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ABSTRACT

This revision 1s based on a morphologlcsal, anatomical,
and chemical study of 1,918 specihens from twenty-one
herbarie, as well a8 field work in Isle Royale Natlonal Park
(Michigen), Haiti, and the Dominicsn Republic.,

The morphclogziczl and anatomlcael features are discussed
in detall and twenty-nine original figures ere included., Tae

protuberances on the lower surface of N. resupinatum (L.) Ach.

are corticate and, therefore, not true pseudo-cyphlellae as
often recorded in the literature, Elight lichen substances
have been found in the genus: usnic acid, nephromin, zeorin,
nephrin, and four unidentified neutral substances. These
substances have taxonomlc 1mportance, although other workers
in related genera have ignored them.

The genue 18 pleced in the Nephromaceae 1lnstead of the
Peltigeraceae, where usually classifled, because of the
differences in ascus structure and development, conidianl pro-
duction and the preeence of & lower cortex in Nephroia,.

Seven speclesg and two subspecies are recognized and a
key for thelr i1dcntification 1s included along with a
dlagnosis, nomenclatural notes, end a distribution mep for
each species,

Gyelnik's four new epecles and two new infraspecific

taxa from North America are reduceé to eynonymy. Nephroma



tropicun (¥11 Arg,) Zahlb. 1s reduced to a subgpecles of

N. helveticum Ach, Nephrome bellum (Spreng.) Tuck. isc

recognized as the correct neme for N. laevigatum auct. non

Ach. and N. laevigatum Ach. ncn auct. 18 recognized as the
correct name for what previously has been called N,

lusitanicum Scheer,

The need for future work in the chemistry, algal and
spore culture, and phylogeny 1is recognized together with the
reed for study of the remeining specles of Nephroma in the

world,
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INTRCDUCTION

This 18 a revisionary treatment of the genus Nephroma,
& genus of lichenized Ascomycetes of the Discomycete group,
in the Northern Hemisphere of the New World, lncluding Green-
land on the eect, Aleska cn the wegt, end Panema on the south.
In this study I have examined 1,918 specimens from 15 institu-
tional herbtcria in the United States and Cenada and 5 pri-
vate herbaria.l The herbariun materisl wes supolemented
with fl1eld studies and collections in Isle Royale Netlongl
Park (Michigen), and in Halti and Dominicen Republic 1ia the
Caribbean, Frou thie fileld study, I was able to observe the
natural variation, habitat, and occurrence, as well as make

large collections of meaterial for later study.

l11st of Lerberia. Abbrevictions follow the recom-
mendations of lanjow and Stafleu (1959). Lichen Herb., Am.
Bryol. Soc. (ALSL); Net. Fungus Colls., Hort. Crops Research
Branch (BPI); Nat. Mus. Cengda (CAN); Univ. of Col. (COLO);
Chicago Nat. Hist. Mus., (F); Farlow Herbarium, Hervard Univ,
(FH); Univ, of Mich, (KICE); Missouri Bot. Gard., (10); Micli,
State Univ. (M3C); New York Bot. Gard. (NY); Philadelphia
Acad. of Nat. Sci. (PH); Univ. of Toronto (TRTIC); Unive. of
Calif, (UC); Swmithsonizn Inst. (US); Wellesley Coll. (WELC);
Univ. of Wisc. (WIS), I em grateful to the curetors of
these herbarie for the lonan of thils material.

The followlng personsl herbarla were kinédly loened end
are withiout abbrevistions., W. L. Culberson (Culberscn), C. W.
Dodge (Dodge), M, E, Hale (Hale), F. P, Sive (Sipe) and J, W,
Thomson (Thomson).



Thies 1s not a monogreph because of limitatlions in acope
necessitated by time and facilities., However, I have at-
tempted to examine snd re—evaluete as many of the characters
that have been reported in the literature es poesible, to

reaffirm thelr presence end to eveluete thelir tAxcnomic

significance,



IT
HISTORY

Linnaeus (1753) pleced the two specles of Nephroma
known at his time in his genus Lichen, which included all
gpecles which he conslidered liclhiens. He recognlzed L.

ercticus and L. resupinatus.

In 1794 Schreder included regupinata in the genus

Feltigera for the first time. He only reported P. resupinsta

and P. sylvatice 1n this gecnus in this paper.
In 1803 Acharius plsced the recognized species of

Nephroma into a separate sectlon of Peltigera (Peltldea ##

Cpisteria), In 1810 he recognized this ecection as a separate

genus and chenged the name to Nephrome, Achacrlius recognized

— S

N. polaris, N. resuplnets, N. parilis, and N, helvetilca.

Acharius used the neme Nerhroma in the feminine iense in
error, for ne states that the term came from the Greek word
for kidrey (in reference to the a2pothecial shape) which was
ectually neuter. This error of gender wes corrected in 1812
by S. F. Gray to the neutcr gender.

In 1860 Nylander described the genus Nephremium for

the specles of Nephroma wiih gonimiz (blue green algae) and
reteined Nephrome for those species with goniala (green
elgee). However, he appesrently considered the bluec grecr

algae in the cephelodlia of N. exprllidum to be of sufficient

3



importance to place 1t in his genus Uepnromium,

In 1909 Wainlo reilsed Acheriusg' sectlion Opisteria to
generic rank on the idea thst the cldest name, regardless of
renk, Lad priority, which is contrary to the present rules of
nomenclature (Lanjouw, 1756). Since Nephroma was the first
naxe used for thece specles in the renk of genus, 1t has
priority over Oplsteria.

The next work of importance in tiie genus wes done Ly
¥oreau (1927) when he pcoposced the family Néphroulacées for
the genus Neplromivm, His argument for the separstion from
the Peltigeraceae was hesed on the fact that Nephromium has a
lower cortex and Peltlgere does note Thls separation was
later cupported by cytological differences in ascogonisal
developzent (Moreau, 1928) and differences in the apex of the
ascus (Calinou, 1955).

The only monographic sttempt of Nephrnma wes dore 1in
the 193C's by Gyelnik (1930, 1621, 19322, 1932b, 1932c, 1934,
1935, 1936, and 1640) in Budspest. Eis main scpecles
cheracters were tlie degree of tomentum, KOH reactions,
thallus color, soredia, and tubercles, By usglng every small
variation and comtination of these, and o few other characters,
he described 28 new species for the Northern Hemlsphere, L of
which were from North Amervica, and 45 infraspecific names,
with 2 from North America. Most of these taxa have not been
recognized by other lichenologlste. Gyelhik elso worked 1in
severel other groups, but mostly in the Peltlgereceae,
83J0din (1954) states that of the 1,307 new names described by

Gyelnlk, only a few ere accepted today. However, almoust all



of hls type specimene were destroyed during World Wer II,
which mekes a definitive eveluation of hissecies almost im-
possiblc. As a comparison, Du Rletz (1929) recognized orly

7 specles of llechroma in the Northern Hemisphere,



I1I
MORFHOLOGY

A, Methois. Cards contalining label data were mesde out
for esch epecimen and given a consecutive number for this
study., Each epeclmen wes then carefully exemined under a
binoculer microcscope at 10X mapgnification for the various
morphologlical charccters of 1sidile, soredla, tomentum, etc.
Trhe speclmens were also checked for eny abnormalitles or un-
usual epoearances, MNotes were taken on the speclimen cards
which were later cocmpared with the chemlical notes for evalu-
ating the specimen,

Representative gpeciamens were selected for sectioning
with a freezing microtome (AC Clinicel kicrotome, Model 830).
A plece of the thellus and an apothecium were allowed to sosk
in an alcoholic Photo Flo® solution (1 pt. Photo Flo : 10 pts,
water ¢ 11 pts. 70% EtCH) at lesst three hours before section-
ing., The plcces to be sectlorned were frozen in place in a
drop of seturated esqueous gum ersbic solution to which a
crystal of thymol had been edded as a preszrvative, Thellus
and gpotheciel sectlions were made at 20 u, pycnidisl sections
at 15 us Sections were then removed from the blade with a

small brush, and placed in a smell dish of weter where the

2Eastman Kodek Compeny, Rochestcr, New York
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arabic dissolved leeving the free sections. A few sections
were then selectcd and placed in a drop of lacto-ruchsiln

stain (0.1% ecid fuchsin in lactic acid) on a microscope

slide and gently heated to hasten the stalning, The cytoplasm
of the algae and fungl stalned red, BSectlions were dehydreted
through 70%, 80%, 95% EtOH and mounted in Diaphan63 which
gave a permanent slide for enatomicel studles.

Much trouble was experlernced with the thin apotheclel
sections which curled as soon as they thewed, The procedure
was modified by placing the secticne onto a clean microscope
slide from the 70% elcohol before they vecame too stifr to
uncurl, as they would become in the 95% alcohol. 1he sections
were stralghtened out s well as possible and ellowed tc dry
for a minute or two, thern cerefully rinsed severel times in
95% EtOH, and a drop of Diaphanc added &and then the ccver glip,
Thils gave falrly good results with surprisingly few air
bubtles,

Clearcolu, a watcr soluble mounting medium, was tried,
but the lichen substances apperently reacted with the Clear-
col to produce bubbleg after a few weeks which soon made the
slide useless,

Temporery squash mounts were made by soaxing spothecla
in distllled water overnight, sectioning freehand or by

microtome, and mounting in the lacto-fuchesin stein. For

3wi11 Corporation, Rochester, New York,
by

« W. Cloerk, Melrose, Massachusetts,



gpore measurements freehand sections were made and squashed
in 25% KOH. Conidlal measurements were mede in the lacto-
fuchsln stain.

A1l drawirgs were made with the ald of a camera

lucida.

B. Thallus. The thallus of this genus is of the
heteromerous type with the algae i1estricted to a definite
layer nesr the upper esurfasce, In two of the North American
species (N, arcticum &nd N, expallisdum), the algal layer 1s
compoeed of green algae of the genus Coggegonyxa, but these
specles also heve blue-green algae of the genus Nostoc (des
Abbeyes, 1551 and zahlbruckner, 1926) in restricted arees
called cephalodle, Cephalodla ere wart-llke areas containing
blue green elgae 1n a thallus normelly contelning green slgoe.
In arcticum the cephalodia ere on the upper surface (see fig,

1) end are usually larger auc broeder than in expallidum

where they are found on the lower surface (see fig, 2). This
1s one of the main charecters for the identification of these
two specles,

The fungus of Nephrome, when in combinstion with the
algae, produces a paraplectenchymstous cortex sceveral “cella"
thick (see fig. 3)e A few fungel hyphae wind around in the
algel leyer (see fig. &) and the medulla is a network of
loose intertwining hyphae (see fig, 5). The lower cortex is

legs well organized and is usually only a few “cells“ thick,
except where 1t thickers st the edge of an apothecium (see

fiz. 7).



The composite thallus of the fungus and slga 1s
usually thicker in the specimens from western North Amerlca
than in those from the east, However, there are cpeclmens
from areas in between (e.g., Idaho, Montana and Colorado)
which cannot be definitely placed in either group. This
difference is sometimes very noticeable when comparing selected
specimens from each area; the eastern ones are about 100 -
200 p mm., thick and the western ones are 200 - 300 p thick,
Thallus thickness variation 1s due primarily to variation in

medulla thickness, In one species, N, helveticum, this

difference of thellue thickness 1s recognized as belng worthy
of recognition because 1t is correlated with other characters,
but thallus thickness alone 1s not of very great taxonomic
importance in Nephroma,

The size of the thallue varies somewhat between species,

Nephrome arcticum is much larger than the other specles, its

thellus averaging up to 13 cm. (rarely 15 cm.) in diameter5,
while other specles avarage about 6 - 8 cm. in diameter,
However, I have noticed that the area covered by the thalll
of one specles on a rock cliff mey extend up to a square
meter or more in shady, moist situations.

Soredla occur only on N, parile. In this specles, the
scredlia are in wmaculiform sorallia or are marginal on the

lobes, The soredla arc very granular with a few cortical

5These measgurements may, to some extent, relflect the
slze of the packets the speclimens were placed in, as they
were made from herbarium materiasl, not in the fileld.,
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"cells' covering most of each sorediur (see fig. 6). Soredla
serve a8 an asexual means of reproduction and in pgrile
probably constitute the chief form of dilaspore., As has been
reported by Du Rletz (1924) and Degelius (1954), 1lichen
speclies with soredia or 1isidia frequently lack epothecla.
This 1s &lsc true in N, perile where in over 250 gpecimens I
have not found a mature apothecium thst could positively be
demonstrated to have developed from a gorediate thellus. Two
immature apotheclia were found, but the rest usuelly belonged
to bellum, which occaslonally gréws mixed with parile.

Isildia usuaslly occur in N, helveticum and ere found

cccasicnally in regupinstup and laevigatum, but never in

bellum or parile, The 1sidia in helveticum ssp. helveticum

are flat and smell (0.1 - C.2 mm. wide), but in helveticum

8sp. tropicum they are long and rounded (0.2 - 0,5 mm, wide).
These round 1sidia often break open at the tips with age, but

cannot te classified as pseudocyphellae. In some of the local

races of helveticum esp. tropicum 1n Central America the isidia
are long and narrow and in one race in the Dominican Republic
no isidlia heve been seen on a mass collection madc in 1958
(Wwetmore noe. 3550).

Varlious authors have reported pseudocyphellae 1u N.

resupinatum, A pseudocyphelle, however, 1s an opening through

the cortex which expoces the medulla and permits it to grow

out es & small protuberance, as in Pseudocyphiellaria (see

fig. 9). Thus, a protuberance (pseudocyphella) in Pseudo=-

cyphellaria originates with a btreak %a the cortex followed
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by an outgrowth of the wcdulla. In N. resupinatum, however,

the protuberance is produced with the cortex intact (see fig.
8), which 1s then often accidentally broken to expose th:e
medulla., I, therefore, prefer to follcw Gyelnik (1932a) end
cell these protuherences paplllse. Howard (1950) refers to
these es "tuberculeg.!

Cyelnik used the cheracter of tomentum to creste many
specles end verietlies. His intevpretetion of tomentum of the
thellus was explaired in 1922 (Gyelnik, 1932e). He called the
surface glabrous 1f there wes no pubescence evident under e
hand lens, pubescent if fine sheort heairs were visible with a
hand lens, delicate tomentosze if longer halrs were evident
with the naked eye, end tomerntose if lorng matted halrs were
seen, With thece minute separations, he described meny vari-
stions of halriness as new taxa., On speclmens I have examined,
fhe degree of tomentum of the surfaces 1s too variable to be
used for the separation of gpecies. The lower surface of I,

helvetlcum varies from elmost glabrous on rock to quite

tomentose on trees in the sane locality. The pubescence on
bellum 1s variable from ebsolutely glabrous to fairly dense,
short pubescent on others. Furthermore, the smount and slze
of the pubescence on the lower surface of Nephroma varies from
one lote to another on the same thallus, This varisbility
has also teen reported by Du Rietz (1929). TUsinz the
character of pubescence or tomentum on the lower surfece of
Nephroma in identification has led many taxonomlsts astrsy

and I congider 1it, at best a very poor sccessory claracter

in most ceses of thils genus,
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Regeneration squamules are cnzmon in meny specles of
Nephiroma., They occur on the margins or from breaks in the
cortex. Experimental studles on regeneration squamules have
been done by Thomson (1948) in the genus Peltigera. He found
that after cutting or bresking the thallus, new small squamules
appeared slong the injuries. He came to the conclusicr that
production of these squamules is not of epeciflic importance,

In Nephroma specles, bellus rarely has regeneration squamules,

but laevigatum, helveticum, arcticum, resupinatum and perile

often do. These squamules seem to have l11ttle taxonomic
value, although there 1ls a tendency for one species not to
produce any.

Mgrginal teeth in Nephrorma are similar to squamules,
but usually are much narrower, &snd do not arise after injury.

They are present only in helveticum, In helveticum ssp.

helveticum they are short (C.2 - 0.3 mm, long), flat and
broad (0.3 = 0.5 mm.), or lacking entirely, seeming to grade

into the narrcow lndentations of the mergin, In helveticum

8sp, troplcum the teeth are long (0.3 - 0,5 mm,), roundish,
and narrow (0.3 mm,) and always are present. In some Centrel
American races the teeth are narrower than others, This
difference 1ln teeth 18 not coneidered worthy of specific
separation, but, together with other charactere, sasumes

toxonomic value on the infraspecific level,

C. Apothecia. Apothecia of Nephroma sre non-cemergent
and marglnal on the lower surface; which distinguishes this

genus from all cther genera, 3Some specles of (Cetraria have



13

mercinal apothecia which originate on the lower surface but

are emergent, These are ceparated into the genus Nephromopsisg

by some lichenologists., The shinier appeerance of the
cortices, the presence of rhizoids on the lower surface,
lichen substances, and spore differences (gé:iggggg kas
hyaline non-septete spores) will also eagily separate the two
genere,

The epotheciel disc is light brown in 811 cpecies ex-
cept N. helveticum where it 1s dark reddish brown, Occaslon-
ally the disc is discolored and desrkened, becoming blackish,
in all species., This probably 1is due to dryihg and prescing
techniqgues,

The size of the apothecia varies from 8specles to
specles, The average maximum size 18 largest in ercticum
(up to 20 mm, diameter, rarely up to 30 mm,) and smallest in

helveticum and lsevigstun (up to € mm, ).

The hymenium s quite heavily conglutinated and 1is 60
- 90 u thick, Farephyses are unbranched and four to six cells
in length with slightly darkened swollen tips. The apex of
the ascus 18 without the epparatus found in Pelticere and
Solorina (see fig, 10. Gelinou 1555). Spores are cighkt per
ascus, light brown, end are three-septate. Fink (1935) has
reported other septations, but these were prcoably dve to im-
mature or ebnormal spores (see fig. 18). Some Southern
Hemisplhiere specleg, however, have more septa, according to
Lamb (1955). The normel spores very slizhtly from species
to species (see figs, 11 - 17).
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An outer wall 1s visible on a1l spores, but helvetlcum

8cp., nelveticum end l2°evigatur appeear to heve en inner wall

eround each lumen., In grcticum and resupinet:r no irner woll
is visible under ¢5CX magnificetion end gxpellidum, bellum,

and helveticum ssp, tropicum are intermediete with the middle

lemella visitle only between the lumine. The eglze varles
8lightly with ercticim end recupinetum being longest and

nerrowest (23 = 27 m x 4 - 6, 21 - 24 p x 4 - 6 p,

regpectively) and bellum, expallidum end leevigetum belng

shortest (17 = 21 m x 5 = 6 m). N. helveticum ssp. tropicum
1s the widest (20 - 23 p x 6 = 8 m). The spores of &ll
specles were seen to have germinated in the hymeniuan (see fig.
19) and produced & hypha at one or btoth ends. The differences
in measurements, in iost cases, are too slight to be ol much
importence ir routine 1identification of species in Nephrome.
Below the hymenium 1s & thin layer of closely packed
hyrhae celled a hypotheclium or exciple, When there ere two
layers tlie one immediately below the hymenium is the hypo-
thecium and ttie Jayer bhelow that 1s the exciprle. When only

one tlssue is present either term has bveen used.

D. Pycnidie. Pycnidial characters are often overlooked
beceuse of thelr smell size (0.1 - C.3 mm., dilameter) and the
small sigze of the conidila within. 1In lichens the conidia ere
thought to be &n asexusl meens of reproduction (des Abtayes,

1951). The largest conidie are in resupinstum, bellum, and

laoevigetun where they measure 4 - 5 u x1 - 2 u, while in the
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rest of the szecles they meagsure 3 — 4 p x 1 - 2 pu. Conidla
are borne on any cell of the conidiophore, maeking it endo-
basidiel (see figs. 20, 21). Inr Peltigera the conidia are
borne only on the terminal cells of the conidiophores, meking
them exobssildlal (des Abrayes, 1951). Thece conidiophores
differences ere of me jor importence on the family level,
Zehlbruckner (1926) erroneously reported that both Mephroma

eand Peltigere ere endobesidlel,



Iv
CHEMISTRY

A. Methods. Chemicel characters were evaluated by
several techniques: micro-extraction, peper chromatography,
solubilities in various organic solvents, and color reactlons
of the thallus.

Micro-extractions were made of most collections. A
small fragment of the thellus was placed on a microscope
slide on a warming table set at 65°C. and acetone was added,
drop by drop, to extract the substances. The acetone was
allowed to evaporate and then the fragment was removed and a
drop of G.A.An. (2 pts. glycerine : 2 pts. ethanol : 1 pt.
aniline) was edded, followed by a cover slip., The slideSre~
mained on the waerming table until the residue had dissolved.,
Then they were set aside to cool and crystallize for 20 - 24
houre to assure complete crystallization. G.A.An. wes found
to crystalize the neutrel substances the besgt of the many re-
agents generally used by lichenologlsts, such as, G.E.,
G.A.oT., G.W.Py., G.A.0AD., G.A.W, For formulas, see Asahina
and Shibata (1954) and Evens (1943). The methods used are
modifications of those used by these authors.

A word of csutlon 1s necessary here concerning the
microscope slldes and cover slips used in extrsction work.

These must be thoroughly clesned in soap and water, then

16
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bolled in acetone before reusing or crystals will carry over
from one extraction to the next. Uslng the acetone last also
aids in drying the slides,

Paper chromatography was used to a limited extent in
Nephroma, but since the Neutrel Substances (Asahina and
Shibata, 1954) are not easlly detected by most reagents, this
method was not very useful. For this work fragments of the
thallus were boiled in a test tube of acetone and the solution
was applied to the bottom of one-inch wide strips of Whatman
No. 1 Chromatography Paper, The strips were suspended in
individual test tubes snd the solvent was allowed to ascend.
In this way replicates could be run in many different solvents
and sprays at one time, After about twenty-four hours, the
strips were removed, dried, checked for fluorescence with
ul traviolet l1ight, and sprayed with the developing reagent
(Wachtmeister, 1956).

One of the most useful techniques, used in connection
with the microchemical tests for crystals, was a solubllity
analysis of the substances removed by the hot acetone from
the thallus, One great handicap was the lack of sufficlent
quantlities of material to treat by thls method. By evaporating
the acetone extraction to dryness, then re-dissolving in
chloroform or ether, and shaking with 6% sodium carbonate, the
neutral substences would remain in the ether or chloroform
leyer and the acidlc substances would be in the sodium carbon-
ate layer., After seperating the layers, the sodium csrbonate

was acldified, precipltating the lichen substance, filtered,
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and the substance redissolved in acetone. Further treatments
were carried out on the residues to determine which organic
solvents would dissolve the various parts of the residue,
checking each stage of the procedure with a micro-chemical
test of the residue or solution. As the substences became
purer, they would crystallize out of the solvents as
recognizable crystals, which then could be checked with
literature reports and the micro-chemical tests to relate the
crystal to the crystels obtained with G.A.An. The fractions
were also checked with KOH, FeCl3 and para-phenyldenediamine,

One of the oldest chemical methods used in lichenology
18 the color reaction of the thellus with various chemicals.
Although largely replaced by more accurate methods, sometimes
the reactlons are rellable enough to still be useful in routine
taxonomy. The only one of these tests found velid was the
KOH test on the medulla of N. lsevigatum to indicate the
presence of an anthraquinone., In thils test, & small cut was
made through the cortex to expose the medulla and a drop of
25% KOH was sppllied. If the anthraquinone was present the
medulla turned pink, red or red-violet. If there was no
color change, it was recorded as KOH negative (KOH-).

The KOH reaction wes checked on all specimens of
Nephroma because some previous workers have made species or
varleties from slight KCH reactions due to substances other

than anthraquinones.

B. Substances. The lichen substances in the Pelti-

geraceae were studled by Hesse (1898) end Zopf (1909).
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Hesse reported usnlic acid and nephrin from N. arcticumé.

Zopf reported zeorin from grcticum, entarcticum, lesevigatum,

and parile and nephrin from arcticum, laevigatum, and

lusitanicum, Thomson (1950) stated that there were no sub-

stances in Peltigera, evidently overlooking the paper by
Zopf. Although the 1dentity of the substances reported by
the older workers is probebly correct, the identity of the
gpecles cennot be relled on because of the changes in specles
concepts.

Bachmann (1887) reported emodin from N. Jusitenicum be-

couse 1t acted like the substance emodin in the bark of

Rhemnus frangula. Hesse (1898) reported nephromin from

lusitanicum. In 1907 Zopf stated that the anthraquinone in

lusitanicum was not emodin but different and thet Hesse's nare

nephromin was correct.
The lichen substences in Nephroma belong, mainly, to
the neutral group as outlined by Asahina (Asahina and
Shibeta, 1954). Since little work has been done in this group
of substances, a precise determination was not attained.
Nephrin was reported in N. arcticum by Hesse (1898) snd

later isoleted from N. laevigatum and studied by Zopf (1909).

According to Zopf, nephrin is FeCl3 negative, is slightly
goluble in cold ether, ethanol, acetone or ascetic scid end
gives spherical crystal clusters when crystaellized from scetic

acld., He elso reported nephrin from N, ercticum and N,

6The nemes used in this part are as they were used by
the suthor cited, not a8 used in this paper.
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lusitanicum., I have not been successful in 1solating suf-

——

ficlent quantities of nephrin to positively verify this sub-
stance, but so far as I cen tell, the substance which re-
crystallized out of G.A.An. &8 hexagonal plates (see fig. 27)
seems to be nephrin. It has the same solubllities as

nephrin and 1is Fe013 negative, Also, in N. arcticum there are
only two substances that are FeCl3 negative, one of which is
zeorin, so the other cen be presumed to be nephrin (end also
gives hexagonal plates).

The usnic acid in arcticum is blocked in the micro-
chemicel tests by another substances, possibly a carotenoid,
but after destroylng the carotenoid by prolonged boiling in
acetone, I was able to verify the presence of usnic acid. A
5% elcoholic solution of Chloramine-T (CAT) will turn the
thallus of N. arcticum 1light yellow in the presence of usnic
acid.

A substance 1solated from N. grcticum gives yellowilsh
orange crystals, is FeCl3 + red brown,para-phenylenediamine +
red, KOH ¢+ yellow, has a yellowish green fluorescence, and
1s removed from the ether solution by 5% sodium carbonate.,
The only known lichen substance that is similar to this sub-
stance 1s lichexanthone (Asahina and Shibata, 1954), but this
latter substance 1s FeCl3 + purple and remains in the ether
layer on treatment with 5% sodium carbonate. Thls substance
also bresks down on prolonged heating., The crystals obtained
from purified substance and on recrystallization from G.A.An.
ere similar to those in Karrer and Jucker (1950). An ultra

violet spectogram would be necessary to prove that this
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substance 1s a carotenoid.

Verious clear blades and needles appeeared in the
G.A.An. slides, some of which were distinctive enough in
shape and constancy to be useful in some specles., These sub-
stances were found to be neutral, but were not further
identified. They are designated by letters associated with
photographs and descriptions which appear below.

Neutral substances glving clear crystels in
G.A.An.:

Substance A. Clear blades, branched, flat, sometimes
folded over, acute angles, sometlires feathery ap-
pearing due to many short branches. Appeasring 1n
G.A.An, £lides within cne-helf hour (see fig. 22).
Found in parile 99%, bellum 30%.

Substance B. Clear blades, long, narrower then sub-
stance A, branching, flat. Appearing in G.A.An.
immediately (sometimes while still on warming

table) (see fig. 23). Found in expallidum 100%.

Substance C, Clear needles, long, branching, eppearing
trapezoldal in cross section. Apvesring in G.A.An.
slides within one-half an hour (see fig., 24&),

Found in helveticum 97%.

Substance D. Clear chunks, oblique angle at two
corners, acute angle at other two, fairly thick
(thicker than substances A, B, or C). Appear in
G.A.An. slides within one-helf an hour (see fig.
25)e Found in bellum 36%.
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Zeorin - Clear double pyremid, hexagonel 1in sectlion,
sometimes without tips on pyramlids. Appears 1in
G.A.An. within five minutes (see fig. 26). Found

in expallidum 100%, bellum 90%, arcticum 59%,

perile 51%.

Nephrin - Clear plates of verious shapes, square, hex-
agonal, rhomboidal, and clear quadrangular rods
with sloping ends. Appears in G.A.An., within two

to three hours (see fig. 27). Found in expallidum

97%, helveticum 78%, arcticum 74%, bellum 36%,

parile 5%.

Non-Neutral Substences,

Usnlc Acid - MNarrow branching, long yellow blades;
turns yellow with 5% slcoholic chloramine T solu-
tion. Normelly this appears in GE, but does not
appear in any test of arcticum due to the blocking
by the carotenoid. Probably constant in arcticum,.
Found in arcticum by Hesse (1898).

Nephromin - KOH 4 red, para-phenylenediamine + red,
magnesium acetate + reddish. Does not give con-
clusive crystals in any reagent. The best tests
are with KOH snd kg(Ac), in addition to the yellow
color of the medulla., Found irn varying concen-

trations in 211 lasevigatum (= lusitanicum)

gspecimens,
Cerotenold - yellow-green boat-like crystels, jJointed

near the center. Fluoresces greenish yellow under
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ultrs violet 1ight. Appeers in G.A.An., after one-
helf en hour, pere-phenylenedlamine + red, KOH +
yellow, FeCl3 + red brown. (See fig. 28.) Found
in ercticum 100%.
Al though the various substances listed have not all
been 1ldentified to nsme, they ere constant enough in appearance
end character to be of value 1n the identificatlion and classi-
fication of the species in this genus. The chemical
characters are glven value equal to any other morphological or

anatomical character,



ECOLOGY

Mephroma species are most often found growing in lightly
shaded, moist, cool places on moss, rocks, trees, or fallen
trees that still have their berk.

In Northern Alsska, according to Dr. John E. Cantlon,
who has spent seversl summers on the Arctic Slope of the
Brooks Range, they usuelly grow in areas protected by late
lasting or deep esnow cover in the wet meadow areas or between
rocks.

As arcticum and expsllidum extend south in the Rocky

Mounteins, they are found in the molst valleys, not on the
ridge tops as do species of the Arctic-Alpine type, according
to Dr. Henry A. Iushaug (Imshaug, 1957).

On Isle Royale, my observations indicate that specles
of Nephroma grow on mossy north-faclng rock faces or on trees
in the valleys. They are not present in dry places or in
very dense shade, such as Thuls bogs, unless in an opening or
at the border,

In Hispeniola N. helvetlcum ssp. *ronicum was found

above 7,500 feet in cool, molst, wooded arees on trees gnd
shrubs, usuelly in the pine forests. When Nephroma 1s present,
the thelll ere ususlly abundant, very smell, end highly fertile.
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Dodge (1933) reports that Nephroma grows in the high moist

areas in Costa Rica,



VI
DISTRIBUTION

The genus hes primarilly a boreal-oceanic distribution

with various modifications. Nephroma laevigatum has a

etrictly oceanic distribution, resupinstum has basicelly an

oceanic distribution with an extenslon into the Great Lakes,

Nephroma helvetlicum ssp., tropicum has an oceanic distri-

bution on the west coast of North America and extends lnto
the tropics in oceanic habitats on mountains or islands.
Many localities ere known from geologically old areas of the
United States, such as the Appalachians and 1in the Ozark
Mountains,

The absence of collection records of Nephroma in the
Great Plains of the United States and Canada and the coasteal
regions of the east and south 18 probsbly not due to lack of
collecting. Since a few collectors have made locelly good
collections within these regions, it mey be assumed that the
generel environment 1s not favorable for their growth there.

In order to dilscuss the center of origin of a genus,
all species of it must be studied and their distributions com-
pared. However, thls has not yet been possible in this study

of lNephroma.
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VII
TAXONOMY

According to Bessey (1950),,el1 discomycetous lichens
belong to the order Lecanoreles. Des Abbayes (1951) clessi-
fied the Nephromaceae along with the Collemataceae, Pelti-
geraceae and Stictacesze in the order Cysnophilales, which 1is
mainly cheracterized by blue green algae.

Family., MNephroma epecies have usually been classlfied

with Solorinella, Solorina, and Peltizers, in the Peltigeraceae

—_——n - =)

because of the non-emergent epothecla, end septate svores.

As further research was done, many cherecters were found by
which Nerhroma differed from the rest of the family. Moreau
(1927) separeted Nephrome, because it had a lower cortex, and
proposed the new family Nébhromiacées, including only

Mephromiun., This name was not published in Letin end so wes

not validly published. A year leter kme. Moreau (1928)
recognized a difference in ascogonial development between
Nephroms and Peltigera. Gelinou (1955) described differences
in epical structure of the agcus between the two genera.
Peltigera was known to heve a different type of conidlophore
development (exobasidial) than most other genera (des Abbeyes,
1951, p. 154) end I have shown Nephrcma to have endobasidial

development (see above). For these reasons it seems desirable
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to separste this genue from the Peltigeraceae and recognlze

the family Nephromaceae,

NEPHRCMA ACH, LICH, UNIV, 521.. 1810

Nephromium Nyl. Syn. Lich, 1: 318, 1860. -- Opisteria

(Ach,) Wain, Ark. Bot. 8 (%) : 93. 1909. TYPE OF GENUS:
N. poleris Ach. (= N. arcticum {(L.) Torss.).

Diegnosig: Thsllus greenlsh-yellow or brown, usually
quite thin (100 - 300 m thick); cortices paraplectenchymatous,
upper cortex .20- .h0O ., lcwer cortex 10 - 30 u; algal
layer 30 - 60 n thick with loosely interwoven hyphae, algae
blue-green (Nostoc) or green (Coccomyxa); medulla of loose
hyphae 40 - 260 p . thick; lower surface of thallus
glabrous, pubescent or tomentose with hairs of thicker walls
than meduwllary hyphae (see figs. 29, 30). Apothecis immersed
on lower surfece et tips of lobes; discs 1ight brown to dark
brown; hypotheciua hyeline to 1light brown 20 - 30 m thick;
hymenium 60 - 90 a1 thick, parsphyses unbranched, spores

three-septete, 1ight brown, eight spores per ascus.6

6In the dlegnosis of the genus only those characters
of North and Midcdle Americen specles are considered since I
have not had an opportunity to study other raterials.
Synonymy also only eoplies to names reported or with a direct
beering on nemes reported from the aree in this stuly.



Key to Species of Nephroma in North and liddle Amerlca

1. Algal layer wilth greecn algae; blue-green algae llmited
to cephalodis. Section Nephroma =-——-eeeemeeme——ee- 2
l. Algel lsyer with blue-green algee; cephalodia ebsente
Section Nephromium (Nyl.) Stzbgr. —=—ec—cmmmmccmme e 3
2. Thallus yellow, cephalodia visible on upper sur-
fece, no pubescence on upper surface-- N, ercticum
2. Thellus dull green or brownish, cephealodia
internel, vlisible on lower surface, slight

pubescence on upper surfacCe —-——-——- N. expellidum

3. Papillae present on lower surfece; thallus

usually tomentose beloW ————cmeeeeeaa- Ne resupiretum

3. Paplllee absent on lower surface; thallus
tomentose or etomentose DeloW yyw=——m—mmmccccmcme——— L
L, Medulla turning pink or red with KCH; medulla
usually shades of yellow ———-—e----- Ne laevigatuu
L, Meduvlle not turning pink or red with KCH;

medulle usuelly white —ccecommmm e 5

5. Thallus with soredia -—-—--—cemmmmmmm e Ne parile
5+ Thallus without soredle ————emmm e ~ 6
6. Thallus with isidie and/or marginal tecth -——----—= 7

6. Thellus without isidia or teeth —=eee—-- -~ N. bellum

7. Merginal teeth ghort (0.2 - 0.2 mm.) or lacking;
Rocky Mountains end eastwerd--——-——m—emmmmm o

------------------------ Ne helvetlcum esp. helveticun

7. Marginal teeth long (0.3 - C.5 mm.); Rocky Mounteins

& westward & tropics ----- X, helveticum ssp. tropicum







CECTION NZPHROMA

Section Funeprroma Htizenv., Ber. St. Gall. Naturw,

Ges, 1861-1362 : 1€5., 1862,

:

lagnnclg: Thellus greenish, algal layer witlh: green
algee (Cocconyxa); blue-green slgae (Noetoc) preeent in

sephalodile.

Discussion: OStizenberger proposed the name Eunephrome
for this eection but, according to the present Internetional
Code (Lznjlouw, 1956), the sectlon conteining the type of the
genus must beer the generic neme unaltered and wlthout autror

citetion.

1. N. ARCTICUM (L.) TORSS3,

Lichen ercticus L. Sp. Fl. 1148 . 1753. -- Peltigera

—_—a o

arctica (L.) R2uschel, Nomenclat. Bot. ed. 3. 326. 1797. —-
Peltidea grctica (L.) WhRplbg. Fl. Lappon. 448, 1812, --

Nephroma grcticum (L.) Torss. Enum. Lich. Byssac. Scand.

7. 1845, -- Opisteria erctica (L.) Wain. Ark. Bot. 8 (4):

93. 1909, -- TYFE: Sweden, "Habitat in Suecia boresll, sud
juniperis.®

Licken groenlendicus Oed. Icon. Plant. Deniece 3 (8):

8, teb. 4€6, 1796. -~ Eoarmelia grocrlendica (Oed.) Ach. keth.

Lich. 220 (as sp. dub.). 1803. =- Nenhroma srcticum var,

groenlandicvm (Ced.) Gyel. Arn. Crypt. Exot. 4: 341, 1531,
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Lichen polaris Ach. Lich. Suec. Prodr. 163. 1798, ==

Menhrome poleris (Ach.) Ach. Lich. Univ. 521. 1810, --

Peltidea poleris (Ach,) Ach., Meth. Lich. 228, 1803, ~-

Peltigera poleris (Ach.) Spreng. Syst. Veg. 4 (1): 306. 1827.

-= Nomen. novum for arcticum plus antercticum.

Nephrome. srcticum f. tuberculimerginatum Gyel. Ann.

Crypt. Exot. L4: 128, 1931, TYPE: Alaska, Chilcoot, foll.

Aurel and Arthur Krause,

Nephroma euarctoldes Cyel. var. magnilobatum Gyel. Ann.

Crypte Exote. 4: 129, 1931. (= N. euarctoides f, euarctoides).

TYPE: OSweden, HarJedalen, Fjallnds, Zoll. Vrvang.

Nephroma euarctoldes Gyel. var. breutelll Gyel. Ann.

Crypt. Exot. 4: 129, 1931. == Originsl materisl: Greenland

end Labrador, coll. Breutel No. 204 pp.

Nomenclatursl Remerks: MNephroma poleris (Ach.) Ach.

weg the type specles of Nephroma as used by Acharius and he

lists Lichen ercticus L. snd Lichen entarcticus Jacq. as

synonyms, Slnce theee latter gvecies are considered distinct
today, N. poleris is treated as a synonym of N. erticum be-
cause arcticum was lilsted first by Acharius in the origiral

description.

Lichen groenlendicus Oed. was iater treated es a synonym

of N. poleris by Acharius (1810).

Diegnosis: Thellus 0,19 - 0.32 mm, thick, tomcntose
below and dark brown to bleck neer the center; lobes broad,

crisped or entire; regeneretion squamules common. Algal layer
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composed of grecn elgae with the blue-green algae restricted
to cephelodia near the upper surface of the thellus (see fig.
1). Apothecis lerge, up to 2C mm. 1in Jdlameter (rerely 3C
mm. ), discs 1light brown; epores sub-fusiform with thin walls
(see fig. 11), 23 = 27 u x 4 - 6 pn. Pycnidia merginal,

0,19 - 0.24 mm. in diameter; conidia cylindrical rods,
3-b4bux1l-2n

TLichen substences and chemicel reactions: Carotenoid

100%, usnic acid (100%%?), nephrin 74%, zeorin 59%. Thallus
KOH + very slightly yellow (due to cerotenoild). The carotenoid
1s found in the elgel layer and in the medulla as seen by

fluorescence under the UV microscope.

Exelccetl exsmined: Nacoun I. 94 (MICH, M3C, UC,
WELC); Mecoun II. 80 (COLO, FH, KICH, NO, MSC, NY, US, Cul-
berson, Thomson); Tuck., 62 (MICH).

Discugsion: This specles grows on mossy, wet meadows

in protected areas throughout the Arctic and sub-Arctic

regions, The sgouthern 1imit 1s in southern Britich Columbia
and central New Hempshire. Northern 1imits of distribution
are elong the coast of northern Alaska snd about 69° K, lat.

on Baffin Island (esee fig. 31).
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Nechromium expallidum Nyl. Oefvers. Kgl. Vetensk. -

Akad, Forh, 17:295, 186C. —- Nephroma expallidum (Nyl.) Nyl.

Flora L48:L28, 1865, —- Cpisteria exvellida (Nyl.) Wain. Ark,

Bot., 8 (4): 93 & 94. 1909, TYPE: Norway "In alpe Dovre,

Korngsvold, lecta a cel W. P, Schimper."

Diernogig: Thallus C.15 - 0,22 mm, thick; lobes often
very closely crowded agalnst each other and sometimes regener-
ate; lower surface derkened towerd the center and with verieble
smounts of tomentum; upper surface glebrous, pruincse or
sllghtly subescent. Algsl leyer green, gilving the thallus a
green color; cephalodla internel, neer the lower surface (csee
fig. 2), cepnelodial algae blue-green. Apothecla uncommon,
up to 10 mm. in diameter with light brown discs; spores with
8lightly thickened walls (sce fig. 12), occasionally very ab-
normel (see fig, 18), 17 - 21 m x 5 - 6 u. Pycnidia marginel,
0.26 = 0.3C mm. in dlameter; coridla cylindricsel rods,

3—4}1)!1—2}1.

ILichen substences and chemicel reactions: Neutral

< ibstance B 10C%, zeorin 100%Z, nepnrin 977. Nedulla KCH-,

Exsiccetl examined: Macoun II., 81 (CANM, FH, MO, NY,

U3, WELC, Thomson); Mecoun II. 83 (CAN, X0, WTLC, Culberson);
errill II. 131 (CCLO, F, MICH, M0, NY, WIS),
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Diascussion: N, expellidum is a falrly distinct specles
due to its green color, but has been misdetermired in 13% of
the collections., It occurs in mossy meadows in very pro-
tected areas in the Arctic and in moist valleys in the sub-
Arctic., This species has a more temperate dlstribution than
ercticum, but is the least often collected of eny Nephroma,
It extends from northern Alacka and Beffin Island south to
British Columbia and northwestern Ontario (rersonel corres-
pondence from kr., Teuvo Ahti, Helsinki, Finland) (see fig. 32).
One collection by Macoun from Cttaws, Ontario, is dilsregarded
due to 1ts distence from the normal range of this species,

rending further verification by other collections,

SECTION NEFHROMIWM (NYL.) STIZENB.

Nephromium Nyl, Syn. Meth., Lich. 1: 318. 1860 —--

Section Nephromlium (Nyl.) Stizenb., Ber, St. Gall. Naturw,
Ges, 1861-1862: 165. 1862.

3. DNLPHROMA RESUPINATUM (L.) ACH.

Lichen resupinetus L. Sp. Pl. 1148. 1753. -- Peltigere

regsupinata (L.) Schrad. Spicil. Fl. Germ. 1:10C, 1754, ==

Peltides resupinata (L.) Ach. meth. Lich. 289. 1803, —--

Nephroma resupineta (L.) Ach. Lich. Univ. 522. 1810 --

Nephromium resupinetum (L.) Arn. Flora 67:231. 1884 —-

Opisterie resupinata (L.) Wain. Ark. Bot. 8 (4): 93, 1903.
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TYPE: Europe, "Habitat in Europce sylvis.®

Peltirera pomyrecea Hoffm., Deutsch. Fl. 108. 1796. --

Nephroma pepyrecee (Hoffm.) ROhl. Deutsch. Fl. 3(2):119. 1813.

-- Parmelia pepyreces (Hoffm,) Wallr. Fl. Crypt. Germ.

3:511, 1831, TYPE: Germany, "In abletum cortice, remulils
dejectus,"

Peltigera tomentoss Hoffm. Deutsch. Fl. 1C8. 1796, —--

Permells tomentosa (Hoffm.) Wa2llr. Fl. Crypt. Germ. 3:51C,

1831, -- Mephrome tomentosum (Eoffm,.,) Fw. Jahr. Schles, Gess,.

fir vat. Natur. 2:122. 1850. -- Nevhromium tomentosum (Hoffum.,)

Nyl, ém. Soce. Sci. Net. Cherb. 5:1C1. J857. TYPE: Geramany,
"In montosis rupestribue sd terrem."

Sticte druwumondii Teyl. Lond. Jour. Bot. 6:181. 1847,
TYFE: "British North Americe," Loll. Dcumzond (FH{!).

Nephroma resupinatua f. rameuz Schaer., Enum. Critic,

Lic, Eur. 18, tab. 2 f. 3. 1850,

Mephrore recupinatum f., helvum Mass. Sched. Critice.

3:57. 1856, -= Nepkromiun resupinatum f. helvum (}aes.) Trev,

4

Licn, Vei;a. No. 155. 1869, —- Nephrome resupinatum ver

helvwzl. (}’:asso) G‘yelo I‘Iego BOt. L&p. 29:23. 1930-

Nephromne resuninetum f, crisescens Gyel. }Mag. Bot. Lap.

29:30, 1930. TYPE: Hungary, "Veresko prope Sumléc in
comitetu Gomor in Hungaria, Corticola," coll. LoJjka.

Meghroma protoresuninetum Gyel. Ann. Crypt. Exot.

4;132. 1931. TYPE: Japan, “Isashirc i Ose," coll. K. Sekuvesi
No. 94,
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Nomenclatural remarks: The type of Peltlpzers papyraces

Hoffm., was seen by Weinio (1888), who identified 1t eas

Nephromium tomentosun (Hoffzm.)s. Nyl. (= Nephroma resupinatum

(L.) Ach.) For further discussion see Hasselrot (1952).

Nephroma protoresuvpinatum Gyel. was the name by Gyelnik

for N. resupinatum without isidia. The presence or absence

of 1sldls 1s too verlable for the recopgnition of separete

species,

Dlegnosis: Greyish-brown thellus, 7 cm. in dlameter
(rerely up to 9 cm,.), 0.17 - 0.19 mm, thick with verying de-
grees of pubegcence on the upper surface; regeneretion
squemules on the marginsg of the lobes or from crecks in the
thallus; lower surface elwsys tomentose but tomentum
occaslonally short; paplllae elways present (sometimes
scarce) on lower surface (see fig. 8). Algal leyer with
blue-green algaey the aspothecia 11 mm, in diameter (rarely
15 mm, ), discse 1izht brown; spores subfusiform with thin
walls (see fig, 13), 21 - 24 p x 4 - 6 p. Pycnidia mavrginal
0.15 - 0.20 mm. in cdlameter; conidie rod sheped 4 - 5 p x 1-2 He

Lichen subgtances and chemicel reactions: None,

Exslccatl exemired: Cummings I. 354 (ABSL, CAN, O,

NY, US, Culberson); Cumminge II, 276 (F, MICH. 0, NY, PH);
Macoun I. 33 (iICH, MSC, NY, TRTIC, UC, US, WELC, WI3); Macoun

I. 126 (US); Mecoun II. 82 (CAN, COLO, MICH, MSC, MO, NY, US,



WELC, Culberson, Thomson); Merrill I, 218 (MICH, NY, US,
Culberson). Rel. Ferl. 477 (WIS); Tuck. 13 (MICH).

Discussion: Sometimes the white tips of the papillce

are hidden in the long tomentum or mey be found only on
certaln parts of the lower surface instead of belng uniformly
distributed. Thils specliee grows on rocks and trees in cool,
molist, shady pleces, such as valleys or rocky cliffs. Its
distribution 1is primarily oceanic with a disjunct erea in tne
Greet Lakes. The most northern collections are from near
Yakutat, Alaske, the southernmost from southern Oregon and

kessachusetts (see fig. 33).

4, NEPHROMA BELIUM (SPRENG.) TUCK.

Peltigera belle Spreng. Syst. Vege. ed 16. L(1):306,

1827, -- Nephroma bella (Spreng.) Tuck., Boston Jour. Nat,

Hist. 3:293. 1840. T1YPE: "America borealis," coll. Torrey.
(FH!).

- Nephromium lsevigetun (Ach.) Nyl. ver. subtozentellum

Nyl. Notiser ur Sallsk, Fsun. Fl. Fenn. II. 5:116. 1866, —-

Nephroma leevigatum Ach. var. geniunum Korb. f. subtomentellum

(Nyl.) Blombg. €t Forss. Enum. Pl, Scand. 1C6. 1850, —-

Nephroma gubtomentellum (Nyl.) Gyel. Fes. Bote. Lap. 29:25,

1930, == Nephromium gubtomentelluzm (Nyl.) Gyel. Hedw,

72:2., 19232,

Nephroma filerskyenum Gyel. f. envulgare Gyel. Ann,
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Crypt. Exot. 4: 148, 1931, TYPE: Owitzerlend, "In silvis
alpine's ad arbores et saxa," coll. Schaer, Lich. Helv. No,

259. (= N. filerskysnum f. filsrskysnum Gyel.).

Nephroma filarskyvsnum f, castanem Gyel. Ann. Crypt.

Exot. 4:148. 1931. TYPE: Hungary, "Hercynle super. ad,

arbor.¥

Nomenclaturel Remarks: Neohrome bellum (Spreng.) Tuck.

1s the cldest neme for the specleg that has been called

N. laevigatum A4uct. non Ach. and N. subtomentellum (Nyl.)

Gyel. Gyelnik (1635) hes shown that the medulla of the type

specimen of N. leevigatun Ach. 1s KOH + red which would mean

that the KCH- specimens need a different name. Hagselrot

(1953) chose N. bellum, but Lamb (1954) chose N. subtomentellum

because he had not seen the type of Peltigera bella, I have

gseen what ls probably the isotype of bellum and concur wilth

Hasgselrot,

N. fllarskysnum Gyel. f. envulgere Gyel. end N.

fllorskyenum f, casteneum Gyel. ere based on minor differences

in KCH reactlions and thallus color differences which are
herdly worthy of texonomic recognition.

Disgnosis: Thallus brown, € cm. in diameter (rarely up
to 8), 18 0.18 - 0.29 mm. thick; upper surface glsbrous or
very sllightly pubescent; mergins entire or with small
lobules, rarely with regeneration squamuleg; lower surface

usually rugulose to some extent; 1sidia end zoredie absent.
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Algel layer of blue-green algae. Apothecia 10 mn. (rarely
up to 15 mm.) in dilemeter; discs 1ight brown; spores
€ellipsoidal with thickened walls, 17 = 21 p x 5 - 6 p (see
fig. 14). Pycnidla marginal, C.09 - C.15 mm., in dlemeter;
conidia rod-cheped, 4 - 5 p x1 - 2 p,

Lichen substences and chemical reactione: Zeorin 903,

nephrin 36%, Neutrel Substance D 36%, Neutrel Substence A

30%, Medulla KCH + light yellow or KCH-.

Exgicceti exemined: Cumminga I. 116 (MSC, MO, NY, US,

WELC, WIS, Culberson); Mecoun I. 32 (CAN, FH, Ny, U3, WELC);
Macoun I, 129 (US); Macoun II., 33 (COLO, MICH. Dodge, Thom=-
son); Rel. Farl. 477 (BPI, FH, MICH, NY, UC); Rel. Tuck. 118
(¢, P4, MICH, UC, US, WELC, WIS, Culberson, Thomson).

Diecussion: N. bellum has been misdetermined 16% of

the time due prodvably to the variability of the pubescence

on the lower surfece which mey very from rone at all to

quite pubescent on the same thsllus, Thils gpecles occurs on
mos8sy rocks and on trees in molst ehady places, It sometimes
coverg areas of a sguare meter or more on rocks, but the
average thalluvs slze rarely exceeds 6 cm, The distribution
is from western Aleska south to middle Californie end Green-

lend south to Virginia (see fig., 34).
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5. NEPETROMA EELVETICTRM ACH,

Nevhroma helvetics Ach., lLich., Univ. 532, 1810, --

Lichen scutatus # Nephromes helvetice (Ach.) Lam. Encyc. Meth,

Bot,, Suppl. 3:422, 1813. -- Peltigers helvetica (Ach.)

Spreng. Syst. Veg, 4(1):305. 1827. == Nephromilum helveticum

(Ach.) Nyl. Lich. Nov. Zelsnd 43, 1888, TYPE: Switzerland,

"Hebitet in mortibus Helvetlae,® coll. Schleicher.

S5as NEPHRCHA HELVETICUM ACH. uo5P, HEELVETICUM COlBe. NCV.

Nephroma aspera Tuck. Bost. Jour. Nat. Hist. 3:293.

1841. Original msterial: UNew England USA, "Ragland in
Brookline, Manchester Woods, Medford Hills, Lexington. Also
Chelmsford.", coll. Russell (FH!).

Neghreoma magsachusettsienun Gyel. Ann. Crypt. Exot,

4:136, 1931. TYPE: Neseachusetts: "Nfew] B [edford], No.
162, (M0 Y).

Nephrema plittil Gyel. Anrn. Crypt. Exot. 4:137. 1931.

TYFE: Marylend, Esltimore Cn., "On & smell fallen tree

trunk, ravine beyond the Caves." coll. Fl11tt No. 60c. (EPI!,
WELC {).

Nomenclaturel Remarks: Nepnroma aspera Tuck, wes des-

cribed before Tuckermen sew Acheriust Lelveticum., He leter

(Tuckerman, 1845) made it a synonym of helveticum,

Nephroma messschucsettelanun Gyel., waes besged on &
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difference 1in pubescerce on the uprer surface, wnich I do nct
consgider of gpecific importance,
Nephrome plittilil Gyel. wes degcribed es different from

N. sublaevigatum (Nyl.) Zahlb. beceuse of &n isidiate margin.

Thege *isldie" are actuslly smsll), flat regeneration squamules

which often appezr on this svnecies,

Diegnoeig: Thaellus brown, about 8 cm., in dlameter,
0.1C = 0.1€ mm, thick, eleae blue-green; upver surface of
the thallus with verying emounts of pubeecence and smell,
flat 1sidie (Cel - 0.2 mm., wide); mergins with indentetions,
broed lobules or emall teeth 0.2 - 0,3 mm, long; lower sur-—
face tomentoee or pubescent; regeneration squemules common,
sometlmes covering the whole thallus. Algae blue-green,
Apothecia cormeon, about 8 mm. in dlameter; diccs dark brown,
often fringed by the margin of the lobtee; spores elllipsoidal
with thickened wells which appear to e double (see fig. 15),
20 = 23 p x 6 = 7 p. Pycnidia marginel, 0.05 - 0,15 mm, in

dlameter; conidia rod-like, 3 - 4 px1 - 2 p.

Lichen substences and chemicel reections: Neutral

Sutgtance C 97%, nephrin 78%, medulla KOH-.

Exsiccatl exsmined: Hele 21 (CAN, COLO, MSC, UC,

CuWlberson, Thomson); Macoun I. 32 (O, MSC, WIS); Mecoun I.
32.(¥0); Mecoun I. 75 (¥O, MsC, WIS, XY, UC, US, WELC);lecoun

I. 127 (U3); Mzcoun II. 83 (FH, MSC, NY, US); Mecoun II. 86
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(caN, coLc, O, MY, US, WELC, Thomson); Thoms, 54 (F, kICH,
MC, WELC, WIS, Thomson); Tuck. 14 (MICH, NY).

Discusegion: The tomentum on the lower surface 1ls ex-

tremely variable depending on the substratum. If the thellus
1s in close ceontect with thie rock, there will be practically
no tomentum visible, while parts of the ssme thallus that are
ralsed from the rock will have fairly long tomentum. VWhen on
trees, the tomentum varies similarly, but not so dresticslly.
This subspecles grows on mossy rocks and trees in molst, cool
pleces and sometimes covers a square meter or more on a

rocky surfece in moderate shade, Thils 1s the most common and
most widespreed Necvhroma. It is found from Hudson's Bay south

to Texags, In the west it greduelly gredcs into helveticum

8sp. tropicum, (Idaho, Montana, and Colorado, see fig. 35).

5b. NEPHROMA EELVETICUNM ACH., SSP. TROPICUM (MﬁLL ARG.)
CoMB. NOV,

Nephromium tropicum Mull. Arg. Flors 65:21. 1883, —-

Cpisteria tropice (¥D1ll. Are.) Wein. Ark. Bot. 8(4):93.
1909, -~ Nephrome tropicum (iull. Arg.) Zanlb. Cst. Lich.

Unive. 3:442, 1925. LECTO TYFE: Hawelian Islends, coll. ¥enn.

MNecphromium sutlsevigatum Nyl. Syn. Lich. 1:221. 1860,

-- Opisteria subleevigeta (Nyl.) Weiln. Ark. Bot., 8(4):93.

1909, -- Nephroma subleevigetum (Nyl.) Zahlb, Cet. Lich.

Univ, 3:442, 1925, TYPE: Mexico, Pico de Orizeba, coll.
Geleottl No. 6960, (CHE, Dacge l).

Nephromium ssxlcoluu B, de Lesd., Lich., Kexloue 9., 1014,
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—- Neprhroma eaxicolum (B, de Lesd.) Zahlb, Cat. Lich. Univ.
3Lz, 1925, TYPE: Mexlco, State of Michoacar, Yorella,
coll. Cerro Azul No. 37f¢1.

Cpisteria éenticulate Wain. Denek. Bot. Ark. 4(11):14,

1926, =- Nephroma denticulate (Wain.) Gyel. dag. Bot. Lap.

29:25, 1530, TYPE: Mexico, “Pico, de Orizaba, ad corticem
arbores 16060 - 12000 sm, "

Nephrome sipesnum Gyel. Ann. Crypt. Exot. 4:147. 1971,
TYPE: Cregon, "On oak, Eegle Point, Jackson Co." coll.
Gooding (Cipe No. 501) (Cipel, EPI Y, MSC ).

Opisteria endomiltodes Wein., Densk, Bot. Ark. 4(11):14,

1926, == Nephrema endomiltodes (Wzin.,) Zehlb, Cat. Lich. Univ,

8:316, 1932, TYPE: Mexico, "Ad rupem in Pico de Orizaba,
1C000 -~ 12G00 sam,",

Nephromium canedense Rés. Arn, Misgouri Bot. Gard.

20:17. 1933, -- Nephroma toplicum var. caredense (Ras.)

Zshlvb, Cat. Lich. Univ. 10:286. 1939, TYPE: Csnada, British

Columbla, on branches of Picea in forest, Aleza Leke,

Nomencletursl Remor¥e: Nephromlum troplcum NUll Ars.

ves chogen es the type of this subapeclies because of the
abundence of Hawellan materlial collected by lenn to serve es

a type ccllectlon as opposed to the small screp representing

Nephromiuvm gublaevigstum Nyl, Nephroma tropicum has also bcen

tiie name most often used for the troplcsl naterial. The

origirel meterlel of M. tropicum also Includes materiel from
3 ~Z S '

Austrells, Celon and Reunlon Island. Nu name hes previously

been used on the subspecles level 1a . helveticum so troplicum




Ll

is accepteble, but if it 1s desired to recognize this group
a8 a specles, the correct neme would be Nephroms

sublaevigatum (Nyl.) Zahlb.

Diesgnosis: Thellus brown, sbout 7 cm. 1ln diameter,
0.25 - 0,29 mm, thick; soredia ebsent; upper surface more or
less pubescent; large, round isidia present ususlly (0.5 mu.
long x 0,2 - 0,5 mm, wide); merginal teeth long end round
(0e3 = 0.5 mm. long x 0.3 wide); lower surface of the thellus
evenly tomentose. Algae blue-green, Apothecls very common,
up to about 10 mm, in dlameter with dark brown disce; spores
ellipsoildal, wells thickened, 20 =22 u x 6 - 8 u (see fig.
16). Pycnidia marginel, 0.10 - 0.18 mm, in dlsieter;

conidia rod-shapcd, 3 - 4 p x1 -2 He

Lichen substances end chemicsl reactions: Neutral

Substance C 97%, nephrin 78%. Medulla XCH-.

Exsiccetl exemined: Cummings II. 276 (WELC).

Discussion: Trhis subspecles 1s sepsrated from ssp.

helvetlcum because of the thicker thallus of s8sp. trovicum,

longer, rounded 1cidia end teeth, and by the tendency for
longer, more constent tomentum., Subepecies tropicum, thus
outlined, hes a strictly oceenic-type of distrivution. This
subspecies grows on trees in cocl, shady, moist places

elong the western coast of North America from northern Alaske
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to middle Celifornia and eppears again in the high mcuntains

in Central America and on Hispeniola (see fig. 35).

€. MNEFHIOMA LATVIGATUM ACH. NON AUCT.

Nephroma lsevigetum (Ach. Syn. Lich. 242. 1814, -

Peltidea leevigate (Ach.) Sonrft. Suprl. Fl. Lapp. 125. 1826,

-- Peltipera laevigata (Ach.) Duby, Bot. Gellic. 2::597. 1830,

-- Nephromlum laevigetum (Ach.) Nyl. ¥ém. Soc. Scil. Nat.

Cherb, 5:101, 1857, -—- Opisteris lesevigata (Ach.) Wein, Ark.

Bot. 8(4):93, 1909, TYPE: Sweden "Yabitat in Suecia ad
terrem loclils montosis."

Neplirome lusitenicum Scheer, Enum., Crit. Lich. Europe

323. 1850, == Nephromium lusitenicum (Scheaer.) Nyl. Flora

53:38, 1870, =- Opisterie lusitenica (Schaer.) Wein. Avk,

Bote. 8(4):93. 1905. TVYPE: Portugel, "Ad erborum truncos in

Lusiteria."

Nephromium lusltenicum var, hibernicun Nyl. in Leight.

Liche F1. Gt. Brit. ed. 3. 100, 1879, =~ Nenhroma lusitenicum

ver. bibernicum (Nyl. in Leight.) Zehlb. Cat. Lich. Univ,

3:434, 1625, —- Nephrome hivernicum (Nyl. in Leight.) Gyel.
Ann, Crypt. Exot. 4:140, 1931, TYPE: 1Ireland, Doughruagh
Mt., coll. lLarbalesticr.

Nephroma weshingtonienece Gyel. Ann. Crypt. Exot. 4:134,

1931, TYPE: Weshington, "On 1limbs of spruces, Pacific
Beach." coll. A. S. Foster, Merrill Lich. Exs. No. 181. (CAN{,
MICHE!, NY!, US!).
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Nomenclatursl Remarks: Nevhroma laevizetum Ach. non

auct. -- see under N. bellum,

Nephroms wasulngtoniense Gyel. was described becsuse

it had a white medulle instead of yellow, but was still KOH

+ red, This description fits the description of Neohromium

lusitanlcum ver. hibernicum Nyl. in Leight, but epparently

Gyelnik did not think the description of hibernicum was

complete enough to be eble to identify his specimen with 1t.

He described washingtoniense on paze 134 and raised

hibernicum to a specles on page 140. Since the medulla color

veries from white to yellow, these names are synonyms of

M. leevigatum,

Diesnosis: Thallus yellow-brown or brown, about 9 cm,
in dlameter (rarely up to 12 cm.), 0,07 - 0,14 mm. thick;
upper surfece glabrous, scmetimes with 1sidla; regeneration
squamul es usually present; medulle white to dark yellow,
lower surface with 1ittle pubescence. Algae blue-green,
Apothecia frequent, about 8 mm, in dlameter, discs licht
brown and sometimes discolored; spores ellipsoidsl, with
thickened walls, often appearing doudble; 17 - 20 p x 5 - 7
(see fig. 17). Pycnidia marginal 0.16 - 0,23 mm, in dia-

meter; conildia rod-sheped, 4 -« 5 p x1 - 2 p,

Lichen substances end chemical reactions: Nephromin

100%., Medulla KOH+ pink to deep red violet.
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Exgiccetl examined: Cummings I. 219 (CAN, MO, NSC,

NY, US, WELC, WIS, Culbereson); Cummings II. 149 (F, MICH,

NY, PH, US, WELC); Macoun I. 32 (UC); Macoun I. 128 (US);
¥acoun I. 159 (MICH, MC, ¥3C, NY, TRTC, UC, US, WELC, WIS);
¥acoun II, 85 (CAN, CCLO, MO, KY, U3, WZLC, Thomson); Merrill

I, 143 (CAN, MICH, NY, US); Merrill I, 181 (CAN, MICH, NY,
Us).

Discussion: This epecies was misdetermined 18% of the

time., The yellow medulla color 1s not dlagnostic because
with verying emounts of nephromin the color of one thallus
will be whilte when 1ittle nephromin 1is present, but derk
yellow when more nephromin 1s found in the medulla. A more
sensitive test for the anthraquinone nephromin is XKOH which
turns pink to deep red violet.

Thls specles 1s found on trees and rocks in oceanic
areas in North Americe., It has a similar habitat in Eurore
(Degelius, 1935; Fagerstrom, 1954). Thie 1s by far the most

oceanic specles of Neohrome in North and Centrel America.

It occurs from British Columbia to California end from
Labrador to Massachusetta (see fig. 36). There is one col-
lection of Mecoun's from Brighton, Onterio, but since this

lg the only collection eway from the oceans and since Mecoun's
labels were often mixed up, thig collection 1gc beirs ignored.
If, however, more collections are found from the Brighton

area, lacoun's collection willl have to be considered,
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7. NEPHRCMA PARILE (ACH.) ACH,

Lichen ppriljs Ach. Lich. Suec. Prod, 164, 1738, --

Peltidea parilie (Ach.) Ach. Meth. Lich. 289 (as sp. dub.).

1803, -~ Nephroma parilis (Ach.) Ach. Lich. Univ. 522. 1810.

-- Lichen gcutatus * Nephrome perilis (Ach.) Lam. Encycl,

Meth. Bot. Supple. 3:422. 1813. -- Peltigera parilis (Ach.)

Spreng. Syst. Veg. 4(1):3C5, 1827. -- Nephromium leevigetum

(Ach.) Nyl. ver. perile (Ach,) Nyl. Syn. Lich. 1:320., 1860,

-- Nerhroma lsevigstum (Ach.,) Ach, f, perile (Ach,) Mudd,

Menual British Lich. 81. 1861. -- Nephvorium parile (Ach.)

Nyl. Flora 68:47. 1855. -~ Nephromium laevigatum (Ach.) Nyl.

var, leevigatum (Ach.) Boiset. subvar. perile (Ach.) Boist.
Neuv. Fl. Lich. 2:82. 1903, =- Opisteria parilis (Ach.)

Wain. Ark. Bot. 8(4):93. 19C5. TYPE: Sweden, “"Habitaet ad

latera montium.¥

Nenhroma parile f. hzbridum Gyel. Ann. Crypt. Exot.

b:142, 1931. TYPE: Hungery, Magas Tetra, coll. Timkd No.
2717,
Nephroma subparile Gyel. kag. Bot. Lap. 29:24, 1930,

-- Nephromium gubparile (Gyel.) Ras. Ann. kKissouri Bot. Goid.

20:16, 1933. TYPE: Japen, Sagelien, coll. Abbe Fsurie No.
378.

Nomenclatnural Remerks: Nechrome perile (Ach.) Ach. f.

hybridum Gyel. wes described by Gyelrnik becsuse it hed isidie-
like soredia. The sorediz in N. perile ere granular end sone-

timeg look 1ike 1sidie, but arc not different enouch for
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taxonomic recognition,

Nephroma subparile Gyel. 18 glabrous instead of pubes-

cent, a difference which fzlls within the normal variability

of the specles }. parile.

Disgnosis: Thallus brown, ebout 8 cm. 1in diasmeter
(rerely up to 14 cm.), 0.12 - 0.19 mm. thick; grenular soredia
present in bluilsh-gray meculiform patches on the upper sur-
face or on the mergins; lower gsurface varlably pubescent,
rugulose; regeneretlion squemules sometimes pregent. Algsae
blue-green. Mstuve epothecia rot known. Pycnidla marginel,
rare, 0,18 - G,32 mm, in diameter; conidia rod-shaped,

L-spx1l-2p

Lichen gubstances and chemicel reactionsg: DNeutral

Substance A 99%, zeovrin 51%, nephrin 57. Medulla KCH +

yellow or KOH-,

. Exsiccetl exsmined: Necoun I. 32 (MICH); VFacoun I,

76 (¥0, MSC, Ny, UC, US, WELC, WIS); Macoun II, 84 (CAN, NY,
US, WELC, Thomscn).

Discuscion: Thle species 1s easily distingulshed by

1ts soredia 2nd waes only misdetermined 67 of the time, It

may at times be confused with Parmelia subeargentifera, but

the Parmella hes green algee, more powdery soredls, medulle

18 C ¢+ red, srnd there ere minute hairs near the tips of the
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lobes on the upper surface which give the thellus a dusty
appearence, N, parile ie found commonly on rocks, or on
trees, often associated with Leptogium in moist, shaded
valleys. Its distribution 1s from eouthern Alagks to
Weshington and Idsho, in New Mexico end Colorado, and from

Greenland to Tennessee (see fig. 37).
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FURTHER STUDY

Lichen substances. 3Because of the limiting factors of
time end large quentities of material, exact identifi-
cetion of the lichen substonces in Nephroma have not been
attexpted in this trestment of the genus, Further work
elong the lines eslrcady begun, in crder to identify thesge
substences with known types or describe rnew ones, seens
to be highly desirable, TUltravlolet absorption spectra
of the purified substences 13 an additional tool that
gshould be used in gubsgtance characterizotion. More re-
egents shouwld be tried to bring out the neutral sub-
stences in the chromatographic anslyses,

Algel and spore culture. This area has not becen touched
in this study or in the studies of other authors. The
elga from esch specles should be trought into uni-slgal
cul ture and 1ldentifled. The spores from each sgpecles
should slso be germinated and the germination patterns
etudied,

SBouthern Hemlsrhere specles. There are 1lncications thet
there are more epeclesg of Nerhroma in the Southern
Hemisplere then in the Northern Hemisphere, A continu-
etion of the study of thils genus would loglcally leed

next to en inclusion of the rest of the species. Herberium

51
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specimens should be borrowed and field work is almost
a neceselity since many of the specles esre krown from
only two or three collections,

Phvlogeny of Nerhrnma, In this study no attempt has been

maede to set up a phylogenetic sequence becsuse 1t would
not be wise to further sectlon the genus or propose the
phylogeny without knowledge of the Southern Hemlspnere
specles, At present, I see no clear-cut sequence of
development within the geaus nor do T see thc true re-
latlonship of this genus to closely related families.
These enswers should be forthcomirg after further study

of the world's Nexhroma,
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APPENDIX

r

ndex %o Exsiccsti

Cummings I. 116 (¥O0, MSC, NY, US, WELC, WIS, Culberson) =
E. bell LII‘I_]_.

Cunrings I, 219 (CAN, MO, M3C, NY, US, WELC, WIS, Culberson)
‘ = M. lsevigatunm,

Cummings I. 354 (ABSL, CAN, kO, NY, U3, Culberson) =
Ne resuwinatim,

Cuwinings II. 149 (F, ¥ICH, NY, PH, U3, WELC) = K. loevigetum,
Cummings II. 276 (¥, KICH, kC, NY, PH) = N. resupinatum.

Cummings II. 276 (¥WELC) = N. helveticum ssp., tropicum.

Hale 21 (CAN, COLGC, .SC, UC, Culberson, Dodge, Thomson) =
No helvetlicun ssp. Lelveticua,

Macoun I. 32 (CAN, ¥4, NY, U3, WiLC) = N. belluu.

—
)

lMgcoun 32 (¥0, LSC, WIS) = N. helveticum ssp. helveticum,

Mecoun I, 32 (UC) = N, leevigat'm,

Macoun I, 32 (MICH) = M. pzrile,

¥acoun I. 33 (MSC, MY, TRTC, UC, US, WELC, WIS) = N.
reecurinatum

Macoun I, 33 (1}0) @« X. helveticum ssp. helveticum,

Macoun I, 75 (MO, M3C, NY, UC, US, WiLC, WI3) = N. helveticum
gsSp. Lelveticum,

¥Yacoun I, 76 (¥0, MSC, NY, UC, US, W:LC, WIS) = N, porile,
Mecoun I. 94 (NICH, XSC, UC, WHLC) = M. arcticum.

Mecoun I, 126 (US) = N. recuoinatum

57



‘N
Qo

iecoun I, 123 (U3) = M. leevigetum,

Macoun I, 129 (US) & M. bellum,

Mscoun I. 159 (MICH, kO, ¥SC, NY, TRTC, UC, U3, WELC, WI3) =
N. laevigatum,.

hacoun II. 8C (CCLO, FH, RICH, MO, MSC, NY, US, Thomson) =
Ne. ercticunm,

Macoun II. 81 (CAN, FH, MO, NY, US, WELC, Thomson) = N,
expellidum,.

dacoun II. 82 (CAN, COLC, MICH, MO, ¥3C, NY, US, WilC, Cul-
berson, Thomson) = M., regupirnetum,

¥ecoun II. 83 (CAN, FO, WELC, Culbcrson) = N. expallidum,

Mecoun II., 83 (COLO, MICH, Dodge, Thomson) = M. bellum,

Vecoun II., 83 (FH, &5C, NY, US) = N. helveticum ssp.
helveticum,

Yacoun II, 84 (CAMN, NY, US, WELC, Thomson) = N. perile.

Macoun II. 85 (CAM, COLC, MO, NY, US, WELC, Thomson) = M.
lacvizatum

Merrill I. 143 (CAN, KICH, NY, US) = N. laevigatum.

Merrill I. 181 (CAN, XICH, NY, US) = N. laevicatum,

Merrill I, 218 (iICH, MY, US, Culberson) = N. resupirztuc

Merrill II. 131 (CCLO, F, MICH, O, NY, WIS) = N. expellidum,

Rel., Farl. 477 (WIS) = N. resuoinstum.

Rel, Ferl. 477 (BPI, FH, hICH, MY, UC) = H. bellum.

Rel. Tuck. 118 (F, FH, mICH, UC, US, WELC, WIS, Culberson,
Thomson) = X. bellum,

Thomson 54 (F, MICH, 10, WELC, WIS, Thomscn) = N. helveticum
gesp. helveticum,

Tuck, 12 (MICH) = N. resupinstum,

Tuck, 14 (MICH, NY) = N. helveticum ssp. helveticum,

Tuck, 62 (MICH) = N. arcticum,



Fig. 1.

PLATE I

Cepheledium of N, arcticum (LJ). Torss. (Imshauz no.
6C16), CA: cephalodisl elzece (Hostoc), H: densely
branched nyphae of cephalodium, B: area of dense
hyplee eround cephzlodium, UC: upper cortex, TA:

thellus elgae (Coccomyxe), M: medulle, LC: lower

cortex, T: short, metted tomentum,

Cephalodium of N. expellidum (Nyl.) KNyle. (Thomson
no. 3357),UC: upper cortex, TA: thellus slgee
(Coccoryxs), M: medulla, LC: lower cortex, B: area
of denge hyphee arocund cephslodium, CA: cephalodial
slgse (Nostoc), H: densely bLranched hyphee and some

desd elgel cells of cephelodium,






PLATE II

Detail or tissues in thaellus sectlons of Nenhroma as

in ¥, expellidum (Nyl.) MNyl. (Thomson no. 3357).

Fig. 2. Perarvlectenchymatous cortex with nesrly 1sodiametric

"c‘ﬂlls“.

Fig. 4. Algal layer of thallns (Joccomvxa).

Fige 5. Loose hyphee of medulla.






Fig. C.

Fig. 7.

PIATE III

Soredia of N. rarile (Ach.) Ach. (Lepage no. 6184),
5! slightly corticate soredla, UC: upper cortex, A:
alzel layer (Mocstoc), it medulla, LC: lower cortex,

P pubescence on lower surface,

lergin of spothecium of Nephrome showlng thickening
of lower cortex et edge of hymenium. UC: upper

cortex, A: algel layer (Coccomyxa), M: medulla, LC:
lower cortex, HT: hypothecium, i¥: hymenium, Draw-

ing from N, expellidmm (¥yl.) Nyl. (Thomson no. 3367).
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Fig. 8.

Fig. 9.

PLATE IV

A median sectlon of pepilla of X, resupinatun (L.)

Ach, ghowing continuous lower cortex., UC: upper

cortex, A: elecel laover (Noetoc), M: medulls, LC:

lover cortex, PA: papilla,

A medien gcection of a pseudocypnella of Pseudo-

cyprellarias showing diecontinuous lower cortex end

the medulla growing out througch thc brezk, UC:
upper cortcx, A: algal leyer, M: medulle, IC, T:

lower cortex and metted tomentum.
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FIATE V

Fie. 10. A4scus tips showing lack of eppcretus on N. resuvi-

netum (from Gelinou 1255).



Fig. 1 4 § : Systéme apical de Nephroma resupinatum (1. de Peltigera scutata .+, de P. venosa ( ).
o de Selerina crocea (4). (e, \umique exterme; i. tunique interne: n. nasse apicale: c. coussinet:
m, masubriem ; g, gaine amyloide du manubrium: «. anncau: d, partic latérale du dome apical.)

Fige 10
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PLATE VI
Spores of N. zrcticum (L.) Torss. (lacoun, Aug. 1904).

Spores of N. expellidéim (Nyl.) Nyl. (Mzcoun, July

19C2).

Spores of M. resupinatum (L.) Ach. (Mecoun, Can,

Lich82).

Spores of ¥, bellum (Spreng.) Tuck, (Setchell, July
1899).

Spores of M. helveticum Ach, ssp. helveticum (Mecoun,

gpores of N. helveticunm Ach., ssp. tropicum (Midl.
Arg.) wWetm. (Spruce, Lich. Amez. et Andini no. 416).

Spores of N. leevigetum Ach. (Herre, May 1932 & July

1949).

Abnormel spores of M. expellidum (Nyl.) Nyl. (Macoun,

Cen., Lich.mS1,;.

Gerxzirating spores of M. helveticum Achk. ssp.

helveticunm (Mecoun, July 150z)
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PLATE VII

Endobasidal conidiophore (N, helveticum Ach. ssp.
tropicun (Mill. Arg.) Wetm., - Centilon and Gillis

noe. 57-2130).

Endobagidiel conidiophores (li. helveticum Ach., sspe.

tropicum (MX1l. Arg.) Wetz. - Dodge no. 7785).
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Fig. 21
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PLATE VIII

Neutral Substence A recryestallized

(. parile (Ach.) Ach.).

Neutral Substance B recrystellizex

(¥. expaiiildum (Nyl.) Nyl.)

Neutrel Substance C recrystallized

M. kelveticum Ach.)

Neutral Bulgtance D recrystelllzed

(e bellum (Syreng.) Tuck,)

in

in

Gl AoAn.

GleAnO
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FLATE IX

Zeorin recrystellized in G.A.Aw. (M. expellidum

{(¥y1.) Nyl.)

Nephrin recrystallized 3a G.A.An. (Y. expolliium

(Nyl. ) Ny:-. )

Cerotenold recrystzllized in CG.A,An. (M. srcticum

(L.) Torss.)
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PLATE X

Tomentira on lower surface of !, resupinatum (L.)

Ach. (Wetzore no. 170C) showing thick wslls.

¥ecwllery hyphee with thin wells and septa., (.

evpalliiua (Nyl,) Nyl. - Thomson rc. 2267).






PLATE XI

Fig. 21, Distribution megz of l. asrcticum (L.) Torss. in
North end middle Anerice. OCpen clrcles represent
records cf unseen gpecimens (Ahti pereonal corres-—
pondence, Dehl et &1, 1937; Danl, 1950; Lynge, 1932

and 1937).
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PLATE XII

Fig. 32. Distribution mep of N. expalliium (Nyl.) Nyl. in
Morth ancd iidcle America. Open circles represent
records of unceen specirmens (Dahl, 1950; Lynge

1937).
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PILATE XIII

Fig. 33. Distribution mep of N. resuninetum (L.) Ach. in
North and M1ddle Americe., Cpen circles represent

records of unseen specilmene (Dshl, 1950).



FLATE XIV

stritution mep of N, bellun (Spreng.) Tuck,

(=

Fig. 34. D
(= ¥o laevigetum auct non Ach.) in North and
113d1¢ Americe. Open circles represent records

of unseen gpecimens (Dahl et &1, 1937; Lohl, 1950).
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PLATE XV

Fig. 35. Distribvtion mep of M. helveticum Achs In North end
rxiddle Americe. Cpen circles represent ssp., troplcum

(Ml11le Arge) wetins
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PLATE XVI

Distribtution mep ol XK. lzevicstum Ach. non suct,

in Morth end VFidile Americe.
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PLATE XVII

Fig. 37. Distributlion mep of N. perile (Ach.) Ach. in North
and kiddle America. Open circles represent records

of unseen specimens (Dahl et sl, 1937; Dahl, 1950).
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