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INTRCDUCTICON

This study was made in order to learn about sub-
stantiating a possible taxonomic relationship brtveen

asplenium platyneuron (L.) CGakes and Camptosorus

rhizophyllus (L.) Link, Through an acquaintance with

methods of spore analysis an’ simple slide preparation,
it vas possible to make observations of the zross
morpholozy and ithe spore morpholosy which these two
fern species possess., a8 a result f the kind coop-
gration of the Indiana University Herbarium and the
Chicaro Natural History luseum it was nossible to ex-

amine borrowed specim=ns of Asnlenium ebenoides (Scott)

Yherrv, a renorted hybrid »f A, nlatvneuron and .
VA ! e ] ol

rhizophyllus., In addition to indirect studies, =i

attenpt was nade to grow svhecimans of both 4. nlatynsuron

and $. rihizophyllus, 3v anplying tiree diffevent nethods

of enlturin: the fern shmores, 1t was hoped that sufiicient
ra terial cculd be obtained for comparative chromoscne

counts of the fernse.



REVIEW OF THE LITERATURE

In the study of fern taxonony, spore examination
has an important function, ‘“he characteristics of color,
size, shape and structural narkings are used Zor idant-
ification., Spore mor»shology is stronsly supvorted as a
means of identification because it can help te distin-
Zuish the species of one generm; differentiate genera;
and characterize families.(3) 3ome workers also feel
that anatomical and cytological studies of the antire
fern are valuable. In addition to indirect studies, @irect
tests and experinents are hoped to reveal further know-
ledge concerning fern taxonomy,.(l6) In Ffuture studies it
may be nossible tc better identify wnolyploid strains of
known species as well as to indicate hybridity.

Most of the past studies involvingz the szplenium
“rouplngs have involved morphology, anatony, and cytolozy.
Studies conducted by &. T. Therry during 1925 and 1936
divided the whole Aasplenium Zroun into three original

species of extreme variation, 4. wontanum, a. Dlatyneuron,

Ae rhizophyllum (C. rhizophyllus, Link) a2re the vostulated

ancestral tyves which joined by A. pinnatifidum and A,

bradleyi would compose five basic species of the grouping.

Dr, Wherry's direct evidence « +his hynothesis came from



the production o the postulated forms by hybridization
experiments whereby eleven describcd entities were pro-
duced.(16) 1In 1953 D, M, Britton published an article

of his work on chromosome studies of ferns. It was there

sugsested that Fhyllitis scolonendrium var, Americana

Fern, collected in Durham, Cntario, could be considered

closely related to Camptosorus rhizophyllus (L.) Link

according to the Sametic chronosome number,(2) A study
of W, H. VWagner conducted at approximately the same time
coneerned the species and hybrids centering about s,

montanum, A. bradleyi, a. pinnatifidum,.(1l5) Internmed-

iate series of these three species were illustrated by the
work of W, D, Gray and W, T. VWherry. Including a. platy-

neuron and 2, rhizophyllus among the appalaciiian Asilen=

iums, the following hybrids were suzgested:

A

A. montanum x C. rhizophyllus - A, pinnatifidum

1>

montanum x A. platyneuron - A, bradieyi

A. nlatyneuron x . rhizophyllus - X Asplenosorus
ebenoldes(15)

Further studies of Wasner with Kathryn Boydston in 1958

indicated three basic species of the Appalachian Asplen-

iums as A, montanum, 4, platyneuron, and A, rhizophyllus.
These in turn were thought to gfenerate nine taxa one of

which has two cvtological forms.(l7) 4 chromatographic



study of the Appalachian Asplenium complex was published
in 1963 by Dale :. Smith and Donald A. ievin. All results
of their study revenled a confirmation of Wasner's work
(1854) according to the comparative norpholozy, hybrid-
ization, and karyologyv.(l5) A positive hypothesis of
direct evidence now supported wsostulates made about the
interrelationships in the 4snlenium group,

Several workers in fern taxonomy, among them Wagner

nhaving published several paners, believe Asnlenium ebenoides

to be the valid hybrid of Asnlenium platyneuron and camp-

tosorus rhizophyllus, R. R. Scott declared it a new fern

species in 1865, M. J. Berkley in 1866 declared A. ebenoides

to be the natural hybrid of A. nlatvneuron x C. riizophyllus,

Some persons vioclently obiected to this conclusion; and

-~

the question ~f hybridity was finally resolved by largaret

Koy

Slosson in 1902 during the course of her experiments of
artificial spore cultures,(l3,12) =arly specimens of the
hybrid were sinzle, sterile plants, but a fertile popula-
tion was discovered in Havana 8len, alabama prior to iiss
Slosson's worke In 1910 ¥, D. Hoyt souwrht to disprove the
existence of the hybrid for the evidence seemed insufficient
to him.(1l8) A sterile diplecid population exhibiting varied
srowth stages was discovered by Wagner in 1946 in

Montzomery Co., Maryland,(ll)



Further studies conducted in 1953 were the first of a
cvtological nature on the Alabama nopulation. Doth
sterile and fertile hybrids were found to oceur,(l8)
Uork concerning the relationship of the Asplenium sroup
has progresszd from an indirect proceduré involving
color, size, and structural markings to a more direct
nrocedure involving artificial cultures, chromosome
counts, @nd biochemical constituents, Knowledge of the
Asplanium habitat has also »rogressed as various workers
discovar new populations of the basic species and their

reported hybrids,



METHCDS 43D MATERIALS

General Morphology

During the summer of 1965 specimens of Asplenium

platyneuron (L.) Cakes and Camptosorus rhizophyllus

(L.) Link were collected in Gre=ne, lionroe, and Parke
coomties of Indicna., The dried specimens were t.en exam-~
ined and simple slides were mude of shore preparaticns
during Sentember throwh February of the following months.

3

In addition to these recent specimens of A. platyneuron

and ¢, rhizophyllus used for study, older snecimens of

x

2,

A. ebenoides were borrowed from the Indiana Univevsity

-

Herbarium and the 6hicago Natural Pistory luseum. Struc-
tural measurements were taken of several nlants and size
variatims were computed.

Spmecimens were collccted for the most part in
nmoistened plastic bags and then transferred to a plant
press. Whole plants including the rootstocks were care-
fully dug from their sites. Before drying,the dirt could
be washed or shaken away. Denending upon the noisture
oontent of the ferns, the drying process could be com-
pleted within one to two weeks. The nlants were dried
batween sheets o7 newsnaper within a wooden press of

blotter nartitions. 3pecinmens were labeled as to the

site and date at the time of collection. Plants which



previously had bean dried wer: stored inside a box between
labeled sheets of newspaper, Later i‘ose specimens desired
for future reference and spore samples were mounted cn
strong construction paper and stored, Structural measure-

ments of A, platyneuron, I. rhizophyllus, .. ebenoides

were made of fromd lenzth, stem length, and greatest Ffrond

width using a 15 cm ruler.(See Fig. I-VI; Tables 1 i-3 A)

Spore HMorphology

-

From the flried material of {, rhizophyllus and .,

platyneuron, spores ware obtained for simple clearing

1

and staining techniques. ‘the first slides made involved
mounting a few dried snores on clean slides using lHoyer's
medium; and Glycerine jelly heated sver an alcohol lanp.
To either mounting solution a contrast stain of either
Methylene Blue or Fast Bree=n was then added and a cover
slip applied. <Clear nail »olish was found to be a satis-
factery sealer; md glidas were stored f£lat for £inal
drying and storags.

In cleariny the fern snores, hydrochloric , zcatie,
and sulnhurin acids were used as ~zents. e acetic acid
nroved nost satisfactory both from tihe standpoint of
clearing results and workability wrocedure. .. small amount

b

of acid was »laced inte a round-bottomned test tube con-

1

tainingz th

3

dried sore material and ently haated cver

©

rhe aleolhiwl flame, Caution was necessary to avoid

scorching the snore material. Temperature should not

exceed GO’“



Table I

Specimen mcasurements of

A

Camptosorus rhizophyllus (L,) iink

CJellection Leaf Height Frond Stem Width
Site

E.:'ﬁrke CO .y

Indizna 8.0 cm 6.7 1.3 1.0

" 19.5 cm 18.0 1.5 1.2

" 25.5 em 24.5 4,0 1.6

m 27,2 cm 23,0 4,2 1.7

" 9,7 cm 5.2 4.5 1.6

" 14,0 cm 16,3 1.0 0.7

" 26,0 cm 23,0 3.0 1.6

" 18.5 cnm 15.8 2.7 1.8

n 17.1 cm 13,9 3,2 1.7

1 11l.0 cm 5.5 5.5 1.4

1 17,1 cm 14,1 3.0 1.3

" Je5 Ccm Se0 l.5 0.9

1 23,0 cm 18,0 2,0 1.5

" 14,7 cm 11.7 2.0 0.9

f 11.3 om 8.7 2.0 0.9

" 9.5 cm 6.0 3.5 1,5

" 8.8 cm 7.0 1.8 0.7

A Ge.2 Cm 3.3 2.9 1.2

" 17,7 cm 15,5 242 0.7

" 29.5 cm 22,5 70 2.0

" 21.4 cm 15.4 6.0 2,0

" 4,9 cm 3.9 1.0 1,0

" 14,5 cm 13.3 1.2 1.6

1" 6,0 cm 4.5 1.5 1.1

Total: 391l.L cm 506,L 72.0 322

Mean: 15.6 cm 12,2 2.9 1.3



Table ITI A

Specimen measurements of Asplenium platyneuron (L.) Oakes

Collection )
Site Leaf Height Frond Stem 17idth

Greene Co.,

Indiana 16.5 cm 14.5 2.0 2.5
" 28.8 cm 24,9 3.9 3.2

" 31l.7 cm 28.0 5.7 3.5

" 32.0 om 29,0 3.0 243

1" 19.5 cm 14.5 5.0 2.5
donrod €Go,. 12.0 cm 0.5 2.5 1.7
" 15.0 cm 11.5 3.5 2.7
Green¥ Co, 29,0 cm 23,5 5e5 2.8
H 25,7 cm 22.4 3.3 2.0

" 17.0 cm 15,0 2.0 2.2

" 17.5 cm 14,5 3,0 2.5
1onroe Co. 15,0 om 12.5 2.5 3.0
Greene (Go. 16,0 cm 13,0 3.0 2.3
1 19,5 cm 15.5 4.0 3.3
Monroe Co. 12.5 cm 11,0 1.5 2.4
Greene o, 25.2 om 21,2 4,0 3.1
lionroe Co,. 20.8 om 17.5 3.3 20
Greene Co. 22.8 com 28,0 2.9 2.4
Monroe Co. 13,7 cm 11,2 245 2.1
m 15,6 cm 13,2 2ok 2.4
Total: 405.8 cm 342,22 63.4 50,9

Mean: 20.3 cm 17.1 3.2 2.6
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Table III A

Specinen measurements of Asplenium ebenoides (Scott) vherry

Collection

Width

Stem

Frond

leaf Height

Site
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The acid was decanted; -nd the swore material then rinsed
two or three times with distilled water., The water was
decanted and s small sample of the spores then placed con

a clean slide., lost of the water was allowed to evaporate.
Both Hoyer's and Glycoarine jelly were selected as mounting
medias; and the same conirasting stains of lMethylene Blue
and Fast Green used,

All slides were sealed wvith clear nail jolish and
stored flat Zor drving., sn acetqlysis nrocedure a2s explain-
ed by Zrdtman was considered (5); but »nroved unnecessary
to obtain clearing results desireable for this cbservation,.
The two stains used for slight color contrast were not
thought to be essentiagl for an accurate examination of the
spores where the clearin? techniques were successful,

The following Figures 7,8,9 illustrate the results cf spore

cbservations concerning C. rhizophyllus, A. 2latyneuron,

and A, ebenoides. Material from the latter specimen was
observed in a simple slide prenaration using Hoyer'!s mediumn,
The other slides were made of bcth Hoyert!s and the Blycerine
jelly. All spnore drawings were made under an oil immersion
lens, IMeasurements were made with an ocular micrometer
wherein eight spaces of the eyepiece equaled 0,0lmm at 95x%.

(See Tables 4 throush 6)
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Table IV

Spore Size Analysis of Camptosorus rhizophyllus (L.) Link

IMeasurements
Collectioh
Site length Width
Parke Co.
Indiana 34 mu 28 nu
" 20 mu 14 mu
" 26 mu 25 mu
1 20 mu 14 mu
n 37 mu 23 nu
1" 34 mu 28 nu
1 40 mu 28 mu
1 26 mu 20 nu
n 31 nmu 20 mu
" 23 nu 14 mu
1 37 mu 20 mu
" 40 mu 28 mu
n 34 mu 23 mu
1 31 mu 26 mu
1 43 mu 31 mu
" 40 mu 28 mu
1 31 mu 20 mu
1 34 mua 31 mu
" 43 mu 8 mu
L 31 mu 26 nmu
" 23 mu 31 mu
o 30 nu 31 mu
1 26 mu 28 mu
1 37 mu 31 mu
1 26 mu 17 mu
1 34 mu 3] mu

1 25 mu 23 mua



Table V

13

Spore Measurements of Asplenium platyneuron (L.) Cakes

Collection
Site Lenzth vidth
Greene Co, 34 mu 31 mu
Indiam 3L mu 22 mu
" 37 mu 27 mu
" 34 mu 21 nu
" 20 mu 10 mu
1 30 mu 20 mu
ronroe Co, 37 mu 28 mu
Indidna 34 mu 28 mu
" 31 mu 28 mu
" 40 mu 8 nmu
r 28 mu 23 mu
H 26 mu 20 mu
t 28 mu 23 mu
i 37 mu 34 mu
1" 40 mu 26
1" 534 mu 26 mu
" 31 mu 20 nu
1 28 mu 23 nu
" 37 mu 76 mu
1t 40 mu 26 mu
" 28 mu 17 mu
1 34 mu 28 mu
" 43 mu 31 mu
" 8 mu 253 nu
t 34 mu 26 nmu
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Table VI

spore lizasurements of Asplenosorus ebencides (Soott) VWherry

Collertion .
; Site k Length Width

Monroe Co.

Indiana 20 nu 17 ou
" 10 7 ma
" 15 mu 13 nu
A 16 mu 13 mu
' 3 mu 7 mu
" 14 mu 12 mu
" 10 nmu 5 nua
" 7 mu 6 mu
" 11 = 10 mu
1 12 inu 1L mua
" 7 mu 6 nu
" 5 1nu 3 mu
" 6 mu 6 1
" 14 mu S nu
" 8 nu 6 nu
n 11 mu & mu
" 17 mu 14 nu
" 11 mu 6 mu
" 14 mu 11 mu
" 20 mu 14 mu
' S mu 6 mu
" 14 mu 11 mu
1 20 mu 11 nu
" 14 nu 12 nu
1 10 mu 6 nu
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DATA

General lsorphology

The majority »f fern specimens observed £or this
study were ccllected in the Indiana ccunties of (reene,
Monroe, and Parke during the summer of 1965. Specimens
were also borrowed from the Indiana University Herbarium
and the Chicago Natural HWistory Museum, For these spece
imens observed gross structural measurements and spore
measurements were taken: and size variations were com-
nuted in order to establish a characteristic reference
for each snecies.

The structural and environmental characteristics

of Camptosorus rhizophyllus (L.) Link make it somewhat

difficult to find but interesting to observe when found,
It is a walking evergreen fern with the narrow tapering
leaves radiating from a rootstock., Upon touching the

ground, leaf tips sprout new plantse Wagner renorts it

to be closely related to Asplenium sibiricum of north-

east Asia. (7) C.rhizophyllus :;rows best ¢n the shaded,

g
N

noss=growm faces «f limestone cliffs with a northern

exposure., Those specimens observed in Parke Co, were
£ und among limestone outcronpings, deep ravines, and
moist cool moss covered banks, Peopulations have been

reported to range from Alabama and Georgia north to

rdinnesota and (uebec as well as west to Missouri.(l6)
/ {
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leaves are narrow, triangular tapering with a ccrdate
base averazZing twelve inches long to smaller basal leaves
of one inch, The blades average seven inches long, 5/8
inch wide; the periole about 1% inches long.(ll) Young
plants grow f£lat upon the sround while older plants are
semi-~erect with arching leaves, Leaf marzins vary from
wavy to indented, Veins are freely areclate cr netted.
The rootstock is vertical with brown evenly spaced scales,
The stalk is dark brown, short and flattened; it may be
smooth green above, scaly at the base, Brown sori are
scattered from the base to tip on the leaf undersurface,
The indusium is incomnspicucus.(4) See Figures I, IV,

According to the data collected for Camptosorus rhizophyllus

(Table IA) the average total height of the leaf was 15,6 cm
for twenty-five specimens from Parke Ccunty, Indiana.

The average frond length 17,1 cm; the average =atem length
2.9cm; and the mean of frond width 1,3 cme An analysis

of the leaf length variation for C. rhizophyllus may be

found in Table IB.

Asplenium platyneuron is one of the mcst widely dis-

tributed spleenworts. Fopulations range from Florida west
to Texas, Kansas to Uiscaonsin, throughout the Appalachians
and northeast,(16) It zZrows in shaded woods, fields, and
banks where rocky soil is well drained and woist, Those

shecimens observed for this study were collected in Jreene
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/ ’ e
23 em / 177 em
‘ CamP+oeorus rk‘:zo}ahynus(l.-)l.ink
Rirke Co, Tndiand
T-18-65
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Hature Sporophyte of

Camptosorus rhizophyllus (L.) Link

Parke Co,, Indiana

7-18-65

/4
\'.

18



19

Table I B

Analysis of ILeaf Variation among Camptosorus
rhizophyllus (L.) iink

Colgi%gion Leaf Feilght Deviation Deviation?

Parke Co. 8.0 cm -7 a7 52,5
19.5 cm 3.8 14.5

28.5 cm 12.8 164,.5

27«2 cm 11.5 132.8

Te 7 CI -6,0 36,0

14,0 cm -1,7 28

17.5 cm 1,8 342

26,0 cm 10.3 106,.1

13,5 cm 28 7e8

17.1 om 1.4 1.9

11.0 cm -3.3 10.2

17.1 cnm 1.4 1.9

0.5 cm Y P 38.5

23,0 cm 7 ed 53,5

14,7 cm -1.0 1.0

11.3 cm -84 12,6

G.5 cm -042 38,5

5.8 cm -G,9 47,9

De2 CM D5 ~0e2

17.7 cm 2.0 4,0

23,5 cm 15.8 190.1

4.9 om ~-10,8 110.7

5,0 cm -947 54,1

L&a5 cm -1,2 1.4

2le4 cm 5.7 32,5

Total: 302.,1 cm 253,46 cm
Vean: 15.7 cm Varizsnce: 53C.14
Standard

Deviation: 7.13 cn

cm
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AS lenium latyneuron (L)Oakes
oEroe, (E-)) j;xd'aana

7-25-65

moist leaf com/oos‘i'
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Figure 5

Mature Sporophyte of

Asplenium platyneuron (L.) Oalkes

Monroe Co., Indiana

7-25-65
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The average frond langth was 17.1 cm; the average stem
lensth 3.2 cm; and the mezan of frond width 2.6 cm. An

=

analysis of the leaf height variastion in 4. nlatyneuron

may be found in Table 2B,

Asplenium ebencides (Zcott) Wherry or X ..spleno-

secrus o=bencides is a small tufted variable everyreen

fern, It is supvosed by scme workers to be the carliest
established fern hybrid; and may occassionally be found
fertile, 4 wide distribution of A. sbenocides includes

an area of Vermont to Missouri and into Alabama. TCop-
ulatisns are reported in Naw York, lMassachusetts, Conn-
ecticutt, Pennsylvania, New Jersey, Maryland, Illinois,
Virginia and Indiana.(4) It ‘rows best upon limest:ine
~uteronnings and cliffs vhere the soil is moist sand or
rich loam in a northern exnosure, weaves of Ae ebenocides
normally do not exceed 5 - 6 inches, but may be up to

12 inches long. They are wider at the base and tapering
at the apex, 4ueaf Shape is extremely variable vhereas
the lower 1/3 leaflets may be cut partially or entirely
to the axis; while the unver 2/3 leaflets may be fused
nartially or scalloped with few indentaticns or straisht
margined up to the apex., Uliost leaves grow f£lat upon the
ground with longer leaves »nointing upward., Leaflet veins

are freely forked and rarely netted, Sori are linear



Table II B
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Analysis »f Leaf Variation among Asnlenium platyneuron

(L.) Cakes

Collection Leaf Height Deviation EEViation2
Site
Greene Co, 16.5 cm -3.8 14,5
" 20,8 cm 8e5 72.0
" 31l.7 cm 1l.4 130,0
" 32,0 cm 11,7 135,0
n 19.5 cm -0.8 6.4
lMonroe Co,. 12.0 cm =543 69,0
1 15,0 com -5.3 28.0
Greend Co, 29,0 cm Re7 73,0
1 25,7 cm 5.4 29.0
i 17.0 cm -3.3 10,9
" 17.9 cm ~2.8 749
Monroe Co, 15,0 cm =-5.,3 28.2
Greene Co,. 16.0 cm ~4.,3 18.5
" 19.5 cmp ~-0.8 Gols
HMonroe Co, 12,5 cm =78 Olo.4
Greene Co, 25.2 cm 4,9 24,0
Monroe GCo. 20,8 cm 0.5 2.5
Greene Go,. 22.8 om 2.5 0.2
Monroe Co. 13,7 cm -0,06 4345
Monroe Co, 15,6 cm -4.,7 22,9
Totals 405,88 cm 775.6 cm
Variance: 38.8
Mean? 2043 cm

Standard
Deviation: 6.3 cm
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shaned being nearer the midvein than margin; they are
frequently doubled as well, The indusium is silvery
and found at an angle, or to one side of the sorus,
The leaf axis is brown below; green -~bove, A short”
brittle shining nurple-brown stalk projects from the
short verticdl dark rootstock, The roots are black,
wiry, and shallow-creeping. (ll) See Figures III, VI.

Externally, many of these characteristics resemble those

of both C., rhizophyllus, A. platyneuron. Those specimens

observed of A. ebenoides (Table 3A) borrowed from the
Indiana University Herbarium and the Chicago Natural
History luseum varied widely from locale to locale in
over-all measuremznt, (Tabla 3C) The mean of all
areé measurenents for total leaf height was 10,1 cm
for twenty-one specimens. The mean frond length for
all areas was 7.5 cm; the mean stem length was 2,5 cm;
and the mean frond width was 2.8 cm. An analysis of
the leaf height variation in A. ebenoides may be found

in Table 3B,
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Asp\cnosoms ebencides
(Scott) Wherr
5-14-49 |
L. \L Herbarium
No. 60315



»

Mature Sporophyte of

4splenosorus ebenoides (Scott)Vherry

Monroe Co., Indiana

5-14-49
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Table TII B

Analysis of Leaf Variation among Asplenium ebenoides
(Scott) Vherry

Collecti-n
3ite Leaf Height Deviation Deviation?

Slosson hybrid 10.3 -1.0
A 0.6 -1.7

" 11.7

" 11.8

1" 11.9

" 15,5

1 12,3

" 13,3

" 11,0

h Se0

Gt
Total 124,383 cm
Mean 1l.3 cm Total 42,7 cm
Variance 3.9 cm

Standard

Deviation 1.9 cm
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Table IIT G

Analysis of lLeaf Variation among Asplenium ebencides

(Scott) Wnerry
Collection Leaf Height Deviagtion Deviation?
Site
lonroe Co., 15,5 cm 545 cm 30,2 cm
Indiana 18.0 cm 5.0 cm 64,0 cm
Wilmington, 344 cm ~6,6 cm 43,9 cm
Nelaware 7.3 cm -247 cm 7«2 Cm
" 3,6 cm ~5.4 cm 41,1 com
" 6,6 cm 3.4 cm 11,6 cm
College Hill, 5.0 cm -5,0 cm 25,0 cm
Zaston, ra, 4,2 cm -5.8 cm 33.9 cm
" 10,7 cm 0.7 cm 4,9 cm
" 14,8 cm 4,8 cm 23,2 ¢cnm
Havana Glen, 15,0 em 5,0 cm 25,0 cm
Hale Cce.y Alae 14,0 cm 4,0 cm 16,0 cm
" 7.0 cm -53,0 cm 2.0 cm
" 12,0 cm 2«5 cm D2 Cm
r 2.5 cm ~4.,5 om 20,4 com
1 6.4 cm ~3.6 cm 13,0 cm
" 14,7 cm 4,7 com 22,0 cm
" 11.8 cm 1.8 com 3.2 cm
" 11,6 om 1L.,6 cm Ze0 Cl
" 13,5 cm 5.5 cm L2.3 cm
Total 201.1 cm Total 439.3 cm
Hean 10,05 cm Variance 20,5 cm
Standard
Deviation 4,5 cm
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Spore Morphology

As indicated by McVaugh in his article (8) the epi-

spore is present in both the C. rhizophyllus and A. platy

neuron, It may appear as projecting c-ntinuous win:is or
rid-es on the spores; and it is not loosely attached,
Wrinkles of the epispore may also form ridges which become

continuous. In C. rhizophyllus folds of the epispore

apneared to form a wide consplcucus wing completely abuout
the light to dark brewn spore. Spore size is reported to

vary from 25-30 X 27-35 mu. lowever, in A. Dlatyneuron

the epispore ridges tended to anastomose and were thin,
not rounded or obtuse, The light or dark brown spores
vary 30«40 X 35-45 mu, from reports. The sori of C,
rhizophyllus were irregularly scattered into oblique or
paired zroups from the leaf base to tip., 3traight, elon-

gate sori of A, platyneuron were regularly paired upon

veins branching from the midvein., Sori of A, ebencides
were spaced in pairs being closer to the marcgin at the
leaf base and tapering toward midvein at the lecaf apex,
Then one examines the structure of 5 spore three
main portions may be found; the nrotoplast is the inner-
most living portion encased by a thin cellulose layer or
intine; and the exine which is an outer cuticularized

very resistent layer. (3)



Based upon the megsurements of simple slide prep-
arations viewed vith an oil immersion lens and an ocular
micreometer, an analysis was made of the variation in spore
size among several specimens of the collected material and
that borrowed from two herbariums. Calculatiins of spore
length and width were made Zrom recorded nmeasurements vwhich
were used to obtain a mean, deviation, variance, and a
standard deviation of the megsurencnts recorded, At least
25 different snores were measured for each fern species,

~

Calculati. ns of spores from J, rhizcphyllus revealed a

mean of 24,6 X 31,9 mu, (Tables IVa, IVb) Cslculaticns

from spores of 4, »latyneuron revealed a mean of 24,6 X

32,9 wu. (Tables Va, Vb) leasurements of A, ebencides

-

include swores from the i:nroe Cu, area nNly. 4 mean of

2¢3 ¥ 11,3 mu, was revealed. (Tables VIa, VIb) Referring

back to each Table respectively, it appeared that C. rhizo=-

phylius showed the greatest variability in measurement with
a standard devigtion of 5,7 mu in width and 6.3 mu in spore

len th, Spore measurements cf 4. nlatyneuron showed a

standard deviati n of 4,9 mu in spore width and 5.2 mu in
spore lenzth., The standard deviation of A. ebencides
appeared lowest with a 3.4 mu width and 3.5 mu lenzth as
compared to its average measurements. The change of

environment mizht be considared an -influential source in the



Spore 5ize Analysis of Camptosorus rhizophyllus

.Table IV A

(L&) Link
Spore Length Deviation Deviation<
34 mu 2.1 mu 4.4 mua
20 mu ~11.9 mu 141.6 mu
26 mu -5.,% mu 34,9
20 mu ~11,.9 mu 141.6 mu
37 mua 5.1 mua 76,1 mu
34 -qu 2.1 mu 4.4 mua
40 mu 8.1 mu 65,6 mu
26 mu ~5,9 mu 54,5 mu
31 mu ~0,9 mu 0.8 mu
23 mu =09 mu 70«2 mu
37 mu 5.1 mu 26,1 mu
40 mu 8.L mu 65,6 mu
34 241 mu L4 mu
51 mu =09 mu C.8 mu
43 mu 11.1 mu L23,2 mu
40 mu 2.1 mu 55,6 mu
31 mu -04,9 mu 0.8 mu
34 mu el mu 444 mu
43 mua 11,1 mu 125.2 mu
531 mu ~0,9 mu 0.8 mu
28 mu -8.9 mu 15.2 mu
28 mu -3,9 mu 2.2 mu
26 mu -5,9 mu 34,9 mu
37 mu 5,1 mu 26,9 mu
26 mu =-5,9 mu 34,9 mua
34 mua 2.1 mu 4.4 mu
28 mu =3.,9 mu 15,2 mu
Total 862 nu 1074.,3 mu
HMean 31,9 mu Variance 39,8 mu
Standard
Deviation 6,3 mu



Table IV B

apore Size Analysis of Camptosorus rhizophyllus

(Le) LAz
Spore "'idth Deviatisn Deviation?
28 mu 544 mu 11.6 mu
14 mu ~-10.6 mu 112.3 mu
23 mu ~-1..6 mu 20 tmu
14 mu =10.6 mu 112.3 mu
23 mu ~-l.6 mu Zeb6 mu
28 mu 3.4 mu 11,6 mu
28 mu 3¢4 mu 11,6 mu
20 mu ~4 4,6 MU 2le3 mu
20 mu ~4,6 mua Z21le3 mu
14 mu -10.,6 mu 112.3 nmu
Z2C mua ~10,5 mu 112.3 mu
20 mua 3.4 mu 1le.6 mu
23 mua ~1l.6 mu Z2e6 1
26 mu le4 mu L.9 mu
51 mu 6.4 mu 41,0 mu
28 mu J.4 mu 11.6 mu
S0 mu ~4,6 mu 21,3 mu
31 mua S.4 mua 41,0 mu
28 mu 3.4 mu 1l.,6 mu
26 mu L4 mu 1,9 mu
31 mta Go& mu 41,0 mu
31 mu G.& mu 41,0 mu
28 mu 544 mu 1l.6 mu
31 mu Gelt U 41,0 mu
17 mua 7.6 mu 5767 mu
31 mu 0.4 mu 41,0 mu
_25 mu 1.6 mu 2,6 mu_
Total 665 mu Total 9Ll.9 mu
Variance 33.8 mu
Ztandard
Deviation 5.7 mu



Table V A

Spore Size Analysis of Asplenium platyneuron (L.) Czkes

Spore Length Deviation seviation?
34 mua 1,1l mu 142 mu
31 mu -1,9 mu 3.6 mu
37 mu 4,1 mu 16,8 mu
34 mu L.1 mu l.2 mu
20 mu -12.,9 mu 166.,4 mu
30 mu «2,9 mu Dol w1
37 mu 4,1 mu 16,8 mu
54 mu 1.1 mu lLe2 mu
31 mu -1.,9 mu 3.6 mu
40 mu 7.L mu 50,4 mu
28 mu -4,9 mu 24,0 ma
26 mua -6,9 mu 47 .6 mu
28 mu -4,0 mu 24,0 mu
37 mu 4,1 mu 16,8 mu
40 mu 7«1l mu 5044 mu
34 mu 1,1 mu le? mu
51 mu ~1l.9 mu 3.6 mu
28 nmu =4 ,9 m1 24,0 mu
37 mu 4,1 mua 16,8 mu
40 mu 7.1 mu 50.4 mu
28 mua -4,9 mu 24,0 mu
34 mua L.1 ma lo2 mu
45 mu 10,1 mu 102,0 mu
28 mu 4,9 mua 24,0 ma
34 mu lL.1 mu l.2 mu

Total 824 mu Total 650.8 mu
Variance 27 .2 mu

Standard
Deviation 5.2 mu
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Table V B

Spore Size Analysis of Asplenium platyneuron (L.) Cakes

Spore '7idth Deviation Deviation?
31 mu 6.4 mu 41,0 mu
22 mu =-2.,6 6,7 1
27 mu 2.4 mu 5.8 mu
21 nu -3,4 mu 12,9 mu
10 mu ~14,6 mu 2144,2 mu
20 mu L o6 U 2l.2 mu
28 mua 5.4 mu 11,6 mu
28 mu 3.4 mu 11,6 mu
28 mu 3.4 mu 11.6 mua
28 mu 344 mu 11.6 mu
23 mu -1l.6 nmu 2.6 mu
20 mu -4,6 mu 21.2 mu
23 mu -1.6 mu 2.6 mu
34 mu 94 mu 88.3 mu
26 mu l.4 nmu 1.9 mu
26 mu l.4 mu 1.9 mu
20 mu -4 .6 mu 21 .2 nu
23 mu ~1l.6 ma 2.6 mu
26 mu 1.4 mu L.9
26 rmu l.4 mu 1.9 mu
17 mu ~-6.4 nu 41,0 nu
28 mu 3.4 mu 11.6 mu
31 mu 54 ™u 41.0 mu
23 mu -1.6 mu 2.6 mu
26 mu l.4 mu 1,9 nua
Total: 615 mu Total: 592.4 mu
Mean: 24.6 mu Variance: 23,7 mu
Standard

o
L]
O

Deviation: mu



Table V1 A

Spore Size Analysis of Asplenosorus ebenoides(Scott) TVherry

Spore Ilength Deviation Deviation?

20 mu 9.8 mu 96.4 mu

10 mu -L.3 mu 1.5 mu

15 mu 3.8 mu 14,6 mu

16 mu 448 mu 23.3 mu

8 ru =3,3 mu 10,8 mu

14 mu 2.8 mu 7.9 mu

16 mu -1.3 nmu 1.6 mu

7 mu 4,3 mu 18.4 mu

11 mu -0.3 mu 0.1 mu

12 mu 0,8 mu 07 mu

7 nu -4,.,3 mu 15.4 mu

5 mu -G.,3 mu 39.5 mu

6 mu ~5,3 mu 27 & mu

14 mu 2.3 mu 7.9 mu

8 nu =343 mu 10,8 mu

11 mu -0.3 mu 0.1 mu

17 mu 5.8 mu 34,0 mu

11 mu =03 mu 0.1 mu

14 mu 2.8 mu 7.9 mu

20 mu 8.8 mu 77,9 mu

g mu =3,3 mu 10,8 mu

14 mu 2.3 mu 7.9 mu

20 mu 8.5 mu 77.9 mu

14 mu 2.8 mu 7.9 mu

10 mu =1l.3 ru 1.6 mu
Total: 282 mu Total: 315.,9 mu
Mean: 11,3 mu Variancé: 12,6 mu

Standard
Deviation: 3.5 mu
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Table VI B

Sporé Size Analysis of Asplenosorus ebenoides (Scott) Wherry

Spore Width Deviation Deviation?

17 mu 8.8 mu 77 .9 mu

7 mu 243 MU 5.3 mu

13 mu 3.8 mu 14,6 mu

13 mu 3.5 mu 14,6 mua

7 mu 2.3 mu .53 mu

12 mu 2.8 mu 7.9 1t

8 mu 1.3 mu 1.6 mu

6 mu 3.3 mu 10,8 mu

10 mu 1.3 mu 1.6 mu

11 mu 1.8 mu 3.4 mu

6 mu 343 W1 1C.8 mu

3 mu 6.3 mu 39,5 mu

6 mu 3,3 mu 10,3 nu

g mu 0.8 mu C.7 mu

6 mu 3.3 mu 10,8 mu

8 mu 1.3 mu 1.6 mu

14 mu 4.8 mu 23.3 mu

6 nu 3.3 mu 10.8 mu

11 mu 1.8 mu 3.4 mu

14 mu 2.5 mu 7.9 mu

6 mu 3.3 mu 10.8 mu

11 o 1.8 mu 3.4 mu

11 nmu 1.8 mu 3.4 mu

12 mu 2.8 mu 7.9 mu

6 mu 3,3 mu 10,2 mu
Total: 232 mu Total: 298.9 mu
Mean: 9.3 mu Variance: 11.9 mu

Standard

Deviation: 3.4 mu
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variability of the former two fern species; mrticularly

those of A. platyneuron. In the event that several plants

of zach fern species would have been in varying stages of
maturity, which is probable, the spore size measurements
would then hot be representative of a given populatim

in a specific stage of development.



DISCUSSION

It was observed Zrom studies of Camptosorus

rhizophyllus and asplenium platyneuron that both species

as well as ftheir reported hybrid tend to prefer a habitat
wvith a northern exposure that is similarly moist, shaded
and well drained. All fhree ferns require a soll with a
high lime content and isclated location. Although super-

fically different, T'agner »oints cut that the typical

ferms of A. platyneuron and C. rhizophyllus contain 36

)

pairs (2n=72) of chromosomes.(l6) During the »nroduction

of spores, the nairs separate into individual migrating
chromoscmes which ultimately form new spore cells with

36 chremoscmes each, The typical A. ebenoides,a hybrid
of the two species (Slosson 1902), Jiffers by having its
two sets of chromoscmes coming from parvents vhich are
genetically distant., During spore production chromosomes
do not nair normally; but remain 72 sinzle irregularly
migrating ciromosomas. Since the resulting spores will
not receive balanced chromosome sets, they -~bort becoming
sterile, Tor A. 2benoides to become fertile, it nust
have dosuble the number of ci:romosomes expected (4n=l44),
Uhen this cccurs, it is possible for zach original parental

set to hsve a homologous set with 72 nairs. In the chromato-

graphic study of Smith and revin (1963), conducted for the
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purnose of taxa identification, genome designations o

[}

the Aspleniums wvere _iven thus:

Asplenium rhizophyllum 2n AR
Asplenium platyneuron 2n TP
Asplenium x zbenoides 2n R
Asnlenium ebensides 4n PPRR (1I3)

Durins their biochemical studies of hybridization Smith

o

ti:e parental

fng
L

and Levine Tfound detectable subsztances of

species within the interspecific hybrid.
Using observations of the morpholegical character-
tistics as a crmparison »f the thrze ferns, the distinct

differentiation of their structural cimposi

evident, 'The A, ~»latyneuron was sencrally a larser -Hlantg

its leaves were divided into alternate leaflzsts; the leaves
were evect to zemi-crect, 'The periole colorin. changed
from green in the young plant to chestnut brown or urple-

black in the mature specimen, <. riuizophylius, on the

et

other hand, was -enerally slichtly smaller in heicsht; the
whole leaf nossibly curved and semi-erect to Zlat unon the
gZround, ilost of frond tips were touching round, s.ne
shroutinge. The leaf is entire, margin wavy or scalloped
with a broad cordate base and tapering apex. The patiocle
was light to dark browvm only =»art »f the way, 2nd narrowly

winged on both sides, Thereas sori of the 4, nlatyneuron
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rere snaced evanly onnosite and close to the midvein of

leaflets: the sori of C. rhizophylius were Zound unevenl
2 — i -

scattered alosng the marginal edges of leaflets. Specimens

Fiy

of A, cbenoides scemed to combine the characteristics o
chestnut to »nurple patiole color and the variability both
of size and leaflet Zorm. Approximately 2/3 of the rfrond
had separate leaflets oppositely arranged; the remainder
being an entire fusion of the leaflets with a scalloped
or wavy margin, The petiole composed only about 4 of the
hole leaf, The remainder of the peticle extension vas
enclosed by tlie fused leaflets, Jori were both marzinal
and close tc the midrib portion of the leaflets, Some
leaflets appesared fan-shaped vith sori at the marginal
ends of radiating veins, Since successful cultures of
the mature gametovohytes were not obtained in this study,
comparisons were made soley on the morphological
structure,

The three ferns examined were found to possess
trilete spores, Thouch greatly varigble in size and
detailed structure, the general nattern of the snores
vas found to be similar. (See Tigures VII through IX)

The episnore anpeared in varied wings or as an unev:n
border unon the spores, Illany ridges were found t. be

continuous vrinkles in snores of C. rhizophyllus,

A, platvneuron, and A. ebencides.
o ’ ———y eetoeer e i
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Figure 7
Spore HMaterial

Camptosorus rhizophyllus

-

104
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Figure 8
Spore Material

Asplenium platyneuron




Figure 9
Spoee lMaterial

Asplenosorus ebenoides

4ay

2 4
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In G, rhizophyllus the wide ring of folds appeared com-

pletely to surround the spore; vhereas in A. platvneuron

(]

the swnore winzs were broken being thinner or non-existent
on one side or the other, Both ferns possessed spores

vhose ridges were anastomosing but liose of A, »latyneuron

were more numerous and thin; not rounded or obituse as

those of €, rhizonhyllus. The snores of specimens collected

for this study ranged 17-34 X 26-40 mu Zor A, nlatyneuron

and 14-31 X 21-37 mu for C. rhizophyllus, In spite of

2.7

the isclated exiremes, mosi of the snores examined were
uniform in size., Those spores exanined from specimens of

A. abensides, however, were ~reatly variable b-th in size

and senzral appearance., The win‘ed episphore seemed both
widely ccnspicuous and thinly continuous. idges upon the

shores were both finely netted and variously curved, The

r

average size was 9 { 11 mu,

Using the structural characteristics of external
nlant form snd spore structure for comparison, it would
appear that A. eben:ides seems to exXternally ccmbine the

most noticeable characteristics of C. rhizophyllus and

A. platyneurcn., A chromosome count of material from the

parent ferns w-uld have been a more useful comparieocn as

would a chromos:me count from A. ebenoides., Superficially

A. cbensides does anpear to be a nlausible hybrid of the

ferns A. platyneuron and C. rhizophyllus,
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sUMMaRY

Huring the anproximate period covering June, 1965
throughtFebrusry, 19566 a study has been made of C., rhizo-

phyllus (L.) Link and A, platyneuron {(L.) Oakes in order

to learn about th:ir possible taxonomic relationship and
the significance of their spore mornhclogy.. Spores have
been cnllected from the dried material; simple slide
making techniques learned; and microscopic measurements
observed, The strong possibility cf a valid hybrid,
Asplenium ebensides (3cott) Therry, between the two fern
species has also been observed and found to be supported
by external structure comparisons of the consplcuous
characteristics present. In order to form a deiinite

conclusion about the tax:nomic relationship of C. rhizo-

phyllus =nd A, platyneuron, it would be necessary to

make other studies of a direct nature., If .ne vished
to learn more about the tax nomic relationships and

hybrid nature of the Asplenium  rouping, studies o

=h

chromosome counts or biochemical constituents should be
attempted, The major obstrcle involved in chromosome
studies would be 8 successful culture of the spore

material whereby mature gametophytes would be available,
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