3.5 What about $R™ 2% values?

Another clear difference between the output given by adonis2 by comparison with the output given
by PERMANOVA in PRIMER is the fact that adonis2 provides an additional column, headed 'R2'.
These are values of $R”™2$ for a given term in the model, calculated directly as the ratio of an
individual term's explained sum of squares (SSt ) divided by the total sum of squares (SS
4). Unfortunately, the inclusion of this column is, in my view, misguided.
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PERMANOVA in PRIMER adonis2inR adonis2 gives R2 values (?)
Factors
Name Abbrev. Type Levels adonisz2 ~ Location/Site/Rrea, permutétions = 9999 )
;gg:‘cwn 'é? ’;gﬂggm g P-:'n'...tsuo': test f;r adonis under reduced plodel
Area AP Random 16 Terms added sequentially (first to last)
Permutation: free
PERMANOVA table of resuits ) Number of permutations: 995%
unique
source df 55 MS |Pseudo-F P(perm) | perms
Lo 3 35564 11855 2.8086 0.0094 105 adonis2 (formula = D ~ Location/SitefArea, perrmtatlo*s = 45449)
si(Lo) 4 16883 4220.8 1.3564 0.0313 815 O ES 5 -
Arisi(Lo)) 8 24895 3111.8 1.232 0.0067 | OBR® I bt Sm‘Cf“qf cf‘“ o
Res 64 1.6165E+05 2525.7 Location 3 35564|0.14881)4. €9
Total 79 2.3899e+05 Location:Site 4 16883 CI 0"06‘1 '.. 671
Location:Site:Area &8 24895 0 1
Details of the exuea‘ed mean squares (EMS) for the model

64 lele4s

source EM

Lo 1"V(Res} + 5*v(Ar(si(L0))) + 10*v(si(L0)) + 20%V(LO) Toza 79 238385|1.00000
si ELO lknges) + S*VEAr[S]E ogg) + 10*v(5i(Lo)) —
Ar si(Lo)) 1*v(Res) + 5*v(Ar(si(Lo))) Signif. code vewws Q001 ‘%' 0.0 * 0.05 rpL1l vl

1*v(Res)

Construction of Pseudo-F ratio(s) from mean squares

source Numerator Denominator  Num.df Den.df

S1(Lo) im?( ) fﬁ%““% ) i s i |

si(L. *si(Lo *ar({si(Lo

A;(sg(m)) TeAr(512L0)) 1+Res g e | The results for F-ratios and P-values do not match! |
T T \I PERMANOVA gives details regarding construction of tests. |
v(Lo) 381.69| 19.537

V(5i(L0)) 110.9 - - —
R PERMANOVA gives estimates for components of variation.

Fig. 4. PERMANOVA gives estimates for components of variation based on EMS, whereas 'adonis2'
gives $R”™ 2% values in the output.

Why doesn't PERMANOVA output $R”™2$ values?

Sums of squares (SS) are used to partition variation in the multivariate data cloud in the space of
the resemblance measure according to each term in the PERMANOVA model. However, these SS
values cannot be compared directly with one another, quite simply because they have different
degrees of freedom (df). For example, the SS for a term with 64 df would automatically be
expected to 'explain more' than a term with just 3 df. To put this quite simply in another way: a
sum of squares is not the same thing as a variance.

In addition, the mean squares (MS) are also not able to be compared directly with one another. As
already outlined above, the expectations of mean squares can (and very often do) include more
than one source of variation, and this also must be taken into account when we wish to quantify
the relative sizes and (hence) the relative importance of the effects (or terms) in any given model.

Values of $R"™2$ can never be interpreted directly as 'effect sizes' in an ANOVA context. That is
why we don't use raw $R”™2$ values (the term's SS divided by the total SS) in order to quantify the
relative importance of individual terms from a PERMANOVA (or ANOVA) model. This would be a
mistake with the potential to mislead, even for a classical univariate ANOVA. (In contrast, it may be
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fine to use $R™2$ values in ordinary least-squares regression models for comparative purposes,
considering one variable at a time, where every predictor variable is on an equal footing and has
just 1 df.)

As it is potentially quite misleading to include $R”2$ values in an ANOVA table, PERMANOVA in
PRIMER does not provide them in the output. Instead, it uses the EMS to carefully estimate
components of variation for each term in the model. These components can indeed be directly
compared to assess the relative importance/contribution of individual terms (sources of variation)
in the model.
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