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Introduction: our precious forests and their protection and enlargement

lan Douglas

University of Manchester, UK

The vital importance oforests

Forests support a huge proportion of the
g2 NI RQ3& keépActrSworld yhRbalance
They are thed A (luhgof e planet,taking
in carbon and breathing out oxygen. Thaye
the habitat for countless speciesmost of
which are not found elsewdre. In a warming
world theyprovideour best chance for survival
(Brindley, 2022).Forests help to mitigate
Ot AYIFIGS OKIy3aSo ¢NBSA
carboncapture technology Forests thus
helping to mitigate climate change.

Forests cover one thirdf the earth's land mass
and perform vital functions supportng the
livelihoods of 1.6 billion peopleho live in and
around the forest or use and transform forest
products, including many highly significant
medicines. Forests, like the oceans, are key
elements in the global climate system,
regulating not only atmospheric chemistry, but
also atmospheric ater vapour.

Treeshelp to make rain by releasing water
from the soil and forest to the atmosphere.
They uptake moisture from of the soil through
their roots and release it from their leaves to
the air during the day helping to create
rainclouds and shapirg global weather
patterns. In Sabah, nortbast Borneo about
30% of the rainfall is returned to the
atmosphere from the trees by these processes
of evaporation and transpirationDouglas,
2022) Thisreleaseof water to the atmosphere
accounts for most of the afternoon
thunderstorm rain in the humid tropicsSome
writers describe these tropical rainforests as
Water tower<that regulate the flows of great
rivers such as the Nile, Congo, Amazon and
Mekong. Just @the reduction of mountain
glacier volumes the Himalaya, Andes and the
highest African mountains threatens the flows

of rivers, so do forest loss and forest

degradation.
Protection of forests

Many international organisations and some
major corporations are now expressing
02y OSNY F2NJ GKS 7Fdzi dzNB
The World Economic Forumwhich engages

the foremost political, business, cultural and

Qied leids & S&kty toldshaps GIEBAS Q&

regional and industry agendas, has set out
eight reasonswhy we need to protect our
forests

1. Healthy forests mean healthy people

2. Forest food provides healthy diets

3. Restoring forests will improve our
environment

4. Sustainable forestry can create millions
of green jobs

5. Degraded lands can be restored at huge
scale

6. Every tree counts

7. Empower people to sustainably use
forests

8. We can recover from our planetary,
health and economic crises

Despite the great importance and value of

forests for humanity andtheresfo G4 KS &2 NI RG

biodiversity, forests are still being lost at an
alarming rate (Figure 1). Every minute, 35 ha
are  destroyed [fttps://www.rainforest
alliance.org/insights/oumissionto-protect-
the-worldsforests/). Neverthelessa glimmer

of hope has emerged since 1990. Small gains in
forest cover have occurred in some parts of the
world. The Great Green Wall Project in Africa
aims to restoe 100 million hectares of
currently degraded land in the southern Sahel
region by 2030, and tesequester 250 million
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tonnes of carbon and create 10 million jobs in
rural areas. 15 million ha of forest have already
been establishedGreat Green Walt 2030
Ambition).

TheChinesdsreat Green Wall, officially known

desert margin land are being planted with
trees How China Turned the Desert into Green
Forests YouTubg

To these hugenpjects must be added the vast
number of national, local and community

as the ThreeNorth Shelter Forest Program,  afforestation and treeplanting initiatives,
was begun in 1978, with the proposed end A Yy Of dZRAYy 3 ¢KS vdzssyQa /[ 2YY
result of raising northern China's forest cover LINB IANJ YYS FyR ¢KS vdzSSyQa
from 5 to 15%, thereby reducing  the United Kingdom.
desertification About 1,700 krhper year of
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Figure 1. t&sses and gains by decade in global forest cover since 1700

Many people warn that these Big Green Wall
projects may not be totally successful as leng
term care of the new forests is difficult to
sustain. In Africa, for example, desperately
poor people are often tempted to cut down
young trees to make charcoal telsin urban
markets as fuel for cooking. Many city dwellers
will know of local parks and urban woodlands
where young trees have been damaged and
neglected. For such reasons it is important to
be constantly aware thgtrotection of forests

is more important than tree planting(Thomas,
2022).

Many governments and media outlets have
been urging us to plant trees and protect

forests, especially in the months before COP26
in 2021.The UKGovernment has committed to
increasing tree planting rates across the tdK
30,000 hectares per year by the end2@24 It
also acknowledges that we must protect the
precious ancient woodlands and veteran trees
which have stood for hundreds of yeafidK
Government 2021)

Existing forests continue to suffer the direct
and indrect effects of human action, whether
from deliberate forest clearance, damage due
to the many conflicts and undeclared wars in
several parts of the world, to the careless
actions of mining companies and illegal
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poachers, or legal and illegal logging damag
(often destroying over 70% of the canopy).
Across the globe, severe wildfires have not
only shown the combined effects of careless
human activities in and around forests and of
global heating, but have demonstrated how
quickly forests can be lost. Howeydire has
been a management tool for many First
Nations, indigenous people. Forests were a
sustainable resource for such people for
thousands of years, unlike the European
colonists who either saw the trees as a timber
resource to be exploited or a% ad2oNg (G 2
cleared to provide cattle pasturer do create
tree-crop plantations for bananas, coffee,
cocoa,pineapples,rubber or oil palm.Books
written in the 1950s were still suggesting that
0KS WRS@St2LIVSyiQ 27
the Amazonwas hamgred by lack of capital
and people, rather than indicating the values
of the tropical rainforest for biodiversity, the
stability of the climate, and regulating other
components of the Earth system.

However, concerns for the future of our forests
have beeraround for a long time. By the early
1960s, concerns about protection of large
mammal species in rainforests were growing
and national parks were being established. For
example, the Malayan Forest Department had
established small jungle reserves in mahjt®
state forests and was beginning to be
concerned about plans for forest clearance for
agriculture (WyattSmith, 1961). Ecologists
GSNBE &l @Ay3a Wb2g Aa
representative sample of the best that

Malaysia has to offer is availab® NJ LJ2 & G S i&BngoEERsins, and on the islands of SE Asia,

(Poore, 1964). Things began to change when
global publicity was given to new works

explaining the state of the environment,

SAaLISOALI T e
Passing of theaJS Environmental Policy Act
1969.

A surge in environental action occurred in
GKS SI NIe
on the pressures on Australian rainforests in
1973 (Douglas, 1975) attracted wide media
and academic interest and indirectly led to an
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evaluation of wilderness areas in eastern New
Souh Wales that ultimately led to large areas
of forest becoming National Parks (Helman et
al, 1976). Successful campaigns in Australia to
protect rainforests from logging and other
RSOSt 2LIySyia
and by midvm oy n Qa Y dzOK nigF
rainforest was given World Heritage Status and
logging ceased.

It is taking longer to develop extensive
rainforest protection elsewhere in the tropics.
(l&)/l sive land cover changes occurred in the
lowland areas of Malaysia in the years up to
1991whendi ¢l & y230SR (KL
fraction [of the lowland dipterocarp rainforest
area] that once existed is currently left in any
i h Summit (the
1992 UN Conference on Environmeand
Development) an international consensus was
developing on such issues as:

1. The role of forests in maintaining
biological diversity and climate;

2. The driving forces behind
deforestation;
3. The criteria and indicators for

sustainable forest management;

4. The need for crosssectoral
frameworks to confront deforestation
(Bryant, 1996).

Although the clearing of tropical rainforests for
mining and oil extraction as well as for grazing

0 K&d planafionst éontigu¥sd arlBhasi &énl

accelerated, especially in the Amazondan

gradually elsewhere, in small areas within
these regions, rainforests began to recover
from logging (Figure 2). Some areas cleared for

SilénCBisrig dndtitel NE 2ati@ &razing were abandoned and forest

plants invaded the grasslandsdiie 3). Forest
protection, especially of areas that had been
selectively logged one or more times, has
dﬂfwﬁp FIMER
(Figure 4) and in Queens and New South

Wales, Australia.
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forest protection and restoration although not families, and communities locally, national and

at all new, is fully warranted because of the internationally to ensure that trees and people
consequences of the increasing global can survive together and keep this planet
population, continuing global heating, greater liveable for future generations.

demands on oil and mineral extraction, and

expanding tourism developments. Even more

Figure2. Views over subtropical rainforest in the Dorrigo National Park, New South Wales Australia
in 2018. This forest was logged in the first two decades of the twentieth century. (Photo lan Douglas)

Mdco ~ HAMC

Figure3. Images of the southern Atherton Tableland, Nortle€nsland, Australitom a hill near
Tarzaliin 1963 and 2016 showing the increase in forest cover (Photos lan Douglas)
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Figure4. Expansion of protected forest areas in former logging concession areas of Sabah, Malaysia
(after Douglas, 2022)
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The purpose of this special issue

58GlrAta 2F GKS adalds
brilliantly set out and mapped in the May 2020
issue of the National Geographic Magazine.
However, that analysis is prepared by
journalists with a globaligw. In this special
AaadzsS 2F GKS /19/
attention is devoted to what is happening in
various parts of the Commonwealth: the work
of local organisations, and communities. We
0S3aAAY BAGK § NB LJ2 NJi
Commonwealth Canopy (QC@hich both

= Grenada ;
i ow Trmldad
o

explains the goals of the programme and
rovide xample f. the var ivifies _
E:elng l%n§ rtzaﬁ’<en?\||‘r11o coun rlesfteo& ew ¥ 8
Zealand to Namibia and from Antigua and
Barbuda to Sierra Leone. The QCC is a pan
Commonwealth network which existing

w2 d &%‘%th‘ CaanTln te(}? C{} in ga\ungg foreglts for

re generations, a togetﬁ)er 0 ensure
forest conservation and create a legacy for
future generations. This special issue is thus a
fur%he COI’]II’I uéon to the g: embracing
cont butlons rom Aotearoa%l \é%gland) to
British Columbia (Figure 5).

Figureb. Locations in the Commonwealth covered by this Special Issue on Forests (Base Map from

Wiki Commons: By Streb®wn work, CC BSA 3.0,
https://commons.wikimedia.org/w/index.php®cid=16115201p

The second article is from Rajasthan, India,
where CHEhdia has long held special
activities of World Environment Day, which
this issue also celebratek.refers to some of
the lessons the COAD® pandemic has taught
us about the value of forests and the many
threats to biodiversity conservation from both
largescale commercial projects and the
actions of individual and communities whose
poverty drives them to exploit forest
resources. Such destructive practices are
further considered in the third paper which

clarifies the differences between natural and
planted commercial forest. It also addresses
the lessons to be learnt from indigenous forest
dwellers, emphasising the importance of both
documenting and passing on tiional
indigenous knowledge about caring for forests.
A general plea is made that we create a better
future for forests and through that for all
humans and other living creatures.

As an example of the modern challenges facing
forests in small island delaping states, Zoya
Buckmire and her colleagues show the

YR
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problems created by trying to improve
incomes and employment by tourism
developments on Grenada. Tourism depends
largely on visiting beautiful environments and
over development of coastal site tends
reduce both marine and terrestrial biodiversity
and eventually the beaches and wetland
forests visitors hope to see. In Grenada, the
chance to reduce the environmental impact of
developments may be missed if there is
insufficient consultation with all grties
concerned before planning permission is
granted.

The next section of the journal turns from the
threats to forest to examples of how forest
management could be improved to provide
greater benefits to society. From Victoria,
Australia, a scientificase, based on decades of
detailed research in the magnificent Mountain
Ash eucalypt forests, demonstrates that these
forests would more economically valuable by
being kept for watershed protection rather
than logged for timber production. From Tamil
Nadu, India, the forest restoration work at
Auroville shows how it is possible the restore
dry tropical forest by a muklilecade planting
programme.

From Trinidad, a consideration of the need for
wetland forest protection demonstrates how
effective campaigning\bNGOs led to a major
wetland with coastal forest being places on the
RAMSAR list(The UNESCO Convention on
Wetlands of International Importance
SAaLISOALIff @& I a
| 2y @SYyiAz2yQ 2N Ww2S{fl
adopted in Ramsar, Iran February 1971 and

a traditional way with nearly total dependence
on hunting and gathering irthe forest is
RS&AONAX O SRY -
livelihoods are challenged by plantation
development and quarrying.

Colonialism deprived many First Nations
people of the free access to the forests that
their forefathers had enjoyed since early
humans first crossed from Africa to other

continents. On Vancouver Island, British
Columbia, First Nations people have
negotiated control of their traditional forests

and patrticipation in forest industries, creating
greater security and job opportunities for thie

people. Their sense of belonging to the land
and responsibility for keeping its biodiversity
and productivity forever is likely to ensure it
continues to function for the good of their

community and the Earth System as a whole.

Somewhat similar coloniahpacts in Aotearoa
led most of the forest area being commercial
monoculture  pine  forests that are
unsatisfactory from many viewpoints. Instead,
the next paper suggests that much more
nuanced approach badeonland use decisions
on the capability of lad, ideally led by the
people living on that landndinformed by the
urgent need to heal the climate and deliver
social, cultural, environmental and economic
value for the people living theres required.

From Guyana (in collaboration with a
university team in Scotland) comes the utterly

2 | G & NJF 2 Fdem feghiological Hse of,comippter gamig
derstand.-theal u.kr st. Such .an
et G R e

approach priate for a

netation that has had mobile phone use

came into force in December 19750 DNB y I BI'D

Navira wetland was threatened by drainage
canal digging that would eventually allow
saltwater penetration into the brackish and
freshwater habitats.

The next four articles deal with interactisn
with communities and particularly with how
First Nations, indigenous peoples are adapting
to modern challenges. From the Western
Ghats of India, a tribal community still living in

10

since (%ildhood. It is a means of giving ity
dwellers who are not likely to see the forest for
themselves a way of understanding the plants
and wildlife.

This emphasis on communities runs through
the final three papers which all deal with the
United Kingdom, but particularly with systems
in England which is lseming increasingly
ethnically diverse. That human diversity means
that different people have varied feelings

St 4aS6KSNBZ



about forests and different ideas on using the
forest. That is explored by Judy Ling Wong,
someone who has greater experience than
most of bringimy nature to urban communities
and by increasing understanding of, and
accessibility to, nature for them. A different
perspective is given by Sue James whose
mission is to influence planning and design
decisions about trees in the urban landscape.
In low rse suburban areas, trees are often
highly prominent if the landscape viewed from
higher floor windows, but the view from street
level has become increasingly less green as old
trees are removed, sometimes replaced by fast
growing young trees that take yesato provide
similar heat reduction benefits. Trees have to
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Introduction

People and forests need each othend it is
this conceptthat lay at the root of a project
devised by the veteran Labour politiciafhe
Rt Hon. the Lord Field of Birkenhead CHtDL
harness the potential of the Commonwealth to
conserve its forestsOut ofhisinitial ideagrew
¢tKS vdzsSSyQa
unique network of forest conservation
initiatives, ceordinated by three international
NGOs in collaboration with Buckingham
Palace, which involves alt Bountries of the
Commonwealthand which was launchedt
the Commonwealth Heads of Governnte
Meeting (CHOGM) in Malta in November 2015

What is the QCC?
Thev dzSSy Qa
an opportunity for the Commonwealth family
G2 dzyAlGS G2
most important natural habitats forests. It
seeks tacreate a parCommonwealth network
of forest conservation projects, marking Her
Majesty tK S vdzSSyQa
Commonwealthover 70 yearand conserving
forests for future generations.

It will use the Commonwealth network to
facilitate a programme of knowledge exchange
activities, share best practice and to create
new, collaborative initiatives that contribute to
forest conservation across the globe.

Partners

The partners in the QCC ear the
Commonwealth Forestry AssociatiQrwhose
objective is to promote wise forest
management the Royal Commonwealth
Society - a network of individuals and
organisations committed to improving the lives
and prospects of Commonwealth citizessd
Gool Earth ¢ an NGO that worksalongside
indigenous communities to halt rainforest
destruction

Objectives

12
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The QCC:

1 iscommitted toraising awareness within
the Commonwealth of the value of
indigenous forestsand to saving them for
future generations

1 will create a uniquenetwork of forest
conservation  projects that brings

integrity to
individual Commonwealth initiatives

T will raise the profile of the
Commonwealth  demonstrating the
capacity of its 8 member countries to act
together as one to ensure forest
conservation

T will use the Commonwealth network to
facilitate knowledge exchanggshare best
practice and create new, collaborative
I ihitatRdsifor férest/cdnservatigrand

1 will create a physical and lastihegacy of

KSEt L) O2yaSNFRS2 Y SadBritraedt BsHea®Pihl R Q&

Commonwealth

What makes the QCC different from other

& S NI Mdpestry préjéets? U K S

The followingelementsmakethe QCQlistinct

from other conservation programmes

1 ReachThe QCGs apanCommonwealth
forestry conservation initiative
encompassingall 54 countries of the
Commonwealth

1 Costfree commitment The QCAQutilises
existing forestry resources and projects
such, m@rticipation is free and comes
without  regulatory oltigations for
accredited projectdeyond adherence to
basic principles of forest conservation and
the participation of local populations in
forest management

1 Rapid impactThe dedication of existing
forestry projects means that there will be
an immediateémpact from the QCC.

How countries become involved

Every Commonwealth counttyas decided to
participate in the QCC by nominating and
dedicating existing or future conservation



projects that meet with the broad objectives of
the project Rarticipation does not impact on
the ownership, sovereignty or management of
dedications.

There are two ptions for the creation of
dedicated QCC projects either dedicatean
existing foresbor plant a new area of trees

Criteria to join the QCC

Proposed projects should have the
endorsement of the relevant government and
forestry or conservation authority, contain
clear objectives that include sustainable forest
conservationand encourage, in one form or
another, the participation of local people in the
management of the project

Where we are now

In March 2022 we are drawing close tall 54
countries of the Commonwealtfjpining the
QCC. Forest types included in the QCC range
from tropical rain forest to temperate
woodland, and from project sizes varg from
those covering millions of hectares to those
covering just a few.

CaseStudies
1 The Great Bear Rainforestanada

Figure 1The Duchess and DUdifaCambridge
at an opening ceremony with First Nations
people in the Great Bear Forest

The Great Bear Rainfores{GBR (Figure 1)
covers 6.4 million hectares on British
/| 2f dzYoAl Qa y2NIK YR
home to 26 separate First Nationisis globally
recognized for its unique biodiversity and is
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one of the largest intact tracts of coastal
temperate rainforest in the world

The GBR was originally established through
land-use decisions first announced in 2006. In
early 2016, after extensive discussions with
First Nations and stakeholders, a final
ecosysterdbased management system was
agreed, and additional new areaswere
protected. Under theGBRand use order, 85%
of the forest is now protected and 15% will be
available for logging, supporting local jobs.
Ecosystenrbased management in the area is
RSTAYSR a4 daO02yOdzNNByid IO
levels of ecological integrity artdgh levels of
human welo S A yaitléhe area available for
logging is under the strictest logging rules in
North America.

To commemorate the achievement and

OSt SONFYGS (KS SyR2NRESYSyYI
Commonwealth  Canopy, the Province
establisheda $1million Great Bear Rainforest

Education and Awareness Trust.

2 Botanic GardensSingapore

Y

Figure 2Part of theSingaporeBotanic

Gardens
In the Singapore Botanic Garde(isgure 2)
g[(é y I ijf\zvaé TA N\Eljv rb9{/h
(S o dbthbttdreforesBffagmient knokviytbtay A a
4 0KS DI NRSyaQ wkAyF2NBai
DI NR Sy & Rnowddny/cantald tore than



500 species of plants within its small confines,
this was a site of many discoveries for botanists
during the 19th century, who were nly
starting to explore and describe the flora of the
region. This patch of forest has been largely
preserved through various developments
undertaken at the Gardens, and even today,
surveys of the rainforest are still resulting in
surprising plant discovas

[@AY3 6AGKAY GKS
World Heritage Site, the Rain Forest has thus
0SSy AyO2NLlLERNI (SR
efforts to protect and manage the site. As part
of these efforts, members of the local
community work with staff @ monitor rare

species for seed production and collection,
take part in propagation and replanting efforts,

and help to remove invasive species. They also

help to conduct regular guided tours for the
larger public, with the aim of advocating the
awarenessappreciation and conservation of
this Rain Forest for the benefit of generations
to come.

3 Dolphin Head Forest Resendamaica

CA 3 dzNB
at the Dolphin Head Forest Reserve, Jamaica

oommairBesiyi Qanopy sign

Dolphin Head Forest Reser&igure 3)is
approximately 1167 hectares, covering six
forest estates in the northwestern part of
JamaicaHistorically, the Reserve was part of
lands owned by slave masters and the slaves
were used to cut the roads through the
mountains and to rear cHe and other
livestock on the land. Commencing in 1950, the
Government started to declare various parcels
of land as forest reserves to ensure the
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conservation of the forest resources in these
areas.

The Dolphin Head mountaiange is recorded
as havinga higher density of local endemic
plant species and rare or threatened plants per
unit area than anywhere else in Jamaica. The
effective  mitigation of threats and
conservation of the biodiversity of this
ecologically fragile exsystem remain a priority
{Ay 3l LR2NBQa

launched the Dolphin Head Local Forest
Management Committee (LFMC), which
effectively became the community group that
works with the Agency to establish and
develop conservation based activities to

TANAI

Ay G 2in ApKiS 20 HHeRFESIrD Ddparthi@h NJ

support sustainable forest managent.

{AyOS (KS [Ca/ Q& SadlofAar

grant funding to reforest sixteen hectares of

denuded and degraded forest lands and has

also established an apiary in the area, which

serves as a thriving honey business for its

members.

4 bkl QI y Fpregt Corgservation

Revegetation ProjegtNamibia

CAIdzZNBE n ¢KS bkl Qly {dz as
Revegetation ProjectNamibia

CKS bkl Q2ogzy RHZIABY QA YA&AA?2

the need to conserve the land, cultures and
wildlife of Namibia. Through the acquisition of
land of various vegetation types across central
and southern Namibia and managing them for



conservation purposesthe Foundation is
working to conserve the various landscapes of
Namibia(Figure 4)

¢ KS bkl Ql Yy 1dz &s
Revegetation Project takes such landscape
conservation efforts to the next level, from
passive management to active rehabilitation of
degaded areas where indigenous forests once
thrived. The projectnvolvedthe construction

of an economically viable and ecologically
sustainable nursery that utilises recycled water
Fd bkl Qly {(dz as [2R3S
central Namibia. With the nursery as a
foundation, the projecinvolvesthe collection
and propagation of indigenous seed and the
planting of propagated seedlings to reverse

land degradation and restore indigenous
forests.
The project provides employment

opportunities and associad training for the
local community in nursery operations, plant
propagation, forest revegetation and
conservation and volunteer coordinatiofihe
project is endorsed by the Namibian Ministry
of Environment and Tourism as its objectives
and outcomes aligwith the countieé LNational
Action Plan to combat ongoing desertification
in southern Africa.

5 Epping ForestUnited Kingdom

Figure.5 Longhorn cattle inEppingForest, UK
Epping Forest is 2476 haancient woodland
stretching 12 miles from east London to just
north of Epping in Essex. The practice of
grazing livestock in the Forest goes back over
1000 years and, alongside other management
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practices such as pollarding, created the
distinctive woodand landscape seen today.
These ancient traditions have helped create
the rich and unique biodiversity found within
EfpigiForest, 25f@ing Mith of the Forest its
designation as a Site of Special Scientific
Interest and a Special Area of Conservation.

Forest grazing almost ceased following a
steady decline and the impact of the 1996 BSE
crisis. A teryear Woodpasture Restoration
Project was initiated to restablish grazing

lagfoRs 0D f hR falorky Swith kestadlishday NBE A Y

traditional pollard management over more
than 300 ha(Figure 5) With over 4.2 million
visitors each year to the Forest and situated in
a busy urban setting pioneering technological
solutions, such as invisible electric fencing and
GPS tracking of cattle, have proved invaluable
in finding practichsustainable solutions.

Community involvement in the Project has
been vital and has involved extensive
consultations on expanding cattle grazing and
traffic management within the Forest along
with practical support from volunteers. Future
aims of the Prigct include expanding the
grazing herd to consolidate habitat
improvements and to reengage with the
flrLASR WO2YY2ySNAQ (2
again graze livestock within the Forest.

6 The20million Trees Program, Australia

Figure 6Volunteers preparing seedlings for
the 20 Million Trees Program in Australia
The 20 Million Trees Program was an
Australian Government commitment under
the National Landcare Program to deliver 20
million trees by 2020 to restablish green
corridors and tban forests, providing habitat

Sy



to support threatened species and
sequestering carbon from the atmosphere.

The program, established in 2014, spent
$61.775 million working cooperatively with
local communities to undertake projects
throughout urban and regional Australia

(Figure 6)Native trees and other native plants
were planted on both public and private land,
providing community and environmental
benefit at the local level.

By b N

| Figure Pince Har

ry with project personnel
The program was delivered through a at the Victoria Park Botanical Gardens,
combination of competitive grants for Antigua & Barbuda

individuals and organisations, procurement

which delivered largescale tree planting _ o o
projects and norcompetitive discretionary The aims and objectives of The Victoria Park

grants. Botanical Gardens are to establish a family
friendly green space for the public useeate

Key statistics and achievements of the program @ hub for the display of environmental

as at 30 June 2021, include: projects,establish a secure and aesthetically
pleasing environment able to
w HPIpny=ZncH (NBS&d?2gSRcanmadgegdygitional and | recreatigngl
w Y2NB (KFYy onzZnnn KSOadiwigsandud/iges anSaiternatier tourist
w 20SNI HZpnn &aLISOASa Lidestinajidnfor visitors.
w MTXIgppy KSOGIFINBa GNBFGSR F2NJ 6SSRa
w GecZcpn LIS2LX S LI NI ANO sURpoi Aoy nvirgnnental INapvaged eSS
activities as volunteers through  community ~engagement, the
w mMnMm LYRAISy2dza LIS2 LiDspartdent pf ahe FRvirodmen XRpR)as
the program in ranger and neranger implqmented various outreacl] activities
postions GAGKAY +t. D 4d2OK Fay Waz¢
w GKS LINRPANIY O2dA R AYyRADEUASYt eUKS | 826 & ONJlyR ¢
average 1.47 to 2.95 million tonnes CO&r Additionally, during Arbour Month, nursery
the decade from 2021 to 2030, based on 29.5 staff exchange wh the general public 4,00Q
million trees over 2 metres in height. 5,000 fruitbearing trees for plant bags, which
are used the following year for propagation.
7 Victoria Park Botanical Gardens The fortyfoot-high and fiftyfoot-wide African
Antigua and Barbuda Cloth Bark Tree or Zulu Trd€idus nekbudais

one of the more notable species lded within
Established in 1893, Victoria Park Botanical the VPBG; others include the Cuban Royal Palm
Gardens (VPBG) (Figure 7) have remained at (Roystonia regip Lignum Vitae Guiacum
the forefront of cultural history in Antigua &  Officinalé), Yellow PouiTabebuia glomeraty
Barbuda as one of few open spaces in the 5 S @A { Eatero®biuJ cyalocarpum and
OFLIAGEE OAlGe 2F {4 w2 Kaae SercylgeRercagafertidn a 02 GSNI H O
ha of the city, with numerouspecies of trees.
Within the bustling capital city, the gardens
provide an escape for citizens and tourists; 8 The Queen Elizabeth [INational Trust,
established as a green space to relax and New Zealand
exercise.
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Figure 8. Oaof manylandscapes protected
by the Queen Elizabeth Il National Trust

The Queen Elizabeth 11 National Trust (the
National Trust) was established 40 years ago to
help permanently protect precious forest
remnants (Figure 8)and other significant
natural and cultural heritage sites on farms and
other rural land in private ownership within
New ZealandBy working in partnership with
private landowners, the National Trust
establishes legally binding agreements, ahlle
open space covenants, which protect privately
owned sites, in perpetuity, for the benefit of
current and future generations.

¢ KS

ddzLILR2 NI 2 7F

Ly
has allocated NZ$1 million to the National
Trust to extend, in partnership with private
landowners, the network of open space
covenants over dhree-year period. Each of
theseadditional covenants will be dedicated to
the QCC.

9 Eastern Highlands, the RamMarkham
valleys and the Madang regionPapua

New Guinea
The Australian Centre for International
Agricultural Research (ACIAR) has

commissioned afour-year forestry research
LINE 2SO0 G2 &dzii2 NI
Term Development Plan to increase the area of
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v dzS
Canopy (QCC), the New Zealand Government

tbD %’mns%l%

planted forests in PNG from 62,000ha to
150,000a by 2025.

Fiure Seedlings for cmmimity orestry in
Papua New Guinea

The program, managed through the University
of the Sunshine Coast (Australia) as a
collaboration with various government, NGO,
private sector and community partners in PNG,
aims to identify how community forestry in
PNG(Figure 9kan be enhanced and scaled up
to achieve better economic, social and
environmental outcomes. Its  activities
currently focus in three areas: the Eastern
Highlands, the RamMarkham valleys and the
Madangregion.

10 Tacugama Reserv&ierra Leone

Figure 10Western Chlmpanzea the
Tacugama Reserve, Sierra Leone

he Tacugama Reserve Western Area
Naichal paeiglrd Dfovarsht A doy

area of 17,075 hectares, located in the middle

of the Western Area PeninsulaThe reserve



was upgraded to its National Park status in  National Level, the project aims to sensitilae

2013, after being protected as a Forest reserve  public, advocate for strengthened wildlife and

since 1916. It is one of the eight biodiversity = conservation  policies, and encourage
hot-spots in #&rra Leone and hosts 80% of communities to stop wildlife poaching and
GKS O2dzy i NE Q& ( SNNBa i Nikting OA2RAQOSNEAGED® ¢KS
reserve cradles vital watersheds such as Guma

Dam and CongbDam; they supply water to 1.5
million people living around the park. At a

Figure 11Buckingham Palace, London, UK, floodlhighlight the Queens Commonwealth Canopy

t NBASNBAY3 (GKS 62NI RQa 3INBSY O2NNAR2NEBI F2I
is the simplest and most effective way to keep breathing life into planet

earth. Over my nine decades, | have witnessed the devastating effect of the

destruction of our forests and disregard for the importance of trees. | do

believe that we have an obligation to nurture and replenish our natural

environment for the benefit of ewchildren and grandchildren

Sir David Attenborough (from his speech at the reception at Buckingham

Palace to mark the first anniversary of the @GC ONB | G A 2y

The next steps

Highlighting the role of the QCC throughout the Commonwealth will be a majasfof our work in

the coming years. We are just at the beginning. Our work to highlight the value of the

I 2YY2y St 0KQa F2NBada Aa Iy Sy2N¥2dza OKIffSy3sS

For more information visit the QCC websitenatw.queenscommonwealthcanopy.org
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Time for conservation of Biodiversity in Rajasthan: Post COY3D

T.l. Khan

Former Director, Indira Gandhi Centre for HEEPS University of Rajasthar3J2004, India and
Former Professor and Head Department of Environmental Science, Former Dean School of Earth and
Environmental Science, Central University of Himachan Praddgshndia.
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Introduction

Biodiversity is the variability among living
organisms from all sourseincluding terrestrial,
marine and other aquatic ecosystems and the
ecological complexes of which they are part,
encompassingliversity within species, between
species an@mongecosystems. The distribution
and magnitude oforesentday Biodiversity is a
product of over 3.5 billion yearof evolution,
involving speciation, migration, extinction and
more recently human influences.

The adverse effects of human impacts on
Biodiversity are increasing dramatically and
threatening the very foundation of sustainable
development. Loss of Biodirsity resources
threatens our food supplies and sources of
wood, medicines and energy; reduces
opportunities for recreation and tourism; and
has great impacts upon all the ecosystem
services on which human society depends. The
conservation and sustainablise of Biodiversity
need to become integral components of
economic development.

World Environment Day 202

It is appropriate to discuss Biodiversity in the
context of World Environment Day, which was
established in 1972 by the United Nations on the
first day of the Stockholm Conference on the
Human Environment, where the integration of

human interactions and environment was

discussed. Two years later in 1974 the first World
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Day celebrations were held annually after 1974,
it was not until 1987 that the idea for rotating
the centre of these activities between different
host countries begun to be ipemented

The theme for World Environment Day 2020 was
Wime for Natur€®and it was hosted in Colombia
in partnership with Germany. Columbia is one of
the largest Wlegabiodiversit@2nations in the
$2NI R K2dzaAy3d wmmrE: 27
Since its territoryincludes part of the Amazon
rain forest, Cambia ranks first in bird and
orchids species diversity and second in diversity
of plants, butterflies, freshwater fish and
amphibians.

The World EnvironmentDay 2021 themewas
'ecosystem restoration- a globa mission to
revive billions of hectares, from forests to
farmlands, from the top of mountains to the
depths of the sea sustaining and enhancing
biodiversity everywhere.

World Environment Day 2022 will be held in
Stockholm again, with same theme: There is
#0nlyOneEartitogether we can protect itThe
global meeting will commemorate the 50 years
since the 1972 conference and its outcome
documents, mostly notably theStockholm
Declaration

COVIB19

COVIBL9 is the infectious disease caused by the
most recently discovered corona virus. This new
virus and disease were unknown before the


https://legal.un.org/avl/ha/dunche/dunche.html
https://legal.un.org/avl/ha/dunche/dunche.html

outbreak began iWuhan, in China, in December
2019. COVIR9 is now a pandemic affecting
many countries. Most people infected with the
COVIELY virus will experience mild to moderate
respiratory illness and recover without requiring
special treatment. Older people and th® with
underlying medical problems like cardiovascular
disease, diabetes, chronic respiratory disease
and cancer are more likely to develop serious
illness.

The COVIA9 virus spreads primarily through
droplets, of saliva or discharge from the nose
when and infected person coughs or sneezes
Rigorous lockdown programmes in most
countries constrained human interactions for
varying lengths of timeHowever, the arrival of
new variants later caused upsurges in the
numbers of people infected, but the great
sdentific work leading to the development of
vaccines cut the death rates and slowed the
growth of hospital admissions.

However, the distribution of, and access to,
vaccines between countries was uneven and
inequitable. By March 38 2022 a third of the
w2 NI RQa  LJa lydzfo lreiteive § singlé
dose of COVH29 vaccine, including a shocking
83% all Africans The UN Development
Programme (UNDP), reported that only a tiny
proportion of COVIEL9 vaccines had been
administered in developing countries. tag to

a widening gap between rich and poor.

Based on its phylogenetic relationships and
genomic structures the COVID belongs to
Betacoronavirus. Human Betacoronaviruses
(SARSCoV2, SARE0V and MERSoV) have
many similarities, but also have diféarces in
their genomic and phenotypic structure that can
influence their pathogenesis. COVID s
containing single stranded (Positive Sense) RNA
associated with a nucleoprotein within a capsid
comprised of matrix protein.
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Implications of COVIDL9 for biodiversity The
appearance of COWID® has shown that when
we destroy biodiversity, we destroy the system
that supports human life. The more biodiverse
an ecosystem is, the more difficult it is for a
pathogen to spread rapidly or dominatends of
biodiversity provides an opportunity for
pathogens to pass between animals and people.

The COVID 19 virus has lessons that apply to the
global crisis of biodiversity loss. For this reason,
our best vaccine for the future is to protect
nature and bidliversity. It is no longer just a
matter of ecology but of being aware that if we
want to reduce the occurrence of pandemics, we
must have a healthy nature.

Loss of biodiversity also means that befave
discover their medicinal valug we are losing
many \arieties of nature's chemicals and genes,
others of which have already provided humanity
with tremendous health benefits. Traditional
medicine, using such natural products, continues
to play an essential role in health care, especially
in primary health cee.

The COVIRY9 pandemic has the potential to
trigger enormous effects on biodiversity and
conservation outcomes. The risk of new diseases
increases with environmental degradation. The
COVIBL9 virus is thought to have its origin in
bats in Asia. Rapid fiestation in South East
Asia has created new habitats compatible with
bat roosting, often concentrating bat numbers
and species near human dwellings and livestock.

Past disasters have also triggered quantifiable
environmental changes. We can learn from

events such as pandemics, wars, and financial
crises to guide effective conservation strategy.
National governments and intergovernmental

organizations should adopt clear strategies to
safeguard both biodiversity and human health

throughout the COVIR9 recovery.



Biodiversity in India

LYRAI 200dzLIAS&a wHom: 27F
but contributes 8% of its fauna and flora. At the
global level only 1.74 million species are known
with 80% of the biotic world still unknown.
However, in India, with its divetgi of
ecosystems from mountain glaciers to hot
deserts and tropical rainforests, 45,000 species
of plants and 91,000 species of animals have
been recorded.

Biodiversity in Rajasthan

The state of Rajasthan has many diverse

etd$yBtents 2 fiiin Rapest (Figlire/ B) aguataNJF | O S

regions and wetlands to deserts. Human
pressures, particularly intensive deforestation,
on the forests of Rajasthan have led to
widespread ecological problems. The deserts
form an interesting habita{Figure 2) as both
fauna and floa in deserts need special
adaptations for their life cycke The wetlands
include large areas of brackish water, fresh
water, reservoirs, lakes and backwaters. The
fauna and flora of the wetlands are extremely
vulnerable to peoplariven changes.

Figure 1. Kumbalgarh Forest, Rajasti@htained througtihe Creative CommorSCO0 1.0 Universal

Public Domain Dedication

21



https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/publicdomain/zero/1.0/deed.en
https://creativecommons.org/publicdomain/zero/1.0/deed.en

I ©road leaved Hill Forest P Thom Scrub
1 Dry Deciduous Forest Dry Deciduous Scrub

I Tesk Mixed Dry Deciduous Forest - Euphorbia Scrub
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Prosopis juliflora Scrub

Ancgeissus pendula [ Desert Dune Scrub

I Acacia senegal
B Riverine Forest
BN Ravine
Forest Plantation
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I Prosopis cineraria
Calotropis Scrulk
[ saline Grassland
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P aristida-Oropetium Grassiand
B ::hima Grassiand
[ Dichanthium-Aristida Grassland
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Figure2. Vegetation type and land use map of Rajasthan
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There is high Biodiversity of plants and animals
Ay wl 2 lorastiaiid dgs@riiecoBystems. The
maintenance of Biodiversity is of prime

importance to conserve the great heritage which
nature has provided to a state like Rajasthan.

Forest Biodiversit (Figure 3) Forests exists in
the Aravalli Hills which extend fam about 692
km stretching across 18 districts of Rajasthan.
There are 12 gaps (as wide as 10 km) in the
Aravalli Hill RangeAnogeissus pendu{®honk),
Boswellia seratgSalar),Albizzia lebbeKSiras),
Tectona grandis(teak), Shorea robusta(sal),
Terminalia  tomentosa (sadar), Miliusa
tomentosa (Umbia),Mangifera indica (Aam),
Terminalia arjungKohra)Acacia catech(Khair)
andAcacia niloticdBabool) Butea monosperma
(chhila), Dendrocalamus strictus(Bamboo)
Nilotica are important plant species of Aravalli
Hill Ranges.

The wildlife of Aravallis includ®anthera pardus
(leopard), Hyaena hyaena(striped hyaena),
Canis aureus (golden jachkl), Tetracerus
guadricornis (four horned antelop), Grazella
bennettii (chinkarg also known as the Indian
gazelle), Hystrix indica (Indian crested

porcupine),Cervus unicoldisambardeer).

Figure 3Ranthambore national park, Rajasthan
which is famous for itdgers, The view is of the
entrance and river from the top of the fort
situated inside the park. Obtained through the
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Desert Biodiversity682 plant species belonging
to 352 genera and 87 families have been
identified from the Indian Thar Desert. 6.4%
plant species areendemic. Almost 10% plant
species have become endangered.

Tecomellaundalata (desert teak or rohidy
Calligonum  polygonoides (Phog), Lasiurus
sindicugSwangras$ Capparis decidugger, or
karira shrub)Prosopis cinerariéKhejri or ghaj,
Commiphora wightii ~ (gugal), Zizyphus
nummulaira (Bordi), Maytenus emarginatus
(kikar), Acaciasenegal (Kumat the gum Arabic
tree), Leptadaenia pyrotechnicgkhimp), and
Withania somnifera (Ashwgandhaor winter
cherry) are the important plant species of the
desert. All of these are endangered species.
There areabout 200 known species of plants of
medicinal uses in the desert and the medicinal
values ofmany other plants have yetot be
identified.

Threats to biodiversity in Rajasthan.The
original ecosystems are Weadapted to the
harsh environments (e.g., arid and dry semiarid).
The major changes in these ecosystems include
grasslands degradation, grass composition and
livestock dynamics; neglect of surface water
bodies (nadis) and rainwater harvesting systems
(khading; overexploitation of groundwater;
disappearing community driven traditional
protection approaches(rang; loss of species
(e.g., theGreat Indian bustarddue to either
greed or other activities like mining, urbanization
and modernization in agricultural activities. For
example,the introduction of massive irrigation
through Indira Gandhi Nahar Project (IGNRY
tube wells, mechanization and extensive
cultivation, also drastically affected the
biodiversity. Introduction of IGNP which covers
an area of 1.869 Mha in Rajasthan resulted in
considerable loss in biodiversity, betlirough
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land use (crops, grasskds etc) or be it natural
impediments leading to water logging or be it
the consequent changes in soil biota.

There are 390 species of animals identified from
desert. 90 animal species are mentioned in Red
Data Book as rare, threatened or endangered
species. Bustard (Great Indian Bustard), Chinka,
Black Buck are examples of these endangered
animal species.

Many of the people worst hit by the
consequences of the COVID pandemic are
those living in and around protected areas and
the forests and wetlands of highest biodiversity
value. These local people have been largely
reliant for cash income on smataleagriculture
and fisheries and, increasingly in much of state,
tourism. Faced with a lack of income and no
safety net, people in these situations have little
to turn to but poaching, illegal fishing, logging
and clearing forest. Unless these most
vulnerabk people receive immediate financial
adzLJL2 NI YdzOK 2F GKS
and many of the conservation successes of the
last two decades risk being lost in just a few
months.

NEIA2yQa

Conclusion

Many significant changes are required after
COVIEL9. Sgcifically, there is a need of
providing in-situ and ex-situ conservation of
species of plants and animals in Rajasthan. Some
species are identified as of great use for
treatment of influenza, coughs, and respiratory
ailments and for immunity enhancement. These
are as followsCentella asiatigBrahmi or Gotu
Kola) Tinosphora cordifoliéGloy or hart-leaved
moonseed, Cymbopogon martin{lemon grass
or Palmarosa GragsPiper longunPipli or long
pepper),Ocimum canun{Tulsi or hoary basil.),
Withania somnifera (Ashwgandha or winter
cherry). The potential of thesplant materials to
treat COVIEL9 must also be explored.
Traditional medicinal knowledge can possibly
assist in this process.

NA OK

Figure 4. Urban trees in Jaipur as seen from the Palace of the Winds. Even in cities, high biodiversity can

be foind among both cultivated and wild plants (Photo: lan Dasigl
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Forests: An Ecological Perspective

Dr Janine Pierce,
Adjunct Research Fellow University of South Australia

Forests have great value to the planet for
diverse reasons. Mitigating climate change
impacts by storing carbon has had great
attention since 1970. Other benefits
contribute to the capital value of forests
estimated to be around $150 trillion, as a
source of income and life support through
wood and other forest related produce, in
breaking down wastes, pollination, seed
dispersal, as an assistor for drought and flood
control, and other services. Forests are also of
value for Indigenous people who reside tae
for tourists, for cultural reasons, for those
wanting a nature experience (Figure 1) and
also forests, especially sacred groves, have
spiritual value (Moore, 2007)At the global
scale, forests are of three main types:
temperate, tropical, and boreal.

Forests are also a haven for sustaining
biodiversity. Richard Attenborough has
highlighted that forests are, along with many
other earth eco environments, experiencing
WGiKS INBIFIGSad GNF 3ISRe
in declining biodiversity. Deforestat has
occurred for thousands of years, but
increasingly so in recent times (Figure 2). The
advent of modern farming, mechanised
logging and commercial hunting has often
resulted in a new relationship between
humans and nature, in which humans have
imposed their wishes in dominating and so
modifying the natural environment that the
risks from climate change were aggravated
(Cogger et al, 2003).
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Figure 1Rainforest canopy walkway, Maliau

Basin, Sabah, Malaysian Borneo (Photo lan

Douglas)
destructive

Environmentally strategies

Acfuded @rikting brYcbtth§ dodvni thedsnfdr LIPc 0
farming food and income generation, logging
income, dam building, species extinction by
StAYAYFGAY3 WhniScaseéd o ¢ KS (K

animal based, redirecting water impacts on
hydrological cycles, in turn changing water
tables and mobilising salt in the soil (Walker et
al,1993), and extractive industries for fossil
fuels and minerals. The expansion of the
human populationn this finite planet leadto
constant forest loss and damage for new
housing and urban growth and for places to
grow food, especially in poorer countries.



extreme hurricanes ever since the first forest
appeared o earth approximately 380 million
years ago Early settlers in New Guinea and
Australia were clearing small patches of forest
for fuel and shelter 35,000 years ago, but since
1900 forest loss has equalled all that in the
previous 9000 years (Willizsy2003). Despite
all the urban expansion, mining and industrial
development, agriculture and grazing remain
biggest reasons today for land clearance, as
dzNb Iy flFyR 2yfeé 200dzLA Sa
habitable land (Richie,2021)The impacts of
forest destriction impacts on the surrounding
ecosystems have been estimated as at least
40% of birds, amphibiansand lizards in the
Amazon, although actual numbers may be
greater (Hance,2008).

Nigeria has lost more than half its original
orest forests the Amazon more than 2@ Australia

Figure 2Scenesf Amazoiman Rainf

deforestation(Foto: Bruno Kelly/Amazoénia over 2®% of forests, with Brazil, other South
Real/09/08/2020: Creative Commons American countries, Laos, and Indonesia
Attribution 2.0) experiencing large forest loss. The earth is now

at a point where one third of world forests are

Impact of deforestation now gone, not just due to logging but often due

Deforestation has occurred at intervals, mainly ~ © agriculture (Figure 3).

through events such as volcanic eruptions and

Humanity destroyed one third of the world’s forests by expanding agricultural land

Agriculture is by far the largest driver of deforestation. To bring deforestation to an end humanity has to find ways to produce more food on less land.

10,000 years ago, 10.6 billion hectares — 71% of the earth’s land surface — were covered by forests, shrubs, and grasslands.
The remaining 29% are covered by deserts, glaciers, rocky terrain and other barren land.

42% Wild grassland and shrubs
4.6 billion hectares

10,000 years ago
5,000 years ago 44% Wild grassland and shrubs

1700 3% 6% 38% Wild grassland and shrubs

27% Wild grassland

2018 15% Crops ’ 31% Grazing land ‘ 14%
1.6 billion ha 3.2 billion hectares 1.74bnha

\I

1% Urban and

built-up land Agricultural land: 46% of the land that was once covered by forests,

wild grasslands and shrubs is today used for agriculture.

Data: Historical data on forests from Williams (2003) - Deforesting the Earth. Historical data on agriculture from The History Database of Global Environment (HYDE). Modern data from the FAO.
QOurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.

Figure 3Historical data on agriculturefter Williams,2003)



The perspectives of those cultivating forests
for trees for economic gain, and those taking
an ecological perspective differ. As Wuerthner
(2018) explains many foresters cultivating
trees for profit see wildfirejnsects, droughts

and other living creatures as being intrusive
and negative forces. In contrast, the ecological

perspective views these events and creatures,
such as bark beetles, as part of the cycle of
forest life and recognises and values integrated
coexistence with living creatures. Wuerthner

(2018) has set out the contrasted world views
of benefits of forests (Table 1):

Table 1: Forester versus Forest ecologist perspectives

Foresters

Forest Ecologists

Economic value of woadiibre

Trees as a source of carbon storage

Tree farm for economic gain

Ecosystermfor many wildlife species

Culling of tree density to hasten growth of
surviving trees

Valueof maintairingtree density as slower
growing trees last longer

Ecological intusion of insectgplant diseases,
wildfire etc. is seen as undesirable

Sustaininghe forestnutrient cycle and natural
habitat

Careful dggingcan helpreduceoccurrence of
high-level fires

Highstrengthfires are a naturally occurring
part of the ecosystem

Natural forests versus forest plantations

Forest plantations represent a human
monoculture imposedon a space where the
former forest symbioticrelationships have
been destroyed. Such dss of foest for
plantation development has affected many
SE. Asia countries The development of new
symbiotic relationships among the plantation
is constrained by widespread use of fertilisers
and pesticidesthat remove many life forms
from the monoculture areas. HEse added
peoplemade chemicalcompounds enter the
soil andthe groundwater eventuallypolluting
the surroundingiversandadjacentand areas.

Monoculture  plantations often reduce
opportunities forindigenous people, wheely
on hunting and gathering in the natural forest
and who often have shifting cultivation plots in
the forest. Local concern and care for the
forest is displaced bythe new commercial
forests run by hrge corporations, whose
concerns are foiprofits and development in
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distant cities and faraway countriesSuch
prevail in many tropical countriessuch as
Indonesia, Columbia and Mozambiqué&he
impact of introduced mamamade plantations
are well documerddfor palm oil, rubber, pine,
eucalypt, and otherrommercial foresttrees
(Hance2008). In contrast to old natural forests
that store carbon for hundreds of years, tree
plantations and young forests storenly a
fraction of thecarbonper kn? retained byold
F2NBadaz gAGK (GKS WOINb2Y
down old forests taking a long time to repay
(Waring et al 2020).

In contrast to the plantation forests, old
naturalforests haveevolved and changealver
time, renewing their own structure, in an
integrated relationship with climate, the soil,
water, and surrounding living parts of the
ecosystem all operating in symbiotic
relationship between plants and animals.
There is new discussion and research that finds
trees to be living sentient and communiaagi
life forms. Wohlleben (2015) describes the
social and community existence of naturally



formed forests where there is high
interdependence betweenliving and dead
trees, tree stumpsand all the life forms in, on
and around thenwith communicaionthrough
soil fungi (mycorrhiza) that transport
messages. In contrgsiVohlleben (2015plso
arguesthat the human created forests do not
have the connectiors through mycorrhiza
between trees that natural forests have This
cuttingedge tree esearch hasbegun to
change our thinking abouforests as living
communities of living beings, rather than
seeing them as a commodity, with lessons to
learn about what is a community and a
functional ecosystem

Learning from Indigenous people on local
wisdom values for forest management
Indigenous traditional knowledge and
approaches to forests integrate the
interconnectedness of all living things in the
forest ecosystem and respecthe spiritual
value of the forest the responsibility of
Indigenous peo@ sustain and protect the
forest, being part of the land,and are not
seeking dominion over it (Toth, 2019).
Indigenous knowledgmay beold, but it is still
highly relevantin terms of seeking wayef
sustaining foresecosysters. In this approach
the eath provides us with care, and in turn we
care for it. In contrast the predominant
Western cultural approach has been to view
the earth asbeingthere for us to exploit for
what we want fromit (VaugharLee, 2013).
Indigenous knowledge in the areas of rasme
management practices, water management,
knowledge about forest life at all levels, and
the role of cultural connection and the spiritual
values relating to forests, can benefit us all in
formulating forest knowledge and forest
management (Tanyanyiwand Chikwanha,
2011). However,indigenous knowledge has
not always been accurale related to
sustainable practices, as sotimes excessive
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grazing, hunting, anghifting cultivation have
occurred.

Often governments have failed to protect
forests and thendigenouspeopleliving in or
near them. In countries like Brazil and
Indonesiajndigenous peoplsometimeshave
neither been consulted or protectedbefore
beingforcibly displaced fofand clearane for
grazing land, mining development or pa&lm
plantation development. In the process of
displacement forests and homes and
traditional ways of living in harmony with
forests has been lostlong with the trees. In
Indonesia 24Mha of forests along with the
traditional people€communities and homes
have been losf(Human Rights Watch,2019).

Indigenous wisdom relating to forest
preservation is passed down from generation
to generation in indigenous culture
throughout the world. For example,n West
Qmatra, the value of preservingainforests
for economic benefit, for ecosystem
protection, and for social benefitsis well
understood (Yantu et al,2018). In tipsut of
Sumatra, the Government brings the
indigenous people o forestrelated decision
making Such consultation and indigenous
forest stewardship is a positive approach to
adopt for forest care.However, elsewhere
indigenous youg forest-dwelling peopleare
nolongerreceivinghe knowledge from elders,
formerly was communicatedn face to face
conversationas ithas notbeenwritten down
(Tanyanyiwa and Chikwanha,2011)

Theforestsmost valued by Indigenous peoples
are the sacred forests (Figure 4yhich exist
throughout Asia, Africa, Europe, Australia, and
America (Lowman andPallaty, 20¥). These
forests are parts of natural forests that are
protected by social laws and have cultural
value Theseconstantly protectedorest areas
help to redue climate change impact and



formas areas of biodiversity conservation
(Maru, Gebrekierstos and litie, 2022),

Figure 4 Sacred Grov®sogbo, Osun State, Niger@eative Commons AttributieBhare Alike 4.0

Addressing the challenges of

sustaining forests

The first premise that needs to be shiftecbiar
views of forestsis tomovefrom the approach

of the human as conqueroand decider of
what to do with nature which has often
included cutting down forestsThe path has
been lost in sustaining nature and forests in
this strategy, becausehuman beinghave not
been seeras being a part of naturaVhen we
cut down a tree from a forest, we are also
disconnecting a part of ourselvest can be
argued that the rason so much deforestation
has occurreds due to ignorance about human
impact of intervening in the natural ecosystem.
Greenpeace has highlighted that a UN report
has identified the increasinty urgent
challenges relating to land and climate crisis in
and strong actionsneededfor the protection
and restoration of forests.The global food
system accounts for37% of global human
related greenhouse gas emissions
Deforestation to create pasture forcattle to
provide meat for humansds a keypart of this
(Greenpeace international2019). Less meat
consumption is a strategy being publicised by
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Figure 5Greenpeace lobbying the public to eat
less meat to reduce climate change impact

Policy makers and land managefsave to
decidewhether to put money and resources
into maintaining existing forestxr to plant
new forestsand wheher timber harvesting or
carbon sequestrationis the desired goal
(Waring et al, 2020).

Time to listen to indigenous wisdom around
forests

Article 8 of the UN Declaration on the Rights of
Indigenous Peoples sates, among other things
that:


https://creativecommons.org/licenses/by-sa/4.0
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for prevention of, and redress for:

(a) Any action which has the aim or effect of
depriving them of their integrity as distinct
peoples, or of their cultural values or ethnic
identities;

(b) Any action which has the aim or effect of
dispossessing the of their lands,
territories or resources;

(c) Any form of forced population transfer
which has the aim or effect of violating or
dzy RSNXA YAy 3 Ly @ 2 7F
(UNDRIP_E_web.pdf

Indigenous peoplaare acting as stewards of
the forests where they have beenliving
sustainalty for thousands of yearsBetter
consultationwith indigenous peopl®n forest
managementand moreequitable land dispute
resolution mechanisms are needed (Human
Rights Watch,2019).

Inclusion of indigenous people in forestry
managemenshouldinvolve awareness raising
and sharing of wisdom between community
members, across generations andwith
represenatives of government and the
general publicThis awareness raising process
should involve all citizens Preserving the
forest environment involves peaceful ways of
living in harmony with the natural
environment

We cannot continue to undervalue the
bendits (ecosystem servicgsve gain from
forests such adfor climate control, building
materials, carbon storage, maintaining clear
waterways, home for biodiverse forms of life
ecosystems, shade, wategnergy production,
soil conservation, or spiritual sulstance
Already 57% of pre-industrial revolution
forests have gonealmost entirely through
human intervention.
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The global human population is estimated to
continue increasing up to an estimated 10.8
billion by 2100 (Ritchie,2021with attendant
needs for food, living space and resourdear
knowledge forests and their volution, growth
and natural change is suffent for them to be
better managed and safeguarde#iowever,
we continue to lose both individual trees and
large sectors of forest.

Lawirelic® {2D22naked tHeKciitizatbp@inthat

we have become alienated from ounity with
nature, and our role as part othe mutually
sustaining ecosystem. We can believe we love
trees, but we use them in their cut down
products and do not always reflect on this, as
where we live and how we live areften
alienated from the forest itself.

We cannot change the past but ckearn from

it. We can create the future. To do this we must
see ourselves as not separate but as connected
to, all parts of the earth ecosystem. The British
Prime Minister Boris Johnson at QBP
articulated this needed perceptual shift
around forests intating:

[we need to] ¥nd the role of humanity as
nature's conqueror, and instead become
nature's custodia@ {Rannard and Gillard,
2021).

The positive news is that deforestation is
slowly declining since the peak time of
deforestation in the 1980gRitchie, 2021).
Humans are innovative and many are
responsive in the face of climate change risks,
adopting new technologies and
environmentally consideratestrategies One
exampleis the reduction of the need to clear
land for cattle by consumingiore vegan food,
meat substitutessuch adaboratory produced
meat grown from cellines of meat (although
the processstill generates greenhouse gas
from fossil fuelsand uses water


https://www.un.org/development/desa/indigenouspeoples/wp-content/uploads/sites/19/2018/11/UNDRIP_E_web.pdf

COP26: A call to action on Forests

In 2021 at COES dimate Change Summit,
more than one hundred world leaders
(including those ofincluding Brazil, Russia,
Chinag the U3\, Canadaand the Democratic
Republic of Cong@ommitted to both end and
reverse deforestation by 203@®8 countries
and some large international compasimade
financial commitmentto provide funds and to
stop invesient in deforestation related
activities. Fundwill helpland restoration after
deforestation, support Indigenous peoples
living in or close to the forests, arklp work
on strategies to adress wildfire risk (Rannard
and Gillett, 2021). A allocated fund of £ 1.1
billion agreedat COP260 help protect and
restore the vasttropical rainforest of the
Congo Basinwill involve the indigenous
people in consultation anthe management of
foreds.

It is tobe hoped that these new commitments
will be more realistic and effective thahat
madein 2014 to conserve and restore forests,
which was voluntary and not legally binding
Sincethat commitment the deforestation of
the AmazonBasin hagontinued reaching its
highestrate in 2020.

What is possible for the future of forests

Our presenknowledge on the rolgof trees in
the environment and in relation to ecosystems
and climate change,provides wonderful
opportunities today. Remote sensing from
space and local information from drones
enables us to countthe number of trees on
earth (estimated to be around three trillign
with Russia, Canada and Brazil having the
largest national numbejsand helps us to
assessthe health of forest,the effects of
wildfire, and the amount of carbon stored in
the forest(Lowman,2021). Today we can also
scientifically assess how old a tree asd
determine its state of health through cell
analysis We are able to pedict future
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temperaturesand assess the state dbrest
preservation around the worldThrough the
internet and online lobbying groupsve can
campaigrfor tree preservation.

There newmethods of forest analysis and
protection and awareness raisingunding
promisedby governmentgnd theactivitieson
UN bodies and many local and international
NGOs have helped to stayeforestation and
implement reforestation strategies.Better
decisionsare beirg made aboutwhere new
tree plantings should be, which specawuld
be used how the trees should be managed
and what will be happening to the wood
(Waring et al 2020)

It is time to preserve what we have laff our
forests, although climate changad resultant
bushfires and increasing wildfires may see
nature dancing to its own tunéshumansare
often powerless to control such occurrences,
in the way we have tried to control nature in
the past.Because it is uealistic to maintain
every preexiding forest tree, the TRIAD
approach of Paquetteand Messier (2010)
seeksto ensure survival of an area tftally
protected natural forest,allow a degree of
carefully selected logging of natural forest, and
allow some intensively managed plantation
foreg. This is one strategy for developing
sustainable forest management whilst
meeting human needs.

Documenting of traditional indigenous
knowledgeif agreed to byndigenous peoples,
should be carried out and communicated to
Indigenous youth (to ensure intergenerational
knowledge transfer), and also to researchers
and other interested parties with a concern for
indigenous forest management ways and
wisdom. There is ore need for integrated
forest management, with indigenous
consultation and more Indigenous forestry
roles, which can involviedigenous adults and



youth, and Kkeeps them close to their
traditional land. This indigenous employment
strategy is already in pt& in Australia (Figure
6).

Figure 6Indigenous workers in forestry in
Australia

=

Citizen sciece with a forest focus is another
way communities can become involved: to
observe the state of forestso keep statistics
and photos (Figurer); to maintainrecords to
share with others to build community
walkways through forestdp write and share
with others to identify trees at riskto be a
steward to share with others in relation to
forest health and to teach othersabout the
value of preserving fasts. We can become
lobbyists for forest preservation, including in
urban areas. We can write about forests, not
just in often insular academic journals in
preaching to the convertednd operating in a
narrow sphere but we can give talks on
forests and we can raise awareness in the
wider community where action happens.

>
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Figure 7ACitizen Scientist discoveasiew species of (old) mangrove in Australia in Queensland

First and foremostin raising forest awareness
as a key to gaining commitment to sustaining
forests into the future, waneed to educate the
young including in particular Indigenous youth
living in or near forest areas, and bring them
into forest managemet in Indigenous
communities Whether in takinghe youngfor
educationalforest walks (Figured), planting
and caring for trees, adding to the educational
curriculum, which is already being
implemented, lobbying in our community to
create areas of treegven if not a large forest,
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a small community of trees, reading them
stories about forests or writing books or
making filmsfor children. Such participatory
FOGAGAGASE | (¢
We will not care for something if we do not
know about it or its valueor if we do notfeel
strongly about it. It is not just about knowledge
and awareness raising, forest experiences feed
the spirit, and connect children and the child in
all of us to naturepf which we often do not
realise we are par
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There is hope humans work together that we
can recreate some forests, In Ethiopia more
that 352 million tree seedlings were planted in
a 12hour period in one day in 201 Utar
Pradesh in Indicone month later 220 million
seedlings were planted in one day (Lowman
2021). Not all of these seedlings wélventually
growinto big treesas they face the challenges
of fire and drought, flooding or predators,
rising temperatures and being trampled. It
takes decadegor these seedlingso become
trees,and effectivelypart of a forest, adihgto

carbon storage, and supporting high
biodiversity
In Costa Rica, the decimated tropical

rainforests that had been reducetly the
Mdy nQa ®eof tieiy dreéviousieptent,
have now, through financial incentives from
the govenment to Ilandowners, been
increased tacoverhalf ofthe Costa Rigaland
area (Attenborough, 2020). These are positive
reforestation strategies, but the real answer is
to be proactive in stopping cutting down so
many old treesrather than reactively plaing
back seedlings (Greenpeace International,
2019).
Wnd into the forest | go, to lose my mind and
find my soukJohn Muir)
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Figure 8Children in the Daintree Rainforest on a walk in Queensland (Australia)

Approaching caring for forests from the Gaia
principle of viewing the Earth as being one
living beinghas gained more momentum over
recent decades.The ecological approachf
Gaiaisthat all organisms on the earth interact
to regulate the biophysical environment,
including temperature and humiditExcessive
activity by any one organism disrupts the
stablity of the earth system as a whole.
Because of their immense numbers and
technology, humans are now that disruptive
organism and have to reposition themselves as
responsible guardians of the Earthlhis
ecological approacthasvalue, but itlacks a
spiitual dimension The key concluding
premise from this article is that it is time to
step back and align with Indigenous wisdom
approach to the Earthin the understanding
that it is sacredThere are points to take also
from the Sacred Groves discussedliear as if
we value something we want to care for it and
preserve itFrom this perspectiveghe physical
and the spiritual are connected, honoured,
respected and cared for. We have seen the
results of our destruction of forests from the
Amazon to Indonda, Africa and other
countries, with flow on impacts of climate



change, extinction of species, water pollution
and visual butchering of the aesthetically and
spiritually uplifting experience of forests.

It is time to shift to honouring the spiritual in
the earth and the forests, and in the process
ideally the spirit in humans will also align with
this respectful and interconnected world view.
We need to take from nature in a moderate
and sustainable wayand lve in a more
harmonious way with nature for the
ecosystem of Earth to survivieis time to take

a leaf out of the tree book of wisdom on how
natural forests live in their social communities
(Wohlleben, 2015) These goals can be
approachedn a more sustainable way and in
assessing how much we neettow much
should we leave, and how much we should
replace from what we takeWe can make
responsible choicesfor example around no
palm oil products or reducing meat
consumption. We can reminaurselves of
nature by connecting with treesr planting
trees We need to connect with others in
honouring and caring for forests both in our
own communities, countries and
internationally, in our lobbying for forest
maintenance, and to support those in
governments and business with this ethos. We
also need to lead by example in educating the
next generationinleaving a legacy that forests
and trees are central to our earth and our
existence as a shared planet.
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Introduction

Grenada is a Small Island Developing State
(SIDS) located in the southern Caribbean with
a population of ~113,000 (CIA 2021). The
nation of Grenada includes three inhabited
islands Grenada Carriacou, and Petite
Martiniquet and several uninhabited islands,
comprising the southernmost islands of the
Grenadines archipelago. With its highest peak
at 840 m above sea level, the volcanic island of
Grenada supports varied forest ecosystems,
including evergreen forest, cloud forest, dry
forest, and mangrove forest (CANARI 2020).

The most recent country survey found 298 ha
of mangrove forest across Grenada and its
constituent islands (Moore et al. 2015), with
most of this area being on the main island
Grenada, followed by the second largest
island, Carriacou. The largest mangrove forest
sites are Levera on Grenada (46 ha) and
Lauriston and Tyrrel Bay on Carriacou (35 and
33 ha respectively; Moore et al. 2015). There
are three species of true mangrovés the
countryt red (Rhizophora mang)e black
(Avicennia germinans and white mangrove
(Laguncularia racemojmas well as the
mangrove associates buttonwoo@gnocarpus
erectudy and mangrove fern Acrostichum
aureun.
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Ecosystem services are benefits thatople
obtain from ecological capital (Costanza et al.
1997). Throughout the tropics and subtropics,
mangroves provide a suite of ecosystem
services, including but not limited to: coastal
protection, carbon storageand support of
industries like tourismfisheries, and timber
production (Flint et al. 2018). Many
Grenadians live along the coasteésamy &
Rothenberger 2018 benefiting directly and
indirectly from mangroves and their associated
ecosystem services. For a small country (344
kn? in area) withsuch an extensive coastline
(121 km; CIA 2021), mangroves are particularly
important for climate resilience and food
security.

The most destructive of the natural and
anthropogenic threats to mangrove forests is
coastal laneuse change (FAO 2007; Goldberg
et al. 2020). This degradation and loss due to
rapid coastal settlement development
exacerbate the increasing impacts of climate
change and associated rising sea levels and
extreme weather events (Goldberg et al.
2020). Climate change and sea level risk w
alter coastlines and change mangrove extent,
disrupting coastal hydrology, and changing
both sea temperatures and weather conditions
(Moore et al. 2015). While Grenada is
comparatively  protected from regular
hurricanes by its southerly location, major
hurricanes in 1955, 2004, and 2005, as well as



numerous storms and sea surges, have
affected the extent and health of mangroves

within the country. Only a few of the sites

affected by these hurricanes (Layman et al.
2006; Moore 2004), had recovered at thime

of the 2011 countrywide survey (Moore et al.

2015).

Development projects continue to be
approved in the delicate coastal zone in and
around mangroves in Grenada, especially for
large-scale resorts, which will cause sustained
disturbance throughout bdt construction and
subsequent resort operations. Many of these
LINE 2SO0 a FNE fAYy]1SR
Citizenship by Investment (CBI) programme,
which provides an avenue for foreigners to
gain Grenadian citizenship and its associated
benefits through ecnomic investment
(Government of Grenada 2013; 2021). While
there are options to invest in general
infrastructure and nortourism industries,
most income from the CBI programme is
funnelled into resort and hotel development,

OAGAYy3
GNRAAY3I RSYIFYRéE F2N K
Grenada 2013; 2021). Globally, CBI

programmes have been criticised for their
inherent risks of corruption and money
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laundering (OECD 2019), yet they have been
embraced by Grenada and several other SIDS
as a panacea for slow or stagnant
RSOSt2LIYSyio® {AyOS GKS
inception, over twenty development projects
have been approved by the Planning and
Development Authority (Government of
Grenada 2021), many of which are near or
within important mangove forests, including
the three considered herein(Figire 1).
Environmental and Social Impact Assessments
(ESIAs) for these three projects are either
incomplete or have not been made public,
raising concerns over the current state of land

U RverANBi terRdad 0 dzZRRA Y 3

Local conservation NGO#ncludingLocaland

regional conservation NGOSs including
BirdsCaribbean (BirdsCaribbean, 2020),
Grenada Fund for Conservation Gaea
Conservation Network, Grenada Land Actors,

and Friends of the Earthare working
together o R2 OdzYSy i DNBY Il RI Q&
ecosystems and advocate for their importance

G ANE 6 (0 KRJZT NB K S toyHR dadadér Yublic.yHerein, we provide a

2 et owerdiewdod thed @deht & ¢ldpmedtF
GKFIG GKNBFGSY DNBYIlFRI QA
discuss their ecological, economic, and cultural
impacts.
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Figure 1Map of Grenada with recent development projects indicated inMegh. credit: Aly
Ollivierre courtesyof BirdsCaribbean

Recent Developments
Mt. Hartman

At Mt. Hartman, a 1zha mixed mudflat and
mangrove forest located on the southern
coast, plans are underway for a combined
resort, medical hospital, and university by
Hartman Resort Group LTD. The resort plans
include a ®0room hotel, villas, university
complex, football stadium, and marina
(Hartman Hotel Development LTD 2022). This
development threatens one of the largest
expanses of black mangrove in Grenada, as
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well as mangrove area identified as important
for finfish production (Huber et al. 1988).
Neither of the two mangrove forests,
separated by a headland of dry forest, are
protected. They are also adjacent to the Mt.
Hartman Dove Sanctuary, established to
protect the critically endangered Grenada
Dove [eptotila vellsb > KA OK Aa
national bird (Rusk 2010; 2017). Planning
permission for this site was originally granted
in 2016, and initial clearing of land took place
before permission lapsed due to inactivity.
Construction began anew at this site in August



2020, and will continue for another ten years
(Figure 3. The ESIA has yet to be made public.

Figure 2Photos of mangrove and dry forest in Mt. Hartman before (A: June 2014) and after (B:
August 2020) clearing for hotel development. The boundary for the Dove Sanctuary lies just below
the road in the foreground the eastern mangrove is on the left of theddland and western
mangrove is on the right. Image credits: Greg Homel (A); Reginald Joseph (B).

adjoins the remains of an early parish town
(abandoned in the 19 century) and contains
two distinct Amerindian settlements, all of
which should have triggered archaeological
mitigation in the ESIA. While the developer
ultimately supported limited archaeological
investigations (see Cultural Impacts below),
this information was not included in the ESIA ,
Fdz2NIG KSN) KAIKEAIKGAYT YI 22
land governance. The 1@08om resort is
cumently under construction and scheduled
for completion in late 2022Kjgure 3.

La Sagesse

Beginning in July 2019, ehh mangrove forest
surrounding a large seasonal pond at La
Sagesse, St. David, was coetgly cleared by
Range Developments to construct the Six
Senses Resort (Range Developments 2022).
Expert review found the ESIA to be incomplete,
with inadequate consideration of impacts on
marine life, water quality, birds, plants, and
land access for fishg and recreation (Gaea
Conservation Network 2020). The area also

Y& e o ViEe
{ i

Figure 3Photos of mangrove forest in La Sagesse before (A: June 2019) ad after (B: August 2020)
clearing for hotel development. Image credits: Reginaldplos

39



Levera

On the northeastern coast, at Levera, the
single largest mangrove forest in Grenada (46
ha) has been targeted for the construction of
Grenada National Resort by the Singapore
Heng Sheng (Grenada) Developmempany.
The plans for this megaesort have yet to be
finalised, but the most recent plan spans 187
ha and includes a yacht terminal and pier,
professional golf course, amusement and
water park, 43 private villas, aquarium
museum, power plant, sewage plant
desalination plant, and three higise hotel
towers (1@16 floors each) with over 500 guest
rooms in total (Heng Sheng 2022). This plan

threatens both the longroposed site of
Levera National Park and a designated
Wetland of International ImportanceRamsar
Convention Secretariat 2012Jhe beach, a
regionally important nesting site for
leatherback turtles ermochelys coriacea
Maison et al. 2010), is protected under
legislation during the nesting season. While
there have been severalunsuccessful
proposals for the area, this is the largest ever
made. Disturbance related to the current plans
began with the creation of temporary worker
housing by the contractor China Railway
Construction in August 202CFigure 4 and
hundreds of small ecavations for use in
geotechnical analysis. The ESIA has yet to be
made public.

Figure 4Photos of mangrove forest in Levera before (A: June 2019) and after (B: August 2020)
clearing for hotel development. Image credits: Reginald Jagepl®rlando Romain (B).

Ecological Impacts

Mangrove forests are hotspots of biodiversity
with high rates of primary production (Alongi
2002). They are dense and structurally
complex, with abundant microhabitats ranging
from trunks and anopies housing reptiles,
birds, insects, and mammals; to root systems
providing substrate  for  gastropods,
crustaceans, sponges, and other marine
invertebrates; to underwater spaces between
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roots serving as shelter and nursery habitat for
fishes and crusteans; to leaf litter and soft

sediment supporting epifauna and infauna
(Alongi 2002; Lee et al. 2014). Mangrove
forests support higher abundance of juvenile
species than other nearshore habitats, offering
decreased predation risk and increased food
availaility for developing organisms, including

species important to subsistence and
commercial fisheries. Even smaller areas of
non-estuarine mangroves, typical of Caribbean
islands, are critical at the island scale for the



health of fish populations associatewith
adjacent coral reefs and seagrass beds
(Nagelkerken et al. 2008).

¢KS O NASR GFEF F2dzyR
include species found only in the Caribbean
(regional endemics) and others only found in
Grenada (endemic):

1) Reptiles: Grenada Bank tree &o
(Coralluggrenadensis (endemiq, which
use mangroves for rest and foraging
(Henderson & Sajdak 2003);

2) Birds: Caribbean Martin Pfogne
dominicensiy  Grenada Flycatcher
(Myiarchus nugatoy, Lesser Antillean
Tanager $tilpnia cucullatg Green
throated Caib (Eulampis holosericels
(regional endemicy and the Critically
Endangered Grenada Dové.eptotila
wells) (endemiqg, which has been heard
near the mangroves in Mt. Hartman
adjacent its sanctuary;

3) Invertebrates: mangrove oysters (local
name for bothCrassostrea rhizophorae
and Isognomon alatus Moore 2003),
crabs (includingUca spp., Goniopsis
cruentatg andAratus pisonjiUniversity
of the West Indies 2016), and Caribbean
spiny lobstersRanulirusargus Ministry
of Carriacou and Petite Martinique
Affairs 2015)regional endemick

Birds are the besstudied taxon in Grenadian
mangrove ecosystems with many foraging
guilds that exploit different microhabitats,
including canopy gleaners, ground fgeas,
coastal scavengers, mud probers, and dabblers
(Billerman et al. 2020). Since 2017, citizen
science observations logged through the eBird
platform have identified ~110 species of birds
using mangroves and nearby coastal
ecosystems (eBird Basic Datas221) in
Grenada, including both wetland specialists
and generalistand birds Many of the birds
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recorded are migratory (~40%; Gerbracht
Levesque 2019; eBird Basic Dataset 2021),
highlighting the importance of Grenadian
mangroves as a stopover and overwintering
habitaGdNFubrdrdBle Rigrating oivds! thek 4> a
highly sensitive to habitat changes, which can
result in higher mortality and leer fithess
(Azimah & Tarmiji 2018). Maintenance of these
habitats is critical for migratory bird
conservation. Commercial developments will
adversely affect birds in these mangroves
through habitat loss, fragmentation by roads,
noise, and pollution (Enskai et al. 2014;
Thompson 2003).

Mt. Hartman

In August 2020, Hartman Resort Group LTD
commenced the first phase of their 3@ar
hotel development plans by clearing areas of
the coastal forest at Mt. Hartman. The
vegetation removal was initially to perntie
widening of an access road. Later, the
vegetation on the headland between the
eastern and western mangrove forests and
most of the remaining mangroves in the
eastern wetland were clearedrigure 2R

Past surveys of the eastern and western
mangrove foests suggested that they support
diverse biological communities. Based on eBird
records prior to August 2020, 32 bird species
were observed at the larger western mangrove
forest, while as much as double that number
(66 bird species) were sighted at the dhag
eastern mangrove foresNB this difference is
likely driven by the lower detectability of birds
in the western mangrove forest, since it is
more densely vegetated and larger). Because
mudflats are prominent features of both
mangrove forests, they igproportionately
support waders birds that feed by probing
the sediment for arthropods. Unfortunately,
surveys in 2020 do suggest that the loss of dry
forest around these wetlands make these



foraging and nesting birds more vulnerable to
invasive mammaliapredators: camera traps
placed along the edge of the wetland had a
high prevalence of cats and mongoose, while
those in the interior of the wetlands were
devoid of mammals (Gaea Conservation
Network, unpublished data 2020).

In addition to wetland birds, engrove forests
at Mt. Hartman may provide key habitat for
the critically endangered Grenada Dove. The
DNBY I RI 5203SQa LINR Y I
protected by Mt. Hartman Dove Sanctuary,
borders the land under development. The
Grenada Dove Conservation Progriicates
that nesting pairs have been observed on the
headland between the eastern and western
mangroves, and their calls have been reported
within the wetland itself. Even if limited to the
fringes of the mangrove forest, this
disturbance is likely todve severe impacts on
the dove population.

The red mangroves on the seaward side of
these wetlands are a nursery for juvenile fish.
In the bay of the western mangrove forest, the
18 observed fish species belong to two main
functional groups grazers and prdators
(Gaea Conservation Network, unpublished
data 2020). Informal conversations with
fisherfolk in the area confirm that nearly all the
species observed in the bay are critical for local
fisheries.

La Sagesse

Prior to the clearing of vegetation, La Sagges
supported areas of white mangrove and
buttonwood, with a few mature black
mangrove trees in the northeast of the
wetland (Gaea Conservation Network,
unpublished data 2019). The loss of this
vegetation has increased rwff to the pond

and neighbouring &ach. eBird records up to
2019 show that the mangrove forest at La
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Sagesse supported the most functionally
diverse bird community on Grenada. To
accommodate the building of the Six Senses
Resort, Range Developments cleait the
mangrove forest and reducethe size of the
pond by backfilling the sides, causing
numerous impacts on associated bigEigure
3B). With the loss of vegetation and alteration
of pond topography, we expect birds that
require upland vegetation to nest or forage
(e.g., Tricolored Hen [Egretta tricolof) or

N&ose KHatd \X)aéel' Cé§ GHszfﬁe% dnzé\lgwlegs

[Tringa melanoleuda or dabble (Bluavinged
Teal Bpatula discof¥ will no longer use this
site.

Along both beaches bordering the cleared area
are seagrass beds comprised of turtle grass
(Thalassia testudinuin and manatee grass
(Syringodium filiformg  with coral reefs
comprising hard corals (e.g., stony coral
[Poritesspp.], brain coral Diploria spp.], fire
coral Milleporaspp.]) and soft corals (e.g., sea
fans [Gorgoniaspp.]). Priorto the clearing,
these areas supported a diverse community of
bony fish (e.g., families Scaridae,
Pomacentridae), sponges, anemones, and
urchins (e.g., white sea urchin3r{pneustes
depressup and black sea urchindDjadema
setosun); Gaea Conservation Neork,
unpublished data 2020). Although no known
surveys have been conducted since 2020,
reports of increased sedimentation at the
neighbouring beaches herald accompanying
changes in the taxa of these nearshore
ecosystems, as sedimentation has negative
and potentially lethal effects on seagrass beds
(Cabaco et al. 2008) and coral reefs (Rogers
and RamosScharron 2022). La Sagesse was
also a known nesting site for critically
endangered hawksbill turtlesE¢etmochelys
imbricatay Ocean Spirits, unpublished data
2019), which are no longer observed nesting in
this area.



Levera

G DNBYIRIQa
Sheng was granted permission to build
temporary workers housing at the southern
edge of the mangrove forest by the Planning
and Development Auttrity in August 2020.
Though minimal dry and mangrove forest area
was cleared to accommodate the units,
extensive areas of coastal vegetation were
removed to allow the construction of access
roads.

Though cleacutting of coastal forests in
Levera to acammodate failed hotel
developments occurred in 2004 and 2016, the
mangrove forest continues to provide habitat
for a wide array of fauna. As a mangrove forest
with one of the largest ponded areas on
Grenada, the wetland in Levera is possibly the
most specierich for birds on the island.
Citizen science records prior to the 2020
development suggest that as many as 76
species of birds had been observed, and these
birds span various functional groups (eBird
Basic Dataset 2021). Though similar species
were alsoobserved in the La Sagesse wetland,
abundances of bird species at the wetland in
Levera were typically higher (eBird Basic
Dataset 2021). As the northernmost mangrove
site on Grenada, Levera is a critical part of the
stopover network for migratory birdgand so
measures must be taken to ensure this site
continues to provide seasonal habitat for these
visiting species.

The draft of a recent Marine Management Plan
for Levera reported data from marine surveys
along three transects, which found 18 species
of fish, spanning 14 families, in nearshore coral
reefs (Grenada Coral Reef Foundation 2018).
Surgeonfish (26%), wrasses (18%), parrotfishes
and groupers (13%), and grunts (11%) were the
most abundant taxa (Grenada Coral Reef
Foundation 2018). These marinegelys found

13 species of coral, spanning 11 genera, among
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the 211 colonies (Grenada Coral Reef
Foundation 2018). The Grenada Coral Reef

YIYyaINR@BS F2NBado
(Marmosa robinsodi > INXBS I G SNJ
opossum Didelphis marsupialis insulayieand
nine-banded armadillos Oasypus
novemcinctus hoplitgs were reported in
stakeholder consultations, and Burmese
mongoose lderpestes auropunctatyiswere
observed in visual surveys (Grenada Coral Reef
Foundation 2018). A more recent survey
suggests cats and dogs also occupy the
mangrove forest (Gaea Conservation Network,
unpublished data 2020). Additionally, the
beach adjacent to the mangrove forest is the
third largest nesting site for vulnerable
leatherback turtes in the Caribbean region and
also supports nesting of critically endangered
hawksbill turtles (Charles 2018; Maison et al.
2010).

Economic Impacts

Ecosystem services are valued globally at
US$125 trillion per year in 2011, of which
marine and coastal @systems provide two
thirds (Flint et al. 2018). Ecosystem services
from mangroves alone are worth US$33,900
57,000 per hectare per year (Flint et al. 2018).
By extension, the 298 ha of mangrove in
Grenada (Moore et al. 2015) provide between
US$9.816.9 mllion in ecosystem services
annually These include:

Blue Carbon Storage

Blue carbon is carbon stored in marine and
coastal ecosystems, particularly vegetated

habitats like mangroves and seagrasses
(Nellemann et al. 2009). These systems
sequester carbon athigher rates than

terrestrial forests (Flint et al. 2018), and
mangroves can store more carbon per unit
area than any other marine or terrestrial

a2t S wl YaIrduhdatibrl Q1so §uiveyedl bitdNIn {hé Yy 3
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ecosystem (1,000 tonnes of carbon per hectare
of mangrove; Flint et al. 2018; UNEP 2014).
Preventing the desuction of mangrove
ecosystems is critical to carbon mitigation
strategies (Global Commission on Adaptation
2019), particularly in countries with extensive
coastlines (Taillardat et al. 2018) like Grenada.
Under a BusinesasUsual scenario, with
limited protection of Grenadian coastal
ecosystems, a net release of 12,450 tonnes of
carbon from mangrove is predicted between
2020 and 2070, representing a loss of
US$0.4¢1.62 million (McHarg et al. 2022).

Coastal Protection

Mangroves, which have complex abewand
below-ground root systems, are natural
coastal defences against waves, storm surges,
and flooding, thereby reducing storm damage
by 40% to 60% (Flint et al. 2018) and playing an
important role in coastal risk reduction (UNEP
2014; World Bank 2019). Byrecent estimate,
they provide global flood protection benefits
exceeding US$65 billion annually (Menéndez
et al. 2020), and mangrove protection is a
more costeffective solution for coastal
protection than construction of seawalls and
breakwaters (Flintet al. 2018; World Bank
HAMpL® az2ad 27
infrastructure is located on or near the coast
and is thus vulnerable to flooding and erosion
impacts, with an average annual loss
approaching US$20 million or 1.7% of GDP
before climate chang impacts (CARIBSAVE
2012;IMF2019).

Shoreline Stabilisation

Mangroves reduce coastal erosion by
minimising wave energy and preventing
sediment from being carried away from shore,
as well as slowing water flow and increasing
sediment accumulation (HimeSornell et al.

2018; UNEP 2014). In addition to increasing
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resilience of human communities to sea level
rise, these processes also afford protection to
seagrass and coral reefs, which are damaged
by sedimentation resulting from coastal
SNRPaA2y 6! bot HAaMnO @
infrastructure faces significant risk of eion

due to sea level riséNIF2019), and mangrove
protection is key to ameliorating this risk.

Supporting Fisheries

Mangroves provide nursery habitat and
support subsistence and commercial fisheries
for finfish and shellfish species that are
important for local livelihoods and food
security (HimegCornell et al. 2018; Flint et al.
2018; UNEP 2014). The fishing industry in
Grenada employs 4,000 individuals, equivalent
to nearly 10% of the labour force (St. Louis
2017). Grenada exported US$6.6 million sffi fi

in 2018 (Government of Grenada 2022a),
making it the most valuable domestic export
sector.  Additionally, the per capita
consumption of fish in Grenada exceeds
regional and international averages (St. Louis
2017). Other species, such as the blue land
crab (Cardisoma guanhumpi are also
harvested from mangrove sites in Grenada on
a commercial basis. One case study in

D NB y I Rhoh@ast Gigriattizffobindl ha@vesting of &abs

had a value of US$1.48 million per year at a
7.65ha site (Koester 2014).

Water Quality Maintenarce

Mangroves serve as a natural filtration system
for runoff from land, removing contaminants,

debris, nutrients, and sediments that would

have negative impacts on the marine
environment and water quality (Flint et al.

2018; UNEP 2014).

Timber Products

D NJ



Mangroves provide local sources of charcoal,
fuelwood, and wood for construction (Flint et
al. 2018; UNEP 2014). Mangrove forest in
Grenada is valued for charcoal production
(Huber et al. 1988), which continues to provide
an important source of fuel and incamfor
nearby communities. Charcoal harvesting at a
7.65-ha mangrove site on the northeast coast
of Grenada was valued at US$357,318 per year
(Koester 2014).

Recreation & Tourism

Opportunities for recreation and ecotourism
provided by mangroves are valued#5$3,526

per hectare per year on average (Himes
Cornell et al. 2018). In Grenada, mangroves
support bird watching, kayaking, snorkelling,
and other naturebased activities and have a
meaningful impact on local wellbeing and
livelihoods. The tourism seatds central to
DNBYIl Rl Qa SO2yz2yeée:x
DNBYIl Rl Qa D5t YR nH®E?
in 2019 (World Travel and Tourism Council
2021). In an effort to increase these benefits,
DNBY |l RI Qa G2dzZNAayY LINBRdzOU
Gt dzZNB DNBY HRI &l 20 2ahidKLSLISS O 2
GrAaAl2NE &aSS1TAy3 aiKS dzyal
an ecoli NB LJA O f LJ N> RAaSé¢ oD
Grenada 2022h).

O2y i NR
27

Table 1.Estimated tonnes of carbon releaseahd value of ecosystem services lost with
complete destruction of mangrove area at three sites targeted for development in Grenada.

Site Mangrove area at site | Carbon released | Value of mangrove Cost of
(hectares and percent | by mangrove ecosystem services lost | mangrove
of total mangroves) destruction per year after mangrove | restoration

(tonnesy destruction (USD) (USDj)

La Sagesse 1 ha (0.34%) 1,000 $33,00¢$57,000 $14,000

Levera 46 ha (15.44%) 46,000 $1,518,00@%$2,622,000 | $644,000

Mt. Hartman 12 ha (4.03%) 12,000 $396,00@$684,000 $168,000

Total 59 59,000 $1,947,00@$3,363,000 | $826,000
ha of mangrove, or tonnes of carbon | in value lost annually mangrove
19.8%o0f total released to restoration cost
mangroves under threal atmosphere

1 Based on published values for mangrove area mapped in Grenada and the Grenadines in 2011 (Moore
2015, p. 160).

2Based on 1,000 tonnes of carbon per hectare of mangrove (UNEP 2014, p. 56; Flint et al. 2018, p. 25).

3Based on US$33,000S$57,000 per hectare per year value of mangrove ecosystem services (UNEP 201
61; Flint et al. 2018, p. 23).
4Based on US$14)0 per hectare cost of mangrove restoration in Grenada (World Bank 2019, p. 66).

The mangrove areas under threat by ongoing
development projects in Grenada amount to

y S NI &

store a combined 59,000 tonnes of carbon and

H JE 2 27
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provide

US$1.953.36 million in
ecosystem services each yedrable ). The

DNB Yy I RI Qalue avid qaitiNG? t@eSeisarvices Kecrédse or
disappear when ecosystems are degraded by

total



development (van der Geest et al. 2019).
Development projects in Grenada that

degrade mangrove ecosystems therefore lead
to a significant loss of valuable local resowrce

and put vulnerable communities at greater risk
of climaterelated disasters.

Cultural Impacts

Although cultural ecosystem serviaes
including spiritual, aesthetic, and existence
valueg are challenging to quantify, they
represent important components of mgrove
value (HimesCornell et al. 2018). This is also
not a modern phenomenon, and recent
research on the environmental variables
associated with welstudied archaeological
sites in Grenada has revealed a strong
correlation with wetlands of all kinds (Haa
2018). The explanation for this strong
association between ancient Caribbean
peoples and wetland areas remains unclear.
Wetlands are not ideal places to live, of course.
Seasonal flooding can damage houses and
crops, and the increased biodiversity imese
areas means many unwanted insects and pests
as well. However, some of the worst pests
(e.g., mosquitoes likéedes aegyptiarrived

I FGSNI GKS
present prior to European arrival, nor were
many of the diseases they caii@rosby 2003).
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As biodiversity hotspots, wetland habitats
support unique flora, many of which have
ethnobotanical value (Newsom & Wing 2004).
While some (freshwater) wetlands have highly
productive soils that are still prized in the
Amazon Basin today ([@kiet al. 2011), there is
currently little evidence that such soils were
being planted in the Caribbean. More likely,
then, the attraction was natural (or semi
managed) plants with psychoactive and
medicinal uses and uses as palm thatch and
timber/firewood. Such ecological knowledge
derived, initially, from cultural developments
that first occurred in South America, and were
retained and revised as ancient groups
migrated into the Caribbean.

Notably, all of the 89 PreColunbian sites
currently recorded in Grenada are within 500
m of a wetland (55 are within 100 m), including
inland sites far from the coasFigure 5. This
makes wetlands an ideal variable to include in
predictive models for mitigating destruction of
undiscoered sites (de Waal et al. 2019).
Indeed, such a model was successfully
extrapolated northward to St. Vincent and the
Grenadines (Hanna & Giovas 2019),
demonstrating the association between Pre
EQybiap atiementsy gnd weslangs i, a0t

unique to Grenada.



J. Hanna, 2022; DEM from NOAA NCEI 2017
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A Precolumbian Site
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0 salina
Mangrove (Vernon 1959,
Moore 2015)
Current/Former Wetland

= (flat, accretive)

Modern Disturbance

Figure 5Map of Grenada showing the association between®oumbian sites and mangroves and
wetlands, with likely current or former wetlands based on low slope and alluvial/accretive soils.
Combined mangrove data from Vernon et al. (1959) and Mooak €2015).

The vast majority of these sites are also in the
coastal zone where increased commercial
development heightens the likelihood of
destroying  irreplaceable  archaeological
resources. This includes the three mangrove
forests dscussed herein. Two of these three
areas contained welllocumented
archaeological remains prior to the projects,
with the third (Mt. Hartman) having high
probability but never surveyed
archaeologically. Only the developer of the
resort at La Sagesse agredd pay for
archaeological investigations prior to
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construction, which revealed a previously
unknown settlement, complete with extensive
ceramic middens, several ancient postholes,
and a partial human burial dating between AD
14751635 (LCAP 2021). This & small
example of what can be lost to pootly
regulated development. While several laws are
in place to protect archaeological sites from
destruction, such findings are typically
destroyed and never reported.

The Future of Mangrove Forests in Grenada



In light of the ecological and social importance
of mangrove forests in Grenada and the
mounting threats they face, the future of

Grenadian mangroves and the benefits they
provide to local communities depends on
improving land governance in Grenada. We
recommend the following approaches to

ensure sustainable land management:

Policy and Legislation

Grenada lacks any overarching environmental
or natural resources management legislation.
Dozens of legislative acts include protections
for natural resources, environmentally
sensitive areas, coastal and wetland areas, and
cultural resources, most notabthe Fisheries
Act of 1986, the Physical Planning Act of 2016,
the Museum Act of 2017, and the Coastal Zone
Management Act of 2019. Older legislation,
such as the Birds and Other WildLife
(Protection of) Ordinance of 1964, appear to
be ignored, and provisits of the Forest, Soil
and Water Conservation Act of 1984 appear to
be largely unenforced. The Integrated Coastal
Zone Management Act of 2019 (Government
of Grenada 2019a) makes first strides towards
more sustainable management of coastal zone
developmentbut implementation has stalled.

A regional study found that, for Grenada, the
lack of Environmental Impact Assessment
regulations to implement the necessary
provisions of the Physical Planning Act was a
glaring omission (ToppiAllahar 2018). The
developrent process in Grenada greatly needs
improvement, starting with an overhaul of
land use legislation and policy (a draft policy
exists) to include zoning that incorporates

multi-user needs and coastal zone
conservation obligations.

Transparency

The project proposals of largecale

developments and accompanying
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Environmental and Social Impact Assessments
(ESIAs) should be publicly available
information and reliably disseminated for
public awareness. Allowing for constructive
feedback from communities and ldcaxperts

on social and environmental concerns in a
transparent and timely feedback loop benefits
developers as much as local communities. This
may require more time and effort upfront, but
proactive engagement encourages project
buy-in and assists develeps in avoiding costly
pitfalls due to lack of foresight and planning in
the project design phase. Ecological factors like
mangrove protection and common livelihood
and recreational uses of sites by nearby
communities must be considered, with related
mitigation measures effectively incorporated
into planning.

Public Engagement & Consultation

To foster a more transparent and inclusive
development process, public engagement and
consultation must be prioritised. Currently,
nearby communities are too often thiast to
hear about a proposed development (and in a
SIDS like Grenada, the entire population is
within a few miles of the affected area). Public
consultation and participation for projects of a
certain scale should be required early in the
process, not coducted as an inconvenient
afterthought. Lack of public consultation tends
to create distrust among communities,
developers, and government authorities, as
well as disenfranchise affected communities
and increase the risk of overlooking negative
social and environmental impacts. Well
facilitated public consultations need to take
place prior to project approval by the Planning
and Development Authority and throughout
the development process.

In response to the lack of public engagement
and transparency in thdevelopment process,
the Grenada Land Actors filed a case against



the Planning and Development Authority,
focusing on the three recent developments
described herein (Eastern Caribbean Supreme
Court 2022). Though the case is ongoing, the
organisation is rquesting that planning
documents be made public and that the Court
NBE OA Sg iKS
determine whether those decisions accord
with law and the provisions of the Physical
Planning Act of 2016 (Grenada Land Actors
2021).

Oversight

Develogrs require greater oversight in

following the guidelines of their own ESIAs.
' YRSNJ DNBYl RIQa
reviewed by a committee of civil servants with
expertise relevant to the terms of reference
that guide the ESIAs. This committee can enak
recommendations on what conditions should
be placed on approval or whether additional
work is needed to support the planning
approval. Because the minutes of these
meetings are not public, nor the conditions of
the planning approval, knowledge of when a
developer is in violation of their planning

approval is limited to the Planning and
Development Authority, which in recent years
has had insufficient human resources to
monitor these projects following approval. The
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Introduction

¢tKS 62NI RQa TF2NBada LIX
cycles, carbon storage, wood production, and
biodiversity conservatiofBormann and Likens
1979, Lindenmayer and Franklin 2002, Perry et
al. 2008) How forests are managed chave
profound impacts on these values, particularly
where uses such as wood production conflict
with other values like the protection of
biodiversity (Watson et al. 2018) the
maintenance of carbon stock&eith et al.
2014)(Ceccherini et al. 2020pr the supply of
water for human consumptior{Taylor et al.
2019) Longterm maintenance of the range of
values of natural forests is a key part of
ecologically sustainable forest management
(Lindenmayer and Franklin 200@)ngelstam

et al. 2021) where ecologally sustainable
forest management can be broadly defined as:
Forest management that perpetuates
ecosystem integrity while continuing to provide
wood and norAvood values. In this context,
ecosystem integrity can be considered to be the
maintenance of faest structure, species
composition, and the rate of ecological
processes and functions within the bounds of
normal disturbance regimes.

In some cases, attempts to implement
ecologically sustainable forest management
have not succeeded, with the impactsfofest
management activities like industrial logging
having marked negative impacts on a range of
other ecological, economic and social values. In
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these cases, an important land management
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protection. Indeed, thee are an increasing
number of case studies highlighting the critical
values of intact forests globally (reviewed by
(Watson et al. 2018) In this short article, |
highlight a key example of when forest
management needs to transition to forest
protection to conserve biodiversity and
provide key ecosystem services. | use the
native Mountain Ash Hucalyptus regnans
forests in mainland soutkastern Australia as
a brief case study. A suite of studies of
biodiversity values, water values, fire
dynamics, wood supply, and economic
accounting all point toward an urgent need for
greater forest protection in this ecosystem
and, in turn, the need to source wood products
from areas other than Mountain Ash forest.

Case study of Mountain Ash forests in
mainland southeastern Australia

This case study focuses on the 140 000 ha of
Mountain Ash forests of the Central Highlands
of Victoria, southeastern Australia (Figure 1).
These forests have been the focus of detailed
ecological, silvicultural, economic, and social
scence studies for over four decadéashton
1975) (Lindenmayer 2009Keith et al. 2017)
(Lindenmayer et al. 2022)Mountain Ash
forests are spectacular and support the tallest
flowering trees on earth (approaching 100


about:blank

metres in height)(Ashton 1975)(Figure 1).
These forests generate most of the water for
the 5+ million inhabitants of Melbourne
(Viggers et al. 2013, Vlar et al. 2019) the
second largest city in Australia. Mountain Ash
forests are important for biodiversity,

including a range of threatened, endangered
critically

and endangered species

(Lindenmayer 2009(Taylor and Lindenmayer
2019) OlId growth Mountan Ash forests store
large amounts of carbon and are among the
most carbordense forests in the worl(Keith

et al. 2009) The Central Highlands region in
which Mountain Ash forests are located is also
important for tourism(Keith et al. 2017)

Figure 1. A stand of old growth Mountain Ash forest with an image of the author highlighting the

diameter and height of the trees. (Photo by Esther Beaton).

Mountain Ash forests have long é&xe exploited
by extensive and intensive logging operations.
The askype forests of the Central Highlands
of Victoria (which include Mountain Ash
forests) support approximately 65% of all
wood production in the State of Victoria
producing timber and pulpwad (Lindenmayer
et al. 2022) The primary silvicultural system is
clearcutting in which:(1) all merchantable
trees are removed offsite for subsequent
processing as sawn timber or for pulpwo@2i)
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logging slash is left on the forest floor for one
or more years to dry,(3) a highintensity
regeneration burn being applied to consume
the logging slash and create a bed of ashes in
which Mountain Ash seed is aerially dropped
on the cut block to instigate stand
regeneration(Flint and Fagg 2007igure 2).
The typical size fazut blocks ranges from 15
40 ha (Figure 3); such cut blocks can be
aggregated up to 120 ha over a fiyear period
(DELWP 2021)



Catchment boundary

ANU research site 379

Figure 3. Networkf clearcut harvest units in part of the Central Highlands of Victoria.

(Photo by David Blair).

Although clearcutting is relatively efficient in
producing large quantities of timber, it also has
a number of negativeenvironment impacts.
These are:(1) eroding biodiversity such as
reducing populations of arboreal marsupials
and birds as well as some resprouting native
plants like tree ferngLindenmayer et al. 2019,
Lindenmayer et al. 22, (2) simplifying stand
structure such as through promoting the losses
of large old trees which are key habitat
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attributes  for  cavitydependent fauna
(Lindenmayer et al. 2018)(3) generating
carbon emissions, including creating smoke
pollution as part of the regeneration burning
component of the silvicultural system
(Lindenmayer and Taylor 201.84) depleting
key soil nutrients and degrading soil structure
(Bowd et al. 2019 and (5) reducing water
yields from watershedgrlaylor et al. 2019 An
additional major environmental problem



associated with logging in Mountain Ash
forests is that harvested and then regenerated
stands face higher risk of elevated fire severity
than old growth standgTaylor et al. 2014

Logged Unlogged
Sites Sites

»

o
~

e
N

Probability (Crown Burn)

(Figure 4). That is, young lagtforests are at
risk of reburning at high severity thereby
precluding their maturation to an older (less
fire-prone) staggLindenmayer et al. 2031

=
o

Stand Age (years)

FHgure 4. NoHinear relationship between stand age and the probability of canopy fire or crown burn.
The probability of crown burn peaks at ~ 40 years before declining as stands apprelth \B€ars
old. Redrawn from data ifTaylor et al. 2014)The meamesponse is shown by the solid line and the

95% credible intervals are in dashed lines.

There have been a range of major
consequences of extensive logging and
repeated wildfires in Mountain Ash forests.
These include(l) a paucity ofold growth
stands (which now comprise just 1.16% of the
Mountain Ash estatéLindenmayer and Taylor
2020) (2) extensive, highly firgprone young
forest that dominates almost 99% of Mountain
Ash landscaped.indenmayer et al. 2022B)a
marked declinen an array of key threatened
forest-dependent species over the past 20+
years (Lindenmayer and Sato 2018)
(Lindenmayer et al. 202, (4) rapid declines in
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the abundance of key elements of stand
structural complexity such as the availability of
large old treeqLindenmayer et al. 2018and

(5) a severe shortfall in timber supply,
especially higiguality sawlogs(Keith et al.
2017) Indeed, the Mountain Ashcesystem
has been formally classified as Critically
Endangered under the Red Listed Ecosystem
approach developed by the IUGRurns et al.
2015)

Beyond the direct impacts of native forest
logging in Mountain Ash forests on fire



regimes, biodiversity andater security, there
are signs of major problems in the timber
industry, both in Mountain Ash forests and in
Victoria more broadly. For example, there have
been marked declines in employment in the
native forest logging industry over the past
decade (Sclirmer et al. 2018)and Victorian
D2@SNYyYSyiQa f233Ay3
significant financial losses in most of its years
of operation since 2004(VicForests 2013)
(VicForests 2021) Independent economic
analyses, including by the Victorian
Parliamentay Budget Office (2020) have
indicated that the State of Victoria would be
better off financially by between $A110m
(Keith et al. 2017and $A190m per year if it did
not log native forestqParliamentary Budget
Office 2020) Moreover, formal environmental
and economic accounting analysis has revealed
marked disparities between the relative values
of different natural assets in Mountain Ash
forests (Keith et al. 2017)For example, the
valueadded value to regional GDP from water
is 25.5 times that from timér and woodchips
produced by native forest logging. The value of
tourism is 20 times that of the native forest
logging sector. Notably, the vakaslded value
of plantation sector in the Central Highlands
region (where the environmental and
economic accoutimg analysis was focused)
was three times that of the native forest
logging secto(Keith et al. 2017)

The need to transition wood production out of
Mountain Ash forests and to plantations
Factors such as forest economics, biodiversity
conservation, fie risk, water security, carbon
storage all point to the need for change in the
management of mainland Australian Mountain
Ash forests. Halting logging in Mountain Ash
forests will require finding an alternative
source of wood to support forest industrias i
Victoria. The obvious place to find this timber

Refererces
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Such policy and management changes
correspond to a largscale example of land

sparing $ensu(Betts et al. 2023)in which the

az2zdzylil Ay ! akK
industrial wood production with conservation
then being the resulting focus, and the trade
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sourced from plantations located in other parts
of Victoria. Other studies from around the
world have shown tht well managed
plantations can be important for the
sustainable substitution of wood production
that provides offsets for enhanced
conservation elsewheréHunter and Calhoun
1995, Lindenmayer et al. 2015, Ghazoul et al.
2019)

Conclusions

Ecologically sustainable forest management is
an important goal for the management of
native forests globally(Lindenmayer and
Franklin 2003) (Puettmann et al. 2008)
However, in some cases, attempts to embrace
it fail, and ecological and economic factors
indicate a change of forest management is
needed, including sourcing timber from
alternative places such as plantations (when
available). This is clearly illustrated in the case
of the Mountain Ash forests of the Central
Highlands of Victoria, southasten Australia.
The case for such a transition is particularly
strong given it has mulfiaceted ecological and
economic support and there is a viable
alternative source of timber of wood fibre in
plantations located elsewhere in Victoria.
These solutions mayell be applicable in other
timber production jurisdictions. For example,
Western Australia will exit native forest logging
at the end of 2023 and New Zealand
transitioned to plantatioronly  timber
production two decades ago.
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Auroville was initiated i1968 in Tamil Nadu,
South India, with the support of UNESCO. The
plateau that was to be the location of this
international township was an eroded, barren
landscape devoid of trees, other than some
palms Borassus flabellif¢rand a few Banyans
(Ficus bendansig. The plateau with its a
highly eroded red latétic soil that wasashard

as iron where the summer temperatures
reached over 40°avith a humidity of 90% and
with a long dry season that was prone to dust
storms, was clearly a very harsh environrhen
(Figure 1)

Figure 1 The Auroville plateau 1968
In the months of the NortfEast monsoon,
rainstorms that could deliver up to 50% of the
average annual precipitation of 1250 mm
within ten days, transformed the plateau soll
into a highly erodible substrate that would
wash sediment out along with the precious
rain into the Bay of Bengal through a network
of canyons.

At that point there was no large environmental
wisdom or vision, it was basic human necessity,
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that of water and shade, thaspurred the
environmental restoration effort.

Soil and water conservation

The initial work of transforming the
environment in those early days was that of
soil and water conservation. This would be
fundamental in ensuring the seasonal
monsoon rains werenot lost, but would
infiltrate into the subterranean aquifers,
ensuring water security for the project. With
the intensity of the Northeast monsoon, where
rainfalls can reach 300 mm within a-Béur
period, the success of any sapling plantation
would be geestionable unless the rain water
run-off was quelled. To address this, many
kilometres of contour bunding were dug by
hand on the open land that slopes from 50
metres to sea level over a distance 4.7 km. In
the highly eroded system of gullies, ravines and
canyons that carried rainfall runoff across the
watershed, gully plugs, earth dams and granite
check dams were constructggigure 2) This
STF2NI (2 YIAVHEAKF &l
continued effort, as the project developed and
impermeable surfaces,gths and roads were
developed, refining of the system had to be
maintained. To this day, soil and water
conservation remains a high priority.

]

wSEF FF2NB A ¥Ri@egiondT T2 NI

8

By



Figure 2A functioning granite check dam in
Ravena, Auroville

The Initial tree planting effort

The early days created a history of rich stories
about the collective effort of tree planting. This

was a grassroots movement where saplings
were planted in a passionate, albeit haphazard
way. The absence of any local nurseries and
knowledge of the flora of the area, lead to a

mix of seeds being collected and germinated
from a variety of sources, including the

Pondicherry Botanical Garden, roadside
plantations, the local government forest
department and seeds that community

members had collected en route to Auroville,
just to mention a few. Plant nurseries were set
up and the challenges of seed germination
were overcome. Once the saplings were ready,
due to the harsh environment they were
plantedin large pits (between @25and 1 m3)
with as much organic matter added as
possible, due to the soil being so compact and
devoid of any nutrients(Figure 3) It also
became apparent that the plantation season
was limited to the period of the Nortkast
monsoon, a narrow, Yyearly, wdow of
opportunity.

The plantation areas were nurtured, with
manual watering and mulched whenever
possible. Initially, the plantations were not
contiguous but spread out over large areas due
to land ownership, this made the aftercare and
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protection fromgrazing and browsing by the
local livestock very challenging, but as the land
was progressively purchased this became
more manageable.

Figure 3An early plantatiorin 1971

As the decades progressed and the yearly
seasonal plantation continued, it could be
observed that out of the many species of plants
that were experimented with most failed to
get established. The species success rate in
protected areas such as around dvimdjs and
public spaces, such as schools, was higher due
to ease of aftercare. In the larger tracts of land
which were designated as green areas or
forests, the species survival rate was lower, as
it was only those that could adapt to the initial
tough pioreer conditions that survived.
Certain species like thAcacia auriculiformis,

an exotic wattle from Australia, outperformed
the others. With its nitrogen fixing capacities it
not only thrived on the lateritic soils with
almost nonexistent topsoil, but italso grew
rapidly, and in later years provided firewood
and timber when it died naturally between 25
and 35 years. Luckily, the tree planting in these
areas was prolific, so though the diversity was
not as rich as hoped, the areas were covered
and by the nd to late 19y n Qa Iy
forest had emerged A hybrid forest with an
assemblage of exotic and native species, the
hardy ones that could survive and prosper in
this degraded landscape.
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Asthe forest flourishedit was the birds that
returned quicklybenefiting from a diverse set
of flowers, fruiting plants and an increasing
variety of insectgFigure 4) The bird list has
reached over 100 species. The butterflies were
also attracted to this new environment with
current studies estimating over 200 spes.
The reptile population was seen to increase
with over 20 species of snakes recorded, some
becoming common, with other species such as
the Monitor Lizard VYaranus bengalengis
increasing in numbers. The common mammal
population soon grew, making thiorest a
habitat for the Indian MongooseHgrpestes
edwars), Civet Cat\iverricula indicaand the
JackalCanis aureys In recent years, even the
Porcupine Kystrix indica and Spotted Deer
(Axis axiy have made their way back to the
area and with occasnal sightings of the Jungle
Cat fFelis chausand the Rusty Spotted Cat
(Prionailurus  rubiginosidis the mammal
biodiversity indicates a thriving ecosystem.

Figure 4 An emerging forest 1983

The next steps: understanding and

introducing the native species

It was clear that this newly grown forest,

though it held beauty and offered the services
of shade, water and soil security, microclimate
creation and biomass production, would not
be the final vegetation type aimed for. lbald

be said that it was a pioneer forest. Though,
over the years many foresters in the area were
exploring local forests and experimenting with

the species they found, it was only in the mid

62

to late 907, after an irdepth study of the
tropicalindigenous vegetation type of the area
and its dynamics, that the native species of the
area were planted in volum (Figure 8) This
coincided with the conditions created by the
pioneer forest to be optimum for this next
stage of development, the shade glbiomass,
the soil health and rainwater conservation
were all in place.

Figure 5¢ Native TDEF species being
introduced under the pioneeis 2001

Working from the PitchandikulaBio-research
Centre and Shakti Herbarium, and with funding
from the Foundation for the Revitalization of
Local Health TraditionERLHTand aEuropean
Commission (ECfunded project, the work
began on researching the nativigopical Dry
Evergreen ForegTDEF)During this research
period, with guidance from the French
Institute in Pondicherry and Pondicherry
University on where to find sites, the team set
out to locate potential remnants of the TDEF.
Once the remnants were located, visits to 85
sites wee arranged for plant identification,
phenology, samples were collected for the
newly created herbarium, and the practical
output was that seeds were collected to be
germinated and propagated in the Auroville
nurseries.

It was during this period that the avk of
interplanting the hybrid pioneer forest with
the native TDEF species in volume was



initiated. One key advantage of planting these
native species, was that they are adapted to
the conditions of the geographical location and
are drought resistant. Thimeant there was
little or no wateringrequired after planting
under the pioneer canopy. With minor
aftercare, mulching and management of
opportunist species around the sapling pit, a
survival rate of 90% was achieved.

This work wagxecutedcarefully so as not to
disturb the initial canopy but rather to use
these species as nurse trees for the TDEF
saplings. As the years progressed and these
TDEF species got established, the pioneers
were managed, sometimes pruning was
required, but as thewere naturally short lived
and were prone to damage from the cyclonic
storms during the monsoon, there could be
seen a natural transition from the hybrid forest
to a more native TDEF prominent ecosystem.
Asthis became the single planting focus of the
growp involved in coordinating environmental
work, it accumulated today in the planting of
half a million TDEF saplings of over 200 species.
Presently the TDEF has become established,
with more than half the species reaching
maturity and regenerating. This ia clear
indication of the success of the plantation.
Climax species such d3iospyros ebenum
(Indian ebony, Drypetes sepiaria, Walsura
trifoliata, Tricalysia sphaerocarpa,
Dimorphocalyx glabellus and Psydrax dicoccos
are now freely regenerating in the Aville
forests, whereas in the midineties it was very
difficult to find any of their seed in the TDEF
zone due to their rarity and sparse spatial
distribution.

It is now apparent that the Auroville project is
a host to the largest area of TDEF in theezo
and though it is not an old growth but a young
forest, it is starting to mature, and to
regenerate. This vibrant growing forest, with
its rich biodiversity has become a valuable
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gene bank for the TDEF, securing these rare
species for the future.

The Topical Dry Evergreen Forest

Auroville is situated in the coastalregion of
southreastern peninsular India which has a
vegetation type defined as Tropical Dry
Evergreerorest¢ TDERChampionand Seth
1968). It has a narrow range, approximately
500 km long running north to south, and with
a width no wider than 50 km (Figure6). This
range experiencesboth of L y R Mbn€oén
systems, the summer South West in the
summerandthe North Eastin the winter. The
annual rainfall for the zone varies between
1000 to 1500 mm, with the majority
experiencedat the latter part of the year
(MeherHomiji, 1974).Thiszoneis alsoaffected
by dewfor up to 2 monthsafter the North East
monsoon, which all taken into consderation
leadsto this zonehavinga limited dry season.
Thepredominantevergreenvegetationof this
TDEFRzonegivesway to more deciduousflora
asonemovesinlandout of the zone

e e

L~ Al
o N

uuuuuu

Coast

lfiale Loke

Meadr

s Ny
Kundopura, - (origier, <

Udg;."_Kana W N s
vangaow . Bangalore

L

as (Chennai)

c”omand

........

Figure 6 The geographical extent of the
TDEF

What is theTDEF?

The TDEFlike most tropical forests, contains
largeamountsof speciesand biodiversity,it is
estimated that up to 1000 different plant
speciegmakethis forest type their homewith
over300o0f thesebeingwoody.Theforesttype
hasadaptedto being in a cyclonicregion,with



arelativelylow canopyof 8to 10m heightwith

the occasionalemergenttree. The canopyis
rich with inter-linked lianas, and the forest
floorisarichlayerof biomasghat iseffectively
recycledby plant feederrootsin thetop 1 cm

of soil (Figure 7). The TDEF,like classical
tropicalforests,holdsits nutrient wealthin the

canopy, thus once cut the soil becomes
impoverished and quickly leached by the

NB 3 Airgeyis@rionsoonrains.

Figure7. The Derris ovalifoliBana growing into

the canopy of a remnant TDEF grove

A forest type is not only the flora, the plants
that arepresentwithin the ecosystembut also
the fauna, the mammals,birds, reptiles and
insectsthat surviveandthrive in thishabitat. In

the past leopardsand elephant herds would
have roamed these redgons, perhaps even
tigers, but today the TDEHs hometo smaller
mammals,the mongoose, porcupine, Indian
civetcat, jungle cat,and manymore including
the fruit bat which is an important vector for

spreadingseedsof the forest. TheTDEHRs also
home to a large population of reptiles and a
myriad of bird speciesthat gain protection
from the densehabitat the TDEFoffers, but it

alsogivesplacefor the insects,someof which
are pollinators, to thrive. These are now
provingto bekeyelementsof anyenvironment
whetherit be naturalplant areasor manmade
onessuchasagriculture.
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The status of the TDEF

In 1992 it was estimatedthat only 5% of the
TDEFzone was under forest cover (Meher
Homji, 1992).In 2002this estimatewasrevised
to only 4% (Wikramanayakeet al., 2002), but
in both estimations, it was understood that
most of this forest coverwas disturbed.Asa
resultof extensivefield studiesmadebetween
1999and2004bythe Aurovillebotanicalteam,
areliableestimatesuggestedhat from this 4%
of forest, 5% could be assesseds a pristine
remnantof the TDEFwith the other 95%to be
highly disturbed and categorisedas degraded
scrub.Therefore,it would be fair to state that
only 0.2% of this range now existsasa TDEF
ecosystemand consequentlymakingit a very
rareforesttypein India,if not the rarestdueto
its anyway limited range. The many factors
leadingto thisfragility of this forestsystemare
mainlydueto the highconcentrationof human
population in this coastal belt and the
subsequent impacts this has on the
environment. There are many other factors
like the presence of an active port in
Puducherryand in the mid my n Jit (has
documented that in an area close to

Cuddhlore,within the TDERone,oneof L Y RA | Q&

largeststeel mills wasactive and beingfueled
by wood andcharcoal.

The Sacred Temple Groves

During the study in the early 199 n QleZ
Auroville botanicalteam located, visited, and
assessed 85 sites dispersed within the
designatedzone, these consistedof reserve
forests, hillocks, temple groves,tank bunds,
andafew miscellaneousites (Figure8).

It was ascertainedthat governmentalreserve
forests and hillockswere generallysecondary
growth vegetation,with speciespresentthat

could reestablish after the disturbance.
Historically these forests had predominately



