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1

1.1

Introduction

This specialist study presents an assessment of the potential impacts of the Project on
terrestrial and marine ecology. The assessment has identified sensitive ecology receptors
within the Project’s zone of influence and considered the potential for these receptors to
be impacted upon by the Project activities. The assessment follows the recommendations
and requirements of the International Finance Corporation (IFC) Performance Standards 6
(PS6): Biodiversity Conservation and Sustainable Management of Living Natural Resources
and other applicable standards.

In order to assess potential impacts, this chapter provides a description of the approach to
the study. The scoping process is detailed, during which receptors were identified through
an analysis of survey data, and a review of local, national and international requirements
and standards. This chapter describes the spatial and temporal boundaries used in the
assessment, the baseline conditions within these areas, the assessment methodology, the
mitigation measures required to avoid or minimize any significant adverse effects, and the
likely residual effects after these measures have been implemented. The most important
impacts are predicted to arise during the Construction and Pre-Commissioning Phase.

This Project adheres to the ‘mitigation hierarchy’ as defined in IFC PS6, i.e. impacts should
be progressively avoided, minimized, restored or offset if necessary, with priority given to
the actions which are earliest in the hierarchy. Therefore, the Project will seek to avoid
impacts on biodiversity. When avoidance of impacts is not possible, measures to minimize
impacts and to restore biodiversity will be implemented. Offsetting is only considered if
these measures do not result in a reasonable expectation of no net loss of biodiversity (or
a net gain in respect of critical habitats). Given the complexity in predicting project impacts
on biodiversity over the long term, the Project will adopt a practice of adaptive
management in which the implementation of mitigation and management measures are
responsive to changing conditions and the results of monitoring, until the necessary
management objectives have been achieved.

Scoping

The ecological impact assessment for the Project was defined through a scoping process,
which identified ecological receptors and potentially significant impacts related to the
Project. An important component of the scoping process was the definition of existing
baseline conditions (i.e. the prevailing ecological characteristics against which the potential
impacts of the Project could be assessed). Baseline conditions were identified through the
review of limited ecological information available for the project area of influence and
physical surveys undertaken in January and March 2015.

Key steps in the scoping process for the ecological impact assessment comprised the
following:

e Secondary literature review including ecological impacts associated with thermal power
plants;

e Review of preliminary layout drawings provided by the EPC contractor showing the
infrastructure to be built and its potential impacts on terrestrial and marine ecology;

e Ecological receptors within the Project’s likely area of influence were identified through
a review of secondary data, physical surveys, and professional expertise;

©Kurrent Technologies Ltd. July 10, 2016 Page 9 of 118
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1.2

1.3

1.3.1

1.3.2

e Review of available databases of ecological related information for Lamu County and
its environs; and

e A review of relevant national and international legislative requirements and lender
requirements for compliance.

The marine environment in Manda Bay contains a number of potential receptors and is,
therefore, an important consideration in the ESIA process. Marine ecological receptors are
diverse and include a wide variety of organisms and habitats. For the purpose of this
assessment, marine biota is broadly grouped into the following topics: plankton, benthic
communities, fish, seabirds and marine mammals. In addition, the habitats that these
organisms inhabit and the ecological processes of these habitats are considered as
receptors.

Analysis of alternatives

The land on which the coal power plant is to be constructed is to be provided by the Ministry
of Energy and Petroleum (MoEP) who is the client for the project. The MoEP identified three
alternatives for the development of the coal power plant as described in Chapter 6 of the
ESIA Study.

The MoEP undertook an informal comparative ecological analysis of the three alternative
locations and decided that being a strategic installation, the power plant must be located
in an isolated area on the mainland. Fortunately, the final site selected for the power plant,
did not have significant localized ecological issues and was identified as the most suitable
site.

Spatial and temporal boundaries

The Project Area is divided into onshore and nearshore sections. This division is based on
technical consideration of different construction activities to be employed in each section,
and therefore the terms ‘onshore section’ and ‘nearshore section’ have no ecological
meaning in this sense.

Spatial boundaries

The onshore section includes the ~360 hectares of land over which the terrestrial power
plant facilities will be constructed. Additionally, a wider area of approximately 13km was
studied for this study.

The nearshore section was taken to include the coal receiving jetty, circulating water intake
and circulating water outfall approximately 700m from the shoreline.

Temporal boundaries

The assessment includes the four phases of the Project namely:
e Design phase;
e Construction phase;

e Operational phase; and
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2

2.1

Baseline data

Introduction

A review was undertaken of available literature about the project area and the wider study
area. Additionally, consultation was undertaken with statutory bodies who provided
contextual information on potential terrestrial ecology receptors (habitats and species)
within the Wider Study Area, and on their ecology, distribution, and pertaining threats. This
information provided the contextual base upon which further field surveys were planned.

In order to identify the potential presence of plant and animal species of conservation
importance within the Study Areas, international assessments of extinction risk were
consulted. This included the IUCN Red Data List of species which uses the criteria given in
Table 2-1 below. This publication provides taxonomic, conservation status and distribution
information for each listed species.

Table 2-1: IUCN Red Data List classification

IUCN Category Definition

Extinct in the wild (EXW) -

Critically endangered (CR) | Species facing an extremely high risk of extinction in

the wild
Endangered (EN) Facing a very high risk of extinction in the wild
Vulnerable (VU) Facing a high risk of extinction in the wild
Near Threatened (NT) Close to qualifying for or is likely to qualify for a

threatened category in the near future

Data Deficient (DD) Inadequate information to make a direct, or indirect,
assessment of its risk of extinction based on its
distribution and / or population status.

Least Concern (LC) Widespread and abundant taxa are included in this
category

The IUCN considers species listed as VU and above to be species of particular conservation
concern due to their high risk of extinction in the wild. Species classified as VU or above
on the IUCN Red List are referred to as ‘threatened’ in this study.

For ease of reference, all species which are listed on the IUCN Red List are referred to in
this study as ‘red list species’, or as species of conservation concern/importance.

©Kurrent Technologies Ltd. July 10, 2016 Page 12 of 118
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2.2

2.3

2.3.1

2.3.1.1

Data gaps

A review of secondary data provided information on the likely presence of habitats and
species within the Wider Study Area. However, secondary data alone was insufficient to
accurately determine habitat type and quality, as well as species presence or absence
within the Study Area. Field surveys (for primary data) were therefore undertaken to obtain
this information, so that potential impacts could be assessed.

Another data gap in this study was that for most field work, one season survey was carried
out in January 2015 which is the time after the short rains in Lamu. This was recognized
as a data gap and subsequently, some of the ecologists who said they wanted to collect
additional data went out in March 2015 during the long rains to undertake another set of
surveys.

A third study gap is that all one season terrestrial ecological field surveys were carried out
over a rectangular project area of 206 hectares (~500 acres) which was one of the
alternative land parcel areas provided by the MoEP. Later in March 2015 when the parcel
size changed to an inverted “L"” shape of 360 hectares (~880 acres), the second season
survey was carried out over the new area. While there is no significant difference between
the two alternatives with respect to the localized impacts, some ecologists only carried out
their field work on a smaller parcel size.

Baseline characteristics

This section characterizes the ecology of the study area. The information used for this
section was derived from a review of the limited secondary literature available for Lamu
County.

Study area

Vegetation

The vegetation within the project site generally belongs to the Zanzibar — Inhambane
evergreen and semi-evergreen bushland and thicket. The region occupies a coastal belt
from south Somalia (1° N) to the mouth of the Limpopo River (25° S). This is composed
mainly of scrub woodland with scattered trees (8m tall or more) including Adansonia
digitata, Terminalia spinosa and Hyphaene compressa, Afzelia quanzensis and Tamarindus
indica. Mangrove forests are represented by species such as Rhizophora mucronata,
Sonneratia alba, Xylocarpus mollucensis, Ceriops tagal, Bruguiera gymnorrhiza and
Avicennia marina. With the topography of the area being largely flat, several water pans,
ponds and seasonal swamps exist in the area with Chomo swamp being the largest
permanent swamp.

The desktop study revealed a total of 709 species recorded for Lamu County. The field
survey recorded 183 species of which 99 were new to the existing list to make a combined
total of 808 species.

About 80 species were recorded as threatened with possibility of extinction according to
IUCN (2014), with 7 being recorded on the project site. These include; Dalbergia
melanoxylon, Dialium orientale, Haplocoelum inopleumand Crotalaria rhynchocarpa among
others. Three species were found to be rare or principally endemic to the region and three
species are protected against international trade under CITES. Although no obvious cases
of invasive species colonization observed, 8 species are known for Lamu County so far.
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2.3.1.2

2.3.1.3

2.3.14

2.3.1.5

2.3.1.6

Invertebrates

The proposed project is located in an area that contains diverse habitats such as
mangroves, coral reefs and sea grass beds. A few marine invertebrate species that have
been recorded previously in Lamu and Kiunga areas, are reported to be threatened. These
are Triton shell (Charonia tritonis), Seahorse (Hippocampus kuda) and Spiny lobster
(Palinurus sp.).

Herpetofauna

The proposed site for development of the Amu coal power plant lies in a predominantly
shrub savanna with open to closed canopy thorny bush of Commiphora and Salvadora
persica. This is associated with the coastal biome herpetofauna assemblage.

Several different habitat types were identified during the field surveys namely farmland,
woodland, grassland, mangroves and wetlands which support a variety of herpetofauna.
These habitats are important for the habitation of amphibians and reptiles. The mangroves
serve as the breeding sites for the sea turtle along the sandy beaches.

From previous and ongoing studies in the region and its surroundings, 154 species of
reptiles (105) and amphibians (49) are known to occur. During the on-site visit 20 species
of herpetofauna were recorded. Out these, 5 were amphibians and the rest were reptiles.

Birds

The proposed site for development of the coal power plant lies in a predominantly shrub
savanna habitat with open to closed canopy thorny bush of Commijphora and
Salvadorapersica. This is associated with the Somali-Masai biome avifaunal assemblage
(Evans and Fishpool 2001). The marine shoreline adjacent to the site has mud flats used
for feeding by a variety of shorebirds and high tide roosts. From records held at the National
Museums of Kenya databases, there are over 300 species of birds known to occur in the
vicinity of the proposed project site (Quarter Degree Square 91 A-D; Lewis and Pomeroy
1989). Among these are 15 species listed in the IUCN Red list of threatened species (3
endangered; 4 vulnerable; 8 near threatened), and 62 Palearctic migrant species and 39
Afrotropical migrants.

Mammals

The project site has been reported to be a ranging site for a number of large mammal
species including the Topi, Buffalo, Elephant and Wild Dog, Giraffe, Buffalo, Hippopotamus,
Lamu topi, Waterbuck and Gazelle have also been reported.

Marine flora and fauna

Lamu County is endowed with rich marine resources. The habitats of marine resources are
important for sustenance of biological diversity and socioeconomic activities in Lamu
County. Mangroves of Lamu constitute about 75% of mangrove forest cover in Kenya that
is approximately 45,960 ha or 3.0 % of the country’s forest cover (Kirui et al. 2012).

Sea grasses occur between mangroves and coral reefs zones in the intertidal and subtidal
areas. In the Lamu archipelago, large areas under seagrasses are well represented by
roughly 13 species (Short et al. 2007). Sea grasses found in Kenya grow on limestone type
of soils that are muddy.

Coral reefs are well represented along the Kenyan coastline. A 200km fringing reef
dominates in the south while in the north the fringing reef is broke and occur in patches
due discharges from rivers and cold upwelling Somali currents.
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2.3.2

2.3.2.1

Sandy beaches are well represented in the Lamu. However within the project area, the
coastal beach has narrow stretch (50 to 100m) wide that is interspersed with the mangrove
forests. Sandy beaches are important feeding grounds for numerous bird species as well
as habits for crabs and marine turtles.

Habitats, flora and fauna

Vegetation

Based on the desktop and a rapid field assessment, a total of 808 plant species were
compiled for Lamu County. This includes 183 records gathered during the physical plant
survey with 99 being recorded for the first time or data about them not available (including
a few cultivated species).

80 out of the 183 species are listed in the IUCN Redlist of Threatened Plants as shown in
the appendix I. Despite the species richness, the area covered by the Lamu coal fired power
plant is cultivated land with Sesamum indicum being the common crop cash crop grown.

Within the project site, the species were represented by 161 genera in 61 families. 15
plant families were represented by at least 4 species with the dominant being Leguminosae
(21), Gramineae (12), Rubiaceae (12), Euphorbiaceae (9) and Capparaceae (6). The
species distribution within the project site is shown pictorially in Figure 2-1 below.

Figure 2-1: Dominant plant families observed within the project site

M Leguminosae

B Gramineae

M Rubiaceae
Euphorbiaceae

B Capparaceae

B Cyperaceae

B Malvaceae

m Sapindaceae

Tiliaceae

TN 2%y, 2% | Anacardiaceae

B Asclepiadaceae
B Cucurbitaceae
Sterculiaceae
Verbenaceae

Vitaceae

Microhabitats within the project site

Although the vegetation of the area is highly disturbed by human activities, at least 5
habitat types where identified during the rapid vegetation assessment period. Notably,
preparation of farms for planting is chiefly by burning, in which case it has greatly affected
the species diversity of the area as large chunks of land are converted for arable use.
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Woodland, Bushland and thicket

Scattered woodland and thicket bushland form patches of uncultivated parts of the highly
disturbed project site. Large trees of up to 10m tall seen within the project site include
Tamarindus indica, Adansonia digitate (Figure 2-2), Terminalia spinosa, Sclerocarya birrea,
Euphorbia candelabrum, Hyphaene compressa and Afzelia quazensis. Bushland areas are
predominantly occupied by species such as Dichrostachys cinerea (Figure 2-2), several
Grewia spp. and Markhamia zanzibarica. Minor Threatened flora comprising Dialium
orfentale, Lannea schweinfurthii, Haplocoelum inopleum, Crotalaria rhynchocarpa and
Croton talaeporos are sparsely distributed across the project site in low numbers except
for Dalbergia melanoxylon which has a higher representation outside the project site in the
area around Chomo Swamp located a few kilometers from the project site.

Figure 2-2: Adansonia digitat woodland (left) and Dichrostachys cinerea bushland
(right)

Mangroves

Pockets of mangrove thickets are restricted to the shoreline and creeks in the vicinity of
the project site coastline. The principal mangrove species are Rhizophora mucronata,
Sonneratia alba, Xylocarpus mollucensis, Ceriops tagal and Bruguiera gymnorrhiza on the
seaward fringes while Avicennia marina and Lumnitzera racemosa occupy the landward
and creek zones. The flat topography on the landward margins of the mangrove thickets
supports open low grass and shrub mixture characteristic of saline soils. Species such as
Sporobolus virginicus, Arthrocnemum indicum, Salicornia pachystachya, Sesuvium
portulacastrum, Ipomoea pes-caprae, Suaeda monoica, and Dondonaea viscosa are found
here within a few metres from the high water mark. The parasitic Oncocalyx cordifolious
and Agelanthus kayseri are also strictly restricted to this zone.

Figure 2-3: Image showing mangrove Figure 2-4: littoral vegetation dominated
stands near the project site by Arthrocnemum indicum
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Farmlands

A significant portion of the land within the project site is under cultivation with Sesame
being the commonly cultivated plant as a cash crop. However, since the farmlands are not
properly weeded, herbaceous species such as Jacquemontia tamnifolia, Ipomoea pes-
tigridis, Peponium vogelij, Waltheria indica, Oxygonum atriplicifolium, Rottboellia
cochinchinensis, Dactyloctenium bogdanii and other weeds of cultivation are common. Also
observed are shrub coppices after previous felling or fire episodes in abandoned farms such
as Dialium orientale, Polysphaeria parvifolia, and Markhamia zanzibarica.

Figure 2-5: Cultivation of Sesamum indicum (Sesame)

Red list plant species

From a desktop study of the wider area around the project site, a total of 80 threatened
species was compiled for Lamu County (see Appendix 1) out of which 7 were recorded
within the study site as shown in Table 2-2. With land preparation for farming mainly done
by burning, there is a danger of these species becoming wiped out and hence the need for
conservation during the construction phase of the project.

Table 2-2: Threatened plant species within the project site

Family Genus Species *Life  IUCN Threat Category
Form

Anacardiaceae Lannea schweinfurthii T Lower Risk/near threatened
ver 2.3

Burseraceae Commiphora obovata T Lower Risk/near threatened
ver 2.3

Euphorbiaceae Croton talaeporos T VU B2abiii)

Leguminosae Crotalaria rhynchocarpa H EN B1lab(iii)+B2ab(iii)

Leguminosae Dalbergia melanoxylon S Lower Risk/near threatened
ver 2.3

Leguminosae Dialium orientale T VU Blab(iii)+B2ab(iii)

Sapindaceae Haplocoelum inopleum S Lower Risk/near threatened
ver 2.3

*[jfe Form,; T= tree, S=shrub, C= climber & H= herb
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Figure 2-6: Image of D. Figure 2-7: Image of D/alium orientale
melanoxylon

All succulent Euphorbias and Orchids are protected against international trade under
Appendix II of the CITES list of plants
(http://www.cites.org/sites/default/files/eng/app/2015/E-Appendices-2015-02-05.pdf).
Although no trade in such is expected, those recorded in the project site are shown in Table
2-3 while their images are shown in Figures 2-8 to 2-10.

Table 2-3: List of plants protected against international trade

Family Genus Species
Euphorbiaceae Euphorbia candelabrum
Euphorbiaceae Euphorbia cuneata
Orchidaceae Angraecum dives

Figure 2-8: Euphorbia candelabrum | Figure 2-9: Euphorbia cuneata | Figure 2-10: Angraecum dives
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Invasive species

Dodonaea is one of the recent indigenous species to be found rapidly invading pasture
lands and natural ecosystems. As observed elsewhere, it has already caused an outcry in
Laikipia and specifically East Pokot around Churo and Tangul Bei. Although no obvious
cases of serious invasiveness by any of these species was recorded within the project area,
monitoring is recommended during the construction and operational phase of the project.
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Figure 2-11: image of Dodonaea viscosa Figure 2-12: Seedlings (right,
shrubs foreground) growing on the littoral zone

2.3.2.2

The mosaic of habitats described in the previous section as well as their relative floristic
diversity, provide suitable foraging, breeding and sheltering habitat for a range of fauna in
the project area and its environs. During the field surveys undertaken in January and March
2015, a variety of invertebrate, herpetofauna, birds and mammals’ species were recorded
across the habitat types present within the study area. The results of these surveys are
detailed below.

Invertebrates

A total of 145 invertebrates were collected from the study site and it immediate
surroundings. With 119 species, the terrestrial habitat yielded the greatest number of the
species. The marine ecosystem and Chomo wetland produce 26 and 19 species
respectively. The beetles and the butterflies were the most dominant groups in the study
site with 43 and 26 species respectively. A species checklist with their distribution is
provided in Appendix 2.

From this great diversity, a few invertebrate groups were identified as important for future
monitoring of possible effects of the coal plant on the normal functioning of the ecosystem.
These included all species of wild bees, ground beetles (Carabidae), several species of
darkling beetles, one species of jewel beetles, a species of wild cockroaches, one species
of millipede and swimming crabs. These groups of invertebrates were chosen because they
are known to have a high sensitivity to environmental pollutants (Gary and Orie, 1980) and
also because several have been used elsewhere to investigate the effects of pollution. The
ground beetles for instance have been used in Russia to investigate the impact of uranium
pollution on soil macro fauna (Gongalsky, 2003). These ground beetles, darkling beetles,
wild roaches and the millipedes do not migrate far from their habitats. Their close
associations with detritus also make them suitable candidates to monitor the effects of
environmental changes that may be caused by for instance acid rains among other things.
The interaction between different species of bees and flowering plants cannot be over
emphasized. Any impact that negatively affects flowering plants is likely to be easily
detected by observing the behavior of the bees. The phytophagous (leaf feeding) beetle,
Sternocera castanea will be used to monitor any deleterious effects on vegetation. The
close interaction between the swimming crab and the sea water makes them better
candidates to monitor any effects in the sea from the desalination plant than the sand crabs
found on the shoreline. The ease of collection and identification of these groups also made
them ideal candidates for future monitoring.
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Figure 2-13: Part of the collection from Kwasasi, Lamu County
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Species richness and relative abundance
Wild bee species

A total of 8 species of wild bees were collected in the pan traps. Their relative abundances
for the 6 days of sampling are given in Table 2-4. Macrogalea candida was the most
abundant bee at the time of sampling. This is known to withstand dry conditions such as
those prevailing during the survey.

Table 2-4: Species composition and relative abundances of wild bees in Kwasasi

FEHL C::‘ﬂ':;n Genus species %;:;n)t
Apidae - Apis mellifera 1
Apidae - Ceratina spl 4
Apidae - Ceratina sp2 1
Apidae - Macrogalea candida 196
Halictidae Sweat bees Allodape sp. 1
Halictidae Sweat bees Lasioglossum sp 12
Halictidae Sweat bees Pseudapis sp 1
Megachilidae | | eaf cutter bees Megachile sp 1

Beetles and wild cockroaches

Two families of beetles and one species of wild cockroaches were identified as a key for
future monitoring. The two beetle families are Carabidae (Groung beetles) and
Tenebrionidae (Darkling beetles).These were two species of ground beetles and three
species of darkling beetles were found to be good candidates. Gyna maculjpennis was the
only wild cockroach included for monitoring due to its high abundance and interaction with
detritus. Their relative abundances for the 6 days of trapping are given in Table 2-5.
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Table 2-5: Species composition and relative abundances of ground beetles and wild
cockroaches in Kwa sasi

Order Family Common Genus species No.
HET S

Blattodea Blattidae Wild Gyna maculipennis 94
Cockroaches

Coleoptera Carabidae Ground Crepidogaster bioculata 7
beetles

Coleoptera Carabidae Ground Pheropsophus sansibaricus 24
beetles

Coleoptera | Tenebrionidae Darkling Rhytinota stupida 11
beetles

Coleoptera | Tenebrionidae Darkling Homolopsis lobulata 42
beetles

Coleoptera | Tenebrionidae Darkling Zophosis punctatafasciata | 94
beetles

Figure 2-14: Key species of beetles identified in Kwasasi for future monitoring of
project impacts

Cypholoba tetrastigna Crepidogaster bioculata Pheropsophus sansibaricus Gyna maculipennis
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Phylum Class/ Commo Family Genus species
infra order n names

Mollusca | Gastropoda | Snails Melongenidae Volema pyrum
Mollusca | Gastropoda | Snails Melongenidae
Mollusca | Gastropoda | Snails Muricidae Chicoreus ramosus
Mollusca | Gastropoda | Snails Potamididae Cerithidea decollata
Mollusca | Gastropoda | Snails Potamididae Terebralia palustris

2.3.2.3 Herpetofauna

The proposed site for development of the Amu coal power plant lies in a predominantly
shrub savanna with open to closed canopy thorny bush of Commiphora and Salvadora
persica. This is associated with the coastal biome herpetofaunal assemblage.

The woodland, grassland, wet and open habitats as well as the ecotones (habitat edges)
between them provide suitable habitat for amphibian and reptile species. From previous
and ongoing studies in the region and its surroundings 154 species of reptiles (105) and
amphibians (49) are known to occur (see Appendix 3). During the field survey, 20 species
of herpetofauna were recorded as shown in figure 2-15 — 2-23. Out these 5 were
amphibians and the rest were reptiles. The reptiles list were:

e 3 snakes;

e 1 chameleon;

e 1 skink;
e 1agama;
e 1 turtle;
e 4 geckos;

e 1 crocodile; and
e 1 monitor lizard.

Figure 1-24 shows a Google Earth map showing the locations where the various amphibians
and reptiles were identified in the project site and its environs.

Figure 2-15: Tree skink Figure 2-16: white headed Figure 2-17: black
gecko headed tree agama
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Figure 2-18: tropical Figure 2-19: Anchieta’s Figure 2-20: guttural
forest gecko ridged frog toad
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Figure 2-21: Scheffler's Figure 2-22: Eastern Bark Figure 2-23: Flap-
puddle frog Snake necked chameleon

Figure 2-24: Map showing the various points that were sampled and where species
were found
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2.3.2.4

Species of conservation importance

Out of the known herpetofauna species eight (8) were identified through the IUCN species
red list as either endangered (EN) or vulnerable (VU) as shown in table 2-7. Out of these,
only one Olive Ridley turtle (Green turtle) was observed during the field survey at the
location shown in figure 2-25.

Table 2-7: IUCN cited herpetofauna species known to occur in the area

Scientific name Common nhame Type IUCN
status
Afrixalus sylavaticus Forest spiny reed frog Amphibian EN
Arthroleptis xenodactyla Eastern squeaker Amphibian VU
Boulengerula changamwensis | Changamwe African Caecilian | Amphibian EN
Caretta caretta Loggerhead turtle Reptile EN
Chelonia mydas Green turtle Reptile EN
Eretmochelys imbricita. Hawksbill Turtle Reptile EN
Hyperolius rubrovermiculatus | Shimba Hills Reed Frog Amphibian EN
Lepidochelys olivecea Olive Ridley turtle Reptile EN

Figure 2-25: Map showing location where the Chelonia mydas (Green turtle) was sited

Birds

The proposed site for development of the coal power plant lies in a predominantly shrub
savanna habitat with open to closed canopy thorny bush of commiphora and salvadora
persica. The marine shoreline adjacent to the site has mud flats used for feeding by a
variety of shorebirds for feeding and high tide roosts.
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Species Name Scientific Name Status

EN-Endangered; VU-vulnerable; NT-near threatened

Figure 2-26: Sites where IUCN red list bird species were recorded

Google earth
(@

Migratory species: 32 bird species recorded were Palearctic migrants (visitors from the
northern tropics Sept to Apr) and 9 bird species were afro tropical migrants (intra African
migrants). Most were recorded along the shoreline adjacent (Kwasasi beach) to the project
site.

Other species of conservation concern:

The following three species are not listed in the IUCN red list but occur in the area in
globally significant numbers and are therefore of conservation concern in the region:

i). Roseate Tern Sterna dougallii- Upto 1200 pairs are known to regularly breed on
islets near Kiunga. Over 5000 pairs were recorded in 1970.

ii). Crab Plover Dromas ardeola- This species breeds in the Gulf of Oman and Gulf of
Aden in the Middle East. Most of the species global population winters on the Kenyan
coast.

iii). Coastal Black Boubou Laniarius nigerrimus- This species is endemic to the Lamu
area of Kenya and extreme southern tip of Somali. The Kenyan population of the
species has always wrongly been identified as sub-species of the more common
Tropical Boubou. Recent DNA study has shown that this is not the case and that the
Kenyan birds are Laniarius nigerrimus, formerly a southern Somali endemic (Turner
and Pearson 2015).
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2.3.2.5 Mammals

According to the LAPSSET Study of 2011, the project site was reported to be part of a
ranging site for a number of large mammal species including the Topi, Buffalo, Elephant,
Wild Dog, Giraffe, Buffalo, Hippopotamus, Lamu Topi, Waterbuck and Gazelle. During the
field survey, the mammals shown in Table 2-12 were observed using various means as
indicated in the table and shown in Figure 2-27.

Table 2-12: List of mammal species encountered during the survey

Common name Species Identification method
Pygmy Mouse Mus minutoides Specimen collected, is at NMK
Olive Baboon Papio anubis Sightings and photos
Crested Porcupine Spike found
Yellow-winged Bat Lavia frons Sightings
Topi Damaliscus korrigum Sightings, photos and fecal
Cape Buffalo Syncerus caffer Sightings, photo and fecal
Hippopotamus Hippopotamus amphibius Sightings, photo, fecal and
footprints
Vervet Monkey Chlorocebus pygerythrus Fecal and sightings
Dik dik Madogua Foot prints and fecal
Cape Hare Lepus Foot prints and fecal

Figure 2-27: Mammals and mammal signs recorded on site

Clockwise from top left: Hare Scat, Buffalo print, Topi and Olive Baboon
"ig;'il ] / . :I - . ‘:;_:- = 'Iw-‘v P - o

Small mammals such as bats have been recorded in previous surveys of the area including
Tomb Bat 7gphozous spp., Heart-nosed Bat Cardioderma cor, Yellow-winged Bat Lavia
frons, Epauletted Fruit Bat Epomophorus sp., and Yellow-bellied House Bat Scotohilus
colias.
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2.3.2.6

Scientific Name Common Name
Vespertillionidae | Miniopterus minor Least long-fingered Bat

Myotis Bocagi Rufous Myotis

Neoromicia Nanus Banana pipistrelle

Neoromicia rendalli Rendall’s Serotine

Scotoecus hindei Hinde's Lesser house
Bat

Scotoecus hirundo Dark-winged lesser
house Bat

Scotophilus dingani Yellow-bellied house
Bat

Scotophilus colias Yellow-bellied House
Bat

Glauconycteris Kenyan Wattled Bat

kenyacola

Scotophilus nigrita Giant House Bat

Molossidae Chaerophon pumilus | Little free-tailed Bat

Mops condylurus Angolan Free-tailed
Bat

Otomops Large eared Giant

martiensseni mastiff Bat

Marine flora and fauna

In order to characterize the marine habitats around the offshore project infrastructure
(circulating water discharge, circulating water intake and coal receiving jetty), three
transects were made from the shore line to the deepest point in the Manda Bay as shown
in figure 2-28. Each transect started from the highest watermark (HWM), perpendicular to
the shore ling, to a distance of 2 to 3 km off-shore (i.e. the point where the shipping jetty
will be stationed). The field survey involved profiling and describing the topography and
substrate of the sea bottom along each transect as well as location of habitats from the
HWM and their respective depths.

Generally three different topography types constituted the bottom of the sea bed at Manda
Bay. In all three transects, the sea bed from the HWM up to a distance of 2km offshore is
made of gently sloping gradients and is shallow up to a depth of 5m. This is followed by a
steep gradient for the next one to two kilometers with depth ranging from 6 to 20 metres.
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Figure 2-28: Map showing approximate location of three transects sampled

Given below is a description of the three transects and their topographical features based on
the field survey.

Transect 1

The topography from the HWM is flat with sand deposits for 100 metres, followed by patches
of mangroves forests with muddy-silty-sandy substrates for 100 metres and then 100 metres
of exposed sandy and muddy beaches. From the lowest water mark (LWM) is gentle sloping
seabed of sand, silt, rocky and sea grasses beds for 1.5 km (Table 2-14); Figure 2-29 shows
the bottom cross-sectional profile of transect 1. The water is moderate to clear and goes up
to a depth of six metres. The length of Transect one was approximately 3km and covered
whole of Manda Bay.

Table 2-14: Sea bed habitats, zones and topography characterization at Transect 1

Zone Zone Depth Sea bed habitats and coverage
(from length from the
shore into (m) HWM
Manda (m)
Bay)
1 150 Om 100% sandy
2 150 0.5-2m 100% mangroves, 100% silt-sandy and muddy
substrates
3 100 2-3m 100% silt-sandy
4 1500 3-9m 50% sandy-muddy bottom and 50% rocks
covered with sea grasses and algae
5 500 9-15m 100% sandy — rocky bottom, 20 % coral
reef patches
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Zone Zone Depth Sea bed habitats and coverage
(from length from the

shore into (m) HWM
Manda (m)
Bay)

6 300 9-15m 50% sandy-muddy bottom
50% rocks covered sea grasses and algae

7 200 3-3m 100% mangroves, 70% silt muddy and
30% sandy.

8 100 0-3m 100% sandy

Figure 2-29: Bottom cross-section profile at Transect 1
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Transect 2

The topography from the HWM is flat with sand deposits for 100 metres, followed by a stretch
of mangroves forests with muddy-silty-sandy substrates for 200 metres and then 100 metres
of exposed sandy-muddy beaches. From the LWM, the sea bed gently slopes and consists of
sand, silt, rocky and sea grasses beds for 1.5 km (Table 2-15); figure 2-30 shows the bottom
cross-sectional profile of transect 2. The water is moderate to clear and goes up to a depth of
eight metres. It then connects with deep sections of Manda Bay (9 to 20 metres). The bottom
is covered by coral reefs, sea grasses and sandy areas. Transect 2 was approximately 3.0km

long.

Table 2-15: Sea bed habitats, zones and topography characterization at Transect 2

Zone Zone Depth  Sea bed habitats and coverage
(from length from the
shore into (m) HWM
Manda (W)
___Bay)
1 100 Om 100% sandy
200 0.5-2m 100% mangroves, 100% silt-sandy and muddy
substrates.
3 100 2-3m 100% silt-sandy
4 1500 3-9m 30% sandy-muddy bottom and 70% rocks
covered with sea grasses and algae
5 1000 9-20m 50% coral reefs, 30% sea grasses and 20%
rock bottom
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Figure 2-30: Bottom cross-section profile at Transect 2
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Transect 3

The topography from the HWM is flat with sand deposits for 200 metres, followed by
mangroves with muddy-silt-sandy substrates for 300 metres and then 200 metres of exposed
slightly muddy sandy beaches. From the LWM, the seabed gently slopes with sand, silt, rocky
and sea grasses beds for 1.6km (Table 2-16); figure 2-31 shows the cross-sectional profile of
transect 3. The water is moderate to clear and attaining a depth of 10 metres. It is then
followed by the deep sections of Manda Bay (11 to 25 metres) covering a width of 3km. The
sea bed is covered with rocks, coral reefs, sea grasses and sand. Transect 3 is approximately
6km wide.

Table 2-16: Sea bed habitats, zones and topography characterization at Transect 3

Zone Zone Depth Sea bed habitats and coverage
(from length from the
shore into (m) HWM
Manda (m)
Bay)
1 100 Om 100% sandy
2 200 0.5-2m 100% mangroves, 100% silt-sandy and muddy
substrates.
3 100 2-3m 100% silt-sandy
4 1500 3-9m 30% sandy-muddy bottom and 70% rocks
covered with sea grasses and algae
5 1000 9-20m 50% coral reefs, 30% sea grasses and 20%
rock bottom

Figure 2-31: Bottom cross-section profile at Transect 3
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Figures 2-32 and 2-33 shows examples of typical images of the of sea bed characteristics used
to describe coverage and habitats percentages.
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Figure 2-32: Silt-sandy zones between Figure 2-33: exposed sea grasses beds
mangroves and open water on silt-sandy muddy beaches

Figure 2-34: Image showing extent of coral reef in the Manda Bay (pink areas)

»”
Extent of coral reef
in the Manda Bay

r
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! Source: Obura, D.O., Church, J.E. and Gabrié, C. (2012). Assessing Marine World Heritage from an Ecosystem
Perspective: The Western Indian Ocean. World Heritage Centre, United Nations Education, Science and Cultural
Organization (UNESCO). 124 pp.
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2.3.2.7

2.3.2.8

2.3.2.8.1

Sampling methodology for marine habitats

Sampling of mangroves, sea grasses and coral reefs was carried along transects using gradsect
or gradient-directed transects (Bullock 2013). This method comprises establishing transects to
intentionally sample the full range of floristic variation over a study area by placing quadrants
at the points along the gradsect or point quadrats or line transects.

In the mangrove areas, sampling consisted of walking along transects and recording
mangrove species present in 10x10m quadrants, spaced 20 metres apart. Observations were
made on the general conditions of mangrove forest, soil and presence of human activities
such as fishing, tree harvesting and natural phenomena such as beach erosion. One
composite sediment sample was taken for analysis of physical and chemical properties as well
as heavy metals.

Occurrences of sea grasses were assessed by establishing quadrants of 10x10m, 250
metres apart along the long the three transects. In each quadrant the dominant species
were used to characterize that zone or area.

Diving survey techniques were used to assess distribution and occurrences of coral reef.
This was done to a depth of 15 metres. The area under coral reefs, sea grasses, sand and
boulders was estimated along the three transects, primarily where samples for water
quality analyses were taken. More information on the general topography, distribution of
sea grasses and coral reefs was solicited from key informants, fishers, mangrove cutters,
fishery and forestry officers. This information was enhanced with information published on
marine biodiversity resources in the area.

Other marine taxonomic groups assessed on the study area were fishery,
macroinvertebrates, birds, sponges and algae. Information on occurrences of fishery
species was solicited from our key informants, representatives of BMUs and mangroves
cutter who have local knowledge on where fish spawn, feed and dwell. This information
was enriched with data and information obtained from Lamu County Fisheries Department
and published literature (Anam & Mostarda 2012). Macroinvertebrates, birds, sponges and
algae recorded along the coastline in mangroves, beaches and sea grasses meadows.

The IUCN red list for threatened species was used to determine species of conservation
importance within the project zone of influence. The conservation status of species was
determined by searching the scientific names of observed species on IUCN’s online
database. Emphasis was laid on species that were Critically Endangered, Endangered,
Vulnerable, or Near- Threatened. In addition, national checklists were also used to
document vulnerable species.

Marine habitat description

Given below are descriptions of the marine habitats and fisheries near the proposed project
site based on field surveys.

Mangroves

Mangroves in Lamu County occupy 33,500 ha, representing 75% mangrove forest area in
Kenya. This is a significant area and endowed with rich biodiversity that is foundation for
the many ecosystems services offered by the marine systems in the area including high
primary productivity that support fishery, forestry and tourism economies (Abuodha & Kairo
2001) as well as regulating sediments and pollutants from reaching coral reefs. The
occurrence of marine biota within the mangroves intertidal area was found to be rich
though influenced by presence and extent mangroves, beaches and water pools. Significant
numbers of water birds were observed feeding on silt-mud and sand beaches. Similarly
high numbers of crustaceans were found in the mangroves and sandy beaches while
mangroves stems and roots are abundantly colonized by bivalves. Water pools within the
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mangroves were important nursery habitats for juvenile fish and crustaceans. Gastropods
were recorded though in low abundances.

Mangroves mainly occupy the intertidal zone where they are interspersed with sand-silt-
mud habitats and water pools. In the project area, mangroves are found along the western
edge of the Manda Bay channel in narrow stretches (ca. 50 to 200m wide) that run along
the coast line. It was observed that the species Xylocarpus granatum occupy the landward
side, while the species Avicenia marina, Rhizophora mucronata and Sonneratia alba occur
on the sea side; the species Bruguiera gymorrhiza and Ceriops tagal are found in the
middle sections. Mangroves are harvested based on licenses issued to stakeholders by the
Kenya Forestry Service (KFS) which is the lead agency responsible for mangroves
management in Kenya. An image of harvested mangroves is shown in Figure 2-35.

Figure 2-35: Harvested mangroves used as building poles at Mokowe Jetty

2.3.2.8.2 Sea grasses

Sea grasses were well represented in the surveyed area. They were interposed by
macroalgae in the intertidal and subtidal area between the mangroves and coral reefs.
Seven species were found to be common. They comprised extensive monospecific and
multispecific stands of Halodule wrightiiand Cymodocea rotunda on the HWM, followed by
Thalassia hemprichii (common in shallow water next to mangroves), Enhalus acoroides,
Thalasondedron cifiatum, Halophila spp and Syringondium isoetifolium in the shallow to the
medium deep waters in the coral reef zones. Other species infrequently encountered were
Ruppia maritina, Halophila ovalis, Halodule spp and Cymodocea spp that were found in
mono and mixed stands with 7. Aemprichii while the rare species such as Halophila ovalis
and Halophila stipulacea appeared more in the raised sandy bumps in the infralittoral zone.
Seagrasses remained completely inundated during neap tide but vast areas were exposed
during spring tide. Overall eleven species out of the thirteen known to occur in this area
were encountered during the field survey. Images of sea grasses encountered during the
field survey are shown in Figures 2-36 to 2-39.
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Figure 2-36: Image of Syringondium Figure 2-37: Image of Thalassia
isoetifolium sea grass hemprichii sea grass

Figure 2-38: Image of Thalasondedron Figure 2-39: Image of Enhalus
ciliatum sea grass acoroides sea grass

2.3.2.8.3 Coral reefs

The field survey confirmed occurrences of coral reefs in Manda Bay in the deeper sections
of the three transect made. Assessment of coral reefs involved determination of their
coverage and identification of common species. Specifically coral reefs occupied between
10 to 30% of the deep section of Manda Bay. The reefs were of the inner type, fringed in
patchy communities in the sheltered sections of the bay. They are rarely exposed to heavy
wave energy but do experience strong tidal currents and high levels of turbidity due to
sediments from adjacent mangrove and intertidal systems. These findings were consistent
with Obura & Church (2004) maps of coral reefs in the area, which shows the coral mostly
occurring in the deep and sheltered sections of Manda Bay. There are about 157 species
of coral reef in Lamu which compare well with 154 species of Kiunga National Reserve in
the north (Obura 2008). Coral reefs support hard coral species, with soft coral species
occurring occasionally. Common families and species found in Manda Bay are given in Table
2-17.
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Figure 2-40: Fishery production in the six divisions of Lamu County
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2.3.2.8.5 Other marine organisms

The investigated area also supported a variety of other marine organisms. Some of the
recorded organism groups are macroinvertebrates as shown in Table 2-19.

Table 2-19: Marine macroinvertebrates recorded in the project area

Common names Phylum Family Species

Bivalves Mollusca Mactridae Mactraovalina

Bivalves Mollusca Oestreidae Striostreamargaritacea

Bivalves Mollusca Pinnidae Atrinavexiflum

Crabs Crustacea Gecarcinidae Ucainversa inversa

Crabs Crustacea Gecarcinidae Ucalatea annuljpes

Crabs Crustacea Gecarcinidae Ucaurvillei

Crabs Crustacea Grapsidae Chiromanteseulimene

Crabs Crustacea Grapsidae Metopograpsusoceanicus

Crabs Crustacea Ocypodidae Ocypodeceratophthalma

Crabs Crustacea Pilumnidae Eurycarcinusnatalensis

Crabs Crustacea Portunidae Charybdisnatator

Crabs Crustacea Portunidae Portunuspelagicus

Crabs Crustacea Portunidae Thalamitasp

Prawns Crustacea Sergestidae

Sea slug Mollusca Bullidae Bullaampulla

Sea slug Mollusca Hexabranchidae Hexabranchusmarginatus
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Common names Phylum Family Species
Snails Mollusca Janthinidae Janthinajanthina
Snails Mollusca Littorinidae Littorariapallescens
Snails Mollusca Littorinidae Littorariascabra
Snails Mollusca Melongenidae Volemapyrum
Snails Mollusca Melongenidae
Snails Mollusca Muricidae Chicoreusramosus
Snails Mollusca Potamididae Cerithideadecollata
Snails Mollusca Potamididae Terebraliapalustris

2.3.2.9

Marine water quality and sediment assessment

Water and sediment from marine habitats were collected from a variety of locations within
Manda Bay during the field surveys as shown in Figure 2-41. The samples were
independently collected by a NEMA accredited laboratory — SGS Kenya Limited for analysis.
All samples were analyzed at SGS Kenya Limited Laboratory in Mombasa according to local
and international standards and guidelines for sampling and analysis. Measured levels will
act as baseline levels during future monitoring. The results of the analysis are presented in
Table 2-20.

Measured water quality parameters are those that their levels in the environment have
been set in the NEMA's water quality standard guidelines (NEMA 2006). They include total
suspended solids (mg/l), total dissolved solids (mg/l), Fluoride as F- (mg/l), Residual
chlorine (mg/l), oil and greases % wt, total Nitrogen (mg/l), total cyanide (mg/l),
phosphate in water (mg/l), chemical oxygen demand (mg/l), total phenols (mg/l), BOD 5
@ 20°C (mg/I), sulphides (mg/I), salinity (ppt), arsenic as As (mg/I), cadmium as Cd (mg/I),
chromium as Cr (mg/l), copper as Cu (mg/l), iron as Fe (mg/I), nickel as Ni (mg/I), selenium
as Se (mg/l), zinc as Zn (mg/l), total phosphorus as PO4 (mg/l), total coliform count
(MPN/100ml), E. coli (MPN/100ml), permanganate index (mg/I) and anionic surfactants as
MBAS (mg/I)

Similarly sediment analyses determined total cyanide (mg/kg), TPH C6-C44 (mg/kg), TPH
C10 - C16 (mg/kg), TPH C16 - C22 (mg/kg), pH, arsenic as As (mg/kg), cadmium as Cd
(mg/kg), chromium as Cr (mg/kg), copper as Cu (mg/kg), iron as Fe (mg/kg), nickel as Ni
(mg/kg), lead as Pb (mg/kg), selenium as Se (mg/kg), zinc as Zn (mg/kg), mercury as Hg
(mg/kg), total phenol (mg/kg), total nitrogen (C%), phosphates as PO4 mg/kg, organic
matter (% wt), sulphides mg/I and total carbon (C %).
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Figure 2-41: Water and sediment sampling locations in Manda Bay

$
(Bargon ‘Magumba
e 4
'

Site Number 1 5 15 17

Site Name Ndununi Manda LELGE] LELGE Manda Lamu Bay
Bay

Latitude (south) -1.98125 -2.1106 -2.10814 -2.09359 -2.07908 -2.26372
Longitude (East) 40.845766 40.95481 40.94342 40.92707 ‘ 40.92661 40.90167

Ambient temperature (°C)

Temperature 29.4 30 28 28.5 28 28
pH 7.4 6.13 7.84 7.79 7.89 7.62
Total Suspended Solids (mg/I) 2 2 2 2 2 5
Total Dissolved Solids (mg/I) 31860 30660 31560 31680 30600 32886
Fluoride as F- (mg/I) 1.77 1.93 2.54 1.52 1.7 1.5
Residual chlorine (mg/I) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Oil and Greases %owt Nil Nil Nil Nil Nil Nil
Total Nitrogen (mg/I) 5.8 0.99 4.42 4.7 1.46 133.63
Total Cyanide (mg/I) Nil Nil Nil Nil Nil Nil
Phosphate In Water (mg/I) 0.9 0.9 1.1 0.3 0.3 0.1
Chemical Oxygen Demand (mg/I) 1876 1204 1526 975 475 596
Total Phenols (mg/I) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
BOD 5 @ 20°C (mg/I) 1038 669 704 483 250 351
Sulphides (mg/I) Nil Nil Nil Nil Nil Nil
Salinity (ppt) 34.7 33 34.1 34.1 32.7 35.3
Arsenic as As (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Cadmium as Cd (mg/I) <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Chromium as Cr (mg/I) <0.007 <0.007 <0.007 <0.007 <0.007 <0.007
Copper as Cu (mg/l) <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
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3.1

3.2

Critical habitat assessment

Introduction

The proposed project is located in the terrestrial habitats, in proximity to the coastal and
marine environment. Its adjacency to the coastline and planned utilization of the
coastal/marine resources for its activities calls for a thorough scrutiny of its potential
interactions with critical habitats. However, critical habitats require to be identified in order
to establish elements of project development that will affect them and the mechanism
through which these elements will cause harm on the habitats. An understanding of critical
habitat is imperative in the process of identification and rationalization of characteristics of
critical habitats in a more acceptable manner. The International Finance Corporation
provides a through scrutiny of various types of development projects in relationship with
biodiversity and human environment.

Adoption of IFC requirements in biodiversity frameworks is important in streamlining
biodiversity conservation at local levels. Relevant to this task review is the Performance
Standard 6 (PS6; IFC 2012a) and the associated Guidance Note 6 (GN6; IFC 2012b) which
are explore to come up with opportunities for protecting and conserving (Stefan et al.,
2013) important marine and terrestrial biodiversity in Amu/Lamu area. In specific, sections
in the IFC documents that covers critical habitat is given more attention in order to acquire
guidance on how to handle conservation issues surrounding the habitats.

Since the requirement for review and assessment of CH is prompted by the proposed Amu
Coal Power Project, one would be bias and develop a tendency to focus on the immediate
environment of the project site. This does not provide for a proper ranking of habitats on
a wider landscape based on their values. However, it is important to note that the
identification of CH could have been conducted independent of Amu coal power project
and the extent should not be defined by the size of project foot-print. Moreover, the process
can be conducted without reference to the power project. Thus, when this project was
proposed at Amu, an existing CH area should be used in scrutinizing the potential impacts
of the project.

Despite all these, this task is conducted with the main objective of determining critical
habitats in the wider landscape and assessing how the proposed coal power project would
affect the habitats or species community. The identification of critical habitat in Amu/Lamu
area was conducted through the IFC Guidance Note (2012) based on criteria for identifying
critical habitat. This process is however not necessarily limited to the above criteria; a
combination of expert guided experience and [other recognized high biodiversity values as
stipulated in IFC Guidance Note 2012] can be used in order to support a critical habitat
designation. Appropriateness of this decision would be evaluated on a case-by-case basis
according to the concepts of irreplaceability and vulnerability.

Identification of critical habitat

The identification of critical habitats for the proposed 1,050MW coal fired power plant was
undertaken using a systematic and structured process which his depicted in Figure 3-1
showing a flowchart of critical habitat identification. A description of the process flow chart
steps is given thereafter.
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Figure 3-1: summary of the process of delineating critical habitats
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3.2.1

Distribution of
Critical Habitat

Acquisition of biodiversity data and satellite imagery

Biodiversity data was acquired from existing databases (desktop and online) and field
observation data. Species point data was acquired from the database of the National
Museums of Kenya while the satellite layer (Landsat image) was downloaded from the
Global Land Cover Facility for processing land cover units for the year 2010. A field survey
that was conducted provided data that was used for screening species of conservation

importance.
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3.2.2 Determination of Species of Conservation Status

Species data was acquired from the existing databases and field observation made at the
project site and its environs. This data was scrutinized using the search engine for the IUCN
Red list of threatened species 2015 (Figure 3-2) to determine conservation status. There
are different categories of conservation status of species that are described in the IUCN
red list data. These categories include Extinct, Extinct in the Wild, Critically Endangered,
Endangered, Vulnerable, Lower Risk, Data Deficient and Not Evaluated. Names of species
were entered in the IUCN Red list search engine for verification. The conservation status
of species identified in the project area and its environs is provided in the biodiversity
section below.

Figure 3-2: Search engine for the IUCN Red list of threatened species

<« C' | [0 www.iucnredlist.org/search

.6’. The IUCN Red List of Threatened Species™ 20154 Login | FAQ | Confact | Terms ofuse | IUCN or
L

EIED :About :Initiatives :News :Photos :Partners :Sponsors :Resources :Take Action
Guidii

Consetvation Enter Red List search term(s) OTHER SEARCH OPTIONS ) Discover more

for 50 Years

Home = Search = Search Results

Displaying one species assessment Current search:

Explore or refine your Save / Export Search
search below:

Search terms
Show taxa:

Mkilua fragrans Species
Status: Vulnerable B1abiiii) ver 3.1 *E Keyword search

Pop. trend: decreasing =t 'l.-\kigm‘fr:gmns' Exact phrase, The entire
stabase

Th Citation:  The IUCN Red List of Threatened Species. Version 2015-4

<www.iucnredlist.org>. Downloaded on 26 November 2015.

Disclaimer: To make use of this information. please check the <Terms of Use>
Life History Feedback: [f you see any errors or have any questions or suggestions on what is

shown on this page, please provide us with feedback so that we can
correct or extend the information provided

3.2.3 Delineation of land cover units

The acquired Landsat image was processed in ArcGIS 10.2 using unsupervised classification
process. Land cover units generated were manually re-clustered based on the depictions
of the image reflectance and the unit assigned classes.

3.2.4 Identification of biodiversity values

Seven biodiversity values were adopted from the IFC (2012) and the Biodiversity Consultant
(2012) as a checklist for validation of habitats in Lamu area. The process of identifying
species of conservation importance aided by providing conservation status of animal and
plant species. Thus, from the process, an area would be assigned as a:

e Habitat of significant importance to Critically Endangered and/or Endangered species;
e Habitat of significant importance to endemic and/or restricted-range species;

e Habitat supporting globally significant concentration of migratory species and/or
congregatory species;

e Highly threatened and/or unique ecosystems; and/or;

e Area associated with key evolutionary processes;
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3.2,5

3.2.6

3.2.7

e Legally protected areas and internationally recognized areas; and/or

e Area of other biodiversity values
Critical Habitat Identification

Criteria developed by IFC 2012 for identifying critical habitats were explored by scrutinizing
conservation data for species against the seven criteria. These criteria are based on the
biodiversity values that are identified above; hence, the process is a precursor of this stage.
Biodiversity values are ranked based on their importance values; thus, the first value is
regarded very important and reduces up to the seventh biodiversity value.

The first three criteria are graded on importance which is varied based on the numerical
thresholds derived from the IUCN Best Practice Protected Area Guidelines. The thresholds
form a basis for a tiered approach in that numerical threshold is used to assign Criteria 1
to 3 to Tier 1 or Tier 2 Critical Habitat designation. According to IFC, Tier 1 Critical Habitat
is provided highest importance; development is very difficult to implement and offsets are
generally not possible except in exceptional circumstances. In Tier 2 Critical Habitat,
development may be possible and offsets may be possible under some circumstances
(Biodiversity Consultancy Ltd, 2012).

Method for identifying Critical Habitats

An approach by Stefan et al., (2013) was adopted for identification of CH in the project
area. Critical habitats was identified using fieldwork data and local informants who had
knowledge on areas utilized by some of the species of conservation importance. Field data
was collected based on the biodiversity taxa by the experts; plants, mammals,
invertebrates, reptiles and amphibians in both terrestrial and aquatic habitats. This
provided information on the taxa distribution and habitat associations (Stefan et al., 2013).

Consultation of local informants was carried out to understand the biodiversity value
present in the vicinity of the project areas and identifying existing conservation concerns.
Critical habitat was identified using spatial unit of analysis (Critical Habitat Area of Analysis
(CHAA) and Discrete Management Unit). This was achieved through screening biodiversity
features (i.e. at the species, ecosystem and landscape scales), and evaluating the
distributions of CH (Stefan et al., 2013).

Critical habitat Area of Analysis (CHAA)

Critical Habitat Area of Analysis for the Amu Coal Power Project was identified as an
ecologically relevant area surrounded and including the anticipated extent of the project
influence on biodiversity. According to Stefan (2013), CHAA was used as the geographical
extent to screen biodiversity features to assess the Critical Habitat. CHAA was considered
at the scale in which CH was identified and used to map the limit of the potential effects
of the project.
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1)

3.2.8

3.2.9

3.2.9.1

Discrete Management Unit

Areas were demarcated and assigned as Discrete Management Unit (DMU), which are areas
in which biological communities and/or management issues have more in common with
each other than they do with those in adjacent areas (IFC GN, 2012). Species of
conservation importance were considered for delineating DMU. In this case, DMU are the
adjacent habitats that support species of conservation importance and unique ecosystem
characteristics.

Results

Species of Conservation Importance

Given in Table 3-1 is a summary of the conservation status of various species found within
the environs of the proposed coal fired project site. Under the IUCN red list of threatened
species, species that are Near Threatened up to critically endangered are enlisted in the
table below.

Table 3-1: Conservation status of species found in the project area environs

Species Habitat Where found IUCN
Conservation
Status
Rhynchocyon | Black and | Mammal Forest Boni and Dodori Vulnerable
petersi Rufous national reserve B1ab(iii)
Sengi
Rhynchocyon | Golden- Mammal Forest Boni and Dodori Endangered
chrysopygus rumped national reserve B1ab(iii,v)
Sengi
Chelonia Green Reptile Seagrass Near project A 2bd ver 3.1
mydas Turtle footprint,
Kiunga National
Reserve
Newtonia Plant Woodland Near project EN Adad
erlangeri footprint
Nesaea Plant Woodland Near project EN B2ab(iii)
parkeri footprint
parkeri
Nesaea Plant Near project EN B2ab(ii, i
stuhimannii footprint
Monanthotaxi Plant Forest Endangered
s faulknerae B2ab(ii,iii,v) ver
3.1
Cephalophus Mammal Mammals Dodori National Critically
adersi Reserve Endangered Adcd
Euphorbia Critically
tanaensis Endangered
B1+2c, D
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|
5

3.2.9.2

3.2.10

3.2.10.1

Biodiversity Values

Based on field surveys and literature review, the data was screened to identify biodiversity
values as stipulated by the IFC 2012. After the process, three important values were
identified and include:

e Habitat of Critically Endangered and/or Endangered species;
e Habitat of significant importance to endemic and/or restricted-range species; and

e Alegally protected areas and internationally recognized areas.
Critical habitat Area of Analysis

Habitat of Critically Endangered and/or Endangered species

Among the sizable list of species of plants, birds, mammals, reptiles and amphibians found
in the project area and its environs, a few species were positively screened using the IUCN
red list of threatened species. Among the screened list of species, their habitat and IUCN
conservation status are shown in Table 3-2. Images of the species are shown in Figures 3-
3 to 3-6 while maps showing the critical habitat areas are shown in Figures 3-7 to 3-9
respectively.

Table 3-2 : Habitat and IUCN status of screened list of species

Species Habitat Location IUCN Conservation
Status

Chelonia Reptile Seagrass Near project A 2bd ver 3.1
mydas footprint, Kiunga

National Reserve
Newtonia Plant Woodland Near project EN Adad ver 3.1
erlangeri footprint
Nesaea Plant Woodland Near project EN B2abiii) ver 3.1
parkeri footprint
parkeri
Nesaea Plant Near project EN B2abii, iii) ver 3.1
stuhimannii footprint
Cephalophus | Mammals | Mammals Dodori National Critically Endangered
adersi Reserve A4cd ver 3.1
Euphorbia Critically Endangered
tanaensis Bl1+2c, D
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Figure 3-3: "Green Sea Turtle grazing on Figure 3-4: Ader's duiker (source:
seagrass" by P.Lindgren http://cca.kws.go.ke/BoniDodori.htmi)

Figure 3-5: "Rhynchocyon petersi one" by Figure 3-6: Beatragus hunter
ZeWrestler

L Tim Wacher

Chelonia mydas Adult green sea turtles mostly eat marine plant life such as seagrass, kelp and algae,
while juveniles have a more carnivorous diet. Thus, they potentially occur on seagrass areas

According to information from Kenya Wildlife Service, Dodori Creek is a breeding place for Dugongs;

Aders' duiker, Cephalophus adersiis a small antelope endemic to the coastal forests of east Africa (Boni
and Dodori). It is threatened by habitat loss and hunting; the species is categorized as Critically
Endangered on the IUCN Red List.

Hirola is a unique and threatened animal. Its distribution is bound to the arid, grassy plains bound by
semi-desert inland and coastal forests on the south-eastern coast of Kenya and Somalia. Hirola is
classified as Critically Endangered by the IUCN (1996), with fewer than 400 living individuals currently
estimated. Hirola has been identified between seven herds of Hirola were identified between Boni
Reserve and the Tana River in North-Eastern Kenya In January 2013.
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3.2.11

3.2.11.1

3.2.11.2

Legally protected areas

Kiunga National Reserve

Kiunga Marine National Reserve (KMNR)is situated along the Indian Ocean coast in Lamu
County, Kenya. Kiunga Park covers 270 square kilometers (100 square miles). The park
covers an area with approximately 50 islands and coral reefs in the Lamu Archipelago. It
borders the Boni and Dodori National Reserves.

The Kiunga Marine National Reserve (KMNR) was designated as a reserve on June 11,
1979, and is legally registered on the Boundary Plan 216/39. In 1980, KMNR was
designated a Biosphere Reserve covering 60,000 ha. The biosphere reserve is important
for nesting seabirds, green turtles (Chelonia mydas) and dugongs (Dugong dugon) and
hosts relatively pristine mangroves.

Dodori National Reserve

Dodori hosts a vegetal diversity mainly consisting of coastal and riverine forests,
mangroves, swampy grasslands and savannah.

Dodori reserve was named after the river ending in the Indian Ocean at Dodori Creek, a
breeding place for dugongs. Dodori National Reserve was gazatted in 1976. It is situated
in Lamu County and has a unique indigenous open canopy forests of the Northern Zanzibar-
Inhambane coastal forest mosaic. The reserve host Aders’ duiker, Cephalophus
adersi which is a small antelope endemic to the coastal forests of east Africa and the hirola,
Hunter’s Hartebeest (Beatragus hunteri). The location of Dodori National Reserve in relation
ot the project site is indicated in Figure 3-10.

Figure 3-10: Legally protected reserves
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3.2.12 Discrete Management Unit

Adjacent areas to the project site indicate potential critical habitats that are delineated
using DMU. These habitats include the mangrove areas, seagrass areas and coral habitat.
The mangrove area is predominantly occupied by mangrove tree species; however in front
of it to the sea side, seagrass zonation is predominant in most of the mangrove forest.
Seagrass area is predominantly occupied by seagrasses with sparse distribution of corals
within the hard substrate areas. Coral reefs are associated by the coral species; shallow
areas are also inhabited by some seagrass species as shown in Figure 3-11.

Figure 3-11: image of discrete management unit

Based on the above discrete management unit, Figure 3-12 is a map showing the marine
and terrestrial habitats in the project area.
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3.2.13

Figure 3-12: Image overlay of terrestrial and marine habitats in the project area

P Woodena

Very critical habitat: Coral habitats are considered very critical since they are sensitive
to disturbance caused by smothering or scouring, and by increase in temperature within
the water media; they respond by bleaching. The habitat forms breeding grounds for
fisheries species; hence they are very important for local fisheries, as well. Due to the fact
that they are inter-sparsed by seagrass, they provide potential foraging grounds for species
of conservation importance such as the Green Turtle and Dugong.

Moderately critical habitat: In the Manda Bay, the habitat comprises of seagrasses as
shown by the yellow shaded area in figure 1-53. Seagrasses however is not sensitive to
increase in water temperature but to mechanical scouring and smothering by
sedimentation. Any scouring can aggravate removal of seagrasses by the scouring force of
breaking waves and current. This habitat is, however known to be a foraging ground for
the Green Turtles and Dugong.

Less critical habitat: The mangrove areas are considered to be less critical on the scale
of weighting coral and seagrass habitats role on sustenance of species of conservation
importance even though they form important ecosystem in the coastal-marine
environment.

Implications of Critical habitats

The spatial identification of critical habitat at the baseline provides the foundation for
applying the mitigation hierarchy. IFC PS6 requires that projects operating in Critical
Habitat take particular measures to safeguard biodiversity. The critical habitat maps can
be overlaid to build a constraints landscape which assists in guiding modifications to the
project design in order to achieve a maximum level of avoidance. Such maps can guide
efforts to mitigate impacts to critical habitats.
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3.3

Critical habitat assessment assists in focusing an impact assessment to critical areas rather
than all areas. The IFC states that projects located in critical habitats must have a net
positive effect over a reasonable period of time and on the biodiversity value for which the
critical habitat was designated. Baseline critical habitat maps can be overlaid with the
proposed project footprints, and non-footprint effects (e.g. noise, dust) considered, to
evaluate project impacts to biodiversity values.

According to IFC 2012, when a project occurs in critical habitats supporting exceptional
biodiversity value, a net gain in biodiversity value is required. For instance, the guidelines
recommend a project to be implemented in areas in critical habitat only when the following
are demonstrated:

e No other viable alternatives within the region exist for development of the project on
modified or natural habitats that are not critical;

e The project does not lead to measurable adverse impacts on those biodiversity values
for which the critical habitat was designated, and on the ecological processes
supporting those biodiversity values;

e The project does not lead to a net reduction in the global and/or national/regional
population of any Critically Endangered or Endangered species over a reasonable
period of time, and;

e Arobust, appropriately designed, and long-term biodiversity monitoring and evaluation
program is integrated into the client's management program.

Ecosystem services

The benefits from an ecosystem are principally classified as Provisioning, Regulating,
Cultural and Supporting services (Millennium Ecosystem Assessment 2005). Within the
proposed project site, provisioning services include wood fuel, fodder, foods from wild fruits
like D. orfentale, A. digitata, S. spinosa, X. americana, T. indica, etc., honey, vegetables (5.
portulacastrum), fish (see Figure 3-13), crabs, oysters, shrimps, monitor lizards and various
species of mammals and birds. Some plants are also used as herbal medicine e.g. Abrus
precatorius. Timber for construction, fencing and canoe-making is sought from hardwoods
such as the endangered D. melanoxylon, mangroves (R. mucronata), A. quazensis with, H.
compressa leaves provide the roofing material (see Figure 3-14). In addition, the latex from
the latter is harvested to make the local brew - Mkoma (name derived from the Swahili
name of the plant, also known as Doum Palm). Wetlands in the area provide water for
domestic use since there’s no municipal water available.

Cultural services were limited with no spiritual and sacred places or shrines encountered.
However, recreational activities such as hunting and fishing, especially at Chomo swamp
and the sea were observed. Ecotourism and scientific explorations and education were also
conspicuously missing within the project area.

Regulating and supporting services are exemplified inter alia, by climate regulation and
carbon sequestration, waste decomposition, air purification, pollination, natural hazards
mitigation, primary production, nutrient capture and recycling. For instance, mangrove
forests protect shorelines from damaging storm and hurricane winds, waves, and floods,
form suitable habitats for other species to thrive in and help in prevention of erosion by
stabilizing sediments with their tangled root systems. They also maintain water quality and
clarity, filtering pollutants and trapping sediments originating from land as well as important
in sequestering and storing carbon.
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4.1

4.2

Methodology for ecological impact assessment

Identification of potential ecological impacts

Identification of impacts was guided by IFC’s performance Standards, Guidance Note 1.
This guidance note relates to Assessment and Management of Environmental and Social
Risks and Impacts of a specific project. It emphasizes that the client should establish and
maintain a process for identifying the environmental and social risks and impacts of the
project. The type, scale, and location of the project guides the scope and level of effort
devoted to the risks and impacts identification process. The scope of the risks and impacts
identification process should be consistent with good international industry practice, and
determine the appropriate and relevant methods and assessment tools. The process of risk
and impact identification should be based on recent environmental and social baseline data
at an appropriate level of detail. The process should consider all relevant environmental
and social risks and impacts of the project, including those that relate to biodiversity and
natural resources.

Methodology for assessing ecological impacts

Assessment of impacts for the proposed project was done using International Finance
Corporation’s guidance note 6 on Biodiversity Conservation and Sustainable Management
of living Natural Resources. Specifically, paragraph 7 requires that the risks and impacts
identification process to consider direct and indirect project-related impacts on biodiversity
and ecosystem services, and identify any significant residual impacts. The process is
expected to consider relevant threats to biodiversity and ecosystem services, focusing on
habitat loss, degradation and fragmentation, invasive alien species, overexploitation,
hydrological changes, nutrient loading, and pollution. Additionally, the process is expected
to take into account the differing values attached to biodiversity and ecosystem services
by affected communities and other stakeholders.

The client is expected to seek avoidance on impacts on biodiversity and ecosystem services.
Measures to minimize impacts and restore biodiversity and ecosystem services should be
implemented when avoidance of impacts is not possible. The client is expected to take
cognizance of the fact that predicting impacts on biodiversity and ecosystem services is a
complex process. Therefore, the client should adopt a practice of adaptive management in
which the implementation of mitigation and management measures are responsive to
changing conditions and the results of monitoring throughout the project’s lifecycle.

Depending on the complexity of impacts, the client is expected to retain competent
professionals to assist in conducting the risks and impacts identification process. They are
also expected to retain external experts with appropriate regional experience to assist in
the development of a mitigation hierarchy that complies with this Performance Standard
and to verify the implementation of those measures.

Based on these Standards, Kurrent Technologies Ltd developed an Ecological Risk
Assessment Matrix. This matrix will be used to assess the potential impacts of the project
to biodiversity. The extent of impact can be limited to the project site and to specific activity
at a particular period, or affect areas beyond the project site. The duration in which the
project takes place is also considered in the evaluation of the impact. The period can be
specific to the period of certain activities or could be related to the occupancy period of the
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CONSEQUENCE (Extent+Duration+Magnitude)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PROBABILITY
a A W N =

Significance criteria

Low <30 | Where this impact would not have a direct influence on the
decision to develop in the area

Medium | 30-60 | Where the impact could influence the decision to develop in the
area unless it is effectively mitigated

High >60 | Where the impact must have an influence on the decision process
to develop in the area

Hierarchy of mitigation

The IFC's Performance Standard 6 is used to guide the process of impact mitigation. This
Standard is supported by several other conservation-based multilateral organizations,
including Fauna and Flora International and Convention for Biological Diversity (CBD). To
comply with the IFC's Performance Standard 6, and the performance standards of several
other multilateral finance institutions, a project proponent must develop and verify the
implementation of a mitigation hierarchy that complies with the Standard. This hierarchy
consists of prioritized steps to alleviate environmental harm as far as possible through
avoidance, minimization (or reduction) and restoration of detrimental impacts to
biodiversity. Further, biodiversity offsetting is only considered to address residual impacts
after appropriate avoidance, minimization and restoration measures have been applied.
This mitigation hierarchy favours early awareness and action to proactively and efficiently
achieve 'no net loss’, or preferably ‘net positive impact’, to biodiversity. The mitigation
hierarchy uses a step by step approach as follows, and is represented in Figure 1-60.

1. Avoidance: which includes activities that change or stop actions before they take
place, in order to prevent their expected negative impacts on biodiversity and decrease
the overall potential impact of an operation. Specific actions may include adjusting the
location, scope or timing of a development could avoid negative impacts to a vulnerable
species or sensitive ecosystem. Avoidance helps protect the integrity of valuable and
threatened biodiversity and ecosystem services and also makes good business sense,
e.g. by reducing later steps in the mitigation hierarchy.

2. Minimization: These are measures taken to reduce the duration, intensity, extent
and/or likelihood of impacts that cannot be completely avoided.

3. Restoration: This involves deliberate measures to alter an area in a way intended to
re-establish an ecosystem’s composition, structure and function, usually bringing it
back to its original (pre-disturbance) state or to a healthy state close to the original.
This step aims at to returning an ecosystem to a former natural condition and to restore
ecological function.

4. Biodiversity offsets: These are measurable conservation outcomes resulting from
actions designed to compensate for significant residual adverse biodiversity impacts
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Assessment of impacts

This section assesses the potential impacts of the Project on terrestrial and marine ecology
receptors and presents mitigation measures. Impacts are presented based on discussion
according to receptor type, to give a complete picture of the effects of the Project on a
given habitat or species group. However, because mitigation is mainly applied at source
rather than receptor, it is more appropriate to list mitigation measures according to project
activity. This allows a clearer perspective of how an activity can be managed as a whole to
minimize, mitigate or manage terrestrial or marine ecological impacts.

Potential impacts on flora

As a result of the extensive vegetation clearance, terrain shaping and soil excavation for
construction of the power plant infrastructure and associated facilities, several plant species
will be lost such as Dalbergia melanoxylon, Dialium orientale, and Haplocoelum inopleum,
as well as mangroves. This will have adverse impacts on these species in the wild; although
most of the other species likely to be lost might not be threatened, their destruction will
further reduce the vegetation cover over the project area. Clearing of vegetation may lead
to changes in surface runoff flow direction and quantity in the area.

The community may also lose the ecosystem services such as herbal medicine, wood fuel
and aesthetics value provided by some of the species lost as a result of the construction
phase activities.

Destruction of ecosystems can also be caused indirectly if emissions from a coal-power
plant reduce productivity of vegetation. Dust for instance will affect plant growth by
interrupting physiological processes like transpiration when lodged on leaf surfaces thereby
blocking their stomata. Stack emissions such as Sulphur dioxide, nitrogen oxides, carbon
monoxide and heavy metals like mercury may contribute to acid rain which in turn pollute
and affect plants growth by corrosion of their surfaces and causes acidification of aquatic
ecosystems.

Human activities are responsible for most of the loss in biodiversity throughout the world
and with the onset of the project related activities such as construction of access roads, an
upwelling of human population is expected in the area as project staff, suppliers,
opportunistic job-seekers and new settlements spring up due to opening up of the area.
This may impact negatively on the biodiversity of the area due to increased pressure on
ecosystem services. Of particular concern is the unsustainable harvesting of D. melanoxylon
which is highly targeted for its hardwood timber and in the carving industry.
Overexploitation of medicinal plants and wild fruit trees such as Dialium orientale,
Tamarindus indica and Adansonia digitata may also occur. Clearing of vegetation for
settlements and expansion of farmlands may lead to loss of important plant species.

Elevated demand for fresh water for domestic use will affect the aquatic flora and maybe
convert the permanent swamps into seasonal ones. Excessive collection of fuelwood by
workers during construction or operation can also lead to deforestation as well as increased
charcoal burning.

Increased domestic waste production, sewage and non-biodegradable material may cause
environmental pollution. Using chemical fertilizers, insecticides and herbicides to increase
food production may lead to emission of toxic chemicals in the air, soil and water.
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5.2

e Cultivated fruit seeds should be properly disposed to avoid
finding their way into natural vegetation areas.

e Minimize unnecessary soil and vegetation disturbance

¢ Monitoring of the invasive species coverage to be done

With mitigation Study Area Long-term Low Improbable
2 4 4 2
Result: (-20) Low negative

Potential impacts on invertebrates

The excavation of land for construction of the coal plant, ash yards, coal stock pile areas,
housing estate and access roads will lead to loss of habitats especially for the ground
dwelling species. Natural vegetation will be cleared affecting the species that depend on it
for food and shelter. There will therefore be loss of breeding and nesting areas. This loss
is not projected to be significant for invertebrates since only a fraction of the larger area
will be excavated and the study did not identify a species that has a very restricted habitat
that was within the areas to be cleared.

Air contaminants accumulate in insects tissues by ingestion, respiration or penetration
through the cuticle. For example, there are known interactions between sulfur compounds
from coal plants and insects which show changes in population dynamics induced by sulfur
compound pollution stress (Eric and Robert, 1977). Sulfur and nitrogenous gases emitted
from the combustion of fossil fuels contributes to the formation of acid rain that may lead
to the following potential impacts on invertebrates:

e The loss of vegetation cover due to acid rain together with the covering of vegetation
with soot which might contain heavy metals will in turn affect a variety of leaf feeding
invertebrates such as grasshoppers and leaf beetles;

e Contamination with various pollutants emanating from a coal power plant has been
shown to affect the abundance social bees such as the African honey bee even at very
low concentrations (Gary and Orie, 1980). Decline of these major pollinators will result
in reduced pollination which in turn will affect the agricultural productivity of the
farming communities bordering the project area. Due to their extensive foraging
activities, bees contact, gather and consume environmental pollutants. The stress from
these pollutants has been shown to lead to reduction in brood rearing, pollen collection,
depressed flight and increased mortality (Eric and Robert, 1977). Svoboda (1962)
found that about 500 bee colonies were destroyed within a 6 km radius of a coal power
plant that released arsenic into the air;

e Predatory and parasitic invertebrates depend on others for their survival. They play a
big role in checking the populations of others especially the harmful ones such as
agricultural pests. Parasitic wasps have been shown to suffer from coal plants
emissions (Gary and Orie, 1980). Decline of these predators and parasitic groups have
been shown to lead to a rapid increase of several plant feeding insects (Gary and Orie,
1980);

e A number of insect groups with a strong sensory system such as predacious beetles
e.g. ground beetles have been shown to reduce in abundance due to pollutants
emanating from coal (Gary and Orie, 1980). These beetles live in very close association
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Potential impacts on herpetofauna

The construction of the project footprint areas and upgrading of access roads leading to
the site will lead to habitat loss for herpetofauna ecology in the project area. Removal of
vegetation and trees/tree trunks will lead to the clearing of herpetofauna habitats which
are home to amphibians and reptiles. It will also remove the source of food such as insects
which are eaten by lizards who are in turn eaten by snakes thereby interfering with the
food chain.

Excavation of soils in the project area, backfill with imported hardcore fill and compaction
of the same will lead to the destruction of burrows which herpetofauna use for breeding
purposes.

Cleared vegetation will expose herpetofauna to predators especially when they cross roads
and in open spaces such as the access roads for the project area; additionally, the animals
will be prone to being crushed on the road by vehicles. This is especially during the wet
season when the animals have more movement in search of mates for breeding. With their
greater visibility in cleared spaces, some reptiles which form part of the diet for the local
people, will be more exposed to getting killed. The Nile monitor Lizard (Varanus niloticus)
is one such reptile that the local community Kkills for food.

During the clearing of vegetation, trees and other micro-habitats, animals like snakes and
lizards will move to other areas. Due to the sudden change of environment there could
potentially be aggression from agitated snakes trying to escape. The snakes may also move
to other sites that are near the project area. The population of snakes and lizards such as
the Nile monitor lizards may increase leading to competition for available resources thus
giving rise to hunting near homes and feeding on domesticated animals. Increased snake
bites and snake encounters may be likely to workers and the surrounding general
population. A construction camp is going to be established holding about 3000 workers.
Waste and new habitats formed will attract lizards and rodents which in turn attract snakes
this might cause human life conflict.

The cooling water intake pipes could potentially suck in marine turtles which could lead to
their death if the water inlet does not have traveling screens. The thermal effluent released
from the circulating water discharge could potentially impact turtles within the theoretical
zone of mixing as these animals are dependent on the ambient temperature to keep their
body temperature regulated. The green turtle is endangered due to the harvesting of eggs
by humans for food. Marine turtles lay their eggs on clean sandy beaches and consequently
any spillages of oils and chemicals, raw sewerage, fly ash trace elements on the eggs can
lead to decline in their food sources which are mainly sea weed, algae and sea grass (IUCN
website, Spawls et a/. 2004).

Table 5-9 : Impact significance due to loss of habitats — construction phase

Without Study Area Short Moderate Highly
mitigation probable
2 2 6 4
Result: (-40) Medium negative
Mitigation Comments/Mitigation:
measures

e A reforestation program should be implemented during the
preconstruction phase of the project to provide an alternative

habitat for herpetiles.

July 10, 2016

Page 79 of 118



Ecological Impact Assessment — Lamu Coal Fired Power Plant

>,

Masyent

5.4

2 3 2 2

Result: (-14) Low negative

Table 5-11: Impact significance of circulating water intake and discharge on marine
herpetofauna-operational phase

Mitigation Status Extent Duration Magnitude Probability
Without Study area Medium term Moderate Probable
mitigation 3 3 6 3

Result: (-33) Medium negative

Mitigation Comments/Mitigation:
measures

e The submerged water intake should incorporate mechanically
operated traveling screens which prevent marine fauna from
getting entrained in the intake pipes.

¢ The temperature of the thermal effluent should not exceed 3°C
in a scientifically established mixing zone.

e The thermal effluent discharged from the circulating water
discharge should comply with the Water Quality Regulations,
2006 (L.N. 120).

Mitigation Status Extent Duration Magnitude Probability
With mitigation Study area Short Low Improbable
2 2 4 2

Result: (-16) Low negative

Potential impacts on Birds

Potential impacts on birds during the Construction Phase include the direct loss of breeding
habitat. Species of conservation concern such as Coastal Black Boubou and Eurasian
Curlew, are likely to be displaced and their numbers reduced in the absence of mitigation
measures. There is also the potential for individual birds which are nesting within these
habitats to be killed or injured and for their nests to be damaged.

Breeding birds may also be affected by noise and visual disturbance from construction
activity. Noise modelling has been undertaken at ten locations within and around the
project site to predict the likely noise levels associated with construction experienced at
various locations within the Study Area. The construction noise threshold has been set at
65dB(A) (IFC's guideline value of 55dB(A) + 10dB(A) allowed under BS5228). The noise
modelling predicts that during construction, noise levels will be experienced of between
45.2dB(A) and 53.2dB(A) depending on the activities being undertaken, compared to an
ambient background levels of between 43 - 53.2 dB 43.8dB(A) and 53.0dB(A).

The increase in human population and associated activities e.g. waste disposal is likely to
attract and increase populations of scavenging and invasive bird species e.g. Marabou Stork
and Indian House Crows. This will have a direct effect on populations of indigenous species
through mainly predation.
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Potential impacts on Mammals

Direct impacts due to landtake activities including clearing of vegetation, soil excavation
and construction of facilities may alter the habitat for mammals in the project area. The
population of trees and other plant species will be reduced through clearing of vegetation
to pave way for the power plant and its associated infrastructure. It is expected that
vegetation will be stripped in several parts within the project site leading to loss of
ecological functional areas such as woodlands, wetlands and bushes consequently reducing
wildlife ranging, foraging and roosting areas. In addition to the above, there is the potential
for indirect effects due to changes in air quality, introduction of pollutants and invasive
species.

Spatial occupation of the area through fencing of the project site will displace mammals
passing through it and create a temporary barrier effect which will alter their dispersal
patterns. For example, the approximately 5 buffaloes seen in the project area will be
displaced through fencing of the project site which could potentially lead to human-wildlife
conflict as some of them could move to human-occupied areas in the vicinity of the project.

Mammals’ species including bats are sensitive to human occupation. Disturbances include
flood lights, vehicle lights and noise from machinery and vehicles. This will affect movement
of mammal species across the landscape, and may result in occasional road Kkills.
Occupation of the area by project facilities will render the site inaccessible to mammals.
This will reduce faunal foraging options by barring the site as a foraging ground. Noise and
vibrations from the heavy machinery may interfere with the foraging, ranging, breeding
and nesting behavior of mammals within and around the ecosystem in the project site.

There is a potential for bat collision with the stack of the coal power plant. This is expected
to be more intense at during hours of heightened bat activity (typically 18hrs to 24hrs).

Table 5-15 : Impact significance for habitat alteration-construction phase

Mitigation Status Extent Duration Magnitude Probability

Without Study Area Short Term Moderate Probable

mitigation > 3 6 3
Result: (-30) Low negative

Mitigation Comments/Mitigation:

measures

e The EPC Contractor should minimize the clearing of trees and
other vegetation in order to reduce the impacts on mammalian
habitats within the project site

e During the rehabilitation and reinstatement phase after
completion of construction, APCL should plant a sufficient
number of trees within the project site to restore destroyed
habitats.

e Areas devoid of human activities should be left intact or
rehabilitated and allowed to regenerate.

Mitigation Status Extent Duration Magnitude Probability
With mitigation Study Area Medium Term Minor Improbable
2 3 2 2

Result: (-14) Low negative
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e Vehicles should avoid use of full lights at night as this confuses
animals while on road and increases chances of accidents.

Mitigation Status Extent Duration Magnitude Probability
With mitigation Regional Medium Term Minor Improbable
3 2 2 2

Result: (-14) Low negative

Table 5-18: Impact significance on bat collision with stack-operational phase

Mitigation Status Extent Duration Magnitude Probability

Without Localized Long term Low Probable

mitigation 1 2 2 3
Result: (-27) Low negative

Mitigation Comments/Mitigation:

measures

Mitigation Status

With mitigation

e If possible, APCL should use radar techniques to deter bats

from venturing on site.

Extent

Localized

Duration

Long Term

Magnitude

Minor

Probability
Improbable

1

4

2

Result: (-14) negative

Potential impacts on Marine flora and fauna

During heavy downpours in the construction phase, the proposed power plant will generate
significant amount of silt laden storm water that is likely to flow directly into the Manda
Bay. This problem will be exacerbated if the construction plant and equipment leaks oil into
the environment due to lack of proper maintenance. It is feasible that with over 3,000
workers on site, there will be a mushrooming of kiosks and other informal settlements that
will generate contaminated stormwater run-off which could discharge into the Manda Bay.

Other accompanying developments such as residential areas, schools, hospitals and other
similar types of structures are projected to add more contaminated waste water into the
sea as the Kwasasi area lacks any drainage and stormwater management infrastructure.

Domestic effluents and storm water are major sources of water pollutants in the form of
sediments and nutrients. Nutrient enrichment leads to eutrophic systems that favor algae
blooms, trigger incidents of anoxic conditions in the water column and subsequently
degradation and loss of habitats and elimination of vulnerable species.

During the fuel oil backloading process into the coal tanker, there are potential risks related
to spills at the coal jetty which would adversely impact the marine ecology. Fabricius (2005)
and (Veron et al. 2009) reported that coral reefs and coral communities are highly sensitive
to water quality, that are largely a product of sediment loads (which affects light
penetration), nutrients and environmental contaminants. Terrestrial runoff from urban
development, agriculture and deforestation are the principal causes of diminished water
quality. Indeed runoff impacts have become such a worldwide phenomenon, that only reefs
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Ecological management plan

In order to conform to International safeguards such as those recommended by IFC's
Guidance note 6, a consistent biodiversity monitoring action plan must be formulated. The
Kenyan government (through the ministries of Environment, Water and Natural Resources)
should be constantly updated on any environmental issues related to Lamu Coal Power
Project. They must also work closely with local institutions such as County government of
Lamu, local environmental and conservation institutions such as National Environmental
Management Authority (NEMA), Kenya Wildlife Service (KWS), National Museums of Kenya
(NMK), Nature Kenya (NK) and Kurrent Technologies. Local communities should also be
involved in implementing the EMP as they are directly in contact with the project’s
operations and rely heavily on their environment for livelihoods. In addition, Lamu Coal
Power Project should safeguard environmental standards while ensuring it's updated to any
changes and development in cleaner environmental technologies.

The Environmental Management Plan stipulates the actions that must be taken into account
to ensure the protection, conservation and sustainability use of the ecological components
in relation to the development of the Lamu Coal Power Plant. The EMP outlines the details
of project activities, impacts and proposed mitigation measures, time schedules and
responsibilities to avoid/ minimize ecological impacts.
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Gaps in knowledge and uncertainties encountered

Avifauna study

Our survey only conducted 6 TSCs and 18 point counts during the survey period while it is
recommended that at least 20 TSCs and 50 point counts are ideal for each study site
(Bennun, 2002). This was mainly because of the insecurity situation in place at the site
during the survey including a dusk to dawn curfew. Though we had planned four vantage
observations for bird activity over the site, we only managed one and this only for a few
hours. This inconveniences affected our field survey in the following ways:

i.) Starting time for bird surveys: We could not start our surveys on time preferably
at 6 am. This is because bird activity starts at this time and peaks before 7 am. We got
to the field at around 11 am when bird activity was considerably low. This affected the
overall number of birds recorded.

ii.) Security issues: Two days were lost due to security advice to keep off the site.

ii.) End time: Ideally we would have liked to conduct some TSCs in the late afternoon to
dusk period, but this again was not possible due to the curfew. But activity does
increase during this period

iv.) Lack of existing avifaunal survey for the area. There was very little bird studies
conducted at the site in the past mainly because of accessibility reasons due to security
and remoteness of the area.

Therefore this report has temporal gaps (early morning, late afternoon and nights not
surveyed).

Herpetofauna Study

As limited herpetofauna studies have been carried out in Lamu County, this study should
be treated with caution. Since the area is in the coastal belt all the herpetofauna data used
will be based on the available information from the coastal area. The on-site study of the
area was carried out for a limited number of days (precisely five working days) and night
sampling was not carried out due to security reasons. The on-site study was carried out in
the dry season and no data for the wet season is available.

Mammal study

Limitation of sampling time to only 5 days in the field meant that sampling of key
mammalian taxa such as bats, small mammals (including small carnivores) was not
possible. Besides, night sampling was not possible due to security concerns. Typically, a
dry and wet season survey would have been more appropriate but time was a limiting
factor.
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Micro-invertebrate Fauna Study

A review of secondary data for information on threatened species in large Lamu areas
provided very little data on invertebrates. Most studies in the past have tended to
concentrate on vertebrate species. For this reason not much information is available on the
conservation status of most invertebrate species found near the study site. There is for
instance very limited information on the biogeography, ecology and systematics of
Cnidarians, Echinoderms, Mollusks and Crustaceans in the critical habitats such as sea grass
beds, coral reefs, estuaries, mangroves, lagoons and rocky shores. Information on the
effect of abiotic factors such as temperature, salinity, tides, currents, seasons and water
depth on the larval development, speciation and reproduction of many marine invertebrates
is also very scanty. Also inadequate is information on impacts of anthropogenic influences,
natural threats such as El Nino and ocean dynamics on marine invertebrate biodiversity in
all the critical habitats.

Coastal freshwater wetlands and marine biodiversity

Study of these two important components was largely based on rapid reconnaissance
survey. They primarily focused on locating and mapping major habitats within and
surrounding the proposed site. Sampling efforts for the five major taxonomic groups
(marine invertebrates, seagrasses, fishery, coral reefs and mangroves) was low because
there were only ten days of sampling. As noted above some information was obtained from
Key Informants as such it might have some errors. However all the information obtained
was carefully corroborated with published articles, reports and manuals.
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