THE BASES OF ANGIOSPERM PHYLOGENY: CYTOLOGY'

PeTer H. RAVEN-

ABSTRACT

A broad review of chromosome numbers in the angiosperms is presented according to the
phylogenetic system of Cronquist. Consideration of the results indicates that the original basic
chromosome number for the class as a whole, and for all but one of its subclasses, is or may
well be x = 7. For Caryophyllidae, x = 9 is indicated. Families and taxa of higher rank can
be compared only if the original basic chromosome number for the group is known, and there
are many families where this is not the case. Evolutionary changes in chromosome number
and morphology, particularly in herbaceous plants, have tended to give the impression that
these characteristics were of limited utility in classification, and have often led to numerical
coincidences between unrelated groups. In addition, many inaccurate counts have been reported,
and vouchers, if present, are occasionally misidentified, giving rise to misleading conclusions.
Electronic data processing should be applied to the field as soon as possible for etficient
information retrieval, especially since the number of chromosome counts reported is growing
annually. Well edited regional treatments, or those dealing with a particular taxonomic group,
are encouraged. An initial burst of polyploidy is suggested for the angiosperms by the survival
of many polyploid lines, especially among Magnoliidae and Hamamelididae. Although many
families and even orders are of polyploid origin, progressive evolution in the group seems to
have proceeded largely at the diploid level, and much of the major differentiation evidently
occurred even among plants with the original basic chromosome number, n = 7.

For more than 50 years, chromosome cytology has been an important element
in evaluating relationships and deducing phylogenetic sequences in the angio-
sperms. Data derived from this field are potentially useful, especially in woody
plant groups (Darlington & Mather, 1949; Darlington, 1956), but the use of such
data is not simple, as will be illustrated in the following pages. Changes in
chromosome number and morphology may be rapid even within a genus (Stebbins,
1966), a tendency that had made many students of phylogeny mistrust or down-
orade the importance of chromosomal information for broad considerations.
Insufficient information, inaccurate information, and the necessity of under-
standing the pattern in one taxon before it can be compared on this basis with
another taxon all contribute to the difficulty of using such information in
systematic or evolutionary studies.

MATERIALS AND METHODS

The principal sources of information on the chromosome numbers of angio-
sperms are the compendia of Darlington & Janaki Ammal (1945), Darlington &
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Wylie (1955), and Bolkhovskikh et al. (1969). In addition, there is the annual
Index to Plant Chromosome Numbers, the most recent number of which Sum-
marizes reports for 1972 (Moore, 1974). Some measure of the interest in chromo-
some cytology may be deduced from the fact that whereas counts for 1821 genera
were summarized in 1945, there were 2693 by 1955 and 4679 by 1969 (including
reports up to 1966). Electronic data processing could be applied very profitably
to this tield, and it ought in principle to be possible to add successive counts to a
data bank which could be queried at any time for any taxon of interest. Editing
is however a very serious problem; in the list of Bolkhovskikh et al. (1969) the
same species are often listed under two or more generic names. With the changing
limits of families, it is often no simple matter to know where to look for a given

genus. Closely edited regional compendia such as that of Live & Love (1961)
are likely to be most useful, but few people have the knowledge to edit a world
chromosome list to this level. We shall probably see more and more regional
treatments and treatments of particular taxa, such as families, in which the editing
can reach a high standard.

A considerable and totally unnecessary element of confusion is introduced
into all phylogenetic considerations by the fact that the International Code of
Botanical Nomenclature limits the principle of priority to taxa of the rank of
tamily and below. Thorne (1968, 1974) has used the principle of priority in
determining the names of orders, while Cronquist (1968) and Takhtajan (1969)
have not. There seems to be no advantage to anyone in arbitrarily using two or
more names for the same order, and the simplest way to solve the problem, now
that general agreement is becoming apparent on the limits of many orders, would
be to apply the principle of priority to taxa at this rank also.

Even when the problems of information retrieval and editing of the data have
been overcome, however, there remain a series of other difficulties. Reports of
chromosome numbers prior to World War II were rarely associated with particular
voucher specimens, and the identity of the plants cannot then be verified.
Inaccurate counts are fairly frequent. especially in papers which contain listings
tor many families. All reports prior to 1920 were made from sectioned material,
the interpretation of which presents special ditficulties. In preparing the summary
statements for various taxa in this paper, I have simply disregarded a number of
counts which have not been verified or were included in papers suspected to
contain a high proportion of erroneous counts.

It is of the utmost importance in the application of chromosomal information
at the family level first to deduce the original basic chromosome number of the
taxon in question. The bulk of this paper is devoted to a consideration of such
hypotheses, since without knowing the original basic chromosome number of a
family or other taxon, it is not possible directly to compare it with any other.
Similar considerations have been pointed out by Thorme (1963), Cronquist
(1968), and many others for deducing phylogenies in general: but numerical
coincidence is so great that the matter becomes a particularly important one
with respect to chromosome number.
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RESULTS

GAPS IN THE RECORD

Of the 354 families recognized by Cronquist (1968), there are 44 for which no
cytological information is available at present. They are listed with the number

of genera and species and their ranges from Airy Shaw (1966):
Achariaceae (3/3, South Africa), Aextoxicaceae (1/1, Chile), Akaniaceae

(1/1, eastern Australia), Alseuosmiaceae (3/11, New Caledonia, New Zealand),
Ancistrocladaceae (1/20, Old World tropics ), Balanopaceae (1/12, Australasia),
Barbeyaceae (1/1, northeastern Africa, Arabia), Cardiopterygaceae (1/3, south-
eastern Asia, Australia), Caryocaraceae (2/25, tropical America ), Cephalotaceae
(1/1, Western Australia), Columelliaceae (1/4, South America ), Corsiaceae (2/10,
New Guinea, Chile), Dialypetalanthaceae (1/1, tropical America ), Didymelaceae
(1/2, Madagascar), Dipentodontaceae (1/1, temperate Asia), Ecdeiocoleaceae
(1/1, Western Australia), Geissolomataceae (1/1, South Africa), Geosiridaceae
(1/1, Madagascar), Grubbiaceae (2/3, South Africa), Hoplestigmataceae (1/2,
tropical Africa), Hydnoraceae (2/18, South America, Africa), Julianiaceae (2/5,
tropical America ), Lissocarpaceae (1/2, tropical South America ), Marcgraviaceae
(5/100, tropical America), Mayacaceae (1/ 10, tropical America and Africa),
Medusagynaceae (1/1, Seychelles), Medusandraceae (1/1, tropical Africa),
Myrothamnaceae (1/2, Africa), Myzodendraceae (1/11, South America), Penta-
phragmataceae (1/30, tropical Asia), Peridiscaceae (2/2, South America),
Petrosaviaceae (1/3, tropical Asia), Picrodendraceae (1/3, West Indies),
Quiinaceae (4/50, tropical South America), Rhoipteleaceae (1/1, southeastern
Asia), Sarcolaenaceae (8/33, Madagascar), Siphonodontaceae (1/5, southeastern
Asia, Australia), Stylobasiaceae (1/2, southwestern Australia), Thurniaceae (1/3,
tropical South America), Tovariaceae (1/2, America), Tremandraceae (3/25
Australia), Trigoniaceae (4/35, tropical), Vochysiaceae (6/200, tropical America
and Africa), and Xanthophyllaceae (1/60, tropical Asia).

Of the additional families recognized by Thorme (1968) and by Takhtajan
(1969), there is no cytological information available for the following 49:
Anisophylleaceae (4/36, tropical), Asteropeiaceae (1/7, Madagascar), Balanita-
ceae (1/25, Old World tropics), Biebersteiniaceae (1/5, Eurasia), Bonnetiaceae
(3/22, tropical Asia and America), Bretschneideraceae (1/1, southwestern China ),
Brunelliaceae (1/45, tropical America), Diegodendraceae (1/1, Madagascar),
Dirachmaceae (1/1, Socotra), Donatiaceae (1/2, subantarctic), Emblingiaceae
(1/1, Australia), Eremosynaceae (1/1, Australia), Erythropalaceae (1/2, Indo-
malaysia), Goupiaceae (1/3, tropical South America), Halophytaceae (1/1,
southern South America ), Hanguanaceae (1/2, Ceylon, Malaysia), Hectorellaceae
(1/1, New Zealand), Huaceae (1/2, tropical Africa), Hypseocharitaceae (1/8,
Andes), Ixonanthaceae (8/48, tropical), Kirkiaceae (1/8, Africa), Koeberlinia-
ceae (1/1, southern United States, Mexico ), Lacistemataceae (2/27, tropical
America), Lepidobotryaceae (1/1, tropical Africa), Lepuropetalaceae (1/ 1,
America), Lophiraceae (1/2, tropical Africa), Octoknemaceae (1/6, Africa),
Oncothecaceae (1/1, New Caledonia), Paracryphiaceae (1/2, New Caledonia),
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Pelliceriaceae (1/1, tropical America ), Pentadiplandraceae (1/2, Africa), Penta-
phylacaceae (1/2, southeastern Asia), Phellinaceae (1/10, New Caledonia),
Phyllonomaceae (1/8, tropical America), Plocospermataceae (1/3, Mexico.
Central America), Podoaceae (2/3, southeastern Asia), Posidoniaceae (1/2,
Mediterranean, Australia), Pterostemonaceae (1/2, Mexico), Roridulaceae (1/2

South Africa), Sargentodoxaceae (1/1, China ), Schoepfiaceae (1/35, tropical
Strasburgeriaceae (1/1, New Caledonia), Surianaceae (1/1, tropical coasts
Tetracarpaeaceae (1/1, Tasmania), Tetrameristaceae (1/3, western Malaysia
Toricelliaceae (1/3, Himalayas, China), Trapellaceae (1/2, eastern Asia
Tribelaceae (1/1, temperate South America), and Vivianiaceae (1/30, South

America ).

It is hoped that the publication of these lists may help to promote the
acquisition of cytological information about these tamilies, as well as of such
interesting additional groups as Ctenolophon, Disanthus, and Piptocalyx. Extreme
care must be taken, however, to insure the accuracy of a few counts in a group
made by themselves, as erroneous reports of chromosome number and chromo-

some morphology for an unknown group are much worse than no information
at all.

In the course of preparing this summary statement, a number of families
were reviewed for which the existing results indicated very interesting cytological
patterns that would amply repay additional ivestigation. These families include:
Acanthaceae, Bignoniaceae, Capparaceae. Combretaceae, Cyclanthaceae, Dillenia-
ceae, Gentianaceae, Malpighiaceae, Melastomataceae, Nyctaginaceae, Poly-
galaceae, Santalaceae, Sapindaceae, Sapotaceae, Sterculiaceae, and Verbenaceae.
In general, it can be said that the plants of tropical America are very badly in need
of cytological study. The extensive reports of S. and G. Mangenot from tropical
Africa have shed much light on the plants of that continent, and have in fact
included the only cytological reports of Rapateaceae and Humiriaceae, medium-
sized and very interesting tropical American families each represented in Africa
by a single species. In a similar way, the studies of J. B. Hair in New Zealand and
of P. N. Mehra and his associates in the Himalayan region have been outstanding
contributions. Other areas of great interest for additional work on chromosome
numbers include South Africa, Madagascar, New Caledonia, Australia, and
southern Asia.

).
),
).
);

ReEviEw oF THE CHROMOSOME NUMBERS OF ANGIOSPERMS

The following notes are based upon the sources mentioned above, and are
arranged according to the system of Cronquist (1968). A persistent difficulty
concerns the monophyletic nature of the group in question, whether it be an
order, a family, a superorder, or a subclass. If it has been put together of
discordant elements, the cytological deductions may be invalid. Nevertheless, it
has appeared worthwhile to offer hypotheses, when possible, concerning the
original basic chromosome numbers of various groups, and the role that chromo-
some information can play in evaluating their relationships.
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TapLe 1. Basic chromosome numbers in Magnoliales.

1. Austrobaileyaceae 22° 15. Monimiaceae,

2. Lactoridaceae 20 (or 217?) s, str. 19 (22, ca. 40, 43), 39
3. Magnoliaceae 19 15a. Hortoniaceae

4. Winteraceae 13, 43 (Smith, 1972) 19 ( Goldblatt, 1974 )

5. Degeneriaceae 12 15b. Atherospermata-

6. Himantandraceae 12 ceae 22 (217)

7. Annonaceae 7 (Walker, 1972) 15¢. Siparunaceae 22

8. Myristicaceae 19, 21, 25 16. Gomortegaceae® 21 (Goldblatt, unpubl.)
9. Canellaceae 14° 13 17. Calycanthaceae 11
10. Illiciaceae 14, 13 17a. Idiospermaceae 11 (Blake, 1972)
11. Schisandraceae 14, 13 18. Lauraceae 12
12. Eupomatiaceae 10 19. Hernandiaceae 20
13. Amborellaceae 13 19a. Gyrocarpaceae 15
14. Trimeniaceae 8 ( Goldblatt, 1974)

a Peter Goldblatt (1974) has reexamined mitosis in the cuttings from the plant on which Riidenberg’s
(1967) report of 2n = 44 was based. He found that the chromosomes were large, clearly differentiated, and
unequivocally 2n =44 as reported. We suggest that the “pair of quite small submedian chromosomes”™

mentioned by Ehrendorfer et al. (1968: 342) may have been satellites, noted by Riidenberg (1967).
b Goldblatt (1976a) has determined 9n — 28 in Canella alba Murr, cultivated at the Missouri Botanical

Garden.
¢ Plants grown in the University of California Botanical Garden, Berkeley, and previously reported as

Gomortega (Raven et al., 1971), have been redetermined as Beilschmeidia berteroana (Gay) Kosterm.,
which therefore has n = 12 and 2n = 24,

CrAss MacNoLIOPSIDA ( DICOTYLEDONEAE )

I. SUBCLASS MAGNOLIIDAE

I-1. Magnoliales—The basic chromosome numbers in this order are summa-
rized in Table 1. It now appears clear that x =7 is the original basic chromosome
srumber for this order and for the angiosperms (Raven & Kyhos, 1965; Stebbins,

1966: Ehrendorfer et al., 1968; Raven et al.. 1971; Walker, 1972). As there is no
evidence to support the present or past existence of plants with n =6 or n =5, it
seems preferable to explain most of the tetraploid (x =12, 13) numbers of
these ancient families by aneuploid reduction from n = 14. Whether n = 10
in Eupomatia and n = 11 in Idiospermum and Calycanthaceae can be explained
in the same way or by aneuploid increase from n = 7. as seems to have occurred
in Annonaceae (Walker, 1972), remains to be seen. By an extension of this rea-
soning, Atherospermataceae, Austrobaileyaceae, Gomortegaceae, Hernandiaceae,
Lactoridaceae, Magnoliaceae, Monimiaceae, Myristicaceae, and Siparunaceae are
paleohexaploid; of these, Atherospermataceae, Siparunaceae, and Gomortegaceae
could conceivably have had a common ancestor, whereas all of the other families
<eem to have been derived independently. The most frequent base number 1n
Winteraceae, n = 43, which occurs in all genera except Tasmanma (x =13),
appears to be of paleododecaploid origin. Cytology provides no evidence for or
against subdividing Magnoliales, as Thorne (1968) and Takhtajan (1969)
have done.

[-2. Piperales—Chloranthaceae consist of five genera; no chromosome counts

are available for the monotypic Ascarinopsis of Madagascar. In Hedyosmum,
n=28 (two species). Sarcandra and Chloranthus have x = 15 (older counts of
on = 98 in Chloranthus should be confirmed ), Ascarina (one count), n = 14. With

the available information, the original basic chromosome number of the family
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could be either x =7 or x = 8. Saururaceae consist of four genera, with x = 11 in
Anemopsis and Saururus and probably x =12 in Hottuynia (several high and
irregular numbers; apomixis). Piperaceae consist of four genera, including the
vast genera Piper and Peperomia, which have been poorly sampled chromosomally.
For Peperomia, x = 11 (Smith, 1966); the presence of other basic chromosome
numbers should be reconfirmed. In Piper and Pothomorphe, no conclusion regard-
ing basic chromosome number is possible at present, but x = 12, 13, and 14 are
known; much more work will be necessary before the cytological situation in this
genus is claritied. Cytological evidence supports the notion of a close relationship
between Saururaceae and Piperaceae, but provides no indication of a relation-
ship between Chloranthaceae and Piperaceae (Swamy, 1953: Smith, 1972).
Chloranthaceae might better be placed in the Magnoliales as suggested by
Thorne (1968) and Takhtajan (1969, Laurales), leaving the Piperales as a more
homogeneous satellite order. This would appear to be supported by the con-
clusions ot Hickey & Wolfe ( this symposium).

[-3. Aristolochiales—Aristolochiaceae consist of 7-10 genera, of which chro-
mosome counts are available for three. In Aristolochia, there are many diploid
species with n =7, and some aneuploid (to n =4) and polyploid derivatives. In
Asarum, x =13 (in Asarum and Hexastylis) and 12 (in Heterotropa). In the
Indo-Malaysian shrubby Apama, n = 13 is the only available chromosome count.
It is reasonable to assume that the basic number for the family and order is x = 7.
with aneuploid reduction at either the diploid or tetraploid level to produce x = 13.
Aristolochiaceae have often been considered directly related to Annonaceae, and
both have x = 7.

I-4. Nymphaeales—Nymphaeaceae consist of Nymphaea, x = 14; Nuphar,
x = 17; Euryale, n = 29; and Victoria, perhaps x = 12. The cytological relation-
ships confirm the morphological and anatomical evidence of a number of very
distinct, loosely related genera. Barclaya, sometimes segregated as a distinct
tamily (Takhtajan, 1969), has n =18 and possibly n=17. In the group often
recognized as Cabombaceae ( Takhtajan, 1969; Thorne in Becker, 1973), Cabomba,
based on several rather old counts, has n = 12 and n = 52 in the same species and
Brasenia has n = 40. In Nelumbonaceae, the only genus, Nelumbo, has n =8, a
very distinctive chromosome number even within this heterogeneous group.
Taken at face value, this tends to support Takhtajan’s (1969) segregation of this
family as a distinct order (see also Smith, 1972). Finally, in Ceratophyllaceae, the

basic chromosome number of the only genus, Ceratophyllum, might be n =12,
but the evidence, based on scattered, diverse, and rather old chromosome counts,
1s insufficient. A detailed chromosomal analysis of Nymphaeales, taking into
account chromosome morphology as well as number, appears a promising subject
for investigation, even though at least one count is available for all but one of the
recognized genera in the order. If Nelumbo is excluded, the order may have had a
polyploid original basic number.

I-5. Ranunculales.—In general, this order is characterized by relatively low
chromosome numbers and large chromosomes. In Ranunculaceae, x =7, 8, 9.
Podophyllaceae, added to Ranunculaceae by Cronquist (1968), have x = 6 in four
of the six genera, n =7 in the monotypic, Japanese Ranzania. Chromosomally












































































































