6.14 Three-way ANOSIM designs

Table 6.4 details all viable combinations of 3 factors, A, B, C, in crossed/nested form,
ordered/unordered, and with/without replication at the lowest level. Fully crossed designs are
denoted A$\times$B$\times$C, e.qg. locations (A) each examined at the same set of times (B) and
for the same set of depths (C) 1.

Table 6.4, 3-way ANOSIM (global) est stavistics, for crossed and mested designs, with wovdered or ovdered factors, and with or withent replication ar the lewest level of the design. Alse given
are the existence (or not) of pairwise rests, details of the test consiructions (making reference 1o test mmbers in Table 6.3) and examples of contexs in which vhey migh be employed,

N | Type of design Fagtors Factor levels Repli- | Statistic Fairwise Construction of statistic Examples
ardered? cates? | used test?
3a | 3-way crossed AxBaC | ABC unordered | Yes ABC: B | Yes As two-way crossed test 2a. combining pairs of factors in m ' At location, B time, C! habian
3b | F-way crossed AxBxC | ABC unordered | No ABC: gy | No As 2, e.g. comparing resemblance matrices of A agross BxC levels ' As abpve but no reps (or poaled)
3¢ | Feway crossed A lixl AR unordered YesM AB: K Ves/N ALB: as test 3a3b A: location, B: time, C: depth range
C ondered CEING | e os | 1RO C: as test 2e/2d, collapsing AB o singbe factor AxB ' with/without reps in AxBxC eclls
3| Feway nested, © ClAY | ABC unordersd Yes AR Az Yes AB: as test 2 of B nested in A, using levels of C as replicates © A region, B: lecation, O site, with
within B within A B R B,C: Mo C: as test 2p for C nested in all the B levels (anall A levelsh replicate samples a1 each sive
3o | Feway nested, C CiBAY | ABC unorndered No AR, B R, | AYes, B:No, | AB: exactly as for test 3d (except no averaging of C level reps needed) Az region, B: lecation, C; site, with
within I3 within A Ci= [ L2 e basis for & est o) one poaled sample at each site
3| S-way nested. © CIB(AN | AB unordered YeaN AR R A Yes ALB: a5 1est 2 of B nested in A, using C levels (/single C values) as reps | At location, B! shore, C: along shore
within B within A C ordered BN | o, goesBos | B,C: No C: as tests 2620 but for "B read C and for *A” read B{A), B levels in all A | transect, reps{or not ) &t iransect pis.
g | 3-way nesied, © CiB{AY | A unordened YesN AC:above | Az Yes AJC: as the relevant iests in 3d-31 Az sea region, B transect of sites,
within B within A B ordered, C either Lol B F B,C: N B: ns 2k for B within A, using levels of C (/single C values) as wp-;" mendom days ot each site {rep trawls)h
I | Feway, O onested in | C(AXE) AL ordered or Yesor | Various A Yes ALB: as for tests 2ac,e with C bevels as reps (averaged where needed) ¥ A location, B: season, C: different
AxB unordered N : No C: as for B in nested cases 2ph k), but for *A' read all combinstions AxB | sitca/days in each AxB (& rep coresh
3| Bewary, B crossed BaliA) ARC unordered Yes AR A Yes A average O levels fon resemblances, note 2, 1est A as 2a, for AxB® A location, B timse, O same random
with ClA) (i.e only B & B: Yes B: standard 2-way crossed test 2a for B across all levels of C (over all A} | sites in location retumed 1o each
C is mested in A (=3 i Mo C: standard 2-way nested test 2g for C within all combined levels AxB fime, with replicate snmples ot sites
3| Zeway, B crossed BxliA) ARC unordered N AR As Yes A s nest 2a, for AxB, using O as reps but constrained perms {as nobe 6) A location, B: time, C: same random
with CiA) B e B: Mo B: iy statistic (2b) for B pattems across C levels in each A, then meaned” | sites in location retumed to exch time
LS : Mo C: converse gof C patterns matched across B levels, popmeancd over A® | for single sample (or pooled sample)
3k | Feway, B crossed BaCiA) | A unordered AR Az Yes A o best 313 A location, B; time, C; snme
with CiA) B unordered Yes™No [ B F gy B Yes™o B: ax vest 3073 [representative) transect of gtes in
C ondenad O s (O Na C: as pests 2021, bint for *B° read C, for *A° read all combinations of AxB | location returmad 1o cach tinse
3| Feway, B crossed BaCiA) B onfered YoM B: B%EPE |B: YesNo B; ns crossed tesis 2¢/2d for B, but for *A" read all levels of C {over all A} | A; location, B; vearly time trend,
with CiA) A ondered of CEIO L a0 above | AcYes, O Mo | AC: as the relevant 1ests for A,C in 3-3k,3m C: same random sites in cach
unordered or below locaiion visited each vear
Im | Fownay, B crossed BxCiA) | A ondered Az ROC AYes A as crossed test 2e for A across B, with C reps (if present) averaged as in | A: latitadinal region, B: vearly trend,
with C{A) B,C ardered or Yes™No |B.C:as B: YeuNo e 2, then tested using block-consraaned permatalions, a8 nole & [ same transect of 4les in region
unordened above C: Mo B.C: a5 the relevant tests for B.C in 35-31 each year {+repsh - AB.C all ordered

! Test for A wies average of l-way & {for A) across all levels of B and C in combination (BxC), then B v (AxC) and C v (AxB), Same idea for 3b {wse test 2b), and if two of the factors are ordered still we 3o, borc.
Starts from ranked resemblances of C reps, then averaged and re-ranked (twice for A testh. Or (eg if unsure of quality of C reps) test A & B by avernging C reps in data matrix and using 2g on A and B{A).
' C levels (pvernged where needed, 35 in nose 2) are assumed representative replicates of BLA) condition.

Y1 A ordered (whether B,C are or not), it changes nothing except the test of A, which is pow as 2m.

+ Similar comments as for note 2 apply, about whether it may be better sometimes to average replicates of C externally, on the data matrix, then caloulate resemblances amd submit to the 2-way crossed cases for Axil,
" But with ons important difference; there is a new {for PRIMER) block-constrained permutation test here under the null, with values across B for each C level being permuted as a batch across CPA) and A kevels,

A common strecture is A: locatiens, C: sites (nested in AR, 1 period, all sites visited in each periesd. Test for A uses sites as replicates but keeps the periods for cach site together under permulation across locations.

" This is a new doubly-averaged statistic §;,., matching paiterns in B over the C levels for cach A level (the usual g ), then averaging gy over A levels. Permutations ane the usual random ordering of B for cach ClA).
FE.g pgp caleuluted of manching relationships among sines for different periods, separately for cach location, then gy, averaged over locations. Standard permutation of sites within all levels of location x period.

With a fully symmetric design like this (cases 3a-c in Table 6.4), the idea is to test each factor in
turn (A, say), by ‘flattening/collapsing’ the other two into a single factor (B$\times$C) whose levels
are all the possible combinations of levels of B and C; the test for A from the relevant 2-way
crossed design is then carried out. E.g. the global test for time effects (B removing A$\times$C) will
only compare those different times at the same depth and location, and will then average those
time-comparison statistics across all depth by location levels. Whichever of the definitions
$\overline{R}$ / $\overline{R}~{Oc}$ / $\overline{R}~{0s}$ / $\rho_{av}$ is used, the three
global statistics (A removing B$\times$C, B removing A$\times$C, C removing A$\times$B) can be
directly compared to gauge relative importance of A, B & C.

The fully nested design C(B(A)), e.g. area (C) nested in site (B), nested in location (A), cases 3d-g,
can also be handled by repeated application of the 2-way case. This tests the lowest factor (C)
inside the levels of the next highest (B), then averaging (in some form, see later) the replicate
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level, so that levels of C are now replicates for a test of B, then averaging the levels of C so that B
levels are the replicates for a test of A.

Another straightforward possibility is C(A$\times$B), 3h, in which C is nested in all combinations of
A and B, e.g. multiple sites (C) are chosen from all combinations of location (A) and habitat type
(B), in a case where all habitat types are found at each location, with replication (or not) at each
site. The test for C uses the A$\times$B ‘flattened’ factor at the top level of a 2-way nested design,
and tests for A and B are exactly as for the 2-way crossed design but, if replicates exist, averaging
them (again, in some form) to utilise the levels of C as replicates for the crossed A and B tests.

The only other practical combination, and one which is quite frequently encountered, is
B$\times$C(A), 3i-m, in which only C is nested in A, and B is crossed with C, e.g. multiple sites (C)
are identified at locations (A), and the same sites are returned to in each of a number of seasons
(B), with (or without) genuine replicate day/area samples taken at each site in each season. Here
there are one or two new issues of principle and these

' One of the commonest mistakes made by people new to ANOVA-type designs (whether in
ANOSIM or PERMANOVA) is to assume here that depth is a nested factor in location, since the
differing depth samples are all taken at the same location. But they are the same depths (or depth
ranges) across locations, hence one can remove the location effect when studying depth and the
depth effect when studying location, which is the whole point and power of a crossed design.
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