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ABSTRACT 
The section Neurophyllodes of Geranium, a highly distinctive group endemic to the Hawaiian Islands, consists of four 
species, three of which contain two or more well-marked subspecies. Although all are alpine, their habitats range from 
dry cinder fields up to 3300 m to wet montane bogs with up to 1500 cm rainfall annually. Progressive adaptation by 
leaves to xeromorphy is hypothesized for all species except G. humile. Features representing xeromorphy include di­
minution in leaf size; isolateral versus bifacial leaf construction; increase in thickness and in number of palisade layers; 
increase in glandular trichomes to form a dense felt on one or more surfaces; development of a hypodermis near one or 
both surfaces, together with hypodermis-like cells in the central mesophyll. Selective factors inducing this xeromorphy 
include brilliance of sunshine with pronounced ultraviolet-radiation; radiation from and aridity of bare lava or cinders; 
brisk winds; and marked diurnal fluctuation of humidity. Geranium humile is hypothesized to be a secondary entrant 
into bogs, based on xeromorphic ancestors resembling G. cuneatum. Foliar features other than those probably indica­
tive of xeromorphy are discussed, and a nomenclatural revision is proposed. 

THE HAWAIIAN SPECIES OF Geranium form a dis­
tinctive and natural group (recognized by most au­
thors as constituting a section, Ncurophyllodes A. 
Gray) that shows exemplary patterns of insular spe-
ciation. All of the Hawaiian Geraniums are montane, 
and each entity occupies a particular montane range. 
The ranges of the entities thus form "islands" within 
the Hawaiian chain. However, the most remarkable 
aspect of these Geraniums is the way their leaf an­
atomy matches each of the niches in this gamut of 
tropical montane habitats. At one extreme are broad-
leaved shrubs or trees (G. arboreum, G. mult if lor um) 
of moist areas just above the rain forest; at another 
are small-leaved shrubs (G cuneatum) which inhabit 
dry alpine scrub areas bathed with clouds to various 
degrees. A third extreme is represented by the pros­
trate herbs in bogs that receive 1000 cm. of rainfall 
or more (G. humile). Nomenclature of these species 
and subspecies is provided in the terminal section of 
this paper. 

The amazing range in habitats represented by 
these populations provided an unusual opportunity 
for analysis of how leaf anatomy has evolved with 
relation to particular habitats. Correlation between 
ecology and leaf anatomy has long been noted (see 
the review of Shields (1950) and the numerous ref­
erences cited therein). However., most smdies of 
this sort have taken assemblages of unrelated species 
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frcm a particular region and attempted to find com­
mon denominators in anatomical modes of leaf struc­
ture (e.g., deciduous forest trees). This is a valid 
viewpoint, and much useful information could have 
been revealed only in this manner. Alternative to 
this "floristic" viewpoint is the systematic approach, 
in which a group that shows adaptive radiation into 
varied habitats is analyzed with respect to leaf ana­
tomy. One recent example of this approach is Mor-
tenson's (1973) analysis of Cercocarpus (Rosaceae). 
The merit of the systematic viewpoint is that differ­
ences among species can closely reflect habitat dif­
ferences. With the floristic viewpoint, there is the 
possibility that a variety of adaptations to a single 
habitat occur. In desert shrubs, for example, micro-
phylly, heavily cutinized leaf surfaces, and leaf suc­
culence may be observed among species in a single 
area. The limitation of the systematic approach lies 
in the range of habitats occupied by a phylad: no 
group occupies all niches from desert to aquatic, 
coast to alpine, that one ideally would wish represen­
ted. Each group that does cover a portion of such 
amplimde does illustrate critical features in adaptive 
aspects of leaf anatomy, however. 

MATERIALS  A N D METHODS 
This study was initiated because pickled leaf mater­
ial of most taxa was available from the senior auth­
or's various Hawaiian expeditions. These materials 
are as follows: G. arboreum. Carlquisr 2130 (RSA); 
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