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Abstract

The composition of the leaf essential oils of 13 taxa of the smooth leaf margin Juniperus in
sect. Sabina from the western hemisphere are reported and compared. In addition, DNA
fingerprinting revealed similar patterns among these species. Based on these data, a new species,
very similar to J. blancoi and J. scopulorum, is recognized from northern Mexico: Juniperus
mucronata sp. nov. R.P. Adams. Although the terpenes and morphology support the recognition
of J. barbadensis var. lucayana (see Adams, R.P., 1995a, Revisionary study of Caribbean species
of Juniperus (Cupressaceae). Phytologia, 78, 134-150), the RAPDs do not favor that alignment.
Therefore, J. lucayana will be recognized as a distinct species at present. The recognition of J.
ekmanii and J. urbaniana as varieties of J. gracilor is supported by the RAPDs data and these
varieties will be maintained in the treatment of Juniperus. © 2000 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

The genus Juniperus consists of approximately 60 species, all of which grow in the
northern hemisphere, although, J. procera Hochst. ex Endl. also grows southward
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along the rift mountains in east Africa into the southern hemisphere (Adams and
Demeke, 1993). The genus is divided into three sections: Caryocedrus (one species,
J. drupacea Labill.); Juniperus ( = Oxycedrus), with 10-12 species) and Sabina (the
remaining, approximately 50 species).

Gaussen (1968) divided section Sabina into two groups: leaves minutely serrate
versus entire (non-serrate) margins. Gaussen (1968) placed J. convallium, J. mekongen-
sis (=J. convallium, Farjon, 1998), J. phoenicea, J. saltuaria, J. seravschanica, J.
pseudosabina, J. wallachiana, and J. zaidamensis ( = J. przewalskii, Farjon, 1998) in the
entire leaf margined group with species from the western hemisphere. The author
recently re-examined the aforementioned species, and found that very small and
irregular teeth were found on leaves of J. phoenicea, and extremely small and very
irregular serrations were found on J. pseudosabina {Adams, unpublished).

A study using RAPDs (Adams and Demeke, 1993), confirmed that section Sabina
could be divided into junipers with serrate and those with entire (smooth) leaf margins
plus J. phoenicea and J. pseudosabina. The truly serrate leaf margined junipers
{excludingJ. phoenicea and J. pseudosabina, which I would call ‘pseudoserrate’ as their
DNA (Adams and Demeke, 1993) clearly points to their affinity with the smooth leaf
margined junipers) are confined to the western hemisphere.

The smooth leaf margined Juniperus seem to be divided into those of the eastern
and western hemispheres (Adams and Demeke, 1993). The smooth leaf margined
(series entire) junipers of the western hemisphere are (Adams, 1993, 1995a; Zanoni and
Adams, 1976): J. barbadensis L. endemic to St. Lucia, BWIL, J barbadensis var.
lucayana (Britton) R.P. Adams, Bahama Islands, Cuba and Jamaica; J. bermudiana
L. endemic to Bermuda Island, J. blancoi Mart., Mexico;J. gracilior Pilger, endemic to
Hispanola, J. gracilior var. ekmanii (Florin) R.P. Adams, endemic to Hispanola,
J. gracilior var. urbaniana (Pilger and Ekman) R.P. Adams, endemic to Haiti; J.
horizontalis Moench, northern United States and southern Canada; J. saxicola Britt.
P. Wilson, endemic to Cuba; J. scopulorum Sarg., western United States and Canada,
northern Mexico, J. virginiana L., eastern United States and southeastern Canada,
and J. virginiana var. silicicola (Small) E. Murray, southeastern United States, coastal
fore-dunes.

In addition, we recently examined juniper plants from western Chihuahua/
eastern Sonora, Mexico (near Maicoba) that had mucronate tipped leaves, which
will be referred to as “mucronata’ in this paper. These plants were very similar to J.
blancoi/ J. scopulorum and are included in this study to ascertain their taxonomic
status.

The volatile leaf oils of the Caribbean junipers (J. barbadensis and J. barbadensis
var. lucayana, J. bermudiana, J. gracilior, J. gracilior var. ekmanii, J. gracilior var.
urbaniana, J. saxicola) and J. virginiana and J. virginiana var. silicicola have been
recently reported (Adams, 1995a). The oils of J. blancoi, J. horizontalis and J.
scopulorum were teported some time ago (Adams et al., 1981), so a reexamination of
these is timely.

In this paper, both the volatile leaf oils and DNA fingerprints will be examined for
the smooth leaf margined Juniperus of section sabina of the western hemisphere to aid
in understanding of the circumspection of the species.
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2. Materials and methods

Specimens used in this study: J. barbadensis, Adams 5367-5370, St. Lucia, BWL
J. barbadensis var. lucayana, Adams 2875-2884, Jamaica and 5281-5282, Isle de Pinos,
Cuba; J. bermudiana, Adams 2553, 2555-2567, Bermuda Island; J. blancoi, Adams,
6503-6504, 6849-6851, El Oro, Mexico; J. gracilior, Adams 2785-2794, 7664-7667,
Constanza, Dominican Republic; J. gracilior var. ekmanil, Adams 3106, 3107, 7653,
7654, Pic La Selle, Haiti; J. gracilior var. urbaniana, Adams 7656-7658, Pic La Selle,
Haiti; J. horizontalis, Adams 7096-7098, Saskatoon, Saskatchewan, Canada;
J. saxicola, Adams 5284, 5285, Pico Turquino, Cuba; J. scopulorum, Adams
2010-2024, Durango, Colorado and 7063-7066, Soda Springs, Idaho, USA,; Juniperus
“mucronata”, Adams §701-8705, G.M. Ferguson 1448, 1456-1459; 1479, Maicoba,
Mexico; J. cirginiana, Adams 2405-2423, Washington, DC and 6753-6755, Waco,
Texas, USA; J. virginiana var. silicicola, Adams 2716-2725, Murrells Inlet, South
Carolina and 2775, 2776, Oak Hill, Florida, USA Voucher specimens for all collec-
tions are deposited at SRCG.

Fresh leaves (200 g fresh wt.) were stcam distilled for 2h using a circulatory
Cleavenger apparatus (Adams, 1991). The oil samples were concentrated (ether trap
removed) with nitrogen and the samples stored at — 20°C until analyzed. The
extracted leaves were oven dried (48 h, 100°C) for determination of oil yields. After
GCMS analyses of each individual oil sample, composite oil samples were made for
cach of the taxa in this study. These composite (average) oil samples were then
subjected to GCMS for compound identification and quantitation by TIC.

The essential oils were analyzed on a Finnigan Ion Trap (ITD) mass spectrometer,
model 800, directly coupled to a Varian 6500 gas chromatograph, usinga J & W DB-5
( = SE34), 0.26 mm x 30 m, 0.25 um coating thickness, fused silica capillary column
(see Adams, 1995 for operating details). Identifications were made by library searches
of our volatile oil library, LIBR(TP)(Adams, 1995b), using the Finnigan library scarch
routines based on fit and purity, coupled with retention time data of reference
compounds.

One gram (fresh weight) of the foliage was placed in 20 g of activated silica gel and
transported to the lab, thence stored at — 20°C until the DNA was extracted. DNA
was extracted from juniper leaves by the hot CTAB protocol (Doyle and Doyle, 1987)
with 1% (w/v) PVP added to the cxtraction buffer. The RAPD analyses follow that of
Adams and Demeke (1993). Ten-mer primers were purchased from the University of
British Colombia (5'-3') 131: GAA ACA GCG T; 134: AAC ACA CGA G; 153: GAG
TCA CGA G: 184: CAA ACG GAC ;204 TTC GGG CCG T; 212: GCT GCG TGA
(218 CTC AGC CCA G; 227: CTA GAG GTC C; 237: CGA CCA GAG C; 239:
(TG AAG CGG A: 244: CAG CCA ACC G;250: CGA CAG TCC C;265: CAG CTG
TTC A; 268: AGG CCG CTT A; 327: ATA CGG CGT C.

PCR was performed in a volume of 15 ul containing 50 mM Tris-HCI (pH 9),
2.0 mM MgCl,, 0.01% gelatin and 0.1% Triton X-100, 0.2 mM of each dNTPs,
0.36 uM primers, 0.3ng genomic DNA, 15ng BSA and 0.6 unit of Taq
DNA polymerase (Promega). A control PCR tube containing all components, but
no genomic DNA, was run with cach primer to check for contamination. DNA
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amplification was performed in an MJ Programmable Thermal Cycler (MJ Research,
Inc.). The thermal cycle was: 94°C (1.5 min) for initial strand separation, then 40 cycles
of 38°C (2 min), 72°C {2 min), 91°C (1 min). Two additional steps were used: 38°C
(2 min) and 72°C (5 min) for final extension. Bands were scored in 4 classes: very bright
( = 6); medium bright ( = 5), faint ( = 4) and absent ( = 0). See Adams and Demeke
(1993) for details on electrophoresis and RAPD band scoring.

Similarity measures were computed using absolute character state differences
(Manhattan metric), divided by the maximum observed value for that character over
all taxa (= Gower metric, Gower, 1971; Adams, 1975a,b). In addition, for the
terpenoid data, similarities were computed as simple presence-absence data. Principal
coordinate analysis (PCO) of the similarity matrix follows Gower (1966). Program
PCO3D is available for MS DOS IBM compatibles with a hard disk and math
co-processor (correspond to RPA for distribution details).

3. Results and discussion

The compositions of the volatile leaf oil are given in Table 1. Several trends are
apparent from the terpenoid data. Notice that the oils of J. gracilior (GR), J. gracilior
var. ekmanii (EK) and J. gracilior var. urbaniana (UR) are dominated by bornyl acetate
(30 - 38%). A minimum spanning network based on the oils of the smooth leaf
margined junipers is shown in Fig. 1. The smooth leaf margined junipers are divided
into the mainland group (J. blancoi, horizontalis, ‘mucronata’, scopulorum, virginiana
var. virginiana and var. silicicola plus saxicola from Cuba) and the junipers from the
Caribbean Islands (plus J. bermudiana from Bermuda Island). Adams (1995a) pre-
viously recognized J. ekmanii and J. urbaniana as a varieties of J. gracilior on the basis
of quantitative analyses of essential oils and morphology. These taxa form a very
distinct group (Fig. 1) based on their qualitative oils compositions. In addition, J.
barbadensis (St. Lucia) forms a group with J. lucayana (Isle de Pinos, Cuba). This led
to the combination of J. barbadensis var. lucayana (Britt.) R.P. Adams (Adams, 1995a)
based on the oils and morphology. The mucronate leaf tip juniper from Maicoba,
Mexico is barely distinct from J. scopulorum in its oil (Fig. 1).

A minimum spanning network based on 132 RAPD:s (Fig. 2) reveals several similar
patterns as found in the oils (Fig. 1). Juniperus gracilior, J. g. var. ekmanii and J. g. var.
urbaniana form a loose group (Fig. 2). A major difference in the terpene and RAPDs
data is that J. barbadensis var. lucayana is linked with J. bermudiana (Fig. 2) in the
RAPD data, whereas J. b. var. lucayana clustered with J. barbadensis using the terpene
data (Fig. 1). Juniperus saxicola is linked with the Caribbean junipers in the RAPDs
data. Juniperus virginiana and J. virginiana var. silicicola fail to cluster together in the
RAPDs data (Fig. 2).

Juniperus horizontalis was the most distinct species in its RAPDs (Fig. 2). The
mucronate tip leaf juniper from Maicoba was quite distinct in its RAPDs and linked
loosely with J. blancoi (Fig. 2).

In order to better visualize the relationships among J. blancoi, J. horizontalis, J.
scopulorum and the mucronate juniper, a data set using just these four taxa was



153

R.P. Adams | Biochemical Systematics and Ecology 28 (2000) 149-162

panuor—

1 6T 9T [ €0 - o Tl 70 10 01 Lo 01 a1eIpAy suduIqes-s» 8901
97 61 6T 97 €0 1'0 Tl A 1 L0 T 8T LT swaurdia1-4 7901
70 10 L0 70 1 - 0 +0 T0 - - 10 - suswdQ-4 — (7). 0501
- - - 10 - - - - - - - - - sjejeoe [AidoH-7  $E0I1
1 - - - €0 - - - - - - - slodur)-g | 701
10 1 1 1’0 - - 1 - - 1 1 - - swaIpue[pyd-g  T1€01
89 6L 6Y L'T %Y S 3 01 9Zy 80T  S€T  TTU 8¢T  T9 susuowry  J£01
10 v'0 €0 10 10 1 0 Tl 10 §0 T ¥ Tl suowkD-d 9701
0T 'l g1 97 70 1 90 80 L0 0 ¥1 80 ! swduidral-® 8101
S0 1'0 } - 10 3 - - - 1 - - - suare)-¢-¢ 1101
1 1 - 1’0 - - } 10 - 1 1 10 10 suarpue[iayd-c  S00T
10 - ¥0 Lo 1'0 1 - - 10 - 90 €0 10 suare)-z-¢ 1001
- - A 0 10 - - - - - - - ~ 19153 [Aypoul ‘[AqRUI-p ‘PIOE JOUBXIH 966
S'€ [ 6v ST L0 S0 90 LT L 0'¢ 9'¢ Sy 91 SUBDIKIN 166
S0 70 €0 1 70 1 - 1 Tl 1 70 €0 1 auaulg-¢ 086
3 - - 1 - 60 - 60 10 91 1 1 ) 10-¢-U0100-| 8L6
98¢ 96¢  89¢  SHE P9 90 79 T S8 LT ! oSl €9 susuIqeg 9.6
- - - - - - - - 0 10 - - - auaIp~(Q Ty Z-Biny L, LS6
1 1 } - 1'0 10 1 70 ¥ S0 9'0 ¥'T 60 susydwe)) €56
1 - ] - - - - ] l - - - - oﬁur_omomé mm@
6'€ Sy 6'€ 61 €1 60 oy LY L9 €PT 91 ¥9 Tl auaulg-» 6€6
01 1 97 Sl 70 10 70 S0 90 10 30 L0 €0 susfnyy-» €6
- 1 1 - } ) 1 1 0 €0 Sl ¢ L0 QuaAdLL], 976
- - - - - - - - - - - 1 90 L9 ‘SS ‘EF ‘STT A usmomyun) 76
- - - - - - - - - - - ) L0 L9 ‘SS ‘€ ‘STI A ‘umouwyun) 106
€0 T0 01 S0 - - - - - - - - - [eueydoy 668
- - - - - - - 70 - - ) ) L0 [OUdXOH-~Z€ LS8
- - - - 1 - - 10 $0 - ] 1 1'0 [euIXOH-AT pss
ZH O§ NN 14 DA IS XS vd ni a4g an D ! (9] punodwo)) i

soejpioq ur payySiysiy o1e sowads o1 a1eredos 01 pudl Jey) stusuodwoy(IS) BIOdNIS “1BA vupniaq [ pur (DA) vuviidaa f (YN)

sodiung dy sreuornw (Og) winiondoss [ (XS) pjoowuws  (ZH) sypiozrioy 1 (Y1) pupiungin "1ea 40110048 () nuvuLyd "1eA 0110048 (YD) 401110045
' 4(19) 100unpq 1 (dg) vuvipnuiaq r (N7T) vupdoon) “1ea sisuappqivq - (V€) S1suappq4vg ‘[ 10] S[IO [PNUISSI Je3| 10§ IO [€10} JUSD 12d oy jo suosuedwo)

[ 9lqeL



R.P. Adams [ Biochemical Systematics and Ecology 28 (2000) 149-162

154

- - - - - - ] 10 - 70 - - - ruankN 1611
0 €0 - €0 0 1 €0 €0 €0 C0 Tl 0 Lo joourdiaf-c 68717
- - - - - - = ) - - ) o v0 Py A eIl
- - - - - - o 0 - 70 - - - [o-g-uswA)-d  gg]]
- - - - - - - - - €0 0 - - suspepydeN.  6L11
L's ¥'8 $9 9L L1 0 9y T6 LT 8l 09 e oS [o-p-uourdiay  £/17
1 1 1 | - - - 1 1 1 1 10 suo[njpquIny .11
- - - - L0 1 - - - - - - - Jouayd-([Kuadorg-z)-z  0L1T
- - - - - - 10 - - - - - - [oauldiaf-¢  (91]
- - - - 80 - - - o T¢ 0¢ ¥T TT josurog  $9TT
- - - - - - 10 - - 20 - - - suoArEdOUl] €91
- - - - - - - - - 3 1y ouoldy BUIqES 9G]
- - - - 0 - - - - - - - - [efpUOn) €517
- - - - 0 1 - - - - 90 (18 SIS | aeapiy swoydure)  gpIT
- - - - - - - 10 0 - - - - [oudqua-suvil  ppI]
- 0 - - 0¥ 0 ¥ - - 501 61 $¢ 01 soydwe) gyl
70 €0 0 €0 - - 0 S0 o - €0 0 L0 [0-]-US-Z-IUSN-d-suny  Opl]
- - - - - - b - - w.o - - - _OQ?ZNUOQFT%:G& Qmﬂﬂ
- —_ - - - - - —.O - - - - - mﬁQO QCQCOEW—.%C <11
- - - - - - [0 - o <0 - - - ewojoydwe)-» G711
$0 $0 S0 90 10 - ¥'0 90 0 €0 S0 €0 80 [0-T-U-C-IUdN-d-s1> 111
- - - - - - - - - - 1'0 Lo 61 TSIES L9'6L P HOwdRL  917]
3 10 - - - - 1 - - 10 - = - (uoluyi- =) suolmyy-suviy  p11[
- - - - - - - - - - 1 10 IpIX0 WOY-sL  T1[]
- - - - - -~ - 0 - - - - - ale1de —\?m‘:uuoouﬁ 1111
) - 70 €0 10 10 - - 1 - - - - [euguoN-4  ZOL]
§0 07 0¢ 01 Ls 90 - - | - €0 ¥ [oofeury 8601
60 <1 L1 €1 - - S0 01 £0 1 v'0 €0 L0 OILIPAY SUSUIQUS-Yuns  [60]
~ - - - - - - - - - ] ] 0 audsIAwAxodg-/ ' 1601
- 70 81 97 - ] - - = - - - - suouvuoN-7 1601
30 It 9] 7 ) €0 S0 80 €1 80 60 90 L0 susjourdray, 8801
- - - - 1'0 - - - - - - - €0 (proueny) apIxo [00[BUIT-SUny LT
ZH 2 NW 14 DA IS XS ve nt a4 an M4 ¥D punodwo) ™

panuuod—7 AqeL,



155

R.P. Adams | Biochemical Systematics and Ecology 28 (2000) 149-162

panunuods—

10
£t

10
10

€0
€0

4y
10
1’0
0

1o

e

£le
L0

suasdolny f -s72
suafjAydoAe)-(7)
[ouasna [APIN
audqaqn)-§
aueone(

[ous3ng

9181908 [A[[oU0n)
2)RI00R [AATR))-SUDAZ
o1euEIdS [AYISIA
[eudIpede(J-4"dC
2181208 [AAIRIOULJ-SUDL
UOUEdPUN-T
sjoapeg

(proue4d) 2181008 9PIXO [OOTRUI]-SUD]

e |Aulog
EETLPI'S01 16'6L HO-uada ),
ZSI6IT6L TE € HO-2usdIdL
601°LLTE€TTTSTHO-ouddIoL
SIB[[PUONID [AYIOIN

[OUBLIAIN -sUDY

[0-1-U9RJ-ZY

9181908 JIRIPAY JUIUIQRS-SUDA]
suoyadig

[09AIRD)-510

[ofjeuon)

91B)00E [AYOUD I-OPUd
[09AIB)-SUDL}

[01xadig-sup4g

SUOUIGIOA

1CTE6°18° L9 TP HO-2uadIa L
QUOATRIOIPAYI(]-SUDL)
(3j08ens9=)[0dAeyd [AYIAA
[o11adrg-s10

[euadeq-Z¢

[OUdLIAIN

(744!
81yl
1ort
68ET
08¢l
9¢¢el
poel
LEET
ecel
picl
L6CT
tedl
1.14!1
3.14!
.14
pLTIT
L9C]
Soct
19¢1
8¢
LSTL
(274!
(4741
6¢Cl
8¢l
0T
L1T1
socl
YOI
10¢1
00zI1
S611
€611
€611
Tell



R.P. Adams | Biochemical Systematics and Ecology 28 (2000) 149-162

156

9] 70 1 - S0+ ol } S0 - 1 1 1 [fojorany-x-1ds  op91
4! 70 'l - ¥0 b0 L0 1 ¥0 - ! 3 ! fourpe)-o-ids  (p9]
70 €0 3 €0 60 I 0¢ - - - 1 - - fowsspng-4  0g91
- - - - 70 S0 - - - - - - - [OURJOOY-X (g9
70 - - - - - - - - - 90 - 70 jouaquD-do-1 /791
- - - - - - - - S0 - - - - LTTLSOT 16 Ty ousdammbsag 0191
43 70 L0 - 70 70 Lo 10 €0 0 1 1 ) suouadoldO-y 9091
- - - - - - - - - - - - ] 11 ngomo QCQ_BESE 9091
- - - - - - - ¥0 - T0 1 1 10 [0IPD 9661
- - - - T'0 70 1 0 €0 ) - - 1 apixo swdfjAydodre)  ygcy
S 071 9¢ 1 T'T ¥0 S0 3 90 - 1 10 - [0-p-( QURIOBWISD) /6T
- - - - - - - - -~ 1 - - - oumONﬁoD Tmﬁmxom-M-N Ohmﬂ
- - - - - - S0 - - - - - - [0PHoIN-(7)  +9$1
- - - - 61 LT - - - - 1 1 L0 upWB[Y  pSST
0 I'e LT 61 L STI 8 - } - L0 - - [owdry  6bSI
70 - - - - - - ~ - - - - - susuIpe)®  8EST
1T €0 01 - S0 €0 90 1 80 } 90 €0 1 UAWPEY-¢  $TST
- - - - - 70 - - - - - - } fogsqnd €151
R 70 S0 - €0 1 10 - 4 - 90 1 1 susuipe)-C  ¢[¢T
¥0 1 €0 1 10 1 } 1 70 - 3 1 1 susfoInnN-t  66p1
- - - - - 0 - - - - - - - [ousdnoost [AYRIN-(H)  S6vI
- - - - - - - - - - - 1 - SURIP-H T-BUIPED-SI0  €6P]
€0 ) - - - - - - - - T0 - 1 fogaqn)-do-y g6yl
10 - 0 - - - - - - - 80 1'0 X1} WIP-G(PT)p-e[olmIA-suny  16p|
10 70 0 10 - 70 6¢ 10 9] 10 €0 } -  du2mBWRD O8]
0 - 1 - - - - - - - - - - duajoInn-4 LLYT
- - - - - - - - - - 70 1 1 QuaIp-F(9)[-euIpR)-sUDL €[]
0 ~ - - - - - = - - - - - SUAIP-G(pT)p-vloINnN-S22  T9p]
- - - - - - - - - - mO - - vﬂoﬂﬁuwﬂmuﬁo.ﬂjzzp,ﬁ:ﬁu Omvﬂ
ZH oS AW 149 DA IS XS vd nt ad an p: £ (IR 9 punodwo) ™

panunuod—ri s[qeL



157

R.P. Adams | Biochemical Systematics and Ecology 28 (2000) 149-162

"PAYIIUSPI A[PANEIUS],,
‘porrodar
10U 3R 94,6°() UBY) $S9] S1uauodwiod payiusapiu) (1) eI} SB Pajouap oIk ¢/, [°0 UeY] ss3] sanjea [euorrsoduio) "uwngod (A4S = )s-gd(J U0 XopulsJea0y = [

14Y
90
80

10
0

€0
o
14\

LT
90

Ll
6'8
<l
91
01
S0
v
[ N4
Le

1

[4\
o
(4

(40
!

ST

L

£¢

€0

0
0

90

€0

IETL8TOLT'SST cp duadian(
L8TI'8PT°16°982 SE T ouxdion
[owSn119,]-sun.

[0I810 [ -Sup4)

[eRIqV-1da-p

[01BIO0] -510
987‘LBI‘CET IH I uddniq
16 ‘98T 1LT IH epT auadiniq
987°LSTTLT 6L 16 THdudINIq
HWIP-(STIET(P1)8-8I1qY
SUdIpEISIGY

[oouBA

QUOLIIBIIGY

9pIXO JAOUBIN

uUaIp-g 1 1)8-vIRUWNdOORIBPURS
QUAIP-GT°G-BSOY

ey [Auourdojd
[OW3[3£X0)30V-0-§
suouadord(y
[0-g-1-uoIp-L(ST)p-Buwsopny
[ossung

[oulpE)-©

[owsapnyg-©

[owsapng-¢

(Jo£s1101 = ) [o[OINNA -0
Jouaqn)

LLvT
19¢7
4%
0T
8877
8LCT
L
07T
0817
Y1z
080¢
€507
PS0T
6861
1961
0g6l
I881
68L1
eeL]
£891
9991
€691
¢s91
6v91
52!
wol



158 R.P. Adams | Biochemical Systematics and Ecology 28 (2000) 149-162

" 132 Terpenes
gracisor

presence/absence matching

ekmanii

urbaniana

lucayana

barbadensis

bermudiana

saxicola

silicicola

virginiana

blancoi

mucronata

scopulorum
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Fig. 1. Minimum spanning network based on 132 terpenoids, with similarities computed as presence/
absence data. See text for discussion.

constructed and principal coordinate analysis (PCO) was performed. Fig. 3 shows
the ordination of these taxa based on the terpenes data. Juniperus horizontalis
appears quite distinct. The mucronate juniper (mucronata in Fig. 3), appears to be
intermediate between J. scopulorum and J. blancoi in its terpenes in showing a triangle
of relationships (0.80 similarity between J. blancoi and J. scopulorum, not shown).
Notice that the similarity of the mucronate juniper to J. scopulorum (0.86} is the same
as the similarity of J. horizontalis (a universally recognized species) to J. scopulorum
(0.86).

The RAPD:s data depicts a very similar relationship among these taxa (Fig. 4). As
with the terpenes, the RAPDs show (Fig. 4) J. horizontalis is most dissimilar from the
group (0.77 to J. blancoi and 0.75 to J. scopulorum). Notice that J. blancoi, the
mucronate juniper and J. scopulorum form a triangle (0.81 similarity between J.
blancoi and J. scopulorum, not shown in Fig. 4) and the mucronate juniper is only
slightly more similar to J. blancoi (0.82) than to J. scopulorum (0.81).

Based on the morphology, terpenes and RAPDs, it seems appropriate to recognize
the mucronate tipped juniper as: Juniperus mucronata R.P. Adams, sp. nov., TYPE:
Mexico, Maicoba, 1180 m. R.P. Adams 8704 (holotype at SRCG)

Arbores axe centrali forti (usque 15 m alti), corona pyramidali; foliis apicibus muc-
ronatis; ligno centrali (duramine) purpureo vivido, ramulis foliatis pendulis;
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Fig. 2. Minimum spanning network based on 132 RAPD bands. Each OTU is represented by two
individuals. See text for discussion.

cortice trunci brunnea in ligulam decorticanti; strobilis femineis pulpa succulenta
molli globosis vel reniformibus (ubi 2-seminalis) in maturitate anthracinis dealbatis
4-6 mm longis 5-8 mm latis, maturitatem attingentem tempore anni; pedunculis rectis;
seminibus 1-2 (saepe 1 per abortionem) profunde sulcatis brunneis globosis 3-4 mm
longis 2-3 mm latis, cicatrice hili per 3-3 longitudinem seminis.

Trees with a strong central axis (to 15 m), crown pyramidal; both scale and whip
leaves mucronate tipped, heartwood bright purple; foliage pendulous; trunk bark
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Fig. 3. Principal co-ordinate ordination based on 132 terpenoids, with similarities computed as presence/
absence data. The dashed lines show the minimum spanning network and the number along the dashed
lines are the similarities between OTUs. See text for discussion.

brown, exfoliating in strips; female cones with soft, flesh pulp, globose to reniform
(when 2 seeded), dark bluish black, with light white bloom, 5-8 mm wide x4 - 6 mm
long, mature in one year; peduncle straight; seeds 1-2 (often one aborts, leaving
only 1), brown, globose, deeply grooved, 3-4 mm long, 2-3 mm wide, hilium scar from
1 to 1 length of seed.

Additional specimens: Adams 8701-8703, 8705; G. M. Ferguson 1448, 14561459,
1479, Maicoba/Yecora, Sonora/Chihuahua border, Mexico.

Juniperus mucronata differs from J. scopulorum in that its fruit mature in one year,
the leaf tips are mucronate (versus acute inJ. scopulorum), and the heartwood is bright
purple versus brown with a bluish cast in J. scopulorum. Juniperus mucronata diflers
from J. blancoi in that the leaf tips are mucronate (versus acute or rarely mucronate on
whip leaves in J. blancoi), and the heartwood is bright purple versus brown with
a purplish cast in J. blancoi. At present, the species is known only from the banks of
the Maicoba River (30 - 60 m above the river) and other streams near the Sonora-
Chihuahua border, where it occurs on basalt with Cupressus lindleyii, J. deppeana and
Quercus species.

The taxonomic status of J. fucayana remains inexact. Although the terpenes and
morphology support the recognition of J. barbadensis var. lucayana (see Adams,
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discussion.

1995a), the RAPDs do not favor that alignment. It seems prudent to maintain
J. lucayana as a distinct species at present.

The recognition of J. ekmanii and J. urbaniana as varieties of J. gracilor (Adams,
1995a) is supported by the RAPDs data and these varieties will be maintained in the

treatment of Juniperus.
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