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Monbé, and Moppé in Surinam; Ajuelo in Peru;
in British Guiana. L o U
This species is widely distributed, although scat
a largem of tropic:):l America. It is £_o'qn¢ e
open, upland forests but is reported’_as most ¢
younger ridges in Surinam. It also grows n
Africa and is planted in Java (73). Th
known as Ciruela or Ciruelo Agrio, looks and ta
like a plum and is eaten by the natives. '
The tree is of medium to large size, up to 13
and 48 inches in diameter, unbuttressed,
for the basal swelling or at times coarsely fu
clear bole up to 60 to 8o feet long (25).

The heartwood when freshly cut is cream to b
the sapwood is of about the same color and dif
tinguish from the heartwood. The sapwood may be
as 4 inches wide. The wood darkens only slightly
ing and exposure. B

The grain is straight or slightly interlocked
is coarse textured. The pores are readily visible ¢
faces, where they are scattered singly or oce
radial rows of two to four. They are mostly
some tyloses occur in the heartwood. On loi
faces the pores are distinct as grooves or as
lines against a light background. Very fine
chyma barely visible with a lens, together
layer in which the pores are somewhat less nur
almost absent, mark off inconspicuous grow

rays are fine and inconspicuous on all surfaces.,
without characteristic odor or taste.

The wood is relatively light in weight. Its a
gravity, based on volume when green and wi
dry, is 0.40 (0.37-0.42). Weight per cubic fo
Is 58 pounds, and at 12 percent moisture it is

Jobo dries readily due to its low

. density b
accompanied by defects that cause the woo
as moderately difficult to season T

- e !
™riT Aasre ooan 2l
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a5 :npgdsull:ft;dcimm Warp in the form of crook and twist.

cond white osng was slight. Severe mold formed
e ’Whﬂc nlodemm m"’-]‘f' was observed on ?lr::t-

wood during the drying period.
basis 'o;t;;-;gth ults from material JObo:m kg Vet

riginating in Venezuela.

They are compared in the accompanying table with pro.
wouslyavmlabmen at lighter weight wood of
this species of Colombian o hg G
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WOODS {

ed in stories which form very fin

eight averages
::‘;et’fc foo
percent moisture content. by

The wood from a log of an undetern
Tabebuia from Brazil, identifi the fie
also was tested under this :

based on volume when gréen_}é:nd _ _@?ig‘ht hen @
0.83 (0.80-0.85). Weight per cubic foot whern gree

pounds and at 12 percent moisture content it
The heartwood of this wood was chestnut b
The pores, which were individually not
lens, were filled with tyloses (not yellowis
were isolated or arranged in short wavy
nected by parenchyma. Alternating

growth zones were present due to vari:
tion of the pores. The rays were fine and in

all surfaces. “Ripple marks” due to storied ray
but obscure.

Bethabara exhibited a rapid rate of drying
soning in spite of its high density, and the wood
to season. Slight warping took the form of croo
and end and surface checking was slight, as w
ing. Material from one log of Pau d’Arco (Ta
rated moderately difficult to season with a
degrade.

Test material of Bethabara for this study
sources: Surinam and Brazil. Although some differe
be_ noted in the accompanying table, they? are of
minor importance and the data from both sot
combined to obtain average values for the
species is much denser and stronger than any
Even when compared with other -n-opica{
parable high density unseasoned Bethabara e
srr_cpgth properties in every respect and is outs
ability to resist shock.
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As shown in the tab] oy st "
surpasses Greenhe e g it

silience, shock resistance,
shear and is at least com
respects. Bethabara is
properties of the 1
related Guayacan |
and as shown 1
most respects
buia sp.) frc
upon tests of or
Upon air l
its properties alth
increase as -

EB%tlh.o ;;::

comparable
Wtk i

average.
Greenhe

superior in
Greenheart :
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serratifolia is the most important in its ra

Both T. serratifolia and T. guayacan (16)
the Lapacho group of the genus Tabebuia. The

Bzl to Colombia (77).
strength, toughness, resilience, and r¢ e
dccay. Bethabite finds we: 0Bl oit o
fence and house posts, and bridge cons
Fanshawe (25) reports that in British G
used for bridge construction, house frami
crossties. Specialty uses include tool handles
fishing rods, and archery bows. Some logs are
and veneers have been used for decorative
England and the United States (43).
Record and Hess (77) state that the closely relate
T ipe, of northeastern Argentina and Paraguay i
sively in those countries for general constructior
cabinet work, turnery, and vehicles. Between |
million board feet are thus used annually. In t
portion of its range lumber of this species is not di
in the trade from that of T. serratifolia. .
References: 1, 11, 16, 23, 23, 39, 41, 43, 44, 68,
90, 99, 102.

BANAK Virola surinamensis (
(= Myristica surinamensis
The tree and wood of the species here described 2
known as Cuajo and Camaticaro in Venezuela; Ca
Wild Mustard in Trinidad; Baboen and Moonba
Becuiba and Ucutiba in Brazil.

In Brazil, Banak is found in the northernmost
state of Amazonas and the coastal region of P
the whole Amazon estuary, the northern part
and northern Ceard. It is extremely abundant
mundable islands of the estuary, where it
majority of the larger trees. It also grows in
zuela, the Guianas, Trinidad, and the Lesser
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is a medium sized to large tree, attain;

conditions a height of at least 125 feet :r;gd ténﬁ;éivg;a B l:
feet. 3 . .

Two other well-known
Banak in the trade, are V. se
Warb. (= V. merendonis

ecies of Virol, also called
ra Aubl, and V. Koschnyi

ch:rz

species are said t ery mu
well-known species of the far
namely the nutmeg family

spices nutmeg and mace

G0

e

expostire to7a
ranging from
low. The woo







































s

— e —————

FIGURE 1. Enterolobium Sehomburgkii Tangential, 1% X
Figure 2. H ymenolobiun excelsum Radial, 1%5 X
Pithecolobiwm sauian Tangential, 1'% X

Radial, 1% X

FIGURE 3.

FiGure 4. Parinari excelsa
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FIGURE §-
FiGURE 6.
FIGURE 7-
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Radial, 15
Tangential, 1%
Tangential, 11
Tangental. 1%

Holopyxidium jarand
Lecythis paraensis

Diplotropis purpurea
‘T'abebuia serratifolia
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FIGURE 9.
FIGURE 10.
FIGURE 11.
FIGURE 12.

Cordia Goeldiana Tangential, 19
Suwietenia macrophylla Tangential. 1%
Mezilanrus itauba adial, 1%
V onacapoua americand Tangential, 1%
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to a limited degree in perfumery. Linaloe, derived from
Aniba rosaeodora Ducke or bois de rose, is used in the com-
pounding of synthetic perfumes. Natural camphor, once
extensively used in manufacturing celluloid and other

nitrocellulose derivatives, iS prepa.red from Cinnamonnim

camphora (L.) Sieb. Camphor is also a common element in
medicinal inhalants, astringents and insect repellents. The
leaves and bark of Sassafras albidum (Nutt.) Nees and
Lindera benzoin (L.) Bl have been used locally in the
preparation of medicinal teas. The bark of the former yields
an oil used in flavoring carbonated beverages and dentifrices.
Ocotea rodiei (Rob. Schomb.) Mez! probably represents
the most important timber tree among the laurels, although
Record and Hess (1943) state, “The woods of all the trees
(in Lguracene) are suitable for industrial purposes, but com-
pal"a’n‘\'cl_\-’ few are known to commerce.” The wood of O.
rodiei, cnmnlwrciall_v known as Demerara greenheart, or just
greenheart, is noted for its great strength and resistance to
decay and marine borers. South African stinkwood, Ocotea
bullata (Burch.) E. Mey, is highly prized as a decorative
?):’t;;::t ;;};J{(;flcmﬁlc\';:lfljméiri or ra\hgm:or pc?r is the fruit of

_ ' L. Schery (1952) remarks that the
c.\pnnd:r]g avocado industry in California and Florida
already is rivalling citrus pr(fductinn in these regions, Most
Laumceae are characterized by possessing somebkind.of s'l
in the plant body. Among those most commonly found ;:'Ie
cinneol, borneol and eugenol (Kraemer, 1916).

Lauraceae are nearly all tropical or subtropical with th
exception of Umbellularia Nutt., which grows on the P 'tﬁe
Coast probably from northern Baja California (Sta acfll ::
1922) to 70_rcg<m; Sassafras albidwm, which occﬁlrsl? eh,
eastern United States, ranges from Ontario to Fl:;riila?

3

"The specific epithet was originally spelled inei
Schum!zurgk (1844): however when Mez P(ISSQ) r:lﬁ?:gedbgheROhen
from Nectandra to Ocotea, he also altered the spelling of the § gep&ls
f;plrhe_t. According to the International code of botanical nammgzﬁ: :

1952) Section 14, Article 82, Note 2 and Article 820, the spell; .m}
the specific epithet as given by Mez, rodiei, is correct. S
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Lindera benzoin, ranging from Maine and Ontario to Florida
and Texas; and L. mellissaefolia (Walt.) Bl, found from
North Carolina to Florida. Native species of Litsea Lam.,
Persea, Ocotea Aubl., Nectandra Roxb., Licaria Aubl., and
Cassytha [Osbeck] L. inhabit subtropical regions in south-
eastern United States.

Most lauraceous species are indigenous to southeastern
Asia, Central and South America. The continental African
species are few and include representatives of Cryptocarya
R. Br. in extratropical South Africa, Hypodaphnis Stapf in
West Africa, Ocotea and Cassytha in tropical and South
Africa (Stapf, 1913). Both Ravensara Sonn. and Potameia
Dupetit-Th. occur on Madagascar. Australia, the islands of
the Fast Indies and the Malay Peninsula are fairly rich in
laurels, with species of Eusideroxylon T. et B, Cassytha,
Cryptocarya, gndfaﬁdra R. Br., Cinnamommum, Litsea and
Lindera being prominent. Lazurus nobilis encircles the Medi-
terranean Sea.

Most statements regarding descriptive features of laurels
should be qualified in consideration of the variation within
the family. Yet as a family, Lauraceae are reasonably well
delineated. Lauraceae are mostly evergreen trees and shrubs
(Cassytha is a parasitic, dodder-like tufiner), v._rhu:h possess
aromatic bark, foliage, flowers and fruits. Plants are usually
monoecious, some dioecious. Leaves for the most part are
alternate, a few species showing opposite or subopposite
phyllotaxy. The leaves are entire, simple, pinnately-veined,
often punctate, coriaceous, and estipulate.

Inflorescences are most often axillary or subterminal,
paniculate, spicate, racemose or seudo-um_bellate (Allen,
1938). The flowers are usually bisexual, unisexual flowers
being uncommon. The small Yellowm'h-green or whlt:s_h
flowers are actinomorphic, trimerous with 2 perianth of six
basally-connate tepals which may be persistent or caducous.
The floral tube usually persists as a cupule beneath the fruit.

The perigynous androecium commonly f:pnsists of four
whorls }:Jf 'tgh};ce stamens adnate to the perianth tube, The
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innermost cycle of stamens is often reduced to a whorl of
staminodia and further reduction in functional stamens is
not uncommon. Filaments are ordinarily free, and may bear
a basal pair of sessile, glandular protuberances. Anthers are
basifixed, two to four-celled, and dehisce upwards by means
of flap-like valves. Although anthers of the two outer whorls
dehisce introrsely, the inner w horls may dehisce extrorsely.

The pistil is solitary with the ovary superior and usually
surrounded by the cup-like perianth tube. There is usually
but a single, anatropous, pendulous ovule suspended from
the ovary wall (parictal placentation). The style is single,
terminated by an obtuse stigmatic surface which sometimes
is bi- or trifurcated. Fruits are drupaceous or baccate and
ordinarily subtended by the enlarged and frequently per-
sistent s)cri:mth tube, The seed has a straicht embyro and
is exendospermous. The family comprises pErImpw 46 genera
and 3,000 species (Kostermans, 1952). .

The relationships of Lauraceae to other families, and the
delimitation of intrafamilial taxa, have been variously inter-

reted by taxonomists. Lindley (1853) places Lauraceae in
his D:lphn:\l Alliance (Daphnales) coexistent with Thyme-
lacaceae, Proteaceae and Cassythaceae (included in Iaura-
ceae by later authors). He observes that the laurels rca{‘-ml a.ic
the “plumc nurmcgs"‘ (;’\thcmspcrnmcmc. the genera of
which are now placed in Monimiaceae) in the ;i‘lus‘.u.'-.\inl\.
of valvular anthers, and Myristicaceae on account of their
apetalous flowers and “sensible qualities.” Lindley recognizes
that the laurels, while resembling the barberries in :‘mhc.r
characteristics, are far removed from that family by virtue
of the latter family having pt.)])'})tt;llollﬁ flowers, }I“'I"."'\'nuui

stamens, and endospermous seeds. Brown (1810, in I jndlev
1853) is said to have placed Lauraceae next to \1\-,,“.,__(_[_‘“
which were preceded by Proteaceae. In Bentham lll{.i

‘ ang

Hooker's Genera Plantarum: (1880-1883)., the laurc)s ( Lot
neac) are placed in the daphnalean series, probably {'._,1”1'”! %
ing Lindley. Also in this taxon are Proteaceae, ' “‘-'mul-u.\ A
ceae, Penacaceae and Elaeagnaceac. e
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A. W. Eichler (1886) includes Lauraceae with such
families as Berberidaceae, Myristicaceae, Magnoliaceae,
Annonaceae and Ranunculaceae in the Polycarpicae. Pax, in
Engler and Prantl's Natiirlichen Pflanzenfamlien (1891),
believes that Lauraceae form a connecting link between the
Polycarpicae and Thymelineae. He also observes that laurels
differ from monimiads in that the latter have acyclic floral
parts, many ovaries, and frequently endospermous seeds.
Warming (1895) asserts that Lauraceae show relationship
with Polygonaceae since both taxa possess perigynous floral
parts and similar gynoecia. In another place he states that
Thymelacaceae appear to be related to lLauraceae since the
former also have a pendulous ovule, berry-like fruits and
exendospermous seeds. From their general characters,
Warming is of the opinion that the laurels should be grouped
among the polycarps but in an isolated position because of
their syncarpous gynoecium. Hallier, in his phyletic system
of angiosperms (1912), implies relationship of Lauraceae to
Calycanthaceae, Monimiaceae and, indirectly, Chlorantha-
ceae. In this work, Annonales (separated from Ranales by
presence of oil cells in leaves) consist of two sub-orders:
Magnoliineae and Laurineae. The former is differentiated
from the latter by the presence of a hypogynous perianth.
Magnoliineae include Annonaceac, Myristicaceae, Canella-
ceae and Lactoridaceae; whereas Calycanthaceae, Monimia-
ceae, Chloranthaceae and Lauraceae constitute the Laurineae.
The laurels are classed as Ranales in Engler and Diels (1936)
along with thirteen other families. These include such
families as Ranunculaceae, Bcrberidncc.ae,_ N}nnphscaceaf:,
Magnoliaceae, Myristicaceae and Monimiaceae. Wettstein
(1935) has added Lauraceae to the twenty-two other fam-
ilics in the huge and heterogencous Polycarpicae in his
Handbuch. The Lauraceae are placed within the order
Laurales by Hutchinson (1926), together _W.ith Monimiaceae,
Gomortegaceae, Hernandiaceae and Myristicaceae. Laurales,

according to this author, are placed nearest to Annonales and

Ranales. Johnson (1931) recognizes Lauraceae as belonging
in Ranales with eighteen other families ranging in character
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from Trochodendraceae to Ceratophyllaceae and Hernandi-
aceae. Presumably with due regard to his dicta, Bessey
(1915) has arranged Lauraceae in the order Ranales which
includes Piperaceae, Annonaceae, Chloranthaceae, Cabom-
baceae, Myristicaceae, Leitneriaceae and Monimiaceae. A. B.
Rendle (1925) puts the laurel family among the Ranales
adjacent to the Monimiaceae and Ranunculaceae. Basing his
conclusions on floral form, Gundersen (1943) placed Laura-
ceae in the “Magnolia Group” under the order Magnoliales
which also included Magnoliaceae, Calycanthaceae and
Menispermaceae. Ranales, Rosales, and Hamamelidales are
also included in the “Magnolia Group.” In 1950, this same
author included Lauraceae within Magnoliales with seven-
teen other families such as Eupteleaceae, Myristicaceae,
Degeneraceae, Annonaceae, Calycanthaceae, etc.

The laurels are considered as occupying familial rank by
all u? the above-mentioned writers except Hutchinson, who
applies an ordinal designation. Both Lindley and Bentham
and Hooker have I)}:l_ccd Lauraceae in Daphnales in relation
to Pmtc_“.u:(::w :u_'td I'hymelaeaceae. Eichler, Warming, and
Wettstein have included Lauraceae in l’ul\'carpw;w. anlcr
and Diels, Johnson, Bessey and Rendle list Lauraceae in
Ranales, while Gundersen places the family in Magnoliales
Hallier included Lauraceae under Annonales. PJ\tlJcli‘c\'c;
the laurels to bridge the gap between Polycarpicae itid
Thymelineae (Warming, 17th order of (:h"i'lptt.thu; imi
Warming has pointed to possible polygonaceous angd 1h‘\ 1‘:1(;‘-
lacaceous affimities. Thus there appear to be two major views
rcgar’ding the taxonomic p]accmcnt of the Lauracese: “']
that the laurels are related to the proteads and d;.;,]-mﬁldk‘
(Thymelacaceae), and (2) that they have their clogest -.|1ilin;
ities within the ranalian complex.

Anatomists and morphologists have also been concerne(
with the affinities of Lauraceae. In his comparative wor|
the woods of Myristicaceae, Garratt (1933b) says,
a comparison of the anatomy of the secondary xylem of -:h;i
several families under consideration lends definite suppory .
the action of those sysrcmatic botanists who have placeg Thl

{ On
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Myristicaceae close to the Lauraceae, since the general simi-
larity between the woods of these two families is outstand-
ing.” In a later work (Garratt, 1934), he states that while
monimiaceous woods resemble those of Lauraceae, they are
more like Myristicaceae. Certain genera of Monimiaceae are
more Lauraceae-like than others.

Money and her co-workers (1950) in their work on Moni-
miaceae have indicated certain similarities among ranalian
families. They note that Monimiaceae, Gomortegaceae,
Lauraceae and Hernandiaceae are characterized by possessing
oil cells and the unilacunar nodal condition. These workers
further observe that the above-mentioned families, Austro-
baileyaceae, Trimeniaceae, Amborellaceae, Chloranthaceae,
Calycanthaceae and Lactoridaceae are also charactefized by
monocolpate or phylogenetically modified forms (dicolpate,
polyporate, and acolpate) of such pol[cp. In conclusion, they
assert that the first seven of these families “. . . are more
or less closely related, and therefore form a natural group-
ing.” .

While recognizing the very provisional nature of his family
tree for angigsper?ng seeds,ryMartin (1946) belieyes that his
diagram . . may be instrumental 1£1 ri;f:;:eg;:tia LIE-

roving current phylogenetic concepts.” Laurace -
Em:d hgere underpthyt; (s)fme category as the families Rhamna-
ceae, Lythraceae, Labiatae, Bignoniaceac, Betulaceae, Jug-
landaceae, and Fagaceae.

The subdivision of Lauraceae has been undertaken by
several systematists, including Bentham and Hooker 8}81?]10—
1883), Meissner (1864). Mez (1889) and Pax (1891). ¢
the classifications of all four are based for the most part on
floral structure, there are several important deviations ar;o;g_
the systems. These variations can best bfe ;ppreci;;e 'en}:
perusal of table 1, which is a summary © ghe. DR
tioned above.

i nade ions with regard
Pl atomists have also made suggestions With Fe5%
to tl:len Enigmal classification of the family. Janssonius (1934)
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has subdivided the 62 species and 3 varieties of 13 genera
with which he dealt, into three groups based mostly upon
wood anatomy. In “Group I" the species of Beilschmiedia

Nees, Cryptocarya, Endiandra and Lindera gennnifiora Bl
are found. “Group 11" contains the Javanese representatives

of Cinnamomunt, Nothaphoebe Bl ( Alseodaphne Nees and
Persea®), Machilus Rumph. (Persea®), Actinodaphne Nees,
Litsea, other linderas, Phoebe Nees, Debaasia Bl., and Itea-
daphne Bl. (Lindera*). Hernandia peltata Meissn. comprises
Janssonius’ “Group 111" Using wood parenchyma distribu-
tion, Dadswell and Eckersley (1940) were able to divide the
Australian laurels in their study into two groups. These
correspond to Pax’ subfamilies Lauroideae and Persoideae. In
his study of Malayan timbers, Desch (1941) concurs in the
findings of Dadswell and Eckersley with regard to the sub-
division of Lauraceae.

According to both anatomists and taxonomists who have
had experience with lauraceous species, great difficulties have
been encountered in the delimitation of genera and species.
Record and Hess (1943), Janssonius (1934), Kostermans
(1952), Macbride (1931), Hooker (1885) and others have
F:‘nnmcntcd on the apparent artificiality of lauraceous genera.
lh.':‘w workers have asserted that in ;Tl:ln\,' nstances species
assigned to the same genus often show differences greater
than those between species in separate genera.

The writer has embarked on this study with what is hoped
to be a full appreciation of the problems and difficulties in-
volved. In the past, wood anatomy has frequently been helpful
in resolving enigmatic relationships among plant families and
sometimes within plant families. While such studies usuall
d.” not with certainty point to positive relations, they scme}:
times negate supposed kinships and suggest more reasonable
affinities. It 1s the purpose of this work to employ the knowl-
edge gained from a detailed study of selected laurel woods
together with information derived from other fields ot"

“According to Kostermans (1952) these are the valid generic names
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botanical pursuit, to clarify and elucidate the phyletic rela-
tions berween Lauraceae and other plant families. Compara-
tive studies of this nature have been shown to produce the
most useful results, for reliance on criteria from only one
field of botanical endeavor often leads to fallacious and in-
complete inferences. In the course of the investigation, an
anatomical appraisal of some existing intrafamilial subdivi-
sions will be made. Preliminary consideration wi}i_alsn be
given to the circumscription of genera in anticipation of 2
more extensive survey.

MATERIALS AND METHODS

The xylem of members of 20 lauraceous genera was
studied. Two species of each genus were investigated except
in the cases of Aiouea Aubl., Alseodaphne, Apollonias Nees,
Dicypellium Nees, H ypodaphnis, Lavrus L., Phyllostemono-
daphne Kosterm., Ravensara, Umbellularia, and Urbanoden-
dron Mez. Dicypellium, Hypodaphnis, Phyllostemono-
daphne, Umbellularia and Urbanodendron are monotypic,
and only one specimen of each of the other genera was pro-
curable. Kostermans (1952) lists 33 genera as being valid and
states that no more than 40 genera ¥ ill persist ’under critical
revision. Of these 33 genera, Cassy tha, a parasitic, herbaceous
twiner, was not considered in this invesugation. Except for
Phyllostemonodaphne and Urbanodendron, which were twig
specimens, all other species were represented by old wood.

ecimens of Potameid, Systemonodaphne Mez and Hexapora
l—ﬁmk f. were not obtainable. It is estimated that representa-
tives of go per cent of the valid woody genera were available
for this study. Table 2 is a list of the species investigated,
followed by the name, number, or both of the collecting
agency. In so far as possible, citation of author follows that
employed in the works of Allen and }{ostgnnans. In the fe}v
other situations, authorities were deqved from those used in
floras describing the species in question. &

In preparation of sectioned material, .p.ermanent slides were
nmdePusiEr,xg the celloidin method, essentially as described by
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Wetmore (1932). Woods were cut into convenient Sizes,

boiled and P“"‘Pe‘l to remove the air and softened in hydro-
fuoric acid where necessary. After prnlonged washing with
water, softened blocks were dehydratcd in ethanol and em-
bedded in a celloidin matrix. Embedded material was stored
in a glycerine-ethanol solution prior to sectioning. Using a
Reichert sliding microtome, transverse, radial and tangential

Table 2. List oF SPECIES INVESTIGATED

.-L-:E::r’fd.f{‘:".‘:;r lancifolia (Sieb. et Zuec.) Meissn: 14584 Y.
A. reticulata Meissn. 21741 bk
Aiouza m_rr.rr:'.r-L_-ns.F.\‘ (Mez) Kosterm. 38385 ¥
Alseodaphne chinensis Hemsl. 21057 by
Aniba kappleri Mez 44075 Y
?! f)'.l‘.T.jlflml.'.'T Mez 32886 ¥
,':;?_rlnjfr/?}!.?.i' 'J:mrhus;i_;u (Cav.) A, Braun 102-19 H
Beilschmiedia pendula (Sw.) Benth. 19314 NG
B, roxburghiana Nees 13118 Y
Cinnamomum r.m.-'{;\.r".mm' (L.) Sieb. Conover
C. porrectmn (Roxb.) Kosterm. Y u
Cryhioce S e 34315 :
ryptocarya cordata All. 28621 b
C. lancifolia A, C. Sm. 28361 X
Dehaasia elliptica Ridl. 3 300 3
D triandra Merr. )?0 2 Y
Dicypellium caryopbyllatum Nees 2 gz) XI’
Endiandra glauca R, Br. =i
E. trichotosa A. C. S teeat S
mdiicheria endlicerio bsis (Mez) Koste S
[‘ ff'"?'f:‘c;: Nees } ; P Sthelsh
Eusideroxylon melagangai Sym ) ¥
E.znvageri T.etB. S i Wilsel ‘
Hypodaphnis zenkeri S 39452 &
Ypodapianus zens Stapf 5

Laurus nobilis 1. I 20 F}\"H
Licaria cayenmensis (Mei L i)

ria cayenmensis (Meissn. ) Kosterm, e A
f‘.‘ rigida Kosterm. iy %rahcl o A
Lindera benzoim (1..) Bl E{T:lhcl 37 H
;,_. communis Hemsl, Sterg
itsea elongate (Wall, ex Ne 21947 Y

g all, & es) cen v} i Tl le £ 4

L. J;:_c.’!.ffc'r.-? A.C.Sm. eE8) Wieodh. at Hoplet 21988 Y
...i-;e:.dlﬁarm itanba ( .‘-.if-issn.! Tauh, g i
M. synandra (Mez) Kosterm. el 2enp
.\;ccrm:dra coriaces (Sw.) Gris, 2374 ¥
3\‘, ;:{(;bam {Aubl,) Mez Conover
Neolitsea levinei Merr. 40858 L

21995 i
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N. umbrosa (Wall)) Gamble 21964 Y
Ocotea cooperi All, 10277 v
O. palmana Mez et ]. D. Sin, 40827 v
Persea americana Mill, Conover

P. schiedeana Nees 13278 ;4
Phoebe amplifelia Mez et J. D. Sm. 43456 N
P, mexicana Meissn. 34774 Y
Phyllostemonodaphne gewiniflora (Meissn.) Kosterm. g455-a N
Ravensara crassifolia P. Dang. 12893 X
Sassafras albidum (Nutr.) Nees Stern

S. tzwmu (Hemsl.) Hemsl. 20560 X
Umbellularia californica (Nees) Nutt. 40209 Y
Urbanodendron verrucosum Mez : 1141 N

«y—Yale University, School of Forestry, wood collection
H—Harvard University, Biological Labarawories, wood callection
FHI-—Forest Herbarium Ibadan, Forest Departmenr, Lagos, Nigeria
N—Herbarium, New York Botanical Garden

sections were taken as thin as pra'cticable, usually at 15p.
Sectioned material was stained in Heidenhain's iron-alum
haematoxylin and counterstained with safranin. After de-
hydrating and clearing in xylol, sections were mounted in
Canada balsam. Preparations of macerated woods were pre-
pared using Jeffrey’s macerating fluid (equal parts 10 per
cent aqueous chromic and nitric acids). After thoroughly
washing the pulp in water to remove the ac;ds, r'hc matg.nal
was stained in aqueous safranin, dehydrated with tertiary
butanol and mounted in Canada balsam. Pl}otographs were
raken of prepared materials with a Zeiss-Winkel attachment
camera affixed to a Bausch and Lomb microscope model
DDE. =

Anatomical features believed to be most .apgropnare for
this study were selecred from TIPPO’S (1941) list. The tanl;
gential diameters of 25 pores, S _lepted randon}ly from each
species, were measured from sectioned material F““"J"‘t‘ﬁg
the suggestions f Chalk a-.nd.Gha-Ftaway (1 934f) an m@;
investigations of Bailey (1920), megsure_ll}meTg 50
clements were taken from macerated materials. ; emtg‘;
body lengths” could thus be gauged- Bagle_;r h:;s B 'm::Tmbial
elongation of these elements over their Cuhsall(:r:’n e
precursors is slight if any. Subsequently,
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away (1934) asserted that “The phylogenetic sngm.ﬁcance of
vessel member length is probably due to its relation to the
length of the cambial initial " In Sassafras, the only
ring-porous wood in Lauraceae, only the lengths of the vessel
clements from late wood were measured. Chalk and Chate-
away (1935) have shown that because of their considerable
lateral expansion, early wood vessel elements in ring-porous
woods become foreshortened. The extremes and means of
measurements for each species, genus, and the family as a
whole are tabulated in the next section. In discussing relative
vessel clement sizes, classes suggested by Chalk (1936) for
vessel element lengths, and by Chattaway (1932) for pore
diameters, have been employed.

It is recognized by the author that measurements of so
few elements can hardly be subjected to statistical treatment.
Rendle and Clarke (1934) have said, “The diagnostic value
of any feature depends on the extent to which it may vary in

different samples of the same species.” These investigators

suggest that at least 100 vessel elements should be measured
in order to produce statistically significant results. Thus the
measurements that are included in this paper may only serve
to indicate the general size of elements.

Bailey and Howard (1941) have employed a simplified
system for the description of the vertical xylem parenchyma
in [u!t‘.nl_:-lccac. According to these workers, present systems
of classifying wood parenchyma distributions are confused.
and unsatisfactory. Since Sanio’s (1863) description of meta-
tracheal parcr‘lch_\-‘ma (vessels linked with parenchyma) 'iS
the reverse of the present-day usage (bands of parenchyma
(_llvnrccd from contact with ve : i k|
.1‘:11.- the term “banded-apotracheal.” Other terms such as

diffuse-in-aggregates” and “initial” : .I
simply for descriptive purposes but
phylogenetic considerations at
points to the primitiveness of *
enchyma distributions; the derivation and relationship o
advanced types (vasicentric, aliform and conﬂucnt})), how-

present. Kribs' (1937) work

ssels), it should be abandoned

may be satisfactory
should be avoided in

‘terminal” and “diﬁusc"ipar; '
the
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ever, is obscure. Hess (1950) presents an elaborate system for
the classification of dicotyledonous xylem parenchyma.
These categories may well serve the systematic anatomist.
It is believed, however, that many of this worker’s sub-
divisions are merely variations of basic parenchyma patterns.
A tentative list of phylogenetic specializations in xylem
parenchyma has been set down by Bailey and Howard: (1)
broad banded-apotracheal types arise from diffuse ones
through various narrow banded-apotracheal types, (z) in
many families, vasicentric, aliform and confluent types
originate from banded types, and (3) ‘through' excessive
reductionscanty paratracheal types may arise at various levels
in the differentiation of both apotracheal and paratracheal
types. Also, there are many complex types of pax:cnchyrrm
distribution which are transitional between typical apo-
tracheal and purely paratracheal types. B_ccm_:sc of the reasons
cited above, and the diversity of distributional patterns in
xylem parenchyma, these workers prcfcr to use a simple
system describing the variations instead of naming t!lcm.
By slightly modifying Kribs' classification in the light 'of
Bailey and Howard’s suggestions, the following categories
will be used to describe vertical xylem parenchyma in this

paper.

A POTRACHEAL PARATRACHEAL
3 Vasicentric
pif s
Terminal Confluent

The terms aliform and confluent are em loyed without in-
tending to imply derivation of confluent from ghfocn:. gadey
and Howard regard these as a mixture of types. € nducnt,_
for example, would be viewed as a mixture of banded-apo-
tracheal and vasicentric. _ e

That the form and size of xylem rays are not constant
throughout the plant axis has been e_:_nphmzled 1;;;5 Barghoorn
(1940, 19418, 1941b). Because of thls. -cou.thl_lsl_ reg‘atdmgm ne
xylem ray structure should be drawn with great :
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Barghoorn (1941a) hasaptly stated, . . . 1in Phylogeeetic-.
smaies, ray type designations sheu}d be used with consxc_lc;:-.'-
able caution as an aid for determining the degree of speciali-
sation of the xylem. This is true because of the more or less
extensive variation in ray structure which occurs during

successive S[ﬁg@s of SCCOHdaI‘Y gI'O“"th. Thus, ontogenetlc

stages in the same individual may represent different levels

of phylogenetic modification . . .” The ray type des-i:g'—

nations employed here are those of Kribs (1935). It is

questionable whether ray heights and widths are of any

phylogenctic or systematic value because of their variation
throughout the plant. A rough approximation of these values

is listed under each species in the interests of completeness.
In describing the fibrous elements of the woods, great diffi-

culty was encountered in some cases because of the minute

dimensions of the pits. Bailey (1936) has defined fiber=

tracheids as having bordered pits of smaller dimensions than

those in the walls of the vessel elements in the same species.
The term libriform wood fiber as used in this paper refers to
a fiber cell with pits in which the border is 1;1ck'ing or indis-
tinguishable.

Frost’s (1930) categories for classifying scalariform per-
foration plates as to the number of bars. have been used here.
All other descriptive terminology follows that recommended
by the Committee on Nomenclature of the International

Association of Wood Anatomists in the Glossary of terms
used in deseribing woods (1933). -

ANaromicar DESCRIPTION OF THE FANuy

(.;rmvrh rings ( ﬁg. 1, 2) are present in 82
species under mvestigation; 18 per cent show no evidence of
such increments. Among those species which manifelst
growth rings, 23 per cent exhibit indistinct rings. The occur-
rence of growth rings may vary within a specﬁes. Specimens
of Persea americana were observed in which qrca“l?;h rings
were present; others showed no sign of such zones, AE.{ll

per cent of the
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woods except Sassafras are diffuse-porous (fig. 2), the pores
being regularly distributed and of the same size throughout
the growth ring. Sassafras species show decided ring-porosity
(fig. 1). Pore arrangement is summarized in table 3. Here it
is evident that solitary pores (fig. 1-6) are most numerous
while pore clusters (fig. 6) are least abundant. Pore multiples
(fig. 1, 2, 6) are frequent, but do not exceed the number of
pores in solitary arrangement. The pores in aggregates vary
from 2-9, mostly approximating the lower figure. No pore
chains were observed. Most pores are somewhat angular in
appearance though some show a marked tendency to be
circular. Indeed, several species demonstrate well—fermed
circular pores. The number of pores in a square millimeter
varies from 2-80 (few to very numerous). The thickness of
the vessel wall ranges from r-15p; most show thicknesses
between 2 and 6p.

The ground-mass of the wood consists of fibrous elements
that have pits differing from simple (fig. 7)‘through. a series
of vestigially bordered types, to those W’l.th umnfsta_kable
borders (fig. 12, 13). Thus, both fiber-tracheids and ‘hbxjiform
wood fibers are present-.-None of the_hordered pits in the
fibrous elements is of the same magnitude as those in the
vessel walls of the same species. Although tracheids have
been reported in lauraceous woods (Metealfe and Chalk,
1050), none was seen in the specimens examined. Tlge bor-
dered pits generally exhibit slit-like pit apertures gﬂ g 13)
which extend beyond the confines of the border. In many
cases, crossed apertures Were qb‘sc_l-‘vcd_- In rable 3, 0_“? C‘g‘bsee
that 63 per cent of the species studied possess Onl-.,t; '.f er-
tracheids, 29 per cent both _ﬂbcr—trﬁghf“:flg; nan\go c:dnﬁgz?s
wood fibers, and _('ml_qu- Pe.I'.- .cil:l‘;'libitzld elatinous fibers.
exclusively. None of the species ex - g G
The walls of the fibers vary from very thin (g 3) %0 %6y
thick (fig. 12, 19). The lumen is practically OLHECH e
certain species. Septate fibrous elements are common in many
species (fig. 11)-
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The slope of the end walls in the vessel clements (fig. 9-11,
18) is highly variable and ranges from very steep (70%) in a
few cases to almost transverse in several specimens. Most
frequently, the angle of inclination is between 30° and 50°.
Perforation plates are scalariform and simple (fig. 16, 17, table
3); both kinds occur in the majority of species (fig. 16).
The number of bars in scalariform perforation plates varies
from 1 to over 15. The borders on the scalariform apertures
(fig. 16) are complete in most cases. Bizarre types of perfora-
tions (reticulate, vestigial bars, etc.) can be seen in several
specimens. Vessel element lengths in the specimens surveyed
range from r122-1224p (extremely short to very long). The
ayerage range for the family is 204-667u (moderately short to
medium sized), the mean length being 4935 (medium sized).
Tangential pore diameters vary from 15-286u (extremely
small to rather large), the average range for the family is
60-138u (small to moderate sized), and the mean diameter is
101 (moderate sized). Only elements from mature woods
were employed in these caleulations, Table 3 illustrates ranges
in vessel element length and diameter on a -species basis. The
predominant type of intervascular pitting is alternate (fig.
11, 14, 15, 'IR'}_ A few specimens show some transitional anbd
opposite pitting together with the alternate type. The pit
Bit boxtum ams e

-bord vari 1e, round or elliptical (fig.
(4) W hen the pits are loosely arranged, and polygonal (fi
15) W hen crowded. Tyloses are present in the 'rr:ajoritv gf
:«p]cc11n'c-z1s;r1heir walls vary from thin to very thick “and
sclero ; ] alls : : ;
sicated s shory Sondions s s Lk o
tyloses completely ocel Pl':'ffﬂg- e

_ i I v occlude the vessel lumen. Vessels may |
pliug%cd by a few large tyloses or by numerous small rvicm:
whic =5 7 1 : P A
ﬂspccgl present a honeycombed appearance in longitudinal
: V: ascula_r rays correspond to Kribs’ hetero
in the majority of the woods surveyed (fi
stances heterogeneous type IIA is exhi

geneous type I1B
g-8,9). In a few
bited and 2 single
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species evinces homogeneous type I rays. Rays are narrow
and range from 1-6 cells wide; most are 1-4 cells in width.
All specimens show uniseriate rays. These vary from 1-14
cells high; multiseriate rays from 3-66 cells in height. Walls of
ray cells are mostly thin; a few specimens manifest thick-
walled ray parenchyma. Table 3 contains a summary of axial
xylem parenchyma distributions (fig. 3-6). It can be seen that
all species possess paratracheal parenchyma; vasicentric is
most commonly observed. Some species also exhibit aliform
and confluent parenchyma. In addition to paratracheal par-
enchyma, some species display terminal and banded apo-
tracheal distributions,

Secretory cells (fig. 6, 8-10) are an almost constant feature
in the woods of the laurels under study, although a few
specimens do not show this character. According to Jans-
sonius (1934), these cells may contain oil or mucilage and
apparently either compound can replace the other in the
same cell. In the absence of chemical evidence, the cells will
be referred to in this work simply as secretory cells as has
been suggested by Stern ( 1954) for _intercellular spaces.
From observations in this investigation, it appears that secre-
tory cells may have three dispositions in wood: as idioblasts
among the fibers of the ground-mass, 'and among ray or axial
parenchyma cells. Their occurrence is most common 1in the
last two positions. Secretory ceI]s. are roughly ‘barrel_-shapcd;
that is, vertically elongated and widest at the middle (fig. 10).
These cells are distinguished from other similar cells by their
non-lignified thin walls (fig. 6) and sometimes by the pres-

ence of amorphous contents. In sections where the contents

of the secretory cells were not removed during preparation,
a yellow, unstained material refnan:fs, o
Record (1928) reports storying in some sp_ecmsd? 3;:3;
ceae, but none was observed in any of these studies. “X1 :
fAecks” are common in some of the sections. The am_;romlcst
features described here are based solely on the specimens ':s
hand. The reader should consider that some discrepancl
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may occur between these and other descriptions ddue to
variations in the age and origin of the material studied.

Table 3 represents a summary of the most pertinent vari-
able features among the xylem characters of the _specflcs
investigated. Since many cases exist where two species of a
genus differ in several points, each species studied ivﬂoll_bc
described separately. This is more desirable than describing
a genus as based on one or two species. Data on twig speci-
mens are not recorded, nor are features already represented
in table 3.

Actinodaphne lancifolia: Growth rings. distinet; pores 10-
21 in a square millimeter, angular to circular, tending to
angularity; vessel wall thickness 1-4.5u; tyloses absent; Yessel
element end wall inclination 10°-60°, mostly 45°; inter-
vascular pits circular to polygonal, pitting alternate; \-'ascglar
rays heterogeneous IIB, 1-3, mostly 2 cells wide, uniseriate
rays 1-9, mostly 3-5 cells high, multiseriate 4-30, mostly 5-15
cells high; sec;:ctury cells in rays and axial parenchyma; pith
flecks present.

Actinodaphne reticulata: Growth rings distinct; pores 27-
42 in a square millimeter; angular to circular, tending to
angularity; vessel wall thickness 1-3p; tyloses absent; vessel
clement end wall inclination 40°-60 "..mnsr]y 50°; inter-
vascular pits polygonal, pitting alternate; vascular rays
heterogeneous I1B, 1-4, mostly 2-3 cells wide, uniseriate rays
1-5, mostly 3-4 cells high, multiseriate 4-43, mostly 10-30
cells high; secretory cells scarce in rays, axial parenchyma,
and as idioblasts.

Aiouea costaricensis: Growth rings distinct; pores 6-12 in
a square millimeter, angular to circular, tending to circularity;
vessel wn}l rl]iclcncss I-3.5u; tyloses absent; vessel element
end wall inclination 20°-60°, mostly 50°; intervascular pits
polygonal, pitting alternate, snmc'oppmirc; vascular rays
heterogenous 1B, 1-4, mostly 2-3 cells wide, uniseriate ra-ys
1-5, mostly 2-4 cells high, multiseriate 4-28, mostly 10-20
cells high; secretory cells in rays and axial parenchyma.

i ‘poss-section to  show ring-
Jhidum, cross-section g
Yig, 1-3.—Fig. 1. Sassafras a . S-sec toshow Zeg
Fig. 1-3 | B in solitary and radial multiple arrangemen 28—
B o b AT seetion showing diffuse-porosity and pores

4 : ili 55 3 20t porss
fg, 2. Laurus nobilis, €ross ; : i
:ngsu]iml:v and radial multiple arrangements. X85.—VIg. 3

t 1 i.d S5UL L, al ALY ¥ tn(.ll\l“ t‘ILll-
1080 PI."?'J'(,’I‘I .ﬂ':bf rdeana ]“uqtr'“lﬁ 3 pa} 1‘mLI\(.'QJ -]\I'\] I iy &,

P . ¥ o 0
W J”cd thIS ﬂﬂd 21k Cu;-“ ptuc.". X 1 7 .
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Alseodaphne chinensis: Gro i istinct:
in a square millimeter, angular t‘:‘;’ t:hzll?lgai ?LSI:ICEJ(':I':; i 7{ -
ity; vessel wall thickness 2-4.5p; tylos Sk B
Lt e S ; tyloses thin-walled; vessel
: . all inclination 30°-60°, mostly 45°; inter-
vascular pits polygonal, pitting alternate; vascular rays
heterogeneous 1B, 1-4, mostly 2-3 cells widé uniseriate raz's
;1 4, mostly 2-3 cells hg‘gh, multiseriate 4-24, n‘mstly s-15 cells
bigsht; secretory cells in rays, axial parenchyma and as idio-
g Aniba .,l’ex_:pplen: Growth rings distinct; pores 7-13 in a
quare millimeter, angular to circular, tending to angularity;
vessel wall thickness 1.5-5u; tyloses thick-walled; vessel
element end wall inclination 10°-60°, mostly 30°; intervas-
cular pits polygonal to circular, pitting alternate; vascular
rays heterogeneous 1IB, 1-3, mostly 2 cells wide, uniseriate
rays 1-6, mostly 2-4 cells high, multiseriate 4-22, mostly 10-20
cells high; secretory cells mostly in rays, some in axial
parenchyma and as idioblasts; pith flecks with sclerotic cells
present.

Aniba ovalifolia: Growth rings absent; pores 4-15 in 2
square millimeter, angular to circular, tending to circularity;
vessel wall thickness 3-4.543 vessel element end wall inclina-
tion 10°-45°, mostly 30°; tyloses thin-walled; intervascular
pits polygonal to circular, pitting alternate with some
opposite; vascular rays heterogencoss 1IB, 1-4, mostly 2-3
cells wide, uniseriate rays 1=7, mostly 2-4 cells high, multi-
seriate 4-30, mostly 10-20 cells high; secretory cells in rays
and axial parenchyma.

Apollonias barbusana: Growth rings absent; pores 23-20 in
a square millimeter, angular to circular, tending to angularity;
vessel walls unevenly thickened, 3-15¢5 vessel clement end
wall inclination 20°250% mostly 307 tyloses thin-walled;

intervascular pits polyg_o_ml to’ circular, itting alternate;
vascular rays heterogeneous 1IB, 1-3, mostly 2-3 cells wide,
uniseriate rays 1-5, mostly 3-4 cells h‘%l;* .mulnaenat(el 4"3:°i
mostly 10-20 cells high; sceretory €€ in. Fays and axia

parenchyma; sclerotic pith flecks present.
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Beilschmiedia pendula: Growth rings absent; pores 7-13
in a square millimeter, angular to circular, tending to circu-
larity: vessel wall thickness 1.5-6p; vessel element end wall
inclination 10°-50°, mostly 30°; tyloses thin-walled; inter-
vascular pits polygonal, pitting altcmatc;‘vascula? rays heter-
ogencous 1B, 1-3, mostly 1-2 cells wide, uniseriate rays
c;pccinlly numerous, 1-14, mostly 4-10 cells high, multiseriate
727, mostly 10-20 L‘C“h’ hlgh, SCCI’CtOI"V CCllS mn ﬂXlal
purcnch_\'nl;{.

Beilschmiedia roxburghiana: Growth rings absent; pores

8-16 in a square millimeter, mostly circular; vessel wall
thickness 1-5p; tyloses thin- and thick-walled; vessel element
end wall inclination 10°-50°, mostly 25°; intervascular pits
polygonal-circular, pitting alternate; vascular rays hetero-
geneous 1B, 1-6, mostly 3-4 cells wide, uniseriate rays
numerous, 1-5, mostly 1-3 cells high, multiseriate 3-3;3.
mostly ro-20 cells high; secretory cells in axial parenchyma;
pith flecks present.
Cinnamomum  canmpbora: Growth rings distinct; pores
17-35 n a square millimeter, angular to circular, tending to
angularity; vessel wall thickness 2-4.5p; tyloses thin-waiied;
vessel L:lcm;:nr clnd wall inclination 30°-50°, mostly 45°;inter-
vascular pits circular-oval, pitting alternate; vascular rays
hcrc;'ugunuum 1B, 1-2 mnstl_\; z cells wide, uniseriate ravs
1-6, mostly 2-3 cells high, multiseriate 3-16, mostly 7-13 cells
high; secretory cells in rays and axial parenchyma.

Crmnamonsum porre :

e ctum: Growth rings distinct; pores 11-

_Square millimeter, angular to circular, tending to
angularity; vessel wall thickness 3-4.5p; tyloses mostly thin-
u‘a]ir’d; vessel element end wall inclination 10 "'-;o'-'- ‘mostlv
40" intervascular pits polygonal to circular, pitting alternate
with some opposite; vascular rays hcrerugcncnu? 1B, 1-

mostly 1-2 cells wide, uniseriate rays uncomnion ;-6 !( tlg,
2-3 cells high, multiseriate rays 4-]';-, mostly 7-t. ceilml)'S Iy'
secretory (_:clls in rays, nxia].pnrenchvmn and :s 'd'sbi”g Tt
sclerotic pith flecks present, i i NG

ay
-~ & imgy

-

A

¥
.
\

| ; ort. cross-scetion  showing
anbtis Zetkers, CrOss=: A SHowing
Hypdii yarenchyma. N8s—Fig, 5.

Pig. a7 T nd aliform uxial‘ii

solitary, ci L PSSR : sy circular pores and

EILI:; :rr;m:alji;ﬂ ?pwlrdn!m Cmﬁs‘ﬁc"-“oF. caﬁl (,‘l:::rg-wcctiun. A-}n'!m ovali-
flug i ‘ B ter arrange-

.onfluent axial parenchyma. X ) : nd cluster arrange

?:‘];:‘I'h:]?‘t’\j;‘i;] ir’”rcr‘ in solitary, adit :;;: lnl)‘-lgia—l-' ig. 7. Dekaasia
S . o cells, S simple

. wed ronSDICHOUS sc:.rcmrg e : i and simp
n;f.mﬁ‘ and u::g_;‘fn illustrating Jibriform wood fib
allintica erosS=SEC ke
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Cryptocarya cordata: Growth rings distinct; pores 14-24 in
a square nulhmetm_‘, angular to circular, tending to angular-
ity; vessel wall thickness 1.5-34; tyloses thin-walled; vessel
clement end wall inclination 20°-50°, mostly 40°; inte;‘vasém
lar pits polygonal to circular, pitting alternate; vascular rays
heterogeneous 1A, 1-3, mostly 1-2 cells wide, uniseriate
rays I-11, mostly 5-7 cells high, multiseriate rays 4-42, mostly
15-20 cells high; secretory cells scarce in rays and as idio-
blasts, common in axial parenchyma; pith flecks present.

Cryptocarya lancifolia: Growth rings distinet; pores 12-21
in a square millimeter, angular to circular, tending to angular-
ity; vessel wall thickness 2-4.5u; tyloses thin-walled; vessel
element end wall inclination 20°-50°, mostly 45°; intervas-
cular pits po]ygonal to elongate, pitting alternate with some
opposite and transitional; vascular rays heterogeneous 1B,
1-3, mostly 1-2 cells wide, uniseriate rays 1-6, mostly 3-4 cells
high, multiseriate 4-33, mostly 9-15 cells high; secretory cells
in rays and axial parenchyma.

Debaasia elliptica: Growth rings indistinct; pores 9-19 ina
square millimeter, circular; vessel wall thickness 3-4.5p;
tyloses thin-walled; vessel element end wall inclination 30°-
60°, mostly 45°; intervascular pits polygonal to circular,
pitting alternate; vascular rays heterogeneous 1B, 1-2, mostly
> cells wide, uniseriate rays 1-g, mostly 4-8 cells high, multi-
seriate 5-34, mostly 10-20 cells high; secretory cells in axial
parenchyma. _ ;

Debaasia triandra: Growth rings distinct; pores 11-20 18 e
square millimeter, angular to circular, tending to ang‘uln:"thy 2
vessel wall thickness 1.5-343 tyloseﬁf"“’“h th1ckcand thin wa os:
vessel element end wall inclination JoRefos, ‘most?’ e
intervascular pits polygonal to clongate, piting 3}t‘ema::
with some opposite and transitional; vgscqla-r )

PP g e S om-
geneous 1B, 1-3, mostly 2 cells wide, uniseriate rays T
THOn. 1. mbstly 253 cels Bighy multiseriate §-17 mostly 5-12
5 1 7, Mostly 2 3 o . pith flecks present.
cells high; secretory ¢ s ghsenys P PEes o distinct; pores
Dicy pellium caryophylatunt: Growth rings ¢ /

; ickness
26-34 in a square millimeter; circular; vessel wall th
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3-4-5p; tyloses absent; vessel element end wall incl.matiol_af
20°-50°, mostly 40°; intervascular pits p()lygonal to cucul&r_,-:
pitting alternate; vascular rays heterogeneous 1B, 1-2, mos 1{:
2 cells wide, uniseriate rays scarce, 1-4, mostly 2-3 cells

-

high, multiseriate 5-30, mosil_v 8-16 cells high; secretory cells
in rays; pith flecks present.

Endiandra glauca: Growth rings distinct; pores 6-16 in a
square millimeter, circular; vessel wall thickness 3-4.5u:

tyloses thin-walled; vessel element end wall inclination 30°-
50°, mostly 40°; intervascular pits polygonal to circular,
pitting alternate; vascular rays heterogeneous IIB, 1-4, mostly
2-3 cells wide, uniseriate rays 1-7, mostly 2-3 cells high,
multiseriate 3-24, mostly 8-16 cells high; secretory cells in
rays, axial parenchyma, and as idioblasts.

Endiandra trichotosa: Growth rings absent; pores 3-8 in a
Square millimeter, angular to circular, tending to circularity;
vessel wall thickness 3-4.54: tyloses absent; vessel element
end wall inclination 20°-60°, mostly 45°; intervascular pits
polygonal, pitting alternate; vascular rays heterogeneous 11B,
i-2, mostly 2 cells wide, uniseriate :':1\'5'1-14, mn;r]y 2-4 cells
hagh.l multiseriate 6-27, mostly g-15 cells hiqh;'secretory
cells in axial parenchyma and as idioblasts, :

Endlicheria endlicheriopsis:
4-10 1n a square millimerer,
2-4.5p; tyloses thin-walled:
tion 30%-66°,

Growth rings distinet; pores
circular; vessel wall thickness
; vessel element end wall inclina=
: mostly 45°; intervascular pits circular, pitting
.:k {..Lll‘]fl.itl,",: \_.-.1;ct1l-.:‘r rays heterogenous 1B, 1-3, mostly 2 cells
- A€, uniseriate rays 1-6, ll]n_\[l_\' 2-3 cells high, multiseriate
§-27, mostly 10-20 cells high; secretory cells in rays.
. !'.m:!u'i.u_’n_n sericeq; Growth rings indistinct; pores 12-20 in
a Mill:;l(: nlnllm.mmr‘ angular ro circular, {.cmlinq to angularity;
“ W L] e - (1o 4 i
L i thickness 1-5=315 tyloses thin-walled; vessel ele=
ment end wall inclination 20 -60°, mostly 4575 intervascular
pns.‘pnl_\'gmml to circular, pitting alternate; ‘\-'ascular rays
hcrcmgcncnus B, 1-3, MOostly 2 cells wida aiaios.
17, mostly 2-4 cells tion Y. 2 cells wide, uniseriate rays
> TEY 24 cells high, multiseriate 4-66, mostly 15-25

*A0a

-

A i «tion show-
Fig. 8-11.—Fig. 8. Ravensara P m:-]e%z“m:cmtin rays and
CAR. e g Oa : . s sec " ) g
ing vascular rays verging on h“mugc[]“-c‘ltyvo. Umbellularia californica,
thick-walled fibrous elements. ﬁﬂg-;,n:%gmm fays, secremry ces
tangential section showing near Is. % 85—Fig. 10. Tu:gg_'cmml 9{*"31}" :
and angular yessel element end b !:ggretili'f cells in axial pawn;hr,:’:’“"
Cinnamonmn porrectunt, SHOWIOE SCCXCC w rim . caryo 2
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cells high; secretory cells in rays and axial parenchyma; pith
flecks present. ]

Eu{z’deroxylmz melagangai: Growth rings indistinct; pores
3-13 in a square millimeter, circular; vessel wall thickness
3-6p1; tyloses thin-walled; vessel element end wall inclination
107-45 “, mostly 30°; intervascular pits polygonal to circular,
pitting alternate; vascular rays heterogeneous 1B, 1-4, mostly
2-3 cells wide, uniseriate rays scarce, 1-6, mostly 2-3 cells
high, multiseriate 5-33, mostly 15-25 cells high; secretory
cells in rays and axial parenchyma.

Eusideroxylon zwageri: Growth rings indistinct; pores 2-8
in a square millimeter, circular; vessel wall thickness 8-gu;
tyloses thin to very thick-walled; vessel element end wall
inclination 0°-30°, mostly 20°; intervascular pits circular,
pitting alternate; vascular rays heterogeneous 11B, 1-4, mostly
2-3 cells wide, uniseriate rays 1-4, mostly 3-4 cells high,
multiseriate 4-57, mostly 10-20 cells high; secretory cells in
axial parenchyma.

Hypodaphnis zenkeri: Growth rings indistinct; pores 3-18
in a square millimeter, angular to circular, tending to circu-
larity; vessel wall thickness 1.5-3p3 tyloses thin-walled; vessel
clement end wall inclination 0°-45°, mostly 40°; intervascu-
lar pits pulngnal to circular, pitting altei:natc; v'ascplar rays
homogeneous 1, 1-5, mostly 3-.-1.'cel.b: wide, uniseriate rays
1-9, mostly 4-7 cells high, multiseriate 4-34, mostly 15-25

cells high; secretory cells very scarce, 0CCUrring as idioblasts.
Laurus nobilis: Growth rings distinet; pores 20-38 in a
square millimeter, angular to circular, tending to angularity;
vessel wall thickness 1.5-3; tyloses thm—wallcc}; vessel ele-
ment end wall inclination 30°-75° mostly 50°; intervascular
its circular, pitting alternate; vascular rays he‘terogeneu}:s
1B, 1-4, mostly 2-3 cells wide, uniseriate rays :—ﬁl,lsmf:fstly:
2-4 cells high, multiseriate 335, mostly 3-15_ g.e < nigh;
secretory cells scarce, occurring i rays and as 1di0DIasts.
Licaria cayennensis: Growth rings absemtiIi Pim 2-9 in 2
square millimeter, circular; vessel wall 5 cﬂlrgss l}:;tr‘.l 10 Fr;
tyloses very thick-walled; vessel element end Wall inc
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20°-50°, mostly 45°; intervascular pits circtllar, pt.t;mg, :lltelll';
nate; vascular rays heterogeneous IIB, 1-3, oRa h‘fe
wide, uniseriate rays scarce, -5, 11195t1_v 2-3 cells 1g_h,
multiseriate 5-30, mostly 15-25 cells high; secretory cells in
rays and axial parenchyma. .

v rigida: Growth rings distinct; pores 8-20 1n a square
millimeter, angular to circular, tending to circularity; vessel
wall thickness 1.5-4.54; tyloses thin-walled; vessel element
end wall inclination 10°-50°, mostly 45°; intervascular pits
polygonal to circular, pitting alternate; \'as_culgr rays hctcrq-
geneous 11B, 1-3, mostly 2 cells wide, uniseriate rays 2-13,
mostly 3-8 cells high, multiseriate 4-33, mostly 15-25 cells
high; secretory cells in rays, axial parenchyma, and as idio-
blasts.

Lindera benzoin: Growth rings distinct; pores §3-77 in a
square millimeter, angular to circular, tending to circularity;
vessel wall thickness 1.5-4.5u; tyloses absent; vessel element
end wall inclination 30°-60°, mostly 457; intervascular pits
circular to clliptical, pitting alternate; vascular rays hetero-
geneous 1IB, 1-3, mostly 1-2 cells wide, uniseriate rays 1-14,
mostly 3-8 cells high, multiseriate §-48, mostly 10-20 cells
high; secretory cells absent.

Lindera commmunis: Growth rings distinet; pores 33-56 in
a square millimeter, angular to circular, tending to circular-
ity; vessel wall thickness 1.5-2.5u5 tyloses thin-walled; vessel
clement end wall inclination 20°-50°, mostly 407; inter-
vascular pits polygonal, pitting alternate; vascular rays
heterogeneous [1B, 1-3, mostly 2 cells wide, uniseriate rays
t-7, mostly 2-3 cells high, multiseriate 4-30, mostly 10-15
cells high; secretory cells in rays and axial parenchyma.

Litsea elongata: Growth rings distinet; pores 8-14 in a
square millimeter, circular; vessel wwall thickness 1.5-4.5p3
tyloses rlun-waﬂc%!; vessel element end wall inclination 20°-
50°, mostly 40°; intervascular pits circular to elliptical, pit-
r:ng :‘.ltcmatc; vasc_ulal: rays heterogencous 11B, 1-4, mostly
s e 2 5 oy 53 Gl g
scarce in rays, commoner in :;x'nl : 11% 1’- o

2 al parenchyma.

Spuageri, Cr¢ sssesection Hus-

i > 3. !-In.r;'u'erax_\'kﬂ?_ S ey i Yk :
Fig. 12-15—Fig. | S svtied fiber-tracheids. % 680—Fig. 13

i 2 its i : . irs in fiber-
trating bordered pis. i & ion showing bordered pits in fib

af . gy - . seenon showimg < il
Beischmicdin Pene A ypiacarsa. coda, tangenal, sction
tracheids. K68o—Fig. 14. L0 Pl and circu t
: : rascular  pirung. 2
illustrating alternate }I(n:;:;‘ib}‘fig :5!3; Phoebe mex:cma&hrrmg;-‘t:'iz:;l
|lipn apertures. 2 X ite INLervasc .
:itfizfadw Show alrernate and cmmm,gison%%mtl;fos?;. X420,
po]ygonﬂ pits with eﬂlpﬂﬂﬂl ap
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Litsea mellifera: Growth rings indistinct; pores 27-44 in a
square ;nﬂlunet‘cr, angular to circular, tending to circuiarit\:-
vessel wall lrhif-:ll{]m?ss L.5-4.0p; tyloses thin-walled; vess'éi
clc‘u‘wnr. enc \\-l.ar mchnatlpn 15°-50°, mostly 35° inter-
vascular pits polygonal to circular, pitting alternate; vascular
rays heterogencous 1B, tending to homugcneity, 1-5, mostly
3-4 cells wide, uniseriate 1-4, mostly 2-3 cells high‘ muiti}.
seriate §-36, mostly 10-20 cells high; secretory cells in axial
parenchyma.

Mezilaurus itauba: Growth rings indistinet; pores 8-13 in
a square millimeter, angular to circular, tending to circular-
ity; vessel wall thickness 4.5-7.5p; tyloses thin-walled; vessel
element end wall inclination 10°-45°, mostly 30°; intervascu-
lar pits circular, pitting alternate; vascular rays heterogeneous
[IB, 1-4, mostly 2 cells wide, uniseriate i’ays scarce, 3-0,
mostly 4-5 cells high, multiseriate 5-18, mostly 8-12 cells
high; secretory cells scarce in rays, commoner in axial
parenchyma.

Mezilaurus synandra: Growth rings indistinct; potes 5-9 in
a square millimeter, angular to circular, tending to circular-
ity; vessel wall thickness 1.5-3.0p; tyloses thin-walled; vessel
clement end wall inclination 10°-45°, mostly 30°; inter-
vascular pits circular, pitting alternate; vascular rays hetero-
gencous 1B tending to homogeneity, 1-4, mostly 2 cells wide,
uniseriate rays scarce, 1-5, mostly 2-4 cells high, multiseriate
6-—:9, 1]]05[1y 15-25 cells hlgh; Secretory cells 1n axial
parenchyma. ’

Nectandra coriacea: Growth rings _distinqt; Ii“"'“t:s_‘l's'80 e
square millimeter, angular to eircular, tending to cir culant?’i
vessel wall thickness 1.5-4.5/4 tyloses :h_m-walleti; ey
clement end wall inclination 35°-50" mostly 40.;hmter—
vascular pits circular, pitting alternate; vascular rays heterer
gencous [1B, 1-3, mostly 2 cells wide, umse:‘-liawl_o_i’} colls
I]lOStly 1-3 cells hjgh, multiseriate 4“38; mostly Ic
high,; secretory cells absent.

Nectandra globosa: Growth 1ings
Square millimeter, angular to circular,

absent; pores 7-13 m a
tending to circularity;
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vessel wall thickness 1.5-3-03 tyloses thin-walled; vessel .
element end wall inclination 20°-457, mostly 30°; inter E
Sy ot k . P . 5 i 2 L=
vascular pits poly gonal, pitting alternate; vascular rays heter-
ogencous 11B, 1-4, mostly 2-3 cells wide, uniseriate rays !_
scarce, 1-3, mostly 2-3 cells high, multiseriate 4-29 mostf?:: ol
15-25 cells high; secretory cells absent. ' Y
Neolitsea levinei: Growth rings distinct; pores 34-58 in a
square ter anoular to circular - a
| }L 11.nlhumlu‘, angular to circular, tending to angularitys
vesse wall thickness 1.5-3.0p; tyloses thin-walled; s
element end wall inclination 55'-00- Illostly 4_0’ yesse}
vascular pits circular to ellipti - 3y Inter-
m}w ar pits circular to elliptical; vascular rays thtC?{):‘ te.r"":
3 tending to A, 1-2 cells wide, uniseriate vgencous
S A _ s wide, uniseriate rays 1-8 =
3-4 cells high, multiseriate 3-23 = 4 ’ IIlOS_tly.
g iseriate 3-23, mostly 5-15 cells highs®
secretory cells absent. I 2 h]gh;-
Neolitsea 1 % . ) 2
outsea wmbrosa: Growth rings disti
W h rings distinct; : -
square mullimeter, angular to Ci!‘uai-lr ve dt.’ pores 41-48 ina
vessel wall thickness I.c=2.0m ¢ ‘I » tending to angularity;
o ; 157303 ; Q ‘ i
clement end wall mt_‘lmm.‘:mh }:}beb thin-walled; vessel
= @ « 307 -0§5" i
|.i.‘LL.'|‘!. I It “Irer ar £ =253 I]]Ubtl OC'. -
vascar pits circular to clongate, pitting iy e ol
pposite; vascular rays heteroge g alternate, some
fA ey rays hetcrogeneous 1B tendi i
_\‘. ...[1;3[‘-‘\ 1-2 L‘L:]i'\ Wi 1 = A : ten lng 1o IIA'-
cells hiol S ac, uniseriate ray - 3
15 high, multiseriate s-2 : ys 1-7, mostly 2-5°
tory ce € 5-38, mostly 15-25 ¢ - 3 \
y cells numerous in axial parencl U525 cells high; secre-
Ocotea cooperi: Growtl 3 chyma and as idioblasts.
. - . J \ 1 I.II]Ir - . .
square milli S Indistinct, : !
i, -”!L millimeter, angular to Ci?cul distinct; pores 5-10 in @
VESS val . L= '“'" - . ¥ -
] ]L- wall thickness 1-g Spy tyl t‘—m]ilng to circularity;
EHCHE end walll facii geon b SN thin-walled;
e wall inclination 30760 1 i I‘ﬂlltd, vess
ar pits nolv 2 - g 7 - 1
ravs i-f'-r.'..'l polygonal to circular ilti.nfr 105Cly 4575 AR
i ICICIrorene ¥ ¥ “ir b 1 i 8 1 B YTFALC,
5 geneous I1B, 1-3, ”Ml_lyp, :lflirupau,, vascular
' & 11'1_':'\]“3 3-4 cells high -In-uijt'“ Is wide, uniseriate
S ierh: cecr = o | Seériarte
Oe Ugh; secretory cells in axi seriate, 634 lTlOSl‘ly
dcotea pabmana: Growil S 1n axial parenchyma.
Square mill; #. Larowth rings disti 5
\‘ti‘\'\t_’i" 1\]]-]_”|mmn:!].‘ “”UH}:II‘ to L'i:-‘g&[ dl-‘!tmct; POrcs 6-15 in a
L‘lcmcntm l1 thickness 1-1.5,,: :.ru ‘];1r, tending to circularity;
end wall ineliwaent . tYlOSes in-w i
vascular pits p]i”l Inclination 35°-64° thin l\\allcd; vessel
; lygon: ol , mostly 4¢%: i
heterogeneous 118, ';”l. pitting  alternate: {'aﬁtsl, =
» 1=3, mostly Tavyl YASCUid
ostly 2 cells wide, uniscria{c ;g:

17-27 cell

Actinodaphne reticulat

Laurus nobilis, illustrating
ation plates. X420~ Fig. 17
owing many-barred sealari-
Tangential section, Hypo-

16, Radial section,
sealariform pcr.fur
7. radial seetion shi

form perforation plate. x gro—Fig. 18 tial sec
nd wall inclmauon, alternare

]Ig, :f»-lt).—]"ig.
adjacent simple and

how vessel element €
homogeneons vascular rays. ¥ 85.—Fig. 19-
Cross-secron showing chick-walled fibers,
and a sclerotic tylosis. X85

daphbunis zenkeri, 10 S
intervascular pitting and
Eusideroxylon =ziwage i,
paratracheal axial parcnch}’mnv
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1-7, m_ostly 2-3 cells high, multiseriate 4-30, mostly 15-;

cells high; secretory cells scarce in axial parenchyma 5

Persea americana: Growth rings distinct; -

e : 3 5 pores 18-28 in 3

square millimeter, angular to circular, tending to circularity:

: ) g to circularity;

vessel wall thlcknqss 1.5-3.5u; tyloses thin-walled; vessel

clement end wall inclination 20°-50°, mostly 40°; inter

T wiite 3 -

vascular pits polygonal, pitting alternate, some o posite;

v;ztfculgr rays heterogeneous I1B, 1-4, mostly 3 cells wide,

uniseriate rays 1-g, 1lnostly 2-4 cells high, multiseriate 5-33,

mostly 10-20 c‘el!s high; secretory cells in rays, axial paren-
chyma, and as idioblasts.

Persea schiedeana: Growth rings indistinct; pores 13-27 ina
square millimeter, angular to circular, tending to angularity;
vessel wall thickness 1.5-3.0p; tyloses thin-walled; vessel
element end wall inclination 20°-65°, mostly 45°; inter-
vascular pits polygonal to circular, pitting alternate, some
opposite; vascular rays heterogeneous I1B, 1-3, mostly 2-3
cells wide, uniseriate rays 1-7, mostly 2-3 cells high, multi-
seriate 5-23, mostly 10-20 cells high; secretory cells in rays,
axial parenchyma, and as idioblasts; pith flecks present.

Phoebe amplifolia: Growth rings distinct; pores 2-5 In a
square millimeter, angular to circular, tend“_lg to cr C‘ﬂm‘)’_;
vessel wall thickness 1.5-3.5 tyloses thin-walled; vessel
clement end wall inclination 30°-50°, mostly 45°; inter-
vascular pits polygonal to circular, pitting alternate, some
opposite; vascular rays heterogeneous 1B, 1-4, IPOSﬂY u;'}
cells wide, uniseriate rays 1-7, mostly 2-3 cells h,.mr u;
seriate 4-20, mostly 10-20 cells high; secretory cells in ray
and axial parenchyma. L [ 4

Phoebe mexicana: Growth rings distinct; pores 14725 1 &
SRS _cireular, tending to circularity;
square millimeter, angular to Circtial; led, vessel clement
vessel wall thickness 1-3p tyloses EAn e Ao, e ular pits
- PR o %0 stly 45°; intervasc I pl
end wall inclination 30°-65°, H0S Y 4 "te‘ vascular rays
polygonal, pitting alternace, some SPFERR iooizee rays
heterogeneous 11B, 1-3, mostly 2 cells WiC€, LE e

: ¥ ells high, multiseriate 4-23 y
scarce, 1-5, mostly 2-3 cells WBG T T o) parenchyma,
5-15 cells high; secretory cells in rays, &
and as idioblasts.
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Ravensara crassifolia: Growth rings possibly present ag
marked by regular bands of parenchyma; pores 4-7 in a
square millimeter, circular; vessel wall thickness 37500
tvloses very thick-walled; vessel element end wall in(:]inativai:f:E
30°-50°, mostly 45°; intervascular pits polygonal, pitting
alternate, some opposite; vascular rays heterogeneous IIB, 1-5,
mostly 2-4 cells wide, uniseriate rays i-4, mostly -2 ce1.1§
high, multiseriate 4-57, mostly 10-30 cells high; secretory
cells absent. - ' o -

Sassafras albidum: Growth rings distinct; pores 20-61 in a
.‘\lili"..l‘ri‘. m_:!imvact-:.r. small pores in late wood angular, large
pores in early wood rounder: ring-porous; vessel wall thick-
ness 1.5-4.5u; tyloses thin-walled: vessel element end wall
Incination 30°-70%, mostly 45°-60°; intervascular pits poly-
gonal, pitting alternate, some opposite; vascular rays hegerz—;
geneous 11B, t-5, mostly 2 cells wide, uniseriate ra-v.:; numer-
nuls. 19, Mostly 2-4 cells high, multiseriate 4-23, mostly s-15
cca} fngh; secretory cells in rays and axial p:lf&ﬁchvrﬂh.
W‘-?'1.*;:\‘.3,{?:?..;'1_r-:-umn: FE rowth rings distinet; pores ['4-43 in 2
Trare miliimeter, small pores in late wood angular, larce
early wood pores rounder: ring-porous; vessel wall thi’cl-'nregss
_I_'-:h“*"-"": tyloses thin-walled; vessel element end wall irt(:\lin'l-
1on 30°-70°%, mostly 30°-50°; intervascular pits po[vrrnn‘a]
to circular, pitting alternate, some Opposite; \':‘..‘\C\IHF:I-‘a S
heterogeneous I1B, 1-5, mostly 2-3 cells wide, nnixcri:;te r -

- ™MiAC - = " > 4 avs
i 5 mostly 2-3 cells high, multiseriate 4-20, mostly 10-20
cells high; secretory cells common in rays and axial p'lI’C;l

chyma, less frequent as idioblasts.

f._'»'i-’r"‘n‘!?nf:’n‘!a californica: Growth rines distinct:
it In a square millimeter, angular to circular, tending tq
angularity; vessel wall thickness 4.5-12p; tyloses 'hiﬂ-\\':ﬁlui-
essel element end wall inclination 20° -45°%, mostly 2co.
intervascular pits polygonal, pitting alternate; vascylar ;--:\-\
ietere geneous 1B, tendency to homogeneity, 1-4, mostly 1# ¥
cells wide, uniseriate rays 1-4, mostly 2-3 cells high. ”-'Ulhrij

rate 3-17, mostly 5-15 cells high; secretory cells i, ;"1.\-'«-
vial parenchyma, and as idioblasts. A

pores 16-
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Discussion

Anatomical considerations.—The Lauraceae possess a com-
bination of anatomical features, which as far as can be deter-
mined, d(:_hljlllts this taxon from other families. Among these
characteristics, the following are most significant: (1) vascu-
lar rays narrow, mostly 1- 3-seriate, heterogeneous 11B, (2)
paratracheal parenchyma in all species, (3) alternate inter-
vascular pitting, (4) secretory cells in the majority of species,
and (5) diffuse-porosity in all but a single genus.

The several genera of laurels are not nearly so sharply
defined as is the family, for species placed in the same genus
on gross morphological characters may be anatomically dis-
similar. Endiandra trichotosa shows no secretory cells in the
rays, but these cells do occur in the rays of E. glauca. Lindera
commmunis possesses secretory cells but none is seen in L.
benzoin. Cimnamomum camphora has only simple perfora-
tions, while C. porrectum has both simple and scalariform
perforation plates. Similar variations occur in species of
Cryptocarya, Nectandra, Endlicheria and others. However
it should be borne in mind that these few examples of ana-
tomical differences are derived from studies on a relatively
small portion of the total number of species in Lauraceae.

As has been intimated previously, anatomists have been
aware of the hazy generic boundaries among the laurels.
Janssonius (1934) states that sometimes differences among
genera are of less magnitude than those among the species of
a genus. He cites Actinodaphne as an example. In his defcr] p-
tions of Malayan laurels, Desch (1941) mentions that Con-
siderable variation in anatomical structure exists within a
species and between different species of the genus, SO that
no well-defined generic fearures can be dlscemed. P_\e‘cord
and Hess (1945) have also o.bservcd that while 5pf_:(:_l§ afc
often easily identified, generic determinations arc difficult.
Dadswell and Eckersley (1940) and Pearson and Bmwg
(1932) have likewise noted discrepancies in the woo
anatomy of species placed Wlt‘hlf‘l the.san“w gmm-

Homogeneity within a taxon is an indication t:h;t ;l;i g;lt::;
gory is natural, whereas heterogeneity prompts do
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whether members of the taxon are genetically related.
Because the species in certain lauraceous genera show large
anatomical variations causing the genera to be ill-defined,
some doubt can be raised regarding the naturalness of these
taxa. Wood anatomists, working with other groups, have
found that species are usually difficult to distinguish on the
basis of anatomical features, yet genera are often distinet.
The sharp anatomical differences among the species within
certain genera of Lauraceae suggests the possibility of un-
natural grouping.

In some random observations, Macbride (1931) has pointed

to the artificiality of several lauraceous genera. He states
that “. . . as he (Mez, 188¢) himself indicated, the
generic lines, especially as concerns Persea, Phoebe, Nec~
tandra and Ocotea, are broken by species that in one or more
essential characters do not entirely conform. As more species

become known, more modifications will in all probability be

disclosed and thereby prove more dcﬁnirely that certain

generic characters regarded as fundamental, such as the
degree of development of staminodia and the position and
relative position of anther cells, are themselves merely vari-
able char-.actc_na. The fact that there are no good concomitant
characters of fruit or foliage, all species considered in the
genera mentioned, suggests very strongly that the really
natural limitations of the group or groups have even yet not
I;_ccp correctly defined.” Hooker f.'|88§ made observations
similar to those of Macbride and wrote, “The spef;icw of this
Order are very difficult of diserimination without fnlits and
the genera are in some cases far from natural: the cha;';lctcr
of 2- and 4-celled anthers separating gencrica]l‘y plants other-
wise very nearly related.” In a recent work Sastri (|- )
writes that the 2- and 4-celled anther condition ‘di\’idc:t?si?t
genus Cinnamomum between Persoideae (anthers »- '-‘ll tde
fmd Laurn‘ideae (anthers 4-celled). The genus Ci?ﬁmn?rf i
15 placed in Lauroideae on the basis of its havin ”ﬁ‘?:]z
anthers. However, Sastri states that the 'Ez{n;{i-cc ef
all \»'ll?rls of stamens in Cinnamonmum iners are‘ 1-]?21]::—
" He agrees with Hooker, saying that the nl;mber of
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locules in the anther does not seem to be an adequate char-
acter to provide a basis for classification in this family.

_Bc_cause of the heterogeneity of the anatomical features
\\-'lthlq genera, it is not possible to subdivide the family satis-
factorily on anatomical grounds. Anatomical classifications
have been constructed, but each suffers from faults arising
from generic indistinctness. Both Desch (1941) and Dadswell
and Eckersley (1940) employ parenchyma distribution as
the basis for dividing the laurels studied by them. Their
classifications coincide with Pax’ subgroups Lauroideae and
Persoideae. Species showing apotracheal parenchyma are
placed in Lauroideae, and those having only paratracheal
parenchyma are in Persoideac. Some species in Persoideae,
according to Dadswell and Eckersley, exhibit scalariform
perforation plates with a few bars. Presumably, species in
Lauroideae have only simple perforation plates. These work-
ers have placed species of Beilschmiedia, Cryptocarya and
Endiandra in Lauroideae, and Cinnamomunm, Litsea and Per-
sea in Persoideae. In Desch’s work, the same genera are
included in Lauroideae; Actinodaphne, Alseodaphne, Cinna-
momum, Debaasia, Litsea and Phoebe are classi_ﬁed under
Persoideae. Janssonius subdivides the laurels studied by him
into three groups. The third group consists of Hernandia
peltata, now usually considered under a separate family—
Hernandiaceae. His divisions are based on the presence or
absence of metatracheal (banded-apotracheal) wood paren-
chyma much as are those of the preceding workers. How-

: Ao : of
., while Janssonius’ groupings largcly_resemb}e thosg
%‘;: h‘: state{s, “Die obegn erfg)ebene Einteilung stimmt nicht

- it demienizen von Bentham et Hooker, Genera
?’?:ne:f;m?ﬁ'f, 1; j:47gzmd von Pax in Engler und Pr:;nﬂ, .’.;I;
1b, 112, welche beide Einteilungen auch voneinander seb
wverschieden sind.” .

An attempt was made by the present autgor' to t;mg::z
the anatomical features described in this slt_:[.uh y 1:1 seigniﬁ-
struction of a classification of Lauraceae. Lhe O itythe e
cant features showing enough variability to P:mlla i andpthe
duction of a system are the type of perforation p
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parenchyma distribution. Difficulty was immediately en-
countered in placing those genera (' Crngtacarya, erfmma-_
mrum, Endlicheria and Nectandra) in which one species had
only simple perforations and the other both simple and

scalariform. Again, the variability of generic bounds is

evident. Some interesting results were obtained when the

anatomical features mentioned above were superimposed on

the systems tabulated in the INTRopUCTION. Among the genera
studied, those which show only simple perforation plates
occur solely in Bentham and Hooker's tribe Perseaceae.
These genera also occur in the subfamily Lauroideae of Pax,
with the exception of Eusideroxylon, which falls under

Persoideac. These same genera are listed only in part in the

systems of Meissner and Mez. Genera studied which exhibit
apotracheal parenchyma occur solely in the Perseaceae of
Bentham and Hooker. In Pax’ system all are in Lauroideae
except Cinpamonmum. The tribes Perseaceae and Crypto-
caryeae of Meissner contain the apotracheal genera.

Referring again to the anatomical classification of Desch,
and of Dadswell and Eckersley._ we find that they have
described the Malayan and Australian cinnamoma as lackin

apotracheal parenchyma. The two species studied by the
writer (Cinnamonum camphora and C. porrectum) evinced
such parenchyma. Once again uncertainty of, or variability
within generic bounds is shown. Dadswell and Eckersle

ir_xrimarc that species in Lauroideae have only simple perfora-
tion plates. Apparently the Australian laurels do not include
species of Dehaasia, Aiouea, Lindera or Laurus, These genera
have secalariform perforation plates and are placed by Pax
under Lauroideae, g

Present systems of classifying Lauraceae are founded
mainly on stamen characteristics, Such features as the num-

ber of chambers in the anther, the presence o absence of
sterile stamens, and the direction otP anther dehiscence are
among those employed in defining the subfamilial taxa. Some
doubt might be raised regarding the desirability of using
t!'lcse features as indicators of relationship, since classifica-
tions based on them cannot be reconciled with anatomical
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or other characters (see Macbride, 1931). It is cnttllre}gr t;):t:esn
sible that 2-chambered and 4-chambered anEl1§;s t ;11\ e
developed independently in unrelated taxa wit ul1 & i
and that all laurels having 2- or 4-chambered m'\t 1lcrs a 5
necessarily closely related. The same may also .lm trucf:enS
the direction of dehiscence and redm_:non of ff:m ¢ stamens.
The characters heretofore employed in separating tl;e g-t;:r}e?:
may have arisen in several parallel series within the ‘:l.ml y 'of
is imperative, therefore, that to form a natural 5)-atcmh

classification for Lauraceae, we employ charact:ers oth_cjr_ t t::in
those now in use. Macbride (1931) has'cmp}msmed thls.m lSs
taxonomic observations quoted earlier in this paper. Irlxsda 0
important that any future stu@ms in Lauraceae m?] u es:
better representation of the species than surveyed in the past.

The wood anatomy of Lauraceac is indicative of a moder-
ate stage of phyletic advancement. Some features show
primitive propensities while others tend toward spccnahza;
tion. The following will serve to illustrate the gamut o
evolutionary specialization as manifested in the xylem ele-
ments of the laurels: (1) predominantly alternate intervascu-
lar pitting but some transitional and opposite; (2) fiber-
tracheids and libriform wood fibers; (3) obl.lquc and
transverse vessel element end walls; (4) mostly solitary pore
arrangement but some multiples and clusters; (5) scalariform
and simple perforation plates; (6) angular and circular pores}i
(7) vascular rays ranging from heterogeneous IIA throug
homogeneous I; (8) axial parenchyma w!nch is mostly para-
tracheal but with some banded and t’emlf‘nal; (9) \:’essel
elements ranging from “ex‘tren‘lely short™ to “very long™ but
which average “medium sized"; and (_1{:,) pores _wlu‘E:h vary
from “extremely small” to “rather large,” averaging “moder-
ate sized.” There are a few features in these woods of ques-
tionable phylogcnet-_ic import, but which nevertheless repre-
sent specializations of a sort. Among these are sccretory cells
and septa in some of the fibers. . : ;

Thus it appears that the woods of this family are transi-
tional, rather than definitely g:hylogen;‘nmlly advanced or
primitive. In the opinion of the writer, however, most
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Hernandiaceae i

Growth rings distinct or indistinct. Woods diﬁ'use-porousr. '

or ring-porous. Fibers with simple pits, septate in part. Pores
mostly §olimry, some in radial multiples. Perforation platm
p}':c(':lomlmantly simple with a few scalariform. Intervascular
pitting is alternate. Vessel element length 300-700u. Vascular
rays homogeneous I and II, some sliqht]y heterogeneot’-i's-; !
Axial parenchyma paratracheal (vasiccn.'tric, aliform and cen~
fluent), and apotracheal (diffuse and terminal) Secreto
cells present in axial parenchyma. . il

1 Lactoridaceae
‘_L\'(mds diffuse-porous. Fibers with bordered
,;.nthtalr}—' and in r;adjul multiples; mean tangential diameter
ot e Sl el
g ate. Vess 1ent len | 300p.
t'\r[‘;;s;uia‘.i:‘.1';1_\,-'5'_cnmpnscd entirely of upri%:th;: 1225;1‘:13“ e
geneous? ). Axial parenchyma apotracheal (diffuse).

Magnoliaceae T

Growth rings disti S L
pm‘::us "[ll':ml l‘lilg-‘? distinet, indistinct or absent. Woods diffuse-
S c}‘Jl'L 1§:.d.s and fiber-tracheids present. Pores anggzl-ar.'-
L ('|L]\:PFILJL mostly solitary and in radial multiples, a
plates s;:fxl.-n-ti;h;-:.'i-:“”'”' I tangential diameter. Perfogati:')nh
Vessel eler: orm, rarely simple  (Magnoli, ' ).

essel element end walls oblique oo e
ly scalariform, some tragicin. Intervascular pitting most-

\ ne transitional and Opposite (L;‘n‘gdeg

dron). Vascular r
@) vascular rays heterope : T
lu_mlugcuenus. Axial e o e

- yarenchv

diffuse and terminal) “"Illizcsc-h'\ mflh apotracheal (banded,

tory cells in mve. ool € paratracheal (vasicentri ([ ¥
) N rays; spiral tlnckenings in vessels ofn';t;:]rfli' P8

W Monimiaceze

't Tings present

L 2LOWEh ting s or abs :

glbcl’& with simple or distinctl\}mnr- ey
ores rounded to oval, somet;

and in radial multiples; very

e ; difFuse—porous'_..
rdered pits, septate in part.
:nes“angular, mostly solitary
Small to medium sized, Per-

(hetero-
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foration plates simple and scalariform. Vessel element end
walls slightly to very oblique. Intervascular pitting scalari-
form to alternate, the latter occurring only in species with
simple perforation plates. Vessel element length 300-500p.
Vascular rays weakly to distinctly heterogeneous. Axial
parenchyma sparse, mostly apotracheal (diffuse and banded)
and some paratracheal. Secretory cells sporadic in rays of
some species; spiral thickenings in vessels of one species.

Myristicaceae

Growth rings present or absent. Woods diffuse-porous.
Fibers with inconspicuously bordered pits or occasionally
simple pits, sometimes septate. Pores oval to ovoid, solitary
and in radial multiples; very small to rather large. Perfora-
tion plates simple and scalariform, the latter occurring in all
woods. Vessel element end walls generally oblique, rarely
transverse. Intervascular pitting alternate, occasionally
opposite. Vessel elements very short to extremely long,
mostly very long. Vascular rays mostly heterogenous, some-
times homogeneous. Axial parenchyma apotracheal (diffuse,
banded and terminal), sometimes paratracheal (vasicentric)
and apparently lacking in one species. Secretory cells com-
mon in vascular rays and axial parenchyma of several species.

Polygonaceae

Growth rings distinct, indistinct or absent. Woods ring-
porous, semi-ring-porous or diffuse-porous. Fibers with
simple or indistinctly bordered pits. Pores mostly solitary and
in radial multiples, a few as clusters; tangential diameter
25-200u. Perforation plates exclusively simple. Intervascular
pitting alternate. Vessel element lgngth 300-630p. Vascul.ar
rays homogencous | and I11, sometimes heterogencous. Axial
parenchyma sparse, paratracheal and apotracheal (banded
and diffuse). Some woods storied, and spirals are found in
vessels of a few species.
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parenchyma. The presence of only libriform wood fibers,
mostly simple perforation plates, only alternate intervascular
pitting and mostly homogeneous vascular rays signifies that
Hernandiaceae are the most specialized among these families.

However, pore distribution in the latter taxon is mostly
solita ry-

Polygonaceae, Proteaceae and Thymelaeaceae seem to be
more highly specialized than the preceding families. All show
clustered pores, predominantly simple perforations, only
alternate intervascular pitting, mostly homogeneous vascular
rays, and paratracheal parenchyma. In addition such special
features as storying and spiral thickenings in vessels are of
relatively frequent occurrence within these families. Vasi-
centric tracheids occur in Proteaceae and Thymelaeacae.
Intraxylary phloem is found in the daphnads. i

Chloranthaceae and Magnoliaceae appear to be on a lower
level of specialization than Lauraceae. Both evince mostly
scalariform intervascular pitting, scalariform perforation
plates, hererogeneous vascular rays and apotracheal paren-
chyma. Magnoliaceae are perhaps on a level slightly above
Chloranthaceae since some members possess simple perfora-
tion plates as well as opposite intervascular pitting, homo-
geneous vascular rays, paratracheal parenchyma and secre-
tory cells.

Lactoridaceae and Calycanthaceae are more specialized
than Lauraceae in some respects, and less specialized in others.
The fibers in Lactoridaceae and Calycanthaceae have only
bordered pits and vascular rays are only heterogeneous.
Axial parenchyma is solely apotracheal in the Lactoridaceae.
On the other hand, perforation plates are exclusively simple
in Lactoridaceae and Calycanthaceae. Intervascular pitting
is entirely alternate in Calycanthaceae and paratracheal par-
enchyma is also present in this family. Of these two families,
Calycanthaceae are the more specialized.

Annonaceae are more specialized than the laurels in tWo
respects: only simple perforation plates are present and
vascular rays are mostly homogencous. However, some

N, {60 TROPICAL WOODS 45

opposite pitting occurs and most of the axial parenchyma is
;1putrachcal. Berberidaceous xylem is more highly modified
than wood of either Lauraceae or Annunaccae_. The fibers
have simple pits exclusively, pores are mostly in aggregate
arrangements, perforation plates are predomunantly simple,
intervascular pitting is entirely alternate, vascular rays are
mostly homogencous, and axial xylem Earcnch‘\«'n_la is ext-_
tremely reduced, being scarce or absent in the majority o
species. ' | ' 51 g e
Gametophytic and embryologic considerations.
ence to several reviews dealing with angiosperm g.amet_o—.
genesis and embryogeny (Johansen, 19505 1)Jla.hcshwl.a.-ar1,' r:j ggz;
Martin, 1946; and Schnarf, 1929) disclosed incomplete s P
in all families under consideration. In cases wh.erc a gC:j 35
family was treated, onl_y a few ?f ti:lcr?ﬁﬁsés W filr:hi?flrwam:
o mij;lg ﬁﬁ:ﬁzqc;;i‘%ﬁgiialoéh;acters which he con-
ﬁiii%ig)of major taxonom_ic importance. Howexﬁnr, g:sei: t:l(; tl:g
paucity of pertinent information, It w;s:h up e
' f any one o ese chnarac

assemble a complete survey of any

amilies under consideration. Because of this,

the t ( : :
E}k:l;utghl;o::ost sketchy comparisons are possible among these

families.
Endosperm is

Chloranthaceae, GO

ceae, Monimiaceac,

in Annonaceae, Berberidaceae,
rrffc?:tig;geae, Lactoridaceae, Magnolia-
Myﬁéticaccae-, Polygonc?ci_elae anddj'l'gg;

] andia

i 1lv Proteaceae, Lauraceae an ern
melaeacegg‘é ?ﬁn}; us. Embryo sporophytes are ﬂf)l;;bi}z; s:;::flf
?rcﬁignac{;ae some Berberidaceac fg Acbfig;:; )mghfom,mha-
m 1 2 e

i di d Vancouveria hexanara), ;
fersonf _‘_ig;fg;i“eaz‘ Magnoliaceae, Monimiaceae ang}of}g;
e a: In other Berbcr_idar_:eae {: Berbem aqu andfm;
mncacc; .Hum thalictroides, Diphylieia lcyg“lmc’anthaceae.
ikt ):!:' and Podophyllum peltatum), ayl e
ﬁm‘_—’-“_"’e Polygonac'cae, Proteaceae and Thylrlne a::i e
e not conspicuously small. Indeed, the e ! ;Ycribed
emb?a(;tﬁaceae; Lauraceae and Gomortegaceac are
Ssalgemg large (Lawrence, 195 1)-
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Schroeder (1943) describes the embryo sac of Perseq
americana as developing from a single functioning chalazal
megaspore which divides to form the “normal” _eight-
nucleate condition. According to Schnarf (1929), this same
condition obrains in the Annonaceae, Berberidaceae, Chlor-

anthaceae, Magnoliaceae, Proteaceae and Thymelacacae as
well as in the Lauraceae.

A single female archesporial cell has been reported by
Schroeder (1943) to be present in the developing mega-—
sporangium of Persea americana. Schnarf (1929) specifies
that this is also the condition in Annonaceae (Annona cheri-
molia and Asimina triloba ), Berberidaceae (Mahonia and
Jeffersonia diphylla and usually Podophyllum peltatum),
Chloranthaceae ( Hedyosmum nutans and H. arborescens),
Magnoliaceae, Polygonaceae, Proteaceae (Stenocarpus sinu-
atus) and Thymelaeaceae. No data were presented for the
other families under consideration,

Basing his system on that of Schnarf (1929), Johansen
(1950) presents an embryonomic classification of types and
variations. Whether or not species belong to a given type
and variation does not necessarily indicate that the species
are related because when the laws of embryonomy
for a given species have been determined, they serve to define
this species from the embryological standpoint. Certain
species from very diverse families may follow the identical
embryonomic laws in a general manner and may therefore
be grouped together as a Type.” In general, the species of a
genus tend to be homogeneous with regard to their embryo-
nomic type. Types may differ, however, within a family.

Persea americana, Peunmus boldus (
gonaceae, Grevillea banksii and G.
Daplne kuisiana, D, pseudomezereum, D. mezereum and
Thymelaca arvensis (Thymelaeaceae) all exhibit variations of
the Asterad Type. Members of the Berberidaceae and Mag-
noliaceae show the Onagrad Type. Sassafras albidum demon-
strates the Piperad Type of embryonic development and
Hedyosnmum  nutans (Chloranthaceae) the Chenopodiad
Type. Siparuna in the Monimiaceae is described as being

Monimiaceae), Poly-
robusta (Proteaceae) and

!
{

-
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complctely sterile. Embryonomical accounts of the other
families are not available.

Palynological comia'em:iom.—Wodc}}ousc (1936) recog-
nizes that two main forms of pollen grains occur in sperma-
tophytes. In the more primitive (found in most gymnosperms,
monocotyledons and lower angiosperms) a distally mono-
colpate® (1-sulcate of Erdeman, 1952) gram xs.producsd.
Here the germinal furrow is on the side of the grain opposite

< e i f the tetrad. Higher
its contact with the other microspores o . et
dicotyledons exhibit a three-furrowed or tricolpate pi) e
grain, which is restricted to these plants.l;l’he baswrt;r;z‘; tlljjf\t:

‘ i i is often so p )
form of the higher dicotyledons is bci ey

ified as to be hardly recognizable. Lrd :
n;)od 25 that “Spores are usually aperturate, 1. (I proy;dled
0'_5;1'\’ ertures, less frequently nonaperturate, Accordigfh Vs
:?11; p?)Ilchn gral,ns of plant families may be assigned to either
category. \ : y

32 Ermn (s ey, Ty S 05

and Wodehouse (1935) have cautioned, ::som S
loyed in using pollen motpi!c)log)f to P:;SI o er
o lant characters, similar modificatio =
w;athm:ther P arisen through different evolutionary
ins may. haye SbEREETTE d taxa usually
g forn m{ The pollen grains of closely reigg éxceptions
?rzcma;lrli or less of tl')le same type, but striking
ocet AR AR hown to occur in the
rains have been sho s

Apegmrar? aggll;;ngiﬁm (sometimes aperturate agc!!m o
e e are exhibited by the same taxo}:g. ioaey
cea, Berbeichce C“IY"‘“‘*"”‘L?MC?};‘E?&@E& Poly-

idaceae, Magnoliaceae, 'Mommtlla e Pollen greits oF
t(:,r;aceae’ "Proteaceac and ']_.;hymd ; l:azcgn-o o Gl
o uona_pcrtumge;ydlé:a:m Ifeurzandiaceae, Lauraceae and
thaceae, Gomo. ]

Monimiaceae.

4 1 A
: assigns the adjective “colpate” 0
sWodehouse (1935) ?ﬁg‘_ﬂéﬂsﬁﬁsh?ﬁ” restricts the usage of

d ge S
ESjpate 1o fusform, meridional furrows.
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Gomortegaceae, Hernandiaceae and virtually all Lauraceae
have nonaperturate pollen grains (Kasapligil, 1951, i'llusnjates
monocolpate pollen grains from Umbellularia cahfom:ca),
and those of Monimiaceae are predominantly that way. It is
interesting to note that all of the above families except
Polygonaceae, Proteaceae and T hymelaeaceae are tabulated
by Meney, Bailey and Swamy (1950) under their catego
“I\-lonuco'lpatc and derived dicolpate, polyporate and acol-
pate pollen—ethereal oil cells present.”

General exomorphic considerations.—The following dis-
cussion represents the results of a survey of taxonomic
descriptions (Engler and Diels, 1936; Hutchinson, 1926; and
Lawrence, 1951) involving the habit, leaf and gross floral
characteristics of Lauraceae, and the thirteen families sug-
gested as being related to the laurels. A moderate diversi
of structure is present among these families, no one bein
strikingly similar to Lauraceae. Some differ considerably.

The families whose exomorphic characters are most like
those of the laurels are Gomortegaceae, Hernandiaceae and
Monimiaceae. The following traits are held in common
among these taxa: (1) arborescent or shrubby habits, (2)
simple, estipulate leaves, (3) mostly or cntire!'\r‘ bisexual act-
inomorphic flowers, borne in branched inflorescences (some
solitary in Monimiaceae). (4) valvate anthers (some Her-
nandiaceac and Monimiaceae also possess anthers which
dehisce longitudinally), (5) a single, pendulous ovule in the
solitary locule (some erect in Monimiaceae) and (6) oil cells
present in the plant body. Several notable differences also
occur among these families. The most important are: (1)
opposite phyllotaxy in Gomortegaceae, Monimiaceae and a
few Lauraceae, (2) inferior ovaties in Gomr)rtegaceae and
Hernandiaceae, (3) a presumably apetalous condition in
Gomortegaceae, Lauraceae and some Monimiaceae, and (4)
a 2- 3-loculate, syncarpous ovary in Gomortegaceae,

Annonaceae resemble Lauraceae in the common possession

of alternate, simple, estipulate leaves, bisexual (in some
annonads), actinomorphic flowers with 2 superior ovary and
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some trimerous parts, an apocarpous gynoecium and anatro-

pous ovules. Differences are noted in the differentiated
pcrianth whorls, the longitudinal dehiscence of the anthers,
the several pistils and the 1-many ovules in Annonaceae.

Lactoridaceae, Polygonaceae and possibly Chloranthacegc
(cf. Swamy, 1953) bear some resembl;_mce to the laurels in
their tripartite floral plans. Anther dehiscence in these three
families is longitudinal, leaves are stipulate, and the ovary of
Chloranthaceae is inferior. The ﬂower;s of Chloranthaceae
are reduced in some genera to the unisexual condltu?n. In
others, only a single stamen, adnate to the ovary wall, is
prcsent. . ‘ . hl

Berberidaceae are like the laurels in having actinomorphic
flowers with an undifferentiated perianth, a superior ovary
and valvate anthers. However, the berbends also P?issi’iﬁ
syncarpous gynoecium, 8-12 perianth segments an
many ovules in a locule.

Calycanthaceae, Magnoliaceae and Myristicaceac If- ief\:};e
or less like Lauraceae in their woody “?'im%‘oﬁg’ : B
apocarpous SUperior ovaries, actmomorpr F:the locule. These
placentation and single anatropous Q‘EQIc;nt they may show
families further resemble Lauraceae in t-ae &iﬁ);r from the
a tripartite perianth whorl. .Cﬂlzcaﬂthace.?m Jeaves and have
laurels in that they are sh;';ﬂ:gs-"__!_“Ffll OPFonth segments. Fur-
flowers with numerous P:stﬂsa-ﬂ : %:e-'wall-'df"a “rosaceous
thermore, the pistils are a -_._'ghqd mha ¢ are stipulate, the
receptacle.” The leaves of Magno (:-?us and the anthers
pistils, petals and stamens are ';ﬁ:epm ‘monadelphous
dehisce longitudinally- M% “fowers, and a peculiar
stamens, basal ovules, UNISEXMAE HEEEEEE

arillate fruit. & o one bear some likenesses to
Proteaceae and Thy melgeaeegﬂ 2?:;; habit, estipulate,

Lauraceae in their predommov{ﬂﬁmg d“i"“sov“':;‘ .

alternate simple Ieach,squDéeh}scem of anthers an_d_._:__:

The number of floral parts, ¢ flowers of some Eroaces

presence of zygomorphy in. £ on in the Taurels.

are at variance with the condition
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Considerations involving floral morphology.—That the
biseriate perianths of Umbellularia californica and Persea
americana are in fact composed of a calyx and corolla has
been averred by Kasapligil (1951) and Reece (1939) respec-

tively. J{asapl.igil points to the three traces cntering the

members of the outer perianth cycle and the single trace
which enters the segments of the inner whorl and says that
“In many dicotyledons this is 2 common difference between
the scpa]'s and p}:rals." “The fact that the perianth traces arise
at two levels is in itself sufficient evidence that the perianth
does not consist of a calyx alone” is stated by Reece for the
avocado. In these species the perianth is complete and is

composed of a tripartite calyx and corolla. In Laurus nobilis,
however, the perianth is not differentiated into sepals and

petals (Kasapligil). Here, the segments of the inner perianth
whorl are smaller than those of the outer cycle, but the mem-
bers of both series are supplied by three traces indicating' a
sepaloid nature, According to the above information, and in
the absence of a more complete survey, it seems likely that
both biseriate and uniseriate (reduced) perianths occur
among the Lauraceae.

A floral tube is formed in Persea americana and Umbellu-

laria californica due to the connation and adnation of the
perianth segments at their bases. In these laurels the insertion
of the androecium is perigynous, but adnation is limited to
the bases of the filaments. The perianth traces in Persea
americana are distinct in the floral tube. This is also the case
in Umbellularia californica and indicates that the perigynous
cup is appendicular in nature, In reference to the insertion
of the floral parts in the Lauraceae, it is noteworthy that in
Hy podaphbnis zenkeri the ovary is definitely inferjor,
Stamens in the two outer whorls o
fornica normally contain a single vascular bundle, whereas
cach of those in the third whor] is supplied by three traces.
In cases where stamens possess a single strand in the filament,
Kasapligil considers this condition as arising through fusion
of a median and two lateral traces, He supports his conclu-
sions with observations from teratological material. The

f Umbellularia cali-
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filaments of stamens in Laurus nobilis are supplied by three
vascular traces, but normally only the median trace reaches
the anther portion. In Persea americana, the stamens are
characterized by having three traces enter the filament. In
Umbellularia californica and Persea americana, the i_:ourth
staminal cycle consists pf 3 stam_inodia. Staminodia in the
former species are supplied by a single vascular trace.

The normal condition in Lauraceae is for the gynoecium
to consist of a single ovary which contains a solitary, pendu-
lous ovule. There is evidence, based on terqto]oglcal speci-
mens of ovaries with 2 ovules and gynoecia of 2 ovaries,
oblique placement of the stigma, and the inconstant posi-
tion of the pistil in certain ggnoccm (In Persea americana
the pistil usually lies in the plane of a sepal; however, it lxs
frequently located on the radius of dpetal.-), that the sing use
pistil of the laurels has been reduced from an a_po.cil{rpo
multicarpellate ancestral condition (Kasapligil, 1951 : :et‘;l%
1939). lfames and MacDaniels (!_Q«i?).POl!}fdﬂﬂF ;n?i 5%
three-trace carpel is most common in dlct)gc PHSfmm <
the one-trace carpel has been derived by b]:f:”ﬁ <l
common arrangement. In Umbellularia l“ iy
I B e s e
ventral trace supplies the OV'Illb'- VALIAEORS et cae darsal,
common, and the six-trace type is Iﬂf;wmce condition
four lateral and one ventral mg;l PW americana. These
two-trace carpels a:eproblbl}' SO
carpels by fusion of themﬂ‘lw L

The flowers of U?Hb IR e S
cana are bisexual as are those in s

the other hand, uwfmm )
daphnis zenkeri and ﬂthm ;

staminate flowers Of
vestigial vascular supp!
flower is character iy

It is interesting o 2 itk
nobilis is dimerous in COMEE :
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most other laurels. Kasapligil assumes that this species may

have been derived from a trimerous ancestor. Along this
same line, provocative statements have also been forwarded
by Swamy (1953) in his work on Chloranthaceae. He con-
cludes that the flowers of this family have undergone reduc-
tion both in regard to the number of floral parts and Yascu]a-
ture. Furthermore this worker points to the trimerous
stamens in Chloranthus and the tricornered gynoecium in
Hedyosnmim. Swamy then broaches the question: Could
these facts be employed to suggest a basically trimerous plan
of construction of the flower (in Chloranthaceae)? He
further suggests a study of Lauraceae, Gomortegaceae and
Hernandiaceae as possibly yielding useful data for a cogent
explanation of the chloranthaceous condition.

The above discussion of the floral morphology in some
members of Lauraceae shows that throughout the reproduc—-

tive structures reduction has occurred (and may still be

occurring). These modifications have involved the loss of

parts as well as the fusion of parts. Further evidences for

these reductions are supplied by Kasapb‘gil in his numerous
illustrations of transitions between the unmodified and modi-
fied conditions as they occur in the laurels studied by him.

In their comprehensive work on the morphology and
relationships of the Monimiaceae, Money, Bailey and Swamy

(1950) have set down four diverse trends of morphﬂlogical- ’

specialization in the flowers of this family. Briefly these are:
(1) modification of the receptacular conbavitv, (2) more or
less extensive cohesion and adnation within the perianth, (3)
variability in the form of stamens and staminodia, and (4)

transitions between bisexuality and unisexuality. These

as well depict the

: ! : ; auraceous flowers.
These investigators, in discussing the relationships of Moni-

trends, moderated somewhat, could just
lines of morphological specialization in ]

miaceae to other families, have stated that “Utilizing Hor-
tonia as a basis of comparison, it is evident that the flowers

of the Laurelieae—in Acquiring valvular dehiscence of their
stamens and a modified

orientation of their anatropous
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ovule—have retained relatively free tepals; stamens with
associated staminodes, which in turn may be variously modi-
fied in form and which may at times assume a glandular
function; numerous transitions between bisexuality and
unisexuality; and varied stages of increasing concavity and
extension of the receptacle, cqu‘ticu]arly subsequent to
anthesis. It should be emphasized in this connection that it is
the stamens and associated staminodes of Hortonia apd the
laurelieae—with concomitant valvular dehi:sccncc in the
Laurelieae—that provide the most cogent evidence of rela-
tionship between the Monimiaceae and the Gomortegaceae,
Lauraceae and Hernandiaceae.”

W. H. Brown (1938) has shown that the presence or
absence of nectaries, together with their form and position
in the flower, is often helpful in the res_olunon of taxonon;xjc
problems. He states that the nectaries in _Laurales :_-1:[':1 mo é
fied stamens and that this is also the case in Berberidales an
Ranunculales. If Laurales are derived from Mﬂ}gzohalelsg
“, . . it must have been from a group in IzhclﬁrwB;%f
had not been differentiated from the sep:a‘ism e
the Monimiaceae and Myristicaceae the h(:hamg&e et
tionsasanecmry.lnotharM limiaceae, In Lauracts

er tamanc s 0F
Hernandiaceae, the nectmes mmodég':d ﬁm 230‘;.
some importance To note in th‘scom o nectaries formed
not mention Myristicaceae as. Wouunuﬁms discusston
from altered stamens. This wquc'!’;i‘ the Laurales may be
by saying that the "hQQFY_-E- o eulaceae. He A
very similar to t.’nose._l?f'_ﬂ}c o 4
the very peculiar nectaries Ot “2
counterpart in lligera (H on on other famil
formation was Pment?dby sy T
allied to the laurels,
In a recent papc.l'i.-F 95 : :
phylogenectic t!‘eﬂdh > o vhe pect P e
the flower. In primitive EEREE 5 e A '
the perianth. ?’ﬂ phylogene o W 0 .
the nectaries are ! Wﬂdagf op of !
are actually situated on ! @ -

i
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most other laurels. Kasapligil assumes that this species may
have been derived from a trimerous ancestor. Along this
same line, provocative statements have also been forwarded
by Swamy (1953) in his work on Chloranthaceae. He con-
cludes that the flowers of this family have undergone reduc-
tion both in regard to the number of floral parts and vascula-
ture. Furthermore this worker points to the trimerous
stamens in Chloranthus and the tricornered gynoecium in
Hedyospmm. Swamy then broaches the question: Could
these facts be employed to suggest a basically trimerous plan
gf construction of the flower (in Chloranthaceae)? He
further suggests a study of Lauraceae, Gomortegaceae and
Hernandiaceae as possibly yielding useful data for a cogent
explanation of the chloranthaceous condition.

The above discussion of the floral morphology in some
n_1cmbers of Lauraceae shows that throughout th::'reproduc—
tive structures reduction has occurred (and may still be
occurring). These modifications have involved the loss of
parts as well as the fusion of parts. Further evidences for
'thesc reductions are supplied by Kasapligil in his numerous
illustrations of transitions between the unmodified and modi-
fied conditions as they occur in the laurels studied by him.

In. their comprehensive work on the morphology and
relatlonships of the Monimiaceae, Money, Bailey and Swam
(1950) have set down four diverse trends of Ifmrphological
specialization in the flowers of this family. Briefly these are:
(1) modiﬁcation of the receptacular con’cavitv* (2) more o;-
Icss.ex’te'.nswe cohesion and adnation within th'e'perianth (3)
variability in the form of stamens and staminodia. and (4)
transitions between bisexuality and uniscxualit\}. These
trends, moderated somewhat, could just as well Elcpicf the
lines of morphological specialization in lauraceous flowers
These investigators, in discussing the relationships of Moni-
miaceae to other families, have stated thar “Utlizing Hor-
tonia as a basis of comparison, it is evident that the flowers
of the Laurelicae—in acquiring valvular dehiscence of their
stamens and a modified orientation of their anatropous
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ovule—have retained relatively free tepals; stamens with
associated staminodes, which in turn may be variously modi-
fied in form and which may at times assume a glandular
function; numerous transitions between bisexuality and
unisexuality; and varied stages of increasing concavity and
extension of the receptacle, particularly subsequent to
anthesis. [t should be emphasized in this connection that it is
the stamens and associated staminodes of Hortonia and the
Laurelicae—with concomitant valvular dehiscence in the
Laurelieae—that provide the most cogent evidence of rela-
tionship between the Monimiaceae and the Gomortegaceae,
Lauraceae and Hernandiaceae.”

W. H. Brown (1938) has shown that the presence or
absence of nectaries, together with their form and position
in the flower, is often helpful in the resolution of taxonomic
problems. He states that the nectaries in Laurales are modi-
fied stamens and that this is also the case in Berberidales and
Ranunculales. If Laurales are derived from ngnohales,
“« . it must have been from a group in which petals
had not been differentiated from the sepals.” In certain of
the Monimiaceae and Myristicaceae the “Forus cup” fune-
tions as a nectary. In other Monimiaceae, in Lauraceae :mc}
Hernandiaceae, the nectaries are modified stamens. It 13 0
some importance to note in this connection that B_rown oe;
not mention Myristicaceae as having any necta_neds_ formec
from altered stamens. This worke: continues Iusl_ 5cus?xgn
by saying that the “honey glands” in the La}-llm es mayth;
very similar to those of the Ranunculaceae. He states

the very peculiar nectaries of Helleborus have their exact

' vt in llligera (Hernandiaceae). No Er:'_rﬁnenr. in-
ggnggs was presﬁhted by Brown on other families possibly
deivie ‘F hn (1953) attempts to present 2

{ t paper, Fahn (1953) atis : i

hlr'l]o;e;i?: trgrig based on the position .o_f- the ne({:iu;qé in

rhz flower. In primitive familig:l ;he nec;anfis artz: :émf aJ:':i 4 et:,
: ) i ore advan

the perianth. In phylogeneticaly W00 /e * 0 q finally

~ & aries are found closer to the gynoecium, nalh

f,:: :gﬁ;s sai-mat'ed on the top of the ovary. The author
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states that exceptions occur, and that nectaries_ are found in
the perianths of advanced families. Howcv.er_ in these cases
they are often associated with such specialized organs as
spurs. Based on this theory, Lauracege wpuld occupy an
intermediate position, since nectaries in this family are on
or attached to the stamens.

Considerations of nodal anatomy.—Kasapligil (1951)
describes the nodal condition of Umbellularia californica and
Laurus nobilis as unilacunar with a single, sometimes trilo-
bed, vascular strand. A study of the early ontogeny of the
node in these species reveals that three distinet traces emerge
from the single foliar gap. After some secondary vascular
tissues are produced, these three separate traces fuse laterall

to form the single U- or V-shaped vascular bundle of the
mature petiole.

The presumably primitive nodal situation in angiosperms
is the trilacunar type, that is, three foliar gaps from which
three traces diverge (Sinnotr, 1914). Upon further modifica-
tion, this condition is reduced or is expanded. Reduction
occurs in the development of the unilacunar nodal type.
Here, three distinct traces may depart, or only a single trace.
The single trace can be produced by loss of the two lateral
traces leaving the median trace, or the three traces may fuse.
In any event, the result is a single foliar gap from which a
single trace departs. The prunitive trilacunar condition may
be altered in the direction of amplification instead of reduc-
tion. When this follows, many gaps are formed, each giving
rise to a single trace (multilacunar type).

Lauraceous nodes appear to be somew
that the tripartite character of the leaf trace is still dis-
tinguishable. That “This method of origin of a ‘single’ petio-
lar vascular bundle may possibly represent a ‘recapitulation’ ™
15 a view held by Kasapligil. In any case, the nodal anatomy

of Lauraceae is clearly advanced over the trilacunar con-
dition. .

hat transitional in

_ Table 4 represents a comparison of the nodal conditions
in the thirteen families supposedly allied to Lauraceae (data
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from Sinnott, 1914, except for Myristicaceae, Gomortega-

ceae, Annonaceae and Lactoridaceae, which are from Money,
aly

Bailey and Swamy, 1950).

Table 4. Nobar Conpitions IN LAURACEAE AND IN
FaanvLies PossisLy RELATED To_ LAURACEAE
Nodes trilacunar or multilacunar

Chloranthaceae Magnoliaceae
Proteaceae Calycanthaceae
Polygonaceae Myristicaceae
Berberidaceae Annonaceae
Nodes unilacunar
Gomortegaceae
ceae rte

ﬁsﬁﬂﬁaceae Lactoridaceae

' i ceae
Hernandiaceae Thymelaea

Phytochemical considerations—The ability for .f;ﬁ
grougs of plants to synthesize g’iyen'chegxflc;lecom?g; e
attributable to the genetic constl:llrl;mgf: ate: bicwitons

chemical substances, as starch, Jants. Other materials, for
occurrence among embryOgEHE e o ericana), are

e (found in 3,
instance mannoketolieprose (7 Still other compounds are
ophytes. Still othet _
ver)(; mﬁ aﬂ;?angx&%gnﬁe taxa of higher pltn:-glllz
P pacity of plants fo manufacture given subs production
fl?f:utc);sw the result of parallel g_vollln‘?:t;:” is common to
f st};rch glucose, chlomPgY“*_ qx)?w’hﬁts In other cases,
fnan di\'rerSc and unr am } m ;b;mp nb‘e--is.a-trﬂc expres-
the faculty to produce 8 CREMIEE St 0 e correlated with
sion of genetic 'mhﬁqmmp!'ﬁ'ﬁi@dng taxa.
other features which dmi?&f ngws T 1939‘
AL 1 of McNair's works (1929, 1935
A o o oy plant conssicuents axo of sich vige
toab, rosea ) il lle oF a0 cogent i [l
e o csmblmhmgmhmmiﬁ;ad “»“m_'l- E-_"%h and str:;t&:tc of
i v e oy, 0 P g i
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and intcrrelationships among these taxa. For example, we
find that well-defined alkaloids are produced in only 38 plant
families and that it may safely be said that the
remaining families will provide only an occasional alkaloid
bearing plant” (Manske and Holmes, 1950). Furthermore,
Biddle (as quoted in McNair, 1935) has stated that there
appears to be “. . . an intimate connection perween the
properties on which the classification of plants is based and
those which should naturally determine the classification of
alkaloids.” This does not mean that all plants which elaborate
alkaloids are related. Rather, taxa which do not yield
alkaloids, in the main do not give rise to others which are
capable of forming these substances (Manske and Holmes).
Alkuloid—pmducing families have arisen from similar taxa,
Some alkaloids are structurally related and others are very
different. The same alkaloid is rarely produced by different
families of plants and certain alkaloids are often characteristic
of a single family. It is of great interest that . . . the
structure of the alkaloids elaborated in various genera exhibit
a degree of sin‘]il;irjt'y of an order commensurate with the
1‘c!ar£rmship of the genera from which they are derived”
(Manske and Holmes). )

A survey of the works of Henry (1949), Manske and
Holmes (1950), McNair (1935) and Pictet ( 1904) reveals the
production of alkaloids in Annonaceac, l‘lemandiaceae,
Lanrgc&;ac, Bcrhcridaccae, Calycanthaceae, Magnoliaceae and
Monimiaceae. The other families with which this work is

Polygonaceae, Proteaceae, Thymelaeaceae and Chlorantha-
Ceae) are not mentioned in these papers. Presumably such
well-known families as Myristicaceae, Polygonaceae, Pro-
teaceae, and Thymelacaccae have been tested and foﬁud to
be non-alkaloid yielding. Chloranthaceae, and especially
Gomortegaceae and Lactoridaceac, are more poorly-known
and probably were not even analyzed,

An analysis of the alkaloids produced i
shows that most are peculiar to the
them. Nevertheless, certain import

n the above families
genus or family yielding
ant mtcrrclationships. are
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: alkaloids produced by these taxa: (1) ]aurqtc-
S\-G?iln2"i:;olr;:g(‘n;iu(:f:d by I.:c_veral spcc¥es of Ijr'tsea and “In view
:‘_;1[: the close relationship‘ b-etwecn boldine (prodpced. b};
Boldea fragrans in Monimiaceae) and laurotemm‘ne bllt 18
interesting to note that . 8 s:ubstaryce I;?SEII-I{I mg
boldine accompanies laurotetanine in Litsea citrata” ( Oem;? ;
1949), (2) bebeerine (pelosine) occurs in the bark ohf _,Cm;‘f
rodiei and Hernandia sonora (Hemandlac_eac) as ; o\mal e\;
Pictet (1904) and (3) the alkaloids synthesized bﬁ |.1no: £
and Laurales (both olrdinal dglg'ga:::gsl gxr;oﬁpek;i}rz e
ins 126,be0nt0-c.e_
fl:r}]::l(l)tr(;)l;:z?:: I:lkrﬁoiegs. Thus% a close relationship is ﬁnd:ica:gg
betwen Lauraceae and Monimiaceae on the one mé sl
Lauraceae and Hernandiaceae (at'least b%t\?eenberween
genera) on the otheir. A Emm gcgh;t:er:]t affinity
Laurales and Annonales is also su L -
Paleobotanical considerations.—The ldcnn?‘ic?;mr?t oosi i{:;sczsl
angiosperms based on vegetative SII'UCl'IlI'f; lc-arrlilj;cs A
only tentative. This is especially Hue e i
foliage is little different from the foliage l(i}as, S ER
Leaves of many laurels, gnmpads,._magﬂo d understandably
cult of discrimination in the living state an P
more so in fossils. With the laurels in Paﬁhe lii;ing S
organs show little variation among mqstu:} P n Rl
an%i species. As has been stressed PI_'e'VmD m};c‘: s ‘o mny:
still in a quandary rg'g_ardmg- th:i m;;’trzlmis:s attempt to dis-
present-day laurels, yet some pi _e%. d only on leaf char-
tinguish fossil genera and species 38’;ounded' solely on leaf
acters. Paleobotanical_:dgimmqg%s ceepted with caution.
impressions or compressions should be a (BP. Ty, 1911, 1914
An extensive review Qfg"’ﬁzi"‘;s’ f;g: 930, 1535}
1916, 1918, 19198, é%zaiféy: 19253 Duigan, 1951; _Ed\t;atdsf.
R. W, BI‘OWmalﬁg?’ iz _l_e'r. 1906.; anltgm lglgs,engl.,
M gét;iij:igfyrwr; Reid and _c@ﬁ& e Poltaress
Agghnle mﬂ?- ?jgég;??’igtﬂc&@ Monimiaceae, .1_:'01)3
Amonacmﬁyfhﬁg&m and Berberidaceae in Mesozoic an
gonaceae, Myristicac
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Lauraceae, no well-defined lines of dcvelopment.among t
families is indicated. It is hardly possible to construct
tree of phylogeny on the evidence presented here, T
tional characters upon which such a scheme could log
be based may have been present in taxa now extnct. Inst
of a main branch producing the laurels and thejr allies
the finer twigs, only the branchlets seem to have sur

into the present, Thus we can only assume common deriva-
tion for these families and not a phylogenetic series.

The anatomy of the wood supports the contentions of
those in\-'cstigamrs who have faced Lauraceae in
proximity to Hernandiaceae, hf;rristicaceae and Mo
ceae. As hased on anatomy this group of families, an
sibly others, represents a closely related, natural tax
Hutchinson ( 1926) recognized ‘these affinities when |
placed the aboye mentioned families in the taxon Laura
"The anatomicy] features which form a common bond a
Lauraceae, ,-\I.\‘ristic:iccac, Hernandiaceae and Monimiace
are: (1) some members which have libriform wood fibe
(2) pores solitary and in radial multiples, (3) sim
scalariform perforation plates, (4) members with alternai

ntervascular pirring. (5) some species with heterogene'" i
vascular rays and others with rays tending to homog_
or actually homogeneous. (6) the presence of apotra
and paratrachea] axial parenchy

the wood. Of these families,
diverse anatomically, T}
clements in this taxon which haye been resolved in
Separate families by Money, Bailey and Swamy (1950
difficult to stare 0N anatomies) grounds whether M
caceae, Monimiacege or Hernandiacege bear the great

resemblance to Lauraceqe. Each shows strong simila
In some features an Variations in others. Of the four fa

the wood of .Hcmandiaceac IS certainly the Most speci
for it exhibits such advanced characters as rij

plates, alternate intervascylar itting, 1
medium lcngth, mostly homogeneo%s i
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I .
ratracheal axial parenchyma. These indicatio_ns of speciali-
: ,acion are corroborated by the presence of an mfc'nor’ ovary
= this taxon. Certain of the Monimiaceae show prunlnlt;xe
::: anization in the wood and are Iu::mcmylcousl;l others & u:']::
ﬁbgers with distinctly bordered Pllts,l \rcl')'ts;l::i ur:llrinneclim—
i ique vessel elemen y
ore diameters, very obliq el fedpd i
jons i intervascular pitting, decidedly _
tions, scalariform in 1 Sdleh oo
5 otracheal axial par
cular rays and mostly ap i
e Tl isti d Lauraceae show anatomi
hyma. Both Myristicaceae an v a
:;E:gxditions interz'nediatc between those of Monimiaceae and

Hernandiaceae. ‘
These four families possess wo.od chamc.tersthtéha:j;fiiiv 12
the main more specialized than those fouqddlz_n_ e 51 -
an iospenh families. The wood anatomy inc ?ahich o
th;gt these families are derived. -Ciam.l_ﬁﬁnonﬂso‘; IR
these families among the taxa of Pm:ll?fizhler, eélalg P
(Engler and Diels, Wettstein, Bessey, i ersen, 4
Johnson, Rendle, Warming and Pou;erti Aot -Pmmdm e
on anatomical grounds. The truth of ¢ mtem;smt'mcal B
be shown later in this section Whge;h;oa;; i ﬁndmgses
are supported by evidence fl‘Olﬂ_ 0 o gt m of Poly-
o
any close relationships wi festures in the xylem such

exhibit certain highly specialized I _E
centric tracheids a l‘-l*ﬁﬂn
acters heldmcomw C
are most likely amﬂamb
ceae as foungdad*o

by evidence from ot
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from stamens, (3) the nodal condition is unilacunar, (4) all
are woody taxa, (5) leaves are simple and estipulate, (6)
flowers are actinomorphic, mostly bisexual and borne on
branched inflorescences, (7) a single pendulous ovule is
ordinarily present in the single locule, and (8) related alka-
loids are elaborated by Lauraceac and Monimiaceae, and
Lauraceae and Hernandiaceae.

It is noteworthy that while wood anatomy supports the
placement of Myristicaceae with Lauraceae, Monimiaceae,
and Hernandiaceae, their position within this group is not
warranted by other studies. Myristicaceae have trilacunar
nodes, non-valvate stamens and have not been recorded as
producing any alkaloids. The stamens in Myristicaceae are
monadelphous, the ovules may be basal and the flowers
entirely unisexual. The pollen is distally monocolpate
sulcate) as in some Magnoliaceae. The similar features w
oceur in the xylem of Myristicaceae and of Lauracea
Monimiaceae and Hernandiaceae may be due in parc-' ',
parallel evolution and/or the presence of a common ancestor.
This ancestor may have given rise to separate lines, one W_hi‘ L
produced Myristicaceae and possibly other families, and one
which produced Lauraceae, Monimiaceae and Hernandia-
ceae. It is also possible that Myristicaceae and the other t ]
families arose on the same stem, the former family bran
off at a separate time to develop certain characters in

different manner from those in Lauraceae, Monimiaceae ana
Hernandiaceae, . “

~ Although the anatomical data on Gomortegaceae were
insufficient to be of use in formulating conclusions as to
the affinities of this family, other data do show that th
family is also related to Lauraceae. Gomortegaceae hax
valvular anthers, unilacunar nodes, oil cells in the
bf)d ¥y, @ woody habit, simple estipulate leaves, actinomor
bisexual flowers and a single pendulous ovule in the locule.
As intimated in a previous section, according to wood
anatomy the laurel family is not a primitive group but is
moderately highly advanced and derived. Evidence in sup-
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ort of this is available from other branches of botanical
-ndeavor. The number of stamens frequently sho.ws r:_rmch
L?dulction in that entire whorls are reduced to stammodla.' In
iome cases all the stamens have been lost, thus producing
ﬁnisexual flowers. Valvular anthcgs are a spec;ahzcd l’om:j
The number of perianth segments 1S small gtyplcally 6) and
may be reduced to 4 in some genera. Fusion has oc;:uni:
mnimg the petals, sepals and stamens to form a ﬂ'ora tﬁa e.
Fvidence is also available to show tha_l: the unicarpe t?
condition has been derived from a n_mltlcarp-el!atei‘ arrang;:e
ment. Only a single ovule is present in the I':nsnll..l :lurarci:so:‘:[l
are characterized by unilacx;mar nodes yvhxch :jve a :
from the trilacunar type. Fusion of the triple vasc ]:r st‘:;an
is seen in the stamens. The vascular supp}y to the Fusfilz
consists only of a dorsal and v'entral trace, indicating g
of 2 ventral traces. Thus it is obvious that mant)lrm : 2
supposedly simple structures 1n Lau:acegehﬂarcb 0 03;
because of reduction and fusion, rather than becausc
actual primitiveness. _ . L
Alth%ugh pertinent aspects in the 1f_iel_ds oir t;m?er&t::;%é’:
?ﬁ?%r;;a:nﬂgcfce'thi' was uncovered provgga t;qg riﬁi?gs
cfl)usivé to be of any g}:eatvalue intlns report. o:: may 53
it has been included with the _l:;ggﬁfuthﬁesomc y be
stimulated to expand upon IEIBEAEELT L o ood
The sial & Iﬁb ee:feén::ff:r%mger fields
of b N emiaceae snd Gomortegaceae, It s sug-
nandi_a_c-ea@,.tﬁégeﬁ, families are nearly enough related fo
by B ‘included with primitive dico-
sl alles are probably descendants
‘taxon. We know from the

Werkomenotl: (191 ﬂ:hat th:y;‘:‘% fmnercandxﬁm
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is present in Lauraceae and allies, and the latter in many
magnolialean taxa. Oil cells are present in magnolialéaﬁ
fami]ics as in lauralean families. The apocarpous gynoecium
is common to both taxa, as is the ability to produce alkaloids,

Pollen grains in both groups are monocolpate, derived dicol-

p:![C, pOl}'POI‘ﬂ[‘G or RCOlpﬂtC.

SUMMARY

T'he constant occurrence of certain features in the xylem

of Lauraceae implies that this family is natural and well-

N

defined. Members of this family possess wood which exhibits

the following characters: (1) diffuse-porosity, (2) mostly

sniir-.;r'}' pores with some multiples and clusters, (3) fibet=
tracheids and libriform wood fibers which may be se r,ate b
o ML s L egomz-
nantly alternate intervascular pitting, (6) heterogeneous 1B
vascular rays, (7) paratracheal axial parenchyma in all species,

(4) simple and scalariform perforation plates, (5) pr

and (8) secretory cells.

While it is true that the xylem anatomy of Lauraceae

serves well to characterize the family, the wood structure of

il;l{:jan;ll::i] taxa s uftcn very hctel'ogencous_ This e g
!nr: ; m_tl_ taxonomic characters selected to circumscribe
atamilial groups do not reflect close relationship Wi gl

[-] 2 i ) il x
I]:E‘hi‘lzj)"l‘--lhg&, unrelated plants may be combined under
>amie catcgory. A re-evaluation by the taxonomist of

characters oyed i ibi
crs employed in describing subfamilial groups is

suggested.

| ists have s
an;():im:i;brigf}: e :_»pe;ularcd on the affinities of the laurels,
following hm‘”_'i’f}lCS_ have suggested relationship to the
sl Ch.loraml‘ Annongceae, Berberidaceae, Calycan-
Lactori::laceac &tq mce]aie,. (;-omorte_gaceae, Hernandiaceae,
Polygonaccae’ Pr %“0 iaceae, Monimiaceae, Myristicaceae,
iy iy Ofotleaccae and Thymelaeaceae.” When the
< sl t)l:at 5 1ese families and Lauraceae is compared,
Tlbieslngd ¢ wood of Polygonaceae, Proteaceae and
i lljgrc specialized than Lauraceae. Among
. Characters, these three families show
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storying, vasicentric tracheids and spiral thickenings in the
vessels, none of which is observed in Lauraceae. Accordingly,
studies in wood anatomy preclude any close relationship
between these three families and Lauraceae.

The wood anatomy of Annonaceae, Berberidaceae, Caly-
canthaceae, Chloranthaceae, Lactoridaceae and Magnoliaceae
is more or less similar to that in Lauraceae. Certain of these
families, such as Annonaceae, contain members which show
features more advanced than in Lauraceae. Others, such as
Magnoliaceae and Chloranthaceae, manifest less specialized
xylem than Lauraceae. Further comparisons indicate that the
wood in Hernandiaceae, Monimiaceae and Myristicaceae
resembles Lauraceae in a number of respects. These families
all have some members with heterogeneous vascular rays,
libriform wood fibers, alternate intervascular pitting, pores
solitary and in radial multiples, and secretory cells. Both
apotracheal and paratracheal axial xylem parenchyma are
found in each of the above taxa. In addition, spiral thicken-
ings in the vessels and storying are ordinarily absent from
these families.

With one exception, findings based on wood anatomy are
corroborated for the most part by comparative studies in
other botanical fields. Anatomical investigations of Myristi-
caceae and Lauraceae have shown that the woods of the
two groups are similar. However, in other respects, this
family varies to a large extent from the laurels. It is sug-
gested that the nutmeg family, Hernandiaceae, Monimia-
ceae and Lauraceae (and probably also Gomortegaceae,
although accounts dealing with the wood anatomy of the
Jatter are very sketchy) were derived from a common ances-
tor, but that Myristicaceae branched off at an early time
from this line of development. Consequently, certain char-
acters of Myristicaceae resemble those of Lauraceae, Moni-
miaceae and Hernandiaceae, while others differ considerably.

Several taxonomic systems include Lauraceae and its
relatives in a taxon with primitive dicotyledons. Anatomical
and other studies show that the features in Lauraceae, Her-













72 TROPICAL WOODS No. 100

Sorexeper, H. 19o8. Systematic anatomy of the dicotyledons (trans.
L_A. Boodle and F. E. Fritsch). Oxford Univ. Press. London.
Sranniey, P. C. 1922. Trees and shrubs of Mexico, U. S. Natl. Mus.
U. S. Natl. Herbarium. Contrib. 23(2): 171-515.

Srapr, O. 1913. Laurineae in Thistleron-Dyer, Flora of tropical Africa,
Vol. 6. L. Reeve and Co. Ltd. London.

Stern, W, L. 1954. A suggested classification for intercellular spaces.
Torrey Bot. Club Bull. 81: 234-235.

Swamy, B. G. L. 1953. The morphology and relationships of the
Chloranthaceae. Arnold Arboretum Jour. 34: 375-408.

Tiero, O. 1938. Comparative anatomy of the Moraceae and their
presumed allies, Bot. Gaz. 100: 1-99. J

——. 1941, A list of diagnostic characteristics for descriptions of

dicotyledonous woods. Ill, State Acad. Sci. Trans. 34: 105-106,
Tiscuier, G. 1927. Pflanzliche Chromosomen-Zahlen. Tabul. Biol.
4: 1-83.
—. 1931, Pflanzliche Chromosomen-Zahlen. Tabul. Biol. 7: 109-226.
. 1937. Pflanzliche Chromosomen-Zahlen. Tabul. Biol, 12: s7-115.
——. 1938, Pflanzliche Chromosomenzahlen. Tabul. Biol. 16: 162-218.
—. 1950. Die Chromosomenzahlen der Gefisspfl i '
W Jonk. The Hagee efiasspflanzen Mitteleuropas.
Warmixg, E. 1895. A handbook of systematic botany (trans. M. G.
Potter), S. Sonnenschein and Co, London.

Wermore, R. H. 1932. The use of celloidin in botanical technic. Stain
Fechnol. 7: 37-62, |

WerrsteiN; R. 1935, Handbuch der s i i
: R. 1935. H: er Systematis : :
Fr. Deuticke. Leipzig und Wien, e B

Wiiriams, L. 1036, Woods
aMs, L. 1936. Woods of northe 1 at.
iy b e heastern Peru. Field Mus, Nat.

WoberoUSE Ve y .
\.‘);}:\I, R. P. 1935. Pollen grains. McGraw-Hill Book Co. New

— 1936. Evolution of pollen grains, Bot, Rev. 2: 67-84.

No. 100 TROPICAL WOODS 73

ACKNOWLEDGEMENT

_It is with sincere appreciation that I thank Dean Oswald
Tippo of the University of Illinois for the friendly guidance
and constructive criticism generously offered throughout
the preparation of this work. Many thanks are expressed to
Professor G. Neville Jones, Curator of the Herbarium, and
Dr. Paul C. Silva of the Department of Botany, University
of Illinois, for their critical reading of the manuscript.
Hearty thanks are offered to Professor Irving W. Bailey of
The Biological Laboratories, Harvard University; Miss Mary
Record, Assistant in Wood Technology at the Yale Univer-
sity School of Forestry; Dr. David Keck, Head Curator of
The New York Botanical Garden Herbarium; Dr, L. Chalk
of the Imperial Forestry Institute, University of Oxford,
England; and the Inspe_ctor-General of Forests, Nigeria, :r'or
supplying most of the raw mat_erials. used in these stpd;cs‘.
For making- copies of their works available, my appreciation
is extended to Dr. Caroline Allen of Pawling, New York;
Dr. A. J. G. H. Kostermans of the Herbarium Bogoriense,
Bogor, Indonesia; and to Dr. C. A. Schroeder of the Division
of Subtropical Hlorticulture, University of California. Grate-

ful acknowledgement is given to Mrs. Donna Joan Rapaich
for her sincere interest and consideration in typing the first
drafts of this paper. I am indebted to my wife, Floraet, who

has constantly encouraged me in my work and prepared the
final copy of this study.

CURRENT LITERATURE

i cota. Leandro, Clave y Descripcion de la Fam-
A'Ll:;i?ztedgeu ;gs Arboles de Venezuela. Tipografia la Nacion,

~aracas, Venezuela. 1-307 pp- 1954

%mw’urk, which is concerned \yitl_l- the forest tm@;- of
Venezuela, is divided into six parts, including the 1:;‘19 up;
tion which is Part L The family key wluch._ls, tgl klty‘-is
cerics of 11 keys makes up Part I The first of ¢ h?:dl::yged
to the 10 artificial grougs into which '_i_h_e'-’*“.t.’_m_r N
the 1oo families treated. Following t-h_:s_ there are keys
the families within each of the 10 groups.







