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APPENDIX I A

Pearson product-moment correlation

for characters 1 - 31 in chaPter 4
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APPENDIX I B

Pearson product-moment correl-ation

for characters 1 - 25 in chaPter 5

coefficients
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APPENDIX II

Data matrix for 112 fossil OTUs'
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Specimen N 0085, Parataxon NERr/001 3

5tomate ovar vein, lower epidermis.

Specimen N 0095, Parataxon NER/001 :

Stomate over vein, lower epidermis"

Specimen N 0085, Parataxon NER/001 3

Slomate over areoJ-e, lower epidermis.

Specimen N 0085, Parataxon NER/001 :

Trichome base over vein, lower epidermis.

Specimen N 001-3, Parataxon NER/002 3

Stomate over vein, lov'let epidermis.

Specimen N 0013, Parataxon NER/002:
Slomate over areole, lov,tet epidermis .

Specimen N 0013, Parataxon NER/002 3

Trichome base over vein, lower epidermis.

Specimen N 0013, Parataxon NER/002 :

Non-cutinised aPex of serration.

5ca1e 20 um (figs " 166 r72), loo um ( t:.g " 173 ) .

408.
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FIGURE T74. Specimen N

Lower

0009, Parataxon
epidermis

0048, Parataxon
epidermis

0048 ¡ Parataxon
epidermis

OO72, Parataxon
epidermis

OO72, Parataxon
e pide rmis

0009, Parataxon NER/004
epidermis

NE R/O04

NER/OO4

NER/004

NER/004

N E R/O04

FIGURE 175.

FIGURE I76.

FIGURE L77.

FIGURE 178.

FIGURE L79 "

Specimen N

UPPer

Specimen N

Lower

Specimen N

Uppe r

Specimen N

Lower

Specimen N

Upper

Scale = 100 u¡tì.
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FIGURE 180" SPecimen N

Lobrer

FIGURE 181. SPecimen N

UpPer

FIGURE L8.2. SPecimen N

Lower

FIGURE 183. SPecimen N

Upper

FIGURE 184. SPecimen N

. Lower

FIGURE I85. SPecimen N

Upper

0086, Parataxon
epidermis

0086, Parataxon
epidermis

0099, Parataxon
epidermis

OO99, Parataxon
epidermis

0f04, Parataxon
epidermis

0104, Parataxon
epidermis

NER/004

NER/004

NE R/OO4

NER/004

N E R/004

NER/004

Scale 100 utlì.
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FIGURE 186. SPecimen N

Lower

FIGURE 187. 'SPucimen N

Upper

FIGURE l8B. SPecimen N

Lowe¡

FIGUR'E 189. Specimen N

Upper

FIGURE 190. SPecimen N

Lower

FIGURE 191. SPecimen N

Upper

0119, Parataxon
epidermis

0119, Parataxon
epidermis

0f23, Parataxon
epidermis

0123, Parataxon
epidermis

0727, Parataxon
epidermis

0127, Parataxon
epidermis

NER/004 :

NER/004 :

NER/004 3

NER/OO4 :

NER/004 ?

NER/oo4 3

ScaIe 100 um.

414.
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FIGURE Ig2. Specimen N 0016, Parataxon NER/003 :
Stomate over vein, lower epidermis.

FIGURE ]-93. Specimen N 0Ul6, Parataxon NER,/003 :
Stomate over areole, lower epidermis.

FIGURE 195. Specimen N 0048, Parataxon NER/004 :
Stomate over vein, lower epidermis "

FiGURE I94. Specime n
Trichome

FIGURE 196. Specimen
Stomate s

N 0016, Parataxon NER/003 :
base over vein, lower ePidermis.

N 0009, Parataxon NER/004 :
over areole, lower ePidermis.

F IG URE

FTGURE

FTGURE

I9T.

198.

r99.

5cale 20 um (tigs. L92

Specimen N 0009, Parataxon NER,/004 3

Trichome base over vein, J-ower epidermis.

Specimen N 0009, Parataxon NER/004 :

Unicel-l-u1ar trichomes over a vein, J-ower
epidermis.

Specimen N 0099, Parataxon NER/004 :
Non-cutinised aPex of a serration-

198) , t-00 um (tig " L99).

416.
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FIGURE zOD. SPecimen N

Lower

FIGURE zOL. SPecimen N

Upper

FIGURE 2O2. SPecimen N

Lower

FIGURE 2O3. Specimen N

Upper

FIGURE 2O4. Specimen N

Lower

FIGURE 2O5. Specimen N

Upper

OL46, Parataxon
e pidermis

0146, Parataxon
epidermis

0036, Parataxon
epidermis

0036, Parataxon
epidermis

0232, Parataxon
epidermis

0232, farataxon
epidermis

NER/006 3

NE R,/006 :

NER/007 :

NE R,/007 3

NER,/007 3

NER/007 3

ScaIe 100 um¡

418 .
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FIGURE 206. Specimen N OD67, Parataxon NER/005 :
Stomate over vein, lower epidermis"

FIGURE 2O7. 5pe cimen
Stomates

FIGURE 2OB: Specimen
Irichome

FIGURE 2O9. Specimen
Stomates

FIGURE 2IO: Specimen
frichome

FIGURE 2II" Specimen
T¡ichome

N 0067, Parataxon NER/005 :
over areole, lower epidermis"

N DO67, Parataxon NER/005 :
base over vein, J-ower epidermis .

N 0146, Parataxon NER/006:
over areol-e, lower epidermis.

N 0146, Parataxon NER/006:
base over vein, lower epidermis.

N 0232, Parataxon NER/007 :
base over vein, lower epidermis.

FIGURE 2L2. Specimen N 0232, Parataxon
Stomate over areole, lower

FIGURE 2I3. Specimen N 0036, Parataxon
Stomate over areole, lower

NER/OO7:
epidermis.

NER/007 3

epidermis.

Scale 2D um.

it
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FIGURE 2L4. Specimen N

Lower

FIGURE 2L5. Specimen N

Upper

FIGURE 216. Specimen N' Lower

FIGURE 2L7. Specimen N

Upper

FIGURE 2I8. Specimen N

Lower

FIGURE 2I9. Specimen N

Upper

0051, Parataxon
epidermis

0051, Parataxon
e pidermis

0I36, Parataxon
epidermis

0I36, Parataxon
e pide rmis

0137, Parataxon
epidermis

0137, Parataxon
epidermis

NER/008 :

NER/008:

NER/oo9 :

NER/009 3

NER/0I0 3

NER,/¡I0 l

5caJ.e 100 utn.

422.
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FIGURE 22O" Specimen N

Lower

FIGURE 22I. Specimen N

Upper

FIGURE 222. Specimen N

Upper

FIGURE 223, Specimen N

Lower

FIGURE 224. Specimen N

Upper

FIGURE 225. Specimen N

Uppe r

0005, Parataxon
epidermis

0005, Parataxon
epidermis

0005, Parataxon
e pide rmis

OO76, Parataxon
epidermis

OO76¡ Parataxon
epidertnis

OO76, Parataxon
epidermis

NE R,/0t_1 i

NER/011 :

NER/011 3

NE R,/01i- .

NER,/011 3

NE R,/011 :

5ca.].e 100 um¡

424.
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FIGURE 226" SPecimen
5tomate

FIGURE 227. SPecimen
frichome

FIGURE 228. SPecimen
Stomate

FIGURE 229.

FIGURE 23O.

FIGURE 23I.

FIGURE 232. SPecimen
Irichome

FIGURE 233.

ScaLe 20 um.

N 005L, Parataxon NER/008 3

over areole, Iower ePidermis.

N 0051, Parataxon NER/008 3

base over vein, lower ePidermis '

N 0136, Parataxon NER/009 :

over areole, lower ePidermis.

Specimen N 0137, Parataxon NER/Of0 3

Siomate over areole, lower epidermis'

Specimen N OO76, Parataxon NER/011- :

Stomate over areole, louJer epidermis '

N OtT6, Paratakon NER/01f:
base over vein, lower ePidermis'

Specimen N OO76, Parataxon NER,/011 3

Siomate over areole, lower epidermis' The
same stomate as in fig" 23O, focussed to
show the cuticle exteñding into the stomatal
cavity.

Specimen N 0008, Parataxon
Stomate ovex areoJ-e, lower

NER/012:
epidermis.

426.
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FIGURE 234. Specimen N

Lowe¡

FIGURE 235. Specimen N

Lower

FIGURE 236. Specimen N

Lowe¡

FIGURE 237. Specimen N

Upper

FIGURE 238. Specimen N

Lower

FIGURE 239. Specimen N

Upper

0008, Parataxon
e pidermi s

0008, Parataxon
epidermis

0008, Parataxon
epidermis

0008, Parataxon
epidermis

0001, Parataxon
epidermi

0001, Parataxon
epidermis

NER,/012 3

NER,/012:

NER/012 3

NER/012 :

NER/013:

NER/013 :

5ca1e = -100 ufito

424.
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FIGURE 24O. Specimen N

Lower

FIGURE 24I" Specimen N

Upper

FIGURE 242. Specimen N

Lower

FIGURE 243. Specimen N

Upper

FI6URE 244. Speeimen N

Lower

FIGURE 245. Specimen N

Upper

0019, Parataxon
epidermis

0019, Parataxon
e pide rmis

DO25, Parataxon
epidermis

0025, Parataxon
epidermis

0062, Parataxon
epidermis

tO62, Parataxon
e pi de rmis

NER,/014 3

NER,/014:

NER,/014 3

NER/014 3

NER/ols 3

NER,/or5 3

5ca1e 100 ufl.

430.
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FIGURE 246. Specimen N 0008, Parataxon NER/012 :
frichome base over major vein, lower

., epidermis.

F IG URE

FIGURE

FIGURE

FIGURE

F IGURE

FI GURE

FIGURE

247.

248.

249.

250.

25r.

252.

253.

Speciman N 000L, Parataxon NERr/013 3

Trichome base over vein, lowel epidermis.

Specimen N 0001-, Parataxon NER/013 :
Stomate (s) over areole, Iower epidermis"
The pore between the two guard cell-s and the
two paracytic subsidiary cell-s can be seen
c1early, but the remainder of the guard cells
are difficult to observe.

Specimen N 0025, Parataxon NER,/0f4 3

Stomate over a¡eo1e, lower epidermis.

Specimen N 0025, Parataxon NERr/014 .
T¡ichome base over vein, lower epidermis.

Specimen N 0019, Paratax'on NER/01-4 :
Gland over vein on lower epidermis. Note
that the thinly cutinised celJ-s covering the
gland have not been preserved-

Specimen N 0062, Parataxon NER,/015 3

Stomate over areole, lower epidermis.

Specimen N 0062, Parataxon NER,/015:
Trichome base over vein, lower epidermis.

Scale 20 um.

432.
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FIGURE 254. Specimen N

Lower

FIGURE 255. Specimen N
Upper

FIGURE 256. Specimen N

Lower

FIGURE 257. Specimen N

Upper

FIGURE 258. Specimen N

Lower

FIGURE 259. Specimen N

Upper

0132, Parataxon NER/016 3

epidermis

0132, Parataxon NER/016 3

epidermis

OO97, Parataxon
epidermis

OD97, Parataxon
epidermis

0023, Parataxon
epidermis

OO23, Parataxon
epidermis

NER/017 3

NER/017 3

NER,/018 .

NER/018 :

Sca]-e f00 um.

434.
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FIGURE 260. Specimen N OI32, Parataxon NER/0J-6 z

Stomate (s ) over 'areole, lower epidermis.
The cuticle is extremely fragmentary and the
guard cel-ls are difficult to observe.

FIGURE 26I. Specimen N OI32, Parataxon NER,/016 :
Lower epidermis showing striated surface.

FIGURE

FI GURE

F IG URE

F IGURE

FIGURE

262.

263.

264.

265.

266.

Specimen N OO97, Parataxon NER/017 :
Stomates over areol-e, Iower epidermis.

Specimen N OD97, Parataxon NER/017 3

Stomates over areol-e, lower epidermis. The
same stomates as in fig. 262, focussed to show
the cuticle extending into the stomatal- cavity.

Specimen N OO97, Parataxon NERr/017 3

Trichome base over vein, lower epidermis.

5þecimen N 0023, Parataxon NER/01-B :
Stomate over areo.l-e, lower epide¡mis.

Specimen N DO23, Parataxon NER,/018 :
Trichome base over vein, lower epidermis.

Specimen N 0023, Parataxon NER/018 .
Gland over vein on lower epidermis. Note
that the thinly cutinised ceJ.l-s covering the
gland have not been completely preserved.

FIGURE 267.

5ca].e 20'um.

436.
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FIGURE 268. Specimen N

Lower

FIGURE 269. Specimen N

Upper

FIGURE 27O. Specimen N

Lower

FIGURE 27I. Specimen N

Upper

FIGURE 272. Specimen N

Lower

FIGURE 273. Specimen N

Upper

0073, Parataxon
epidermis

0073, Parataxon
epidermis

QO22, Parataxon
epidermis

OO22, Parataxon
epidermis

OO24, Parataxon
e pidermis

OO24, Parataxon
epidermis

NER,/019 3

NER,/019 3

NER/020 :

NER/020 3

NER/021:

NER/021 3

Scale ='100 ullì.

438.



,F'. I .

_ ,z¡

68

J

' '):,

'.!

l-

. ^-f 
I

f¡Ja

t\

d
1

273

=:al.



1

FIGURE 274. SPecimen N

Lower

FIGURE 275. SPecimen N

Upper

FIGURE 276. SPecimen N

Lowe¡

FIGURE 277. SPecimen N

Upper

FIGURE 278. SPecimen N

, Lower

FIGURE 279. SPecimen N

Upper

0077, Parataxon
e pide rmis

9077, Parataxon
epidermis

002L, Parataxon
epidermis

0021, Parataxon
epidermis

0078, Parataxon
epidermis

0078, Parataxon
epidermis

NER/1?? 3

NER/O?Z :

NER/023 3

NER/023 3

NER/023 3

NER/023:

Scale 100 um.

440.
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F IGURE

FIGURE 28I. Specimen
Trichome

FIGURE 283" S pe cime n
T¡ichome

FIGURE 284. Specimen
Stomate s

FIGURE 285. Specimen
Trichome

2BO. Specimen N 0073, Parataxon
Stomate over areole, lower

NE R,/019 z

epidermis.

N 0073, Parataxon NER/019 3

base over vein, lower epidermis.

FIGURE 282. Specimen N OO22, Parataxon
Stomate over areol-e, lower

NER/020 3

epidermis.

N DD22, Parataxon NER,/020 3

base over vein, lower epidermis.

N Ot24, Parataxon NER/021 :
over areole, lower epidermis.

N Ot24, Parataxon NER/021 :
base over vein, lou/er epidermis.

FIGURE 286. Specimen N OD77, Parataxon
Stomate over areole, lower

NER/Ozz :
epidermis.

FIGURE 287 " Specimen N OO77, Parataxon NER/Ozz :
Trichome base over vein, lower epidermis.

5ca].e 20 um.

442.
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FIGURE 2BB. Specimen N OO77, Pa¡ataxon NER/OZ2 z

ÎT::'åi :;iå"Tfi:i".:li::="" ' showins out-

FIGURE 2Bg. Specimen N OD77, Parataxon NER/Dzz :
Cuticle over upper epidermis, same field of
view as in fig. 2BB, but focussed to show
the cuticle outlining the mesophyll ce.l-l-s.

FIGURE 29O" Specimen N 0021, Parataxon NER/023 :
Stomate over areole, J.ou/el epidermis.

FIGURE 29I" Specimen
fri chome

FIGURE 292.

FIGURE 293.

FIGURE 294. Specimen
Trichome

FIGURE 295. Specimen
Trichome

Specimen N OO47, Parataxon NER/O?  3

Stomate over areoJ.e, lower epidermis.

Specimen N 0057, Parataxon NER/D24 :
Stomate over areo.l-e, lower epidermis.

N 0021, Parataxon NER/023 :
base over vein, lorn/er epidermis;

N 0050, Parataxon NER/OZ4 :
base over vein, lower epidermis.

N 0057, Parataxon NER/O2  z

base over vein, lower epidermis.

Sca]-e 20 um.

444.
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FIGURE 296. 5þeóimen N

Lower

FIGURE 297. Specimen N

Upper

FI6URE 298. Specimen N

Lowe¡

FIGURE 299. Specimen N

Upper

FIGURE 300. Specimen N

Lower

FIGURE 301. Specimen N

Upper

0847, Parataxon NER/O?4 :
epidermis

0047, Parataxon NER/OZA 3

e pi de rmis

0050, Parataxon NER/OZ4 3

epidermis

0050, Parataxon NER/OZ4 i
epidermis

0057, Parataxon NER/OZ4 3

epide ¡mis

0057, Parataxon NER/OZ4 3

epidermis

Scale 100 um.

446.



-w..ìr-; /t,,-.. :.i-:

300 t

li

i

1¿'¡l

lt

¡

I

¡
)

\. - r.



I

I

I

I

I

FIGURE 3O2. SPecimen N

, Louler

FIGURE 303. SPecimen N

Upper

FIGURE 304" SPecimen N

Lower

FIGURE 305. SPecimen N

Upper

FIGURE 306. SPecimen N

Lower

FIGURE 307. SPecimen N

Up per
OL22, Parataxon NER/OZ 
e pide rmis

0059, Parataxon
epidermis

0059, Parataxon
epidermis

0089, Parataxon
epidermis

0089, Parataxon
epide¡mis

DI22, Parataxon
epidermis

NER/]?4 3

NER/]?  3

NER/OZ4 3

NER/OZA :

NER/]Z4 3

5 cale 100 uÍrì ¡

448.
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FIGURE 308. SPecimen N

Lower

FIGURE 309. SPecimen N

Upper

FIGURE 310. SPecimen N

Lower

0238, Parataxon
epidermis

0238, Parataxon
e pidermis

0060, Parataxon
epid'ermis

0060, Parataxon
e pide rmis

0069, Parataxon
e pide rmi s

tO69¡ Parataxon
epidermis

NER/024 :

NER/]Z4 B

NER/025 3

NER/02s 3

NER/025:

NER/025:

FIGURE 311. SPecimen N

Upper

FIGURE 3L2. SPecimen N

Lower

FIGURE 313. SPecimen N

Upper

Scale 100 um.

450.
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FIGURE 314. Specimen N

Lower

FIGURE 3J-5" Specimen N

Upper

FIGURE gi6. Specimen N

Lower

FIGURE 317. Specimen N

Uppe r

FIGURE 318. SPecimen N

Lowe¡

FIGURE 319. SPecimen N

Upper

0082, Parataxon
epidermis

0082, Parataxon
epidermis

0084, Parataxon
epidermis

0084, Parataxon
epidermis

OO96, Parataxon
epidermis

0096, Parataxon
epidermis

NER/025:

NER/025 3

NER,/025:

NER/025:

NER/025:

NER/02s :

5cale 100 um.

452.
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FIGURE 32O. SPecimen N

Lower

FIGURE 32I. SPecimen N

Upper

FIGURE 322. SPecimen N

Lower

FIGURE 323. SPecimen N

Upper

FIGURE =?0. to".tl:;"Ï

FIGURE 325. SPecimen N

Upper

0102, Parataxon
epidermis

Ot.Oz, Parataxon
epidermis

0L12, Parataxon
epidermis

OLI?, Parataxon
epidermis

00f0, Parataxon
epidermis

0010, Parataxon
epidermis

NER,/025 3

NER/025 3

NER/025:

NER/025:

NER/]26 :

NER/126 ?

5ca]-e I00 utTr o

454.
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FIGURE 326.

FIGURE 327.

FIGURE 328.

FIGURE 330.

FIGURE 331.

Specimen N OID2, P.rataxon NER/025:
SEM of lowe¡ epidermis, outer surface of
cuticl-e showinþ small, heavily cutinised
trichomes over and between veins (5cale =
25 um).

Specimen N 0102, Parataxon NER/025 :
5EM of l-ower epidermis, outer surface of
cuticle, showing one trichome. Note
filamentous epiphyllous fungus. (ScaJ.e =
10 um).

Specimen N 0102, Parataxon NER/025 :

5EM of lower epidermis, inner surface
cuticle, showing trichome bases over
between veins (5ca1e = 40 um).

Specimen N 0102, Parataxon NER/025 :
5EM of l-ower epidermis, inner surface
cuticle, showing a stomate. (Sca1e =

Specimen N OIO2, Parataxon NER/025 :

SEM of upPer epidermis, inner surface
cuticle. (5ca1e = 40 um).

of
and

FIGURE 329. Specimen N 0102, Parataxon NER/025 :
5EM of lower epidermis, inner surface of
cuticle, showing one trichome base (Scal-e

' I0 um).

of
10 um).

of

456.
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FIGURE 332. SPecimen N

Lower

FIGURE 333. SPecimen N

Upper

FIGURE 334. SPecimen N

Lower

FIGURE 335. SPecimen N

Upper

FIGURE 336. SPecimen N

Lower

FIGURE 337. SPecimen N

UPPer

0014, Parataxon
epidermis

0014, Parataxon
epidermis

0017, Parataxon
epidermis

0017, Parataxon
epidermis

00I8, Parataxon
epidermis

0018, Parataxon
epidermis

NER/026

NER / 026

NE R/02 6

NER/026

NER/ 026

NER/026

SeaIe 100 uffi.

458.
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FIGURE 339. Specimen N 0020, Parataxon NER/O26 :

Upper ePidermis

FIGURE 338" SPecimen N

Lower

FIGURE 340. SPecimen N

Lower

FIGURE 341. SPecimen N

Upper

FIGURE 342. SPecimen N

Lower

FIGURE 343. SPecimen N

Upper

0020, Parataxon NER/O26 z

e pidermis

0033, Parataxon NER/O26 :
epidermis

0033, Parataxon NER/O26 z

e pide ¡mis

0056, Parataxon NER/026 3

epidermis

0056, Parataxon NER/026 !
epidermis

ScaLe 100 um.

460.
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FIGURE 344" Specimen N

Lower

FIGURE 345. Specimen N

Upper

FIGURE 346. Specimen N

Lower

FIGURE 347. Specimen N

Upper

FIGURE 348. Specimen N

Lower

FIGURE 349.. Speeimen N

Upper

tA64, Parataxon NER/O26 .
epidermis

0064, Parataxon
epidermis

0068, Parataxon
epidermis

0068, Parataxon
epidermis

0071, Parataxon
e pide rmis

NER/]26 z

NER/A26 ¿

NER/O26 :

NER/]26 :

0071, Parataxon NER/O26 3

epidermis

Scale 100 um.

462.
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FIGURE 350. SPecimen N

Lower

FIGURE 351. SPecimen N

Upper

FIGURE 352. Specimen N

Lower

FIGURE 353. Specimen N

Upper

FIGURE 3s4. to""I:irÏ

FIGURE 355. SPecimen N

Upper

0100, Parataxon
epidermis

0100, Parataxon
e pidermis

0101; Parataxon
epidermis

0101, Parataxon
e pide rmis

0l-03, Parataxon
epidermis

0103, Parataxon
e pide rmis

NER/026:

NER/o26 3

NER,/026:

NER/O26:

NER/026 3

NER/026 3

5ca1e 100 unì ¡

464.
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FIGURE 356. SPecimen N

Lower

FIGURE 357. SPecimen N

Uppe r

FIGURE 358. SPecimen N

Lower

FIGURE 359. SPecimen N

Upper

FIGURE 360. SPecimen N

Lower

FIGURE 361. SPecimen N

Upper

0105, Parataxon
epidermis

0105, Parataxon
epidermis

0239, Parataxon
e pidermis

0239, Parataxon
e pide rmi s

O24I, Parataxon
epidermis

O24I, Parataxon
e pide rmis

NER/026 3

NER,/026 3

NER/026 3

NER/D26 3

NER/A26 :

NER,/026:

Sca1e I00 um.

466.
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FIGURE 362. Specimen N 001-0, Parataxon NER/026 :
Stomate over areole, lower epidermis.

FIGURE 363.

FIGURE 364.

FIGURE 365.

FIGURE 366.

FIGURE 367.

FIGURE 368.

FIGURE 369.

Specimen N 0056, Parataxon NER/O26 z

Stomate over a¡eo1e, lowel epidermis.

Specimen N 00I0, Parataxon NER/O26 z

Trichome base over vein, lower epidermis.

Specimen N OD26, Parataxon NER/O?7 3

Stomate over areole, lower epidermis.

Specimen N 0026, Parataxon NER/OZT .
Trichome base over vein, lower epidermis.

Specimen N 0038, Parataxon NER/O27
Gland ovel vein on l-ower epidermis.
thinly cutinised cel-1s covering the
are completely preserved.

Specimen N 0045, Parataxon NER/OZT
Gland over vein on lower epidermis.
thinly cutinised cel-ls covering the
are onJ-y partial.ly preserved.

Specimen N 0011, Parataxon NER/O27
GJ.and over vein on lower epidermis.
thinly cutinised ce11s covering the
are not preserved.

The
gland

The
gland

The
gJ-and

5ca1e 20 um.

468.
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FICURE 370. SPecimen N

Lower

FIGURE 37I. SPecimen N

Upper

FIGURE 372.. SPecimen N

Lower

FIGURE 373. SPecimen N

Upper

FIGURE 374. SPecimen N

Lower

FIGURE 375. SPecimen N

Upper

0002, Parataxon
e pide rm is

0U02, Parataxon
epidermis

0003, Parataxon
epidermis

0003, Parataxon
e pidermis

0004, Parataxon
epidermis

0004, Parataxon
epidermis

NER/]?7 3

NER/]Z7 ¡

NER/1Z7 z

NER/027 z

NER/Dzl :

NER/1Z7 3

5cale 100 um.

470.
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FIGURE 376. SPecimen N

Lower

FIGURE 377 " SPecimen N

Upper

FIGURE 378. SPecimen N

Lower

FIGURE 379. SPecimen N

Upper

FIGURE 380. SPecimen N

Lowe¡

FIGURE 381. SPecimen N

Upper

0006, Parataxon
epidermis

0006, ParataXon
epidermis

0007, Parataxon
epidermis

0007, Parataxon
epidermis

0011, Parataxon
epidermis

0011, Parataxon
e pid e rmis

NER,/027 :

NER/1?7 3

NER/]Z7 3

NER/]?7 3

NER/OZ7 3

NER/]T7 3

5ca1e f00 um.

472.
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FIGURE 382. Specimen N

Lower

FIGURE 383. Specimen N

Uppe r

FIGURE 384. Specimen N

Lowe¡

FIGURE 385. Specimen N

Upper

FIGURE 386. Specimen N

Lower

FIGURE 387. Specimen N

Up per

0015, Parataxon
epidermis

0015, Parataxon
epidermis

0026, Parataxon
e pid ermis

0026, Parataxon
epidermis

OO27, ParEtaxon
e pi dermis

OO27, Parataxon
epidermis

NER/O?7 :

NER/027 3

NER/}ZI 3

NER/]Z7 :

NER/]27 3

NER/]ZT:

Sca]-e 100 ultì ¡
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F I GURE

FIGURE

F I GURE

FI GURE

F IIGURE

FICURE

Specimen N

Lower

Specimen N

Upper

Specimen N

Lower

Specimen N

Upper

Specimen N

Lower

Specimen N

Upper

388.

389.

390.

391_.

392.

393.

0037, Parataxon
e pidermis

0037, Parataxon
epidermis

0038, Parataxon
epidermis'

0038, Parataxon
epidermis

0041, Parataxon
epidermis

U041, Parataxon
epidermis

NER/OZ7 :

NER/O?7 3

NER/]ZT z

NER/O?7 :

NER/]?7 3

NER/]?7 3

5ca1e = 100 um.

476.
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FIGURE 394. SPecimen N

Lower

FIGURE 395. Specimen N

Upper

FIGURE 396. SPecimen N

Lower

FIGURE 397 " Specimen N

Upper

FIGURE 398. SPecimen N

Lower

FIGURE 399. Sþecimen N

Upper

OO44, Parataxon
epidermis

OO44, Parataxon
epidermis

0045, Parataxon
e pidermis

0045, Parataxon
e pide rmis

OO49, Parataxon
epidermis

OO49, Parataxon
epidermis

NER/027 :

NER/\TT 3

NER/1Z7 3

NER/OZ7 3

NER/O?7 :

NER/Ozl :

Scale 100 um

478.
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FIGURE 400. SPecimen N

Lower

FIGURE 40I. SPecimen N

Upper

FIGURE 4O2. SPecimen N

Lowe¡

FIGURE 403. SPecimen N

Upper

FIGURE 4O4. SPecimen N

Lower

FIGURE 405. SPecimen N

Up per

0052, Parataxon
epidermis

0052, Parataxon
epidermis

0053, Parataxon
epidermis

0053, Parataxon
epidermis

0054, Parataxon
epidermis

0054, Parataxon
epidermis

NER/]27 :

NER/027 3

NER/Ozl 3

NER/]Z7 3

NER/O?I :

NER/027 :

5cale 100 um.

i
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FIGURE 406.. SPecimen N

Lowe¡

FIGURE 4O7. SPecimen N

Uppe r

FIGURE 408. . SPecimen N

Lowe¡

FIGURE 4A9. SPecimen N

Uppe r

FIGURE 4L0. SPecimen N

Lower

FIGURE 47I. SPecimen N

Upper

0055, Parataxon
epidermis

0055r Parataxon
e pidermis

0058r' Paratax.on
epide rmis

0058, Parataxon
epidermis

0061, Parataxon
epidermis

0061, Parataxon
epidermis

NER/OZ7:

NER/027 B

NER/OZ7:

NER/027:

NER/027 3

NER/OZT:

5ca1e 100 um.

482.
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FIGURE 4I2. Specimen N

Lowe¡

FIGURE 4I3. Specimen N

Upper

FIGURE 4I4. Specimen N

Lower

FIGURE 415. 5þecimen N

Upper

FIGURE 416. Specimen N

Lower

FIGURE 4I7. Specimen N

Upper

0063, Parataxon
epidermis

0063, Parataxon
epidermis

0070, Parataxon
epidermis

0070, Parataxon
epidermis

OO74, Parataxon
epidermis

AO74, Parátaxon
epidermis

NER/OZT :

NER/OTT :

NER/]?7 3

NER/O?7 :

NER/]?7 :

NER/DZ7 3

Scale 100 um.

484.
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FIGURE 418. SPecimen N

Lower

FIGURE 4I9. SPecimen N

Upper

FIGURE 42O. SPecimen N

Lowe¡

FIGURE 42L. Specimen N

Upper

FIGURE 422. SPecimen N

Lower

FIGURE 423, SPecimen N

Upper

0075, Parataxon
epidermis

0075, Parataxon
epidermis

OO79¡ Parataxon
e pide rmis

OO79, Parataxon
epidermis

0088, Parataxon
epidermis

0088, Parataxon
e pi dermis

NER/]27 3

NER/DZ7 3

NER/]TI:

NER/OZ7 :

NER/aZ7 3

NER/]?7 3

Scale 100 urn ¡
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FIGURE 424. SPecimen N

Lower

FIGURE 425. Specimen N

Upper

FIGURE 426. SPecimen N

Lower

FIEURE 427. SPecimen N

UpPe r

EIGURE 428. SPecimen N

Lowef

FIGURE 429. SPecimen N

Upper

0090, Parataxon
epidermis

0090, Parataxon
e pide rmis

OO92, Parataxon
epidermis

OO92, Parataxon
epidermis

OO94, Parataxon
epidermis

0094, Parataxon
epidermis

NER/]Z7 3

NER/027 :

NER/027 :

NER/027:

NER/]?7 z

NER/027 3

5cale f00 um.
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I
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I
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FIGURE 430. Specimen N

Lowe¡

FIGURE 43I. Specimen N

Upper

FIGURE 432. Specimen N

Lowe¡

FIGURE 433. Specimen N

Upper

FIGURE 434. Specimen N

Lower

FIGURE 435. Specimen N

Upper

0098, Parataxon NER/OZT :
epidermis

0098, Parataxon NERIOZT :
epidermis

0109, Parataxon NER/OZ7 3

e pidermis

0109, Parataxon NER/OZ7 B

epidermis

0118, Parataxon NER/OZ7 :
epidermis

0118, Parataxon NER/OTT 3

epidermis

Scale 100 um.

490.
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F IG URE

FIGURE

F IGURE

F I GURE

FICURE

FIGURE

436.

437.

438.

'439 
"

440.

44r.

Specimen N

Lower

Specimen N

Upper

Specimen N

Lower

Specimen N

Uppe r

Specimen N

Lower

Specimen N

Upper

0120¡ Parataxon
epide rmis

OI2O, Parataxon
epide rmi s

0125, Parataxon
epidermis

OL25, Parataxon
epidermis

OI44, Parataxon
epidermis

OI44, Parataxon
.epidermis

NER/OZT 3

NER/O2l :

NER/OZ7 3

NER/]?7 3

NER/]?7 3

NER/]?7 :

5ca].e L00 um.

492.
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FIGURE 442. SPecimen N

Lower

FIGURE 443. Specimen N

Upper

FIGURE 444. SPecimen N

Lower

OI49, Parataxon
e pidermi s

DI49, Parataxon
epidermis

0156, Parataxon
e piderm is

0156, Parataxon
epidermis

NER/OZ7 :

NER/027 3

NER/O?7 :

NER/027 :FIGURE 445. Specimen N

Uppe r

FIGURE 446. Specimen N 0l-59, Parataxon NER/O77 :

Lower epidermis

FIGURE 447. Specimen N 0159¡ Parataxon NER/OZT 3

Upper epidermis

5cale 100 um.

494.
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FIGURE 448. SPecimen N

Lower

FIGURE 449. SPecimen N

Upper

FIGURE 450. Specimen N

Lowe¡

FIGURE 451. SPecimen N

Uppe r

FIGURE 452. SPecimen N

Lower

FIGURE 453. SPecimen N

Upper

0234, Parataxon
epidermis

0234, Parataxon
epidermis

Q236, Parataxon
epidermis

0236, Parataxon
epidermis

O24O, Parataxon
epidermis

O24O, Parataxon
epidermis

NER/027 3

NER/]ZT B

NER/]ZI 3

NER/1Z7 3

NER/]Z7 3

NER/OZ7 3

5ca1e 100 urì ¡
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I

I
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FIGURE 454. Specimen N

Lower

FIGURE 455. Specimen N

Uppe r

FIGURE 456. Specimen N

Lower

FIGURE 457. SPecimen N

Upper

FIGURE 458. Specimen N

Lower

FIGURE 459. Specimen N

Upper

0262, Parataxon
epidermis

0262¡ Parataxon
epidermis

0503, Parataxon
epidermis

0503, Parataxon
epidermis

0555, Parataxon
epidermis

0555, Parataxon
epidermis

NER/]77 :

NER/A?7 :

NER/OZ7 :

NER/O77 :

NER/]?7 3

NER/]T7 3

Scale 100 um.

498.
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FIGURE 46O. SPecimen N

Lower

FIGURE 46!. SPecimen N

Upper

FIGURE 462. SPecimen N

Lower

F IGUR'E 463. SPecimen N

Upper

FIGURE 464. SPeeimen N

Lower

FIGURE 465. SPecimen N

Upper

0246¡ Parataxon
e pide rmis

0246, Parataxon
epidermis

0403, Parataxon
e pide rmis

0403, Parataxon
epidermis

0150, Parataxon
epidermis

0150, Parataxon
epidermis

NER/028 3

NER/028 :

NER/029 :

NER/IZ? 3

NER/031 :

NER/031 3

ScaIe 100 um.

500.
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FIGURE 466. SPecimen N

Lower

FIGURE 467. SPecimen N

Upper

FIGURE 468. SPecimen N

Lower

FIGURE 469. Specimen N

Upper

FIGURE 47O. SPecimen N

Upper

FIGURE 47I. SPecimen N

Lower

O47O, Parataxon
e pidermis

0362, Parataxon
epidermis

0373, Parataxon
epidermis

0373, Parataxon
epidermis

0083, Parataxon
epidermis

0083, Parataxon
e pide rmi s

NER/o3o:

NER/030 3

NER/030 3

NER/030:

NER/032:

NER/032:

Scale 100 um.
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FIGURE 472. Specimen N 0246, Parataxon
Stomate over areole, lower

FIGURE 473.

FIGURE 474"

FIGURE 475.

NER/o2B :
epidermis.

axon NER/OZ? :
in, lower epidermis.

NER/030 3

epidermis.

Specimen N D246, Parataxon NER,/028 :
Siomate over areol-e, lower epidermis. (t¡¡e
same stomate as in fig. 472, in a different
plane of focus ) .

Specimen N 0403, Parataxon NER/029 :
Stomate over areole, J-ouler epidermis.

Specimen N 0403, Para$
Trichome base s over t1Þ

FIGURE 476. Specimen N O362, Parataxon
Stomate over areole, J-ower

FIGURE 477.

FIGURE 478.

Specimen N 0362, Parataxon NERr/030 :
Trichome base ovex vein, lower epidermis-

Specimen N 0150, Parataxon NER/031 3

Stomate over areole, l-ower epidermis-

FIGURE 479.

Seafe 20 um.

Specimen N 0083, Parataxon NERr/032
Stomate on upPer ePidermis. Note
subsidiary cells'almost completely
sunken guard ceIls.

that the
cover the

504.
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FIGURE 480. SPecimen N

Lower

481. SPecimen N

UPPer

482. SPecimen N

Lower

483. SPecimen N

UPPer

484. SPecimen N

Lower

0184, Parataxon
e pide rmis

0184 ¡ Parataxon
epidermis

0575, Parataxon
epidermis

0575, Parataxon
epidermis

O476, Parataxon
e pide rmis

O476, Parataxon
epidermis

NER/033:

NER/033 B

NER/034 3

NER/034 3

NER/035 :

NER/035:

F IGURE

FIGURE

FIGURE

F IGU RE

FIEURE 485. Specimen N

UpPe r

5cale 100 um.
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FIGURE 486. SPecimen N

Lower

FIGURE 487. SPecimen N

Uppe r

FIGURE 488. SPecimen N

Lower

FIGURE 4A9. SPecimen N

Uppe r

FIGURE 49O. SPecimen N

Lower

FIGURE  gL. SPecimen N

UPPer

O47O, Parataxon
e pide rmis

O47O, Parataxon
epidermis

0437, Parataxon
epidermis

0437, Parataxon
epidermis

0356, Parataxon
epidermis

0356, Parataxon
epidermis

NER/036:

NER,/036:

NER/037 3

NER/037 z

NER,10gB:

NER,/038:

Scale 100 um.

508.
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FIGURE 492. Specimen N

Lower

FIGURE 493. Specimen N

Upper

FIGURE 494. Specimen N

Lowe¡

FIGURE 495. Specimen N

Upper

FIGURE 496. Specimen N

Lowe¡

FIGURE 497. Specimen N

Upper

OD29, Parataxon NER,/039 3

e pide rmis

OO29, Parataxon NER/039 3

epidermis

0066, Para.taxon NER,/040 :
epidermis

0066, Parataxon NER,/040 :
e pi dermi s

OI2I, Parataxon NER/041 3

epide rmis

0121, Parataxon NER/041 3

epidermis

Scalé =.100 um.

51 0.
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FIGURE 498. SPecimen N

Lower

FIGURE 499. SPecimen N

Upper

FIGURE 500. SPecimen N

Lower

FIGURE 501. Specimen N

Upper

FIGURE 503. SPecimen N

Uppe r

0495, Parataxon
epidermis

0495, Parataxon
epidermis

0263, Parataxon
epidermis

0263, Parataxon
epidermis

NER/042 3

NER/042 3

NER/s43 3

NER/043 :

FIGURE 5O2. Specimen N O2Bg, Parataxon NER/044
Lower epidermis

0283, Parataxon NER/044 :
epidermis

Scale 100 um.

5'i.2.
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FIGURE 504. Specimen N 0184, Parataxon
Stomate over areol-e, J.ower

FIGURE 505" Specimen N 0575, Parataxon
Stomate over areole, lower

NER/033 3

epidermis.

NER/034 3

epidermis.

N 0575, Parataxon NER,/034 :
base over vein, lower epidermis.

FIGURE 506. Specimen
Trichome

FIGURE 509. Specimen
T¡ichome

FIGURE 507. Specimen N O476, Parataxon
Stomate over areoJ-e, J-ower

FIGURE 508. Specimen N O47O, P-rataxon
Stomate over areole, louler

NER/035:
epidermis.

NER/036:
epidermis.

N D47O, Parataxon NER/036 :
base over vein, lower epidermis.

FIGURE 510. Specimen N 0437, Parataxon
Stomate over areole, lowet

FIGURE 511" Specimen N D437, Parataxon
Stomate over a¡eoIe, J-ower

NER/037:
epidermis.

NER,/037:
epidermis.

Scale 2D um.

514.
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FIGURE 5I2. SPecimen
[richome

FIGURE 513. SPecimen
Stomate

FIGURE 514. SP"cimen
Trichome

FIGURE 516. SPecimen
Tric home

FIGURE 517" Specimen
5tomate s

FIGURE 5lB. SPecimen
Trichome

N 0437, P.rataxon NER/037 3

base over vein, J-ower ePidermis.

N 0356, Parataxon NER/038 :
over areoJ-e, lower ePidermis.

N 0356, Parataxon NER/038 :
base over vein, lov'ler ePidermis

FIGURE 515. Specimen N OD29, Parataxon
Stomate over areole, lower

NER/039 :
epidermis.

N DO29, Parataxon NER/039 :

base over vein, lower ePidermis.

N 0066, Parataxon NER/040 :

over areole, lower ePidermis.

N 0066, Parataxon NER,/040 3

base over vein, lower ePidermis.

FIGURE 519. Specimen N OI2I, Parataxon
Stomate over areole, lower

NER/041 3

epidermis.

5cale 20 um.
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FIGURE 52I. Specimen N 0495, Parataxon NER/D42 :
Stomate over areole, lower epidrmis.

FIGURE 52O. Specimen
Trichome

FIGURE 522. 5pe cimen
Trichome

FIGURE 523. Specimen
5t oma te

FIGURE 524. 5pe'cimen N t263, Parataxon NER,/043 :
Trichome base over vein, lower epidermis.

N 0121, Pa'bataxon NER,/041- :
base over vein, lower epidermis.

N 0495, Parataxon NER/O ? '.

base ovex vein, lower epidermis.

N 0263, Parataxon NER/043 :
over areole, lower epidermis.

The
gJ-and

FIGURE 525"

FIGURE 526. Specimen N 0283, Parataxon
Stomate over areofe, lower

Specimen N 0263, Parataxon NER,/043
Gland over vein on lower epidermis.
thinly cutinised cells covering the
are completely preserved.

NER/OA4 :
epide¡mis.

FIGURE 527. Specimen I OZB3, Parataxon NER/O44 z

Trichome base ovex vein, lower epidermis.

ScaLe 20 um.

51 B.
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FIGURE 552"

FIGURE 553"

FIGURE 554.

FIGURE 555.

General- view of a lower epidermis showing

frequency of fungal fruiting bodies

(5ca1e = l-00 um). ,

Unidentified fungal- fruiting body, possibly

belonging to family Microthyriaceae'

Unidentified fungal fruiting body, possibly

belonging to family Microthyriaceae '

Unidentified fungal fruiting body, Possibly

belonging to family Microthyriaceaç '

Unidentified fungal fruiting body'

Hyphae attached to a fruiting body simiJ-ar

to that in figure 556.

Agglomeration of fungal cells, possibly a

fruiting bodY.

Unidentified fungat hYPhae.

FIGURE

FIG URE

556.

557.

FIGURE 558.

FIGURE 559.

5ca1e for figs. 553 ss9 2O um.

522.
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ScaIe 1.5 cm.

FIGURE 560. Specimen

frond.

FIGURE 561-. Part of
(R.Br. ¡

N 0600 : Impression of a fern

a frond of Sticherus fl-abellatus

5t. John.

524.
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ABSTRACT

The Ratkowsky and Lance criterlon for determíning the |toptimum[

number of groups in a dendrogram is applicable Èo both nominal and

numerÍc dala, is easy to calculaÈe, and requires no príor knowledge

of the identity of the operational taxonomlc units. A modíflcatÍon

of that crÍterion, descríbed in Èhls paper, maíntains the advantages

of the original crlterion and overcomes the problems of the invalid

use of phenon lines and lack of objectÍvity. Prelimínary work also

suggests that the urodífication gives lmproved resul-ts for the m:mber

of groups.
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INTRODUCTION

Determinationofthenumberofgroupsinaclassification

isoneofthemajorproblemsinnumericaltaxonomy.Amongthe

earliest approaches v/as the use of the "phenon line" (sneath

and Sokal Ig73, P. 2g4). This required the drawing of a

line across the dendrogram at a particular percentage of

símílariÈy and nominating all groups produced by that line

as phenons.

There aïe t!üo objections to this method. Tirstly, without

priorknowledgeofthetaxonomyoftheoperationaltaxonomic

units (OTUs) there is no way of predicting where the phenon

línes should be placed. secondly, clifford and l{illiams (1973)

andClifford(1976)showedthat'unlessthefusionstrategy

inuseisstrictlyspaceconserving,thedrawingofphenonlines

is invalid due to grouP size dependence' The only completely

space-conserving sÈrategy which would allow the valid use of

phenon línes is centroid (Clífford Lg76), which is now rarely

used.

To determine the number of groups in a classification'

Ratkowsky and Lance (1978) defined a criteríon that is

applicable to nominal and numerical attribute types ' It

depends on the Cramér measure (Cranér 1946, P' 443) for the

degree of association for nominal attribuÈes and a corresponding

measure for numeric attïíbutes suggested by the analysis of variance'
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According to Ratkowsky and Lance (1978), the Crarnér

measure, applíed to the number of individuals in each of the

states of the nominal attríbute, after a total of N individuals

have been classified in n groups' is:

x2c
,4

N min (s-1, n-1)

r¿here X2 is the conventional chí-square measure of association

in a contíngency table, and rnin (s-1, n-1) signifies the

smaller of the t!üo guantities s-l and n-l (s = the number of

states in the attribute). For numerical attributes, a

corresponding measure is:

(Ðt

t

$=

where B is the between-group sum of squares and T is the total

sum of squares (Lance and WillÍams 1977) ' Both S and C are

constrained betweeÍt ze1o and uníty and are fulty compatible

(Lance and ltilliams Lg77). Ratkowsky and Lance (1978) proposed

that Èhe optimum number of groups in a classification is that

value of n for which 9r- n"" its maxímum values (C is the average
{2

value obtained by applyíng c to each nominal attribute and s to

each numeric attribute) .

There are tr^ro disadvantages to thís criterion' A phenon

line musË be applied to determine the groups for which c is

calculated. The invalidity of the use of phenon línes has already

been discussed. The second disadvanÈage concerns objectiviÈy'

RaÈkowsky and Lance (1973 p. 117) found that the críterion should
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(\
be ---:--, , but "as n was found to work be-tter Èhan n-l in the

(n-1)'
examples studied, the final formu -a is 9r-." They also tried usÍng

,3
C2 rather than C but concluded that 'rthis worked less well for

the examples described herein." Although there is nothing invalid

in manipulating this quasi-statistical criterion to give the t'best'r

result, it would be preferable to have a more objective approach.

A nodification of the Ratkowsky and Lance criterion has been devised

to overcome Èhese two disadvantages.

MATERIAL AND METTIODS

If the value of n is made consÈant, the Ratkowsky and Lance (1978)

criterion can be reduced from 9r- ao C. The following meÈhod restrícts
,./2

n
n to 2. Firstly, C is calculated for the Èwo groups whích are línked

by the last fusion in the classification. These groups are then

considered índependently, and for each one, C ís recalculated for the

thro groups within it which are linked by the last fusion. This

continues for successj-ve pairs of groups unÈil the maximum value of C is

attained for each group. This modification overcomes the disadvantages

of the Ratkowsky and Lance críterion. By making n constant, the críÈerion

can be reduced to C, which is independent Qf n, and by considering

successive paírs of groups independently of'a1l other SrouPS, a phenon

line i-s not requíred.

Lance and I.Iilliams (1977> showed that the importance of an

attribuÈe to a classífícation can be assessed by considering the value

of C or S for that attribute relative to the other attributes.
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Therefore, the modification of the Ratkowsky and Lance criterion

suggested in Ëhis paper proposes thaÈ a group should not be further

divided after the maxímum average attribute contribution has been

attained i.e. for each group, splitting ceases when Cro"* ís achieved.

This method is best explained with a small artificial example.

The dendrogram (fig. 1) contains 12 OTUs. The first furcation of

the dendrogram (A in fig. 1) splits the OTUs into two groups. One

of these groups contains OTUs l-9 and the other OTUs 10-12. C is

calculated for these tr^7o groups (= CO). Each group is then considered

independently. The group conËaining OTUs 1-9 next furcates at B,

splitting Èhe OTUs into two groups. One of these groups contains OTUs

1-5 and t.he other OTUs 6-9. C is calculated f or these tr^ro groups

(= c¡) If CB < CO, no further calculation is required, since for

this group of OTUs, C,n"* (= C¡,) has been attained, and OTUs 1-9

constitute one group. If %rõO, as is the case ín this example,

Cr"* has noË been attained and further calculatíons are necessary.

Each group is agaín considered independently. The group containíng

OTUs 1-5 next furcaÈes at C, splitting the OTUs Ínto Èwo groups

(OtUs 1-3 and OTUs 4 and 5) . C is calculated for these tr^ro groups

(= %), and %t4*^. Therefore the maximum C value has still not

been attained. CO is then calculated for the tr^ro groups conÈainíng

OTUs 1 ar.d 2 and OTU 3, and C'cCarCgra^. Thereforer Ca is the maximum

C value for Èhj-s section of the dendrogram, and OTUs 1-3 represent

one group (1 ín fig. 1). For the other OTUs, õr.õa{t O gives OTUs

4 and 5 as group 2; Cf.C¡uCA gives OTUs 6-9 as group 3, and

gives OTUs IO-I2 as group 4.

CG.CA
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The value of any quasi-statistical method can only be assessed

by application. one ôther example will be considered, both to illustrate

the method and for comparison with the Ratkowsky and Lance (1978)

criteríon.

The example chosen was 100 angiosperm leaves represefiting 20

specíes (five leaves per species), scored for 31 numeric attributes' as

presented by Hill (19S0 in press). The aËtributes hrere standardised

using Èhe method of Blackburn (1978), and a similarity matrix of

squared Euclidean d.istances was eomputed. The clustering strategy

employed was l,rlardtS error sum of squares, developed independently

by l^lard (1963) and Burr (1970). Thís fusion sÈrategy is space

dilating (will_iams, clifford, and Lance l97L), making phenon lines

Ínvalid.

RESI]LTS

$=

All aÈtríbutes in thís example hlere numeric and therefore

tBr,r4(=) - was used exclusively. According to the Ratkowsky and.T'

Lance (1978) criterion, the optímum number of groups is four

(Èable 1). A phenon líne has been drav¡n aÈ that level (fig. 2).

Eighteen groups were delimited by calculaÈion of C for sueêessive

pairs of groups (taute 2). In this example it is impossible to draw

a phenon line for all 18 groups (fig. 2).



DISCUSSION

The example chosen was useful because the taxonomíc identiÈy

of Èhe OTUs was knovm before the cluster analysis was performed,

and all OTUs clustered tightly with other OTUs of the same species

(see fig. 2). An ideal result for a stopping rule would be to

separate aI:- 20 species as individual clusters. Neither criterion

did this, but the result of 18 groups, usíng the method described in

this paper, is more satisfactory than the four clusters predicted

by the Ratkowsky and Lance (1978) criterion.

Thís illusÈrates an undesirable feature of the Ratkowsky and

Lance criterion. Since the values of C and S are bounded by zero
,

and unity, as n increases, the maximum possible value of. C/r.'decreases.

The graph of n agaiosx C/þ.a* (fíC. 3) asymptotes to the positive X

axis. The decrease in the value of C/n% n.âx over the first few values

of n is very marked. For example, from n = 2 to n = 5, E- *^--' 
nYz' 

max

decreases by O.26 (O.7O7 to 0.447), compared with a further

decrease of only 0.189 up to n: 15 (0.447 to 0.258)- This

C
subsËantial initíal decrease in the value of

þ
indicates that

max

it is unlikely that + could reach its maxímum value at a high value of
r3

n beca¡:se of its relatívely low theoretical maximum. In the six

examples given by Ratkowsky and Lance (1978), the optimum value of n

was 2, 3, ox 4. Several examples have been examined as part of this

research with the same resulÈ. The example given in this Paper

lllustrates that a low value for n is not always the optinum result.

Ratkowsky and Lance (1978) suggested that their criterion

indicated "the maxímum number of groups for which different

classificatory algorithms are capable of agreeing broadly.t' The
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data ín the example presented in this paper \¡ras also clustered using

the Nearest Neíghbour and Average Línkage (IIPGMA) algorithms. In no

insÈance would a value as low as 4 for the optimum number of groups

be justified, and if the modified criterion had been recalculated'

it is possible that the same 18 groups could have been produced.

The stopping rule has been enployed successfully in several

examples, buÈ there are tr^Io diffículties. FirsÈly, in very small

clusters, particularly with a 1o¡¿ number of attributes, the value

of C can continue to increase until it has split the cluster into

iÈs individual OTUs. Thís is because small dif f erences bet\^7een

OTUs Èake on relatively greater importance as group síze decreases.

This sËopping rule therefore produces the maxírmrm number of

groups rather than the optimum number, and other criteria may be

required to fuse groups. The most successful applicaÈion of thís

method is on dendrograms containing a large number of OTUs where

the problem of small clusters rarely occurs (e.g. as in fig. 2).

Secondly, the modification cannot be applied unless the attributes

have been standardised. The method for determining attribute

contributions to a classification proposed by Lance and l,Iilliams

(L977) is only applicable if the assumption is made that each

attribute poÈentially has the same contribution as any other

atÈribute. This is not generally a problem, since in urost

classÍfÍcations attributes are standardised.
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CONCLUSION

The method proposed by Ratkowsky and Lance (1978) to determine

the optimum number of groups in a classificaÈion has several valuable

features. It is easy Èo apply; it requires no prior knowledge of the

identity of the OTUs; and it generally gives an unambíguous result.

It does, however, have three disadvantages: It requires the use of

a phenon line, which is generally invalid; it lacks objecÈivity, having

more than one form in which it can be applíed; and it gives a lot¡

number of groups as the "optímum" resulË. This last disadvanÈage is

probably the most objectionable to the numerical taxonomist, who may

often reasonably expect a large number of groups in a classificatíon.

The modification to the Ratkowsþ and Lance criteríon overcomes

the disadvantages of that criterion while losing none of the advantages.

In examples so far attempted, the opÈimum number of groups has varied

between two and 18, and in all cases the result aPPeared to be

satisfactory. Quasi-statistical methods must be applied wiËh cautíon,

and theír value can only be shown by application. Two problems with

thís nethod have already been discussed and others may occur with

further use. At present, the method aPPears to offer strong

guidelines to assist ín the determinaÈion of the number of groups

in a dendrogram.
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TABLE I

Values of the Ratkowsky and Lance criterion for íncreasing

values of n. The maximum value occurs at n = 4.

c
cn

2

3

4

5

0.307

0.462

0.586

0.637

,4
n

0.2I7

o.267

o.293

0.285



TAßLE 2

Values of C for each successive pair of clusters, calculated

until the maximum value of C is passed in each case.

Cluster
Nunber

I
2

3

4

5

6

7

I
9

10

11

I2

13

L4

15

16

T7

1B

C1

0. 307

0. 307

0.307

0. 307

0. 307

0.307

0. 307

0.307

0. 307

0. 307

0.307

0. 307

0. 307

0. 307

0. 307

0.307

0.307

0.307

o.422

o.422

o.422

o.422

o.422

o.422

o.422

o.422

o.422

o.422

o.422

0. 385

0.385

0.385

0. 385

0. 385

0.385

0.385

0.546

o.546

o.546

0.546

o.459

0.459

o.459

o.459
o.459

o.4s9

0.459

o.697*

o.697x

o.454

0.454

o.454

o.454

o.454

0.694*
o.694*

0.759*

o.7 59*

0.500

0.500

0 .500

0.500
0.630*
0.630

0.630

0.328

0. 651

o.494*

o.494

o.494

o.632*

o.632*

C5

o.423

o.474

0.38s

o.424

0.656*

0.656¡k

0;553*

0.553*
0.385

0 .669*

0.669*

o.427

0.570*
0.570*

0 .312

o.427

0.489

0.402

o.424

o.532

o.432

o.474

0.495

o.527

C5Ca3ce2

Note - the cluster numbers refer to the numbers ín fig. 2

(* = maxlmum value for each cluster).



Figure 1:

Figure 2:

Dendrogram of 12 OTUs which fall into four
groups (ruarked on right hand side). The OTU

nr¡mbers are bhorn¡n at the termlnal points of the

dendrogram.

Dendrogram drawn using llardrs (1963) error sr:m of
squares fusion strategy (after Hill- (1980 in Press)).
The nuubers beside the dendrogram refer to the OTU

numbers. Each group of five OTUs represents one

of. 2O specles. The phenon line (a) shor¿s the four
groups predÍcted by the method of Ratkowsky and

Lance (1978). The other line (b) shows the t8
groups, numbered consecuÈívely, predicted by the

modífication to the Ratkowsky and La.nce crÍterion.

c

ob ."*
Figure 3: Graph of n against ,upton=15.



1

2

3

1

2

3

4

5

6

7

I
I

E

F

B

D

c

A

4

o

1

1

G

2



.cr

9ó-ro0

7t-75

5ó- ó0

5l -55

9r- 9s

3ó-40

ól-ó5

2ó- 30

21-25

41- 45

ó-ro

3r-35

7ó-80

16-20

8ó-90

8l-85

ó6-70

4ó-50

I l-r5

l-5

llllllllllllllllllll

tÉ

olo203035



o
7

6
o

.5 o

a

o

c1-, o
ot

4

.3

,2

r¡ax o
a

O o o oo

I

0123 45678 9101112 131415n


