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Leaf and fruit cuticular features (cell form and / or epicuticular secretions) were studied in the Macaronesian
endemic tree Apollonias barbujana (cav.)Bornm. using SEM and / or LM. In addition, the macromorphological
and floristic aspects of the genus were surveyed. The results were then compared with similar features in 19
available taxa of the Lauraceae representing the tribes Laureae and Perseeae (Five taxa from the present study
and 14 compiled from Literature). The data obtained were analyzed by the NT sys- pc program package using
the UPGMA clustering method. The produced dendrograms were discussed. The study showed that Apollonias
occupies a relatively isolated position in the family with affinities to both the Laureae and the Perseeae. The
significance of cuticular features in the taxonomy of the Lauraceae was referred to, and a revision of the
suprageneric classification of the family as suggested by Rohwer, 2000 is now strongly supported.
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Introduction

Lauraceae (50 genera and 2500 species sensu Mabberley 1997) is a
monophyletic family dating back at least to the mid-Cretaceous (Rohwer, 1993 & 2000).
Yet, the relationships between its genera and species are still poorly understood mainly
because many of its taxa are either still unknown (with new ones still discovered and
identified from tropical and uninhabited regions worldwide), or are high forest trees with
inconspicuous flowers difficult to locate and to collect; thus offering scanty material for
research (Van der Werff & Richter, 1996 and Rohwer, 2000). Van der Werff (1991)
showed that artificial generic and specific boundaries are common in the family due to
convergent evolution, thus making generic delimitation problematic.

Apollonias (Tribe Perseeae sensu Rohwer, 1993) was named by Nees (1833) who
then described in 1836 two species, viz. A. arnottii from India (known only from the
Type) and A. canariensis from Macaronesia; later amended to A. barbujana (Cav.)
Bornm; (Bornmuller, 1903). However, Rohwer (1993 & 2000) has questioned the actual
existence of the Indian species Apollonias arnottii Nees, he believed that Apollonias can
be considered as a monotypic genus.
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Apollonias barbujana (Cav.) Bornm.( Type species assigned by Farr et al; 1979)
is a Macaronesian endemic taxon and constitute together with few Lauraceous genera, a
Tertiary relict plant formation ( Last representative of the ancient Tethyan forests) that
was once widespread in the Mediterranean region some 20 million years ago (Press &
Short, 1994).

The taxonomy of A. barbujana and its relationships with other genera in the
Lauraceae were controversial. Baillon (1872), considered it to be very near to
Cinnamomum Burm, s.str. regarding its floral structure and to Phoebe Nees regarding its
fruits, yet distinguished from both, by its bilocular anthers. Kostermans (1957) considered
Apollonias to be very near Persea Mill. and has probably arised from it through Phoebe
Nees. Richter (1981), proposed a classification for Lauraceae based primarily on wood
and bark anatomy, where Apollonias stands the same distance apart from two groups :
the first one corresponds with the tribe including involucrate inflorescences (Tribe
Laureae sensu Kostermans 1957 and Rohwer, 1993 ) and the other corresponds to the
tribes Cinnamomeae and Perseeae (sensu Kostermans, 1957)or the Perseeae (sensu
Rohwer, 1993) with ex- involucrate inflorescences.

Rohwer (1993), suggested that Apollonias should be included in Phoebe Nees.
The same author (2000) after a cladistic analysis based on evidence from mat K
sequences, showed that Apollonias together with Alseodaphne Nees, Dehaasia Blume,
Persea Mill. and Phoebe Nees seem to constitute a real phylogenetic alliance, which he
called the Persea group, while Cinnamomum Schaeff (s.1.) appeared distant.

Van der Werff & Richter (1996), stressed on the utmost importance of
incorporating new data sets from different criteria in order to achieve more conclusive
results about the interrelationships within the Lauraceae eventually cuticular studies,
molecular aspects, phytochemestry, etc.

Cuticular studies in the Lauraceae were used by many authors in an attempt to
differentiate between species or to clarify the relations between them (Bandulska, 1926;
Kasapligil, 1951; Ferguson, 1971&1974; Hill, 1986; Ow et al, 1992). However,
Christophel et al. (1996a), Christophel & Rowett (1996b) and Li & Christophel (2000)
drew the attention to the importance of cuticular features in the taxonomy of the
Lauraceae. Furthermore, they stressed on the fact that the family makes an ideal candidate
for a global study based on leaf cuticles.

As to Apollonias barbujana, the subject of the present study, no studies were
made on its leaf cuticular features except a scanty report given by Ferguson (1974) who
showed that herbarium specimens of Apollonias and Laurus (that were often confused),
could be distinguished from each other only by the leaf epidermal anticlinal cell walls
which are generally straight in the former taxon and are sinnuate to slightly undulate in
the latter taxon. Kamel & Loutfy (in press) made a preliminary LM investigation of the
leaf cuticles of eight Lauraceous taxa including Apollonias barbujana. Yet, further studies
on more cosmopolitan material of the Lauraceae are still needed before a firm conclusion
could be drawn. This fact was surveyed by Graybeal (1998) who showed that more
accuracy and a better resolution of the produced dendrograms were much higher, if the
constant characters were distributed across a larger number of taxa.
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Materials and Methods

In the present work, macromorphological and floral aspects of Apollonias barbujana are
investigated, while SEM and / or light microscopy of cuticular features were surveyed and
compared with the same features in 19 available taxa of the Lauraceae. (Five of these taxa
were introduced to Egypt in the late nineteenth century, information of the other 14 taxa
were compiled from Christophel et al., (1996a); Christophel & Rowett,(1996b); Li &
Christophel,(2000) and Loutfy, (2000).

The studied taxa, along with the compiled ones belong to 12 genera and two
tribes, viz. Laureae and Perseeae sensu Rohwer, (1993); and / or the three tribes of the
family, viz. Laureae, Perseeae and Cryptocaryeae sensu Van der Werff & Richter, (1996).
Care has been taken to select taxa covering a global geographical range in both the Old
and the New World.

In addition, a preliminary LM investigation of the fruit cuticle of Apollonias
barbujana was made and then compared with the available fruit cuticles of certain taxa in
the Lauraceae collected from Egypt (one species of Laurus, two species of Cinnamomum
and two subspecies of Persea americana).

For creating a data matrix for numerical analysis of the results, the recorded
characters as well as the compiled ones were analyzed by the NTsys-pc. program package,
using the UPGMA clustering method. The dendrogram produced was discussed in the
light of the current systems of classification of the Lauraceae (Kostermans, 1957; Richter,
1981; Rohwer, 1993; Van der Werff & Richter, 1996 and Rohwer, 2000).

The examined species, their sources or origin, in addition to the compiled data of
other taxa and their sources are listed in Table (1). Voucher specimens of the examined
species are kept at the Department of Biological Sciences. Faculty of Education, Ain
Shams University. Macromorphological aspects were studied from fresh and / or
herbarium specimens, as well as from relevant literature (Baillon, 1872; Kostermans,
1957; Bailey & Bailey, 1976; Rohwer, 1993 & 1994 and Short, 1994). For the study of
leaf surface using the SEM, three leaves for each species were dehydrated, then mounted
in colloidal silver on copper stubs and coated with a thin layer of gold in Polaron E 5000.
The leaf epidermis was then photographed by a Jeol — Scanning Electron Microscope at
the Central Lab of Faculty of Science, Alexandria University. Fruit epidermal cells were
examined in epidermal peels stained with either 1% aquous safranin and photographed
using a Carl-Zeiss Photomicroscope .

For the data analysis, the total number of the recorded characters in each taxon
were scored, combined together in three sets of data and coded for creating the data matrix
for computation. The relationships between the studied taxa, expressed by average
taxonomic distance (dissimilarity), was demonstrated as phenograms, based on the
analysis of the recorded characters using the NT-sys program package for IBM — pc. as
described by Rohlf (1993).
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Table 1, The investigated Taxa; their sources, systematy and geographical distribution.

16861) Z4T (8700 T 198

SRRy Ea smmaadiny | smmesmg | semoaidlly) | 15{5 Jpamy PESH ‘g nupEEREeg pLmandis) (]
“saudon a1 TI09 T BMMOUEARID SHMLT =
W pREARMD og0 UMY MmE B UMEouERa D) =
dppis I | STERE WY TRET BT W4T
BARE]Y  EIpU] gIog sEeeRg sEaRtid | eEemomEmm) TOWETI,) F4OF IBMG (9 T [150Y [5REd [ MMIBA MNMOURARDD) (G
VR 3F 533N DUDTAOIET BTda =
(1967) £7 1 THpmsuazy
nzErg ] ERERg iRy | stemomEmmy |0 - Uj RIS (LEJ 3 §33N]) MOMEIAG]AT HMMOUGARg ) (8
+7 (7681 SBpr) ¢ wpsymy haneg yoorg P
EIERSTY ] FERIRJ zRiRg | sEemomEmmy | - “W4EY Jo 1d3q puvynusen] ARG 142400 meouaRag ) (|
TRIEN PampmE mmnT =
SEAEETH £22] (PIEM) kaafmpue)s umuouanag )=
EAm) | D90 sEeeRg sty | stemomemm) | — (AP0 (T USSR wnampey S umuoumag ) (g
‘Tmendg paoydums vassaf =
] Do UDI MDT =
Tsa3g | (") Doy duars MMuGUERan )=
OF0 WEF (TE61) T mancg uaydamaaucanyd - yIMaapau &
mEdefy W) ogh FERERg EassiRd | temommEmm)) | senm ogdmEn ymgpuwy TR % s8N () pdoydums umuouaang) (¢
" : . o [ OFET) be Swedafiy 2F7
semddipg ¥ ¢ seeesied - Jmg wERg V(R HQEM%W.E M&bﬂmﬁ@.ﬁ%ﬁu r
EmD L 4 sEesERg ERERg (P61 by gl ITPL Mg MRS Y Bay grdowydnpels]) (¢
; - szama0dd e . 9C] (6861) 7 20g 35(5
BERELY w1 smamnodiny | sEesEmg FEaEmRg gy PRI 6 (SR 1) 400 DPRUITING (7
“Bueidg gnuaLanms DAt =
qqa Tuning g 8ga0y =
P FEanms =
i KB m@figag mawT =
ARTE], RN (PAL) FEaRm T =
Sp BUET (E061) 078 EE
EIESTORIE] JET ks | IR OmEENGEg QA 107 YEug W oy (4B)) nuwfigag wueedy (]
TORNGPRTP . Hwﬂmﬁ ¥ . 661 . L6l B
LT 22mog e Epm | MR STETLIRIE0Y | STIEN WOUINIDY) ey |
QUL

-62-



On the taxonomy of Apollonias.Evidence from general aspects and cuticular features of leaf & fruit.

Table 1, continued.
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Results

Apollonias barbujana (Cav.) Bornm. (Fig. 1) is a slow growing evergreen tree up
to 25 m, with a dense rounded crown.

(b)

Figurel. Apollonias barbujana (Cav.) Bornm.
a-Habit of tree. b-Flowering branches.
From: A2\ APOLLONIAS BARBUJANA. htm

Macromorphological diagnostic characters (Table 2 a)

Twigs glabrous. Leaves alternate, peninerved, very stiff, 5-15 x 2.5 cms., elliptic
with an acute to obtuse apex. Margins revolute or entire, dark glossy green, glabrous;
petioles. 5-1.3 cms., glabrous, cuneiform in cross- section (Kamel & Loutfy, in press).
Inflorescences thyrsopaniculate. Peduncles up to 3 cm. glabrous. Flowers trimerous,
bisexual. Tepals sub-equal (outer whorl smaller). 3 - 4.5 mm., oblong, ovate, acute to
obtuse, greenish white. Fertile stamens 9, the third whorl £ extrose. Anthers 2- locular;
staminodes of whorl 4 conspicuous, sagitate stiptate, receptacle very small and flat; fruit, a
berry 1.5 — 2 cms. ellipsoid, clasped at the base by the persistent perianth segments, dull
green, turning black when ripe. Seed ellipsoid, 0.5 x 0.5 x 1 cms. with a thin testa and two
large cotyledons (Rohwer, 1993b and Short, 1994).
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Table (2a). Macromorphological and floral aspects of the studied and the compiled taxa.

Characters

Attributes

Species numbers

Leaf venation

1.Penninerved.

1,2,7,11,12,13,14,15,16,18,19,20.

2.Penninerved showing strengthened 5,6,8,10,17.
basal secondary veins.
3. Triplinerved. 3,4,9.
Inflorescence Thyrsopaniculate (starting with a recemose 1,2,5,6,7,8,9,10,18,19,20.
a-Type branching pattern, but are cymose in their
distal parts).
Botryoid (Psuedo umbels arranged in a 12,13,14.15,16,17.
condensed raceme).
Thyrsopaniculate to botryoid . 3411,
b.1. Present.
b—l?:racts b2 Absent. 12,13,14,15,16,17.
(involucre) 1,2,3,4,5,6,7,8,9,10,11,18,19,20
Flower 1.Bisexual. 1,2,3,4,5,6,7,8,9,10,11,18,19.
2.Unisexual by abortion. 12,13,14,15,16,17,20.
Androecium
a.Fertile stamens. a.1.Three. 11.
a.2. More . the rest of the studied taxa.

.Third whorl  (or
inner whorls in
taxa with more
than 9 fertile
stamens)

c¢.Anther locules

b.1.Basically extrose.
b.2. Basically entrose.

¢.1.Two locular.

1,2,3,456,7,8,9,10,18,19,20.
12,13,14,15,16,17.

1,2,10,11,12,13,14.

c.2 Four.locular. 3,45,6,7,8,9,15,16 17,20.
¢.3. Varying. 18,19.
Receptacle 1.Small and flat. 1,3,4,12,13,14,16,18,19.
2.Small, shallowly cup shaped. 5,6,7,8,9.
3.Flat to cup shaped. 2,11,15,16.
4.Deeply urceolate. 10.
5.Narrowly tubular. 20.
Fruit Free on a scarcely enlarged pedicel. 2,3,4,11,18,19.
Free, its base clasped by the persistent perianth | 1.
segments.
With a cupule of various shapes. 5,6,7,8,9,12,13,14,15,16,17,20.
Completely enclosed in the accrescent | 10,

receptacular tube.
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1. SEM and / or light Microscopy of leaf and fruit cuticle of Apollonias barbujana
1.1. Leaf cuticle
Upper epidermis

Epidermal cells from a reticulate pattern, devoid of any stomata. Cells angular to
rounded. Anticlinal walls thick, raised, slightly undulate to straight and striated. Periclinal
walls slightly concave and granular. Tertiary sculpture on the epidermal cells appears as
dense epicuticular waxes, covering the whole surface particularly on the anticlinal walls
and observed as clusters of hollow tubules (Fig.2 a-c, Table 2b).

Lower epidermis

Epidermal cells from an irregularly reticulate pattern, Anticlinal walls undulate,
thick and raised, with a slightly buttressed thickening pattern. Periclinal walls appear
granular to papillose. Stomata paracytic (Rubiaceous), subsidiary cells take the
characteristic shape of the guard cells observed in other families, while the true guard
cells are not obvious and sunken (a synapomorphy that unites the Lauraceae worldwide,
Hill, 1986 and Christophel & Rowett, 1996 b), cuticular ledges are butterfly shaped
(Kamel & Loutfy, in Press). Epicuticular waxes are seen as clusters of short hollow
tubules, intermingled with entire platelets (Fig.2 d-f, Table 2b).

1.2. Fruit cuticle

Epidermal cells are highly sinuate. Anticlinal walls extremely thick and sinuate.
Periclinal walls flat and smooth (Fig.3 a&b , Table 2c).

2. Macromorphological and floral aspects of the examined taxa

As to the macromorphological and floral aspects of the compaired taxa; only the
attributes that are / or were considered to be of taxonomic significance by different
authors are summerized and compared in Table 2a.

3. Leaf cuticular features of the studied and the compiled taxa

Cuticular futures are sumerized in Table 2 b, the taxa are numbered 1-20 as
presented in Table (1). Terminology is taken after (Wilkinson, 1979; Barthlott, 1981 &
1990; Stearn 1992; Christophel & Rowett, 1996b and Barthlott et al 1998).
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Table (2b). Leaf cuticular aspects of the studied and the compiled taxa.

Characters Attributes Species numbers
Upper epidermis
a.Cell shape. 1.Rounded. 10.
2.Angular. 2,5,6,11.
3.Angular torounded. 1,3,4,8,15,16,18,19,20.
4.Sinuate. 7,9,12,13.
5.Undulate to sinuous. 14,17.
b.Anticlinal walls. Shape:-
1.Straight. 2,5,6,11,18,19.
2.Slightly undulate. 1,3,4,8,15,16,20.
3.Sinuate. 7,9,12,13,14,17.
Thickness degree:-
1.Thick. 1,12,13.
2.Variable, 10,15,16,17.
3.Thin, the rest of the studied taxa.
Pattern of thickening:-
1.Smooth(uniform). 1,3,4,5,6,7,10,11,14,18,19.
2.Beaded. 8.
3.Buttressed. 2,9,12,13.
4.Slightly beaded to smooth. 15,16,17,20.
Secondary sculpture:-
1.Striated. 1,12,13.
2.Smooth. the rest of the studied taxa.
c.Periclinal walls. Level:-

d.Epicuticular
wax.

1.Slightly concave to flat.
2.Convex to flat.

3. More or less flat.

Texture:-

1.Straight to finely granular.
2.Granular.

3.Granular punctate.
4.Finely granular to papillose.
5.Granular with glandular bodies prominent,
6. Irregularly thickened.
7.Smooth.

8.Smooth to finely granular.

Shape:-
1.Clusters of tubules.

2.Syntopism of platelets and rodlets.

3.Syntopism of platelets and transversely ridged
rodlets.

4. Crusts.

5.Curled rods & short filaments.

6.Coarse globules, warts, small rods.

11l defined:-

1,12,13,14,18,19.
10.
the rest of the studied taxa

7,12,13.
3,4,15,16,17.
6, 8,18, 20;
1,5,6,9,10.
19.

2.

11.

14.

12.
the rest of the studied taxa.

Lower epidermis
a.Cell shape

1.Irregular to rounded.
2.Angular to rounded.

3.Angular.

4.Sinuate.

5.Undulate to sinuous.

1,3,4,5,6,10,16,18,19.
11,15.

20.

7,9,12,13,14.

2,8,17.
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Table (2b). continued.

Characters Attributes Species numbers
b.Anticlinal walls Shape:-
1.Straight. 5,6,18,19,20.
2.Slightly undulate. 1.
3.Sinuate. 7,9,12,13,14.
4. Undulate to sinuous. 2,8,17.
Thickness:-
1.Thick, 1,2,9,10,12,13; 1,2,9,10,12,13.
2.Slightly thick: the rest of the studied taxa.
Pattern of thickening:-
1.Buttressed. 9,12,13.
2.Slightly buttressed. 1.
3.Ridged to buttressed. 2.
4.Irregular. 3,4,5,6,18.
5.Smooth (uniform). 7,8,15,16,19,20.
6.Smooth to finely beaded. 10,11.
7.Smooth to buttressed. 14.
8.Beaded. 17.
Hight:-
1.Highly raised. 11,12,13,16.
2.Raised. the rest of the studied taxa.
Secondary sculpture (Texture):-
1.Striated. 3,4,10,12,13,14,16,17.
2.Smooth. 1,2,5,6,7,8,9,11,15,18,19,20
c.Periclinal walls Level :-
1.Flat to slightly convex. 10.
2.Slightly concave: the rest of the studied taxa.
Texture:-
1.Granular to papillose. 1,3,4,5,6,7,8,9,18,19.
2.Finely striated. 10,12,13,14,15,16,17.
3.Papillose. 20.
4.Smooth. 2,11,
d.Stomatal 1.Not available in the present study. 2.0bvious 3,4,8,15,20.
complex & available, the rest of the taxa.

Anticlinal walls of subsidiary cells:-
Thickening pattern:-

1.Uniform,

2.Slightly buttressed.

3.Buttressed.

4.Slightly beaded.

5.Beaded to buttressed.

6.Beaded.

Periclinal walls of subsidiary cells:-
Texture:-

1.Granular.

2.Smooth.

3.Slightly reticulate.

4.Slightly striate.

Stomatal scales:-

Shape:-

1.Butterfly shaped.

2.Narrow.

1,9,16.

2,12,13.

6.

5,7,18,19, 10, 11.
14,

17.

1,5,6,9,12,13,16,17,18,19.
2,7,14.

10.

11

1,7,9,10,17.
2,5,6,11,12,13,14,16,18,19.
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Table (2b). continued.

Characters

Attributes

Species numbers

e.Epicuticular wax.

Shape:-
1.Clusters of tubules and entire platelets.

2.Entire platelets.
3.Transversely ridged rodlets.
3.Syntopism of platelets and
4.Syntopism of platelets and transversely ridged
rodlets.
5.Non entire platelets.

6.Smooth film.

7.Granules, short filaments and small rods.
8.Tiny fine filaments.

9.Rosettes.

11l defined,

rodlets.

the rest of taxa

Table (2¢). Fruit cuticular aspects ( Available only for taxa : 1,6,9,13,18,19).

Characters Attributes Species number
Overall pattern Ruminate. 1.
Reticulate. 6,9,13,18,19.
Cell shape Highly sinuate. 1.
Undulate. 6.
Slightly undulate. 13.
Slightly undulate to straight. 18.
Straight. 9,19.
Thickness Thick. 6,9,13,18,19.
Very thick. 1.
Pattern of Thickness Uniform. 1,9.
Irregular. 18,19.
Irregular to slightly beaded. 6.
Slightly beaded. 13.
Hight Raised. 9,13.
Slightly raised. 6,18,19.
Highly raised. 1.
Texture Smooth. 1.
Granular to papillose. 6.
Granular with glandular bodies prominent. 9,13,18,19.
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Figure 2. Leaf cuticular aspects of Apollonias barbujana: a. SEM of upper epidermis, b. SEM of
epicuticular wax (upper epidermis), ¢. LM of upper epidermis, (x 320), d. SEM of lower epidermis,
e. SEM of epicuticular wax (lower epidermis), f. LM of lower epidermis showing stomata, (x 320).
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Figure 2. continued. Cinnamomum camphora: g. SEM of upper epidermis, h. SEM of epicuticular
wax (upper epidermis), i. SEM of lower epidermis, j. SEM of epicuticular wax (lower epidermis).
Cinnamomum glanduliferum: k. SEM of upper epidermis, .I. SEM of epicuticular wax (upper
epidermis), m. SEM of lower epidermis, n. SEM of epicuticular wax(lower epidermis).
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Figure 2, cont. Cinnamomum verum: 0. SEM of upper epidermis, (x 1000), p. SEM of epicuticular
wax, upper epidermis, (x 1000), q. SEM of lower epidermis, (x 1000), r. SEM of epicuticular wax,
lower epidermis. Laurus azorica: s. SEM of upper epidermis (x 1000), t. SEM of lower epidermis
showing the stomatal complex and epicuticular wax, (x 1000). Laurus nobilis: u. SEM of upper
epidermis, (x 1000), v. SEM of lower epidermis showing the stomatal complex and epicuticular
wax, (x 1000).
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Figure 2, continued. Persea americana: w. SEMof upper epidermis, x. SEM of epicuticular wax
(upper epidermis), y. SEM of lower epidermis showing long pointed trichomes, z. SEMof of
epicuticular wax (lower epidermis).

Discussion

Several suprageneric classifications of the Lauraceae were proposed (Nees, 1836;
Meissner, 1864; Bentham, 1880; Mez, 1889; Pax, 1891; Kostermans, 1957; Hutchinson,
1964; Richter, 1981; Rohwer, 1993 and van der Werff & Richter, 1996) yet the results of
the different studies have been very different depending on the author’s opinion and on
the reliability of the used characters (Rohwer, 2000).

In most suprageneric classifications of the Lauraceae, Apollonias was placed in a
group more or less corresponding to the Perseeae (sensu Kostermans, 1957 and Rohwer,
1993). This was mainly due to its possessing a paniculate ex-involucrate inflorescence.
However, Richter (1981) utilizing data from wood and bark anatomy; reported that
Apollonias possessed certain links with some genera of the Laureae particularly Laurus
L., Lindera Thunb., and Neolitsea Merr. on one hand, and certain genera of the Perseeae
on the other hand. Moreover, he placed Apollonias diagramatically as standing the same
distance apart from the two groups.
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Figure 2, continued. Fruit cuticular aspects: 1- Apollonias barbujana (x=126) 2- Apollonias
barbujana (x=700), 3- Cinnamomum glanduliferum (x=350), 4- Cinnamomum verum (x=350),
5- Laurus nobilis (x=350) 6- Persea americana (x=350).
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In the present study, a survey of the general macromorphological and floral
aspects in 20 taxa of the Lauraceae representing both the Laureae and Perseeae, did not
locate any synapomorphic characters that may link Apollonias to any of the studied
Laureae (Laurus, Lindera, Litsea and Neolitsea). The few common characters as the
penninerved venation of leaves, the two locular anthers and the flat receptacle were also
represented in the Perseeae (van der Werff & Richter, 1996). However, Apollonias
possessed some characters of its own, as the fruit that is clasped at its base by the
persistent perianth segments resembling a pseudo cupule (Table 2 a). The same feature
was also reported to be present in the related Phoebe (Rohwer, 1993). As to the cuticular
aspects of the leaf and fruit, Apollonias was shown to possess certain unique features that
differentiated it from the other studied taxa, among these is the presence of dense clusters
of hollow tubular epicuticular waxes on both surfaces of the leaf (Fig.2 a,b,d,e& Table 2
b) and its fruit possessing extremely thick and highly sinuate anticlinal walls (Fig.3&
Table 2c). Unfortunately, no material (either original or compiled was available from
Alseodaphne, Dehaasia, Phoebe and Nothaphoebe which were reported by several authors
to be very close to Apollonias (Bentham, 1880 and Kostermans, 1957, 1973 a&b). The
study also revealed that Apollonias shares exclusively some features with members of the
Laureae (Laurus species) as the highly raised, thick and striated anticlinal walls of the
upper epidermal cells of the leaf, (Table 2 b).

The phenogram constructed according to the combination of 26
macromorphological and floral aspects that are /or were considered to be of taxonomic
significance in the different suprageneric classifications of the family; clearly grouped
Apollonias (as was expected) with members of the Perseeae, with close affinities with
Beilschmiedia (2) & Persea(18,19) Fig.4a. This result agreed to some extent with
Kostermans’s, who showed that Apollonias was closely related to Persea through Phoebe
and that Persea in turn was related to Beilschmiedia. Yet Cryptocarya (10) and
Endiandra (11) occupied a somewhat isolated position, the former split from the rest of
the studied taxa at a dissimilarity level of 1.9 mainly due to its possessing only three
fertile stamens, while the latter split at 1.73 mainly due to its possessing a deeply
urceolate receptacle and a fruit completely enclosed in the accrescent receptacular tube
(Table 2 a).

The phenogram constructed according to the combination of 88 characters of leaf
cuticular features showed that Cryptocarya (10) occupied an isolated position as it split
off early from the rest of the studied taxa at the dissimilarity level of 1.8. Apollonias
splitted from the remaining taxa at 1.59 (Fig. 4b).

However, the phenogram constructed according to the combination of 114
characters from both leaf cuticles and macromorphology again showed the isolation of
Cryptocarya and the spliting of Apollonias from the remaining taxa at the dissimilarity
level of 1.57 (Fig. 4c). Rohwer (1993) suggested that Apollonias should be included in
Phoebe, as the two genera differed only in the number of anther locules (two in
Apollonias and four in Phoebe), but again no cuticular material was available from
Phoebe to make a comparison. The same author also stated in (2000) that Apollonias is
closly related to Persea according to evidence from mat K. sequences. A similar result
was reached at by Kamel & Loutfy (in Press) by utilizing data from SDS-PAGE of seed
protein profiles in both taxa.
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Figure (4a). UPGMA - phenogram illustrating the relationships between the studied taxa based on
the coding of 26 attributes from macromorphology. (Taxa are numbered as in Table (1).

Figure (4b). UPGMA - phenogram illustrating the relationships between the studied taxa based on
the coding of 88 attributes obtained from leaf cuticular features. (Taxa are numbered as in Table (1).
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Figure (4c). UPGMA - phenogram illustrating the relationships between the studied taxa based on
the coding of 114 attributes from macromorphology and leaf cuticular features. (Taxa are numbered
as in Table (1).

The present study showed that Apollonias barbujana (cav.)Bornm., a
Macaronesian relict, seems to occupy a relatively isolated position, with affinities with
both the Laureae and the Perseeae as stated earlier by Richter (1981). However, this
notion comes only from structural evidence (Wood and bark anatomy by Richter 1981 and
cuticular features in the present study); for a close relationship of Apollonias with Persea
was achieved when utilizing different sets of data as mat K sequences and / or SDS-PAGE
of seed protein profiles (Rohwer, 2000 and Kamel & Loutfy in Press). However, the
overlap and generally uniform distribution of cuticular features among the studied taxa of
the Laureae and Perseeae (sensu Rohwer, 1993 ) or the Cryptocaryeae, Laureae and
Perseeae sensu Van der Werff & Richter, (1996) suggest that the current suprageneric
classifications of the Lauraceae might need a future revision, a fact that was realized by
Rohwer (2000) who stated that the separation of tribes in the Lauraceae by the type of
inflorescence (involucrate in the Laureae, non-involucrate in the Perseeae) was not
supported by molecular evidence. Moreover large genera in the Perseeae as Cinnamomum
Schaeff sensu lato (350 species , Mabberley, 1997) were shown in the present study to be
distributed among three groups (Fig. 3b&c). The most remarkable, were that in two of
these groups, genera of the Laureae as Lindera, Neolitsea and Litsea were included. This
may give extra support to the paraphyly of Cinnamomum as suggested by Christophel et
al., (1996a) and the strictly monophyletic nature of the Lauraceae (Renner, 1999).

A thorough revision of the family at the generic and tribal level is needed
(Rohwer, 2000). It is worth mentioning that Cinnamomum Burm (s.str) was considered by
Baillon (1872) and several authors to be very near to Apollonias as regarding its floral
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structure. The phytochemical data give extra evidence for the isolated and relict nature of
Apollonias, a specific irregular phenyl propanoid 2-(3-methoxy-4-hydroxyphenyl)-1,3-
propanediol, in addition to another two other specific lignans were isolated from the
leaves of A. barbujana (Perez et al., 1995 a&b). As to the macromorphological
vegetative characters, Apollonias barbujana often showed a striking superficial
resemblance to Laurus species (Fig.1) and is distinguished only by the absence in the
former taxon of gland-like depressions on the midrib of the lower leaf surface. Herbarium
specimens of both taxa are/ or were often confused (Ferguson, 1974). This phenomenon
(mimicry) is a widely distributed angiosperm character that has been generally
underestimated by taxonomists, but might be of some value (Good, 1962). Moreover,
Apollonias leaves are frequently marked with wart-like protuberances (domatia) caused by
the mite Eriophytes barbujanae Carmona, which is specific to this tree (Short, 1994).

Finally, the exclusive use of cuticle characters within the Lauraceae has achieved
a considerable degree of success on material from different localities: Ow et al., (1992) on
Taiwan species; Christophel et al., (1996a) mainly on Australian and some south
American species; Christophel & Rowett, (1996b); Li & Christophel (2000) on Australian
species and Loutfy (2000) on Laurus species from the Mediterranean region and
Macaronesia).

The present study, using cuticular aspects, shows that cuticular features can be a
promising criterion in the delimitation of genera and species within the family Lauraceae
s.l..
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