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THE PHYLLOTAXY OF COSTUS (COSTACEAE)
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The spiromonostichous phyllotaxy @ostus,and other Costaceae, is characterized by low divergence

angles, often as low as (30) 50°. This constrasts with the main series Fibonacci (divergence angles ap
proximating 1375’) or distichous phyllotaxy found in all other Zingiberales. A morphological and devel
opmental study of three species@dstusrevealed a number of facts about this unusual phyllotactic pattern.
In C. scaberand C. woodsoniithe divergence angles gradually change along a shoot, from1D0in
the region of the cataphylls to @5° in the inflorescence. II€. cuspidatusthe divergence angles change
from 40°-100° in the cataphyll region to ca. 13 the inflorescence. In all three species, the cataphylls
and foliage leaves have tubular sheaths, while the inflorescence bracts are nonsheathing. Thus; spiromo
nostichy is only loosely correlated with closed leaf sheaths.
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Introduction

HOFMEISTER (1868) noted that, in normal pt
lotactic systems, leaf primordia at the apex ap
as far as possible from each other. This gen
ization is known as Hofmeister's rule (WEISSE 1
SMITH 1941; JEAN 1984) and is the basis of m
of the theries that attempt to explain phyllotac
patterns. In most flowering plants with heli
phyllotaxy, the divergence angle between con
utive leaves lies between 12@nd 180. Mosi
common are the Fibonacci systems of the mak
ries, with divergenceregles around 137.5

The phyllotactic patterns in the Costaceae (|
I-54) are unusual for at least two reasons. F
the divergence angles on aerial shoots can |
low as 30 (fig. 5, Dimerocostus strobilaceus8.
Kuntze), seemingly in violation of Hofmeister's r
(SMITH 1941). These small divergence angles
occasionally correlated with helical twining of -
stem to give the shoot the appearance of a ¢
staircase (fig. 4). Second, there is a gradual ch
of the divergence angles along the aerial shoots
ca. 120 to (30T ) 40-60° (WEISSE 1932).

Many botanists have been attracted and pu:
by this unusual phyllotactic pattern: HOFMEIST
(1868, p. 499), SCHUMANN (1892, 1904), LIN
MAN (1899), GOEBEL (1928, p. 293), SCHUE
(1928), VON VEH (1931), WEISSE (1932), TRO
(1937), SMITH (1941), SNOW (1952), CROIZ/
(1960, pp. 712722), and JEAN (1984). Althout
all of these authors have contributed to our kn
edge of the phyllotaxy ofhts family, none pre
duced a satisfactory theory to account for
phenomena.

The purpose of the present study is (I) to <
firm or to correct the observations of earlier bc
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anists, (2) to present new data on the gradual ct
in divergence angles along aerial shoots, (3) t
vestigate developmental and anatomical feal
correlated with the gradual change in diverge
angle inCostus,and (4) to review theories that-
tempt to explain the phyllotactic pattern in
Costaceae.

Material and methods

Phyllotactic patterns were studied @ostus sce
ber Ruiz et Pavon,C. woodsoniiMaas, andC.
cuspidatus(Nees & Martius) Maas (syrC. igneu
N. E. Brown). Additional information was o
tained fromC. afer Ker.-Gawl. andDimerocostu
strobilaceus0. Kuntze. The species were idet
fied by consulting MAAS'S (1972, 1977) mo+
graph of Costusfor Flora NeotropicaCostus sce
ber was collected at Fairchild Tropical Gard
Miami, during the summers of 19886 and ir
December 1987 (FTG accession number P.60¢
voucher specimen is deposited at FTG (KIRCH!
84-6). Costus woodsoniivas collected at Fairchi
Tropical Garden in 1984A voucher is deposite
at FTG (KIRCHOFF 849). Costus cuspidatusvas
collected at the Botanical Garden, Zurich. A vou
is deposited at Z (RUTISHAUSER 8801). Costu:
afer was observed at Fairchild Tropical Garden
Dimerocostus strobilaceuwas observed at W
mea Arboretum, Hawaii.

Divergence angles were measured for nine st
of C. scaber,three of C.woodsonii,and three ¢
C. cuspidatus.Measurements were made by-
serting a pin perpendicularly through the axill
buds of two adjacent nodes and using a protr:
to measure the angle between the pins at the
of their insertion into the stem. Some of the v
ation in divergence angles in the foliage region
the study species (figs. 222) can most likely k&
attributed to this measurement technique. Csz
lations of the divergence angle in the middle
upper portions of the inflorescence &f. scabe

8 (fig. 20b) were made from a drawing prepared wi
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Fics. 1-5.—Figs. 1-2, Costus scaber. Fig. 1, Distal portion of a sympodial rhizome. A = new aerial shoot; B—-D = mature
aerial shoots; E-G = scars of abscised shoots. X 0.17. Fig. 2, Aerial shoots ranging in length from 2 to 2.8 m, stick = 1 m. X
0.04. Fig. 3, Costus cuspidatus. Young inflorescence seen from above. The flowers are not yet visible in the axils of the bracts.
Bracts arranged in a Fibonacci spiral, with divergence angles around 137°. Phyllome 14 = lowermost bract subtending a flower.
X 0.32. Fig. 4, Costus afer. Helical curvature of an aerial shoot. The divergence angle between successive leaves in ca. 45°. X
0.17. Fig. 5, Dimerocostus strobilaceus. Distal portion of an aerial shoot with leaf blades removed. The divergence angle is ca.

30° X 0.2.

special attention to the accurate representatic
the divergence angles (fig. 10). Two bracts a
the same orthostichy were first identified in
drawing; the number of degrees between these
was then determined and divided by the differ
between the numbers of the two bracts. Fot
ample, bracts 56 and 67 in figure 10 were fo
to be superposed after two turns of the phyllot
spiral; the divergence angle in this region is -
720°/11 = 65.5. To get the best estimate of
divergence angles in the upper portion of the

florescence, this process was repeated as many
as possible, given the number of bracts in
drawing. Measurements of divergence angles ¢
apex were made from scanning electron mi
graphs. Lines were drawn from the shoot &
through the midd of the primordium (fig. 29)
through the buds in the axils of removed phyllo
(fig. 32). The angle between phyllomes was r
sured with a protractor.

Mean blade lengths and their standard devia
were calculated for the mature foliage leaves






