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With a population of fewer than 800,000 people, Guyana has one of the lowest
population densities in one of the most ecologically diverse countries of the Amazon,
biome, which is one of the most biodiverse terrestrial natural areas in the world.
Guyana’s 18.5 million hectares of forests cover over 85% of the country and contain
over 5 gigatons of CO? in above-ground biomass. The country has one of the world’s
lowest deforestation rates, estimated at a rate lower than 0.1% per annum. Guyana,
an indigenous name which means “land of many waters”, is especially rich in aquatic
biodiversity, hence the importance of this publication, Wetlands of Guyana. The
Amazon is mainly known for its tropical rainforest, but its freshwater ecosystems
are at least as important, and represent the “veins’” which keep the “Amazon body”
ecologically functioning.

Guyana has been a leader in the push for REDD+ as one of the High Forest Cover
Low Deforestation Rate (HFLD) countries, which also include Suriname, Gabon,
Papua New Guinea (PNG) and others — all of huge global importance. Guyana is
also remarkable as one of the first countries in the world to have embarked on a
nation-wide low carbon development strategy, making it an early laboratory for a
green economy. In 2007, former President Bharrat Jagdeo spearheaded negotiations
for payments for REDD+ as a vehicle for Transforming Guyana’s Economy While
Combating Climate Change. An important five-year, US$250 million agreement was
signed with the government of Norway in October 2009 to initiate this strategy.

Despite its efforts to create a low-carbon economy, Guyana lagged behind in its
commitment under the Convention on Biological Diversity (CBD) to create a national
system of protected areas. With the promulgation of the Protected Areas Act (2011),
the designation of two new protected areas (Kanuku Mountains and Shell Beach) in
2011, then the establishment of the Protected Areas Commission in 2012, substantial
progress has been made since 2011. However, Guyana still has a long way to go to
meet the CBD’s global biodiversity target of having 17% of the country’s ecologically
representative terrestrial and inland freshwater ecosystems conserved in well-

connected and effective protected areas systems, and with the participation of local
communities, by 2020.

For more than a decade, WWF-Guianas and the WWF Living Amazon Initiative have
supported the Guyana government in its quest for sustainable development, including
the creation of new protected areas and the management of existing ones, such as the
iconic Kaieteur National Park.

With the publication of Wetlands of Guyana, WWF hopes to contribute further to the
discussion on biodiversity conservation, and more specifically, on the role of wetlands as
an important habitat for birds, fish, mammals and other wildlife, as well as the ecosystem
function these provide to Guyana’s economy and to the world.

WWEF was at the forefront of establishing the Convention on Wetlands of International
Importance, known as the Ramsar Convention, in 1971. At the end of 2012, Guyana was
the only country in South America not yet a party to the Ramsar Convention. Through
this publication and other forms of support, WWF will continue to promote Guyana
internationally in its quest for sustainable development through the implementation of
its Low Carbon Development Strategy, while establishing an ecologically representative
and sustainable National Protected Areas System, which includes all of the country’s
fantastic diversity of ecosystems and habitats.

Claudio C. Maretti

Domifiiek Plouvier
Regional Representative Leader of WWF
WWE-Guianas Living Amazon Initiative (LAI)



BACKGROUND ON PUBLICATION

Rationale and objectives of the publication

CHAPTER 1 INTRODUCTION
1.1 Historical and global/regional perspectives
of wetlands management

1.2 General overview of wetlands

CHAPTER 2
SCOPE AND METHODOLOGICAL APPROACH TO THE STUDY

2.1 Background to scope and methodological approach
2.2. Selection of sites and sample points

2.3 Data collection procedures for sample points

2.4 Primary data collection

2.5 Secondary data collection

22
22

24
31
32
36



CHAPTER 3 APPENDICES

SITE PROFILES OF GUYANA’S WETLANDS 38
Appendix 1 Field survey checklist for data collection 204
HUMAN-MADE/SEMI-NATURAL WETLANDS 44
Appendix 2 Species list 206
3.1 Site 1: East Demerara Water Conservancy 44
(EDWC) wetlands
BIBLIOGRAPHY 246

3.2 Site 2: The Mahaica—Mahaicony—Abary (MMA)

Conservancy and wetlands 64

3.3 Site 3: Essequibo Coast lakes and wetlands 90

3.4 Site 4: Lower Canje Basin 116

NATURAL WETLANDS 136

3.5 Site 5: North-West wetlands 136

3.6 Site 6: Rupununi (North and South-Central) wetlands 164
CHAPTER 4

TOWARDS THE PROTECTION OF GUYANA’S WETLANDS 188

4.1 Protection of wetlands 192

4.2 Wetlands ecosystem management 196

4.3 Concentrated wetland research 200

4.4 Incorporating wetlands into the low carbon
development agenda 202



BACKGROUND
ON PUBLICATION

Rationale and Objectives
of the Publication

Guyana, as is the case in the entire
Guiana Shield, is defined by its
abundance of water resources and
wetlands, including rivers, streams,
lakes, marshes and swamps. The
country’s wetlands are one of the
most biologically diverse ecosystems,
and are important centres for socio-
economic and cultural activities, and
for ecological processes. However
this very ecosystem richness and

the varying facets of wetlands tend

to attract threats and increase
pressures, therefore requiring effective
management interventions, at a
national, regional and international
level. Guyana'’s decision-makers

are posed with challenges in being
able to implement well-guided and
comprehensive approaches to the
conservation and management of the
country’s wetlands.

One such challenge for instance

in both coping with the threats to
wetlands and protecting their richness,
while at the same time supporting
development and enhancing local
peoples’ livelihoods, is limited capacity
and inadequate and undocumented
information on the nation’s water
resources and wetlands. Pertinent
information on a country’s natural
resources quite obviously will facilitate
enhanced management decisions

on conservation and management.
However, any existing information

in Guyana on wetlands or water
resources, in general, is very much
fragmented and spread out across
various national agencies, non-
governmental organizations, and
researchers. A comprehensive,
nationwide assessment of wetlands

s

has not been conducted in Guyana;
~ all of the previous studies and

publications, though invaluable, have
been concentrated on particular
geographical locations, specific
services or a particular group of
species. Most of the information on
wetlands in Guyana exists primarily
on the North Rupununi wetlands,
largely facilitated through a focus on
the lwokrama Forest Reserve and
the wider North Rupununi area and
communities. Community-based
initiatives, research and management
work by Iwokrama, other projects

and publications, such as the Darwin
Initiative-funded project, “Sustainable
Management of the Rupununi: linking
people, wildlife and environment”,
and the Watkins and Oxford 2010
book, Rupununi: Rediscovering a Lost
World, provide data and descriptions
focused on the North Rupununi.
There have been some isolated
wetland or wetland-related studies

and publications on other locations,

including the South Rupununi, coasta
areas of Guyana and major river =~
systems. Much of the information

from all of these research and/or
conservation initiatives, however,

is neither consistently documented

nor chronologically stored. More
comprehensive, nationwide research
has the potential to provide good
baseline data for monitoring and
assessing changes in character and
functions of the wetlands. This is of
particular importance since population
growth and infrastructure development
in and around these areas are
increasing the threats to them. While it
is recognized that this publication only
explores the wetlands limitedly, and
only particular aspects, it is felt that
this study will serve to arouse interest
among scientists and scholars, to the
extent that they will be encouraged to
undertake follow-up studies to fill the
gaps that still exist.

WWF field vehicle crossing a section of the Rupununi River en route to Sand Creek Village during

the field surveys © WWF Guianas / Aiesha Williams




Guyana'’s focus on conservation

and management initiatives is
mainly on terrestrial ecosystems,
and more specifically, on forest
resources and species (or groups of
species). However there should also
be a concentrated effort on water
resources, especially wetlands. In
Guyana, the significance of wetlands
and wetlands protection to the socio-
economic, environmental and cultural
landscape has not yet been fully
understood and appreciated by the
population at large and by decision-
makers. As a result, wetlands and
their protection have been generally
under-valued, and key decisions
relating to their conservation and
management remain inadequate.
Guyana’s Low Carbon Development
Strategy (LCDS), REDD+ Initiative
and Norway Deal, the Forest Act and
other policies and legal instruments
give the duly required focus on
protection and management of forests.
However, Guyana does not yet have
a National Water Policy (NWP), which
incorporates an integrated water
resources management approach,
as defined by the National Water and
Sewage Act 2002 (Laws of Guyana,
Cap. 30:01) and other international
agreements. In addition, Guyana
was by 2012 the only country in
South America, and among six other
countries of the Americas (South,
North and Central America and the
Caribbean) not yet signatory to the

Ramsar Convention on Wetlands.
However, there have been steps to
develop and finalize the IWRM Policy
for Guyana along with the Global
Water Partnership—Caribbean. There
has also been some level of site-
specific wetland or water conservation
and management interventions,
especially within the North Rupununi
and the various water conservancies.
The latter however has been focused
on water management for irrigation
purposes, and not specifically on
conservation of wetlands as an
ecosystem. With the new Protected
Areas Act 2011 (Guyana Act No. 14
of 2011) also, there is potential for a
national approach to the protection
and management of wetlands as

an ecosystem. The four existing
protected areas, Kaieteur National
Park, Iwokrama Rain Forest, and the
recently declared Shell Beach and
Kanukus Protected Areas, are largely
“terrestrial in nature”. However the
protected areas, especially with an
integrated approach to management,
can benefit water resources and
wetland ecosystems nearby, and more
so downstream from the managed
area. However, it is essential that
designation of new protected areas
must also examine, more closely,

the aspect of water and wetland
ecosystems protection. It is hoped
that this publication will serve as a tool
to educate and increase awareness
among different stakeholders generally

and decision-makers in particular,
thereby stimulating decisive actions
on these very important environmental
issues and fulfilling Guyana’s
commitment to the International
Convention on Biodiversity (CDB)

and other international environmental
agreements.

It is widely felt among scientists

that the current framework used to
pursue protected areas and wetlands
management are fragmented and
out-dated and in need of over-haul to
bring it in line with more progressive
countries in the region such as Brazil
and Colombia. In this regard, this
publication will provide the opportunity
for a pitch to be made for a review
and possibly revision of the system
of protected areas in Guyana,
incorporating wetlands as part of the
system. Therefore, this publication
is also intended to put the issue of
protected areas and wetlands on the
national agenda in Guyana.

This publication therefore, presents
the results of a preliminary nationwide
assessment of Guyana’s Wetlands, as
an attempt to enhance and encourage
focus on wetland ecosystem
management and protection. It
attempts to bring to the attention of
stakeholders in Guyana, decision-
makers, conservationists, NGOs,
academics and local communities,
the urgency of keeping wetland

conservation on the agenda in
Guyana and to move towards decisive
action to ensure their incorporation
into the country’s overall system of
protected areas. It provides valuable
scientific data on the key wetlands
investigated, including their ecological
characteristics (flora, fauna, water
quality, soils and geomorphology),
uses, anthropogenic influences,

a range of management issues
impacting on the current status

of wetlands, and suggests broad
interventions for future improved
conservation and management.

The primary objectives of this
publication are in summary three-
fold. First it sets out to provide some
basic information about the ecological
characteristics, management and
utilization of the resources in selected
major wetlands in Guyana to generate
awareness among stakeholders about
the functions of such ecosystems

and the threats that confront them.
Secondly, the publication seeks to
add to existing research that has
been undertaken on wetlands in
Guyana with a view to broadening the
knowledge base of the phenomena
and filling gaps. Thirdly, the study
attempts to stimulate national debate
and elevate the issue of protected
areas and wetlands management,
initially through the ratification of the
Ramsar Convention on Wetlands.



1.1.

Historical and global/
regional perspectives of
wetlands management
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Over the past five decades WWF

and its partners, in particular the
International Union for Conservation of
Nature (IUCN), have played a pivotal
role in setting the global agenda on
the conservation and management

of wetlands. The advent of WWF’s
involvement in wetland conservation
dates back to the 1960s when the
organization recognized the ecological
importance and threats to one of
Europe’s wetlands, Spain’s Coto
Donana. In an attempt to protect the
area, WWF became the owner of a
significant part of it and promoted the
creation of the National Park, which
was the first of a series that have
made the area one of the most prized
reserves in Europe.

The Coto Dofana is a delta located
at the junction of the Atlantic Ocean
and the Guadalquivir River in the
southwest of Spain and is regarded
as one of the most valuable wetlands
in Europe covering an area of about
280,000 hectares. It is a sanctuary
for almost 6 million migratory birds,
and endangered species such as the
imperial eagle and Iberian lynx. Over
time, a combination of anthropogenic
and natural factors have forged
a diverse landscape comprising
marshlands, natural beaches, dune
systems and a variety of forests
and bush lands. However, activities
i such as mining, farming, tourism
e Nagniiar - S : : and infrastructure development have

White lotus or European white water lily (Nymphaea alba), East Demerara Water Conservancy wetlands
© WWF-Guianas / Aiesha Williams




also posed severe threats to the
environment.

As a follow-up to WWF’s work in
southwest Spain and in collaboration
with the IUCN, a broader global
initiative was unfolding to address
the issues impacting on other major
wetlands around the world. This led
to the Convention on Wetlands of
International Importance which was
signed in Ramsar, Iran, on 3 February
1971, and which came into force on
21 December 1975. This Convention
provided a framework for national
action and international cooperation
for the conservation and wise use of
wetlands, mainly for the protection
of habitats for water birds, especially
migratory species. Later the scope of
the Convention was expanded to all
aspects of wetland conservation and
wise use, reflecting an appreciation
of wetlands as ecosystems with the
capacity to address the issues of
biodiversity conservation and human
well-being.

Current estimates are that wetlands
equate to about 9% of earth’s land
surface, and play a major role in

the global economy with respect to
water supply, fisheries, agriculture,
forestry and tourism. It is noteworthy,
therefore, given the socio-economic
and ecological importance of wetlands,
that the Ramsar Convention is the
only environmental treaty focusing on
a particular ecosystem. By 2012 the
convention had been ratified by 165
parties; listed were 2,109 wetlands of

international importance, with the total
surface area of the designated sites
amounting to 205,203,794 hectares
(2,052.037.9km?.) Agreement was
also reached among the Parties to the
Convention that at least one site in
each of the signing parties’ territories
which met Ramsar criteria would

be designated a Ramsar site, and a
number of management principles
would be put in place to support the
implementation of the Convention.

The operating procedures of the
contracting parties of the Ramsar
Convention are organized around a
meeting every three years to assess
progress made in implementing the
Convention and wetland conservation,
as well as to share knowledge and
experience on technical issues, and
plan for the next triennium. In addition
to the Conference of the Parties
(COP), the Convention’s work is
supported by a Standing Committee, a
Scientific and Technical Review Panel,
and the Ramsar Bureau, which carries
out the functions of a Secretariat.

As far back as the 1960s, WWF’s
global freshwater programme has
been focusing on the protection of
ecosystems and the improvement of
water access, efficiency, and allocation
for people and the environment.
This includes water stewardship,
water security and climate change
adaptation. Work to protect wetlands
is particularly focused on habitat
protection. Since 1999 about 75%
of new sites included in the Ramsar

List of Wetlands of International
Importance are the result of WWF’s
work at different levels. These include
working with national governments,
international river basin organizations
and other institutions in supporting
the implementation of international
agreements and treaties on
biodiversity and wetlands, promoting
payments for environmental services
(PES) for financing freshwater
ecosystem services, assessing and
increasing the representativeness of
freshwater habitats in protected area
networks, establishing freshwater
conservation networks and restoring
critical freshwater habitats.

In a regional context, within the

wider Amazon, WWF has also been
engaged in focusing on freshwater
conservation. In the Guianas, for
instance, there are large areas of
pristine freshwater landscapes such
as the Kaw in French Guiana, the
Coroni Swamps in Suriname and

the North Rupununi in Guyana that
are now facing severe threats as the
region seeks to meet the demands

of its impoverished and growing
population for energy, food, leisure
and other environmental services.
While recognizing the immense value
of these ecological landscapes, it is
clear to WWF-Guianas, however, that
enough is still not known about the
essential ecological characteristics of
these wetlands, thereby restricting the
capabilities of the stakeholders in the
region to meaningfully participate in
their management.

There is no doubt that wetland
protection and management
represent a significant aspect

of the environmental portfolio of

many national governments and
conservation organizations around the
world, including the three countries

of the Guianas. The seminal work of
WWEF and the IUCN in the marshlands
of southwest Spain almost 50 years
ago undoubtedly pointed to the pitfall
of anaemic wetland conservation

and management policies, and to a
more positive approach on how the
problems of wetlands management
around the world could be addressed.
This WWF/IUCN initiative played an
important role in helping to fashion the
Ramsar Convention.

At the local level, in Guyana, the
Environmental Protection Agency
(EPA) in 2002 sponsored a workshop
and identified two areas as potential
Ramsar sites. These were the wider
Shell Beach and the North Rupununi.
The workshop participants observed
that these two areas should be the
first Ramsar wetlands of international
importance to Guyana. However, by
2012, unlike the country’s eastern
neighbour Suriname, there had

been no declaration of such sites in
Guyana, despite increased threats

to these areas from oil exploration,
infrastructure development and other
investment, and Guyana was the only
country within South America which
had not yet signed and ratified the
Ramsar Convention on Wetlands.



1.2.
General overview of
wetlands

1.21
Definitions of wetlands

Trying to imagine what constitutes
wetlands might seem an effortless
and obvious exercise. However, the
variations in definitions of wetlands
may be as broad as including all
areas influenced by water, including
cultivated fields, or as narrow as
specifically focusing on temporal

and spatial variations and life form
adaptations. The definitions utilized

in each case often reflect the
management needs and goals, the
need for conservation or preservation,
the particular audience or user or
discipline. Though attempts have
been made to derive an acceptable
definition, no final agreement has been
achieved on the specific definition of
wetlands. Dodds (2002) contends that
the problem is making a distinction
between wetland and terrestrial
habitats, often with the types of plants
and the soil characteristics helping

in making that distinction. However
interminable the disagreement in
defining wetlands, it is implicit that

wetlands are areas of land in which
water is the principal influence on the
environment.

Some definitions indicate that
Wetlands occur where the soil is
inundated or saturated with water

and where water determines the

types of plants, animals and other

life forms that inhabit the surface and
subsurface. For example, Winning
(2001) noted that in Australia, the

New South Wales (NSW) Wetlands
Management Policy defined wetlands
as “areas that are wet for a long
enough period such that the plants
and animals living in them are adapted
to, and often dependent on, living in
wet conditions for at least part of their
life cycle”. Another useful definition of
wetland was provided by Keddy (2012)
who posited that a wetland “is an
ecosystem that arises when inundation
by water produces soils dominated

by anaerobic processes, which, in
turn, forces the biota, particularly
rooted plants, to adapt to flooding.”
Shine and de Klemm (1999), in an
IUCN publication also support the
notion that wetlands are characterized
by the presence of plants and also
animals dependent on water, in an
area of land saturated with water.

The United States Environmental

Protection Agency for regulatory
purposes under the Clean Air Act
describes wetlands as “those areas
that are inundated or saturated by
surface or groundwater at a frequency
and duration sufficient to support, and
that under normal circumstances do
support, a prevalence of vegetation
typically adapted for life in saturated
soil conditions. Wetlands generally
include swamps, marshes, bogs

and similar areas”. The US Fish and
Wildlife Service, in its delineation and
identification of wetlands, contends
that wetlands are a transition between
terrestrial and aquatic systems, with
the water table close or just above the
land surface, and include one or more
of these characteristics — periodically
the land supports predominantly
hydrophytes (plants adapted to

live in wetlands); the substrate is
predominantly undrained hydric
(wetland) soil; and/or the substrate is
nonsoil and is saturated with water or
covered by shallow water at some time
during the growing season of each
year (Cowardin, Carter, Golet, and La
Roe, 1979).

Wetlands International identifies
wetlands as “water bodies but also
include land. They are freshwater,

brackish or saline, inland or coastal,
seasonal or permanent, natural

or man-made. Wetlands include
mangroves, (peat) swamps and
marshes, rivers, lakes, floodplains and
flooded forests, rice-fields, and even
coral reefs.” (www.wetlands.org.)

The Ramsar Convention on

Wetlands (Ramsar, Iran, 1971)

gives an internationally agreed, all-
encompassing definition of wetlands
as “... areas of marsh, fen, peatland

or water, whether natural or artificial,
permanent or temporary, with water
that is static or flowing, fresh, brackish
or salt, including areas of marine water
the depth of which at low tide does not
exceed six metres” (Article 1.1), and
“may incorporate riparian and coastal
zones adjacent to the wetlands, and
islands or bodies of marine water
deeper than six metres at low tide
lying within the wetlands.” (Article 2.1.
Ramsar Convention Secretariat, 2006.)
Though this definition has also been
seen as flawed and inadequate, it is an
internationally agreed definition (Shine
and de Klemm, 1999), and is thus
utilized as the definition of wetlands
within this book.



1.2.2
Functions of wetlands

Water is vital for life and all aspects
of life and is the primary component
of wetland ecosystems. Further, the
hydrology coupled with the geology,
topography and the climate influence
the vegetation and other species,
ultimately determining the ecological
functions of a particular wetland
(California Coastal Commission,
1996).

Wetland ecosystems have and
support a high level of biological
diversity, in comparison to other
ecosystems and landscapes (Denny,
1994). Both aquatic and terrestrial
species exist in or depend on the
aquatic habitat, producing this
distinguishing high-biodiversity
feature of wetlands (United Nations
Environment Programme, 2006).
Wetlands provide a place of refuge,
migration routes and feeding grounds
for many species which are critical
for their ecological functions, or are
endangered, migratory or native
species. More importantly, wetlands
also contribute to and maintain the
variety of habitats and micro-habitats
which globally support the existence
of many species and increase the
richness of many important areas
around the world. The diverse food
chain support in wetlands for both
aquatic and terrestrial species
contributes to the biodiversity and rich
ecological functions of such areas.
By virtue of the type of wetland,

geographical location, hydrology

and other physical attributes, the
level of species diversity and general
biological diversity varies (IWRB ,
1991). The capacity for wetlands

to maintain and house such great
biological diversity enables the
natural cycling of nutrients. This in
turn is especially enabled by the
nutrient uptake, retention or recycling
actions of many aquatic plants and
the interrelations of animal species
(Ramsar Convention Secretariat,
2010). The species diversity of these
ecosystems enables a number of
nutrient processes which in turn
increase the productivity of wetlands.

Various species spend at least

one part or their entire life cycle

and existence within wetlands, for
breeding, feeding, shelter and/

or as their primary habitat. Fish,
aquatic reptiles, waterfowl and
amphibians utilize wetlands as their
nursery and breeding grounds.
During the early periods of advocacy
for the conservation of wetlands,
ornithologists were the first to voice
their concerns, since such ecosystems
were vital habitats for the migratory
waterfowl and for their species
diversity. Migratory species, especially
waterfowl such as plovers, sandpipers,
gulls, terns, some tyrant-flycatchers
and swallows in one part of the world
depend on the wetland habitats in
other parts of the world, thereby
ensuring their survival and global
biodiversity. Wetland ecosystems,
especially with a mosaic of vegetation,

s

Assakata Village Landing © WWF-Guianas / Aiesha Williams 7



can include stands of various species
of palms which play an important role
for bird species such as parrots, also
known as psittacines (Bonadie and
Bacon, 2000). Macaws, parrots and
toucans are normally found nesting

in dead trees and palm trunks within
wetland sites. Their diet consists
principally of the fruits, seeds, flowers
and berries produced by plants

such as palms, which grow in the
swamps, marshes and grassy areas
of the wetlands. This feature renders
psittacines important seed dispersers.
Outside of the fruiting season or the
fragmentation of fruiting vegetation
within wetland sites, psittacines are
known to feed in non-wetland areas
such as tropical forest, or even raid
cultivated lands (Bonadie and Bacon,
2000). Consequently, wetlands with
patches of palms and other fruiting
trees can be seen as an important
barrier and protection for cultivated
lands and farmers’ and farming
communities’ livelihoods.

The plant diversity of permanent

and seasonal wetlands and the
surrounding areas linked to these
wetlands are relatively high when
compared to more dry and upland
areas. This may be due to an
interdependent effect, where a range
of animal species are supported by
the wetlands, and in turn support a
variety of plants and the micro-habitats
these form, for instance through aiding
seed dispersal by various means. The
combination of the diversity of plants
species, animal species, microhabitats

and interactions occurring in wetland
ecosystems make such a system
the highly biologically diverse area
wetlands are known to be.

Wetland ecosystems largely influence
hydrological functions including
hydrological cycle regulation,
groundwater protection and regulation,
and water storage. Wetlands act as
sponges, absorbing and storing
water, especially resulting from high
levels of rainfall and the run-offs

from upland areas. This feature is
especially evident in peatlands and
wet grasslands where water is not
merely absorbed into an open “basin”
but absorption is facilitated by peat
and the soil material. The resulting
flood control and mitigation, an

all so important function of wetland
ecosystems, is especially evident in
areas of low elevation and along coast
lines. Wetlands intercept or slow the
run-off of water into rivers, canals,
residential areas and cultivated lands
in periods of heavy and frequent
rainfalls. Coastal wetlands such as
mangrove swamps, estuaries, salt
marshes and lagoons act as a wall
and basin preventing flooding and
improving sea defences for many
coastal communities. The hydrological
cycle is also supported by the water
retaining and releasing function of
wetlands. Also linked to wetlands are
underground reservoirs or aquifers,
depending on the soil type, which
also holds and releases enormous
amounts of water.



The attributes of wetlands for water
storage and slowing of water run-off as
well as their tempering effect on high
tide currents also function in reducing
or altogether preventing erosion, as
well as stabilizing river banks and
shorelines. For coastal communities,
wetlands such as mangrove swamps
and coral reefs act as sea defences,
absorbing the imminent damage

from storms and high tide currents.
By virtue of the vegetation in these
coastal and riparian wetlands,

the coastlines and flood plains

are reinforced, which offer further
protection for adjacent communities
and ecosystems. Vegetation within
wetlands also increases physical
barriers and maximizes the protective
value of wetlands. These natural
defences are far more inexpensive
and decrease the vulnerability of
many third world countries and poor
communities (Ramsar Convention
Secretariat, 2010).

Wetlands facilitate decomposition
and storage, and enables
geochemical and biochemical
cycles; most notable are carbon,
nitrogen, phosphorous, and sulphur
(Walternade, 2000 ). These chemicals
are introduced into the atmosphere
and waterways through natural

or human activities, including by
various levels of destruction and
degradation of wetlands. Whatever
the source, pollutants, nutrients and
other chemicals are decomposed or
retained within wetlands ecosystems
by microbial and chemical processes.

Wetlands therefore have a dual role, A

acting as carbon sinks as well as a
source of carbon and other elements,
which in turn influence climatic
conditions and ecological processes.
For instance, methane, a green-

house gas, is naturally released from

wetlands; when released into the
atmosphere it contributes to extreme
changes in climatic conditions, and
with the resulting increased global
temperatures, methane production in
turn also increases. Acting as sinks
for nitrogen, wetlands concurrently
enable its removal from the
environment by facilitating nitrification
and denitrification through the action
of bacteria and plants found within
wetlands. Nitrogen in its pollutant
form is retained and broken down

in wetlands, decreasing its release
downstream (Haidary and Nakane,
2009). Phosphorus is also retained
in sediments within wetlands and
decomposed by wetland plants and
micro-organisms, thereby minimizing
release into the environment. Some
aquatic plants and micro-organisms
absorb heavy metals in their various
states and chemical pollutants,

thus reducing such elements within
the aquatic systems and ultimately
reducing water pollution. Wetlands
act as sinks for these chemicals;
many if released can have ripple
effects on the environment and
human livelihoods. The spin-offs
from chemical processes and
decomposition and storage occurring
in wetlands are wide reaching, having
both ecological and socio-economic

benefits. Chemical decomposition
especially preserves biological
diversity within these ecosystems
themselves, by preventing excess
growth of certain organisms such as
algae. Destruction through draining
or filling of wetland ecosystems which
have these functions eliminates these
chemical and microbial processes,
thereby releasing the various gases
and contributing to change in climatic
conditions.

With their chemical decomposition
and retention properties, wetlands
purify the water stored and flowing
through these ecosystems. Not only
do wetlands remove chemicals, but
they also filter suspended solids and
other types of waste materials from
water. Wetlands, as a source of filtered
and “clean” water are also invaluable
to the development of various aquatic
species.

The day’s catch being prepared for sale © WWF-Guianas / Aiesha Williams m



In addition, the water purifying
properties of wetlands mean that

such areas are sources of improved
water quality, thereby making the
industrial and domestic water supply
less expensive. The water storage
capacity of wetlands is further utilized
in the agricultural industries, especially
for irrigation of cultivated lands. Many
of the plant and animal species found
in and dependent upon wetlands are
utilized as food and are the basis for
fisheries, and for the plant, live pet and
bush meat trade of f local communities
and even for some of the country’s
economy.

Neither should the aesthetic and
socio-economic value of wetlands
be overlooked; wetlands sites are
important areas for recreation. Their

main natural characteristics, especially
the variety of wildlife inhabiting these
areas, make wetlands attractive

and exciting not only to residents of
the land, but are a draw to visitors,
boosting and diversifying any country’s
tourism sector.

Their mere “naturalness” lures eco-
tourists to wetlands. With some visitors
remaining days or weeks in such
areas, there is a consequent increase
in income to local communities, and

to countries as a whole. The cultures
of many indigenous peoples and local
communities are linked to water and
wetland areas.

1.2.3
Classifications of wetlands

Conservation and management,
identification and demarcation of
wetlands are vital. However the

very diversity of wetlands makes

it necessary to follow a system of
classification in order to ensure efforts
are successfully focused. According
to Birkett et al. (1996), the difficulty of
identifying and classifying wetlands
globally has also made determining
the spatial extent of wetlands
uncertain. In addition, this problem

of determining the areal extent of
wetlands is compounded by the fact
that land use changes continually alter
or modify such areas. Matthews and
Fung (1987) and Mitchell (1990) have
estimated the global areal extent of

wetlands as 5.3x1012 and 8.6x1012
million square miles respectively,
while in 1999, the Ramsar Secretariat
estimated a minimum of between 748
and 778 million hectares (not including
all types of wetlands). UNEP-WCMC
estimates put wetlands at 570 million
hectares (5.7 million km?), about 6%
of the Earth’s land surface. These
varying calculations of the extent of
wetlands may be owing to the fact
that various classification systems are
utilized.

There is no single classification
system adopted globally; that of the
Ramsar Convention however is the
only internationally agreed system,
yet all signatories to the Convention
do not strictly adhere to the system.
There however seem to be some

A passenger motorboat along the Moruca River © WWF-Guianas / Aiesha Williams m
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Aerial view of Kaieteur Falls and the Gorge as part of the Potaro River with Kaieteur National Park
© WWF-Guianas / Aiesha Williams

commonalities among the more
utilized systems of classification, in
that they are based on hydrological,
geomorphological and vegetation
characteristics. Invariantly such
commonalities for each classification
system establish a common language
for wetlands and wetland managers
globally. According to Brinson (2011),
generally speaking, systems of

classification are categorized based on

three broad topics: the function (what

wetlands do), structure (what wetlands

look like), or utility (how wetlands are
managed).

The Canadian Wetland Classification
System identifies wetlands on the
basis of genetic origin, morphology,
surface pattern, water type, and
morphology of underlying mineral

soil and vegetation physiognomy; i.e.
soil, water and vegetation (National
Wetlands Working Group, 1997). With
this basis, wetlands are subdivided
into three levels of “wetlands class”,
which is further subdivided into
“‘wetlands form”, which is also further
subdivided into “wetlands type”. Some
constructed wetlands (e.g. for waste
water treatment) are not included

in the classification system; those
however which eventually function

as a natural wetlands system are
incorporated into this system of
classification.

The U.S. Fish and Wildlife Service

(USFWS) classification system, also
known as the Cowardin System, has
defined its wetlands in a hierarchical

manner on the basis of hydrology,
soils and vegetation, basically grouped
broadly as coastal or inland wetlands.
This gave rise to five “systems” of
wetlands, three of which are grouped
as tidal wetlands, and the other two
non-tidal and open wetlands. Each

of the five systems is subdivided

into subsystems, on the basis of

the “substrate material and flooding
regime, or on vegetative life form”.
(Cowardin, Carter, Golet, and LaRoe,
1979).

A bit more complicated system is
the National Wetland Classification
System for South Africa which

takes a hydrogeomorphic (i.e.
hydrological and geomorphological)
approach to its classification
scheme, which is linked to how the
wetland ecosystem functions. This
system also categorizes wetlands

in a hierarchical manner, within six
primary levels of classification. From
Level 1 through to 4 the various
types of wetlands are distinguished
by a set of “primary discriminators”.
The highest Level is distinguished
by the level of connectivity to the
ocean- namely marine vs. estuarine
vs. inland; then subsequently by
regional setting. Level 3 however
subdivides marine systems by their
periodicity of connection, and inland
systems by their varying topographic
position. Level 4 categorizations

are based on landform, hydrology
and hydrodynamics. Level 5 is
classed according to the “secondary
discriminators” of tidal or hydrological



Fiery sky as the sun sets over Moruca, North West wetlands © WWF-Guianas / Aiesha Williams

regime. The final level of classification
is based on the wetland characteristics
including geology; natural vs. artificial;
vegetation cover type; substratum;
salinity; and acidity/alkalinity.

The Ramsar Classification system
for wetland type was utilized to
identify and categorize the Guyana
sites under study. This system of
classification, a modification of the
Cowardin System, was applied
since it is an internationally agreed
system available to effect broad
classification of wetlands. With

the Ramsar System, wetlands are
classified into three broad groups.
These are marine and coastal, inland,

and human-made; which are further
sub-categorized into forty-two types
based on setting, water permanence,
soils, substrate and vegetation. As
indicated in the Ramsar guidance
notes on the application of the system
of classification, , where “codes are
based upon the Ramsar Classification
System for Wetland Type as approved
by Recommendation 4.7 and amended
by Resolution VI.5 of the Conference
of the Contracting Parties”, a site can
be categorized by a range of wetland
types. Below are the summarized
tables of classification for the three
broad groups.
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Table 1: Tabulations of wetland type characteristics

(Extracted from www.ramsar.org)

Marine / Coastal Wetlands:

< 6 m deep
Permanent Underwater vegetation
Saline water Coral reefs
Shores Rocky :
Sand, shingle or pebble
Flats (mud, sand or salt)
Intertidal Marshes
Saline or brackish water Forested
Lagoons

Estuarine waters

Saline, brackish or fresh
Subterranean
water

Lagoons

Inland Wetlands:

me — I @MOO >

Fresh water

x N
N
o

Saline, brackish
or alkaline water

Fresh, saline,

brackish or

alkaline water

Rivers, streams,

M
creeks
Flowing water rermanent Deltas L
g Springs, oases Y
Seasonal/ Rivers, streams,
) . N
intermittent creeks
Permanent > 8ha ©
Lakes and pools > 8ha Tp
Seasonal/ > 8 ha P
intermittent > 8 ha Ts
Permanent Herb-dominated  Tp
Permanent/ Shrub-dominated W
Marshes on Seasonal/ .
inorganic soils  intermittent Tree-dominated Xf
Seasonall | o jorminated | TS
intermittent
Marshes on Non-forested U
) Permanent
peat soils Forested Xp
High altitude (alpine) Va
Marshes on
inorganic or
peat soils Tundra Vit
Permanent Q
Lakes . .
Seasonal/intermittent R
Marshes & Permanent Sp
pools Seasonal/ intermittent Ss
Geothermal Zg
Subterranean Zk(b)
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Human-made Wetlands:

Name & Characteristics

Aquaculture (e.g., fish/shrimp) ponds

Ponds; includes farm ponds, stock ponds, small tanks;
(generally below 8 ha).

Irrigated land; includes irrigation channels and rice fields.

Seasonally flooded agricultural land
(including intensively managed or grazed wet meadow or pasture)

Salt exploitation sites; salt pans, salines, etc

Water storage areas; reservoirs/barrages/dams/impoundments
(generally over 8 ha)

Excavations; gravel/brick/clay pits; borrow pits, mining pools

Wastewater treatment areas; sewage farms, settling ponds,
oxidation basins, etc

Canals and drainage channels, ditches

Karst and other subterranean hydrological systems, human-
made

S ST - o
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Boys travelling in their canoe along the Moruka River, North West wetlands © WWF-Guianas
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CHAPTER 2

SCOPE AND METHODOLOGICAL

APPROACH TO THE STUDY

2.1
Background to scope and
methodological approach

In order to prepare this publication,

a study was designed to identify and
characterize wetland types in Guyana,
and executed from April 2010 to
October 2011. The characterization
of the major sites was based on their
ecological, geomorphological and
socio-economic attributes. This study
focused specifically on representative
wetland types described under the
Ramsar Convention on Wetlands
(Article 1.1.) as fresh and brackish
water, since including all riparian
areas and deeper coastal waters
would have increased the scope of
the assessment beyond the timeline
and resource availability. Specific
focus was given only to the wetland
categories of human-made; naturally
formed permanent; and naturally
formed, seasonally flooded (i.e.

for more than seven months of the
calendar year).

The results of the study, however,
only provided baseline information
and preliminary insight into the
characteristics of the specific study
sites and did not definitively state the
absence of a particular species or
attribute from the wetlands or wetland
types. The ability to generalize the
findings of the field studies for all
wetlands with similar characterization
is very limited. Field survey data also
did not give insight into the overall

Large flock of great egrets (Ardea alba) within the MMA Conservancy and wetlands
© WWEF-Guianas / Waldyke Prince




status or health of the wetlands under
study; further detailed and long-term
research would enable this. The
disparity in information available per
site makes the descriptions of some
sites more robust than others.

2.2
Selection of sites and
sample points

A preliminary Global Information
System (GIS) analysis was conducted
to identify the presence of major
wetland sites and subsequently to
select sample points.

The methodology for constructing such
a Guyana wetlands basemap utilized
a process of classification satellite
imagery supplemented by inputs from
historic records (topographic sheets)
and ground truthing.

The available image tiles (33 in
number) from the satellites Landsat

5 and 7 were identified and ranked

for their suitability of use, based on
the extent of cloud cover, geographic
area cover and time range. The
images provided coverage of the
entire geographical extent under
study during both wet and dry periods.
Cloud cover was determined the
major factor for suitability, as the
optical bands utilized recorded both
the clouds and their ground shadows.
The analysis created coarse land
cover classes. These land cover
classes highlighted the various areas
of open water-bodies, the permanently

flooded vegetated lands, and the
seasonally flooded lands. Within these
broad areas, preliminary data on

the hydrology, elevation, landscape
and vegetation types were analysed,
and from these results, six major
wetland study sites were selected
based on their geographic location,
as representative of the various
categories of the country’s wetlands.
Within these six major sites, twenty-
five (25) sample points were identified
for further detailed field data collection
in order to define the wetland
categories; twenty-three (23) were
used in the final analysis.

The criteria for selection of the wetland
sample points were as follows:

1. The site should provide
opportunity for collection of
maximum and most representative
information about the biological
and physical features of the
specific category of wetland,
based on a list generated. The
list included the species groups,
physical, and hydrological
parameters needed to be
collected. (See Appendix 1.)

2. The presence of a permanent
body of water (excluding main
channel of river/ canal) at the time
of the study to enable sampling of
all parameters.

3. Geographically linked to or located
within the specified category of
wetland basin.

4. Relative ease of access to ensure

all the representative sites could

Wetland sample sites visited between

April 2010 - Sept 2011:

Lake Mainstay, Essequibo Coast

Lake Capoey, Essequibo Coast
Lake Mashabo, Essequibo Coast
Surama Pond, North Rupununi
Airstrip Pond, North Rupununi
Oma Pond, North Rupununi
Devil Pond, North Rupununi

Grass Pond, North Rupununi

1.
2.
3.
4.
&)
6.
7.
8.
9.
1

. Shulinab, South-central
Rupununi

. Sandcreek, South-central
Rupununi

. Moruca Swamp, Moruca
Sub-district

be visited and surveyed within the
timeframe of the study.

The steps taken for the Remote
Sensing and Geographic Information
System Analysis are offered below:

STEP 1. Identification of
suitable images:

The 33 available Landsat 5 and 7
image tiles were identified and ranked
for suitability. Of this number, 15 were
selected for use. These provided
coverage of 95% of the national

Lake Tapakuma, Essequibo Coast

13. Assakata Lake and wetlands,
North West District

14. Baramani Lake, North West District

15. Almond Beach, North West District

16. George, North West District

17. Arnold Ponds, North West District

18. East Demerara Water
Conservancy, ECD

19. Mahaica-Mahaicony-Abary
Conservancy, ECD

20. Manarabissi Swamp, Corentyne

21. Sandaca Swamp, Corentyne

22. Guysuco Conservancy, Corentyne

23. Halcrow Conservancy Corentyne

geographical area of Guyana during
wet and dry periods.

STEP 2. Mosaic:

This involved a two-step process. The
images were positioned to ensure
that there were no gaps, overlaps or
duplications. The 15 individual images
were then stitched together creating a
single image used for analysis.
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Step 3.

Unsupervised classification:

An ‘Iso Cluster’ method of
unsupervised classification was
conducted to define the initial base
land cover classes. This looked at the
graph of the data values in the single
image created in the last step. Clusters
of significant data groupings were
determined. Individual data cells of
similar values were then grouped and
assigned to the nearest data cluster.
Each cluster then represented a single
land cover class.

To give further insight, a ‘K-means’
unsupervised classification was then
conducted, which showed more
variation than the Iso cluster. This
data mining cluster analysis method
partitioned observations of each

pixel into clusters of land cover
allocations. The number of clusters
was determined after observing the
graph of data values in the image. The
K-means and Iso Cluster were then
compared with a principle components
analysis of the same mosaic to

further verify that a suitable number

of clusters were used, and to gain a
better idea of the distribution of these
clusters via visual identification. The
Iso Cluster, K-means and Principle
Components analysis outputs were
used in a repeating process to improve
accuracy of the training sites utilized in
the next step.

Step 4.

‘tNeuralNet’ neural network
ELEWGIGH

Training sites were created for the
network based on the output from the
iso cluster analysis after the K-Means

and Principle Components results
were considered. These training

sites were important as they affected
the accuracy of the Neural Network
Analysis. Additionally, training samples
were also used by the module to
verify the class allocation results

of the training process. The RMS

(root mean square) error was then
calculated to assess the accuracy of
the end result, continuing the process
until an acceptable result with minimal
error was achieved. At the end of the
neural network analysis, a TCA (typical
components analysis) was conducted
as an additional measure to validate
the accuracy of the classes generated.

Thus, the initial land cover maps

were produced based on the

outputs of the iso cluster, K-means,
principle components, and neural
network analysis procedures. Here

the identified base land cover types
generated by the coarser ‘iso cluster’
and K-means functions were utilized to
inform the description of the results of
the neural network analysis.

Step 5.

Historic data:

1:50,000 topographic sheets, forest
type and soil type maps were used to
obtain historical data on the location
of land cover types. A normalized
difference vegetation index (NDVI)
was conducted on the mosaiced
image to give further insight into the
present distribution of land cover, and
was compared to the historic spatial
distribution.

Flock of vultures over Tapakuma Lake, Essequibo Coast wetlands © WWF-Guianas / Sopheia Edghill
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Step 6.

New training sites:

New training sites were created for the
supervised classification of land cover
types based on the comparison of

the historic data with the output of the

neural network analysis, reinforced by
the NDVI.

Step 7.

Maximum likelihood
classification:

The ‘maximum likelihood classification’
method was determined to be the
most suitable method of defining and
finalizing the necessary land cover
types. Here each data point (pixel)
was assigned to the most likely

land cover type as determined by
comparing it to the class training sites
created in the above step. The data
point was then automatically assigned
to the land cover type represented

by the training site(s) it most closely
resembled. This method provided the
opportunity to use prior knowledge
gained from the iso cluster, neural
network analyses and the reference to
the 1:50,000 topographic map sheets,
in defining the training sites for each
land use class.

Step 8.

Boolean identifiers:

The outputs of the supervised
maximum likelihood classification
process were converted to ‘Boolean
identifiers’ for each individual class.
The Boolean transformation simply
converted the results into absolute
values, identifying each pixel as
either containing or being devoid of
the particular land cover type, thus
providing a simpler visual presentation
and manipulation of the outputs.

Step 9.

Majority filter:

A ‘Majority Filter’ operation was
conducted in an eight-pixel moving
window to remove unwanted data
values. A second ‘majority filter’
operation was then run on each land
cover data set. This filter technique
compared each pixel of the image
with the eight closest to it. If the
majority (five minimum) of those did
not match the identified pixel, it was
removed from the selection. While
this allowed for a smoother, more
uniform presentation, it also potentially
removed small clusters of useful data
scattered about the image- it was
later determined that the process had
deleted several small lakes.

Step 10.

Draft maps:

The outputs of each created land
cover class were layered, one on top
of another, to produce a draft land
cover map.

Step 11.

Ground truthing:

Ground truthing was then used to
determine the accuracy of the initial
map and to refine the number and
location of training sites used in
successive iterations of this second
phase of analysis. The geographic
coordinates of sample locations were
recorded on field visits, along with
notes on the land cover of each. These
were then compared with the predicted
land cover type on the draft land cover
maps. If there were differences, the
training sites were then adjusted to
reflect the observed land cover type at
that location and analysis was redone
from Step 7.




Step 12.

SPOT data:

SPOT data was made available from
WWE-Guianas and was then added
to the mosaic to increase spatial
resolution. Cloud cover still remained
an issue as the process underwent
another iteration, with the training
sites further improved by the ongoing
ground truthing field exercises at the
time.

Step 13.

ALOS PALSAR data:

Data from the ALOS PALSAR satellite
was made available by Conservation
International and added to the
analysis. The PALSAR instrument on
this satellite uses different technology
to the Landsat or SPOT satellites

and allows for land observations

- ———

30 Drag-netting at Airstrip Pond near Karanambu, Rupununi © WWF-Guianas / Waldyke Prince

unaffected by clouds. This data was
first used in conjunction with the
existing land cover classes to increase
spatial resolution. While a favourable
result was gained, this did leave the
analysis product with areas of varying
spatial resolution.

The identified land cover classes
derived from the Landsat/SPOT
analysis were then compared with
the ALOS PALSAR data and found
to have very similar spatial (ground)
distribution and number of classes.
Most variations were determined

to be due to differences in the
smallest area the satellite could see
(spatial resolution) and some sensor
differences (what the satellite looked
for). The land cover classes derived
from Landsat/SPOT analysis were

then correlated with the existing

but undetermined/unnamed class
breakdown of the ALOS PALSAR data
in order to derive the final land cover
classification product, of superior
spatial resolution but comparable
accuracy.

2.3
Data collection procedures
for sample points

Research information was gathered
through a combination of primary and
secondary data sources. The primary
sources included field sampling and
one-on-one informal interviews. The
secondary sources included satellite
image and shape files, topographic

maps, existing datasets, institutional
records, and published materials. The
data collected (see Appendix 1) were
utilized to:

* Generate species lists -fish and
aquatic macro invertebrates,
amphibians, reptiles, mammals
and birds

* Analyse species richness
(diversity)

+ Describe the habitat types and
identify micro-habitats

+ Assess the water quality

* |dentify the threats and
pressures to the wetland and
associated river basin

» Identify the socio-economic and
cultural value.

— = i ——— ‘“
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2.4
Primary data collection

A one-day field sampling was
conducted to observe and record the
vegetation, wildlife species, water
quality and hydro-geomorphology
evident at each study site. Field
sampling was conducted in both

dry and wet seasons. Dry season
observations were conducted at all of
the wetland sample sites, while wet
season sampling was only conducted
at a few of the sites due to the
unfavourable and unusual weather
patterns for the duration of the project.
The specific sample methods for
taxa and the physical parameters are
summarized below.

Vertebrates - mammals, birds,
amphibians and reptiles

At each sample site, transects were
utilized to observe vertebrates
including aquatic mammals, birds,
amphibians (frogs) and reptiles.
Transects are a good way to
determine species presence and
distribution, and to measure the
relative abundance or density of a
variety of species. These transects
were approximately 2km in length,
measured with the use of GPS Units.
The Visual Encounter Surveys (VES)
were conducted along these transects
either by foot and/or by boat, utilizing
various vantage points to give the
maximum observation. Surveys were
done three times per day commencing
at 06:00hrs, 16:00hrs and 19:00hrs,

to ensure observation of species with
varying daily activity patterns. The
observers moved along transects
slowly and identified and recorded all
vertebrates seen within each wetland
sample site. Indirect observations
such as scats, tracks and vocalizations
were also utilized to record vertebrates
along these transects.

Records of the weather conditions,
disturbances and behaviour of species
at the time of the surveys were

also recorded. The surveys were
conducted with the aid of binoculars,
especially in daylight, and with
torchlights (Maglites) at nights. For
nocturnal surveys most vertebrates
such as caimans and frogs could be
easily seen via the reflections from
their eyes in the torchlight. Incidental
encounters of targeted aquatic wildlife
outside of stipulated transects and
sampling periods were also recorded.
Records were also made of non-
aquatic species. Visual Encounter
Surveys tend to be biased towards
detecting large terrestrial species and
very ‘vocal’ species, whereas many
small, cryptic or arboreal species are
under-sampled or not detected.

Fish and other aquatic macro-
invertebrates

Field surveys of fish and macro-
invertebrates including all aquatic
molluscs and crustaceans utilized a
number of observation or collection
methods. Hoop, gill and cast-netting
together with drag-seining and hook

. 0k
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and line were employed to survey
each water body at the sample

sites. Except where the sample site
was too small, sampling plots were
approximately 200m. Specimens of
fish and macro-invertebrates were
collected and preserved in 10%
formalin for later identification. Select
specimens were photographed in

a photographic aquarium before
preservation. Records were also made
of specimens of taxa other than fish,
aquatic molluscs and crustaceans
which were caught.

Gill nets of three different eye sizes
(1.257, 2.5” and 4.5” - stretched) were
used to enable capture of a wide
range of fish species. Placement

of the nets was dependent on the
specific characteristics of the sample
sites. However, nets were placed

at a number of locations to enable
sampling of all micro-habitats or types
of vegetation. Gill-netting sites were
separated from other more active
sampling areas by approximately 50m
to reduce disturbances. Whenever
possible nets were set to span the
width of the water body; otherwise, in
wider sites, placement ensured the full
span of the net was maintained. Nets
with larger eyes were placed upstream
from nets with smaller eyes. The nets
were monitored at dawn and during

the day until late evening as frequently
as possible, but not exceeding one-
hour intervals.

Hoop-netting was used without
standardization at convenient times,
during the morning and late afternoon
to evening. Fish hoop nets were used
to sweep through free-flowing water
and amongst aquatic vegetation. Drag-
seining was conducted within sample
sites which were relatively shallow

and allowed for researchers to wade

a reasonable distance. This entailed
two persons entering the water and
dragging the seine for approximately
10m along the bank. Three drags were
conducted in the morning and three in
the afternoon. Sampling with hook and
line and with cast nets were utilized
whenever possible within the sample
sites.

Insects

A combination of field collection
methods and subsequent specimen
sorting and identification in the lab
was employed for the field survey of
insects. Sampling was conducted at
three general locations or subplots
within each sample site, including
bank, water’s edge and within the
open water body (aquatic sampling),

in order to observe the insect
assemblages. Sampling from the
bank and water’s edge were randomly
conducted using sweep nets, which
are suitable for catching flying insects
and those sitting on vegetation. A
sweep consisted of a forward and
backward stroke with the insect net.
The aquatic sampling involved the use
of dip nets, drag seines and cast nets,
with subsequent sorting of the water
samples and vegetation collected.
Both the sweep net and the aquatic
samples were placed in a plastic
Zipper bag for further sorting.

Subsequent to field collection, insect
specimens were killed via freezing or
through the use of other killing agents
(alcohol), and sorted and stored

in alcohol for preservation. During
sorting, specimens were identified

to the taxonomic level of order,
family and genus. Lower taxonomic
identifications were attempted;
however many insects are known to
be new to science.

Ecosystem assessment

The ecosystem assessment at each
sample site included field and desktop
map observations to assess ecology,
hydrology and geomorphology.
Observations of a detailed map to

give an indication of water intakes
and outputs were initially conducted,
followed by validation on the ground.
The visual observation of the sample
site was done to assess aspects of
geomorphology and micro-habitat,
including bank and water body
vegetation types, substrates, bank
material, bank slopes, erosion and
accretion. Aquatic plant specimen
collections were conducted at each
site. Sampling was conducted

within each water body traversed
within the sample site using a boat.
Two vouchers of all plants species
were collected. Subsequent to field
collection of aquatic plants, specimens
were photographed in an aquarium or
on a flat surface. One of each of the
species was preserved in 70% alcohol
for further identification.

Measurements of water chemistry

and other physical parameters were
carried out using boats to access
between two (2) to twenty (20) metres
out from the bank, or otherwise at the
centre of the water body. Parameters
measured within the water body of the
sample site included turbidity, salinity,
dissolved oxygen, conductivity, pH and
temperature. The Hach Brand Multi-
parameter IntelliCAL and Turbidimeter
portable water quality field testing

kits were used to measure these
parameters.
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At each study site one-on-one
informal interviews were conducted
with local community representatives
and community leaders to gather
additional information on the sites.
The discussions were centred on the
harvesting of the resources of the
wetland site and environs. Generally,
the interviews gathered information
on what were the target resources,
how and when the resource was
harvested, and the scale and purpose
of the target resource. The informal
interviews also were geared towards
garnering insights into any socio-
cultural beliefs and activities linked to
the study sites and their environs.

Secondary data
. - ¥
Throughout the period of the project
a literature review v sted. - ;
A number of reports, rese e Wl * i - - _.j*
documents, scientific journals and 3 o
datasets were gathered and e
for information related to sample
sites. Institutions including the
Environmental Protection Agency, the
Hydrometeorological Service of the
Ministry of Agriculture, the National
Drainage and Irrigation Authority, the
North Rupununi District Development
Board, the Guyana Sugar Company
(GUYSUCO), and the Guyana Water
Inc housed databases and scientific
reports on water quality, wildlife and
resources use.

i i - L

Corkwood (Pterocarpus officinalis) along Moruka River, North West wetlands
© WWEF-Guianas Aiesha Williams
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Sunset in the Rupununi © WWF-Guianas / Waldyke Prince

38



asn (00|
pUE [BI0JBLIWOD Yjog

obe sapeoap

0s aJow - apes jad
9AI| [euoleuIBUI
ay} Joj seldads
eunejojediaH pue
[ewwew ‘pJiq Jable|
3OS pUe ‘1axiew
[B20] J0} SpJIgbuog

'Spiq

M8} e ‘19ap ‘saleddad
‘idey :|erosswwod awos
0s|e Ing ‘asn oisawo(q

pajdwaye
UoleARnd 801y

lunundny

A|1eao) [erosswwod
|[lews pue ‘asn abejjiA
pue awoy Jo} Ajurew
‘pealdsapim 10N

suayaIyo ‘sbid

Jo suonesado Ja|lews
Jay)o Ajlelnsewiwos
‘Buiyoues amen

1sed ayy Ul

auop usaq sey Buiysty
wnuenby ‘saysijied
awos ‘/essey ‘eyuelid
‘lueueN| ‘BUBMEIR
‘|eI0JBIIOD JBSS8| MOU
pue 82us}sIsqns Yiog

lunundny

[oA8)] 8sn |e90| 18
pue (s|eas ab.e| Aian
e 0} J0 pealdsapim
10U) [BI2IBWIWOI 1Y

[BOO] pUE [BUONEUIBUI
-apeJ) 1ad aAl| 104

8oua)sIsqns
pue ‘apel; jeaw
ysng [e90] Jo4

1S3 YHON

umolb ale

so|qeleban uspieb
M8} e ‘saopps ‘Iaddad
‘g|ddeauid ‘ureyueld
‘eueueq ‘wek
‘eABSSEd BuWNIege|y
1V "SJaulw 0} 8|es
9|BOS-|[BLUS BWOS 10}
yBnouy ‘pooyjen
80Ud}sIsqns Joy Ajulepy

1SB00-B8S 8U) 4O
SI [E10JAWWIOO 8]eds
1s86.e] - [BI0JBWIWOD
pue 8ousjsIsqns yjog

1S3M YHON

S}oMIeW [BISBO0D

3} UO djes os|e
pue abesn onsawop
1o} Ajurew ‘idey
‘Joap ‘eaed ‘syonQ

EN

1507 0qInbass3

Ryngoe

2]LLIOU0I3 Ulew
-Buimoib-sjddesuid
‘syny ‘siaddad pue
eloq ‘suydwnd
‘suiejue|d ‘seueueq
‘BABSSED JO -S]uapIsal
uelpuLswy Aq ajes
pue asn aisawoq

O[}eD - pajw]]

‘0S|e 9|es [euoiSead
"sabe||In pue
sdiysumoy buiAjno
3U} JO SIay10 0s[e Inq
sabe||iA uelpuLBWY
aU} Jo syuapisal Aq
90Us)SISqns 1o} A|ue|y

1507 0qInbassg

JU8IX8 SWOS 0

sieak

3] JaNO paussss| sey
-apeJ) 1ad aAl| Jo} pue
ape.] pJiqbuos [eao) Jo4

SN}

pue sjewwew abie|
aWOS ‘¥onp -SjueIne)sal
[B90] O} PUE S}oIEW [BIO)
U} UIY)IM S[es 10} 0S[e
Inq 8sn osawop Jo-
'sleaf ay} Jono

JUSIX9 J9SS9) B 0} 901y
"00NSAND 0} sialiddns

ajeAud pue 0ONSAND
Aq paumo - sued Jebng

uiseg alue) Jamo

(019 suojawlajem pue
1NU0209 ‘eloq ‘sudwnd
‘suiejued ‘seueueq)
90U}SISONS PUE B[es 10}
spue|uiiey abue| Alie

puepam
U} JO SUOJIAUS 8Y} UO
pue (uoseas Aip Bulnp)
uiyum sainised buizelb
UNM ‘siaumo ajeald Jo
Junowe [enuelsqns e
Aq paonoeud si buiyouel
3[1}ed [eloJaWWOo)

Ba.E UOS|O\
- €9 "ON wouj Ajjeroadsa
‘1SB09 BUAIUBI0D

aU} Jo syuapisal Aq
80Us}sIsqns Joj Ajute|y

uiseg afuen Jamo

SUOJIAU abejiin

pue eale 1S8.0} IBOYIRIO|
papoo} A|leuosess ay} LJons suoJIAUS
ulyyim asn abey|in o4 8} UIYIA
aeploejisd

apel) piigbuos [eso)
a8y} Joj sayoul ‘dse
‘SUOJIAUS 8} UILIAA

0s[e Inq ‘apeu}
pJigbuos |e20] Jo}
sayouly Jo "ds3

h _ Jide) ‘eqae)
Jidey ‘eqqe ‘syonp ‘SyoNp :SjuspISal
:sjuapisal Aq Ajewiuiy Aq Arewiuy
3UBD Jebns ‘ao1y ooy

Koueniasuo)

Koueniasuo) a3 VI

SUOJIAUS

SUOJIAUS B} UIUNAA aU} UIYIM

SUOJIAUB
uIyim 1eob pue
daays Jo spiay
Jajjews ‘ejpen

15809 8y}
10 SJuapISal Md} e pue
Aunwwod uelpulawy

Aq "dse soug)sisqng

REN

sseq %009ead
s| Jejndod jsow
-90Us)sIsqnNg

Aoueniasuo)

Aouenissuo) \Ma3 VAN

[BI0JAWIWOD
/3e9s |lews
-Buibb6o

Buiddes)

Bununy

uoneAning
9|eog abie

sas

sdoso
yseo -buiwie

Buiyouey

[BIOJOWIWOD
/8ou)sIsgns
-Buiysi4

sas)

SUOJIAUD pue spuejjom Jofew Jo sSash pue SaljIAI}oe dAI}ORIIXD JO s[ieyaq :Z alqel



puedxa o0} [enuajod
YIIM JBABMOY ‘Pa)eos|

"paseq-Ajunwwod
‘ol)109ds eale ‘olj10ads
$9108ds :yon|\

ajesado suonnyisul
yoJeasal pue
pa1onpuo9 ale ssloid
UoJeasal [elanss

Seale Je} pue sawoy
wou) Keme siarem
pooj} spjoy :uiseq e
8){|| S| BaJe 8y} JO JSO|

pajiw

"SIeAll pue spuod
‘SoYe|-s81p0q J8)em
Jadaap sy asn sabej|iA
*BunjuLp 10} J0U UB)O
1ng 8sn ansawoq

Juepodul

2I0W SBW0937 SpOW
SIY} UOSEaS 1aM 8y}
Buunp ‘sabejjin swos
10} 1nq ‘Wodsuel

Jo apow Arewnd

e Jou sAemiaiepy

suoneusep
eueAns) ulew ayj Jo
U0 ‘WIS1INO} Paseq
-Ajunwwod pue
paseg-ainjeu Ajure|y

Asuoy ‘sued
jueyd Jayio pue spuoJy
‘SBUIA Poas POOMQeID

‘UON09 -WsNo} Joj “dse
[BIDJBWILLOD OS[E :"0}0
SYULIp PUB Poo} ‘S|l0
‘S|00} pue S|Isuain ‘}eld
‘slelisjew Buipjing se
Aewd asn [Bo0] 404

SuoNoes
ulayuou ayy ur Ajuiepy

'sJoye paseq
-Ayunwwos ose g
‘a[N) Bas Ajule

8snh 92In0sal
pue ‘syonpoud }s810}
Jaquun-uou ‘syued
‘S9|N) UO auop
S9IpN)S JO Jagquinu

Spooyiianl|

s,a|doad sjoaye siy)
‘A|oAISUB)X® SPOO])
UOIYM BUO S Bale 8y}
8SNeoaq Jonemoy
‘Jus}xe awos o]

Buruiw Joy Ajuiepy

1S3\ ULION

seale
urepso ul buiyup

10J Yonwi 0S 10U ‘asn
21)S8LUOP 10} S)UBPISa)
Auew Joj Ja1em Jo
90.n0s Jueuodu|

10Jo9s
Buruiw ayy Joj osje
‘SISEq [E10JWWO0D B
Uo S}eoq pazLojo|
"saoued Jnobnp pue
sjeoq s|pped pue
S}e0q pazuojow YA

(saninnoe Aeq
BONIOJ\ [ENUUE) BSOY
BJUES -BONIOJ\ pue
S9[1N} S 10} -Yydoeayq
lI8US 1e Ajurepy

s|isus)n pjoyasnoy
puE 1elo Buiyew pue
slelis1ew Buip|ing Jo}
seuel| pue swied Jo
spuouj ‘Lesy wied
Ajurew :asn swoy
PpUE [eI0JBWWO0Y)

1S3\ ULON

psjwIy

¥001S8A]| pUB
sdouo ysed osje ‘8oL
‘dsa spue| pajeAlno

Z "6ay Jo uonebiuy|

1Se0) oginbass3

uondwnsuog

10} Jou Jng 8sn
alisawop Joj -sabejjin
{ 8} JO SjuapIsal
uelpuswy Ajjeoadsg

faode) ‘ogeysel

1e Ajurew -sabejjin
pue diysumo|
oqinbass3 ay) buoje
80J3WWOD JO} SS9I0E
Jo} Ajle1oadse ‘sieoq
pasLojow Yl
uonoese

[enuue ue ejebay
Aeysuie|y “Aeoden
‘Aejsule|y sexeT 1e
"dsa uonealosl ‘suods
Jajem Buipnjoul
‘Ws1NO} paseqg-ainieN

15809 0qInbassg

pue| 15200

pajeAl|nd pue [eluapisal
ay) 0} seale puejdn woly
1J0-UNJ I9)eM SJusAdld

sdoJo ysed
‘2011 ‘Jebns - sasod.ind
uonebiu Joy Ajutepy

uiseg sluey JamoT

S1I0]0B)}
Jebns ay) 0} sways
aue Jebns pajsaniey
Jodsuel) 0} pasn

S|euBd pajontisuod "ds3

uiseg alue) Jamo-

eale 8y} J09j0.d

0] Uone}iojdxa ulenso
1qiyosd yoiym sajni ale
alay) ‘eaJe pajolsal Y

auop
Aisnoinaid skanins
‘dod ysi} pue uewie)

‘eJeJoWa( yueg
1SE3 puk elesswa(q
1SB07) 15k JO SHed

pue A0 a1jus Joj

[e1oljouaq ‘UoSeas Jom

awaunxa ul Ajlevadse
‘UleJ pue syeuueAes
8)eIpawLIB)UI UIBYIN0S
ay) wouj yo-uni Aq
pasneo Ajjenusiod

Spug|
[eanynoibe Jo uonebi
‘10}09s Bulnjoenuew
10} J8jep\

Kouenissuo) a3

S8sSaUISNq
pue Sjuapisa.l
umo0}ab1095) 10}
Addns Je1eM 8|qEI04

sjuapisal
uelpuLiawy abejjin
spaquing IS Aq Ajurey

pajqIyold

[eusyew Buisnoy
10} Pe109]|00 SpuUOJ}

wied ‘abefi saquINY

1S 4O SjuapIssy

Kouenlasuo) \MQ3

auop Ajsnoiraid
sfenins uewien

SuleJ swalxe
A1eA ul -dsa
‘Jus)xe awos o]

aoIqieg
1SB0D) 1S9/
Buoje Buiyouel
pue sdoio yseo
‘901l JO Spue|
‘LBe Jo uonebiu|
Aoueniasuo)
YIAIN

*019 Bulues|d
pue Buiysem

10} -SUOJIAUS
jelpawiwi ay)
Ul S)uspISal Mo

syonp
-Bununy ‘sseq
yoooead -Bulysi
uods ‘Buiyorem
puiq :Ajjeuoseas

eale Buipunouins
8y} JO SsauIA

pue swjed

wouj Ajeroadsg

Kouenlasuo)
VAN

S|esauIw
- Buluiy

UONeAIasSu0d
Aysianpolg

yoJeasal
ST

louog pooj4

asn uoneblLl
/lerisnpul
/[e10Jawwo9
1o} 80In0s
/obelo)s
Ja1ep

sas

asn ol1saWop
10} 92In0S
/abe.ors
18)_\\

uoneuodsuel)

uonesJoal
pue WsLNo|

sjued 1se10}
[euonIpeI)-UoU
Bunsaniey

sas

SUOJIAUD puk spuej}am Jolfew Jo sash pue S3aIJIAI}OR dAIJORIIXD JO s|ie}aq :Z a|qel



44

HUMAN-MADE/

SEMI-NATURAL WETLANDS

SITE 1-

EAST
DEMERARA
WATER
CONSERVANCY
(EDWC)
WETLANDS

Ecological Profile

3.1.1 Location

The EDWC is located in Administrative
Region 4, Demerara-Mahaica’,
extending between the Mahaica and
Demerara Rivers. It lies inland from
the Atlantic Coast, approximately 24km
(15 miles) south.

Landscape of the EDWC © WWF-Guianas
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Fig. 1: Map showing location and hydrology of the East Demerara Water
Conservancy

3.1.2 Wetland type

The East Demerara Water
Conservancy is a wetland classed
as Ramsar Type U (non-forested
peatland).

This semi-natural peatland sits on

the impervious clay of the Demerara
formation, characteristic of much of
the coast of Guyana. Conservancy
construction started in 1877 and

was completed in 1878 (Source:
EDWC), by damming the flows of

the Lama and Maduni Rivers and
their tributaries on the southern side,
and the establishment of a northern
earthen dam to protect the low coastal
lands. These constructions have
amalgamated smaller conservancies
and water courses into this single
large flooded area, the EDWC. The
vegetation, which may have originated

400

from smaller flooded areas along the
natural water courses prior to dam
construction, provided the starting
material for the peatland ecosystem
now existing and which over these
years has come to be fairly balanced.

3.1.3
Hydrogeomorphology?

The northern dam which runs parallel
to the Atlantic Coast is approximately
72 kilometres in length. The catchment
covers an area of approximately
518km?, with a water surface area

of approximately 337km?2. It has

the capacity to hold 336.7 square
kilometres (130 square miles)
equivalent to 100 billion gallons of
water with maximum storage at a level
of 17.53 metres or 57.50ft, relative to
Georgetown Datum (GD).

350

300

250

200

150

100

50
0
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SEASONAL RAINFALL (mm)
Fig. 2: Bar-Chart showing the seasonal rainfall pattern? for the EDWC

2 The physical characteristics of the shape, the boundaries and the content of a water body.

3 Calculations based on field measurements by Hydromet 2007 — 2010 dataset, converted to seasonal/
quarterly rainfall averages at various locations within the vicinity of the sample sites. A spline operation
was carried out to interpolate each set of seasonal data via a minimum curvature technique providing
national coverage. Isohyets for each season were created and mapped.



Guyana Wetlands: East Demerara Water Conservancy

The conservancy feeds an extensive intake structures. The main outputs
network of drainage canals which are human-controlled water-level
generally lead to agricultural lands regulation systems managed via
between the north bank of the sluices and canals leading eventually
conservancy and the coastline. north to the Atlantic: at Kofi, Cunha
Hydrological input to the system and Land-of-Canaan which lead west
is mainly from direct precipitation, to the Demerara River; and the Lama
underground flow, surface run-off and Maduni Rivers leading east to the
(see Fig. 1) and inflows from the Mahaica River (see Fig. 1).

natural water courses through 27

Table 3:
Water Chemistry Measurements taken at sample point within the EDWC

Parameters Values

Electrical conductivity (uS) 1.06
pH 5.17
Temperature from pH meter (°C) 28.3
Dissolved oxygen (%) 1.56
Turbidity (NTU) 1.57
Total dissolved solids — TDS (mg/L) 0.43
Visibility depth (cm) -
Salinity (o/00) 0.00
The conservancy holds “blackwater” The bottom substrate is earthen and
which is characteristically acidic predominantly deep organic peats
(pH 5.17). Its low velocity of flow (pegasse) accumulated over the years
lends itself to low levels of turbidity, of inundation of the catchment area.
dissolved oxygen, dissolved solids The constructed dams are soft clay
and electrical conductivity (see Table and silty clay.
I v 3). The low levels of dissolved solids
& Mo St B oo e seananaty Fooces . . L o
S R it ot i are likely organics, as salinity is 0%
B — [ - and electrical conductivity is much
- ] oo v lower than would be expected for the
" Awon T L [ st blackwaters of the Neotropics.
- LmEiEnE mEpS b - [T r—
I:Iu-w--ﬂw B e iy Fialali -m:lllll'ﬂ-\l-'f"ﬂﬂ-
- Lnwiard st - Furoen] boes!
| PR | EEEr
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Fig. 3: Map of Vegetation and land cover types of the East Demerara Water

m Conservancy
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Vegetation cover

The nature of this water body means
that the only shorelines directly
observable are the earthen northern
and eastern dams of the conservancy,
along which one of the main canals
runs. A large percentage of the EDWC
has floating mats of decaying organic
matter, so thick in certain areas that
¢ R _ : | - 1 § they support small shrubs. In other

Rkt =5 | ™ - = = B \ y (e areas, water levels appear to be quite
acq (REVE mﬂl : ! shallow and some small trees are

evident. It was difficult to ascertain if
AL AR L

v ) e - vy, these areas are dry for any significant
<h 3 : o ' ' A o 1, U S i period of the year, but indications are
s f that they are not.

Vegetation along the dam consists
mainly of introduced trees in small
sparsely distributed clumps — a
bamboo species, jamoon/jamun
(Syzigium cumini) and a few other
unidentified species. Grasses and
succulents are also common on the
dam but these appear to be controlled
by the managers of the conservancy.

The floating organic quasi-banks
supported a surprising array of
species including ferns (Blechnum),
club mosses (Lycopodiella), grasses
(Poaceae, Xyris sp.), sedges
(Cyperus sp.), and succulent shrubs
(Montrichardia arborescens, Heliconia
acuminata, Sagittaria sp.) and vines
(Araceae, Mikania sp.).

Among the strictly aquatic species
found in the shallow areas, there are
patches as well as individual, sparsely
distributed stands of Ité Palm (Mauritia
- " b = - .

Section of the vegetation in the EDWC © WWF-Guianas / Aiesha Williams 51
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Canje pheasant/ hoatzin (Opisthocomus hoazin) © WWF-Guianas / Waldyke
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flexuosa), with a number of other small
trees including some Annonaceae
species.

The fully aquatic vegetation is also
very diverse. The large masses are
irregularly subdivided into patches

of three dominant groups; the most
visibly dominant is the emergent
spikerush, Eleocharis sp. with
cylindrical stalks emerging more than
12 inches above the water surface.
These patches stretch for hundreds
of metres in some areas. In relatively
still enclosures, the floating-leaved
water snowflakes (Nymphoides
indica), fragrant water lily (Nymphaea
odorata) and another Nymphaea
species form smaller patches. The
lilies are also seen lining the canals in
patches. In addition to these abundant
species, bladderworts (Utricularia sp.),
Cabomba sp. and submerged club
mosses are also fairly common in the
conservancy.

Altogether, a total of 24 plant species
were identified during the field study;
however some of the grasses and
sedges are yet to be identified. Only
the Ité Palm (Mauritia flexuosa) is of
known commercial or cultural value
and is a protected species because
of its multiple value to indigenous
communities for food and shelter. It
is an important source of food and
nesting for several species, such

as macaws, parrots, tapir (Tapirus
terrestris), paca (Cuniculus paca), red-
rumped agouti (Dasyprocta leporina),
and a number of fish. The patches

of spikerushes, lilies and water
snowflakes, as well as the Cabomba
sp. and submerged parts of aquatic
and semi-aquatic species, provide
critical cover for fish and invertebrates,
and food for primary consumers.

3.1.5
Faunal Species

3.1.5.1 Fish

This wetland shows substantial

fish species diversity, including

fish groups such as medium-

sized carnivores (Cichla), small
carnivores (Polycentrus), benthivores
(Satanoperca) and omnivores (Doras).
None of the species identified are of
any critical conservation status. Many
are valuable, however, as human food;
the peacock bass or lukanani (Cichla
ocellaris). In other locations in the
country where it is allowed, this fish is
considered important for sports fishing.

3.1.5.2 Birds

Some of the aquatic birds which are
most frequently observed within the
EDWC are the 10 species of herons,
four kingfishers, two species of ducks,
wattled jacanas, swallows and the ever
common flycatchers. Such a diversity
of herons is indicative of a large and
diverse population of fish, amphibians
and invertebrates. In a complementary
manner, the herons have an important
ecological role in population control of




several species of fish, invertebrates
and some species of amphibians.

The most unique species recorded
within the EDWC wetlands is the

hoatzin (Opisthocomus hoazin), locally

known as the Canje pheasant. This
bird, like a cow, has a unique crop

to ferment/digest food, especially
leaves, with the aid of bacteria. The
young have functional claws on their
wingtips, which some have posited
may be a relic from the dinosaur age,
but which are lost as they become
adults. The Canje pheasant, which
has a manure-like odour, is also found
throughout most coastal wetlands and
river systems east of the Demerara
River. It is depicted on the country’s
Coat of Arms as Guyana'’s national
bird and is therefore of immense
cultural significance. As a folivore, it
feeds only on leaves; its ecological
importance hinges on its ability to

trim a range of vegetation within the
wetlands ecosystem.

The EDWC is also inhabited by the
maguari stork (Ciconia maguari),
which feeds on frogs, crustaceans,
small reptiles such as caiman
hatchlings and small-size fish. These
storks feed in shallow water and

in temporary pools as the water
diminishes during the dry season.
They are therefore important in
‘cleaning up’ these small pools of
increased accumulation of fish and
other smaller species.

Other bird species
associated with the
conservancy which are"
not waterfowls include -
psittacines -parrots,
parakeets, macaws, toucans,
and some seed finches,
flycatchers and raptors. These
are generally associated with the
wetland, especially for roosting,
nesting and/or feeding, because
of the various species of

palms, weeds, grasses and

tree trunks within the wetland.
The fruits, seeds, flowers and
berries produced by these

plants serve as a source of

food, while the birds are in turn
important seed dispersers.

)

More strictly terrestrial than wetland
species observed within the vicinity
of the EDWC include other raptors,
cuckoos, woodcreepers and
woodpeckers.

3.1.53

Other vertebrates
(mammals, amphibians and
reptiles)

Giant river and Neotropical river otters
(Pteronura brasiliensis and Lontra
longicaudis, respectively), West Indian
manatees (Trichechus manatus)

and capybaras (Hydrochaeris
hydrochaeris) are the aquatic
mammals known to inhabit the EDWC.
They are however rarely seen possibly

due to the size and vegetation cover of The most frequently observed

the area. The capybara and manatee
are herbivorous, contributing to the
biological control of vegetation of

the conservancy. In addition, their
faeces become fertilizer, providing

nutrients for plants within the wetlands

ecosystem, which in turn provide
shelters and food for herbivores. The
keystone aquatic mammals, the giant
river and the Neotropical river otters
are carnivorous, feeding mainly on
fish, and to a lesser extent, small
reptiles such as baby spectacled
caimans.

amphibian species were Neotropical
tree-frogs, (Hyla minuta and Scinax
ruber), with the latter more associated
with aquatic habitats. The tree frog,
though arboreal, usually descends

to lower shrubs and grasses near
shallow water during the breeding
season.

Caimans and aquatic turtles are the
most frequently observed reptiles
of this wetland. The spectacled
caiman (Caiman crocodilus), the
most common caiman species, is

Red howler monkey (Alouatta seniculus) © WWF-Guianas / Waldyke Prince




carnivorous and hence pivotal in
keeping a balanced and healthy
aquatic ecosystem in the EDWC.

The spectacled caiman is a species
specifically targeted in the international
wildlife trade.

Some primates, rodents and ungulates
are terrestrial groups reportedly
sighted by interviewees within the
EDWC and its environs. Red howler
monkeys (Alouatta seniculus), one
such species, are important to this
wetland ecosystem because of their
herbivorous diet. They feed on the
fruits of trees within and bordering

the wetlands, thus contributing

to dispersal of their seeds. Other
mammals reportedly associated with
the EDWC and environs include paca
(Cuniculus paca) locally known as
labba, red-rumped agouti (Dasyprocta
leporina), red brocket deer (Mazama
americana), tapir (Tapirus terrestris),
collared and white-lipped peccary
(Pecari tajacu and Tayassu pecari)
and the jaguar (Panthera onca).
Green iguanas (Iguana iguana),

and snakes including bushmasters
(Lachesis muta), boa constrictors,
emerald boas (Corallus caninus), rattle
snakes, labaria (Bothrops atrox), and
yellow-tailed snakes) are some of the
terrestrial species of reptiles known to
be in this area.

Water scorpions with long breathing tubes at the base of the abdomen © WWF-Guianas / Elroy Charles

3.1.54
Macro-invertebrates

The most common insect families
observed were the Hemiptera (true
bugs), Diptera (true flies), Odonata
(damselflies and dragonflies) and
Coleoptera (beetles). These included
aquatic and semi-aquatic specimens
from the hemipteran order such as

the water stick insect, giant water bug,
water strider, backswimmer and water
boatman; from the dipteran were seen
the lake fly, shore fly, mosquito, black
fly and hoverfly; from the Odonata-
naiads of the numerous species

of damsel and dragonfly; from the
coleopteran- the diving water beetle,
other aquatic beetle larvae, and the
mayfly and stonefly.
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Fig. 4: Families of insects collected and categorized by life

history association

Most of the aquatic and semi-aquatic
groups were carnivores (see Fig. 5)
feeding on other aquatic organisms,
thus limiting such populations. Others
were herbivores feeding on aquatic
weeds, while the remainder were
filter feeders removing sediments

or nutrients such as nitrogen that

promote algal growth, which in

turn have the effect of reducing the
dissolved oxygen in water. Finally,
there were those species, such

as the water boatman, which act

as decomposers, eating decaying
vegetable matter and other animals.
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Fig. 5: Aquatic and semi-aquatic insect families classified according

to their ecological functions

The non-insect macro-invertebrate
sampling at this site only yielded snails
of the genera Pomacea (species
unidentified; family: Ampullariidae),
and species of freshwater shrimp of
the family Palaemonidae (Crustacea:
Decapoda).

The Pomacea sp. is the singular food
source for the snail kite (Rostrhamus
sociabilis), with its bill uniquely
adapted to tweeze the soft tissue of
the snail out of its hard protective shell.
The shrimp are important in the food
chain as they feed on decomposing
material and are themselves food
sources for birds and fish.

Of the dataset of these wetland
insects which were analysed, 54%
of the total insect families have
members which are solely terrestrial.
Of these terrestrial insect families
the most common ones are in the

orders Hymenoptera, Hemiptera,
Lepidoptera, Coleoptera and Diptera.
Within these groups, herbivores
dominate these habitats, followed

by decomposers, carnivores and
pollinators. The larger proportion of
herbivores are those with sucking/
piercing mouthparts that withdraw
sap from the plant phloem (e.g.,
planthoppers) and xylem tissues (e.g.
leafhoppers). The other major types of
leaf-chewing herbivores come from a
cross-section of families which include
Coleoptera (beetles), Orthoptera
(grasshoppers) and Lepidoptera
(Nymphalidae caterpillars). Insects
that play different roles such as

the decomposers Blattodea (e.g.
cockroaches), population reducers
(parasitic wasps, ladybugs) and
pollinators (wasps and bees) are
important for the maintenance and
health of the ecosystem.

AE
) -
A section of the EDWC and wetlands with an ité palm plant (Mauritia flexuosa) © WWF-Guianas /
Aiesha Williams




General site characteristics

3.1.6

Land ownership,
management and
conservation

The Conservancy, as state property,

is administered through the East
Demerara Water Conservancy Act,
1953, Cap. 55:03 of the Laws of
Guyana, which nominally ensures the
management of the area as a water
conservancy and irrigation system. A
Board of Commissioners comprising
ten members also constitute the

legal and institutional framework
within which the Conservancy is
governed and managed. Though not
managed for its ecological functions
and resources, hunting, fishing, water
pollution and construction within the
EDWC are by and large prohibited and
visitors are required to seek official
permission for entering and for the
above activities.

Several communities of the East
Coast and East Bank Demerara and
the city of Georgetown are located
proximate to the perimeters of the
Conservancy. These communities are
privately-owned, freeholder and state
lands which are dependent on the
EDWC for water supply for a variety
of uses. St Cuthbert’s Mission, the
only titled Amerindian Village in this
area, is located on the south-eastern
edge of the conservancy, at the Upper
Mahaica River.

3.1.7
Wetland community
conservation initiatives

There are no known formal community
conservation initiatives undertaken
within the EDWC. However, residents

of neighbouring communities
participate, through representation

on the conservancy management
authority, in water distribution and
irrigation of agricultural lands. Six of
the members are elected from among
proprietors of cultivated lands who are
beneficiaries of irrigation water.

3.1.8
Anthropogenic influences
and uses

Construction of dams, irrigation
structures and regular rehabilitation
affect the biodiversity in the immediate
vicinity of these activities, and over
time contribute to removing certain
species and hence their eco-functions.
It should be noted however that it was
this very construction of dams which
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Rehabilitation within the EDWC © WWF-Guianas / Aiesha Williams
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led to the biodiversity of the area. The
flooding of the 518km? catchment area
from the dam construction of decades
ago has enabled the formation of
unique wetland, unlike any other within
Guyana. Being human-made, this area
is less subject to seasonal variations
than natural ones would be. This has
led to an amassing of organic matter,
and thereby a number of species and
functions typical of marshes have
accumulated.

Despite the fact that the EDWC was
intended to serve as a water-storage
facility to supply water for domestic,
industrial and agricultural purposes,
the controlled withdrawal of water
affects the natural functioning of the
ecosystem of EDWC, especially in
extreme weather periods.




The northern and western environs

of this site constitute the most
densely populated area of coastal
Guyana, including the burgeoning
capital city, Georgetown. In support
of this population, residential,
agricultural, industrial and commercial
infrastructures have been developed
over the years. The immediate
environs of the EDWC are therefore of
immense importance to the economic
and social well-being of the nation.
However, no economic or industrial
activities are being conducted within
the wetland.

Much of the wetland value directly
provided by the water conservancy
is maintained naturally, but also by

virtue of the measures, albeit limited,
implemented by the conservancy
management body. The main wetland
values directly harnessed from the
EDWC, especially by the people of
the Administrative Region 4, include
flood control, especially since the
coastal plain is below sea level, and
water supply for domestic, industrial
and agricultural purposes. The

stored water in the conservancy is
used primarily to irrigate agricultural
lands which produce a number of
crops including sugar cane, rice,
vegetables, coconuts and orchard
produce, while 42% of the potable
water supply intended mainly for the
City of Georgetown is provided by the
reservoir of the EDWC.

Some other invaluable benefits of the
EDWC wetlands, though less utilized
by residents, include biodiversity
research and conservation, as well
as fishing, hunting, transport and
gathering of non-timber forest products
especially for residents’ sustenance.
Specifically, the EDWC was one of
the pilot sites used for the purpose

of determining caiman conservation
status and for development of species
management plans, in an effort to
manage the live pet trade of Caimans
(Gorzula and Pilgrim, 1992; EPA
2002). Fish surveys have also been
conducted within the conservancy, as
a means of documenting the diversity
of this rich area. The potential exists
for the conduct of other studies such
as carbon-stock assessment, and
research related to organic matter/
peat in wetlands.

Negative impact of the
wetlands

In the 2000s, more dramatically so in
January 2005, there was overtopping
of the conservancy dam due in part
to the increased volume of rains, and,
reportedly, the collapse of sections of
the conservancy dam. The resultant
flooding of adjoining residential

areas and agricultural lands caused
economic and social distress for large
numbers of residents, in addition to
the spread of infectious diseases
throughout the coastal settlements.

These catastrophes caused the
Government to start the construction
of additional relief canals leading from
the conservancy.

Organic matter (pegasse) accumulated over decades © WWF-Guianas / Aiesha Williams 63




3.2

SITE 2 -

MAHAICA - MAHAICONY - ABARY

Ecological Profile

3.21
Location

The MMA Conservancy and wetlands
which were surveyed are coastally
located at about 30km inland,
spanning from the Mahaicony River to
the Berbice River (including the flood
plain) in Region 5,* with the actual
conservancy construction located
between the Abary and Berbice Rivers
(see Fig. 6).

WETLANDS

4420,743.374 645,329.720 metres (57° 42’

57.244” W 5° 50’ 16.001” N)- Berbice River.
411,429.387 678,860.071 metres (57° 4810834
W 6° 8 27.448” N).- Mahaica River.
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A section of the MMA wetlands © WWF-Guianas / Waldyke Prince

N e

R . o N

§ ™ - O P



Hydrology: MMA Conservancy Wetlands
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Fig. 6: Map showing location and hydrology of the Mahaica-Mahaicony-Abary
m Conservancy and wetlands

3.2.2
Wetland type

The MMA Conservancy is a Ramsar
Type 6 human-made wetland / water-
storage area.

The wetlands ecosystem that has
been established here is much like
one that would be expected from a
dammed river, but on a much smaller
scale. The previously higher lands
appear as vegetated islands and
shallow pools, which are seasonally
flooded with various types of aquatic
vegetation. Lower ground and the
old river channel are deep, raging
waters. Unlike the EDWC, there are
large areas of open water here with no
vegetation, much like the Essequibo
coast lakes, and this allows for the
generation of waves during the
passage of winds over the surface of
the water as the land heats up.

3.23
Hydrogeomorphology

The MMA conservancy construction
began in the early 1980s, by the
damming of the Abary River,® with

a sluice gate mechanism and
establishment of a dam partially
around the catchment area. The
56.33km-long (35 miles long) dam

is elevated above the surrounding
lands. This area is approximately
808km? with 362km? of water surface
(Singhroy 1998). The storage capacity
of this conservancy is approximately
609 million cubic metres.

The soil on the banks and on the floor
of the reservoir consists largely of
clay soils with some organic material.
The floor of the reservoir is covered,
in some areas, by organic matter
(pegasse), silt, clay and white sand.

5Phase 1 of a three-phased construction project; only the first phase was completed.



ABARY (MMA)
300

250

200

150

100

50

Long Short Long Short
Dry Season Dry Season Wet Season Wet Season

SEASONAL RAINFALL (mm)

Fig. 7: Bar chart showing the seasonal rainfall pattern for the Mahaica-
Mahaicony-Abary Water Conservancy and wetlands

The MMA is a “black” water approximately 320km long and by an
conservancy, fed directly from eight-gate sluice. A seven-gate sluice
precipitation and the flow from the to the original river channel provides a
Abary River, and to a lesser extent, relief spillway for volume control.
indirectly from the Berbice and

Mahaicony Rivers (see Fig. 6 and The water of this wetland is fairly

Fig. 7). Outflow is controlled to the acidic, with low salinity. Clay soils of
agricultural lands on the West Coast the MMA are the likely influence of the
Berbice via an extensive main canal, slightly higher turbidity (see Table 4).

Table 4: Water chemistry measurements taken at a sample point within the
MMA Conservancy

MMA Conservancy

Electrical conductivity (US) 18.36
pH (pH) 5.43
Temperature from pH meter (°C) 33
Dissolved Oxygen (%) 5.71
Turbidity (NTU) 6.55
Total Dissolved Solids — TDS (mg/L) 8.55
Visibility depth (cm) 76
Salinity (o/o) 0.01

MMA Conservancy Wetlands
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Fig. 8: Map of vegetation and land cover types of the Mahaica-Mahaicony-
Abary Conservancy and wetland m



3.24
Vegetation cover

In general the vegetation cover of the
MMA Conservancy and catchment
area comprises seasonally flooded
savannahs with a mixture of grassland
and shrubs, with patches of mixed
forest. A large area of the MMA is void
of vegetation due to the inundation
from the dam construction.

The aquatic fauna shows significant
diversity in form and species. “Moco-
moco” (Montrichardia arborescens)
is found in large clumps of islands
and in shallow waters. Ité palms are
restricted to clumps in primarily the
western area, providing feeding
places for psittacids and roosting
places for mainly herons and ducks.
Other smaller species include
emergent plants such as sedges
(Cyperaceae), aquatic grasses
(Poaceae) and succulent shrubs found
at the edge of bush islands. Floating
vegetation covers significant areas;
these include water lilies (Nymphaea
sp.), water snowflakes (Nymphoides
sp.), water ferns (Salvinia auriculata),
bladderworts (Utricularia sp.)

and water hyacinths (Eichhornia
crassipes). In addition submerged
species such as Cabomba sp. and
algal species were observed.

Moco moco (Montrichardia arborescens) © WWF-Guianas




The vegetation on the constructed
earthen banks (dam) of the
conservancy consists principally of
early succession species of small
trees, shrubs, grasses and ferns.
Prominent species include the
congo pump (Cecropia sp.) glamma
cherry (Cordia oblique), Lantana sp.,
Blechnum sp., Bactris sp. There are
some islands of vegetation within the
reservoir with similar species. Also
present are the introduced Jamoon/

jamun (Syzigium cumini) and the
Araceae vine (Philodendron sp.) which
is commonly found on many of the
trees and shrubs.

Almost all of the species mentioned
above have some cultural value but
little economic value. Cecropia is
commonly used in traditional medicine
for treatment of a variety of conditions
including diabetes, diarrhoea, fever,
kidney and liver disorders etc. The

jamoon is an introduced species
whose fruits are consumed by many
and used to make local alcoholic
beverages (jamoon wine). The fruit
is sold in local markets at the peak
fruiting season. Philodendrons are
often used as decorative plants
growing on the sides of houses or
over specially designed frames.

Various vegetation types at the MMA (floating, emergent, submerged) © WWF-Guianas
= = ba i .



3.25
Faunal Species

3.2.51
Fish

The most common group among fish
observed during WWEF field surveys
are the Characiformes, characteristic
of tropical waters, including
the piranha. Piranhas were
observed as the most
abundant, and often
cause great damage to
fish nets. The Cichlids -
lukanani/peacock bass (C.
ocellaris) are fairly common
in this location, and are the target
species for sport fishing. Almost
50% of the fish species observed
are carnivores (mainly fish feeders)
(Hoplias, Cichla, Serrasalmus). Three
are omnivores (Heros, Pygopristis
and Catoprion), two are planktivores
(Anchoviella and Curimatopsis) and
one a bentivore (Satanoperca).

With the exception of the anchovy
species, all fish observed are food
fish. However Cichla, Serrasalmus
(piranha), and Hoplias (huri) are
preferred species. Cichla in particular
is sought after by sport fishermen who
either have vacation houses on the
banks of the reservoir or make day or
weekend expeditions.

Common pleco /smoke hassar (Hypostomus plecostomus) © WWF-Guianas / Calvin Bernard



3.2.5.2
Birds

Aquatic birds easily observed within
this conservancy include species
such as ducks, herons, kingfishers,
storks, flycatchers and jacanas, and
to a lesser extent the Neotropical
cormorant, anhinga and osprey
(Pandion haliaetus).

Seven species of the heron family
were observed within the MMA
wetlands, including the globally
distributed black-crowned night heron
and the unique-looking boat-billed
heron. The herons have an important
role in population control for several
species of fish, invertebrates and
some species of amphibians. Four of
the five species of kingfishers found in
Guyana were also sighted here. This
diversity of herons and kingfishers at
the MMA Conservancy is indicative of
a diverse and healthy population of
fish which sustains these fish-eating
birds. The herons help to balance the
frog population within the wetlands,
and along with the kingfishers, the fish
population as well.

Osprey, a migratory fish specialist,

found both within marine and

freshwater habitats, inhabit the

MMA wetlands. While ospreys

are opportunistic in their feeding

behaviour, fish are their primary food.

Any negative impact on fish population

or water quality within their habitat

can prove to be detrimental to their

presence within the area and to their LA
Black-bellied whistling duck (Dendrocygna autumnalis) © WWF-Guianas / Sopheia Edghill
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general geographical distribution.

The presence of ospreys within the
MMA may be indicative not only of this
wetland’s abundant fish population
diversity, but also of its water quality,
despite the location being an artificially
created reservaoir.

The Muscovy duck (Cairina moschata)
and the black-bellied whistling duck
(Dendrocygna autumnalis) are
frequently observed in this wetland.
Both species are hunted for their
meat; they are also captured for
domestication. These ducks exploit
both aquatic and terrestrial resources.
Thus, their short beak facilitates
feeding on terrestrial grasses, aquatic
weeds, invertebrates and small fish.
Their webbed feet, seemingly an
impediment to quick locomotion on
land, are however advantageous for
swimming.

AAs in the case of the EDWC wetland,
the unique hoatzin (Opisthocomus
hoazin) is also found within the MMA
conservancy, possibly due to the
proximity of the Berbice River.

The non-aquatic species closely
associated with the wetland include
hundreds of red-bellied macaws
(Orthopsittaca manilata), as is also
normally observed within the other
coastal wetlands. Other species
present include seedeaters, other
psittacids and flycatchers. They

are found in the seasonally flooded
forest, grass and shrubs islands of the
wetlands, mainly feeding, roosting and
nesting.

Large-billed tern (Phaetusa simplex) © WWF-Guianas




3.25.3

Other vertebrates
(mammals, amphibians and
reptiles)

Neotropical river otters (Lontra
longicaudis), giant river otters
(Pteronura brasiliensis), the West
Indian manatee (Trichechus manatus),
and capybaras (Hydrochaeris
hydrochaeris) are the main aquatic
mammals sighted fairly frequently by
residents of the MMA wetlands.

The Neotropical river otter is a major
fish predator, though they may feed
on juvenile caimans. While, by the
nature of their diet, otters help to
regulate the fish population, they are
also an important indicator species,
especially of the ecological health of
habitats where they are found. This
is due to the nature of the otter’s
strict carnivorous diet, which renders
it susceptible to any accumulation

of contaminants which may occur in
the environment. The West Indian
manatee (Trichechus manatus) on the
other hand is herbivorous, eating a
variety of plants— submerged (rooted
plants with most of their mass below
the water surface), emergent (rooted
plants that emerge above the water
surface), and floating (plants not
attached to the bottom). Manatees
play a key role as ‘gardeners’ of the
wetlands, trimming the vegetation and

' aiging in the clearing of waterways.

Manatees are often used as an
effective biological control for weeds
on many waterways.

Some of the terrestrial mammals found
within the MMA Conservancy and its
immediate environs include peccaries,
anteaters, tapirs, deer, sloths and
primates such as the red howler
monkey, the capuchin and squirrel
monkey, and apex predators such as
the jaguar and puma. The primates,
peccaries and tapirs are herbivores
which include fruits, leaves and seeds
in their diet, while the sloths and tapirs
are mainly folivores, feeding mainly
on leaves. The folivorous species help
in weed control, while the frugivores,
feeding mainly on fruit, aid primarily

in seed dispersal and vegetation
re-growth within the wetlands and
environs. With this variety of prey
animals, the reported presence of top
predators including jaguar and puma
within the conservancy indicate a
balanced ecosystem.

With respect to the herpetofauna of the
MMA wetlands, the Cochranella spp.
(a species of the Centrolenidae glass-
frogs), the spectacled caiman (Caiman
crocodilus), and green anaconda
(Eunectes murinus), one of the largest
snakes in the world, are observed
inhabiting the ecosystem. Non-aquatic
species including the ameiva and tegu
lizard (Ameiva ameiva and Tupinambis
teguixin), and the much-feared labaria
snake (Bothrops atrox), are reputed by
the locals to be fairly common within
the wetland area.

The spectacled caiman (Caiman
crocodilus) is native to Guyana

81
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and lives in a range of habitats

from lowland wetlands to riverine
freshwater. It can also tolerate salt-
water habitats, and as a result is

the most common of all crocodilian
species found in Guyana. Caimans
eat a variety of invertebrates such as
insects, crustaceans, molluscs and
fish, while the older ones are capable
of taking larger prey such as small
mammals.

3.254
Macro-invertebrates

Seventy macro-invertebrate families
were observed, with 30 of these
directly associated with the wetlands
system as aquatic and semi-aquatic
groups. These wetland families include
the larvae of some Coleoptera and
Diptera (black fly, shore fly, lake fly
and mosquitoes) and the naiads

of Odonata and Ephemeroptera.
Aquatic hemipterans (water boatman,
water strider, backswimmer) and
semi-aquatic insects (flea beetle,
leafthopper) predominate in wetland
environments.
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Fig. 9: Families of insects collected and categorized by life-history association

Most of the aquatic insects, for
example the naiad of the dragonfly
and water boatman, serve as food

for fish and other aquatic predators.
Others, such as the aquatic Diptera

NUMBER OF FAMILIES

larvae, serve mainly as scavengers
and filter feeders, contributing thereby
to the improvement of the quality of
water.

Herbivores

Carnivores

Filter Scavengers
Feeders

Fig. 10: Aquatic and semi-aquatic insect families categorized by their
ecological function at the MMA
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Non-insect macro-invertebrates
observed were snails of the genera
Pomacea (species unidentified)
(family: Ampullariidae), and

species of freshwater shrimp of the
family Palaemonidae (Crustacea:
Decapoda). Shrimps are important in
the decomposition process as they
feed on dead material and serve also
as food sources for birds and fish.

Of the 35 families of insects that

are mainly terrestrial, over 57% are
families that are herbivorous) as
adults and/or juveniles (see Fig. 11),
feeding on plants that are associated
with the edge of aquatic bodies, with
some plants being considered semi-

20

aquatic. The decomposers, that is,
carrion, scavengers and dung-feeders
are the second ecological category
that dominates this terrestrial habitat
which surrounds an aquatic system.
An equal share of pollinators, the
adult of Lepidoptera, Hymenoptera
and some Diptera, and carnivores

or natural predators (e.g. the tiger
beetle, ladybird beetle, assassin bug,
parasitic wasp) are recruited from
this site. These natural predators
serve as population regulators for the
herbivorous insects. Both groups of
insects serve as food for adult dragon
and damselflies, birds and some
mammals.

15

10

NUMBER OF FAMILIES

Herbivores  Carnivores

Decomposers Pollinator

(Adult)

Fig. 11: Terrestrial insect families categorized by their ecological function at

the MMA
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3.2.6

Land ownership,
management and
conservation

The MMA area was established by the
Mahaica-Mahaicony-Abary Agricultural
Development Authority (MMA-ADA)
Act 27 of 1977, Cap 69:11. The MMA
Conservancy was not specifically
intended for nature conservation

but to serve as a water reservoir for
irrigation of coastal agricultural lands
located within Region 5, between

the Berbice and Abary Rivers. This
water conservancy is managed by the
MMA-ADA, also established under the
MMA-ADA Act. The Board of Directors
of the MMA-ADA is the decision-
making body which manages the
affairs of the conservancy with respect
to water distribution and conservancy
rehabilitation works.

However the MMA-ADA, from
the conservancy’s inception, had

conducted monitoring of biological and
chemical parameters for a number

of years. These monitoring activities
were mainly to record the ecological
changes occurring as a result of the
construction of the dams. However,
this monitoring was discontinued.

The West Coast Berbice (W.C.B.) and
Upper Mahaicony River communities
are located relatively close to the MMA
wetlands. W.C.B. communities, with

a population of more than 40,000,

are the recipients of water from the
conservancy.

Moraikobai (St Francis) Village
(upper Mahaicony River) is the only
Amerindian titled village located
closest to the MMA wetlands. Other
land tenures around the MMA area fall
within two categories: these are the
freehold and leasehold. The freehold
lands are those located at the first
depth (lands immediately behind
villages). The owners either have a
transport or a certificate of title to the
lands. The leasehold lands are the
second depth and beyond and are
state lands; some people in that area
have leases for their lands.

Sunrise over the MMA Conservancy and wetlands © WWF-Guianas m



3.2.7
Anthropogenic influences
and uses

Water storage for irrigation of
agricultural lands and flood control
is the primary utilization of this
rich, human-constructed wetland
ecosystem. More than 400,000
acres of lands cultivated with rice,
cash crops, or which have livestock
on the West Coast of Berbice

are irrigated with the water of the
MMA wetlands. As is the case with
the EDWC, the MMA wetlands
experienced successive ecological

changes to its vegetative cover,

faunal species diversity and migration
due to the damming of rivers and
human-controlled flow of water
systems. Withdrawal of water from

the conservancy has also influenced
the area; however the full extent is
unknown. With its large water-storage
capacity, the MMA aids in flood control
especially for the communities and
cultivated lands of the WCB, since
such a large reservoir minimizes the
extensive flooding areas below the
conservancy. On the other hand, in
extreme rain however, overtopping

of the conservancy dam is known to
also cause flooding of areas below

the conservancy. The restriction of

the flow of the Abary River, caused
through the damming when the
conservancy was constructed, also
causes flooding of upland communities
such as Moraikobai. Flooding has
caused loss of crops and earnings.

Other uses of the MMA conservancy
include farming, recreation and

light tourism, especially on the part
of some residents of Georgetown
who own vacation homes on the
perimeter of the conservancy. There
is also fish and wildlife harvesting
primarily for domestic consumption,
although there have been reports

of minimal commercial hunting and
fishing of the muscovy duck (Cairina
moschata) black-bellied whistling

duck (Dendrocygna autumnalis),
pale-vented pigeon (Patagioenas
cayennensis) and peacock bass/
lukanani (Cichla ocellaris). There
have also been reports of trapping
of seed finches within the wetlands
environs, especially for the local
songbird trade.

In terms of ecological usage, at
least two caiman surveys have been
conducted in the area; one, the
Development of Species Management
Plans for Wildlife Trade in Guyana,

A Survey of the Spectacled Caiman
Population in the Central Coastal
Lowlands of Guyana, was conducted
by the Environmental Protection
Agency in 2002, and funded by WWF-
Guianas and the Guyana government
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Sample sites: Lake Mainstay, Lake Tapakuma, Lake Capoey (including the adjoining Calabash Lake).
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Location

The Essequibo Coast lakes

and wetlands are located in the
Administrative Region 2, Pomeroon-
Supenaam, in the north-western part
of Guyana. The closest point of these
wetlands to the Atlantic shoreline lies
3.04km away, (Mashabo), and the
furthest point (Tapakuma) lies 9.05km
away’ (see Fig. 12).

7 Between coordinates 58° 31' 32.713” W 6° 59’
15.75” N (UTM 21N 331455 Easting 772663
Northing) and 58° 34’ 25.088” W 7° 23’6.128” N
(326315 816620 ).
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Fig. 12: Map showing location and hydrology of the Essequibo Coast lakes and
wetlands
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3.3.2
Wetland type

The Essequibo Coast wetlands are

a Ramsar Type O (inland permanent
freshwater lake), W (shrub-dominated)
and Xf (tree-dominated) wetlands.

At elevations ranging from minus
3.4m (minus 11ft) (lake beds) to

about 8.2 metres (27ft), expansive
swamps surround the lakes; this
feature changes with variations in land
elevation. The natural banks of the
lakes have been reinforced in some
places with earthen material to allow
water containment and controlled flow
for irrigation purposes.

3.3.3
Hydrogeomorphology

The lakes and associated swamps
cover a surface area of approximately
429.62kmé. Mashabo Lake has

the largest area of surface water.

The lakes are depressions in white
sand soil, below which there is an
impervious kaolin layer. Organic peat

(pegasse) is also found in certain parts

of the wetland.

Because of extensive rice cultivation
on the Essequibo coast, these

lakes are managed as reservoirs
with regulated outputs into natural
streams and the agricultural irrigation
systems. This represents the main
hydrological output from the lakes.
This artificial regulation of the natural
flooding regime of the lakes has had
visible impacts on their ecology; it

is likely that some impacts have not
yet been determined. At Mashabo for
example, there is evidence that the
now “permanent” flooding has caused
the death of many trees intolerant to
permanent submersion of their roots.

Offtake from this wetland is through
water withdrawal for domestic,
industrial and agricultural uses, while
the wetlands recharge comes mainly
from inflow from rivers (Tapakuma,
Ituribisi and Ikuraka Rivers), from
groundwater (throughflow), surface
run-off and direct precipitation (see
Fig. 13). The heaviest rains are
experienced during May to August and
from November through January.

8Mashabo Lake-15.11 Km2, Capoey/Calabash Lake- 2.54 Km2, Mainstay Lake 0.73 Km2, Tapakuma

Lake 2.24 Km2.
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Fig. 13: Bar chart showing the seasonal rainfall pattern® for the Essequibo

Coast lakes and wetlands

Throughout the wetlands, the water is
characteristically dark brown in colour,
locally known as “blackwater”, due to
dissolved tannins from decomposing
vegetation in the water. Such dark
waters impede light penetration
(visibility depths range from 71-96cm);
primary production is therefore limited
to the uppermost layers with the
consequential suppression of algal

blooms. These waters are also quite
acidic; natural pH ranges from 2.3

to 4.9 with an average in the system
of 4.12. Such acidity contributes to
limiting the kinds of organisms that
can survive there; other water quality
parameters are within the normal
range for this type of aquatic system
(see Table 5).

9 Calculations based on field measurements by Hydromet 2007 — 2010 dataset converted to seasonal/
quarterly rainfall averages at various locations within the vicinity of the sample sites. A spline operation
was carried out to interpolate each set of seasonal data via a minimum curvature technique providing
national coverage. Isohyets for each season were created and mapped.

Table 5: Water chemistry measurements taken at four sample points within
the Essequibo wetland site

Electrical conductivity (US) 28.88 34.8 23.2
pH (pH) 4.12 4.93 2.31
Temperature from pH meter (°C) 28.45 29.1 27.6
Dissolved oxygen (%) 6.28 6.89 5.83
Turbidity (NTU) 1.80 2.7 1.2
Total dissolved solids — TDS (mg/L)  13.40 16.41 10.87
Visibility depth (cm) 87.85 96 71
Salinity % 0.10 0.23 0.01

'© Average values across the four sample points within the wetland site.
" Minimum and maximum values across the four sample points within the wetland site.
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3.34
Vegetation cover

Bank vegetation of the lakes includes
grasses, sedges, other succulents
and shrubs in the lower moist areas,
and woody shrubs and trees at more
elevated levels. Among these are
culturally important species, such

as the Ité palm (Mauritia flexuosa),
and economically important species
such as the awara (Astrocaryum
vulgare) and kuru (Astrocaryum sp.).
These palms depend greatly on
moist environments for growth and
productivity. This type of vegetation is
also critical for stabilizing the banks of
the lakes, which are mostly of white
sandy soils. Such soils are easily
eroded if they are not well covered
and “bound” by the root systems. The
bank vegetation is an important source
of food, habitats and breeding areas
for the diversity of faunal species
typical of the wetlands ecosystems.

Ité Palm (Mauritia flexuosa) within the Essequibo Coast wetland © WWF-Guianas 99



Hassar (Hoplosternum littorale) © WWF-Guianas / Calvin Bernard
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Covering large areas of the water
surface, is the emergent succulent
bisi-bisi (Eleocharis sp.), with moco
moco (Montrichardia sp.) and the
large Ité palms occupying relatively
shallow waters in fair-sized clumps,
or lining some edges of the lakes.
Another species, the floating-leaved
fragrant water lily (Nymphaea sp.),
was less dominant but common to
all lakes. These types of vegetation
provide habitats for fish and other
animal life. Cichla ocellaris (peacock
bass/lukanani) for example is often
caught from the edges of bisi-bisi
and moco moco clumps. Many other
species are found living amid these
plants and in the cover of the floating
Nymphaea leaves.

The moco moco stalk and that of the
bisi-bisi are used as a substrate by
the freshwater sponges which inhabit
the lakes. The sponges do not harm
the plants, which provide an increased
surface area for their growth.

3.3.5
Faunal species

3.3.5.1
Fish

The diversity of the fish species
yielded at the time of survey of the
lakes was notably low and of little

to no special conservation status
(CITIES/ IUCN Redlist; see Annex
1). The lakes are however populated
by the popular food and sport fish
species, the lukanani/peacock bass
(Cichlosoma bimaculatum); larger
individuals are found in Lakes
Tapakuma and Mashabo. Other
species of importance food-wise for
most communities, but which were
only found in some lakes, include
the mid-sized catfish, Pinirampus
pirinampu, the oil-rich characoids
Leporinus spp. (known locally as
tibikuri) and the freshwater barracudas
(or huri) (Hoplias malabaricus).

The remainder of the fish diversity
comprised piranhas, other
charachoids, cichlids (patwas and
sunfish), catfishes and knifefishes,
including the electric eel (locally called
numb fish). The greatest biomass
contributor among the fish appears to
be the Bryconops species which are
captured in large schools, but utilized
only at subsistence levels.



3.3.5.2
Birds

Some of the waterfowl which inhabit
and are more frequently sighted within
the Essequibo Coast wetlands are
ducks, herons, gallinules, kingfishers,
some aquatic raptors such as the
black-collared hawk (Busarellus
nigricollis) and rufous crab hawk
(Buteogallus aequinoctialis), egrets,
anhinga, sandpipers and osprey.
Many of these birds depend on these
wetlands for their food, mainly fish,
suggesting the presence of substantial
fish diversity within this area. Some
of these species feed mainly on other
smaller vertebrates such as reptiles
and frogs, and aquatic invertebrates.
The wetlands also provide the birds
with roosting and nesting sites.
Notable also are the three species

of ducks which were sighted at the
Essequibo Coast wetlands. Ducks are
an economically important aquatic
bird species, especially as a delicacy

for many Guyanese. Their presence
at this wetland, in addition to the
healthy habitats and good supply of
food including aquatic vegetation,
invertebrates and fish, potentially
indicate a lower risk for the ducks of
decimation faced within this locality.

The most observed groups of non-
aquatic birds within the environs of
this wetland are psittacids (parrots

and macaws), flycatchers and raptors-
vultures and caracaras. These land
birds live in the forest, grass or shrub-
land surrounding the wetlands. This
wetland serves as another source of
food and provides roosting and nesting
sites. Many of these birds especially
the psittacids are cavity nesters,
making use of standing dead trees
and tree hollows of wetlands. Parrots,
macaws and parakeets feed on the
fruits, seeds, flowers and berries of the
various species of palms which grow
in the swamps and marshes and the
grassy areas especially, and contribute

towards seed dispersal as they fly with
some of these palm-fruits from one
point to another. It is apposite to note
that although the red-bellied macaw
(Orthopsittaca manilata) is common
within Essequibo, a consequence of
the abundance of ité palms (Mauritia
flexuosa), in some other countries the
species has been adversely affected
by habitat loss and unmitigated
harvesting for the wildlife trade. The
red-bellied macaw has a unique niche
in permanent wetlands and also in
wet forested areas which have an
abundance of ité palm, important for
feeding, nesting and roosting. Their

Great egret (Ardea alba) © WWF-Guianas / Aiesha Williams

large numbers here, as is the case
of the other psittacines, validates the
important value of this wetland.

The mainly insectivorous birds are

the tyrant flycatchers, antbirds, anis,
tyrant-flycatchers and funarids such as
spinetails. Their density and diversity
are indicative of an abundance

of insect life and a rich wetland
ecosystem. As such, many occupy
specific ecological niches, playing
significant roles in the control of
specific insect populations within these
ecosystems.



Boat-billed heron (Cochlearius cochlearius) © WWF-Guianas / Waldyke Prince

3.3.5.3

Other vertebrates
(mammals, amphibians and
reptiles)

The aquatic mammals seen at this
wetland are otters and the capybara.
The capybara (Hydrochaeris
hydrochaeris), the world’s largest
rodent, is a herbivore; it grazes on all
types of aquatic vegetation thereby
contributing to preventing vegetation
overgrowth. They trim the vegetation
as they forage for food, pruning and
removing pieces of vegetation as they
eat. Their faeces become fertilizers
that provide nutrients for plants within
the wetlands ecosystem, which in
turn provides shelters and food for
herbivores. This aquatic mammal in
turn serves as food to top predators

such as the green anaconda and the
jaguar. They are easily seen grazing
in the shallow, flooded areas with low
vegetation cover. Some other non-
aquatic species of mammals are also
present within the environs of this
wetland. These include armadillos,
deer, rodents, tapirs and peccaries,
which would normally utilize the
wetland as a source of water, food and
means of movement/migration. The
herbivorous mammals, feeding mainly
on fruits, seeds and/or leaves, are
important elements for maintenance of
ecological integrity, especially as seed
dispersers. The rodents especially
are known for their cache-hoarding
through fruit/seed burial and partial
retrieval of the potential seed stores.
This offers opportunity for the non-
retrieved seeds to germinate.
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Some frog species, snakes such as
the Amazon tree-boa snake (Corallus
hortulanus) and labaria snake
(Bothrops atrox), turtles, and caimans
are the herpetofauna known to inhabit
the Essequibo Coast wetlands and
environs. The spectacled caiman
(Caiman crocodilus) especially, the
most common species of caiman in

Guyana, was the reptile observed
most frequently in this wetland. It

is among the most common top
predators in most freshwater wetlands,
feeding on fish, frogs and smaller
reptiles. Hatchlings of caimans feed
on smaller fish and crustaceans, but
become prey themselves because

of their small size. The water-snake

(Helicops spp.) is a fish-eating snake
which feeds mainly on small characid
fishes and amphibians, and also
contributes to the ecological balance
of the wetlands. The green anaconda
(Eunectes murinus), another large
tropical wetlands top predator, feeds
on several species throughout its

Scinax rubra © WWF-Guianas / Waldyke Prince

————

life cycle, capturing smaller species
during its juvenile stages and larger
prey as it grows. Larger species have
been known to feed on large terrestrial
mammals, e.g. the brocket deer,
aquatic species such as the capybara,
and smaller rodents.




3.3.54
Macro-invertebrates

A large range of insect diversity
inhabits the Essequibo lakes and
wetlands. Over 83 different families
of insects were sampled from this
area; approximately 15 families are
aquatic and semi-aquatic during the
whole or part of their life cycle; 48
families are associated with wetland
areas. Such presence, and importantly
the diversity, is indicative of the
healthy status of this environment,

as many of these species require
high levels of dissolved oxygen to
thrive. The common families are leaf
beetles (Coleoptera: Chrysomelidae),
leafhopper (Hemiptera: Cicadellidae),
Ants (Hymenoptera: Formicidae),
nymphalid butterflies (Lepidoptera:
Nymphalidae), with numerous dragon
and damselflies.

Some common species observed
were the ladybird, bloodworm larvae,
common housefly, mayfly naiad,
leafhopper with some semi-aquatic
types, water boatman, water strider,
and various species of ants, along with
their naiad or juvenile aquatic stages,
and grasshoppers with an abundance
of semi-aquatic types found on
spikerushes (Eleochatris sp.).

The majority of insect species sampled
were aquatic plant herbivores (e.g. a
blue leafhopper (Cicadellidae) feeding
on Nymphaea (water lilies) and leaf
beetles feeding on water hyacinth and
other aquatic plants), and herbivores
of terrestrial plants associated with
the wetland areas, insects such

as leaf beetles, leafhoppers, and
planthoppers. While these insects
feed on plants, they also serve as

An example of a semi-aquatic grasshopper (nymph) © WWF-Guianas / Elroy Charles

food for other species, such as some
predatory insects like the dragonfly, as
well as birds. Most of the pollinators
are terrestrial adult butterflies, while
their larvae feed both on terrestrial and

T aquatic plants.

Numerous aquatic insects (damsel
and dragonfly naiads, the water
boatman, giant water bugs, water
diving beetles, etc.) are carnivorous.
It was observed that the naiads of
dragonflies are ferocious feeders
of the dipteran larvae. The most
recognized family, Gerridae (water
skimmers or skaters) dwell on the
surface of the water and feed as
scavengers. Except for the skaters,
many of the aquatic insects such
as diving beetles (Coleoptera:

40

Dytiscidae), giant water bugs
(Hemiptera: Belostomatidae)

and backswimmers (Hemiptera:
Notonectidae)-) are considered divers
with leg adaptations for swimming
and diving. These insects sometimes
cling to submerged aquatic weeds,
rocks and pebbles. Few of the

insects sampled from this site were
considered burrowers such as the
bloodworm (Diptera: Chironomidae).
Some were sampled from between
the sands of Capoey via their kicking
action. Others, such as mayfly naiads,
feed on live and decaying vegetation,
ensuring the breakdown of waste
material, the recycling of nutrients and
cleansing of the environment. These
naiads and other aquatic insects are
common food for fish.
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Fig. 15: Insect families from the Essequibo lakes and wetlands categorized by

ecological function
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Non-insect macro-invertebrates
sampled from the lakes were solely
zoo plankton; a notably higher density
was determined in the waters of Lake
Mainstay. The non-insect aquatic
macro-invertebrates such as shrimp,
snails and —significantly- sponges
were the groups readily observed;

at least three species of freshwater
sponges were observed in the lakes.
That sponges are present is a good
indication that the lakes are still very
much unpolluted. However, in some
communities this indicative value was
not appreciated by residents, because
of the association of sponges with skin
irritation, and there are reported plans
for their eradication.

General site characteristics

3.3.6

Land ownership,
management and
conservation

No formal conservation status is
assigned to this wetland; the area
is however managed for irrigation
purposes.

At the national level, the area of

the Essequibo Coast lakes and
wetlands is managed by the National
Drainage and Irrigation Authority
(NDIA) of the Ministry of Agriculture,
with the participation of various
stakeholders including the Water
Users Association, Region 2 rice

farmers, and the Hydrometeorological
Service. The NDIA has responsibility
for the irrigation of agricultural

lands which are predominantly rice
fields. In addition to the NDIA, the
Hydrometeorological Service of the
Ministry of Agriculture monitors the
water level, rainfall and river flow
linked to Essequibo coast lakes, as
with the country’s other waterways.

A number of townships or villages exist
further from the immediate environs of
the Essequibo wetlands as freehold,
leasehold or private lands along the
coastline. The residents of these
townships and villages, including those
stretching from Supenaam to Anna
Regina and Charity, cultivate primarily
rice (over 30,000 acres), but also other
crops and livestock, which benefit from
the water supply of the conservancy,
regulated by the NDIA.

Mainstay/Whyaka, Tapakuma,
Mashabo and Capoey are the
Amerindian villages located within

this wetlands Site, on Amerindian
titled lands. Residents are primarily of
the Arawak peoples. The Indigenous
communities depend in part on the
resources of this wetland for their
livelihoods. These Amerindian villages
govern and manage their titled lands,
but do not have corresponding legal
bases to manage the water bodies and
river channels. They however play an
integral role in the management and
monitoring of these wetlands.
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3.3.7
Wetland community
conservation initiatives

Though the Village Councils of each
of the four Amerindian communities
employ various measures for
managing the resource on their

titled lands, there are limited known
deliberate wetland conservation and
management initiatives undertaken.
Mainstay Village has established a
community forest conservation area,
referred to as a Community Heritage
Park, with the aim of preserving a
“plantation” of culturally significant
species for the knowledge and use of
future generations (Chunoo, 2008).
The area is approximately 50 acres
in size and includes a portion of the
swamp which is part of the floodplain
of the lake.

3.3.8
Anthropogenic influences
and uses

The Essequibo Coast wetlands
provide substantial benefits to
residents of the immediate environs
of the water body, but also are
extremely important to communities
and business located further away,
and even to the national economy.
Water storage and withdrawal

for irrigation of the rice fields and

to a lesser extent for cash crops
and livestock within the Region 2
coastlands are the primary economic
uses associated with the Essequibo
Coast wetlands. As a matter of

fact, rice production is the largest
land-use activity on these coastal
lands; the land is privately owned

or leased and managed primarily by
Essequibo Coast residents outside of
the wetland site. Though the lakes
are natural, networks of constructed
canals, sluices and dams have
rendered the natural lakes larger,
forming this extensive wetland with

a consequential extended storage
capacity, and facilitating a relatively
reliable and sufficient source of
water. This has however altered the
seasonal patterns of the natural lakes,
despite the formation of this now
expanded wetland ecosystem. The
original seasonal changes in water
levels and hydrological flow have
been altered, thereby influencing

the ecological variations within the
system. Detailed impact assessment
studies are required to clarify the
positive and negative influences of
these anthropogenic interventions

on the wetlands ecosystem. As such,
communities adjacent to the lakes
have reports of negative impacts,
including human health concerns,
scarcity of food fishes, flooding
causing damage to crops especially
during extreme rains, or the low water
levels during drought contributing to
health issues, including skin infections,
and also impacting on general
traditional ways.

Recreation and nature-based tourism
including water sports are another
important use of these wetlands,

and an incipient economic activity.

Mashabo Lake, Essequibo Coast wetlands © WWF-Guianas / Elroy Charles 113



This is most evident however at Lake
Mainstay which was designated by the
Lake Mainstay Amerindian community
as a tourism site; approximately five
acres of titted Amerindian lands were
leased to a private company which
established the Lake Mainstay Resort.
This entity is one of the country’s
main resorts; it hosts the annual Lake
Mainstay Regatta, several types

of pageantry and is the venue for

a variety of recreational activities.

The Mainstay/Whyaka Village also
operates a Heritage Park. This

is managed mainly by the (local)
Women’s Group; on offer are tours
showcasing the community’s culture
and use of resources within the
wetland site. The park incorporates a
swamp-forest section of the village; it
features huts and other traditionally

structures constructed of palms and
other plant materials. At the time of
this survey however, the park was not
being operated optimally. Lake Capoey
is also utilized for recreation by

mainly local residents. There is some
negative impact in the generation and
virtually insufficient management of
solid waste.

Other important activities facilitated
by these expansive wetlands include
accessing water for domestic use
(but not for drinking or cooking);
transportation by motorized boats
and to a lesser extent dugout
canoes; small-scale farming both

for domestic consumption and sale,
as for instance pineapple-farming,
especially by residents of Mainstay, for
the manufacture of pineapple chunks,

jams and cheese; and harvesting of
timber and non-timber forest products
mainly for domestic consumption,
although non-timber forest products
(NTFP) craft are made for sale
occasionally.

Fishing and wildlife harvesting are
also supported within this wetland
because of its diverse species of
wildlife. Fishing is mainly targeted at
four species of food fish, the lukanani
(Cichla ocellaris), imehri (catfish)
(Trachelyopterus galeatus), haimara
(Hoplias spp.) and huri (Hoplias
malabaricus). The wildlife harvesting
is intended for the live and bushmeat
trade, as well as for domestic use.
The main bird species sought for

the songbird trade are the ruddy-

————__
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breasted seedeater (Sporophila
minuta), lined seedeater (Sporophila
lineola), and chestnut-bellied seed
finch (Oryzoborus angolensis). Some
other species are harvested both for
subsistence and the wild-meat trade
on the Essequibo coast: the more
demanded tapir (Tapirus terrestris),
the red brocket deer (Mazama
americana), white-lipped peccary
(Tayassu pecari), paca (Cuniculus
paca), red-rumped agouti (Dasyprocta
leporina), Capybara (Hydrochaeris
hydrochaeris) and the Muscovy duck
(Cairina moschata). There have
been reports of scarcity of wildlife, or
harvesters being required to travel
further afield for their catch, but this

may perhaps be not only due to o
harvesting. ! = -
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Residents traversing the waterways of Capoey Lake by motorized boat © WWF-Guianas / Aiesha Williams 115
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3.4

SITE4 - LOWER CANJE BASIN
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Sample sites: Manarabisi Swamp, Sandaka Swamp, Guysuco Conservancy, Halcrow Conservancy

Ecological profile
3.4.1 Location

The Canje River, of the County of
Berbice, is a fairly large tributary of
the Berbice River. Just before the
mouth, it drains a significant area
between the Berbice and Corentyne
Rivers including wetlands modified

by the agricultural activities in the
area. The area defined here as the
Lower Canje Basin lies between the
Calabash tributary, close to the mouth
of the Canje River (~ 17km inland from
the coastline at Albion), and further

up the Canje River, approximately
16.2km NW of the confluence of the
Duck and Corentyne Rivers. Within
this area four locations were sampled:
the Manarabisi and Sandaka swamps,
and the GUYSUCO and Halcrow
conservancies. The Corentyne

main road which runs between New
Amsterdam and Corriverton, and
connects Guyana to Suriname via the
Molson Creek area, is a major piece of
infrastructure on the outer environs of
these wetlands: the Manarabisi swamp
- a natural, flooded coastal savannah
from the Corentyne river, modified on
the edges by constructed dams; the
Sandaka Swamp - another flooded
savannah further inland and closer to
the Canje river, modified by low dams
and small canals; the GUYSUCO
Conservancy, an area of savannah
impounded by medium-height dams to
hold water for the sugar plantations;
and the Halcrow Conservancy

- contiguous to the GUYSUCO
Conservancy but further east toward
the Corentyne River and also a water
reservoir.

A section of the Lower Canje wetlands, Halcrow Conservancy © WWF-Guianas / Sopheia Edghill 117
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Fig. 16: Map showing location and hydrology of the Lower Canje Basin and
wetlands

3.4.2
Wetland type

The area consists of sections of
shallow open water, marshes,
seasonal swamps, savannahs

and forest, and constructed water
conservancies as irrigation water-
storage reservoirs. Consequently
the Lower Canje wetlands may be
classified as Ramsar Wetland Type
6 (water storage area), 9 (canals and
drainage channels, ditches), W (shrub-
dominated wetlands), Xf (freshwater,
tree-dominated wetlands).

343
Hydrogeomorphology

The geology is mainly very dense
clay of the Demerara formation, on
flat lands prone to flooding, further
compounded by constructed earthen
dams of varying sizes. A build-up

of organic material exists in certain
areas due to the extensive periods
of controlled flooding. The swamps
and the conservancies are however
somewhat different in hydrology. The

wetland water input is via human
controlled and natural flow/ flooding
from the Canje River, precipitation
(rainy season during December-
January and May-August) and run-off.
Certain sections of the constructed
conservancies, located to the eastern
section of the wetland, receive water
by run-off from the inland swamps
connected to the Canje River. The
output from the unaltered natural
swamps are via natural and man-
made run-off routes without control
structures, whereas the constructed
conservancies are well-controlled to
maintain water levels in the various
parts of the sugar plantation at
different times in the growing season.

There is white water in the Manarabisi
Swamp and Halcrow Conservancy
area, and “black water” (brown in
colour) at the Sandaka swamp and
GUYSUCO Conservancy area. This
grouping is also reflected in other
water quality parameters. This is a
very good example of the dynamism
that is characteristic of the tropical
wetlands in fluctuating between wet
and dry seasons.

Wimple piranha (Catoprion mento) © WWF-Guianas / Calvin Bernard
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Vegetation cover

Guyana Wetlands: Lower Canje Basin

Table 6: Water chemistry measurements taken at four sample points within the
Lower Canje Wetland

Parameters Average Values'? Range'?

I peve ey proery

Electrical conductivity (US) 153.89 302 1.06
pH (pH) 6.2 8.75 5.17
Temperature from pH meter (°C) 29.95 31.9 28.5
Dissolved oxygen (%) 1.4625 3.64 0.15
Turbidity (NTU) 52 99.9 13.4
Total dissolved solids — TDS (mg/L) 73.4325 144.9 0.43
Salinity % 0.07 0.14 0
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Generally the area comprises lowland
marsh and seasonally flooded
grassland savannah, with islands

of swamp forest and high-ground
bush. The observed terrestrial floral
diversity included various species of
grasses, shrubs, and large trees, with
the composition at the individual sites
reflective of the use of the site and
history in relation to human actions.

More specifically, certain sections are
covered with grasses and sedges
(para grass, Urochloa sp. and carpet
grass, Axonopus sp.), but mostly
shrubs and small trees dominate,
many of which are natural invaders

of disturbed areas because of their
means of dispersal, high growth

rates and ability to withstand a range
of harsh conditions. The prominent
shrubs include the thorny bush
(Solanum jamaicense), a shrubby

and a flat growing variety of Mimosa
sp., Vernonia cinerea, two species

of Ludwigia, the carrion crow bush
(Cassia alata), two sage species
(Lantana), and a few unidentified
succulents. The small trees include the
congo pump (Cecropia sp.), glamma
cherry (Cordia oblique), palms (Bactris
sp.) and silk cotton (Ceiba sp.),
kokerite palm (Maximiliana maripa),

Manicole Palm (Euterpe oleracea).

A number of cash crop or garden
vegetable type species were also
observed at certain sections, indicative
of the human influence within the area.

These shrubs and trees have a
significant cultural value to the coastal
communities. The carrion crow

bush, sages and congo pump are all
used in various ways for traditional
medicines and personal care (black
sage for cleaning teeth); the glamma
cherry fruit is popular at Easter as an
adhesive for kite making; and the silk
cotton is associated with the burial

of prominent Dutch figures in the
colonial period, and thus have many
legends of ghosts associated with
them. In addition to these species,

a Cucurbitaceae vine commonly
called “corilla bitters”, found at the
Manarabisi swamp, is also used in
local medicine.

The aquatic and sub-aquatic flora is of
equal diversity as the more terrestrial
forms. These include the full range

of morpho types for aquatic flora —
submerged, floating, floating-leaved
and emergent. Floating vegetation
includes the water fern (Salvinia sp.)

A section of the Lower Canje wetlands © WWF-Guianas / Sopheia Edghill 123



and floating grasses. The water lettuce
(Pistia sp.), bladderwort (Utricularia
sp.), floating vines (Ludwigia
helminthorrhiza and Ipomea spp.),
water hyacinth (Eichornia crassipes)
and the floating form of the Mimosa
sp. can be observed at certain
sections of the wetlands. Floating-
leaved type vegetation consists
mainly of lilies and related plants and
includes species such as the fragrant
lily (Nymphaea sp.), Nymphoides sp.,
and the burhead (Echinodoras). The
emergent species include sub-aquatic
species and range in size/form from
grasses to large trees. Across the
entire system the Heliconia sp. and
Montrichardia sp. are most common,
with a giant papyrus type Cyperus
sp. Some other emergent species
include the monkey apple (Annona

glabra), spike rush (Eleocharis sp.),
fire flag (Thalia sp.), I1té palm (Mauritia
flexuosa), aquatic fern (Blechnum
sp.), yellow-eyed grass (Xyris sp.), the
shrub-like Ludwigia sp. and a palm
(Euterpe sp.).

3.4.5
Faunal Species

3.4.5.1 Fishes

The observed fish diversity of the area
comprises 29 species of 13 families
and 6 orders in this study undertaken
in 2011, while a previous study of

the Halcrow section of wetlands in
2006 recorded 20 species of nine
families (Environmental Management
Consultants, 2006). Some of these

American wood stork (Mycteria americana) © WWF-Guianas / Aiesha Williams

include the orders Characiformes,
Perciformes, Siluriformes, and
Cyprinodontiformes with Siluriformes
(see species list, Appendix 2).

None of the species observed are of
any known conservation importance.
However, there are species consumed
locally for food; species in the genera
Crenicichla, Cichlasoma, Serrasalmus,
Hoplias, Hoplerythrinus, Aequidens
and Trachelyopterus are all popular
food fish, but Hoplosternum (the
hassar) is by far the most expensive
on the market and the most targeted
species from these areas. Other
species from the genera Astyanax,
Gasteropelicus, Pyrrhulina,
Moenkhausia and Nannacara are all
attractive for the pet trade, but it is
unclear whether there is harvesting of
such species from these areas.

3.4.5.2 Birds

Some of the waterfowl inhabiting

this wetland include groups such as
ducks, herons, gallinules, kingfishers,
and some raptors, and species such
as green ibises, large-billed terns,
American wood storks, sungrebes,
limpkins, Canje pheasants and
anhingas.

Eight species of the heron family
were observed within the East Canje
wetlands; these include the great
egret, cocoi heron, striated heron,
boat-billed night heron, little blue
heron, black-crowned night heron,
capped heron, and rufescent tiger
heron. Such a diversity of herons
signals a diverse and healthy
population of several species of fish
for the birds’ sustenance. Herons



have an important role in population
control for several species of fishes,
invertebrates and some species of
amphibians. They also feed on frogs,
crustaceans, and small reptiles such
as caiman hatchlings. These birds

feed in shallow water and in temporary

pools as the water diminishes. Thus,

they are important in cleaning up small

pools, and minimizing pollution, for
instance in areas contaminated by
decaying carcasses. The boat-billed
heron is distinctive from all other
herons with its thick, spoon-like bill.
Like many other herons, they feed on
a broad range of aquatic prey such as
crabs, shrimp, small fish, amphibians
and insects. They are always

found close to aquatic ecosystems,
mangrove swamps, freshwater
marshes, and along rivers.

Both species of the gallinules - azure
and purple gallinules (Porphyrio
flavirostris and P. martinica), along
with three other species of rails
(Rallidae family), were recorded in the
Lower Canje wetlands. These species
are not easily spotted, especially the
azure, though they are very attractive
wetland birds. Freshwater marshes
are important habitats for these birds.

Three migratory species were also
recorded in this wetland; they include
the black-bellied plover, yellow
Warbler and the solitary sandpiper.

Some of the terrestrial species
associated with this wetland are
toucans, parrots, macaws, guans,
pigeons, some of the flycatchers,
and raptors such as laughing falcon.
The toucans, parrots and macaws
are important seed dispersers,
foraging mainly among palms within
the wetlands. The tyrant flycatchers,
antbirds, anis, cuckoos and funarids
such as spinetails, are mainly
insectivores, and significantly help to
control the insect populations within
the lakes’ ecosystems.

3.453

Other vertebrates
(mammals, amphibians and
reptiles)

The Neotropical river otter and the
capybara are the aquatic mammals
that are known to be found within
the Lower Berbice area. West Indian
manatees and giant river otters are
found along the Canje River, and
have not been recorded in the flood
wetlands thus far.

. P '."‘-_ -

Red howler monkey (Alouatta seniculus) © WWF-Guianas / Laurens Gomes




Some key terrestrial mammals
associated with the Lower Canje
wetlands include the rodents such
as the paca and red-rumped agouti,
the primates such as the capuchin
monkey, squirrel monkey and red
howler monkey (Alouatta seniculus),
the ungulates including brocket deer
and tapir, and species including the
jaguar and lesser anteater. Most of
these depend on the wetland as a
source of food and water and means
of movement, while contributing to the
ecological balance and biologically
diversity of the wetland area.

Aquatic herpetofauna observed
within the area include a number of
frog species such as the Hyla sp.,
the spectacled caiman (Caiman
crocodilus) and green anaconda
(Eunectes murinus). Other species
associated closely with the wetlands
include the more commonly observed
frogs like the Leptodactylus fuscus,
the marine toad also known as

the cane toad (Bufo marinus now .
renamed Rhinella marinus), and 4 - / .I | r o
the Eleutherodactylus johnstonei - '
(a non-native species). Other
terrestrial species include the
ameiva lizard (Ameiva ameiva),
labaria Snake (Bothrops atrox), tegu

lizard (Tupinambis teguixin) and the ' 7 / '1
yellow-footed tortoise (Chelonoidis f / \ i .

denticulata). \

128 ! (i Lesser yelIow-headed vulture (Cathartes burrowanus) © WWF-Guianas / Sophela Edgh:/l
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3.454
Macro-invertebrates

Approximately 16 macro-
invertebrate families are
directly associated with the
wetland, namely Coleoptera
(Dytiscidae, Hydrophilidae,
Gyrinidae), Hemiptera
(Corixidae, Notonectidae,
Belostomatidae and

Gerridae), Ephemeroptera
(Baetidae) and juveniles of
Odonata and Plecoptera. The
remaining groups of insects are
categorized as semi-aquatic, because
they associate with the vegetation
within the lakes or ponds.

Common groups sampled from

all the areas within the Lower

Canje Basin were Diptera:
Anthomyiidae (flowerfly), Coleoptera:
Chrysomelidae, Alticinae (flea beetle),
Hydrophilidae (water beetle), Diptera:
Muscidae (common housefly),
Ephemeroptera: Baetidae (mayfly),
Hemiptera: Cicadellidae (leafhopper),
Coreidae (leaf bug), Gerridae (water

skater), Hymenoptera: Formicidae
(fire ants), Odonata: Anisoptera and
Zygoptera (damsel and dragonfly
respectively, both adult and naiads)
(see photo), and the Orthoptera:
Acrididae (grasshopper). With the
exception of the common aquatic
groups, such as the mayfly, water
beetle, water skater and the naiads of
dragon and damselflies, the rest of the
common insects were mainly sampled
from wetland-associated vegetation
or habitats.

Herbivores (see Fig. 19) play an
important role within this wetland

Common green dragonfly found in all areas of the Lower Canje Basin © WWF-Guianas / Elroy Charles

system and can either increase or
decrease plant diversity. A major
portion of the herbivory (the eating of
plants) was by plant grazers such as
insects with chewing mouthparts, as
for example leaf beetles, grasshoppers
and butterfly caterpillars. Some of
these types were semi-aquatic,
grazing on aquatic vegetation. Most
aquatic groups were predators,
attacking their prey by piercing tissues
and cells and sucking the fluids, or

by ingesting their prey. Hemiptera:
Belostomatidae (giant water bug) and
Odonata prefer the first feeding type,
whereas Plecoptera and Coleoptera:
Dytiscidae prefer the latter feeding
pattern. The few aquatic decomposers
of vascular plant tissue included
Diptera: Chironomidae, which were
also found between rotting flowers of
water lilies, and Diptera: Simuliidae
larvae, found in a Sandaka pool that
had cattle excrement.
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Fig. 19: Insect families categorized by ecological function within the Lower

Canje Basin

The non-insect macro-invertebrates
observed were mainly freshwater
shrimp (Decapoda) and snails
(Pomaceae) which were found at
all sites. These are obviously well

supported with food, through the rich
primary production by plants. A leech
(Hirudinidae) species was observed at
the Halcrow conservancy site.




General site characteristics

3.4.6

Land ownership,
management and
conservation

The entire Lower Canje Basin is
administered within a combination

of land ownerships arrangements,
including private, free/leasehold and
state lands. Most of the population
resides closer to the coastline, along
the Corentyne main road, with villages
and townships existing on mainly
private lands. Where the Lower Canje
wetlands are defined is situated further
inland, and consists mainly of state-
owned lands. Some sections have
been altered for irrigation of cultivated
lands and come mainly under the
legal management of the Guyana
Sugar Corporation (GUYSUCO) for
water storage for large-scale sugar
and other cultivation. Other sections,

mainly more coastally located,
are either free-holder or owned by
GUYSUCO, private farmers, and
cattle ranchers, and mainly used as a
cattle grazing area, or for sugar, rice

and other cash crop cultivation. is in respect to the conservancies

under GUYSUCO's jurisdiction,
restricting wildlife harvesting and
fishing, prohibiting logging, grazing-

Though this wetland is managed and
utilized as a water reservoir, there
gr.e' sgme biodiversity conservation of livestock, and contamination of
initiatives GUYSUCO employs to liquid and solid wastes (Homer,
maintain the biodiversity and water 2007). Some EIAs have been

quality of the area. GUYSUCO conducted which give an overview

el I i (B et =i 2l of the biodiversity of the area, as - = S
Management Plan (EMP) for the prerequisites for GUYSUCO’s
areas under its jurisdiction. The EMP expansion projects.

Canes transported through constructed canals © WWF-Guianas / Aiesha Williams m



3.4.7
Anthropogenic influences
and uses

The Lower Canje wetlands,
including the Canje River also, are
an important source of water for
irrigation purposes, mainly for sugar
and to a lesser extent rice, and even,
on a smaller scale, cattle ranching
and cash crop cultivation. Sugar is
planted both by private farmers and
also by GUYSUCO, the latter on a
large scale, for sugar production at
the Skeldon, Rose Hall, Albion, and
Providence factories, for sale locally
and internationally. There is need
for a substantial amount of water to

irrigate the large-scale sugar and rice
fields, hence the construction of a
network of canals and sluices which
enable the channelling and pumping
of water to the cultivated lands. Both
the constructed and natural waterways
are used to transport the harvested
cane to the sugar estates. The canals,
dams and the withdrawal of water over
time can negatively affect the natural
functions and seasonal changes of the
wetlands; this is more so exasperated
by extreme weather patterns. There
are some aspects of biodiversity which
have however benefited from the
irrigation systems utilized, including an
expanded wetland system and growth
and development of certain species.

More concentrated ecological impact
studies are essential to precisely
identify and understand the threats
and pressures to this area.

Apart from irrigation and the
agricultural sector supported by

the wetlands, wildlife harvesting is
also facilitated by the Lower Canje
wetlands. Local trappers and exporters
source wildlife from the wetlands

and its environs for the local and
international live pet trade. Songbirds
such as the ruddy-breasted seedeater
(Sporophila minuta), lined seedeater
(Sporophila lineola), and chestnut-
bellied seed finch (Oryzoborus
angolensis) and psittacids, including

LA
1 h B U g
s1THe ..' !
i .'r"'-
FR T S b - \
.- 5 .

s SR
P

el
some parrots and macaws, are

:

P

B
¥l L

sourced from the Lower Canje ea N
and drive the trade within and from =

this area. The local bushmeat traders
also source wildlife from this wetland;
some target species include the
Muscovy duck, tapir, red brocket
deer, white-lipped peccary, paca,
red-rumped agouti, capybara and

the red-footed tortoise (Geochelone
carbonaria). Wildlife harvesting may
have contributed to the changes in the
population and distribution of certain
species, and is noted by harvesters,
since they need to explore new areas
and travel farther to harvest.

Constructed earthen dam to facilitate irrigation of agricultural lands © WWF-Guianas / Aiesha Williams
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NORTH WEST WETLANDS

Sample sites: Moruka Swamp (Manawarin Swamp), Assakata Lake and flooded area,

SITE 5

Baramanni Lake, and Almond Beach Swamp (George and Arnold Ponds).

Ecological Profile

3.5.1 Location

The north-western portion of Guyana
can be considered a single wetland
system with expansive swamps and
highly interconnected river systems
interspersed with “bush islands”
which link the coastal brackish water

swamps to freshwater swamps,
rivers and ponds further inland. There
is ecological rationale, however,

in separating the brackish water
systems from the freshwater systems
for a proper treatment of these two
subunits. It is estimated that the
blurred boundary between these
systems exists from 58° 51’ 56.333”
W 7° 35 53.744” N'* at the south-
eastern end to 59° 48’ 21.667" W 8°

A section of the Moruka River and swamp © WWF-Guianas

19’ 5.705” N at the north-western end
(See Fig. 20). The freshwater area
covers the Moruka swamp in the south
towards the northern flooded areas,
while the brackish water segment
stretches from the Waini River point

to the mouth of the Moruka River,
reaching the north-western sea-coast
including Shell Beach, declared a
Protected Area in 2011.
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Fig. 20: Map showing location and hydrology of the North West wetlands

3.5.2
Wetland type

The general characteristics of the
freshwater subunit includes swamps,
permanent ponds and seasonally
flooded areas, covering a range of the
Ramsar classification types of inland
freshwater wetlands including Types
O (permanent freshwater lakes), P
(seasonal/intermittent freshwater
lakes), Tp (permanent freshwater
marshes/pools) and Xf (freshwater,
tree-dominated wetlands). The
brackish water subunit, however, of
the North West area is a mixture of
intertidal mangrove swamps (Ramsar
Type I) and coastal brackish water
lagoons (Ramsar Type J); however
most of the former cover the area.

3.5.3
Hydrogeomorphology

The intertidal swamps, located beyond
the peak of the shell deposits on

the shoreline, are relatively shallow
depressions, with gently sloped

banks leading into them, with widths
of as little as 10-15m during the dry
season. The northern portions of these
swamps have shell banks, and bottom
substrates that are a mixture of soft
silty clay and shells. Further inland the
substrate changes to a dark greyish-
black silty to sticky clay, rich in organic
material, and to open water lagoons
and lakes (like Baramanni Lake),

with banks hidden during the high

tide, revealing only prop roots or tree
branches at the edge of the water. The

slopes of the banks visible at low tide
are gentle to only moderately steep.

The intertidal swamps are, generally
speaking, fairly shallow (measured
at approximately 1.25m at Arnold
pond). The coastal lakes/lagoons
are much deeper (approximately 7m
at Baramanni), most likely because
their direct connection to river
systems allows for a greater degree
of sediment mobility rather than
facilitating deposition.

The entire North West freshwater
wetland subunit is represented

by seasonally flooded low areas,
dissected with a network of rivers

and small tributaries, with substrate
of mainly organic material and/or

clay, with islands of high grounds of
sand, and water pools, lakes and
ponds more noticeable during the dry
season; also see van Andel (2003).
Areas sampled had very obscure
banks of peaty organic material,

sand and clay. The Assakata lake

in particular possesses false banks
formed by a dense mat of organic
material, with roots floating and
supporting small palms and shrubs.
Further away from the lake there are
seasonally flooded lower areas; as the
elevation of the land increases, the
base material becomes white sand,
upon which the local community is set.
The northernmost area of this wetland
is covered with heavier clay material.
More south, white sand and decaying
organic matter, along with clay is

also the base for the Moruka swamp.
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The Moruka area has a similar layout of
flooded organic and clay lower areas,
with sand islands where communities are
located.

The brackish water wetlands, because
of their proximity to the ocean, are
influenced greatly by the ebb and flow of
the tides in the Pomeroon, Moruka and
Barima and Waini River systems. The
area is also recharged by significant
direct rainfall, highest from May to July,
causing the rivers and flooded lands

to become one, with a throughflow

of groundwater. Where the intertidal
swamps are close enough to the sea, as
is the case with portions of George pond,
there is a fair amount of seawater intake
during spring tides, as waves break on
the shore and spill over. The freshwater
wetland subunit however is charged
overall from precipitation (also highest
from May to July), surface run-off, inflow/
overtopping of rivers, and groundwater
(throughflow).



Table 7: Water chemistry measurements taken at sample points within the
North West freshwater wetlands

North West Freshwater North West Brackishwater

Moruca Assakata Baramanni Shell Beach
swamp pond Lake mangrove
(WEREVET)] swamp
Electrical conductivity 30.1 1.68 - 19.82 30.1
(uS)
pH (pH) 5.12 4.64 412 7.69 5.12
Temperature from pH 28.5 29.9 28.8 32.5 28.5
meter (°C)
Dissolved oxygen 2.00 5.9 3.04 7.54 2
(%)
TDS 15.17 0.721 2.61 7.14 15.17
Visibility depth (cm) 1121% 127 - - -
Salinity 0.01% 0 2.58 7.4 0.01

The water is brown in colour, which

is characteristic of the entire wetland
area, slightly acidic with practically
zero salinity in the freshwater subunit,
and brackish, with a tendency towards
salinity more towards the coast and
during high tide (see Table 7). A low

5 Estimated.

pH at Baramanni Lake reflects its
openness to freshwater intrusion and
the likely reason for the relatively

low levels of dissolved solids.

There is variation in the quantity of
dissolved solids and also the electrical
conductivity throughout this vast area.

North West Wetlands
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3.54
Vegetation cover

The wetland vegetation of this North
West freshwater subunit comprises

a mixture of seasonally flooded
savannas and mixed forests, and
swamp forests of mainly palms. There
is evidence that this current vegetation
of the extended flooded savannah in
the south-eastern sections (Moruka
area), was formed over decades

by annual fires during the dry

season, which cleared large tracts

of vegetation. As a result, the plant
diversity is greater over at the forested
north-western sections of the wetland
(Assakata area). The brackish water
subunit on the other hand is covered
primarily with a mixture of mangrove
and mixed swamp forests (70%),
herbaceous and Typha and salt-water
swamps (~29%) (GFA Consulting
Group 2009). The mangrove swamps
are found at the Waini, Baramanni
and mouth of the lower Moruka
Rivers, and approximately 2—3km
from the shoreline, mainly at the
northern sections of the area. Further
on beyond the mangroves are found
primarly swamp forests or open
shrubby or savannah type areas.

Mangroves at the Pomeroon River mouth © WWF-Guianas / Aiesha Williams




According to van Andel (2003),

the dominant tree families of this

area are Mimosaceae, Clusiaceae,
Bignoniaceae, Ebenaceae,
Myristicaceae, Humiriaceae,
Myrtaceae, Arecaceae and
Caesalpiniaceae. These include
species commonly known as Ité
palms (Mauritia flexuosa), manicole
palms (Euterpe oleracea), white
cedar (Tabebuia insignis), Symphonia
globulifera, Macrosamanea
pubiramea, Diospyros guianensis,
Bactris campestris, Pentaclethra
macroloba, Eperua falcata,
Philodendron surinamense, and
grasses and sedges such as Oryza
rufipogon, Rhynchospora spp., Fuirena
umbellata, Cyperus haspan and
Rapatea paludosa.

Some of the aquatic species include
ferns (e.g. Blechnum sp.), shrubs
(Montrichardia sp.), emergent species
including grasses (e.g. Lagenocarpus
guianensis), the succulent Ludwigia
sp., spike rush (Eleocharis sp.),

yellow eye (Xyris sp.), a sedge
(Rhynchospora corymbosa), a floating-
leaved lily (Nymphaea sp.) and a
submerged coontail (Ceratophyllum
sp.). The mangrove areas contain all
three species of mangroves, namely
the red mangrove (Rhizophora
mangle), the white mangrove
(Laguncularia racemosa) and the black
mangrove (Avicennia germinans). The
aquatic vegetation provides protection
for the shoreline from erosion, and
good habitats for fish to hide and
breed.

Mangroves

Mangrove trees are a species indigenous to Florida
and a major contributor to the state’s marine
environment. The mangrove tree is a halophyte,
a plant that thrives in salty conditions. It has the
ability to grow where no other tree can, thereby
making significant contributions that benefit the
environment. Their coverage of coastal shorelines
and wetlands provides many diverse species of
birds, mammals, crustaceans, and fish with a unique,
irreplaceable habitat. As mangrove leaves drop into
tidal waters, they are colonized within a few hours
by marine fungi and bacteria that convert difficult
to digest carbon compounds into nitrogen-rich
detritus material. The resulting pieces covered with
micro-organisms become food for the smaller life-
forms such as worms, snails, shrimp, molluscs,
mussels, barnacles, clams, oysters, and the larger
commercially important striped mullet. These
detritus-eaters are food for carnivores including crabs
and fish. Subsequently birds and game fish follow in
the food chain, culminating with man. Many of these
species, whose continued existence depends on
thriving mangroves, are endangered or threatened.
The beneficial effects mangroves have on the marine
ecology can be summarized as follows:

Basis of a complex marine food chain
Creation of breeding habitats
Creation of nurseries that offer protection

for maturing offspring

Filtering and recycling of nutrients
Stabilization of bottom sediments
Water quality improvement




3.5.5 Faunal Species

3.5.5.1 Fish

Based on the ecological condition of
this wetland, the richness and diversity
of fish species can be considered fair
to high. The families observed during
the WWF 2010-2011 field survey or
prior surveys include Characiformes,
Siluriformes and Perciformes, all
falling within the groups of carnivores,
detritivores, benthivores, insectivores
and one omnivore.

Previous studies, through interviews
with residents of the area, have
indicated the presence of substantially
more species, revealing a highly
diverse area. A number of fish species
are recorded as present in this area,
both in this study and in prior studies.
Many are food fishes, for both the
residents and the water wildlife of the
North West wetlands.

Apart from direct research
observations, residents of the areas
have indicated that they fish some
other species. These include hassar,
patwa (chiclids), huri (Hoplias
malabaricus), yarrow (Erythrinus
sp.), snook, longtail, cassi, dawalu
(Ageniosus brevifilis), lukanani
(Cichla ocellaris), gilbaker, cuirass,
snapper, cuffum, mullet, kwakwari,
imehri (Trachelyopterus galeatus),
haimara (Hoplias aimara), waburi,
hassar, sweet-water cuirass, larima
(Pimelodus blochii) and cuffum.

5

Wattled jacana (Jacana jacana) © WWF-Guianas / Aiesha Williams
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815.5.2
Aquatic Birds

The aquatic birds typical of Guyana’s
wetland ecosystems as well as
some other more uniquely coastal
species can be found inhabiting the
North West wetlands. However a few
differenq'es in t}raspecies diversity
are notable, primarily. because of the
dlfference in this hab|ta,t which iSk
LIS

‘« ",\ *I_‘.-i

closer to the Atlantic Ocean, and the
other sites under review. The inclusion
of species such as the scarlet ibis
(Eudocimus ruber), American flamingo
(Phoenicopterus ruber), brown

pelican (Pelecanus occidentalis)

and magnificent frigatebird (Fregata
magnificens). Other species include
ducks, hawks and eagles, herons,
jacanas, swallows, kingfishers, terns,
sandpipers, ibises, anhingas and
Neotropical cormorants, and black
skimmers. Most of the.aq El

breeding, roosting

4 ‘\t‘.}\ \

birds ' )
observed within thi epend -
on this weffand e for ;, '
LY

The attractive scarlet ibis, seemingly
appearing as a large, brilliant red
patch on mud flats and shallow
marshes, aggregate in large flocks.
These wetlands are important habitats
providing sites for nesting and

feeding for this ibis. The magnificent
frigatebirds are coastal birds mainly
seen soaring over the ocean; however
they breed on shore within areas such
as mangrove swamps.

The black skimmers (Rynchops niger),
one of the species known to the

North West wetlands, are extremely

.kdependent on wetland ecosystems
for their foraging, breeding and

ﬁstmg These are birds known for

r extraagdlnawwforaglng ability and
ialized beak, since they are able
0 Submerge thelr'Bgak.s and snap up

- ; a

O -

fish or crustaceans while skimming
over the surface of waterbodies.
Though they are aquatic birds they do
not dive or swim; they however use
their sense of touch (with their bills) to
locate and catch their prey.

Ospreys (Pandion haliaetus) also
occur in this wetland; they are
primarily reliant on this wetland for
their food, since their diet consists
entirely of fish. The osprey soars high
above the open wetlands, and once
it spots a fish prey, even under water,
it swoops down to grab with suitably
adapted claws.

One of the migratory shorebirds,

the greater yellowlegs, (Tringa
melanoleuc.p) ‘also occurs in the North
‘West wetlands These!WetIands serve




the yellowlegs with rich feeding and
breeding grounds. Some sandpipers,
including the yellowlegs, were
historically threatened from hunting,
not only mainly for their meat, but also
as a sport, especially along the coastal
plain of Guyana (Bayney and Da Silva,
2005). Hunting of shorebirds has been
practiced with the use of wires or nets
while the birds forage on the mudflats.
The greater yellowlegs feed primarily
on aquatic invertebrates but also on
smaller fish.

Terrestrial species of birds closely
associated with the North West
wetlands include the common
flycatchers, tyrant flycatchers, hawks
and eagles, psittacids, toucans and
seed finches. However there are

a number of generalists which are
not classified as aquatic or closely
associated with wetlands, and which
include cuckoos, tanagers, blackbirds
and orioles, and hawks and eagles.

Tapir, locally known as the bush cow (Tapirus terrestris) © WWF-Guianas / Aiesha Williams

3.5.5.3

Other vertebrates
(mammals, amphibians and
reptiles)

Importantly, a few of the resident
aquatic mammals within the wetlands
of the North West area include some
globally endangered or vulnerable
species (according to CITES and/

or the IUCN Redlist): the Neotropical
and giant otters (Lontra longicaudis
and Pteronura brasiliensis), and
manatees (Trichechus manatus).
Other aquatic mammals such as
capybaras, the world’s largest rodent,
and river dolphins (/nia geoffrensis),
the world’s largest river dolphin, are
also found here. The herpetofauna
include a number of snakes, frogs,
caiman, and turtles especially. Some
of these species are the spectacled
caiman (Caiman crocodilus), Amazon
tree boa (Corallus hortulanus), green
anaconda (Eunectes murinus), cat-
eyed snake (Imatodes spp.), labaria
turtle (Rhinoclemmys punctularia), tree
frogs (Scinax rubra), Hyla sp., and
the smoky jungle frog (Leptodactylus
pentadactylus).

A notable mammal species of this
wetland, being the world’s largest

river dolphin, furthermore not

found widespread in Guyana, is

the charismatic river dolphin (/nia
geoffrensis). They feed especially on
bottom-feeding fish, and occasionally
small turtles and crabs. River dolphins,
in general, are globally threatened;
however they are relatively frequently

seen within the North West waterways,
especially by residents.

Additionally, globally endangered sea
turtles nest on the beaches annually,
more so the leatherback and green
sea turtles, and less frequently the
hawks bill and olive ridley. These
turtles use only the beaches of the
north-west coastline of Guyana to
nest; none of the other sections

of Guyana'’s coastline are nesting
sites. Female leatherback sea turtles
(Dermochelys coriacea) are the most
“famous” reptiles and most frequent
sea turtle visitors to the shelly beaches
of the North West brackish swamp.
They have a wider distribution than
any other reptile, since they migrate
over long distances to nest, mature
and feed. The nesting female
leatherbacks and their hatchlings
have made Shell Beach an important
and unique area in Guyana, since
this is the only location in the country
favoured for the annual turtle nesting
season. Hatchlings’ contribute to the
wetlands ecosystem as part of the
food chain, since the hatchlings are
consumed by birds, reptiles and fish
that inhabit the wetlands of Shell
Beach.

Another significant species of turtle
is the spot-legged turtle, locally
known as the labaria turtle. This
species is dependent on a range of
wetland habitats, being found both
in freshwater and brackish habitats,
especially along the coastal plain
(Wariss, Isaac, and Pezzuti, 2012).
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They are dependent on these
ecosystems for reproduction, feeding
and growth. This dependency can be
seen especially in their movements
and use of aquatic habitats, even
with the seasonal changes in weather
conditions and consequently the
natural changes in the wetlands.

Interestingly, the reproductive
activities of the smoky jungle frog
depend on aquatic conditions (World
Association of Zoos and Aquariums,
WAZA). Reproduction takes place

in temporary waterbodies where the
mating frogs release eggs and sperm
simultaneously; the male also forms
a foam nest. The tadpoles are further
developed in ponds or lakes.

Terrestrial species of vertebrates in
these wetlands include deer, tapir,
rodents, peccaries, and some species
of cats, primates and paca.

3.5.5.4
Macro-invertebrates

Common insects collected in

this region include webspinners
(Embioptera), mayflies
(Ephemeroptera), leathoppers
(Cicadellidae), black ants
(Formicidae), grasshoppers
(Acrididae), long-horned
grasshoppers (Tettigonidae),
stoneflies (Plecoptera), and naiads
and adults of Odonata, Coleoptera
(Dytiscidae), Diptera (Calliphoridae,
Culicidae, Muscidae, Simuliidae),
Hemiptera (Cicadellidae, Gerridae),

Hymenoptera (Formicidae),
Lepidoptera (Lycaenidae) and
Orthoptera (Tettigonidae); however
the absence of some other prevalent
aquatic insects, for example the
Notonectidae (water boatman),

Belostomatidae (giant water bug) and

Chironomidae (bloodworm larvae)
from samples of brackish water may

be indicative of the effect of salinity on

these insects.

The importance of aquatic insects
as food items for other animals,
particularly in the food webs

associated with wetland environments,

cannot be overemphasized. These
insects fill this and other functions,
to the sustenance of the wetland
ecosystem. Within this site, some
insects such as grasshoppers,
planthoppers, leafhoppers and leaf
beetles are herbivores, feeding

on terrestrial vegetation, while

other herbivores such as the semi-
aquatic leafthopper, semi-aquatic
leaf beetle, shore fly and semi-
aquatic grasshopper feed on aquatic
vegetation. The insects include
those with chewing mouthparts, like
the seed beetle, leaf beetle, weevil,
grasshopper and the larvae of many
butterflies and moths, and those
with piercing, sucking mouthparts
that suck plant sap and tissues,
such as leafhopper, planthoppers
and aphids. The predators can be
terrestrial (for example, the ladybird
beetle and robber fly), semi-aquatic
(the adult damsel and dragonfly), or
aquatic (diving water beetle, whirligig

"

beetle and naiads of dragonflies and
damselflies). Decomposers of both
the terrestrial and aquatic kind include
the darkling beetle, black fly, common
housefly and ant. Other functions of
insects include the scavengers (water
strider and carrion fly), pollinators,
which are mainly the adult
Lepidoptera, adult Lycaenidae

and adult carrion fly; filter feeders
(aquatic dipteran larvae and mayfly
naiads), and parasites (the mosquito
adult). Incidentally- within this site

the Culicidae (mosquitoes) were
numerous, especially within the Shell
Beach swamp.

In addition, two morpho species of
sponges were observed at each

site. These were generally colonies
found on rotting logs submerged in
the water. The presence of sponges
is a good sign of the health of the
habitat, in particular an indication that
the water is free from toxins, has low
turbidity and particularly low levels

of suspended solids. Because of
their simple biology and filter feeding
behaviour, sponges would be rapidly
destroyed if the levels of the above
were to increase. Other aquatic and
semi-aquatic invertebrates known to
be found within the North West include
a few species of snails and crabs.

A common dragonfly found in the freshwater lakes of the North West © WWF-Guianas / Elroy Charles 155



General site characteristics

3.5.6

Land ownership,
management and
conservation

No formal conservation status

exists for the North West freshwater
wetlands. However the recently
declared Shell Beach Protected Area
(October 2011) is more coastally
located, and covers almost the entire
area defined here as the North West
brackish section. Conservation of the
freshwater wetland contributes to the
maintenance of the important Shell
Beach protected area.

Prior to the declaration of Shell Beach
as a protected area, the Guyana
Marine Turtle Conservation Society
(GMTCS) was appointed as the lead
agency to coordinate the activities
for this area. Since its declaration,
the area is under the jurisdiction of
the Protected Areas Commission and
Board, and a management structure
for on-the-ground functioning of the
protected area is to be formed, with
the continued progress of protected
area establishment and management
in the country. A management plan
for the protected area is under
development, and will include the
participation of the local communities

surrounding and within the area, as
was the case for the formation and
delineation of the Protected Area.

The North West area has been a
home and a resource-use area for
three main groups of Amerindian
peoples which include Caribs,
Arawaks and Warraus; however a
number of other Guyanese peoples
live in or utilize the area. A number of
titted and untitied Amerindian Villages
and communities exist in this area;
the untitled communities exist as
settlements on state lands. Some

of the communities include those of
the Moruka Sub-Region, including

Manawarin, Waramuri, Santa Rosa,
and, northwards, Assakata, Warapoka,
Red Hill, Aimond Beach, Morawhanna,
Kwabanna, Little Kaniballi, Santa
Cruz, Three Brothers, Gwennie Beach
and Mabaruma (see Fig. 20). The
titled villages are managed by elected
Village Council bodies, while the non-
titted communities are managed by
Senior Councils. The leadership of
these villages work with the residents
to maintain the resources and manage
the usage within their lands, with
some titled communities having rules
and practices governing the use,
which contributes to conservation of
wetlands.
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3.5.7
Wetland community
conservation initiatives

Over the decades, through the sea
turtle conservation and monitoring
programmes, the message of wise
use of resources and protecting
vulnerable species and places have
been advocated among residents and
researchers and organizations working
within this area.

Since its formation in 2000, most

of the conservation initiatives

are organized by the GMTCS

in collaboration with the local
communities and other conservation,
funding and government institutions.
Organizations/institutions such as
WWF, Fauna and Flora International,
the Environmental Protection Agency,
the KfW Development Bank/GFA
Consulting Group, the Ministry of
Amerindian Affairs, and researchers
such as Dr Peter Prichard have
worked with the residents of the region
especially towards the protection of
the turtles and their nesting beaches.
The programmes are geared around
sea turtle monitoring, research,
protection, education and awareness,
and alternative livelihood initiatives.
Community members of the area are
trained and hired as Turtle Wardens
to patrol the beaches annually during
the turtle-nesting season to monitor
the nesting turtles and nests, and to
prevent poaching and attack of nests
by other animals.

These efforts have continued for

over a decade, and have been
concentrated throughout the beaches
of the now Shell Beach Protected
Area in Guyana. Similar marine turtle
conservation initiatives are also
ongoing within Suriname and French
Guiana, and other major nesting sites.

3.5.8
Anthropogenic influences
and uses

With such an ecologically rich area, a
number resource use and extractive
activities exist and have influenced 4
the changes and present status of the
entire North West wetlands (brackish
and freshwater). These include timber
and NTFP harvesting (including heart
of palm), fishing, hunting, farming,
wildlife trapping, mining, and travel
and tourism especially at Shell Beach
and Almond Beach and Moruka, by
both indigenous and non-indigenous
peoples, both residents and non-
residents. The specific influences of
these activities within this specific area
require further studies to measure their
impact. Some of these activities are
for subsistence purposes, but many
are also main commercial activities.
Resource use at a commercial level
tends to have the most impact on the
wetland resources; however there

are too few studies to measure these
impacts.

Mining, especially for gold, conducted
in the northernmost parts of the North
West region affects both the water
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quality and forest cover of the region.
The effect of mining is felt both on
human health and at the ecological
level, destroying habitats, hydrological
flow, and feeding areas in its wake.
The burning of the savannah areas
during the dry season, especially the
south-eastern section of the area
defined (Moruka swamp), also has
significant influence on the biodiversity
of the region, but this is both positive
and negative. It is believed that this
seasonal burning (also naturally
occurring during El Nifio) has
contributed to the formation of the
open swamp lands and savannahs
(van Andel 2003).

The principle and possibly easiest
means of travel throughout the North
West Region is by boat, since surface
areas can be covered in a shorter
time by boat, especially during the wet
season; this is true even for flooded
forest areas. Both motorized boats
and paddle boats and dugout canoes
are utilized; the former is operated on
a commercial basis. Miners operating
in Region 1 access the mining areas
and transport their materials via the
waterways of this area also.

Though the area experiences some
amount of nature-based tourism
seasonally, this region is however

not yet a major tourism destination.
The area however certainly has the
potential to attract tourists, once
marketed and prepared for such.
At present this region is utilized for
recreation by primarily residents of
the local communities, but former
residents also return for visits.

One of the locally known and very
much anticipated events within the
Region is the annual Moruka Day
Celebration (March/April), which

is marked by a number of aquatic
sporting competitions and cultural
events. All the communities of the
Moruka sub-region participate in
this event, and a number of non-

"

residents and holidaying Guyanese
emigrants formerly from the region
visit the area during this time. The
Shell Beach area also experiences a
small amount of nature tourists who
visit the beaches during the sea turtle
nesting season. A limited amount of
bird watchers also tour the area. As
an interesting note, the Assakata
Lake is reputed to “explode” at least
twice per year, and as a result of
these seasonal “explosions”, the lake
becomes cleared of all debris. The
villagers rarely use the lake for fishing,
but access to the lake is facilitated
for visitors as an occasional tourist
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The harvesting of non-timber
forest products, mainly seeds,
fruits, lianas and palm fronds, at
primarily subsistence level with
occasional sale, poses limited
damage to the ecosystem. The heart
of palm harvesting of the manicole
palm (Euterpe oleracea) is however
commercial, and is one of the main
sources of income for many residents,
especially in the northernmost
communities, including Assakata, Red
Hill, Kariabo, Warapoka, Kamwatta,
Little Kaniballi and Kwabanna

(Allan 2002). The local residents
normally harvest and supply Amazon
Caribbean (Guyana) Limited Company
(AMCAR), with the harvest mainly in
exchange for foodstuff and clothing

— equivalent to the monetary value of
the number of palm hearts supplied.
Since the entire tree has to be cut,
this trade threatens the habitat and
feeding grounds of many species

of birds and mammals. Many of the
faunal species which depend on

the palms are also harvested for
trade and domestic consumption.
Some of these harvested species
include several species of macaws
and parrots, primates, as well as
tapirs (Tapirus terrestris), capybaras
(Hydrochaeris hydrochaeris),
labbas/pacas (Cuniculus paca), red
brocket “savannah” deer (Mazama
americana), red-rumped agoutis
(Dasyprocta leporina), nine-banded

armadillos (Dasypus novemcinctus),
red-footed tortoises (Geochelone
carbonaria) and the green iguana
(lguana iguana).

Fishing is a very important

livelihood activity for the residents

of the wider North West region. It
provides an invaluable and reliable
source of protein. Some residents
within communities closer to more
commercial zones however have
reduced their own fishing activities,
and now purchase fish from fishers of
other villages. Usually residents fish
within the smaller tributaries and sub-
tributaries of the Moruka River, Upper
Waini, Baramanni River and other
waterways, and the ponds and pools
within the flooded savannahs. There
are reports of reduced fish catches
and fishers having to travel farther
afield to fish. Large-scale commercial
fishing, mainly by non-locals but also
local fishers, is practiced mainly out in
the Atlantic Ocean off the North West
sea-coast, where many of the threats
to sea turtles occur. The harvesting or
slaughter of nestling turtles and the
poaching of eggs from nests along
beaches threaten the sea turtles.

For residents of these areas, the
flooding of farms, businesses and
residential areas, and the spin-off
economic and health effects are the
main complaints.

Heart of Palm assembled just after harvesting © WWF-Guianas / Aiesha Williams
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SITE 6 — RUPUNUNI

(NORTH AND SOUTH-CENTRAL)

164

WETLANDS

Sample sites: Surama , Surama Village; Airstrip Pond, near Karanambu; Oma Pond, Yakarinta Village; Devil
Pond, Kwatamang Community, Annai Sub-district; Grass Pond, Rewa Village; Sand Creek Pond, Sand Creek

Village; and ltch Pond, Shulinab Village.

Ecological profile

3.6.1
Location

The Rupununi wetlands cover an

area of 33,218.9 square kilometres,
encompassing parts of Region 8 and
Region 9. This wetland represents
one the richest, most diverse wetlands
within Guyana.

Flooded savannah at Shulinab, Rupununi © WWF-Guianas / Aiesha Williams 165



Hydrology: Rupununi Wetlands and Watershed
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Fig. 22: Map showing the location and hydrology of the Rupununi wetlands

and watershed

3.6.2
Wetland type

The Rupununi savannah as a
singular system would be classed
as a Ramsar Type P (seasonal/
intermittent freshwater lakes), since
the area floods on an annual basis,
interconnecting various scattered
wet areas and leaving only islands of
higher land. During the dry season,
the area is a mixture of individual
wetland units which may be classed
as Ramsar Types M (permanent
rivers/streams/creeks), N (seasonal/
intermittent/irregular rivers/streams/
creeks), O (permanent freshwater
lakes), Tp (permanent freshwater
marshes/pools), P (seasonal/
intermittent freshwater lakes) and
Ts (seasonal/intermittent freshwater
marshes/pools).

3.6.3
Hydrogeomorphology

The Rupununi is primarily a wetland-
savannah ecosystem, but also that
of a seasonally flooded mixed-forest
landscape, with mountain ranges

connected to neighbouring Brazil, and
with many rivers and creeks dissecting
the area. The landscape is shaped

by early plutonic and volcanic rock
formations, regional metamorphism,
rifting, uplifting, with oscillating periods
of sedimentary deposition and erosion.
The entire area is of Precambrian
lowland, with the South Rupununi of
the Kanuku Formation and the North
of the Takatu Formation (Daniel 2001;
Watkins and Oxford 2010). The north
and south savannahs are separated
by the Kanuku Mountains. All
mountains in the Rupununi landscape
are rock outcrops with enough soil
cover to support the plant life seen on
them.

The Rupununi wetlands are a
collection of permanent ponds, lakes,
oxbow lakes, rivers and creeks, as
well as seasonally flooded forests and
savannahs. The individual waterbodies
identifiable during the dry season are
a smorgasbord in geomorphology and
hydrology. The soils on which these
waterbodies are located include sands
with gravel, earth and silt and sticky
clays. Their contours and dimensions
are also varied, and include small,
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gently sloping depressions which can
hardly be recognized as ponds in the
dry season, and large lakes with steep
banks by means of which the lakes’
boundaries are clearly recognized.

The Rupununi region receives a mean
annual rainfall of 1500-2000mm,
higher towards the South (ter Steege,
et al., 2000 ). The highest rain

occurs specially during the major

wet season from May to September,
directly contributing to the recharge

of the wetlands along with seasonal
inundation of the savannahs and
forests. However, it is the run-off from
the surrounding highlands, main river
channels, and in some areas the
movement of ground water, which
contributes most significantly to the
recharge of the Rupununi wetlands. In
some cases the run-off comes directly
into isolated wetlands, and in other
areas it comes indirectly through water
courses of various dimensions. The
major river systems contributing to the
Rupununi wetlands are the Essequibo,
Rupununi, Rewa and Takatu rivers,
with a number of tributaries (see
Fig.22). During the wet seasons

the Rupununi wetlands share a
connection to the Amazon River via
the Takatu and Rio Branco drainage
systems, which enriches the species
exchange between the two systems
(Watkins and Oxford, 2010; de Souza,
et al., 2012). The entire Rupununi area
also includes over 750 lakes, ponds
and inlets.

&
168 - B Aerial view of Rupununi wetlands and savannahs © WWF-Guianas / Aiesha Williams
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Table 8: Water chemistry measurements taken at four sample points within the

Rupununi wetlands

Electrical conductivity (uS)

pH (pH)

Temperature from pH meter (°C)
Dissolved oxygen (%)

Turbidity (NTU)

Total dissolved solids — TDS (mg/L)
Visibility depth (cm)

Salinity %

14.962
4.1875
24.03333
5.448333
6.466667
2.473333
15.625

0

¥

i

20.64
7.1
30.1
7.47
9.7
7.42
102.75
0.01

PSS, e S

Members of the wetlands field team sampling in the Rupununi © WWF-Guianas / Waldyke Prince

11.33
4.6
27.7
4.82
3.3
5.24
31.25
0
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The waterbodies sampled during

the field study included three clear-,
two white- and one brown-coloured
(“black water”) water ponds, in the
North and South Central savannahs.
As expected, the pH at the brown-
water location, Grass Pond, was
mildly acidic (4.60), and neutral at the
other sites (range from 6.03—7.11).
Dissolved oxygen was generally within
the expected range at all location
(overall range 4.82—7.47mg/L) and

values acroSsH
m-and maxi

lowest at Grass Pond also. Electrical
conductivity (11.33—20.64 uS), total
dissolved solids (5.24—7.42 mg/L) and
turbidity (3.3—9.7 NTU) were all low
and within expected ranges. Similar
results were reflected in the much
broader-scale monitoring of the entire
North Rupununi wetlands under the
2003 — 2006 Darwin Initiative-funded
project, “Sustainable Management of
the Rupununi: linking people, wildlife
and environment.”
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Fig. 23: Map showing the vegetation and land cover types of the Rupununi

wetlands and watershed
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3.6.4
Vegetation cover

The Rupununi wetlands are made up
of a combination of seasonal tropical
lowland forest, savannahs and wetland
vegetation types. Savannah areas

are covered with grasses and shrubs,
with scattered, large tree species, or
clumps of trees called “bush islands”.
The forested areas are covered with
seasonally flooded, tropical mixed
forests, although there are smaller
patches of swamp forests populated
mainly with palms, especially closer to
waterbodies.

Some of the more notable tree
species of this area are greenheart
(Chlorocardium rodiei), one of the
most hard and durable woods, native
to northern parts of South America,
primarily Guyana; crabwood (Carapa
guianensis), of important medicinal
value, as well as of importance as part
of the diet of many wetland species,
and the rosewood (Aniba rosaeodora)
which is listed as endangered by

the IUCN, and as being wiped out in
French Guiana between 1910 and
1930 (IUCN). Other notable tree
species found are the Eschweilera
fanshawei also native to Guyana,
Eschweilera potaroensis, endemic to
Guyana, the timber species Pouteria
penicillata, wallaba (Eperua spp.),
mora (Mora excelsa), silverballi
(Ocotea spp.), bullet wood (Manilkara
bidentata), and the important food
species kokerite (Attalea regia), I1té
palm (Mauritia flexuosa) and arapipi
(Astrocaryum jauari). Some of these
species line the edges of permanent
or seasonal waterbodies, and of

course populate the forested areas.

The seasonally flooded savannah
consists mainly of grasses
interspersed with shrubs and bush
islands of major tree species and/or
palms. According to Daniel (2001), the
grasses Trachypogon plumosus and
Andropogon angustatus are the most
dominant, while occasionally scattered
among the grasses are shrubs such
as the Curatella americana, known
locally as the “caimbé” or “sandpaper
tree”, the huria or nance, Byrsonima
crassifolia, Plumeria inodora and
Mystaceae. Closer to waterbodies
within the savannahs, palms such

as Ité palms and the razor grasses
(Seleria spp.) are primarily found.

The aquatic vegetation within
waterbodies is also diverse and
includes emergents, which would
include many of the palms and

other tree species, as well as the
floating and submerged types of
vegetative cover. Some of the floating
and submerged aquatic vegetation
include giant Amazonian water lilies
(Victoria Amazonica), floating grasses,
Nymphaea (small lilies), water
hyacinths, bisi-bisi, and spike rushes.

3.6.5 Faunal Species

3.6.5.1 Fish

The Rupununi, well known for fish
diversity, is the spawning area for
fish species migrating from the
Essequibo and Rupununi Rivers. De
Souza, et al (2012) recorded 433
species, 13 orders, and 41 families
(during 2002, 2003, 2005 and 2007),

173



174 Jabiru stork (Jabiru mycteria) © WWF-Guianas / Aiesha Williams

udy however only yielded 64
species with 56 genera, 23 families
and 6 orders, owing to the rapid nature
of survey (see Appendix 2). This
area shows a significant diversity of
fish, possibly the most important for
South America due to the seasonal
connection to the Amazon and the
diverse habitats Watkins and Oxford,
2010. With respect to endemics,

the catfishes - Peckoltia braueri,
Hypancistrus sp., Typhlobelus sp.,
Panaque sp., and Peckoltia cavatica
are found within the Rupununi region
and in no other location in Guyana.
The highly endangered Arapaima
gigas, one of the largest, scaled
freshwater fish in the world, is also
endemic to this region of Guyana.

Across the Rupununi region, there
is a good representation of species
from the various feeding guilds,

with the expected dominance of the
general carnivores such as Hoplias
malabaricus and Pygocentrus
nattereri and only a few planktivores
(Anchoviella sp).

Many of the species of the Rupununi
wetlands are valuable for food, the
pet trade and sport fishing. The only
species of conservation value is

the Arapaima gigas, for which the
North Rupununi communities have
developed and implemented (to some
extent) a management plan for the
species. However, on the grounds of
unigueness alone, the entire area is
valuable for conservation.

quatic birds

Approximately 643 species of birds
inhabit the Rupununi, a number of
which are endemic to the Guianas,
showing a high diversity when
compared with the total species count
for the whole of Guyana (more than
800 species). A number of these are
considered species of Important Bird
Areas (IBAs) by Birdlife International.
The waterfowl of the Rupununi include
ducks, herons, gallinules, kingfishers,
ibises, terns, swallows, kites, storks,
grebes and a few specific species
such as the Neotropical cormorant,
anhinga, black skimmer and osprey.

Among some of the more attractive
species the Jaburi Stork (Jabiru
mycteria), a CITES Appendix |
species (prohibited for trade), is

the largest wetland bird of South
America. Jabirus are easily seen in
open wetland areas like the Rupununi,
either striding across shallow waters
or savannahs, or flying above
waterbodies with their expansive
wings. Largely dependent on wetland
ecosystems, they forage mainly by
wading in shallow water, feeding
primarily on fish, aquatic macro-
invertebrates, molluscs and small
amphibians.

The maguari stork (Ciconia maguari),
another notable species dependent
on this wetland, feeds on frogs,
crustaceans, small reptiles such as
caiman hatchlings, and small-sized
fish. These storks feed in shallow
water and in temporary pools as the
water diminishes. The purple gallinule
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‘grey-necked wood-rail inhabit the
lakes and ponds, and are primarily
insectivores. Waterfowl such as ducks
prefer dry land rather than the water.
They have shorter beaks which make
it easier to feed on grass, aquatic
weeds and aquatic invertebrates,
which are quite abundant in the
wetlands.

A number of raptors are also found
within the Rupununi wetlands,
which include the black-collared
hawk (Busarellus nigricollis), osprey
(Pandion haliaetus), slender-billed
kite (Helicolestes hamatus), and snail
kite (Rostrhamus sociabilis). These
birds prey on fish and reptiles, and
the laughing falcon is a specialist: a
snake-eating raptor. The caracaras
are scavengers and invertebrate

consumers. The kites, with the
exception of the snail kite, feed mainly
on insects and small vertebrates,
helping to control their populations.
Snail kites feed exclusively on apple
snails of mainly the Poaceae species.
As previously described, they possess
specially modified bills, like a natural
toolkit, to extract the soft body of the
snail out of its shell, leaving the shell
intact. Thus, they can be termed as
the keystone predator for these snails,
and are crucial in controlling the
populations of these species of snails
within the lakes and other wetlands of
the Rupununi area.

A few migratory species also inhabit
these wetlands, including the least
tern (Sterna antillarum), spotted
sandpiper (Actitis macularius),

osprey, piratic flycatcher (Legatus
leucophaius), tropical kingbird
(Tyrannus melancholicus), and fork-
tailed flycatcher (Tyrannus savanna).

Toucans, parrots, parakeets and
macaws, some raptors, over a

dozen species of flycatchers, tyrant
flycatchers, antbirds, cuckoos,
swallows, woodcreepers, wrens,
swifts, woodpeckers and other
groups inhabit the Rupununi area.
The raptors include the gigantic
harpy eagle (Harpia harpyja), crested
eagle (Morphnus guianensis), king
vulture (Sarcoramphus papa), and
yellow-headed vultures (Cathartes
sp.). Vultures, eagles and caracaras,
being carrion eaters and scavengers,
act mainly as carrion disposers. The
foraging behaviour and diet of such
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species of invertebrates such as
millipedes (decomposers) are very
vital for the health of the wetlands
ecosystems.

3.6.5.3

Other vertebrates
(mammals, amphibians and
reptiles)

The keystone aquatic mammals
within the wetlands of the Rupununi
are the giant river otter and the
Neotropical river otter. These species
are maijor fish predators and help to
regulate the populations of several
species of fishes. The giant river
otter is classified as Endangered by
the IUCN, and listed on Appendix 1

Black skimmer (Rynchops niger) © WWF-Guianas / Waldyke Prince
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(Most Endangered) by CITES, the

Convention on International Trade in
Endangered Species of Wild Fauna

and Flora. The Neotropical otter is

classified as Threatened by the [UCN.

The herbivorous aquatic mammal,
the capybara (Hydrochaeris
hydrochaeris) is also found within

this wetland. In addition all four of

the species of caimans in Guyana

are found in the Rupununi; these are
the black caiman (Melanosuchus
niger), spectacled caiman (Caiman
crocodilus), and two species of dwarf-
caimans; Schneider’s (Paleosuchus
trigonatus) and Cuvier’s (Paleosuchus
palpebrosus). The caimans are one of
the aquatic species pivotal to keeping
these aquatic ecosystems healthy
and balanced; similarly the caiman
depends on the wetland ecosystem
at every part of its life stage. The
presence of such diversity of
caimans, as one of the top predators
of freshwater wetland systems,
reflects the health and richness of the
Rupununi wetlands.

Black caimans, a CITES Appendix |
species, are found widespread within
the Rupununi wetlands, especially to
the North. Their diet is made up of a
range of both aquatic and terrestrial
species. A young black caiman’s diet
is similar to that of all crocodilians,
and includes small vertebrates such
as fish and frogs, and aquatic macro-
invertebrates. Adult black caimans
prey on animals as large as the
capybara. Carrion is also consumed
willingly by caiman- of all sizes.

The black caiman has an extremely
important role in the Rupununi

ecosystem, and its loss would have
far-reaching negative implications for
the ecological balance of the Rupununi
ecosystems.

The Rupununi waterbodies are

also inhabited by several species

of aquatic turtles, including the
Threatened (IUCN) giant river turtle
(Podocnemis expansa), and yellow-
headed river turtle (Podochemis
unifilis). The river turtles are both
predators and scavengers, feeding on
carcasses of small-sized vertebrates.
Their reproductive behaviour and
survival are dependent largely on
the seasonal variations occurring-in
these wetlands. As with most aquatic
turtles, the river turtles depend on the
sandy river banks to lay and hatch
their eggs in, hence during extreme
weather patterns causing longer
periods of overtopping of banks, — -~
turtle reproduction and survival are
threatened. Turtle layi
hatching on sandy river
banks also expose them . .

= - Red brocket deer (Mazama americana) © WWF-Guianas / Aiesha Williams 179
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Black caiman (Melanosuchus niger) © WWF-Guianas / Waldyke Prince

to raiding of nests both by humans and
animals.

There are a number of other important
aquatic species of turtles, snakes,
frogs and other herpetofaunal species
within the Rupununi wetlands.

There are as well a number of
terrestrial mammal species inhabiting
this region, ranging from all eight
species of Guyana primates, rodents,
the ungulates including two deer, the
Brazilian tapir, to six species of cats
including the jaguar.

3.6.5.4
Macro-invertebrates

Some of the aquatic macro-
invertebrates encountered within the
Rupununi wetlands are freshwater
shrimp, family Palaemonidae
(Crustacea: Decapoda) and crabs

of the family Pseudothelphusidae
(Decapoda), snails of the genus
Aylacostoma (Gastropoda: Thiaridae).
These snails are known from areas
with clear, flowing water and high
oxygen content. Additionally, two
species of freshwater clams, Castalia
sp. and Paxyodon sp. (Hyriidae), were
observed particularly at Surama Pond
and Oma Pond.

With respect to the insect groups,
64 families were recorded. The total
aquatic and semi-aquatic families
numbered 11, with the most notable

aquatic families being the diving
water beetle, (Dytiscidae), the
whirligig beetle (Gyrnidae), the water
beetle (Hydrophilidae), the water
stick insect (Nepidae), the water
skater (Gerridae), the dipteran and
coleopteran larvae, and the naiads
of Odonata and Ephemeroptera. The
largest proportion of families (56%)
collected were associated with the
wetland ecosystem; however, few
species among these families were
semi-aquatic.

Common groups that were collected

from most areas included Coleoptera:

Chrysomelidae, Alticinae (flea
beetle), Eumolpinae (leaf beetle),
Coccinellidae (ladybird), Diptera:
Culicidae (mosquito), Syrphidae
(hoverfly), Ephemeroptera: Baetidae
(mayfly), Hemiptera: Cicadellidae
(leafhopper), Gerridae (water skater),
Hymenoptera: Formicidae (ants),
Odonata (damselfly) and Orthoptera:
Acrididae (grasshopper).

A large number of groups were
herbivorous, feeding on plant tissues
such as leaves, stems or flowers.
Predators also dominate this area;
for example, the ladybird beetle, a
predator of Sternorrhyncha (aphids,
whiteflies, scales, mealybugs), was
prevalent within this area, near the
edges of ponds or lakes. Other
predators include those that feed on
aquatic dipteran larvae and are also
fed upon by fishes.
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General site characteristics

3.6.6

Land ownership,
management and
conservation

The Rupununi wetlands have not
formally been designated with any
conservation status; however the
North Rupununi Wetlands area was
prioritized as a proposed Ramsar Site,
once the country becomes a signatory
to the Convention. The lwokrama Rain
Forest Reserve, established under
the lwokrama Act in 1996, and the
Kanuku Mountains Protected Area
(KMPA), declared under the Protected
Areas Act in 2011, are respectively
located on the periphery and within
the area defined here. lwokrama is
approximately 3,600km?, (371,000
hectares or 1.6% of Guyana’s

land mass), and is dedicated by

the government of Guyana to the
global community for research into
the sustainable management and
utilization of tropical rainforest for the
benefit of Guyana and the international
community. The exact demarcation

of the KMPA is being worked out; the
area is approximately 5,000km?, with
Conservation International-Guyana
acting as the lead agency during the
planning and consultation process
prior to the PA establishment.

Apart from the two protected areas,
there are also the titled lands of
more than thirty Amerindian Villages
with their respective elected Village
Councils. In addition, the North
Rupununi District Development

Aerial view of Iwokrama Field Station/River Lodge © WWF-Guianas / Aiesha Williams
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epresentative
e established
ations which
ffairs of the communities
he North Rupununi (associated
with Iwokrama), and the South
upununi (associated with KMPA).
Both organizations provide forums
for discussions and decision-making
among village leaders, and with
external bodies such as international
conservation organizations. These
communities are made up of primarily
Makushi and Wapishana, and, to a
lesser extent, Arawak Amerindian
peoples.

These non-governmental and
community-based institutions, along
with the relevant government agencies
and local and international NGOs and
funding institutions such as WWEF-
Guianas and the Karanambu Trust,
work together for the conservation

of the broader area. Many of these
efforts are wetlands management
initiatives, especially within the North
Rupununi area.

3.6.7
Wetland community
conservation initiatives

There are a number of community
conservation initiatives which
contribute to the maintenance and
management of this diverse area.
These initiatives are managed by
community groups, organizations and
the respective Village Councils of

the Rupununi, often in collaboration
with conservation organizations

and donors, along with the relevant
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wetlal ation initiative
include those that target particular
aquatic species such as the black
caiman, river turtles, arapaima and
other fish species, and giant otters.
However there are also initiatives
which work at the ecosystem or sub-
ecosystem level, such as the North
Rupununi Adaptive Management
Plan (NRAMP) initiative, and the
community-based conservation
programmes of the lwokrama
International Centre, Karanambu
Trust and Conservation International.
Organizations like WWF-Guianas,
the IUCN, and a number of research
institutions and universities support
the conservation work of this important
area. The projects and initiatives over
the years have been innumerable, and
may have exceeded any other single
location in Guyana, contributing to the
maintenance of the biodiversity of the
area and the existing collection of data
and resources.

3.6.8
Anthropogenic influences
and uses

With the high diversity of fish species,
fishing is a main livelihood and to
some extent an economic activity

of the Rupununi wetlands. Decades
ago, commercial harvesting of the
arapaima fish, to supply both the
Rupununi but primarily the Brazilian
market, had driven the Arapaima
population to endangered status.
The species is now protected, and a
management plan has been passed
to ensure monitoring and regulated
harvesting by residents. Some other
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Researchers (residents of Rupununi communities) during river turtle monitoring, measuring
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food fishes may
however be facing
a similar threat if
a comprehensive
approach to
fisheries and
wetlands
management is
not undertaken.
Wildlife harvesting
is also important,
both on a domestic
and commercial
scale. Decades
of harvesting
has depleted the
population of many
of the targeted
species, although
the area remains
a very biologically
t diverse area
because of the
many conservation
initiatives, all
carried out with
the participation of
the communities,
as well as
several led by
the communities
themselves.
Many species
such as black

caimans, river turtles, some parrots
and macaws, especially the sun
parakeet, songbirds such as the towa
towa (Oryzoborus angolensis) and
twa twa (Oryzoborus crassirostris)
and other species hunted as “bush
meat” (wild meat) have been depleted.
Nonetheless conservation efforts
aimed at these targeted species
have revived some populations.

With the gradual development of the
Lethem—Georgetown road corridor,
increased access to the area will
further pose tremendous threats to
the area and to its species. More
commercial opportunities for the
region’s resource will arise. The
increase of traffic is likely to increase
pollution and the spreading of pests,
illegal wildlife harvesting and trade,
human and animal diseases and some
invasive species. The completion of
the Lethem-Georgetown road poses
threats to the biodiversity of the
wetland.

Agriculture, though not widespread
and at varying scales, is an important
socio-economic activity occurring in
the Rupununi, and another influence
on the ecology and landscape of

the area. Cattle ranching (small- to
medium-scale) and small household
farming with some more extensive
farming for commercial purposes,
are conducted in various parts of

the Rupununi area. Ranching has
decreased over the years, though
slash and burn farming is still
practiced. These activities have had
some influence on the ecology of the
area; however since they have not
been extensive of recent, the impacts

Oil exploration along the Linden-Lethem road within the Rupununi © WWF-Guianas / Aiesha Williams
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may be minimal. Rice cultivation,
along with petroleum drilling and

gold mining, are being explored,

and may be emergent industries in
the Rupununi. Such industries will
pose major ecological pressures,
especially associated hydrological
consequences and associated human
immigration issues, and also social
and health risks. The impacts include
land and water pollution, disruption of
hydrological flow, seasonal variations
and habitat loss.

3.6.9
Beliefs/culture/rules linked
to Rupununi wetland sites

According to Fernandes (2004),
“traditional Makushi culture included
seasonal rituals and festivals,
parishara dances and songs and

a rich folklore involving complex
human-animal myths and food
taboos. Although many of these
beliefs and practices have faded, a
significant amount of Makushi culture
is retained today in the remnants of
the local folklore among the Rupununi
communities.”

Arapaima (or Warapa in Makushi)
(which is an endangered species of
the North Rupununi wetland), plays
a large part in the folklore, with a
number of myths and taboos related
to the species. Fernandes (2005)
reports that, “the most frequently
mentioned belief was that the
Arapaima represented an “Oma”,
which is a Makushi word for demon
or evil spirit”, a belief which though
treated dismissively nowadays, was
told in eleven communities. In the

traditional Makushi culture, there was
a supernatural belief that anyone
who consumed the arapaima fish
would be tormented by evil spirits,
leading to illnesses such as scales
and bursting sores on the skin, or they
would be electrocuted by lightning.
As a result, this fish was never
harvested until in the 1900s, when
outsiders (settlers from the coast and
other indigenous groups as well as
Brazilians) came and harvested the
fish, at first for subsidence and later
for money. Fernandes mentions that
“other, less prevalent, myths spoke
of the Arapaima as the ‘mother and
father of the fishes’, or that the fish
are ‘like human beings because the
[sic] nurse their young with milk’. The
belief that the Arapaima represented
the “mother and father of the fishes”
is particularly interesting, since the
story follows that if Arapaima are
killed, the other fish would disappear
from lack of care. This belief parallels
understanding of the North Rupununi
ecology, were [sic] the Arapaima is a
top predator and a keystone aquatic
species.” (Fernandes, D. 2005.)
There is also another belief about
fish. At the beginning of the rainy
season, many species of fish are
known to migrate upstream to spawn.
During this period of time, a Makushi
injunction is practiced which forbids

a pregnant woman (and her partner)
from participating in fishing parties.
The belief is that when the fish smell
the couple, they will be unable to
continue their journey and thereby fulfil
their biological destiny. Some of the
affected fishes will then swim close
to the river bed while others will even
turn back from their migratory journey.
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4.1
Protection of wetlands

Guyana’s Protected Areas Act 2011
brings the country closer to being

on par with its neighbours on in-situ
natural resources management. At
present, most of Guyana’s protected
areas are geared mainly towards
protecting terrestrial ecosystems,
though with spin-off effects of
conserving water resources and
species, especially in those protected
areas which have sections of
wetlands. The national protected
areas system should however also
specifically target protection of
wetland ecosystems. Coupled

with the ratification of the Ramsar
Convention on Wetlands and
designation of Ramsar Sites, a
protected areas system incorporating
wetlands conservation will greatly
improve the protection of Guyana'’s
wetlands. This combination, of a
national framework and legislation as
well as international commitments,
will help to strengthen the country’s
wetland conservation and
management efforts. The declaration
of Shell Beach in 2011 as a protected
area partially promoted wetlands
protection; the omission, however,

of more of the aquatic area from the
PAS limited the wetland protection
benefits. Guyana’s protected areas
system should seek to incorporate
more ecological criteria in the
identification and demarcation of
areas. The most appropriate location
and size of an area, selected with

good ecological information and with
socio-economic considerations, will
improve the success of protected area
systems in maintaining wetlands and
other ecosystems and functions.

In addition, various categories

for protected areas, from strict
protection to sustainable use,
should be applied to wetlands
protection in Guyana. This is
necessary since the country’s
economy and Guyana’s peoples
entirely depend on the exploitation
of the land’s natural resources £
for sustenance and development.
Applying such an array of protection
statuses for designation of various ’f "
protected areas, in this case wetlands,
will help to improve utilization

of resources without detriment.
Promotion of broad stakeholder
participation, in Amerindian protected =
areas, and in other categories of
protected areas permitting managed
use within the 2011 Protected Areas
Act, is a facet vital and integral to

areas that are protected for their
wetland functions.

The Rupununi and North West
wetland sites especially require
such a dedicated, people-

centred approach to any form of
protected areas management,
once designated. The Shell Beach
protected area within the North West
wetlands, established as a “managed
resource protected area” under the
Protected Areas Act 2011, and in !
consultation with associated local

Ringed kingfisher (Megaceryle torquata) © WWF-Guianas / Waldyke Prince 193




Giant river turtle (Podocnemis expansa) © WWF-Guianas / Erlan Sleur

communities, permits recreational and
“low-level ecologically sustainable
activities”. Though this area is small
in comparison to the larger wetland
area, the protected section seeks

to maintain an important part of

the ecosystem. There is, however,

a need to define what should

be considered as ecologically
sustainable activities within a
legally established protected

area. These sustainable activities
permitted within this protected area
should not hamper or alter wetland
ecosystem functions and services of
the wider North West wetlands. The
management system developed for
Shell Beach should incorporate the
invaluable wetland goods and services
utilized by local peoples and the
broader country, but also its dynamic
hydrological characteristic, including
tidal and freshwater river system
influences and endangered and
globally threatened species. Protecting
the Rupununi wetlands is similarly
vital and requires an approach which
considers both the local communities’
needs and the value of wetland
ecosystems. Especially for those sites
on the borders with Venezuela, Brazil
and Suriname, it is more beneficial
that a transboundary approach be
incorporated also.




4.2
Wetlands ecosystem
management

In order for wetlands management

in Guyana to be sustainable and
effective, deliberate interventions and
not merely spin-offs of terrestrial and
other types of ecosystem management
and conservation initiatives should be
allowed to occur. Wetland ecosystems
are highly sensitive to anthropogenic
and other external effects, and, as
one of the most biologically diverse
ecosystems, need systematic and
well-targeted interventions. The
wetland protection benefits derived
from the management and protection
of other types of ecosystems may just
be enough for wetlands with limited
threats and pressures. However,
since wetlands are naturally dynamic
systems, with increased pressures
and demands, it will be necessary to
investigate the special characteristics
of such areas and devise management
systems that take account of their
interconnectedness with other parts of
the entire wetland system.

There are a number of existing
instruments, approaches and lessons
to be learnt as guidance in order to
ensure effective preservation of these
wetlands and their associated values
and functions. These approaches span
the spectrum, from strict protection

to managed and wise-use initiatives.

In neighbouring Suriname, for

example, the concept of multiple-use
management areas (MUMA\) is applied
to the management of some of its
coastal wetlands. This idea may well
be applicable to some of Guyana’s
wetlands, and is in need of further
investigation. The Ramsar Convention
on Wetlands encourages a wetlands
wise-use approach for the utilization
of wetland resources and its services,
and as a mechanism for sustainable
development (see Ramsar Mission
Statement). The convention looks at
wetlands management holistically,
ensuring that not any one approach
or mechanism is applied, but rather

a combination. It also promotes
management at a basin-wide scale,
taking into consideration integrated
river basin management, thereby
maintaining all the services and
resources of the entire ecosystem.

In the context of Guyana, a cross-
sectoral and decentralized form of
management is encouraged, ensuring
that decision-making, policies and
management actions are well guided
and inclusive of all stakeholders.

This also ensures both ecological

and socio-economic benefits. Of
course this wise-use approach is

not without challenges, since it
incorporates an all-encompassing
approach to management. Guyana
has limited resources, experiences
and information, and these limit its
capabilities and interventions on
wetlands. Undertaking comprehensive
wetlands management requires

up-to-date and detailed information
on the ecosystem, including the
characteristics and services of the
area. It is also necessary to have

a good spread of professionals
and other personnel, experienced
and willing to learn wetlands wise-
use approach. Financial resources
are necessary as well to ensure
successful interventions. These
are definitely challenges posed to
Guyana’s efforts to maintain the
wetland ecosystems and services.
However, opportunities exist to support
national initiatives via the Ramsar
Convention and its Secretariat,
which provide a suit of resources
to aid the efforts of Contracting
Parties. In addition, local, regional
and international organizations and
individuals have also shown interest in
advancing wetlands management.

Many Guyanese, especially
Amerindian communities, depend

on wetland resources and services
for their livelihood and well-being, so
deliberate efforts towards wetlands
management and the wise-use
approach should also include local
peoples. It is necessary to utilize as
well as ensure that community-based
initiatives and traditional ecological
knowledge systems play a major

role in wetlands management for
Guyana. Often local communities
can be the ones to initiate and lead
management interventions, but certain
capacities need to be enhanced to
ensure success and longevity of

such initiatives. The participation of
local communities should be included
at all levels of decision-making,
including the implementation of those
decisions. Appropriate mechanisms
such as policies, awareness-raising
and capacity building can ensure
local peoples’ active participation in
wetlands management.

The experiences of North Rupununi
communities with the support of the
North Rupununi District Development
Board (NRDDB) are a good example
of wetlands community-based
initiatives. The steps that were

taken to manage the vital resource,
arapaima (Arapaima gigas) in that
wetland are worthy of emulation.
Though there may be hiccups and
challenges, the North Rupununi may
well be the best and oldest example
of community participation in resource
management as a whole within
Guyana. These experiences can be
shared, both successes and failures,
with other areas, especially throughout
the wider Rupununi. The North

West area has also applied some
community participation as a part of
management interventions. However,
there needs to be much more of a
concentrated effort towards wetlands
management in the longer term. The
Amerindian Act 2006, and other legal
instruments have laid the basis for
Amerindian and local community
participation in the country’s

natural resource development and
management.
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As a further consideration, critical
direct threats to wetlands should be
readily assessed and addressed in a
holistic manner, integrating people’s
needs, the importance, and the
ecological functions of the site. For
Guyana generally, gold mining, and to
some extent, logging, unsustainable
large-scale agriculture, and the
wildlife trade pose the greatest threat
to wetland resources management
However, there should be detailed
threat analyses to first understand
the impacts on each wetland site.
The threat analyses should be
continuously updated, since with
time and prolonged exploitation the
impacts can change. Understanding
the critical threats to a specific site
helps to concentrate management
interventions where they are most
needed. Knowing the nature of

m*"‘?"_h

the impacts of the thr
determine the best |nte
thereby influence a better and holistic
approach, which is necessary to
ensure maximum effectiveness in
protecting wetlands.

National legal instruments which target
wetlands and water conservation and
management are also necessary to
ensure deliberate efforts are aimed at
maintaining this important ecosystem.
Well-placed policies targeted towards
the protection and conservation

of Guyana’s wetlands ensure that
developmental activities are not to

the detriment of wetlands, and careful
measures are taken to conserve and
protect this type of ecosystem. Where,
for instance, activities such as oil and
gas exploration and rice cultivation are
under consideration for the Rupununi

Spectacled caiman, wide-spread throughout most wetlands of Guyana © WWF-Guianas / Waldyke Prince 199
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Designing wetland conservation
objectives within national policies
and devising a specific wetland
protection framework, not only
legislates the protection of wetland
ecosystems, but also all other
ecosystems and resources associated
with wetlands, as well as the well-
being of the national economy and
local communities, since all are

tied to wetlands ecosystems with
their numerous functions. National
legal instruments guide local and
national actions for the maintenance
of wetlands, which not only will have
local benefits but also regional and
international benefits, especially

sessments need to
be one of the obligatory requirements
Jor the protection of such fragile
landscapes.

evident in the nation’s achievements
in international commitments. With
well-designed, wetland-friendly
policies, local agencies, government
departments, communities and
districts are legally committed to
working closely. This can minimize the
process of decision-making becoming
isolated, which, if decisions are then
not applied, will be to the detriment
of wetlands and their associated
functions. Legal frameworks can also
create incentives for protecting and
conserving wetland sites, especially
for investors and developmental
projects, and also community
initiatives. Some existing legal
instruments require review in order

to maximize efforts for wetlands
conservation and management.



4.3
Concentrated wetland
research

Collecting detailed information

on specific wetland sites and

their associated functions and
characteristics requires attention.
From the onset research is necessary
to gather baseline information

and to determine the status of

the site, but even as time passes
and management needs increase,
additional and more detailed and
specific information will be required
to inform management decisions. As
highlighted previously, there exists
limited and fragmented information
on wetlands in Guyana. However, the
most detailed information gathered
so far has been for the Rupununi
and the North West wetlands.

Hence there is still much needed
research work to be carried out for
Guyana’s wetlands. It is necessary
to have an improved knowledge
base on areas such as the ecological
character and services, the impacts
of various exploitation activities,
socio-economic benefits, associated
traditional knowledge, and even on

what works best for site management.

Such important research work will
help to guide the development of
approaches for management, for the
types of developmental and usage
activities the wetlands can tolerate,

the opportunities for payments for
ecosystem services and other such
crucial choices. The information
gathered during research no doubt
enhances and supports the ability of
decision-makers to manage wetlands,
and becomes the basis for grounds to
protect these ecosystems. Continuous
monitoring is also vital to give an
insight into changes occurring at the
site, and the possible cause of such
changes. Site monitoring can also
highlight the kinds of approaches
applicable and best for the site over
time, and be a guide if changes

in management approaches are
necessary.

There are a number of research
institutions, conservation
organisations, grant agencies and
universities interested in and willing

to conduct wetland research projects.
Guyana, however, needs to tap into
these resources and opportunities.
Further research topics also need to
be identified, since not only information
on the wetland areas is needed, but
also on the mechanisms and facilities
which are required to enable research
work to take place. Also essential is
addressing intellectual property rights,
both in protecting researchers- local
and foreign, and the sovereignty of the
country’s resources.

Some wetlands research topics
of importance to Guyana

Carbon stock assessments of a site

Ecological succession in semi-natural wetlands
Migration of fish species

Impacts of specific exploitation activities on wetlands or
the particular resource or species

Species population trends and distribution — especially
for globally endangered and traded species

Traditional ecological knowledge related to the
wetlands, species, particular communities or peoples
Climate vulnerability and the role of particular wetlands
in mitigating climate change impacts

Extent of mercury and other forms of pollution on
specific wetland ecosystems and species

Valuation of the ecosystem benefits and services
Site-specific, detailed inventories and assessments
Medicinal, cosmetic and other properties of wetland
species

Status of wetlands — comparative trends

Effectiveness of wetland management interventions




4.4

Incorporating wetlands
into the low carbon
development agenda

Wetlands are important reservoirs for
carbon, about 14% of the terrestrial
biosphere carbon pool, and should be
incorporated and managed as such
within any low carbon development
scheme. However, at present,
Guyana’s Low Carbon Development
Strategy (LCDS) focuses primarily

on forest carbon. Wetlands not only
play a role in carbon sequestration
but also provide other important
ecosystem services which serve in
storing or preventing emissions of
carbon and other gases which have
a role in climate change. Draining
and degradation of wetlands increase
the release carbon and other forms
of greenhouse gasses, thereby
compromising efforts towards low
carbon development. Both freshwater

and marine wetlands are vital facets , L)
of the low carbon development of gy & %
Guyana. Mangrove swamps also o !
can be considered one of the most
important in carbon sequestration
among marine ecosystems.
Wetlands help in maintaining fo
ecosystems, and similarly healthy

forests contribute to healthy wetland Y . _ b o # -

hence the roles of both sh e - _ et 4% }‘J . ;’-

examined simultaneousl p 1 W

sequestration and Guyane ¢ 4] X :

It is therefore important to i i ol W
| i

this important ecosyste of
Guyana’s wetlands and examine

application in carbon schem
Guyana implements its
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Gold mining within Guyana’s interior areas affects wetlands and waterways © WWF-Guianas / Aiesha 203
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Field survey checklist for data collection
Species - Flora and Fauna
Primarily dominant aquatic species. Also specifically noting: any endemic,

endangered, invasive, threatened, socio-economically important species.
Identification as far as possible should be down to species level.

Fauna:
* Aquatic macro-invertebrates (insects, crustaceans, molluscs)
*  Amphibians
* Fish
+ Aquatic mammals
* Reptiles

+ Aquatic birds

Flora:
» Bank/Shore vegetation
+ Water body vegetation (floating and submerged)
* Influential surrounding vegetation (in the landscape- define distance from
main water body)

Physical and hydrological features
» Source of wetland; recharge origins; outputs
+ Drainage; water-flow regime; tidal influences and stream order
+  Water type (black, white, clear)
* Influential catchment area/river basin

Water Quality:
»  Conductivity
+ Temperature

. pH

+ Dissolved oxygen
+ Salinity

« TDS/TSS

*  Mercury

Dimensions of major water body:
(with information on changes during season once available)
+ Area (km?)
+  Width
* Length
* Depth (also water-level fluctuations)

+ Bottom substrate type: organic, sand, clay/mud, rocks
* Shoreline/ bank substrate: organic, sand, clay/mud, rocks

Climate for the general location: (from Hydromet)
* Average rainfall
* Relative humidity
* Temperature range

Other data needed in relation to the wetland:
+ Settlements/ towns/villages
* Land uses (present and proposed)
* Industrial activities
* Subsistence activities
« Extraction (water and species)- commercial and subsistence
» Social and cultural values



Species List
Note: This Species List in no way represents a complete list of all species for
each wetland site, but contains available data garnered through WWF’s 2010-

2011 field survey, and from other prior field surveys, as well as from reports of
residents near the site areas.

Appendix 2 Key:
\ Indicates species presence

\* Indicates a species recorded in previous surveys,
but not during the WWF 2010-2011 wetlands field survey

X Indicates anecdotal evidence of species presence,
reported via formal and informal interviews

N/E Status was not yet evaluated
- Information not available or known, or not applicable

The word ‘wetlands’ in the Habitat column indicates an aquatic species, with
the accompanying adaptations for living in wetland ecosystems.

The word ‘associated’ indicates a terrestrial species, which is however
closely associated with wetland ecosystems.

IUCN term definitions summarized*:

CRITICALLY ENDANGERED - A taxon is Critically Endangered when it is
facing an extremely high risk of extinction in the wild in the immediate future.

ENDANGERED - A taxon is Endangered when it is not Critically Endangered
but is facing a very high risk of extinction in the wild in the near future.

VULNERABLE - A taxon is Vulnerable when it is not Critically Endangered or
Endangered but is facing a high risk of extinction in the wild in the medium-term
future.

LOWER RISK - A taxon is Lower Risk when it has been evaluated, does not
satisfy the criteria for any of the categories Critically Endangered, Endangered
or Vulnerable.

Taxa included in the Lower Risk category can be separated into three
subcategories:

Conservation Dependent - Taxa which are the focus of a continuing
taxon-specific or habitat-specific conservation programme targeted
towards the taxon in question, the  cessation of which would result in
the taxon qualifying for one of the threatened categories above within a
period of five years.

Near Threatened - Taxa which do not qualify for Conservation
Dependent, but which are close to qualifying for Vulnerable.

Least Concern - Taxa which do not qualify for Conservation
Dependent or Near Threatened.

DATA DEFICIENT - A taxon is Data Deficient when there is inadequate
information to make a direct, or indirect, assessment of its risk of extinction
based on its distribution and/or population status. A taxon in this category may
be well studied, and its biology well known, but appropriate data on abundance
and/or distribution is lacking. Data Deficient is therefore not a category of threat
or Lower Risk. Listing of taxa in this category indicates that more information

is required and acknowledges the possibility that future research will show that
threatened classification is appropriate. It is important to make positive use of
whatever data are available. In many cases great care should be exercised

in choosing between DD and threatened status. If the range of a taxon is
suspected to be relatively circumscribed, if a considerable period of time has
elapsed since the last record of the taxon, threatened status may well be
justified.

NOT EVALUATED - A taxon is Not Evaluated when it is has not yet been
assessed against the criteria.

* For more information please see the IUCN website:
<http://www.iucnredlist.org/static/categories_criteria_2_3>

207



pajeloossy

pajeloossy

Spuepspn
Spuepispn
Spuepspn

SJIENETYY

spuepem

SpuepeM
spuepeM
spuepeM
spuepem
spuepaM
pajeloossy
spuepem
spuepam
spuepem

pajeloossy
spueispn

spuepepm

spuepispy

spuepem
spuepem

spuepem

pajeloossy

pajeloossy

pajeloossy

pajeloossy

pajeloossy

aoualsyald
jejqey
Arewd

uleouo) jsesn
ulaouo0y jsesn

ulaouo) jsean
ulaouo) jses

ulsouo) jses
Jusioyaq ejeq

ulsouo) jses

ulaouoy jsesn

uladuo jsean

ulaouoy jsesn
ulaouo) jsesn
ulaouoy jsesn
uladuo) jsesn
ulaouo) jsesn
ulaouo) jsesn
ulaouo) Jsesn
ulsouo) jses
uladuo) isesn
ulaouoy Jses
ulaouo) ises

uIBoU0Y) J1SBST
uI8oU0Y JseaT

1A
‘uI9oU0Y JseaT

11l ‘ul@duo) jses]
uIa2uo0? JseaT
L'EA

pauajeaiy] JeaN
uIadu0Y Ises
uJa2uU0Y Jsea
uIdduU0Y Jsea
L'EA

pauajealy) JeaN
uJddU0Y Jses
uIaduUo0Y Jsea
uJdduU0Y Jsea
uJs2uU0Y Jsea
uJa2uU0Y Isea
uId2U0Y Jsea

A
‘u18ouo) Jsesn

uJ92u0) Jsea
III'A ‘uidduo) jsea’]
11I'A ‘uladuo) jsea

A
‘uIsou0) Jses

S3LI0
1siipay NONI

- = = =

- = = =

7
Moob
>
Mob
S,
7
Mop
\(
7
MoN
P
MoN
Mop
MoN
7
Mor
MoM
NS
MoN
o>
>
7
7
s
7
MoN
\(
7
Mop
NS
MoM
7
MoN

Essequibo Coast

«

- = v e v = = =

s
o+

—

Lower Canje Basin

- = = = =

i

—

EDW Conservancy

- - = - =

-

MMA Conservancy

Sddig - ¢ XIdN3dddV

Jefiybiu pajiel-seppe]
Jefiybiu 1sea
Jefybiu ysnioe|g

paigynd
pabuim-mojiems

uoiay Jabi) Jusdsayny
uolay Jab pajelose
uoiay padden

uosay
-1yBiu paumoio-yoe|g

uoJay-ybiu
PAUMOID-MO|[BA

uoJay pPainojodLI]
ja1b68 Amous
uolay-an|q s
uolay pa||ig-leog
uoJay pajeuis
10160 ae)n

uoJay 1000)

10169 jeBI
upsiduwi

YIms wied pajie}-yo4
ums padwini-Asis)
efuiyuy

Yonp
Buipsium paoej-sium

Yonp Buipsiym
paillag-yoelg

¥onp Aroasnpy
a1 Jleus

a|bes paysal)
9y papeay-Aalg
8]y snoaquin|d
31 Pa||ig-I8pus|S
a|bea Adiey

jmey suel)

S} pa|le}-mojlems
Jaluey pabuim-6uoT]
JMey xoe|g 1esio
JMey euuenes

MMEY 30B|q UoWWOoD
Y¥Mey geso snoyny

Ymey paull-Aai9)
AMey apispeoy
Amey pajiey-aiym

3}mey paJe|joo-yoe|g

sweN [e207]
/aWEeU uowwoD

£0J9000BWI[D
snjjisnd

susasalbiu
Bs0Jqaus)

wnjeau|
wnjelose)

snjesjid

Xeloonofu

2808JOIA

J0J02L}
einy;
eajnioed
SNLIea|yo09
ejel)s

siq!

10909

eqe
eunesenb
ejewenbs
SLjUBAIBIBUID

ebuiyue

ejenpin

sijeuwnine

ejeyosow

sljiqeloos
sisusueinb

sisusuefeo
eaquinid
snjewey

elfdiey

Sus2sa|nioed
Snjealo)
uojgnq
ebunnqnin
sljeuolpLiaw

snupeiyue
sijerpoouinbae

snppiu
sujsosiubew

snjepneaiqle

sijjooLbiu

sa0adg

sijesdoipAH
$9/19pIoyo

snbinwden
esapdopljeyd

ewosLbl|
ewosLbi|

snipoJayjid

XeI02119AN

esseur)ofAN

enoalbg
epoibg
epoubg
snues|yo0)
sapLong
snajngng
eaply
eaply
snweiy
siuoyoe|
einjaoey)
ebuiyuy

eubAooipusg

eubAooipusg

euuen

snweysoy
snuydiopy

uopojda
ennoj

$9)s9/00IjoH
eldieH

ezjdsouelan)
sapioue|g
SnaJID
snjjebosjng
snjjebosjng
snjjebosjng

snjjebosjng

osjng
oajng
osjng

snjjaiesng

aepibjnwuden
aepibjnwude)

aepibjnwuden
aepluooong

oeplopiy
aeploply
oeplopiy

sepiaply

eeplopy

aepiaply
aepioply
aepiaply
oeplaply
oepioply
oeplaply
aeploply
oepioply
aeplwely
aepipody
aepipody
aepibuiyuy

eepieuy

oepieuy

eepieuy

oepuydiooy
aepupdiooy

oepuydiooy
aepLydiooy
aepldiooy

aepuidiooy

aepuydiooy
oepldiody
aepLydiooy
aeplydiooy
oepuydiody
aepuydiooy

aepLydiooy

aepupdiooy
aepupdiooy
aepuydiooy

aepupdiooy




pajeloossy

pajeloossy

AiojesBip

AiojesBip

spuepam
spuepapm

SelIENETYY
Spueiap
AiojesBip
Spuefapn
Spuef}epn

spuepeM
spuepem

spuepep
spuepem

aoualsyaud
jejiqey
Arewnd

ulaouo) jsean
uJlaouo) jsesn

ulaouoy jsesn
ulaouo) jsesn
ulaouo) jsesn
ulaouoy jsesn
ulaouo) jsesn
ulaouoy jsesn

ulaouo) jsesn
ulaouo) jsea

ulsouo) jses
uIsoU0Y JsB8T

uIsoU0Y Jses
uI8oU0Y 1SEDT

uladuo) jsean

L'S°A 9|qesaunp

uIBoUOY) JSBaT
uI8oU0Y JSEsT

ulaouo) ises
ulaouo) jsea

uI8oU0Y) JSEST
uIBoU0Y) JSBST

uI8oU0Y JSBaT

| "A ‘UIBDUOD) }SeaT

ulaouoy jsesn
ulaouo) jsesn
ulaouoy jsesn
ulaouoy jsesn

uladuo) jsesn
ulaouoy jsesn

uIsoU0) JsBsT
uIsoU0Y JsEST
uIsdoU0Y JsEDT
ulsouo) jses

uIBoU0Y) JsBaT

ulaouo) ises

uladuo) jsea’]

uI8oU0Y) JSEST

uleouo) jsea

ulaouo) ises

S31L10
1s1Ipad NONI

- - = - =

o+

- = = = =

o+
>

«

s
o+

i
i

o

s
S

-

- = = =

—

Essequibo Coast

o+

o+

- - = = =

o

o+

Lower Canje Basin

- = = =

—

EDW Conservancy

- > - =

MMA Conservancy

SAdyig - ¢ XIdNdddV

molleds pue|ssel
Jadaalopoom
pajeolyi-yng
00)ond padiig
00X0Nd B}
00¥oN9

00Xond palj|8g-3oe|g
00)ono [puINbg

IUE J3}eals)

lue pa||ig-yoows

uenb
buidid pajeolyi-enig

uenb sxidg
eoe[eoeyd 9|
MOSSEIND SS9|IS8lD

MOJID}INIY
pajeolyy-ajding

Kel suushe)
uoabid Appny

anop paddi-aiyp
9A0p pajuol-Aais)
anop punolb Appny

anop
punoib uowwo)

uoabid snoaquinid
uoabid pajuan-sied
3J0]}S POOM UBDLBWY

niqer

3J0)s enbej
Buimde| ulayinog
Janoid payjjag-yoelg
1an0(d pald
Jaysybuny pabury

Jaysubupy
SNOJNJ-puUB-uUddID)

Jaysybuny usalo
Jaysybury uozewy
Jaysybuny AwbAq
ainynA bury
ain)nA xoe|g

ain}nA papeay
-Mo||9A Jajeal

ain}nA papeay
-MO||9A Jassa]

ainynA Aeyun|
Jojeyes ysihalio
3eaqsol)

anbeined uowwo)

aweN [e207]
/aWeu uowwo)

sijesawiny
snjepnb

einaeu
ejnuIw

‘dds
Jsjsebouejaiu
euefeo

Jolew

ue
sisusuewWwn?

noenboef
jowow

Besojuswoj
ejeindind

snuefea
B90BUINGNS
DGEEVEN
ejixend

1jooed|e;
eunsssed

eaquinid
sisusuuafed
eueouswe

euajofw

uenbew
SIsuajIyo
ejoJejenbs
snuefed

ejenb.oj}
epul

eueoLIoWE
euozewe
eouse
eded

snjesje

snjoiquiejal

snuejnoLng

eine
SUB2S8|INI80I
‘dds

syooiqye

saj0ads

snweJpowiiy
snyouAyioydix

elade]
efeld
efeld
efeld
efeld
ebeydojoin
ebeydojoin

aydid

adojeuad
Sifero
NN

ejniany

xeJjooouef)
seuosoibejed
ejijojde
gjojday

euIquino
euiquinod

equinjo)
equinjo)
eLgAp

niqer

[][Ve%o)/e}
snjjauep
sijeinid

snuajdAxojdo

a|fueoebayy

ajfusa0.i0yD

ajfi92040/yD
ajf1920401yD
ajfuso0ioyn
snydweJooies

sdAbeion

sapeyed

sepeye)

sapeyed
Jojejes
snifid

SNWoIpioAN

sepizuequg

sepidejoooipuag

aeplinony
aepinon)
aepinon)
aeplinon)
aepinon)
aepinon)

aepinon)
aeploel)

aeploel)
aeploel)

oeploel)
aeplbuoy

8epIAIoD
aepiquin|o)
aepiquin|o)
aepiquinjo)
aepiquinjo)

eepIquIn|o)

eepiquinjon
oepIquInjon
9epIIu0oID

9BpIIL0DID

9EpIIUodID
oepllipeseyd
aeplupeleyd
oepllipeIeyd
aepl|fiey

sepihie)

aepljhie)
aepl|fieg
oeplAe)
oeplueyR)
sEplUEYIRD

sepiueyie)

sepiueyie)

sepipeyied
aepleulpied
seplleulpied
aepibjnwude)




Spuepepn

spuepem

AiojesBip

pajeloossy

pajeloossy

pajeloossy

pajeloossy

pajeloossy

spuepep

pajeloossy

AiojesBip

pajelossy

spuepem

pajeloossy

pajeloossy

AiojesBipy
pa)eloossy

pajeloossy

pajeloossy

aoualsyald
jejqey
Arewd

uleouo) ises

uIsoU0) Jses
uIsouo) jses

uladuo) jsean

uIsouo) jses

uladuo) jsea’]

uI8oU0Y) JSEST

ulaouo) ises

uladuo) jsea

L'EA

pauajeaiy] JeaN

uladuo) jsea’

ulgouo) jses

ulaouo) ises

uIBoU0Y) JsBaT
ulsouo) jses
uIBoU0Y) J1SBaT
ulsouo) jses

ulaouo) ises

uIeoUO) JsedT
UI92U0Y) JSEDT
uIeoU0) JsesT]
uI9oU0) JsedT
LEA

pauajeaiy] JeaN

uJ99u0) Jsea
uJ99uo0Y Jsea
uJaou0) Jsea

L'EA
‘ulaouo) jsea
uJ92u0) Jsean

uIBoU0Y) JsBaT
uI8oU0Y JSEST

ulaouo) jseaT

uI8oU0Y) JSBaT

ulaouo) ises

uladuo) jsea’

S3LI0
1siipay NONI

Rupununi

o

)

«

o+

«

o
«

s
o+

+
o+

s
s

M

Essequibo Coast

s

s

»

o+

- = = =

#

Lower Canje Basin

EDW Conservancy

MO|lems
paspueqg-sjiyp

agalbung

) Jeweoel pajie)-usais
Jeweoe( pa|[Ig-Mo||aA

|lejoulds
paddeo-snojny

Jleyaulds
P pajsealg-sjed

J9y00dpoom
Pa1N}-MOJIBA
Jadaalopoom
palig-a6pap
Jadaalopoom

pajiia-ybrens

Jadaalopoom
pajieibuo]

jlejaulds
P pauUIYD-MO||BA

J9x00dpoom
paInojod weal)

Jadeaiowied
p paitej-juiod

paigeyediy
solubep

ysniyi-jue pasoepioelg

eleoeled
papesy-Mmoj|aA

uoo|ey }seI0) palieg

eljeoeled
pajeoIy)-pay

M uooje} buiybne
[2J}S9) UedLIBWY

uoole} jeg

uoo|e} aunbalad

uooje}
pajseaig-abuelQ

eleoeleo yoe|g

eleoeied
pa}salo uIsyLoN

YMey pajiel-auoz
wieniqung

N unbssesb xoejg-enig
Jajespass snoaquin|d

Joyeapass
pajsealq-Appny

p J8)eapass paul
N leuipJed paddes-pay

youy
paas paj|ig-ab.e]

youy
pees paljjag-Inujsay)

aweN [e207]
/aWEeU uowwoD

MMA Conservancy

SAdyig - ¢ XIdNdddV

ejejose)

ealin}
e|nqjeb
sujsoliqe

ejjideayn.

susosaqle

snjejusnio

snuniids

snoid

epneaibuol

Snawioweuuld

snageyy

Lo

susaayiubew
sijeue
ewjyoewiyo
sijjoayni

snueodliswe

sueuuyoed
snuaneds
suenbyni

snuubasod
snanajoliop
Joje
Aemuayd
snjejouoqe
seljpy

euueoef

eaquinid
ejnuiw

ejoaul|

sueinb

SLjsolisseld

sisusjobue

sa0adg

ei0oy

siuloljaH
eingjen
einges

Sixe|[euAs
sixe|jeuAs
sadisuejsapy
snyaufioydAn
xs|doipusg
einyofuoosag
SIxelyped
snaje)
elyosdsjiag

ejebo.iH
SNLedIuLIO-
obenipy
anjsesoip

18J9Aq

sausyjojodioH
09/e
09/e

0oeH
0ofeH
snujdeq
ejeoeie)
oang
ebdAing

elunejon

ejiydosods
ejiydosods

ejiydosods

eleoled

snioqozAiQ

snioqozAiQ

aepiuIpuNIIH

eepIyNUIOlOH
sepingjes
aepinge

aepieuIn

aepieuln

sepieuIn

aepiueuIn

aepieulny

aepieuIn

aepileulny

aepieuIn

aepiueuIny

aepnebaiy
aepllEedIWIo
aepjuooje4
aepluooje4

aepjuoojeq

aepluooje
aepluooje
aepluoole

aepluooje
aepluooje
aepluooje
aepluooje
aepluooje
aepibAdAing

aepizuaquig

sepizuequig
sepizuaqwy

aepiziaquig

aepizuaquiy

aepizuaquig

aepizuaquiy




spuenam

SpuEjoM

Spuespm
Spuepap
Spuepsp
AioyelBip
AiojesBip
‘spuepsp

SPUE[SAA

spueiopn
Aiojesbipy
‘spuepsp

spuepep

SPUERSMA

spuejem

pajeloossy

SPUEISAA

pajeloossy

Aiojesbipy

aoualsyald
jejqey
Arewd

ulsouUo Jses
ulsouo) jses

uladuo) jsea’]

ulsouU0) jses

L'EA
ulaouo) ises

uladuog jsea

3/N
uleduo) Isea

uIsoU0) Jses
3/N

uladuo) jsea

uIsoU0Y JSEST

L'EA

pausjealy] JeaN

uIBoU0Y JSEDT
ulsouo) jsesn

uIBoU0Y) JsBaT
uI8oU0Y) JSEST

ulaouo) 1ses
ulsouo) ises

L'EN
ulaouoy jsean

ulsouo? jses
uIsouo) jses

ulaouo) jsesn
ulaouo) isesn

uladuo) jsesn
ulaouoy jsesn
ulaouo) jsesn
uladuo) jsesn

usiole(Q eleq
ulaouo) ises
uladouo) jsea]

uIsoU0Y JSEST

uIBoU0Y JSEDT
uI9oU0Y JSEDT
uI8oU0Y 1SEDT

uladuo) jsean

S3LI0
1siipay NONI

s

o+
s

«

o+

s

o

o

s
s

o,

A

o+

- - - =

o+

- = = =
—

*
=

Essequibo Coast
Lower Canje Basin

7

—

EDW Conservancy

—

—

MMA Conservancy

SAdyig - ¢ XIdNdddV

Jay0adpoom pajesaur
Jayoadpoom Jnuisay)
Joyoadpoom
payoau-pay
J9y00dpoom
pa)saId-uoswiu)
oBuiwe)) ueouswy
juelow.Iod
|eoidosjoaN

ueojjad umolg
Ja|qlem Jueqianly
1BOIYIMO||9A paysel

13]|gJEM MO|[BA
AaidsQ

(yueseayd
alue)) uizieoH

Jlenbpoom pajgiep

00j0d uowwon

jowjow
paumolo-an|g

paigbupjoow jeoaidou |
Uis} pa||iq-MO|ISA

uJo) }sea
uIa) paj|ig-abie

|In6 Buiybne

eueoe( pajiepn

paigxoe|q
pajsealq-pey

apjoesb qued
ejnpuadolo usais)
ejopuadolo pajsai)
PAIGMO9 JUEI
paigmod Aulys
9|0LI0 MO||BA

S|0LI0 SYOLIOW

pAIgOeIq
POPOOY-MO[[OA

anbioeo padwni-pay

anbioeo
padwini-moj||aA

MO||ems
pabuim-snum

uiew pajsealq-Aaio)

uipew
pajsayo-umolg

Mo|[ems uieg

aweN [e207]
/aWEeU uowwoD

snjeaul|
suebsje

sijjooLqni

soonsjouefew

Jaqnu

snuejjiseiq

SljejuapIo00
SuenALl
sijenpoouinbse

eAljsee

snjaeiey

uizeoy

sisusuelnb
snasub
ejowow

snajIb

sueljiosedns
wnuejue
xa/dwis

ejoue

eueoef
suepjiw

sLqgnbny
SIPLIA
snuewnosp
elonizAio
sisualieuoq
sueinboubiu

snjeydsasosAiyo
snjeydeoo.sjol
snoy.iowoaey

eleo

Jsjusnigre
eagAieyo
eJade)

Bojsni

sa0adg

sndoooAig
snaje)

snjiydadwe)

snjiydadwe)

snusjdoajusoyd

X21020408/eYd

snueogejad
sidAjyroseyd
sidAjyjoes

eojoipusg

uoipued

snwoaoyjsido

snioydojuopQ
SniquoAN
snjowopy

snwipyy
e|nuIs}S

NS
esnjoeyd

sniey

eueoep
ejleuIn}s

Snjeasing
snijooosesd
snijooosesd

SnJyjojop

SnJyjojop

snJsjof

snusjo|
snwosAiyD
snoe)

snojen

ejoulofyoe]
auboid
auboudoaeyd

opuniiH

sepild
depld

oepidld

eepold

aepus)jdoojusoyd

aepioeIos0IoERyd

aepluedajed
aepinied
aepijnied

aepinied

sepluolpued

aepiwoooyisido

aepuoydojuopQ
2eplIqnoAN
9EPIIOWO|N

SepIWIN
sepue

seple
aepue

aepue

seplueser
aepuso|

aepuso|
aepuso|
aepuso|
aepuso|
aepus)o|
aepuso|

aepus)|
aepus)o|
aepls)o|

aepusio|

sepuipunIiy
sepuipuniiy
aeplulpuniiy

sepiulpuniiy




spuepapm
spuepom
spuejiop
pejenossy

pajeloossy

pajeoossy
pajeloossy
pajeoossy

pajeloossy

pajeloossy

pajelnossy

pajeloossy

pajeloossy

pajeloossy

pajeloossy
pajeloossy

pajeloossy

pajeloossy

AiojesBip

aoualsyeld

jejiqey
Aewnd

ulsouo) jses

uladuo) jsea’]

ulaouoy jsesn
ulaouo) jsesn
ulaouoy jsesn
ulaouoy jsesn

uladuo) jsea’]

uIsoU0D Jses

ulaouo) jses

uIBoUOY) JsBaT
uIBoU0Y JSEST
uIBoU0Y) JSBaT

uI8oU0Y JsesT

ulaouo) jsean

uladuo) jsean

uI8oU0Y JSEST

ulaouo) jseaT

uI8oU0Y) JSBST

ulaouo) ises

uIsoU0) Jses

uIsouU0) jses
L'EA

pauajealy] JeaN

uIsdU0Y JsEDT
uIsoU0Y JsEST

uladuo) jsean

ulaouo) jses

uJeoU0) JsesT

uI8oU0Y JSEST

1"€'A 9]|qeiau|np

uI8oU0Y J1SEST

uladuo) jsea’]

SENe)
1slipay NONI

—

o+
Mo
>
\(
7
s
o+
Moo
7
Moo
Moo
+
o
S,b
Mo
s
o+

Essequibo Coast

+

- = =

o+

o+

#

o>
o+

—

Lower Canje Basin

EDW Conservancy

ueono} paj|ig-leuuey)
ueono}

pajlig-pal ‘ueonoy
p3jeoiyi-siym
1legele paxyoau-yoe|g
2)elo pajeolyl-ysy
a|nuiieb siding
a|nuyjieb ainzy
usyJoow uowwo

jed
poom paydau-Aai9)

ayelIo
paumolo-jassny

199)eIed pajuled

joled papeay-an|g

M Meoew pal|[eg-pay
19j0u1ed pa|lIg-Aysng

1opj0.1ed
padwnJi-usai)

19p0.Ed
padwnJi-usals

meoew
P paJiap|noys-pay

109yeled
P pajeolyl-umoig

meosew
udalb -pue-pay

Meoew
p MoO||9A-pue-an|g

jolled
PBUMOIO-MO||OA

joued Ajeapy

jouled payasyo-an|g
jouled

M pabum-abuelip
Jsyoyeojeub |eoidou
upjeuew
papesy-usp|o9
upjeuew
papooy-uoswi)
upjeuew
papJesg-ajiym\

J9x00dpoom
painojo2-poolg

Jax0adpoom
p SIUJOI|IUBA

1e[noid paij|eg-siu

19|noid
pajbueds-uap|o

19Indld

aweN [eo07]
/aWeu uowwo)

MMA Conservancy

SAdyig - ¢ XIdNdddV

snujjepA

snueon)

ueogie
syjoolqre
eojueW
sLjsolIney

sndoJojyo
eauefed
SIpLIA

ejord
snnjsusw
ejejiuew

Lajeos

snuuessed

snuuassed

siiqou

xeuiuad

snusjdoiojyo

euneleie

eleydas0.4yo0
esouuey

euejusalnp

eoIUOZEWE
eaquinid

ejeydaoolyifio

ejoaine

snoeuewl

snauinbues

‘dds
Jejsebojids
Sljixe

‘dds

saadg

sojseydwey]

sojseydwey]

snssojboia)d
eueziod
ouAydiod
ouAydiod

ejnuijjes
sepiwely

seuwjoinuy

einylfd
snuold
eoepsdoyro
sndioH

sndioH

sndioH

eoejisdoig

ebunely

ely

ely

euozewy
euozewy

euozewy

euozewy
ejpdoyjod
esdid
eidid
snoeuepy
SIUIOI[IUBA

SILIOIIUBA
snuwnald
snuwnald

snuwnald

aepnseydwey

aepiseydwey

aepnseydwey
aepl|jey
sepl|jey
aepl|jey
aepljjey

eepley

aepijjey

oeploenIsd
seploenisd
seploenIsd

sepienisd

sepioenisd

oeploepisd

Seploenisd

aepioe)isd

aepioenisd

sepioenisd

sepioepisd
Seploenisd

aepioejisd

aeploepisd
aepipdoljod
sepudid
aepudid
aepudid
aepiold
aepiold
aepiold
aepidld

aepiold

217




pajeloossy

pajeloossy

pajeloossy

Aiojelbip

AiojesBip
‘Spuejiap
AioyelBip
‘spuepiapn
AiojesBip
‘Spuejjap
AioyelBip
‘spuepiapn
AiojesBip
‘Spuejjop
AiojesBip
‘Spuejiap
Aiojelbip
‘spuepap
Aiojesbipy
‘Spuejlap
SpueapA
pajeloossy

aoualsyeld

jejiqey
Aewnd

ulsouo) jses

uleouo) jsesn
ulaouo) jsesn

ulaouoy jsesn
ulaouo) jsesn
ulaouoy jsesn
ulaouoy jsesn
ulaouoy jsesn
ulaouoy jsesn

uladuo) jsea’]

uIsoU0Y jsesT
uIsoU0Y JSEST

uladuo) jsea

uIsoU0Y JSBST

uJeou0Y JsesT

L'EA

pausjealy] JesN

ulaouoy jsean

L'EA

pausjeaiy] JesN

uI8oU0Y) JSEST

uleouo) jses

uI8oU0Y JSBST

ulsouo) isea
uIsouU0) jses

uladuo) jsea’]

uIBoU0Y JSBsT

Aiojelbip

uladuo) jsean

uIsoU0Y JSBST

Aiojesbiy

Aiojesbipy

ulaouo) ises

uladuo) jsean

uI8oU0Y) 1SEDT

ulaouo) jsesT

SENe)
1slipay NONI

o,

i

s
o+

«

o+

«

s

S

s
o+

o,
N
o,

S

Essequibo Coast

- = = - =

o+

«

s

»

«

—

Lower Canje Basin

EDW Conservancy

—

MMA Conservancy

SAdyig - ¢ XIdNdddV

labeue)
paxesq-I1eA|lS

JeoIymo||ak payse
ejuoydn3 snoaoe|oi)
ejuoydna s,yosui4
sjuoep an|g

[l1geU02 painojodlg
Jinbeueueg

Jabeue) aidbepy
Jadaaiohauoy usaig

ayuysjue
PaIN0j0o-aSNO

aYlysjue paieg
aylysjue jeals)
PAIGIUE PBIBAIIS

ayuysiue
pajsalo-yoe|g

ayuysiue
pabuim-jodg

paiqiue papueqg-Buipn
pJiqiue
pajeolyi-yoe|g

pJiqiue
Bujigiem ueueins

ayuysjue
pajeoly)-yoe|g
aylIysjue pejelose

paigiue Axsng

uaImuy
Mo pajoejoads
|MO yoa219s |eoidol]

|MO pauJoy }eals)

ui8) paj|ig-ino
Jadidpues Aseyjos
sbajmo||aA Jajeals

sBa|mojjaA JassaT

Jadidpues
pajewjediwas

Jadidpues jsea
Jadidpues

Jadidpues papods

Jawiwis yoe|g

uedno} 000

aweN [eo07]
/aWeu uowwo)

oqies

sijenoouinbee
200B/0IA
lyosuy
euefes
J0joaIq
ejodAB)
eueLang|

ezids
snuunw

snjeiljop
Jofew

eineeu

sisuspeued

suejie}s

ejenb.oj

xeJoyjone

Jojejued

sipuiA

snjeaul|

eujuueIf}

‘dds
ejejoidsiad
eqijoyo
snuejuibin

eojjojiu

eLejjos

ponsjoueoW

sadiney)

ejisnd

efnuw

‘dds

snuejnoew

Jab1u

000}

saadg

snjooydwey

s1dAjyr009
ejuoydng
ejuoydng
siuseqg
winJjsoJjuo)
2qaJa0)
sidossiD
saueydouojyn

snjiydouwey |

snjiydouwey |
eqele|

eLs}ejos

snioydseyes

ejndibAd

siuiouLApy

ezioauwlApy

SILBUIOAAH

eusyoLI8pal]

snuwieliquif)

B10ewWoaI8)

210BL02I8D)
xujesind
smo

ogng

eu9)s

ebul|

ebuly

ebuL|

supleD

supleo

suplen

SHpY

sdoyouly
sojseydweyy

aepidnely

aepidnely |
aepidnely |
aepidnely |
aepidnely ]
aepidnely |
aepidnely |
aepidnely ]
aepidnely |

sepijiydouey |

aepljiydouwey |
aepljiydouwey |
sepljiydouwey |

sepiydouwey |

sepijiydouwey |

aepljiydouwey |

aepiiydouwey |

sepijiydouwey

sepiydouwey |

aepljiydouwey |
sepijiydouwey |

aepljiydouwey |
aepibLls
oepibuyg
aepibLys

aepluelg

aepioedo|oog

aepioedojoog

aeploedo|oog

aepioedojoog

aeploedojoog

aeploedo|oos

aepioedojoos

aepidoyouly
aeplseydwey




Aiojelbipy
‘Spuefiop

spuepepm

pajeloossy

spuepem

pajeloossy

pajeloossy

spuepem
spuepem

aoualsjald
jejiqey
Aewud

SAdyig - ¢ XIdNdddV

A

uJeou0) Jses

ulaouoy jsesn
ulaouo) jsean
ulaouo) jsesn
ulaouoy jsesn

uleouo) ises

uIBoU0Y) JsBaT

ulaouoy jsesn
ulaouo) jsea

ulsouUo) jses

uladuo) jsea’]
JusyeQ eleq

uladuo) jsesn
ulaouo) jsesn
ulaouo) isesn

uIBoU0Y) JsBaT
uIBoU0Y JSBST

uladuo) i1sesn
ulaouo) Jses
ulaouoy jsean
ulaouo) 1ses
ulaouoy jsesn

ulaouoy jsesn

ulsouo) jses

uJeou0) JsesT

ulsouo) jses

ulaouo) jsesn

uladuo jsea’]

ulsouo) jses

uJa2uU0Y JseaT
uIda2uU0) JSea
uJa2u0Y JseaT
‘uIsou0) Jsea
uIa2u0Y Jsea
uJa2u0Y Jsea

ulsouo) jses
ulsouo) jses

uladuo jsean

S3LI0
1siipay NONI

- = = =

o+
s

«

«

«

o+

o+

o+

—

- = = = =

o

Essequibo Coast

o+

+

o+

- = = =

>
»

#

- = =

«

—

Lower Canje Basin

EDW Conservancy

Jayo)eoA|} oneld

JUelA} Jayem paid
BIUSE[d P3l||8q-MO||SA
BIUSED JealD)
sa10ads ejuse|g

19|nUUEBIA}
ss9|pJeaq uIsynos

ejne padwni-ybug
e|[ije uoweuur)

uelA)
ysiew pspesy-sliypa
ysn.y) pspooy-xoe|g
ysnJy) pajseaiq-sjed

uobouy pajiey
-9)lUym uejuozewy

uaJm asnoy ulayinos
uaim 8snoH

uaim pajseaig-yng
uaim eAelo)

sn|qooeuop
paddeo-yoe|g

uaim painojoolg
Jeoiygieq pajie}-ajed
nway pajie}-6uo
nwsy ysippay
nuay oM
spJigBulwiny JwieH

Nuay
pajsealq-snoyny

apanboo
pajiel-jexoey

Buimaiqes
pajsealq-Aalo

pleiswa
pajeoIy)-Butieno

pleisws
pojsayo-alYM

(pagbuiuwiny)
plesow3

noweui} Jeals
noweur pabbal-pay
sigl usalo)

siq) 19jJe0s

Jabeue) wied
Jabeue) Aalb-an|g
Jabeue) asionbin)

Jabeue)
#ng-paysiuing
Jabeue) paulj-alIyAn

swen (2207
/aWEBU uowwo)

snjieydoonay

eard
Jsjseboneyy
‘ds

‘dds

wnjajosqo
snaoipeds
Sshawoweuulo

eleydeasoong|

J8jenljo

sefewoons|
SIPUIA

uopae
uopoe
sijoone|

eAeloo
snjjideaiiye

snesib
snunangj
snsoyjioiedns
Jaqnu
SnaJewanbuoj
‘dds

smins.y

snpneaibuoyj

siuuadibie|

ejeLquiy

SL}S0JINBIq

‘dds

Jofew
sndouyjfie
sisuauuafed
Joqnu
wnJiewjed
sndoaside

eueoIxaW
euefeo

snyni

sa10adg

snjebo]

8j0oIAN|H
ejuse|g
ejuse|y
ejuse|y

ewojsojdwe)

emy
elmy

BjooJuIpUNIY

snpiny
snpiny
uobo.|
sajApojbo.y
sojApojboiy

snioyjofiy |
snioyjofiy |

sniqooeuoqg

snyauAy.olfdwer
SEENEYIT]
siuioyzeeyd
siuioyjeeyd
siuioyzeeyd

siuioyeeyd

sionegjo

©INsoosig

snusjdojfdwe)

elizewy

eljizewy

elizewy

snweur |
snjjainydAin
sIquuquissapy
snwroopn3g
sidneay |
sidneiy |
eiebue|

esebue|

snuoydAyoe|

aepluuelA|

aepluuelA|
aepluuelA|
aepluuelA|
aepluuelA|

aepluuelA|

aepluuelA|

aepluuelf|
aepluuelA|
aepipin
sepipny
aepiuobou |
aepiApo|boi |
aepnApojboi]

aepiApojbol|
aepnApojboi

aepnApojbos

aepiApo|boi |
9EpI|1Y20. |
oepI|Iy20. |
eepI|1y20. .
9epI|IY20. |

9BpIIIYo0IL

2epIIyooIL

aepi|iyool|

aepl|Iyooi |

2epI|1Yo0. |

aepl|iyool |

2epIIyo0I]

aeplweul]
aeplweul]
SeplyjuIonsaly |
SBpIYNUIONISaIY L
aepidnely |
aepidnely |
aepidnely |

aepidnely ]

aepidnely ]




pojeoossy

AiojesBiy

Aiojesbiy
‘pajeIoossy

Aiojelbipy

pojeloossy

pajeloossy

pajelnossy

pajeloossy

pajeloossy

aoualsyeld

jejqey
Aewnd

SAdyig - ¢ XIdNdddV

ulsouo) ises

uJa9uo0) Jsea
ulaouo0) jses
ulsouo) isesT

ulaouo) jsea]

uJ92u0) Jsea]

ulsouo) ises

uI99uo) jsea

uJaouo) Jsea]

uJ99uo0) Jsea

uJ92u0) Jsea

ulsouo) ises

uJ99uo0Y Jsea

ulsduo) jsea

ulaouo) ises]
uJ92u0) Isea
uJsou0Y Ises]
uJsduoY Jsea]

ulaouo0) jses

N

«

s

s

o
«

Essequibo Coast

- = =

o+

Lower Canje Basin

EDW Conservancy

19|usalb
pajsayo-uowa

19|u9a1b
papeay-Aysy
J18y2)eoAy) pajiel-yio4

paiqbuny [eordos

paigbuiy Aai9

19|nuUE.A}
PAUMO.ID-MO|[BA

J9Y2jeoAy}
-Apoy psjured

18Yd1eoA|)
-Apoy pspods

J8Y231eoAj)
-Apo} uowwo)

Sapeyspy] Jajeal
2apeysy Jossa

19|nuueIA}
PaInojoo-asnojy

18y21eoAy)
paulblew-Aisny

eluse|s }saio4
J9Yd3eoA|) payeans

18yo31eoA))
pa)salo-umolg

J1ayojeoAy pajlig-leog

ey
AwbAd pajuswiaH

eyid Buiwesiog

awieN |ed07]
/auweu uowwo)

Snajoe.ioy}

sijeso3oad
euees
snajjoyouejow

SiIsusaluiuiop

snjeje
wnyoid
wnjeinoew

wnaJiaulo

snjeinyains

10391

euunw

sisusuefeo

lipsewjeb

snjenoew
sninuueif}
enbuejd
snjeajeb

SUBI8jIo0N

saadg

snpydojAH

snjiydoiAH
snuueif]
snuueif]

snuueif|

snjnuueif]
winJjsoJipoy
winJjsoJipo)

wnJijsoJipoj

snbuejid
JopAyojyd

selfwoseyd

sejajezoIfpy

sibedoifpy
sajseudpolfpy

snyouelfyy
snyoukiebayy
snoaLjoydo

snbnedi

SepIUoaIIA

9EPIUOAIIA
aepluuelA]
aepluuelA|

aepluueli]

aepluuelf]
aepluuelA|
aepluuelf]

aepluuelA|

aepluuelf]

aepluuelf]

asepluuelA]

aepluuelf]

aepluuelA]

aepluuell]
aepluuelA|
aepluuelA]
aepluuelh]

aepluuelA|




L°€°A d|qetau|np
uloouo) ises
uleouo) Jses
UJoouoo Jsea]

ulaouoo Jsea]
uJeou0) Jses
ulaouo) Jsea
uleou0) Jsea

1°€'A 3]qelau|np

uJa2u0) jsea
L°€°A d|geJaunp
L'EA
paiabuepuz

Jusioyep ejeq

ulsouo) jses

Jusioyaq ejeq
Jusioyep ejeq
ulsouUo) Jses
L'EA

pauajealy] JeaN

ulsouo) jses

uIgou0) JsesT]
JusioyeQ eleq
Jualoyap eleq
UI90UOD JSEDT
UI90UOD JSEDT
UI80U0D JSEd
UI90UOD JSEDT
JuaioyaQ eleq
LEA

pousjealy] JeaN
L'€°A d|qesauInp

1Sl P9 NONI

s

+
s

o

o+
s

#

o+

s

o

o+

o>
s

o+
o+
o+

o+

s

s

o+
"

o+
o

North West Brackish

X
—

o+

X
X

X
X

—
[$]
g0
©
3
e
(%]
o
[
=
(]
2
=

Essequibo Coast

a9jeueWw Uelpu| IS\
nobe-padwni-pay
X eqqen /eded

M N uooooel bupes-qel)
nofexury

W [}E0D UBDUBWY YINoS
IMes padey-a)iym

X yiols paoy-om|

ade) ueljizeig

Jejesyjue JossaT
NS /enpueweg)} ulsyinos

p M Jsjesjue el

18110 JBALI JUBIS)

1930 JaAL [eoidosjoaN

elhe]

uydiop
J9Al YUl /uozewy

M 1eJ pjoid
o||Ipew.e papueqg-auiN

X Areooad paddi-ajypn

X Kieooad palejjo)

J88p yeu
-UBABS/199p Pa|Ie}-a)iymM

199p 1930019 pay
Aaxuow |auinbg

SOX X

ulyondeo paddeo-abpapn
N ulyondes umoig

Kexuow Jojmoy pay

-
-
-

elegAden
X ewnd

*M X Jenbep

Keyuow Jepids yoe|g

aweN
|e00/oWEN UoWWo)

MMA Conservancy

Lower Canje Basin
EDW Conservancy

SAVINNVIN - ¢ XIANdddV

snjeuew
eulods|
eoed
SNJoALIoUBD
snaeyy
enseu
erayyd
snjAjoepip

SL}S8.1I9)

e/fjoepe.lya)
ejfjoepli

sisuajjiselq

sipneajbuoj

eleqieq

sisuaiyjosb
‘dds

snjoudWaAou
ueoad
noefe}

snuejuibiin
eueoLowe
snaunios
snaoeAjjo
ejjede
snjnojues
Suaeya0IpAy
0j02U0D

eouo

snosiued

sa0adg

SNYyoayaL|
ejooudfseq
sninajuny
uoAaoiq
sojod
ensen
elayjd
sndsojoyd
snuidej

enpuewe|
ebeydoosuwiifpyy

einuoJsld

ejuoy

eng

elu|
sAwoo90
sndfseq

nssefe|

B8

SNsji020pO
ewezepy
Hiwies
snqan
snqa9
eypenoly
SLIBBYI0IPAH

ewnd

eisyued
sojely

2EepIYOBYIL] [BIuslIS

aepnjoolidAseq /enuspoy

SEpINdIUNY /eluspoy
aepluoAoold
aepluokooid
aepluoAoold

aeploayld

aepiyoAuolebayy / esojid

aepuide| /ejAjoepossuad

aepibeydoosuAp
aepibeydoosuwAp

aepl@Isniy
aepljaIsn|n

aepljaisniy

sepliy|
SEpisoLD
aepipodAse( :ejenbui)

aepins
-seke] / ejAjoepoipelad

aepins
-seke] / e|fjoepoiyelad

sepInB) / elAjoepoiuele)
eepIAIRY / BIAIOBPOILEIDD

2epigan
9epigen
2epiqan
9epigen
sepined

eloAluIB)

BIOAIUIBD

Seplely

Alwed/1epI0




/N

uJaouoy Isea
L°€°A 9|gesauinp
L°S'A paiab
-uepu3 Ajjeanud
1°€'A paiabuepug
/N

/N

/N

/N

€°Z’A Judpuadap
uoljeAIaSUO0D
PISIY 19mo]

UuIaduo0d jsea’
uladuo) jsean
uIladuod jsea’

uladuod jsea’]

uIaduo0d jsea’

uladuod jsea’]

uIaduo0d jsea’

uI8oU0Y JSEST
UIBoU0D JSBaT

uIaduo0d jseaT

uladuo0d jsea’]

UJBoUO0D JSBaT
uI8oU0Y) JSEST

uladuod jsea’]

UI92U0Y) JSEDT
UI8oU0D JSEd
Jusioyep eleq
UI92U0Y) JSEDT
UISOUOD JSED

uIaduod jseaT

uIaduo0d jsea’

ISl pad NONI

o

Rupununi

o

o+
s

i

—

+

o

North West

Essequibo Lakes

o+

«

o

i

o+
s

—

Lower Canje Basin

—

EDW Conservancy

- = - =

MMA Conservancy

ayeus anolb
-UB|\|/e)eus Jajep

ayeus paka-je)

ayeus
J91em sdooijsH

ayeus Jab
-11/e3eus obipu]

As|pu 8AlIO

8N}

€8S ||IqSimeH
9N} BSS UsalD)
epuodeue usalo)
B0( 991] uozewy
Beoq 9.} pjesswg

J10}OLI}SU0D BOg

uewieo yoe|g

uew
-1ed pajoeyoads

peo} saweuunsg
6ol pifoepoida]
6014 pifoepoyda]

Bouy 916un Ajowg
Boy Buipsium

601y pijAyoepoyda]

Bouy Buipsiym
ues||juy Jassa

6ouy
931} pajnous-pay

6oy @81} paynous

Bo.y
Bunjunys/Bouy (el
-Xopeled/xopeled

Boly aa1y depy

6oly sany
pake-pjesaw]

bouy 8.1y
s||e4 elesswaq

601y JojeIpR|D
sbouy a1

Boly @813 umo|n
Bouj o1} JosSa
6o} 981y pajgiey
Boly sse|n

peoj sue)

sweN [e207]
/aWEN uowwo)

gJ/8qoa
‘dds

‘dds

S18102

290BAIj0

ejeOLIqUII

sepAw
snuunw
snuejnyoy
snujued

J0}OLI}SU0D

J8bju

SN|JIP020.4o
edid
Z ds
| ‘ds
snif
-oepejuad

snasny

‘dds

1auojsuyof
| "ds

Jeqn
‘dds

exopesed
eolydeibosb

suejidaio

SVELNCIET )
sueoq

‘dds
ejejifydoonsg|
snnuiw
ejejouLew
‘dds

eunew

sa10adg

siydory

sapojuew|

sdoojjeH

uoyosewiqg
sAjayoopide]

sAjsyoowjeig

eluopyD
sejoaung
snjeson
snjieion

eog

snyansouejayy

uewjed

edid
snjfjoepojda
snifjoepojdo]

snifjoepojda]
snjfjoepojda]

snifjoepojdo]

snjfjoepoisyina|g

Xeus

Xeuins

Xeujs

sipnasd
SeoqIsdAH

seoqisdAH

seoqisdAH

SeoqIsdAH

elfH
snydosdo.pusg

snydosdo.pusg

snydosdo.pusg
ejjaueiys0)

ejjeulyy

VNNV401l3dd3dH - ¢ XIANdddV

oepuan|on
9BpUaN|oD

eepuqn|od

aepuanjo)
aepluoeyd

eepiuojayD

aepiuoeYD
aeplog
aeplog
seplog

aeplog

aepuojebl||y

aepuoledl|y
sepidid
aepljA1oepoida]
aepl|Ajoepoida]

aepljf1oepoida]
aeplfjoepoyde

aepljf1oepoida]

aepljfjoepoydaT]
aepllAH

oepllAH
oepllAH

sepllAy
oepllAH

sepllAy

oepllAH
oepllAH
sepllAy
oepllAH
aepllAH
oepllAH
aeplusjonus)

aepluong

eldeoy
elindey

elndey

elindey
elndey

elndey

elndey
eljdey
elndey
eldey
elndey

elndey

elndey
elqiydwy
elqydwy
elqiydwy

elqiydwy
elquyduwy

elqiydwy

elquydwy
elqiydwy

elqiydwy
elquydwy

elqiydwy
elqydwy

elqydwy

elqiydwy
elqiydwy
elqiydwy
elqiydwy
elqiydwy
elqiydwy
elqiydwy
elqiydwy

227




3/N
3/N

€°T'A d|qesauinp
/N

3/N

3/N

3/N
3/N

3/N

€°Z'A d|qeiaunp

€ ¢'A Juapuadaq
uoljeAIaSUO0)
DSty 19mo]

/N

3/N

3/N
3/N

/N

€'Z 'A paiab
-uepu3 Ajjeanud

3/N

3/N

1Sl poy

«

Rupununi

o

N

«

o+

«

o

o+

o,

+

North West

Essequibo Lakes

8 ayeus eleqge
pJezi| pa.e|joQ

9SI0)10}

) P3]004-MOJ|BA
N M N Jsjuadies /nbap

lreydiym
}sa.o) paduls

pJez||
[reydiym moquiey

paez)|
eAloWE Jueln

e 034096 pepiuti]

£, eAnqeiNpUNS

3|HN} JoAI papeay
-MO||SA/B[HN} JOAL
panods-mojIsA

S|HN) JBAL JuelD)
8eus pullg
S|HN} pnA
euenb| usalg

eyoes
ebueo/ oxoe9

M oxoab pemq

dun} eueqeT /

ajun) pabbsj-jodg

SN}

©9S yoeqlayjean

ayeus jel 1abi]

JO)BUS 1Bl MO|[BA

) /&Eeus usdIyo
ayeus uaydIyD
/o)eus UewyeA

—

aweN [eo0T]
/oWeN uowwo)

MMA Conservancy

Lower Canje Basin
EDW Conservancy

xoupe

snpidsiy

eje|noyuap

uixinbay

ejeled|ed

snjeosjuws|

enlowe

sijesowiny

ejej
-oundoubiu

siyiun

esuedxa
‘dds
saplordiods

euenbi

epneoides
‘dds

euejnjound

28081100

snyejind

‘dds

saladg

sdoiyjog
snunpido.|

sipiouoeyD

siqueuidn]

xAdonuay

snioydopiweu)

eAlaWYy

sapojeuos

eAngepy

SILBLU20POH

SIWwaus0pod
sdojydAjoyde
uousajsoury|

euenbj

snjfjoepessy |
$9p0jeUoD

sAwwejoouiyy

sAjayoowsg

sejojids

sajojids

VNNV401l3dd3dH - ¢ XIANdddV

aepuadip
aepunpidol)

aepluipnisal.

oeplio]

oeplal

oeplio]

seplial
aepljAjoepolseyds

aeploulnsg

2epIPIWBUO0POd

9EPIPIWBUI0PO
aepidojydAjoyde
aeplulajsoury|

aepiuenb

oEpIUOYED
2EpILOYRD

sepipAw3

aeplAjayoowag

9BpUaN|0D

eepuqn|od

elnday
ellndey

ellndey
elnday

elndey
elndey

elndey
ellpdey

elnday

elndey

eldey
elndey
elndey
elnday

elndey
elindey

elndey

eldey

elnday

elndey




—

—

>

- = = =

—

o

North West Freshwater

=
2
=
3]
o
m
?
2
=
=
(]
z

Essequibo Coast

Rupununi
Canje Basin

JapuejspesH
©l}9) JOA|IS

M M eyueud yoe|g
eqd

N M yoe|g/eyueud ayould
eyuelld

S S eyuelld
eyuelid mays

-ep/eyuelld paljjag-pay

eyueuid pjoo

eyuelid

eyuelld

yslsse|o/iieq JoAllS

noed

ena

enal

siuuAlow

M pajodsy/ieljoq JoAlls
Je|jop JaAlIS

ens]

r Jepuejspesy sse|9

SNadjeyd pajieljuld

S M eyueld ajdwipn
ensl

S el)9) uysbueln

xeuefjse
N papuegd/ieq JoA|lS

xeueAjse
jods om] fjleq JaA|IS

JapuejspeaH
unooiql|

IS p uioeIeyd ayid/usl bog
M uioeleyd ayid/ysy boqg
ysy a|pesN

ysl 8|pssN

aweN |eo0
/aWeN uowwoy

EDW Conservancy
MMA Conservancy

HSId - ¢ XIAN3dddV

snsojnoew
‘dds
sneaojeyo

snaquioys

Juuewuabro
‘dds
uinyy

ejenofusp

eV
snjenanusp
snjesuljiq
juowes
1aufgne
sioelb
sijeproquioys
‘dds

einpide|

‘dds

snjejnoew
snajuabie
‘dds
‘dds
SINg|

snoupuljfo

snsoqqib

¢ "dds

z 'dds

| "dds

‘dds
snjopidsjosoew
ojusw
sninuejow

siuye

snjejose)

snje[noewiq
‘dds
snjelosey
‘dds
sidejosoiw
‘dds
sdouojw
‘dds

sol0adg

sndoJjouse)
snaypiodi|
snusjdouobeljs|

snwjese.Las

snwjese.iss
snuwjese.Lias
S8pI0qe0y

sisudobA4

SnjusoobA4
snujuadobA4
SnJjuaoobA4
u09AIqojstid
ejjeisudesed
aqgjipsojuopo
sna|Apy
snajAp
eIsneyyusopy

eIsneyyuaop

siuuspy
siuufjopy
siuuhspy
snwwebjuwaH
snwwebiuwsH

snwiwesbiwsH

xeley)
aeploeeyd
aeploeley)
aeploeleyd
snaojeyd
snagjeyd
uoudojen
sdouoafug
sdouoafig

xeuefjsy

xeuefjsy
xeuefjsy
uopoziyos
snuuoda
snyouAyio3seoy
snyouAyio)saay
sninsojfjopnasd

sninsojfjopnasd

aepiuUOPoIyD
sepoeiey)
aepioeiey)

aeploeley)

seploeiey)
aeploeley)
seploeley)

sepoeley)

aepioeley)
aepioeley)
aepioeley)
sepioeley)
aepioeley)
sepioeley)
aepioeleyd
eepioeleyd
aepioeley)

sepioeley)

aepioeley)
aepioeley)
aepioeley)
sepioeley)
aeploeley)

aeploeiey)

aepioeley)
sepioeIey)
aepioeley)
aepioeleyd
aepioeley)
aepioeleyd
aepioeley)
aepioeley)
aepioeley)

sepioeley)

aepioeley)

sepioeley)
aeplwojsouy
aeplwojsouy

aepIyouAylolseoy

aeplyouAylosady

aepjluojag

sepluojeg

sewlooriey)
sewilojioeiey)
sewiloiorIey)

sawiojoeIRYD

sowiloorIey)
sewloorIey)
sewilojorIRy)

sewloorIRy)

sewloorIey)
sawJooeIey)
sawJooeIey)
sawJooeiey)
sawJooeIey)
sawloioeIey)
sowJoyoeIeyD
sawJoyoeIeyD
sawloorIeyD

sawloorIRYD

sauwwoyoRIBYD
sauwoyoRIBYD
sauLoyorIRYD
sauiIoyoRIBYD
sauwwoyorIRYD

sawiojoeIey)

sawiioyoeIRYD
sswioyoRIRYD
sawioyoeIRYD
sawioyorIRYD
sawioyoeIRYD
sawioyorIRYD
sswioyoeIRYD
sawioyorIRYD
sauLoyorIEYD

sawuojioeleyd

sawJoyoeIeyD
sawloorIEyD
sowJoorIEYD
sawloyorIEYD
sawloorIeyD
sowlooRIEYD

sewuloyiuojag

sauwlojluojeg




-

Rupununi

- =

=
2
=
3]
o
m
?
2
=
=
(]
z

North West Freshwater

o+

Essequibo Coast

eleoe
pauul-peaiy | /emied

ysiajiuy pajiey-buo
/usly quinN/ebn| ebn

N ysiisjiuy papueg
[EERINETE|

1soyb

N Joe|g/ysaiuy 1soys
wnyn)/uodie]

s 9r0i6
M -UB/SNINALI @A0IBUBYy

Addngy/Ajjeq eoen
M Alleq eoe)

ysy jes|
ooqueg/Anoyaue uybuipy

usy
Jes| ooquieg/Aroyouy

—

N Anoyouy
niexeA

usty 1ouad
ysiy jlousd
8 usy [1ouad
ysi [1ouad paduis-aaiy |

yst [1ousd

ysy [1ouad paduys-om|

ysijed JaAlls

urooyeH

N yst 19yojey I8A|iS
yst 19ydjey psj|qiey

MMM yshaeBii/ysy Jop/unH

Ysi} JJom pjoo
IS /ewinBLIBA/BWMOLIBA

ysij Jlom pay/eliyel]

ele)
andwep/uioeieyd payjoo}
-algeg/eleig/eiefed

upeIeyo
payjoo}-aigeg/eiefed

ninopngy

ejewlno pajie}-Buo

N uIoBIRYD SSB|Y100]

aweN [e007]
/oWeN uowwo

Canje Basin
EDW Conservancy
MMA Conservancy

HSId - ¢ XIAN3dddV

nexo8y

snunioew
odeies

snoujose

suoujiqe
snojuefe
-dds

snjejowew
ejejnanal
dds

seplouLiayje

‘dds

‘dds
snjejusejoiqni
‘dds
esojuawely
sineiq

‘dds

snjeroeL}

snjeulbiew

snwuwe.bip
usjanb
elefey)
B[oIuIe)S
ejebujs

snoueqejew

smejuseyun

snuuyfie

$8pI0I8GUIOIS

snjeue
snunjids
SNAI}S9)
snondAio
‘dds

ejejIN
saploulidAo
‘dds

sa10adg

sAypyoueoy

snbAdouis}s
snjouwAc)

snioydoujos|g

snjouosaydy
sdojebayy

sninary

seiqajojdAiy
el[1o80d

elj10904

siinesbusia}d

ejjainoyouy
einoyouy
SnpojIyo0Id
SnpojIyooId
eulnyifd
eulnyLfd
eulinLA4
snwojsouueN

snuwiojsouuepn

snwojsouueN
elpweyy
snpolwsH
snojjedousjsen)
ejjaibauie)

sejjdoH

snuuyyfis|dop
snuuyfig

snafjoipAH

SnoAjoIpAH
xeJjeyooydAo
xeJseyooydAo
sisdojewin)

ejjajewn)

ejewn)
ejewn)

ejewLny

oBpIIYoID

aepibAdoulslg
aepllouwAio

aeplouwAio

aepljouoiaydy
aepidojebay
SEPIINATY

oBpIINALY
aeplioe0d

aepli[ioeod

aepinesbugy

aepinesbu]
aepinesbugy
Sepluopojiyoold
Sepluopo|iyd0.d
sepluiselqan
sepluiselqan
sepluiselqan
sepluiselqan

oepluiseIqaT]

sepluiselqeT
aepualdeideH
SEplIUOPOIWSH
aepls)sola)ses)
aeplos|adoislsen

sepluuyifig

sepluuylig
sepluuyifig

9eplUOPoUAD

aepluopoui)
sepiewun)
aepiewun)
aepiewun)
sepiiewun)
aepiewnn)
sepiewln)
sepliewun)

sawlojloled

SOWIOYI0UWAD
S8WJO}I}0UWAD

SawWIooUWAS)

SBWIOJI0UWAD
sawuJoyido|g
sawuojuopoundA)

sawoyipuopoundA)
sawuouopoudAp

sawJojuopoundA)
sawJoyadn|D

sawuojadn|)

sawJoyadn|)
sauLojoeley)
sawJojloeieyd
sauwiojoeley)
sawulojloeiey)
sauwiojioeley)
sauLojioeley)

sawiojoeIey)

sowloorIEYD
sewloorIBYD
sawloorIEYD
SowlooRIEYD
sewloorIEYD

sewiloyoeieyD

sawoorIBYD

sawuojioeieyd

sawoorIBYD

sewloorIEYD
SowloorIEYD
sawloorIRYD
sawloorIEYD
SawloyoBIEYD
sewloorIEYD
sawJoyloeIey)
sauLoyorIRYD




—

= 5= I = &

North West Freshwater

<
]
i~
]
©
i
om
-
7]
2
=
T
o
z

Rupununi

>

>

o+

o

o+

Essequibo Coast

Canje Basin
EDW Conservancy
MMA Conservancy

ysiies painowy

ysijed Yoins
Jusiieo Bimy painowy

ysieo
ysy diz

ysieo paka
-an|g/ysiied painowly

|joeydel ajej0o0y)
usieo Audsyysty diz
lesseH/esseH
JesseH/esseH
uyaw|

usien

usiped

ysijed esouspog
usifed poomylQ
ysieo ofueg
usieD

Je)eosn
JaAIS/wnig/eyseq

ysy jesg|
eueino/ysy jes| eueAng

slejea-yueg/emied

plyoi
aha uapjo/emied pemq

emjed |eAlso

emjed |eAso
wnianeg/emied
emjed

J8)e8
-Unes padis-pay/emied

PIDIYO BMiid/ysyuns
PIYOIO BMid/ysyung
PIYOIO BMiid/ysyuns
PIDIYO BMiid/ysyung

eJjeoe

oe|g/emyed obuoD/ysiy
obuop/emied uowwo)

emped

SSieq Y000Bad/Iueueyn
eleoe papueg

pIRIYO pidnd/emied

piyo1o
Hemg/emied pemQ

pIIOIYD B|ppES/EMIE
P21y ohs-Big/emied

sweN (2007
/aWEeN uowwo)

HSId - ¢ XIAN3dddV

asuaueinb

-dds
‘dds
-dds

Ijooouey

snjoeiydejed
sjesopy|
sAypyoreo
snjesjeb
elpauLd)ul
‘dds
snjeJouliew
SOE]
SNaplooeI0d
‘dds

snwissisowenbs

Binquioyos

©)01jSoona|

ejewoue

oseuefnb

wnapsey
snianses

euozousyds

sisusweuuns
‘dds

sugnbny

eje
sujsoJnnoe
‘dds

wnjenoewiq
‘dds
s1e|[820
ejeyin

opidno

JuuBLILIO
sniswies)s]

esseu

sa109dg

ewodojdodAH

ejjomopieo
efjepojouid

seloqg

selopAiquiy

sejopoyjuedy
wnuiejsojdop
sAyyoied
snusjdoAjayoe.
eje;l
sniajdiusyony
snsolsusby
snsojousby
snjeydseooung

snjeydeooung

uojosolbe|q

snujusafjod

easadouejes

eleopUUBN

ejneuossiy

ejneuosapy
sosaH

eljeoeueing

snbeydosg)
snbeydoan)
Bjyo1o1usI)
ejya1o1us.I)
ERIIIEY )

ejyaioIuai)

ewose|yaln
Bwose|yaln
e/yd21o
euinbining

ewopojorg

ewweibojsidy
suspinbay
eluoIedY

sepileoLoT

9EpI1IBDLOT
aepualdeideH
aepipeioq

aepipeloq

aepipeloq
aeplAyiyollied
aeplAyiyoled
aepuaydiusyony
aepus)diusyony
aepuaydiuayony
aepuajdiuayony
aepusajdiuayony
aepluipudsy
aeplulpaldsy

sepluselng

aepLuadk|od
9EepIYdID

9BpIIYID
9BpIIYID

9BpIIYoID
2BpIIYoID
9BpIIYoID

9BpIYID
9BpIIYID
9BpIYID
9BpIYID
oBpIYID
9BpIIYID

9BpIIYoID
9BpIIYoID
2BpIIYoID
9epIIYoID
2BpIIYoID

9BpIIYID
9BpIIYID
9BpIIYID

sawlojuN|IS

SawLoIN|IS
sawLIoIN|IS

sawlojun|IS

SawloIN|IS

SawLIoIN|IS
sawLoIN|IS
SawLIoIN|IS
SawLIoIN|IS
sswloIN|IS
SawLIoIN|IS
SawLoIN|IS
SawLIoIN|IS
SawLIoIN|IS

SawLoN|IS

sawlojloled

sawoioled

sawlojloled

sawulojiolad

sauloyoIad

Sawloj0Iad
sauloyoIed

sawlojloled

sauloyoled
sauwiIoyoled
sauwiIoyoIed
sauwwoyolad
sauwiIoyoIed

sawooled

sawlojloled
sawlojlolod
sawiojloled
sawlojloled

sawiooIed

sauwloyoIad
SawlIoy0Iad

sawlooled




—

Rupununi

<
2
=
9
I
o
m
®
=
<
=
z

West Freshwater

Essequibo Coast

Canje Basin

EDW Conservancy

MMA Conservancy

|98 pnjA/|@9 uow
-woy/[98 dwems pa|qJep

ysieo

ysijeo pajglew pemg
wignJos paleg
ysieo passysiym-eld

ysijed s,yoojg/ysiieo
ejjopojawid paull-ino4

ysieo
8S0U|BA0YS BJ0YHOod

ysuieo pajie-diym

piLIEdLIO| B)e)
-000YD)/Ysijied painoully

JesseH/esseH ayows

snwojsodAy pspodg
/lesseH/esseH ayows

JesseH ayows

sweN [eo0T
owwo)

HSId - ¢ XIAN3dddV

snjeJouLew
‘dds
snjioeod
wnjerosey

ndweuuid

n400[q

soyouAyifyeid
‘dds

ejoeiydejes

snujenbs

snjejound
snwojsoafjd

SETRETe (S

SnyoueIquUAS
snpojswidopnasd
siuejboioipy
ewojsAjejdopnes4
sndweluid

snpojawig

wiqniosiwe

eLIBOLIOjaUlY

eLeoLo]
snwojsodAH

SNwojsodAH
snwojsodAH

SBepIyYduBIqUAS
aepipojawidopnasd
aepipojowidopnasd

aeplpojsuld
aeplpojsulid

eepipojowld

sepipojawid
oepIleoloT

aepIlesLoT

2epIleduo

sepileosLoT
aepileoLoT

Sawlo}iyoueIquAS
SawLoLN|IS
SawLIoJLIN|IS
SaWLoJLN|IS

SawLoIN|IS
SaWLIOJLN|IS

SawLIoIN|IS
SaWLIoJLN|IS

sawloIN|IS

SawLIoIN|IS

SaWLIoIN|IS
sewloIN|IS

237




pue

puer
pue

pue
onenby

onenby

pue
pue

puen

pueq
pue
onenbe-lwag

pue

pueq
onenby
onenby
onenby
oljenbe-jwag
pueq

pueq

pue
pue

pueT
pueT
onenbe-jweg/pue

puen

pue

pueq

pueq

onenbe -jwag/pue
pueq

pueT

pueq

pueq

pueq

pueq

onenby

jenqgeH Arewnd

slojeul|jod
/slebuaneog

slojeuljjod
/SnoJoAluIeD

SnoJoAluIE)

SOIONIGIOH
/SNOJOAILIED

SJo
-pasy Ja)|id

SNOIOAIUIED
SNOJOAILIED

slo
-sodwooaq

SIE)
-sodwodaq

SNOJOAIQIOH
SNOJOAIQIOH

SIE)
-sodwodsq

sio
-pes} us|jod
/SNOJOAILIED

SNOJOAILIBD
SNoJOAILIBD)
SNOJOAILIBD
SNOJOAIGIOH
SNOJOAIQIOH

SNOJOAILIED

SNOJOAILIBD

SNOJOAIGIOH

SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH

SNOJIOAIQISH

SNOJOAIGIOH

SNOJOAIQIOH
SNOJIOAIQISH
SNOJOAIQIOH
SNOJOAIQIOH
SNoJoAILIRD)
SNoJoAlLIRD)
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH

SnoJoAluIe)

uonoun4
|ea160]093

—

—

North West Brackish water

—

—

North West Fresh water

- = = = = =

—

Essequibo Coast

- = = =

—

—

Lower Canje Basin

A1} uoied

Al 99g
Al 199q0y

Al Jamol4
ednd ueiaydip onenby

eAle| uesaydip oienby

yous Buniiepn
088Ul YoNg

siuew Buiheid

yoeoy

apeeq buipeq
8l3@8q POOA
aji@aq bunp Buipasjjueld

ajl@aqg bung

Ayoua4/Al sipued

9|399q Jobuaneos Jajep
apeaq BIBIIUAA

a1eaq Jajem bBuinig
|IA9am dljenby

ILEETY
paigApe]

apeaq Jabi

apeaq Jean

apeaq Jesn]
apeaq Jean
apeaq Jean]
apeaq es|4

a19aq
Jaqwinony/a1gaq Jea

8|188q JeaT]
93990 9sI0L0|
apseq es|4
api@aq uioybuo
81989 punoI9
8|188q J8pl0S
91999 |omar
apsaq pess
JIneam Buijjol-jea]

eAle| 9}9aq onenby

|eo0
/aWeN uowwoD

S104SNI - ¢ XIdN3ddV

‘dds

‘dds

sa0adg

1ujuo[ojap

aeuoniales

seunew
-ososdwe]

aeuldsiH
aeuidjowng

xupdg

eooIqelq

aeuleydas
-03dAiD

seulpIssen

seujony

aqgl] /snuan)
/Anwejang

aepuoydied

seplAquiog
sepllisy

sepiAwoyiuy

eapojewseyd

eapojuely

eapoye|g

aepluolgaus]
oepiA|00S
sepleeqeieos

aeploeqeleos

aepuAdwe]
aepl|iydoipAH
aeplulh9
aepionsig
aepluolnainy
aepluolnaIng
oEepI|[auI20)

oepljapuIoI)

aepljawosIAyD

aeplpwosAiy)
aepljpwosiiyn
aeplpwosAiy)
aepljpwosAiyn

aepljpwosAiyn

aeplpwosAiy)
aepljpwosiiyn
aeplpwosAiyn
aeploAquiels)
aepigeled
aepleyjue)
aeplysaidng
aepiyonig

SEpIqePRY

ela)dig

esaydig
esaydig

elaydig
esaydig

ela)dig

ela1doAoiqg
eia)doAoig

ela)doAoiqg

eJ9)dosjo)
eJ9)dosjo)

eJ9)dosjo)

eJ9)dosj0)

eJ9)}dosjo)
eJ9)dosjo)
eJ9)dosjo)
eJ9)dosjo)
eJ9)dosjo)
eJ9)dosjo)
eJ9)dosjo)

eJ91dosjo)

el19)dos|o)

el19)}dos|o)
eJ9)dosjo)
eJ9)dosjo)

eJ9)dosjo)

e19)dos|0)

el19)}dos|o)
eJ19)dosjo)
el19)dos|0)
eJ91dosjo)
el19)dos|o)
eJ19)dos|o)
eJ9)dosjo)
eJ9)dosjo)
eJ9)dosjo)

e19)dosj0)




onenby

pueTq

pueq

pue
onenbe-jwag/pue]
oljenbe -jwag/pue]
pueq

pueq

onenby

pueT
pue
pue
pueT
ojlenbe-jwag/pue

onenby

onenby
pueq
pueq
pueq

onenby
Jonenbe-jwag

pue

pue

puen

puen

onenbe-jwag/pue
onenbe-jwag/pue
onenbe-jwag/pue]
onenbe-jwag/pue
onenbe-jwag/pue]

onenby
Jonenbe-lwag

pue

jenqeH Aewnd

SnoJoAluIRD)
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIGIOH
SNOJOAIQIOH
SNOJOAIQIOH

SNOJoAIUIED

SNOJOAIQIOH
SNOJOAIGIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH

sie
-pa3} 18}j14
/SNOIOAIQISH

sI9
-pas) J8yi4
/SNOJOAIGIaH

SNOJOAIQISH
SNOIOAIQISH

SNoJoAlUIB)

SNOJOAILIBD

SNOJOAIU
-lep/snob
-eydoides

uoule)- sid
-sodwodaq

Jabuaneog
/snob
-eydoides

sla
-sodwooag

slabus
-Aeog/ snob
-eydoides

SNOJOAIQIOH
SNOJOAIQIOH
sajiseled

siebuaneog
siabuaneog

saloAluIe)
/S8JoAIqISH

uonouny

|eaib0j0o]

—

North West Brackish water

North West Fresh water

- = = =

-

Essequibo Coast

—

Lower Canje Basin

—-

== =

- = = =

—-

- - - =

- = = = =

uewjeoq Jajep
6nqg pajooy-jea
Jaddouyjueld

epeal)

Jaddoyjea

Jaddouyyes)| onenbe-jweg
Jaddoyjea

Jaddoybo.4

bnq J81eM JUEBID

ydwAu saddoyjueld
piydy

plydy

Ayonum
Jaddoyjuelq

Aiken

Akep
Jauuids-gapp
Ay ynuy
Ay anup

A1} @sIoH

AlpanoH

Al oelg
A4 ylo

Al leubis

Ajosnoy uowwo)

Al pabbalns
Al} @10ys
Ay aloys
o}inbsop

wJom poojg/Ajy axe
wJiom poojg/Aly axe

abpiw |9

awep 20T
/aWeN uowwoD

S104SNI - ¢ XIdN3ddV

‘dds g

‘dds g

BOl)SOWIOP

‘dds

‘dds

sa0adg

aeuLIBI0IP|

Bosnyy

eI8L)yo0

snwououy

a1 /snuan)
/Anweyqng

aepIxLo)
aeplalo)
eepIxIy
8epipedl)
eepl||epedin
eepl||epediy
oepl||epedld
aepldoase)

aep
-ljewojsojeg

eyo
-uAyaiouayony

sepiplydy
sepipiydy
aepipolha)y
aepljiyoy

aepliuabelday

oepijeeg
2EpIPOYI0D
sepiuyde)

aepiuyoe].

seplueqe|

aepiydiAg

seplijnwig
aepIpoydAsd

oepy
-ewolsAie|d

ueladojewsN
18410

oepIosniy
aepizadool\
aepupAyd3
aepupAyd3

aepIolNg

aeplwouoiy)

aepiwouoiy)

aepliAwopioa)

ela)diweH
elaydiwey
esaydiwaH
ela)diweH
esaydiway
esa)diwaH
elaydiwey
esaydiwaH

elo)diweH

elaydiwey
ela)diweH
elaydiweH
esa)diweH

ela)diwaH

esaydosowaydy

ela)dolswaydy
elaydoiquig
elaydig

ela)dig

elaydig

esaydig

elaydig
ela)dig
esaydig
esaydig
elaydig
esaydig
ela)dig
esaydig

esaydig
elaydig

esaydig

ela)dig




pueq]  SNOJOAIQISH JUE POOAA - eisjdos|
sla

pueq -sodwoosq dsep aepidsap esa)douswAH

pueq]  SNOJOAIQISH - aeploaydg eisydouswAH

eap

pue’ oniseled dsem onisesed -jouownauyg| elojdouswAH
sla

pueq -sodwoosq JUE BuUlIBUOY 9EpIoIW.IOS eia)douswAH
slo

pueq -sodwooa( Jue 811} 10 BUIDIWIAN aepIoIWIo elajdouswAH
sla

pueq] -sodwoosq jue doo-dop aepIoIWIO elaydouswAH
slo

pueq  -sodwoosq JUE BuIoIWIoS 2epIoIW.Io essydouswAH
sla

pueq -sodwooa( jue yoe|g aepIoIWIo elajdouswAH
sla

pueq -sodwoosq Sjuy -Jayl0 9EpIoIW.Io eia)douswAH
slo

pueq -sodwooa( 99q uaal9 aeulsso|bng elajdouswAH

pue sJojeul|jod dsem onisesed aepipiojeyn elaydouswAH
sloje|nbai

pue uone|ndod dsem opiseled aepluoyoelg eisydouswAH
sioje|nbau

pue uonendod 99q AsuoH aepidy elajdouswAH

pue slojeul|jod sdsem -s1ayj0 - eia)douswAH

pue]  SNOJOAIQISH Jaddoyjuelq aepiyonpidou elo)diweH

pue]  SNOJOAIQISH bnq Buimase aepibul| esaydiway
snolJoAlule)

pueq  /SNOJOAIQISH Bng uissessy aeplANpay ess)diwaH

pue]  SnoloAluie) 99| ue|d aepl|iAsd elaydiweH

aeplo

pueq]  SNOJOAIQISH BngAlesy -0000pnNasd eisjdiwaH

pueq]  SNOJOAIQISH 6ng paIuS aepipidsele|d eisa)diway

pueq]  SNOJOAIQISH 8 Bnq yuns jueld aeplwojejuad essydiwaH

pue]  SNOJOAIQISH IS Jswwimsyoeqg SEPI}OSUOION ess)diwsH

onenby  snosoaluie) M 109Ul YIS JBJEeAN aepidaN elaydiweH
SholJoAlule)

pueq /SNOJOAIQISH M 6nq jue|d aepuUIN eisjdiwaH

pue]  SNOJOAIQISH 8 Jaddoyboi4 aeploeIqUIBIN elo)diweH

pue]  SNOJOAIQISH M bnq jue|d aeploebAq esaydiway

pueq]  SNOJOAIQISH IS Jaddoyyue|d aepiss| ess)diwaH
sSnolJoAlule)

pueT /SNOJOAIQISH sbnq -s1ayj10 elajdoisoH elaydiweH

oljenby  snoloaluie) J9pLIIS JBJep ELEIJIETS) esaydiweH

pueq]  SNOJOAIQISH ploJoBing aeplobing esajdiway

pue]  SNOJOAIQISH Jaddoyjueld aepueydoAloig esaydiway

pueq]  SNOJOAIQISH [ 8 Jaddoyyue|d aepiqlaq ess)diwsH

pue]  SNOJOAIQISH | SR SR S Jaddoyjuelq aepioeydjaqg elaydiweH

uonoun4
|eai60j003

awep 207

BT G so109dg | 8qL ] /snus9)

/Anweygng

jejqeH Alewd

—
o
©
2
=
2
=
3]
S
m
@
2
=
b=
(]
z

North West Fresh water
Essequibo Coast
Lower Canje Basin

S104SNI - ¢ XIdN3ddV



onenby
pue

onenby
pueq

pue
onenbe-jwag/pue]
pue
ofenbe-lwag/pue]
onenbe-jwag/pue

opjenbe-jwas

onenbe-jwag

oljenbe-jwag
onenby
olenbe-lwag
opjenbe-jwag
onenby
pueq

pueTq

pueq

pueTq

puer
pue

puen
puen
puen

pue
pue
pue

pue
pue
pue
pue
puer
pue
puer
pue
pue
pue
pue
pue

jejqeH Alewd

snoJoAileQq
SNOIOAIQIBH

SNOJOAIU
-1eD /snol
-oAUIRQ

SNOJIOAIQISH

SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIGIOH
SNOJOAIQIOH
SNOJOAIQIOH

SNOJoAIUIED

SNOJOAILIBD

SNoJoAILIRD)
SNoJoAILIRD)
SNOJOAILIBD
SNoJoAILIRD)
SNOJOAILIBD
SNOJOAIGIOH
SNOJOAIQIOH
SNOJIOAIQISH

SNOJOAIQIOH

SNOJOAIQISH

SNOJOAIQIOH

SNOIOAIQISH
SNOIOAIQISH

SNOJOAIQISH

SNOJOAIQIOH
SNOJOAIQIOH

SNOJIOAIQISH

SNOJOAIGIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIGIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIQIOH
SNOJOAIGIOH

SNOJOAIQISH

uonouny

|eai60j003

- = = =

- = = =

North West Brackish water

- = = =

North West Fresh water

- = = = =

Essequibo Coast

i i i

- = = =

Lower Canje Basin

- = = = =

—

- = = = = =

Ausipped
sduyl

Ayouols

19010 ajow AwbAd
Jaddoysseib, uioybuo
/19300 ysng
Jaddoysesb AwbAq
19)0LI0 9|0\
Jaddoysseub onenby
Jaddoyssels)
Ayjesweq

Apjesweq

Aylesweq

peleu Ajjasweq
Aylesweq

Ajjuobeiqg

peleu Ajjuobeiq
sallHeplyY

Alpenng psjoos-ysnig
Alanng yoseuopy
Aenng syiewieis|y

Aipoy
-Inq Jnyd|ns ss9|pnoj)

Alpenng Jnyding

Ajenng mojjeA-ssels
Alpepng unydins elnels
Aipenng unyding

Apiey
-Ing- SMO|[2A pue Sa}lypA

|leymojems
Buimbuoj opig

akaxong anoib
-uep\/AiHeNNg doooead

uewjsod pay

Alenng Jaxoeln
Aipenng uabyy abueio
Alanng yoooead ajlypn

Alaung uoissed
Je||idiayed 1adoo]
SMoJ|9A-18Y10
Alpenng Jedding
UIoN

awep 207
/aWeN uowwon

S104SNI - ¢ XIdN3ddV

‘dds

‘dds

elni
snddixsjd

seuuss
‘dds

‘dds
eijejs
‘dds

‘dds
opip

SIEYIE)
ojeld
‘dds
esnjoeyd
aeydoujef
‘dds
agjjiuen

‘dds

sa0adg

BInuyos|

aepiuo
-ubeuso)

uo
-Libeyjueay

selig
sneueqg

sigooyd
siqooyd

ewaing
essuydy
essuydy

snyeg
elyeelyd

ejuounp
SNjuoIIeH
sefipewer
e|npefig
elpeuy
elyeuy
siineby

Bjoay |

aqli]/snuag

aepl|Aoepu ]

aepluobmal
aepibula]
aepidiejo||fio
9epIpLoY
9EpIpLOY
ela)dobAz

elaydobAz

eia)dobAz
elaydobAz
eiaydobAz
elo)dosiuy

ela)dosiuy

aeplleydwAiN
aeplleydwAn

aepIUIpOlY

eepuald

oepuald

oepusld
oepuald

eepuald

aepuald
sepiuoljided

aeplleydwAiN

aeplleydwAn
aeplleydwAiN
aeplleydwAn
aeplleydwAiN
aeplleydwAiN
aeplleydwAn
aeplleydwAiN
SEPINIOON
aepluaeoA]
aepluseoi

aepuadseH

elaydoyou|
eiaydouesAy |

elo)doosld
elaydoyuo

el18)doyuQ
elaydoyuo
ela)doyuo
els)doyuo
elaydoyuo

ejeuopQo

ejeuopQ

ejeuopo
ejeuopQ
ejeuopQ
ejeuopO
ejeuopQ
eiaydojebaly
eldopidaT
esydopidan]
elaydopidan

esa)dopidaT
esa)dopidaT]

elaydopidan
elaydopidan
elaydopidan

eia)dopidaT]
elaydopida
elaydopidan

esa)dopidaT]
elaydopidan
eia)dopidaT
elaydopidan
esa)dopidaT]
eia)dopidaT]
esa)dopidaT
eia)dopidaT]
esaydopideT
eia)dopidaT
eia)dopidaT]
elajdopidan




BIBLIOGRAPHY

C. Allan Ph.D. with Sandra Williams and Rickford Adrian. 2002. The Socio-
economic Context of the Manicole (Euterpe oleracea) Palm-heart Harvesting
Industry. Produced for the Guyana Forestry Commission.

Bayney, A. and Da Silva, P. 2005. Contributions to the Study of Biological
Diversity. Volume 2: 1-78: Biodiversity And Conservation Studies In Guyana:
1, 2, and 3. Sources: <http.//botany.si.edu/bdg/pdf/CSBD-vol2.pdf> accessed
December 2012, pp. 3-18.

Birkett, C. et al. 1996. Global Wetland Distribution and Functional
Characterization: Trace Gases and Hydrologic Cycle. IGBP/GAIM Report
Series. Report #2, |IGBP/GAIM ,Santa Babara, California.

Braun, M. J., Finch, D. W., Robbins , M. B. and B.K. Schmidt. 2007. A Field
Checklist of the Birds of Guyana, 2nd ed. Smithsonian Institute, Washington,
D.C.

Brinson, M. M. 2011. Classification of Wetlands. In Wetlands: Integrating
Muiltidisciplinary Concepts. Springer, pp. 95-114.

Chunoo, J. A. 2008. “A Study of the Abundance of Selected Plant Species in the
Mainstay Heritage Park: Essequibo Coast.” Department of Biology, Faculty of
Natural Science, University of Guyana.

Commission, C. C. 1996. Procedural Guidance for the Review of Wetland
Projects in California’s Coastal Zone. Available at: <http://www.coastal.ca.gov>
accessed 10 October 2012.

Cowardin, L. M., Carter, V., Golet, F. C. and E.T. La Roe. 1979. Classification
of wetlands and deepwater habitats of the United States. Department of the
Interior, Fish and Wildlife Service. Washington, D.C., U.S.

Daniel, J.R.K. 2001. Geomorphology of Guyana: An Integrated Study of Natural
Environment. Second Edition. Dept. of Geography, University of Guyana.

de Souza, L. S., Armbruster, J. W. and D.C. Werneke. 2012. The influence of
the Rupununi portal on distribution of freshwater fish in the Rupununi district,
Guyana. Cybium. pp. 31-43.

Denny, P. 1994. Biodiversity and Wetlands. Wetlands Ecology and Management.

Vol. 3 no |, pp. 55-61.

Dodds, W. K. 2002. Freshwater Ecology. Concepts and Environmental
Applications. San Diego, Academic Press.

Elphick, C. S. and Tibbitts, T.L. 1998. Greater Yellowlegs (Tringa melanoleuca),
The Birds of North America Online, ed. A. Poole. Ithaca: Cornell Lab of
Ornithology. Retrieved from: The Birds of North America Online. [Online].

Emmons, L. H. and Feer, F. 1990. Neotropical Rainforest Mammals: A Field
Guide. Chicago, University of Chicago Press.

Environmental Management Consultants, 2006. Rapid Biodiversity Assessment
of Halcrow and Guysuco Conservancies. Final Report.

Environmental Protection Agency. 2002. Development of Species Management
Plans for Wildlife Trade in Guyana. Report No.3. A Survey of the Spectacled
Caiman Population in the Central Coastal Lowlands of Guyana. Georgetown,
Guyana.

Fernandes, D. and the NRDDB. 2004. Lessons from the Equator Initiative:
Community-based Arapaima conservation in the North Rupununi, Guyana.

Fernandes, D. 2005. “More eyes watching...” Community-based management
of the Arapaima (Arapaima gigas) in Central Guyana. lwokrama International
Centre for Rainforest Conservation and Development.

GFA Consulting Group. 2009. Remote Sensing Support and Delineation of the
Proposed Shell Beach Protected Area (SBPA, Georgetown. Environmental
Protection Agency and KfW Entwicklungsbank.

Haidary, A. and Nakane, K. 2009. Comparative Study of Nitrogen Dynamics of
Three Wetlands in the Higashi-Hiroshima Area, Western Japan. Polish Journal
of Environmental Studies. Vol. 18, No. 4, pp. 617-626.

Hilty, S. 2003. Birds of Venezuela. 2nd edition. Princeton, Princeton University
Press .

Homer, F. 2007. GuySuCo Inc Environmental Management Plan for the Skeldon
Sugar Modernisation Project (SSMP). s.I.: GuySuCo Inc.

IWRB . 1991. Wetlands. Oxford: Facts On File Limited.

247



Keddy, P. A. 2010. Wetland Ecology: Principles and Conservation. New York,
Cambridge University Press.

National Wetlands Working Group. 1997. The Canadian Wetland Classification
System. Second Edition. Wetlands Research Centre, Waterloo, Ontario,.

Ramsar Convention Secretariat, 2006. The Ramsar Convention Manual: a
Guide to the Convention on Wetlands 4th ed. Ramsar Convention Secretariat,
Gland, Switzerland.

Ramsar Convention Secretariat, 2010. Wetland Ecosystem Services. Ramsar
Convention Secretariat, Gland, Switzerland.

Shine, C. and de Klemm, C. 1999. Wetlands, Water and the Law. Using law to
advance wetland conservation and wise use. [IUCN, Gland, Switzerland.

Singhroy, V., 1998. Monitoring and mapping areas affected by water control
projects in coastal Guyana. Kingston, Jamaica, JAHS, pp. 81 - 91.

ter Steege, H., Zagt, R., Bertilsson, P. and J. Singh. 2000 . Plant Diversity In
Guyana: Implications for a National Protected Areas Strategy. s.l.:Tropenbos
Foundation.

United Nations Environment Programme, 2006. Water, A Shared Responsibility.
s.l.. UNEP.

van Andel, T. R. 2003. Floristic composition and diversity of three swamp forests
in northwest Guyana. Plant Ecology. pp. 293-317.

Walternade, C. J. 2000 . Ability of Restored Wetlands to reduce Nitrogen and
Phosphorus Concentrations in Agricultural Drainage Water. Journal of Soil and
Water Conservation. pp. 303 - 309.

Wariss, M., Isaac, V. J. and J.C.B. Pezzuti. 2012. “Habitat use, size structure
and sex ratio of the spot-legged turtle,Rhinoclemmys punctularia punctularia
(Testudines: Geoemydidae), in Algodoal-Maiandeua Island, Para, Brazil”.
International Journal of Tropical Biology and Conservation, pp. 413-424.

Watkins, W. and Oxford, P. 2010. Rupununi: Rediscovering a Lost World.
s.l.:Earth in Focus.

Winning, G. and Scott Duncan. 2001. Defining Wetlands and Implementation of
a Wetlands Local Environmental Plan in Wyong, NSW. Wetlands (Australia) Vol
19, pp. 87-102.

Wylynko, D. 1999. Prairie wetlands and carbon sequestration: Assessing sinks
under the Kyoto Protocol. Westhawk Associates, Canada.



