Cadina (Nyl.) Harm
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After Ahti (1961, 1984), Thonmson (1967, 1984),
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Primary thallus crustose, ecorticate, short lived. Podetia
repeatedly and intricately branched, hollow cylindrical,
sl ender, not cupform ng, w thout squamules or isidia, rarely
soredi ate, dying at the base, new growh initiated at apices,
forming matts or patches 2200 cmdiam; true cortex | acking;
outer medul lary layer with scattered to contiguous areol ae or
warts contaiing algae and formng a persistent or disintegratin
pseudocortex. Inner nmedullary or cartilaginous |ayer well
devel oped.

Apot hecia termnal in clusters on podetia, cynpbse, mnute,
pal e or brown, peltate; margi n proper; hypotheci um pal €;
par aphyses unbranched or little branched; asci
clavatecylindrical, unitunicate; tholus |+ blue; spores 8,
sinmple, hyaline. Pycnidia termnal on tips of ultimte
branchl ets of podetia, black, globose to cylindrical; fulcrum
exobasi di al ; pycnospores filiform curved or straight. Usnic
acid, atranorin, fumarprotocetraric, perlaolic, ursolic.
Phot obi ont Trebouxia. On organic and inorganic, acidic soil or
sand, arctical pine to tropical

Thi s genus has gone in and out of C adonia, and there is no
consensus as to whether it's truly distinct. The only taxa it is
likely to be confused with are subg. Unciales, or with C.__

| eporina in subg. Cocciferae, within Cadonia s. str.; it differs
fromthemprimarily in having an ecorticate surface.

Note: care must be taken to distinguish the branching patterns of
the main branches versus the ultimte branches, which are
sonmetinmes quite different; many descriptions in the literature
are anbi guous about this. |If the |location of the branching
pattern is not specified, one can probably assune it applies to
the thallus as a whole, but | won't guarantee it at this stage.
Very careful study of good drawi ngs someti mes hel ps.

Key Arranged After Ahti, 1961



1. Branching + isotomc, the tips divergent; distinct main stens
absent or only exceptionally present; thallus often formng
conpact, densely branched, regularly rounded "heads" with
snoot hi sh overall surface. ................... 2

1. Branching anisotomc; distinct nain stens usually present;
thal lus usually formng | ooser, nore irregular and | ess densely
branched tufts or mats, or sonmewhat

scattered. ........ . .. ... 5

2. Southeastern US. (North Carolina to Florida and Texas).
Thal [ us ashy whitish, K+ yellow, KC, or pale yellow sh, KCG, wth
usnic acid (f. icterica (Des Abb.) Ahti), P, containing atranorin
and perlatoric acid. Branching dichotonous. On bare white sand.
.................. C. _evansii (des Abb.) Hale & Culb.

2. Wstern and eastern, borealarctic (rather rarely south to
central Appalachians in C._stellaris). Thallus yellow shgray, K
KC+ yel l ow, containing usnic acid.

3. Branching predom nantly di chot onbus, sometimes trichotonous.
Pycnidial jelly colorless. CQuter nedulla very |oose, thin.
Thallus P. Containing perlatoric acid. Coastal

Al asKa. ... C
pseudevansi i

3. Branching primarily tetrachotonmous or polytonous, with 36
branches around central open axil, and often form ng synpodi a.

Pycnidial jelly red. Quter nmedulla |oose, thick. Thallus P+
yellow or P. Wth accessory perlatoric and pseudonorrangiformc
aci ds and substances A and B. Podetia 510)18) cmtall, 11.4(2.5)
nmdiam, form ng conpact subgl obose heads 23 cmdiam, wthout
conspi cuous mai n branches; heads separate or | oosely clunped into
mats; surface pale yellow sh gray to whitish, darker gray in
deeper woods, the base bl ackening; texture matt, arachnoid to
subt onent ose wi th vaguely defined di spersed al gal areol ae, the

ol der parts becom ng translucent as the outer |ayers disperse.
Branchi ng very dense, nainly polytonous, (3)4(6) branches in a
whor!l, the branches mainly equal in size but sonmetinmes form ng
synpodi a, spreading widely and showing little tendency to curve
in one direction, the axils al nost always perforate, the ultinmte
brnchlets in small whorls of (3)46 nmenbers around a perforate
axil. Pycnidia common. Apothecia very rare, on the tips of
corymnmbosel y grouped branchlets at the tips, brown or dark brown.
Boreal Arctic, w despread, not restricted to

coast. ...... ... 4

4. Thallus P, without psorom c acid. Youngest branches rather
thin and acute; outer nedulla rather thin. Arcticboreal, common



from Al aska to Greenl and and south to the Great Lakes area,

sout heast Canada and northeast US. (rarer S to central

Appal achians), rare Sto northern California in the west. On
rocks and soil and occasionally old wood and stunps, on tundras
and in open woods. ...... C._stellaris (typical chenotype)

4. Thallus (at the very tips only) P+ yellow, with psoromnic
acid. Youngest branches frequently very thick and obtuse; outer
medul l a rather thick. On soil and anong npbsses, sonetinmes over
thin soil on rocks. Arcticboreal, Al aska, NwW Canada, and

G eenland, with scattered populations in other parts of Canada,
and northeast US. (including Geat Lakes area). ... C_stellaris

("f. aberrans (des Abb.) ined.not accepted as a distinct taxon by
Ahti)

5. Thallus whitish to ashgray, KC, |acking usnic acid. ..... 6
5. Thallus yel |l owi shgray, KC+ yellow, containing usnic acid,
(and, at least partly, ursolic acid and substance

A) 13

6. Thallus P+ red, containing fumarprotocetraric

acid. ... .. 7

6. Thallus P, lacking funmarprotocetraric acid.
...................... 12

7. Thallus K+ yellow, containing atranorin. (Note: a very rare
strain of C._ mtis, with stictic acid, will also key out

eI ) 8

7. Thallus K, without atranorin. ........................ 11

8. Florida. Branching dichotonous. Pycnidial jelly

red. ....... .. .. C. _sandstedei (des Abb.) Ahti

8. Mostly arcticboreal or al pinenontane (but also to Florida in
C_rangiferina), eastern and western. Branching mainly
tetrachot onobus to pol ychotonous, or mainly trichotonous to

di chotonobus. Pycnidial jelly red or colorless. ....... 9

9. Pycnidial jelly red. Branching at |east partly di chotonous
or trichotonous. Podetia strongly bl ackened at base with
scattered white areoles, otherw se usually pale gray (light olive
gray when wet), usually extensively browned in open habitats;
surface rather strongly verrucul ose; ultimate tips | oosely and
roughly fibrose; branching often rather divergent. Usually in
bogs. Arcticboreal, south to Washi ngton and Montana in the west,
and to Geat Lakes and Appal achian regions in the

east . . ... C._stygia

9. Pycnidial jelly colorless. Branching mainly tetrachtonous or
partly pol ytonous. Podetia at nobst with occasional bl ackened



pat ches towards base. ................... 10

10. Branching often starlike at the tips, polytom c (dom nated
by trichotony and tetrachotony, but also with common 5 and

6t om es), noderately dense, fairly irregular.; ashy to whitish
gray; exposed apical branches concol orous, with even the tips
scarcely browned. Pycnidial jelly colorless. Podetia 512 cm
tall, necrotic basal parts grayish, not blackened. Branchlets

t hi ck, obtuse, divaricate or recurved, oriented in various
directions; main axes distinct, ca. 1.22.5 mmthick, tending to
beconme swol |l en; axils perforate; surface with a conti nuous,
snooth |ayer of felty tissue, becom ng only slightly verruose
towards the base. Apothecia waxy yellow to rarely brown,

peltate, 0.20.6 mmdiam |In treeless coastal or nountain heaths,
Newf oundl and, apparently rare. ......... C. _conspicua Ahti

10. Branching mainly tetrachotonmous (nore rarely trichotonous at
tips), whorled. Podetia pale graywhite, usually strongly tinged

bl uish gray or purplish towards thetips (but usually not strongly
browned), not bl ackening at base (except for occasional patches).
Podetia 410 cmtall; surface uniformy, finely cottonyarachnoid
(x10), not or only weakly verrucul ose; main axes distinct;
branchi ng usually distinctly oriented in one direction, not

di vergent; young apices to 2 mmdiam, blunt; tips not |oosely
and roughly fibrous. Apothecia, rare, inconspicuous, brown. On
exposed, nosslichen heaths and in pockets of soil on cliff |edges
and rock outcrops, usually not in bogs. Wdespread and often very
common, Arctic, S to Washington in the west, and throughout much
of eastern Canada and U S., south to Florida, apparently very
frequent and conmon, especially in the arctic and the northeast
(but many reports may be based on C._stygia). .......... C
rangiferina (L.) Nyl. ssp. rangiferina (ssp. grisea (Ahti) Ahti &
Lai has al so been reported, from Al aska and British Col unbi a, but
t hose reports have not yet been confirmed)

11. Eastern (Connecticut to Florida, west to the Ozark region).
Mai n stens indistinct and branching di chot onous. Conspi cuous in
sun popul ations of the species. ................ C. _subtenuis f.
cinerea (Ahti) Ahti

11. Pacific NW and Newfoundl and. Branches thin; surface
roughened. Branching dichotomous. Pycnidial jelly red. ..... C
ciliata (Stirton) Trass. v. ciliata

12. Thallus K+ yellow (atranorin). Branching primarily

di chot onbus. Newf oundl and and Quebec. ........... C. terraenovae
f. cinerascens

12. Thallus K (wi thout atranorin). Branching predom nantly




trichotonmous or sonetines di chotonous; main branches distinct.
Wth perlatoric acid. Branching often sparse; apical branches
unilaterally defl exed. Pycnidial jelly colorless. Al aska to

Washington. ................. C. portentosa ssp. pacifica f.
decol or ans

13. Thallus P+ red, containing fumarprotocetraric

acid. ................ 14
13. Thallus P, lacking fumarprotocetraric acid. Pycnidial jelly
colorless. ... ... . . . . . . 17

14. Branchi ng predom nantly di chotonous. Pycnidial jelly

=T 15
14. Branching predom nantly trichotonous or tetrachotonous.
Pycnidial jelly colorless. ........ ... .. .. . . . . . ... 16

15. Branches curved to one side; main stemdistinct; apices
clearly defl exed; rather sparsely branched. Thallus yellow sh
(usnic acid). Pycnidial jelly red. Very variable; |arge, coarse
specinmens with term nal branches not strongly oriented nay
resenble C. portentosa, which is however, P. UV+. Pacific

NV C ciliata v. tenuis
(Flrke) Ahti

15. Branches straight or curved in all directions; main
stenmsoften indistinct; apices erect or |ess deflexed; densely
branched. Podetia 48 cmtall, often formng mats up to a foot in
dianeter. Pycnidia cormon. Apothecia rare. Conmon on sandy
soil in open pine forests and al ong roadsi des. Eastern (Nova
Scotia to Florida, west to the Ozark

region). . ........ooiiiiinion.. C._subtenuis (des Abb.) Hale &
Cul b. f. subtenuis

16. Crown densely branched, often strongly unilaterally
def | exed, conspi cuously brown; main stemrobust, 12(4) mmdiam,
pal e yel | ow shgray (becom ng greeni sh gl aucescent in nore noi st
and shady habitats). Podetia 410(15) cmtall; formng tufts or
extensive mats; surface + roughened; branching primarily
trichtonous and tetrachot onous, the whorls of unequal branching
so that the podetiumforns a synpodiumwi th unlitateral grow hs,
especially in the |ower part, the upper part show ng nore equal
branchi ng, the uppernost branches term nated in 23(5) short,
stout (to 2 nmdiam), blunt young apices which are all recurved
towards one side, the fertile branchlets in a corynbose
arrangenent. Axils mainly open, sonetinmes wdely so. Surface
matt, little arachnoi dtomentose, snmooth or rarely verrucl ose,
rarely with soredia, inpellucid (i.e., opaque). Apothecia rare,



smal |, i nconspicuous, dark brown, solitary or grouped at the tips
of corynbose branchlets. Pycnidia comon, the jelly colorless.
Wth accessory perlatolic acid and substance A Conmopn on sandy
soil and hunmus in open pastures and fields, over earth on rock
outcrops, and in bogs, eastern arctic, south to Maryl and and
WSCONSIN. ... C._arbuscula (Vallr.)
Hal e & Cul b. spp. arbuscul a

16. Crown sparsely branched, erect or slightly defl exed,

conspi cuously browned; main stemslender to robust, usually very
yellow. Conmmon in the western Arctic, S in Canada to Al berta,
Saskat chewan, and Ontario), and to Washington. ..................
C. _arbuscul a ssp. berengi ana

17. Thallus K+ yellow, containing atranorin. Branching

predom nantly di chot onobus. Coastal bogs and heat hs, SE Canada,
and New York. ................ C. terraenovae (Ahti) Hale & W
Cul b. f. terraenovae

17. Thallus K, lacking atranorin. Branching often trichotonous
or tetrachotonous. ......................... 18

18. Branching predom nantly trichotonous at the apices or

soneti mes di chotonous; main branches distinct. UVv+ white in

decorticate parts, with perlatoric acid. Podetia 410 cmtall,

robust, graygreen often with a yellow sh tinge, the surface often

roughened, areol ate, particularly towards base; axils often

perforate. Pycnidial jelly colorless. Very variable, often

form ng neat tufts anongst | ow vegetation, sonmetines with

distorted main branches; inflated and grossly nodified norphs

occur in boggy

St UALT ONS. .
1918. Branchi ng predonm nantly tetrachotonous (on

wel | devel oped podetia). Wthout perlatoric acid.

.................... 20

19. Branching often sparse; apical branches unilaterally
defl exed, greenish to yellow Wstern (Al aska to California),

strictly coastal. ..... C. portentosa ssp. pacifica (Ahti) Ahti
f. pacifica

19. Branching often dense; apical branches nultilaterally
defl exed, gray to yellow sh. Europe; reported from New Jersey and
Newf oundl and, but probably nmisidentifications of C

terraenovae. .... [C_portentosa (Dufour) Follm ssp. portentosa]

20. Main stens robust, dark green, often winkled at base; outer
medul | a very conpact. Wth pseudonorrangi form c acid and
substance A Branching nostly tetrachotonous. Borealarctic, S



to northeastern US. (Mssachusetts). .............. C. _submitis
20. Main stens slender to fairly robust, usually lighter in
color, snmooth; outer nedulla | ess conpact. Wthout
pseudonorrangiformc acid. ........... 21

21. Crown rather sparsely branched; tips rather fine, erect or
multilaterally deflexed (pointing in various directions), not
strongly browned; main stemusually slender, 11.5(4) nm diam and
usually pal e bluishgray (sonetines yellow sh); branches pale

whi tishgreen, usually slender, the extrene tips scarcely browned.
Branchi ng generally trichotonous, sonetinmes dichotonous, rarely
tetrachotonous, formng a synpodiumw th rather renote nodes,
each node with 12 short branches ramfied in turn in the sane
unequal fashion; towards the tips the branching becones equal,
the sterile branchlets ending with 25 points all recurved to one
side, or in the case of unequal branches, with sone recurved and
ot hers spreadi ng, the entire appearnace |less tufted and | ess
"wel | conbed" than C.__arbuscula; axils mainly open; surface matt,
scarcel y arachnoi dt onent ose, snooth or verrucul ose with age,

mai nly opaque, rarely sem pellucid; normally | acking soredia.

Oten with rangiformc acid. Podetia 48(10) cmtall, formng
extensive mats or tufts, intricately but |oosely branched.
Apot hecia small, borne singly or + in corynbs at tips of

branches, brown. Pycnidial jelly colorless. Wth accessory
rangi form c acid and substances A and B. On sandy soils and in
bogs, as well as on soil rich in hunus, w despread in open pine
forests and fields, especially comon in spruce forests of the
north, sonetines on soil over rock outcrops. Arcticboreal, south
to Oregon and Colorado in the west, |ess commopn south to
northeastern U S. and west to the G eat Lakes region and Virginia
inthe east. ..................... C. mtis (Sandst.) Hustich
(also called C.__arbuscula subsp. mtis (Sandst.) Ruoss

21. Crown densely branched; tips strongly defl exed, often

uni l aterally, strongly browned; main stens generally robust and
yel | owi sh gray; branches yell owi shgreen, usually coarse. Wthout
rangiformc acid. Very common in continental parts of
Canada(eastern), but the limts are

illdefined. ....... .. ... ... .. .. . ... .. ... C. _arbuscul a unnaned
subspeci es.




Alternative Totally Artificial Key
I. Gowing in Eastern N Anerica
la. Thallus P+ yellow, orange, or red.

1. Thallus P+ yellow, with psoromc acid. Branching primarily
tetrachot onous or pol ytonmous, with 36 branches around centra
open axil, and often form ng synpodia. Pycnidial jelly red.
Quter medulla | oose, thick. Wth accessory perlatoric and
pseudonorrangi form c aci ds and substances A and B

Boreal Arctic. ....... ... ... . . . .. .. . C_stellaris ("f.
aberrans)
1. Thallus P+ orangered, wth fumarprotocetraric acid. ..... 2

2. Thallus K+ yellow, containing atranorin.

3. Pycnidial jelly colorless. Branching mainly trichotonous to
tetrachot onous or pol ychot omous. not bl ackening at base (except

for occasional patches). ............... 4
3. Pycnidial jelly red. Branching at |east partly dichotonous
or trichotomous. ...................... 5

4. Branching mainly tetrachotonous, whorled. Podetia pale
graywhite, usually strongly tinged bluish gray or purplish
towards the tips. Wdespread, Nto arctic, Sto

Florida. .......... C_rangiferina (incl. ssp. grisea)

4. Branching mainly trichtonous to tetrachtonous, but also
commonly pol ytonmous and starlike towards tips. Podetia

concol orous throughout, not darkened towards tips. New oundl and.
......... C._conspi cua

5. Gowing mainly in Boreal Arctic areas. Branching partly
trichot omous or dichotonmous. Podetia usually pale gray, strongly
bl ackened at base; ultimate tips |oosely and roughly fi brose.
Usually in bogs. Arcticboreal, south to Washi ngton and Montana in
the west, and to Great Lakes and Appal achian regions in the east.

............................ C. stygia
5. Cccurring south to Florida. Branching
dichotonous. .................... C._sandstedei (des Abb.) Ahti

6. Branching predom nantly dichotomous. Pycnidial jelly red. 7.
Branches straight or curved in all directions; main stens often
I ndi stinct; apices erect or |ess defl exed; densely branched.



Thal lus P+ red (fumarprotocetraric acid). Eastern U S., south
to Florida. .................... C._subtenuis (including f.

ci nerea)

6. Branching predom nantly trichotonous or tetrachotonous.
Pycnidial jelly colorless.

7. Crown densely branched and often unilaterally defl exed,
conspi cuously brown; main stemrobust, yellow shgray. Mostly
WeSt eI N. ... (C__arbuscul a

spp. arbuscul a)

7. Crown sparsely branched, erect or slightly defl exed,

conspi cuously browned; main stem slender to robust, usually very
yellow .................. C. _arbuscul a ssp. berengi ana




1b. Thal lus P.

1. Thallus K+ yellow (atranorin). Branching primrily

di chotonobus. Containing perlatolic acid. .................. 2
1. Thallus K (without atranorin). Branching often trichotonous
or tetrachotonmous. Wth or wi thout perlatolic acid.

2. Thallus form ng conpact heads. Branching isotomc. Thallus
whitish or pale yellow sh, K+ yellow, KC (or KCt, with usnic

acid, inf. icterica). Florida. .................. C. _evansi
2. Thallus | ooser, not form ng conpact heads. Branching
ani sotomc, primarily di chotonmous. Northeastern. ....... 3
3. Thallus gray. ...... C. terraenovae f. cinerascens

3. Thallus yellowish. ................ C. terraenovae

4. Thallus form ng conpact heads. Branching isotomc, primarily
tetrachot onous or pol ytonmous, with 36 branches around centra

open axil, and often form ng synpodia. Pycnidial jelly red.
Quter nedulla | oose, thick. Wth accessory perlatoric and
pseudonorrangi form c acids and substances A and B. ...... C.

stellaris (typical chenotype)
4. Thallus not form ng conmpact heads. Branching
anisotomc. ............... 5

5. Branching predom nantly trichotonous or somnetinmes
di chot onobus; nain branches distinct. Wth perlatoric acid.
Branchi ng often dense; apical branches multilaterally defl exed,

gray to yellowish. .... (C_portentosa ssp. portentosa)
5. Branching predom nantly tetrachotonous (on wel | devel oped
podetia). Wthout perlatoric acid. .................... 6

6. Main stens robust, dark green, often winkled at base; outer
medul | a very conpact. Wth pseudonorrangi form c acid and
substance A Tenperate. .............. C. submtis

6. Main stens slender to fairly robust, usually lighter in
color, snmooth; outer nedulla | ess conpact. Wthout
pseudonorrangi form c acid. Boreal Arctic. ........... 7

7. Crown rather sparsely branched; tips erect or nultilaterally
defl exed, not strongly browned; main stemusually slender and
pal e bl ui shgray; branches pal e whitishgreen, usually sl ender.
..................... C._mtis

7. Crown densely branched; tips strongly defl exed, often

uni l aterally, strongly browned; main stens generally robust and



yel | owi sh gray; branches yell owi shgreen, usually coarse.
............................ C. _arbuscul a unnanmed subspeci es



1. Gowing in Western N Anerica

Ila. Thallus P+ yellow, orange, or red.

1. Thallus P+ yellow, with psoromic acid. ... C_stellaris ("f.
aberrans")

1. Thallus P+ redorange, with fumarprotocetraric

acid. ... ... . 2

2. Thallus K+ yellow, containing atranorin.
.................................................... 3

2 Thallus K, without atranorin. .................. 5

3. Pycnidial jelly colorless. Branching mainly tetrachotonous,
whorl ed. Podetia usually strongly bluish gray, not blackeni ng at
base (except for occasional patches). Wdespread, Nto arctic, S
to Florida. Usually not in bogs. .......... C._rangiferina
(incl. ssp. grisea)

3. Pycnidial jelly red. Branching at |east partly dichotonous
or trichotomous. ...................... 4

4. Gowng mainly in Boreal Arctic areas. Branching partly
trichot omous or dichotonous. Podetia usually pale gray, strongly
bl ackened at base; ultimate tips |oosely and roughly fibrose.
Usually in bogs. Arctichoreal, south to Washi ngton and

Montana. ............... C. stygia
4. Pacific NW Branching dichotomous. ..... C._ciliata v
ciliata

5. Branching predom nantly dichotomous. Pycnidial jelly red.
Branches curved to one side; main stemdistinct; apices clearly
defl exed; rather sparsely branched. Pacific

NV C _ciliata v. tenuis

5. Branching predom nantly trichotonous or tetrachotonous.
Pycnidial jelly colorless. Crown sparsely branched, erect or
slightly defl exed, conspicuously browned; main stemslender to
robust, usually very yellow. Wstern

Arcticboreal . .................. C. _arbuscula ssp. berengi ana




I1b. Thallus P, K; branching often tri or tetrachotonobus

1. Thallus form ng conpact heads. Branching isotonic,
predom nantly di chotonbus, sonetines trichotonous. Pycnidi al
jelly colorless. CQuter nmedulla very loose, thin. Containing
perlatoric acid. Coastal

Al aska. ... C
pseudevansi i

1. Thallus not form ng conpact heads. Branching ani sotom c,
predom nantly trichotonmous or tetrachotonous. ................ 2

2. Branching predom nantly trichotonous or sonetines

di chot onobus; nmain branches distinct. Wth perlatoric acid.
Branchi ng often sparse; apical branches unilaterally defl exed,
greenish to yellow. Coastal, Alaska to California..... C
portentosa ssp. pacifica

2. Branching predom nantly tetrachotonmus (on wel | devel oped
podetia). Wthout perlatoric acid. Main stens slender to fairly
robust, usually lighter in color, snooth; outer nedulla |ess
conpact. Boreal Arctic, not restricted to the coast.

3. Cown rather sparsely branched; tips erect or nultilaterally
defl exed, not strongly browned; main stemusually slender and
pal e bl ui shgray; branches pal e whitishgreen, usually sl ender.
..................... C._mtis

3. Cown densely branched; tips strongly defl exed, often

uni l aterally, strongly browned; main stens generally robust and
yel | owi sh gray; branches yell owi shgreen, usually coarse.
............................ C. _arbuscul a unnanmed subspeci es
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