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WOOD ANATOMY OF DAPHNIPHYLLACEAE: ECOLOGICAL AND
PHYLOGENETIC CONSIDERATIONS, REVIEW OF
PITTOSPORALEAN FAMILIES!

SHERWIN CARLQUIST

Carlquist, Sherwin (Rancho Santa Ana Botanic Garden, Claremont, CA 91711).
Wood anatomy of Daphniphyllaceae: Ecological and phylogenetic considerations,
review of pittosporalean families. Brittonia 34: 252-266. 1982.—Wood anatomy
of 16 collections representing three species containing eight subspecies of the
single genus Daphniphyllum is analyzed quantitatively and qualitatively. Daph-
niphyllum has vessels angular to roundish in transection, scalariform perforation
plates, scalariform to opposite lateral wall vessel pitting, tracheids with fully
bordered pits, heterocellular multiseriate and uniseriate rays, diffuse axial paren-
chyma and, in one taxon, chambered crystals in axial parenchyma cells. Growth
rings, narrower vessels, and more numerous vessels per square mm characterize
taxa from cooler habitats. All of the taxa have highly mesomorphic woods. Com-
parisons are made between Daphniphyllaceae and the other families of Thorne’s
Pittosporales (Balanopaceae, Bruniaceae, Buxaceae, Byblidaceae, Geissoloma-
taceae, Grubbiaceae, Myrothamnaceae, Pittosporaceae, Roridulaceae, and Tre-
mandraceae). These families are most comparable to hamamelidoid or rosoid
families; other similarities or relationships for these families may exist, but are
less conspicuous or less close. The families cited may form a plexus, character-
ized by primitive xylary and other features, comparable to Annonales (Magno-
liales) as products of an early radiation of dicotyledons.

Daphniphyllum Blume is worthy of investigation on account of the apparent
primitiveness of many of its features. A survey of wood features is needed, and
can aid in understanding the phylogenetic position of this genus, the affinities of
which have been disputed. As part of a monograph of Daphniphyllaceae, a brief
account of wood anatomy is given by Huang (1966a). A detailed account has been
attenipted in the present paper.

While wood only offers a limited series of features, it may be used to clarify
the systematic position of Daphniphyllaceae. In this regard, the families grouped
with Daphniphyllaceae by Thorne (1968, 1976) into the order Pittosporales are
especially pertinent. With the present paper, a wood anatomy survey of these
families reaches completion (Hydrostachyaceae, a group of aquatic plants devoid
of secondary xylem or nearly so, has not been included). Hamamelidaceae and
Saxifragaceae (sensu lato) also are pertinent and are included in a tabular sum-
mary.

Although Daphniphyllaceae can be said to occupy mesic habitats, they range
into cool climatic zones from the tropics and are worthy of consideration with
regard to relationship between wood anatomy and ecology.

Daphniphyllaceae consists of the single genus Daphniphyllum. Huang (1966b)
recognizes nine species, some with numerous subspecies and varieties. Daph-
niphyllum ranges from Himalayan India across China to northern Honshu (Japan)
in the north and to southern India, Ceylon, Indonesia, and New Guinea in the
south (Huang, 1966b). The genus does not occur in Australia. Huang has reduced
the large number of species formerly recognized, undoubtedly with justification.
The genus appears to form populations each slightly distinct from the other;
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grouping these populations into subspecies and species is not an easy task, and
Huang appears to have produced a workable scheme. The genus ranges from sea
level (D. laurinum (Benth.) Baill.) to subalpine zones. The sea level habitat of D.
laurinum apparently is not saline, but in areas with non-saline groundwater. How-
ever, the wood of D. laurinum unfortunately was not available for study.

Materials and Methods

Although the author was able to collect wood samples of two taxa of Daph-
niphyllum in the wild (Table I), the majority of wood samples were provided by
wood collections, listed in Table I with the xylarium abbreviations of Stern (1978).
The sources of these specimens are as follows: D. glaucescens subsp. borneense,
Carlquist 15500, 3450 m, Mt. Kinabalu, Sabah, Malaysia; D. glaucescens subsp.
borneense, CLPw s.n., Sabah, Malaysia (no further locality); D. glaucescens
subsp. buchananifolium, CLPw s.n., Philippines (no further locality); D. glau-
cescens subsp. oldhamii, MADw-3250 and MADw-24889, Taiwan (no further
locality); D. glaucescens subsp. scortechinii, Carlquist 4404, 1200 m, Ulu Kali
(Genting Highlands), Malaya; D. glaucescens subsp. scortechinii, KEPw-1078,
1600 m, Cameron Highlands, Malaya; D. glaucescens subsp. teijsmannii, KYO-
905, Okinawa; D. glaucescens subsp. teijsmannii, MADw-8318, Chiba Univ. For-
est, Japan; D. glaucescens subsp. teijsmannii, TWTw-3380, Japan (no further
locality); D. gracile, FPAw-NGF-4407, FPAw-NGF-6765, MADw-25314, New
Guinea (voucher for MADw-25314, Vink 17303); D. himalayense subsp. hima-
layense, RBHw-13077, 2800 m, Hwlong Ridge north of Mt. Victoria, Burma (8
m tree); D. himalayense subsp. macropodum, KYOw-110, Japan (no further
locality); D. himalayense subsp. macropodum, PRFw-14678, W. Szechuan,
China. The wood of B. himalayense subsp. macropodum illustrated in Figs. 12—
13 was obtained from a cultivated specimen in the Vavra Estate, near U.C.L.A.,
a garden temporarily owned by U.C.L.A. I am grateful to the curators of the
above-mentioned collections for the use of their materials.

Wood samples of Daphniphyllum were available dried; they were boiled, sec-
tioned on a sliding microtome, and stained with safranin. The wood samples
which were harder were treated with ethylene diamine (Kukachka, 1977) prior to
sectioning. Woods of Daphniphyllum provide difficulties not because of their
hardness but because of the gelatinous nature of tracheids (and other cells) and
because of the very thin-walled (less than 2 um often) nature of vessels, which
tend to collapse during sectioning.

Anatomical Features

Vessel elements.—Vessels of Daphniphyllum are generally angular as seen in
transection (Figs. 1, 7, 12, 16). However, in D. gracile (Fig. 15), vessels are more
nearly rounded in outline. Vessel walls are mostly between two and three microns
thick. Although vessels in pairs can be seen occasionally (Fig. 16), vessels may
be said to be characterized as solitary.

Perforation plates are long (Fig. 10) throughout the genus. Bars may be forked
(Fig. 3) or with interconnections (Fig. 11) in all taxa, although the majority of
bars in any taxon are not so altered. The number of bars per perforation plate
(Table I, column 4) is large throughout the genus, although somewhat smaller bar
numbers seem to characterize the temperate taxa D. glaucescens subsp. old-
hamii, D. glaucescens subsp. teijsmannii, and D. himalayense (both subspecies).
Bars bear borders at edges of the perforation plate (Fig. 3, left and right), and
sometimes (notably D. glaucescens subsp. teijsmannii, Fig. 11) along the length
of the bars as well.
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TaBLE 1
WOoOD CHARACTERISTICS OF Daphniphyllum
Species Collection 1 2 3
D. glaucescens Blume subsp. borneense Carlquist 15500 59 74 1009
(Stapf) Huang (RSA)
CLPw s.n. 52 97 1890
D. g. subsp. buchananifolium (Hallier f.) CLPw s.n. 84 45 1605
Huang
D. g. subsp. oldhamii (Hemsley) Huang MADw-3250 64 99 1147
MADw-24889 53 167 1547
D. g. subsp. scortechinii (Hook. f.) Huang Carlquist 4404 67 98 1648
(RSA)
KEPw-1078 78 75 1726
D. g. subsp. teijsmannii (Zoll.) Huang KYOw-905 47 111 1441
MADw-8318 51 149 1394
TWTw-3380 50 123 1358
D. gracile Gage FPAw-NGF-4487 60 71 1636
FPAw-NGF-6765 59 75 1875
MADw-25314 76 61 1247
D. himalayense (Rosenth.) Muell. Arg. RBHw-13077 36 184 1215
subsp. himalayense
D. h. subsp. macropodum (Miq.) Huang KYOw-110 50 159 1191
PRFw-14678 49 118 1127

& Legends for columns: 1, mean vessel diameter, um; 2, mean number of vessels per square mm
transection; 3, mean vessel element length um; 4, mean number of bars per perforation plate; 5, mean
tracheid length, um; 6, mean tracheid diameter, um; 7, mean tracheid wall thickness, um; 8, mean
height multiseriate rays, um; 9, mean height uniseriate rays, um; 10, mean ray width, cells; 11, mean
tracheid length divided by mean vessel element length; 12, ‘‘vulnerability’’ ratio (vessel diameter
divided by vessels per square mm); 13, ‘‘mesomorphy’’ ratio (vulnerability ratio multiplied by vessel
element length).

Lateral wall pitting of vessels is predominantly scalariform on vessel-ray con-
tacts (Fig. 6), with some pitting transitional to opposite. On other vessel contacts
(Fig. 4), pitting is scalariform (vessel to vessel) to sparse (vessel to tracheid,
vessel to axial parenchyma cells).

Vessel diameter (Table I, column 1) does not fluctuate widely in the genus, but
narrower vessels characterize temperate taxa, especially D. himalayense (com-
pare Fig. 12 to Figs. 1 and 7). Vessel density (Table I, column 2) varies inversely
with vessel diameter in a rough way; the variations will be discussed with relation
to ecology in a later section of this paper. Vessel element length ranges upward
from 1000 um (Table I, column 3), but not with distinctive patterns within the
genus. Species with longer vessel elements have means which exceed the range
given for the genus (‘‘1000-1640 um’’) by Metcalfe and Chalk (1950).

Tracheids.—As shown in Table I (column 5) tracheid length in Daphniphyllum
ranges from means of 1331 um to 2207 um. Means must be considered approx-
imate because of the wide variance in tracheid length within a single wood sample.
Likewise, the ratio produced by dividing tracheid length by vessel length (Table
I, column 11) fluctuates considerably within the genus. However, the ratio for
the genus as a whole is rather low (average of the means = 1.23) and this would
rank the wood of Daphniphyllum as highly primitive according to the interpre-
tations of this ratio (Carlquist, 1975a). Longer vessel elements and tracheids tend
to occur in larger wood samples. This accords with the length-on-age curves
showing gradual increase in length of tracheary elements with age (Bailey &
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TaABLE |
CONTINUED
4 5 6 7 8 9 10 1 12 13
37 1231 23 4 629 289 2.30 1.22 0.77 777
65 2207 34 6 789 332 2.45 1.17 0.54 1022
50 2100 34 6 742 310 2.40 1.31 1.85 2970
40 1462 25 5 554 193 2.65 1.27 0.65 741
45 1842 23 5 562 322 2.07 1.19 0.32 495
66 1967 28 8 881 368 2.10 1.19 0.69 1131
61 2099 30 6 699 300 2.40 1.22 1.05 1811
46 1905 25 5 636 187 2.05 1.32 0.43 616
44 1580 23 S 742 338 2.12 1.13 0.34 474
49 1648 30 5 638 373 2.04 1.21 0.41 552
73 2131 34 6 889 333 2.60 1.30 0.85 1391
96 2318 34 7 1149 545 2.25 1.24 0.78 1460
54 1589 28 6 649 239 2.50 1.27 1.25 1553
43 1331 25 6 722 543 2.00 1.10 0.20 238
46 1527 27 7 748 259 2.20 1.28 0.32 377
48 1444 25 6 741 311 2.00 1.28 0.42 472

Tupper, 1918). The shortest vessel elements were observed in the smallest of the
wood samples studied here (xylem cylinder 2.8 cm in diameter), D. glaucescens
subsp. borneense, Carlquist 15500.

Tracheid diameter fluctuates within the genus (Table I, column 6), but the
narrower tracheids occur in the temperate to subtropical taxa, the wider tracheids
in the tropical taxa. Tracheids can vary in diameter within a sample in those
species with growth rings (Fig. 16). Tracheid wall thickness varies somewhat
(Table I, column 7), but notably thick-walled tracheids occur in one collection of
D. glaucescens subsp. borneense (Fig. 1). The thicker tracheids in these bands
may represent reaction wood. However, all of the taxa of Daphniphyllum have
notably gelatinous tracheids. Distinctive wall shrinkage patterns are evident in
the prepared slides.

Pits on tracheids are all fully bordered (Fig. 5). Pit apertures are elliptical and
lie within the circles formed by the pit cavities as seen in face view. In some
tracheids in most taxa, splits occur in such a way as to lengthen the apparent pit
aperture (Fig. 6, left). These splits are to be interpreted as dehydration artifacts
related to the gelatinous wall structure, and are not part of the basic pit structure
in the genus. The same phenomenon is common in Buxaceae (Carlquist, in press
b).

Axial parenchyma.—As Metcalfe and Chalk (1950) note, parenchyma strands
are formed of long cells, often in strands of seven, in Daphniphyllum. However,
axial parenchyma may be characterized as relatively scarce in D. glaucescens
subsp. borneense and in D. himalayense (both subspecies). Groupings of axial
parenchyma slightly greater than what a random pattern would dictate can be
observed in some taxa. A tendency toward diffuse-in-aggregates was noted in D.
glaucescens subsp. teijsmannii (notably in latewood) and in D. gracile. A ten-
dency toward abaxial groupings (one to three cells on the abaxial sides of vessels)
was noted in D. glaucescens subsp. borneense, D. glaucescens subsp. teijsman-
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FiGs. 1-6. Wood sections of Daphniphyllum glaucescens subsp. scortechinii, Carlquist 4404
(RSA). 1. Transection, showing band of thick-walled tracheids, center. 2. Tangential section; biseriate
and uniseriate rays present. 3. Portion of perforation plate from radial section, showing narrowness
of bars. 4. Intervascular pitting on vessel above perforation plate, from radial section. 5. Pits on
tracheid from radial section. 6. Portion of a radial section showing tracheid with splits in wall, left,
and scalariform vessel-ray pitting, right. Figs. 1-2, magnification scale above Fig. 1 (finest divisions =

10 wm); Figs. 3-6, scale above Fig. 3 (divisions = 10 gxm).
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nii, and D. gracile. In no sample is the deviation from diffuse distribution strongly
marked, however.

Vascular rays.—Rays are both multiseriate and uniseriate in all species. Mul-
tiseriate rays are mostly two cells wide at their widest points (Figs. 2, 8), resulting
in the figures offered in Table I, column 10. The central portion (biseriate or
multiseriate) of multiseriate rays is composed of procumbent cells predominantly
(Fig. 9), with only a few erect sheathing cells (Figs. 2, 8). Uniseriate wings occur
on many multiseriate rays. The wings are identical to uniseriate rays histologi-
cally, and are composed predominantly of erect ray cells. In no species were all
uniseriate rays devoid of procumbent cells, but taller uniseriate rays tend to have
procumbent cells whereas shorter uniseriate rays may lack them.

Taller rays (Table I, columns 8 and 9) tend to occur in larger wood samples,
whereas shorter rays tend to occur in smaller ones. The shortest rays were ob-
served in D. glaucescens subsp. borneense (Carlquist 15500, sample 2.8 ¢cm in
diameter). Ray length appears to be governed by age, therefore, and to follow
the same patterns mentioned above under tracheids.

In D. himalayense subsp. macropodum (Fig. 13) and in D. himalayense subsp.
himalayense (Fig. 14), uniseriate rays outnumbered multiseriate rays. In all other
species of Daphniphyllum, multiseriate rays outnumber uniseriate rays or are
about equally abundant. Apparently the secondary xylem of D. himalayense
originates ontogenetically with rays uniseriate or mostly so. This has been judged
a specialized feature in Illicium by Bailey and Nast (1948). It only holds true for
some species of Illicium (Carlquist, in press a), but it may also be observed in
Sarcococca of the Buxaceae (Carlquist, in press b). The ray histology of Daph-
niphyllum could be described as Heterogeneous Type I in the typology of Kribs
(1935), with the exception of the earlier-formed secondary xylem of D. himalay-
ense, which corresponds to his Heterogeneous Type III. Ray width does not
appear to correlate with taxonomic divisions within Daphniphyllum.

In radial sections, bordered pits may be observed on ray cells in all of the
Daphniphyllum taxa studied. However, the bordered pits are confined to the
tangential walls only, and are most conspicuous on the procumbent cells. The
occurrence of bordered pits on these walls seems related to probable conduction
patterns in ray cells. If, as hypothesized earlier (Carlquist, 1975a), ray cells (es-
pecially procumbent ray cells) function in horizontal transport of photosynthates,
not only is a procumbent cell of selective value (fewer tangential walls per unit
length of stem radius) but also bordered pits (greater wall strength compromised
with maximal pit membrane surface area) are of selective value. In this hypoth-
esis, one must assume that ray cells are conferring appreciable mechanical
strength to the wood. That seems a reasonable assumption in view of the rela-
tively thick lignified walls common on ray cells.

Crystals.—Janssonius (1934) reported axial parenchyma subdivided into crys-
talliferous strands (chambered crystals) in what would be D. glaucescens subsp.
glaucescens in Huang’s (1966b) treatment. There is no reason to question Jans-
sonius’s report, although I could not observe crystals in my materials of Daph-
niphyllum, which did not include the taxon Janssonius studied.

Amorphous deposits.—Deposits of unidentified material in the form of droplets
(Fig. 9) or fine granular accumulations may be seen in ray axial parenchyma cells
of Daphniphyllum. Perhaps these deposits are related to the distinctive bitter
scent given off by crushed foliage of Daphniphyllum. The report by Huang (1966a)
of “‘tanniniferous tubules’’ in the wood of Daphniphyllum must be discredited.
Examination of his photographic figures reveals the structures so designated to



258 BRITTONIA

R )
e e e -

W
v
-
-
i,
=
—
—

P

B0 D o< e
S R (e
/1, [ ] ¢

Figs. 7-11. Wood sections of Daphniphyllum glaucescens subsp. teijsmannii, FPAw-13212. 7.
Transection; end of growth ring visible, center. 8. Tangential section. Uniseriate wings present on
many multiseriate rays. 9. Multiseriate ray from a radial section; dark-staining droplets in ray cells.
10. Four perforation plates from radial section. 11. Portion of perforation plate from radial section,
showing interconnections between bars. Figs. 7-8, magnification scale above Fig. 1; Figs. 9-10, scale
above Fig. 9 (divisions = 10 um).
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be the melanin-rich walls of fungal hyphae, an all-too-common component of soft
woods which cannot be dried easily under humid conditions. Huang’s figures
claiming ‘‘tanniniferous tubules’’ in a leaf of Daphniphyllum likewise illustrate
fungal hyphae.

Growth rings.—No growth rings were observed in most taxa of Daphniphyllum.
Growth rings were observed in D. glaucescens subsp. teijsmannii (Figs. 7, 16),
D. himalayense subsp. himalayense, and D. himalayense subsp. macropodum
(Fig. 12). In these three taxa, earlywood is not strongly different from latewood.
Earlywood vessels are wider than latewood vessels, and earlywood tracheids are
wider than latewood tracheids (Fig. 16). In D. himalayense subsp. himalayense,
vessels in latewood were somewhat fewer than those in earlywood, and the last
several layers of latewood were nearly devoid of vessels in some rings. Thus,
growth rings in Daphniphyllum, where present, would correspond to Type ID
(Carlquist, 1980a), with D. himalayense subsp. himalayense representing Type
VD. The taxa of Daphniphyllum which have growth rings represent stations in
high latitudes (D. glaucescens subsp. teijsmannii and D. himalayense subsp.
macropodum are both from Japan) or high altitudes (the D. himalayense subsp.
himalayense sample was collected at 2800 m, about 21°N latitude).

Ecological Summary

The woods of Daphniphyllum qualify as primitive in having long vessel ele-
ments with scalariform perforation plates associated with tracheids, diffuse axial
parenchyma, and Heterogeneous Type I rays. These are wood characters asso-
ciated with mesic preferences in dicotyledons; also, they indicate probable un-
broken occupancy of such habitats, for more specialized woods may also be
found in such habitats, probably representing phylesis into mesic areas from drier
ones by particular groups. The mesomorphic wood features vary little within the
genus Daphniphyllum. One may note fewer bars per perforation plate in the taxa
from colder areas (Table I), but the difference between 40 and 60 bars is probably
not an appreciable one where function is concerned. One may say with respect
to the genus as a whole that all of the localities where Daphniphyllum is found
must qualify as mesic.

The main differences among the species in quantitative features occur with
respect to the indices or ratios (Table I, columns 12 and 13) termed ‘‘vulnera-
bility’’ and ‘‘mesomorphy’’ (Carlquist, 1977¢). These ratios, despite criticism
(Vliet, 1979; see Carlquist, 1980a), prove to be very accurate indicators of habitat
where wood is a primary tool in water relations management by plants. Where
succulent or leathery leaves serve as intermediate buffers in the water relations
of the plant, wood details are not as sensitive indicators of habitat. Vessel ele-
ments in Daphniphyllum show no clear evolutionary trend with respect to length,
other than all being relatively long. Evolutionary alteration of vessel element
length is not easy, based as it is on length of fusiform cambial initials. If, as
Slatyer (1967) avers, air embolisms within vessels do not spread the length of a
vessel, but often tend to stop at end walls (perforation plates), then one may
hypothesize that shorter vessel elements, which better localize air embolisms
formed under drought or frost conditions, would be advantageous to plants in dry
habitats. Daphniphyllum, which is uniformly mesic in preferences, does not ex-
hibit any appreciable trend toward shortening of vessel elements. However, ves-
sel diameter and vessels per square mm do fluctuate within the genus with respect
to ecology. Narrow vessels, more numerous per square mm, may be found in the
taxa from high-montane Burma and from Japan. Narrow vessels may connote
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