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Foreword 

Conifers, that is pines, spruces, firs, and, oh yes...cypresses, 
and larches, are these endangered? Most people, when they 
think of conifers in nature, conjure up images of vast forests 
in Canada, Scandinavia, Siberia, perhaps in the Alps or the 
Rocky Mountains, built of spruces, firs, and pines. Surely 
these species are not in danger of extinction? Some years ago, 
there was much concern about the effects of acid rain in such 
forests near industrial centres in Europe and the USA. With 
the reduction of emissions of SO,, these problems are in 
many areas gradually being overcome. Forests (both planted 
and natural) may have been badly affected, but species were 
not because they commonly occurred outside the affected 
regions. Yet conifers, as species, are threatened with extinc- 
tion globally. To appreciate this, we will have to adjust the 
common perceptions indicated above and realise that the 
majority of conifer species do not occur in the northern lands 
but are scattered on all continents except Antarctica, mostly in 
small areas, often with very few individuals in a population. 

There are about 630 species of conifers world-wide. 
Despite the much smaller total land mass, nearly 200 of these 
are restricted to the Southern Hemisphere, where extensive 
conifer forests are virtually non-existent. Many conifers, 
notably in the family Podocarpaceae, but also in 
Araucariaceae, are restricted to the tropics, often in moun- 
tains but also in lowlands. The fringes of deserts and desert 
mountains, as well as the high and arid plateaus of continents 
are home to yet other conifers, mostly unheard of in more 
temperate or boreal latitudes. The relatively small tropical 
Pacific island of New Caledonia has 43 species, all restricted 
to the island. And in many cases, these conifers have only 
relict populations that were historically much larger and 

more widespread. In this Action Plan, evidence shows that an 
astonishingly high proportion of conifer species are threat- 
ened with extinction. The main causes have nothing to do 
with air pollution, but are the common litany of ills accom- 
panying the overpopulation of this planet with humans and 
their impact on the natural environment: exploitation, con- 
version of woods to farmland and urbanisation, degradation 
of woodland vegetation by excessive gathering of firewood, 
grazing of livestock, burning etc. What little is left after 
large-scale exploitation by the affluent portion of humankind 
is further deteriorated and destroyed by the larger and less 
well-off resident populations. The situation is bleak in many 
parts of the world. Yet conifers are highly important ecolog- 
ically, economically, scientifically and, not least, aesthetical- 
ly. They have existed in various forms for over 250 million 
years, twice as long as the flowering plants. 

This Action Plan is the first attempt to address the con- 
servation issues of conifers on a global scale, focusing on 
species (taxa), not forests as such, although the two aspects 
are intricately connected. It is neither complete, as important 
gaps in its coverage remain to be filled, nor does it ‘solve’ all 
of the problems identified. But the Conifer Specialist Group, 
whose combined expertise this document represents, 
believes that it has taken an important first step in presenting 
what we know of this difficult subject to a wider audience of 
conservationists and policy makers, whose awareness and 
subsequent help will bring us closer to the protection of this 
fascinating type of plant life. 

Aljos Farjon 
Chair, IUCNSSC Conifer Specialist Group 
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Executive Summary 

Conifers are one of the world’s most important resources of 
timber. Especially in the Northern Hemisphere, these 
resources are vast and will, if managed wisely and used sus- 
tainably, provide wood for a multitude of purposes virtually 
indefinitely. Other functions, not the least of which are eco- 
logical ones provided by these vast conifer forests, are equal- 
ly important. Unsustainable exploitation of these forests, 
while not yet banned, is gradually giving way to better 
forestry in many countries with substantial populations of 
this invaluable resource. Why then this Action Plan? Why an 
IUCNKSC Conifer Specialist Group? 

Globally, there are some 630 species of conifers, plus c. 
170 taxa at infraspecific ranks (subspecies and varieties), 
totalling 800 taxa. Of these, 355 are listed as of conservation 
concern. The total number of taxa threatened with extinc- 
tion (CR, EN, VU) is 200 (c. 25%). Seventy of these are 
likely to become extinct in the foreseeable future if current 
trends continue. 

Conifers occur on all continents except Antarctica, but 
their abundance is unevenly distributed both in terms of indi- 
viduals and taxa. Where the vast boreal conifer forests stretch 
across continents and contain billions of trees, they sustain 
no more than a handful of species. In contrast, more souther- 
ly latitudes in the Northern Hemisphere and all of the 
Southern Hemisphere have either scattered conifer forests, or 
mixed conifer/hardwood forests in which conifers occur in 
low densities, dispersed among other trees or shrubs. Many 
species occupy very small areas, often as relict populations 
of once greater abundance. Some areas have a high diversity 
of species, but hardly any of these species are abundant 
enough to form forests of any appreciable size. A good exam- 
ple is New Caledonia in the Southwest Pacific, an island with 
43 species of conifers, all endemic, in an area about the size 
of Wales. Mexico has 42 species and 18 varieties of pines 
(Pinus), compared with eight species and one variety in all of 
Canada and Alaska. Unknown to many, c. 200 species of 
conifers are restricted to the Southern Hemisphere, where 
vast conifer forests are unknown. It is this scattered diversi- 
ty that is most threatened with extinction. 

This Action Plan assesses conifer diversity and its threats 
in Chapter 1. Endemic genera are particularly important 
since they represent taxa of high genetic distinction often 

represented by a single species. We have indicated where 
these genera are concentrated. In Chapter 2 we return to this 
theme and analyse the data to indicate ‘conifer hot spots’ or 
areas where there is a combination of high conifer diversity 
and threats. Conifer conservation in such areas should be a 
priority. While a generalised assessment of threats in Chapter 
1 and general conservation recommendations in Chapter 2 
often apply to such hot spots and may help to identify the 
action that is needed, more detailed regional accounts are 
provided for several of these hot spots in Chapter 3. In addi- 
tion, this Action Plan is unique among IUCN’s Plant Action 
Plans so far published in that it gives the complete Global 
Red List of Conifers using the 1994 IUCN Red List 
Categories and criteria. Since this list includes distribution of 
the taxa, any country can tally from this list its conifers 
which are threatened globally. We have also developed a for- 
mula for prioritising at the taxonomic level, resulting in a 
short-list of threatened species. We think that we have cho- 
sen objective criteria to do this, but since conservation action 
often will be taken at regional or local levels, taxa which are 
not short-listed remain important targets. We encourage pri- 
ority Action Plans to be undertaken for the short-listed 
species. This Action Plan presents ten species accounts. 
These accounts should be used both as models for more such 
reports which need to follow and as first steps towards 
species Action Plans. In these species accounts, we have 
included examples of ‘success stories’ to encourage conser- 
vationists to begin work on other species. 

With threats to conifers so multifarious and widespread, 
the three groupings developed in the Conifer Action Plan 
(Global Red List of Conifers, hot spots, and short-list of 
threatened species) provide focus for further assessment and 
conservation action. In a summary of recommendations we 
call for: 

Conservation of existing diversity through nine action 
points focusing on irz situ strategies supported where nec- 
essary by ex situ conservation; 

Reduction of pressure on conifers as a resource through 
four action points focusing on timber management and 
market strategies. 



Restimen 

Las coniferas conforman uno de 10s recursos madereros mas 
importantes de1 mundo. Especialmente en el Hemisferio 
norte, este vasto recurso puede, si se maneja con conciencia 
y de manera sustentable, proporcionar indefinidamente 
maderas para multiples usos. Igualmente importantes son las 
otras funciones que proveen 10s bosques de coniferas, entre 
las que se encuentran las ecologicas. El manejo no sus- 
tentable de estos bosques, que aun no ha sido prohibido, esta 
gradualmente dando lugar a una mejor foresteria en muchos 
paises con considerables poblaciones de este recurso invalu- 
able. Entonces ipor que este Plan de Action? LPor que un 
grupo de especialistas de coniferas de la IUCNKSC? 

Existen unas 630 especies de coniferas, mas aproximada- 
mente 170 taxones de rango infraespecifico (subespecies y 
variedades), en total se trata de 800 taxones. De estos, 355 
son considerados de inter-es para la conservation. El numero 
total de taxones amenazados de extincion (CR, EN, VU) es 
de 200 (cerca de1 25%). Setenta de estos probablemente se 
extingan en un futuro previsible si persisten las tendencias 
presentes. 

Las coniferas se encuentran en todos 10s continentes con 
la exception de la Antartica, pero su abundancia, tanto en 
individuos coma taxones, no esta equitativamente distribui- 
da. Mientras que 10s vastos bosques de coniferas boreales 
atraviesan continentes y contienen billones de arboles, estos 
no mantienen mas que un pufiado de especies. En contraste, 
en las latitudes bajas de1 Hemisferio Norte y todo el 
Hemisferio Sur poseen, ya sea bosques de coniferas esparci- 
dos o bosques mixtos de coniferas/latifoliadas, donde las 
coniferas se encuentran en bajas densidades, dispersas entre 
10s arboles y arbustos de otras especies. Muchas especies 
ocupan areas muy pequefias, frecuentemente corn0 relictos 
de poblaciones que antiguamente eran muy abundantes. 
Algunas areas presentan gran diversidad de especies, sin 
embargo casi ninguna de estas especies son suficientemente 
abundantes para formar un bosque de tamafio apreciable. Un 
ejemplo se da en Nueva Caledonia, en el sudeste de1 
Pacifico; una isla con 43 especies de coniferas, todas 
endemicas, en una area de1 tamafio de Gales. Mexico tiene 
42 especies y 18 variedades de pinos (Pinus), comparadas 
con 8 especies y una variedad en Canada y Alaska juntos. 
Desconocido para mucha gente, cerca de 200 especies de 
coniferas son restringidas al Hemisferio Sur donde se 
desconocen grandes bosques de coniferas. Esta diversidad 
esparcida es la mas amenazada de extincion. 

resentada una alta diferenciacion genetica que frecuente- 
mente se refleja en una sola especie. Hemos indicado donde 
se concentran estos generos. En el Capitulo 2, regresamos a 
este tema y analizamos 10s datos indicando las sitios criticos 
(‘hot spots’) para coniferas; areas donde hay una combi- 
nation de alta diversidad, asi coma de especies amenazas. 
La conservation de coniferas en estas areas debe ser priori- 
taria. Mientras que las evaluaciones generales de las ame- 
nazas de1 Capitulo 1 y las recomendaciones para la conser- 
vacion de1 Capitulo 2 suelen ser aplicables a 10s sitios c&i- 
cos y pueden ser utiles para identificar las actividades que 
Sean necesarias, el Capitulo 3 provee informes regionales 
mas detallados para varios de estos sitios criticos. Ademas, 
este Plan de Action es unico entre 10s Planes de Action de la 
IUCN hasta ahora publicados sobre plantas ya que da la lista 
Roja Global de coniferas completa, utilizando las 
Categorias de las Listas Rojas de la UICN de 1994. Puesto 
que esta lista incluye la distribution de 10s taxones, para 
cualquier pais se puede hater un recuento de sus coniferas 
globalmente amenazadas. Tambien hemos desarrollado una 
formula para priorizar al nivel taxonomico, resultando en una 
lista selecta de especies amenazadas. Pensamos que para 
ello hemos usado criterios objetivos, mas debido a que la 
action de conservation generalmente se lleva a cabo a nivel 
regional o local, hay taxones que no fueron incluidos en la 
lista selecta que siguen siendo importantes. Instamos a que se 
desarrollen Planes de Action para estas especies selectas. 
Este Plan de Action presenta 10 informes de especies. Estos 
informes deben ser empleados tanto, coma modelos para 
informes de otras especies que deben seguirles, coma lin- 
eamientos iniciales hacia Planes de Action por especies. En 
estos informes de especies hemos incluido ejemplos de 
‘cases exitosos’ a fin de alentar a 10s conservacionistas a 
comenzar a trabajar con otras especies. 

Como las peligros de las coniferas son tan variados y 
amplios, 10s tres grupos desarrollados en el Plan de Action 
(Lista Roja Global de coniferas, sitios criticos y lista selecta 
de especies amenazadas) proporcionan un enfoque para ulte- 
riores evaluaciones y actividad en la conservation. 
Resumiendo, las recomendaciones que proponemos son: 

Conservation de la diversidad existente a traves de 9 pun- 
tos de action enfocados a estrategias in situ apoyando donde 
es necesario la conservation ex situ. 

Este Plan de Action sefiala, en el capitulo 1, la diversidad Reduction de la presion sobre las coniferas coma un 
las coniferas y las amenazas que sufren. Son particularmente recurso a traves de 4 puntos de action enfocados en la 
importantes 10s generos endemicos ya que en ellos esta rep- gestion y estrategias de mercado de especies maderables. 



Les coniferes constituent une des plus importantes ressources 
mondiales de bois de construction. Particulierement abon- 
dants dans l’hemisphere nord, ils foumissent du bois pour une 
grande variete d’utilisations et ceci pratiquement d’une faGon 
illimitee a condition d’etre g&es de man&e avisee et durable. 
D’autres roles remplis par ces vastes forets de coniferes, parmi 
lesquels les fonctions ecologiques ne sont pas les moindres, 
sont tout aussi importants. Bien que n’etant pas encore inter- 
dite, la gestion non durable de ces for&s se voit progressive- 
ment remplacee, dans de nombreux pays et sur d’importantes 
surfaces, par un meilleur type d’exploitation de cette ressource 
d’une valeur inestimable. Alors pourquoi ce plan d’action? 
Pourquoi un Groupe de specialistes des coniferes a la 
Commission de la sauvegarde des especes de I’UICN? 

Globalement, il existe environ 630 especes de coniferes et 
quelque 170 taxons a l’echelon infraspecifique (sous-especes 
et varietes) totalisant 800 taxons. Parmi eux, 355 provoquent 
des inquietudes quant a leur protection. En tout, 200 taxons 
- soit 25 % - sont menacks d’extinction (CR, EN, VU). 
Septante d’entre eux sont susceptibles de dispara”itre dans un 
proche avenir si la tendance actuelle se poursuit. 

On trouve des coniferes sur tous les continents a l’excep- 
tion de 1’Antarctique; cependant, leur abondance est inegale- 
ment repartie tant en termes de quantite que de taxons. Alors 
que les vastes for&s boreales de coniferes contenant des mil- 
liards d’arbres s’etendent sur plusieurs continents, elles sont 
composees d’un nombre limite d’especes. En revanche, les 
latitudes plus meridionales de l’hemisphere nord et l’hemis- 
phere sud dans son ensemble hebergent des forets de 
con&es beaucoup plus dispersees, ou alors des forets 
mixtes de feuillus et de coniferes ou ceux-ci n’atteignent que 
de faibles densites. De nombreuses especes ne se trouvent 
que dans des zones tres restreintes, souvent sous la for-me de 
populations reliques. Certains secteurs presentent une grande 
diversite d’especes mais tres peu de celles-ci sont suffisam- 
ment abondantes pour constituer des forets de taille con- 
sequente. Un bon exemple de ce phenomene se trouve en 
Nouvelle-Caledonie, ile du sud-ouest du Pacifique qui recele 
43 especes de coniferes - toutes endemiques - sur une super- 
ficie equivalente a celle du Pays de Galles. Le Mexique 
heberge 42 especes et 18 varietes de pins (Pinus), a compar- 
er avec 8 especes et une variete pour l’ensemble du Canada 
et de 1’Alaska. Fait beaucoup moins connu, environ 200 
especes de con&es sont confinees a l’hemisphere sud ou de 
vastes forets demeurent inconnues. C’est le caractere eparpil- 
le de cette diversite qui est le plus menace. 

Ce plan d’action traite dans son premier chapitre de la 
diversite des con&es et des menaces qui pesent sur elle. Les 
genres endemiques rev?tent une importance particuliere du fait 
qu’ils constituent des taxons genetiquement tres distincts, sou- 
vent represent& par une seule espece. Les endroits ou se con- 

centrent ces genres sont indiques. Le second chapitre appro- 
fondit ce theme et analyse les donnees afin d’indiquer les “hot 
spots” (zones dans lesquelles on releve a la fois une grande 
diversite de con&es et l’existence de graves menaces). La 
protection des coniferes dans ces zones devrait constituer une 
priorite. L’evaluation des menaces pesant sur ces arbres - 
traitee dans le chapitre 1 - et les recommandations relatives a 
leur protection - contenues dans le chapitre 2 - s’appliquent 
souvent a de tels “hot spots” et peuvent contribuer a definir les 
actions a entreprendre. Quant au chapitre 3, il aborde de 
man&e plus detaillee et a l’echelle regionale plusieurs de ces 
“hot spots”. De plus, de tous les plans d’actions publies a ce 
jour par 1’UICN sur les plantes, celui-ci est unique dans le sens 
ou il foumit la Liste Rouge globale des Con$Zres, sur la base 
des categories et criteres de la Liste Rouge de 1’UICN de 1994. 
Comme cette liste rouge considere la distribution des taxons, 
chaque pays a la possibilite d’identifier grace a elle les 
coniferes existant sur son territoire et qui sont egalement men- 
aces a l’echelle globale. Nous avons aussi developpe une for- 
mule de determination des priorites a l’echelon taxonomique 
avec pour resultat l’etablissement d’une “short list” d’especes 
menacees. Nous pensons avoir choisi des criteres objectifs 
dans cette demarche, mais puisque les actions de protection 
seront souvent entreprises aux niveaux regional ou local, les 
taxons ne figurant pas dans la “short list” demeurent parmi les 
objectifs importants. Nous encourageons le lancement de 
plans d’actions prioritaires pour les especes comprises dans la 
“short list”. Ce plan d’action presente dix resumes prenant cha- 
cun pour theme une espece particuliere. Ces resumes devraient 
etre utilises a la fois comme modeles pour tout rapport de ce 
genre necessaire a l’avenir et en tant que premiere &ape pour 
l’etablissement de futurs plans d’actions par espece. Nous 
avons integre dans ces resumes des exemples de projets 
couronnes de succes afin d’encourager les protecteurs de la 
nature a initier des travaux sur d’autres especes. 

Compte tenu de la large repartition et de la multiplicite 
des menaces qui p&sent sur les coniferes, les trois categories 
developpees dans le Plan d’Action pour les coniferes, (liste 
rouge globale des coniferes, “hot spots” et “short list” d’e- 
speces en danger) foumissent des priori& pour les evalua- 
tions et les actions de protection a venir. Dans une synthtise 
de recommandations, nous lan$ons un appel pour : 

Le maintien de la diversit existante, par la mise en oeuvre 
de neuf types d’action mettant l’accent sur des strategies in situ 
assorties, en cas de besoin, de mesures de protection ex situ; 

La rkduction de la pression subie par les conifkes en tant 
que ressource naturelle, par le biais de quatre types d’action 
ciblees sur la gestion du bois de construction et sur les strate- 
gies du marche. 

. . . 
Vlll 



Summary Table of Recommended Actions 
Manage fire Ex situ Additional New or Improve Restore Prevent forest Enhance Involve Undertake Maintain Coordinate 
regimes Propagation Research expanded manage- and degradation legal local Development species efforts of 
using sup- reserves ment of reintroduce from logging protection residents of Protection diversity NGOs and 
pressions( s) current seedlings (I) mining (m) Plans government 
or controlled reserves in situ w=+Y (9) 
burns (b) and pests (p) 

Regional Accounts 

New Caledonia 

Eastern Himalayas 

Nueva Galicia, 
Mexico 

Caribbean Islands 

Tasmania 

SW Pacific islands 

California Floristic 
Province 
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Chapter 1 

Global Assessment of 
Conifer Diversity and Threats 

Introduction 

The conifers are one of the world’s most important resources 
of timber. Several well-known genera have species that grow 
rapidly, develop into tall trees, and occur over wide ranges 
(especially in the cool regions of the Northern Hemisphere). 
Prime producers of softwood timber include the pines 
(Pinus), spruces (Picea), larches (Larix), silver firs (Abies), 
Douglas firs (Pseudotsuga), and hemlocks (Tsuga), all in the 
family Pinaceae. Other families yield important amounts of 
excellent timber in the Northern Hemisphere as well as in the 
Southern Hemisphere, and even in the tropics (e.g. various 
kauris (Agathis) and species of Dacrydium). 

Conifers can also grow exceedingly slowly and to a great 
age; sometimes as gigantic trees and sometimes only as short, 
stocky trees or even shrubs. Hard, often durable and fine- 
grained, conifer wood is often highly prized for special uses. 
The wood of certain species is almost indestructible (decay- 
resistant). Many species are considered excellent trees for 
afforestation, and even more are used in horticulture, where 
several species have yielded valuable cultivars. Additional 
products include resins and their derivatives, such as terpene 
and essential oils, and even medicinal extracts. An example of 
the latter is the chemical compound taxol found in yews 
(Taxus) which is now used in treating certain forms of cancer. 
Conifers, thus, display an amazing array of unique potentials. 

Globally there are some 630 species of conifers, distrib- 
uted over c. 70 genera and 8-9 families (Page 1990a, Farjon 
1998). Some genera have a relatively large number of 
species, such as Pinus (c. 1 lo), Podocarpus (c. 105 or more, 
probably several still to be discovered), Juniperus (c. 55), 
Abies (c. SO), Picea (c. 35), Dacrydium (21), and Araucaria 
(19). Many more genera are poorly represented with only a 
few or even only a single species. Many species seem to 
belong to old evolutionary lineages, within their genus or 
even among conifers as a whole, reflecting the ancient origin 
of the group or the relictual nature of the species. 

On the other hand, several of the larger genera contain 
species that are highly advanced and adapted to a wide vari- 
ety of habitats. Many conifers are tolerant of adverse climat- 
ic or edaphic conditions unsuitable for other trees. These 
range from frequent fires in tropical ‘pine savannas’ to 
extreme climatic conditions at the tree line or beyond in high 
mountains, from temperate evergreen rain-forests on ocean 
shores to semi-deserts in the interior of continents. Soils can 
be sandy, rocky, peaty, dry or wet, and even toxic with heavy 
metals. This tolerance of such a wide range of climatic and 
edaphic conditions is unique amongst trees and cannot be 

achieved by most broad-leaved trees. For these reasons, 
conifers are very important ecologically as they provide for- 
est cover or other permanent or periodic vegetation to ani- 
mals and humans in all these habitats. 

Natural old growth conifer forests, in which conifers can 
attain great size and age, are ecosystems sustaining a high 
level of biodiversity. Many species of plants and animals 
depend on them. Successional cycles in such forests are long 
and complex. In other systems conifers are pioneers capable 
of establishing a quick forest cover to be supplanted later by 
broad-leaved trees. There are many intermediate forest types 
between these extremes in which conifers have an important 
role, and much is still to be learned about these forests. 

Exploitation of these resources is as old as civilisation: 
the Old Testament of the Bible mentions the extensive use of 
the Lebanon cedar (Cedrus Zibani) for temple building; the 
Chinese made similar use of conifer wood millennia ago. 
Shipbuilding depended for centuries on the tallest conifers 
for masts, while the Polynesians used various conifers for 
their canoes with which they explored the Pacific. In many 
areas such use proved to be unsustainable. Yet, with a few 
exceptions, this did not lead to serious threat to the survival 
of species on a global scale. 

This century, and especially the latter half of it, has seen 
a dramatic increase in the exploitation of timber resources on 
every continent where conifer forests occur. Primary old- 
growth forest is being rapidly destroyed outside nature 
reserves. Coastal regions and forested islands, due to prox- 
imity of ports, are especially exploited, but interior regions 
are by no means excluded. The rate of exploitation usually 
far exceeds natural regeneration. Even if the constituent tim- 
ber species are being grown in managed (plantation) forests 
in situ, this does not equate to sustainability. 

For these reasons, such ‘harvesting’ as it is commonly 
called, is often an inappropriate term, as one cannot reap 
more than one sows. Where reforestation occurs, it is almost 
invariably with species alien to the site and most often in 
monoculture, or with a monoculture of one of the original 
constituents, usually the fastest-growing species. In many 
countries, changes in land use after cutting of forests pre- 
clude reforestation altogether. This development often leads 
to virtually irreversible changes in the environment, notably 
affecting the soil, often making it unfit for tree growth. In 
other instances, woodland is degraded by continued selective 
removal of trees. In all of these cases, such exploitation and 
transformation has led to decreasing conifer ranges or popu- 
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lations. For species with restricted distributions or scattered 
populations combined with slow regeneration and growth to 
maturity, this has led to an increased rarity. Some species are 
now at the brink of extinction, and a great deal of genetic 
diversity has been lost, especially in the cases of selective 
cutting or depletion of separated populations. 

More localised environmental changes brought about by 
human activity are also spreading. These include frequent 
burning, grazing of domestic animals, mining operations, 
and urbanisation. Each one of these activities can seriously 
threaten local conifer species. When undertaken in various 
combinations and in conjunction with logging, the results 
can be disastrous. All these activities, but especially their 
increase in recent decades, pose an accelerating threat to a 
substantial proportion of conifer biodiversity. 

This Action Plan aims to identify the species currently 
under threat of extinction, using the Red List Categories and 
criteria developed by IUCN in 1994 to assess threat for all 
plants and animals. This assessment results in an amended 
Global Red List of Conifers which forms the core of this doc- 
ument. It is the latest edition of a preliminary list published 
in 1993 (Farjon et al. 1993), which has been a major source 
for the compilation of the 1997 IUCN Red List of Threatened 
Plants (Walter and Gillett 1998). The amended list, compiled 
using the new IUCN categories, has also been incorporated 
into the recently published World List of Threatened Trees 
(Oldfield et al. 1998) and the World Checklist and 
Bibliography of Conifers (Farjon 1998). As a result, there are 
two recently published Red Lists of conifers ‘endorsed’ by 
IUCN that differ quite substantially from each other: the 
IUCN Red List of Threatened Plants, which used the ‘old’ 
categories, and the present one in this Action Plan. The latter 
supersedes the former wherever the two appear to differ. In 
addition, the various threats to conifer survival are identified. 
Prioritisation leads to the identification of special target 
species as well as conifer ‘hot spots’ in the world. For these, 
separate species accounts and regional plans serve as exam- 
ples for a more local approach. 

The issue of conifer conservation is diverse and complex, 
and its peculiarities vary from region to region across the 
globe. In detail, they are therefore best addressed regionally. 
General proposals for conifer conservation are, however, 
outlined in this Action Plan. Case studies of several threat- 
ened conifers are presented to indicate ways to proceed in 
individual species action. Individual countries can select 
their taxa from the list and use these case studies as examples 
to further develop conservation strategies for threatened 
conifers. In all these cases, what is brought forward should 
be seen and read as proposals for conservation action. 
Amendments are necessary and are likely to be made with 
more feedback from the regions concerned and with 
increased knowledge of the conservation status of individual 
species and the forests in which they occur. The analysis pre- 
sented of priority species and ‘hot spots’ has so far resulted 
in a number of valuable reports by various members, which 
are presented in this Action Plan. However, largely due to 

lack of detailed knowledge of several of these regions as well 
as species, and to limited resources of personnel to carry 
them out, more reports are needed. It is hoped that this 
Action Plan will stimulate the production of these. 

A database, developed in close collaboration with the 
WCMCSSC Conservation and Sustainable Use of Tree 
Project at Cambridge, UK, has been updated with these 
conifer data and will be continuously updated. 

Conifer diversity and 
distribution 

Global diversity 

Conifer forests include those of the vast boreal regions of 
high latitudes in Europe, Asia, and North America, where rel- 
atively few species in few genera, such as spruces (Picea), 
firs (Abies), larches (Lark), and pines (Pinus) are wide- 
spread. The sheer numbers of individuals of each species in 
these forests ensure that they are not threatened with extinc- 
tion. However, large-scale exploitation has regionally deplet- 
ed these forests and the long-term future of the boreal conifer 
forests may be threatened if the focus of wood extraction on 
a massive scale were to be diverted from Pacific coastal 
forests (where conservation issues have become politically 
sensitive) to, for example, the Russian Far East or Siberia. 

Mixed conifer-broadleaved forest, with Abies mariesii, in Honshu, 
Japan. 

More diverse are the montane to subalpine zones of mid- 
latitude major mountain ranges of the northern hemisphere, 
such as the Alps, Himalayas, mountains of SW China, and 
Rocky Mountains in the USA. Here we find many more 
species of the boreal genera, but in addition more restricted 
genera, e.g. true cedars (Cedrus), Douglas firs 
(Pseudotsuga), and junipers (Juniperus). Most have rela- 
tively wide distributions, but there are notable exceptions, 
especially in centres of diversity, such as the eastern 
Himalayas, SW China, the Sierra Nevada of California, and 
the mountains of northern Mexico. 

Other conifers, especially pines, cypresses (Cupressus), 
and junipers, occur in more Mediterranean climates of the 
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Mixed conifer-broadleaved forest in South island, New Zealand. 

northern hemisphere. Cypress pines (C&itris) occupy simi- 
lar habitats in Australia, while Widdringtonia occupies simi- 
lar habitats in a similar climate in southern Africa as does 
Austrocedrus in South America. Some of these also have 
wide distributions, but restricted ranges are more common, 
and those restricted species are often most threatened. Some 
species in these genera occur in the interior of continents on 
mountains and plateaus with semi-arid climates, where they 
are often the only trees. As with other trees in such climati- 
cally difficult conditions, regeneration in relation to life span 
is often precariously balanced and easily disturbed e.g. by 
grazing pressures from livestock. 

Conifers also form the dominant elements of almost all of 
the earth’s temperate rainforests. These occur mostly around 
the Pacific Rim, on isolated high mountains within tropical lat- 
itudes, and on islands near the southern continents. All conifer 
families and many genera are represented in these biologically 
rich forests. It is especially in these temperate rainforests that 
most of the surviving evolutionary ancient and relictual genera 
are found, and their number of species is typically small. 

In tropical lowland to submontane forests, conifers are 
generally rare and scattered, occupying restricted habitats 

(such as ‘pine savannas’ extending from the SE United States 
to Central America). Such areas are generally unsuitable for 
the development of angiosperm forest largely due to 
unfavourable soil conditions. These conditions can include 
extreme deficiency of nutrients and the presence of heavy 
metal contaminants (such as on the ultramafic soils of New 
Caledonia). Only a few genera of conifers (e.g. Podocarpus 
and Agathis) are able to compete with angiosperm trees by 
maintaining dominance through attaining great size and age. 

While conifers are limited in number of genera and 
species (approximately 70 and 630) and are, in many 
respects, a relictual group of plants (whose true heyday was 
the Mesozoic eraj, they are widely distributed across the 
globe. The only major distribution gaps occur in large 
areas of Africa, parts of South America, and the deserts of 
Asia, Australia, Antarctica, and the Arctic. In Figure 1.1 the 
global distribution of conifers is illustrated, while further 
maps show conifer regions (Figure 1.2) and the distribution 
of conifer ‘hot spots’ (Figure 2.1). Table 1.1 outlines the 
distribution of all genera in major regions. 

How slow some conifers grow: a slab of the Great Basin Bristlecone. 
pine (Pinus longaeva) has several thousand annual rings. 

..- 

Figure 1 .I. Worldwide distribution of conifers. 
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Table 1.1. Distribution of conifer genera by major regions’. 

BOR WNA CAL MEX FL0 SAM MED AFR SIN JAP MAL AUS PAC 
Araucariaceae 
Agathis 
Araucaria 
Wollemia 

. . . . . . . . . X X X 

. . . . X . . . . X X X 

. . . . . . . . . . m . 

Cephalotaxaceae 
Cephalotaxus . . . . . . . X x . . . 

Cupressaceae* 
Actinostrobus 
Austrocedrus 
Callitris 
Calocedrus 
Chamaecyparis 
Cupressus 
Diselma 
Fitzroya 
Fokienia 
Juniperus 
Libocedrus 
Microbiota 
Neocallitropsis 
Papuacedrus 
Pilgerodendron 
Platycladus 
Tetraclinis 
Thuja 
Thujopsis 
Widdringtonia 
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Phyllocladaceae 
Phyllocladus . . . . . . . . . S S S 

Pinaceae 
Abies 
Cathaya 
Cedrus 
Keteleeria 
Larix 
Nothotsuga 
Picea 
Pinus 
Pseudolarix 
Pseudotsuga 
Tsuga 
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Podocarpaceae 
Acmopyle 
Afrocarpus 
Dacrycarpus 
Dacrydium 
Falca tifolium 
Halocarpus 
Lagarostrobus 
Lepidothamnus 
Manoao 
Microcachrys 
Microstrobos 
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BOR WNA CAL MEX FL0 SAM MED AFR SIN JAP MAL AUS PAC 

Nageia . 
Parasitaxus . 
Podocarpus . 
Prumnopitys . 
Retrophyllum . 
Saxegothaea . 
Sundacarpus . 

Sciadopityaceae 
Sciadopitys . 

Taxaceae 
Amentotaxus . 
Austrotaxus . 
Pseudotaxus . 
Taxus x 
Torreya . 

Taxodiaceae” 
Athrotaxis . 
Cryptomeria . 
Cunninghamia . 
Glyptostrobus . 
Metasequoia . 
Sequoia . 
Sequoiadendron . 
Taiwania . 
Taxodium . 
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total small genera 1 
total monotypics 0 
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(x = genera > 5 recognised species; s = 2-5 recognised species; m = single species (monotypic)) 

1 BOR= Boreal zone in North America and Eurasia, incl. northern Rocky Mountain, 
Asia. 
WNA= Western North America (NW Pacific region and Rocky Mountains in USA) 
CAL= California, including parts of Oregon, Nevada and Arizona. 
MEX= Mexico and Central America. 
FLO= SE USA and Caribbean Islands. 
SAM= South America. 
MED= Mediterranean region, Turkey and Middle Eastern countries. 
AFR= Sub-Saharan Africa, including Madagascar. 
SIN= China, Himalayas, Taiwan, mainland SE Asia excl. Malay Peninsula. 
JAP= Japan, Korea and Maritime Provinces of Russia. 
MAL= ‘Malesia’ as defined in Flora Malesiana. AUS=Australia. 
PAC= SW Pacific islands, including New Caledonia, Fiji and New Zealand. 
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2 The families Cupressaceae and Taxodiaceae are kept separate for the purpose of this Action Plan for reasons of conve- 
nience. Increasingly, taxonomic and phylogenetic evidence suggest that these families should be merged under the older 
name Cupressaceae. Generic delimitations in some families, notably Podocarpaceae, are still in a state of flux while fur- 
ther research is ongoing. Likewise, we have adhered to established, but modem views on classification supported by 
published monographic research. 
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Fig 1.2. Major regions of conifer distribution as listed in Table 1.1. 

Regional diversity 

Although not strictly comparable for reasons of differences 
in size, topographical variation, and climate, the 13 regions 
vary widely in generic diversity of conifers (Figure 1.2). 
China, with the Himalayas and parts of Indochina, clearly 
stands out with 30 genera. This region (SIN) has seven small 
(2-5 species) and nine monotypic genera, representing 53% 
of all genera in the area. Hence, it is a region that has a high- 
er than average conifer diversity value. Two other regions 
with high diversity at the genus level are Japan, with Korea 
and the Maritime Provinces of Russia (JAP, 17 genera, three 
small and four monotypic = 41%) and the islands of New 
Caledonia, Fiji, and New Zealand in the Pacific Southwest 
(PAC, 15 genera, six small and three monotypic = 65%). As 
is often noted in biodiversity assessments, there is a major 
distinction between oceanic islands and those nearer to a 
continent. This difference is largely a reflection of the long- 
term geological isolation of the islands concerned, for which 
the surviving conifer diversity acts as a valuable biotic 
archive. However, there are almost no conifers on mid- 
oceanic islands, and presumably there never have been 
many. Most of the other regions average nine genera, with 
the exception of sub-Saharan Africa, which has only four 
conifer genera. The paucity of conifers in this vast and 
diverse continent is striking; it is matched in other tree 
groups, such as palms (Johnson 1996) and probably has its 
causes mainly in climatic fluctuations which occurred long 
before the present man-made decline of biodiversity began. 
Unlike the palms, conifers display no particular diversity on 
the large and phytogeographically distinct island of 
Madagascar. 

Many of the genera presented in Table 1 .l are endemic to 
the regions as defined, and no genera have an estimated 
extent of occurrence greater than 20% of the territory in each 

region (extent of occurrence is defined by IUCN (1994) as 
“the area contained within the shortest continuous imaginary 
boundary which can be drawn to encompass all the known, 
inferred, or projected sites of present occurrence of a taxon, 
excluding cases of vagrancy”). These endemic genera are 
listed in Table 1.2. 

As Fig. 1.3 shows, the diversity of endemic conifer gen- 
era is very unevenly distributed among regions. The three 
regions SIN, AUS and PAC collectively contain 25 of the 39 
endemic genera (=64%). At the other extreme, the large con- 
tinent of Africa contains only two endemic genera (=5%) and 
the vast boreal region has none. Fossil evidence (Beck 1988) 
strongly indicates a much wider distribution from the 
Mesozoic to the Late Tertiary of many of these now endem- 
ic genera, both in the Northern and the Southern 
Hemisphere. It is therefore of primary importance to con- 
serve species belonging to these endemic genera. 

Fig. 1.3. Diversity of endemic 
conifer genera by region. 

CAL 5% 
PA( 

AUS 21% 

JAP 10% 

dED 3% 

AFR 5% 

N 25% 

6 



Table 1.2. Regional distribution of 
endemic genera of conifers, with an 
estimate of the extent of occurrence 
for each as a percentage of its region. 

Genus Family Region’ Estimated 
extent of 

occurrence 

Sequoia Taxodiaceae 
Sequoiadendron Taxodiaceae 

CAL 
CAL 

Austrocedrus Cupressaceae SAM 
Fitzroya Cupressaceae SAM 
Pilgerodendron Cupressaceae SAM 
Saxegothaea Podocarpaceae SAM 

Te tracfinis Cupressaceae MED 

Widdringtonia Cupressaceae AFR 
Afrocarpus Podocarpaceae AFR 

Fokienia 
P/a tycladus 
Cathaya 
Nothotsuga 
Pseudolarix 
Pseudotaxus 
Taiwania 
Cunninghamia 
Glyptostrobus 
Metasequoia 

Cupressaceae SIN 
Cupressaceae SIN 
Pinaceae SIN 
Pinaceae SIN 
Pinaceae SIN 
Taxaceae SIN 
Taxodiaceae SIN 
Taxodiaceae SIN 
Taxodiaceae SIN 
Taxodiaceae SIN 

Microbio ta 
Thujopsis 
Sciadopitys 
Cryptomeria 

Cupressaceae JAP 
Cupressaceae JAP 
Sciadopityaceae JAP 
Taxodiaceae JAP 

Papuacedrus Cupressaceae MAL 

Wollemia 
Actinostrobus 
Diselma 
Hafocarpus 
Lagarostrobus 
Lepidothamnus 
Microcachrys 
Microstrobos 
A thro taxis 

Araucariaceae AUS 
Cupressaceae AUS 
Cupressaceae AUS 
Podocarpaceae AUS 
Podocarpaceae AUS 
Podocarpaceae AUS 
Podocarpaceae AUS 
Podocarpaceae AUS 
Taxodiaceae AUS 

Libocedrus Cupressaceae PAC 
Neocallitropsis Cupressaceae PAC 
Acmopyle Podocarpaceae PAC 
Manoao Podocarpaceae PAC 
Parasitaxus Podocarpaceae PAC 
Austrotaxus Taxaceae PAC 

1 As defined in Table 1 .I 

<15% 
<IO% 

<5% 
<5% 

<IO% 
<5% 

<IO% 

<5% 
c. 10% 

40% 
c. 10% 

c5% 
c5% 
<5% 

<I 0% 
<5% 

c. 20% 
<5% 
c5% 

<5% 
c. 10% 

<IO% 
c. 20% 

<IO% 

c5% 
<IO% 

<5% 
<5% 
<5% 
<5% 
<5% 
<5% 
<5% 

c. 20 
c5% 
<5% 
<5% 

<IO% 
<5% 

Major threats to conifer 
species survival 

Because conifers are mostly constituents or dominants of 
forests, factors that negatively influence forests also threaten 
conifer populations and ultimately species. The pressures 
that a rapidly growing human population and an expanding 
economy are bringing to bear on the remaining natural 
forests are alarming. A history of deforestation which took 
millennia in the old centres of civilisation such as the Middle 
East, Europe, and Eastern China now is being repeated glob- 
ally at an accelerating rate. This development is the funda- 
mental threat to the survival of species that depend on natur- 
al forests. However, the environmental problems, when 
looked at more closely, are complex and often appear to be 
interrelated. Below, under 
attempt to identify the major 

1. Direct 
at the 

exploita 
removal 

seven separate headings, we 
threats in some detail. 

tion through logging operations aimed 
of whole trees from natural, non-man- 

aged or minimally-managed wild forest stands. 

Considered as a natural resource of timber available for ‘har- 
vest,’ and in principle renewable, the world’s remaining nat- 
ural forests are under ever-increasing exploitation pressure. 
The plight of the tropical rainforests, widely publicised, is 
well known; however, many conifer-dominated forests, 

Loaded logging trucks hauling conifers in British Colombia, 
Canada. 



especially those known as the temperate rainforests, are 
equally threatened. These forests occur along the coasts of 
oceans, on islands especially around the Pacific Rim outside 
the tropical latitudes, and in parts of the tropics on high 
mountains. They usually contain a mixture of conifer and 
broad-leaved species, in which several of the conifers attain 
great size and age. Natural regeneration of these is dependent 
on episodic disturbances over very long intervals. Typically, 
regeneration occurs from seed dispersed by large individual 
trees that survived the disturbance (Enright and Hill 1995). 
The high timber volume and value of these often centuries- 
old trees has been the cause of and continues to result in their 
selective removal. Neither selective timber extraction, 
removing these ‘parent’ trees, nor forest management with 
shorter rotations are sustainable in the case of these slower- 
growing conifer species. Where such species occur as scat- 
tered large individuals, these practises have resulted in sub- 
stantial population reductions and have made several species 
either rare or genetically depleted or both. The likely result 
of such management over time is the total removal of these 
species from the forest. 

A variant of this is the wholesale clearance of natural 
forest for industrial manufacture of timber derived products 
(‘wood chipping’). In this type of exploitation, usually car- 
ried out in less ‘heavy’ timber stands, no species’ selection 
is made. Where rare species occur in such forests they are 
removed with the rest. Substantial areas are exploited in this 
way: where reforestation is attempted (by no means every- 
where), indigenous species are seldom used and the rare 
ones are always excluded. In regions like California, 
Tasmania, and southern Chile, to mention but three exam- 
ples, large scale exploitation has or will soon lead to the con- 
finement of several conifer species to a limited number of 
protected areas. 

2. Uncontrolled forest fires, combined with grazing of 
seedlings and saplings by domestic or introduced wild 
animals. 

Fires are an integral part of many ecosystems in which 
conifers occur. There is, however, usually a delicate balance 
between regeneration time, relatively undisturbed succes- 
sion, growth, and recurrence of the disturbance. An increase 
in this frequency, caused by human action, will lead to forest 
degradation and in extreme cases eventually to the disap- 
pearance of the forest. Such has been the history of many of 
Europe’s and China’s forests in past millennia. Increasing 
population pressures in rural areas around the world, espe- 
cially in tropical and subtropical latitudes, are causing this 
process to repeat itself on a geographically larger and often 
temporally shorter scale. While conifer species can show 
varied adaptability to this process, it is certain that several are 
threatened by fire, often in addition to logging. For example, 
regeneration of Fitzroya cupressoides in Chile is greatly 
impaired by increased frequency of forest fires. In other 
regions, such as southern Africa, initial removal of forest 
trees has led to vegetation types that bum much more fre- 

Forest fire destroying Scats pine (Pinus syhes tris) in Ukraine. 

quently (Pauw and Linder, 1997). Here fire presents a real 
threat for Widdringtoniu cedurbergemis, an Endangered 
species. Additionally, and especially on islands, the grazing 
of introduced livestock allows regeneration of (rare) conifers 
only in inaccessible places, such as Junipers cedrus on the 
Canary Islands. Frequent burning is often carried out pur- 
posefully to get rid of shrubby understorey vegetation in 
(degraded) conifer woodland and to stimulate grasses for 
livestock grazing. A variant of this, especially of concern in 
the USA, is the alteration of the fire-adapted conifer forest 
ecosystem either by livestock grazing, fire prevention (caus- 
ing fuel build-up), or a combination of these. As a result of 
this fuel build-up, fires, which under natural conditions pre- 
pared a seedbed for the largest, fire-resistant conifers, now 
threaten to turn into destructive conflagrations which kill all 
the trees along with the underbrush over vast areas. 

3. Conversion of forested ecosystems 
land, and human habitation. 

to pasture, arable 

Often a ‘natural’ development following a fire disturbance, 
such land conversion, though unavoidable in an agricultural- 
ly based society, has increased exponentially with the sharp 
rise in world population during the 20th century. China is 
estimated to have lost 24% of its forested area between 1950- 
1980, mostly due to conversion for agriculture. In New 
Zealand, natural forest once covered 70% of the land area, 
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Mixed conifer-broadleaved forest in the Caucasus, Georgia, as it 
should be . . . 

but this has been reduced to 22% in a period of 150 years. In 
both countries, many rare conifer species (such as 
Metusequoia glyptostroboides in China) have been negative- I 
1Y affected by 
of extinction. 

this threat and sometimes brought to the brink 

4. Exploitation of non-timber resources involving conifers. 

Many conifers yield non-timber products such as resin and 
its derivatives, edible seeds, and medicines, such as taxol in 
yews. Discovery of as yet unknown chemicals with medici- 
nal properties is a prospect especially likely in the lesser 
known species of the family Podocarpaceae, many of which 
occur in the tropics. Firewood use is often substantial, espe- 
cially in rural areas of poore 
are being exploited for this 

r countries where m 
purpose as well as 

any forests 
for timber. 

With a market largely in the wealthier countries, many 
conifers are considered ornamentals, and their seed, as well 
as sometimes live plants, are collected for sale abroad. 

In principle, most of these uses should be sustainable. 
Yet there are several instances where this is not the case. 
One factor in this unsustainability may be the rarity of a 
species combined with slow or poor regeneration. In such 
cases, harvest leveis must remain very low and careful atten- 

tion must be paid to population regeneration. Another con- 
tributing factor to unsustainable harvest can be the increase 
in the level of exploitation through growing population pres- 
sure, which, for example, may cause an increase in firewood 
collection. This increase in exploitation can also be caused 
by increased individual demand both for personal use and 
for sale. A sudden increase in demand resulting in unsus- 
tainable use threatened to occur with Tams brevz&dia, which 
recently was discovered to contain the effective 
chemical taxol. Large quantities of bark were 

anti-cancer 
required to 

extract this chemical. To supply the burgeoning market for 
this new drug, over vast tracts of its range in the Pacific 
Northwest of North America, this boom has led to stripping 
of the larger trees and their consequent demise. Previously, 
this tree was estimated to be of little value to foresters, and 
either left alone, or considered ‘weedy’ in forests managed 
for timber. In the quest for anti-cancer drugs, similar 
exploitation was reported in several other parts of the world 
where species of Tuxus occur. Other taxa, such as 
Cephulotams, are now found to yield similar medicinally- 
promising compounds, and natural populations are sudden- 
ly being exploited, often unsustainably. The path leading 
from extraction to purification to trial to medicinal use is 
usually long and costly. There is therefore no incentive to 
add to the costs by investment in propagation and large scale 
cultivation, unless and until a substantial profit is made from 
the end product, by which time it may be too late for the 
wild POPUl ations. 

5. Destruction or disturbance of forests by large scale 
strip-mining or hydroelectric projects, reclamation of 
swamps, or other development. 

Obviously when s 
the sites of (rare) 

uch projects are planned 
conifer species they w 

and carried out 
ill u sually lead 

on 
to 

direct destruction or severe damage. A case in point is a 
hydroelectric project that flooded a forested valley in 
Tasmania with important populations of the rare and slow 
grow ing podocarp Lagarostrobos franklinii. Mining opera- 
tions on the island of New Caledonia are threatening various 
rare conifers there. Disturbance of water tables and pollution 

. . . and wh at it threatens 
Caucasus, Georgia. 

to become outside national parks, 
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usually extend far beyond the actual locations of these oper- 
ations. Drought stress can make populations of conifers that 
are not directly affected by the development susceptible to 
pathogens. Sometimes the general disturbance and accessi- 
bility through roads tips the balance, as is the case with the 
remaining ‘untouched’ stands of Chamaecyparis lawsoniana 
in northern California and Oregon, which are now so infest- 
ed with a pathogenic fungus transported along these roads 
that their survival is threatened. Another case, involving 
drought stress and pathogens, is the near demise of Juniperus 
bermudiana (Challinor & Wingate, 197 1)) while similar 
reports are now being made for populations of Pinus 
halepensis and P. pinea in the Mediterranean. Often cause 
and effect are complex and not easy to unravel, as with the 
‘blight’ that nearly wiped out Torreya taxgolia along the 
Florida/Georgia border in the south-eastern United States. 

6. Risks of extinction by natural causes increased by 
human-induced reduction in the size of populations or 
restriction of natural range. 
In many forests and woodlands (co-)dominated by conifer 
species, natural ‘episodal’ disturbances leading to destruction 
of the vegetation occur. Indeed, many species have become 
dependent on such large-scale occasional disturbances to 
clear away competitive growth in order to establish a new 
generation from seed. In some cases, such as with fire-adapt- 
ed species of pines (Pinus), the trees from which the seeds 
are dispersed themselves are destroyed in the catastrophe. 
However, in many other instances reseeding occurs from 
mature trees left untouched in or adjacent to the area of 
destruction. Where species are confined to small reserves, 
the lack of adequate seed sources in buffer zones can jeopar- 
dise the chances of their survival in the event of a large-scale 
disturbance in the reserve. Such is now the situation in large 
parts of the range of Araucaria araucana in Chile, where the 
major stands are confined to the slopes of active or semi-dor- 

mant volcanoes, due to encroachment of agriculture and 
forestry. In addition, some species have obviously declined 
due to climatic change. A notable example is Cupressus 
dupreziana in the Sahara, restricted to about 230 living trees 
and at present without natural regeneration. Other cases are 
Pinus baljouriana and P. longaeva in California and Nevada. 
Climatic change due to ‘greenhouse gas’ (mainly CO,> accu- 
mulation has unpredictable effects; it could hasten ‘natural’ 
extinction for these species, especially if it causes greater 
aridity in these regions. 

7. Genetic depletion through selective removal of individ- 
ual trees and genetic drift. 

Selective cutting of conifer trees over large areas and/or long 
periods of time tends to remove certain genotypes from the 
population. In slow-growing species, where old growth 
stands are exploited, these are the large trees, often many 
centuries old, which proved to be resistant to adverse envi- 
ronmental effects such as pests, pathogens, and storms. 
Genetic drift especially occurs when populations fall below 
a critical size or when individuals become very scattered. 
Although little is known about the effects of genetic deple- 
tion to species survival of conifers or, for that matter, even to 
what extent such depletion may have occurred in individual 
cases, it should certainly be a matter of concern. Genetic 
variation in the face of climatic change could be a necessary 
safeguard ensuring species survival in the future. 

There is little doubt that several of the above-mentioned 
threats often operate synergistically, causing severe rates of 
decline in extent of occurrence and/or area of occupancy, 
populations, and fitness or health of remaining individuals. 
Consequently, in our attempt to apply the criteria for threat, 
as defined by IUCN (1994), to what is known about geo- 
graphical range, population sizes, trends in these, and pres- 
sures on them, a very substantial proportion of the world’s 
conifer taxa were found to be under some category of threat. 

A dead forest of Alerce 
(Fitzroya cupressoides) 
in the National Part 
Alerce Costero, Chile. 



Global Red List of Conifers 
The Red List of Conifers presented in this Action Plan is a 
second edition. The first edition, published in 1993 (Farjon 
et al. 1993), appeared as a preliminary world list of threat- 
ened conifer taxa in the journal Biodiversity and 
Conservation. This edition was preliminary in several ways. 
First, its assessment was based on interpretation of the “old” 
categories of threat, which had been in use by IUCN and 
conservationists for many years but with little precedent 
regarding their application to trees. Second, for numerous 
taxa nothing was known about precise distribution and rates 
of decline. This edition was also published with the inten- 
tion that comments obtained from anyone well-informed 
about a species would be used to update it. The present list 
has been revised using much new information, including 
reports sent in by regional members, e.g. from Chile, China, 
Himalayas, Japan, New Caledonia, and Taiwan. The first 
edition aroused much interest if judged on the basis of 
requests for reprints, but very little response when it came to 
the comments that had been solicited. The authors would 
like to stress the point that such input is important. Far from 
being the last word, lists like this should be constantly 
updated and revised with better information, if only because 
the conservation status, even if correctly assessed, is likely 
to change with time. The most important cause of differ- 
ences between the previous and the present list has undoubt- 

Agathis ovate, New Caledonia. Araucaria amucana, Southern Chile. 

edly been the application of the new IUCN Red List 
Categories and criteria (IUCN 1994). In addition, while 
assessing each taxon, we have used the forms for data col- 
lecting on trees developed by the WCMCISSC Conservation 
and Sustainable Use of Trees Project. This means that, 
besides the IUCN criteria, a large amount of other relevant 
information was gathered and has been considered. This 
information has been filed on a database at WCMC, while 
the Conifer Specialist Group (CSG) has filed the forms for 
future updating. This means that any suggestions to change 
the status of a listed taxon shall only be considered if accom- 
panied by data (minimally IUCN criteria) which will be 
compared with the existing information for that taxon. An 
IUCN Red List Programme has been established with pro- 
cedures for amending Red List data. 

Below, the full list is presented, with distribution and the 
IUCN Red List Categories and criteria for each taxon. For full 
explanation of the category and criteria codes see the summa- 
ry of ILJCN Red List Categories (IUCN 1994) in Appendix 2. 
Taxa which may warrant listing as Threatened (CR, EN, VU) 
or Lower Risk, but for which adequate information was 
unavailable, are listed as DD (Data Deficient). All taxa on the 
list are thought to be of conservation concern. Conifers that 
we think are under no threat at all are not listed: this list is a 
Red List of Conifers, not a checklist of conifers. 



Taxon 

ARAUCARIACEAE 

Distribution Status Criteria 

Agathis atropurpurea B. Hyland 
Agathis australis (D. Don) Loudon 

Aga this corbassonii de Lau b. 
Agathis dammara (Lamb.) Rich. & A. Rich. 
Agathis endertii Meijer Drees 

Agathis flavescens Ridl. 
Aga this kinabaluensis de Lau b. 
Agathis lanceolata (Lindl. ex 

Sebert & Panther) Warb. 
Agathis lenticula de Laub. 

Agathis macrophyla (Lindl.) Mast. 
Agathis microstachya J. F. Bailey & 

C. T. White 
Agathis montana de Laub. 
Agathis moorei (Lindl.) Mast. 
Agathis orbicula de Laub. 
Agathis ovata (C. Moore ex Veillard) Warb. 
Aga this philippinensis Warb. 
Agathis silbae de Laub. 
Agathis spathulata de Laub. 
Araucaria angustifolia (Bertol.) Kuntze 
Araucaria araucana (Molina) K. Koch 
Araucaria bernieri J. Buchholz 
Araucaria biramulata J. Buchholz 
Araucaria heterophylla (Salisb.) Franc0 
Araucaria humboidtensis J. Buchholz 
Araucaria hunsteinii K. Schum. 
Araucaria laubenfelsii Corbasson 
Araucaria luxurians (Brongn. & Gris) de Laub. 
Araucaria muelleri (Carriere) 

Brongn. & Gris 
Araucaria nemorosa de Laub. 
Araucaria rulei F. Muell. 
Araucaria schmidii de Laub. 
Araucaria scopulorum de Laub. 
Araucaria subulata Vieill. 
Wollemia nobilis W. G. Jones, 

K. D. Hill & J. M. Allen 

Wollemia nobilis, New South Wales, Australia. 

Queensland 
New Zealand (North Island, 
North Auckland Peninsula) 
New Caledonia 
W Malesia 
Borneo (central) (VU; Ale); 
Malaysia, Sabah, Sarawak 
Malaysia (Gunong Tahan) 
Malaysia, Sabah (Mt. Kinabalu) 
New Caledonia 

LRnt 
LRcd 

vu 
vu 
LRnt 

vu 
vu 
LRcd 

Malaysia, Sabah (Mt. Kinabalu) (VU) 
(Cracker Range) (E?) 
Fiji Is.; Santa Cruz Island; Vanuatu 
Northern Queensland 

vu 

LRnt 
LRcd 

New Caledonia (Mt. Panie) LRcd 
New Caledonia vu 
Malaysia, Sabah, Sarawak vu 
S New Caledonia LRcd 
Phillipines; Moluccas, Sulawesi vu 
Vanuatu (Santo Peak) vu 
P.N.G. (eastern highlands) LRnt 
Argentina, S Brazil, Paraguay vu 
Argentina; S Chile vu 
New Caledonia LRcd 
New Caledonia LRcd 
Norfolk Island vu 
New Caledonia LRcd 
P.N.G. LRnt 
New Caledonia LRcd 
New Caledonia EN 
New Caledonia LRcd 

New Caledonia (Port Boise) 
New Caledonia 
New Caledonia (Mt. Panie) 
New Caledonia (local on coast) 
New Caledonia 
Australia, N.S.W. 
(Wollemi National Park) 

CR 
EN . 
vu 
EN 
LRcd 
CR 

B1+2c 
Alcd 

D2 
D2 

D2 

B1+2c 
B1+2c 

Al cd 
D2 

Al, B1+2c 
B1+2c 

B1+2c 

B1+2c 

B1+2c 
Cl 
D2 
B1+2c 

D 

Callitris monticola, New South Wales, Australia. 
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CEPHALOTAXACEAE 

Cephalotaxus forfunei Hook. f. var. fortunei 

Cephalotaxus griffithii Hook. f. 

Cephalotaxus hainanensis H. L. Li 
Cephalotaxus lanceolata K. M. Feng 
Cephalotaxus mannii Hook. f. 

Cephalotaxus oliveri Mast. 

Cephalotaxus wilsoniana Hayata 

China, Sichuan, Yunnan, LRnt 
eastward to Zhejiang; N Myanmar 
India, Assam (Mishmi Hills, LRnt 
Manipur, Naga Hills) 
China, Guangdong (Hainan Island) EN A2d 
China, Yunnan (Gongshan) vu 02 
China, Guangdong (Xingyi), Guangxi, VU Ald 
Yunnan, SE Xizang Zizhiqu (CR); 
Vietnam (VU); N Myanmar (Meghalaya) 
(EN); E India (Naga Hills) 
China, Guangdong, Guangxi, Hubei, VU Ald 
Hunan, Jiangxi, Sichuan, Yunnan 
Taiwan EN C2a 

CUPRESSACEAE 

Actinostrobus acuminatus Parl. 
Actinostrobus pyramidalis Miq. 
Austrocedrus chilensis (D. Don) 

Pit. Serm. & Bizzarri 
Caliitris baileyi C. T. White 
Callitris drummondii (Pan.) F. Muell. 
Callitris monticola J. Garden 
Calitris neocaledonica D u m me r 
Caliitris oblonga Rich. & A. Rich. 
Callitris roei (Endl.) F. Muell. 
Calitris sulcata (Parl.) Schltr. 
Calocedrus formosana (Florin) Florin 
Calocedrus macrolepis Ku rz 

Chamaecyparis formosensis Matsum. 
Chamaecyparis la wsoniana 

(A. Murray bis) Parl. 
Chamaecyparis obtusa (Siebold & Zucc.) 

Endl. var. formosana (Hayata) Hayata 
Chamaecyparis obtusa Siebold & Zucc. 

var. obtusa 

SW Australia 
SW Australia 
S Chile (Antuco, Valdivia); 
SW Argentina (Questrihue) 
SE Queensland, NE N.S.W. 
SW Australia 
SE Queensland, NE N.S.W. 
New Caledonia 
NE Tasmania, N.S.W. 
SW Australia 
New Caledonia 
N Taiwan 
NE Myanmar; Thailand; China, 
SE Yunnan, Guizhou, Guangxi, 
Guangdong (Hainan Island); Vietnam 
Taiwan (Mt. Morrison) 
U.S.A., SW Oregon, NW 
California (mainly coastal) 
Taiwan 

Japan, S Honshu, Shikoku, Kyushu 

Chamaecyparis thyoides (L.) Britton, Sterns U.S.A., Gulf Coast from 
& Poggenb. var. henryae (H. L. Li) Little Florida to Mississippi 

LRnt 
LRnt 
vu 

vu 
vu 
vu 
LRcd 
vu 
vu 
EN 
EN 
vu 

EN 
vu 

vu 

LRnt 

LRnt 

Ale 

Ale 
Ale 
Ale 

Ale 
Ale 
B1+2c 
B1+2b 
B1+2b 

Ale 
Al de+2e 

Ald 

Chamaecyparis thyoides var. henryae, Florida, USA. Cupressus dupreziana, Sahara, Algeria. 
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Cupressus arizonica Greene 
var. montana (Wiggins) Little 

Cupressus arizonica var. nevadensis 
(Abrams) Little 

Cupressus arizonica var. stephensonii 
(C. B. Wolf) Little 

Cupressus atlantica Gaussen 
(a ssp. of C. dupreziana?) 

Cupressus bakeri Jeps. 
Cupressus cashmeriana 

Royle ex Carriere 
(syn.: C. corneyana auct., non Carriere) 

Cupressus chengiana S. Y. Hu 
var. chengiana 

Cupressus chengiana var. jiangeensis 
(N. Chao) C. T. Kuan 

Cupressus duclouxiana Hickel 

Cupressus dupreziana A. Camus 

Cupressus gigantea W. C. Cheng & L. K. Fu 

Cupressus goveniana Gordon 
var. goveniana 

Cupressus goveniana var. abramsiana 
(C.B. Wolf) Little 

Cupressus guadelupensis S. Watson 
var. guadelupensis 

Cupressus guadelupensis 
var. forbesii (Jeps.) Little 

Cupressus lusitanica M i I I. 
var. benthamii (Endl.) Carriere 

Cupressus macrocarpa 
Hartw. ex Gordon 

Cupressus sempervirens L. 

Cupressus torulosa D. Don 

Fitzroya cupressoides (Molina) 
I. M. Johnst. 

Fokienia hodginsii (Dunn) 
A. Henry & H. H. Thomas 

Juniperus barbadensis L. 
Juniperus barbadensis 

var. lucayana (Britton) R. P. Adams 

Juniperus bermudiana L. 
Juniperus blancoi Martinez 

Juniperus brevifolia (Seub.) Antoine 
Juniperus cedrus Webb & Berthel. 

Juniperus comitana Martinez 

Juniperus convallium Rehder & 
E. H. Wilson var. convallium 

Juniperus convallium var. microsperma 
(W. C. Cheng & L. K. Fu) Silba 

Mexico, Baja California None 

California (Piute Mts. and 
vicinity) 
California (Cuyamaca Mts.) 

S Morocco (Oued n’fiss Valley) 

N California, S Oregon 
Buthan; India?, 
Arunachal Pradesh? 

China, NW Sichuan, S Gansu 
(Min River drainage) 
China, Sichuan 

China, Yunnan (EW?), SW 
Sichuan, SE Xizang Zizhiqu 
SE Algeria (Sahara, Tassili 
Plateau, Tamrit) 
China, S Xizang Zishiqu 
(Tsangpo River valley) 
California, Monterey Co. 
(near coast) 
California (Santa Cruz Mts.) 

Mexico, Baja California None 
(Guadelupe Island) 
SW California; Mexico, 
Baja California None (near 
U.S. border) 
Mexico, Puebla, Hidalgo, Veracruz 

California (near Monterey) 

Mediterranean (probably not 
wild); S Turkey (LRnt); W Iran (VU) 
W Himalaya, SW Xizang 
Zizhiqu (Himalaya) 
S Chile (Region X); Argentina, 
W Patagonia 
S China, from Zhejiang to SE 
Yunnan (along Vietnamese 
border); Vietnam; N Laos 
BWI, St. Lucia (Petit Piton); 
Bahamas (VU); Cuba 
(Sierra de Nipe, lsla de Pinos) 
(CR); Haiti (EW); Jamaica (VU) 
Bermudas 
Mexico, NE Sonora, Durango 
(El Salto), Mexico (Carmona) 
Azores 
Canary Is., Tenerife, Palma; 
Madeira 
Mexico, Chiapas (Comitan) (EN); 
N Guatemala 
China, NW Sichuan, E Xizang 
Zizhiqu 
China, SE Xizang Zizhiqu 
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vu 

vu 

vu 

EN 

vu 
vu 

vu 

CR 

DD 

CR 

vu 

vu 

EN 

CR 

vu 

LRnt 

vu 

LRnt 

LRnt 

EN 

LRnt 

CR 

vu 

CR 
vu 

EN 
EN 

vu 

LRnt 

DD 

D2 

D2 

02 

Al b,B1+2b 

B1+2b-d 
B1+2c 

Ale 

D 

A2c,Cl 

Ald 

D2 

C2a 

B1+2c 

D2 

D2 

Al cd+2cd 

D 

Bl +2c 

B1+2c 
D2 

B1+2c 
B1+2c, D 

B1+2c 



Juniperus bermudiana, dead tree on Nonsuch Island, Bermuda. 

Juniper-us deppeana Steud. 
var. patoniana (Martinez) Zanoni 

Juniperus deppeana var. robusta 
Martinez 

Juniperus deppeana 
var. zacatecensis Martinez 

Juniperus durangensis Martinez 

Juniperus gamboana Martinez 

Juniperus gaussenii WI. C. Cheng 
Juniperus gracihor Pilg. var. gracilior 

Juniperus gracilior Pi lg. 
var. ekmanii (Florin) R. P. Adams 

Juniperus gracilior var. urbaniana 
(Pilg. & Ekman) R. P. Adams 

Juniperus jaliscana Martinez 
Juniperus komarovii Florin 
Juniperus martinezii Perez de la Rosa 
Juniperus pingii W. C. Cheng ex Ferre 
Juniperus prze walskii Kom. 

Juniperus recurva Buch-Ham. ex 
D. Don var. coxii (A. B. Jacks.) Melville 

Juniperus saxicola Britton & P. Wilson 

Juniperus standleyi Steyerm. 

Mexico, Durango 

Mexico, Durango 

Mexico, W Zacatecas, Durango 

Mexico, Sonora, Durango, 
Chihuahua, Jalisco, Zacatecas, 
Aguascalientes 
Mexico, Chiapas; Guatemala, 
Huehuetenango 
China, Yunnan 
Dominican Rep. (near 
Constanza, Valle del Jaque) 
Haiti (Morne la Selle, 
Morne la Visite (EW?)) 
Haiti (Pit la Selle) 

Mexico, NW Jalisco, S Durango 
China, N Sichuan 
Mexico, Jalisco 
China, W Sichuan, NW Yunnan 
China, E Qinghai, S Gansu, 
N Sichuan 

, N Myanmar; China, NW Yunnan 

Cuba (Granma, Sierra Maestra, 
Pica Turquino) 
Mexico-Guatemala (Volcan 
Tacana); Guatemala (highlands) 

vu 

vu 

vu 

vu 

vu 

LRnt 
EN 

CR 

EN 

EN 
LRnt 
LRnt 
LRnt 
LRnt 

vu 

vu 

EN 

B1+2ce 

B1+2ce 

B1+2ce 

B1+2c 

B1+2c 

B1+2c 

D 

B1+2c 

B1+2c 

Ale 

D2 

B1+2b 
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Libocedrus austrocaledonica New Caledonia 
Brogn. et Gris 

Libocedrus chevalieri J. Buchholz 

Libocedrus plumosa (D. Don) Sarg. 
Libocedrus yateensis Guillaumin 

Microbiota decussa ta Kom . 

New Caledonia (Mt. Humboldt, 
Mt. Kouakoue) 
New Zealand 

Neocallitropsis pancheri (Carriere) de Laub. 
Pilgerodendron uviferum (D. Don) Florin 

Platycladus orientalis (L.) Franc0 

Tetraclinis articulata (Vahl) Mast. 

Thuja koraiensis Nakai 

Thuja sutchuenensis Franch. 

Widdringtonia cedarbergensis 
J.A. Marsh 

Widdringtonia schwarzii (Marloth) Mast. 

Widdringtonia whytei Rendle 

PINACEAE 

New Caledonia (Yate River, 
Ouinne River) 
Russian Fed., Sikhote Alin 
Prov. (near Suchan River) 
New Caledonia (SE part) 
S Chile (VU); Argentina 
(Andes to Tierra del Fuego) 
NE-Central & SW China, Hebei, 
Shanxi, Henan, S Shaanxi, S Gansu; 
Far East of Russian Fed. (VU) 
S Spain (EN; D); Malta (CR; D); 
N Morocco (VU); N. Algeria (LR) 
North Korea, South Korea; 
NE China, Jilin (EN; B1,2c) 
China, NE Sichuan (near 
Chengkou) 
South Africa, Western Cape Prov., 
Cedarberg Mts. 
South Africa, Cape Prov. 
(Willowmore District) 
Malawi (Mt. Mulanje) 

LRcd 

EN 

LRnt 
vu 

DD 

vu 
vu 

LRnt 

LRnt 

DD 

EW 

EN 

vu 

EN 

B1+2de 

B1+3d, C2a 

Al c, B1+2b 
A2cd 

Al cd 

Al cd,D2 

Al a-d, 
B1+2a-e 

Abies beshanzuensis M. H. Wu 

Abies bracteata (D. Don) A. Poit. 
Abies cephalonica Loudon 

Abies chengii Rushforth 
Abies chensiensis Tiegh. ssp. chensiensis 

Abies chensiensis ssp. 
yulongxueshanensis Rushforth 

Abies cilicica (Antoine & Kotschy) 
Carriere ssp. isaurica Coode & Cullen 

Abies durangensis Martinez 
var. coahuilensis 
(I. M. Johnston) Martinez 

China, Zhejiang (Mt. Bai-shan-zu 
NE of Qingyuan) 
California (Santa Lucia Mts.) 
Greece, Cephalonia, Euboea, 
Peloponnisos 
China, NW Yunnan? 
China, S Shaanxi, W Hubei, SE Gansu, 
Henan (Nexiang), W Sichuan? 
China, Yunnan (Lijiang Shan) 

Turkey (Isaurian Taurus) 

Mexico, Coahuila 

Neocallitropsis pancheri, juvenile foliage, New Caledonia. 

CR D 

LRcd 
LRnt 

DD 
vu A2d 

vu D2 

LRnt 

vu D2 

Abies squamata, in cultivation at Dawyck (Royal Botanic Garden, 
Edinburgh, Scotland). 
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Abies fanjingshanensis W. L. Huang et al. 

Abies forrestii var. georgei (Orr) Farjon 

Abies fraseri (Pursh) Poir. 

Abies guatemalensis Rehder 
var. gua temalensis 

Abies gua temalensis 
var. jaliscana Martinez 

Abies gua temalensis 
var. tacanensis (Lundell) Martinez 

Abies hickelii Flous & Gaussen var. hickelii 

Abies hicke/ii var. oaxacana (Martinez) 
Farjon & Silba 

Abies kawakamii (Hayata) T. It6 
Abies koreana E. H. Wilson 
Abies nebrodensis (Lojac.) Mattei . 

Abies nordmanniana (Steven) Spach 
ssp. equi-trojani (Asch. & Sint. ex Boiss.) 
Coode & Cullen 

Abies numidica de Lannoy ex Carriere 
Abies pinsapo Boiss. var. pinsapo 

Abies pinsapo var. marocana (Trab.) 
Ceballos & Bolaiio 

Abies pinsapo var. tazaotana 
(S. Cozar ex Villar) Pourtet 

Abies recurvata Mast. var. recurvata 
Abies sachalinensis (F. Schmidt) 

Mast. var. graclis (Kom.) Farjon 
Abies sibirica Ledeb. ssp. semenovii 

(B. Fedtsch.) Farjon 
Abies squamata Mast. 

Abies veitchii Lindl. var.sikokiana 
(Nakai) Kusaka 

Abies vejarii Martinez ssp. mexicana 
(Martinez) Farjon 

Abies yuanbaoshanensis Y. J. Lu & 
L. K. Fu 

Abies ziyuanensis L. K. Fu & S. L. MO 

Cathaya argyrophylla Chun & Kuang 

Cedrus brevifolia (Hook. f.) A. Henry 
Cedrus /ibaniA. Rich. var. libani 

Keteleeria forfunei (A. Murray bis) 
Carrier-e 

Larix decidua var. polonica (Woycicki) 
Ostenf. & Syrach 

Larix griffithiana Hook. f. var. speciosa 
(W. C. Cheng & Y. W. Law) Silba 

China, NE Guizhou (Fanjing 
Shan, near langkou) 
China, NW Yunnan, SW Sichuan, 
SE Xizang Zizhiqu 
U.S.A., SW Virginia, W North 
Carolina, E Tennessee 
S Mexico; W Guatemala; 
Honduras; El Salvador 
Mexico, Jalisco 

Mexico, N Chiapas 

Mexico, Guerrero, Oaxaca, 
Chiapas 
Mexico, Oaxaca, Guerrero 

Taiwan (central mts.) 
South Korea 
Italy, Sicily (Monti Nebrodi, 
Monte Scalane, Polizzi Generosa) 
W Turkey (Kaz-Dagh, Ulu-Dagh) 

N Algeria (Mts. Babor, Tababor) 
S Spain, Prov. Malaga, 
Granada 
N Morocco (Rif Mts.) 

N Morocco (Mt. Tazaot) 

China, Sichuan (Songpan) 
Russian Fed., Kamchatka 

Kirgizstan (Talasskij Ala Tau) 

China, E Xizang Zizhiqu, 
W Sichuan, S Gansu, S Qinghai 
Japan, Shikoku 

Mexico, SE Coahuila, Nuevo 
Leon (Sierra Santa Catarina) 
China, N Guangxi (Rongshui 
Xian, Yuanbao Shan) 
China, NE Guanxi (Ziyuan), 
SW Hunan (Xingni, Chenbu) 
China, NE Guangxi (Longsheng, 
Jingxiu), SE Sichuan (Nanchuan, 
Wulong), Hunan (Luohandong), 
Guizhou (Daozheng, Tongxing) 
Cyprus (Mt. Triphylos) 
Lebanon (EN; Ald); Syria (Lebanon 
Mts.); Turkey (Taurus and 
Anti-Taurus Ranges) 
China, SE Yunnan, Guangxi, 
Guizhou, N Guangdong, S Hunan, 
SW Jiangxi, Fujian, Zhejiang, 
Hong Kong 
Poland (headwaters of 
Wista, Carpathians?) 
China, NW Yunnan, SE Xizang 
Zizhiqu (Himalaya) 

EN 

vu 

vu 

vu 

vu 

vu 

vu 

vu 

LRnt 
LRnt 
CR 

LRnt 

vu 
vu 

LRnt 

vu 

vu 
vu 

vu 

vu 

LRnt 

vu 

CR 

CR 

LRcd 

vu 
LRnt 

LRnt 

vu 

LRnt 

D 

.A1 cd+2cd 

D2 

Ald 

Ald 

Ald 

Ald 

Ald 

D 

D2 
D2 

02 

D2 
D2 

D2 

Ald 

D2 

B1+2c 

B1+2c 

D2 

B1+2c 
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Larix mastersiana Rehder & E. H. Wilson 
Larix potaninii Batalin var. himalaica 

(W. C. Cheng & L. K. Fu) Farjon & Silba 

Nothotsuga longibracteata (W. C. Cheng) 
Hu ex C. N. Page 

Picea alcoquiana (Veitch ex Lindl.) 
Carriere var. acicularis 
(Maxim. ex Beissn.) Fitschen 

Picea alcoquiana var. 
reflexa (Shiras.) Fitschen 

Picea aurantiaca Mast. 

Picea brachyty/a (Franch.) E. Pritz. 
(incl. var. rhombisquamea Stapf) 

Picea brachytyla var. complana ta 
(Mast.) W. C. Cheng ex Rehder 

Picea breweriana S. Watson 

Picea chihuahuana Martinez 

Picea engelmannii Parry ex Engelm. 
ssp. mexicana (Martinez) 
P. A. Schmidt 

Picea farreri C.N. Page & Rushforth 

Picea koraiensis Nakai var. pungsanensis 
(Uyeki ex Nakai) Schmidt-Vogt 
ex Farjon 

Picea koyamae Shiras. 
Picea likiangensis (Franch.) E. Pritz. 

var. hirtella (Rehder & E. H. Wilson) 
W. C. Cheng 

Picea likiangensis var. mon tigena 
(Mast.) W. C. Cheng 

Picea maflinezii T. F. Patt. 
Picea maximowiczii Regel ex Mast. 

var. maximowiczii 
Picea maximowiczii var. senanensis 

Hayashi 
Picea morrisonicola Hayata 
Picea neoveitchii Mast. 

Picea omorika (Pancic) Purk. 

Picea re troflexa Mast . 
Pinus albicaulis Engelm. 
Pinus amamiana Koidz. 

Pinus aristata Engelm. 

Pinus armandii Franch. var. 
mastersiana (Hayata) Hayata 

Pinus ayacahuite Ehrenb. ex Schldtl. 
var. veitchii (Roezl) Shaw 

Pinus balfouriana Jeffrey ex 
Balf. ssp. balfouriana 

China, W Sichuan, Guanxian 
China, S Xizang Zizhiqu 
(Himalaya); Nepal 
(Langtang Khola) 
China, NE Guizhou, SW Hunan, 
N Guangdong, NE Guangxi, 
S Fujian, Jiangxi 
Japan, central Honshu, 
Yatsugadake Mts. 

Japan, central Honshu, 
Akaishi Range 
China, W Sichuan, SE Xizang 
Zizhiqu? 
China, S Gansu, Henan (Xixia), 
S Shaanxi, NW Hubei, W Sichuan, 
NW Sichuan, NW Yunnan, 
SE Xizang Zizhiqu 
China, W Sichuan, NW Yunnan; 
N Myanmar; NE India I 
U.S.A., SW Oregon, NW 
California, Siskiyou Mts. 
Mexico, SW Chihuahua, 
S Durango, Nuevo Leon 
Mexico, S Chihuahua, 
Nuevo Leon 

Myanmar (Fen-Shui-Ling Valley); 
China, W Yunnan 
North Korea 

Japan, Honshu, Yatsugadake Mts. 
China, W Sichuan, SE Xizang 
Zizhiqu 

China, SW Sichuan 

NE Mexico, Nuevo Leon 
Japan, central Honshu 
(Mt. Yatsugadake, Mt. Senjyodake) 
Japan, central Honshu 
(Azusa-yama) 
Taiwan, central mountains 
China, NW Hubei, S Shaanxi, 
Sichuan, S Gansu, Shanxi 
(Wutai Shan), Henan (Neixiang) 
(CR; B2a-b) 
Bosnia-Herzegovina; Yugoslavia 
(Tara Mts., Drina River drainage) 
China, W Sichuan 
W Canada; NW U.S.A. 
Japan, Kyushu (Yakushima, 
Tanegashima) 
U.S.A., Colorado, New 
Mexico, Arizona 
Taiwan 

Mexico 

N California (Klamath Mts.) 

vu 
vu 

EN 

vu 

vu 

EN 

vu 

vu 

LRnt 

EN 

EN 

EN 

vu 

EN 
vu 

EN 

CR 
vu 

vu 

vu 
EN 

vu 

vu 
vu 
EN 

LRnt 

EN 

LRnt 

LRcd 

Ale 
D2 

Ale 

02 

D2 

B 1+2&c 

Al cd 

Al cd 

B1+2e 

Al a, B1+2c 

B1+2a-c 

D2 

D 
B1+2c 

B1+2a 

B1+2c 
B1+2c 

B1+2c 

A2c 
B1+2ab 

D2 

B 1+2a-c 
Ale 
Cl 

Ale 
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Pinus balfouriana ssp. austrina 
R. Mastrog & J. Mastrog. 

Pinus brutia Ten. var. eldarica 
(Medw.) Silba 

Pinus brutia var. pityusa (Steven) 
Silba 

Pinus caribaea Morelet var. caribaea 

Pinus cembroides Zucc. ssp. lagunae 
(Rob.-Pass.) D. K. Bailey 

Pinus cembroides ss p. orizabensis 
D. K. Bailey 

Pinus clausa (Chapm. ex Engelm.) Sarg 

Pinus contorta Douglas ex Loudon 
var. bolanderi (Parl.) Koehne 

Pinus culminicola Andresen & Beaman 

Pinus dabeshanensis W. C. Cheng 
& Y. W. Law 

Pinus dalatensis Ferre 

Pinus densiflora Siebold & Zucc. 
var. funebris (Kom .) 
T. N. Liou & Q. L. Wang ex Silba 

Pinus fenzeliana Hand.-Mazz. 

Pinus gerardiana Wall. ex D. Don 

Pinus greggii Engelm. ex Parl. 
Pinus henryi Mast. 
Pinus jaliscana Perez de la Rosa 
Pinus krempfii Lecomte 

Pinus latteri Mason 

Pinus longaeva D. K. Bailey 
Pinus massoniana Lamb. var. 

hainanensis W. C. Cheng & L. K. Fu 
Pinus maximartinezii Rzed. 

Pinus merkusii Jungh. & de Vriese 
Pinus muricata D. Don 

(incl. var. borealis Axelrod ex Farjon) 

Pinus nelsonii S haw 

Pinus nigra J. F. Arnold ssp. dalmatica 
(Vis.) Franc0 

Pinus occidentalis SW. 
Pinus palustris Mill. 

Pinus peuce Griseb. 

S California (Tulare, Fresno 
& lnyo Counties) 
Azerbaijan (near border with 
Georgia); Georgia (EN); Iran?; 
Afghanistan? 
Ukrainian Rep., Crimea; 
Russian Fed.; Georgia (eastern 
coast of Black Sea); Syria? 
W Cuba (Pinar del Rio, 
lsla de Pinos) 
Mexico, Baja California Sur 
(Sierra de la Laguna) 
Mexico, Tlaxcala, Puebla, 
Veracruz 
U.S.A., Florida, Alabama 
(Baldwin Co.) 
California (Mendocino Co.) 

Mexico, Coahuila, Nuevo 
Leon 
China, Anhui (Yuexi, Jingzhai), 
Henan (Shangcheng), Hubei 
(Yingshan, Luotian) 
Vietnam, prov.: Dac Lac, Lam Dong, 
Binh Tri Thien Gia Lai-Gong Turn 
North Korea 

S China, Guangdong (+ Hainan 
Island), Guangxi, S Hunan; Vietnam 
India, Jammu-Kashmir; N Pakistan; 
E Afghanisan; China, S Xizang Zizhiqu 
(Himalaya) 
E Mexico 

LRnt 

LRnt 

Mexico, W Jalisco 
S Vietnam (between Dalat 
and N hatrang) 
China, Guangdong (Hainan Island), 
Guangxi; E Myanmar; N Vietnam 
U.S.A., E California, S Nevada, Utah 
China, Guangdong (Hainan 
Island, Yajiadaling) 
Mexico, S Zacatecas (Sierra 
de Morones, Pueblo Viejo) 
N Sumatra; Philippines 
California, Pacific coast, 
Santa Cruz & Santa Rosa Is.; 
Mexico, Baja California Norte 
NE Mexico, Nuevo Leon, 
Tamaulipas, San Luis Potosi, 
Coahuila (Mont. del Carmen) 
Croatia, Dalmatia 

DD 
China, Hubei, Hunan, Shaanxi, Sichuan LRnt 

LRnt 
vu 

LRnt 

vu 
EN 

EN 

vu 
LRnt 

LRcd 

DD 

vu 

vu 

vu 

LRnt 

LRnt 

LRnt 

EN 

vu 

vu 

DD 

(Hispaniola) Dominican Rep.; Haiti 
SE U.S.A., from Virginia to 
E Texas 
Albania; Serbia; 
W Bulgaria; extreme N Greece 

vu 

VU 

LRnt 
vu 

LRnt 

Al c+2c 

Al c+2c 

Ale 

B1+2bc 

B1+2c 

B1+2c 

B1+2c 

B1+2e 
B1+2b 

B1+2bc 

B2c-e 

C2a 

B1+2c 

Al c-e 
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Pinus pinceana Gordon 

Pinus radiata D. Don var. radiata 

Pinus radiata var. binata 
(Engelm.) Lemmon 

Pinus rzedowskii Madrigal & M. Caball. 

Pinus souamata X. Il. Li 
Pinus strobus L. var. chiapensis 

Martinez 
Pinus taiwanensis Hayata var. 

damingshanensis Ml. C. Cheng & 
L. K. Fu 

Pinus tecunumanii Eguiluz & J. P. Perry 

Pinus torreyana Parry ex Carriere 
ssp. torreyana 

Pinus torreyana ssp. insularis J. R. Haller 
Pinus wangii Hu & W. C. Cheng 
Pse udotsuga japonica P 

Pse 
Pse 

br 
L . 

udotsuga macroca rpa 
udotsuga sinensis Dot 
l evifolia (1 II. C. Che ng 
K. Fu) F; 3rjon & Si Iba 

asawa) Beissn. 

lasey) Mayr 
var. 

Mexico, Coahuila, Zacatecas, 
San Luis Potosi, Queretaro, 
Hidalgo 
California (San Mateo, Santa 
Cruz, Monterey & San Luis 
Obispo Co.) 
Mexico, Guadalupe Island (CR), 
Cedros Island (EN) 
Mexico, W Michoacan (Cerro de 
Chiqueritas, Cerro Ocotoso, 
Puerto del Pinabete) 
China, Yunnan (Qiaojia Xian) 
S Mexico; Guatemala 

China, Guizhou, Guangxi 
(Darning Shan) 

Belize (EN); Guatemala (EN); 
Honduras; Nicaragua; 
El Salvador; Mexico, Chiapas, 
Oaxaca 
S California (Pacific coast 
N of San Diego) 
S California (Santa Rosa Island) 
China, SE Yunnan (Xichou, Malipo) 
Japan, W Honshu, Shikoku, 
Kyushu 
S California 
China, Guangxi, 
Guizhou (Lipuo, Anlong) 

LRnt 

LRcd 

EN Cl 

EN D 

CR 
vu 

LRnt 

D 
B1+2b 

vu A2c 

EN 

EN 
EN 
vu 

C2b 

D 
B1+2bd 
02 

LRnt 
vu B1+2c 

Pinus nelsonii, Tamaulipas, Mexico. 



China, N and NW Zhejiang, 
SE Anhui, Sichuan, Jingxi 
(Dexing), Fujian? 
China; Taiwan (EN, Ale) 

U.S.A., Appalachian Mts. 
China, NW Yunnan, SW Sichuan, 
Guizhou (Fanjinshen) 
U.S.A., S Oregon?, California 
(Siskiyou Mts., Sierra Nevada) 
U.S.A., N Washington; 
Canada, B.C. (Vancouver Island) 

vu B1+2c 

vu Ald 

LRnt 
vu Ald 

LRcd 

DD 

Pseudotsuga sinensis var. 
gaussenii (Flous) Sil ba 

Pseudotsuga sinensis Dode 
var. sinensis 
(incl. P forrestii Craib, 
I? wilsoniana Hayata, P. 
xichangensis C. T. Kuan & L. J. Zhou) 

Tsuga caroliniana Engelm. 
Tsuga forrestii Downie 

Tsuga mertensiana (Bong.) Carrier-e 
ssp. grandicona Farjon 

Tsuga merfensiana ssp. mertensiana 
var. jeffreyi (A. Henry) C. K. Schneid. 

PODOCARPACEAE 

Acmopyle pancheri (Brongn. & Gris) Pilg. 
Acmopyle sahniana J. Buchholz & 

N. E. Gray 
Afrocarpus mannii (Hook. f.) C. N. Page 
Afrocarpus usambarensis (Pilg.) C. N. Page 

Dactycarpus kinabaluensis (Wasscher) 
de Laub. 

Dacrycarpus steupii (Wasscher) de Laub. 

Dacrydium comosum Corner 
Dacrydium corn walliana de Lau b. 
Dacrydium ericioides de Lau b. 

Dacrydium gibbsiae Stapf 
Dacrydium gracile de Laub. 
Dacrydium gullauminii J. Buchholz 

Dacrydium lycopodioides Brongn. & Gris 
Dacrydium magnum de Laub. 
Dactydium nausoriense de Laub. 

Dactydium spathoides de Laub. 
Falca tifolium angustum de Lau b. 

Halocarpus kirkii (F. Muell. ex Parl.) Quinn 

Lagarostrobus franklinii (Hook. f.) Quinn 
Lepidothamnus fonkii Phil. 

Micros trobos fitzgeraldii ( F. M u e I I. ) 
J. Garden & L. A. S. Johnson 

Nageia maxima (de Laub.) de Laub. 
Nageia nagi (Thunb.) Kuntze 

Parasitaxus ustus (Vieill.) de Laub. 
Podocarpus acuminatus de Laub. 

Podocarpus affinis Seem. 

New Caledonia 
Fiji Islands (Viti Levu, 
Mt. Evans Forest Park) 
Gulf of Guinea Is., Sao Tome 
Burundi, Rwanda, Tanzania 
(Mbulu & Lushoto Districts); Zaire 
Malaysia, Sabah (Mt. Kinabalu) 

Kalimantan (Balikpapan) (EW), 
Sulawesi (Latimodjong Mts.) 
(CR), New Guinea (LR) 
Malaysia, Malaya 
New Guinea 
Malaysia, Sarawak (Merurong 
Plateau) 
Malaysia, Sabah (Mt. Kinabalu) 
Malaysia, Sabah (Mt. Kinabalu) 
New Caledonia (Lac en Huit, 
Riviere des Lacs) 
New Caledonia (SE part) 
Moluccas (Obi & Sudest Is.) 
Fiji Islands (Viti Levu) 

lrian Jaya (central) 
Malaysia, Sarawak 
(two locations on coast) 
New Zealand, North Island 
(betw. Hokiana and 
Manukau Harbor) 
Tasmania (S & W coast) 
Chile (Los Lagos, Aisen, 
Magallanes); Argentina (Andes) 
Australia, N.S.W. (Blue Mountains) 

Malaysia, Sarawak 
S China; Taiwan; Japan, 
Shikoku, Kyushu, Ryukyu Is. 
New Caledonia 
Brazil (Amazonas, Serra da Neblina); 
Venezuela (Amazonas, Sierra de la 
Neblina, Bolivar, Chimanta, 
SW Amuri-tepui) 
Fiji Is. (Vitu Levu, Namosi, Voma Peak) 

LRnt 
CR 

vu 
DD 

LRcd 

D 

D2 

LRnt 

EN 
DD 
vu 

B1+2c 

D2 

LRcd 
vu 
CR 

LRcd 
LRnt 
EN 

DD 
vu 

vu 

D2 
B1+2c, Cl 

Alcd, Bl+ 
2ce, Cl 

02 

Al a+2b 

LRcd 
vu 

EN 

vu 
DD 

LRnt 
DD 

B1+2c 

C2a 

D2 

vu Al c+2c 



Podocarpus angustifolius Griseb. 
Podocarpus annamiensis N. E. Gray 

Podocarpus aristulatus Part. 

Podocarpus atjehensis (Wasscher) de Laub. 

Podocarpus borneensis de Lau b. 
Podocarpus brevifolius (Stapf) Foxw. 
Podocarpus Costa/is C. Presl 

Podocarpus decumbens N. E. Gray 
Podocarpus deflexus Ridl. 
Podocarpus dispermus C. T. White 

Podocarpus fasciculus de Lau b. 
Podocarpus gibbsiae N. E. Gray 

Podocarpus glob&s de Laub. 

Podocarpus guatemalensis Standl. 

Podocarpus hispaniolensis de Lau b. 

Podocarpus laubenfelsii Tiong 
Podocarpus lophatus de Laub. 

Podocarpus matudae Lundell 

Podocarpus micropedunculatus 
de Laub. 

Podocarpus monteverdeensis de Laub. 

Podocarpus nakaii Hayata 
Podocarpus nubigenus Lindl. 
Podocarpus pallidus N. E. Gray 
Podocarpus parlatorei Pilg. 
Podocarpus pendulifolius 

J. Buchholz & N. E. Gray 
Podocarpus polyspermus de Lau b. 
Podocarpus roraimae Pilg. 

Podocarpus salignus D. Don 
Podocarpus smithii de Lau b. 

Podocarpus spathoides de Laub. 

Podocarpus subtropicalis de Laub. 

Podocarpus transiens (Pi Ig .) 
de Laub. 

Podocarpus urbanii Pilg. 

Cuba (Las Villas, Pinar del Rio) 
China, Guangdong (Hainan Island); 
E Myanmar; Vietnam 
Cuba; Haiti (Massif de la Selle) 
(EN); Dominican Rep. 
(Cordillera Central) (EN) 
N Sumatra (Gajo Lands); lrian Jaya 
(Wissel Lakes) 
Borneo (incl. Karimata Island) 
Malaysia, Sabah (Mount Kinabalu) 
S Taiwan, Orchid Island; 
Philippines (N Luzon?, 
islands in the Luzon Strait) 
New Caledonia 
Malaya; N Sumatra (Gajo Lands) 
NE Queensland (Atherton 
Tableland) 
Taiwan (EN); Japan, Ryukyu Is. 
Malaysia, Sabah 
(Mt. Kinabalu) 
Malaysia, Sabah, Sarawak; 
N Kalimantan 
Mexico; Guatemala (EN); 
Honduras (VU); El Salvador; 
Belize; Costa Rica (CR); 
Colombia; Venezuela 
Dominican Rep. 
(Cordillera Central) 
Borneo 
Philippines, Luzon (Mt. 
Tapulao) 
Mexico, Vera Cruz, Puebla, 
Chiapas; Guatemala 
(Huehuetenango) 
Malaysia, NW Sabah, 
N Sarawak 
Costa Rica (Cordillera 
de Tilaran, Monteverde Res.) 
Taiwan (Taichung, Nanton) 
S Argentina; S Chile 
Polynesia, E Tongan Is. 
Argentina; Bolivia; Peru 
Venezuela 

New Caledonia 
Venezuela (Mt. Roraima and 
mts. betw. Venezuela and 
Guyana) 
S Chile 
Australia, Queensland 
(Mt. Lewis) 
Malaysia (Mt. Ophir); N 
Moluccas (Morotai); P.N.G. 
(Rossel Island); Solomon Is. 
China, Yunnan, Sichuan 
(Emei Shan) 

Brazil (Bahia, Minas Gerais) 

Jamaica (Blue Mts.) 

EN 
DD 

vu 

DD 

DD 
vu 
EN 

vu 
DD 
DD 

LRnt 
vu 

DD 

DD 

EN 

DD 
vu 

DD 

DD 

LRcd 

EN 
LRnt 
DD 
DD 
DD 

vu 
DD 

vu 
LRcd 

DD 

DD 

DD 

LRnt 

Bl+Zc 

B2ac 

D2 
Ale 

D2 

D2 

B1+2e 

D2 

Alad, C2a 

B1+2b 

Al d+2b 
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Prumnopitys andina (Poepp. ex Endl.) 
de Laub. 

Prumnopitys exigua de Laub. 
Prumnopitys harmsiana (Pi Ig .) 

de Laub. 
Prumnopitys ladei (F. M. Bailey) 

de Laub. 
Prumnopitys standleyi (J. Buchholz 

& N. E. Gray) de Laub. 
Retrophyllum minor (Carrier-e) 

C. N. Page 
Retrophyllum piresii (Silba) C. N. Page 
Retrophyllum rospigliosii (Pilg.) C. N. Page 

Saxegothaea conspicua Lindl. 

SCIADOPITYACEAE 

Chile (Regions VII-X) (VU); 
Argentina (Andes) 
Bolivia 
Bolivia (VU); Colombia; Peru; 
Venezuela 
NE Queensland (Mt. Sturgeon) 

Costa Rica (Volcan de Poas, 
Cerro las Vueltas) 
SE New Caledonia 

Brazil, Rondonia (Serra Pacas Novos) 
Venezuela; E Colombia (EN?); 
Central Peru (on mountains) (EN?) 
S Argentina; S Chile 

vu Alcd, C2a 

DD 
LRnt 

LRcd 

DD 

EN Cl +2a 

DD 

LRnt 
LRnt 

Scadopitys verficillata (Thunb.) 
Siebold & Zucc. 

Japan, S Honshu, Shikoku, Kyushu VU Al c+2c 

TAXACEAE 

Amentotaxus argotaenia (Hance) Pilg. 

Amentotaxus argotaenia 
var. brevifolia K. M. Lan & F. H. Zhang 

Amentotaxus assamica D. K. Ferguson 
Amentotaxus formosana H. L. Li 
Amentotaxus poilanei (Ferre & Rouane) 

D. K. Ferguson 

Retrophylum minor, New Caledonia. 

China, Jiangsu, Zhejiang?, Fujian, vu Ale 
Jiangxi, Guangdong, Hunan, Guangxi, 
Guizhou, Hubei, Sichuan, Gansu, 
E Xizang Zizhiqu 
China, Guizhou 1 vu Ale 

India, Arunachal Pradesh vu 
Taiwan (southeast) CR 
Vietnam vu 

Ale 
C2b 
Ale 

Saxegothaea conspicua, Southern Chile. 
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Amentotaxis yunnanensis H. L. Li 

Austrotaxus spicata R. H. Compton 
Pseudotaxus chienii (W. C. Cheng) 

W. C. Cheng 
Taxus brevifolia N utt . 

Taxus floridana Nutt. ex Chapm. 
Taxus globosa Schltdl. 
Taxus fuana Nan Li & R. R. Mill 
Taxus wallichiana Zucc. 
Torreya californica Torr. 

Torreya grandis Fortune ex Lindl. 
var. fargesii (Franch.) Silba 

Torreya jackii C h u n 

Torreya taxifolia Arn. 

Torreya yunnanensis W. C. Cheng & L. K. Fu China, NW Yunnan 

TAXODIACEAE (Cupressaceae s.l.) 

China, Yunnan (Wengshanzhou), 
Guizhou (Xingyi.); Vietnam 
(Ha Tuyen province) 
New Caledonia 
China, Guangdong (Ruyian), 
Guangxi, Hunan, Zhejiang, Jiangxi 
NW North America, Pacific 
Coast region, Rocky Mountain region 
Florida (along the Apalachicola River) 
Guatemala; Mexico 
China, SW Xizang-Zizhiqu 
Hindu Kush, Himalaya, SW China 
California (Coast Ranges, 
Sierra Nevada) 
China, W Hubei, NE Sichuan 
(and Emei Shan), S Shaanxi, Jiangxi? 
China, Fujian (Taining, 
Puchen), Zhejiang 
U.S.A., NW Florida, 
SW Georgia 

EN 

LRnt 
EN 

LRnt 

CR 
LRnt 
vu 
DD 
LRcd 

vu 

EN 

CR 

DD 

Ale 

Ale 

B1+2c 

D2 

Ale 

Ale 

Ale 

A throtaxis cupressoides D. Don 
Athrotaxis x laxifolia Hook. 
A throtaxis selaginoides D. Don 
Cryptomeria japonica (Thunb. ex L. f.) 

D. Don 
Cunninghamia konishii Hayata 

Metasequoia glyptostroboides 
Hu & W. C. Cheng 

Sequoia sempervirens (D. Don) Endl. 

Tasmania vu Al ac 
Tasmania 
Tasmania 
Japan, Honshu, Shikoku, 
Kyushu 
Taiwan (N-central); China, 
Fujian; Laos, Houa Phan; 
Vietnam (Mt. Bu Huong) 
China, Sichuan (Shizhu), 
Hubei, (Lichuan), Hunan 
(Longshan, Sangzhi) 
U.S.A., Pacific Coast region 
from SW Oregon (Curry Co.), to 
California (Monterey Co.) 

vu Dl 
vu Alac 
LRnt 

vu Ale 

CR Ale, C2a 

LRcd 

Sciadopitys verticilla ta, 
Edinburgh, Scotland. 

in cultivation at the Royal Botanic Garden, Sequoiadendron gigan teum, in 
Garden, Edinburgh, Scotland. 

cultivation at the Royal Botanic 
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Sequoiadendron giganteum (Lindl.) 
J. Buchholz 

Taiwania cryptomerioides Hayata 

Taxodium mucrona turn Ten. 

California (Calaveras, Tuolumne, 
Mariposa, Madera, Fresno and 
Tulare Co.) 
Taiwan (Mt. Morrison) (EN); 
China, NW Yunnan (VU); 
N Myanmar (EN) 
U.S.A., S Texas; Mexico; 
Guatemala 

vu 

vu 

DD 

Al cd 

Ald 

Total number of taxa of conservation concern 355 

Total number of taxa threatened with extinction (CR, EN, VU) 200 

Total number of taxa considered critically endangered (CR) 
Total number of taxa considered endangered (EN) 
Total number of taxa considered vulnerable (VU) 

20 
50 

130 

Given the known total of c. 800 conifer taxa (c. 630 species, see Farjon, 1998), this means that 45% appear to be of conserva- 
tion concern, and at least 25% are threatened with extinction. This figure is likely to increase with further investigation, espe- 
cially in the tropics. One species, Thuja sutchuenensis (still cultivated in China), is recorded as being Extinct in the Wild (EW). 

Pseudolarix am&i/k, in cultivation at the Royal Botanic Garden, Edinburgh, Scotland. 



As was stated in our introduction to this list, the status of all conifer taxa is not known; there are several Data Deficient 
(DD) taxa which are still felt to be of conservation concern. In addition, a number of species categorised as E (Endangered) 
or V (Vulnerable) according to pre-1994 IUCN Red List Categories (Farjon et al. 1993) were, for lack of data, unable to 
be re-evaluated using the new categories and criteria (IUCN, 1994). Rather than listing them as ‘Data Deficient’ (DD) in 
the main list, we judged it more useful to list them separately here. These taxa are in urgent need of re-evaluation as many 
may possibly be VU (Vulnerable) or even EN (Endangered) under the new criteria; it is particularly evident that there are 
many tropical podocarps which may be under severe threat.* The following taxa were counted in the above summary as 
being ‘of conservation concern’, but will not be considered as ‘threatened with extinction’ unless they can be assessed as 
CR, EN, or VU with the new criteria. 

Taxon Distribution 

CUPRESSACEAE 

Juniper-us taxifolia Hook. & Arn. Japan, Ryuku Is., Bonin Is. 

PINACEAE - 

Pinus bungeana Zucc. ex Endl. 

Pinus canariensis C. Smith 
Pseudolarix amabilis (J. Nelson) Rehder 

Tsuga chinensis (Franch.) E. Pritz. 
var. oblongisquamata W. C. Cheng & L. K. Fu 

Tsuga chinensis var. robusta W. C. Cheng & L. K. Fu 

China, N Sichuan; S Gansu, Hubei 
(Badong Xian), Shaanxi, Shanxi, Henan, NE Hebei 
Canary Islands 
China, lower Chang Jiang [Yangtse] valley, Hunan, 
N. Jiangxi, N. Zhejiang, N Fujian 
China, Sichuan, W Hunei, Gansu (Zhouqu) 

China, Sichuan (Yalong Valley), Hubei 

PODOCARPACEAE 

Dacrydium leptophyllum (Wasscher) de Laub. 
Nageia fleuryi (Hickel) de Laub. 

Nageia formosensis (Dummer) C. N. Page 
Podocarpus capuronii de Lau b. 
Podocarpus costaricensis de Lau b. 
Podocarpus drouynianus F. Muell. 
Podocarpus humberfii de Lau b. . * 

Podocarpus lambertii Klotzsch ex Endl. 
Podocarpus madagascariensis Baker var. procerus de Laub. 
Podocarpus rostratus L. Laurent 
Podocarpus rotundus de Laub. 

Podocarpus purdieanus Hook. 
Podocarpus rusbyi J. Buchholz & N. E. Gray 
Podocarpus salomoniensis Wasscher 
Podocarpus sellowii Klotzsch ex Endl. 
Podocarpus trinitensis J. Buchholz & N. E. Gray 

TAXODIACEAE (Cupressaceae s-l.) 

lrian Jaya (Mt. Goliath) 
Vietnam; Kampuchea; China, Guangdong 
(Gaoyao, Longmen,Zengcheng), Guangxi (Hepu), 
Yunnan (Mengzi, Pingbian) 
Taiwan (south) 
Madagascar (Mt. Ambatomenaloha) 
Costa Rica (San Marcos de Irazu); Panama 
SW Australia (Warren District) 
Madagascar 
Argentina (EN); Brazil (near Sao Paulo) 
Madagascar (Fort Dauphin) 
Madagascar 
E Kalimantan (Mt. Beratus); Philippines, Luzon 
(Mt. Banajao, Lucban) 
Jamaica (Mt. Diablo) 
Bolivia (Mapiri, Cocopunco) 
Solomon Is. (San Cristobal Island) 
Brazil (near Sao Paulo) 
Trinidadnobago (summit of El Tucuche) 

Glyptostrobus pensilis (Staunton) K. Koch SE China, Fujian, Jiangxi, Guangdong 
(incl. Hainan Island), Guangxi, SE Yunnan, 
Sichuan; N Vietnam (EW) 
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Chapter 2 

Conservation Issues 

Conservation incentives 

There are many good reasons, economical, ecological, and 
ethical, to give high priority to the conservation of conifer 
species and to the natural vegetation in which they occur. 

Versatile market. The great diversity of timber and the mul- 
titude of uses, from paper to sophisticated furniture, that 
conifers provide stems directly from the diversity of species. 
Today, exploitation emphasises massive extraction for bulk 
purposes in many forests. Better management aiming at sus- 
tainable use of these resources, together with recycling of 
paper and critical consumerism, should lead to a more versa- 
tile market for conifer timber at higher values. Societies will 
recognise that a tree yielding a piece of wood that took cen- 
turies to grow should only be put to very high quality and 
durable kinds of use. 

Genetic diversity. Genetic diversity of wild-growing 
conifers is essential as a gene pool to draw upon in plantation 
forestry and horticulture. Such diversity is dependent on the 
maintenance of large and dispersed populations under natur- 
al selection processes. 

Medicinal prospects. For many species, especially those in 
the tropics, chemical properties are scarcely known. The like- 
lihood of finding yet other useful compounds (besides taxol in 
yews) is great in this evolutionarily ancient and diverse group 
of plants that are so different from angiosperms. Preservation 
of conifer genetic diversity in wild populations is again a pre- 
requisite in order to realise this potential. 

Ecosystem stability. In the wild, conifers are often the dom- 
inant tree species in mountain areas, where many species have 
an important soil-stabilising role in the ecosystem. Long- 
term surface stabilisation is only achieved by indigenous 
conifer species, which are unequalled in their ability to regen- 
erate under the adverse climatic and edaphic conditions to 
which they are specifically adapted. Under these conditions, 
replacement by alien tree species is hardly ever successful and 
results eventually in severe soil degradation or loss. 

Amenity planting. Ecological adaptation to adverse climat- 
ic and edaphic conditions unsuitable for most angiosperms 
make conifers potential candidates for amenity plantings, 
along streets and in public parks. Many species have hardly 
or not at all been investigated for this purpose. Conservation 
as well as ecological research of wild populations of espe- 
cially rare ‘relict’ species which have often clung to unusual 
sites is essential. 

Habitat conservation. Many coniferous woodlands and 
forests, especially those with diverse species and vegetation 
structure, are habitats for other organisms of great biodiver- 
sity value. Of special importance in this respect are conifer- 
dominated temperate rainforests around the Pacific Rim 
which often harbour large and long-lived conifer trees. 
These trees are frequently found to be so-called keystone 
species in their respective ecosystems. Removal of such 
species can easily lead to collapse of the whole ecosystem 
structure, from macrobiota to microbiota. Their conservation 
importance therefore greatly exceeds their intrinsic value. 

Indicator species. In the case of relictual conifers, the sur- 
viving species can often be indicators of entire ancient 
ecosystems. These are very likely to harbour other relictual 
biota worth conserving. In New Caledonia, for instance, the 
genera Austrotaxus, Dacrydium, and Neocallitropsis are 
often associated with ancient fern genera forming a distinct 
type of vegetation. These communities are of great scientif- 
ic research value. 

Ecotourism and scientific research. Forests, and among 
them natural coniferous forests, are attractive for quiet types 
of outdoor recreation. Many conifer species occur in very 
scenic environments such as wild coastlines, steep ocean 
islands, and high mountains that offer outstanding recre- 
ational opportunities. Educational and research activities 
blend well with this type of tourism. Local communities, 
when properly involved in management policies and prac- 
tice, can benefit from this largely sustainable type of forest 
use. It is well established that large-scale forest exploitation 
such as clearcutting spoils the tourist potential even for adja- 
cent untouched forest: the two types of use apparently do not 
mix. Long-term investment in tourism is increasingly recog- 
nised as an economically as well as ecologically sound alter- 
native. 

Conservation priorities 
The goal of IUCN Red Lists is to evaluate and monitor the 
global status of species, regardless of national or other polit- 
ical boundaries. While there are numerous cases of species 
declining or even becoming extinct in certain areas, these 
species often occur elsewhere. In this Action Plan, decline is 
only taken into account if it is significant in relation to the 
whole known range of the species. Many countries now 
compile or have already compiled national Red Lists of 
plants and attention should be drawn to these more local con- 
servation concerns in these publications. The list proposed 
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in this Action Plan represents a global overview, which is, in 
itself, a form of prioritisation in that only taxa whose total 
occurrence is significantly declining, has declined, or whose 
status is data deficient are listed. Yet, even with these crite- 
ria, the list is still a very long one, and it could be argued that 
some further set of criteria might have to be applied to set 
further global priorities. The question is: how to prioritise? 

The authors can see two approaches. One is to short-list 
the number of taxa to those which, for various reasons, are 
thought to be the most important conifers to receive urgent 
conservation action. The other is an area-based approach: 
from the list, ‘hot spots’ could be identified where conserva- 
tion efforts would give protection to a substantial number of 
species simultaneously. Obviously all in situ conservation is 
ultimately area-based; therefore, the more short-listed species 
which could be found to occur in ‘hot spots’ the better. 

1. Short-listing 

It is important to distinguish between criteria used to assess 
the category of threat, as explicitly stated in the Guidelines 
given by SSC (IUCN 1994), and those suggested below for 
further prioritisation. Factors such as rarity, endemism, 
decline, slow regeneration, and growth all impinge on a 
taxon’s chances of survival under human pressure and were 
already used to estimate the category of threat. We have 
assessed all conifer taxa using a data form for tree species on 
which many of these factors are indicated. This form was 
developed by the WCMCISSC Conservation and Sustainable 
Use of Trees Project. Therefore, the authors believe that the 
category of threat itself is a first criterion to be used for 
short-listing but it is not the only criterion for prioritisation. 

Phylogenetic distinction (as a reflection of genetic distinct- 
ness) is another important criterion with which to short-list 
species. The application of this criterion assigns higher con- 
servation value to a monotypic genus (i.e. a genus with a sin- 
gle known species) than to a species belonging to a genus 
with many other species. Likewise, distinct species are given 
higher priority than varieties. That this criterion, apart from 
its scientific basis, has some pragmatic value becomes clear 
when one realises that taxonomists do not always agree on 
species delimitations, especially among closely related 
species. Controversy is unlikely regarding the phylogeneti- 
tally more distinct taxa. 

Ecological importance is another criterion that can be used 
to prioritise taxa on the list for conservation action. Conifer 
species can play a major role in an ecosystem (‘keystone 
species’), supporting many other unrelated organisms espe- 
cially when forming (co-) dominants in slow growing forests. 

Genetic diversity is an important criterion as well. Species 
known to be unusually rich in regional genetic diversity, 
often expressed in high levels of morphological variation or 
varied ecological adaptation, are of conservation importance. 
A special case could be made for such species where genetic 

depletion is suspected due to known rates of decline, ranking 
them higher on the list of priorities. 

Prioritisation then follows a formula by which values are 
assigned to each factor. This formula is as follows: 

category of threat x (phylogenetic distinction + ecological 
importance + genetic diversity) 

categories of threat: CR =4,EN=3,VU=2,LR=l. 

Phylogenetic distinction: monotypic family = 5, monotypic 
genus = 4, species, subspecies or variety of small genus (2-5 
spp.) or single representative of a section within a genus = 3, 
species of a large genus (>6 spp.) = 2, subspecies or variety 
of a large genus = 1. 

Ecological importance: keystone species of a biotic com- 
munity = 3, co-dominant species in a distinct vegetation type 
= 2, species is a minor constituent of the vegetation, or a pio- 
neer in early successional phases only = 1. 

Genetic diversity: significant genetic diversity known or 
suspected within populations = 2, no evidence of genetic 
diversity = 1. 

Threshold levels are determined from the resulting numerical 
values of the taxa. The range of possible values is between 
3-40. Further calculation showed that there is a large cluster 
of values between 4-15. It seems reasonable to place the 
threshold for short-listed taxa at a value of 16. This treat- 
ment short-lists a total of 43 species falling in 27 genera 
(Table 2.1). 

Additionally, there are five other species that warrant 
consideration for short-listing. Although they have not been 
evaluated using the most recent categories (IUCN, 1994), 
they all were listed as Endangered (E) in Farjon et al. ( 1993)) 
using the old categories. This as well as their high score in 
the remaining three variables in the short-listing formula 
merits their inclusion in a list of candidate species for short- 
listing (Table 2.2). 

2. Hot spots 

Analysis of the Global Red List of Conifers presented in this 
Action Plan reveals a number of areas (countries, states, 
mountain ranges, or islands) within which there is a high 
concentration of threatened conifer taxa. Just how many taxa 
an area must have and how large it can be to be listed as a 
‘hot spot’ for conifers remains somewhat arbitrary. 
Obviously, islands provide natural boundaries for conifers 
which political borders do not. The average size of conifers’ 
ranges can be taken as a rough measure, but areas proclaimed 
‘hot spots’ had to be defined along political borders for prac- 
tical reasons. We define a ‘hot spot’ as an area within a defin- 
able boundary that contains a minimum of eight conifer taxa 
that are of conservation concern (2% of the Global Red List 
of Conifers). Species that are not of conservation concern but 
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Table 2.1. Threatened species short-listed by using the above criteria. 

Species Distribution 

Abies beshanzuensis 
Abies fanjingshanensis 
Abies nebrodensis 
Abies yuanbaoshanensis 
Abies ziyuanensis 
Acmopyle sahniana 
Amentotaxus formosana 
Araucaria nemorosa 
Araucaria rulei 
Chamaecyparis formosensis 
Chamaecyparis lawsoniana 
Chamaecyparis obtusa var. formosana 
Cunninghamia konishii 
Cupressus chengiana var. jiangeensis 
Cupressus dupreziana 
Cupressus guadalupensis var. guadalupensis 
Dacrydium guillauminii 
Fitzroya cupressoides 
Juniperus barbadensis 
Juniperus bermudiana 
Juniperus gracilior var. ekmanii 
Libocedrus chevalieri 
Metasequoia glyptostroboides 
Microstrobos fitzgeraldii 
No tho tsuga longibractea ta 
Picea martinezii 
Pilgerodendron uviferum 
Pinus cufminicola 
Pinus maximartinezii 
Pinus tzedowskii 
Pinus squamata 
Podocarpus gibbsiae 
Pseudotaxus chienii 
Re trophy//urn minor 
Sciadopitys verticillata 
Sequoiadendron giganteum 
Taiwania cryp tomerioides 
Taxus floridana 
Torreya jackii 
Torreya taxifolia 
Widdringtonia cedarbergensis 
Widdringtonia whytei 
Wollemia nobilis 

Zhejiang, CHINA 
Guizhou, CHINA 
Sicily, ITALY 
Guangxi, CHINA 
Guangxi, Hunan, CHINA 
Viti Levu, FIJI 
Taiwan 
New Caledonia 
New Caledonia 
Taiwan 
California, Oregon, USA 
Taiwan 
Taiwan 
Sichuan, CHINA 
Algeria 
Guadalupe Island, MEXICO 
New Caledonia 
S Chile, Argentina 
St. Lucia 
Bermudas 
Haiti 
New Caledonia 
Sichuan, Hubei, Hunan, CHINA 
New South Wales, AUSTRALIA 
China 
Nuevo Leon, MEXICO 
S Chile, Argentina 
Coahuila, Nuevo Leon, MEXICO 
Zacatecas, MEXICO 
Michoacan, MEXICO 
Yunnan, CHINA 
Mt. Kinabalu, Sabah, MALAYSIA 
China 
New Caledonia 
Japan 
California, USA 
Taiwan; Yunnan, CHINA; Myanmar 
N Florida, USA 
Fujian, Zhejiang, CHINA 
Florida-Georgia, USA 
Cape Province, SOUTH AFRICA 
Malawi 
New South Wales, AUSTRALIA 

Table 2.2. Candidate species for short-listing. 

Species Distribution 

Dacrydium lep tophyllum 
Glyptostrobus pensilis 
Pinus bungeana 
Podocarpus rostratus 
Pseudolarix amabilis 

lrian Jaya, INDONESIA 
SE China, Vietnam 
China 
Madagascar 
E China 
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Fig 2.1. Conifer ‘hotspots’ are areas with high diversity and high numbers of 
threatened species. 
which exist in the same area are not immediately taken into 
account. However, diversity of these species often parallels 
that of species of conservation concern; positive conserva- 
tion action will eventually benefit both. For this reason we 
have given the overall diversity some additional weight 
where appropriate. 

On this basis, the following areas (see Figure 2.1) are 
considered to be ‘hot spots’ for conifers: 

CAL - In this region there are two areas with more than 
eight taxa of conservation concern: Northern California, 
which encompasses the coastal ranges from Monterey north 
to southern Oregon, merging in the north with the Sierra 
Nevada and the Cascades ranges; and Southern California, 
which includes the coastal ranges from Monterey south, the 

southern half of the Sierra Nevada, and mountains in north- 
em Baja California, as well as Cedros and Guadalupe Islands 
and smaller islands off the Pacific coast. The latter area is 
not only larger than the former, but also has more than twice 
as many taxa of concern: 20 as opposed to 9. 

MEX - Mexico and Central America divide into three hot 
spots, each with a similar number of taxa of conservation 
concern ( 14,12 and 15 respectively). Northern Mexico, i.e. 
the Sierra Madres Oriental and Occidental and their foothills 
in the interior; Central Mexico, i.e. the Eje Volcanico 
Transversal, the Mesa Central, and the mountains east and 
west along the ocean coasts, ending with the Sierra Madre 
de1 Sur; and Mesoamerica, i.e. Oaxaca, Chiapas, and the 
Central American states as far as Costa Rica. 

FL0 - In this region, only the islands in the Caribbean 
have a combined total of 15 taxa of conservation concern, 
most of which are on Hispaniola and Cuba. None of the 
islands is in itself a hot spot for conifers. 

SAM - In South America, temperate southern Chile and 
adjacent Patagonian Argentina form a hot spot with 11 
taxa, or just over 3% of the global taxa of conservation con- 
cern; two of these are short-listed above. 

t SIN - In this vast region, two areas are hot spots. By far the 
8 richest in threatened taxa is the mountainous region of SW 
’ Sichuan, NW Yunnan, SE Xizang Zizhiqu, and border 

areas of Myanmar and Arunachal Pradesh, with nearly 40 Burnt conifer-broadleaved rainforest in coastal Chile, west of 
Osomo. 
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conifer taxa of conservation concern. This area extends nat- 
urally into the eastern Himalayas, where several further list- 
ed taxa are found. The second hot spot is the island of 
Taiwan with 14 listed taxa. 

JAP - While no continental area of this region has sufficient 
taxa of concern to be considered a hot spot, several parts of 
Japan do. We listed 10 taxa on Honshu and 11 taxa on 
Shikoku, Kyushu, and the Ryukyu Islands. 

MAL - In the Malesian floristic region, the island of 
Borneo stands out with 20 taxa of conservation concern. 
Most of these are in the north and north-west (Sabah, 
Sarawak), while a few are in the central part of the island. 
New Guinea just qualifies with eight taxa of conservation 
concern, but as some species’ status is unknown, the total 
may be higher. 

AUS - Although at present only seven taxa are considered 
to be of conservation concern on the island of Tasmania, 
both its overall diversity of conifers and the worrying situa- 
tion with deforestation and forest transformation into ‘pro- 
duction forest’ merit its designation as a hot spot for conifers. 

PAC - In the Southwest Pacific, New Caledonia is one of 
the most obvious conifer hot spots in the world with 29 taxa 
of conservation concern on an island the size of Wales. It is, 
therefore, fully justified that this island be given priority in the 
drafting of a regional status report and Action Plan; this report 
is included in Chapter 3. In addition, we have thought it 
appropriate to include the smaller oceanic island groups in the 
Southwest Pacific (Fiji, Vanuatu, and Solomon Islands) as 
forming collectively a further hot spot on account of their 
total diversity and isolation. 

Recommendations for conservation action 
There are two principal strategies that can be implemented to 
slow the decline or to prevent the loss of species diversity; 
these are generally distinguished as in situ and ex situ con- 
servation and are often used to complement each other. The 
leading principle in species conservation is that viable and 
sustained populations need to perpetuate themselves in a nat- 
ural or at least semi-natural environment. The most powerful 
argument for this is that what is ultimately important in 
nature conservation is the ecosystem, of which species are 
integral parts. This is achieved only by in situ strategies, 
which all amount to measures taken within or around the nat- 
ural range of the species to curb or mitigate negative effects 
and to stimulate positive effects on the populations. This kind 
of conservation is naturally area-oriented. Indeed, one of its 
most effective and widely-used strategies is the establish- 
ment and management of protected areas or reserves to con- 
serve specific ecosystems or species. On the other hand, ex 
situ strategies are measures usually taken outside the natural 
range of the species in order to safeguard it against extinction 

Burnt conifers (Pigerodendron wiferum) in Chilo6, Chile. 

caused by negative human action or influence. Propagation 
(breeding) in botani c gardens, nurseries, or forest plots can 
be effective ex situ strategies, but legislation pertaining to 
trade, such as the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES), 
belong in this category as well. Usually there is agreement 
that ex situ strategies are complementary to in situ strategies; 
the former may in extreme cases become ‘last ditch’ rescue 
operations to prevent total extinction. 

Guidelines for in situ strategies 
It is of utmost importance to protect populations of species in 
their natural habitat which represent the greatest possible 
genetic diversity. In the absence of direct knowledge of this 
diversity, circumstantial evidence such as morphological and 
ecological variation should be considered. Protected areas 
should incl ude as much of this variation as is possible; for 
instance, it means that on mountains at least the entire altitu- 
dinal gradient of a species should be included. 

An ecosystem approach is essential, which means that 
knowledge about autecology, synecology, and dynamic 
processes, e 
the species 

45 
of 

in relation to natural 
concern, should be 

unknown. The regeneration cycle of many conifer species 
involves temporally and spatially di stinct ‘cohorts’ forming a 

disturbances affecting 
known or studied if 

mosaic pattern of stages in forest succession in the land- 
scape. Having reserves of sufficient size to encompass all 
stages several-fold is the only guarantee that the ecosystem is 
capable of perpetuating itself. In many cases where species 
exist within protected areas, this pattern has been disturbed, 
sometimes with the best objectives in mind. For example, in 
the ‘groves’ of Sequoiadendron giganteum overprotection 
against forest fires has benefited 
protected species. In other cases, 

competitors ra 
protection has 

.ther than the 
only arrived 

when populations were depleted to such an extent that only 
residual and often senescent individuals remain, such as with 
Widdringtonia cedarbergensis and Cupressus dupreziana. 

Habitat restoration is essential in all cases where such 
changes are known to be man-made and the situation seems 
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reversible. This can take a variety of forms, ranging from 
relatively simple measures, such as the elimination of feral 
goats on oceanic islands, to much more complex schemes 
involv 
where 

ing 
to1 

reforestation on eroded soi 
.erated, must not interfere 

1s. Human activities, 
W ith the restoration 

process and will often have to be banned altogether until the 
ecosystem has 
to disturbance. 

regai ned its former robustness and resilience 

Involvement of local people is always essential, whether 
it involves conservation-minded groups such as those con- 
cerned with the ‘Redwoods’ in California or rural communi- 
ties who derive some economic benefits from forests or rare 
conifer species, such as Pinus rnaximartinezii in Mexico (see 
species account p. 10 1 and regional account for Nueva 
Galicia, Mexico p.55). Without the collaboration of these 
people, conservation will in many cases remain unsupported 
or even boycotted, while with their support, success is often 
guaranteed, even against economic pressures from outside. 
In this context, the Conifer Specialist Group urges and 
encourages the compi lation and publication of regional 
Action Plan s as well as specific case studies and recommen- 
dations for single taxa. Ex .amples of both of these are inc lud- 
ed in this A ction Plan and can be used as gui delines to be fol- 
lowed and improved upon . Regional Action Plans should 

Intact boggy conifer forest with Fitzroya cupressoides 
Lepido thamnus fonkii (low shrubs) in southern Chile. 

(trees) and 

especially be written for ‘hot spot’ areas or parts thereof as 
identified in this Action Plan (Figure 2.1); several of these 
are included in this Action Plan. Single taxa reports for 
species which ‘appeal’ to the public (e.g. very long-lived or 
majestic conifers), or which are economically very valuable, 
are recommended. Such ‘appeal’ can be world-wide or local 
and examples of both are given in this Action Plan. 

Strategies for ex situ conservation 
In this Action Plan we include within ex situ conservation 
any actions taken to conserve a species outside its natural 
habitat. Therefore, in addition to the planting of threatened 
conifers in botanic gardens and preservation in seed banks, 
we also discuss trade legislation (e.g. CITES) and the raising 
of consumer awareness. 

The world-wide pressure on old growth conifer forest for 
timber exploitation must be considerably eased if not 
removed. Harvesting timber via plantation forestry enterpris- 
es should eventually take its place if we are serious about in 
situ conservation of conifers on a sufficient scale to protect 
species and their genetic diversity. That this is economically 
feasible is demonstrated by the extraordinary success of 
exploitation of Pinus radiata outside its limited natural 
range. However, where such exploitation using introduced 
species replaces natural forest, conservation is often not 
served. In addition, these species or varieties, often selected 
for fast growth and vigour, may become invasive weeds that 
replace invaluable native vegetation and species. Careful 
land use planning, now often lacking, is essential for provid- 
ing alternatives to exploitation of natural forests. It must also 
be acknowledged that many very slow-growing conifers can- 
not be economically cultivated. Timber extraction from nat- 
ural stands can only be sustainable at a rate which does not 
exceed their growth. For several species, such as Fitzroya 
cupressoides, this remains impossible within human time 
scales. Fit.voya cupressoides has therefore been legally 
banned from exploitation both through national and intema- 
tional (CITES) legislation. 

In relation to this and analogous to what has been 
achieved for certain animals, consumer awareness should be 
stimulated. Several major retail companies are already 
exploring alternatives, such as greenwood certification, in 
answer to such awareness regarding wood products from 
tropical rainforest; similar results may be possible for wood 
from threatened conifers. The World Wide Fund for Nature 
(WWF) has a well-established forest certification program 
that is involved in these issues. The public appeal of the 
‘Redwoods’ in the USA shows the feasibility of such 
approaches, which should be extended to other suitable 
conifer species. 

Legislation, both national and international, should be 
directed at the protection of both forests and the individual 
species and should be complementary. One of the most 
important examples of conservation legislation is CITES, a 
species-based international trade convention. It has been 

32 



signed and ratified by a sufficient number of states to be 
effective for global trade. Some tree species involved in the 
timber trade are now included on its lists of taxa for which 
international ‘trade’ (= movement) is either: 

1) allowed only under exceptional circumstances and thus 
effectively prohibited (Appendix I) or 

2) regulated and monitored through issuance of export per- 
mits (Appendix II). 
A few conifers are either listed or proposed, the most 

recent situation (as of 1999) is presented in Table 2.3. 
Assessment of the feasibility to list other threatened taxa 
(which must be internationally traded) is urgently needed. 

There is a draft proposal for listing Chamaecyparis Zaw- 
soniana (in consideration for Appendix II). But, while some 
other species are of reported concern (e.g. Dacrydium guil- 
lauminii, Neocallitropsis pancheri, Parasitaxus ustus, 
Sequoia sempervirens, Widdringtonia whytei), no others 
have been proposed formally. For such proposals to be con- 
sidered formally, there must be considerable international 
trade (or potential of trade) of whole plants or parts thereof 
which is detrimental to the survival of the species, or could 
become so when not regulated. Trees have only recently 
entered the CITES scene and much has still to be learned 
about the possibilities and effectiveness of regulation or ban- 
ning of their international trade. In 1994, a Timber Working 
Group was established by the CITES Parties to examine 
many of these issues. 

Ex situ conservation in a stricter sense involves the 
preservation of living individual plants or their propagules 
(i.e. seeds in conifers) outside their natural range and habitat. 
Botanic gardens, arboreta, forest plantations, and nurseries 
are all suitable establishments for ex situ conservation, pro- 
vided that they contain “scientifically ordered and main- 
tained collections of plants, usually documented and 
labelled, and open to the public for the purposes of recre- 
ation, education and research” (BGCS 1989). It is generally 
agreed that this strategy should be complementary to in situ 
conservation and is best seen as either an insurance policy or, 
in extreme cases of risk of extinction, as a ‘last ditch’ effort 

Table 2.3. Conifer species listed in the 
two Appendices of CITES to date. 
Appendix I Appendix II 

Abies guatemalensis Araucaria araucana 

(other) 

Araucaria araucana 

(population of Chile) Thxus wakhiana 

Fitzroya cupressoides 

Pilgerodendron uviferum 

Podocarpus parlatorei 

to rescue a species from extinction. A very substantial her- 
itage, especially present in the industrialised countries result- 
ing from past collecting, planting, and maintenance, effec- 
tively provides the currency of an insurance policy. The 
important task of documenting and curating this stock should 
be seen as a substantial international contribution to the ex 
situ conservation strategy for conifers, a cause worthy of 
continued financial support. Unlike many older trees held in 
these collections, more recent acquisitions are increasingly 
from wild-collected, well-documented provenances and have 
therefore a higher conservation value. On the other hand, in 
many cases, only single individuals are as yet in cultivation, 
and holdings of several gardens may in effect represent just 
a single genotype (Page 1998). Current moves are being 
made in many countries to establish ex situ collections. 
Besides the long established western botanic gardens, new 
developments are taking place in e.g. Chile, China, Mexico, 
New Zealand, Tasmania, and Taiwan. Creating an inventory 
of these gardens, which are or might become important for 
conifer conservation, is a high priority as a follow-up task of 
this Action Plan. A selection of such gardens, each of which 
holds many threatened conifers, among which are a good 
number of CR or EN taxa, is presented in Table 2.4. 

A few other gardens hold fair numbers of Critically 
Endangered or Endangered conifers, such as the Sir Harold 
Hillier Garden and Arboretum, Ampfield, England, UK ( 16 
taxa) and the Botanic Garden of Adelaide, Australia (12 
taxa). What springs immediately into view from these data is 
that often the same species are held (in several cases with the 
same provenance). It is also apparent that many CR and EN 
taxa are absent in botanic gardens, especially species of 
Podocarpaceae (not a single species of Podocarpus listed as 
CR or EN appears in the database, although we believe P. 
drouynianus to be cultivated in Australia). Also, several 
famous gardens rich in conifers of the northern hemisphere 
(e.g. the Arnold Arboretum of Harvard University, USA and 
the National Pinetum at Bedgebury, England, UK) hold 
rather few of the highly endangered species. Active collec- 
tion and communication on present-day taxonomic research 
in conifers is crucial: many collections date from years back 
when the emphasis was different and conservation status of 
trees either unknown or not a serious concern. 

In addition, more specific ex situ conservation pro- 
grammes targeting species in the higher categories of risk 
should be initiated and conducted in collaboration with gov- 
ernmental forestry and/or conservation institutes of the coun- 
tries involved and botanic gardens both domestically and 
abroad. The overall aim should be propagation under more 
favourable conditions and the maintenance of a diverse gene 
pool with which to restock original sites once environmental 
conditions have resumed to be favourable to reforestation 
with the threatened species. In the interim, such schemes, in 
which ideally several institutes should collaborate, provide 
opportunities for scientific research which will benefit the 
programme of restoration. The Conifer Conservation 
Programme of the Royal Botanic Garden, Edinburgh, proves 
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Table 2.4. Botanic gardens which are known to hold 20 or more (15 or more for 
southern hemisphere gardens) endangered conifer taxa. Source: BGCI-DATA (report 
February 1997), the database of Botanic Gardens Conservation International, Descanso House, 199 Kew 
Road, Richmond, Surrey TW9 3BW, UK. 

Pinetum Blijdenstein, Hilversum (University of Amsterdam), The Netherlands 

Abies nebrodensis 
Acmopyle sahniana 
Amentotaxus formosana 
Araucaria nemorosa 
Callifris sulca ta 
Chamaecyparis formosensis 
Cunninghamia konishii 
Cupressus atlantica 
Cupressus dupreziana 
Cupressus goveniana var. abramsiana 
Fitzroya cupressoides 
Glyptostrobus pensilis 
Juniperus bermudiana 
Juniperus brevifolia 
Juniperus cedrus 
Metasequoia glyp tostroboides 
Microstrobos fitzgeraldii 
Pjcea auran tiaca 
Picea chihuahuana 
Picea engelmannii ssp. mexicana 
Picea farreri 
Picea koyamae 
Picea likiangensis var. mon tigena 
Picea neoveitchii 
Pinus bungeana 
Pinus culminicola 
Pinus maximarfinezii 
Pinus torreyana 
Pseudolarix amabilis 
Torreya taxifolia 
Widdringtonia cedarbergensis 

(CR, short-listed, provenance: wild source via Berlin-Dahlem) 
(CR, short-listed, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(VU, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(short-list candidate, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(EN, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(EN, provenance: not of known wild source) 
(EN, provenance: wild source) 
(EN, provenance: wild source) 
(EN, provenance: seed from cultivated tree in Exbury Garden) 
(EN, provenance: wild source) 
(EN, provenance: wild source) 
(EN, provenance: wild source) 
(short-list candidate, provenance: not of known wild source) 
(EN, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(short-list candidate, provenance: not of known wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 

Royal Botanic Garden, Edinburgh (with 4 gardens in Scotland), UK 

Abies nebrodensis 
Amentotaxus formosana 
Araucaria rulei 
Araucaria scopulorum 
Araucaria luxurians 
Chamaecyparis formosensis 
Cupressus atlantica 
Cupressus goveniana var. abramsiana 
Dacrydium guillauminii 
FiYzroya cupressoides 
Glyp tos trobus pensilis 
Juniperus cedrus 
Metasequoia glyptostroboides 
Microstrobos fitzgeraldi 
Picea engelmannii ssp. mexjcana 
Picea koyamae 
Picea likangensis var. montigena 
Picea martinezi 
Pinus bungeana 
Pseudolarix amabiiis 
Taxus floridana 
Torreya taxifolia 
Widdringtonia cedarbergensis 

(CR, short-listed, provenance: not recorded) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(EN, provenance: propagated from a wild source in cultivation) 
(EN, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(EN, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(short-list candidate, provenance: wild source) 
(EN, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: not of known wild source) 
(EN, provenance: wild source) 
(EN, provenance: wild source) 
(EN, provenance: not recorded) 
(CR, short-listed, provenance: wild source) 
(short-list candidate, provenance: wild source) 
(short-list candidate, provenance: not of known wild source) 
(CR, short-listed, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
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Royal Botanic Gardens, Kew (gardens at Kew and Wakehurst Place), England, UK 

Abies nebrodensis (CR, short-listed, provenance: wild source) 
Acmopyfe sahniana (CR, short-listed, provenance: wild source) 
Araucaria nemorosa (CR, short-listed, provenance: wild source) 
Chamaecyparis formosensis (EN, short-listed, provenance: not of known wild source) 
Cupressus a t/an tica (EN, provenance: not of known wild source) 
Cupressus dupreziana (CR, short-listed, provenance: wild source) 
Cupressus qoveniana var. abramsiana (EN, provenance: wild source) 
Fitzroya cupressoides (EN, short-listed, provenance: wild source) 
Juniperus bermudiana (CR, short-listed, provenance: wild source) 
Juniperus cedrus (EN, provenance: wild source) 
Metasequoia glyptostroboides (CR, short-listed, provenance: wild source) 
Picea chihuahuana (EN, provenance: wild source) 
Picea engelmannii ssp. mexicana (EN, provenance: wild source) 
Picea farreri (EN, provenance: wild source via cutting from tree at Exbury Garden) 
Picea koyamae 
Picea fikiangensis var. montigena ) 

(EN, provenance: wild source) 
(EN, provenance: not of known wild source) 

Picea maftinezii (CR, short-listed, provenance: wild source) 
Pinus bungeana (short-list candidate, provenance: wild source) 
Pinus torreyana (EN, provenance: wild source) 
Pseudolarix amabilis (short-list candidate, provenance: not of known wild source) 
Widdringtonia cedarbergensis (EN, short-listed, provenance: wild source) 
Wollemia nobilis (CR, short-listed, provenance: wild source) 

Royal Botanic Gardens, Sydney, Australia 

Acmopyle sahniana 
Araucaria luxurians 
Araucaria nemorosa 
Chamaecyparis formosensis 
Cupressus goveniana var. abramsiana 
Oacrydium guiliauminii 
Fitzroya cupressoides 
Glyptostrobus pensilis 
Juniperus taxifolia 
Metasequoia glyptostroboides 
Microstrobos fitzgeraldii 
Picea engelmannii ssp. mexicana 
Pinus bungeana 
Pinus massoniana var. hainanensis 
Pseudoiarix amabilis 
Wollemia nobiiis 

(CR, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(EN, provenance: wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(short-list candidate, provenance: not of known wild source) 
(provenance: not of known wild source) 
(CR, short-listed, provenance: wild source) 
(EN, short-listed, provenance: wild source) 
(EN, provenance: not of known wild source) 
(short-list candidate, provenance: not of known wild source) 
(EN, provenance: not of known wild source) 
(short-list candidate, provenance: not of known wild source) 
(CR, short-listed, provenance: wild source) 

that most conifers are ideal subjects with which to establish 
ex situ plantations (Page 1990b; Gardner and Thomas 1996). 

There is a need to initiate and develop such programmes 
in other countries as well. Examples include Scandinavia 
with its more northerly climate and excellent network of suit- 
able arboreta, France, Italy, and California, USA (especially 
for conifers of Mediterranean climates). In all these countries 
collaboration schemes with private landowners as well as 
countries of origin appear to be as possible as they proved to 
be in Britain and should be urgently encouraged. Similarly, 
some countries, such as the USA and China, both with a very 
large diversity of conifers as well as topography and climate, 
are potentially capable of conducting such programmes with- 
in their national borders. In effect China has established sim- 
ilar schemes for several endangered tree species, among 
which are a few conifers such as Cathaya argyrophylla and 

Abies beshanzuensis. In the Southern Hemisphere, Australia 
with its wide range of climate conditions offers both the 
infrastructure and expertise to set up an ex situ programme 
for conifers of the southern continents and islands. In 
Tasmania, the Royal Botanic Garden at Hobart has attempt- 
ed to establish a Conservation Centre focusing on the 
conifers of that island. 

These specific programmes differ from more ‘traditional’ 
collecting and maintenance in botanic gardens and arboreta 
in that they seek to sample genetic diversity of a species and 
maintain purity of ex situ ‘breeding populations’ by prevent- 
ing cross pollination between provenances, usually achieved 
by physical distance (out-planting). In this, their manage- 
ment bears elements both of botanic garden and forestry 
experience and will benefit from the involvement of both dis- 
ciplines. It is very important to stress that only ‘pure’, non- 
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hybridised seed from ex situ grown conifers can be consid- 
ered to be of any value to the aim of species conservation. 
Such guarantees can usually not be given for seed gathered 
from trees in the commonly mixed collections of botanic gar- 
dens and arboreta; consequently the only method of propa- 
gation left open to these is by vegetative means, which natu- 
rally narrows the available gene pool. 

The seed of conifers varies according to species in the 
time that elapses before it begins to germinate. Many conifer 
seeds can now be stored under controlled conditions in seed 
banks; the Royal Botanic Gardens, Kew are developing a 
large establishment in the UK with emphasis on species from 
arid to semi-arid regions of the world. Among these will be 
several threatened species of conifers, providing potential 
stock with a broad and ‘pure’ gene pool available for re-intro- 
duction programmes in the future. Coupled with the project 
will be training programmes especially targeted at agricul- 
turists and foresters from the home countries of the seeds. 

Ancient Pencil pines 
Tasmania, Australia. 

(Athrotaxiis cupressoides) in a national park in 

Integration of in situ 
and ex situ strategies 

‘Repatriation’ is the ultimate goal of ex situ conservation pro- 
grammes as described previously. To be at all effective, ade- 
quate protection and, where necessary, restoration of re- 
introduction sites must be in place prior to ‘repatriation’ of 
endangered (or locally extinct) conifers. 

Research into the causes of decline, the ecology and biol- 
ogy (especially reproductive biology), and role in the ecosys- 
tem of the target species must be conducted. Simultaneously, 
experimentation with propagation techniques and monitor- 
ing of the ex situ sites will yield knowledge that is useful in 
the re-introduction phase. Both scientific programmes offer 
opportunities for education and training, especially for 
nationals of the countries where the endangered conifers 
originally occur and will need to be protected into the future. 

Material from ex situ stock can be used in situ in three 
ways: 

1) Reinforcement of still extant, but too small (sub-)popula- 
tions to enhance the possibility of regeneration and 
recruitment. 

2) Reintroduction to sites where a population has become 
extinct, and 

3) Introduction to new sites (suitable habitats) where the 
taxon is not known to have occurred in historical time. 

In all three strategies, the genetic integrity of the materi- 
al supplied from ex situ stock is of the utmost importance. 
Restrictions to what material can be used are greatest with 
reinforcement schemes; in fact in most cases no other mate- 
rial than that derived from the still extant remnant population 
should be used (Henry 1997). The other schemes allow for a 
wider choice, but care should be taken to prevent hybridisa- 
tion between stock from geographically widely separated 
origins, not only while in an ex situ situation, but also after 
(re-)introduction to the natural habitat. 

The role of botanic gardens 
in conservation of conifers 

Conifers are highly amenable subjects to introduce into culti- 
vation, and once introduced and established, have a long life 
expectancy and a long reproductive age. They can be main- 
tained in cultivation at very low cost per tree. Despite these sig- 
nificant assets, which make conifers quite ideal subjects for ex 
situ conservation and which would be the envy of any animal 
breeding programme, the cultivation of conifers by botanic gar- 
dens for conservation purposes (i.e. integration with in situ pro- 
grammes) remains largely in its infancy. Very few species can 
yet be regarded as significantly protected through this route. 

Strides have been made, mainly in the last decade, par- 
ticularly in Australia, Denmark and Scotland, to recognise 
the principles of integrated ex situ conservation and to begin 
to implement them. However, these efforts are mostly due to 
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the drive of a few dedicated individuals with usually inade- 
quate funds at their disposal. Much more work is needed, 
with the full support of funds and staff made available, if 
botanic gardens desire to play a significant role in conifer 
conservation. Two stages can be recognised in the process of 
establishing this potentially useful conservation strategy. 

The first stage 

The first stage is achieving any successful introduction of a 
rare and threatened conifer taxon (species, subspecies, or 
variety) into cultivation. This is perhaps the least difficult 
stage, but then it must be stated at once that the mere holding 
of one or a few individual plants by a botanic garden does not 
constitute ex situ conservation. Questions of provenance, 
genetic diversity (purity of), sexual versus vegetative repro- 
duction need to be addressed. Long-term management, often 
difficult in botanic gardens with shifting programmes and 
priorities, needs to be guaranteed. Plantings of more than a 
few individuals from different provenances need to be kept 
sheltered from cross-pollinating neighbours of the same or 
related species, if their seeds (when viable at all) are to be 
useful for re-introduction programmes. Like the odd rare ani- 
mal in the zoo, one rare conifer in a collection, however good 
for the image of the botanic garden, is not conservation, 
although it may superficially appear to be. 

However, certain benefits can still emanate from the cul- 
tivation of limited numbers of individuals of a species plant- 
ed among others. The main one is the promotion of conser- 
vation awareness and the contribution botanic gardens can 
make. The second benefit is the experience obtained by both 
horticulture and science with the conditions and require- 
ments for successful propagation and cultivation under ex 
situ conservation programmes. We think, however, that much 
more recorded trial-and-error experimenting should take 
place for these plantings to be beneficial to conservation. 

The second stage 

This stage begins with the commitment of a botanic garden 
to conifer conservation and its onward development under 
dedicated conditions, structured around a coherent policy 
and a long-term strategic plan. 

This involves the active acquisition of germplasm mater- 
ial of a limited number of taxa, with an attempt to identify 
and introduce into cultivation as great a range of genetic vari- 
ation as seems feasible. Known wild-origin material is essen- 
tial. Older cultivated stock should only be considered when, 
if identified, it can be shown to represent genotypes no 
longer available from populations in the wild. This material 
can be of value especially in programmes aiming at rein- 
forcement of genetically depleted wild populations, but 
should be used only if the old stock material can be shown to 
have come from the same locality. For new acquisitions, 
once in cultivation, experimental research into their genetic 
identity and horticultural conditions related to genetic diver- 
sity and its perpetuation is essential. The material needs to be 
continually bulked up into sister replicated ‘populations’ 
each containing the full spectrum of genetic diversity origi- 

nally sampled. From these, out-plantings of sample ‘popula- 
tions’ need to be established in ‘safe-haven’ sites, each as an 
insurance against loss of either the initial propagees or whole 
planted sites. There is also an absolute requirement that the 
whole process be subject to continuous documentation and 
recording in order to identify the progress of clones from 
their point of origin in the wild through their progress in cul- 
tivation. Effective clonal isolation of cultivated ‘populations’ 
each representing discrete wild populations is essential; over 
and above this, isolation from any cross-pollination by con- 
generic species must be guaranteed (Page 1994). 

The large amount of separated space required prohibits 
the successful implementation of such a programme even for 
a single species within the premises of a single botanic gar- 
den. Only taxonomically highly distinct species (usually 
monotypic) can be expected to retain their genetic purity 
within the inherent diversity of a botanic garden. 
Consequently, it is necessary to venture outside the walls of 
the botanic garden and to involve many other individuals and 
organisations in the acquisition of planting space. The 
extremely long-term aspects involved are a major barrier to 
funding bodies, who typically want to see results within a few 
years at the longest. Often, very few results can be expected 
of such a programme this side of a period of 50 years, as sev- 
era1 rare conifers do not produce seeds any sooner. Yet, once 
planted and established, most conifers soon become suffi- 
ciently self-maintaining to ensure that they are of minimal 
burden to management. Also, it should be pointed out that 
such programmes, if truly integrated, are to supplement in situ 
conservation action and need only to be undertaken when the 
latter seems incapable of achieving its aims alone. The efforts 
required are substantial, so it must be obvious that support of 
this kind is essential before it is undertaken. 

Establishment from the outset of such ex situ work as joint 
ventures, with the accredited ownership of the germplasm 
material linked closely to the rights of the country of origin 
under the Biodiversity Convention, will be fundamental in 
future successful application of conifer ex situ programmes. 

Summary of action recommendations 
The two main recommendations (I and II) in the following 
Summary list are seen as the most urgent projects to be 
undertaken, the remainder follow logically from such initia- 
tives. The Conifer Specialist Group (its members are listed in 
Appendix 1) is too small, and its members have too many 
other commitments, to be able to carry all this out under the 
present circumstances. Others have to take up the challenge, 
especially professionals from both governmental and non- 
governmental organisations in the regions concerned dealing 
with conservation. Members of the CSG can and will help 
and advise. In due time it is hoped their ranks will swell and, 
together with the people of the countries still rich in conifer 
diversity, the CSG may be able to curb the downward trend. 
As made abundantly clear in this report, there is no time left 
to wait: action is needed now. 
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Summary of Action Recommendations 

Throughout this Action Pian, recommendations have been made that can bring effective conservation of threat- 
ened conifers nearer. fn order to focus attention on these, we summarise them below. They are further elaborat- 
ed upon in each regional account. 

Conservation actions for conifers follow two basic strategic categories: 

I. Conserve existing diversity. The overall goal of species conservation is to maintain genetic variation and diver- 
sity within a taxon. This strategy invites numerous approaches each falling within, or integrating, in situ or ex sifu 
conservation. Information on existing and potential threats, ecology, autecology, synecology, and present popula- 
tion and threat status on individual species, integrated with the social dynamics of resource use and conservation, 
forms the foundation for this strategy. 

II. Reduce pressure on conifers as a resource. This requires educating managers and resource consumers 
about sustainable harvest and use. With the few wild stands of coniferous forest remaining today and the rate of 
destruction constantly increasing, this strategy might best be applied by transferring the use of wild forest for tim- 
ber resources to well-managed plantation forestry enterprises. Development of “greenwood” programs such as 
that supported by WWF and consumer education about them complement this. 

Although this Action Plan does not provide specific local actions to be taken, aside from the examples of region- 
al Action Pfans and species-specific data sheets, numerous types of actions have been discussed briefly. These 
strategies for action are developed a little more here. It is our hope that individuals and local conservation organ- 
isations or institutions will adapt these action recommendations to local and species-specific situations and needs. 

I. Conserve existing diversity. 

A. Strategies for prioritised taxa. Develop individual strategies for the conifer taxa prioritised in this Action Plan 
and for all others listed as Critically Endangered or Endangered. Due to their likely relictual nature and distinct 
genetic composition, endemic taxa, which likely enjoyed a much wider distribution during the Mesozoic and 
Tertiary periods, should be first priority in conservation. 

6. Funding. Establish funding sources for basic research (assessment) and, most importantly, implementation of 
conservation actions. As much as possible gain support for local researchers and institutions and/or international 
collaboration. Implementation should be supported by long-term funding. 

C. Reduce threats. Identify principle causes of threat at the local level for individual species, develop monitoring 
techniques, and work towards their removal. Establish reserve areas around prioritised taxa or habitat to include 
a maximum of ecological variation as a measure of genetic diversity. Establish national and regional political sup- 
port to ensure enforcement of conservation measures, particularly of protected areas. 

D. Conserve genetic variation. Concern must be given for the effects of genetic depletion on species survival, 
or to what extent such depletion has occurred in individual cases. This is an important area of research. In the 
absence of direct knowledge of the genetics of a population, circumstantial evidence such as morphological and 
ecological variation should be considered. 

E. Protected areas. Establish protected areas for populations that include as much genetic variation as possible. 

F. Public access. Integrate long-term biological conservation objectives with those of public access, amenity, and 
ecotourism. Conservation measures must take into account the local social, economic, and political dynamics of 
resource use. This includes timber and non-timber uses, land use, and access to natural resources when plan- 
ning protected areas. They mu&t be considered in policy decisions from the local to the international level. 

G. Basic biological research. Develop research and assessment programs (on range, population numbers and 
dynamics, ecology, reproductive biology, life history, genetic structure) for these threatened taxa. This information 
should provide the foundation for conservation and management decisions. 

H. Information transfer. Design channels for information flow (and translation into accessible form) from 
researchers into the hands of policy makers and resource or protected area managers. 

I. Amenity planting. Explore the use of conifers in amenity planting. Conifers can often grow in climatic and 
edaphic conditions unsuitable for angiosperms. Conifer species may be appropriate for recolonising degraded 
areas in habitat restoration. Native species should be used wherever possible. 
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J. Ex situ. Long-term multilevel (local to international) programmes should focus on target priorities of the coun- 
tries to which threatened species are native. Promote interchange of germplasm material between accredited 
conservation programmes. identify botanic gardens world-wide with potential and expertise to safeguard ex situ 
material and to guarantee its genetic purity for later reintroduction programmes. 

II. Reduce pressure on conifers as a resource. 

A. Sustainable timber management. Encourage collaboration between international forestry agencies and 
local tree utilisation programmes with an aim to reduce pressure on wild popufations of useful species. 
Sustainable management of timber and non-timber resources should be promoted and established. Before the 
expfoitation of non-timber resources, such as the chemical taxol from the yew, decimates a population, main- 
tain tow harvest levels and pay careful attention to population regeneration. 

B. Education. Educate conifer resource users and consumers about sustainable harvest goals. 

C. Diversify the timber market. Promote wood from faster growing and more realisticafly renewable conifer 
species. lnstil an appreciation by consumers of the irreplaceable nature of the very slow growing species, so 
that the public wilf demand alternatives. 

D. Legislation and Certification. Explore usefulness of CITES listing for conifer conservation as well as for- 
est certification programs like those supported by WWF. 
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Chapter 3 

Regional Accounts 

Introduction 
The accounts in the third and fourth chapters of the Action 
Plan have been intended to focus on the ‘hot spots’ and the 
short-listed taxa mentioned in chapter two. A preferred 
requirement has been that they be researched and written by 
members of the Conifer Specialist Group working in and, if 
possible, native to the regions concerned, presenting the prob- 
lems as perceived from within individual areas. Involvement 
at regional levels is all-important to obtain a broad base of 
support for this Action Plan. For these reasons, the compilers 
(Farjon and Page) have asked members preferably to prepare 
reports of the regions designated as ‘hot spots’ and of the 
species short-listed. However, we have not in any way want- 
ed to indicate that conifer conservation outside the ‘hot spots’ 
or of species not on the short-list is not important. Although 
the reports highlight issues at the local level, they likely are 
applicable to challenges faced elsewhere. 

Much of the effort put into this Action Plan by the com- 
pilers has gone into the stimulation and coaching of these 
regional inputs. The professional input of all those who 
responded positively has made the third and fourth chapters 
of the Action Plan possible. It is acknowledged that while 
basic requirements as to content had to be met, approaches 
and styles of presentation among regions and authors would 
differ. We have judged that it is appropriate to retain these 
differences, rather than heavily edit the reports. In many 
countries there is a predominantly national emphasis on the 
use and conservation of national resources. Inevitably, these 
biases are reflected to the extent that in some accounts the 
species discussed are not of global conservation concern. We 
have decided to incorporate the reports in their entirety. 

More problematic has been the difficulty of obtaining 
accounts for all the ‘hot spots’ and all the short-listed 
species. In several cases (e.g. Borneo and New Guinea) this 
is at least partly due to the as yet fragmentary knowledge of 
the status of many of the conifers that occur there. Years of 
additional basic groundwork is needed. In other areas, polit- 
ical overtones may have proved restrictive. And lastly, but 
perhaps most importantly, the Conifer Specialist Group was 
only established in 1987 and recruitment of sufficient qual- 
ified members to start gathering information took a further 
year or more. This has given us barely 10 years, with a 
membership that has grown only slowly to 37 members, to 
produce the Red List as well as the Action Plan for conifers. 
On account of the virtually world-wide range of conifers 
and their conservation problems, this is too short a time- 
frame to accomplish it all. The dilemma is that to wait 
longer for the group to grow and do more, would put the 
conifers at risk even more since much of the recommended 
action needs to be taken now. Reports of the following 
major areas are not yet available: Borneo, Chile, China, 
Japan, Mexico, New Guinea, and Taiwan. For several of the 
short-listed species too, even though we know enough to 
assign a category of threat, detailed information needed for 
a report with sound recommendations is still wanting. Thus, 
the majority of short-listed species are not yet dealt with 
here. We urgently need to find members capable and willing 
to undertake these reports. We therefore, while acknowledg- 
ing that the gaps need to be filled, urge that proposals of the 
Action Plan begin to be implemented from the earliest pos- 
sible opportunity. 

40 



Regional Action Plan 

Conifers of New Caledonia 

Alistair Watt 
Otwav Ridge Arboretum, Victoria, Australia 

,  ”  

Description of the area 
The French Pacific territory of New Caledonia justly 
deserves its reputation in the botanical world for its rich and 
varied flora. In the instance of the conifers, particularly 
those of southern hemisphere (Gondwanan) origins, we see 
this richness well-reflected. Although of small size on a 
world scale (- 1 9,000km2), the island has no fewer than 43 
species of conifers, of which all are endemic, in 14 genera, 
of which three are endemic (Laubenfels 1972). To put this 
distinctive flora in perspective, we should consider that the 
whole world total number of conifer species is only around 
630, and that in New Caledonia we are considering a land 
area similar to that of the state of Massachusetts in the USA 
(2 1 ,500km2) or the country of Wales in the UK 
(2 1 ,000km2). Thus, no other comparable territory remotely 
approaches this degree of conifer diversity. It is one of the 
major conifer ‘hot spots’ recognised in this Conifer Action 
Plan. 

It is natural to assume that with so many species in such 
a small area, some of them will have limited abundance and 
distribution. For example, Dacrydium guillauminii, found 
only in a very restricted area of the Riviere des Lacs basin, is 
undoubtedly one of the rarest conifers in the world. The 
unique parasitic podocarp Parasitaxus ustus is certainly one 
of the most unusual. To add to the value of this particular 
island biota, it is important to consider the origins of the 
conifer families. It is becoming increasingly clear that the 
New Caledonian conifer flora reflects its relictual character, 
the ancient forests of Gondwana with, for example, clear 
connections with the Tasmanian flora of around 40 million 
years ago, where climatic conditions were totally different 
from those of today. 

Many of the 43 species of New Caledonian conifers are 
rare and endangered or threatened. The greatest threat is 
undoubtedly that of human-generated wildfires, followed 
by the effects of mining activities in certain areas. Often 
the latter indirectly increases the former: mining means 
roads, roads mean access, people cause fires. Different 
species may be subject to different threats, or a combination 
of threats, however the majority of these can be signifi- 
cantly reduced. The purpose of this report will be to sum- 
marise the conservation status of the conifers of New 
Caledonia, including existing threats to species popula- 
tions, and to make suggestions for immediate action to 
overcome these problems. 

Conifer distribution in New Caledonia 

Despite the small land area of New Caledonia, there exists a 
very wide range of plant community habitats, which is 
reflected in conifer species distribution throughout the terri- 
tory. New Caledonia includes ‘high’ islands of continental 
origin, volcanic emergents and coral islets. Plant communi- 
ties extend from the littoral environment, through open 
heathland and sclerophyll dry forest to high altitude montane 
rainforest. Most savannas occurring on the Grande Terre are 
man-made secondary vegetation (Morat et crl. 198 1). 
Communities are influenced by climatic factors, e.g. rainfall 
varying between 800mm and 8000mm per annum. 
Occasionally, temperatures may reach frost conditions on 
summits such as Mt. Humboldt. In addition, there is an enor- 
mous variation in soil substrates, from the vast extent of the 
sterile and mineralised ultramafics of the southern massifs, 
the rich mica schists of the Mt. Panic massif to the calcare- 
ous limestones of offshore islands. The New Caledonian 
conifer flora, therefore, has speciated to occupy niches in 
these various situations. This is well illustrated in the 
Araucariaceae, with 13 species occupying a range from sea 
level to an altitude of 1400m, and in Libocedrus, with three 
species from 150m to 1600m altitude. Jaffre (1995) has well 
summarised the distribution of all New Caledonian species. 

, 

The conservation situation in New Caledonia 

New Caledonia is essentially composed of a main island, 
Grande Terre, approximately 450km long by 50km wide, 
with extending offshore islands, and a line of volcanic islands, 
the Loyalty Islands, to the east at about 1OOkm distance. 
Although New Caledonia is an overseas territory of France, 
the principal responsibility for conservation issues is on a 
self-rule basis and is determined separately in each of the 
three provinces of New Caledonia. The territory is politically 
and administratively divided in Province Sud, Province Nord, 
and the Loyalty Islands. All this could be further complicated 
by any changes in the island’s political status. Each province 
applies distinct and differing systems of land management. 
The Province Sud, based around Noumea, the capital, has a 
small but active Service de 1’Environnement. The Province 
Nord undertakes conservation management through the 
forestry services, which have a special section devoted to con- 
servation, based in Koumac. The Loyalty Islands do not 
appear to have an agency or a policy. 
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Fig 3. 1. Present-day Parks and Reserves in New Caledonia (1996). 
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Province Sud 

This administrative region possesses a significant number of 
land areas gazetted for some degree of protected status. The 
major reserves are the Part Territorial de la Riviere Bleue and 
the adjoining Reserve naturelle integrale de la Montagne des 
Sources. These two areas, close to Noumea, can be equated, in 
their levels of protection, to the status of a National Park in 
Australia or the USA - specifically in the degree of unalienable 
protection and management level afforded. The Montagne des 
Sources is essentially closed for public use as a protected water 
catchment area (i.e. no tourism), whereas the Riviere Bleue 
park with tourist facilities, access drives, and walks etc., is a 
more typical ‘park’. The latter is also patrolled by rangers on 
a daily schedule. Fortunately, these two parks contain highly 
significant sites for conifer conservation in a range of habitats. 
Therefore, adequate administrative protection is in place for 
conifer species including Acmopyle pancheri, Agathis ovata, 
Araucaria bernieri, A. muelleri, Callitris neocaledonica, 
Libocedrus austrocaledonica, Neocallitropsis pancheri, 
Podocarpus decumbens, and P. gnidioides. Conservation sta- 
tus for these parks is excellent; however, we can clearly iden- 
tify that there is a significant risk from wildfire that continues 
to threaten certain areas. Much has been done to maintain a 
fire-fighting force in place, including the use of a helicopter, to 
extinguish fires that threaten the Montagne des Sources as this 
area also serves as the source of drinking water for the capital. 
As a result, no major fires have occurred there in 30 years (J. 
M. Veillon, pers. comm.). Similar vigilance is needed for other 
areas within these parks, especially in relation to tourist camp- 
ing activities. 

In addition to the above two major reserves, there are a 
dozen or so sites listed as flora (or fauna) reserves (Jaffre et al. 
1998). These are intended to give a degree of protection for the 
conservation of specific plant or animal communities or 
species. These reserves, although inherently highly significant, 
do not necessarily afford the quality of adequate long-term pro- 
tection. Mining activities could still proceed in some instances, 
and damage from excessive visitor numbers could occur in 
some relatively unchecked sites. The most sensitive site in this 
category is undoubtedly the flora reserve at the Chutes de la 
Madeleine (Madeleine Falls) on the Riviere des Lacs to the 
south of Noumea. This small reserve of 400ha contains among 
seven species three conifer ‘treasures’: Dacrydium guillauminii 
(CR), Neocallitropsis pancheri (VU) and Retrophyllum minor 
(EN). For the first species it is virtually the only existing site; 
for the last, none of the most important populations are within 
a reserve (Jaffre, pers. comm.). At present this site is very much 
exposed to damage from excessive visitor numbers in a too 
small area. However, this could be managed with better prac- 
tices applied to control visitor movement through the reserve. 
Also included in this special reserve category and significant 
for their conifer populations are: 
- Mt. Do, with e.g. Araucaria biramulata, A. laubenfelsii; 
- Mt. Humboldt, with e.g. Araucaria humboldtensis, 
Libocedrus chevalieri, Podocarpus gnidioides; 
- Mt. Kouakoue, a new reserve with possibly the most 
diverse range of New Caledonian conifers in a virtually 
unspoiled area of c. 7000ha; 
- Mt. Mou, with e.g. Acmopyle pancheri, Dacrydium lycopo- 
dioides. 

42 



Neocallitropsis pancheri, Plaine des Lacs, New Caledonia. 

Outside these reserves are extensive areas of significant 
maquis shrub lands and various forest types. Most of those 
situated on the relevant ‘mineralised’ zones are held under 
mining leases, private land, or forestry extraction zones. In 
these areas, protection is very much on an ad hoc basis and 
inadequate; e .g . one of the most significant sites for 
Parasitaxus ustus known on Mt. Dzumac was in 1995 on the 
verge of destruction by the ‘illegal’ extraction of forest soil 
for use in pot plant production. The Service de 
1’Environnement of Province Sud has now taken steps to pre- 
vent this from happening again (Jaffrk, pers. comm.). 
Especially for this difficult to find unique conifer, a thorough 
inventory and mapping programme is much needed. 

Province Nord 

It is convenient, for simplicity, to divide the northern 
province into eastern and western sections. The east, or wet 
side of the island has several areas gazetted for flora (or 
fauna) reserve status. The most significant of these for 
conifers is that of the Mt. Pan% massif, which affords pro- 
tection to a range of rare conifers including Agathis montana, 
A. schmidii, Austrotaxus spicata, and Parasitaxus ustus. The 
greatest threat to these east coast wet forest reserves would 
be logging under future decision-making. The isolated stand 
of Libocedrus yateensis recently found near Hienghkne 
(Roche Ouaikme) is not protected at present. 

On the west coast of the Province Nord, problems for 
conifer conservation are more critical. Along the chain of 
mountains are many ‘island’ massifs of ultramafic rock such as 
Koniambo, Pakoua, and Kapeto. These can have a significant 
conifer population e .g . Araucaria montana on Mt. Koniambo. 
The recent and interesting discovery on Mt. Pakoua (Jaffr6 et 
al. 1987) of relict populations of Libocedrus austrocaledonica, 
Neocallitropsis pancheri, and Parasitaxus ustus indicates that 
much botanical investigation remains to be done in the 
Northern province. The site on Mt. Pa6oua is an example of 
an extremely important site for conifers lacking any legal pro- 
tection. They occur inside areas designated for mining leases, 
although the low grade ore does not at present justify extrac- 
tion. Fires are the principal menace to these stands at present. 
There is naturally a discrepancy between both provinces when 
it comes to protected sites due to the fact that the north is more 
sparsely populated than the south, so that population pressures 
on the environment are generally less severe; moreover, the 
present system of reserves antedates the setting up of conser- 
vation agencies in both provinces. 

Loyalty Islands 

Much of the forested area of the Loyalty Islands is held as 
native, private land, hence there do not appear to be conser- 
vation management practices applied. At present, this is not 
a significant problem for consideration here, as the only 
conifer species, Araucaria columnaris, is relatively abun- 
dant. However, should land clearing or excessive logging 
occur, it would be necessary to impose some kind of reserve 
status for the most significant Araucaria forest areas. 

Wildfire in the environment 

Although there is a great deal of discussion in New 
Caledonia regarding dangers from mining exploitation, this 
is not at present the major problem. The principal threat is 
wildfire. An uncontrolled fire on the Montagne des Sources, 
however unlikely this may seem to some given present vigi- 
lance, could eliminate the majority of the island’s individuals 
of Neocallitropsis pancheri. Even in recent years, this 
species has been badly affected by fires in the area of the 
Plaine des Lacs. Similarly, a fire along the upper RivGre 
Bleue would devastate Libocedrus yateensis. On the western 
flank of Mt. Mou one can observe the fire scars which have 
reached up to 1200m altitude where Dacrydium lycopodi- 

Retrophyllum minor in a river on the Plaine des Lacs, New Caledonia. 
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oides occurs. In the dry spring season such fires can even 
have a devastating effect on ‘wet’ rainforest. 

Fires which could cause this type of damage should not be 
underestimated. They can be started accidentally from camp- 
fires, or deliberately, for instance by those who want to reduce 
the ‘brush’ for livestock grazing or want easier access, such as 
hunters. Many parts of the world have similar problems, e.g. 
Central America, Brazil, Eastern Africa, California, and 
South-eastern Australia. This will be dealt with below under 
‘recommendations’. The absence of an adequate legally 
imposed fire control regime is the biggest threat to the unique 
New Caledonian flora, both conifers and non-conifers. 

Conservation status of individual 
threatened species in New Caledonia 

ARAUCARIACEAE 

Agathis corbassonii de Laub. 
Widespread, but not common, in the northern half of the 
Grande Terre, but threatened by over exploitation from log- 
ging locally and perhaps increasingly in the future without fur- 
ther protective regulation. Vulnerable under criteria B 1 + 2c. 

Agathis lanceolata (Lindl. ex Sebert and Panther) Warb. 
Originally very common in the south; much reduced (partic- 
ularly large specimens) through over exploitation. Protected 
in several reserves and in Riviere Bleue and Montagne des 
Sources. Protection of genetic diversity is important. Lower 
Risk, conservation dependent. 

Agathis montana de Laub. 
Confined to Mt. Panic massif of NW New Caledonia, protect- 
ed in Mt. Panic reserve but illegal logging might pose a prob- 
lem in the near future. Lower Risk, conservation dependent. 

Agathis moorei (Lindl.) Mast. 
Widespread throughout the main island (Grande Terre), but a 
substantial decline has occurred through over exploitation in 
recent years, whereby there is also a risk of genetic depletion. 
Vulnerable under criteria B 1 +2c. 

Agathis ovata (C. Moore ex Veillard) Warb. 
Widespread in Province Sud on ultramafic maquis sites; pro- 
tected in Riviere Bleue and Mt. des Sources park and reserve. 
I I 

Wildfires are a threat in some areas. Lower Risk, conserva- 
tion dependent. 

Araucaria bernieri J. Buchholz 
Widespread in Province Sud on ultramafic sites, dispersed in 
small populations in wet forests. Protected in Riviere Bleue 
park and Mt. des Sources reserve and other reserves. Lower 
Risk, conservation dependent. 

Araucaria biramulata J. Buchholz 
Dispersed along the central mountain chain on rocky slopes 
in Province Sud. Protected in Riviere Bleue park and Mt. Do 
and Pit du Pin reserves. Lower Risk, conservation dependent. 

Araucaria humboldtensis J. Buchholz 
In isolated populations on mountain ridges and slopes above 
800m in Province Sud; protected in several mountain 
reserves. Lower Risk, conservation dependent. 

Araucaria laubenfelsii Corbasson 
Dispersed but not common in the ultramafic massifs of 
Province Sud; protected on Mt. Do, Mt. Mou and elsewhere. 
Lower Risk, conservation dependent. 

Araucaria luxurians (Brongn. and Gris) de Laub. 
Confined to a few coastal sites on ultramafic rocks near human 
habitation areas, where there is a continuing decline and ero- 
sion of the sites in part due to mining activities. Populations 
less than five and no protection in a reserve. Fires are a sec- 
ondary hazard. Endangered under criteria B 1 + 2c. 

Araucaria mueUeri (Car&-e) Brongn. and Gris 
Southern mountain ridges on ultramafics, in isolated and 
small populations. This species is protected in Mt. des 
Sources, in the Riviere Bleue Park, and in other reserves, but 
grows slow and is susceptible to the fire hazard in several 
places. Lower Risk, conservation dependent. 

Araucaria nemorosa de Laclb. 
A single small population on the coast near human habitation 
at Port Boise on tribal (private) land, where it is both being 
cut and threatened by fires. There were plans to establish in 
1997 a small reserve for part of the population on the eastern 
side of the bay of Port Boise. Critically Endangered under 
criteria B 1 + 2c. 

Araucaria rulei F. Muell. 
Dispersed on ultramafic rocks and soils in the NW of Grande 
Terre in small populations. There is a decline of 20% or more 
in most populations due to expansion of mining operations in 
the area (nickel) while regeneration is poor and growth very 
slow. It is not protected in a reserve at all. Endangered under 

The rich vegetation with 
Lacs, New Caledonia. 

several endemic conifers on the Plaine des Occurs in a few high altitude sites on Mt. Panic massif; pro- 
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tected in Mt. Pan% reserve under active management. Its 
restricted occurrence qualifies it as Vulnerable under criteri- 
on D2 despite its present protection in a reserve. 

Araucaria scopulorum de Laub. 
Restricted to two to three small populations in coastal sites 
on the eastern coast of Province Nord, in the vicinity of 
human habitation where it is susceptible to fire. It is outside 
any reserve. Endangered under criteria B 1 + 2c. 

Araucaria subulata Vieill. 
Dispersed in the ultramafic massifs of southern New 
Caledonia, where it is protected in the Mt. des Sources and 
Riviere Bleue reserve and park. Outside these reserves there 
is a risk from (illegal) logging locally. Lower Risk, conser- 
vation dependent. 

CUPRESSACEAE 

Callitris neocaledonica Dummer 
Limited to the higher altitudes in localised populations on 
the southern massifs; protected in Mt. des Sources and Mt. 
Humboldt reserves, but fire is a hazard. Lower Risk, con- 
servation dependent. 

Callitris sukata (Par1 .) Schltr. 
Limited to three river drainages/valleys near Noumea, where 
it is not common. Timber extraction is reported from the 
Comboui valley. Fires are an additional threat, while regen- 
eration is often poor. Protection in ad hoc river bank reserves 
is inadequate. Endangered under criteria B 1 + 2c. 

Libocedrus austrocaledonica Brogn. and Gris 
On a few higher mountains in Province Sud where it is dis- 
persed in humid forests. It is protected in Mt. des Sources 
reserve and Riviere Bleue park, but the population on Mt. 
Paeoua is potentially threatened by wildfires and appears not 
to regenerate well. Lower Risk, conservation dependent. 

Libocedrus chevazieri J. Buchholz 
Isolated populations on the summits of Mts. Humboldt and 
Kouakoue only, where it is protected in reserves. It is restrict- 
ed to high altitude maquis which is highly susceptible to fire; 
due to the limited size of the populations it is therefore at 
considerable risk. Endangered under criteria B 1 + 2de. 

Libocedrus yateensis Guillaumin 
Restricted to a few kilometres along two rivers in southern 
New Caledonia and a single record from the central part of 
Grande Terre at Roche Ouaieme. Protected in Riviere Bleue 
park (Riviere Bleue de Yate) but not in the Ouinne location. 
Vulnerable under criteria B 1+3d, C2a. 

Neocallitropsis puncher-i (Car&e) de Laub. 
Nearly confined to less than 10 small populations, in total not 
exceeding an area of occupation greater than 150ha, on ultra- 

mafics in Province Sud, one recently discovered in Province 
Nord, most are in protected areas but also in environment with 
a high fire risk. In the past exploited for oil extraction. Listed 
by Jaffre et ul. (1998) as LRcd, but this species fulfils the cri- 
teria A 1 c, B 1 + 2b under Vulnerable, which therefore prevails. 

PODOCARPACEAE 

Acmopyle pancheri (Brongn. and Gris) Pilg. 
Widespread in the humid, shady forests of the Grande Terre. 
Locally threatened by changes in land use after logging and 
by mining, but protected especially in the southern parks and 
reserves. More protected areas are needed in the north. 
Lower Risk, near threatened. 

Dacrydium guillauntinii J. Buchholz 
Extremely restricted in two or three small populations on the 
Plaine des Lacs; inadequately protected in the Chutes de la 
Madeleine reserve. Strictly rheophitic and susceptible to fire, 
tourism, and possibly pollution from (future) upstream min- 
ing operations. Critically Endangered under criteria B 1 + 2~. 
Cl. 

Dacrydium lycopodioides Brongn. and Gris 
Restricted populations on the higher parts of the southern 
massifs on ultramafic rocks. Regeneration is good, it is pro- 
tected in Mt. Humboldt, Mt. Mou, and Mt. Ningua reserves. 
Lower Risk, conservation dependent. 

[Plants that were recently found by A. Watt at the Chutes 
de la Madeleine appeared to be intermediate in vegetative 
characters and habitat between D. aruucarioides and D. guil- 
hurninii; if turning out to be a new taxon (D. “suprinii”) very 
few specimens are known and it could be endangered. Good 
taxonomic research, including molecular work, is recom- 
mended before this is taken up.] 

Parasitaxus ustus (Vieill.) de Laub. 
Widely dispersed but small populations, dependent on host 
(FuZcatijdium taxoides); its total range and occurrence are 
probably as yet incompletely known. Despite concern about 
the safety of some populations, the species is not threatened 
at present. It is protected by law in New Caledonia. Lower 
Risk, near threatened. 

Podocarpus decumbens N. E. Gray 
Restricted to three known sites in the southern ultramafic 
massifs of Province Sud; protected in Riviere Bleue and Mt. 
des Sources park and reserve, in wet forest. It qualifies for 
Vulnerable under criterion D2 despite its occurrence within 
nature reserves. 

Retrophyllum minor (Car-r&e) C. N. Page 
Restricted to river banks and lake shores (rheophytic) on the 
Plaine des Lacs. Protected, but inadequately, in the Chutes de 
la Madeleine reserve. Threatened by fires in the dry season. 
Endangered under criteria C 1 + 2a. 
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The beauty spot ‘Chtites de la Madeleine’ on the Plaine des Lacs, 
New Caledonia, is a ‘hot spot’ for endemic and extremely rare 

TAXACEAE 

Austrotaxus spicata R. H. Compton 
Dispersed small populations on acidic substrates in wet for- 
est in mountains of Province Nord. Protected in Table Union 
and Mt. Pan% reserves. Taxol-related exploitation, in case 
the chemical were demonstrated to occur, might become a 
risk. Lower Risk, near threatened. 

Recommendations for conservation action 

Conservation of whole plant communities and ecosystems is 
considered the most effective strategy, especially since most 
New Caledonian conifers are only components of a diverse 
vegetation. Legal and managerial protection needs to be made 
effective on the ground in order to ensure success. This 
involves allocation of resources, both funds and manpower, to 
properly manage and protect the nature reserves, which, if of 
sufficient number and extent to cover all plant communities, 
will then automatically ensure conifer species conservation. 

1. Wildfire control measures 

It is impossible to ignore the overwhelming problem and 
threat that human-caused wildfire poses to both the habitat 
and individual species of conifers in New Caledonia. This 
threat is particularly severe on the ultramafic massifs where 
the terrain, the critical dry season, and the inflammable 
nature of the vegetation make control of such fires almost 
impossible. It is clearly necessary for the relevant New 
Caledonian authorities to take all actions possible to discour- 
age any deliberate fire threat. This could involve imposition 
of fines heavy enough to discourage offenders, and even jail 
sentences. In some cases the problem may arise from the tra- 
ditional use of fire as a land clearing ‘tool’, which unfortu- 
nately becomes a serious threat to remai ning intact plant 
communities. On the other hand, there is anecdotal evidence 
that the military plays a not insignificant role in causing 
unintentional serious bush fires. In this latter case we have an 
organisation where existing lines of responsibility and disci- 
pline can be immediately exploited to eliminate the problem. 
Clearly in this section of New Caledonian society, it would 
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be anticipated that an anti-wildfire education programme 
would have an immediate effect. 

These efforts could be combined with proclamations of 
‘Total Fire Ban’ days, as practised in Victoria, Australia, 
where such critical high wind/high temperature/dry vegeta- 
tion conditions can combine to give potentially disastrous sit- 
uations. Access to certain areas, e.g. the Chutes de la 
Madeleine and the Montagne des Sources, may have to be 
prohibited on such days. Legally-imposed penalties could be 
combined with an education programme, e.g. on television 
and in newspapers, as to why fires should not be lit. This will 
be expensive and possibly difficult in application, but there 
is no alternative. One would have to consider the value to 
conservation and in the long run to the considerable eco- 
tourism potential of the island. Relevant New Caledonian 
authorities could communicate with, for example, the 
forestry authorities of Victoria, Australia, to obtain up-to- 
date policies and methods. This problem of wildfire preven- 
tion must be tackled immediately and resolutely. 
Fortunately, the Province Sud has commenced to develop a 
programme of education which deserves every encourage- 
ment and support. It is also imperative that a much more 
proactive attitude be adopted to extinguishing and control- 
ling fires already alight. The military establishment in New 
Caledonia could play a more active and useful role as they 
obviously have both the material resources and the personnel 
to curb this menace to biodiversity. 

2. Management of the nature reserves 

At present, only the Province Sud, through the Service de 
YEnvironnement, has any kind of adequate management sys- 
tem, with the Riviere Bleue Park rapidly improving. 
Unfortunately, the specific flora reserves are usually not ade- 
quately protected. Although gazetted for conservation rea- 
sons, i.e. for particular species or communities, management 
is lacking for proper control of visitors to these reserves. For 
conifers this has become particularly obvious at the Chutes de 
la Madeleine. A balance between conifer conservation and 
tourism could be achieved if the tourism and scientific values 
of the reserves were quantified and necessary funds applied 
for proper management, ranger supervision, walkways, des- 
ignated campsites, waste disposal etc. Over the years an 
increase in tourism ‘away from the beaches’ has been appar- 
ent. Not all of this is ecotourism, but the part that is will be 
increasingly dependent on sound reserve management. 

The new catch-phrase is indeed ‘ecotourism’, and it has 
significant potentials, particularly in stimulating protection 
of natural forests for passive recreation. In this instance, we 
have a section of the tourist market, often possessing a high 
discretionary spending ability, whose main object as a trav- 
eller is to experience, and learn from, the natural environ- 
ment of the country being visited. These tourists will, for 
example, make a specific visit (and spend money on accom- 
modation, guides, car hire etc. in doing so) to a particular 
reserve or park that is of interest to them. This segment of 
the tourist market is rapidly growing: ecotourism will be the 



The touristic developments near the ‘Chiites de la Madeleine’ are 
an immediate threat to the survival of one of the rarest conifers. 

key to increasing visitor numbers to New Caledonia and par- 
ticularly to getting them beyond Noumea. Therefore, eco- 
tourism must and will impart a clear monetary value to the 
reserves and parks of the island: an economic asset that will 
in turn justify and necessitate that a proper management 
regime be implemented. 

3. Recommendations for new reserves and 
expansion of existing reserves 

More reserves must be created, and these must be inalienable 
and safeguarded against future exploitation. In some cases, 
access could be greatly improved to produce a significant 
tourist destination, e.g. Plaine des Lacs, Mts. Dzumac-Upper 
Ouinne River, Mt. Paeoua. Access to a botanical reserve, e.g. 
to Mt. Do or Mt. Koniambo, would encourage tourists to seek 
accommodation in towns such as Boulupari or Kane. The 
reserves would of course not only fill requirements for further 
conservation of specific conifer populations but also for com- 
munities containing other fabulous New Caledonian flora. 

However, these recommendations are made from the point of 
view of further protecting conifer species. Obviously, final 
decisions on new or enlarged reserves will be made upon 
assessment of the entire known biota of the island as a whole. 

1. Plaine des Lacs 
Incorporating the whole basin of the Riviere des Lacs. This 
would include populations of Dacrydium guillauminii, 
Neocallitropsis pancheri, and other rare conifers. 
2. Mt. Dzumac-Upper Ouinn6 River 
This would include the major sites of the rare Parasitaxus 
ustus and the road-accessible humid forests with Acmopyle 
pancheri among other species. An upgraded road to this area 
would be a great asset to tourism, as there is very little gen- 
eral two-wheel-drive vehicular access to the mountain zones 
in the southern massifs. 
3. Mt. Kouakou6 
The summit area of this inaccessible massif contains the 
greatest concentration of New Caledonian conifers. It could 
be designated as a specific conifer study reference reserve. 
Action is well underway by the Service de 1’Environnement 
(Province Sud) to achieve this goal, and in 1995, as a first 
step, a special reserve for flora and fauna was established in 
the summit area. 
4. Plateau Dogny-Table Union 
This area could easily be developed for a tourist ‘territorial 
park’ and would include good sites for conservation of 
Austrotaxus spicata in particular. The local hotel owner 
indicated his enthusiastic support for this suggestion, and he 
is already co-operating to that end with the Province Sud. 
5. Mt. Pa6oua 
It is extraordinary that there are no reserves to protect any of 
the ‘island’ massifs of the north-west coast. Mt. Paeoua with 
its highly interesting conifer flora is obviously at the top of 
the list of priorities. The assembly of relict conifer species in 

Fig 3.2. Proposed Reserves in New Caledonia. 

PIaine des LocslKuebini Riv. 

0 So 100 km 
1 1 J 

47 



such a restricted, isolated area is quite outstanding. Perhaps 
the part of Mt. Koniambo with the Aruucuriu montunu pop- 
ulation could be added. These massifs have significant value 
for mineral extraction, which makes it all the more pressing 
to conserve some areas to reach a balanced decision about 
the management of this mountain range. The area has out- 
standing scenery with superb views from some of these 
mountain summits, which would be a tourist asset for 
Province Nord if carefully developed. 
6. Port Boisb 
A reserve is necessary to protect the only known stand of 
Aruucuriu nemorosu. The stand is on tribal lands so negotia- 
tions would be necessary with landowners. Planning was 
underway to establish a special reserve for flora and fauna on 
the eastern side of the bay in 1997. 
7. Upper Kuebini River basin 
This area contains recently discovered populations of 
Neocullitropsis puncheri and also Aguthis ovutu in what 
appears to be a primary forest not ravaged by fires. The 
existing small botanical reserve should be expanded so that 
this area could reflect an original section of vegetation not 
altered by human impact. In this instance, a reserve closed 
to the public would be necessary to ensure protection against 
wildfire. Both this reserve and the expanded Plaine des Lacs 
reserve (1) could be developed in conjunction with planning 
for the proposed nearby Goro mine - thus combining conser- 
vation, tourism, and mining development economic strate- 
gies in an integrated plan of land management. 
8. Boulinda Massif 
A reserve is required to protect a representative and signifi- 
cant population of Aruucuriu rulei e.g. Boulinda Massif 
and/or Tiebaghi. Preferably, this reserve should be accessi- 
ble for tourism potential and could add welcome destination 
value to the whole of the NW Kare-Koumac area. 
9. East coast, Roches de Ouaikme 
A reserve would be required to protect the summit area of 
this interesting, isolated mountain with Aruucuriu spp. and 
other species. 
10. East coast, Dothio 
A reserve would be required here to protect Aruucuriu scop- 
ulorum. 
11. Loyalty Islands 
Gazetted reserve to protect representative habitat for 
Aruucuriu columnuris. There is potential for tourism to be 
developed in connection with a designated reserve. 
12. Ile des Pins (Isle of Pines) 
A reserve is required centred on Pit N’ga. Besides the com- 
mon Aruucuriu columnuris, there are sites with Podocurpus 
sp. on the southern slopes. The collections of MacKee cited 
by de Laubenfels (1972) as P. sylvestris appear to be an 
unknown species. Such a reserve would also protect vital 
water supplies, while there certainly is potential for tourism, 
which would be attracted by its advertisement e.g. on a map 
and pictures. This area is tribal, i.e. private land, and a 
reserve needs to be negotiated, but the added tourist destina- 
tion value could be an incentive. 

Dacrydium araucarioides is fairly widespread 
Caledonia, and not threatened with extinction 

on Grande Terre, New 

Ex situ conservation of endangered species 
In some specific instances, a real direct threat exists to war- 
rant the insurance of propagating and ‘holding’ endangered 
species at other locations. Much progress in this field has 
been made by both Alistair Watt of the Otway Ridge 
Arboretum in Victoria and the Melbourne Botanic Gardens, 
Victoria. This work needs to continue, but its efforts must be 
re-directed into action in New Caledonia. A horticultural 
training programme for personnel from the Departement de 
1’Environnement could be easily and inexpensively under- 
taken from Australia if funds were available. The following 
species are suggested to be priorities for this programme: 

Cullitris sulcutu 
Ducrydium guilluuminii 
Libocedrus chevalieri 
Libocedrus yuteensis 
Neocullitropsis puncheri 
Podocurpus decumbens 
Retrophyllum minor 

A range of infraspecific genetic variation must be covered by 
this programme. The Conifer Specialist Group supports the 
proposal of M. Marcel Boulet (Departement de 
YEnvironnement, Noumea) to establish a reference arbore- 
tum at the Riviere Bleue Park in conjunction with this pro- 
gramme and as an addition to in situ protection management. 
Eventually, re-planting species on particular sites from where 
they have been eliminated, for example by fire, could be an 
objective. 

Although not considered threatened in a higher category, 
Purusituxus ustus is of interest because of its peculiar para- 
sitic relationship with another conifer, Fulcutl~olium tuxoides 
(both Podocarpaceae) and its complicated and little under- 
stood mechanisms of regeneration. Developmental studies 
undertaken by Conifer Specialist Group member Dr. 
Philippe Woltz at the University of Marseille (France) will 
help to further understanding of this conifer. It is also hoped 
that a special project can be undertaken at the Royal Botanic 
Garden, Tasmania, in conjunction with the University of 
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Tasmania, to investigate seed viability and the germination 
factors involved with this species. Initial funding has been 
made available and liaison with New Caledonian authorities 
will be made in the near future. 

Enhanced legal protection for threatened species 
The following species of conifers endemic in New Caledonia 
merit consideration for special legal protection as endan- 
gered plants, both in provincial legislation and international 
convention: Dacrydium guillaumiraii, Neocallitropsis 
pancheri, Parasitaxus ustus, and perhaps, if taxol-related 
compounds are confirmed in it, Austrotaxus spicata. The 
only species legally protected under New Caledonian law at 
present is Parasitaxus ustus. 
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Conifers of the Himalayas 
and their Endangered Genetic Resources 
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Dehra Dun, India 

Description of the area 
The Himalayas are one of the highest and longest mountain 
chains of the world. They stretch from latitude 24”N to 38”N 
and longitude 68”E to lOO”E, and extend from Kashmir in the 
north to the bend of river Tsangpo and Assam in the east, 
ending in offshoots of the Garo, Khasia, and Jaintia hills and 
the Naga and Lushai hills. This mountain-belt, extending 
over 2250km in length and 250 to 450km in width, isolates 
the Indian-subcontinent from Tibet and China. The 
Himalayas arose from the lifting and folding of the bed of the 
ancient Tethys Sea during the late Cretaceous and early 
Tertiary. The rocks, the soils, and the climates vary consider- 
ably in different regions and within very narrow geographic 
areas in the Himalayas. The mountain slope gradients are 
steep and along their ascent the climate change is great and 
abrupt. The east to west longitudinal/latitudinal climatic gra- 
dient is also great especially in extremes in rainfall. The sum- 
mer-rains formed from the moisture bearing south-western 
monsoon winds, trapped by the Himalayas from the Indian 
and Pacific Oceans, come earliest and fall the heaviest in the 
Eastern Himalayas and weaken from east to west. They also 
diminish in a south-north direction along the length of the 
Himalayas and in some innermost valleys, summer rains are 
partially or totally absent. Farjon (1990), after an analysis of 
world wide distribution ranges of genera and species of 
Pinaceae, identified 9 coniferous floristic regions in which 
the Sino-Himalayan region (see map p. 8, Farjon l.c.) is eval- 
uated to be the richest in diversity of taxa in Pinaceae. 

Taxonomic distribution of conifer genera 

The conifer tree genera forming extensive forests in the 
Himalayas are the same as those found in such forests over 
much of the northern hemisphere. Only two genera, 
Podocarpus and Nageia, with a main distribution in the 
southern hemisphere, (one species each in India: P. neri- 
ifolius and N. wallichiana) are indigenous to the eastern 
Himalayas as well as South India, the Andamans and 
Nicobar Islands, and to some countries to the east. Nageia 
wallichiana is the only conifer native to the Indian Peninsula. 
The conifer tree genera distributed along the length of the 

Himalayas represent five of the total of seven to eight conifer 
families. The Pinaceae has six and the Cupressaceae two 
genera represented; the remaining families, i.e. 
Podocarpaceae, Taxaceae, and Cephalotaxaceae, have one 
genus each. In the Himalayas, the eastern region has a greater 
number of genera and species than the western region. The 
area covered by a few genera in the west, however, is far 
more extensive than the area covered by many genera in the 
east. Extensive forests of environmental and commercial 
value are composed of species in four genera: Pinus, Cedrus, 
Abies, and Picea. Not as extensive as these, the forests of 
Tsuga, Cupressus, Juniperus, and Lark are also of value but 
cover far lesser areas. Taxus, Podocarpus, and Cupressus 
torulosa populations distributed along the entire length of the 
Himalayas do not cover large areas and grow only as scat- 
tered trees in mixed forests or in small-stand patches or 
groves. Some rare genera like Cephalotaxus and 
Amentotaxus are regionally endemic and restricted to small 
local areas. 

Distribution of conifer species. 
The data on conifer tree species of the Himalayas are 
arranged below into five groups, on the basis of distribution- 
types and the extent of area they cover. The size and conti- 
nuity or discontinuity of the distribution range (inter alia) 
affects the level and distribution of genetic variation within 
species of Himalayan conifers. Where populations decline, 
the genetic loss is greatest from gene pools of species dis- 
tributed in restricted ranges and in disjunct populations. This 
grouping helps to identify such species. In wild forest trees, 
conservation at the species level is a first important stage to 
achieve, but beyond this, at the intraspecific level of variant 
populations (provenances) conservation will ultimately pro- 
vide much greater value to the forests. The variants which 
need to be preserved the most are adaptive variants. Work 
done so far on intraspecific variation and its spatial distribu- 
tion in Himalayan conifers is insignificant and even ecologi- 
cal surveys of species are incomplete. Use of biochemical 
genetic markers in such studies can furnish the needed results 
more quickly. These are necessary to understand the genetic 
structure of the species and populations because it tells what 

1 *Guest Scientist, Indian National Science Academy, New Dehli 110002. Financial help from the Academy and facilities provided by FRI (ICFRE), Dehra 
Dun, for this work, are gratefully acknowledged. 
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to conserve and how to design management-interventions for 
such conservation. This account on present day Himalayan 
conifer forests is based on field observations made during the 
years 1954-1965 and 1969-1996 (Dogra 1964, 1972, 1981, 
1985, 1986a, b, 1989, unpubl. field books) and on published 
information provided by others (mainly Dallimore and 
Jackson, rev. Harrison 1966; Critchfield and Little 1966; Liu 
197 1; Grierson and Long 1983; Mehra 1988; Sahni 1990; 
Farjon 1990, 1993, 1994). Unless stated otherwise, the 
species altitudinal ranges, based on the collections of the 
F.R.I. herbarium at Dehradun, are from Sahni ( 1990). 

Overview: Distribution of conifer species 
in the Himalayas 
I. Widely distributed in large regions, covering 
considerable areas 

1. Widely distributed along nearly the entire length of 
the Himalayas: 

Taxus wallichiana (Zucc .) Pilg .: 2300-3400m. 
Pinus wallichiana A .B. Jacks.: 1200-3800m (Dogra 1986b), 

intraspecific variation high, 7 Himalayan populations 
defined (Dogra 1972, 1981). 

Pinus roxhu~ghii Sarg.: 450-2300m, intraspecific variation 
present (Champion 1925, Dogra 1986b, Mehra 1988). 

Abies spectabilis (D.Don) Spach: 2750-3900m, intraspecific 
variation high (Dogra 1986b) wild interspecific hybrid 
population crosses with A. pindrow (Mehra 1988), mor- 
phological variants may be present (Farjon 1990). 

Juniper-us indica Bertol. (syn.: J. wallichiana Hook. f. ex 
Brandis 1906): 2800-4600. 

Juniperus squamata Buch.-Ham. ex D. Don: 2400-4300m. 

2. Distributed in large regions in western Himalayas: 

Picea smithiana (Wall.) Boiss.: 2150-3300m. 
Abies pindrow (Royle ex D. Don) Royle: 2150-3300m, 

intraspecific variation high (Dogra 1986b), wild interspe- 
cific hybrid population crosses with A. spectabilis, inter- 
mediate variants may be present (Farjon 1990). 

Cedrus deodara (Roxb.) G. Don: 2300-3350m, intraspecific 
variation high. (Troup 192 1, Gamble 1922, Gorrie 1953, 
Dogra 1986b). 

Cupressus torulosa D. Don: 1800-2800m. 
Juniperus communis L.: 1700-4300m. 
Juniperus semiglobosa Regel (syn. J. macropoda auct., non 
Boiss., J. polycarpos auct., non K. Koch): 2400-4300m. 

3. Distributed in large regions in Eastern Himalayas: 

Abies densa Griff. (sometimes considered to be a variety or 
a synonym of A. spectabilis): 2450-4000m (Farjon 1990), 
occurring from eastern Nepal into Arunachal Pradesh. 

Pinus kesiya Royle ex Gordon: SOO-2000m, intraspecific 
variation high within and between populations (Gibson 
and Barnes 1984). 

Tsuga dumosa (D.Don) Eichler: 2400-3000m. 
Larix griffithiana Car&-e: 2400-3650m, variety recognised 

(Farjon 1990). 
Juniperus recurva Buch-Ham ex D. Don: 2700-4600m. 
Podocarpus nerizyolius D. Don: plains-900m, highly vari- 

able, many varieties may be recognised (Dallimore 
and Jackson 1966). 

Nageia wallichiana (C. Presl) de Laub.: 900- 1500m. 

II. Narrowly distributed within limited regions, 
covering small areas 

1. Restricted to scattered, small disjunct areas in a nar- 
row region of western Himalayas and nearby Pakistan 
and eastern Afghanistan mountains: 

Pinus gerardiana Wall .: 1800-3000m, restricted and local to 
very small populations in inner dry valleys of north-west- 
em Himalayas, from Kinnaur and Pangi in Himachal 
Pradesh to Kashmir, Pakistan, Chitral to northern 
Baluchistan and eastern Afghanistan (Dogra 1964). 
Disjunct populations are further differentiated within a 
small area (Kinnaur, Pangi in Himachal Pradesh) isolated 
from each other by very high mountains. Tree to tree 
variation is present within populations (Brandis 1906; 
Dogra 1964, 1986a,b; Mehra 1988). 

2. Narrow distribution with small areas in Eastern 
Himalayas and/or adjacent mountains: 

Cephalotaxus mannii Hook. f.: 1370-2590m, Khasia, Jaintia, 
Naga and Upper Burma hills (Sahni 1990). 

Cephalotaxus grz@hii Hook. f .: 1520- 1820m, Mishmi Hills, 
Upper Assam Kameng District, Arunachal Pradesh, 
Naga, Manipur and Mishmi Hills (Sahni 1990). 

Picea spinulosa (Griff.) A. Henry: 2400-3600m, in southern 
Xizang Zizhiqu (Tibet) 2900-3600m, distributed in a nar- 
row region of eastern Himalayas from the upper drainage 
of the Tista River in Sikkim in west to the head-waters of 
the Manas River, Bhutan in east, in small areas. 

Ill. Rare endemic species within a small region 
and covering a small area 

1. Rare, endemic, restricted to a small region in eastern 
Himalayas: 

Pinus bhutanica Grierson et al.: 1750-2440m, restricted to 
eastern Bhutan, Punakha, Mongar, and Tashiang districts 
(Grierson et al. 1980)) Tenga Valley in Arunachal Pradesh 
1700-2000m (Sahni 1990), but entire distribution as yet 
unknown. 

Lark potaninii var. himalaica (W. C. Cheng and L. K. Fu) 
Farjon and Silba (syn. L. himazaica): 2400-4000m, 
endemic to Central Nepal and southern Xizang Zizhiqu 
(Tibet), in mixed forests, sometimes dominant (Hara et 
al. 1978; Sahni 1990). 
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Cupressus cashmeriana Car&-e: 2550-3000m, probably 
endemic to central Bhutan, Pho Chu Valley north-east of 
Punakha and western slopes of Pele La, in moist mixed 
forests (Grierson and Long 1983, as C. corneyana 
Car&e, but see Farjon 1994). The exact range of this 
species is unknown, most trees from which collections 
were made since Griffith (under C. pendula Griff., non 
Thunb.) are planted near habitations or temples. 

IV. Very rare endemic in a local area occurring 
as scattered trees or populations 

1. Very rare, endemic, restricted to a very small area in 
Eastern Himalayas: 

Amentotaxus assamica D. K. Ferguson: 1800m, collected by 
J. L. Lister from the Daffla Hills, 1874; by Kingdon- 
Ward from Delei Valley, Chibon, 1928 (Ferguson 1985) 
and recently by Haridasan (1988), from Delei Valley, 
Mithumma-Mailing. The species is endemic within the 
Lohit District, Arunachal Pradesh. The three discoveries 
of the species were made at intervals of about 50 years 
each, proving it very rare and of high conservation con- 
cern (Sahni 1990). 

V. Restricted or scattered populations in 
Eastern Himalayas of species from adjacent 
natural distribution ranges in neighbouring 
countries beyond the Himalayas 

Species found to be rare in eastern Himalayas (mostly in 
Arunachal Pradesh and/or eastern Bhutan), but which have 
large natural distributions in neighbouring countries (mainly 
south-eastern Xizang Zizhiqu (Tibet), Yunnan, and in 
Myanmar) such as: 

Pinus merkusii Jungh. and de Vriese: distributed naturally 
and mainly in Myanmar and Thailand, and in other east- 
em countries. It has been collected from the Lohit district 
of Arunachal Pradesh (Sahni 1990). 

Pinus armandii Franch.: widely distributed in mountains of 
west and south-west China. It is reported from the Lohit 
District in Arunachal Pradesh. 

Abies deklvayi Franch. is native in China from western and 
south-western Sichuan to north-western Yunnan and 
south-eastern Xizang Zizhiqu (Tibet). The species is 
reported from three localities, i.e. Peri La, above Twang, 
and Se La (Sahni 1990) in the Kameng District, 
Arunachal Pradesh. 

Picea brachytyza (Franch.) Pritz. occurs over an extensive 
area in south-west China. This species is reported in the 
eastern Himalayas from eastern Bhutan, Bhumtang 
District, in Gyetsa Valley, Ura and Ura La (Grierson and 
Long 1983) and from Arunachal Pradesh, Kameng 
District, Mago, growing mixed or in pure patches (Sahni 
1990)) this is probably var. complanata (Masters) Cheng 
ex Rehder (Farjon 1990). 

The area covered by each of these species in the eastern 
Himalayas, though comparatively small, is not well-known. 

The data presented here show that conifer species distrib- 
uted in the Himalayas in the western region are different from 
those of the eastern region, but some species listed in Group I 
occur in both regions distributed along nearly the whole length 
of the Himalayas. These latter species form pure or mixed- 
species forests and many have continuous distribution ranges. 
Only towards the eastern Himalayan region some species like 
Pinus wallichiana (see Critchfield and Little 1966) show dis- 
junct areas. Cedrus deodara has more scattered populations in 
the western part of its range. The various species grow in spe- 
cific narrow or broad altitudinal belts situated one above the 
other. Species grow in pure or mixed forests in continuous or 
discontinuous distributions. This is characteristic of conifer 
forest belts of the eastern as well as the western Himalayas. The 
altitudinal range of most species is narrow except in Pinus wal- 
Zichiana where it is very wide: 1200-3800m (Dogra 1986a). 
The rare endemic species of the eastern Himalayas are restrict- 
ed to narrow altitudinal bands where they occupy well-defined 
habitats. The species arrangements on southern and northern 
mountain aspects differ. The natural ranges of conifers overlap 
extremely diverse geographical regions. These can vary sharply 
in climates and sites, especially in inner dry and outer monsoon 
zones in mountains and in the extreme eastern and western 
Himalayan regions. Most of the species, therefore, show high 
intraspecific genetic variation within and between populations 
(Dogra 1964, 1972, 1981, 1986a,b, 1989). The Himalayan 
high montane region is therefore rich in conifer species and also 
in their intraspecific (genetic variation) diversity. Populations 
of species of Cedrus, Pinus, Abies, and Picea show continuous 
(clinal) variability as a result of adaptation to climatic grada- 
tions on the one hand and to disjunct variability between sepa- 
rate populations on the other. It is this genetic diversity within 
the species that is threatened in these regions. 

Threats to conifer diversity 
Threats to conifer diversity occur at the species and within 
the species (at population and individual) levels. They arise 
from ineffective protection from damage by logging, new 
road construction, forest floor disturbance by nomad live- 
stock; collection of firewood, edible seeds and medicinal 
plant material; shifting cultivation, clearance for agriculture, 
expanding urban and village areas; increased incidence of 
insect, pathogen, and parasite (e.g. Arceuthobium on Pinus) 
attacks; and unchecked man-made or naturally-caused forest 
fires. For Cedrus deodara, easily accessible stands (near 
roads, rivers) are residual stands from which the best trees 
have been harvested to the limit and good trees with large 
heights and girths are extinct. Tree mutilation is severe in: 

1) Pinus roxburghii due to excessive numbers of oleoresin 
tap-blazes per tree, lopping for vegetable props and fire- 
wood by farmers, logging, and fire damage; 

2) Pinus gerardiana due to heavy yearly branch lopping 
for cone and edible seed collection; 
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3) Tuxus wallichiana due to medicinal bark and leaf col- 
lection. 
Unchecked summer fires in low altitude dry sub-tropical 

Pinus ~&&@zii forests show an increased frequency and 
intensity. Pinus keuiya suffers heavy damage from shifting 
cultivation and heavy logging. Human and livestock over- 
population in the Himalayas and their uncontrolled activities 
lie at the root of the most severe threats to trees and their for- 
est floors. Deforestation has created large cleared areas or 
open degraded forests where soil erosion is high and regen- 
eration and survival of new trees difficult. Natural regenera- 
tion and tree establishment in timberline fir and spruce 
forests, which are very sensitive to environmental change, 
are poor and in several places absent. This has lead to a gen- 
eral decline of high quality conifer forests. 

Most of the widespread conifer species (Group I) in the 
Himalayas have genetically different trees, populations, tax- 
onomic forms, and varieties within a species (Dogra 1986b, 
Mehra 1988). A substantial number of conifer species have 
smaller populations in disjunct areas, such as Tuxus wallichi- 
anal and Cupressus torulosu (group I), and Pinus gerardiana 
and Piceu spinulosu (group II). Smaller than these are pop- 
ulations of all the rare and very rare endemic species (groups 
III and IV). The populations of these species seem to have 
undergone a significant reduction in genetic variation over 
several generations and the present rate of depletion in these, 
if unchecked, will lead to their extinction. Erosion of genet- 
ic variation within the conifer species has made them less 
adaptable to the fast pace of environmental changes present- 
ly occurring in the Himalayas. Slow growth, disturbed envi- 
ronment, insufficient moisture, heavy top soil erosion, dis- 
turbed reproductive biology, erratic seed-set, seed sterility, 
poor natural regeneration, heavy mortality, poor disease 
resistance, and low tree establishment have become preva- 
lent, making wild conifer forest tree replacement difficult. 

The deforestation of conifers of the western Himalayas, 
begun in 1890 with large railroad expansion, took a toll of 
Cedrus deodura populations for supply of railway sleepers 
and construction timber (Westoby 1989). Extensive removal 
of previously untouched high-elevation deodar, blue pine, 
spruce, and fir for timber and for fruit-packing cases was 
made possible only after 1947 with the opening up of high 
mountain roads. The steep rise in timber prices encouraged 
heavy logging, including timber-line extraction, with new 
techniques. Sudden removal of high-altitude forests and their 
degradation caused swift snow melts, flooding, and heavy 
soil erosion. Tree removal from large tracts in lower and 
higher regions continued unabated throughout the Indian 
post-independence period until the Forest (Conservation) Act 
of 1980. 

The situation in deforestation and its effects on survival 
or decline of conifers is best seen in the two most important 
and highly-priced commercial timber species Cedrus deo- 
Clara and Pinus wallichiana. Geographically variable, these 
and other conifer species have been observed by the author 
for the past 38 years (see Dogra, 1964, 1972, 1981, 1985, 

1986a,b, 1989) in the inner and outer Himalayas in Jammu 
and Kashmir, Himachal Pradesh, and Uttar Pradesh states. 
The removal of Cedrus deodara has taken place continuous- 
ly from very early times. The estimate of tree removal in deo- 
dar during this period of observation is roughly 30-40 % in 
easily accessible areas in these states, and that of Pinus wal- 
lichiana is 2550% in Jammu and Kashmir. Many of the best 
stands of these have been clear-felled in some regions. Most 
of the heavy felling took place before the promulgation of the 
Forest (Conservation) Act 1980 of the Government of India 
(see Bagga 1989). Successful conservation of naturally 
regenerating whole stands especially of unfelled wild trees is 
still needed to preserve the natural genetic resources of tim- 
ber species, as well as of rare threatened species. 

Current conservation measures 
and needs for the future 
The legal measures in effect at present are: 

The “Indian Forest Act 1927 (Act XVI of 1927)” and the 
“National Forest Policy” enunciated by the Government of 
India in the Ministry of Food and Agriculture (Resolution 
No. 13-l/52-F.3) under which State Governments have 
power to reserve forests through announcement in the offi- 
cial gazette, to declare forest land area as “Protected 
Forests”, and to protect any government forest land not 
included in a forest reserve. The “Forest (Conservation) Act 
1980” extends to the whole of India the conservation of 
forests to check deforestation. It restricts de-reservation and 
use of forest land for non-forest purposes and states that the 
permission of the Government of India is needed before any 
forest land can be cleared of trees which have grown natu- 
rally on that land (Bagga 1989). 

[Recommendations: 
The author thus rightly outlines the fundamental importance 
of support for four main issues: 

1. Arresting the spiral of conditions cuusing continued forest 
degradation; 

2. Rebuilding and positively enhancing conditions under 
which natural tree regeneration can again occur; 

3. Focusing attention not just on conservation of isolated 
species, but on their genetic variation which adapts them 
to the continuously varying aspects of the topography: 

4. Involving the support of locul people in conservation and 
management plans; 

Because the current Con$er Specialist Group membership in 
South Asia is limited to the author of this report, we wish to 
acknowledge gaps in the information availuble for the 
Himalayan region. The Conijer Specialist Group hopes to be 
extended in the region and to be able to include more infor- 
mation in future reports including: an assessment of the 
effectiveness or ineffectiveness of these luws; ident@cation 
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of the present forest reserves in view of logging and 
encroachment; an outline of legal as well as conservation 
measures needed on top of these to curb deforestation, with 
emphasis on (areas of) rare or restricted species mentioned 
above. In order to be able to make recommendations for the 
entire Himalayan region, international collaboration, as far 
as politically feasible, e .g . between India, Nepal, Sikkim, and 
Bhutan is recommended. - the compilers] 
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Regional Action Plan 

Conifers threatened in Nueva Galicia, Mexico 

Jorge A. Perez de la Rosa 
Departamento de Botanic0 

Universidad de Guadalajara, Mexico 

Description of the area 

The ancient territory of Virreinato de la Nueva Galicia is 
located in a region now encompassed within the states of 
Jalisco, Colima, and Aguascalientes with some portions in 
Nayarit, Durango, Zacatecas, Guanajuanto, and Michoacan. 
The area covers approximately 125 ,000km2. In this zone, 
five principal mountain ranges converge: the southern 
extreme of the Sierra Madre Occidental, the western part of 
the Eje Volcanico Transversal, the northern edge of the Sierra 
Madre de1 Sur, the south-western section of the Altiplanicie 
Mexicana and the northern reach of the Cuenca de1 Balsas. 
Due to the heterogeneous topography of the region there is a 
broad variation in climate and microclimate, from the true 
tropics with temperatures of 2527°C to the highest moun- 
tains with altitudes greater than 3000m where frost is fre- 
quent in winter. Precipitation generally falls between May 
and October, with an annual variation from 750-1OOOmm 
and with extremes between 500- 15OOmm. The north-eastern 
part of this region is the driest part while the peaks of the 
highest mountains near the coast are most humid (Rzedowski 
and McVaugh 1966). 

The conifers of Nueva Galicia 

According to Carvajal and McVaugh (1992), there are 36 
conifer taxa in this region divided into the following fami- 
lies: 

Cupressaceae - 3 genera, 9 species, 1 variety 
Three species of the genus Juniperus are sparsely represent- 
ed in the area of Nueva Galicia. However, two of them (J. 
monticola and J. erythrocarpa) have a greater distribution in 
other states of Mexico; only J. jaliscana is seriously threat- 
ened due to its endemic nature. 

Pinaceae - 2 genera, 19 species, 5 varieties 
Seven species are threatened; their status is discussed 
below. 

Podocarpaceae - 1 genus, 1 species 
The one representative of this family in Nueva Galicia is 
Podocarpus reichei. While it is not abundant in this area, it 
enjoys a broader national distribution. Nevertheless, a thorough 
taxonomic study should be conducted on this species along with 
a study to determine the distribution of the family in Mexico. 

Threatened conifers 

Cupressaceae 

Juniperus jaliscana Martinez [EN, B 1+2c]. Until a few 
years ago this species was considered an endemic species in 
Jalisco, when Zanoni and Adams ( 1979) reported finding this 
small conifer in the state of Durango; it is now known only 
in these two localities. Juniperus jaliscana enjoys one of the 
most humid habitats in Nueva Galicia; therefore, fires are not 
frequent in this zone. The locality in Jalisco (Sierra de Cuale, 
Talpa de Allende municipality) is difficult to access. These 
two factors contribute to the adequate conservation of this 
species. This plant is a large shrub or small tree, branched 
nearly from the ground, up to 5-6m in height. It grows in 
association with a variety of species of oaks (Quercus spp.) 
and pines (Pinus spp.), and though it is frequent in this zone, 
it is never dominant. While the trunks are frequently used for 
fences and rafters in construction, good regeneration from 
the stumps has been observed. There is little cattle ranching 
in this region and no grazing on the leaves of Juniperus. 
Furthermore, this is a mountainous zone that is not adequate 
for agricultural use. 

Recommendation: As access is difficult in the highlands 
where Juniperus jaliscana grows and until now its habitat 
has not been disturbed, it seems that its disappearance is not 
imminent. Nevertheless, forest authorities should protect this 
species by preventing the use of the land in this region for 
intensive agriculture or grazing since with continued expan- 
sion of land use this is otherwise likely to occur. 

Pinaceae 

The Pinaceae is the best represented family of conifers in 
Mexico, particularly in Nueva Galicia, both in species diver- 
sity and number of individuals. However, some are scarce 
and threatened with extinction. 

Abies guatemalensis var. jaliscana Martinez [VU, Al d] . 
The species, principally distributed in Central America, 
reaches heights of up to 45m and forms small forest stands in 
high humid mountains near the coast. All of the known local- 
ities for this variety are close together, lying within the 
municipalities of Talpa de Allende and San Sebastian de1 
Oeste in the state of Jalisco. The area covered by this species 
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in known populations is not greater than 5km2. Even though 
the steep slopes make access to this habitat difficult, these 
populations and their habitats are threatened by clandestine 
felling and occasional forest fires. 

Recommendation: These remaining populations should be 
protected by forest laws forbidding clandestine felling; 
inhabitants in the surrounding communities should be 
encouraged and involved in preventing and controlling forest 
fires that threaten these stands. 

Pinus ayacahuite Ehrenb. ex Schltdl. [LRnt] . Nueva Galicia 
lies within the northern limit of this species’ distribution in 
Mexico. It has only been found in two small areas in the 
municipalities of Talpa de Allende, Jalisco and Los Reyes, 
Michoacan, separated from each other by more than 200km. 
In both areas P. ay,~ahuite is seriously threatened by clandes- 
tine felling. These two localities must be protected principally 
because these populations can provide information on the 
ancestral distribution of the species and its taxonomic and evo- 
lutionary ties with P. strobiformis Engelm. whose distribution . 
lies further north. It should be mentioned that in Nueva Galicia 
P. ayucuhuite produces the largest cones of any population of 
this species, up to 60cm in length and sometimes longer. 

Recommendation: This species should be protected from 
excessive logging and forest fires. Following the disappear- 
ance of the species from broad areas of its natural distribu- 
tion, reintroduction is suggested in productive plantations 
from selected seeds from the region. 

Pinus hartwegii Lindl. This species can be found at altitudes 
greater than 4000m, making it one of the highest growing 
pines in the world. It is very common on the peaks of the high 
volcanoes of Mexico and Central America, including those of 
Nueva Galicia, such as El Volcan de Fuego and El Nevado de 
Colima, where it forms monospecific forests at the upper lim- 
its of tree line. Its presence in these areas, as well as in other 
areas of the country, is threatened by the attack of a debarking 
insect, Dendroctonus mexicanus Hopk. (Perry 199 3 ) . 

Recommendation: The distribution of P. hurtwegii is dimin- 
ishing all over Mexico. In Nueva Galicia it is found on the 
highest peaks where the impact of Dendroctonus mexicanus 
is increasing. It is urgent that an integrated study be made of 
this forest type and measures be proposed for its recupera- 
tion, such as the biological control of insect pests. 

Pinus jaliscana Perez de la Rosa [LRnt]. Of all pine species 
described for Mexico following the work of Maximino 
Martinez in 1948, this is one of the few belonging to the sub- 
genus Pinus @de Little and Critchfield 1969). Until now it 
has only been reported in semi-tropical forests in the west of 
Jalisco, and can be considered endemic to the western slopes 
of the coastal mountains in this state. P. jaliscana is a species 
of high stature and has great timber potential, as much for its 

rapid growth as for its natural pruning tendency, which 
leaves much of the trunk clear of branches in maturity. Such 
characteristics make the species popular in the local timber 
industry and have resulted in a restriction of the species to 
less accessible areas. The regeneration method used by 
foresters in this part of Mexico is to leave seed trees after har- 
vest. However, forest fires are very frequent in the habitat of 
P. jahkcunu, and seedlings are easily eliminated. 

Recommendation: Due to its level of endemism, P. jalis- 
ccnnu was assessed as threatened by Perry (199 1). [It has 
been ussessed us LRnt under current IUCN criteria mainly 
because lurge tructs of forest in the area remain relatively 
intuct us uccess is limited; however it may approach the sta- 
tus o$ VU. - the compilers]. The control of wildfires is imper- 
ative for the protection of this species. There are various 
sawmills in the region, and the cutting of this species has 
been conducted for many years without reforestation activi- 
ties. To help conserve this species it is thus suggested that 
logging in pristine forests should be arrested and commercial 
plantations with P. jaliscana should be established in select- 
ed deforested zones. 

Pinus martinezii E. Larsen [not listed on the Global Red 
List of Conifers, but locally vulnerable]. For some 
researchers (Farjon and Styles 1997, Carvajal and McVaugh 
1992, Cuevas et al. 1988) this species is a southern form of 
P. durungensis Martinez. Independent of its taxonomy, the 
entire population of P. martinezii is restricted to three small 
areas in Jalisco and Michoacan and can be considered in dan- 
ger of total extinction in two of these. Biologist Lidia Guiridi 
(pers. comm.) found wood samples collected from one local- 
ity near Morelia, Michoacan, revealing tracheids of approxi- 
mately 2cm which is unusual in Mexican species. 

Recommendation: As with the majority of tree species in 
Mexico, excessive cutting is the principle threat to P. mar- 
tinezii. The solution to this problem is to prevent cutting of 
any of these trees for a period of 30 years or more; in addi- 
tion, plantations of this taxon should be created within its 
natural range. 

Pinus maximartinezii Rzed. [EN, B 1+2bc]. This is one of 
the most distinct species of Mexican pine belonging to the 
group of white pines with edible seeds, and whose seeds reach 
record dimensions of up to 2cm in length. It is also the species 
of Pinus with the greatest number of cotyledonary leaves (up 
to 24). Due to the persistence for many years of the primary 
leaves and its blue-grey colour, this is a species with great 
potential as an ornamental tree. However, its natural distribu- 
tion is restricted to the high and medium parts of Sierra de 
Morones in the south of Zacatecas state in the northern part of 
Nueva Galicia. Due to the exploitation of the seeds for sale in 
local markets, its natural regeneration is very low and occa- 
sional fires can cause serious injury to the forest. For this rea- 
son this species can be considered at risk of extinction. 
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Cone and rare seedling of Pinus maximartinezii. Pinus maximartinezii in Zacatecas, Mexico. 

forestry plantations using (and keeping separate!) seed, espe- Recommendation: One of the most viable measures for pro- 
tecting P. maximartinezii would be to cultivate this species in 
plantations on terrain that it previously occupied. The local 
people must be involved in this activity with a sense of own- 
ership and responsibility for the successful recuperation of 
this valuable forest resource. See also under Species 
accounts for a more detailed account (p. 10 1) of this remark- 
able pine and its threats and conservation proposals. 

Pinus rzedowskii Madrigal and M. Caball. [EN, D] . This 
endemic species is found in some very restricted, habitat lim- 
ited areas in calcareous soils in karst limestone on the high 
part of the Coalcoman mountains of Michoacan in the 
extreme south of Nueva Galicia. This pine is the most diffi- 
cult to place in a classification of (Mexican) pines following 
the scheme of Little and Critchfield (1969). It shows charac- 
teristics of both the subgenera Pinus and Strobus. Its scarci- 
ty and evolutionary value makes it a good candidate for 
effective protection measures. Detailed studies of this 
species will help elaborate an explanation of the presence 
and evolution of the genus in Mexico (Farjon 1996). 

Recommendation: Due to the evolutionary importance of 
the species and the restriction in its distribution, the most 
effective protection measure would be to create reserves for 
all three populations in the highest part of the Sierra de 
Coalcoman out of harm from human activity. Vigilance 
against forest fires in and around these populations is of the 
highest priority. EX situ conservation by means of small 

cially from the two smallest populations 
[Additional introduction from all three 

is recommended. 
populations in to 

botanic garden collections would provide a further ex situ 
safeguard. - the compilers]. 

Summary of recommendations 

Nueva Galicia is one of the regions of Mexico most rich in 
conifer species. The growing human population in this 
region has had a negative impact on the natural resources and 
in particular on the conifer forests. Given this fact, it is urgent 
to implement conservation measures for their recuperation, 
protection, and development such 

1. Enac t a new forest law that 
as: 
permits the establishment 

of 
of 

commercial forests in deforested areas and those in danger 
high technology that recuperates the erosion. Make use of 

highest yield of the harvest for appropriate use, i.e. saw tim- 
ber, chips for pulp, etc. 

2. Strictly enforce forestry laws through the intervention 
of trained personnel, such as forest rangers. 

3. Urgently carry out studies to determine the present sta- 
of Mexico covering the distribution, tus of each conifer taxon 

reproductive biology, health, human impact, etc. of each 
species. 

4. In the case of species with very limited distribution, 
reserves should be created that prevent any form of exploita- 
tion. The consideration and support of local people should 
be integrated into conservation and management plans. 
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Regional Action Plan 

Caribbean Conifers: Current Status 
Thomas A. Zanoni 

New York Botanical Garden, New York, USA 

Description of the area 

Floristically, the Caribbean Islands have been traditionally 
divided into three areas, each comprised of a number of 
islands. The Greater Antilles includes the Cayman Islands, 
Cuba, Jamaica, Hispaniola (Haiti and the Dominican 
Republic), Puerto Rico, and the British and the U.S. Virgin 
Islands. These include the largest land masses in the region, 
varying from below sea-level to very high elevation, c. 
3075m. The Bahama Islands are comprised of many small 
islands with low elevations, mainly near sea-level. The Lesser 
Antilles encompass islands from Saint-Martin to Grenada, 
including the Leeward and Windward Islands and the 
Netherlands Antilles. There are many more islands here, but 
they comprise a smaller area than the Greater Antilles, with 
elevations ranging from sea-level to c. 1500m. Trinidad and 
Tobago and the other islands off the coast of Venezuela are 
considered to have a more South American floristic affinity. 

The flora of the Caribbean shows diverse origins 
(Howard 1973) but has components that tie into the south- 
ernmost United States, Central America, and South America 
resulting from the complex geological history of the origin of 
the islands. For example, geologists consider that Hispaniola 
was formed from several parts that collided millions of years 
ago and have remained together ever since. 

Conifers 

The coniferous component of the flora is rather low in 
species numbers, but quite remarkable in its differentiation, 
probably as a result of the isolation caused by mountainous 
barriers and separation by seas. A few species occur on sev- 
eral, distant islands. Most do not cover extensive areas of 
land, but two species of pine (Pin& cover a considerable 
area of the larger islands: Pinus occidentcrlis in Hispaniola, P. 
carihaea in Cuba (as var. carihaea) and on the Bahamas (as 
var. bahamensis) (Barrett and Golfari 1962, Critchfield and 
Little 1966, Farjon and Styles 1997). Podocarpus coriaceus 
is rather remarkable in its distribution; it is found from west- 
ern Puerto Rico through the Lesser Antilles, but does not 
occur in large populations anywhere. 

Threats 
Most of the taxa cover small areas on one or a few islands. 
Major factors affecting the survival of these trees (one taxon, 
Juniperus gracilior var. urbaniana, is only known as a small 
shrub) are changes in vegetation cover due to deforestation, 

natural or man-caused fires (then often related to clearing for 
agriculture), and harvesting of trees for wood. In most 
instances, the loss is not directly related to the need to clear 
land for human habitation, except perhaps in the low-eleva- 
tion pine forests. Propagation is fairly simple in Juniperus 
and Pinus; both genera have been used commercially and 
locally for lumber. These taxa have been used in reforesta- 
tion in the islands to some extent, although it is more com- 
mon to bring in exotic species because seeds of these are 
more readily available commercially or from governmental 
and non-governmental sources. The single native species of 
Podocarpus, probably because it has rarely been used for 
timber, seems to have received the least attention in relation 
to propagation from wild-collected seed and is rarely propa- 
gated in nurseries. 

The taxa of conifers, their distribution, and current status 
are reviewed in the list below. All conifers are listed, includ- 
ing those not considered threatened on a world-wide basis 
under IUCN criteria. The status given is that for the species 
as a whole, not for a specific island or region. 

Caribbean Conifers: by genus and island 

Podocarpus 

Currently, 7 species are recognised to occur in the Caribbean. 
(Staszkiewicz 1988 seems to recognise too many taxa, par- 
ticularly in the Cuban plants; the text here follows Buchholz 
and Gray 1948, de Laubenfels 1984,1985). All species are 
known to occur as scattered trees, rarely becoming the prin- 
cipal component in a forest. 

Cuba 
Podocarpus ekmanii Urb. Endemic, eastern Cuba, higher 
montane, high rainfall. [This taxon has been considered a 
taxonomic synonym of the next species, see Farjon 19981 
Podocarpus angustifolius Griseb. [EN, B 1 + 2~1. This tree 
is “very rare” (Bisse 1981). Western Cuba, montane, high 
rainfall. 
Podocarpus aristulatus Parl. [VU, B2ac]. Eastern Cuba, 
lower montane forests, high rainfall. 

Hispaniola 
Podocarpus hispaniolensis de Laub. [EN, B 1+2e]. Recently 
described from Hispaniola by de Laubenfels (1984), but col- 
lected long before its recognition as a distinct taxon. Found 
below the lower limits of elevation of P. aristulatus, mainly 
in the eastern Cordillera Central on Hispaniola, occurring at 
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levels where coffee plantations and minor farming are still 
feasible, resulting in some loss of habitat by deforestation. 
Podocarpus aristulatus Parl. [VU, B2ac]. In montane high 
rainfall forests of the Cordillera Septentrional, Cordillera 
Central, Sierra de Neiba, Sierra de Baoruco and Massif de la 
Selle. This is P. huchii Urb. of earlier reports. 

Jamaica: 
Podocarpus purdieanus Hook. [Data Deficient, but listed 
as of conservation concern according to old IUCN cate- 
gories]. Mountains of central and eastern Jamaica (particu- 
larly on Mt. Diablo) at middle elevations, 800- 1200m. 
Podocarpus urbanii Pilg. [LRnt]. Blue Mountains of 
Jamaica, high montane forests, at 1500-2300m., high rainfall. 

Puerto Rico and Lesser Antilles: 
Podocarpus coriaceus Rich. and A. Rich. In montane 
forests of high rainfall: eastern and western Puerto Rico; 
Guadeloupe, Montserrat , St. Kitts, Martinique, Dominica, 
(and Trinidad and Tobago). 

Juniperus 

All taxa are known to occur in scattered (small) populations 
now, and a few are very limited in their distributions (Adams 
1983, 1989, 1995; Adams et al. 1987; Florin 1933; Zanoni 
and Mejia 1986). 

Cuba: 
Juniperus barbadensis var. lucayana (Britton) R. P. Adams 
[VU, B1+2c]. Scattered through Cuba: Prov. Holguin, 
Guantanamo and Isla de la Juventud (Isla de Pinos); scarce, 
needing protection (Bisse 198 1). 
Juniperus saxicola Britton and P. Wilson [VU, D2]. Only 
known from the slopes of Pica Turquino, Granma, and Sierra 
Maestra in several localities, eastern Cuba; very scarce 
(Bisse 198 1). The trees with acicular leaves are considered 
by Adams (1995) to be neotenic forms of the normally scale- 
leaved species of the genus. There were reports of the use of 
this species in Cuba for pencil production near the beginning 
of the present century, but the intensity of harvesting for that 
purpose is not known. 

Hispaniola: 
Juniperus barbadensis L. var. lucayana (Britton) R. P. 
Adams [VU, B 1+2c]. May still occur in Haiti near St. Michel 
de l’Atalaye, Massif du Nord. Florin’ (1933) reported it in 
Massif du Nord and Central Plateau near St. Michel de 
1’ Atalaye, Haiti; also in Bahamas and Jamaica. Adams 
(1995) reported that a search for this variety in Haiti was 
unsuccessful and that it is presumed to be extinct on 
Hispaniola. 
Juniperus gracilior var. ekmanii (Florin) R. P. Adams [CR, 
D]. In the Massif de la Selle, Haiti, at c. 2 1OOm. These trees, 
occurring in a very small area between Mome La Visite and 
Mare Rouge (part or all of the area now in Part National La 
Visite), were reported by the local people as once having been 

more common and also logged. Zanoni and Mejia (1986) 
showed a photograph of a stump of a dead tree that was over 
2m in diameter. Very few individuals remain. A small popula- 
tion above Puerto Escondido, Duverge, Dominican Republic 
in the Sierra de Baoruco (the eastern portion of the Haitian 
Massif de la Selle) is referable to this variety. Taxonomic 
research is recommended to verify its exact identity. 
Juniperus gracilior Pilg. var. gracilior [EN, B 1+2c]. 
Eastern Cordillera Central, and formerly in the Sierra Martin 
Garcia, Dominican Republic. Once it seemed to be common 
enough for it to be used for fence posts and lumber (for fur- 
niture, at artisan level), but not to an extensive degree, since it 
was only known from a small region. During the early 1980s 
the Dominican Republic forest service had propagated some 
from seed collected in the wild but planted them out without 
any particular reforestation plan. Small pockets of this variety 
are now in or very near the Parque National Bermudez. 
Juniperus gracilior var. urbaniana (Pilg.) R. P. Adams [EN, 
B 1+2c]. Only known from very few individuals occurring 
near the summit of Pit La Selle, Massif de la Selle, Haiti, 
elev. c. 2550m. 

Jamaica: 
Juniperus barbadensis L. var. lucayana (Britton) R. P. 
Adams [VU, Bl + 2~1. Near Clydesdale, St Andrew Parish, 
elev. 11 OO- 1200m. Apparently not common. 

Bahamas: 
Juniperus barbadensis L. var. lucayana (Britton) R. P. 
Adams [VU, B 1 + 2~1. On Andros, Bahama and Great Abaco 
Islands, low elevation. 

Lesser Antilles: 
Juniperus barbadensis L. var. barbadensis [CR, D]. 
Apparently the original material is from Barbados, but the 
variety is not known on that island for a very long time (over 
200 years). Recently verified in St. Lucia (Adams et a2. 
1987); this is the only extant population, which consists of a 
few trees on a mountain top (Petit Piton). Thus it can be con- 
sidered extremely rare. 

Pinus 

The species of Pinus (Carabia 1941, Critchfield and Little 
1966, Darrow and Zanoni 1990, Farjon and Styles 1997, 
Florin 1933) tend to be covering rather broader areas than 
most other conifers, and have fared better in survival, proba- 
bly because most of them are pioneer trees that invade areas 
after disturbance. Most have potential for reforestation with- 
in the region. 

Cuba: 
Pinus tropicalis Morelet. Pinar de1 Rio and Isla de la 
Juventud (Isla de Pinos). Endemic, widely distributed on 
sandy soils. 
Pinus cubensis Griseb. (syn.: P. maestrensis Bisse). Sierra 
Maestra and northern part of eastern Cuba. 
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Pinus caribaea Morelet var. caribaea [VU, Al c+2]. Pinar 
de1 Rio and Isla de la Juventud (Isla de Pinos), widespread, 
also commonly in cultivation in plantations. 

Hispaniola: 
Pinus occidentalis SW. [LRnt]. NW Haiti, Massif du Nord, 
Massif de la Hotte, Massif de la Selle; Dominican Rep., Ile 
Gonave (formerly), Cordillera Central, Sierra de Neiba, and 
Sierra de Baoruco. This species has been commercially and 
non-commercially harvested, particularly in this century 
(Dar-row and Zanoni 1990). It has a very broad distribution 
that has suffered some reduction, particularly at lower eleva- 
tions, due to harvesting and fire. Perhaps of greatest interest 
is the very broad altitudinal range from near sea level to c. 
3085m (highest point on the island and the Caribbean 
Islands). Nothing is known about the adaptations to the range 
of environmental conditions and the potential value of the 
species for plantation forestry or reforestation in Hispaniola 
or elsewhere. 

Bahama Islands: 
Pinus caribaea Morelet var. bahamensis (Griseb.) W. H. 
Barrett and Golfari. On the Bahamas and Turks-Caicos 
Islands, at low elevation. Fairly common on most islands. 

Conservation needs and recommendations 
Little has been done for the simple conservation of most of 
the conifers in this region. It is by geographic coincidence 
that some populations of the taxa now occur within the lim- 
its of scientific reserves or national parks. This often pro- 
vides the only protection. 

A concerted effort should be made to assure that habitats 
of the single populations of certain taxa, such as Juniperus 
barbadensis var. barbadensis, J. gracilior var ekmanii, J. 
gracilior var. urbanii, J. saxicolcl are protected from destruc- 
tion. This must include protection from harvesting and from 
fire, because junipers in general are readily damaged or 
killed by fire. The junipers are often adapted altitudinally, 
and any attempt to protect them by propagation artificially or 
from seed would require growing the new plants in condi- 
tions close to the temperatures and rainfall found in their nat- 
ural habitat. The effects of inappropriate conditions for high- 
altitude taxa grown at low altitude include the perpetuation 
of juvenile or abnormal foliage and no flowering and seed 
production. 

The rather broadly distributed pines have a somewhat 
natural safeguard against overall loss because of their exis- 
tence in very large numbers over large areas. Perhaps, in this 
genus in the Caribbean the greater concern would be in the 
maintenance of genetic diversity on the basis of broad eco- 
logical factors such as altitude and substrate (e.g. determin- 
ing whether there are populations that do not occur in lime- 
stone areas, which are the most frequent substrates in the 
islands). A plan to guard populations in different habitats 
would be suitable. Also, since very little is known of the bio- 

logical characteristics of the pines (and of junipers and 
podocarps), basic investigations should be undertaken of nat- 
urally occurring trees, e.g. reproductive cycle-flowering, pol- 
lination, fertilisation , seed formation, seed germination, 
when are seeds ready for dispersal/harvest, seedling estab- 
lishment and survival, and survival of established young and 
older trees under natural conditions and also man-caused 
fires and mycorrhizal requirements. 

The podocarps may present some of the more unusual 
problems in conservation. Most of these species occur in 
the middle to higher elevations in higher rainfall regions, 
especially as compared to the junipers and pines, which tend 
toward drier habitats. The junipers and podocarps may 
require additional observation on seed dispersal mecha- 
nisms, involving usually unknown animal vectors. 

In situ conservation is desirable; however, it will be 
apparent that ex situ conservation may be a necessary 
adjunct for the most geographically/ecologically-isolated 
taxa. This will require the maintenance of the new individu- 
als in environmentally similar conditions to those of the 
countryside. One of the greatest concerns here is the plan- 
ning and assurance that today’s efforts at species conserva- 
tion will be upheld by future governments in the long term, 
and in the short term, by successive wildlife management 
agencies. This concerns particularly the long-term studies 
relating to the pines that have a current and future econom- 
ic potential. Changes in technicians and administrations 
have resulted in disincentives to long-term studies when 
there has been no assurance of follow up or even survival of 
plants in protected localities. In the past, the mere presence 
of national forest or scientific reserve lands has not guaran- 
teed survival of plants or animals. 

Particular needs on the islands include: 1) assignment of 
active conservation work to an organisation capable of the 
scientific investigations, including a minimal staff to do field 
status studies and to collect materials for study and for prop- 
agation, and capable of traditional propagation techniques 
(initially seeds and cuttings); 2) field stations for propagation 
of the plants, ideally at several elevations; 3) long-term des- 
ignation of areas where new plants may be placed out in the 
wild or even in plantations or gardens for survival over 
decades. It is obvious that the scientific research teams will 
have to secure permission and agreements to co-operate with 
forest and park departments of the nations to attain these 
goals. Little has been done on the inter-institutional level to 
do this in most of the countries. Co-operative efforts to 
increase use of the local pines will require national reforesta- 
tion efforts to use locally collected seed of native species 
rather than to continue current practices by using exotic 
species from distant seed suppliers. Much of this has yet to 
be achieved in most areas of the Caribbean. 
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Description of the area 

Tasmania is an island of 6.84 million ha with a cool temper- 
ate maritime climate and is situated at 40-43”s. The island is 
mountainous and forested with strong east-west ecological 
gradients driven by climate, geology, and geomorphology. 
Tenure is split between private (39%) and public land. Forty 
percent of public land is in reserves, about 27% of which is 
IUCN category I-IV Protected Area (For definition of IUCN 
Protected Areas Categories, see Appendix 3). A further 20% 
is State forest, which is available for wood production 
(Brown 1996, R.F.A. 1997). Conifers are found in most 
Tasmanian ecosystems, but are of comparatively minor 
extent in the Tasmanian landscape when compared with the 
sclerophyll flora. However, they are highly significant for 
evolutionary, aesthetic, and conservation reasons. 

Ecological diversity 

Tasmania has a more diverse cool temperate conifer flora than 
the rest of Australia combined, with 11 species (including a 
putative hybrid), eight of which are endemic to the island 
(Cullitris ohlonga, C. rhomboidea, and Podocarpus lawrencei 
are not). These species fall within two families, Cupressaceae 
(Athrotaxis cupressoides, A. x lux$oEia, A. seluginoides, 
Cullitris oblonga, C. rhomboideu, Diselma archeri) and 
Podocarpaceae (Lugarostrobos frunklinii, Microcuchrys 
tetragona, Microstrobos niphophilus, PhyIEocladus uspleni- 
ijolius, Podocnrpus lawrencei (formerly P. ulpinus)). 

The conifers are found mainly in the forests and on the 
mountains. Forests in Tasmania are of three broad types 
(Brown 1996) - temperate rainforest, dominated largely by 
Nothojbgus together with Atherosperma, Eucryphiu, and 
conifers (Jarman and Brown 1983); wet eucalypt forest 
(Kirkpatrick et ul. 1988); and dry sclerophyll forest, (Duncan 
and Brown 1985) which are dominated by EucaZyptus 
although AIZocasuarinu may be locally dominant. Each of 
these broad forest types has more than 30% of their extent in 
Protected Areas. More than 80% of the distribution range of 
the montane conifers in Tasmania and on the Australian 
mainland is within IUCN category I-IV Protected Areas. 

The ecology of the conifers was recently summarised by 
Gibson et nl. (1995) and Bowman and Harris (1995) and the 
following information is taken from those sources unless 
otherwise referenced. Microcachrys tetragona and 
Microstrobos niphophilus are restricted to alpine and sub- 
alpine habitats in Tasmania, generally growing above the 

eucalypt tree-line. The former species is a prostrate shrub 
that occurs commonly on alpine pl ateaux , while the latter can 
grow up to 2m in height and forms dense shrubs in wind- 
sheltered areas. Diselma archeri is also largely confined to 
montane regions, but also occurs in some high-altitude rain- 
forests dominated by Athrotaxis spp. and Nothofagus gunnii 
or N. cunninghamii. Podocarpus lawrencei is usually a pros- 
trate shrub in alpine and subalpine habitats in Tasmania and 
extends in the same habitat on mainland south-eastern 
Australia. It may also occur as a small tree. Costin et al. 
(1979) suggested that this species may be a pioneer follow- 
ing glacial or periglacial conditions. These four species can 
sometimes co-occur in moderately exposed sites to form 
coniferous heath or shrubland (Jackson 1968, Kirkpatrick 
1983). 

One of the very few uncut primeval stands of Huon pine 
(Lagarostrobos franklinii) in Tasmania, Australia. 
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Lagarostrobos franklinii and Phyllocladus aspleniijolius 
are generally found in lowland cool temperate rainforest 
associations, and Athrotaxis species are found in upland 
forests, scrubs, and montane heaths. The structure and floris- 
tics of the individual communities may vary considerably 
(Jar-man et al. 1984, 1994). Lagarostrobosfrtinklinii is large- 
ly restricted to the margins of the lowland river systems of 
western and southern Tasmania, although there are a few 
large stands away from rivers and small stands at up to 
1030m in altitude (Gibson 1986, Peterson 1990, Gibson et al. 
199 1). Vegetation dominated by L. janklirzii has been esti- 
mated as less than 2600ha (Gibson et al. 199 I), with a total 
distribution of 10,600ha (Peterson 1990). 

Phyllocladus aspleniijolius has the broadest ecological 
range of any Tasmanian conifer, occurring in a variety of 
rainforest types from sea level to 1200m altitude, becoming 
dominant on the poorest soils. Athrotaxis cupressoides gen- 
erally occurs in open montane forests at higher elevations 
than A. selaginoides. It is most prominent on valley floors 
and fire-protected slopes of the Central Highlands. 
Athrotaxis sehqinoides occurs from sea level to 13OOm alti- 
tude (although it is most common above 400m), generally as 
a rainforest emergent in the west of the island. 

Cullitris oblonga and C. rhomboidea occur in the east of 
the island, in dry sclerophyll forest, woodland, scrub, or 
shrubland with EucaZyptus and other Myrtaceae, along with 
a variety of scleromorphic shrubs. Both species also have a 
disjunct distribution in south-eastern mainland Australia, 
where C. oblonga is restricted to two areas in New South 
Wales and C. rhomboidea is more widespread. Callitris 
oblonga typically occurs in riverine environments, but it can 
also grow in more xeric sites typically favoured by C. rhom- 
boidea (Harris and Kirkpatrick 199 1). Both species are sus- 
ceptible to fire. 

Evolutionary history 

In comparison to angiosperms, conifers are often well-repre- 
sented and well-preserved in the Tasmanian fossil record, 
and therefore it is possible to reconstruct the history of sev- 
eral of the extant species and examine reasons for their cur- 
rent distribution and abundance. 

Lagarostrobos fianklinii (Hook. f .) Quinn 
The fossil history of L. j?ankZinii is complex. Macrofossils 
(leafy twigs and cones) have been recovered from several 
Quatemary sites on the Tasmanian west coast with the oldest 
being in the Early Pleistocene Regatta Point sediments (Hill 
and Macphail 1985, Wells and Hill 1989a). The only other 
macrofossil species of Lagarostrobos is the Early Oligocene 
L. marginatus, which was described from a single specimen 
in sediment from north-west Tasmania (Wells and Hill 
1989b). However, this species is morphologically distinct 
from L. fianklinii. There is a reasonable expectation of a 
much more extensive macrofossil record for L.~5rankZinii or 
its immediate ancestor in Tasmania, since it now occurs fre- 

quently alongside water courses and is ideally placed to input 
litter into sedimentary environments (as evidenced by the 
good Quaternary record). Also, pollen attributed to L. 
franklinii (PhyZZocZadidites mawsonii) is common and some- 
times dominant in Tertiary sediments throughout south-east- 
em Australia and even further afield. Given the large amount 
of fossil material which has been examined, the rarity of 
Tertiary Lagarostrobos macrofossils strongly suggests that it 
was uncommon in the past, and L. franklinii may be rela- 
tively recently evolved rather than a palaeoendemic species 
(Hill and Orchard 1998). 

Phyllocladus aspleniifolius (Labill .) Hook. f. 
PhyZZocZadus has two types of phylloclades - simple in P. 
uspleniifolius and P. alpinus (suggesting a close phylogenet- 
ic relationship) and pinnately compound in the other species. 
PhyZZocZadus was once more widespread across the Southern 
Hemisphere than it is today, with fossil pollen extending into 
West Antarctica (Florin 1963). During the Tertiary, 
Phyllocladus pollen and macrofossils occurred throughout 
south-eastern Australia (Hill 1989), and there are isolated 
occurrences of the pollen in western ,4ustralia (e.g. Cookson 
and Pike 1954) suggesting that it was a common component 
of the flora of mainland Australia as well as Tasmania. 
However, these fossil occurrences are for the genus as a 
whole, not necessarily P. aspZeni$oZius or its immediate 
ancestors. So far there is no direct evidence for the past 
occurrence of P. aspZeni$olius on mainland Australia. 

In Tasmania, there are several Tertiary macrofossil 
species of Phyllockldus. Phyllocladus asplenitfolius has been 
recorded from several Quaternary sites on the west coast 
(Hill 1989), and P. uberensis, which has been recovered from 
Eocene to Early Oligocene sediments, is morphologically 
very similar to P. crspleniz~olius and is interpreted as repre- 
senting an immediate ancestor to it (Hill 1989). 

Thus P. aspleniz~olius has a long history in Tasmania, and 
it has survived to the present day while at least two other 
Phyllocludus species have become extinct there. This species 
or its immediate ancestors have never been recorded as fos- 
sils outside Tasmania and its history there is uncertain. 
However, the presence of a closely related species in New 
Zealand (P. ulpinus) also suggests a long history, although 
relatively recent (Tertiary) long-distance seed dispersal 
between New Zealand and Tasmania or vice versa cannot be 
ruled out (Hill and Orchard 1998). It is clear that P. aspleni- 
z@ius fits well within the definition of a palaeoendemic 
species. The survival of P. asplenityolius in Tasmania while 
other PhyZZocZadus species have become extinct cannot yet 
be explained, but its absence from mainland Australia may 
be due to a combination of unsuitable climate and higher fire 
frequency. 

Microcachrys tetragona (Hook.) Hook. f. 
Despite the limited extant distribution of Microcachrys tetrag- 
ona, it has a significant and widespread fossil record. Its 
pollen is very distinctive and grains with a similar morpholo- 
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gy are common as fossils. These fossil pollen grains were first 
described by Cookson (1947) from the Kerguelen 
Archipelago, as Microcachrydites antarcticus. Later, Cookson 
and Pike (1954) noted the common occurrence of this species 
in Australian Tertiary deposits. Palynologists generally accept 
that this pollen type matches M. tetragona, but this causes 
some obvious ecological problems. Hill and Macphail (1983) 
noted that Microcachrydites antarcticus occurs with other 
species which have their nearest extant affinities in extant sub- 
tropical or temperate rainforests and that the simplest explana- 
tion of this is that the living species represents only a fraction 
of the Tertiary ecological range. M. antarcticus has a wide- 
spread distribution in both time and space, occurring as far 
back as the Jurassic, and as far away as India (Cookson and 
Pike 1954). It is also possible that Microcachrys tetragona rep- 
resents the last remnant of a previously diverse group of 
podocarps which produced the Microcachrydites antarcticus 
pollen type. Unlike the angiosperms, which have radiated 
greatly during the Late Cretaceous and Tertiary, many conifer- 
ous groups have become extinct, and thus pollen which was in 
the past representative of a diverse group may now be restrict- 
ed to a small remnant (Hill and Orchard 1998). If this is the 
case here, then many of the taxa which produced this pollen 
type in the past may have had little in common with M. tetrag- 
ona either morphologically or ecologically. 

The only pre-Quaternary macrofossil record of 
Microcachy is a leafy twig from the Oligocene-Miocene 
Morwell Open Cut coal mine in Victoria (Blackburn 1985) 
which is very similar to extant M. tetragona. These speci- 
mens occur at low altitude with a mixture of species with liv- 
ing affinities ranging northwards to subtropical rainforests. 
If it is accepted that morphology to some degree at least 
reflects the physiological response of the plant, then this fos- 
sil appears to be ecologically out of place (Hill and Orchard 
1998). However, the presence of fossil shoots which strong- 
ly resemble M. tetragona at Morwell provide strong sup- 
porting evidence for the hypothesis that this genus has 
become very restricted ecologically in the relatively recent 
past and was once much more widespread, and thus it can be 
considered as a palaeoendemic species. 

Microstrobos niphophilus J. Garden and L. A. S . Johnson 
The fossil record of Microstrobos is sparse. The fossil pollen 
species Podosporites erugatus, which ranges from the Late 
Eocene onwards in New Zealand, probably represents 
Microstrobos niphophilus (e.g. Hill and Macphail 1983). 
However, in Australia this species has only been recorded in 
Tasmania where it occurs from the Oligocene onwards (Hill 
and Macphail 1983,1985). 

Macrofossils of Microstrobos are known from three locali- 
ties in Tasmania. Microstrobos sommervillae, (Townrow 
1965a) from the Early Eocene Buckland sediments in south- 
eastern Tasmania, is intermediate between the two extant 
species. The other fossil species, M. microfolius, has been 
recovered from two localities spanning the Oligocene-Early 
Miocene (Wells and Hill 1989b) and is virtually identical in leaf 

morphology with the extant Tasmanian species M. niphophilus. 
The Early Oligocene specimens are associated with rainforest 
species which now have their affinities in forests up the east 
coast of Australia and into the highlands of New Guinea. These 
species suggest a relatively high temperature and M. micro- 
folius appears out of place in such an environment. However, 
the Late Oligocene-Early Miocene specimens tie in well with 
the ecology of the extant species, since they are considered to 
be part of an embryonic sub-alpine flora (Macphail et al. 1991). 
The full ecophysiological significance of these macrofossil 
records is not yet understood, but extant M. niphophzlus may 
only be occurring in a fraction of its past ecological range. 
Microstrobos niphophilus can clearly be considered as a 
palaeoendemic species (Hill and Orchard 1998). 

Podocarpus lawrencei Hook. f. 
Podocarpus leaves and occasional cones are common fossils 
within south-eastern Australia, but very little critical research 
has been carried out on them. In the Early Tertiary, the veg- 
etative fossils are extremely variable, with a range of size 
from very large (similar to many extant tropical species) 
down to very small (within the range of P. Zawrencei). Given 
the abundant evidence for a reduction in leaf size in response 
to declining temperature through the Tertiary in Tasmania 
(e.g. Hill 1995), it is likely that I? lawrencei is the result of 
this process and represents a palaeoendemic species. 

Diselma archeri Hook. f. 
Li (1953) considered Diselma to be part of the subfamily 
Callitroideae of the Cupressaceae, allying it with several 
other southern genera. However, the past history of Diselma 
is unknown, since there is no certain fossil record. The 
pollen of Cupressaceae is well-known in the Australian fos- 
sil record, but resolution below the family level is poor and 
macrofossils of Diselma are unknown. The similaritv in leaf 
morphology of D. archeri, Microcachrys tetragona, and 
Microstrobos niphophilus and their broadly similar distribu- 
tion suggests that similar factors may have affected all three 
species. While it is probable that D. archeri is a palaeoen- 
demic species, this cannot be demonstrated with certainty. 

Alpine ‘heath’ with scattered 
Tasmania, Australia. 

clumps of Diselma archeri in Western 
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Athrotaxis D. Don 
The two Athrotaxis species are best considered together, since 
the fossil record applies to both of them. The fossil pollen 
record is of little assistance since the pollen is of a general 
cupressaceous type and hardly distinct at the species level. 
However, leafy twigs of Athrotaxis have been reported from 
the Early Cretaceous of Canada and Argentina; Miller (1977) 
notes that the latter record has cuticle structure preserved 
which supports the identification. Miller ( 1977) also mentions 
impressions of foliage and cones like those of modem 
Athrotaxis from the Early Cretaceous of the eastern United 
States of America. Species of Athrotaxis have also been 
described from Tertiary sediments in New Zealand, South 
America, and Tasmania (Townrow 1965b, Hill et al. 1993). 
However, Hill and Carpenter (199 1) noted that some macro- 
fossils previously given affinity with Athrotaxis have not 
withstood critical re-examination. It is now also clear that 
other genera with similar gross vegetative morphology to 
Athrotaxis have occurred in Australasia in the past (e.g. 
Austrasequoia, see Peters and Christophel (1978), Hill et al. 
(1993)). There are macrofossil records of Athrotaxis from 
mainland Australia, but they are either hardly determinable or 
in need of revision and could represent a number of genera in 
other families. Hill and Carpenter ( 199 1) concluded that none 
of the fossil species from outside Tasmania should be consid- 
ered as unambiguous records of Athrotaxis at this stage. 

A stand of ancient Pencil 
Tasmania, Australia. 

pines (Athrotaxiis cupressoides) in 

Within Tasmania, Townrow (1965b) reported specimens 
of Athrotaxis ungeri (originally described from South 
American specimens) from the Early Eocene. This species is 
distinct from all extant species, although in leaf size is closest 
to A. cupressoides. It is probable that the Tasmanian specimens 
are distinct from the South American specimens of A. ungeri 
(Hill and Carpenter 199 1). Hill et al. (1993) described 
Athrotaxis foliage and reproductive structures from several 
Oligo-Miocene Tasmanian sites, and erected the new species, 
A. mesibovii, to accommodate most specimens. A. mesibovii 
has foliage reminiscent of extant A. selaginoides. They also 
transferred the fossil species Mesibovia rhomboidea to 
Athrotaxis, although this species is very distinct from all extant 
species. Therefore, the reliable fossil record of Athrotaxis is 
confined to post-Cretaceous sediments in Tasmania. 
Athrotaxis represents an enigma - it is the survivor of a more 
diverse cupressaceous flora in Australia in the past, but it is 
still relatively common and widespread in Tasmania. We do 
not know whether it ever occurred outside the Tasmanian 
region, and if so when it became extinct there. Its continued 
presence in Tasmania remains a puzzle for biogeographers and 
palaeobotanists, but A. selaginoides and A. cupressoides at 
least can be considered as palaeoendemic species. 

Callitris Vent. 
Callitris has a very poor fossil record, with only two macro- 
fossil sites known (Hill 1995). One of these is in Tasmania 
(Jordan 1995), but the fossils concerned are not phylogenet- 
ically close to the two extant Tasmanian species. In the 
absence of evidence it is difficult to account for the presence 
of the extant Tasmanian species. 

Conservation of Tasmanian conifers 
The main conservation issues for Tasmanian conifers now 
come from conversion of native vegetation for agriculture or 
plantation forest establishment in eastern Tasmania, and 
from fire in western Tasmania. The only species directly 
affected by land clearance are the two Callitris species, and 
the plans in place to deal with the risks from this practice are 
outlined below for the individual species. The habitats of the 
other conifers are largely contained within reserves, and the 
main issue for their continued survival is the development 
and implementation of appropriate fire regimes. Below there 
are some examples of regeneration failure due to grazing and 
unexplained dieback in Athrotaxis cupressoides, but in gen- 
eral conservation of the conifers in western Tasmania is a 
problem of fire management rather than resource extraction. 

Aborigines have occupied Tasmania for at least 30,000 
years (Cosgrove 1989), and fire has been in continuous use 
during that time. Fire has had a considerable effect on the 
distributions of the Tasmanian conifers, most of which are 
extremely fire sensitive, because they lack the adaptations 
seen in some conifers of the Northern Hemisphere and in the 
Australian autochthonous sclerophyll vegetation (Regal 
1979, Beadle 198 1). At European settlement in the early 
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18OOs, Tasmania was extensively forested but there were 
many open areas also - of montane vegetation in central 
Tasmania, grassland and grassy woodlands in the east and 
north-west, coastal heaths and scrubs and importantly about 1 
million ha of pyrogenic buttongrass moorlands in the high 
rainfall, oligotrophic environments of the west. These moor- 
lands are the edaphic climax on poorly drained low nutrient 
soils but have expanded far beyond these situations because of 
anthropogenic firing of the vegetation both by Aborigines and 
subsequently by Europeans (Plomley 1966, Jackson 1968, 
Jones 1969, Brown and Podger 1982, Bowman and Brown 
1986, Cosgrove 1989). These expansions have been at the 
expense of the forests and in particular of the conifers. Thus 
some current buttongrass plains retain stems and dead wood of 
Phyllocladus and sub-fossil wood (c. 2000 years old) of 
Athrotaxis (Podger et al. 1989, F. Podger pers. comm.). 

The Tasmanian landscape now reflects the effects of 
nearly 200 years of European settlement. This occupancy is 
most obvious in the drier eastern half of the state but its 
effects are visible almost everywhere. In Tasmania, as else- 
where in Australia and the world, there has been a pattern of 
clearance of the fertile valleys and plains, the mountain tops 
and infertile areas have been proclaimed as National Parks or 
other Protected Areas, and the forests in between have been 
utilised for wood production (Brown 1996). Most wood pro- 
duction was and is from Eucalyptus species, the native 
conifers are no longer utilised except from salvage or dead 
and downed material for craft wood. The main conifer 
species used for timber were Athrotaxis selaginoides and 
Lugarostrobosfianklinii. The latter species grows in riparian 
situations and was much prized for boat building. Logging of 
the species was fairly benign, in that only intermediate size 
classes were targeted, and then only within easy reach of the 
river bank, so that most logged stands today appear intact. In 
the wetter western parts of the state and in the Central 
Highlands there has been considerable hydroelectric devel- 
opment, which has resulted in the inundation of many of the 
river valleys and low-lying plains. Mining has also been a 
major industry in Tasmania and has resulted in the past in 
loss of conifer habitat, particularly in the later part of the 1 gth 
century and early 20th century in western Tasmania. The fires 
of mineral prospectors in the same period have also depleted 
conifer stands. Despite all of these incursions, forests still 
occupy 82% of the forested area that was present at European 
settlement of Tasmania (Brown 1996). Until recently most of 
the public interest and dispute& about logging, mining, and 
hydroelectric development have been about wilderness and 
visual or aesthetic values and have not addressed biodiversi- 
ty conservation (Brown and Hickey 1990). Because of the 
bias towards western Tasmania, this interest has resulted in a 
high proportion of the forest and montane coniferous vegeta- 
tion being placed in legislated Protected Areas, particularly 
the Western Tasmania Wilderness World Heritage Area 
(WTWWHA). 

Fires are a natural part of the overall ecosystem process 
in the WTWWHA; the area of the total ecosystem is rela- 

A burnt stand of ancient Athrofaxis killed 
by other vegetation, Tasmania, Australia. 

by the fire, being replaced 

tively large (1.4 million ha), but the area occupied by 
conifers is small, dispersed and restricted to areas topo- 
graphically protected from fire. Thus two of the most fire 
sensitive Tasmanian endemic conifers, Huon pine 
(Lagarostrobos franklinii) and King Billy pine (Athrotaxis 
sezaginoides) are now restricted to river courses and fire 
shadow areas on mountain slopes. These species are killed 
outright by fire and have no recovery mechanisms other than u 
step-wise recolonisation 
selaginoides previously I occ 

from adjacent unburned areas . A. 
upied about 50,OOOha but 

approximately one third of its population by area has been 
killed by fire in the past 100 years (Brown 1988). The ages 
of the oldest trees in sampled stands are 800+ (- 1200) years, 
and this rate of at&it .ion by fire is clearly not ecologically sus- 
tainable. Huon pine lives for 2000+ years, and its populations 
are restricted largely to riverine situations, again in areas pro- 
tected from fire (Peterson 1990). Both species are found in 
specialised habitats and are not able to migrate in the land- 
scape on timetables that accord with likely fire regimes. The 
ecotone between the very old conifer stands and the flamma- 
ble buttongrass moorlands can be as little as IO-30m wide 
(Gibson 1986). Thus, maintenance of these species will 
require active management of fires; a simple model of 
benign neglect and of letting wildfires take their course is not 
sufficient to ensure the survival of these species (Brown 
1996). Active habitat management will be needed to main- 
tain species found on the buttongrass plains, and active sup- 
pression of fires will be needed in and near the conifers. 
Such m anagement is not assisted by the non-random na .ture 
of fires and the fact that the pattern s of ’ anthropogenic fire 
that prevail are not those of the past. 

Conservation status of individual species 
In undertaking a review of the status of individual species, it 
soon became apparent to us that the 
are misleading if applied rigidly to 
and we suspect to any long lived tree species. The problem 
arises from hav ing to determine decline over three genera- 
tions, when generation time is defined in terms of “average 

current IUCN guidelines 
the Tasmanian conifers, 
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age of parents in the population”. In the case of 
Lagarostrobos for example, three generations could take us 
back to the commencement of the Holocene, and it could be 
argued (and demonstrated via the pollen record) that the 
species has in fact expanded its range since that time, not 
declined. Most of its problems have arisen in the last 200 
years and its population is almost entirely reserved. Of more 
immediate relevance is the fact that Athrotaxis sdaginoides 
is nearly all within Protected Areas, the last major fire events 
that significantly affected stands were 30-60 years ago, and 
fire management techniques are now far better developed. 
There are no other actions that can be taken to improve the 
outlook for the species, yet it is still listed as Vulnerable 
under the current guidelines. We are far more comfortable 
with the alternative treatment proposed by Farjon and Page 
in which a maximum of 50 years be used for a generation, 
and that two generations (or this century) be used to calculate 
decline. In the treatment below we have used both sets of 
guidelines. 

Athrotanis cupressoides D. Don 
This species is rated as Vulnerable under IUCN criteria 
A 1 a+c. The species is extremely fire sensitive and much of 
the total population was fire-killed mainly in widespread 
fires on the Central Plateau in 1960/61. All remaining areas 
of the species (and much of the fire-killed area) are now 
within IUCN Category I-IV reserves. Regeneration of the 
species is limited by grazing by introduced and native ani- 
mals, mainly sheep and rabbits. Stock are no longer a prob- 
lem, but the threat from rabbits remains. Some stands of this 
species show symptoms of a high-altitude dieback, which 
has an as yet unconfirmed association with a species of 
Phytophthora, a root rotting fungal pathogen. 

Fig 3.4. Distribution of Athrotaxis x laxifolia in Tasmania. 

Athrotanis selaginoides D. Don 
This species is rated as Vulnerable under IUCN criteria 
Al a+c, but would be LRlc or LRcd under the proposed 
amendments of Farjon and Page, a status which accords with 
our own perceptions of the risk to the species. The species is 
fire sensitive and about l/3 of its habitat has been burned in 
the past century or so, primarily in the 19th century (Brown 
1988). The species habitat protection is now stabilised with 
84% of forests in reserves. Tasmanian Government policy 
precludes logging of the remainder, which is found in infor- 
mal reserves in small, widely dispersed stands. 

Fig 3.5. Distribution of Athrotaxis selaginoides in Tasmania. 

Callitris oblonga Rich. and A. Rich. 
This species is rated as Vulnerable under the IUCN criterion 
Ale and is also Vulnerable under the Farjon and Page crite- 
ria. It has been in decline mainly from land clearance, which 
remains a problem on private land. Regeneration success is 
limited by inappropriate fire regimes combined with inva- 
sion by gorse and by stock grazing. A recovery plan for the 
species is under way and entails active liaison with land own- 
ers, active stand rehabilitation and reservation where possible. 
The species is listed as vulnerable under State legislation. 

Fig 3.3. Distribution of Athrofaxis cupressoides in Tasmania. 

Athrotaxis x Zaxifolia Hook. 
This putative hybrid is Vulnerable under the IUCN criterion 
Dl . Because it is probably a hybrid, it is only found in areas 
of overlap of the two parental species, usually as solitary indi- 
viduals (Cullen and Kirkpatrick 1988) but occasionally as 
hybrid swarms. Nearly all known individuals are in reserves. 
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Fig 3.6. Distribution of Cal/k-is oblonga in Tasmania. Fig 3.8. Distribution of Diselma archeri in Tasmania. 

Callitris rhomboidea R. Br. ex Rich. and A. Rich. 
This species is not threatened under either set of criteria. It 
is widespread and locally common. However closed stands 
of the species that were reported as abundant at European 
settlement are now rare. There are many stands of the species 
in IUCN Category I-IV Reserves. The main future threats to 
stands outside reserves come from agriculture and expansion 
of human habitation. 

Fig 3.7. Distribution of Callitris rhomboidea in Tasmania and 
Australia. 

Disebna archeri Hook. f. 
This species is not threatened under either set of criteria. It is 
fire sensitive but has a wide distribution on Tasmanian 
mountains, where it is almost entirely reserved within the 
WTWH. 

Lagarostrobos franklinii (Hook. f.) Quinn 
This species is not threatened under either set of criteria, but 
can be listed as LRcd. An estimated 15% of its habitat has been 
lost through inundation for hydroelectric schemes and to fire 
over the past 100 years or so. The construction of such 
schemes in Tasmania has now ceased, and 86% of the remain- 
ing area of Huon pine is in legislated reserves. One stand of 
pine has been made available for access to craft wood from 
dead and downed timber, but there is no cutting of green Huon 
pine. Management of fire is the main priority for ensuring its 
continued conservation under the currently prevailing policies. 

Fig 3.9. Distribution of Lagarostrobos franklinii in Tasmania. 
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Microcachrys tetragona (Hook.) Hook. f. 

This species is locally abundant and widely distributed on 
Tasmania mountains, and its populations are all within Protected 
Areas. It is not at risk under any of the IUCN criteria but in com- 
mon with all montane vegetation requires protection from fire. 

Phyllocladus aspleniifolius (Labill.) Hook. f. 

This species is widespread and frequent in wet eucalypt 
forests and in rainforest. It is found in many reserves and 
regenerates freely in logged and burned forests. It does not 
meet any of the criteria for listing under the IUCN guidelines. 

I  I  

Fig 3.12. Distribution of Phyllocladus aspleniifolius in Tasmania. Fig 3.10. Distribution of Microcachtys teragona in Tasmania. 

Microstrobos niphophilus J. Garden and L. A. S. Johnson 

This species is locally common but widespread on mountains 
where it is potentially at risk from fxe across its range. However, 
it does not meet any of the IUCN criteria for listing. Its habitats 
are almost entirely within IUCN Category I-IV Protected Areas. 

Podocarpus lawrencei Hook. f. 

This species is widespread and abundant in appropriate habi- 
tats across its range and is not at risk. Most of its habitat in 
Tasmania and all of its known populations on the Australian 
mainland are within IUCN Category I-IV Protected Areas. 

Fig 3.13. Distribution of Podocarpus lawrencei in Tasmania and 
Australia. 

Fig 3.11. Distribution of Microstrobos niphophilus in Tasmania. 
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Regional Action Plan 

Conifers of the Oceanic Islands in the Insular South Pacific (Fiji, 
Tonga, Solomon Islands and Vanuatu) 

Michael F. Doyle 
Jepson and University Herbaria 

Universitv of California 

Description of the area 
The oceanic (volcanic) islands of the Southwest Pacific (Fiji, 
Tonga, Solomon Islands, and Vanuatu) are floristically poor- 
er than the rich Indo-Malesian region to the west, and New 
Caledonia and New Zealand to the south, but are notable 
because some of their floras (esp. the high islands of Fiji and 
Vanuatu) have considerable endemism (c. 30-50%). Fiji rep- 
resents the easternmost distribution of many Malesian gen- 
era, especially palms (Doyle and Fuller 1998) and conifers 
(Doyle 1998). The occurrence of gymnosperms on some of 
these islands (e.g. Fiji) has been construed by some biogeo- 
graphers to suggest past continental connections, but all taxa 
present can be accounted for by long-distance dispersal 
(Doyle 1998). Dispersal events ranging from nearby island- 
hopping (“stepping stones”) to moderate or long distance 
dispersal generally relates to the overall diversity of taxa on 
each island group. Predictably, the floristic richness of each 
island group is correlated to its geographic position in rela- 
tion to source areas and geological age, combined with the 
availability and diversity of suitable habitats. The islands 
closest to the Malesian source area (Solomon Islands) have 
the highest diversity, and the islands farthest away (Tonga) 
have the lowest. However, other factors such as topography, 
area, bird and bat migratory routes, and sheer chance are also 
factors. Only Vanuatu does not fit the predicted model, and 
this is probably both a reflection of inadequate botanical 
exploration there, and other variables, as discussed above. 

The vast majority of the information available for the 
conifers of the region is purely taxonomic and preliminary in 
nature; little is known about their biology and ecology. Many 
taxa within the region (e.g. Acmopyle sahniana J. Buchholz 
and N. E. Gray) are of particular scientific interest because of 
their relictual Gondwanan ancestry and are in desperate need 
of detailed scientific study before they, are eliminated from 
their natural habitats by logging or other human disturbances. 
The region has served as a refugium for relicts; this fact makes 
taxon-specific conservation efforts necessary in many cases. 

Summary of conifers within the region 

Eighteen conifers are known to occur on the volcanic islands 
of the Southwest Pacific. The Solomon Islands possess the 
greatest number of taxa ( 13)) followed by Fiji (8)) Vanuatu (4) 
and Tonga ( 1) (Table 3.1). Within the region, the Solomon 
Islands have the greatest conifer diversity outside New 

Caledonia and New Guinea. Fiji possesses three endemic 
conifer species, also greater than elsewhere within the region 
except for New Caledonia, which has 43 endemic taxa. 

The gymnosperm flora of Fiji has recently been critical- 
ly reviewed by Doyle (1998), with a single taxon (Acmupvle 
sahniana) recently re-described (Bush and Doyle 1997). 
Several of the region’s rare endemic gymnosperms are now 
being critically assessed for genetic diversity and conserva- 
tion purposes (Doyle, unpublished data). Among the taxa 
occurring in the region, three are narrow endemics confined 
to a single island: Acmopyle sahniana J. Buchholz and N. E. 
Gray and Podocarpus affinis Seem.; and P. salornoniensis . . 
Wassch. endemic to Viti Levu (Fiji), San Cristobal (Solomon 
Islands), respectively. Dacrydium nausoriense de Laub. is 
confined to two islands - Viti Levu and Vanua Levu (Fiji) and 
P. pallidus N. E. Gray to the islands of ‘Eua and Vava’u 
(Tonga). A single taxon, Agathis rnacrophvlla (Lind.) Mast., ” 
is a “regional” endemic, being confined to Fiji, the Solomon 
Islands and Vanuatu. Of the taxa endemic to the region, it is 
notable that four (67%): Acmopvle sahniana, Agathis rnacro- 
phylla, Pdocarpus ajfinis, and Dacrydium nausoriense, are 
limited to Fiji, making this area the richest in terms of 
endemic taxa. Following Fiji, only the Solomon Islands and 
Tonga possess endemic species, Podocarpus salomoniensis 
and P. pallidus, respectively. Based on geological and geo- 
graphical similarities of some Vanuatu islands (e.g. Espirito 
Santo) with Fiji’s larger islands, it is surprising that more 
taxa are not shared between the two archipelagos. It is antic- 
ipated that additional botanical exploration in the region will 
reveal both new taxa and new distribution records. 

Montane TMF (tropical moist forest) at Namosi, Viti Levu, Fiji. 
Habitat for seven native Fijian conifers - Acmopyle sahniana, 
Aga this macrophylla, Dacrycarpus imbrica tus var. pa tulus, 
Dacrydium nidulum, Podocarpus affinis, Podocarpus neriifolius, 
and Retrophyllum vitiense. 
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Table 3.1. Conifers of the volcanic islands of the Southwest Pacific. 

Species 
Global 

Distribution 1 Conservation status* Status on each island group3 
F S v  T 

Araucariaceae 
Agathis macrophyla (Lindl.) 

Mast. 

Podocarpaceae 
Acmopyle sahniana 

J. Buchholz and N. E. Gray 
Oacrycarpus imbricatus 

var. pat&s de Laub. 
Dacrydium beccarrii Pan. 
D. magnum de Laub. 
0. nausoriense de Laub. 

D. nidufum de Laub. 
D. xanthandrum Pilg. 
Podocarpus atink Seem. 
I? glaucus Foxw. 
I? insularis de Laub. 
/? neriifolius D. Don 
P pallidus N. E. Gray 
I? pi/get-i Foxw. 
I? rumphii Blume 
/? salomoniensis Wasscher 
I? spathoides de Laub. 
Retrophyllum vitiense (Seem .) 

C. N. Page 

F, S, V (e) 

I= (e) 

F, s, v 
S 
S 
I= (e) 

F 
S 
I= (e) 
S 
s v  
F, s v  
T (e) 
S 
S 
s (e) 
S 
F, s 

LRnt 

CR D 

Not evaluated 

Not evaluated 
LRnt 
EN Alcd, 
Bi +2ce, Cl 
Not evaluated 
Not evaluated 
VU Ale +2c 
Not evaluated 
Not evaluated 
Not evaluated 
DD 
Not evaluated 
Not evaluated 
Not evaluated 
DD 
Not evaluated 

VU A2d, NE VU A2d, - 
B2e B2e 

CRD - - - 

LRlc LRlc DD - 

DD - - 
DD - - 

ENAlcd, - - - 
B1+2ce, Cl - - - 

LRlc - 
DD - - 

VU Alc+2c - 
DD - - 
DD DD - 

LRlc LRlc DD - 
DD 

DD - - 
DD - - 
NE - - 
DD - - 

LRlc LRlc - - 

1 Distribution code: F=Fiji, S=Solomon Islands, T=Tonga, V=Vanuatu; (e)=endemic to one or more of the above island 
groups, all other species are indigenous and occur elsewhere (e.g., Malesia). 

* Species have been assessed using IUCN Red List Categories (IUCN 1994). 

3 Where global status is unknown, 
separated population in this region. 

conservation (where known) has been provided for each geographically 

Distribution Conservation status and recommendations 
Among the conifers of the region, members of the 
Podocarpaceae (Acmopyle, Dacrycarpus, Dacrydium, and 
Podocarpus) are abiotically or biotically (birds and bats) 
dispersed, while members of the Araucariaceae (Agathis) 
are dispersed abiotically by wind and water (Doyle 1998). 
Cyclones, which are common in the area during summer 
months, are presumably important for both local and long- 
distance dispersal and regeneration of the species. Many 
conifer taxa within the region are best developed in montane 
tropical rainforest habitats, and all but two species 
(Dacrydium magnum from the Solomon Islands and 
Podocarpus pallidus from Tonga) are most abundant, or 
limited in occurrence, above c. 400m elevation. 
[Dacrydium magnum de Laub. was described in 1969 with 
a type specimen from Obi Island in the Moluccas; it is also 
reported jkom the Louisiades Archipelago east of New 
Guinea. - the compilers] 

The most recent treatment of the conservation status of 
conifers within the region is for Fiji (Doyle 1998). Two pre- 
vious world-wide reports on rare and endangered conifers 
and other trees (Farjon et al. 1993, Oldfield et al. 1998) 
include taxa from the region, but are listings with only limit- 
ed information on species within the insular SW Pacific 
region. Some species are very poorly known, particularly 
under-collected species confined to remote or montane areas 
within the region (e.g. Solomon Islands and Vanuatu). These 
taxa are listed in Table 3.1 as “DD” denoting Data Deficient. 
All endemic Data Deficient taxa should be targeted for 
immediate studv. 

Human-induced impacts including fires, logging, mining, 
and land conversion have reduced the abundance of all 
native conifer taxa within the region. Several species (e.g., 
Agathis macrophylla, Dacrycarpus imbricatus, Dacrydium 
nausoriense, D. nidulum, Podocarpus neriifolius, and 
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Dacrydium nausoriense. Habit. Elevation c. 750 m., Nausori 
Highlands, Viti Levu, Fiji. 

Retrophyllum vitiense) are considered excellent timber 
sources, with some (e.g., A. macrophylla) becoming scarce, 
or even endangered locally because of continued overex- 
ploitation. The rarest and most notable taxon within the 
region, Acmopyle sahniana, is directly endangered by pro- 
posed mining activities. A second taxon, Dacrydium nau- 
soriense, is also endangered because it provides good timber; 
it is confined to two small declining populations in Fiji. 
Some planting schemes of native conifers have been attempt- 
ed within the region, but in most cases more swiftly growing 
(and in some cases invasive) exotic species such as Pinus 
caribaea Morelet and Swietenia mahogani (L.) Jacq. are pre- 
ferred by foresters. However, it is expected that as native 
conifer timbers become rare they will command significant- 
ly higher prices than exotic timbers, and re-planting schemes 
for native taxa should be encouraged for both ecological and 
economic reasons. 

Detailed conservation biology work (including population 
genetics) has been conducted for Acmopyle sahniana (Bush 
1997, Doyle et al., unpublished data), and Dacrydium nau- 
soriense (Doyle 1998, and Doyle, unpublished data) and is 
now underway for all endemic Fijian conifers as well as 
Cycas seemanni (Doyle 1998, and Doyle, unpublished data, 
and Doyle and Keppel, unpublished data, respectively). 
Unlike other naturally rare conifers assessed for genetic 
diversity, the rare Fijian endemic Acmopyle sahniana shows 
remarkable genetic variation (Bush 1997). Conservation pri- 
orities on a regional basis make Fiji the most important island 
group because of its larger representation of both endemic 
taxa (67% of the region’s endemic conifers) and more widely 
distributed taxa (44% of the region’s conifers occur in Fiji). It 
is expected that as more information (especially biological, 
genetic, and ecological) becomes available, well-designed 
science-based conservation programmes can be implemented 
for the long-term conservation of these relict plants. 
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University of California, Berkeley, USA 

Description of the area 

California is a topographically diverse state of 411 ,048km2 
(total land area 405,43 1 km2), about 13OOkm long and 325km 
wide, with elevations ranging from -86m at Badwater, Death 
Valley, to 4418m for nearby Mt. Whitney. The Californian 
Floristic Province (CFP) of biogeographers involves about 
70% of the state. This includes cismontane California (i.e. 
west of the Cascade-Sierra Nevada axis, including the east- 
em flanks with the montane forests, but excluding the desert 
woodlands), plus the offshore islands (the eight Channel 
Islands in the southwest and the seven Farallon Islands west 
of San Francisco Bay). 

Transmontane California involves mostly the Great 
Basin Floristic Province (GBFP) in the northeast and east 
and the Desert Floristic Province (DFP) in the southeast; 
each involve about 15% of the land area of California. The 
CFP also extends outside California into: 

(a) southwestern Oregon about 165km north along the 
coast to include the Coos Bay region [the usually stated 
northern limit, but for Messick (1997) this is Cape Blanco, 
which is only 1OOkm north of the state line], and then south- 
east inland to include most of the Rogue River watershed, 
and finally east of Mount Ashland to the California line about 
40km east of the Interstate 5 highway; 

(b) extreme western Nevada to include the Lake Tahoe 
and Mt. Rose areas; and 

(c) northwestern Baja California about 275km south 
along the coast to about 25km north of El Rosario and inland 
to include the chaparral and montane forests of the 
Peninsular Ranges (Sierra Juarez and Sierra San Pedro 
Martir), but not their eastern desert flanks, plus also 
Guadalupe Island, but not Cedros Island. 

The CFP involves about 325,30Okm? Raven and Axelrod 
(1978) and Messick (1997) estimated 324,000km2, with 
285,000km2 in California, 25,000km2 in Oregon, and 
14,000km2 in Baja California, although some authors 
(Barbour 1988, Delgadillo 1992) indicate 27,OOOkm’ for 
Baja. There seem to be no estimates for the very small 
Nevadan part, which the author estimates at 1300km2. 

The recently published The Jepson IManual (Hickman 
1993, hereafter as JA4) tallied (see also Schmid 1997: p. 193) 
5867 species of vascular plants for all of California, with 
14 16 or 24.1% endemic. For all of the major groups of vas- 
cular plants, endemism translates into a significant number 
of threatened taxa. 

Below, northern California (NoCal) and southern 
California (SoCal), are used following Hickman (1993) and 
especially Munz ( 1974). 

Box 3.1. Abbreviations and conventions. 

CFP = California(n) Floristic Province 
CNPS = California Native Plant Society, and its 

inventory of threatened taxa (Skinner and 
Pavlik, 1994) 

DFP = Desert Floristic Province 
FNA = Flora of North America North of Mexico, 

vol. 2 (Flora of North America Editorial 
Committee 1993) 

GBFP = Great Basin Floristic Province 
IUCN = The World Conservation Union 
JM= The Jepson manual (Hickman 1993) 
NoCal = northern California (defined floristically, not 

politically-see text) 
SoCal = southern California (idem) 
ssc = Species Survival Commission 

coastal (O-55km) versus inland (>55km) on basis of 
Sequoia sempervkens usually being 8-56km in from 
the coast (Olson et al. 1990) 

conifers = conifers and taxads 

Taxonomic distribution of conifers 
of conservation concern 
(taxa are numbered as in tables 3.2-3.5) 

The conifer flora of California is rich, with four families, 14 
genera (13 if Chamaecyparis is included in Cupressus, as done 
by JM), and 53 species, including 12 endemic, and 6 addition- 
al infraspecific taxa (four endemic) (JM, numbers as corrected 
by Schmid 1997). Sequoiadendron is the only endemic genus. 
California has 3 1 conifer taxa of conservation concern. In 
California, 29 of these taxa occur entirely or partly in the CFP, 
with Pinus edulis (22) in the DFP (New York Mts.) and P. lon- 
gaeva (23) in the GBFP (White-Inyo Range) and the DFP 
(Panamint Mts.). California has seven species of Cupressus 
found in scattered, relict populations; five species (as six 
species in JA4) involving eight taxa are Threatened (4- 10, 12). 
Only the relatively broadly distributed C. macnabiana (42) 
and C. surge&i (43) are not of conservation concern. 

Because of the well-known diversity and high endemism 
of conifers and other groups in California, efforts to promote 
their conservation are considerably more advanced in this state 
than in most other areas. The California Native Plant Society 
(CNPS; www.calpoly.edu/-dchippin/cnps_main.html) has 
been active in this endeavor since the late 1960s and has pub- 
lished five inventories of threatened taxa: 1974, 1980, 1984, 
1988, and 1994 (Skinner and Pavlik, 1994; throughout CNPS 
refers to this edition). 
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Box 3.2. Key to tables 3.2-3.5. 

Distribution abbreviations atier numbers of taxa: B = Baja CA; S = SoCal; N = NoCal; 0 = Oregon; + = other states; * 
= endemic to B, S, and/or N; ! = endemic to CFP. 
Latin names: Latin names of conifer taxa derive from the main “Global Red List of Conifers” (pp. 11 - 26). 
Taxonomy: In brackets is noted whether the Latin name accepted by IUCN is accepted or at variance in CNPS, JM, 
and F/VA. 
C/VPS conservation code and statistics (number of taxa in each category/percentage of native flora). (CNPS, 1994). 

list IA = presumed extinct in California (34/0.5%) 
list 1 B = rare or endangered in California and elsewhere (in California 85703.6%) 
list 2 = rare or endangered in CA, more common elsewhere (in California 272/4.3%) 
list 3 = need for more information- “a review list” (in California 47/0.8%) 
list 4 = plants of limited distribution- “a watch list” (in California 532/8.4%) 
total = 1742127.7% of 6300 native taxa (species, subspecies, varieties) 
R (rarity): I 
I= “rare, but found in sufficient numbers and distributed widely enough that the potential for extinction is low at 
this time”; I 
2 = “distributed in a limited number of occurrences, occasionally more if each occurrence is small”; 
3 = “distributed in one to several highly restricted occurrences, or present in such small numbers that it is seldom 

reported” 
E (endangerment): 
l= “not endangered”; 2 = “endangered in a portion of its range”; 3 = “endangered throughout its range” 
D (distribution): 
I= “more or less widespread outside California”; 2 = “rare outside California”; 3 = “endemic to California” 

Oregon has four families, 13 genera, 3 1 species, and four Guadalupe Island, Baja; Pinus radiata var. binata (26) 
additional infraspecific taxa of conifers, none at all endem- endemic to this and Cedros Island, Baja; P. muricata var. 
ic (Flora of North America Editorial Committee 1993, here- muricata (25) native to mainland California and Baja and 
after as FNA). The IUCNSSC Conifer Specialist Group also to Santa Cruz and Santa Rosa Islands, California; P. tor- 
(hereafter referred to as IUCN) lists six conifer taxa (1 9 6, 
16,3 1,32,34) of conservation concern in Oregon. All these 
taxa occur in the CFP part of Oregon, with only Tsuga 
mertensiana ssp. grandicona (3 1) and Taxus brevtyolia (32) 
extending broadly beyond it. CNPS lists five Oregonian 
conifer taxa (2, 6, 13, 15, 17) as threatened in California, 
with Cupressus bakeri also threatened in Oregon. This is the 
only conifer taxon in Oregon jointly listed by IUCN and 
CNPS. 

Baja California has two families, five genera, 15 species, 
and two additional infraspecific taxa of conifers, of which 
four taxa are endemic (see Table 3.3); Baja has 10 species of 
Pinus, but only P. cembroides is common with the 34 pine 
species on mainland Mexico (Farjon and Styles 1997, Farjon 
et al. 1997a, b, Wiggins 1980). IUCN lists seven conifer taxa 
(3,5, 10, 11,20,25,26) of conservation concern in Baja, all 
occurring entirely in its CFP part except the endemic P. cem- 
boides ssp. lagunae (20) outside it in the south and the 
endemic P. radiata var. binata (26) in the CFP on Guadalupe 
Island and outside the CFP on Cedros Island. Pinus murica- 
ta var. muricata is the only other threatened pine in Baja. 

Four conifer taxa of conservation concern are insular: 
Cupressus guadalupensis var. guadalupensis (11) endemic to 

reyana ssp. insularis (28) endemic to the last isle. Island taxa 
are especially susceptible to being out-competed by alien 
plants or eaten by alien animals (Junak et al. 1995, Moran 
1996, Thome 1969). 

Of the 35 taxa under consideration, 20 taxa are endemic 
to either political Baja California (3, 11, 20, 26, see Table 
3.3) or political Alta California (4,7-9,12,14,18,19,21,24, 
27-29,30,33,35). However, if endemism is considered from 
the perspective of a floristic province, namely, the CFP, there 
are seven additional endemic taxa, Chamaecyparis lawsoni- 
ana (l), Cupressus arizonica var. stephensonii (5), C. bakeri 
(6), C. guadalupensis var. forbesii (lo), Picea breweriana 
(16)) Pinus muricata var. muricata (25)) and the well-known 
Sequoia sempervirens (34). In other words, there are 20 
political endemics but 25 floristic (CFP) endemics (not 27 
total because political endemics 20 and 26 are not CFP 
endemics). Moreover, while California has one endemic 
conifer genus, Sequoiadendron, the CFP has two, this and 
Sequoia. 

The author considers not only the 32 taxa found entirely 
or partly in the CFP but also includes three others not occur- 
ring in the CFP: Pinus edulis (22) and P. longaeva (23) 
endemic to the western United States plus P. cemboides ssp. 
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Table 3.2. Taxa listed by both IUCN and CNPS (13 taxa). 
(for codes see Boxes 3.1 and 3.2, for IUCN categories see Appendix 2) 

4 N*l Cupressus arizonica var. nevadensis 
Piute cypress [IUCN; CNPS, J/H as ssp. nevadensis; 
FNA as C. arizonica, var./ssp. not accepted] 
Status: /UC/V VU D2; C/VW list 1 B, RED 2-2-3 

14 N*! Abies bracteata 
Bristlecone fir/ Santa Lucia fir [IUCN, CNPS, FNA, JM] 
Status: /UCN LRcd; CNPS list 4, RED l-l-3 

5 BS! Cupressus arizonica var. stephensonii 
Cuyamaca cypress/ Arizona cypress [IUCN; CNPS 
as C. stephensonii; JM as C. arizonica ssp. 
arizonica; FNA as C. a. var./ssp. not accepted] 
Status: WCN VU 02; CNPS list 1 B, RED 3-3-3 
(should be RED 3-3-l as more common outside CA) 

21 N*! Pinus contorta ssp. bolanderi 
Bolander pine/ pygmy pine [IUCN, CNPS, JM; FNA as 
F! contorta var. contorta, varlssp. bolanderi not accept- 
edl 
Status: WCN LRnt; CNPS list 1 B, RED 1-2-3 

6 NO! Cupressus bakeri 

23 SN+ (not in CFP) Pinus longaeva 
Great Basin bristlecone pine [IUCN, CNPS, FNA, JM] 
Status: /UCN VU B1+2e; CNPS list 4, RED I-l -1 

Baker cypress/ Modoc cypress [IUCN, CNPS, FNA, JM] 
Status: IUCN VU B1+2bd; CNPS list 4, RED l-2-2 

7 N*l Cupressus goveniana var. abramsiana 
Santa Cruz cypress [IUCN; CNPS, JM as C. abram- 
siana; FNA as C. goveniana Gordon, var./ssp. not 
accepted] 
Status: WCN EN C2a; CNPS list 1 B, RED 3-2-3 

27 N*! Pinus radiata var. radiata 
Monterey pine/ insignis pine [IUCN; CNPS, FNA, JM] 
as just /? radiata] 
Status: /UCN LRcd; CNPS list 1 B, RED 3-2-2 
[For taxonomy and distribution see comment under 
P radiata var. binata in Table 3.31 

8 N*l Cupressus goveniana var. goveniana 
Gowkn cypress [IUCN; CNPS, JM as ssp. goveniana; 
FNA as C. goveniana, var./ssp. not accepted] 
Status: WCN VU D2; CNPS list 1 B, RED 3-2-3 

28 S*! (insular) Pinus torreyana ssp. insularis 
Torrey pine/ island Torrey pine, Santa Rosa Island 
Torrey pine [IUCN, CNPS, FNA; JM as /? torreyana, 
ssp. not accepted] 
Status: WCN EN D; CNPS list 1 B, RED 3-2-3 

10 BS! Cupressus guadalupensis var. forbesii 29 S*! Pinus torreyana ssp. torreyana 
Tecate cypress [IUCN, CNPS, FNA, JM as C. forbesii] Torrey pine/ mainland Torrey pine [IUCN, CNPS, FNA; 
Status: WCN VU D2; CNPS list IB, RED 3-2-2 JM as /? torreyana, ssp. not accepted] 
(should be RED 3-2-l as more common outside CA) Status: IUCN EN C2b; CNPS list 1 B, RED 3-2-3 

12 N*! Cupressus macrocarpa 
Monterey cypress [IUCN, CNPS, FNA, JMj 
Status: WCN VU D2; CNPS list 1 B, RED 3-2-3 

agunae (20) endemic to Baja California Sur and first 1) Taxa listed by both IUCN and CNPS (13)) Table 3.2. 
described in 198 1 (Farjon and Styles 1997, Passini and Pine1 
1989). CNPS lists the former two taxa as threatened where- 
as IUCN lists the latter two. Pinus e&is and P. longaeva 
occurring in eastern California and beyond in the GBFP and 
the DFP are the only Californian conifers of con servation 
concern entirely outside the CFP. Even though P. cemboides 
ssp. lagunae is rather far from the CFP, I include it because 
it is the only pine (Farjon and Styles 1997), and the only 
threatened gymnosperm in southern Baja. 

Because of the long-standing efforts of CNPS, the author 
has compared for each taxon the conservation status assess- 
ments provided by IUCN and CNPS. The conservation crite- 
ria of these organizations naturally differ because IUCN has 
a global perspective whereas CNPS has a regional (state) 
one. This discussion thus consists of four parts: 

2) Taxa listed by only IUCN (16), Table 3.3. 

3) Taxa listed by only CNPS (5), Table 3.4. 

4) Taxa endemic to California but listed by neither IUCN 
nor CNPS (3)) Table 3.5. 

These lists are necessary for the following discussions because 
of different threats and measures that are considered. For 
instance, ozone pollution is a significant factor for some taxa 
listed in Table 3.3, but apparently not for any taxon listed in 
Table 3.2. In each group, taxa are arranged alphabetically by 
genus within four families (Cupressaceae , Pinaceae, Taxaceae, 
and Taxodiaceae) to conform with the sequencing in the Global 
Red List of Conifers (pp. 11-26). Taxa are sequentially num- 
bered within genera for easier reference throughout this report. 
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Distribution maps 

For detailed maps of taxa see: Aune (1994A), Charlet 
(1996A), Dunn (1987AB), Faber (1997A*), Griffin and 
Critchfield ( 1976A), Minnich (1982A, 1987B), Passini and 
Pine1 (1989B), Willard (1995A) [“A” after the date = maps 
for Alta California, “B” = Baja California]. 

Taxa listed by both 
NJCN and CNPS 

Possible revisions to listings 
Allozyme work by Aitken and Libby (1994) suggests that 
Pinus contorta ssp. bolanderi is not warranted and that this 
is a recent edaphic (Pygmy Forest) ecotype of ssp. contorta. 
Similarly, because Cupressus goveniana var. pygmaea is 
“10-5Om on rich soil” but only “ 1-2m on sterile soil” in the 
Pygmy Forest (JM, p. 112), “a remarkable example of phe- 
notypic plasticity” (FNA 1993, p. 407), it may be indistinct 
from C. goveniana var. goveniana. Leaf monoterpene evi- 
dence also suggests this (Zavarin et a2. 197 1). IUCN does not 
accept C. goveniana var. pygmaea; FNA accepts neither 
pygmy infraspecific taxon. 

Distribution and endemism 

All of the 13 listed taxa are Californian, at least partly so; 
nine are endemic to California, seven to NoCal (4, 7-8, 12, 
14,21,27), two to SoCal (28,29). Cupressus (4,7-8,12) has 
four of these endemics. The remaining four taxa not endem- 
ic to California also occur in southwestern Oregon 
(Cupressus bakeri), northern Baja (Cupressus arizonica var. 
stephensonii and Cupressus guadalupensis var. forbesii), or 
Nevada and Utah (Pinus Zongaeva). Most taxa occur in or 
near coastal areas (7,8,10,12,14,21,27-29) with centers of 
extensive urban development. 

Almost all of these taxa have extremely restricted ranges 
(especially 8, 12, 28, 29). The seven threatened taxa of 
Cupressus in California have “fewer than” 42 “native occur- 
rences” total (CNPS, 1994); see box 3.3. 

The six Pinaceae taxa of conservation concern mostly 
have appreciably wider distributions than the seven threat- 
ened taxa of Cupressaceae. Pinus Zongaeva is by far the most 
broadly distributed species of these 13 taxa. It occurs in 
floristic NoCal in the GBFP (White-Inyo Mts.) and floristic 
SoCal (Telescope Peak, Panamint Mts., omitted by JM; see 
Griffin and Critchfield 1976) in the DFP, plus also in Nevada 
in 20 mountain ranges in eight counties (Charlet 1996) and 
in Utah in 14 counties (Welsh et al. 1993). 

Pinus torreyana (28,29; IUCN, CNPS, and FNA but not 
JM accept the two subspecies) is the most restricted pine 
species in the United States (Evarts 1994, Griffin and 
Critchfield 1976, Haller 1986). It involves just two popula- 
tions of “less than” 405ha (Evarts 1994) on Santa Rosa 
Island, Santa Barbara Co. (as ssp. insularis) and on the main- 
land in San Diego Co. (as ssp. torreyana). The mainland pop- 
ulation “extends for a total 6km along the immediate coast 
and up to 1.6km inland” and occurs in two subpopulations 
that are “divided by the lkm wide Soledad Valley into a 
northern segment, 3 Skm long, mostly within the city of Del 
Mar, and a southern segment, 2km long, largely within the 
Torrey Pines State Reserve,” according to Haller (1986), who 
could not locate the “small outlier” that Griffin and 
Critchfield (1976) mapped 1.5km to the south. The smaller 
insular population also occurs in two subpopulations “on the 
northeastern shore”: “the larger stand extends for c. lkm in 
an east-west direction” and within 300m of the shore, where- 
as “the smaller stand is . . . c. 1.2km to the south-east, c. 0.8km 
inland, and extends for about 500m” (Haller 1986). The 
mainland population is “approximately 3400 mature trees ,” 
the insular one “about 1000 mature trees” (Haller 1986); 
other estimates include “about 10,000 trees” total (Evarts 
1994) and “around 6,000” trees on the mainland (Griffin and 
Critchfield 1976). Trees planted in the 1930s have also 

Box 3.3. Threatened Cupressus in California. 

Taxon Native Occurrences Source 

Cuprwsus arizonica var. nevacfensis 9 Griffin and Critchfield, 1976 
C. arizonica var. stephensonii 2 (1 extinct; note that this species Griffin and Critchfield 1976 

“has the most restricted range of any 
tree [taxon] in California” 

C. bakeri 8 (plus 1 extinct) Griffin and Critchfield, 1976 
C. goveniana var. abramsiana <IO CNPS, 1994 
C. goveniana var. goveniana 2 CNPS, 1994 
C. guadalupensis var. fonbesii <5 CNPS, 1994; Dunn 1985, 

1987 map 4 populations. 
C. macrocaq3a 2 CNPS, 1994 
Note that C. atizonica var. Stephenson// and C. guadalupensis var. forbesii occur much more extensively in Baja 
California (Dunn 1985, 1987; Minnich 1987; Rehfeldt 1997; see Table 3.3 for the two Baja endemics of Cupressus). 
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Tecate cypress (Cupressus guadalupensis var. forbesii) in southern 
California, near the Mexican border. 

become naturalized at La Purisima Mission State Historical 
Park in western Santa Barbara Co. (Evarts 1994). Both pic- 
turesque species are the subjects of fine coffee-table books 
(respectively, Muench and Lambert 1972 and Evarts 1994). 

Of the 13 taxa considered here, 10 taxa, that is, six of 
Cupressus and four of Pinus (all those taxa found in Table 3.2, 
except A. bracteata, C. baker-i, and P. longaeva), occur in 
closed-cone coniferous forest (see also Table 3.3 for P. muri- 
cata), either exclusively in this community type (C. governi- 
ana var. abramsiana, C.g. var. goveniana, C. macrocarpa, 
Pinus cortorta ssp. bolanderi, P. radiata var. radiata, and P. 
torreyana ssp. insuklris), or also in other plant communities 
(C. arizonica var. nevadensis, C.a. var stephensonii, C. 
guadalupensis var. forbesii, and Pinus torreyana ssp. tor- 
reyana), especially Chaparral (CNPS, Holland and Keil 1995, 
JM). As discussed by e.g. Axelrod (1983) and Millar (1986), 
from the early Pl iocene to well into the late Pleistocene closed- 
cone coniferous forest occupied a nearly continuous coastal 
strip in California. After the last glacial period (Wisconsin) 
ended about 12,000 years ago the subsequent warming, espe- 
cially during the so-called Xerotherm (8000-4000 years ago), 
fragmented the community into the scattered, relict distribu- 
tions of its component conifer taxa. However, in “revised evo- 
lutionary interpretations” Millar (1998) concluded that P. radi- 
ata appears to have existed in fragmented populations 

throughout its Quatemary history in California, and thus to be 
adapted to small population sizes, to fluctuations in size, to 
colonisations of new locations, and even to local extirpations. 

Three taxa endemic to coastal southern central California 
exemplify these narrowly distributed taxa: Cupressus gove- 
niana var. goveniana and C. macrocarpa each found in two 
groves in Monterey Co. (Del Monte Forest and Point Lobos), 
but disjunctly so, the former taxon only 1.84Skm inland 
from the latter; Pinus radiata var. radiata found in three 
areas in San Mateo and Santa Cruz Cos. (Afio Nuevo), 
Monterey Co. (Monterey Peninsula), and San Luis Obispo 
Co. (Cambria) (Coffman 1995, Griffin and Critchfield 1976). 
The native stands occupy between 4050-6475ha (Owen 
1998, about 4850ha in Faber 1997). In California, C. macro- 
carpa and P. radiata var. radiata, the famous and picturesque 
Monterey cypress and Monterey pine, are widely planted and 
indeed naturalized outside their natural range. 

Conservation status and threats 
Conservation Status of the 13 taxa considered here is sum- 
marized in Table 3.2. Threats to taxa mostly result, directly 
or indirectly, from humans and include a broad litany (main- 
ly from CNPS): agriculture or alteration of fire regimes 
(Cupressus goveniana var. abramsiana ,7), grazing and min- 
ing (C. arizonica var nevadensis, 4), frequent wildfires (C. a. 
var stephensonii, 5 and C. guadalupensis var. forbesii, lo), 
lack of grazing (Pinus torreyana ssp. insularis, 28 - see 
below), fire suppression (C. bakeri, 6), or development (C. 
goveniana var. abramsiana, C. g. var. goveniana, 8, C. 
guadalupensis var. forbesii, Pinus contorta ssp. bolanderi, 
21, P. radiata var. radiata, 27, and P. torreyana ssp. tor- 
reyana, 29). Off-road vehicles are a threat to Pinus contorta 
ssp. bozanderi in the Pygmy Forest of Mendocino Co. Most 
of these threats relate to the 10 taxa occurring in or near 
heavily populated coastal urban areas (5,7,8, 10, 12, 14,21, 
27-29) as opposed to the three taxa occurring more inland (4, 
6, 23). Previously, Little (1970) discussed “preservation of 
cypress groves .” CNPS also regarded one taxon, C. bakeri, 
as threatened in Oregon but gave no details. 

. 

Closed-cone coniferous forest is adapted to fire (Holland 
and Keil 1995) in that most of its conifer species require fire 
for their serotinous cones to open and release their seed. 
Chaparral, of course, is also a fire-adapted community. 
Development usually means associated fire suppression. 
Because prescribed bums are still controversial, especially in 
populated areas, fire suppression and concomitant wildfire 
are probably more important than noted by CNPS for just 
four taxa (5-7, lo), one of which C.bakeri is in relatively 
unpopulated, inland areas of extreme NoCal. 

Two intensively studied species illustrate the threat from 
wildfire: CNPS noted (p. 119) that Cupressus arizonica var. 
stephensonii is “threatened by frequent wildfire; the 1950 
Conejo fire extirpated plant [i.e., the species] over part of its 
range .” According to Rehfeldt (1997), in Alta California this 
taxon currently consists of about “800 individuals dispersed 
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across 207ha in six spatially isolated subpopulations.” In the 
past century three fires occurred in its area, the 1950 fire 
reducing the population to about 12 individuals (Rehfeldt 
1997); another fire occurred in 1970. Earlier, Little ( 1970) had 
mentioned “seed germination after the 1950 fire” but warned 
that “the number of trees could [be] reduced by successive 
fires in reproduction too small to bear cones.” Frequent wild- 
fires also threaten C. guadulupensis var. brhesii, which occurs 
in 11 populations in Baja California (from near San Quintin 
north) and four populations in SoCal, including the Tecate 
Peak area in Baja and especially Alta California (Dunn 1985, 
1987). According to Dunn ( 1987), this taxon does not achieve 
full reproductive maturity until 35-40 years of age; thus fire at 
1-25 year intervals would permanently eliminate the taxon, 
fire at 26-39 year intervals would probably eliminate it after 
several fire intervals, and fire at longer intervals should main- 
tain populations at present levels. Unfortunately, fire has vari- 
ously burnt the Tecate Peak area of Alta and Baja California c. 
1880 and in 1911, 1928, 1945, 1965, 1970, and 1975, and 
since 1928 and especially since 1945 the extent of the taxon 
has decreased from 105 to 3 1 ha. Currently, there is perhaps 
1 ha of reproductively mature cypress; it will not be until 2015 
before the rest of the population becomes mature (Dunn 1985, 
1987). Zedler ( 1995) has similar data and conclusions; he 
notes that senescence “is certainly greater than 100 years,” 
with “survival in good condition to 200 or more years . . . like- 
ly.” In “Proposed conservation actions” (see below), both taxa 
receive further attention from a management perspective. 

Some threats to taxa are due to natural phenomena other 
than wet or dry lightning strikes. CNPS regards Pinus rudiu- 
tu var. rudiutu as threatened from genetic contamination of 
native trees by planted trees as well as range fragmentation 
into native populations that are not self-sustaining over the 
long-run. “Introgression from planted Cupressus mucro- 
curpu” possibly threatens C. goveniunu var. ubrumsiunu as 
these taxa are not naturally sympatric (CNPS). Native 
pathogens also pose potential threats. Various species of 
native beetles (bark beetles and other types) threaten P. tor- 
reyunu ssp. torreyunu (see below) and P. rudiutu var. rudiutu. 

A recent alien threat “with potentially disastrous conse- 
quences” and “no known cure” (Faber 1997) now threatens 
Pinus rudiutu var. rudiutu. The pitch canker fungus, 
Fusurium subglutinans forma specialis pini, which apparent- 
ly is indigenous to Mexico and the southeastern United 
States, turned up on P. radiata var. radiata in Santa Cruz and 
Alameda counties in 1986 and has noti spread rapidly to all 
three native populations in California as well as to many 
planted trees. Currently in California infestation involves 17 
coastal counties from San Diego Co. to Mendocino Co. and 
all three native stands (Owen 1998, see maps in Dallara et al. 
1995 and Storer et al. 1995). At least 12 native species of 
beetles are the vectors for the fungus (see lists in Dallara et 
al. 1995, Storer et al. 1994,1995). The seven-year drought of 
the late 1980s and early 1990s in California exacerbated bee- 
tle attacks on many individuals of both threatened and non- 
threatened conifer species. Moreover, the fungus has also 

Pinus rudiata var. rudiuta has been intensively studied from 
many other perspectives. Faber’s ( 1997) symposium proceed- 
ings and Millar (1998) give status reports on its conservation. 

A brief discussion of Pinus torreyana ssp. insuluris and 
ssp. torreyana (see above for its distribution and population 
size) will illustrate the multiplicity of threats that can involve 
a species of very limited distribution: CNPS did not list any 
threats for the insular population (28) but for the mainland 
population mentioned “development” and a threat from a 
native bark beetle, which “biological control apparently has 
contained .” The CNPS synopsis actually minimizes the 
threats. Evarts (1994) discusses various threats, most of which 
are now more severe than the “development” one: 
a. In the c. 7 1Oha Torrey Pines State Reserve on the mainland 

in ‘“the winter of 1988, fierce winds toppled several dozen 
trees. The freshly downed trees helped attract and nurture 
populations of the California five-spined ips, a native bark 
beetle. By the following spring, the tiny beetles had invad- 
ed the recently killed trees and were breeding in earnest. 
Once established, they moved to neighboring live trees and 
within a few years had spread throughout portions of the 
Reserve’s drought-stressed woodlands. . . . Under normal 
conditions, healthy pines can repulse the invaders . . .” 
About 15% of the drought-weakened trees were lost by 
late 1992, when “pheromone lures ,” “pheromone-baited 
traps ,” and “anti-aggregation pheromone release devices” 
successfully ended the threat. 
On the mainland “decades of fire suppression have prob- 
ably hindered pine regeneration and created a population 
in which old trees far outnumber saplings.” The threat 
from wildfire is obvious. “Plans to encourage . . . regener- 
ation with [prescribed bums] have been postponed until 
further studies are completed”. 
In the mainland Reserve possibly the “current number of 
trees is artificially high, perhaps as a result of tree planti- 
ng earlier this century.” Competition could lead to 
“stressed stands that are vulnerable to beetle infestations”. 
Compared to the mainland population, the number of insu- 
lar Torrey pines “has dramatically increased within the 
past 100 years,” perhaps because “grazing by sheep and 
cattle . . . has served as something of a substitute for fire” 
in that the animals preferentially ate “competitive grasses 
and herbs while leaving pine seedlings uneaten.” Sheep 
grazing was eliminated in the early 19OOs, and cattle graz- 
ing is to be eliminated within 20 years. After “the groves’ 
native understorey is expected to become reestablished . . . . 
the pines’ reproduction rate may gradually decrease”. 

invaded Pseudotsugu menziesii and other species of Pinus in 
California, in all three alien and eight native species, includ- 
ing P. muricatu (see Table 3.3), considered of conservation 
concern by IUCN and P. torreyunu (Table 3.2), considered 
threatened by IUCN and CNPS, plus P. attenuatu x rudiatu. 
Laboratory seedling tests report susceptivity of yet addition- 
al pines- three alien and three native species (data from 
Storer et al. 1994, 1995; Storer, pers. comm. 1 July 1997, 
adding P. monophyllu; Dallara et al. 1995, adding P. mugo). 
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e. Actually, “the greatest obstacle to the long-term survival” 
of both the insular and the mainland population is their 
“lack of genetic diversity” that makes them “extremely 
vulnerable” to various natural threats. 

f. Too recent for Evarts (1994) to have noted is the afore- 
mentioned threat from the alien pitch canker fungus. 

Pinus Zongaeva is currently not appreciably of conserva- 
tion concern due to its occurrence in Subalpine Coniferous 
Forest in remote areas [in California c. 2200-3700m (JM), but 
as low as 2060m in Nevada (Charlet 1996)]; on mostly cal- 
careous, low nutrient, basic substrates (dolomite) supportive of 
little other vegetation; and in many protected areas (Bailey 
1970, Schmid and Schmid 1975). Forest fire, grazing, logging, 
mining (historically some occurred in the past), etc. thus are 
not current threats. Range fragmentation, of ourse, is a factor. 

In recent decades in northwestern Baja, the population 
and land area developed for agriculture have increased dra- 
matically, especially in the coastal areas (see Minnich and 
France-Vizcaino 1997a). Increased development here would 
most severely impact Cupressus guadalupensis var. forbesii 
and especially, from Table 3.3, Pinus muricata var. muricata. 

Northern Baja has a forest reserve established in 1951 and 
two national parks: the 5000ha Parque National Constitution 
de 1837 established in 1962 in the central Sierra Juarez and 
the 63,OOOha Parque National de Sierra de San Pedro Martir 
established in 1947 in the northern part of that mountain 
range. However, these parks “are not fully protected from 
grazing and timber extraction”; moreover, in Baja “relatively 
few laws are available to support biodiversity protection” 
(Messick 1997). Delgadillo ( 1992) discussed conservation in 
northern Baja but gave no specifics on its threatened conifers. 

Farjon and Styles (1997) discussed conservation of 
Mexican pines and gave the usual litany of threats-grazing, 
fire, and especially logging. However, so far these threats 
mostly do not apply to northern Baja. According to Minnich 
and France-Vizcaino (1997a), “except in the mountain mead- 
ows, livestock grazing was limited by the low value and inac- 
cessibility of vegetation. . . . In the Sierra Juarez pine forests 
were logged during the mining booms . . . [but] with little last- 
ing impact on the forest. . . . The forests of the Sierra San Pedro 
Martir have never been logged,” although “due to the spotted 
owl controversy” in California, American interests are seek- 
ing logging concessions in Baja. In montane northern Baja 
“fire control is practically nonexistent because much of the 
Peninsular Ranges are still accessible only by foot or horse- 
back.” Wildfire thus is not much of a threat in northern Baja. 
Analyses by Minnich (1995, see also Minnich and Franco- 
Vizcaino 1997a, b) reveal that between 1920-72 the 
Peninsular Ranges of Baja and SoCal experienced extensive 
burning, with a total of 537,OOOha of chaparral consumed. 
However, in Baja bums were many (2011 bums > 15ha) but 
rather small (none > 2300ha) whereas in SoCal bums were 
few (373) and often large (several > 20,OOOha). In Baja “fire 
suppression is not a high priority. . . . The Mexican pattern is 
closer to the pre-European or natural pattern, whereas the 

U.S. pattern of fires reveals the bad effects of fire suppression, 
which sets up the vegetation for large catastrophic fires” 
(quotes from Zedler 1995, citing an 1989 work by Minnich). 

Of these 13 Californian taxa only two also occur in north- 
em Baja: Cupressus guadalupensis var. forbesii in the west 
coastal foothills at 200- 1200m elevation, C. arizonica var. 
stephensonii in the southern Sierra Juarez at 1200- 1545m ele- 
vation, plus in this complex the Baja endemic C. arizonica 
var. montana (see Table 3.3) to the southeast in the northern 
Sierra San Pedro Martir at 1400-3095m (Minnich 1987). 
According to Minnich and France-Vizcaino (1997a), 
Cupressus guadalupensis var. forbesii and the unthreatened 
closed-cone species Pinus attenuata “have fared well under a 
regime of stand-replacement bums during the present centu- 
ry. . . . The greatest threat to the [montane] closed-cone forests 
of Baja California may be from wood cutting and gathering,” 
although “most stands appear to be protected by impenetrable 
chaparral. . . . Perhaps the greatest value of both threatened and 
unthreatened “closed-cone conifers is as a genetic resource.” 

Taxa listed by only IUCN 

Possible revisions to listings 

Pinus radiata var. binata as circumscribed above is regarded 
as endemic to Guadalupe and Cedros Islands. Populations on 
the latter island have been regarded as var. cedrosensis by 
Millar (1986), Millar et al. (1988), Moran (1996), and other 
workers (e.g., Delgadillo 1992, Minnich 1987) on the basis 
of morphological and chemical (allozyme) evidence. 

Distribution and endemism 
Of the 16 taxa considered here, 12 are Californian, at least 
partly so; 10 taxa are endemic, six to California, five to NoCal 
(18,19,24,33,35), one to SoCal (Pseudotsuga macrocarpa), 
plus three to Baja Norte (Cupressus arizonica var. montana, 
C. guadalupensis var. guadalupensis, and Pinus radiata var. 
binata); and, outside the CFP, one to Baja Sur (Pinus cem- 
boides ssp. Zagunae). Pinus has five of these endemics (18- 
20,24,26). The remaining six taxa not endemic to California 
also occur in south-western Oregon (Chamaecyparis Zawso- 
niana, Picea breweriana, and Sequoia sempervirens); Baja 
(Pinus muricata var. muricata); and Oregon and points north 
(Tsuga mertensiana ssp. grandicona and Taxus brev$olia) . 
Some of these taxa have fairly broad ranges ( 1,24,25,30-34)) 
including for the Californian part (1, 24, 25, 30-34). In this 
group the most widespread species in California is the SoCal 
endemic Pseudotsuga macrocarpa, which does not occur in 
Baja (Minnich 1982,1987). Occurring scattered over a broad- 
er area is Torreya cal$ornica. “This California endemic is not 
really rare”: its “range is fairly extensive but localities are few 
in number and trees few in a given locality” (Griffin and 
Critchfield 1976). Only three mainland taxa (Pinus muricata 
var. borealis, P.m. var. muricata, and Sequoia sempervirens) 
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Table 3.3. Taxa listed by only IUCN (16 taxa). 
(For codes see Boxes 3.1 and 3.2, for IUCN categories see Appendix 2) 

1 NO! Chamaecypatis Iawsoniana Bishop pine [IUCN, including I? remorafa; FNA, JM 
Port Orford cedar, Lawson cypress [IUCN, FNA; CNPS, as just F? muricata] 
JM as Cupressus lawsoniana] Status: /UC/V LRnt 
Status: /UC/V VU Alde+Ze; CNPS “Considered but reject- 
ed: Too common” 26 6* (insular CFP + Cedros I.) 

Pinus radiata var. binata 
3 B*! Cupressus anzonica var, montana 
San Pedro Mattir cypress [IUCN; syn.: C. montana] 
Status: /UC/V VU 02 

Guadalupe Island pine [IUCN, including /? muricata 
var. cedrosensis, I? radiata var. cedrosensis from 
Cedros I.; Millar 1986, Millar et al. 1988, Moran 1996, 
excluding var. cedrosensis on Cedros I.] 

11 B*! (insular) Cupressus guadalupensis 
var. guadalupensis 
Guadalupe cypress [IUCN, Moran 19961 
Status: /UC/V CR Bl+2c 

Status: /UC/V EN Cl 

30 S*! Pseudotsuga macrocarlpa 
bigcone Douglas fir [IUCN, FNA, JM] 
Status: UCN LRnt 

16 NO! Picea breweriana 
Brewer spruce/ weeping spruce [IUCN, CNPS, FNA, JM] 31 NO+ (CFP +) Tsuga metiensiana ssp. grandicona 
Status: WCN LRnt; CNPS “Considered but rejected: Too mountain hemlock [IUCN; no ssp. in FNA, JM accepted or 
common” in syn.] 

Status: /UCN LRcd [ssp. metiensiana is not in California, 
18 N*! Pinus balfouriana ssp. austrina occurring in eastern and central Oregon and points north.] 
foxtail pine [IUCN, CNPS, JM; FNA as /? balfouriana, ssp. 
not accepted] 32 NO+ (CFP +) Taxus brewifolia 
Status: WCN LRcd; CNPS “Considered but rejected: Too Pacific yew [IUCN, CNPS, FNA, JNI] 
corn mon” Status: lUCN LRnt; CNPS: “Considered but rejected: Too 

common” 
19 N*! Pinus balfouriana ssp. balfouriana 
foxtail pine [IUCN, CNPS, JM; FNA as I? balfouriana, ssp. 
not accepted] 
Status: /UC/V LRcd; CNPS “Considered but rejected: Too 
common” 

33 N*! Toneya califomica 
California nutmeg, California torreya [IUCN, FNA, JM] 
Status: /UCN LRcd 

20 B* (not in CFP) Pinus cemboides ssp. lagunae 
Mexican pinyon [IUCN; syn. I? lagunae] 
Status: WCN VU Ale 

34 NO! (genus endemic to CFP) 
Sequoia sempervimns 
coast redwood, sequoia [IUCN, FNA, JM] 
Status: IUCN LRcd 

24 N*! Pinus municata var. borealis 
Bishop pine [IUCN; FNA, JM as just F! muricata] 
Status: /UCN LRnt 

35 N*! (genus endemic to California and CFP) 
Sequoiadendron giganteum 
giant sequoia/ big tree, Sierra redwood [IUCN, CNPS, 
FNA, JM] 

25 BSN! (including insular S) Status: IUCN VU Al c+d; CNPS: “Considered but rejected: 
Pinus muricata var. muricata Too common” 

are truly coastal. The remaining 11 mainland taxa are coastal 
and mainly inland (1,16,30-33) or strictly inland (18, 19,35; 
plus 3,20 in Baja). 

Conservation status and threats 
IUCN category breakdown for the 16 conifer taxa in Table 
3.3 is as follows: 

Critically Endangered: 
Endangered: 
Vulnerable: 
Lower Risk: 

II*! 
2@ 
l!, 3*!, 20*, 35*! 
16!, 18*!, 19*!, 24*!, 25!, 30*!, 
31,32,33*!, 34! 

( 
66#:,, = Endemic to California or Baja; 

Foxtail pine (Pinus balfouriana) in the Sierra Nevada, California, USA. 66 97 
!  = Endemic to CFP; Baja taxa italicised) 
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Bristlecone fir (Abies bracfeata) in the Santa Lucia Mountains. 

CNPS did not systematically deal with the 12 Californian 
taxa. Indeed, CNPS “considered but rejected” six of these 
taxa ( 1, 16, 18, 19,32,35) because they are “too common,” 
including Sequoiadendron, the only conifer genus endemic to 
California, and Sequoia, endemic to CFP. The same verdict 
would apply to the other six Californian taxa (24,25,30,3 1, 
33,34). Naturally, the four endemic Baja taxa (3, 11,20,26), 
two of them insular (11,26), are out of the province of CNPS. 
Thus it is hard to evaluate the threats to taxa, as done in the 
manner for Table 3.2, treating “Taxa listed by both IUCN and 
CNPS.” Relevant here, however, are the distinctions that taxa 
listed in Table 3.3 (no taxa listed by CNPS) tend to be inland, 
more northern (i.e., not in SoCal), and more broadly distrib- 
uted compared to the more coastally located, more southern 
(i.e., SoCal), and more narrowly distributed taxa listed in 
Table 3.2 (taxa listed by both IUCN and CNPS). 

Analysis of CNPS’s 19 listings for conifers in Tables 3.2 
and 3.4 shows logging as a threat to only one taxon (17, in 
Table 3.4) and air pollution as a threat to no taxa. With regard 
to taxa in Table 3.3, however, logging is a continued threat to 
the coastal redwoods (34). In recent times due to high whole- 
sale prices for lumber ($80 1 per 1000 board feet, nearly dou- 
ble that of ten years ago) northern lumber mills find it eco- 
nomically feasible to lumber even in the Bay Area (specifical- 

ly Santa Cruz Co.) and mill the logs up north (San Francisco 
Examiner, 20 July 1997). For the current controversy about the 
Headwaters area see under Proposed conservation actions 
below. Continued logging also threatens Chamaecyparis law- 
soniana; “as logs, mostly exported to Japan, it brings higher 
prices than almost any other conifer in the United States. . . . 
Old-growth forests are being depleted rapidly” (Zobel 1990). 

Ozone pollution is a second threat to taxa in Table 3.3. 
The following paragraph abstracts the excellent summary by 
Miller et al. (1997): “California is the only state in the west- 
em United States where ozone damage to montane conifer 
forests is a significant problem,” affecting “mixed conifer 
forests on distant mountain ranges” “as far as 300-350km 
downwind from urban source areas”. Conifers in the inland 
montane areas, especially in the Sierra from Lake Tahoe and 
south and in the Transverse Ranges (especially in the San 
Bernardino Mountains) of SoCal, have been severely 
impacted by urban air pollution. The impact of air pollution 
on Pinus jeffieyi and P. ponderosa in SoCal is well-known, 
and indeed these extremely sensitive yellow pines “have 
been used as bioindicators of chronic ozone injury”. This 
manifests itself as needle damage known as “ozone mottle.” 
“Ozone injured trees are more vulnerable to immediate mor- 
tality from insect/disease complexes ,” bark beetle attack 
being “almost always a direct cause of mortality”. Ozone 
pollution also decreases seedling regeneration. 

The author’s impression is that ozone pollution affects 
Pinaceae more than other families of conifers. Miller et al. 
(1997) rank species from “highest to lowest sensitive to 
ozone” as follows: Pinus ponderosa = P. jeffreyi; Abies con- 
color; Quercus kelloggii; Pseudotsuga macrocarpa*; 
Calocedrus decurrens; Pinus lambertiana = P. coulteri; 
Sequoiadendron giganteum *. IUCN and/or CNPS list the *- 
marked taxa as of conservation concern. “So far, mature 
sequoias have seemed to be relatively impervious to smog” 
(Miller et al. 1997; Willard 1995, for the quote, emphasis 
his). However, “ozone may be a selective agent, influencing 
the natural regeneration of giant sequoia seedlings,” and pos- 
sibly reducing genetic diversity (Miller et al. 1997). 

Other threats are development and fire suppression with 
concomitant eventual devastating wildfire to the rather broad- 
ly distributed Pinus muricata (var. borealis and var. murica- 
ta> and Pseudotsuga macrocarpa. For instance, western 
Marin Co., California, did not have a significant fire for 65 
years until October 1995 when a fire started by teenagers 
camping on Mt. Vision in the Pt. Reyes National Seashore 
burnt 5000ha and destroyed 45 houses. The fire burnt from 
Mt. Vision (390.8m) south to the ocean through several plant 
communities, including closed-cone coniferous forest with P. 
muricata var. borealis. Actually the fire was fortuitous for the 
pines because they were becoming senescent and the com- 
munity was undergoing significant change due to the rather 
short life span of the pines, generally 50- 100 years. Of course, 
appropriate prescribed burning would have alleviated the 
problem. For vivid pictures see Parfit’s (1996) excellent 
National Geographic article, “The essential element of fire.” 
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Chamaecyparis lawsoniana has “an uncertain future” 
and is severely threatened by an alien root-rot fungus, 
Phytophora lateralis. Introduced about 1952 into Coos Co., 
Oregon, this has now reached northern Del Norte Co., 
California. This “has decimated many stands in the area 
where Port-Or-ford-cedar grows best,” and management “has 
become impossible in much of its range” (Zobel 1990). 

IUCN lists both Sequoia sempervirens and 
Sequoiadendron giganteum as, respectively, Lower Risk, 
conservation dependent and Vulnerable (A 1 cd). CNPS lists 
neither, only mentioning the latter as “Considered but reject- 
ed: Too common”. The same verdict would apply to S. sem- 
pervirens. Willard (1995) estimated this to occur in over 
607,OOOha whereas S. giganteum “has a very limited, non- 
continuous distribution of’ 14,600- 15,400ha extending 
about 420km “in a narrow strip less than” 32km wide. Aljos 
Farjon (pers. comm. 20 June 1997) wrote: “The Redwoods 
are listed because they meet the IUCN criteria. These have 
mostly to do with past rates of decline through logging and 
in case of S. sempervirens with ongoing threat, problems 
with regeneration and management (S. giganteum), air pollu- 
tion threats, and the undeniable fact that they are conserva- 
tion dependent .” 

Sequoiadendron giganteum is the subject of a separate 
species report (pp. 92-94) as well as a recent symposium 
(Aune 1994) and an invaluable, privately published “refer- 
ence guide” by Dwight Willard (1995). He recognises 66 
groves (detailed in 245 pages; Willard, pers. comm. 28 July 
1998, informed me that there is a small 67th grove, an out-lier 
from one of those previously recognised) ranging in size from 
about 1.2-2ha for the Placer County Grove containing six liv- 
ing trees and two logs to the Redwood Mountain Grove, with 
over 1629ha “within a perimeter,” the “actual [hectareage] of 
sequoia occurrence ” about 975ha. Willard concluded: “It can 
now finally be said that all the groves of giant sequoia in the 
Sierra Nevada have been identified and their outer boundaries 
mapped. More than 90% of the sequoia grove area is in some 
form of public ownership.” Willard (1995) estimated that 
fewer than 25,000 trees are 3m or more dbh, with fewer than 
5000 4.6m or more dbh and fewer than 300 6m or more dbh. 
About a third of the old growth hectareage was logged, most- 
ly before World War II (Aune 1994; see Willard 1995 for 
details). Earlier, Rundel (1972) listed 75 groves, including 
isolated clusters, and concluded that “more than 95% of the 
area of existing groves [is] in publicly owned preserves.” 
Willard also discussed the fire threat, including prescribed 
burning. “Probably most [trees] will survive even an intense 
wildfire.” Whether they will survive the air pollution (ozone) 
threat noted above perhaps is less certain. 

Regarding the five threatened Baja taxa listed above, four 
taxa (3,11,20,26) are endemic to Baja. The insular endemics 
Cupressus guadalupensis var. guadalupensis and Pinus radia- 
ta var. binata are under threat from grazing by feral goats 
(Farjon and Styles 1997; Moran 1996). Moran’s (1996) sec- 
tion on “goats and plants” on Guadalupe Island gives many 
details. Even after years of attempts to control the goats, per- 
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haps 7000 remain. Farjon and Styles (1997) and Passini and 
Pine1 (1989) say nothing about threats to P. cemboides ssp. 
Zagunae, which is endemic to a remote 20,OOOha area between 
1200-2000m elevation in southern Baja California Sur. 

Taxa listed by only CNPS 

Table 3.4. Taxa listed by only CNPS 
(6 taxa). (for codes see Boxes 3.1 and 3.2) 

2 NO+ (CFP +) Chamaecyparis nootkatensis 
Alaska cedar, yellow cypress 
[FNA; CNPS, J/W as Cupressus nootkatensis] 
Status: CWS list 4, RED 1-1-I 

9 N*! Cupressus goveniana var. pygmaea 
pygmy cypress, Mendocino cypress/ “pygmy cypress 
and dwarf cypress are misleading” because edaphical- 
ly unrestricted plants can be 1 O-50 m-JW; Little 1970, 
for the quote) 
[CNPS as ssp. pigmaea, JM as ssp. pigmaea; F/VA as 
C. goveniana, varlssp. not accepted] 
Status: C/VI% list 1 B, RED 1-2-3 

13 NO+ (CFP +) Abies amabilis 
Pacific silver fir/ silver fir 
[CNPS, FNA, JM] 
Status: CWS list 2, RED 2-l-l 

15 NO+ (CFP +) Abies lasiocaqa var. Iasiocarpa 
subalpine fir/ alpine fir 
[CNPS, JM; FNA as A. lasiocarpa, var. not accepted] 
Status: CWS list 2, RED 2-l-l 

17 NO+ (CFP +) Picea engelmannii var. englmannii 
Engelmann spruce 
[/WA; CNPS, JM as just I? engelmanniij 
Status: CWS list 2, RED 2-2-l 

22 S+ (not in CFP) Pinus edulis 
Colorado pinyonl pinyon 
[IUCN, CNPS, F/VA, JM] 
Status: CWS list 3, RED 3-l-l 

Distribution and threats 

This section reflects CNPS’s regional bias. Five of these taxa 
have verv restricted ranges in California but are more broad- 
ly distributed in Oregon (2, 13, 15, 17)) Nevada ( 15, 17, not 
22; see Charlet 1996), Arizona (17, 22), and states adjacent 
to these. Pinus edulis is in the GBFP and the DFP, but not in 
the CFP. CNPS mentions a specific threat, logging, for only 
one taxon (17). See also the discussions on logging in previ- 
ous sections. [Cupressus goveniana var. pygmaea, though 
recognized by JM at subspecies rank is most likely an edaph- 
ically determined depauperateform of C. goveniana which is 
not accepted as a taxon by IUCN and FNA. - the compilers] 



Taxa endemic to California but 
listed by neither IUCN or CNPS 

Table 3.5. Taxa endemic to California 
but listed by neither IUCN nor CNPS 
(3 taxa). 
(for codes see Boxes 3.1 and 3.2) 

42 N*! Cupressus macnabiana 
MacNab cypress [FNA, JNI] 

43 SN*! Cupressus sargentii 
Sargent cypress [FNA, JrJll 

44 N*! Pinus sabiniana 
ghost pine, grayleaf pine [F/VA, JM] 

Distribution and threats 

The previous discussion identifies 16 taxa of endemic 
conifers of California as of conservation concern (4,7-9, 12, 
14, l&19,21,24,27-30,33,35),plusfourinBaja(3,11,20, 
26). California has three other endemic taxa of conifers, two 
(Cupressus macnabiana and C. sargentii) rather narrowly 
distributed, one (Pinus sabiniana) very broadly distributed. 
Currently these do not appear to be of significant conserva- 
tion concern. However, in recent decades numerous trees of 
P. sabiniana have been lost due to the appreciable develop- 
ment in the cismontane Sierran foothills. 

Current conservation measures 
Currently in California there is an aggressive conservation 
agenda for plant and animal species by various agencies, 
including: California Fish and Game, California Native Plant 
Society (CNPS), Save the Redwoods League, Sierra Club, 
and The Nature Conservancy. Threatened species also have 
appropriate federal, state, and local status through endangered 
species acts and various other codes and regulations (e.g., 
National Forest Management Act, California Environmental 
Quality Act). However, these “protective measures are too 
often uncoordinated, slow, overly bureaucratic, poorly or 
unevenly implemented, under-funded, and weakened by 
loopholes” (Messick 1997). For a detailed discussion of the 
various social, legal, and scientific barriers to advancing con- 
servation in California see Jensen et al. (1993). 

Despite these barriers and the fact that some habitats in 
California have been severely impacted, significant parts of 
California are under some form of biodiversity protection. 
Messick ( 1997) estimated approximately 2.9 million ha in 
sites devoted primarily to biodiversity protection and approx- 
imately 0.7 million ha protected in mixed-management sites 
for a total of about 3.6 million ha, or 11% of the CFP. 

Proposed conservation actions 

As is well-known, much of the vegetation of California, 
especially cismontane California, is historically adapted to 
fire (Zedler 1995; Keeley 1995 for bibliography). However, 
fire has been officially suppressed by the U.S. Forest Service 
beginning in 1905 and by the California Department of 
Forestry beginning in 1924 as an evil phenomenon due to a 
Bambi/Smoky-the-Bear mentality (both critters date from 
the 1940s). Prescribed bums for fire-dependent taxa are 
important (see discussion above) and should be done before 
the fuel load increases to intolerable levels and/or the popu- 
lation of the critical species becomes senescent (the “senes- 
cence risk” of Zedler 1995). However, too frequent fires can 
eliminate trees before they achieve reproductive maturity 
(the “immaturity risk” of Zedler 1995) or even lead to intense 
inbreeding in small populations (e.g., Cupressus arizonica 
var. stephensonii, see Rehfeldt 1997). 

Destructive wildfires are inevitable in many areas. When 
wildfires occur, saving life and buildings has taken priority 
over saving vegetation. The question should be addressed 
whether some houses should be sacrificed to save a popula- 
tion of a threatened species. For instance, if a wildfire threat- 
ens La Jolla with its super-valuable residences, will the Torrey 
Pines State Reserve be used as a fireline to save the town? 

. 

Rehfeldt (1997) quantitatively analysed the genetic struc- 
ture of Cupressus ariwnica var. montana, var. nevadensis 
and var. stephensonii, all threatened and the unthreatened 
var. arizonica and var. glabra. He concluded that the two pri- 
mary human roles most likely will be to assist migration by 
maintaining the appropriate habitat and providing the geno- 
types appropriate to those habitats. This may include cross- 
ing of inbred lines to redistribute genetic variability, and 
planting such individuals in both the natural population and 
in ex situ reserves. This naturally assumes proper manage- 
ment of the local fire regime. Dunn (1987) concluded for C. 
guadalupensis var. forbesii that all fire management propos- 
als should be geared toward maintaining fire frequencies at 
intervals of 40 years or longer, when significant numbers of 
individuals of this serotinous species are reproductively 
mature. For its Tecate Peak population, “the immaturity risk 
is significant” but “the senescence risk . . . is not a problem 
now” (Zedler 1995). For this site, unfortunately, fire protec- 
tion is nearly impossible due to the steep terrain and the addi- 
tional “curse” of proximity to a highway and Tecate, Mexico 
(Dunn 1987). 

Zedler (1995) aptly states for SoCal: “A biologically 
desirable fire regime may not be compatible with the socio- 
economic regime. The two could be brought closer together 
except for one key difficulty: wildfire destructiveness is 
worse than it would need to be because of poor land use plan- 
ning and unrealistic expectations for fire protection. The gen- 
eral public refuses to accept that catastrophic wildfires are 
inevitable and that where shrublands meet human develop- 
ment, disaster is a likely result. . . . Those of us with a biolog- 
ically-driven agenda hope that more sensible land use pat- 
terns will be adopted, but history tells us not to expect it. For 
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the future, the public will probably demand a level of fire 
protection that is incompatible with what is best for natural 
ecosystems. It will therefore probably be necessary to utilise 
a combination of brush reduction and clearance and con- 
trolled burning along the urban/wildland interface. There 
may be no need, however, to impose this socio-economic 
regime everywhere. Efforts should be made to exempt more 
remote areas from short-rotation controlled burning and per- 
haps from controlled burning of any kind.” (However, see 
comments above about lack of fire suppression in Baja.) 

California torreya (Torreya califomica) in cultivation at the Royal 
Botanic Gardens, Kew, England. 

For the narrow endemics such as Pinus radiata var. radi- 
ata, P. torreyana, and the various taxa of Cupressus, a poten- 
tial problem is range fragmentation into populations that are 
not self-sustaining over the long-run. Checking the new and 
recent threat by the alien pitch-canker fungus is vital, and not 
only for P. radiata, because other conifer species are also 
affected (see above). Dallara et al. (1995), Faber (1997), 
Owen (1998), and Storer et al. (1994, 1995) give recommen- 
dations for the removal of dead and dying trees as well as 
their proper disposal. Owen ( 1998) notes that “a tree should 
not be removed just because it has pitch canker-it could be 
a tolerant tree and therefore valuable.” Storer et al. (1994, 
1995) specifically recommend against new landscape planti- 
ngs of P. radiata in California and, because most species of 
pine, both native and exotic, are known to be susceptible, no 
pines at all should be planted in close proximity to sensitive 
species such as P. torreyana. Breeding for disease resistance 
is clearly a future goal (Faber 1997; Owen 1998). Biological 
control may ultimately be feasible, as it has been for infesta- 
tions of native insect species (see above on P. torreyana). 

In this report, four conifer taxa of conservation concern 
are partly (Pinus muricata var. muricata) or entirely insular 
(Cupressus guadalupensis var. guadalupensis, Pinus radiata 
var. radiata, and P. torreyana ssp. insularis). The flora and 
fauna of the islands of California and Baja have experienced 
two centuries of devastation from introduced cattle, sheep, 
burros, pigs, goats, rabbits, dogs, cats, and rodents (Junak et 
al. 1995; Moran 1996; Thome 1969). There has been appre- 
ciable success at controlling these pests on the Channel 
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Islands of SoCal. However, unless their removal is complete, 
relapses will occur. On Santa Cruz Island, California, sheep 
and pig populations are now rapidly recovering. The threat of 
overgrazing will exist until all introduced herbivores are 
removed (Junak et al. 1995). On Guadalupe Island, Baja, 
goats have obliterated all seedlings of the endemic palm 
Brahea (Erythea) edulis as well as most trees, namely: 
Quercus tomentella, Juniperus caltfornica, Pinus radiata 
var. binata, and the endemic Cupressus guadalupensis var. 
guadalupensis, with the endemics Hesperelaea palmeri and 
Heteromeles arbutifolia var. macrocarpa being completely 
gone (Moran 1996; Thorne 1969). The situation on 
Guadalupe Island remains acute, as “perhaps 7,000” goats 
remain despite all the attempts to control them. “It is crucial 
to the ecology of the island, and even to the survival of the 
goats themselves, that [very sturdy] fences be built and main- 
tained, to rebuild the forest and to sustain and extend the 
springs. The ideal, however, would be to remove all goats, as 
well as dogs, cats, and mice, and to preserve all the native 
plants.. .” (Moran 1996). 

Giving preserve status to remaining populations of 
threatened taxa is critical. Currently, there is an intensive, 12- 
year campaign to prevent logging in extreme north-western 
California in the Headwaters area, which represents the 
largest (3035ha) private holding of old-growth Sequoia sem- 
pervirens. The idea is for the state and federal governments 
to purchase the area from Pacific Lumber Co. for $380 mil- 
lion and also to protect the surrounding watersheds. [A set- 
tlement was reached early in 1999, whereby a reserve and 
buffer zone for this important old growth forest of Coast 
Redwood can now be created - the compilers] 

Recently, Jensen et al. (1993) in a book subtitled A strate- 
gy for conserving CaliJornia’s biological diversity focused not 
on specific tactical solutions (e.g., see Dunn 1987) but rather 
on a conservation strategy for the whole state, an approach that 
has been relatively neglected. They elaborated ten recommen- 
dations that include not only the obvious “acquire and protect 
significant natural areas” but also proposed changes in legisla- 
tion, establishment of various new laws and advisory boards, 
reduction of “environmental illiteracy,” etc. Messick ( 1997) 
lists these and succinctly notes: “Little action has been taken 
yet on any of these recommendations.” In essence even in a 
rich state or country there are always the political realities of 
increasing the limited funding for conservation activities in a 
society with other, often more immediate social concerns such 
as schools, crime, inner-city blight, and so forth. 

Minnich and France-Vizcaino (1997a, b) note that in 
northern Baja the “nearly pristine” Sierra San Pedro Martir, 
which has “never been logged,” “is currently at risk from 
inappropriate fire management, as well as increased commer- 
cial interests in the area, chiefly logging concessions,” partly 
in relief from the “spotted owl controversy” in California. 
Minnich and France-Vizcaino (1997b) suggest that the Sierra 
is an ideal site for the establishment of a biosphere reserve 
under UNESCO’s Man and the Biosphere (MAB) program 
and Mexico’s national committee for this program (MAB- 



Mexico). A reserve would be “a mechanism for conserving 
the Sierra’s biological resources and cultural heritages by 
strengthening its traditional land use systems as a basis for a 
‘let go’ fire policy” that maintains the uncontrolled fire 
regime that has existed in the Sierra since prehistory. 
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Chapter 4 

Species Accounts 

A total of 43 species have been short-listed (Table 2.1); 
these occur in a total of 27 genera and their distribution is 
virtually world-wide. Of these, there follow accounts for 
nine species representing nine genera and many parts of the 
world (Chile, California, Mediterranean, Mexico, South 
Africa, China, Vietnam and Fiji). Additionally, we present 
an account of a species from the main list: Ce&us Zibcrni, 
which represents the commonly encountered issue of a 
species considered threatened in parts of its range (e.g. a 
country) while it is of less conservation concern elsewhere. 
We acknowledge that in many countries such species are of 
high conservation concern. Further detailed assessment, 
especially on the remaining short-listed species, is to be 
greatly encouraged for the future. The Conifer Specialist 
Group is committed to this objective. One of three mature trees surviving in the wild of Abies 

beshanzuensis. 

Abies beshanzuensis, probably the rarest conifer in the world, Zhejiang Province, China. 
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Clanwilliam cedar 
(Widdringtonia cedarbergensis J. A. Marsh) 

N. Schellevis and J. Schouten 
Pinetum Blijdenstein, Hilversum and Faculty of Biology, 

University of Amsterdam 

Family Cupressaceae 
Status Endangered 
Criterion Alcd 
Historic range South Africa, Western Cape Prov., 

Cederberg Mts. 

Description (Dallimore et al. 1966) 

Habit: a widely branched evergreen tree of 6- 18m height. 
Most specimens on rocky sites are much branched from the 
base (Taylor 1976). 

Bark: on larger trees dark grey-brown and flaky, fissured 
into squares of about 2.5cm diameter (Taylor 1976). 

Leaves: of juvenile plants spirally arranged, spreading, acic- 
ular, 12.5 19mm long, flattened, glaucous green. Those of 
long and leading shoots of older trees also spirally, acicular 
but shorter. Other leaves appressed, small, scale-like, ulti- 
mately in opposite-decussate pairs, apex obtuse. 

Male strobili: c. 4-5mm long, terminal on branchlets, con- 
sisting of tiny decussate scales bearing pollen sacs. 

Female cones: solitary or more often several clustered 
together, on short, lateral shoots or nearly sessile, globose, 
8 S-20mm long and wide before opening, scales normally 
four (occasionally six), woody, warted, strongly spurred with 
the protruding bract near the apex. 

Seeds: up to 12- 14 per cone, to 8.5mm long, angular, 
resinous, narrowly winged, the wings forming a notch near 
the seed apex. 

Biology (Manders et al. 1990) 

The Clanwilliam cedar grows very slowly. It may be 30 years 
or more before a plant bears a significant crop of seeds, while 
it is still a very small tree. Both male and female cones occur 
on the same trees. The very small male (pollen) cones appear 
at the apex of leafy branchlets in autumn. Female cones, after 
pollination, develop in April, and remain closed for almost 
three years before ripe seeds are released. They persist on the 
tree thereafter. Vigorous large trees carry many clusters of 
female cones producing 3000 or more seeds per year. If 
cedars do not succumb to fire, they may live up to 400 years. 

Distribution and habitat 

The Clanwilliam cedar is an endemic tree, confined to the 
Cederberg Mountains in the Western Cape Province of South 
Africa (Manders 1986). It has three closely related species 
occurring elsewhere in southern Africa, two of which are also 
threatened. The Cederberg range lies between latitudes 32’00’ 
and 32’45’ S and longitudes 18’50’ and 19”25’E, within the 
winter rainfall region of South Africa. The cedars are found 
on cliffs, rocky outcrops, and very rocky slopes of the Table 
Mountain Group, predominantly the sandstones of the 
Peninsula Formation. The altitude range of the species is 
1050m to 1650m above sea level, with isolated specimens at 
lower altitudes. In 1937, the Clanwilliam cedar was estimat- 
ed to occur discontinuously in an area of c. 25 .OOOha in a zone 
of varying width and nearly 50km long (Hubbard 1937). The 
populations have since been reduced much further due to 
destruction by fire. The cedars grow mainly on eastern slopes 
in the northern areas of the range, but are not obviously lim- 
ited to any aspect elsewhere (Manders 1986). The dominant 
vegetation of the Cederberg is mesic mountain fynbos. This is 
a low sclerophyllous shrub vegetation, characterised by the 
abundance of plants belonging to or resembling members of 
the Proteaceae, Ericaceae and Restionaceae (Taylor 1976). It 
is likely that this fire-prone vegetation , which is the result of 
climate change and more recently human intervention, repre- 
sents a replacement ecosystem where once a more fire-resis- 
tant woodland of cedars existed. 

A gnarled, fire-damaged specimen of Clanwilliam cedar 
(Widdringtonia cedarbergensis) in the Western Cape, South Africa. 
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History and conservation 
Given the fact that natural woodland is scarce in the pre- 
dominant shrub lands of the Cape, it is not surprising that 
the discovery of the Clanwilliam cedar on the Cederberg 
Mountains led to ruthless exploitation, especially in the time 
of the first European settlers, as their society was extremely 
dependent on wood and overgrazing by their livestock pre- 
vented sufficient regeneration. From the beginning of the 
eighteenth century, when the cedars were first identified as 
a useful source of general purpose timber (being both rot 
resistant and beautiful), until late in the nineteenth century, 
when the first serious conservation attempts were made, 
uncontrolled exploitation took place (Smith 1955). The 
decline was very substantial. An area of 60-70,000 densely 
populated hectares of woodland was reduced to 25,OOOha of 
scattered trees. Contrary to the beginning of the twentieth 
century, when it was still possible to collect 2700kg of seed 
in a single year, it is now difficult to collect even a few kilo- 
grams (Manders 1986). Although palynological evidence 
suggests that even before any human exploitation took 
place, the ecological situation of the cedar had been fragile 
for some time due to climatic changes (Meadows 199 1), 
these majestic trees are well worth preserving in their natur- 
al habitat. 

In July 1973 most of the state forest area where the cedar 
occurs was therefore proclaimed a wilderness area, under 
which status grazing is no longer allowed. But cedar num- 
bers continued to decline in extensive wildfires and regener- 
ation was and is low due to granivory and herbivory by 
rodents. Conservation of this species has proven to be diffi- 
cult. In order to save the existing adult, seed bearing trees it 
is important to prevent large scale, high intensity fires, but 
for natural cedar regeneration light fires periodically burning 
the fynbos are essential. However, it seems that the seed bank 
of the natural stands has been reduced to such an extent that 
after the fire in 1989/90 regeneration was very low (Mustart 
et al. 1995). An accidental fire early in 1998 is also likely to 
have further reduced the chances of natural population 
recruitment (Hilton-Taylor 1998). The only option open to 
increase cedar numbers is now found to lie in a large-scale 
planting scheme of nursery-grown seedlings in newly burnt 
areas and careful management of the burning regimes 
(Manders et al. 1990, Mustart et al. 1995). During the last 
seven to eight years several attempts have been made to re- 
establish cedar populations. If L future wildfires are prevented 
until this current seedling cohort has reached reproductive 
maturity to produce sufficient seed and attain some resis- 
tance to fire (15-30 years) then the Clanwilliam cedar might 
have a chance. However, financial constraints are already 
threatening the perpetuation of the planting schemes for the 
duration of this period (Wilderness manager Van Dyk in pers. 
comm. to C.S.G. chair A. Farjon, November 1995). Without 
it, there seems to be little hope of stopping the decline and 
eventual extinction of this remarkable tree. 

Cones of 
Widdring tonia, 
plant in cultivation 
.at the Botanic 
Garden Berlin- 
Dahlem, Germany. 
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Giant Sequoia 
(Sequoiadendron giganteum (Lindl.) Buchholz) 

N. Schellevis and J. Schouten 
Pinetum Blijdenstein, Hilversum and Faculty of Biology, 

Universitv of Amsterdam 

Family Taxodiaceae (Cupressaceae s .Z.) 
Status Vulnerable 
Criterion Alcd 
Historic Range USA, California, Sierra Nevada 

Description (Dallimore et al. 1966) 

Habit: a giant evergreen tree 45 1OOm tall, with a massive 
tapering trunk up to 12m in diameter above the buttressed 
base, clear of branches for half or more than half of its height 
with a dense, rounded crown, much broken in aged trees. 
Young trees are of a conical outline. Branches are often 
drooping suddenly at the trunk. 

Bark: 1560cm thick, deeply furrowed, fibrous, bright red- 
dish-brown, fire-resistant. 

Foliage and leaves: young shoots glabrous, green by reason 
of attached leaf bases, turning brown; buds minute, without 
scales, hidden by late leaves. Leaves persisting c. four years, 
spirally arranged, crowded, scale-like or needle-like, the flat 
base adhering to the branch, decurrent, the free tip 3-5mm 
long, acute, stomata present on both surfaces. 

Male strobili: terminal, 6-9mm long, arising in abundance 
at the apex of the lateral shoots. 

Female cones: terminal, solitary, ovoid, 57.5cm long, 2.5- 
4cm wide, reddish-brown when mature, maturing in the sec- 
ond autumn, persisting some time after seed dispersal; scales 
30-40 in number, spirally arranged, peltate, four-sided, 2- 
2.5cm wide, woody with a central depression revealing the 
bract tip. 

Seeds 
gined 

: numerous, flattened, thin, oblong, 3-6mm long, mar- 

bY a membranous wing. 

Biology 

The Giant Sequoia (also known as ‘Big tree’ in California) 
grows to great size and age, individuals exceeding 2000 years 
are not very rare and trees of over 3000 years are known. Male 
and female cones are borne on the same tree. Pollination takes 
place between December and March, or sometimes as late as 
May. The cones form in late May and early June and continue 
to grow until the autumn, resuming the following spring. Seed 
distribution starts in the autumn of the year following maturi- 

ty but it may take several years for a tree to shed all seeds of a 
cone crop, depending on weather conditions. 

The Giant Sequoia is remarkably resistant to natural dis- 
asters and pathogens, although it is not immune from them. 
It is also very storm resistant, while the very thick and pitch 
or resin free bark is highly resistant to fires, which are there- 
fore seldom capable of killing the larger trees. This resis- 
tance may also be due to the presence of tannin, which gives 
both the bark and the heartwood a reddish colour. The trees 
seem to be quite free from serious infection by fungi or 
insect attacks, the former even when the tree has been stand- 
ing dead for centuries. Little is known of effects in younger 
stages of growth (Pinto 1994). However, this species does 
not compete successfully with other conifers, especially firs, 
which in the absence of major disturbance have been seen to 
prevent seedling or tree establishment in most of the pro- 
tected groves. It is therefore dependent on episodal distur- 
bance which removes these competitors, so that the big trees 
can reseed the space left vacant (Stephenson 1994). 

The small seeds, virtually lacking reserve tissue, demand 
highly favourable soil conditions in order to germinate. 
Layers of litter and humus prevent germination. When, how- 
ever, the soil is cleared of this layer, for instance by the 
uprooting of trees, landslides, erosion or forest fires, it is not 
uncommon to find hundreds of seedlings springing up (Fry 
and White 1948). In the most northern groves, the species 
does not reproduce, probably because the soil is too dry to 
favour the germination of seeds. In the southern groves 
reproduction is more abundant, especially in Sequoia 
National Park (Hewes 198 1). In Converse Basin, on National 
Forest land, numerous young trees have become established 
after the clear cutting of a century ago. 

Distribution and habitat 

The Giant Sequoia grows on the western slopes of the Sierra 
Nevada in California (USA) at elevations between 1500m 
and 2500m, some trees have been found at 1OOOm and a few 
at 2550m. It occurs in c. 65 groves, which become increas- 
ingly disjunct towards the north (Rundel 1972,Willard 
1994) and stretch over a distance of c. 400km in a belt at 
most 25km wide. The total area of occupancy is c. 14,200ha 
(Rundel 1972). The trees grow in favourable or protected 
locations where the soil is deep, rich and moist, usually on 
glacial moraine or till, and thrive in a belt where the annual 
precipitation ranges between 1 lOO-1500mm. Much of this 
occurs in the form of snow which stays on the ground for 3- 
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‘Young’ trees of Giant Sequoia (Sequoiadendron giganteum) in the 
Sierra Nevada, California, USA. 

6 months. Giant Sequoias in these groves are usually found 
in association with White fir, Incense cedar, Sugar pine and 
Yellow pine. 

History and conservation 
(Hewes 1981, Aune 1994) 

The present disjunct distribution of the groves represents the 
remnants of what was once a relatively continuous Giant 
Sequoia forest along the western slopes of the Sierra 
Nevada. This forest became dissected by successive 
Pleistocene glaciations, culminating at the Wisconsin 
glaciation which largely determined the present distribution 
(Rundel 1972). Apparently, the other conifer species were 
more successful in re-establishing themselves more widely, 
restricting the Giant Sequoias to montane sites characterised 
by mesic soil moisture conditions throughout the summer 
drought periods. 

The Giant Sequoia was first discovered in 1852 by a 
hunter and reported in the ‘Sonora Herald’ of San Francisco. 
The fact that yet another giant tree species was found, even 
larger than the previously discovered Coast redwood 
(Sequoia sempervirens) was hard to believe for most people. 

93 

Soon after this was verified, however, a ‘pilgrimage’ began 
from all parts of the world. The last grove was discovered in 
1933. Also soon after discovery, lumbering operations 
began, the fire- and rot resistant wood being ideal building 
material. In this way about 34% of the total acreage was 
consumed, but only one grove (Converse Basin) was virtu- 
ally obliterated, cutting some 8000 Giant Sequoias and leav- 
ing more than 1 OOOha of wasteland (Aune 1994). It was later 
estimated that less than one-fifth of what was commercially 
valuable timber had actually been salvaged from this site, 
mainly due to the destructive methods of felling the giant 
trees. The wood was found to be more brittle than that of the 
Coast redwood and often shattered on impact into unmer- 
chantable lengths, despite attempts to prevent this. 
Presumably this tendency to shatter, as well as prohibitive 
costs of transporting the wood, slowed down the cutting and 
averted wholesale exploitation of many other groves before 
public opinion, aroused by famous conservationists like 
John Muir, helped to protect the first substantial groves. In 
1890 the first National Parks in California were created in 
which many Giant Sequoia groves were put under federal 
protection. In 1926 the National Park areas were substan- 

The ‘Boole Tree’ is one of the largest of Giant Sequoia and was 
the only large tree left when the ‘Converse Basin’ was clearcut a 
century ago. 



tially enlarged, while most other groves came under protec- 
tion on National Forest and State lands, so that at present 
virtually all Big trees are in public ownership. 

Due to nearly a century of forest fire prevention in 
many of the protected groves, the density of other conifer- 
ous trees has greatly increased and it is now widely accept- 
ed that this prevents the Giant Sequoia from regenerating 
successfully (Aune 1994). Despite the longevity of the 
mature trees, the balance may have been upset as fires 
would now be much more destructive with the accumula- 
tion of fuel wood. For this reason, managers are seeking 
methods to rid the groves of excessive numbers of com- 
petitors, by controlled burning (National Park Service) but 
also by logging (on other lands), which is more controver- 
sial (Aune 1994). In the future, we need to learn more about 
natural disturbance regimes in these forests and enlarge 
protected areas to allow nature to take its course unim- 
paired by short-term human considerations. 

Propagation ex situ 
Giant Sequoias have become widely cultivated and are 
planted in many countries, especially in Europe. The most 
economic way of propagation will be sowing. The seeds will 
germinate after a period of 3-10 months. Symbiosis with 
mycorrhizae is essential for development of the seedlings, 
which after a few months can be transplanted to small con- 
tainers. Total stay in the nursery varies between 18-36 
months. A second method is provided by rooting cuttings 
from the first year twigs. By using this method we can 
expect the trees to bear cones after a few years. A third 
method is making grafts (side or whip grafts) either in 
August-September or in January-February. The USDA 
Forest Service has implemented a programme of planting 
nursery-grown Giant Sequoias to extend its occurrence 
within the natural range. 
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Alerce 
(Fitzroya cupressoides (Molina) I. M. Johnston) 

N. Schellevis and J. Schouten 
Pinetum Blijdenstein, Hilversum and Faculty of Biology, 

University of Amsterdam 

Family Cupressaceae 
Status Endangered 
Criteria Alcd + 2cd 
Historic Range Southern Chile and adjacent Argentina 

(Southern Andes) 

Description 
Habit: a large evergreen tree 40-55m tall and up to 5m dbh, 
but reduced to a bush at high elevations. Trunk free of branch- 
es for 2/3 to 4/5 in old trees, crown dense, top rounded. 

Bark: furrowed, fibrous, peeling in long strips, reddish- 
brown. 

Branchlets: flexible, pendulous, green because of the cover- 
ing scale leaves, turning reddish- 
brown. 

Buds: minute, without scales, covered by terminal leaves of 
branchlet tip. 

Leaves: in alternating whorls of three, their bases flattened 
and decurrent, the free apex spreading in young trees, more 
or less appressed in old trees, oblong-lanceolate to obovate, 
the smallest c. 3mm long with an incurved apex, concavo- 
convex with whitish stomata in two bands on both sides sep- 
arated by a green midrib or vein. 

Male strobili: small, c. 5mm long, situated on the apex of 
ultimate branchlets, consisting of minute scales bearing the 
pollen sacs. 

Female cones: small, 6-8.5mm in diameter, composed of 
nine scales in three alternate whorls, the lowest minute and 
sterile, the middle sterile or each bearing a two-winged seed, 
the upper the largest and each bearing two to three seeds, 
near the apex of each scale is a protruding bract tip. 

Biology 

Alerce is one of the largest trees in temperate South America 
and probably the longest lived: ring counts of 3000-3600 
years have been reported (Lara and Villalba 1993) and none 
of these could have been nearly complete due to rot of the 
heartwood. It is extremely slow growing, with average incre- 
ment rings of only 0.39mm (Bonnemann 1973) and its wood 

is dense, durable and almost indestructible to decay. Like 
many large and long-lived conifers, its regeneration is corre- 
lated with episodal disturbances such as fire and in this case 
also volcanic activity (Lara 199 1). It will not readily regener- 
ate in shady conditions and hence in old ‘alerzales’ or woods 
with alerces, broad-leaved angiosperm trees predominate but 
the alerce holds its ground as an emergent tree ‘waiting’ for 
the next fire to eradicate the other trees. In spite of ample seed 
production, its rate of natural regeneration is poor (Lara 
1991), which is another characteristic of very long-lived trees. 
In the coastal Cordillera Pelada, trees have been found to 
regenerate by ‘root-suckering’ on exceptionally podzolised 
soils (Veblen and Ashton 1982). In this way they form dense 
thickets, evading competition from other trees. 

Distribution and habitat 
The Alerce occurs in Southern Chile from Valdivia along the 
coastal mountains to Puerto Montt, on parts of Chiloe Island 
and on the mainland coast along the Andes in Chile and 
Patagonia (Argentina) south to c. 43’S in scattered and most- 
ly disjunct populations (Golte 1996). Its altitudinal range is 
between 500- 1200m in the coastal mountains and Cordillera 
foothills. Within its range, it is adapted to very high rainfall, 
between 2000-6OOOmm annually. It seems to be limited by a 
line demarcating episodal summer drought of one month or 
longer along its northern distributional margin (Golte 1996). 
Often Alerce occurs on poorly drained, peaty, or sandy and 
podzolised soils with a low pH less suitable for many other 
tree species. It can grow in pure stands, but more commonly 
it is associated with trees such as Nothofagus, Podocarpus, 
Drymis winteri, kurelia philippiana, Desfontainea spinosa, 
Philesia magellanica etc. (Schmithusen 1960). 

History and conservation 

Fossil, ecological, and historical evidence indicate that 
Alerce was much more widespread in southern South 
America, especially in lowland areas down to sea level, from 
where it has now virtually disappeared, in part by natural 
causes probably active in the last 4500 years (Veblen and 
Ashton 1982). No other tree species in the Andes has been 
exploited so long and so intensively (Golte 1996). Since the 
end of the 16th century logging has taken place at an ever 
increasing rate and by the end of the 19th century timber 
exploitation had eliminated Fitzroya cupressoides from near- 
ly all the accessible lowland sites (Golte 1996, Veblen et a2. 
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1976). At higher altitudes, where the trees are still found, 
‘alerzales’ have been logged and burnt to the extent that the 
species can be classified as Endangered on criterion Al 
alone; its present area of occupancy is estimated at 20,00Oha, 
only c. 15% of what it was when Europeans first arrived 
(Golte 1996). In addition, in many of the logged areas natur- 
al regeneration is poor: in the large lowland area north of 
Puerto Montt the European alien shrub UZ~.X europueus has 
become invasive and may hinder Fitzroya regeneration 
(Golte 1996). Recent climatic changes, involving longer dry 
periods in summer, may have become another cause of the 
lack of regeneration; it has been suggested that Fit,?~~a is a w 
relict in the sense that it is better adapted to past climatic 
conditions (Veblen and Ashton 1982, Schmithiisen 1960). 
Once removed from certain stands where climatic conditions 
have changed, it can no longer compete effectively with 
other tree species better adapted to the present climate. In 
other locations, however, such as in the Cordillera Pelada, its 
persistence was assured by its competition avoidance strate- 
gy (Veblen and Ashton 1982). 

In 1941 the Convention on Nature and Wildlife 
Preservation was enacted and Argentina placed Fi~roycr: 
cupressoides on the Annex. The small Argentinean popula- 
tions, about 3800 mature trees, have been protected ever 
since. Chile, which was also party to this convention, sub- 
mitted no list of species for the Annex. 

In 1969 Chile enacted a law that promised Alerce some 
degree of protection. Logging permits had to be obtained and 
management measures had to be taken to assure repopulating 
after logging. This failed, and the populations continued to 
decline. In 1976 F. cupressoides was declared by law a 
Chilean ‘natural monument’ and exploitation of living trees 
was totally banned, putting an end to some commercial oper- 
ations. However, this action could not prevent the continua- 
tion of illegal exploitation on a large scale, and because the 
law was only published a year later, ruthless opportunists in 
the interim saw to it that the number of dead trees increased 
greatly (Golte 1996). 

International measures have also been taken to reduce the 
pressure. In 1975 Fitzroya was included in Appendix II of - 
CITES (later upgraded to Appendix I, prohibiting any inter- 
national trade). In 1979 the USA listed the species as a 
Threatened Species of Wildlife and Plants, prohibiting the 
importation of its wood. 

Prevention of the exploitation of existing trees alone has 
proved to be inadequate to save the Alerce from extinction. 
Regeneration has to be adequate in order to sustain a viable 
population. It has now become clear, that Fitzroya cupres- 
soides is an outstanding example of a conifer that cannot be 
sustainably exploited. Slow growth (200 year old specimens 
reach a height of lo- 12m) and critical conditions for seed 
germination and seedling survival make any form of timber 
extraction destructive (Golte 1996, Veblen et al. 1976). 
Intense fires, consuming soil peat overlaying podzolised 
soils, appear to destroy a moisture-holding cover assuring 
preferable conditions for seedling establishment (Veblen and 

Ashton 1982). Colonisation of sites that have been made 
available after natural dist urbances, e.g. , deposition of vol- 
canic ash and light forest fires killing competitive broad- 
leaved trees, has been reported (Lara 199 1). Further studies 
and trials are necessary to determine the ability of Fitzroya 
cupressoides to regenerate on a wide range of sites. Such 
studies are now being undertaken by the University of 
Santiago de Chile in collaboration with the Royal Botanic 
Garden, Edinburgh under a ‘Darwin Initiative’ grant. Alerce 
may yet be capable of sustaining itself in its natural habitat 
provided that any future exploitation is prevented. 

Propagation ex situ 

The most economic method of propagati on is from seed. The 
seeds wil 1 germinate after a period of two to four months. 
After another few months the seedlings 
small containers; the total period in the 

can be transplanted 
nursery before plan 

to 
ti- 

ng out in the wild should be 20-24 months. Cuttings can be 
made from 
can expect 

first year twigs and rooted. Wi th th is method 
the plant to bear cones after a few years, but 

one 
the 

seeds are genetically ident ical w ith the parent cuttings. A third 
method i s to make grafts (side or wh ip grafts) on rootstock 
taken from Cupressus or Thuju, with results as in cuttings. 

The Alerce (Fitzroya cupressoides) 
and listed on Appendix 1 of CITES. 

is Chile’s ‘national tree’ 
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Sicilian fir 
(Abies nebrodensis (Lojac.) Mattei) 

N. Schellevis and J. Schouten 
Pinetum Blijdenstein, Hilversum and Faculty of Biology, 

University of Amsterdam 

Family Pinaceae 
Status Critically Endangered 
Criterion D 
Historic range Northern Sicily, Italy 

Description (Farjon 1990) 

Habit: an evergreen tree with a maximum height of lo- 15m 
on Sicily at present but it may grow taller, diameter at breast 
height (dbh) 40-60cm, with spreading branches and a broad 
conical crown. 

Bark: smooth, light grey in young trees, rough and scaly in 
larger trees. 

Branchlets: glabrous, yellowish-green, grooved, densely 
set with short, upturned leaves; buds slightly resinous. 

Leaves: spirally arranged, densely set, the lower leaves 
pectinately spreading, the upper leaves directed forward or 
slightly upturned to assurgent on shoots with cones, lo- 
22mm long, 2-3.5mm wide, with two greenish-white bands 
of stomata below, dark lustrous green above, apex variable 
but not emarginate. 

Male strobili: crowded, 1.5-2cm long, greenish-yellow. 

Female cones: erect, on short peduncles, cylindrical, 8- 
1Ocm long, 3-4cm wide, green, ripening towards brown; 
bracts exserted beyond the scales and recurved. Cones will 
appear near the top on small trees. 

6-8mm long, with a broad wing. 

Some doubts have been expressed regarding the species-status 
of the Sicilian fir; it is undoubtedly closely related to A. alba 
and A. cephalonica; however, it has been recognised at species 
rank in most modem treatments of the genus (e.g. Farjon 1990, 
Liu 197 1, Schutt 199 1) which we will follow here. 

Biology 
Obviously the present very small population is a relict from a 
substantially more abundant population which existed in the 
past. Due to its size, as well as limited occurrence in a very 
small area, levels of inbreeding can be expected to be high. 
Natural regeneration, which in this genus occurs exclusively 
by seed, is poor due to erosion, exposure to drought, and graz- 
ing of livestock (Uotila 1984). Existing trees are mostly stunt- 
ed, those that produce cones and good seed are hardly in a 
position for successful seed dispersal. Competition, especial- 
ly by Fagus sylvatica, with which it once must have formed a 
mixed forest, is also limiting the possibilities for this tiny pop- 
ulation to regenerate and expand on its own. 
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Distribution and habitat 

Abies nebrodensis is found on Monti Nebrodi in the northern 
part of Sicily in Italy near or in the small village of Polizzi 
Generosa on Le Madonie Mountain. There is one old tree (in 
the village) and 20-25 stunted, younger trees on the mountain 
slope, which is all that is left of the naturally occurring pop- 
ulation (Uotila 1984, Morandini 1969). The altitudinal range 
is 1400- 1600m, where it grows on rocky, calcareous soil 
among limestone crags and on slopes. The annual precipita- 
tion (mostly winter rains) is 700-800mm. It is at present asso- 
ciated with secondary vegetation (maquis), in which Quercus 
i2e.x dominates; Fagus sylvatica occurs mostly higher on 
Monti Nebrodi (Uotila 1984, Morandini 1969) where it 
forms a krummholz vegetation. 

History and conservation 
When the Sicilian fir was discovered by Italian botanists at 
the beginning of the 20th century, it had already been reduced 
more or less to its present relict state. Mattei (1908), who 
recognised this fii as a distinct species, speculated that it had 
formed extensive forests in the past, not only on higher moun- 
tains in Sicily, but also in the Apennines of Calabria. It 
seemed to have been relatively frequent in Sicily at the begin- 
ning of the 18th century, but it was already scarce before 
1750. In 1908 Mattei located only a single tree, which grows 
in the village of Polizzi Generosa. Later investigations 
revealed the other, much smaller trees, more or less hidden on 
the scrubby and rocky slopes a short distance from the village. 

It is not clear what causes led to such a strong decline of 
Abies nebrodensis. Climatic changes may have played a 
major role leading to a disadvantage for the fir in relation to 
beech (Fagus sylvatica). Disappearance of deep soils follow- 
ing deforestation probably aggravated the distress. Beeches 
dominate to the treeline in many mountains of south-western 
Europe especially on limestone, indicating their greater 
adaptability to adverse conditions (Ellenberg 1988). 

Attempts have recently been made to allow Abies nebro- 
densis to regenerate naturally. The area in which the trees 
grow has been fenced (enclosed) to prevent grazing, but local 
farmers have repeatedly destroyed the fence. At present, 
attention is entirely focused on rearing Sicilian fir seedlings 
in nurseries for a replanting scheme (Uotila 1984). Besides 

livestock grazing, fire is a very real potential hazard which 
needs attention. A protection plan for the species, comprising 
both in situ and ex situ actions, has recently been proposed 
(Venturella et al. 1997). 

Propagation ex situ 
The most economic method of propagation is from seed. The 
seeds will germinate after a period of two to three months. It 
takes a further two years before these seedlings can be trans- 
planted to small containers. The total period required in the 
nursery before planting out will be four to five years. Trees 
planted in sheltered places and in gardens in north-western 
Europe are doing quite well, indicating that the decline of the 
natural population is not caused by genetic or auto-ecological 
factors. A second method of propagation is making grafts 
(side or whip grafts) in December-February. As rootstock we 
can use Abies alba and A. cephalonica. 
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Fiji acmopyle 
(Acmopyle sahniana J. Buchholz and N. E. Gray) 

Michael F. Doyle 
Jepson and University Herbaria 

University of California 

Family 
Status 
Criterion 
Historic range 

Podocarpaceae 
Critically Endangered 
D 
Fiji, Viti Levu, mountains of 
Namosi and Mt. Koroyanitu 
(Mt. Evans Range) 

Description 
(Bush 1997, Bush and Doyle 1997) 

Habit: monopodial evergreen tree up to 12m tall. 

Bark: greyish-brown, thin, smooth to slightly pustulate on 
older trees. 

Leaves: of two types (foliage and scale); foliage leaves 
green, thin, leathery, flattened, distichous, arising from stem 
spirally but curving around stem to form two rows in a sin- 
gle plane, 1.7-24.Omm x 0.6-4.8mm, linear and bilaterally 
flattened, falcate with acute apex and decurrent base. Scale 
leaves adpressed, spirally and imbricately arranged, 1.2-3.8 x 
0.6-l .5mm wide, deltate to narrowly triangular with acumi- 
nate apex and decurrent base, occurring at bases of female 
cones, on unfoliated stems, and regions of recent growth. 

Male strobili: terminal and lateral, single or paired, 1.5-7.3 
x 1 .O-2.1 mm, with numerous microsporangia, pollen grains 
bisaccate, 44-55,~. 

Female cones: terminal or lateral, solitary, borne on curved 
peduncle up to 6mm long, the cone consisting of a fleshy, 
warty receptacle 7-8mm in diameter and 7-9mm long, bear- 
ing a single erect seed. 

Seeds: 7-9mm long, with irregular longitudinal striations, 
greenish-grey at maturity. 

Biology (Bush 1997) 

The Fiji acmopyle appears to be moderately slow growing (c. 
1 Scm/yr.) based on measurements from Namosi (Bush 1997). 
Of 64 known wild individuals, 46 are probably reproductively 
mature trees, which range from 1 - 12m in height, the majority 
being less than 4.5m tall. However, relatively few female 
cones seem to be produced, and even less reach maturity on 
the tree. Cone and seed maturation period is still unknown, but 
probably less than one year. Recruitment appears to be poor, 

with only one population exhibiting signs of recent seedling 
establishment. Although we have no knowledge concerning 
the longevity of the trees, it appears that they are susceptible to 
wind damage from cyclones and competition from other more 
aggressive species (both native and exotic) which probably 
impede their growth and recruitment. The species appears to 
be declining based on the apparent extinction of the one dis- 
junct population at Mt. Koroyanitu, and the small number of 
individuals now comprising the species. 

Distribution and habitat 
Acmopyle sahniana is an extremely rare endemic tree which 
occurs in three tiny populations in montane tropical rainforest 
on Viti Levu, Fiji. Less than 100 individuals are known, and all 
are restricted to low, reduced-canopy forest on ridgetops from 
375-800m. The climate is warm and super-humid (generally 
3800-5000mm/yr.) with little or no dry season. The trees grow 
in acidic humic latisols derived from volcanic andesite. 
Nodules are present on the roots (Bush and Doyle 1997). 

Acmopyle sahniana. Habit. Elevation c. 700m., Namosi, Viti Levu, Fiji. 
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History and conservation 
The species was first collected from the Namosi area in the 
late 1800’s, but not formally described until 1947. In the 
same year A. C. Smith discovered it on Mt. Koroyanitu, thus 
extending the range of the species to the eastern side of the 
island. Because of both its rarity and generally inaccessible 
habitat, the species was seldom observed or collected. In an 
attempt to elucidate evolutionary processes of naturally rare 
plants on islands, an ecological and biosystematic study on 
A. sahniana was initiated by Michael Doyle in 1993 and later 
completed by his graduate student Elizabeth Bush in 1997. 
Extensive field surveys from 1993 to 1996 were conducted 
in both the Namosi and Mt. Koroyanitu areas, resulting in the 
discovery of some new small populations in Namosi, but also 
the discovery of the apparent extinction of the population at 
Mt. Koroyanitu. A genetic analysis of the entire species (all 
64 known individuals) utilising isozymes revealed remark- 
able genetic variation; 50% of total loci polymorphic, mean 
number of alleles = 1.3- 1.4, and heterozygosity =O. 105 (Bush 
1997, Doyle et al. unpublished). In addition, significant 
inter-populational gene differentiation was detected; 2 1% 
between populations, and greatest between the most widely 
separated populations. The genetic data obtained from this 
species provide a textbook example of genetic drift in a small 
natural population. 

New population genetics information, combined with the 
documented fossil history of the genus in the Southern 
Hemisphere, now makes it one of the scientifically most sig- 
nificant conifers, and worthy of special conservation efforts. 
At present, the species appears to be afforded a natural mea- 
sure of protection by occurring in generally remote inacces- 
sible montane areas. However, a proposed large copper min- 
ing project now threatens some of the Namosi populations 
which comprise more than 50% of all the known individuals. 
In a recent review of Fijian gymnosperms by Doyle (1998), 

Acmopyle sahniana was listed as Critically Endangered 
(CR), which superseded its previous status as Vulnerable 
(VU) reported by Farjon et al. (1993). 

The species is currently not formally protected by law in 
Fiji, and future protection is unlikely because no formal reg- 
ulations are in place concerning rare and endangered plant 
species within the country. 

Propagation ex situ 

Attempts at propagating the species by seed and cuttings 
have thus far been unsuccessful, except for a sole specimen 
at Otway Ridge Arboretum in Australia, which was appar- 
ently cultivated from seed collected from Namosi in 1989 
(Bush 1997). 
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Bigcone Pinyon pine 
(Pinus maximartinezii Wed.) 

Aljos Farjon 
Herbarium, Royal Botanic Gardens, Kew 

Family Pinaceae 
Status Endangered 
Criteria Bl + 2bc 
Historic Range Mexico, Zacatecas, Sierra de Morones 

Description (Farjon and Styles 1997) 

Pinus maximartinezii forms a small, bushy tree with a short, 
often contorted trunk and long, irregularly spaced and wide 
spreading branches, forming a rather open, rounded crown. It 
usually reaches only 5 1Om and occasionally 15m in height 
and the short bole may be up to 50cm in diameter. The bark 
is dark brown and tesselated into square plates about 1Ocm in 
diameter. Most trees have distinctly glaucous foliage, but 
greener individuals do occur. The leaves (needles) are in fas- 
cicles of five, slender and flexible, 7- 11 cm long. In these 
characters it is similar to some other, more distantly related 
Pinyons or “nut pines” and from a distance this tree certain- 
ly looks like them. The most remarkable feature of this 
species is its huge cone, on a par with the largest and heavi- 
est cones in the entire genus of more than 100 species, such 
as Coulter pine (P. coulteri) and Digger pine (P. sabiniana), 
both from California. The cones vary from (lo-) 1525cm in 
length and IO-15cm in width, with thick, woody scales vari- 
able in shape but often strongly recurved. The wingless seeds 
are similarly amongst the largest in the genus, 20-28mm long 
and lo- 12mm wide and 3 - 4 x the weight of the common 
Mexican pinyon pine (P. cembroides). 

Its nearest relatives appear to be Pinus nelsonii and P. 
pinceana, both Mexican pinyons with restricted ranges and 
limited to sceletal, often calcareous soils over bare rock. Its 
‘wingless’ seeds (in reality the wing, as part of the inner sur- 
face of the seed scale, is rudimentary and remains with the 
scale) are similar, but this is undoubtedly a result of conver- 
gent evolution. It is much less closely related to the pinyon 
pines with small cones of Mexico and the American 
Southwest, and may even have affinities with the Asian ‘nut 
pine’ P. gerardiana of the western Himalayas (Malusa 1992, 
Farjon 1996). 

Biology (Farjon and Styles 1997) 

The cones take 2 to 2.5 years to ripen and hang like woody 
pineapples (pifias as the local villagers call them) from pen- 
dulous branches up to one year after seed dispersal. This dis- 
persal is by animals but little is known of the species 
involved (squirrels, ravens?). The large seeds are protected in 

cup-like cavities on the inner side of the seed scales and dif- 
ficult to dislodge from the cones which have very hard 
woody apophyses (the outer part of pine cone scales). The 
young seedling has 18-24 cotelydons, this is the highest 
number known in any seed plant. Seedlings apparently only 
grow up in the protection of (thorny) shrubbery where graz- 
ing animals cannot reach them (ill. on p.57). 

Distribution and habitat 

Pinus maximartinezii occurs in just one locality in Mexico, 
near the village of Pueblo Viejo in southern Zacatecas, about 
1OOkm NNE of Guadalajara and 1Okm south-west to a few 
km west of the town of Juchipila. The trees occupy a range 
of between 5 and lOkm* on the eastern flanks of the Sierra 
de Morone in an area aptly named Cerro de Pifiones. This 
pine grows on dry, rocky sites on eroded limestones and 
sandstones or metamorphic rocks at altitudes between 1800- 
2400m. The annual precipitation in this area is between 700- 
8OOmm, mainly restricted to June-August; occasional winter 
frosts occur. Bigcone pinyon pine is virtually the only 
species of pine on this mountain, but it is abundantly accom- 
panied by deciduous oaks (e.g. Quercus macrophylla) which 
shed their leaves in the long dry season. The local people are 
well-informed about the distribution of this pine due to their 
interest in harvesting the edible seeds. Within this area, the 
stands are now very degraded, reduced to scattered trees and 
small denser stands in gullies or other inaccessible ‘cliff’ 
areas, and the total population must be somewhere between 
a few thousand and perhaps 10,000 trees. Due to limited 
botanical exploration of this part of Mexico and the likeli- 
hood that similar ecological conditions occur on other 
‘mesas’ in the region, future finds of other populations can- 
not be ruled out, however searches by botanists from 
Guadalajara have not had any results so far (J. Perez de la 
Rosa, pers. comm.). 

History and conservation 

It is remarkable, given the long history of accumulated 
knowledge of pines, that this extraordinary species was only 
discovered in 1964, by Dr. J. Rzedowski (Rzedowski 1964). 
It appears, that Dr. Rzedowski’s attention was first drawn to 
the huge pine seeds offered for sale in a local market where 
he recognised them to be very different from the commonly 
displayed ‘pinyon nuts’. Villagers led him to the trees, some 
two hours walk from the nearest road. Exploitation of the 
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seeds as a minor food source appears to make a heavy impact 
on the total seed crop, but collection (by knocking down and 
breaking up of ripe cones) is far from complete and many 
cones remain on the trees. However, observed regeneration is 
extremely sparse. Fires are frequent and prevalent across 
most of the area and appear to be the main constraint on 
regeneration; in 1986 an extensive burn devastated a large 
area, burning mature trees as well as seedlings and saplings. 
Additional pressure is imposed by grazing, mainly by cattle. 
Land tenure is complex due to the number of small private 
land owners; at present no part of the range is under protec- 
tive management. 

This unusual pine is now well-known amongst Mexican 
botanists and foresters and there is considerable awareness of 
its endangered status (Farjon 1994). The 1986 fire was 
fought by army personnel. Proposals for funding for in situ 
conservation measures have recently been made. 
Researchers of North Carolina State University (Department 
of Forestry) in the USA have recently re-investigated the dis- 
tribution and ecology of the species and collected seeds from 
80 trees in 1992 and 1993 for the purposes of ex situ conser- 
vation. Support and interest from and direct benefits to the 
local population are deemed essential for success, as the area 
is privately-owned and the trees are heavily used. The local 
interest in seed production needs to be coupled with effective 
land management and prevention of fires, the most acute 
hazard. Subsidized restraint on seed harvesting, in conjunc- 
tion with localised exclosure fencing, could start off regener- 
ation in selected sites. Increased seed production for use and 
sale by local people could provide the framework for their 
cooperation and active protection of regeneration. 

Given the difficulties of in situ protection in this area, 
establishment of ex situ stands in protected Mexican areas as 
well as propagation programmes in Mexico and abroad are 
also recommended. Research is urgently needed and should 
focus on inventories of range, age structure, and genetic vari- 

ation in the population, as well as fire-related ecology and 
population dynamics, particularly in relation to seed disper- 
sal by animals and seedling/sapling recruitment. 

Propagation ex situ 
The very thick and hard seed coat requires special treatment 
to break dormancy and quicken germination. No rooting of 
shoots is possible in this species. After germination, the 
young plants retain their juvenile-type foliage for several 
years and are quite tender and vulnerable to attacks by herbi- 
vores and pathogens; in temperate climates they need to be 
protected against frost at all times. The species has only very 
recently been taken into cultivation, and a few young plants 
are present in some botanic gardens (e.g. Pinetum 
Blijdenstein, Netherlands); a limited propagation programme 
has been set up at the North Carolina State University, 
Department of Forestry, Raleigh, NC, USA. 
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Dawn Redwood 
(Metasequoia glyptostroboides Hu & W. C. Cheng) 

Tang Ya 
Chengdu Institute of Biology 

Chenedu, China ”  

Family Taxodiaceae (Cupressaceae s .I.) 
Status Critically Endangered 
Criteria Ale, C2a 
Historic Range China, border area of Hubei, 

Hunan and Sichuan 

Description 
Habit: a large deciduous tree, up to 46m tall and 2.5m dbh, 
trunk usually swollen (buttress) at base, crown of young trees 
narrow conical or cylindrical, turning broad ellipsoid on old 
trees. 

Bark: furrowed, peeling in long strip, reddish-brown on 
young trees, dark grey or grey-brown on old trees. 

Branchlets: current year branchlets green or brownish, 
glabrous, pendulous, lateral branchlets pinnately arranged, 4- 
15cm long, falling in winter. 

Buds: Winter buds minute, c. 3mm long, ovoid or ellipsoid, 
scales triangular, membranaceous, longitudinally keeled. 

Leaves: Pinnately arranged on branchlets, opposite, linear, 
flat, soft, 4-20mm long, 1-2mm wide, greenish, midrib 
impressed on the adaxial surface, raised on the abaxial sur- 
face, stomata bands 4-10 on each side of the midrib, grey- 
white. 

Male strobili: solitary in axils of leaves, in raceme or pan- 
icule, 21-24(31)cm long. 

Female strobili: solitary or in pairs, scattered on branchlets, 
scales woody, 9-12 pairs, middle scale with 58(9) ovules. 
Cones with long stipe of 1.54cm long, pendulous, nearly 
round or oblong, 1.6cm long, 1.5cm wide. 

Seeds: yellowish, obovoid, flat, narrowly winged, emar- 
ginate at apex, c. 5-6mm long, 4-5mm wide. Cotyledons 2, 
rarely 3, germination epigeal. 

Biology 

The genus was first recognised as fossils and the living plants 
were found in a very limited area in southern Central ‘China 
in 1940’s. Obviously the present very small natural popula- 
tion is a relict of a much wider distribution in the past and a 
result of a natural refuge from glaciation. 

Fast growth is a characteristic of the species. In the nat- 
ural habitat of the species, the annual height growth is 30- 
80cm, and young trees up to 50 years can sustain an annual 
growth rate of 60-80cm. The early annual diameter incre- 
ment is 1- 1.75cm, after 20 years it levels off to 1.3- 1.6cm per 
year, slowing further after 80- 100 years. 

Following its discovery in 1940’s, Metasequoia was 
introduced to many parts of China and to other parts of the 
world. It can grow in a wide range of environments and has 
succeeded in areas with a mean temperature range of 12- 
20°C and a mean annual rainfall of lOOOmm, though it will 
grow better in areas with more precipitation. Even in drier 
climates, with annual precipitation as low as 557mm to 
631mm, it will grow well when irrigation is provided. It can 
endure minimum temperatures of - 18.7”C to - 19.9”C and 
grows well in e.g. southern Alaska. 

Soils should be deep and fertile. It is sensitive to a defi- 
ciency in soil moisture, which usually leads to the death of 
the plants. However, in areas which are frequently flooded it 
cannot grow well. It can also tolerate slightly saline soils 
with salt contents up to 0.2%. In the wild, usually plants of 
25-30 years old start bearing seeds and those of 40-60 years 
start major seed production; this can last up to at least100 
years during which time it produces seed abundantly. 
Natural regeneration by seeds is good if there is no soil dis- 
turbance, e .g . from agriculture. 

Distribution and habitat 

The wild population of Metasequoia glyptostroboides is lim- 
ited to an area in the adjacent provinces of south-western 
Hubei, eastern Sichuan, and north-western Hunan (Lichuan 

103 



County of Hubei, Shizhu County of Sichuan (now a county 
of the Chongqing Municipality), and Longshan County of 
Hunan). The largest populations are found in the very limit- 
ed areas of Xiao He and Shui Shan Ba in western Lichuan 
County. Its altitudinal range is between 750-1620m. 

History and conservation 
Fossil, ecological and historical evidence indicates that as 
many as about 10 species of Metasequoia were much more 
widespread in the Northern Hemisphere in the past. The old- 
est fossils were found in Lower Cretaceous, and in the Upper 
Cretaceous they were distributed as far north as 80-82”N in 
Europe. In the Tertiary the genus spread to most parts of 
Europe, Siberia, north-east China, Korea, Japan, and North 
America, at latitudes north of 35”N (Florin 1952). Recently, 
it has been found abundantly in Eocene deposits on Axe1 
Heiberg Island in the Canadian Arctic at c. 80”N (Anderson 
and LePage 1995). The glaciation during the Quaternary 
caused the extinction of almost all the species and virtually 
all populations. Only the present species has been conserved 
in a glacial refugium of very limited extent, hence it has been 
widely known for a long time as fossil only. 

In 194 1, the same year in which Miki ( 194 1) realised that 
a number of fossils from various deposits did not belong to 
Sequoia, as previously thought, but to a new genus 
Metasequoia, it was discovered to be living in China (Hsueh 
199 1). During the war years not much research could be 
done, but in 1948 it was both described in China and intro- 
duced to many countries, particularly in the USA and Europe 
(Bartholomew et al. 1983). In the early 1980’s, it was listed 
as one of the eight species under the Category of Grade One 
of the Endangered and Protected Plant Species in China by 
the Chinese Government. This species has been widely used 
for afforestation and as a common ornamental tree in many 
parts of China (Ed. Committee). 

Propagation ex situ 
The seed bearing of Metasequoia glyptostroboides is usually 
later in life. Experience in European cultivation has been that 
the first female cones only begin to be produced after the 
trees are c. 50 years old, while male cones will then not have 
appeared yet. The unpollinated female cones can grow to 
maturity but no fertile seeds develop. Once seed production 

starts, it is usuallv abundant, but usually only around 10% of 
the seeds are fertile. The probable causes of undeveloped 
seeds lie in abnormal development of the ovule, abortion of 
the development of the nucellus, and abnormal development 
of the embryo cell and the embryo.The most economic 
method of propagation is from seed. The seeds will germi- 
nate after a period of 10 days. There are about 430,000- 
560,000 seeds/kg. The germination rate is about 8% (5- 
11%). Usually the seed vigour is good within one year, but 
the germination rate will decrease greatly after two years. 
The best seeding time is in spring. One year old seedlings 
are usually 40cm tall. Seedlings should be two to three 
years old to be ready for transplanting. The transplanting 
time is in the later part of winter. Because fertile seeds are 
often not available in sufficient numbers, an additional or 
alternative method of propagation is by cuttings, and this 
has become the major propagation method in China. 
Cuttings should be from young trees, preferably seed prop- 
agated seedlings of two to three years old. Cuttings can be 
carried out in spring, summer, and autumn. Treatment of 
cuttings with methyl a-naphthyl acetate will greatly 
improve rooting. 
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Krempf’s Pine 
(Pinus krempfii Lecomte) 

Claire Williams* 
Faculty of Genetics, Forest Science 

Texas A&M University 
3 13 Horticulture Building, College Station 

Texas 77843-2 153 USA 

Family Pinaceae 
status Vulnerable 
Criteria B1+2c 
Historic Range The Da Lat Plateau in central Vietnam 

Description 
Habit: Large evergreen tree 40-50m tall and up to 4m dbh. 
Crown dense, becoming typically umbellate (top rounded) in 
old trees. 

Branchlets: Leaves in pairs on dwarf shoots towards tip of 
branchlets. 

Leaves: Pairs of stiff, flat 4-5( -7) x 0.15-O .40cm, narrowly 
lanceolate, acute leaves, loosing the fascicular sheath early 
especially in older trees. Seedlings and saplings bear longer, 
thinner leaves retaining fascicular sheaths longer. 

Male strobili: small, oblong catkins 7mm in length when 
shedding pollen, individually and alternately arrayed along 
indeterminate branch. Pollen with two large air sacs as in 
other pines. Pollen sheds in January and possibly in other 
months. 

Female strobili: dark pink and 4mm in length when fully 
receptive, two strobili appear paired per branchlet. Mature 
cones ovoid, 5 x 4cm, with thin woody scales and dorsal 
umbo, opening at maturity. 

Seeds: winged, maturing within two years of cone initiation 
during the wet season. 

Biology 
Pinus krempjii was discovered by the French botanist 
Lecomte ( 1921). Chevalier (1944) elevated P. krempjii to a 
monotypic genus and renamed it Ducampopinus krempfii. 
De Ferre (Ferre 1948) considered this to be premature but 
she hypothesised the species to be a close relative of the 
‘primitive’ Pinaceae genera Keeteleria and Pseudolarix In 
1960 Gaussen suggested to classify this pine in a third sub- 
genus, which was taken up and validly published by Little 
and Critchfield (1969). In all cases, Pinus krempfii has been 
long believed to be a ‘living fossil’ relict based on its unique 

morphology and similarity to some pine fossils. P. krempji is 
the only pine with flattened needles, phenolic compounds not 
previously reported for any modem pine species, and unique 
wood characteristics (Buchholz 195 1). 

By 1989, molecular phylogeny work on Southeast Asian 
pines was reported for the few species accessible through 
arboreta. The Vietnamese endemic P. krempfii was not 
included in these molecular phylogeny studies. The first mol- 
ecular phylogeny study including Pinus krempfii was recent- 
ly published as an abstract (Liston et al. 1996). Their nuclear 
ITS data support P. krempfii as Ducampopinus krempfii but 
their rbcL data support P. krempfii as a member of the prim- 
itive pine section Parrya. Other, as yet unpublished molecu- 
lar work involving this species is currently underway (A. 
Farjon, pers. comm. June 1998) and it supports retaining the 
species within Pinus. A recent cladistic analysis based on 
morphological data affirms that Krempf’s pine is a basal 
clade to all other Pinus species classified in the section 
Parrya (Seitz 1997). 

Habitat 

The Da Lat Plateau has a fire-based ecological history which 
corresponds to ancient human occupation by the Lat tribe. 
Its flora is a part of the eastern Asia-eastern U.S. parallel. 
The biogeography and flora of the Da Lat Plateau has been 
documented by Professor Le Cong Kiet, College of Natural 
Resources, Vietnam National University, Ho Chi Minh City 
(unpublished data). Mixed hardwoods, tree ferns and ancient 
pines are representative species in the vegetation along steep 
slopes in the temperate highlands (Campbell and Hammond 
1989). Hundreds, possibly thousands, of Pinus krempfii are 
found at three locations. The predominant soil type is a well- 
drained, low-pH lateritic clay. The wet season occurs from 
August to November. 

History and conservation 

During the 1960’s and 1970’s, some Pinus krempfii stands 
survived defoliating herbicides, land-clearing and high- 
explosive munitions (Westing and Westing 198 1) followed 
by oleoresin-tapping until 1984 (Stephen and Tien 1986). 
Agricultural clearing in the area is increasing the human 
population pressure. There is a successful national in situ 
programme for Pinus krempfii conservation, supervised by 
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Dr. Nguyen Hoang Nghia of the Forest Institute of Vietnam, 
Hanoi. Conservation research to determine levels of genetic 
diversity is also underway. Repeated ex situ measures have not 
been successful outside of Da Lat. The trees readily reproduce 
from seed and the seedlings are transplanted to the central 
highlands. No arboretum plantings outside the Da Lat area 
have been successful to date. It would be desirable to try this 
species for cultivation in some well-known botanic gardens in 
mild temperate climates to study its biology in more detail. 
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White berry yew 
(Pseudotaxus chienii (W. C. Cheng) W. C. Cheng) 

Lin Jin-xing, He Xin-qiang, and Hu Yu-shi 
Institute of Botany 

Chinese Academy of Sciences, Beijing, China 

Family Taxaceae 
Status Endangered 
Criteria Ale 
Historic Range SE China: Guangdong, Guangxi, Hunan, 

Jiangxi, Zhejiang 

Description 
Habit: a dioecious evergreen shrub or small tree, branches 
subopposite or nearly whorled. 

Bark: smooth, exfoliating in flakes. 

Leaves: spirally arranged, linear-lanceolate, 1 .O-2.5 x 0.25- 
0.45 cm, with two white stomata1 bands on the underside and 
prominent midribs on both surfaces, apex acuminate. 

Male strobili: single in the axils of the leaves, sessile, glo- 
bose at maturity, bracteate at base or the microsporophylls 
vertically separated by broad, interposed, sterile bracts. 

Female strobili: solitary in the axils of the leaves, with 
12-16 decussate bracts at the base and a single, terminal, 
erect ovule, developing into a nut-like, ovoid and slightly 
compressed seed surrounded by a fleshy, cup-shaped, 
white aril. 

Biology 
White berry yew grows rather slowly to a shrub or small tree; 
no data are available on its ultimate size or longevity. Plants 
in the wild usually begin vegetative growth in March and end 
it in October. Female reproductive growth requires an accu- 
mulated temperature of 1736” C and an accumulated light 
period of 7545hrs; for seed maturation these figures are 
2213” C and 9574hrs respectively. Male strobili appear in 
September and release pollen through September and 
October. Female buds generally emerge in August of the first 
year and the seeds mature in November of the second year. 
Female plants have a low fruiting percentage and bear seeds 
infrequently. The seed has a rather long dormant period and 
germinates after a year’s interval. 
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Distribution and habitat 

Pseudotaxus chienii is sporadically distributed in five 
provinces in SE China. In Guangdong it occurs in Ruyuan 
County, in Guangxi it is found on Dayao Mountain, Darning 
Mt. and Tiuwan Mt ., in Hunan it grows on Hupin Mountain, 
Badagong Mt., Zhangjiajie Mt., Mang Mt. and in Suoxiyu 
and Qianjiadong. In Jiangxi it occurs on Jinggan Mountain 
and on Yujing Mt., and in Zhejiang it is found on Fengyang 
Mountain, Mao Mt., Jiulong Mt., Dayang Mt., Dayuanwei 
Mt., and at Ruoliaoguan. This distribution, although cover- 
ing a large geographical area between 23’30’N and 30”N and 
108”E and 121 “E is nevertheless restricted: the plant occurs 
only sporadically in dense forest gullies or on cliffs at eleva- 
tions from 900-1400m. The number of its individuals is con- 
sequently very low (Ying and Li 198 1). The species grows in 
forests in the subtropical middle-altitude mountains, where 
the climate is temperate, cool, humid, cloudy, and foggy. 
There is a mean annual temperature of 12- 15°C) an annual 
precipitation of 1800-2OOOmm, and a mean relative humidi- 
ty of over 80% (Fu and Jin 1992). The mean annual evapo- 
transpiration is 107 lmm and the annual sunshine duration is 
1457hrs. The soils are mainly mountain yellow earth, strong- 
ly acidic (pH 4.2-4.5)) rather fertile (organic matter 5.4- 
18.4%) (Zhang 1992). In the northern limits of its range 
(Jiulong Mountain) it grows in mixed coniferous and broad- 
leaved forest and at the southern limits (Darning Mt.) in ever- 
green broad-leaved forest. 

History and conservation 

Pseudotaxus chienii was first described by Cheng under 
Taxus in 1934 but subsequently recognised and named as a 
distinct genus by Cheng (1947) and Florin (1948); the latter 
named the genus Nothotaxus but published a year later than 
Cheng. It is the only species recognised in the genus, which 
is probably a Tertiary relic. Due to its scattered distribution 
and deterioration and/or destruction of its forest habitat, slow 
growth and poor regeneration, this species is declining rapid- 
ly both in numbers and in range. The wood has been in 
demand for furniture and artistic carving; over-exploitation 
of timber, including the wood of various yews, has con- 

tributed to the threatened status. In recent years, many nature 
and forest reserves have been established, in which in situ 
conservation has functioned particularly well. For 
Pseudotaxus chienii, some localities are in nature reserves or 
forest parks, where rare and endangered plant species are 
under protection. In 1992, Pseudotaxus chienii was included 
as a threatened species in the China Plant Red Data Book (Fu 
and Jin 1992). 

Propagation ex situ 

Additional ex situ conservation of Pseudotaxus chienii is 
desirable. Individual plants have been cultivated in Lushan 
Botanical Garden (Jiangxi), Wuhan Botanical Garden 
(Hubei), G ui in 1 Botanical Garden (Guangxi), Changsha 
Botanical Garden (Hunan) and Hangzhou Botanical Garden 
(Zhejiang). [We are not aware, however, of its cultivation in 
any botanic garden outside China. - the compilers]. The 
species can be propagated from seed sown under canopy 
shade similar to that of its natural habitat. Seedlings require 
shade and moisture for growth and large root balls should be 
kept when the seedlings are transplanted. Propagation by cut- 
tings is also feasible and these can have a survival rate of up 
to 85%. Conservation priorities should focus both on in situ 
and ex situ measures. Thus the study of its biology and con- 
servation, including in vitro micropropagation, has important 
significance in both theory and practice. 
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Cedar of Lebanon 
(Cedrus libani A. Rich.) 

S. Khuril and S. N. Talhouk” 
luniversity of Reading, UK 

2American University of Beirut, Lebanon 

[The following account dlyfersfrom the preceding ones in that 
it concerns a species considered Endangered in one country, 
but Lower Risk in the remainder of its range. - the compilers] 

Family Pinaceae 
Status Lower Risk (Endangered in Lebanon) 
Criteria (Lebanon: A 1 d) 
Historic Range Lebanon, Syria, Turkey 

Description 
Habit: evergreen tree, 2540m in height with very thick 
trunk. Pyramidal when young, branches flatten and crown 
broadens as tree gets older. Branches horizontal and stout on 
older trees, leading shoots can be upright. Numerous branch- 
es spread out table-like from the main branches. Buds small 
and ovoid. 

Bark: dark grey, smooth becoming fissured in older trees. 

Leaves: spirally arranged and scattered on long shoots, very 
crowded forming pseudowhorls on short shoots, acicular, tri- 
angular, rigid, and pointed green or glaucous. 

Cones: solitary and erect. Male cones cylindrical, 3-5cm 
long, grey-green. Young female cones ovoid, l -2cm long, 
purple green. Mature cones terminal on short shoots, ovoid 
to ellipsoid, blunt or notched at apex, average size 6 x 9cm, 
brown, seed scales very broad, each with two seeds. 

Seeds: irregularly triangular, broad, with a membranous 
orange-brown wing; seedlings with 9- 10 cotyledons. 

More detailed descriptions can be found in Farjon, 1990. 

Biology 
The Cedar of Lebanon is a slow growing monoecious tree, 
maturing at approximately 40 years. Male cones shed pollen 
in the autumn, pollination is by wind. Female strobili close 
once fertilised. Fertilised cones mature in the second or third 
year, breaking up with the scales falling from the central axis. 
Cedar of Lebanon can live up to 700 years. 

Distribution and habitat 
Cedrus Zibani is restricted to Lebanon, Syria and Turkey, 
with a close relative on the mountains of Cyprus (C. brevifo- 
Zia) and another on the Atlas mountains of Morocco (C. 
atzantica). The fourth member of the genus is found in the 
western Himalayas (C. deodara). The phylogenetic affinities 
between these species awaits clarification. C. Zibani is a very 
common amenity tree found in many parks and gardens 
throughout northern Europe and the Mediterranean. 

In Lebanon, it is found in 15 fragmented populations cov- 
ering a total of approximately 2300ha on the western slopes 
of the western mountain range, between 1,050-l ,925m. 
These are either pure cedar populations or mixed forest with 
pine, oak and juniper (Khouzami 1994). There is a small iso- 
lated population on the east side of Jabal an-Nusayriya in 
north-west Syria. The main populations, covering a total of 
99,325ha, are on the Taurus mountains of eastern Turkey at 
elevations between 530-2000m, of which approximately one 
third are in a degraded state (Boydak 1996). They are report- 
ed as pure Cedrus Zibani forests, with some more occurrences 
of the species in larger areas of mixed forest. There are also 
two small remnant populations in the Black Sea region of 
Turkey, at elevations of 700- 1400m (Boydak 1996). 

History and conservation 
The Cedar of Lebanon is mentioned in the oldest recorded leg- 
end, the Epic of Gilgamesh, as well as in several Books of the 
Old Testament. It is the Lebanese national tree and holds pride 

Cedar of Lebanon (Cedrus libani) is relatively widespread in 
Turkey, where it is often mixed with Junipers (Juniperus spp. 

souther 
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of place on 
ber (mainly 

the Lebanese flag. However, the quality of the tim- 
in terms of water-retention and resistance to wood- 

worm), massive human population increase on the Lebanese 
mountain ranges and over-exploitation of timber resources 
have all lead to the disappearance of any lowland forests from 
Lebanon and severe loss of the highland forests (Meiggs 
1982). The extent of clearance is such that estimates of origi- 
nal forest cover in lowland Lebanon and Syria are now nearly 
impossible to gauge, and only an estimated 5% of the original 
upland forest cover remains (WWF and IUCN 1994). 

The problem has been exacerbated after the cessation of 
the war in Lebanon (1974- 1990) by further population 
increase on the Levantine mountain slopes concomitant with 
an increase in spending power leading to land speculation 
(e.g. new housing and ski resorts). These uplands fall within 
the Centre of Plant Diversity (CPD) site SWA 17 (WWF and 
IUCN 1994), however only 5 of the 15 known cedar forest 
fragments were listed, leaving out two of the larger popula- 
tions. Since the CPD was published in 1994, two cedar 
forests, Horsh Ehden and Jabal El-Barouk in Shouf have 
attained protected status as National Heritage Sites, and 
some others, e.g. Quammoua and Bsharre, have protection 
from Ministry of Agriculture decrees (Tohme 1996). In 1996, 
a GEF funded project was set up involving the Ministry of 
Environment in Lebanon and various NGQs, to manage 
three protected areas in Lebanon, two of which are cedar 
forests, Horsh-Ehden and Jabal El-Barouk. A number of pos- 
itive steps have been taken in terms of establishing an Office 
of Protected Areas within the Ministry, delegating certain 
managerial tasks to local NGOs and the hiring of staff (Abu- 
Izzeddin 1997). 

Public opinion in Lebanon strongly supports reforesta- 
tion with numerous NGOs involved in environmental aware- 
ness (Masri 1995). However, there are a number of compli- 
cations which hinder the advance of co-ordinated conserva- 
tion activities. Despite laws set by the Ministry of 
Agriculture forbidding damage to the cedar trees (Law 558 
1996)) there is little supervision of some of the forests and lit- 
tle enforcement of the laws. As a result, several of the stands 
are still under threat from pillaging and housing develop- 
ment. The demand for ornaments made from cedar wood has 
not diminished and in fact is increasing with the increase in 
tourism; carvers claim they only use branches that have nat- 
urally fallen off, but there are reports that trees are being cut 
down in one area to feed the shops in another. Developers are 
still targeting either the protected areas themselves or land 
just adjacent to or above them, which raises issues such as 
ground water pollution and the opportunities for pillaging. 
There is evidence of severe damage from winter sports and 
goats in the reforestation sites at Bsharre and Shouf. Parts of 
the Shouf and Jibbe-Tannourine forests are littered with 
mines which were placed there during the recent war (1974- 
1990). This, while discouraging illegal harvesting, also 
restricts access to the trees for research or for management 
purposes. Finally, the tenure of the land on which the surviv- 
ing populations of cedar grow includes the Ministry of 

Agriculture, local government, private ownership and reli- 
gious holdings, which adds a political and time-consuming 
element to any integration of conservation efforts. 

Another important factor to consider is the problem of 
insect pests currently attacking the Lebanese forests. In the 
Shouf, young trees are infested with the cedar shoot moth 
Dichelia sp. (alias Parasyndemis sp.). The moth is found in 
more than one of the stands and there are fears that the prob- 
lem is spreading. In Tannourine the situation is more serious. 
A large percentage of the trees are showing a high degree of 
necrosis, particularly on new shoots, and this was found to be 
caused by a Cephakia sp., the first to be reported on the 
genus Cedrus. Both these insect species have been found in 
the Bsharre population. The problem is being exacerbated by 
mild winter conditions over the last few years which allows 
the insects two generations per year instead of one, 
Academic research is already under way to study their biol- 
ogy and possible methods of control. In the meantime it 
remains unclear whether pruning, where possible, would 
help to control the problem. 

There is therefore an urgent need for a thorough assess- 
ment of the condition of the forests to be completed and the 
establishment of some form of forest supervision. This will 
allow an integrated management system to be established in 
order to enforce the laws and protect not only the trees them- 
selves but the entire habitat in which they grow. 

The situation in Turkey is rather different. The difficult 
topography of the Taurus mountains and a long-established 
forestry infrastructure have helped to preserve a relatively 
large area of remnant forests in that region. The cedars in 
Turkey are found in CPD sites SWA 15, southern, and 16, 
south-west (WWF and IUCN 1994). Their conservation is 
being co-ordinated by the General Directorate of 
Reforestation and Erosion Control, and is managed by 
regional Forest Research Institutes. There are now two pro- 
tected natural cedar populations, at Elmali-Cig likara and 
Sharkikaraagac-Kizildag . In addition, 2 1 stands throughout 
the natural distribution in Turkey have been given ‘Seed 
Stand’ status by the Forest Tree Seeds and Improvement 
Institute, Ankara (Boydak 1996, Isik 1997). It is not clear, 
however, if a measure of genetic diversity was used in the 
selection of these seed stands. There have also been exten- 
sive plantings, 61,611 ha of Cedrus libani was planted 
between the years 1983-1989, and 5750ha between 1994- 
1996, some of it outside the natural range of the species 
(Boydak 1996). However, the impact of this planting on the 
existing genetic architecture of the populations is as yet 
unassessed, and there is damage to the forests due to unreg- 
ulated tourist and agricultural development. 

Propagation ex situ 

Due to an increased environmental awareness after the war 
and a great pride in the national tree, there are several nurs- 
eries in Lebanon, both private and public, which are suc- 
cessfully producing cedar seedlings. These seedlings are 
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being planted both as amenity trees all over Lebanon, and 
were used at a number of reforestation sites in Bsharre and 
Shouf regions. In Bsharre, the seedlings were planted over a 
large area just above the existing Cedres de Dieu stand, and 
they have been subject to high levels of mortality and exhib- 
it unusually slow rates of growth. It is suggested that the 
residual stand represents the natural altitudinal limit of the 
species, and that planting above that limit exposes the 
seedlings to excessive drought and other stresses. Planting at 
lower altitudes might therefore meet with more success, par- 
ticularly if the area is fenced and managed. Earlier reforesta- 
tion efforts in the mid 1960’s targeted the hills of the Shouf 
region. Terraces were built over a total area of over 142,000 
ha and the trees planted in rows at a high density (Chaney 
and Basbous 1978). At the moment these look artificial and 
in need of proper management, but growth is good and local 
NGOs working with the Ministry of Environment are inves- 
tigating possible strategies. 

Some Lebanese nurseries are producing both Cedrus 
deodara and C. atlantica as well as C. lihani. Law 558 
(1996) decrees that only C. Zibani be planted for reforesta- 
tion. The problem lies in the fact that at the seedling stage it 
is morphologically almost impossible to tell all the species 
apart, and again, there is no supervision or monitoring of 
what is being planted where. At the American University of 
Beirut there is now a reliable DNA-based method of identi- 
fying one species from another (PCR-RAPDs), and it is pro- 
posed that greater use be made of this facility in order to 
ensure that the replanted forests are of Cedar of Lebanon 
rather than a mixture of exotic congenerics. 

In Turkey, the co-ordinated reforestation efforts have 
made use of foresters’ observations and ensured that nurs- 
eries use seeds from the same elevation to reforest a particu- 
lar area; more than 67,OOOha have been planted with C. 
libani since 1983 (Boydak 1996). There have been extensive 
seedling trials and valuable information has been gathered on 
the best methods of replanting with reforestation objectives. 
However, most of the reports are written in Turkish and 
remain for the larger part untranslated. 

Cedar of Lebanon (Cedrus libani ) cultivated at Wakehurst Place Cedar of Lebanon (Cedrus libani ) cultivated at Wakehurst Place 
(Royal Botanic Gardens, Kew), England. (Royal Botanic Gardens, Kew), England. 

Recommended actions Recommended actions 
The governments of Lebanon, Syria and Turkey can publish The governments of Lebanon, Syria and Turkey can publish 
Biodiversity Action Plans which will stimulate national co- Biodiversity Action Plans which will stimulate national co- 
ordination efforts. Current and recent work, such as reports ordination efforts. Current and recent work, such as reports 
and theses from institutes in Turkey and Lebanon, could be and theses from institutes in Turkey and Lebanon, could be 
built on and incorporated into such documents. Ongoing col- built on and incorporated into such documents. Ongoing col- 
laborative projects could also feed into these plans; for exam- laborative projects could also feed into these plans; for exam- 
ple, The American University of Beirut, Lebanon, and ple, The American University of Beirut, Lebanon, and 
Akdeniz University, Turkey, are involved in a European Union Akdeniz University, Turkey, are involved in a European Union 
Integrated Co-operation for Developing Countries (INCO- Integrated Co-operation for Developing Countries (INCO- 
DC) project co-ordinated by The University of Reading, UK, DC) project co-ordinated by The University of Reading, UK, 
on the assessment of genetic diversity and sustainable produc- on the assessment of genetic diversity and sustainable produc- 
tion of Cedrus in Mediterranean regions (project number tion of Cedrus in Mediterranean regions (project number 
IC 1%CT97-0 177). This project, which includes partners in IC 1%CT97-0 177). This project, which includes partners in 
Morocco and Spain, will help to provide vital information on Morocco and Spain, will help to provide vital information on 
the genetic diversity of cedars which may be incorporated into the genetic diversity of cedars which may be incorporated into 
more general conservation strategies in the region. more general conservation strategies in the region. 

In Lebanon, the Ministry of Environment could lead an 
integrated strategy for conservation that identifies core areas 
and maintains them, perhaps within the context of a newly 
established World Heritage Site or Biosphere Reserve. The 
GEF project currently running could form the basis for such 
a programme. This will ensure that the stunning landscape 
which houses the cedars will remain, while at the same time 
giving leeway for some development and commercial enter- 
prises to benefit the local communities. With Lebanon just 
emerging from 20 years of war and enthusiastic about what 
is left of its natural resources, the step into an integrated man- 
agement system is ready to be taken. 

In Lebanon, the Ministry of Environment could lead an 
integrated strategy for conservation that identifies core areas 
and maintains them, perhaps within the context of a newly 
established World Heritage Site or Biosphere Reserve. The 
GEF project currently running could form the basis for such 
a programme. This will ensure that the stunning landscape 
which houses the cedars will remain, while at the same time 
giving leeway for some development and commercial enter- 
prises to benefit the local communities. With Lebanon just 
emerging from 20 years of war and enthusiastic about what 
is left of its natural resources, the step into an integrated man- 
agement system is ready to be taken. 

Turkey, on the other hand, already has an integrated and 
well co-ordinated cedar conservation strategy, and this will 
be further strengthened by a robust assessment of diversity. 
It seems from the literature available that there is an aware- 
ness of the need to protect the cedar forests, but it was not 

Turkey, on the other hand, already has an integrated and 
well co-ordinated cedar conservation strategy, and this will 
be further strengthened by a robust assessment of diversity. 
It seems from the literature available that there is an aware- 
ness of the need to protect the cedar forests, but it was not 

Cedar of Lebanon (Cedrus libani) in SW Turkey. 

apparent whether this awareness extended to the old growth 
stands. These forests would probably contain the greatest 
genetic diversity within Cedrus libani as well as the greatest 
diversity of associated species. It is thus imperative to survey 
all extant old growth stands and use the index to ensure legal 
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protection with adequate provision of management. There 
may not be a risk of C. Zibani becoming extinct in the wild, 
but the surviving old growth stands will soon be lost through 
poor regeneration and natural death, and with them the 
genetic diversity required for reforestation and habitat 
restoration. 

The remnant cedar forests of the eastern Mediterranean 
are probably amongst the last areas of primary habitat in 
these countries, and are also where a large proportion of the 
area’s threatened biodiversity survives. Due to reasons dis- 
cussed earlier in this report, these remnants are diminishing 
in both quality and area. This leads on to the need for adopt- 
ing an ecosystem approach to conservation for the whole 
region, whereby instead of fencing off the forests and keep- 
ing them as “museums”, they are incorporated into a larger 
scheme of protected areas where cedar stands of varying 
ages are managed. The best opportunities for the establish- 
ment of viable reserves is in mountains, and it is suggested 
that a series of linked reserves are set up through the range 
of Cedrus Zibani from Turkey to Lebanon to secure what is 
left of the natural habitat and encourage the recovery of 
other elements of the Levantine biota such as the wolf and 
the Syrian bear. 
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Appendix 2 

IUCN Red List Categories 
Prepared by the IUCN Species Survival Commission 

As approved by the 40th Meeting of the IUCN Council, Gland, Switzerland 
30 November 1994 

I) Introduction 
1. The threatened species categories now used in Red Data Books 
and Red Lists have been in place, with some modification, for 
almost 30 years. Since their introduction these categories have 
become widely recognised internationally, and they are now used in 
a whole range of publications and listings, produced by IUCN as 
well as by numerous governmental and non-governmental organi- 
sations. The Red Data Book categories provide an easily and wide- 
ly understood method for highlighting those species under higher 
extinction risk, so as to focus attention on conservation measures 
designed to protect them. 

2. The need to revise the categories has been recognised for some 
time. In 1984, the SSC held a symposium, ‘The Road to Extinction’ 
(Fitter & Fitter 1987), which examined the issues in some detail, and 
at which a number of options were considered for the revised system. 
However, no single proposal resulted. The current phase of develop- 
ment began in 1989 with a request from the SSC Steering Committee 
to develop a new approach that would provide the conservation com- 
munity with useful information for action planning. 

In this document, proposals for new definitions for Red List cat- 
egories are presented. The general aim of the new system is to pro- 
vide an explicit, objective framework for the classification of 
species according to their extinction risk. 

The revision has several specific aims: 

l to provide a system that can be applied consistently by differ- 
ent people; 

0 to improve the objectivity by providing those using the criteria 
with clear guidance on how to evaluate different factors which 
affect risk of extinction; 

0 to provide a system which will facilitate comparisons across 
widely different taxa; 

0 to give people using threatened species lists a better under- 
standing of how individual species were classified. 

3. The proposals presented in this document result from a continu- 
ing process of drafting, consultation and validation. It was clear that 
the production of a large number of draft proposals led to some con- 
fusion, especially as each draft has been used for classifying some 
set of species for conservation purposes. To clarify matters, and to 
open the way for modifications as and when they became necessary, 
a system for version numbering was applied as follows: 

Version 1.0: Mace & Lande (1991) 
The first paper discussing a new basis for the categories, and 
presenting numerical criteria especially relevant for large verte- 
brates . 

Version 2.0: Mace et al. (1992) 
A major revision of Version 1.0, including numerical criteria 
appropriate to all organisms and introducing the non-threatened 
categories. 

Version 2.1: IUCN (1993) 
Following an extensive consultation process within SSC, a 
number of changes were made to the details of the criteria, and 
fuller explanation of basic principles was included. A more 
explicit structure clarified the significance of the non-threatened 
categories. 

Version 2.2: Mace & Stuart (1994) 
Following further comments received and additional validation 
exercises, some minor changes to the criteria were made. In 
addition, the Susceptible category present in Versions 2.0 and 
2.1 was subsumed into the Vulnerable category. A precautionary 
application of the system was emphasised. 

Final Version 
This final document, which incorporates changes as a result of 
comments from IUCN members, was adopted by the IUCN 
Council in December 1994. 

All future taxon lists including categorisations should be based on 
this version, and not the previous ones. 

4. In the rest of this document the proposed system is outlined in 
several sections. The Preamble presents some basic information 
about the context and structure of the proposal, and the procedures 
that are to be followed in applying the definitions to species. This is 
followed by a section giving definitions of terms used. Finally the 
definitions are presented, followed by the quantitative criteria used 
for classification within the threatened categories. It is important for 
the effective functioning of the new system that all sections are read 
and understood, and the guidelines followed. 
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II) Preamble 
The following points present important information on the use and 
interpretation of the categories (= Critically Endangered, Endangered, 
etc.), criteria (= A to E), and sub-criteria (= a,b etc ., i ji etc.): 

1. Taxonomic level and scope of the categorisation process 
The criteria can be applied to any taxonomic unit at or below the 
species level. The term ‘taxon’ in the following notes, definitions 
and criteria is used for convenience, and may represent species or 
lower taxonomic levels, including forms that are not yet formally 
described. There is a sufficient range among the different criteria to 
enable the appropriate listing of taxa from the complete taxonomic 
spectrum, with the exception of micro-organisms. The criteria may 
also be applied within any specified geographical or political area 
although in such cases special notice should be taken of point 11 
below. In presenting the results of applying the criteria, the taxo- 
nomic unit and area under consideration should be made explicit. 
The categorisation process should only be applied to wild popula- 
tions inside their natural range, and to populations resulting from 
benign introductions (defined in the draft IUCN Guidelines for Re- 
introductions as “ ..an attempt to establish a species, for the purpose 
of conservation, outside its recorded distribution, but within an 
appropriate habitat and eco-geographical area”). 

2. Nature of the categories 
All taxa listed as Critically Endangered qualify for Vulnerable and 
Endangered, and all listed as Endangered qualify for Vulnerable. 
Together these categories are described as ‘threatened’. The threat- 
ened species categories form a part of the overall scheme. It will be 
possible to place all taxa into one of the categories (see Figure 1). 

3. Role of the different criteria 
For listing as Critically Endangered, Endangered or Vulnerable 
there is a range of quantitative criteria; meeting any one of these cri- 

teria qualifies a taxon for listing at that level of threat. Each species 
should be evaluated against all the criteria. The different criteria (A- 
E) are derived from a wide review aimed at detecting risk factors 
across the broad range of organisms and the diverse life histories 
they exhibit. Even though some criteria will be inappropriate for 
certain taxa (some taxa will never qualify under these however 
close to extinction they come), there should be criteria appropriate 
for assessing threat levels for any taxon (other than micro-organ- 
isms). The relevant factor is whether any one criterion is met, not 
whether all are appropriate or all are met. Because it will never be 
clear which criteria are appropriate for a particular species in 
advance, each species should be evaluated against all the criteria, 
and any criterion met should be listed. 

4. Derivation of quantitative criteria 
The quantitative values presented in the various criteria associated 
with threatened categories were developed through wide consulta- 
tion and they are set at what are generally judged to be appropriate 
levels, even if no formal justification for these values exists. The 
levels for different criteria within categories were set independent- 
ly but against a common standard. Some broad consistency 
between them was sought. However, a given taxon should not be 
expected to meet all criteria (A-E) in a category; meeting any one 
criterion is sufficient for listing. 

5. Implications of listing 
Listing in the categories of Not Evaluated and Data Deficient indi- 
cates that no assessment of extinction risk has been made, though 
for different reasons.Until such time as an assessment is made, 
species listed in these categories should not be treated as if they 
were non-threatened, and it may be appropriate (especially for Data 
Deficient forms) to give them the same degree of protection as 
threatened taxa, at least until their status can be evaluated. 

Extinction is assumed here to be a chance process. Thus, a list- 
ing in a higher extinction risk category implies a higher expectation 

Figure 1: Structure of the Categories 

Extinct 

Extinct in the Wild 

t 

Critically Endangered 

-Threatened Endangered 

Vulnerable 

- Adequate data 
- Conservation Dependent 

Lower Risk Near Threatened 

- Least Concern 

- Evaluated 

Data Deficient 

Not Evaluated 

115 



of extinction, and over the time-frames specified more taxa listed in 
a higher category are expected to go extinct than in a lower one 
(without effective conservation action). However, the persistence of 
some taxa in high risk categories does not necessarily mean their 
initial assessment was inaccurate. 

6. Data quality and the importance of inference and 
projection 
The criteria are clearly quantitative in nature. However, the absence 
of high quality data should not deter attempts at applying the crite- 
ria, as methods involving estimation, inference and projection are 
emphasised to be acceptable throughout. Inference and projection 
may be based on extrapolation of current or potential threats into the 
future (including their rate of change), or of factors related to pop- 
ulation abundance or distribution (including dependence on other 
taxa), so long as these can reasonably be supported. Suspected or 
inferred patterns in either the recent past, present or near future can 
be based on any of a series of related factors, and these factors 
should be specified. 

Taxa at risk from threats posed by future events of low proba- 
bility but with severe consequences (catastrophes) should be identi- 
fied by the criteria (e.g. small distributions, few locations). Some 
threats need to be identified particularly early, and appropriate 
actions taken, because their effects are irreversible, or nearly so 
(pathogens, invasive organisms, hybridization). 

7. Uncertainty 
The criteria should be applied on the basis of the available evidence 
on taxon numbers, trend and distribution, making due allowance for 
statistical and other uncertainties. Given that data are rarely avail- 
able for the whole range or population of a taxon, it may often be 
appropriate to use the information that is available to make intelli- 
gent inferences about the overall status of the taxon in question. In 
cases where a wide variation in estimates is found, it is legitimate to 
apply the precautionary principle and use the estimate (providing it 
is credible) that leads to listing in the category of highest risk. 

Where data are insufficient to assign a category (including 
Lower Risk), the category of ‘Data Deficient’ may be assigned. 
However, it is important to recognise that this category indicates 
that data are inadequate to determine the degree of threat faced by 
a taxon, not necessarily that the taxon is poorly known. In cases 
where there are evident threats to a taxon through, for example, 
deterioration of its only known habitat, it is important to attempt 
threatened listing, even though there may be little direct information 
on the biological status of the taxon itself. The category ‘Data 
Deficient’ is not a threatened category, although it indicates a need 
to obtain more information on a taxon to determine the appropriate 
listing. 

8. Conservation actions in the listing process 
The criteria for the threatened categories are to be applied to a taxon 
whatever the level of conservation action affecting it. In cases 
where it is only conservation action that prevents the taxon from 
meeting the threatened criteria, the designation of ‘Conservation 
Dependent’ is appropriate. It is important to emphasise here that a 
taxon require conservation action even if it is not listed as threat- 
ened. 

9. Documentation 
All taxon lists including categorisation resulting from these criteria 
should state the criteria and sub-criteria that were met. No listing 

can be accepted as valid unless at least one criterion is given. If  
more than one criterion or sub-criterion was met, then each should 
be listed. However, failure to mention a criterion should not neces- 
sarily imply that it was not met. Therefore, if a re-evaluation indi- 
cates that the documented criterion is no longer met, this should not 
result in automatic down-listing. Instead, the taxon should be re- 
evaluated with respect to all criteria to indicate its status. The fac- 
tors responsible for triggering the criteria, especially where infer- 
ence and projection are used, should at least be logged by the eval- 
uator, even if they cannot be included in published lists. 

10. Threats and priorities 
The category of threat is not necessarily sufficient to determine pri- 
orities for conservation action. The category of threat simply pro- 
vides an assessment of the likelihood of extinction under current 
circumstances, whereas a system for assessing priorities for action 
will include numerous other factors concerning conservation action 
such as costs, logistics, chances of success, and even perhaps the 
taxonomic distinctiveness of the subject. 

11. Use at regional level 
The criteria are most appropriately applied to whole taxa at a glob- 
al scale, rather than to those units defined by regional or national 
boundaries. Regionally or nationally based threat categories, which 
are aimed at including taxa that are threatened at regional or nation- 
al levels (but not necessarily throughout their global ranges), are 
best used with two key pieces of information: the global status cat- 
egory for the taxon, and the proportion of the global population or 
range that occurs within the region or nation. However, if applied at 
regional or national level it must be recognised that a global cate- 
gory of threat may not be the same as a regional or national catego- 
ry for a particular taxon. For example, taxa classified as Vulnerable 
on the basis of their global declines in numbers or range might be 
Lower Risk within a particular region where their populations are 
stable. Conversely, taxa classified as Lower Risk globally might be 
Critically Endangered within a particular region where numbers are 
very small or declining, perhaps only because they are at the mar- 
gins of their global range. IUCN is still in the process of develop- 
ing guidelines for the use of national red list categories. 

12. Re-evaluation 
Evaluation of taxa against the criteria should be carried out at 
appropriate intervals. This is especially important for taxa listed 
under Near Threatened, or Conservation Dependent, and for threat- 
ened species whose status is known or suspected to be deteriorating. 

13. Transfer between categories 
There are rules to govern the movement of taxa between categories. 
These are as follows: (A) A taxon may be moved from a category 
of higher threat to a category of lower threat if none of the criteria 
of the higher category has been met for five years or more. (B) If  
the original classification is found to have been erroneous, the taxon 
may be transferred to the appropriate category or removed from the 
threatened categories altogether, without delay (but see Section 9). 
(C) Transfer from categories of lower to higher risk should be made 
without delay. 

14. Problems of scale 
Classification based on the sizes of geographic ranges or the pat- 
terns of habitat occupancy is complicated by problems of spatial 
scale. The finer the scale at which the distributions or habitats of 
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taxa are mapped, the smaller the area will be that they are found to 
occupy. Mapping at finer scales reveals more areas in which the 
taxon is unrecorded. It is impossible to provide any strict but gen- 
eral rules for mapping taxa or habitats; the most appropriate scale 
will depend on the taxa in question, and the origin and comprehen- 
siveness of the distributional data. However, the thresholds for 
some criteria (e.g. Critically Endangered) necessitate mapping at a 
fine scale. 

III) Definitions 

6. Reduction 
A reduction (criterion A) is a decline in the number of mature indi- 
viduals of at least the amount (%) stated over the time period (years) 
specified, although the decline need not still be continuing. A reduc- 
tion should not be interpreted as part of a natural fluctuation unless 
there is good evidence for this. Downward trends that are part of 
natural fluctuations will not normally count as a reduction. 

7. Extreme fluctuations 
Extreme fluctuations occur in a number of taxa where population 
size or distribution area varies widely, rapidly and frequently, typi- 
cally with a variation greater than one order of magnitude (i .e ., a 
tenfold increase or decrease). 

8. Severely fragmented 
Severely fragmented refers to the situation where increased extinc- 
tion risks to the taxon result from the fact that most individuals 
within a taxon are found in small and relatively isolated subpopula- 
tions. These small subpopulations may go extinct, with a reduced 
probability of recolonisation. 

9. Extent of occurrence 
Extent of occurrence is defined as the area contained within the short- 
est continuous imaginary boundary which can be drawn to encompass 
all the known, inferred or projected sites of present occurrence of a 
taxon, excluding cases of vagrancy. This measure may exclude dis- 
continuities or disjunctions within the overall distributions of taxa 
(e.g., large areas of obviously unsuitable habitat) (but see ‘area of 
occupancy’). Extent of occurrence can often be measured by a mini- 
mum convex polygon (the smallest polygon in which no internal angle 
exceeds 180 degrees and which contains all the sites of occurrence). 

10. Area of occupancy 
Area of occupancy is defined as the area within its ‘extent of occur- 
rence’ (see definition) which is occupied by a taxon, excluding 
cases of vagrancy. The measure reflects the fact that a taxon will not 
usually occur throughout the area of its extent of occurrence, which 
may, for example, contain unsuitable habitats. The area of occupan- 
cy is the smallest area essential at any stage to the survival of exist- 
ing populations of a taxon (e.g. colonial nesting sites, feeding sites 
for migratory taxa). The size of the area of occupancy will be a 
function of the scale at which it is measured, and should be at a 
scale appropriate to relevant biological aspects of the taxon. The cri- 
teria include values in km2, and thus to avoid errors in classification, 
the area of occupancy should be measured on grid squares (or 
equivalents) which are sufficiently small (see Figure 2). 

11. Location 
Location defines a geographically or ecologically distinct area in 
which a single event (e.g. pollution) will soon affect all individuals of 
the taxon present. A location usually, but not always, contains all or 
part of a subpopulation of the taxon, and is typically a small propor- 
tion of the taxon’s total distribution. 

12. Quantitative analysis 
A quantitative analysis is defined here as the technique of population 
viability analysis (PVA), or any other quantitative form of analysis, 
which estimates the extinction probability of a taxon or population 
based on the known life history and specified management or non- 
management options. In presenting the results of quantitative analy- 
ses the structural equations and the data should be explicit. 
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Figure 2: Two examples of the distinction between extent of occur- 
rence and area of occupancy. (a) is the spatial distribution of known, 
inferred or projected sites of occurrence. (b) shows one possible 
boundary to the extent of occurrence, which is the measured area 
within this boundary. (c) shows one measure of area of occupancy 
which can be measured by the sum of the occupied grid squares. 

IV) The categories 1 

EXTINCT (EX) 
A taxon is Extinct when there is no reasonable doubt that the last 
individual has died. 

EXTINCT IN THE WILD (EW) 
A taxon is Extinct in the wild when it is known only to survive in cul- 
tivation, in captivity or as a naturalised population (or populations) 
well outside the past range. A taxon is presumed extinct in the wild 
when exhaustive surveys in known and/or expected habitat, at appro- 
priate times (diurnal, seasonal, annual), throughout its historic range 
have failed to record an individual. Surveys should be over a time 
frame appropriate to the taxon’s life cycle and life form. 

CRITICALLY ENDANGERED (CR) 
A taxon is Critically Endangered when it is facing an extremely 
high risk of extinction in the wild in the immediate future, as 
defined by any of the criteria (A to E) on pages 119- 120. 

ENDANGERED (EN) 
A taxon is Endangered when it is not Critically Endangered but is 
facing a very high risk of extinction in the wild in the near future, 
as defined by any of the criteria (A to E) on page 120. 

VULNERABLE (VU) 
A taxon is Vulnerable when it is not Critically Endangered or 
Endangered but is facing a high risk of extinction in the wild in the 
medium-term future, as defined by any of the criteria (A to E) on 
pages 120-121. 

LOWER RISK (LR) 
A taxon is Lower Risk when it has been evaluated, does not satisfy 
the criteria for any of the categories Critically Endangered, 
Endangered or Vulnerable. Taxa included in the Lower Risk cate- 
gory can be separated into three subcategories: 

1. Conservation Dependent (cd). Taxa which are the focus of a 
continuing taxon-specific or habitat-specific conservation pro- 
gramme targeted towards the taxon in question, the cessation 
of which would result in the taxon qualifying for one of the 
threatened categories above within a period of five years. 

2. Near Threatened (nt). Taxa which do not qualify for 
Conservation Dependent, but which are close to qualifying for 
Vulnerable. 

3. Least Concern (1~). Taxa which do not qualify for 
Conservation Dependent or Near Threatened. 

DATA DEFICIENT (DD) 
A taxon is Data Deficient when there is inadequate information to 
make a direct, or indirect, assessment of its risk of extinction based 
on its distribution and/or population status. A taxon in this catego- 
ry may be well studied, and its biology well known, but appropriate 
data on abundance and/or distribution is lacking. Data Deficient is 
therefore not a category of threat or Lower Risk. Listing of taxa in 
this category indicates that more information is required and 
acknowledges the possibility that future research will show that 
threatened classification is appropriate. It is important to make pos- 
itive use of whatever data are available. In many cases great care 
should be exercised in choosing between DD and threatened status. 
If  the range of a taxon is suspected to be relatively circumscribed, 
if a considerable period of time has elapsed since the last record of 
the taxon, threatened status may well be justified. 

NOT EVALUATED (NE) 
A taxon is Not Evaluated when it is has not yet been assessed 
against the criteria. 

V) The Criteria for Critically Endangered, 
Endangered and Vulnerable 
CRITICALLY ENDANGERED (CR) 
A taxon is Critically Endangered when it is facing an extremely high 
risk of extinction in the wild in the immediate future, as defined by 
any of the following criteria (A to E): 

A) Population reduction in the form of either of the following: 
1) An observed, estimated, inferred or suspected reduction of at 

least 80% over the last 10 years or three generations, whichev- 
er is the longer, based on (and specifying) any of the following: 

a) direct observation 
b) an index of abundance appropriate for the taxon 
c) a decline in area of occupancy, extent of occurrence 

and/or quality of habitat 
d) actual or potential levels of exploitation 

1 Note: As in previous IUCN categories, the abbreviation of each category (in parenthesis) follows the English denominations when translated into other languages. 
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e) the effects of introduced taxa, hybridisation, pathogens, B) Extent of occurrence estimated to be less than 5000 km2 or area 
pollutants, competitors or parasites. of occupancy estimated to be less than 500 km2, and estimates indi- 

2) A reduction of at least 80%) projected or suspected to be met eating any two of the following: 
within the next 10 years or three generations, whichever is the l)Severely fragmented or known to exist at no more 
longer, based on (and specifying) any of(b), (c), (d) or (e) above. than five locations. 

B) Extent of occurrence estimated to be less than 100 km2 or area 2) Continuing decline, inferred, observed or projected 
of occupancy estimated to be less than 10 km2, and estimates indi- in any of the following: 
cati ng any two of the following: 

1 ) Severely fragmented or known to exist at only a single loca- 
tion. 

2)Continuing decline, observed, inferred or projected,in any of 
the following: 

a) extent of occurrence 3) 

a> 
b) 
c> area, ex tent and/or quality of habitat 
d) number of locations or subpopulations 

extent of occurrence 
area of occupancy 

e) number of mature individuals . 
Extreme fluctuations in any of the following: 

b) area of occupancy 
c) area, extent and/or quality of habitat 
d) number of locations or subpopulations 
e) number of mature individuals. 

Extreme fluctuations in any of the following: 

a) extent of occurrence 
b) area of occupancy 
c) number of locations or subpopulations 
d) number of mature individuals. 

Population estimated to number less C> than 2500 mature individ- 3) 
a) extent of occurrence 
b) area of occupancy 
c) number of locations or subpopulations 
d) number of mature individuals. 

C) Population estimated to number less than 250 mature 
individuals and either: 

1) An estimated continuing decline of at least 25% 
within three years or one generation, whichever is 
longer or 

2)A continuing decline, observed, projected, or 
inferred, in numbers of mature individuals and pop- 
ulation structure in the form of either: 

a) severely fragmented (i.e. no subpopulation esti 
mated to contain more than 50 mature individ- 
uals 

b) all individuals are in a single subpopulation. 
D) Population estimated to number less than 50 mature 
individuals. 
E) Quantitative analysis showing the probability of 
extinction in the wild is at least 50% within 10 years or 
three generations, whichever is the longer. 

ENDANGERED (EN) 
A taxon is Endangered when it is not Critically Endangered but is fac- 
ing a very high risk of extinction in the wild in the near future, as 
defined by any of the following criteria (A to E): 
A) Population reduction in the form of either of the follow 

ing: 
1)An observed, estimated, inferred or suspected 

reduction of at least 50% over the last 10 years or 
three generations, whichever is the longer, based on 
(and specifying) any of the following: 

a) direct observation 
b) an index of abundance appropriate for the taxon 
c) a decline in area of occupancy, extent of occur 

ence and/or quality of habitat 

uals and either: 
1)An estimated continuing decline of at least 20% 

within five years or two generations, whichever is 
the longer, or 

2)A continuing decline, observed, projected, or 
inferred, in numbers of mature individuals and pop 
lation structure in the form of either: 

a) severely fragmented (i.e. no subpopulation esti 
ated to contain more than 250 mature individuals) 

b) all individuals are in a single subpopulation. 
D) Population estimated to number less than 250 mature 
individuals. 
E) Quantitative analysis showing the probability of 
extinction in the wild is at least 20% within 20 years or 
five generations, whichever is the longer. 

VULNERABLE (VU) 
A taxon is Vulnerable when it is not Critically Endangered or 
Endangered but is facing a high risk of extinction in the wild in the 
medium-term future, as defined by any of the following criteria (A 
to E): 
A) Population reduction in the form of either of the fol 
lowing: 

1)An observed, estimated, inferred or suspected 
reduction of at least 20% over the last 10 years or 
three generations, whichever is the longer, based on 
(and specifying) any of the following: 

a) direct observation 
b) an index of abundance appropriate for the taxon 
c) a decline in area of occupancy, extent of occur 

ence and/or quality of habitat 

d) actual or potential levels of exploitation 
e) the effects of introduced taxa, hybridisation, 

pathogens, pollutants, competitors or parasites. 
2) A reduction of at least 50%, projected or suspected 

to be met within the next 10 years or three genera 
ions, whichever is the longer, based on (and speci 
ying) any of(b), (c), (d), or (e) above. 

d) actual or potential levels of exploitation 
e) the effects of introduced taxa, hybridisation 

pathogens, pollutants, competitors or parasites. 
2) A reduction of at least 20%, projected or suspected to be met 

within the next ten years or three generations, whichever is the 
longer, based on (and specifying) any of(b), (c), (d) or (e) above. 

B) Extent of occurrence estimated to be less than 20,000 
km2 or area of occupancy estimated to be less than 
2000 km2, and estimates indicating any two of the foll- 
owing: 

l)Severely fragmented or known to exist at no more 
than ten locations. 
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2) Continuing decline, inferred, observed or projected, 
in any of the following: 

a) extent of occurrence 
b) area of occupancy 
c) area, extent and/or quality of habitat 
d) number of locations or subpopulations 
e) number of mature individuals 

3) Extreme fluctuations in any of the following: 
a) extent of occurrence 
b) area of occupancy 
c) number of locations or subpopulations 
d) number of mature individuals 

C) Population estimated to number less than 10,000 
mature individuals and either: 

1) An estimated continuing decline of at least 10% 
within 10 years or three generations, whichever is 
longer, or 

2) A continuing decline, observed, projected, or 
inferred, in numbers of mature individuals and pop- 
ulation structure in the form of either: 

a) severely fragmented (i.e. no subpopulation esti 
mated to contain more than 1000 mature indi- 
viduals) 

b) all individuals are in a single subpopulation 

D) Population very small or restricted in the form of either 
of the following: 

1) Population estimated to number less than 1000 
mature individuals. 

2)Population is characterised by an acute restriction in 
its area of occupancy (typically less than 100 km”) 
or in the number of locations (typically less than 
five). Such a taxon would thus be prone to the 
effects of human activities (or stochastic events 
whose impact is increased by human activities) 
within a very short period of time in an unforesee- 
able future, and is thus capable of becoming 
Critically Endangered or even Extinct in a very 
short period. 

E) Quantitative analysis showing the probability of 
extinction in the wild is at least 10% within 100 years. 

Note: copies of the IUCN Red List Categories booklet are available 
on request from IUCN (address on back cover of this Action Plan). 
They can also be viewed on the World Wide Web at: 

http:llwww.iucn .orglthemeslsscliucnredlistslssc-rl-c .htm 



Appendix 3 

Definitions of the 
IUCN Protected Area Management Categories 

CATEGORY la. CATEGORY IV. 

Strict Nature Reserve: protected area managed mainly 
for science 

Area of land and/or sea possessing some outstanding or representa- 
tive ecosystems, geological or physiological features and/or 
species, available primarily for scientific research and/or environ- 
mental monitoring. 

Habitat/Species Management Area: protected area man- 
aged mainly for conservation through management 
intervention 

Area of land and/or sea subject to active intervention for manage- 
ment purposes so as to ensure the maintenance of habitats and/or to 
meet the requirements of specific species. 

CATEGORY 1 b. CATEGORY V. 

Wilderness Area: protected area managed mainly for 
wilderness protection 

Protected Landscape/Seascape: protected area managed 
mainly for landscape/seascape conservation and recreation 

Large area of unmodified or slightly modified land, and/or sea, 
retaining its natural character and influence, without permanent or 
significant habitation, which is protected and managed so as to pre- 
serve its natural condition. 

CATEGORY II. 

Area of land, with coast and sea as appropriate, where the interac- 
tion of people and nature over time has produced an area of distinct 
character with significant aesthetic, ecological and/or cultural value, 
and often with high biological diversity. Safeguarding the integrity 
of this traditional interaction is vital to the protection, maintenance 
and evolution of such an area. 

National Park: protected area managed mainly for 
ecosystem protection and recreation 

Natural area of land and/or sea, designated to: 

(a) protect the ecological integrity of one or more ecosystems for 
present and future generations; 

CATEGORY VI. 

Managed Resource Protected Area: protected area man- 
aged mainly for the sustainable use of natural ecosystems 

(b) exclude exploitation or occupation inimical to the purposes of 
designation of the area; and 

Area containing predominantly unmodified natural systems, man- 
aged to ensure long term protection and maintenance of biological 
diversity, while providing at the same time a sustainable flow of nat- 
ural products and services to meet community needs. 

(c) provide a foundation for spiritual, scientific, educational, recre- 
ational and visitor opportunities, all of which must be environ- 
mentally and culturally compatible. 

CATEGORY Ill. 

Natural Monument: protected area managed mainly for 
conservation of specific natural features 

For further information on the management categories, readers 
should consult: 

Area containing one, or more, specific natural or natural/cultural fea- 
ture which is of outstanding or unique value because of its inherent 
rarity, representative or aesthetic qualities or cultural significance. 

IUCN (1994). Guidelines for Protected Area Management 
Categories. CNPPA with the assistance of WCMC. IUCN, Gland, 
Switzerland and Cambridge, UK. x + 261~~. 
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