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Part one

Hawaiian Islands

Introduction

Few islands of the world have received as much attention for evolution-
ary patterns and processes as the Hawaiian Islands. Reading through
Sherwin Carlquist’s stimulating Hawaii: A Natural History (1970) always
elevates our interest. We have also read about fascinating evolutionary
phenomena in picture-wing Drosophila, studied so successfully by
Hampton Carson and colleagues (e.g., Carson & Kaneshiro, 1976;
Kaneshiro, Gillespie & Carson, 1995; DeSalle, 1995). It is fitting, there-
fore, that the initial two chapters of this book deal with the Hawaiian
Islands. Recent studies have greatly increased our understanding of pat-
terns and processes in the endemic vascular plant flora of the Hawaiian
Islands. A monumental achievement was the publication of the two-
volume Manual of the Flowering Plants of Hawaii (Wagner, Herbst &
Sohmer, 1990) that established for the first time a consistent species
concept for the entire archipelago. In the past, some taxa had been
split into numerous microspecies and others had been treated broadly,
depending upon the perspective of the particular taxonomist. These dis-
parate treatments of plant diversity in the archipelago made it very diffi-
cult to approach questions of speciation and biogeography. In fact,
publication of the new Manual made it possible to conceive and execute
a very meaningful project on biogeography in the archipelago, involving
both plants and animals (Wagner & Funk, 1995). This would have been
impossible without the consistent foundation of species concepts pro-
vided by the flora project.

Along with significant recent floristic efforts, detailed biosystematic
studies have been carried out on the Hawaiian Islands on many taxa
by different workers. Of particular mention are those investigations on
Compositae, such as: the bizarre silverswords by Carr and associates
(Carr & Kyhos, 1981, 1986; Carr, 1985);, Bidens by Gillett & Lim
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(1970), Ganders & Nagata (1984) and Helenurm & Ganders (1985);
Lipochaeta by Gardner (Gardner, 1976, 1977) and Rabakonandrianina
& Carr (1981); and Tetramolopium by Lowrey & Crawford (1985) and
Lowrey (1986).

This first part of the book builds on previous studies and summarizes
and extends our understanding of the endemic plants of the Hawaiian
Islands. Carr (Chapter 1) focuses on chromosomal evolution in the endem-
ic angiosperms and discusses possible reasons for cytological change or
lack thereof (stasis) within many groups. Baldwin (Chapter 2) sum-
marizes and extends his recent macromolecular studies with colleagues
(e.g., Baldwin et al., 1991) that finally resolved ancestry of the Hawaiian
tarweeds from California progenitors. This general biogeographic con-
nection has been known for some time (e.g., Carlquist, 1959), but the
particular continental group from which all the Hawaiian diversity came
was never determined satisfactorily. Taken together, these two chapters
provide an excellent view of recent work on the angiosperm flora of the
Hawaiian Islands and they provide a very good beginning to our volume.
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Chromosome evolution and speciation in
Hawaiian flowering plants

GERALD D. CARR

Abstract

Chromosome numbers available for about 38% of the 956 native species
of Hawaiian plants indicate that more than 80% are polyploid. However,
support for the occurrence of autochthonous polyploidy is very limited,
with fairly clear examples in Peperomia, Portulaca, and Wikstromia; less
certain instances in Bobea, Lepidium, Plantago and Psychotria; and
dubious examples in Labordia and Polygonum. Likewise, evidence of
chromosome evolution in the form of gross structural changes or dys-
ploidy is sparse and clearly demonstrated only in the silversword alliance
of Argyroxiphium, Dubautia and Wilkesia. Luzula and Peperomia may
provide additional examples of dysploidy. In contrast, a large number of
groups, most notably Bidens, Cyrtandra, Hibiscadelphus, Lipochaeta,
Pipturus, Scaevola, Tetramolopium, Vaccinium and the lobelioid genera
Brighamia, Clermontia, Cyanea, Delissea, Lobelia, Rollandia and
Trematolobelia, are seemingly characterized by complete chromosome
stasis, at least with respect to gross structural alterations, dysploidy
and polyploidy. There appears to be little or no indication that chromo-
some evolution on the Hawaiian Islands has proceeded in a manner
particularly different from continental areas. Rather, the examples of
insular chromosome evolution appear to reflect the tendencies inherent
in their continental ancestors. In light of the evidence accumulating from
molecular studies, it is concluded that the overall patterns of chromo-
some structural evolution and chromosome stasis observed in plants are
most readily explained on the basis of structural variants having different
selective values that are determined by the relative positions of critical
genes in the genome.
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Knowledge related to chromosome evolution in Hawaiian plants is very
incomplete. Available data are primarily the result of very few general
surveys of chromosome numbers (Skottsberg, 1953; Carr 1978, 1985q)
and several studies of individual species or plant groups. Most of what is
known about chromosome numbers of Hawaiian flowering plants was
summarized recently by Wagner, Herbst & Sohmer (1990). These data
have been extracted (with a few minor adjustments) and combined with
several more recent determinations in Table 1.1. Based on the analysis of
the Hawaiian flora by Wagner, Herbst & Sohmer (1990), the chromo-
some determinations for the 359 species recorded in Table 1.1 represent
one or more counts for just over one-third of the native Hawaiian plant
species (359/956 = 37.6%).

No determinations based on Hawaiian material are available for 53
genera that are native to Hawaii. Most notable in this respect are Myrsine
(20 species), Pritchardia (19 species) and Mariscus (10 species).
Furthermore, only one determination is available for the third largest
genus in Hawaii, Melicope, with 47 species. Tt may also be noted that
the chromosome determinations reported for 38 of the non-endemic spe-
cies are based only on extra-Hawaiian populations. Thus, in addition to
filling in the gaps for species and genera with no counts, it would be
desirable to have counts for Hawaiian populations of non-endemic taxa.

Based on the counts available for Hawaiian populations, more than
80% (288/359) of the native plant species are polyploid. The frequency of
polyploidy is nearly 9% higher in monocots compared to dicots. This
estimate relies on the criterion of n > 13 denoting polyploidy (Grant,
1963; Goldblatt, 1980) but specifically includes the species of Dubautia
with 2n = 26 because they exhibit duplicate gene expression indicative of
polyploidy (Witter, 1990). As will be discussed more fully below, the high
incidence of polyploidy reported here has not been derived autochtho-
nously. Rather, it reflects mainly paleopolyploidy inherent in the ances-
tors of Hawaiian species. Nevertheless, the high frequency of polyploidy
reported here for the Hawaiian flora considerably exceeds most other
general estimates of polyploidy among flowering plants. For example,
using the same criterion, Grant (1963) estimated that 47% of the
17 138 flowering plant species he sampled were polyploid (dicots 43%,
monocots 58%) and Goldblatt (1980) estimated that 55% of the 10580
species of monocots he sampled were polyploid. Although the sample is
very small, the same criteria applied to the data provided by Sanders,
Stuessy & Rodriguez R. (1983) for the flora of the Juan Fernandez
Islands produces an estimate of 75% polyploidy. Perhaps the high
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