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What is meant by the natural system: it is genealogical in its attempted arrangement, with the grade of ac-
Darwin

quired difference marked by the terms varieties, species, genera, families, orders, and classes

(1859)
On the Origin of Species by Means of Natural Selection

M 38 AZAERTE S, #ER EM A A NURZDT T — MBS, TR T 5 28 140 i B
MR, X S A A Y, ATTHEEAH U AR E— &I ar 4, 5 HAA R 326
AT ATRIAR G, X Ah o2 F AR W 2F ROZAE A SR A R A oI v Bost i 8L 1. PR AR
FAERERIIT] (AJTRT 1600~1066 4F) FhFF 4R B SGE kW A PR, TEATTHTZ 600 4EH) (FFL4E)
PR R, dE. #B. R 130 MY, IR “BEART R “TRR” SFEAFR. TEPEDT, HA AN
H+Z18 (Aristotle, ATGHT384~322 4F) $IANIET A2, A AR 77 L 48 580 Fhah ¥4k
PRHEA MR R AL R ARE AT TIH2E, 526 (birds), 26 (fishes) %, W H + ZfE X}
HPHEAT T2, AT EEBR, M A PR IR (Eresio Theophrastos, /3JCHI 371~ 286
) EH (PR A AR )Y (De Historia et De Causis Plantarum) —35 9238 T 500 ZfH
Y. RE SR A EXNH KRG, HIERE T 2o K5k, YT, AR, RASE,
PR, 7 B8 AR 307 50 307 7 K6 I AN D R rh A R A 3 K BN

A4 (systematics) —IaJfE SCHRER BEEFH A H BLEE TAK %S (Carl Linnaeus, 1707~1778) (Lin-
naeus, C., 1753, Species Plantarum, 2 vols, Stockholm), Ffi/5, f£ Smith (An Introduction to
Physiological and Systematical Botany, 1809) #1 Nuttall (An Introduction to Systematic and Physio-
logical Botany, 1827) % AMZFEH, RGEHMYF (Systematic Botany) 1FER—[12#RHEEE T H k.
RGEF AN & SO 24 1A P BESEAS S IR SOBUF HEZ R R . ARAS i B2 Ak . RAETE
FRNAFAEAS S, (HAE B IaEny, PImEEE AR, IR o A 508 S RE, AR89 i AH L
ARG HES B — RGP X, RRBM X EY EMEE (Divine Plan), 7EMHIE, R4
(systematics) F14322%% (taxonomy) #IA HAE[R] XA,

1859 4F, jA/RL (Charles Darwin, 1809~1882) [ (i) E F M, HAYHRISX T &
GeeEE A TIRZIE W . RGEE R DB FERR T X R A TR Ao T2, i HL ] PR A 2 B
MR LR E MR, TA I3 REFZN T BA L, RIAEY SN A MPLTBOGER .
RIRSCHRTIFIG . R AR A TR E SO, BrE By KB, B 746028222 5,
WFAFIFDR A T HAL S 3R, G A, B, o F4EYY. KEEW¥. ER
HFHFMERBAR . SR BURFNESE, ST EYR R R R B ML, BT REFHPIR N Ak L
PEPEZR, PATAT BRI RAR R BB HEAf L SGX —22 8}, b TR Sit, XEEL ARG SiHEY
%% Emst Mayr R A TR0, BRGFE SO “BIE A2 RERERE,

Zi brk, REFHAPRANREENRES: (D EE—-TTHER¥R, BEEAARER AR, 20
WA 250 SERPTE; (2) BR—TIRFLEM¥R, ZORAWHEE L MR AR M ETTT . ERXM KR
el TEEASUIRR R A R F P80 R K 8, X BEE 205 BB =8 i IR xfE, —J5
MG T MG N AT T W vHR, SRS =, WS, WAMRERMARERBER S . fE0HixL
N, MEERGN, fYEED TEE, RSN, s E b TP EGH, &
%98, EEGEAER, BIOHE, MERESEAENHEER, HEESHE, BEE Sl
2 AR T TR R R A B AN AN GO A B S, SR A — RAR . BN A ) PR AR, VR



Fed: T clambering (scandent, ZEIR{HTCFFIRMEZ54) Al climbing (ZEHAEM . HHAE. RNERFE
Mt L54), LUK prostrate (FJEMEY FICH) . repent (IEET L AMR) . decumbent (HHE F4T)
LR, B XBINE . S ERE 9.4, EE LR Z T SCER A B A X EERIE Rk, @
T o A B8 5 0 IE A B AT TR AT i . RN, X connate ([RIZRE5MEA. A5 oS, s 5k
), adnate CRIEREMEA. RE4E, WS S, coherent ([RIZEE5HFR /> BIA 7225 4.
5438, adherent (RREIZRESHEHARATE /A, B8, distinet (FIREEHEA), free CR[F
REEF B, contiguous (FER) XUIFESLPRI IR T 28 5 FA S (IR0 5 R e — R b . RS St
APEHRIE . 5 10~13 7, {EEMERG Y LA R YRR OB EE TN, WAL, e
LOTHAEREA, REERAURE AR F IR, RN E R A R LA E, EARERRRS. 5
[RIZEHAE A A OUBCR RN 22, T HLRE SO 2 5 1 .

H—5 s % AYEE A AR SR, AT R R ) R G e U R i R . FESY 6~8
AP TAEY RGNS, 7E 2006 4E55 1 fP SR APG 11 R48, BERG 4 25 7E4 2 M T bR A
T APG 1 %5, X KZHECEBENE XS H T 0T REFIRAIEER, SRIAHLR RN, EEHE N
Iy, MWtk B AY) CF PR e A . FEEE Y . R PR R B . TEUHR
RSB ) H R — A B AR K s QT MR BE IR 28, IR ISR . S5 52 3 4 5) PRt A
YR AR DL RGH AL  R s SER R

MARGEE ALK, RGEARAE SIS 2 8T ie 8 — o0 BBEF e T4, B SE R T2 i R
SETRIRA A2 ) R AR . BT AT R 0 IR 2 5 HLAT — et 1 s S R A R 1] AU i 38 Yk
BRALE, X5 KR YA R AR 1 e O R 2 ) B L-F 2 58 AR R . SR, REE
HRBRSK, FRES ST, BEAEYY . ARG RRIFENE S, U AR S
FIRIEFE N, BB 45N ISR G 0 22 () R0 R o S 2 ) (1 56 R Bk BV R . — SE Ak [l B 42 1 oK
XS R G R MU & L T AL, BI R 4R Rk A I, SRS PR R A I SRR S e T
TAE. ZBAEX DT AR E AL T — AN, U KA B35 S0 i) A 5227 4 1T DL LG bR b xof
PAAE U T AE SR 20 2 R R G827 1 & JE 17 52 DA R e A0 TR AT AT T O 3 % ) RBUR R A 1) 3 JR8 AT — 1 4 THI R HE
BOVER TR, DATTTRERS S INvER R, Mk, FEF TS M RJs BEIUR G A BT AE T e TAE ZAi
— BRI AR, RIS T A AT BRHGX T TAE (Why it is that we do what we do).,

MZ RIS A S AR SR A OB 1S R A R G B DG R B HERE

Hsm BER
H B2 B AR IR S BT
2011410 H 10 H



il

]

(YRGS R—AXTHtYIES. XML ATIER S, BP0 R THYR G FH5
AR BT B IEESRIERIARTE , BEE T G T XA Y SR R AL 5C 2R I SRk B AR A U 3
KEERLAER . G I SR s B DO 1 A i i 7 R R (w13, DAEMLT T RESS Bt
iy PR PRIZ U BAE B P O RISy, AT M SCHR i — P S A

AASIE I FHFF A SR AR RA R A R G R 2w R, i — S8 R R m] T
VIK R, MPIESF. MY ZHESaEmY - IRENECE.

WA MR AR, BRES T E A — DR B RFIER. XM h R 5
TR, KERRAEMEORA TR AR ST, Ho SO sbs AR Y B Ok R E
FR RS, RABMS —Hs. B-ENREHMA (D ATRBESEWHNENETE; @)
A G ASC R A RE; (3) SCHRISAMFI 2 T — LRl ) AL (1 SCHR T LA R 22 ) . HX A4
I BRSO A T AR [ O AR I 4R AR — 25 i SCIRIE R LB 3), 7 — 8% il A Mk
B2

SHNAER IR, B —2E TR, SR, BOWa] AR A B4 MO TR
AR ey 5 A AT B BT . AE RIS h R BN AR DR, LRSI

B—IRar (RG¥) MY RGOSR EET TR, B 1 B8 TR X
. PRMEEME, JFLG T REY . X UMARRLEFREA SRR, 5 2 T
BTRERBREFURMRRERE WS BRI, ER 2k, Dk A KL
S

554y GHYRHELMZRENE) TR TRV YR A2 . A B2 B W AT o )27
SIREREHA FIRfRak A ARG A Y (56 3 5D, 4EEAEY) B 4 %), KAMEY AR THY GBS
) MEERY BB 6~83) Wik, % 3~5 WEREYEMA S EETm. ——RAHSXE (R4
KERD ERRERBAT L, FRTED ZE B — A ERZATE AR, B SOL &4
fif. Capomorphies), LAt 38 VB X LLRFAIE AT AR 938 I T8 Lo I R RR 7 ¥4 27 > R IEHE B L ATAE b B4
IO —K B EEA 5o, SR SRR R MR S R B =, U S ENFE DR L ER R
MRS, XEATERAES RS 'R, H—TrE, RS 2 MR, BOWH F ISR S
T THGT, BT —SRHOTER R, AR AR (23R, B’E QTR 15 RD MERTHE
Y (13 By 9 BD . FETREUR & PR RS MR IEAT TR, RIS S B T Bor 6l
%o STREREP R RRMAE Y TR FERE, D2 (T TRE BRAR AR 5K Lo A ) 3 290 R KA
FHIE .

XEFH Y, IR TR UL, PIOLE R R SAEE T = KEOREA. %6 6 Tt T A EH
YiditEdk, MHIERERE (FFE) 1 THBEHE, XA EMYRERE THEEN G, 55 7 5 8 FXf
ARY I BAREREIAT THAR . 55 7 ERIFRWT M, WIHE Y879 0 (LR A7 Al
Yi; 8 ERAWTHEY), W T KEBHHETHEY . EXPTEPX YL 400 B 129 Bl
TR HA, JFRCA A MRE,; xR R ZHOR W WK B LR A S R ERE. Hoh—
BB AR E MR AT TH12, (ERHR. FR 501858 550 45 AE LU 22 AT 1A
I T IR R~ EBELET AT, UARBEFS IS 9 HME 10~14 EHWIAE ER
RS . BRABIBISL, AR THEYRRGERM APGIT RS, ZRSELE N EESEB T,
ERFAEMRA TR — B, FELIEHRRGEH TRAA Y+ 8RS ERK.



By (RGEAER SRR EARE WHPEES—F 8 93 Jth, BB CFURFEEN
B SR MR A B Tl gk 24 2 RE s v o L 2 i iR IR S . BESE 1 M 2 (AR B &5 &
70 BLSE 9 ERA M. AR a0 AL THY MR GB 10 3). MWIERYE GF 11 2,
figse GF 12 %) MYAERAYE GE 13 %) MY TR CGB 14 3) Fimiy AR REAR
. E—AAEY) RG = HRH A R N0 A B AE Tk A X 4098 BOR [RS8 0 R 5 e R 5%
WHE. RGERE HEMSLAIERHFEH AR, LHEERE SV T REFE PR TIZFERN
HATAR T BORARIU B A, Xl [ T HY) R 582 A RO LENTE 5 T R Gk B BT
FEH T A AR R

VUG YRS A BRI e T7E H ¥ RGCFAME P — SR AR . R Wb AN Al 20 4 7 1
YIRS E—F GF 15 3) STH TH N ERRME IS BREKRER, MG T sl % s
Titk. YIRS — GF 16 30 B4 T ol E PR 2 A AR, A5 80k R rh a4
RN FHL T PR . TERIYIRSREMID R — CGF 17 %) HH MR TR R MEEE B 1E
W7 BARIRIE SR Y ZREE SR A h AR LN E R, 5. bRAE AEE (S B
RGE—8 F 18 %) N THAMEHMAEMEA, I HRIE TSR RS R 4 h b
ISCEERTEA . A A Y BB b 2 Ve .

SBIIR (PRBES IR Y B RPN NS, (U —3 BB 193, ZERMRT
YRS . VIRFRHERIBE S SR T 73026, Ah, FERRP A 2E 304y, MEFG Hb A 49 1 122 4008 i) B AR HE
& RYVEYE S RERR G X R USSR A S B X,

e 2SR — D AREERE . IR AZI, X HER Y R FRR DA
e, BiFSR 1R IR PR B (A R G5 BRI M) . XN R Il 4ok
G AP R KA YRR . B 2 XY E 2 BE T RiE e . RIARFENRA LB Y
P ARG FRAA TR SR RE . B SR 3 51128 T A8 W) 2R G 2 408K o 114 27 A 391 ) 5 B A 3011 4 4k SCik B
MIZRT R, BSR4 250 RO N A, BRI T 9T RIS T2 LA S AN 7] F 3 26 75 ¥ ff o 43
KYMRGRE RGN, EAREMBER S, AR BT A RES B e E X, FHHH
] Cie) . JEARRIE. EHOEA . 45 M HARE.

=AM SARBF R (D) MY ERGEEERFEM (http: //www. sci. sdsu.  edu/plants/plantsys-
tematics) HA3 WX 4% 3% H: A%k SR EBUK B RE; (2) BB A TR (http: //www. elsevierdirect. com/
companions/9780123743800) , ] FEABEFHIEE, MR B RABES R 0HH: (3) HER
PR Chttp: //textbooks. elsevier. com/web/login. aspx), WHITFEIZAOE FIREL, 15 textbooks@
elsevier. com 58§ (CHIEE & ,

REABMHRL, HIAERREH W-H-Y B} What-How-Why EHLFERLEHNZE. (D B
Sy TR A, HEAE SR 47 GRERE EMRESRE, WRA —MERERFRR S L e LR AT
REAE—JTHRl il AR DR A5  (2) [BRR S pk(n) @y AR B R AT A, SRBUSIE M BOR F B A W
s, SHEERRRBLEIM 47 (3) RIftAEXFM? B, ZEHAREMA, BORHEREMTA?
H AT A58 8GO 1 1) 815 AR L 7y TR QK7 X AT B A W-H-Y 7 ik f 'R e i J 0 B A 3 50
A. E. Radford ARG, TREXT TAL M —TRMHRE RE A 1500, RAT T ZITH T2 A A5
B — DAY, WA BRI T SRR RE, 1T ELRAT Bh T A THEH0 1 3t AR} 2 ) T,

e, FREBCEAAAE rP AT, FRR I AN i T R 2 T AT B AT A gt F45 4 H (0 F i
SRt 4. BUAER, FEMET AC KM, I HEUCKE LT A EfE N ERBT AT REH bR (D 2%
EFIFHRRE K ARIEIT . KUK TLIANER; (2 RIELEZRHEINEESIATRE; 3 1k
DRI 5 S B SRR . IE R XA R T, REA B AR A A .

(s NG F)



The first edition of this book was dedicated to three mentors I have been very fortunate to know: Albert Radford, who
taught critical thinking; P. Barry Tomlinson, who taught the fine art of careful observation; and Rolf Dahlgren, whose
magnetic personality was inspirational. I also wish to thank my many students who have provided useful suggestions

over the years, plus three writers who captured my interest in science and the wonder of it all: Isaac Asimov, Richard
Feynman, and Carl Sagan.

I wish to dedicate the second edition of this book to my wonderful family: Anna, Bonnie, Claire, Lee, and Lori.



PREFACE

Plant Systematics is an introduction to the morphology, evolu-
tion, and classification of land plants. My objective is to present
a foundation of the approach, methods, research goals, evidence,
and terminology of plant systematics and to summarize informa-
tion on the most recent knowledge of evolutionary relationships
of plants as well as practical information vital to the field. I
have tried to present the material in a condensed, clear
manner, such that the beginning student can better digest the
more important parts of the voluminous information in the
field and acquire more detailed information from the literature.

The book is meant to serve students at the college graduate
and upper undergraduate levels in plant systematics or tax-
onomy courses, although portions of the book may be used in
flora courses and much of the book could be used in courses
in plant morphology, diversity, or general botany.

Each chapter has an expanded Table of Contents on the
first page, a feature my students recommended as very useful.
Numerous line drawings and color photographs are used
throughout. A key feature is that illustrated plant material is
often dissected and labeled to show important diagnostic fea-
tures. At the end of each chapter are (1) Review Questions,
which go over the chapter material; (2) Exercises, whereby a
student may apply the material; and (3) References for Further
Study, listing some of the basic and recent references.
Literature cited in the references is not exhaustive, so the stu-
dent is encouraged to do literature searches on his/her own
(see Appendix 3). Web sites are listed for some chapters.

The book is classified into units, which consist of one or
more chapters. Of course, a given instructor may choose to
vary the sequence of these units or the chapters within,
depending on personal preference and the availability of plant
material. There is a slight amount of repetition between chap-
ters of different units, but this was done so that chapters could
be used independently of one another.

Unit 1, Systematics, gives a general overview of the
concepts and methods of the field. Chapter 1 serves as an
introduction to the definition, relationships, classification,
and importance of plants and summarizes the basic concepts
and principles of systematics, taxonomy, evolution, and phy-
logeny. Chapter 2 covers the details of phylogenetic system-
atics, and the theory and methodology for inferring
phylogenetic trees or cladograms, including parsimony,
Bayesian, and maximum likelihood methods.

ix

Unit 2, Evolution and Diversity of Plants, describes in detail
the characteristics and classification of plants. The six chapters
of this unit are intended to give the beginning student a basic
understanding of the evolution of Green and Land Plants
(Chapter 3), Vascular Plants (Chapter 4), Woody and Seed Plants
(Chapter 5), and Flowering Plants (Chapters 6-8). Chapters 3-5
are formatted into two major sections. The first section presents
cladograms (phylogenetic trees), which portray the evolutionary
history of the group. Each of the major derived evolutionary fea-
tures (apomorphies) from that cladogram is described and illus-
trated, with emphasis on its possible adaptive significance. This
evolutionary approach to plant systematics makes learning the
major plant groups and their features conceptually easier than
simply memorizing a static list of characteristics. Treating these
features as the products of unique evolutionary events brings
them “to life,” especially when their possible functional signifi-
cance is pondered. The second section of Chapters 3—5 pres-
ents a survey of the diversity of the group in question. New to
this second edition are detailed family descriptions of lyco-
phytes (all 3 families treated), ferns (15 of 37 families treated),
and gymnosperms (9 of 13 families treated). Family etymolo-
gies are included, these, of course, based upon the type genus
name; rare conditions and synonyms are enclosed by square
brackets. Exemplars within major groups are described and
illustrated, such that the student may learn to recognize and
know the basic features of the major lineages of plants.

Because they constitute the great majority of plants, the
flowering plants, or angiosperms, are covered in three chap-
ters. Chapter 6 deals with the evolution of flowering plants,
describing the apomorphies for that group and presenting a
synopsis of their origin. Chapters 7 and 8 describe specific
groups of flowering plants. In Chapter 7 the non-eudicot
groups are treated, including the earliest diverging angio-
sperm lineages and the monocotyledons. Chapter 8 covers
the eudicots, which make up the great majority of angio-
sperms. In these two chapters numerous flowering plant fam-
ilies (129 of ca. 400 recognized) are described in detail,
accompanied by photographs and illustrations; these are
mostly families that are commonly encountered or for which
material is usually available to the beginning student.
Additional families are not described, but are illustrated with
one or more exemplars. I have tried to emphasize diagnostic
features a student might use to recognize a plant family, and
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have included some economically important uses of family
members. Reference to Chapter 9 and occasionally to
Chapters 10-14 (or use of the comprehensive Glossary) may
be needed with regard to the technical terms. The Angiosperm
Phylogeny Group III system of classification is used through-
out (with few exceptions). This system uses orders as the
major taxonomic rank in grouping families of close relation-
ship and has proven extremely useful in dealing with the tre-
mendous diversity of the flowering plants.

Unit 3, Systematic Evidence and Descriptive Terminology,
begins with a chapter on plant morphology (Chapter 9).
Explanatory text, numerous diagrammatic illustrations, and
photographs are used to train beginning students to precisely
and thoroughly describe a plant morphologically. Appendices
1 and 2 (see below) are designed to be used along with
Chapter 9. The other chapters in this unit cover the basic
descriptive terminology of plant anatomy (Chapter 10), plant
embryology (Chapter 11), palynology (Chapter 12), plant
reproductive biology (Chapter 13), and plant molecular sys-
tematics (Chapter 14). The rationale for including these in a
textbook on plant systematics is that features from these vari-
ous fields are described in systematic research and are com-
monly utilized in phylogenetic reconstruction and taxonomic
delimitation. In particular, the last chapter on plant molecular
systematics reviews the basic techniques and the types of
data acquired in what has perhaps become in recent years the
most fruitful of endeavors in phylogenetic reconstruction.

Unit 4, Resources in Plant Systematics, discusses some
basics that are essential in everyday systematic research.
Plant identification (Chapter 15) contains a summary of both
standard dichotomous keys and computerized polythetic keys
and reviews practical identification methods. The chapter on
nomenclature (Chapter 16) summarizes the basic rules of the
most recent International Code of Botanical Nomenclature,
including the steps needed in the valid publication of a new
species and a review of botanical names. A chapter on plant
collecting and documentation (Chapter 17) emphasizes both
correct techniques for collecting plants and thorough data
acquisition, the latter of which has become increasingly
important today in biodiversity studies and conservation biol-
ogy. Finally, the chapter on herbaria and data information
systems (Chapter 18) reviews the basics of herbarium man-
agement, emphasizing the role of computerized database sys-
tems in plant collections for analyzing and synthesizing
morphological, ecological, and biogeographic data.

Unit 5, Species Concepts and Conservation Biology, new
to this second edition, contains a chapter (Chapter 19) that
reviews basic plant reproduction and the criteria and concepts
of species and infraspecies definitions. In addition, a section
on conservation biology reviews the basic concepts of this

field, how it relates to taxonomy and systematics, and its
importance to biologists and society.

Lastly, four Appendices and a Glossary are included. I have
personally found each of these addenda to be of value in my own
plant systematics courses. Appendix 1 is a list of characters used
for detailed plant descriptions (available on the Plant Systematics
Resources web site). This list is useful in training students to
write descriptions suitable for publication. Appendix 2 is a brief
discussion of botanical illustration. I feel that students need to
learn to draw in order to develop their observational skills.
Appendix 3 is a listing of scientific journals in plant systematics,
with literature exercises. Appendix 4, new to the second edition,
gives a brief overview of statistical and morphometric methods
and how those may be applied in addressing questions in tax-
onomy and phylogenetic systematics. The Glossary defines all
terms used in the book and indicates synonyms, adjectival forms,
plurals, abbreviations, and terms to compare.

Three web sites will be available to be used in conjunction
with the textbook: (1) a Plant Systematics Resources site (http:/
www.sci.sdsu.edu/plants/plantsystematics), with web links and
materials that are universally available; (2) a companion website
(http://www.elsevierdirect.com/companions/9780123743800)
that includes the chapter figures, appendix material from the
textbook, and links to the author’s website; and (3) an Instructor
Resources site (http://textbooks.elsevier.com/web/Login.aspx),
with material that is password protected. Please contact your
sales representative at textbooks @elsevier.com for access to the
Instructor Resources site.

Throughout the book, I have attempted to adhere to W-H-Y,
What-How-Why, in organizing and clarifying chapter topics:
(1) What is it? What is the topic, the basic definition? (Many
scientific arguments could have been resolved at the start by
a clear statement or definition of terms.) (2) How is it done?
What are the materials and methods, the techniques of data
acquisition, the types of data analysis? (3) Why is it done?
What is the purpose, objective, or goal; What is the overrid-
ing paradigm involved? How does the current study or topic
relate to others? This simple W-H-Y method, first presented
to me by one of my mentors, A. E. Radford, is useful to follow
in any intellectual endeavor. It is a good lesson to teach one’s
students, and helps both in developing good writing skills and
in critically evaluating a topic.

Finally, I would like to propose that each of us, instructors
and students, pause occasionally to evaluate why it is that
we do what we do. Over the years I have refined my ideas
and offer these suggestions as possible goals: 1) to realize
and explore the beauty, grandeur, and intricacy of nature;
2) to engage in the excitement of scientific discovery; 3) to
experience and share the joy of learning. It is in this spirit that
I sincerely hope the book may be of use to others.
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