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ABSTRACT

The shared ancestral and serial transformativeuggabry relationships of theidymodon s.
lat. (Pottiaceae, Bryophyta) group of mosses igsstigated. Decibans are used as coarse likelihoods
for serial trait transformations in sequential Bayanalysis, here using morphology alone. In
convergence analysis, theoretical adaptive radigtamd neutral but divergent transformations among
the species of the data set are evaluated witmatstd deciban support for hypothetical models of
serial macroevolutionary change. These are comdetio Bayes factors.  Direction of
macroevolutionary transformation on a caulogramdetermined by morphological cladogram
position, and maximum Bayes factor (or decibaredgéftial) except when an intermediate taxon may
be proposed, either from the extant set or as &nawn shared ancestor that minimizes Bayes factor
differences. In cases with model probability neaity, deciban range differences between models
are accepted because there was little discrimimatith Bayes factors. Estimated monophyly among
the segregate generaDidymodon s. lat. is represented by a caulogram of serialrogaolutionary
relationships annotated with Bayes factors and badeci differentials for serial species-level
transformations.

The moss genudidymodon Hedwig was used (Zander 2013: 80) to demonstrate
superoptimization, which is the attempted naming of cladogram nagssg novel, advanced trait
criteria for determining serial evolutionary tramshation direction. The naming of the nodes irt tha
paper was done informally and intuitively in thentext of informed expertise, the author having
studied the family (Pottiaceae) @idymodon for the past 40 years. Segregate genera were
established through cladistic analysis and explettityato identify dissilience (situations of core
generative species from which descendants withrappadaptive or at least novel traits arise). The
identification and description of evolutionary pegs in such dissilient genera is the central me&ns
identifying monophyly for these groups, and thipgrasets out what may well be the statistical basis
for scientific intuition in classical identificatioof monophyletic groups.

ANALYSISOF SEGREGATE GENERA OF DIDYMODON THROUGH DECIBAN HEURISTICS

Expert opinion use of decibansisa smpleway to use cluesin sequential Bayes analysis.
Given the assumption that we would like to haveaaaraccurate and reasonable analysis of support
than the informal assignment of nearly certainliii@ds as was done by Zander (2013: 80), one can
now attempt a formalized heuristic analysis of ngindy in the entireDidymodon genus complex
consisting of the six segregate genBiaglymodon s. str., Exobryum Zander, Fuscobryum Zander,
Geheebia Schimper,Trichostomopsis Cardot, andvinealobryum R.H. Zander. The new method uses
sequential Bayes by means of decibans assigneatitative traits. This formalization is intended to
mimic or at least explain the quick apprehensiormohophyly of expert scientific intuition. All
species weighted for putative ancestral status @asal species for a monophyletic transformation
series) have similar primitive traits for the ingie s. lat. group. These traits include genenal a
widespread distribution at least relative to theapue descendants, no specialized habitats, mtalera
size, no specialized or reduced organs, and atabgxeproducing.
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Molecular analysisfor this group is presently uninformative. A molecular (ITS) analysis
of many of the same specieshiflymodon s. lat. was done by Werner et al. (2005). Theltesere
evolutionarily equivocal as discussed in detailZaynder (2013: 90) because neither heterophyly nor
distance on the cladogram beyond that expected Fiolsken paraphyly or phylogenetic polyphyly
were evident.

Does restriction of clues to minimal values degrade analysis? Two different
superoptimization analyses are done in each gehailsle, one for assignment of 1 dB (in roman
typeface) for each morphological trait, as a berathnfor results from a minimal “clue” to direction
of transformation. Then, another assignment isedwith variable numbers of decibans (in bold
typeface) to reflect estimation of different weiglof the clues for each trait (in Italic typeface).

First, any analysis using the present method begittsdivision of a large group into small
working groups of one apparent ancestral specidsitarevolutionarily derived species, judged by
criteria discussed above. Often subgenera andosscindicate such evolutionarily “dissilient”
groups. In this case, the infragenerdadymodon s. lat. as promoted to generic status (Zander 2013:
93) were used successfully.

Second, evaluation is done of the chance of spédfsslected intuitively as ancestral) giving
rise to each of the other species as a centralthgpis, assuming groups previously segregated to
those with only one extant or postulated generdli@ecestral species. The cladogram (Fig. 1) of
Didymodon s. lat. of Zander (1998, 2013: 80) is used as hnmireary grouping structure for the six
segregate genera because it happens to grouphegetlldssical subgenera (Fig. 1), which do have
only one generalized species. A natural key (Zapder 1993: 82) could just as well be used. &hes
segregates were advanced to genus status by Z@tde: 93) based on the intuitive assignment of
high probability to traits implying directionalityf macroevolutionary transformation. Each of these
segregate genera is here re-evaluated with segLiBalyes analysis first using a minimal 1 dB fdr al
traits, then second using varying deciban assigisnes to probability of macroevolutionary
transformation of the specialized species away feanh of the most generalized. The deciban
assignments are coarse, arbitrarily using only nddhbers, 1, 3, 5 or 7, as approximately as is
possible to estimate such assignments. The posmebabilities associated with multiple decibans
can be read off Table 1 in Part 1 of this study.

Third, evaluation is done of the chance of any ig®en generating species 1 as alternative
hypothesis. This is essentially 1 minus the chahe¢ species 1 gave rise to each of the other
species. A Bayes factor was calculated from th®pet values of the central hypothesis and the
alternative hypothesis to summarize support for agdinst the generalized species being the
ancestor.

Fourth,when probabilities of descendants that are diregglyerated by the putative ancestor
are each lower than, say, 0.95, the IRCI is figdoedhe chance that at least one of those specis
descendant. Inasmuch as this is a closed causab,gthe fact that one of the direct descendants is
reliably a descendant of the ancestral taxon mehaatsthey all are. The species with highest
probability is then at least tentatively the ancdspecies.

Descendants can generate descendants of their own. When there are secondary
derivations of two or more species from anotherceiedant species, only those secondarily derived
species are used in IRCI calculations. An exarigpthe posterior probabilities of the 1 dB perttrai
analysis ofVinealobryum species. One of the putative descendantsievadense, is eliminated as
secondarily descended from another descendant. pdkierior probabilities of the three putative
direct descendants df vineale are 0.50, 0.61 and 0.61. Combining these throhgHRCI formula,
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the chance of at least one of the three being @eddant is quite high, 0.93, and thus there isamgt
chance they all are. Another example is the 1 éBtgait analysis ofseheebia species in which the
four apparently direct descendants of the putadiveestral species have posterior probabilities of
0.76, 0.72, 0.67, and 0.76, but an IRCI for thefs.895, such that one of these taxa are surely a
descendant, and thus they all are.

Fifth, with probabilities of two or more models st to unity (100%), Bayes factors are
uninformative. Those probabilities near unity, lewer, are generated by summing evidence in the
form of clues. A small difference in probabilitgar unity may provide a low Bayes factor, but may
incorporate a major difference in numbers or vaitielues. In critical cases, differences in deo#a
may provide convincing evidence for decisions betwbypotheses (models). For instance, in the
analysis ofVinealobryum (Table 4) with variably assigned dB values, posteprobabilities between
the most likely basal generative species/1v(neale) and species 2/( brachyphyllum) are similar
for models of each generating direct descendantmgriihe remainder of the species. But adding the
decibans for species 1 generating the first tiedefcendants, i.e., species 2, 3, and 4, and @iso f
species 2 generating species 1, 3 and 4, the suB@sdB and 20 dB reveal nearly twice the evidence
or at least significance of the evidence for thstfhypothesis, namely 1>immediate descendants
(species 2, 3 and 4). The Bayes factor associsitbdthis difference in evidence, however, is only
1.0096.

Clues are external evidence of direction of evolution based on evolutionary theory. In
some treatments deciban evidence for the two nilady Ispecies (species 1 and 2) is the same, but
positive in decibans for species 1 and negativespacies 2 (e.g., analysis GEheebia (Table 5).

But the values are of different use in that themlees do not measure the difference between the two
models but between each model and an outside ioriteypplicable to all the species, a separate

model of trait transformation. This is a differaumge of the same evidential information and the

distance in dB aduesis thus indeed twice the number of dB involved.

Very high Bayes factors can imply an unknown ancestor. Ciritical here is the idea that
when an ancestral species generates several dastgnany new traits that are shared among such
descendants may be considered conservative ithéabccur in two or more species or by extension
in two or more habitats. This is the case whereledants may be more similar to each other than to
the putative ancestor. A shared ancestor may bellpted to encapsulate the conservative traits (se
example inFuscobryum, below) and mitigate the high B.F. for such descatslavhich would
otherwise be indicative of membership in a sepagatais. So parsimony (as done in cladistics) can
be in some cases effective. The traits involvegarsimony must be evaluated first as homologous
or evolutionarily connected in some way, howevence traits like isolated distributions and
polyploidy (otherwise helpful for determining ditem of serial macroevolution) may not be
homologously shared.

Conservative traits are easily transmissible. When traits are transmitted from a putative
descendant to one or more secondary descendants, if sudk f&eg new to the genus, they must then
be taken as conservative, that is, they are foordifierent species and therefore apparently ttéera
different selective regimes. If the new traits ameltiple, reversals in eombination of conservative
traits are subject to (low) joint probability of limked traits. This must contribute to evaluatioi
direction of evolution and therefore determinatidrletails of monophyly.

The analyses are presented here in order of numbkrspecies involved to make
understanding the complex analyses easier. Réther a subset for demonstration purposes, all
analyses are given because they each deal withreliff contingencies:
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(1) High B.F. for variable dB assignments but lowEor minimal clues (tables 1 and 2).
(2) Postulation of a shared ancestor for desceadante similar to each other than to the

progenitor (Table 2).

(3) Derivation of one descendant species from ardtables 3, 4 and 5).
(4) Triple concatenation of descendants supporiedddreversals, plus status of a highly
derived phenotypically and biotypically diverse cesdant with a stenomorphic descendant of its

own (Table 5).

Note: Throughout “IDs” means “immediate descendanfsspecies 1 (i.e., exclusive of

secondary speciation of descendant to descendant).

Table 1. Deciban analysis ofichostomopsis. 1 =Trichostomopsisaustralasiae. 2 =T. umbrosa. 3
=T.revoluta. Lightface for 1 dB per trait, bold for variable @8signments.

SPECIES 1 2 3
Spec. distrib.
TRAITS human 13
Long whip leaf 15
Bulg. hyal. basal
cells 15
Local distr. 13
Short leaves i3
Unicell.
gemmae 17
SUM 0,0 3,13 3,15
TOTAL dB DIFF. 1 2 3
>1 -3,-13 -3,-15
>2 3,13 0,-2
>3 3,15 0,2
POST. PROB. 1 2 3
>1 0.330.05 0.33,0.03
>2 0.67,0.95 0.50,0.39
>3 0.67,0.97 0.50,0.61
BAYES FACTORS 1 2 3
>1 0.50,0.05 0.50,0.03
>2 1.99,19.95 1.00,0.63
>3 1.99,31.62 1.00,1.59
IRCI TOTAL 0.89,1.00 0.67,0.63 0.67,0.41
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Table 2. Deciban analysis dfuscobryum. 1 =Fuscobryum nigrescens. 2 = Postulated shared
ancestor. 3 F. perobtusum. 4 =F. subandreaeoides. Lightface for 1 dB per trait, bold for variable
dB assignments.

SPECIES 1 2 3 4
TRAITS Local distr. 13 1,3
Lvs. short 11 1,1 1,1
Apex rounded 13 1,3 1,3
Unicell. gemmae B
Sporoph. lacking B 1,3
Leaves
dimorphic 17
Stems short B
SUM 0,0 2,4 6,20 5,17
TOTAL dB DIFF. 1 2 3 4
>1 -2,-4 -6,-20 -5,-17
>2 2,4 -4,-16 -3,-13
>3 6,20 4,16 1,3
>4 5,17 3,13 -1,-3
POST. PROB. 1 2 3 4
>1 0.370.28 0.20,0.01  0.24,0.02
>2 0.61,0.72 0.29,0.02 0.33,0.05
>3 0.80,0.99 0.72,0.98 0.56,0.67
>4 0.76,0.98 0.67,0.95 0.44,0.33
BAYES FACTORS 1 2 3 4
>1 0.630.40 0.25,0.010 0.32,0.02
>2 1.58,2.51 0.40,0.03  0.50,0.05
>3 3.98,100.00 2.51,39.81 1.26,2.00
>4 3.16,50.12 2.00,19.95 | 0.79,0.50
IRCI TOTAL 0.98,1.00 0.94,1.00 0.68,0.33  0.78,0.67

IRCI 2>3 & 4 0.941.00
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Table 3. Deciban analysis dbidymodon. 1 =Didymodon acutus. 2 =D. icmadophilus. 3 =D.
rigiduluss. str. 4 =D. anserinocapitatus. 5 =D. johansenii. Lightface for 1 dB per trait, bold for
variable dB assignments.

SPECIES 1 2 3 4 5
Restricted
TRAITS distrib. 13 1,3
Epixylic 15
High elev. 13 1,3
Short basal cells 5
Elong. apex 13
Hygric habitat 15
Asex. gemmae B
Swan neck If.
apex 17
Sporoph lacking B
Asex. clavate
apical propag. T
Thick, not decid.
apex 13
SUM 0,0 3,11 3,11 4,18 3,15
TOTAL dB DIFF. 1 2 3 4 5
>1 -3,-11 -3,-11 -4,-18 -3,-15
>2 3,11 0,0 -1,-7 0,-4
>3 3,11 0,11 -1, -7 0,-4
>4 4,18 1,7 1,7 1,3
>5 3,15 0,4 0,4 -1,-3
POST. PROB. 1 2 3 4 5
>1 0.330.07 0.33,0.07 0.28,0.02 0.33,0.03
>2 0.67,0.93 0.50,050 0.44,0.17 0.50,0.28
>3 0.67,0.93 0.50,0.50 0.44,0.17 0.50,0.28
>4 0.72,0.98 0.56,0.83 0.56,0.83 0.56,0.67
>5 0.67,0.97 0.50,0.72 0.50,0.72  0.44,0.33
BAYES FACTORS 1 2 3 4 5
>1 0.500.08 0.50,0.08 0.40,0.02 0.50,0.03
>2 2.00,12.59 1.00,1.00 0.79,0.20 1.00,0.40
>3 2.00,12.59 1.00,1.00 0.79,0.20 1.00,0.40
>4 2.51,63.10 1.26,5.01 1.26,5.01 1.26,2.00
>5 2.00,31.62 1.00,2.51 1.00,251 0.79,0.50
IRCI TOTAL 0.99,1.00 0.93,0.98 0.93,0.98 0.88,054 0.93,0.83

6
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Table 4. Deciban analysis dfinealobryum. 1 =Vinealobryumvineale. 2 =V. brachyphyllum. 3 =V.
murrayae. 4 =V. nicholsonii. 5 =V. nevadensis. Lightface for 1 dB per trait, bold for variable dB

assignments.

SPECIES 1 2 3 4 5
TRAITS Restricted
distrib. 13 1,3 1,3
Bark 11 1,5
Short leaves B 1,3
Lf. apex decid. 17
Lf. apex cucul. 17
Leaves broad
above 15
Laminal cells
bistrat. 11 1,3
Midrib thick 15
Lf. marg. revol. 17
Repro. by
gemmae 13 1,3
Sporoph.
lacking 15 1,5 1,5
SUM 2,2 2,6 4,20 4,16 7,33
TOTAL dB DIFF. 1 2 3 4 5
>1 0,4 -2,-18 -2,-14 -5,-31
>2 0,4 -2,-14 -2,-10 -5,-27
>3 2,18 2,14 0,4 -3,-13
>4 2,14 2,10 0,-4 -3,-17
>5 5,31 5,27 3,13 3,17
POST. PROB. 1 2 3 4 5
>1 0.500.28 0.39,0.28 0.39,0.04 0.24,0.00
>2 0.50,0.72 0.39,0.04 0.39,0.09 0.24,0.00
>3 0.61,0.98 0.61,0.96 0.50,0.72 0.33,0.05
>4 0.61,0.96 0.61,0.91 0.50,0.28 0.33,0.02
>5 0.76,1.00 0.76,1.00 0.67,0.95 0.67,0.98
BAYES FACTORS 1 2 3 4 5
>1 1.000.40 0.63,0.02 0.63,0.04 0.32,0.00
>2 1.00,2.51 0.63,0.04 0.63,0.10 0.32,0.00
>3 1.58,63.10 1.58,25.12 1.00,251 0.50,0.05
>4 1.58,25.12 1.58,10.00 1.00,0.40 0.50,0.02
>5 3.16,1258.93 3.16,501.19 2.00,19.95 2.00,50.12
IRCI TOTAL 0.98,1.00 0.98,1.00 0.94,0.97 0.94,1.00 0.74,0.07
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Table 5. Deciban analysis dbeheebia. 1 =Geheebia fallax. 2 = G. ferruginea. 3 =G. gigantea. 4 =
G. maschalogena. 5 =G. maxima. 6 =G. tophacea. 7 = G. leskeoides. Lightface for 1 dB per trait,

bold for variable dB assignments.

SPECIES 1 2 3 4 5 6 7
TRAITS Moist hab. 13 13 1,3 1,3 13 1,3
Reddish 1 1,1 1,1
Lvs. strong
rec. 1,3
Sporoph. rare
or lacking 13 13
Perist. fragile,
reduced 11
North distr. 13 1,3 1,3
Pl. very large 13 1,3
Lumens
angular 17
Lvs. catenul. 15
Asex.
gemmae 13
Restr. distr. 13 1,3
Wet
limestone 15
Lf. apex
rounded 15
Lvs. ligulate 15
Lf. base
decur., not
winged 13
Costa
subperc. 3
Lvs. whip 15
Lf. base
winged 17
SUM 0,0 511 6,20 3,11 6,16 6,24 6,24
TOTAL dB DIFF. 1 2 3 4 5 6 7
>1 -5,-11 -6,-20 -3,-11 -6,-16 -6, 24 -6,-24
>2 511 -1,-9 2,0 -1,-5 -1,-13 -1,-13
>3 6,20 1,9 3,9 0,4 0,-4 0,-4
>4 3,11 -2,0 -3,-9 -3,-5 -3,-13 -3,-13
>5 6,16 1,5 0,-4 3,4 0,-8 0,-8
>6 6,24 1,13 0,4 3,13 0,8 0,0
>7 6,24 1,13 0,4 3,20 0,8 0,0
POST. PROB. 1 2 3 4 5 6 7
>1 0.240.07 0.20,0.01 0.33,007 0.20,0.02 0.20,0.00 0.20,0.00
>2 0.76,0.93 0.44,011 0.61,050 0.44,024 0.44,005 0.44,0.05
>3 0.80,0.99 0.56,0.89 0.67,0.89 0.50,0.72 0.50,0.28 0.50,0.28
>4 0.67,0.93 0.39,050 0.33,0.11 0.33,0.24 0.33,005 0.33,0.05
>5 0.80,0.98 0.56,0.76  0.50,0.28 0.67,0.76 0.50,0.14 0.50,0.14
>6 0.80,1.00 056,0.95 0.50,0.72 0.67,0.95 0.50,0.86 0.50,0.50
>7 0.80,1.00 0.56,095 0.50,0.72 0.67,099 0.50,0.86 0.50,0.50
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BAYES FACTORS 1 2 3 4 5 6 7
>1 0.320.08 0.25,001 0.50,0.08 0.25,0.038 0.25,000 0.25,0.00
>2 3.16,12.59 0.79,0.13 158,100 1.79,032 0.79,0.05 0.79,0.05
>3 3.98,100.00 | 1.26,7.94 2.00,794 1.00,251 1.00,040 1.00,0.40
>4 2.00,12.59 0.63,1.00 0.50,0.13 0.50,0.32 0.50,0.05 0.50,0.05
>5 3.98.39.81 1.26,3.16 1.00,1.40 2.00,3.16 1.00,0.16  1.00,0.16
>6 3.98251.19 1.26,19.95 | 1.00,251 | 2.00,19.95 | 1.00,6.31 1.00,1.00
>7 3.98251.19 1.26,19.95 | 1.00,2.51 | 2.00,20.75 | 1.00,6.31 1.00,1.00

IRCI TOTAL 1.00,1.00 0.98,1.00 0.97,095 1.00,2.00 0.99,2.00 0.97,0.72 0.97,0.72

RESULTS

Monophyly of Trichostomopsis (Table 1)

1. Trichostomopsis australasiae (Hook. & Grev.) Rob.: assigned ancestral status wit advanced
traits,0 dB (0.50).

2. T. umbrosa (Mull.Hal.) Rob.: specialized distribution in humanvironments 3 dB; long, whiplike
leaf 5 dB; strongly bulging hyaline basal cellsE tbtal 13 dB (1>2 is 0.95).

3. T. revoluta (Card.) R.H. Zander:local distribution 3 dB; short-oval to short-eliipteaves 5 dB;
unicellular gemmae 7 dBotal 15dB (1>3 is 0.97).

Conclusion: Monophyly is supported with Bayes fastor 1>2 of 20, and for 1>3 of 31,
well supporting T. australasiae as ancestral taxon. See Jeffries (1961) assigsmentB.F.
significances given above in Table 2 of Part 2.teAfa separate analysis of only 1 dB per trait
(minimal clues to direction of macroevolutionargrtsformation), the B.F.’s are low and IRCI = 0.89,
however, there are several other species in thesgiat have advanced traits that would increase th
measure.

Species 1 and 2 are the two most likely as anddsirghe group. For dB=1, there is a
difference of 9 dB between 1>IDs (immediate descendants) (6 dB) atid2(-3 dB), probability of
1>IDs is 0.799, of 2>IDs is 0.333, B.F. of 2.39%0r ariably assigned dB, thdifferenceis 39 dB,
probability of 1>IDs (28 dB) is 0.9984, probability 2>IDs (-11 dB) is 0.0730, B.F. is 14.

Monophyly of Fuscobryum (Table 2)

1. Fuscobryum nigrescens (Mitt.) R.H. Zander: assigned ancestral staflud (0.50).

2. Postulated shared ancestorFofperobtusum and F. subandreaeoides: leaves short-ovate 1 dB;
apex broadly rounded 3 dBytal dB 4 (0.72).

3. F. perobtusum (Brotherus) R.H. Zander: local distribution 3 dBaves short-ovate 1 dB; apex
broadly rounded 3 dB; unicellular gemmae 5 dB; sphytes lacking 3 dB; stems short 5 dB;
total 20 dB (0.99).

4. F. subandreaeoides (Kindberg) R.H. Zander: local distribution 3 dbales short-ovate 1 dB; apex
broadly rounded 3 dB; leaves dimorphic 7 db; spoytgs lacking 3 dBtotal 17 dB (0.98).

Conclusion: The deciban assignments Foscobryum perobtusum and F. subandreaeoides
are extreme compared to the 0 dB ground of thetigatancesto~. nigrescens. When extreme,
membership in a different genus is suggested. tWwhelescendants share two traits, and these can be
combined in a presently unknown postulated shaneckstor (species 2 in Table 2). This
intermediate taxon lowers the polarization consitlr, but if (1) it can be found in nature in the
future and has no intermediate other traits, oreg@mination of other species emphasizes clustering
of two apparent descendant species, then the cposkls broken and taxonomic distinction of two
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genera is advised. Monophyly Bf nigrescens > unknown shared species is supported with a Bayes
factor of 2.51, a minor signal that is tolerabledese it allows one to reject 1>3 at 100 and 1>8Dat
and instead countenance 2>3 at 40 and 2>4 at 20.dR per trait, B.F.’s are minor but for 1>2 and

3 the IRCI = 0.98, while for 2>3 and 4, the IRCDi®4, which is just barely acceptable.

Species 1 and 2 are most likely. For dB=1, theradifference of 4 dB between 1>IDs (2
dB) and 2>IDs (-2 dB), probability of 1>IDs is 0Flof 2>IDs is 0.387, B.F. of 1.58. For variably
assigned dB, thdifference is 8 dB, probability of 1>IDs (4 dB) is 0.720, probabilitf 2>IDs (-4
dB) is 0.284, B.F. is 2.54, like the IRCI, just élgracceptable.

Monophyly of Didymodon s. str. (Table 3)
One might note here th&idymodon rigidulus s. lat. in the cladogram of Zander (2013: 80) is
presently comprised &@. acutus andD. icmadophilus.

1. Didymodon acutus (Bridel) K. Saito: no advanced traidB (0.50).

2. D. icmadophilus (Mill.Hal.) K. Saito: higher elevation habitats B;dshort basal cells 5 dB;
elongate leaf apex 3 dBytal 11 dB (0.93).

3. D. rigidulus Hedw.: hygric habitat 5 dB; asexual reproductiorgbynmae 3 dB; thickened but not
deciduous leaf apex 3 dBjtal 11 dB (0.91).

4. D. anserinocapitatus (X.-j. Li) R.H. Zander: restricted distribution Bdhigher elevation habitats 3
dB; unique asexual reproduction by deciduous svearked thickened leaf apex 7 dB;
sporophytes lacking 5 dBotal 18 dB (0.98).

5. D. johansenii (Williams) Crum: restricted distribution 3 dB; eplic substrate 5 dB; asexual
reproduction by clavate or cylindric but not swascked apical leaf propagulum 7 didtal
15dB (0.97).

Conclusion: Although the deciban polarization isosyy when variably assigned, these
species are all clearly related and the differefficen the putative progenitoBRidymodon acutus, are
clearly specializations. Monophyly is well estahkd with Bayes factors for 1>2 of 13, 1>3 of 13,
1>4 of 63, and 1>5 of 32 fdD. acutus as ancestral taxon. The IRCI figures are highnmst
transformations but are superfluous because ohitjie probabilities. If each trait were assigned 1
dB, then B.F.’s are low, but IRCI = 0.99 for 1>re$tor 1 dB assignments, however, IRCI values for
certain other species being progenitors are alglo, lsind assigning minimal clue values is not valid
for this genus. The decision to derie anserinocapitatus from D. icmadophilus in the caulogram
(Fig. 2) is based on a Gestalt evaluation of siitjlaf habitats and areolation of the excurrergtao

Species 1 and 2 are most likely. For dB=1, theradifference of 12 dB between 1>IDs (9
dB) and 2>IDs (-3 dB), probability of 1>IDs is 0&88f 2>IDs is 0.333, B.F. of 2.67. For variably
assigned dB, thdifferenceis 44 dB, probability of 1>IDs (37 dB) is 0.9998, probatyilof 2>IDs (-7
dB) is 0.1660, B.F. is 6.02, which is quite accbfga

Monophyly of Vinealobryum (Table 4)

1. Vinealobryum vineale (Brid.) R.H. Zander: taken as nearly primitive, hiotypes with two traits
shared by some advanced species and assignednaainindB eachtotal 2 dB.

2. V. brachyphyllum (Sull.) R.H. Zander: short leaves 3 dB; reproductiy gemmae 3 dBptal 6
dB (0.80).

3. V. murrayae (Otnyukova) R.H. Zander: bark habitat 5 dB; restdcdistribution 3 dB; sporophytes
lacking 5 dB; odd asexual reproduction 7 tital 20 dB (0.99).

4. V. nichalsonii (Culm.) Zander: restricted habitat 3 dB; sporopby&eking 5 dB; leaves broadened
above 5 dB; laminal cells bistratose 3 d&al 16 dB (0.98).
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5. V. nevadense (R.H. Zander in R.H. Zander, L.R. Stark & Marrs-8mj R.H. Zander: restricted
distribution 3 dB; sporophytes lacking 5 dB; leagésrt 3 dB; leaf apex cucullate 7 db; leaf
midrib thickened 5 dB; leaf margins loosely revelut dB; asexual reproduction by gemmae
3 dB;total 33 dB (0.9995). The reliability of direct transformatiavith V. vineale as basal
to the serial clade is apparently near certain, {.enevadense is clearly in this genus), but
species 5 is doubtless a descendant of speciagi#y(specialized morphology and habitat,
found on margins of range of species 2), from wiitictiffers without trait reversals. Species
2 may be taken as serially intermediate betweeciapé and 5.

Conclusion: Sequential Bayes analysis indicates aployly with V. vineale or V.
brachyphyllum as ancestral taxon of the monophyletic group lpssiss 5 is near certain, with B.F.
for 1>3 of 63, and for 1>4 of 25, and for 2>3 of &d 2>4 of 10. Given that. brachyphyllum
seems specialized for human dispersal, has leggphiosariability, and given that. brachyphyllum
shared two advanced traits wht nevadense, then postulatingy/. brachyphyllum as basal progenitor
of the genus would require more dB reversals fdr @ran for 1>2Vinealobryumvinealeis the better
choice for basal progenitor. If the same were udated at only 1 dB per trait, IRCI = 0.967.
Following the cladogram, acknowledging similaritiytbe two taxa and contiguity of ranges, and the
lack of reversals needed for 2>5, the highly detiVenevadense is considered a descendant of the
not-very-advanced speci®s brachyphyllum by 27 db (0.998+). The IRCI calculation is of nelgh
with this analysis.

Species 1 and 2 are most likely. For dB=1, themidifference of dB between 1>IDs (4
dB) and 2>IDs (4 dB), probability of 1>IDs is 0.71ef 2>IDs is 0.714, B.F. of 1.00. For variably
assigned dB, thdifference is 16 dB, probability of 1>IDs (36 dB) is 0.9997, probatyilof 2>IDs
(20 dB) is 0.9901, B.F. is 1.0098. For variablyigised dB, there is nearly twice the evidence irofav
of 1>IDs than 2>IDs, though B.F. is negligible.

The ancestral taxon of the geriiseal obryum, which is basal toof the wholBidymodon s.
lat. complex,s presently unclear. Several morphologically clamspecies in various genera with
red KOH reactions are candidates, includirgthrophyllopsis andina (Sull.) R.H. ZanderMironia
stenotheca (Thér.) R.H. Zander, or perhaps some speci&s yafer ythrophyllum Chen.

Monophyly of Geheebia (Table 5)

1. Geheebia fallax (Hedw.) R.H. Zander: assigned ancestral status adattadvanced trait€) dB
(0.50).

2. G. ferruginea (Bescherelle) R.H. Zander: moist habitats 3 dBnidaeddish 1 dB; leaves strongly
recurved 3 dB; sporophytes rare 1 dB; peristomgiléaoften absent 1 dBptal 11 dB
(0.89).

3. G. gigantea (Funck) Boulay: moist habitats 3 dB; northern dlsttion 1 dB; plants reddish 1 dB;
plants very large 3 dB; laminal cells lumens angutiggonous 7 bBtotal 20 dB (0.94).

4. G. maschalogena (Renauld & Cardot) R.H. Zander: wet habitat 1 di®vies catenulate-incurved
when dry 5 db; asexual reproduction by gemmae 3aBt 11 dB (0.89).

5. Geheebia maxima (Syed & Crundw.) R.H. Zander: northern areas 3 didjst habitats 3 dB;
restricted distribution 3 dB; stems and leavesrgeld 3 dB; sporophytes lacking 3 dbtal
16 dB (0.91).

6. G. tophacea (Brid.) R.H. Zander: wet limestone habitat 5 dBaflepex often blunt or rounded 5
dB; leaf base often with broad decurrencies butcgety winged 3 dB; costa often ending
before leaf apex 3 dB; peristome reduced 5td&l 24 dB (0.99).

7. G. leskeoides (K. Saito) R.H. Zander: northern areas 3 dB; smp@yes, wet areas 3 dB; restricted
distribution 3 dB; leaves with whiplike apex 5 dB&af base winged 7 dB; sporophytes
lacking 3 dB;total 24 dB (0.98).
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Conclusion: Monophyly ofGeheebia fallax as basal progenitor is strongly supported with
B.F. for 1>all species being higher than. 1Geheebia maxima is considered derived fror.
ferruginea (Fig. 2) as a large, somewhat derived form charistie of hyperoceanic climates, while
G. gigantea is apparently an extreme endpoint of the same|desiasformation, being even larger
than G. maxima while G. maxima has occasional weak differentiation of the trigoh@ueolation
typical of G. gigantea. This triple macroevolutionary transformationiserhas no reversals. Note
here that a B.F. of 1 (as @. ferruginea > G. maxima) or indeed any low B.F. is not a negative
result, a B.F. of 1 corresponds to a posterior abdity of 0.50 for the transformational direction.

Species 1 and 2 are most likely. For dB=1, thewdifference of 20 dB between 1>IDs (14
dB) and 2>IDs (-6 dB), probability of 1>IDs is 08B of 2>IDs is 0.2400, B.F. of 4. For variably
assigned dB, thdifference is 44 dB, probability of 1>IDs (46 dB) is 0.999975, prolahiof 2>IDs
(2dB)is 0.6131, B.F. is 1.63.

Geheebia leskeoides is considered (Fig. 2) derived fro@ tophacea in spite of the strong
deciban polarization of. tophacea because the latter is biotypically rich as wellpagnotypically
variable, and there are collections that lack maihthe derived features of the species. Perhaps it
would have been better to select one “most andésfrthe biotypes ofG. tophacea for this analysis.
The strongly and broadly decurrent leaf marginssir@ed by both species and exaggerated. in
leskeoides. Although Table 5 shows a high B.F. f@. ferruginea > both G. tophacea and G.
leskeoides, these last two are considered a different taxonamaicand possibly of an unrecognized
genus (distinguished mainly by distinct, broadlgweent leaf margins or auricles) and the apparent
B.F. polarization simply reflects strong differeac a higher taxonomic level. Likewise, the BaF.
100 forG. fallax > G. gigantea reflects the high differentiation of the latter sjgs and serves only to
emphasize that fact that@. gigantea is a member of the closed causal group, tBefallax is basal
to that group if perhaps not the immediate ancestail species.

Monophyly of Exobryum

Exobryum asperifolium (Mitt.) R.H. Zander is presently the only speciesthe genus
Exobryum, yet it has derived traits (for this group of gex)eof restricted habitat, brick-red coloration,
stem central strand usually absent, and peristtwoe, ®rect. Further study may turn up ancestral o
guasi-ancestral species in this genus. Until thres must assume that an unknown shared ancestor
probably of the genuBxobryum connect<. asperifolium andVineal obryum or Geheebia (see Figs. 1
and 2).

DiscussioN

Superoptimization confirms the initial cladogram. The intent of formalization is to avoid
or preclude psychological bias in heuristics; tondastrate the utility in interpreting data followin
established evolutionary theory of classical meshoder axiomatic, hyperprecise solely numerical
methods; and, discover fundamental aspects of ghyand statistics imbued in human scientific
pursuits. A re-analysis was done for all segregetgera in the cladogram of Zander (2013) of the
genusDidymodon s. lat. with individual traits assigned particutieciban measures for probability of
transformation from a putative ancestral taxonisTormalization confirmed the general form of the
morphological cladogram (Zander 2013) that usedrtiti@al intuitive assignment of near certainty to
the advanced traits, but details here modified sdmat That cladogram also was here capable of
being compressed into an easily comprehended foandtfits aspects of both cladistic and classical
forms of analysis, relying on established evoludign theory as informative of direction of
evolutionary transformation.
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Didymodon
Barbula unguiculata
» G. leskeoides
G. tophacea
Geheebia G. fallax

G. gigantea
Trichostomopsis G. ferruginea
G. maxima

G. maschalogena
/ F. nigrescens

» F. perobtusum

Vinealobryum

N\ F. subandreaeoides

E. asperifolium

V. vineale

D. rigidulus s.lat.
» D. anserinocapitatus
N\ D. johansenii

V. nicholsonii

V. murrayae
V. brachyphyllum
/ . hevadense

V

T. revoluta
T. australasiae
T

. umbrosa

Figure 1. Morphological cladogram of genera in thedymodon s. lat. group, modified from Zander (2013: 80).
This demonstration includes only a few of the spe&inown for each genus. Bold colored lines astupated

as deep ancestors of the same name as the geegsiezcies (in bold on the right) and narrowerlblaxes as
putative descendants of the generalized speciesisibns for progenitor and descendant status giges
intuitively by Zander (2013); formalization of tleedecisions is given in the tables and summarizdtgure 2.

A caulogram shows both shar ed ancestral taxa and serial transformations. The
caulogram of Figure 2 summarizes the serial macalagwenary relationships of theidymodon s. lat.
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complex estimated from data and theory. Givengbétvare for automatically drawing caulograms
does not yet exist, a graphics program must be. uaag software that can make ellipses (see Part 1,
Fig. 1) that can be made to touch is acceptablea €@@mmagram version (e.g. Fig. 2 of this Pan) ca
be devised by making a circle, erasing a portiod, &dding two curving vees. The present author
uses NeoPaint (NeoSoft 2012), which is inexpensixdlexible.

Didymodon
Trichostomopsis

Geheebia

Vinealobryum Exobryum

Figure 2. Caulogram showing serial macroevolutigmalationships of th®idymodon s. lat. complex
obtained from morphological cladistics and decibaalysis. Some species epithets are uniquelyifeizhby
two letters. Bayes factors supporting directiomaicroevolutionary transformation in closed cagsalps are
given for descendant species based on variableateeissignments per trait. Deciban differencesdst
models of the two most likely progenitors (spediesimmediate descendants and 2 > immediate deants)d
are given for best putative progenitor. Questi@rka denote postulated, presently unknown shareestnal
taxa. The macroevolutionary formula (boldfaceifderred ancestor) for this caulogramvsealis > mu, ni,
(ac>jo, ri, (ic > an)), @u > um, re), br > ne), ¢ > as, fallax > ms, (o > le), fe > mx > gi), (i > (? > pe,
su))). Colors denote inferred central ancestral,tincluding the unknown shared ancestoBExaibryum
asperifolium andGeheebia fallax, which is probably a generalist species in the gé&xabryum.

In Figure 2, Bayes factors are given for each gsethat is apparently derived from a
progenitor, known or unknown, based on transforomstiof what are taken to be mostly adaptive
traits. Deciban differences between models otwtemost likely putative progenitors generating the
immediate descendants (i.e., exclusive of descésdierived from descendants) are given for the
one species most favored as putative progenittie probabilities upon which Figure 2 is based are
dealt with as clues of various importance, andfeeguency estimates only in the sense of informal
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expert apprehension of variability during past taomic study. Species that are basal and generalist
are arranged following cladistic (shared ancesteigtionships using apparently conservative traits.
Ability to identify serial relationships and to sy Bayes factors or deciban differences for
macroevolutionary transformations is a statistibalsis for monophyly. Basing direction of
transformation of traits mainly on theoretical atilag radiations or neutral but unique traits iseher
substituted for the dubious practice of phylogenetapping of trait changes on molecular trees.

No trait reversalsis an ideal. The high level of credibility for some polarizat®ean be
overkill for purposes of making a classificatiorytbmay be correct given Dollo evaluation of
irreversibility of evolution of whole taxa. Botho@ld (1970) and Simpson (1953: 311) have pointed
out that the chances of the whole genetic systamrtiag to a complete ancestral state set (as in
macroevolutionary reversal to a primitive state) see infinitesimal. The preferment of no trait
reversals in estimating macroevolutionary transdrams in the present analysis is important, but
may be disregarded in cases of biotypic compleaftyhe ancestral species (see cas&eaieehbia
tophacea above), when no reversals may be expected betwparrtieular biotype of primitive traits
and a postulated stenomorphic descendant.

Using second-best modelsis often intuitively clearly wrong. We can say that the chance of
one descendant generating another descendant imardgnvery small when descendants are more
similar to the putative progenitor than to eacheoth The exception is for situations in which
transformation of one descendant into another reslno reversals or for which the reversals are
trivial. Radiative adaptation from a generalistestor involves or should involve no reversals
excepting traits that appear more basal on a stdndarphological cladogram than those of the
generalist ancestor, and these are commonly few many then indicative of higher taxonomic
distinction. For example, a putative ancestrakcdadant relationship that involves a fully
generalized ancestor is supported by positivestrastimated by decibans, and also supported by
requirement of no reversal in any advanced traiBut for estimation of the probability of an
advanced species actually being ancestor to bathptiative ancestor and all the other advanced
species, separate reversals from advanced to emitatus are required and very low joint
probability comes into play.

At minimum probability levels (i.e., the minimallte”), the support via reversal requirement
for transformation in the opposite direction is4B4robability (i.e., minus one deciban) to the pow
of the number of (independent) traits requiringemsal. Reversal of four independent (neutral, non-
adaptive, or otherwise unlinked) advanced traitsthet lowest detectable level of assignable
probability (0.433) for each 0.433r 0.035, which translates to a tiny crediblesimal. But even
with a minimal assignment of 0.433 for a set ofersals of a group of linked traits (e.g., all reqdi
for adaptation to hygric habitats) when a grous@feral species involves additional reversals, the
additional joint improbability of full and completeeversal of advanced traits in the group if the
putative generalized ancestor wewa the ancestor is decisive. This leads to high Bdgetors
comparing odds of a generalized species being bashé monophyletic group versus that of one of
the more advanced species being ancestral, parlictihe most advanced species.

There are good heuristics in classical systematics. An appropriate heuristic is when
putative descendants are more like the ancestareéhah other then they derive directly from that
ancestor. Secondary derivation of descendant soetelant is indicated by a no reversal of traits
from one descendant to another, e.g.Vobrachyphyllum to V. nevadense, or of G. fallax to G.
ferruginea to G. maxima to G gigantea. From the Bayes factor matrices (tables 1 to 5teqtlearly
the immediate descendants in general are usualtg similar to the immediate progenitor than to
each other, except in the cases of apparently dacprspeciation either from each other or from a
postulated unknown shared ancestral species.
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At least in the present case, most nodes can be assigned to known taxa. The object of
superoptimization is to parsimoniously determinetiinimum of shared ancestors, known or merely
inferred, that explain both synapomorphies andpanerphies. That number of shared ancestors for
the Didymodon complex of segregate genera is 10 known specids? amknown species (Fig. 2).

CONCLUSIONS

What then is the statistical basis for the heuristic used in classical systematics to
estimate monophyly? The Turing decibans are defined as8™#0. Because they are logarithmic,
they can be added. One can easily miss the signife of this when explaining that computers were
mere adding machines back in the 1940’s. In fadjng logarithms mentally may be the exact way
we use clues every day to make decisions. Thiadd tip.” One clue plus one clue equals two clues
logarithmically, five clues plus eight clues equsdsnething more than just 13 clues or probabilistic
equivalent of 13 clues, which is a 0.95 probahilibe minimum for scientific decisions.

There are 12 inferred ancestral species (Fig. 3}hia study, with 198 total decibans
supporting inferred serial macroevolutionary reaships, or 16 dB per taxon transformation. This
translates to 0.975 probability or an average ol 40 favor of each hypothesis of transformation.
This is good evidence that the study was successful

The details of adding clues involve adding logarithms as with a dlide rule. The rapid
increase in significance when dealing with cluesuies, however, an innate logarithmic scale. Do
we have such? Classical systematists certainlyotiéonmally or informally compute 16%1, or use
the complex formula for sequential Bayes analysiéet common processes in nature must be
described in logarithmic terms. A logarithmic cens also responsible for a particular sensibility
about the use of 0.95 as a basic minimal confidenagedible level for noncritical scientific study
and 0.99 for critical studies. | suggest that blasibased clues in the context of a mental “slidie’r
similar to the logarithmic arrangement of decibaobabilities in Figure 6 of Part 2 of this studyyma
be the way we estimate the serial evolutionarysfitamation associated with monophyly.

If the average clue is of 5 or 7 decibans, thagégmd but not good enough to be convincing
about direction of evolution, then this would explavhy one character alone is often considered
insufficient in classical taxonomy to characterzeew species (13 dB provide 0.95 assurance). This
may not be quite as circular as it seems, becassggests that the perceived value of traits oagry
information about direction of serial evolutiondrgnsformation are the unacknowledged criteria for
perceived level of species delimitation.

Parallel traits presage conservative tendencies. The cladogram results are accepted here as
a quick way of determining direction of evolutioh toaits that are at least “locally” non-adaptive.
This is because a fault of morphological cladogréanssed to advantage. A cladogram with genera
and species will have species separately deriviad the same ancestor randomly associated as sister
groups because of parallel traits misinterpretethase from an unknown shared ancestor. Those
“synapomorphic” parallel traits are signals of cemvative tendencies presaging evolution of a new
genus from the old, and genera distal to such nadesvolutionarily trailed by one or more nodes in
the ancestral genus of ancestral traits implyitrguasformative relationship at the genus level.

Given uncertaintiesignored in phylogenetic analyses, evolutionary caulograms may not
be as precise or apparently highly supported as phylogenetic studies. In the case obidymodon s.
lat., the segregate gendtascobryum andTrichostomopsis are based on unnamed nodes quite distant
from the outgroup in the original cladogram (Fig, &n outgroup sufficiently like the above
candidates to be acceptableDidymodon is to some extent embedded Vinealobryum, and
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Exobryum earns an indeterminate position near the baseeotlddogram. The caulogram reflects
this. It is possible that analysis of reductiorpdmitive traits and elaboration by evolutionaribcal
unique traits through deciban analysis will provaleaulistic substitute, check, or complement to
morphological cladistic analysis at the level ofttér taxonomic categories, but for the nonce the
cladogram of Figure 1 suffices for position of genia the caulogram.

This paper supports the assertion of Zander (2@L3:that mathematics, physics, and
statistics form the process-based backbone of tagkaction of evolutionary relationships involved
in classical systematics. This is through fornalon of informed, intuitive, Gestalt, or omnisgeat
methods, revealing a fundamental rationale for @imh-oriented taxonomic decisions based on
expertise and long familiarity with morphologicahdaecological variance in groups. Note that
advanced traits ifruscobryum were used above to postulate an unknown shareest@ak species
intermediate between a putative ancestral genetak®n and the descendants as a prediction of
some future discovery or a retrodiction of an ettitaxon. In this case, the descendalitsnot
resemble the ancestor more than they did each.other

Prediction from caulograms means that one expestsar recently studied taxa to either fit
into a known serial macroevolutionary transfornmmbe a generalist ancestor of one or more rather
specialized descendants. Cladistics does not amdot predict in this manner (i.e., what to search
for in nature and a process-based explanationl&mement in an evolutionary classification). After
250 years of Linnaean taxonomy and 150 years oWw&n theory in systematics, classical clue-
based classification remains highly predictive lseawell established in both evolutionary and
statistical theory.

How we do it. The deciban method of determining monophyly usék tata sets of shared
traits (preliminary cladogram) and those of unicue adaptive traits (superoptimization of the
cladogram). It is capable of distinguishing sen@croevolutionary changes (rather than branch
order excepting parallelism) and can provide a abdlstic basis for evaluation of such changese Th
ultimate result is a caulogram (Besseyan cactus) avBayes factor assigned to each descendant, or a
deciban differential for the first two most like§pecies when Bayes factors are inconclusive. It is
probable that this statistical structure is thegkrdden basis for classical evolutionary systeosati

Thefuture. According to Marois and Ivanoff (2005), the huntaain has a hundred billion
neurons and several hundred trillion synaptic coiioes. Humans can decode complex images in
100 milliseconds and store as much a3 Hi6s of information over a lifetime. We are limit by
being able to attend to and perform little morenthane task at a time. This is due to bottlenétks
information flow, including about 0.5 second forneolidating a stimulus in visual short-term
memory, severe limitation in information storedvisual short-term memory, and several hundred
milliseconds to select a response. Thus, althaughability to act on information is slow, the
flexibility and power of each decision can be imsen This paper gives reasons why computerized
analytics based solely on shared ancestry can $leading, even though fast, precise, and duplicable
with different data. A return to human-mediateapughtful analysis using classical and certain
phylogenetic techniques is not only recommended ibupromoted as essential to ensure the
effectiveness of evolutionary, biodiversity, andservation studies.

This paper uses the deciban as minimum clue, atfmutsame as the “just noticeable
difference” of a 1-2 percent increase in stimulotensity in the psychophysics of E.H. Weber
(Gregory 1987: 405). Psychophysics is an attermpfotmalize and quantify judgment (Poulton
1987: 667). Category rating uses a small rangmudfcular magnitudes that makes judgments easier,
such as the 1, 3, 5, and 7 deciban levels usdtkipresent paper. Such ratings provide a logaigthm
relationship between stimulus and response:
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R=K+nlog$S 1)

where R is the subjective response, S is the atisnaind K and n are constants.

Information theory (Shannon & Weaver 1963) is pndsea well-developed theoretical
foundation for cybernetics and data interpretati@f. some relevance to systematic analysis is the
fact that data in terms of decibans can be direxdiywerted to data in terms of bits. Decibanslatd
both are logarithmic. One ban (10 decibans) cpoeds to about 3.32 bits, i.e., logarithm of 2he t
base 10, and a deciban is about 0.33 bits. A jx88ability (20 decibans) is about equal to 6.5,bit
while 24 dB yields 0.9962 probability, or 1 byte ®bits. Also, 1 standard deviation is 3 dB (or 1
bit), 2 s.d. are 13 dB (or 4.25 bits), and 3 std.26 dB (or 8.6 bits). Thus, a byte is an uneogaVv
unit of information (it may be wrong informationytat is decidedly information).

As explained for the nhon-mathematician by GleidBi(2: 228), the probability of a particular
coded message should be a weighted sum of thelplitiba of the individual symbols. Log to base
2 (or log) is most often used. When the probabilities ansaé

H=nlogs 2

where H is the measure of information (or entropyjs a constant, and s is the number of possible
symbols. Note the similarity with the stimulus-reepe formula (1). Although Shannon entropy
equates to uncertainty, this non-intuitive defonitican be addressed by interpreting H as how much
uncertainty is discarded when the message is ddcotlee more uncertainty, then, the better. This i
similar to K. Popper’s bold hypothesis, which isremoneaningful than hypotheses that tell one little
when demonstrated correct. When the probabilitfesach symbol are different, then:

H=-Yplogp 3

that is, information in bits is measured by summithg probabilities of each symbol,, just as
decibans are summed in the present paper.

Given similarity of use, equivalencies and dissariiles of decibans and bits are important.
One deciban is the minimum information detectakla &lue, or 0.557 probability. One bit (3 dB) is
the minimum information needed to make a decisietwben two alternatives. That decision is 3
decibans, or 0.666 probability, conveniently 1 dtad deviation. A decision at 0.666 probability is
only valid in the case of betting on several eveeésh at 0.666, in which you will come out ahead
2/3 of the time. It is not valid for scientific dsions on which further study is to be based. t hingh
level is 0.95 probability (at least for non-critickecisions), which is 13 decibans or 4.3 bitsisTé a
little more than half a byte (8 bits), and is theubdary for 2 standard deviations. A byte of
information is 24 dB, while 26 dB is 0.997, or arddard deviations. This last level of confiderse i
that for confirmed studies with 0.95 probability.

Given that information theory is highly developeddressing such subjects as joint entropy,
conditional entropy, mutual information, informatidivergence, source theory, information rate, and
other complex techniques for dealing with datayfeitanalysis in systematics (in addition to, shg, t
Akaike information criterion used in phylogenetiasjght well make more use of already well-
founded information theory.

SUPPLEMENTARY MATERIAL
Spreadsheets detailing analysis for Tablesl-5¢culeding Bayes sequential analysis,
decibans, and IRCI are available<attp://www.mobot.org/plantscience/resbot/evsy/sprs
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