (Table X). 

Although these two species are qu ite  d iffe re n t from each other 

m orphologically, they seem to have nearly Id en tica l chroma­

tographic spot patterns.

Spot number 12 seems to characterize  the six species f i r s t  

mentioned, whereas spots 5 and 7 are unique to the second group 

(Table X).

Figure 17 shows a composite chromatogram of the flavonolds of 

subsect. Apoda. The numbers correspond to those 1n Tables IX and X. 

Figures 18-20 correspond to the chromatographic p ro file s  of 

representative  species of sect. P o ly tr ic h ia , subsections 

Hymenodium and Hybrlda and sect. Setosa subsect. P 1 lose!la .
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T a b le  IX

P ap er c h ro m a to g ra p h ic  p r o p e r t ie s  o f  th e

E lap h og lossu m  apodum com plex

Spot no. color Rf values (xlOO)

UV uv-nh3 TBA HOAc

1 pale-yellow U g h t-ye llo w 9 8

2 purple yellow 25 15

3 purple yellow 34 24

4 orange orange 90 16

5 purple orange-yellow 1 2 32

6 purple yellow 14 38

7 purple yellow 18 36

8 purple yellow 32 67

9 blue blue 34 75

1 0 blue blue 32 82

11 blue blue-green 40 85

1 2 purple yellow 6 6 57

13 purple yel low 82 52

14 blue blue 82 64

15 blue blue-green 8 8 6 8

16 purple yellow 85 73
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Taxonanic d is trib u tio n  o f le a f flavonoids in  t i e  Elaphoglossum apodim conplex

Taxon Spot

1 2 3 4 5 6 7 8 9 1 0  11 12 13 14 15 16

E. amazonicun + + + + ± + + +

E. apodun ± + + + + + +

E. auripilun ± ± + + ± ± + + + ♦ ±

E. cubense + + i  + + +

E. raywaense ± i ± + ± t  ± + ± i

E. latum + ± i  t + ± + t

E. backhousiarun + + +

E. procurrens + + +

Synbols: + = present: t  = sometimes present



Table XI

UV spectral data o f compounds isolated fron the Elaphoglossum apodun conplex

Taxon Spot no. MeOH feOMe A1C13 AICI3 /HCI3 NaQAc teQAc/H3BO3

E. arazonicin
1 2 254

365
234 sh 
270 
345 
405

270
418

270
350
385

270
359

251
370

E. cuhense 1 2 252 258 270 271 270 257
354 402 393 352 325 368

398

5 242 240 256 252 252
266 347 307 sh 315 sh 315
294 40B 350 348 348 sh
347 372

6 245 245 256 245 245 245
265 265 sh 305 256 254 254

E. procurrens 307 300 347 305 306 306
350 345 347 342 345

400 sh 434 sh

7 246 245 245 245 245 245
266 255 254 266 255 255
311sh 305 302 sh 305 sh 310 311
350 361 360 360 345 360

411 sh 3B7 sh 385 sh 410 sh



1

1 .5

TBA

Fig . 17. Composite chromatogram of Elaphoglossum subsection 
Apoda flavon o lds , showing m o b ility  1n two chromato­
graphic solvents. Numbering corresponds to Tables 
IX -X . Unshaded spots correspond to species of group 
I and shaded spots correspond to species of group 
I I .
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Fig . 18. Chromatographic p ro file  of
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F ig . 19. Chromatographic flavonold p ro f i le  of
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E. tam blllense.
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F1g. 20. Chromatographic p ro f i le  of E. s111quo1des.
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Discussion

Although none of the compounds were fu l ly  Id e n t if ie d , I t  

appears that chromatographic data can add some taxonomic In fo r ­

mation to the w ell-es tab lish ed  morphological and anatomical data. 

As shown 1n Table X, species 1n subsect. Apoda can be divided  

In to  two groups on the basis of the spot patterns. Group I 

Includes s ix  of the eight species— E. amazonlcum, E. apodum, £ . 

aurip ilum , E. cubense, E. latum and E. raywaense—and Group I I  

Includes the remaining spec1es--E . backhouslanum and E. pro­

currens. Although each of the species 1n the f i r s t  group has Its  

own chromatographic p r o f i le ,  the group I t s e l f  seems to be held 

together by spot no. 12. This 1s supported by morphological data. 

I t  1s important to point out th a t th is  spot was also present In 

some sampled species of subsect. Hymenodlum and Hybrlda (F1gs. 

18-19 ). These are thought to be the subsects, closest to sub- 

sect. Apoda (Mlckel & Atehortua, 1980). These three subsections 

form sect. P o ly tr ic h ia , and the chemical data give strong 

support to the published c la s s if ic a tio n  of the genus (Mlckel & 

Atehortfla, 1980). However, the chromatographic data of E. s111 -  

quoides (F ig . 20) showed a qu ite  d is tin c t spot pattern from the 

above subsections. Mlckel & Atehortua (1980) proposed th is  spe­

cies as belonging to subsect. Apoda, but anatomical and chemical
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data now suggest I t  belongs Instead to sect. Setosa subsect. 

P ilo s e lla .

Table XI shows the UV spectral analysis fo r compounds from 

E. cubense 1n Group I and E. procurrens 1n Group I I .  Spot no. 12 

was extracted and p u rifie d  from E. amazonlcum and E. cubense.

Spot nos. 5 ,6 ,7  were extracted and p u rifie d  from E. procurrens. 

Spectral analysis of spot no. 12 revealed minor d ifferences bet­

ween the two samples, but the reason fo r th is  1 s unknown. 

Elaphoglossum backhouslanum and £ .  procurrens 1n the second group 

show a very d iffe re n t chromatographic pattern  from the previous 

group (Table X I, F1g. 17). These two species are ra ther d iffe re n t  

from each other 1 n many morphological fea tu res , so strong chemi­

cal s im ila r ity  was unexpected. The two species are linked so lely  

on the mutual occurrence of spot nos. 5 and 7. U n til these spots 

are characterized from both species and proven to be the same 1 n 

each case, 1 t  would be unwise to assume a close re la tio n sh ip  

based upon the chromatographic data. Another question raised from 

the chemical data 1 s the connection of these two species with the 

rest of the species In the subsection, at least 1 n terms of th e ir  

flavonold composition. There appears to be no chemical character 

to  lin k  the whole subsection together. From the morphological and 

anatomical point of view, these two species f i t  In to  the general



p ic tu re  of th is  subsection, but chemically they suggest a 

divergent lin e  or lin e s .

In conclusion, 1t appears th a t the prelim inary chroma­

tographic data can add some taxonomic Inform ation a t the species 

leve l as well as the subsectlonal le v e l. Based on morphological 

and anatomical data, 1 t  1 s not u n like ly  th a t the six species of 

the f i r s t  group share a common ancestor. This 1s re flec ted  to 

some extent 1 n the spot pattern th a t 1 s common to them.

The two remaining species, E. backhouslanum and E. pro­

currens, although each 1 s unique 1 n Its  morphology, have s im ila r  

chromatographic spot patte rn s . These phytochemical spot patterns  

appear to y ie ld  no fu rth er Inform ation about these species, at 

least at th is  leve l of comparison. Id e n tif ic a t io n  of the com­

pounds that produce the spots may lead to a b e tte r understanding 

of the re la tionsh ips  among the groups since the chemistry of 

these two species Indicates tha t they are ra ther divergent from 

the f i r s t  group.

One lim ita t io n  in th is  study was the use of herbarium speci­

mens which were often old and some of which may possibly have 

been pretreated w ith formaldehyde, which could have a ffected  the 

resu lts  (Runemark, 1968; Cooper-Dr1ver & B a llck , 1978; Coradln & 

G1annas1, 1980). This may account fo r the 1ntraspec1f1c varia tio n  

1 n spot p a tte rn , which, though common, was seldom extensive.
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Cytology

To the present, 11 papers reporting chromosome number In 

Elaphoglossum have been published (Manton & Sledge, 1954; B1r, 

1960; Brownlie, 1965; Anderson & Crosby, 1966; W alker, 1966;

Roy & a l . , 1968; 1973; M lcke l, Wagner & Chen, 1966; Manton &

Vida, 1968; Sorsa, 1966; and Smith & M lcke l, 1977), Including  

a to ta l of 33 species. A ll are based on ji  ■ 41 w ith 20 d ip lo id ,

11 te tra p lo ld , 1 hexaplold, and 1 s te r i le  t r lp lo ld  (Table X I I ) .

Manton & Sledge (1954) noted that chromosome counting In 

Elaphoglossum 1s a rather d i f f ic u l t  task because few f e r t i l e  

leaves are usually ava ilab le  and the Id e n tity  of the species 

1 s often doubtful due to the chaotic taxononjy of the genus.

The greatest number of chromosome counts has been made by 

Walker (1966, 1973) who reported data numbers fo r 13 

Elaphoglossum species of Jamaica. He stated that 1n sp ite  of the 

fac t that a number of species are not only abundant but f r e ­

quently grow 1 n close proxim ity to one another or even completely 

Interm ixed, there are surpris ing ly  low number of hybrids.

However, one plant was proved to be t r lp lo ld .  The plant shows 

Interm ediate characters between I ts  presumed parents and has 

abortive  spores. Although the hybrids seem to be ra re , th is



Table X II

Cytology o f Elaphoglossun

Taxon Ploldal level Chranosone r^. Source

n 2n

E. aenulun (Kaulf.) Brack. Diploid 41 Anderson A Crosby, 1966
E. alatun Gaudich Diploid 41 - Anderson & Crosby, 1966
E. angulatum (Blune) Moore Diploid 82 Manton & Sledge, 1954
E. apodun (Kaulf.) Schott Diploid * 41 - Walker, 1966
E. c^ylarricun Krajina ex Sledge Tetraplold 82 164 Manton & Sledge, 1954
E. chartaceun (Baker) C. Chr. Tetraplold 164 Walker, 1966
E. a ff. conforms (Sm. ) J. Sn. Diploid 82 Mlckel et a l. ,  1966
E. crassifollun (Gaudich) A. A C. Diploid 82 Anderson & Crosby, 1966
E. crinitum (L.) Christ Diploid 82 Sorsa, 1966
E. cuspl datum (Wi lid .) Moore Diploid 82 Sorsa, 1966
E. denudatum (Jenm.) Maxon Diploid 82 Walker, 1966
E. fimun (Mett.) Urban Diploid 82 Sorsa, 1966
E. tybrldun (Bory) Moore Diploid 82 Manton & Vida, 1968
E. latlfo llun  (Sm.)  J. Sn. Diploid 82 Walker, 1966
E. laurffbliun (Thours.) Moore Hexaplold ? 246? ca. 250 Manton & Vida, 1968
E. laurlfollun sensu Bir Tetraplold 164 Bir, 1960
E. martinlcense (Desv.) Moore Diploid 41 - Smith & Mickel, 1977
E. maxoni Under*. ex Morton Diploid 82 Walker, 1966
E. mi cans (Mett. ex Kuhn) P. S. Tetraplold 164 Anderson A Crosby, 1966
E. nuscosun (Sm.) Moore Diploid 82 Walker, 1966
E. pellucldun Gaud. Diploid 82 Anderson A Crosby, 1966
E. petiolatun (Sm. ) Urban Tetraplold 164 Walker ,1966
E. rigldun (Aubl.) Alston 
E. sphatulatum (Bory) Moore

Diploid 82 Sorsa, 1966
Tetraplold 164 Manton A Sledge, 1954

E. setlgerun (Wall.ex Bak.) Moore Tetraplold 164 Rqy et a l. ,  1971
E. stlgnatolepls (FSe) Moore Tetraplold 164 B1r, 1965
E. sucdslfollun (Thours.) Moore Tetraplold 164 Manton A Sledge, 1968
E. tectum (H.A b. ex W1lld.)Moore Tetraplold 164 Walker, 1966
E. v le llla rd li (Mett.) Moore Tetraploid 164 BroMnlie, 1965
E. vlllosun (Sm.)  J. Sn. Diploid 82 Walker, 1966
E. Maxarae (Luerss.) C. Chr. Diploid 82 Anderson A Crosby, 1966
E. chartaceum x E. latlfo llun Triploid irregul.meis. Walker, 1973
♦ Species of Elaphoglossun apodun conplex



hybrid appears to be very common In herbara specimens, which 

suggests the p o s s ib ility  of extensive vegetative reproduction or 

th a t 1 t  1 s Independently formed on a number of occasions.

In subsect. Apoda the chromosome number 1s known only fo r  

Elaphoglossum apodum which has n_m 41 (W alker, 1966).

I t  Is postulated that the p lo lda l levels  could be extrapo­

la ted  from the spore s ize  and stomatal length (M lcke l, 1962; 

B la s d e ll, 1963). According to spore and stomatal s ize  (F1gs. 

8-11: b-d; 15-16: a -e ; a-d ; Tables V - V I I I ) ,  there 1s no d ire c t  

evidence of polyploids 1n th is  complex. I t  1s qu ite  possible 

th a t a ll  members of subsect. Apoda are d ip lo id s .

Based on current morphological and chemical evidence, there  

are no suspected hybrids In th is  subsection.
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D is t r ib u t io n  and E co lo g y

A paucity of l ite ra tu re  deals with the ecology of Elaphoglossum 

(C h ris t, 1899; Walker, 1966; Lloyd, 1970; Tryon & Conant, 1975; 

Holttum, 1978; and Roux, 1982). Consequently, most of the remarks 

herein are based on a composite of herbarium data, f lo r ls t lc  

works, and personal observations.

Generally species of subsect. Apoda occur at lower e leva­

tions than most species o f the genus. The members of th is  complex 

are re s tr ic te d  to the neotropical regions between 16* N and 17* S 

la t itu d e . The most widely d is trib u te d  species are E. apodum (West 

Indies and C entra l America), E. latum (Central America, northern  

South America, and H ispanio la), and E. raywaense (Venezuela,

Gulanas, B ra z il,  and Ecuador). The other f iv e  species are more 

lo c a lized : E. procurrens 1s re s tric te d  to H a iti and eastern Cuba,

E. cubense to  Cuba and Jamaica, E. backhouslanum to  central Panama 

and western Colombia, E. au rlp llu m  to Costa R1ca and western 

Panama and E. amazonlcum to  northern B o liv ia , eastern Peru, and 

southwestern B ra z i l.

The h ab ita t fo r most o f the species appears s im ila r . A l l ,  

but E. aurlp llum  are  eplphytes-hygrophytes on tre e  trunks In 

wet lowland fo re s ts  near streams or r iv e r  banks, where the huml-
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d ity  1s high, and at e levations of 20-1500 m. The exceptional 

E .au rip 11um, grows wet secondary forests  and cloud forest at 

elevations of 1000-2400 m (F1g. 2 1 ). Most of the species have 

th in  fronds and occur 1 n sheltered places on tre e  trunks not fa r  

above the ground le v e l, as has been observed by Holttum (1978) in  

of Elaphoglossum o f M alaysia. Tryon & Conant (1975) working on 

some epiphytic  Elaphoglossum species of B razil (Amazonia), 

recorded observations on m1cro-hab1tat preferences. Seventy six  

per cent of the species of Elaphoglossum studied by them grow 0-1 

m from the stream bank or edge which Indicates the moisture 

requirements fo r those species. Another observation was the 

apparent s t r a t i f ic a t io n  of these plants on the host tre e  1 n re la ­

tio n  to ground le v e l. The species have a tendency to grow 0-5 m 

above ground level w ith the highest concentration of them between 

40-160 cm above the ground. Although Tryon & Conant (1975) 

suggested th a t those species do not grow according to a humidity 

g rad ien t, labels  In d ica te  th a t they do grow In places where the  

humidity is high. J . Luteyn and B. Jtfllgaard (pers . comm.) found 

th a t 1n ARangu, Ecuador E. raywaense grows 1n areas where the 

humidity is 95-99% at a temperature of 25*C. They also observed 

th a t th is  species grows 2-5 m above the ground on palm and other 

tre e  trunks. I t  seems th a t th is  species grows along a humidity
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1 a t . ap. back. proc. rayw. cub. amaz. aur. aur.
v .lo n . v a r.a u r.

F1g. 21. D is trib u tio n  of the species of subsect. Apoda 
according to th e ir  a lt itu d e  1 n meters above 
the sea le v e l.
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grad ient, but I t  may be due to the th in  tex tu re  of Its  lamina and 

i ts  large s ize , whereas the species studied by Tryon & Conant 

were of th icker tex tu re  (e .g . ,  Elaphoglossum glabellum ) .  Luteyn 

(pers. comm.) also observed th a t th is  species has a pronounced 

preference fo r a proximity to streams and swamp perhaps 

responding to greater l ig h t In such places.

Lloyd (1970) surveyed some morphological features 1n the 

genus Elaphoglossum 1n re la tio n  to the h a b ita t. He studied  

p e tlo la r  jo in ts  and swelling (phy llopod la), pneumatophores 

(aerophores), frequency of scales, sporanglal characters 

(paraphyses), frond length and w idth , rhizome scales, and 

hydathodes. These ch ara c te ris tic s  were re la te t  with the basic 

hab ita t of the species. Although he did not provide names fo r  

a l l  his co lle c tio n  numbers, I have been able to  Id e n tify  one 

member of subsect. Apoda, E. aurlp llum  var. longlpllosum (Lloyd 

4227) .  This p a rtic u la r  taxon grows 1n the cloud fo rest of San 

V1to de Java (Puntarenas Province, Costa R1ca). Following his 

tabulated observatldns, I found some discrepancies 1n re la tio n  to  

the type of scales found on the abaxlal surface of the blade. In 

E. aurlp llum  a l l  the scales are of the b r is t le  type, Instead of 

the laminate and lobed or cordate at the base. One of the 

features th a t he overlooked, also the glandular hairs which are
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dense and very conspicuous. In fa c t ,  many of the co lle c tio n  

labels made reference to them 1 n terms of "viscous" and "s tick y ."  

Perhaps th e ir  abundance 1s 1n some way re la ted  to the high humi­

d ity  and low temperature of the cloud fo re s t. I t  Is also possible 

th a t they may function as a p ro tective  device against dampness 

and cool wind currents at th is  a lt itu d e  or may be gathering  

atmospheric moisture as an epiphyte.

Sporophyll production 1s another feature  that seems to 

correspond to environmental conditions. Molttum (1978), says that 

the sporophylls are produced p e r io d ic a lly , probably 1 n response 

to  dry weather, according to his own experiences and obser­

vations. He had a plant of E. amblyphyllum In  c u lt iv a tio n  which 

produced only one sporophyll 1 n 2 0  years and argued that th is  may 

have occurred because 1 t  was watered on ra in less days.

I had a s im ila r experience with one of our liv in g  co llections  

of E.latum a t the greenhouse of the NYBG 1n which 1t was 

constantly watered. A fte r I moved 1t to another greenhouse where 

the humidity was much lower the plant s tarted  to produce 

sporophylls. At one time I counted seven of them. However, these 

observations appear to contrad ict those made by Walker (1966), 

who stated that 1n Jamaica the species d i f fe r  widely 1n the f r e ­

quency and number of sporophylls produced, apparently Indepen­

dently of the season. Since he did not provide any meteorological
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data, i t  is d i f f ic u l t  to re la te  levels  of humidity w ith the data 

of herbarium c o lle c tio n s .

C erta in ly  sporophyll production 1n subsect. Apoda 1s very 

rare and therefore  poorly represented by specimens. For example, 

In a co lle c tio n  of 20 specimens of E. procurrens, only two speci­

mens were f e r t i l e  and each of them w ith only one sporophyll.

Another Important fa c t 1n the l i f e  h istory  these species 1s 

the a b i l i ty  of th e ir  spores to germinate, which I found to be 

extremely low and slow. In the germination experiments with E. 

latum (a liv in g  c o lle c tio n ), the time fo r germination was almost 

s ix  months and furthermore only a few of the thousand spores 

germinated on fresh sphagnum moss, which seems to be the best 

medium fo r tha t purpose. I found that the quantity  of l ig h t might 

have some 1nfluent1on in germination. Since these species are 

epiphytes on lower parts o f tre e  trunks, the l ig h t  f i l t e r in g  

through the canopy 1 s re la t iv e ly  weak and there fo re  the spores 

should be preadapted to such conditions. Only a fte r  a short 

period of reduced l ig h t ,  did germination take place. Whether th is  

was a c tu a lly  due to  the reduced lig h t or whether the spores are 

normally slow to germinate 1s not known. The fa c t ,  generally  true  

fo r the genus th a t these species do not often reproduce v e g e ta tl-  

vely (except through the branches of the rhizome), must d1 sm1 n1 sh
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th e ir  reproductive c a p a b ilit ie s . Perhaps In d iv id u a lly  and c o lle c ­

t iv e ly  these factors  have helped to determine 1 n th e ir  rates of 

evolution as well as dispersal and m igration.

Judging from the present d is tr ib u tio n  of the members of 

subsect. Apoda, I t  seems probable that the center of rad ia tio n  

and d iv e rs if ic a tio n  1 s the lowland fo rest of the neotropical 

region, perhaps northern South America.

U nfortunate ly , there Is no fo s s il record a va ilab le  fo r the 

genus. However, Christ (1899) suggested th a t the center of o rig in  

of the genus 1s the Andean region of Tropical America where the 

major d iv e rs if ic a t io n  and rad ia tio n  might have taken place. On 

the other hand, Bell (1955) suggested th a t the center of o rig in  

was the paleo trop lca l region where the species which he thought 

to  be more p r im itiv e  are widely represented. He also argued th at 

speclatlon 1 n the genus has probably been continuous (a t  least 

since the T e r t ia ry )  in  a re la t iv e ly  stable and continuous tro p i­

cal environment since the establlsment of the anglospermous 

fo re s t. This furnished the necessary hab itats  fo r epiphytic  

p lan ts , and 1 t  1 s probable th a t the species w ith in  the genus 

evolved "so lely  1 n 1 t , "  allow ing th a t much of the o rig in a l 

v aria tio n  1 s s t i l l  present 1 n the extant forms.

For both theories there are some points to be considered.
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Geological data show th a t the high Andean hab ita ts  have been 

a va ilab le  fo r co lonization  only since the end of the T e rtia ry  and 

several geological events have taken place since then. The re la ­

t iv e ly  stable and continuous tro p ic a l environment has always been 

assumed rather than proven, and the events of the Pleistocene  

during the Quaternary may have played an Important ro le  in the 

speclatlon pattern of th is  group. I t  is now known that clim ate  

and vegetation changed d ra s t ic a lly  during the Pleistocene 1n tro ­

p ical regions of America (van der Hammen, 1974; Simpson, 1975). 

During the g lac ia l periods when the vegetation zones were 

lowered, most plant species expanded th e ir  ranges of d is tr ib u tio n  

to  warmer areas (lowland fo re s t) o f the continental and Island  

regions with a re la t iv e ly  moderate degree of warmth. At lower 

elevations 1n the northern Andes and along the Eastern 

C o rd ille ra , d ire c t m igration was possible a t th a t time because of 

Increased contigu ity  of upper montane fo res t hab itats  (Simpson, 

1975). Fragmentation of species ranges In the neotropical 

lowlands and mountains, and subsequent d if fe re n t ia t io n  of Iso lated  

populations (divergence) 1n Elaphoglossum could be postulated as 

one of the main causes fo r I ts  high d iv e rs ity  1n the Andean t r o ­

p ical region. The species were forced to seek “refuge" 1n the 

warmer "lowland fo re s t,"  causing geographical is o la tio n  and sub-



sequent divergence.

Present d is trib u tio n s  show th at the genus 1s predominantly 

mesothermlc 1 n tro p ic a l mountain or Island clim ate w ith a r e la t i ­

vely moderate degree of warmth. The mass of species appears only 

at an a l t l tu te  of 1500 m and higher (C h ris t, 1899).

The refuge theories (H a ffe r , 1969; V an zo lln l, 1970; Prance 

1973, 1982) seem to have support from the d is tr ib u tio n  patterns  

of some species of th is  subsections. For example E. backhousianum 

In the Choco area of Colombia, E. raywaense 1n the Guiana area and 

Amazonian basin, and E. amazonlcum also 1n the Amazonian basin.

I t  Is Important to stress th a t these species are very s im ila r 1n 

th e ir  morphological fea tu res , and 1 t  may be due to th e ir  

geographical co n tig u ity . This does not hold fo r the species of 

the West Indies th a t appear d is tin c t m orphologlally from one 

another. However, the high degree of endemism as a re su lt of Iso­

la tio n  mechanisms may account fo r th e ir  small degree of 

divergence, and also reproductive lim ita t io n  factors may be 

d ire c tly  Im plicated 1 n the narrow range of d is tr ib u tio n  and spe- 

c ia tlo n  of th is  group.

Under the high humidity conditions where the species of th is  

subsection grow, a rich  eplphyllous f lo ra  1 s developed and ferns 

In general are one of the best hosts fo r eplphyllous organisms.
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As Holttum (1978) noted, old fronds of Elaphoglossum bear a 

considerable growth of eplphyllous bryophytes and lichens. Dr.

R. Harris at the NYBG Id e n tif ie d  the species of lichens growing 

on members of th is  subsection and recorded 24 species of lichens, 

two of them new (H a rris , pers. comm.) His resu lts  are tabulated  

1n Table X I I I .  Apparently, there 1s not any detectable re la tio n  

between the species of Elaphoglossum and the species of lichen  

growing on them. However, 1t might be In te res tin g  to study the 

re la tionsh ips  between these ferns and lichens 1 n more d e ta il .
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T a b le  X I I I

F o l i ic o lo u s  l ic h e n s  g ro w ing  on E laphog lossum  apodum com plex

Lichens Elaphogl ossum spp

1 2 3 4 5 6 7 8

1 . Aspidothelium fugiens (M u ll. A rg.) Sant. X
2 . Aulaxina minuta Sant X X
3. Aulaxina quadrangula ( S t i r . )  Sant. X X
4. Bacidia sp X X
5. Bacidia apiahica (M u ll. A rg .) Zahlbr. X
6 . Bacidia rhaphidophylli (Rehm) Zahlbr. X X
7. Byssoloma leucoblepharum (N y l.)  Vain?
8 . Byssoloma subdiscordans (N y l.)  James X
9. Byssoloma polychromum (M ull. A rg.) Zahlbr. X

1 0 . C a t i l la r ia  semicarpi Vain X
1 1 . Coccocarpia domingensis Vain X
1 2 . Crytothecia Candida (Kremp.) Sant X
13. Dim erella epiphylla  (M u ll. A rg .) Malme X
14. Dim erella d ilucida  (Kremp.) Sant. X
15. Gyalectidium filic in u m  M u ll. Arg. X X
16. Mazosia sp. X
17. Porina epiphylla  (FSe) FSe X X X
18. Porina leptosperma M ull. Arg. X
19. Porina ru fu la  (Krem.) Vain X X
2 0 . T rich aria  sp. X
2 1 . T rich aria  "leucothrix  FSe" X X
2 2 . T rich aria  "melanothrix F§e" X X X X X
23. T rich aria  urceolata (M u ll. A rg .) Sant. X X
24. Trichothelium  epiphyllum M u ll. Arg. X

(1 ) E. amazonlcum (2) E. apodum (3) E. aurip ilum  (4) E. backhousianum (5 ) E. cubense 
( 6 ) E. latum (1 )  E. procurrens ( 8 ) E. raywaense



Species Relationships  

An attempt to evaluate species re la tionsh ips  has been made 

using Wagner's "Ground Plan Divergence Method" (1962, 1969,

1980) explained by Mlckel (1962) and used by many authors 

Including Hardin (1957), 1111s (1959 ), Stern (1961), Hauke 

(1963 ), Brown (1964 ), Evans (1969 ), and Hosh1zak1 (1972).

Comparison of the characters of the subsect. Apoda were com­

pared w ith those of other c losely re la ted  subsects. Hymenodlum 

and Hybrlda o f sectior P o ly tric h ia  and w ith Elaphoglossum as a 

whole was made.

In some cases n\y opinion was contrary to what some others 

have considered to be p rim itiv e  or advanced. One example 1s the 

rhizome habit 1n which I believe along w ith Holttum (1964) th a t the 

creeplng-dorslventral so lenostellc  rhizome Is probably derived  

from an ancestral stock having a ra d ia lly  organized rhizome. In 

th is  case the long-creeping dorslventra l rhizome of E. procurrens 

1 s considered an advanced character ra ther than a p rim itiv e  one 

as Bell (1955, 1956) suggested.

In his phylogenetic series Bell found th a t most of the spe­

cies he studied have a d o rs lve n tra l, two-ranked condition with  

bud traces posterio r to each le a f tra c e , and there fo re  1 t  was con­

sidered p r im itiv e . However, 1n th is  subsection and a ll ie d  subsec­

tions the common condition 1 s the compact short-creeping and
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almost rad ia l rhizome type.

To determine which of two a lte rn a tiv e  states of a character 

1s p rim itiv e  I have used mainly the "age-old concept of genera­

liz e d  ground plan character states and Its  c o ro lla ry  tha t the 

p rim itiv e  a ttr ib u te s  tend to coincide more often w ith other p r i ­

m itive  characters than the p rim itive  with d ivergent, and also  

th a t the most generalized character seems to coincide w ith those 

of the prototype" (Wagner, 1980).

Sixteen characters were chosen to show various s tructu ra l 

conditions or character states that were considered the most 

obvious, constant and eas ily  understood.

Advancement Index was constructed 1n which each character 

was given a value: ( 0 ) fo r  those which were considered p rim itiv e  

(0 .5 )  fo r  those th a t were considered In term ed iate , and (1 ) fo r  

those tha t were considered extremely advanced conditions.

In Figure 33 the th eo re tica l s ta rtin g  point represents 

the hypothetical ancestor with an Advancement Index of (0 ) .  

Elaphoglossum backhouslanum w ith an Advacement Index of 9 .5  1s 

considered the most advanced species 1 n the group.

An explanation of the characters used 1n the Index fo llow s:

A. RHIZOME HABIT: The compact or short-creeping rhizome 1s the 

ru le  fo r the genus Including subsect. Apoda and a ll ie d
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subsections Hymenodlum and Hybrida. The long-creeping rhizome 

of E. procurrens Is  the advanced character 1n the group.

B. PHYLLOTAXIS. According to Bell (1955, 1956) the distichous  

condition 1 s the most common character 1 n the genus and th ere ­

fore  he considered 1t p r im itiv e . On the contrary, I agree with

Holttum (1964) 1n considering 1t to be advanced and the

polystlchous type the p rim itiv e  s ta te .

C. RHIZOME SCALE APPEARANCE: The p rim itiv e  condition 1s l ik e  that 

found In E. aurlp llum , E. procurrens, and E. backhouslanum in  

which the c e ll w alls  are s tra ig h t. The advanced condition Is 

I l lu s tra te d  by E. amazonlcum and E. raywaense In  which the c e ll

w alls are wavy or very flexuous.

D. RHIZOME SCALE MARGIN: Again the p rim itiv e  condition 1s lik e  

th a t found In E. au rlp llu m , E. procurrens and E. backhouslanum 

1n which the scales have an e n tire  margin. The advanced 

condition 1 s found In the rest of the species w ith in  the 

subsection which have scales w ith dentate or Ir re g u la r ly  

toothed margin.

E. RHIZOME SCALE COLOR: This character 1s very d i f f ic u l t  to eva­

luate  since 1 t  Is variab le  from one section to another and 

even w ith in  a section. The orange-yellow rhizome scales occur
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In Iso la ted  species groups, such as some members of sect. 

Elaphoglossum subsect. Pachyglossa. However, a l l  the species 

of subsect. Apoda have orange-yellow to s lig h t ly  brownyellow 

rhizome scales and th is  character Is also p a r t ia l ly  shared by 

some of the outgroup species, but the dark tipped rhizome sca­

les of E. raywanense seem to represent advanced character 

s ta te .

F. STIPE LENGTH: Although most species of subsect. Apoda have 

nearly sessile  fronds which 1 s considered a reduction, the 

usual condition 1 n the genus as a whole and In the outgroup 1 s 

to have lo n g -p e tlo la te  fronds and th is  Is considered the 

p rim itiv e  condition.

G. STIPE HAIRS: Among the subulate scaly species of Elaphoglossum 

short glandular hairs on the s tip e  are generally  present.

Their absence 1s considered advanced. They are lacking 1n E. 

backhouslanum.

H. FROND SIZE: A height of less than 12 cm 1s considered reduced 

and therefore  the advanced condition. Generally the fronds 1n 

Elaphoglossum are 15-95 cm long.

I .  BLADE BASE: Although the long-decurrent blade base Is repre­

sented 1 n most of the sections of the genus, I t  Is re s tric te d  

to  a few species. In subsect. Apoda most of the species have 

a long-decurrent blade base which 1 s considered an advanced
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character. The cuneate to rounded blade base found In 

aurlpllum and E. backhouslanum 1s considered the p r im it ive  

character s ta te .

J. BLADE APEX. The common type of blade apex 1n the genus as a

whole 1 s acuminate and 1 n th is  subsection 1 s considered

p r im it iv e .  The 1ong-cusp1date to long-caudate apex found In

E. amazon1 cum, E.latum and E. raywaense 1s an advanced feature .

K. BLADE SURFACE SCALES: Most species of subsections Apoda.

Hybrlda, and Hymenodlum have subulate scales on the blade sur­

face as well as the margin and midvein and th is  1 s the general 

condition. In the subsect. Hybrlda the surface scales are pre­

sent but sparse and early  deciduous. Elaphoglossum backhouslanum 

1s unusual 1n sect. P o ly tr ich ia  In having the laminar surface 

completely devoid of subulate scales, which are s t r i c t ly  

l im ited  to the margin and midvein.

L. BLADE MARGIN SCALES: Most species of a l l  three subsections of

sect. Po ly tr ich ia  (Apoda, Hybrlda, and Hymenodlum) as well as

of sect. Setosa have subulate scales which are gradually  

narrowed at the base. The exception 1s found 1n E. 

backhouslanum 1 n which the subulate scales have an abruptly  

broad base and la c ln la te  margin, representing an extremely 

advanced condition.
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M. BLADE HAIRS: Elaphoglossum aurlpllum 1s considered specialized  

1 n having a dense mass of short, glandular hairs covering 

the blade surface. In most species these glandular hairs are 

more sparse on the blade surface.

N. EPIDERMAL CELL WALLS: Most species 1n subsect. Apoda, Hybrlda 

and Hymenodlum have the p r im it ive  condition 1n which the 

epidermal cell walls are very th in .  Elaphoglossum backhouslanum 

has specia lized , very thick epidermal ce ll  w alls .

0. CHEMICAL SPOT PATTERNS: Most species of subsect. Apoda and 

a l l i e d  subsections share a s im ila r  spot pattern . Elaphoglossum 

procurrens and E. backhouslanum seem to diverge In th is  

respect and therefore are considered advanced.

P. SPORE ORNAMENTATION. Having f in e  perforations on the spore 

surface 1s the common character s ta te  1n the subsect. Apoda 

as well as In the a l l ie d  subsections; th e ir  absence 1 s con­

sidered advanced. An Intermediate condition 1s found 1n E. 

backhouslanum and the most specialized type 1s found In E. 

amazonlcum in which the perlne 1 s covered with f in e  spicules.
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S p e c i a l i z a t i o n  1n s u b s e c t io n  Apoda

A. Rhizome compact (0 ) to  long-creeping (1)

B. Leaves polystlchous (0 ) to  distichous (1 )

C. Rhizome scales s tra ig h t (0 ) to  very flexuous (1)

D. Rhizome scales with margin e n t ire  (0) to  dentate (1)

E. Rhizome scales orange-yellow (0) to  dark-tipped (1)

F. Fronds d is t in c t ly  p e t lo la te  (5-18 cm long) (0) to  nearly  

sessile  ( 2 . 3 - 4 .0  cm long) ( 1 )

G. Stipe hairs present (0 ) to  lacking (1)

H. Fronds large (15-95 cm long) (0) to  greatly  reduced (1-12 cm 

long) ( 1 )

I .  Blade base cuneate or rounded (0) to  long-decurrent (1 )

J. Blade apex acuminate (0 ) to  cuspidate or long-caudate (1 )

K. Blade surface scales present (0 )  to  lacking (1)

L. Blade margin subulate scales gradually narrowed at the base

( 0 ) to  abruptly broad at the base ( 1 )

M. Blade hairs scattered (0) to  very dense (1)

N. Epidermal cell walls  th in  (0) to  thick (1)

0. Chemical spot pattern widely d is tr ib u ted  (0) to  re s tr ic te d  (1) 

P. Spore surface smooth to perforated (0) to  splculate  (1 )
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T a b le  XIV

C h a r a c t e r  s t a t e s  in  s u b s e c t .  Apoda

Taxon Character s tates*
Divergence
formula

Divergence
level

A B C 0 E F G H I J K L M N 0 P

E. amazonicum 1 1 1 1 1 1 CDFIJP 6

E. apodum V2 l 1 1 CDF I 3.5

E. auripilum 1 M 1

E. backhouslanum 1 1 1 1 1 1 1 1 1 / 2 BFGIKLNOP 8.5

E. cubense 1/2 Vl2 1 1 1 BCDFI 4.0

E. latum 1/2 1 1 1 1 CDFIJ 4.5

E. procurrens 1 1 1 1 1 1 ABFHIO 6

E. raywaense 1 1 1 1 1 1 CDEFIJ 6

*  Underlined le t t e r  means an intermediate character.



F i g .  2 2 .  S p e c i a l i z a t i o n s  in  th e  E lap h og lossum  apodum c o m p lex .
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Subsection Apoda seems to have three lines of evolution.  

These lines do not seem fa r  from each other 1n orig in  and the 

common ancestor probably appeared very s im ila r  to E. aurlp llum . 

This hypothetical ancestor probably had a short-creeping rhizome; 

orange-yellow to brown-yellow rhizome scales; stipe re la t iv e ly  

short and covered by subulate scales and short glandular hairs; 

subulate scales covering the m1 dve1 n, blade surface, and margin; 

oblanceolate blade with acuminate apex and s l ig h t ly  decurrent 

base; spores probably smooth to perforated.

In the largest of these l in e s ,  represented by E. apodum 

E. cubense, E. latum, E. amazonlcum, and E. raywaense, there Is a 

tendency to have flexuous rhizome scales, a 1 ong-cusp1 date blade 

apex, a long-decurrent blade base, and larger fronds.

In the second l in e ,  represented by E. backhouslanum and E. 

procurrens, there Is a tendency to have a more specialized f la vo -  

nold type, a rounded to s l ig h t ly  acuminate blade apex, distichous  

leaves, and the extremes of frond s i z e .

In the th ird  l in e ,  represented by E. aurlp llum , there 1s a 

tendency toward Increased In density and complexity of the 

glandular hairs on the blade surface. This species seems to be 

the link with subsections Hybrlda and Hymenodlum.
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Systematic Treatment

R e v is io n  o f  th e  Genus E lap h og lossu m  s u b s e c t .  Apoda

Elaphoglossum Schott ex J. Smith

Generally epiphytes 1n wet montane fo re s t ,  the majority  

t e r r e s t r ia l  at high e levations; rhizome short- to long-creeping, 

ra re ly  e rec t,  slender to stout (1-15 mm 1n d1am.);  rhizome scales 

orange to black, basally attached or p e l ta te ,  e n t ire  to toothed; 

fronds 2 - 2 0 0  cm long, e re c t ,  spreading, or pendent, simple (pedate 

1n one South American species); s tipe glabrous or scaly, someti­

mes also with minute glandular hairs; s tipe  long or very short, 

base often darker (phyllopodlum) with abscission at I ts  upper 

demarcation rather than at the rhizome; blade l in ea r  to ovate or 

oblanceolate, apex acuminate or caudate to obtuse, base rounded 

to long-attenuate; midvein grooved a d ax la lly ,  usually with scales 

of the stipe ab ax la lly ;  veins generally fre e ,  ra re ly  netted or 

with a marginal commissural vein, simple or 2 - fo rked , ending near 

the margin; those stopping well short of the margin usually end 

in conspicuous hydathodes; blade scales sometimes d i f fe re n t  from 

those of the rhizome or s t ip e ,  abundant to lacking, often so 

greatly  reduced as to resemble as s te l la te  hairs; f e r t i l e  fronds
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longer or shorter tha the s te r i le  fronds but generally with  

narrower blades and proportionally  longer stipes; f e r t i l e  blade 

completely covered beneath with sporangia (acrostlchold s o r l ) ;  

sporangia long-stalked, the annulus e rec t,  Interrupted by the 

s ta lk ;  paraphyses in some species but generally lacking; spores 

b i l a t e r a l ,  monolete, most with high crests or low ridges, but 

some echlnate or tuberculate without ridges or crests (M lcke l, 

1981a).

Section P o ly tr ich ia  Christ

Rhizome short- to long-creeping and occasionally e rect; rhizome 

scales l in ea r  to l in e a r- la n ce o la te ;  phyllopodla short and usually  

covered with dense mass of scales sometimes lacking or very 

Inconspicuous; stipe present or almost lacking covered with dense 

mass of subulate scales and capita te  glandular hairs; blade 

l in e a r - la n c e o la te ,  e lU p t lc - la n c e o la te ,  ovate-lanceolate to 

oblanceolate, the margin and midvein covered with conspicuous 

subulate scales; hydathodes present only 1 n ju ven ile  stages and 

lacking 1 n adult fronds; spores with low ridges and often small 

sp icu late  ridges and f ine  perforations.
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Key t o  s u b s e c t io n s  o f  P o l y t r i c h i a

1. Blade broadly e l l i p t i c  and f leshy; veins netted, obscure.

............................................................................. subsect. Hymenodlum

1. Blade I1 n ear-e l I1p t1c , ovate-lanceolate  to oblanceolate, 

subcoriaceous or papyraceous; veins fre e ,  usually evident.

2. Stipe 2-35 cm long; blade scales maroon, dark-brown to

black, located mostly on midvein and margin....................

....................................................................  subsect. Hybrlda

2. Stipe very short (2 .5  cm) or nearly lacking; blade scales 

orange-yellow, yellow-brown to reddish-brown, d is tr ib u ted  

unlform lly  over the blade surfaces, midvein and margin. 

  subsect. Apoda

Subsect. Apoda Mlckel & Atehortua

Rhizome short- to long-creeping; rhizome scales 0 .5 -40  mm x

0 . 1 - 1 . 0  mm, l in ea r- la n ce o la te  to tr ia n g u la r - la n c e o la te ,  baslflxed  

to  cordate at the base, acuminate to 1 ong-cusp1 date at the apex, 

concolorous to blcolorous, orange-yellow, reddish-orange, to 

yellow-brown; phyllopodlum consplcous, dark brown; aerophores 

b i la te ra l  to the phyllopodlum l ik e  long s tr ip s ;  fronds crowded at
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the t ip  of the rhizome, erect or ascending, 2 - 1 1 2  cm long; stipe  

short (up 2.5 cm) to  nearly lacking, densely scaly and mixed with  

minute cap ita te ,  glandular hairs (lacking only 1 n one species); 

blade 2 - 1 1 0  x 0 . 6 - 1 0  cm, 1 1 near-lanceolate to oblanceolate, base 

cuneate to long-decurrent, apex rounded, acute to long-caudate, 

papyraceous to subcorlaceous; veins free once or twice forked, 

running at 45*-70* angle to midvein; hydathodes lacking; midvein 

prominent on the abaxlal side; blade scales especially  persistent  

on midvein and margin; both surfaces of the trophophylls and the 

upper surface of the sporophylls covered with subulate deciduous 

scales and capita te  glandular hairs; f e r t i l e  frond shorter than 

the s t e r i l e ,  s im ila r  In size and shape to the s t e r i le ;  scales 

lacking among the sporangia; spores 1 9 .3 -3 3 .3 /im 1n length, with  

narrow, short, smooth to splculate ridges surrounding a central 

area covered by f in e  perforations.

Epiphyte of trop ica l rain and cloud forests at 20-2400 m eleva 

t lo n .

TYPE SPECIES: Elaphoglossum apodum (K a u l f . ) Schott ex J. Smith

OTHER SPECIES INCLUDED: Elaphoglossum amazonlcum Atehortfla,

E. aurlpllum C h r is t ,  E. backhouslanum Moore, E. cubense (Mett. ex 

Kuhn) C. C h r., E. latum (Mlckel) Atehortfla, E. procurrens (Mett. 

ex D. C. E at .)  Moore, and E. raywaense (Jenm.) Alston.
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Key t o  th e  s p e c ie s  o f

s u b s e c t .  Apoda

1. Rhizome long-creeping and slender, to 4 mm In diameter 

Including the scaly cover. Eastern Cuba and H a i t i . . .

.................................................................................  E. procurrens

1. Rhizome short-creeping and stou t, 5-45 mm 1n diameter 

Including the scaly cover.

2. Marginal blade scales basally seml-urceolate or abruptly

and conspicuously expanded at the bass, with a lac 1 n1 ate

margin, dark brown to black; stipe  short, 3 .5 -4 .5  cm 

long; blade base rounded-truncate. Western Colombia and

central Panama............................  E. backhouslanum

2. Marginal blade scales s l ig h t ly  f la red  at the ba.se with

shallowly toothed or subentire margin, yellow-orange 

to  brown; s tipe  short to long, 1 .2 -1 4 .5  cm. long; 

blade base long-attenuate-cuneate to s l ig h t ly  rounded.

3. S te r i le  blade base gradually long-attenuate , varying 

to  wide attenuate-cuneate to nearly rounded; stipe  

usually excerted from basal scale cover, 1 .2 -14 .5  

cm long.
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4. Blade spatulate to oblanceolate, apex obtuse or 

acute to s l ig h t ly  acuminate, base gradually a t te ­

nuate; scales of midvein and stipe scattered,

l ig h t  reddish-brown. Cuba and Jamaica......................

............................................................ E. cubense

4. Blade oblong-lanceolate, apex acuminate, base 

attenuate-cuneate to somewhat rounded; scales of 

the midvein and stipe  abundant, reddish-orange to

yellow-orange. Costa R1ca and western Panama.........

  E. aurlpllum

3. S te r i le  blade base long-decurrent; s tipe short and

often burled In the basal scale cover, 0 .5 -10  cm 

long.

5. Rhizome scales conspicuously flexuous; s te r i le  

blade 45-95 x 7 .7 -9 .5  cm; apex acuminate to 

abruptly cuspidate; spores ridges narrow, short 

spiny and surrounding an area with f in e  spines. 

Northern B o l iv ia ,  eastern Peru and south-western 

B r a z i l ................................................  E. amazonlcum
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5. Rhizome scales s l ig h t ly  sinuous; s te r i le  blade 

12-56 x 1 .7 -6 .0  cm; apex acuminate to long-caudate 

spore ridges narrow, smooth, surrounding a per­

forated area.

6 . Apical rhizome scales 3-8 x 0 .2  mm 11 near- 

lanceolate, with very I r re g u la r ly  toothed 

margin, yellow-brown to ferruglneous, 

d is t in c t ly  darker toward the t ip  (b lco lo ro u s); 

blade 18-56 x 2 .2 -6 .0  cm; apex long-caudate.

Venezuela, Gulanas, B ra z i l ,  Ecuador..................

.....................................................  E. raywaense

6 . Apical rhizome scales 5-28 x 1 .0 -1 .5  mm, 

l in e a r  to narrowly t r ia n g u la r ,  undulate 

with ir re g u la r  teeth or rare ly  e n t i re ,  

orange to brown (concolorous); blade 25-48 x 

4 .5 -5 .7  cm; apex acuminate to long cuspidate. 

West Indies and Nicaragua.

7. S te r i le  frond llnear-ob lanceo la te , 10-33.5 x

2 .5 -3 .6  cm, base cuneate, apex acuminate; 

rhizome scales 0 .5 -1 .4  cm long, l in e a r - la n ­

ceolate to narrowly t r ia n g u la r ,  yellow to 

l ig h t  brown with conspicuous dentate margin;
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basal p e t lo la r  scales acuminate at the apex. 

Mainly 1n West Ind ies   E. apodum

7. S te r i le  frond broadly oblanceolate, 25-48 x

4 .5 -5 .7  cm, base cuneate to rounded, apex 

long-acuminate to cusp1 d ate ;rh 1 zome scales 

0 . 8 - 2 . 8  cm long, 1 1  near-lanceo late , orange 

to reddish-brown, with s l ig h t ly  dentate 

margin; basal p e t lo la r  scales with an 

abruptly broad apex. Central America, 

Hispaniola and northern South America. 

  E. latum
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1. E lap h og lossu m  amazonlcum A t e h o r t f l a ,  sp. nov.

F i g .  2 3 .  F1g. 2 4 .

Ab a ff in lbus  rhizomate crasso, rhlzomatls palels flexuosls ,  

laminls s te r iH b u s  la t io r ib u s  aplce cuspidatls , sporisque spinulo  

sis d i f f e r t .

Plants tu f te d ;  rhizome short-creeping to e rec t,  f ibrous,

2 .0 -3 .2  cm 1n diameter Including the scaly cover; scales 15 x 

0 .5  mm, 11near-lanceolate, fulvous, concolorous, c r lspate  to very 

flexuous toward the t i p ,  lustrous; phyllopodlum conspicuous, 1.5  

cm long, dark brown; aerophores b i la te ra l  to the phyllopodlum 

l i k e  a long s tr ip  and v is ib le  even 1 n dry specimens but t o t a l ly  

covered with dense mass of scales; fronds crowded at the t ip  of 

the rhizome, erect or ascending, 45-95 x 7 .5 -1 0 .0  cm; s tipe  of 

the s t e r i le  frond 2 - 1 0  cm long, conspicuously winged, f ibrous,  

s to u t,  te re te  but abax la lly  deeply can a licu la te ,  0 .4  mm 1n 

diameter, densely scaly; scales subulate, 0 . 8  mm long, fulvous, to 

brown-ferruglneous toward the midvein, also with minute short, 

resinous, cap ita te  glandular hairs on the stipe and midvein; 

blade oblanceolate, at base long-decurrent, apex acuminate to 

abruptly long-cuspidate, membrano-chartaceous to subcorlaceous; 

veins f re e ,  once or twice forked, 1-2 mm a p a r t , running at 45* 

angle to midvein; hydathodes lacking; midvein prominent on the
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abaxlal side and densely scaly; blade lacking scales (a t  least 1 n 

dry specimens) except on the midvein and margin, but lamina den­

sely covered with appressed, yellow, branched, glandular ha irs ,  

which are usually oriented toward the margin; margin hyaline ,  

densely covered with 2-3 rows of f in e ,  orange to yellow , subulate 

scales s im ila r  In s ize and shape to those that cover the midvein, 

and mixed with e rec t,  c a p ita te ,  glandular hairs; f e r t i l e  frond 

shorter than the s te r i le  but with a longer s tipe  (3 .0 -8 .5  cm 

long), blade 25-50 x 2 .3 -4 .0  cm, narrowly lanceolate , apex acumi­

nate, base gradually narrowed and becoming winged proximally, 

with Inconspicuous s te r i le  margin and also basally s t e r i le  along 

the midvein; scales lacking among the sporangia; spores 2 5 .4 -3 1 .5 yum 

1 n length with narrow, short, sp lculate ridges.

Epiphyte of trop ical rain forests at 792-1200 m e levation .

TYPE: PERU. Opto. San Martfn . Zepelaclo, near Moyobamba, 

1100-1200 m, Oct-Nov. 1933, G. Klug 3330 (H0L0TYPE: US; IS0TYPES:

BM, HO, NY).

DISTRIBUTION. Central and western South America.

OTHER SPECIMENS EXAMINED: BOLIVIA. San JosS, R.S. Williams 

1027 (NY, US); BRAZIL. Mato Grosso. Mun1c1p1o A lto  Araguala, R1b. 

Claro, Hatschbach 36206 (NY, UC); PERU. Dpto. Junfn. Province
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de Jauja: Satlpo, Monte A lto  margen del rTo, Rlodoutt 11562 (US); 

prope Tarapoto, 1n monte Campana, Peruvla o r le n ta l ls ,  Spruce 

4639 (BM); Cochagoc, BUes 1737 (US).

This species 1s very closely re lated to E. raywaense and E. 

latum but d if fe rs  In flexuous rhizome scales, large s ize ,  the 

cuspidate apex of the blade, the stout and fibrous s t ip e , and 

f in e ly  splned spores.

Underwood annotated specimens of th is  plant ( R.S. Williams 

1027) as a new species of Elaphoglossum, using the epithet  

williams 11 but did not publish the name. There Is already an 

Elaphoglossum w1111ams11 Vareschl In sect. Elaphoglossum sub- 

sect. Pachyglossa.
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F i g .  2 3 .  H a b i t  o f  E. amazonlcum.
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Figu'e 23 

Elaphoglossum amazonlcum

146



F1g. 24. Geographical d is tr ib u t io n  of E. amazonlcum and

E. raywaense. Map. No. 1.
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figure 24



2. Elaphoglossum apodum (K a u lf . )  Schott ex Smith, J . Bot. (Hooker) 

4:148. 1841. F1g. 25. Fig. 26.

Baslonym: Acrostichum apodum K a u lf . ,  Enum. F11. 59. 1824.

Syn: O lfe rs ia  apoda Pres l,  Tent. P te r ld .  233. 1836.

Acrostichum platyneuron F£e, MSm. Fam. Foug. 2: 43.

t . 4 ,  f . l .  1845.

Elaphoglossum platyneuron (FSe) Moore, Ind. F I1. 1857.

Plants tu f te d ;  rhizome short-creeping, ca. 1 .5 -2 .5  cm 1n 

diameter Including dense scale cover; scales golden-yellow to 

s l ig h t ly  reddish-brown, 0 .5 -2 . 8  x 0 .3 -1 .5  mm at the base, l in ea r  

or narrowly t r ia n g u la r ,  tapering from the base to an acuminate 

apex, b a s lf lxed , the margin with i r re g u la r ly  spaced teeth;  

phyllopodlum weakly defined, to 1 cm long; fronds clumped, erect 

or ascending, to 33.5 x 3.6  cm; s tipe  nearly lacking to 2 cm 

long, commonly very narrowly winged, covered with t in y  glandular 

hairs and spreading, reddish-brown, subulate scales 0 .7 -6  mm 

long; blade linear-ob lanceolate  to broadly oblanceolate, base 

cuneate, gradually tapering to the s tipe; apex acuminate to 

cuspidate, papyraceous to s l ig h t ly  coriaceous or subcorlaceous; 

veins fre e ,  undivided or once forked, ca. 1 mm apart ,  running
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60*-70* angle to midvein; hydathodes lacking; blade scales subu­

la t e ,  orange-yellow to brown, espec ia lly  concentrated on the mid­

vein and margin, scales very sparse on both surfaces, blade also 

with minute, c ap ita te ,  glandular hairs which are mainly con­

centrated 1 n the abaxlal part on and near the midvein f e r t i l e  

fronds much smaller than the s t e r i le ;  s tipe to 2.3  x cm long; 

blade to 14 x 1.3 cm, l in e a r  or ra re ly  l in ea r- la n ce o la te  to 

oblanceolate, acute at the apex, long-attenuate at the base; 

s te r i le  margin about 2  mm wide and also s te r i le  portion 1 n the 

lower part of the midvein; scales lacking among the sporangia; 

spores 2 2 .7 -2 8 .0 jxm 1n length with smooth or rugose ridges' 

surrounding a central area covered by f in e  perforations.

On tree trunks or ep lp e tr lc  on wet rocks In trop ica l rain  

fo rest at 20-1300 m e levation .

TYPE: Insula Monserrat, Vahl. s .n . (Ryan Herb.) (H0L0TYPE: C).

DISTRIBUTION: West Ind ies , Nicaragua.

OTHER SPECIMENS EXAMINED: BRITISH WEST INDIES. Grenada:

Parish St. Andrew, east spur of Mt. St. Catherine, Proctor' 17232 

(US), Sherring 357 (BM, NY, US); Sherring 130 (BM). St. K i t ts :  N.E. 

slope of Mt. Misery, Box 278 (BM, US). St.Lucia: Roseau M lle tte

Relge, "Mol un Fo1s" d is t r ic t  West of Morne G1m1e, Proctor 17759 

(US). St. V icent. Smith & Godman 380 (B, BM); Forest of WalHlabo
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Valley Smith & Smith 1137 (BM). A n t i l le s :  Montagnu Pela, Husnot 

1868, (P). Guadaloupe: Viena hab ita t i ts -B o is  de l 'h ab . La 

G riv e l ie re ,  Pere Puss 4321 (NY), Guilding s.n (BM, NY). 

Martinique: Garnier 290 (BM); Pere Puss 1621 (B); la Cale basse 

du Camp Colson, Pere Puss 4577 (F, MO, NY, US). Dominica:

NicholIs 193 (B). DOMINICAN REPUBLIC. Prov. Monte Cr1st1:

C entra l, La Cumbre, Los Guananitos, Ekman 11562 (B, NY, US); 

Laguna de Cenobl, Ekman 12857 (NY); 1n Montis de Isabel de la 

Torre, Eggers 2745 (B); Saman5 Peninsula, v ic in i ty  of Laguna, 

c h ie f ly  on the Pi 16n de Azucar, Abbott 276 (US). Province de 

Santiago: D is t .  of San Jos€ de las Matas, arroyo Juan Fino 

JicomS, Valeur 657 (BM, F, US). HAITI. Road from Camp No. 1 to 

La Barrlere  Couchant, Nash & Taylor 1067 (NY); R1v1§re Glace, 

Holdridge 2199 (NY, US). Massif du Nord, St. Louis du Nord ridge 

between Morne Chavary and Haut P ilo n , Ekman 4729 (B, BM, F, MO, 

NY, US); Morne Brigand, Ekman 2987 (B). CUBA. Cuba orien ta l 1, 

prope Viliam Monte Verde dictam, Wright 967 (B, BM, MO, P);

S ierra Nipe, in the manacales at RTo P i lo to ,  Ekman 2102 (B, NY); 

South of Lumber, Crest of S ierra  N1pe, Morton & Acufla, 3194 

(NY, UC, US); Shafer 3714 (NY, US); S ierra Maestra on the divlson 

between RTo Yara and RTo Palmocha, Ekman 14416 (B); Sta. Ana, 

Maxon 4173 (NY, US); Summit of Gran Piedra, Maxon 4071 (US).
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Yateras: Monte Verde, Maxon 4335 (BM, NY, US); Pinal de Sta.

Ana, Eggers 4997 (B). Prov. Santiago: El Yunke, Mt. Baracoa, 

Undewrwood A Earle 924 (NY, US); near Baracoa, Pollard A Palmer 

152 (F, MO, NY, P, US); Loma de Gato and v ic in i ty  Sierra Maestra, 

Bro. Hi pram & Bro. ClSment 6353 (US); Fre. Leo et a l .  10524 (NY); 

El Cobre, Fre. ClSment 944 (BM, NY). GuantSnamo: La Prenda, Bro. 

Hlorain & Maurel 4710 (P, US). JAMAICA. Portland Parish: Base 

Camp, Morley & WMteford 548 (BM), 921 (US); Valley of T rafa lgar  

r iv e r ,  Maxon & K i l l  Ip 818 (F, NY, US); East of John Crow Mts, 

Proctor 25660 (F ) ;  spur of John Crow Mts. opposite H111 Bank, 

Maxon 9379 (NY, US). St. E lizabeth: Cook Bottom, north of 

Ipswich, Maxon & K11lip 1453 (B, F, NY, US); v ic in i ty  of 

Hollymount, Mount Dlabolo, Maxon 1914, 2248 (both US). St.Thomas: 

Cuna Cuna t r a i l  above Mattls R iver, Maxon & K i l l  ip 171 (F ) ,

Maxon 1740 (US), Fredholm 3218 (US); upper southern slopes of 

Gossamar Peak, Maxon 10545 (US); Immediate v ic in i ty  of Corn Puss 

Gap, Anderson & Steal berg 3139 (US); Wilson & Murray 553 (US); 

above House H i l l ,  Maxon 8834 (NY, US), 9138 (US); t r a i l  between 

House H i l l  and Cuna Cuna gap, Maxon 8930 (NY, US); Underwood 2698 

(NY). St. Andrew: Mount Janes, Maxon 8520 (NY, US); Mansfield  

near Bath, Maxon 2395 (NY, US), Maxon 1827 (US); Second Breakfast 

Spring, near Tweedslde, Maxon 882 (P, US), Underwood 1589 (NY,
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US), 2027, 2067 (both NY); Harris  7432 (B, BM, NY, US). St. Mary 

Parish: south of Longroad, Proctor 5457 (MO); Cockpit county: 

north of Quick Step, above Aberdeen, Proctor 4125 (US). Kingston 

and v ic in i t y ,  1884-1885 , Balch s .n . (NY); 1866, Puerdel s .n . 

(BM); 1874-1879 Jenman s .n . (NY, UC); 1855, Whaston s .n . (B). 

Gordon Town, Hart s .n . (US); 1896, Hart 117 (B); Walker HS 38 

(BM). PUERTO RICO. Prov. Marlcao: Slntenls 523 (B); Chase 6313 

(US); Hess 355 (B, NY); B ritto n  2668 (NY); Sierra Luqulllo  and 

Monte Jlmlnez, Sintenis 1338 (B, BM, PR, P ); Wilson 253 (NY, US), 

321 (B, NY); Hess 216 (US); S.W. side of Loma Francesa to f a l ls  

of RTo P r ie to ,  Shafer 3222 (NY). Prope Areclbo: Sintenis 6443b 

(B); Prope Adjuntas: Monte Galsa, Sintenis 4277 (B); Monte 

T o r r e s l l la ,  Bro. Hioram 257 (US).

CENTRAL AMERICA. NICARAGUA. Sangsangta D is t . ,  Schramm 29 (US).

SOUTH AMERICA. COLOMBIA. Dpto. Guajlra: Serranfa de la Macuira, 

Palua, Bernal A Sudgen 62 (COL).

In general appareance th is  1s s im ila r  to E. raywaense, E. 

cubense, and E. aurip llum . I t  d i f fe rs  from them in I ts  very 

d is t in c t iv e  rhizome scales, which are s l ig h t ly  wavy and 

i r re g u la r ly  dentate, and 1 n I t s  short s t ip e , which is almost

lacking and burled among the rhizome scales. I t  could be eas ily

confused with E. raywaense, which is I ts  closest r e la t iv e ,  but 

i t s  rhizome scales and spore ornamentation are very d is t in t iv e .
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F ig .  2 5 .  H a b i t  o f  E. apodum.
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Figure 25 

Elaphoglossum apodum



F1g. 26. Geographical d is tr ib u t io n  of E. apodum and E. latum. 

Map. No. 2.
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• E.apodum 

O E. latum

F ig u r e  2 6



3 . E laphog lossum  a u r i p i l u m  C h r i s t ,  B u l l .  H e rb .  B o1ss1er I I .  5 :  8 .

1905. F1g. 27. Fig. 28.

Plants tu f te d ;  rhizome oblique, short-creeping, 1 .5 -4 .5  cm 

1n diameter Including the scale cover; scales l in e a r - la n c e o la te ,  

reddish-orange to orange-brown, to 1.3 cm long; phyllopodlum 1 cm 

long covered by dense mass of scales; aerophores v is ib le  and 

b i la te ra l  on the phyllopodlum; fronds clumped, 6.5-112 x 1.5-7  

cm; stipe 1.5-15 cm long, stramineous, te re te ;  s tipe  scales 

reddish-orange to reddish-brown, subulate, densely to widely 

spreading on the stipe and midvein, to 0 .5 -0 .7  cm long, also with  

dense, e rec t ,  branched cap ita te  glandular hairs on the stipe and 

midvein; blade oblanceolate to 11 near- lanceo la te , base rounded, 

attenuate-cuneate, apex long-acuminate; veins fre e ,  once or 

twice furcate , ca. 1 mm apart ,  at 45*-60* angle to the midvein; 

hydathodes lacking; midvein with subulate orange scales which are 

basally broad and mixed with many cap ita te  glandular hairs; blade 

scales golden-yellow, f in e ,  1 mm long, spreading on both surfaces 

but more densely concentrated on the abaxlal surface, also with  

conspicuous, simple or branched, cap ita te  glandular hairs; margin 

with dense orange to yellow subulate scales; f e r t i l e  frond 

shorter than the s t e r i l e ,  narrower, lanceolate to 11 near-lanceolate  

with a noticeable s t e r i le  margin, 7-15 cm long, 1 .2 -2 .6  cm broad;
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stipe longer than the s t e r i l e ,  5-18 cm long; scales lacking on 

abaxial surface; spores 21 .0 -31 .5  in length with broad and 

smooth ridges and conspicuous f in e  perforations on the central 

surface.

On tre e  trunks in montane rain forest or evergreen cloud 

fo re s t ,  common in eastern and central Costa R1ca at 1000-2400 m 

e levation .

Key to the v a r ie t ie s  of E. auripilum

1. S te r i le  frond oblanceolate, 6 .5 -70  x 1 .5-7  cm; s tipe  sparsely

scaly; scales 0.5  cm long, orange-brown................................................

  3a. E. auripilum var. auripilum

1. S te r i le  frond l in ea r- la n ce o la te  to lanceolate , 25-112 x 2-6 cm; 

stipe densely scaly; scales 0.7 cm long, orange to reddish- 

orange.................................  3b. E. auripilum var. l ongipilosum

3a. Elaphoglossum auripilum Christ var. auripilum

Rhizome clothed with lanceolate , e n t i r e ,  reddish-orange, 

lustrous scales up to 2.5  cm long; frond clumped, 6 .5 -70  x 1.5-7  

cm; stipe 15 cm long, stramineous, with reddish-orange to reddish- 

brown subulate scales up to 0 .5  mm long; blade oblanceolate, base
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attenuate to s l ig h t ly  rounded, apex acuminate; veins evident,  

running at 60° angle to midvein; f e r t i l e  fronds considerably  

shorter than the s t e r i l e ,  but longer-stlped and somewhat 

narrower, lanceolate with a noticeable but narrow, s t e r i l e ,  car­

ti lag inou s  margin; scales lacking on abaxlal surface and scat­

tered on the adaxlal side; spores 21.0 -31 .5  jim 1n length with 

broad, smooth ridges and conspicuous f ine  perforations on the 

central « rface.

Epiphyte of cloud forests at 1000-2400 m e levation .

TYPE: Costa R1ca. In 1903. Werckle s .n . (H0L0TYPE: P !; 

IS0TYPE: P ! ) .

DISTRIBUTION. Costa R1ca and western Panama.

OTHER SPECIMENS EXAMINED: COSTA RICA. Prov. Cartago: Sta. 

Clara de Cartago, Maxon A Harvey 8184 (US); Carp1nter1a, Brade 

276 (NY); S of Cartago, highest C arp in te r la ,  Stork 1370 (MICH, 

UC); Standley 35571 (US); El MuReco, on the RTo Navarro,

Standley 51767 (US); v ic in i ty  of Orosi, Standley 39876 (US). 

Prov. Heredia: Vara Blanca, between PoSs and Barba volcanos, 

Maxon A Harvey 8348 (US); from Vara Blanca (between PoSs and 

Barba volcanos) to  La Concordia, Harvey 8443 (US); v ic in i ty  of 

Collblanco, Maxon 275 (NY) between PoSs and Barba volcanos, 

Scamman 7161 (GH); Finca La Selva, pendiente north del VolcSn 

Barba, Jimenez 7900 (NY); Cerro de las Car1c1as, north of San
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Is id ro , Standley & Valerio  52258 (US); Prov. Puntarenas: Monte 

Verde, Seldenschnur 13 (NY). San Josfi: v ic in i ty  of La Palma, on 

road to La Hondura, Maxon & Harvey 8184 (US); Maxon 402 (NY, US); 

Scamman 7700 (US); La Palma, Standley 38187 (US); Valerio A92 

(US); ca 1.5 km west of El A lto  de la Palma, toward Cerro ZurquT, 

Klmnach 59.042.1 (US); ca. 10 km N of San Rafael de Heredia on 

VolcSn Barba, Mlckel 2657 (NY). PANAMA. Prov. C hrlr lqu f: 10 miles 

above El Boquete, K i l l  Ip 5298 (US); along RTo Caldera, 1 to 2 

miles above El Boquete, k i l l  Ip 5014, 5030 (both US); 10 miles 

above El Boquete, K1111p 5262, 5277 (both US); upper Caldera, 

western above El Boquete, K1111p 5369 (US); between A lto  de las 

Palmas and top of Cerro de la Horqueta, Maxon 5512, 5522 (both 

US); El Boquete, Maxon 5035, 5036, 5239 (a l l  US).

This varie ty  1s well distinguished by the short but very 

conspicuous orange scales that cover the rhizome as well as the 

p e tio le  and blade. An Important f i e ld  character 1s the viscosity  

of I ts  abundant glandular ha irs .

3b. Elaphoglossum auripilum Christ var. longlpllosum Atehortua,

var. nov.

A. var. auripilum fronde s t e r i le  l ln e a r l - la n c e o la to  25-112 x 

2-6 cm (nec oblanceolato 6 .5 -70  x 1.5-7 cm), s t lp l te  dense (nec
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d is s i te )  squamoso, squamlsque 7 mm longis aurantlacls vel rubro- 

aurantlacls (nec 5 mm longls bruneo-aurantlacis) diversum.

Rhi2 ome short-creeping clothed with lanceolate, e n t i re ,  

reddish-orange, lustrous scales up 1 mm long; frond* clumped

2.5-112 x 2-6 cm; stipe 3-15 cm long, clothed with reddish- 

orange subulate scales up to 0 .5  mm long which run throughout the 

midvein; blade l in ea r- la n ce o la te ;  apex acuminate, base rounded to 

s l ig h t ly  attenuate; veins evident, running at 60* angle to 

midveln; f e r t i l e  fronds considerably shorter than the s t e r i l e ,  

longer-stlped, somewhat narrower, lanceolate to l in ea r- lan ceo la te  

with a noticeable but narrow s te r i le  cartilag inous margin; scales 

lacking on abaxial surface and scattered on the adaxlal side; 

spores 22 .7 -29 .5  fim in length with broad, smooth ridges and 

conspicuous, f in e  perforations on the central surface.

Epiphyte of cloud forests at 1000-1800 m e levation .

TYPE: COSTA RICA. Prov. Puntarenas: Bob Wilson's finca near 

San V ito ,  1000-1400 m e leva t io n , 22 Aug 1965, Croat 863 (H0L0TYPE: 

M0; IS0TYPE: M0).

DISTRIBUTION. Costa Rica.

Other specimens examined: COSTA RICA. Prov. Cartago:
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Pejlbaye, Lankester 829 (US); OrosT, F1nca del Dr. Valverde,

Brade 16813 (P ). Puntarenas: San V ito : 5 km S of San V ito  de

Java, v ic in i ty  of OTS sta tion  at Finca Wilson, Lloyd 4226, 4227, 

4242 (a l l  NY); Seidenschnur 132. 135, 150, 161, 185. 200 (a l l  

NY); Raven 21966 (F, MO); Mickel 3098 (NY).

This varie ty  can be distinguished from E. auripilum var. a u r i - 

pi 1 urn by I ts  larger s ize ,  longer lustrous, reddish-orange, subu­

la te  scales which densely cover the stipe and mldvein, and 

conspicuous, la rg e , branched, cap ita te  glandular ha irs . This 1s a 

morphological varie ty  rather than a geographical or ecological 

vari ety.
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Habit





Fig. 28. Geographical d is tr ib u t io n  of E. aurlpllum var.  

aurlp llum , E. aurlpllum var. longfpHosum, E. cubense, and 

E. backhouslanum. Maps. 3-4.
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4 .  E laphog lossum  backhouslanum  M o o re ,  G a rd .  C hron . n . s .  17 :  6 7 2 ,  f .

103-105. 1882. F1g. 28. F1g. 29.

Plants tu fted ; rhizome stout, decumbent, short-creeping, 

densely scaly, 1 -4 .5  cm 1n diameter Including the scale cover; 

rhizome scales golden-yellow, lustrous, l in e a r - la n c e o la te ,  to 3 

cm long, e n t ire ;  phyllopodlum very short (0 .5 -0 .8  cm long) and 

unconsplcuous, covered by dense mass of scales; aerophores b i la ­

te ra l  to the phyllopodlum l ik e  long s tr ipes ; fronds clumped,

34-70 x 5 .5 -1 0 .0  cm; stipe  short, woody, s tou t, brown and densely 

scaly, to 4 mm diameter, 3 .5 -4 .5  cm long; scales of the stipe  

yellow-brown to dark brown toward the midvein, th in ,  subulate 

lanceolate with abruptly and conspicuously expanded base and 

la c ln la te  margin, to 5 mm long and highly concentrated on the 

abaxlal base; blade smooth, subcorlaceous to coriaceous, oblong- 

lanceolate, apex acute, base rounded, the costa prominent, which 

1s rounded on the abaxlal side and densely scaly; subulate scales 

abruptly broad at the base with a la c ln la te  margin, reddish-brown 

to  dark brown, mixed with minute, brown branched glandular hairs;  

margin decorated with black to dark brown subulate scales s im ila r  

In size and shape to those of the midvein; veins f re e ,  once or 

twice forked, 1.5 mm apart, running at 70, -80* angle to midvein; 

hydathodes lacking; blade scales lacking except on the midvein and
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margin; f e r t i l e  frond much smaller than the s t e r i l e ,  narrowly 

1Inear-ob lanceolate , attenuate both at the apex and decurrent 

base, adax la lly  th ic k ly  sprinkled with deciduous dark subulate 

scales; stipe twice as long as that of the s te r i le  frond, to 5 cm 

long, scales of the stipe and costa very dark brown; scales 

lacking among the sporangia; spores 24.5 -33 .3  urn with smooth 

narrow ridges which surround ir re g u la r  areoles.

On tree  trunks in wet trop ical forest at 150-1500 m e levation .

TYPE: MEXICO (? ) .  Introduced with orchids by Backhouse and 

Son (HOLOTYPE: K !).

DISTRIBUTION. Panama and western Colombia.

OTHER SPECIMENS EXAMINED: SOUTH AMERICA. COLOMBIA, Opto.

ChocS: slopes and ridges of Loma del C uchlllo , 15 km SW of 

CMgorodo, Lei Unger & de la Sota 6490 (COL, US); CENTRAL 

AMERICA. PANAMA. San Bias: El L lano-Carti road, 13 km from El 

Llano at the junction with the Pan-American hwy., Skog A Folsom 

4163 (MO). Prov. Colon: Sta. R1ta ridge at end of road from trans 

isthmian hwy., ca. 10 miles from hwy., Porter et a l . 4791, 4828 

(both MO); Sytsma 1356 (MO). Prov. PanamS: El Llano to CartT 

road, 13.7 km N of Panamerican highway, Folsom 3576 (MO); Cerro 

J efe , 10 miles S. of Goofy lake 1n Cerro Azul, Correa 187 (MO); 

Correa A Dressier 192 (MO, US); Camino del L lan o -C art i ,  entre los
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14-25 km de la carretera  a Chepo, Correa et a l .  1886 (US); 14 km 

above Pan-American hwy., on road from El Llano to C artf-Tup1le ,  

Kennedy 2497 (NY).

This species can be distinguished by the large size and 

coriaceous texture  of the fronds and epec la lly  by the costal and 

marginal scales which are basally seml-urceolate or abruptly and 

conspicuously expanded at the base, with a very d is t in c t iv e  l a c l ­

n la te  margin.

Although the type specimen 1s said to come from Mexico, most 

l i k e ly  1t originated 1n Panama, or perhaps 1t was Introduced to 

Mexico and then taken to Kew Garden by Messrs. J. Backhouse A 

Son. All the collections examined are from Panama and Colombia 

and match the orig ina l descrip tion , I l lu s t r a t io n s  made by Moore, 

and the type co llec tion  at B r i t is h  Museum.
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F1g. 2 9 .  H a b i t  o f  E. backhous ianum .
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Figure 29  

Elaphoglossum backhousianum
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5 .  E laphog lossum  cubense ( M e t t .  ex  Kuhn) C. C h r . , In d .  F11 . 3 0 5 .

1905. F1g. 28. F1g. 30.

Baslonym: Acrostlchum cubense Mett. ex Kuhn, Unnaea 36: 46.

1869.

Plants tu fted ; rhizome short-creeping, 0 .5 -1 .5  cm 1n 

diameter, Including the scale cover; scales l ig h t  brown or golden- 

brown to yellow , 2-6 x 0 .4 -0 .8  mm at the base, broadly l in ea r  to 

broadly t r ia n g u la r ,  apex acuminate, base p e lta te  or bas lflxed ,  

s l ig h t ly  wavy, margin with spaced teeth ; phyllopodlum weakly 

defined, to 0.5  cm long; fronds clumped, erect or ascending, 

4 .8 -16 .7  x 1 .6 -4 .7  cm; stipe 1 .2 -6  cm long, sometimes very 

narrowly winged, covered by t in y  glandular hairs and f in e ,  

spreading, subulate scales; scales l ig h t  to reddish-brown,

1 .3 -5 .2  mm long; blade spatulate to oblanceolate, apex acute, 

obtuse to s l ig h t ly  acuminate, at base gradually attenuate, 

papyraceous, covered with t iny  capita te  glandular hairs and subu­

la te  scales on e ith e r  surface, scales often abraded from the sur­

faces and persistent only on the margin and midvein; veins f re e ,  

once or twice forked, ca. 1 mm apart; hydathodes present only 1n 

ju ven ile  stages; f e r t i l e  fronds smaller than the s te r i le ;  s tipe  

of the f e r t i l e  frond longer than that of the s t e r i l e ,  1 .3 -6 .5  cm 

long; f e r t i l e  blade 1 .6 -6 .7  x 0 .6 -1 .7  cm, oblanceolate or sometl-
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mes lin e a r- la n ce o la te ,  apex acute, base long-attenuate; scales 

lacking among the sporangia; spores 19.2-29.7yum 1n length, with 

f in e ,  very smooth ridges and d iscrete f in e  perforations on the 

surface.

On tree  trunks or on rocks and mossy earth banks In wet 

forest at the upper to middle elevation of 350-1500 m.

TYPE: CUBA. In Cuba o r1en ta i ls ,  Wright 1040 (HOLOTYPE: B !; 

ISOTYPES: BM!, GH!, US!)

DISTRIBUTION. Cuba and Jamaica.

OTHER SPECIMENS EXAMINED: WEST INDIES. CUBA. Prov.

Santiago de Cuba: Roche du Chemln du Somme 1, C l i e n t  711 (P);

Loma de San Juan, El Cobre, ClSment 731 (US); El Cobre, Sierra  

Maestra, ClSment 948 (BM, P, US); Loma de Gato, Sierra Maestra, 

Clgment 1247 (BM, US); Loma de Gato and v ic in i ty  El Cobre, range 

of Sierra Maestra, Le6n et a l .  9841 (NY,US); Loma de San Juan, 

Hloram 7016 (US); Orlente: along RTo Peladero below aserradero 

San Antonio de las Cumbres, crest of S ierra Maestra, Morton 9507 

(US); Sierra Maestra, region Bayamesa, Morton 9577 (US); Sierra  

Maestra, flnca La Reunion south of Hongolo-Longo, Ekman 7024 (NY, 

US); Pico Turqulno, Acufla 9965 (US). Prov. Sta. Clara: Buenos

Aires, Trinidad h i l l s ,  Jack 8058 (NY); Pinal de Sta. Ana, Eggers 

4997 (B). JAMAICA. Vinegar H i l l ,  Watt 3 (P); Pleasant H i l l  road, 

Watt 11 (P); Maxon 1526 (US); Maxon 2782 (NY, US); From Morce's
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Gap to Vinegar H111, Maxon & K i l l  ip 313 (B, BM, F ); Maxon &

K i lH p  1313 (F, NY, US); Underwood 1358 (NY, US); 1526 (US);

2599 (NY); 3259 (NY, US); Hart 168, 2261 (both US); Johnson s.n. 

(US); Harris 7444 (B, BM, F, NY). Portland Parish: Blue

Mountains, near Vinegar H111, Perkins 1042 (B); without lo c a l i ty ,  

Jenman s .n . (NY), Sherring s.n (US).

This species is s im ila r  in appearance to E. apodum and E. 

auripilum but d if fe rs  from them in the peculiar type of rhizome 

scales, which are broader and have a d if fe re n t  type of c e l ls ,

In the short but d is t in c t iv e  rhizome, and the almost obtuse blade 

apex.
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F1g. 3 0 .  H a b i t  o f  E. c u b e n s e .
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Figure 30 
Btpho^oMum oubfntt



6 . Elaphoglossum latum (Mlckel) Atehortua, status nov.

F1g. 26. F1g. 31.

Baslonym: Elaphoglossum apodum (K a u lf . )  Schott ex Smith var. 

latum M ickel, Amer. Fern J. 69: 100. 1979.

Plants tu f te d ;  rhizome short creeping, up to 6 mm diame­

t e r  Including the scale cover; rhizome scales orange-reddish 

brown, e n t i r e ,  2 .5  cm long; phyllopodlum short ( 0 .5 -1 .0  cm); 

fronds clumped, 25-48 x 4 .5 -5 .7  cm; s tipe  nearly lacking, to 1 cm 

long, s tout, clothed with orange, spreading subulate scales, and 

minute glandular hairs; blade oblanceolate, papyraceous to 

coriaceous, base cuneate, narrowing very gradually to somewhat 

abruptly , apex long-acuminate to cuspidate; veins fre e , once or 

twice forked, ca. 1 mm apart, running at 60*-70* angle to 

midvein; hydathodes lacking, blade scales subulate, orange, espe­

c ia l l y  concentrated on the midvein and margin, some on abaxlal 

blade surface, very sparse on adaxlal surface; blade also with  

minute, erect glandular hairs; f e r t i l e  fronds much smaller than 

the s t e r i le  ones, with long l in e a r  orange scales on the abaxlal 

midvein, none among the sporangia; spores 2 2 .7 -3 1 .5 j im  In length, 

with low broad ridges that surround an areole covered by f in e  

perforations.
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On tree  trunks or wet rocks, 1n wet tropical rain forests at 

20-270 m e levation .

TYPE: GUATEMALA. Opto. Alta Verapaz: along route 

no. 5 between Semococh and La Laguna on road to Chajmayic, 

epiphyte on trunks, 500 m e leva t io n , 10 May 1942, Steyermark 

46368 (HOLOTYPE: F!; ISOTYPE: US!).

DISTRIBUTION: mainly in Central America and northern South 

America.

OTHER SPECIMENS EXAMINED: WEST INDIES. Dominican Republic. 

Prov. Azua: C ord il lera  Centra l, San Juan, Loma de V1eja, Ekman 

13406 (BM, NY, US). HAITI. Massif des Bahos, P te. R1v. de 

l 'a rb ibom te, road to Perodu, Ekman 3489 (B, US).

CENTRAL AMERICA. COSTA RICA. Prov. Puntarenas: Osa Pennlnsula, 

east of OTS s ta t io n ,  Lloyd 4148 (NY); 15 km of OTS s ta t io n ,  on 

road to Pac if ic  Ocean, Lloyd 4159 (NY); 17 km south of OTS s ta ­

t io n ,  on road to P ac if ic  ocean, Lloyd 4162 (NY); Tropical Science 

Center f ie ld  s ta t io n , SW of RincSn de Osa, Seidenschnuer 108, 109 

(both NY); GUATEMALA. Dpto. Alta Verapaz: v ic in i ty  of Cub1lqu1tz,

1 .5 -2  miles south of C ubilqu ltz , Steyermark 44475 (F, US); bei 

C ubilqu itz ,  von Tuerckheim I I  1465 (P ); C ub ilqu itz , von Tuerckhelm 

8351 (US). Dpto. Iz a b a l: along n o  Frio  and t r ib u ta r ie s ,  Steyermark 

41554 (F, US). Dpto. de Peten: Chanchacan, Lundel1 16456 (US).
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HONDURAS: Dpto. AtlSntida: v ic in i ty  of San A le jo ,  at the base of 

h i l ls  south of San Alejo near n o  San A le jo ,  Standley 7679 (F );  

L acentil la  va l ley ,  near Te la , Standley 52981 (F, US); Chickering 

109a (US). PANAMA. Prov. CoclS: El Valle  de Ant6n fo re s t ,  Alston 

8704 (BM). Prov. of Col6n, forest around Porto B e llo , Maxon 5820 

(US); Sta. Rita ridge, end of road of Trans1sthm1an Highway, ca.

10 miles from hwy., Porter et a l . 4793 (MO). Prov. PanamS: Cerro 

Jefe , 10 miles S of Goofy lake, Cerro Azul, Correa A Dressier 186 

M0, US); Canal Zone, near RTo Medio, from top of t re e ,  M i l le r  

1722 (US); summit of Cerro Campana, Porter et a l . 4937. 4938 

(both M0).

SOUTH AMERICA. COLOMBIA. Dpto. Choco: upper n o  Truandb, 2 km Sw 

of the confluence of the r lo  Nercua near the MADUREX camp, 

Le llin g er & de la Sota 571 (COL, US); 8 km from Puerto Mutls 

(Bahfa Solano), along the road to El V a l le ,  Lei 11nger A de la 

Sota 106 (COL); Truandb f a l l s ,  Schott 85 (F, NY). Dpto. Magdalena: 

Sta. Marta. H. H. Smith 2688 (BM, NY). ECUADOR: Prov. Esmeraldas, 

8/1904, Sodiro s .n . (B, P, US); San Antonio, Cachaby, 8/1904, 

Sodiro 13 (B, P, US); Prov. El Oro: 11 km west of Pinas on new 

road to Sta. Rosa, Dodson et a l . 9143 iMO). Prov. Plchincha, 

froest at the confluence of rios Toachi and P1lat6n, Bell 244,

272 (both BM); Sodiro 5 (BM); Sodiro s .n . (P );  C en tin e lla , Cantbn
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Sto. Domingo, km 12 E of P a tr ic ia  P i la r ,  Dodson et a l .  7246 (US); 

path following ridge l in e  at El Centlnela at crest of Montaflas 

from road to P a tr ic ia  P i la r  to 24 de Mayo at km 12, P a tr ic ia  road 

is  at km 45 on road to Sto. Domingo to Quevedo, Dodson & Gentry 

10346 (MO); Sto. Domingo de los Colorados, 37 km S of Sto.

Domingo, Pennington 46 SD (NY).

This species 1s very s im ila r  to Elaphoglossum apodum and E. 

raywaense but d i f fe rs  from them 1n the d is t in c t iv e  p e t lo la r  scales 

which are abruptly broad at the apex, 1n the large fronds with 

cuspidate apex, and the more colorfu l rhizome scales.
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F i g .  3 1 .  H a b i t  o f  E. l a t u m .
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Figure 31 

Elaphogloesum latum
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7. Elaphoglossum procurrens (Mett. ex D. C. E a t .)  Moore, Ind. F i l .  

365. 1862. Fig. 28. F1g. 32.

Basionym: Acrostlchum procurrens Mett ex D. C. E a t . ,  Mem. Amer.

Acad. Arts. n .s .  8: 194. 1860.

Plants small; rhizome long-creeping, f i l i f o r m ,  scaly,

0 .5 -1 .5  mm 1n diameter, which bears fronds from 0 .6 -1 .5  cm apart 

1n an a lternate  p a tte rn , somewhat glutinous; scales lustrous, 

reddish-brown to yellow , lanceo late , e n t i re ,  appressed to  

s l ig h t ly  spreading, 3 mm long; phyllopodlum short (0 .2 -5 .0  mm) 

black to dark brown, sometimes Inconspicuous or lacking, usually 

covered by scales; fronds s o l i t a r y ,  1-12 x 0 .6 -1 .8  cm; s tipe  

b r ie f ly  a la te ,  scaly, d is ta n t ,  mostly 0 .5 -2  cm or more apart;  

stipe  scales yellow-brown to ye llow , subulate, densely to widely 

spreading, to 0 .5  mm long, mixed with scattered, minute, erect 

glandular ha irs , which run along the midvein; blade spatulate to 

obovate-lanceolate, or e l l i p t i c  when young, apex obtuse, base 

broadly cuneate to long-decurrent; veins sometimes evident, free ,  

commonly once fu rc a te ,  ca. 1 mm ap art ,  running at 60* angle to 

midvein and ending a l i t t l e  before the margin; hydathodes 

lacking; midvein with subulate yellow to yellow-brown scales
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mixed with cap ita te  glandular ha irs ; margin sometimes crenate and 

decorated with yellow-orange subulate scales s im ila r  1n size and

shape to those of the midvein; f e r t i l e  frond shorter than the

s t e r i l e ;  blade e n t i re ,  obovate-lanceolate to e l l i p t i c ,  2 .5  x 1.0

cm, with a noticeable s te r i le  margin; scales lacking among the

sporangia; spores 26.3-33.3yum In length, with narrow ridges 

surrounding a central area covered by fine and conspicuous per­

fo ra tions .

On tree  trunks in wet lower montane and trop ical rain  

fo res t at 150-800 m elevation.

TYPE: CUBA. Orlente: prope v lllam  Monte Verde dlctam, Cuba 

Oriental 1s, Jan-July 1856-1859, Wright 793 (H0L0TYPE: YU!; ISOTYPES: 

B!, BM!, GH! ,  MO!, P I ,  US!).

DISTRIBUTION. Eastern Cuba and H a i t i .

OTHER SPECIMENS EXAMINED: WEST INDIES. CUBA. Pinal de San 

Juan, Eggers 5168 (B, P). GuantSnamo: La Prenda, Eggers 5328 (B, 

(NY); Hioram & Maurel 2428 ( P, US). Orlente: Plnales de Monte 

Verde to f a l l s  of Rfo Palenque, Shafer 8862 (NY, US); Yateras,

Monte Verde, Maxon 4334 (BM, GH, NY, US). HAITI. Massif de la Hotte: 

western group, J$r£m1e between. source Cahonane and la Source 

Chaude, Ekman 10259 (BM, F, GH, US). St. Louis du Sud, slope of 

Bommer Carr§, Ekman 9212 (BM).
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This species 1s unique among the species of th is  complex 

in the slender, long-creeping rhizome and broadly appressed r h i ­

zome scales. However in gross morphological appareance 1t 

somewhat resembles E. cubense.
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Fig. 32. Habit of E. procurrens.
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Figure 32 

Elaphogloaaum procurrana
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8 .  E laphog lossum  rayw aense (J e n m .)  A l s t o n ,  B o l .  Soc. B r o t .  2 .  s .

32. 1958. F1g. 24. Fig. 33.

Baslonym: Acrostlchum raywaense Jenm., Ferns & Fern a l l ie s  

B r i t .  West Ind. & Guiana 341. 1909.

Syn: Acrostlchum apodum var. Sprucel Baker, 1n M a rt . ,  F I .  Bras.

1 (2 ):  578. 1870.

Acrostlchum apodum sensu F6e, Crypt. Vase. Br5s. 1: 6

1869.

Plants tu f te d ;  rhizome short-creeping, s tou t, 0 .5 -1 .5  cm in 

diameter Including the scale cover; scales l in e a r - la n c e o la te ,  

wavy, yellow-brown to ferruglneous, lustrous and sometimes re s i ­

nous toward the t i p ,  0 .5 -0 .8  x 0.2  mm; phyllopodlum present, 0 .8  

cm long, dark brown; fronds clumped, 18-56 x 2 .2 -6  cm; stipe almost 

lack ing , giving the appearance of sessile  fronds, 0 .5 -1 .0  cm 

long, covered by dense mass of subulate scales, ferruglneous to 

stramineous, te re te ;  scales 0.6 cm long, subulate, golden-orange, 

densely spreading on the stipe and at the base of the midvein, to 

0 .4 -0 .6  cm long, also with short, minute, resinous, brown, capi­

ta te  glandular hairs on the s tipe  and both flanks of the midvein; 

blade oblanceolate, membrano-characteous, base long-decurrent, 

apex acuminate to long-caudate; veins f re e ,  once forked, ca. 0 .8
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mm apart ,  running at 45° angle to midvein; hydathodes lacking; 

midvein scales abundant, f ine  subulate scales, orange to orange- 

brown, mixed with many short, minute, resinous, cap ita te  glan­

dular hairs; blade scales brown-orange to yellow-orange, f in e ,

0 .5 -1 .5  mm long, spreading mostly on the upper surface; lamina 

also densely covered with short, appressed, resinous capitate  

glandular hairs which are usually oriented toward the margin; 

margin th ic k ,  densely covered by 2 or more rows of f ine  subulate 

scales, s im ila r  1n size and color to those that cover the costa; 

f e r t i l e  frond shorter than the s t e r i l e ,  narrower, lanceolate to 

l in e a r - la n c e o la te ,  with a narrow byallne margin and also basally  

s t e r i l e  along the midvein; apex acuminate, base gradually narrow, 

becoming a la te ,  27 x 24 cm; stipe about equal to tha t of the 

s t e r i l e  frond; scales lacking among the sporangia; spores 

2 2 .7 -3 1 .5 j i m  1n length, with rugose ridges which surround central 

areoles covered by consplcous f ine  perforations.

On tree  trunks 1n trop ica l rain forests near streams at 

400-1200 m elevation .

TYPE: GUIANA. Region of Mt. Raywa: on upper parts of Isorooroo 

R iver. Jenman s .n . (H0L0TYPE: NY!; IS0TYPE: NY!).

DISTRIBUTION. Venezuela, Gulanas, B ra z i l ,  and Ecuador.
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OTHER SPECIMENS EXAMINED: SOUTH AMERICA. BRAZIL. Pari:  

T a n a ii ,  ad r io  Acara, jux ta  ParS, Spruce 16 (B, BM, CGE, P); 

prope San Gabriel da Cachoelra do R1o Negro, Brasil1eae borea lis ,  

Spruce 2186 (BM, CGE, P, US); Amazonas: T e r r l to r lo  of Roralma, 

Serra dos Surucucus, Prance et a l .  10113 (NY). GUYANA: Jenman

2158 (BG); Basin of Shodlkar Creek (Essequlbo t r ib u ta r y ) ,  A. C. 

Smith 3011 (NY); New River, Guppy G.377 (BM); Sebal creek, Kaltum 

r iv e r ,  Fanshawe F.2430 (BM). ECUADOR. Prov. Napo: Parque Naclonal 

Yasunf, Affangu, Luteyn et a l .  8549, 9014, 9112 (a l l  NY); 

Northwestern Amazon basin, Dureno on RTo Aguarlco, Pink ley 482 

(COL); San Pablo de los Secoyas, RTo Aguarlco, Brandbyge et a l .  

32531, 32577 (both AAU); RTo Cuyabeno, Brandbyge et a l .  33826 

(AAU); Prov. Pastaza: RTo Bobonaza, near ou tle t Into RTo 

Pastaza, between Destacamento Cabo Pozo and La Roca, jfrllgaard et 

a l .  34926 (AAU); RTo Bobonaza, lgaard et al 35254, 35312 (both 

AAU). FRENCH GUIANA. Oyapock: Oyapock, Leprleur 58 (P ),  244 (US); 

1834, Leprleur 316 (BM, US); 1842, M6l1non s.n . (B). PERU. Dpto. 

Amazonas: Prov. de Bagua, rain forest along quebrada Tamblllo, 

(below km 280 of MaraMn above Cascadas, Uurdack 1989 (NY); 

v a lley  of RTo MaraFifin above Cascadas de Mayasl near Campamento 

STte. Montenegro, km 280-284 of MaraMn road, Wurdack 1858 (US). 

Dpto. HuSnuco: Pampayacu, Kanehira 151 (US); t r a i l  along RTo
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MonzSn near Huallaga at T1ngo Marfa, Croat 21255 (MO); T1ngo 

Marfa, A lla rd  20888 (US); Prov. Leonclo Prado: D is t r i to  Rupa 

Rupa, al este de T1ngo Marfa, cerca del Cerro Quemado, Schunke 

10164 (MO). Dpto. Junfn: Cahuapanas, on Rfo P1ch1s, K1111p A 

Smith 26782 (NY, US). Dpto. Loreto: Chacra de CSsar Vela, sudeste 

de la granja del Sr. Barrera (Aguatla ), Coronel P o r t i l lo ,  padre 

Abad, Schunke 5495 (NY); Balsapuerto (lower Rfo Huallaga basin), 

K I lU p  & Smith 24498 (NY, US); Amazonas expedition, Cerro de 

Ponasa, E. Ule s.n . (B). SURINAM, source of r iv e r  L1tan1,

Rombouts 871 (US). VENEZUELA. Estado Bolfvar: Cerro El Plcacho,

N of Las Nieves and Las Chlcharras, 45 Km N of Tumaremo, v ic in i ty  

of Deborah, a l t lp la n lc le  de Nuria, Steyermark 89177 (NY).

In shape of the frond and disposition of the Indument some 

specimens of th is  species resemble E. apodum. I t  d i f fe rs  from E. 

apodum 1n I ts  ap ica lly  narrower, darker rhizome scales which 

appear to be resinous toward the apex (b lco lorous), la rg e r fronds 

with a long-caudate apex, and broader f e r t i l e  frond with an acu­

minate apex.
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F i g .  3 3 .  H a b i t  o f  E. ra y w aense .
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Figure 33 

Flaphoglossum rayw aense
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SPECIES INCERTAE

1. WEST INDIES. CUBA. Orlente: deep ravine on the 

southern side of the crest of the S ierra  Maestra, West of 

Aserradero, San Antonio de las Cumbres, region of La Bayamesa, 

1400-1500 m e levation , 23-24 Jan 1956, Morton 9577 (US).

This co llec tion  may be a large form of E. cubense. However, the 

sample consists of a single s te r i le  specimen. I t  can be 

distinguished from E. cubense by I ts  s t e r i le  oblanceolate frond, 

acuminate apex, la rg e r  s ize ,  (7-36 x 1 .2 -3 .7  cm) and longer stipe  

(3 .5 -12  cm long).

2. CENTRAL AMERICA. COSTA RICA. Cocos Island: epiphyte,

80-100 m e levation , 9 March 1964, Fournier 351 (NY); 18 July 

1898, P1tt1er 12359 (US); sea level to 500 m e leva t io n , G6mez 

3347 (F, US); along brook flowing In to  Wafer Bay, 305 m eleva­

t io n ,  19 April 1930, Svenson 403 (UC); 3 Sept 1967, Klawe s .n . 

(US).

These specimens are very s im ila r  to E. aurlpHum and E. 

cubense, but d i f f e r  1n th e ir  rhizome scales, pe tio le  length, and 

a lt i tu d ln a l  d is tr ib u t io n .  Since most of the samples consist only 

of s te r i le  m a teria l,  I p re fe r  not to Include them with any spe­

cies u n ti l  f e r t i l  material 1s ava ilab le  fo r study. They may 

represent new species
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LIS T  OF TAXA

1. E . amazonicum A te h o r tu a

2 . E. apodum (K a u lf . )  Schott ex J. Smith

3a. E. auripllum Christ var. aurlpllum

3b. E. aurlpllum Christ var. longlpilosum Atehortua

4. E. backhouslanum Moore

5. E. cubense (Mett. ex Kuhn) C. Chr.

6 . E. latum (Mlckel) Atehortua

7. E. procurrens (Mett. ex D.C. E a t .)  Moore

8 . E. raywaense (Jenm.) Alston
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