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How to use this document 

This document aims to offer assistance to field experts operating within the Niger Delta. 
Repetitions were deliberately included in certain sections of the document and serve 
the purpose of preventing users from needing to search across multiple sections when 
exploring different habitat types. A successful use of this field manual is shown in the 
report Monitoring biodiversity after oil spill remediation in the Niger Delta. A study of 
remediation and reference sites in Nigeria, 2020–2023.
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1.1	 Background 

Engaging in oil activities poses a significant risk of impacting the environmental and social 
values in a landscape. Many impacts of planned activities can and should be actively 
managed in terms of avoidance, minimisation, restoration and eventually offsetting, to 
result in a no net loss (NNL) of biodiversity and ecosystem services or preferably a net 
gain (NG). This is especially crucial in sensitive and productive areas like the Niger Delta, 
where local communities heavily rely on natural resources and where biodiversity is of 
significant value. Additionally, the threat of oil spills associated with oil activities poses a 
significant risk to environmental and socio-economic values. Despite concerted efforts 
to avoid and prevent such oil spills, they unfortunately occur due to a number of causes, 
including technical failure, inadequate maintenance, human failure, sabotage, theft and 
illegal refinery activities. The extensive impact of oil spills on the environmental and social 
landscape of the Niger Delta is profound, with the unfortunate reality that the region has 
become synonymous with these catastrophic events for many people. 

While remediation of oil spill-affected areas is therefore a main concern in the delta, 
significant effort has been invested and progress made initially through the work of the 
IUCN Niger Delta Panel1 (2012–2017). Their publication, titled ‘Sustainable Remediation and 
Rehabilitation of Biodiversity and Habitats of Oil Spill Sites in the Niger Delta’ (IUCN Niger 
Delta Panel, 2013), provides extensive guidance and introduces new approaches which has 
been incorporated into the operational framework of SPDC.

The aim of the remediation effort is to restore the site’s environmental and socio-economic  
values. In natural habitats, this is about the recovery of biodiversity and the ecosystem 
functioning, either in the form of ‘natural’ recovery (without intervention) or ‘aided’ recovery 
(with restoration intervention). 

1.2	 Biodiversity Technical Advisory Group 

The Niger Delta Biodiversity Technical Advisory Group (BTAG) serves as an IUCN-led 
independent advisory group to SPDC. Its purpose is to assess the effectiveness of 
biodiversity recovery following oil spill remediation efforts in the Niger Delta. It includes  
five members within the group, including consultants from the Nigerian Conservation 
Foundation (NCF), University of Nigeria, Rivers State University of Science and Technology, 
and Hagemeijer Conservation & Sustainability Consulting (HCSC). BTAG is engaged in a 
five-year project to monitor biodiversity recovery after oil spill remediation in selected sites 
across the Niger Delta. This project is closely linked to SPDC’s newly adopted remediation 
policy, which is based on the recommendations of the Niger Delta Panel.

1	 Under the request of SPDC, IUCN established a panel to provide science-based recommendations for the re-
mediation and rehabilitation of biodiversity and habitats on oil spill sites in the Delta. The panel’s main objective 
was to improve biodiversity conservation and conditions for the local people, who are dependent on the health 
of the Delta for their livelihoods. In 2013, the panel produced a first report, which provided a framework for the 
sustainable remediation of oil spills in the Delta. Further work included a plan to safeguard the remaining areas 
of biodiversity and building capacity with local Nigerian organizations. Robust science-based standards, guide-
lines and best practices have been identified.

1	 Introduction 
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To facilitate such assessment, there is a pressing need to develop and implement a 
biodiversity monitoring framework, system and approach. 

BTAG advises and supervises the design, development and implementation of the 
monitoring approaches to assess the recovery of biodiversity after oil spill remediation. 

The monitoring is carried out by a dedicated task force of biodiversity experts representing 
key taxonomic groups, who are supported in the field by a team of local community 
members living in close proximity to the selected impacted and reference sites.

BTAG’s mandate is to specifically design and supervise the monitoring tailored for the 
Niger Delta, with potential applicability to other contexts, following adaptation to their 
specific circumstances.

Furthermore, BTAG is tasked with extracting valuable insights from monitoring outcomes 
to inform remediation approaches.  The findings, outcomes and lessons learned from 
these efforts will be disseminated to the broader sector for application, both within the 
Niger Delta and potentially in other contexts, fostering broader knowledge exchange and 
application of best practices. 

1.3	 Who is this manual intended for?

This field manual aims to guide the design and implementation of biodiversity monitoring 
(recovery), following remediation of an oil spill. Its objective is to enhance understanding 
of recovery processes  as well as the linkage between the recovery process and the 
effects of remediation. Primarily intended for use in the Niger Delta in Nigeria, the manual 
is advised by BTAG, with SPDC overseeing oil spill response and remediation efforts, 
engaging specialized partners in remediation, recovery, and monitoring fields. 

The primary users of this field manual are the task force members responsible for fieldwork 
during monitoring activities. Through field-testing, the task force will provide feedback to 
refine and enhance the manual based on lessons learned. 

Although developed for use in the Niger Delta, the manual is designed to be applicable 
beyond this region, incorporating relevant concepts, methods and approaches within the 
scope of the appropriate BTAG mandate. This manual offers guidance tailored to different 
habitat types to streamline user experience, minimizing the need for constant reference 
flipping. However, some methods may be repeated across chapters for completeness.

The document begins with a brief overview of biodiversity recovery and monitoring, 
followed by a concise introduction to the Niger Delta, its habitats and biodiversity, 
including background information on monitoring biodiversity recovery after oil spill 
remediation in section 3. Section 4 addresses oil spills and oil spill remediation, monitoring 
is discussed in section 5. Section 6 describes specific approach for specific habitat types. 
Finally, the annexes provide additional information on estimation of foliage cover, species 
inventory app summary and community entry protocol for social licence. 

TOC

Ch 1

Ch 2

Ch 3

Ch 4

Ch 5

Ch 6

REF

BIB

ANX
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An oil spill can result in severe damage to an ecosystem and its biodiversity. In generic 
terms, the recovery of such degraded, damaged or destroyed ecosystem involves the 
recovery of its health (functional processes such as water filtration, sequestration of carbon 
dioxide, etc.), integrity (species composition and community structure) and sustainability 
(resistance and resilience to disturbance). In natural habitats, the recovery of biodiversity is 
often one of the main objectives following remediation of the oil spill.

Change in an ecological community over time is natural and mostly follows a pattern of 
succession towards a stable equilibrium, which can absorb some disturbance effects. 
However, after a disturbance like an oil spill, an ecological community typically undergoes 
significant change and is displaced from its stability.  

Recovery after severe disturbance may align with a natural succession pattern, but 
external factors can also divert this process. The duration and outcome of recovery may 
deviate from natural succession patterns.  

The initial conditions of the recovery process after an oil spill play an important role 
in determining the speed, direction and likely end stage of the change processes. 
Remediation efforts and how they are implemented, directly impact these starting 
conditions, thus influencing the biodiversity recovery process. 

While many ecological communities can recover from mild disturbances independently, 
severe disturbances may necessitate restoration interventions to assist in reinstating 
ecological successional processes.

2.1	 Monitoring of biodiversity recovery

To understand how biodiversity recovers after an oil spill, a monitoring framework has been 
set up that allows structured and standardised application. It deals with site selection and 
the monitoring of changes within each selected sites.

2  Biodiversity recovery
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The monitoring framework entails the following steps:

	> Identification of sites for monitoring
−		Selection of sites
−		Representativeness
−		Reference sites 

	> Basic principles of monitoring at site level
−	Describing the baseline
−	Selection of parameters to monitor, identification of indicators
−	Measuring change during a specified period
−	Selection of methods
−	Capturing and storing data
−	Analysing data
−	Reporting

This field manual serves as a practical guide for implementing the Biodiversity Framework. 
It outlines the procedures for each of these essential steps. However, it does not detail the 
result of these steps; instead, the task force is responsible for reporting the outcomes of 
each site visit.
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3.1 	 Description of the Niger Delta 

3.1.1		 Location, morphology, history, population and development

The Niger Delta in Nigeria is a vast low-lying area of about 70,000 km2, situated along 
the Gulf of Guinea continental margin in West Africa, between latitudes 3° and 6°N and 
longitudes 5° and 8°E. home to an estimated population of around 31 million people, the 
region boasts abundant oil and gas (O&G) resources.  

The Niger River and several tributaries drain through the delta in variable patterns into the 
Gulf of Guinea. Among these waterways, the Nun River is regarded as a direct extension of 
the Niger River, while other significant channels include (from west to east) the Forcados, 
Brass, Sambreiro, and Bonny Rivers. These channel’s mouths are almost all obstructed 
by sand bars and barrier islands, with the delta being gradually extended seaward due to 
increments of silt brought down by the rivers and mangrove swamps extending beyond its 
outer edge. 

Although a small number of towns have achieved high socio-economic status, most parts 
are still ranked low on a global standard. In these areas, primary sources of livelihood 
include fishing, farming, trading, and logging. Traditional governance structures, led by 
paramount ruler, supported by council chiefs, elders, and youth leaders, have historically 
played a pivotal role in maintaining peace and driving development across the region. 

3.1.2 	Types of habitats 

For the sake of simplification, this report adopts the classification used by the Niger Delta 
Panel (NDP) (IUCN Niger Delta Panel, 2013) which describes the Niger Delta essentially 
consisting of four main ecological zones:

1)	 lowland forests;
2)	 upper freshwater riverine floodplain; 
3)	 lower tidal floodplain comprised of estuaries, mangroves, and creeks; and
4)	 outer chain of barrier islands (a special dynamic and ephemeral land formation/

coastal habitat type similar to the lowland rainforest). 

3  Habitats of the Niger Delta in Nigeria
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6 A STUDY OF REMEDIATED AND REFERENCE 
SITES IN NIGERIA, 2020–2023

Figure 1 presents a map of the broad ecological zones as developed by the GIS unit 
at SPDC, adapted from the study conducted by the Niger Delta Environmental Survey 
Phase 1 Report (NDES) (2005).

 
3.1.3  Biodiversity

The biodiversity within the Niger Delta is rich, diverse and typically unique due to 
the distinct environmental factors influencing the region. From plankton and benthic 
invertebrates to various species of fishes, mammals, reptiles, amphibians, avian fauna, and 
a wide array of plants, the ecosystem harbors a vast array of life forms. While a detailed 
description of each species falls beyond the scope of this manual, comprehensive works 
discussing the biodiversity can be found in reports such as those by the IUCN Niger Delta 
Panel (2013) and NDES (2005) reports, as well as in Powell (1993).

NIGER DELTA ECO-ZONE MAP
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	 Lowland forests (most southern part of the dry flat country)

	 Upper freshwater riverine floodplain (freshwater swamp and dry land with 
abundant swamp zone

	 Lower tidal floodplain comprised of mangrove swamps ...

 	 ... and estuaries 

	 The outer chain of barrier islands (a special dynamic and ephemeral land 
formation/coastal habitat type similarto the lowland rainforest) comprised of 
beaches and sand bars ...

NIGER DELTA ECO-ZONE MAP

Figure 1  Map of the ecological zones of the Niger Delta
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Oil-rich regions are facing significant and increasing impacts, including habitat destruction 
and changes in biodiversity. The growing influence of human activities on coastal 
ecosystems requires thorough assessments of their ecological health.
  
IFC Performance Standard 6 recognises the critical importance of safeguarding 
biodiversity, preserving ecosystem services and sustainably managing natural resources to 
promote sustainable development. 

Monitoring the overall biodiversity (recovery) in a certain area proves impractical due to 
various constraints, including financial limitations. Therefore, it is proposed to focus field 
surveys on a selected group of taxa indicative of, and to some extent, representative of, 
biodiversity recovery. These taxa should be indicative of and to some extent representative 
of the (recovery of) biodiversity. While it is challenging to create a selection that fully 
encompasses biodiversity, pragmatic choices must be made due to constraints such as 
limited time and resources. In this sense, it is suggested to focus on the monitoring of 
species that can indicate recovery (see section 4.3).

3.1.4  Ecosystem services and use

Ecosystem services encompass the benefits that people, including businesses, obtain 
from ecosystems. Since biodiversity is instrumental in enabling ecosystems to provide 
these services, negative impacts on biodiversity often adversely affect the delivery of 
ecosystem services. 

Ecosystem services can be classified into four main groups, namely:

i)	 Provision of services (food, medicine, and raw materials);
ii)	 Regulation of services (carbon sequestration and storage, local climate regulation 

(air quality), waste water treatment and detoxification, regulation of water flow, 
biological control, erosion prevention and maintenance of soil fertility, and 
moderation of extreme events such as storm and shorelines); 

iii)	 Supporting services (soil formation, nutrient cycling, primary productivity and 
habitat mediation and space); and 

iv)	 Cultural services (spiritual and religious values, knowledge systems and 
educational values, inspiration, aesthetic values, social relations, cultural diversity, 
cultural heritage values, and recreation and ecotourism). 

The recovery of biodiversity after oil spill remediation regenerates the ecosystem’s 
capacity to provide ecosystem services. Therefore, the benefits derived by people from the 
ecosystem can serve as an indicator of the ecosystem’s recovery. However, it is worth noting 
that this field manual does not delve into the specifics of monitoring ecosystem services.

3.2	 Oil spills in the Niger Delta

The operations of the oil industry extend across the entirety of the Niger Delta, leaving 
virtually no part of the region unaffected by the activities of oil and gas exploration and 
production. Consequently, some of the most crucial sites and habitats for biodiversity 
are subject to the influence and impact of these operations. Among the various negative 
impacts, oil spills stand out as one of the most dramatic and sever environmental 
consequences caused by the industry. 
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Since 2013, the National Oil Spill Detection and Response Agency (NOSDRA), the 
regulatory body responsible for overseeing oil spill environmental matters in Nigeria, has 
established a National Oil Spills Monitor. This platform serves as an official repository for 
data on oil spills, providing public access to information through an online map. The map 
for November 2015 given in Figure 2 shows that currently, a majority of onshore spills arise 
from illegal refining activities and oil theft, although a significant number still arise from oil 
company failure. However, the oil spills occurring offshore have not been inspected by the 
regulator, leading to a lack of verification regarding their source, quantity, or extent.
 
According to Nigerian law, oil spills are required to be remediated. However, there is currently 
no organised data available regarding whether a site affected by an oil spill has been 
remediated, the methods employed for remediation, or the extent of the remediation efforts.  

3.3		 Oil spill remediation

Under the Environmental Guidelines and Standards for the Petroleum Industry in Nigeria 
(EGASPIN), issued in 19912 by the Department of Petroleum Resources, there is a legal 
requirement to remediate oil spills in Nigeria. Part VIII-G, entitled ‘Management and 
Remediation of Contaminated Land’ states that the objective is “to seek to bring damaged 
land/water resources back into suitable reasonable beneficial use” (p.172). This approach 
emphasizes ensuring that land and water resourcs are suitable for their current and future 
use, assessing contamination risks to human health and the environment based on the 
present use and circumstances of the land, and returning such land and groundwater to a 
condition where these risks no longer exist.

2	 A revised and updated edition were released in 2002, 2016 and 2018. 

Figure 2  Map of Nigerian oil spills, June 2021

Source: NOSDRA (2021).

	 Illegal refining and theft

	 Oil company failure

	 Not visited
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In addition, Section 6 (3) of the National Oil Spill Detection and Response Agency 
(Establishment) Act, 2006 stipulates that it is unlawful for an oil spiller to neglect cleaning 
up an impacted site to the fullest extent possible, including remediation. 

Oil spill remediation encompasses more than merely cleaning up oil after a spill; the 
objective of remediation is a crucial aspect. The manner in which oil spill remediation is 
conducted significantly influences the outcome in terms of the resulting landscape quality. 
It should provide the foundation for the impacted system to commence recovery. This 
spontaneous recovery is evidenced by the restoration of biodiversity after the oil spill has 
been remediated, enabling the system to regain its capacity to provide ecosystem services 
to human stakeholders. In some cases, interventions such as tree planting may stimulate 
or guide this recovery. 

Remediation thus involves the process of removing oil from ecosystems post-spill to 
create conditions conducive to system recovery. It should be part of an evidence-based 
approach aimed at achieving the goal of re-establishing a system with intact biodiversity 
and the ability to provide ecosystem services. Clearly defining the objective of oil removal 
underscores the importance of the method employed, as the chosen method significantly 
impacts the ability to achieve the desired outcome. 

Monitoring the recovery of biodiversity post-remediation serves as a critical means to 
assess the extent to which the remediation target is achieved and is an indispensable 
component of an evidence-based approach. 

Ecosystems in stable3 areas are typically in a state of equilibrium at any given moment, 
resulting from a succession process where forms of biodiversity evolve towards the top 
state of the succession. The system has certain resilience against changes away from 
the stable state. However, significant disturbance, whether human-induced or nature, can 
prompt a transition from this state to an alternative state. An oil spill represents one such 
profound disturbance, altering the state of the affected ecosystem. 

Consequently, a portion of the biodiversity within the system may perish or relocate, and 
natural processes such as the nutrient cycle may cease or follow a different trajectory. This 
often results in a different system, one that may not support biodiversity and ecosystem 
services in the desired manner. From this ‘disturbed’ state, a process of development or 
recovery begins, evolving towards a new stable state. However, this development can be 
influenced by various factors, and there is no guarantee that the new stable state will mirror 
the one prior to the disturbance. 

3	 Refers to the existing conditions in the area that are in the same shape and intensity for a significant length of 
time. 
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4.1	 What considerations are required to select the site

The number of sites and the total area affected by oil spills is far too many to monitor. 
Therefore, the monitoring of biodiversity recovery in the Niger Delta needs to be done in 
sample sites. To this end, a set of site selection criteria has been developed to guide the 
selection process. Ideally, this should ideally result in a set of target and reference sites 
(see section 4.1.1) per habitat type. 

The criteria are a combination of stratification criteria (see Section 3) and practical criteria 
relating to the feasibility of site monitoring, accessibility, safety and security, and others. 

4.1.1 Criteria for pilot site selection

	> Sites that were remediated post-2015 using the revised remediation standard
	> Area of impact: 

−	Must be outside the right of way (RoW)
−	Spill area should not be less than 3 ha
−	Area must have been pre-determined to be rich in biodiversity and holding 

trees higher than 5 m and a canopy cover of more than 10%, or trees able to 
reach these thresholds in situ (as per definition of forest used by the Food and 
Agriculture Organization of the United Nations (FAO, 2020)). This excludes land 
that is predominantly under agricultural or urban land use.

	> Accessibility and security: 
−	Can easily be accessed either by boat or road
−	Not having security rating ‘Black’ according to Shell’s security operating level 

(SOL) ranking, or at least cleared for visit by Shell’s security team.​
	> Spill hotspots: 

−	Areas adjudged by Shell Nigeria Operational Safety, Security and Risk 
(OSSR) team as hotspots will not be considered as they have the potential for 
recontamination during the study.

	> Proximity to suitable reference sites: 
−	There should be sites suitable for use as reference (control) sites within 500 m 

from the boundary of the actual site that is being monitored. 
	> Different ecological zones (see Figure 1) – seasonal swamps, Terrestrial habitats, 

mangroves – should be monitored 

4  Monitoring biodiversity recovery in the 
Niger Delta: selection of sites per habitat 
type and selection of species
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Finding remediated sites that meet both the stratification criteria and the practical criteria 
turned out to be one of the limiting factors in developing a proper and representative 
selection of sites. The practical criteria were the most restraining.

In developing a selection of sites, it is important to consider what parameters might drive 
the outcomes of the recovery and make sure that the sample sites are representative 
for the existing variation in these parameters. Habitat (see section 3.1.2) is one of those 
parameters. The site selection should aim to include a representation of relevant habitats 
that have suffered from oil spills and where biodiversity recovery can be measured after oil 
remediation.

Remediation technique would have been another parameter of potential influence on 
the recovery outcome. As it turns out, all remediation in the Niger Delta is using one 
remediation technique, so this parameter does not need to be considered. 

The selection of remediated sites in this project is determined through agreement between 
the Niger Delta BTAG and SPDC, as elaborated in section 5.4 of this manual. 

Although it was initially considered to include a site with an oil spill but without subsequent 
remediation, SPDC was unable to provide such a site for monitoring. However, the intention 
remains to include a site where an oil spill occurred but remediation has not yet taken 
place, allowing monitoring to commence prior to remediation. Additionally, consideration 
is given to including a site that experienced an oil spill but was not remediated due to 
pollution levels below the threshold requiring remediation.

Reference sites are selected to compare biodiversity recovery in remediated sites with 
those unaffected by oil spills and subsequent remediation (referred to as non-oil spill-
impacted sites). Two types of reference sites are considered: 

i)	 Non-oil-spill-impacted sites within the same habitat type as the remediated site, 
reflecting the stage of succession the target site was in when the spill occurred. 

ii)	 Sites where biodiversity is recovering from disturbances other than oil spills, such 
as areas previously cleared for reasons unrelated to oil spills, like old construction 
sites, lay-down areas, rights of way, or roads. The sites serve as reference for the 
recovery process. 

Both types of reference sites are valuable for inclusion in the selection process. Ideally, 
each target site should be accompanied by these two types of reference sites with 
similar habitat characteristics. 

4.2		 Selecting the site 

The identification of both candidates remediated and reference site locations are 
undertaken from remote sensing imagery. Remediated sites are selected from a list of sites 
with spills that meet the criteria. To ensure ease of access and maximise the likelihood that 
the recovering remediated site shares similar influences as the reference site, preference 
is given to sites located near selected remediated sites and within the same habitat type, 
without significant human disturbances or other differences between the remediated and 
reference sites.  
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The actual location of both remediated and reference sites identified from remote sensing 
imagery is confirmed during a initial field visit. This visit involves documenting the 
location on a map (coordinates and geographic and topographic outline) and providing 
a preliminary description of ach site. The description addresses several standard 
characteristics, including: 

	> Site location and description
−	Coordinates, local name, geographic region, province/state 
−	Distance to coast, relevant rivers and lakes, nearest community, village, town
−	Owner, right of use

	> History of site remediation activities
−	Date of spill, size and volume of spill; typification of spilt substance; Total 

Petroleum Hydrocarbons (TPH) value before remediation, date of remediation, 
method of remediation, remediation contractor, date of approval of remediation, 
and TPH after remediation

	> Site ecology
−	Type of habitat, state of habitat. 
−	Information about biodiversity, human use, threats. 
−	Seasonal changes, such as flooding.
−	Fragmentation (roads/rail, waterways, pipelines (right of way) 

4.3	 Species selection: indicator framework

As mentioned in section 3.1.3, it is neither practical and nor feasible to monitor the full 
recovery of biodiversity. Therefore, the monitoring will work with an indicator framework, 
focusing on a subset of representative species that are actively chosen/selected and 
surveyed, rather than relying solely on incidental observations of species encountered 
during surveys. The purpose of this indicator framework is to organise monitoring efforts in 
a cost-effective manner while effectively assessing biodiversity recovery processes. 

This indicator framework operates based on a set of principles and criteria for selecting 
species. These principles outline the general characteristics required of indicator species, 
while the criteria are specific, measurable, achievable, relevant and time-bound (SMART) 
for the monitored situation. They enable differentiation between species and selection of 
those that best indicate phases in the recovery process and represent the broader group 
of species not included in the selection. The translation of the principles into the criteria 
requires knowledge and understanding of the system that is being monitored as well as the 
ecology of the species groups involved.

In addition to ecological criteria, operational considerations also play a role in species 
selection. These operational criteria assist in ranking species within the selection, taking 
into account logistical or economic constraints of the monitoring situation. The resulting 
selection of species comprises those that, given the operational conditions, most 
effectively indicate change (recovery) in the same or other taxonomic groups within the 
habitat over time following an oil spill and subsequent remediation.
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The process of selecting and ranking 

The Niger Delta is vast, its environmental factors and ecology complex and habitats diverse. 
Different types of species will respond differently to the same disturbance or environmental 
change, and as in many other areas in the world, the detailed knowledge and understanding 
of the ecology of the species inhabiting these habitats are limited, especially in relation to 
oil spills. In the Niger Delta, the identification and selection of specific indicator(s) of a wide 
array of habitats to ensure their optimal indication value and representativeness remain 
challenging. Ideally, the choice of an effective indicator species or group of species must be 
those whose ecological state reflected as occurrence, abundance, fecundity, and others, 
can provide a reliable assessment of habitat status and quality on a continuum of recovery 
from a remediated condition towards the end stage of recovery. Taking these factors into 
account, several species from multiple, complementary taxa must be selected for monitoring 
to provide a more complete picture of the direction and status of biodiversity recovery. 

Around the time of selection, factors – such as the timely response to change – are 
important to the consideration of ecological characteristics like short generation times, high 
reproductive rates, or clear connection with (specialised or dependent on) specific habitat 
and dietary requirements. Useful ranking characteristics include wide distribution, ease and 
cost of identification, and monitoring. Table 1 summarises these factors.  
The selection process of indicators can be applied to the reference site to obtain the 
indicator framework for the remediation site that is being monitored. This will result in a 
selection of species that will be actively monitored/surveyed. Not all species will occur from 
the beginning of monitoring because some are indicative of later stages of recovery towards 
the status of the reference site. Therefore, besides indicator species that can indicate the 
early stages of biodiversity recovery after oil spill remediation, and which can already be 
found during the first visits in the recovering sites, it needs to be considered what species 
are required to be included in the framework to indicate reaching further stages of recovery. 
Those species may start occurring when recovery has rendered the habitat suitable for 
them, and could be selected from the habitat in the reference site chosen or could be 
searched for in other areas with the ‘target habitat’, either in the same area (through field 
visits) or from further away.

Subsequently, the monitoring must be designed to be able to pick up the appearance of 
such indicators of change. In this light it is worth noting that it is crucial to record instances 
where no observations are made of indicator species, as these “zero” observations are 
significant in the interpretation and the scoring process.

Selection principle Ranking principle

Dependence on/use of the area (not just casual 
presence): specialised breeding, roosting, feeding

Can be accurately surveyed, even by non-specialists

Process-limited: sensitive to level/rate/timing of 
ecological processes, such as succession and 
influences/disturbances like flooding, fire, harvesting, 
invasive species

Cost effectiveness of surveying

Responsiveness (generation time/mobility) Existence of historical data

Additional: having ecosystem service value

Table 1  Summary of the selection and ranking principles
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A key first step is to review existing information on remediated sites and the construction of 
a base map characterising existing conditions. These maps are important as they provide 
the foundation for all activities, especially time-series monitoring, which will be conducted 
throughout the life of the project.  

5.1		 Review remote sensing imagery

Remote Sensing information, such as satellite, aerial or infrared imagery, can provide 
valuable photo-documentation of the site over time and thus can be very effective at 
communicating the overall progress and success of the project. It is best to collect the 
different sources of remote sensing/aerial images so that a plan can be developed before 
doing an initial site assessment. Mark up copies of images highlighting areas of high, 
medium, and low vegetation density, and temporarily locate one to two locations where 
plot(s) and transect(s) could be established at the site and label the image accordingly. 
Adding other notes as needed and using the marked-up images as a map for easy 
referencing during the field visit to confirm remote sensing observations will optimise the 
time spent at a site. 

5.2		 Initial site assessment

The site assessment is used to ‘ground-truth’ any literature and/or remote sensing images 
and to further develop the details for constructing the base map. There are two important 
objectives for the site assessment:

i)	 To establish field survey plot(s) and transect(s) for more detailed assessment in 
both remediated and reference site locations 
It might not be practical to establish plots and/or transects in seasonal swamp 
habitats related to accessibility and time limits for field work. A pragmatic 
alternative might need to be considered, possibly to observe from the shoreline or 
from boat-navigation transects as a basis. Sample sites might still be selected, and/
or plots for observations, or transects along the shore, where possible. Another 
option is the set-up of sample stations, such as a set of traps for certain taxa or mist 
nets for catching birds. This will add significantly to ‘observations from shoreline’.

5 Preparing for field surveys
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ii)	 To understand the conditions that may hamper biodiversity at remediated sites 
Identify chemical, physical, or biological stressors preventing biodiversity recovery. 
Document signs of recovering naturally, and if recovery has stalled, or is not 
possible in the site’s present condition.
 
Because of difficulties with accessibility and security considerations in parts of 
the Niger Delta, field surveys may be very difficult to organise and implement. 
Therefore, where otherwise not possible, the initial site assessment and a pilot 
scale test of the first field survey may need to be conducted during the same 
site visit in those cases. 

5.3	 Establishing plots and transects

Exploratory field surveys should establish the range of existing habitat conditions in both 
remediated and reference sites. These exploratory surveys provide essential details 
to inform sampling design and methodology for establishing the baseline conditions at 
a site and for developing success criteria and monitoring recovery. For example, at a 
terrestrial site, field surveys might include a combination of transects, fixed plots, and 
quadrats to document per cent cover, topography, hydrology, and species abundance. It 
is recommended that at least two sampling sites within the remediated and two sampling 
sites in a reference area be included as part of the survey. Site conditions may influence 
the size of plots and quadrats; fixed plots of about 10 m2 (10 m × 10 m) for larger vegetation 
with three to five haphazardly placed quadrants measuring 1 m2 to 5 m2 are typical.4 
The number of living trees and the height and diameter at breast size (DBH) for each 
tree are recorded for each transect, and then scaled-up to calculate the basal area of all 
vegetation. The canopy cover is also estimated in each plot. The results are then used to 
estimate per cent cover for the entire area (remediated and reference) by further scaling up 
using remote sensing data. 

To help facilitate this, the next section of the manual outlines the overall field survey 
approach once the site has been assessed and transects and field plots established. 

5.4	 Field work risk assessment

This step aims at assessing risks of fieldwork and preparing mitigation measures. This 
includes the development of itineraries taking practicalities of transport and other logistics 
into account. This also includes the identification of the appropriate level of personal 
protective equipment (PPE) to be used. 

5.5	 Field work equipment requirements

	> Laminated colour aerial photographs of the survey area
	> Laminated geological and topographical maps of the survey area (if available)
	> Laminated images (preferably colour) of threatened or endemic plant species
	> Fine-tipped indelible marker pens
	> Water-proof paper and pencils

4	  Fixed plots are normally larger than quadrats.
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	> Two GPS units
	> Binoculars (8–10´ minimum)
	> Compass
	> Secateurs
	> Bush knife
	> Strong catapult (for collecting specimens from tall trees)
	> Plastic clip-seal bags (for collection of fleshy specimens such as ripe fruit)
	> Field plant press
	> Digital camera (plus spare memory cards, and backup)
	> Spare batteries for camera and GPS

In addition to this basic equipment specific equipment like mist nets, bat detector or, 
camera traps will be needed. See next sections for specific requirements.

5.6	 Storage of data

5.6.1	 Using ObsMapp

If field work is conducted with the use of an application like ObsMapp, the data are 
gathered in a very structured way, following the structure of the app, and the data are also 
stored in a secure way. Initially on the mobile device, the data is transferred to a cloud 
based database system, accessible through the observation.org website. 

The application needs a registered account to have access to the data entry via ObsMapp 
and online data access via observation.org, where the data can be viewed, edited and 
managed. Access to the data can be managed as well, ranging from public visibility to 
totally restricted, but also including temporary embargo, or selected visibility and hiding 
of locations etc. Furthermore, this system allows export of the data to almost any other 
software.

5.6.2	 Storing pictures

Ensuring that pictures are captured and labeled in a manner conducive to easy and reliable 
storage, retrieval, and metadata inclusion is crucial. Here are the steps to establish a 
dependable system:

	 a)	 Choose a storage hardware system

Decide where and how you want to store the pictures. You can use your computer’s 
hard drive, an external drive, or a cloud service. Each option has its advantages and 
drawbacks, depending on your budget, space, and preferences. For instance, a hard drive 
may offer more security and control, but it can also fail or get lost. A cloud service may 
offer more convenience and accessibility, but it can also cost money and require internet 
connection. Ensure you establish a backup system in case of mishaps.
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	 b)	 Create a folder structure

Create a folder structure that makes sense to you. You can use different criteria to group 
your photos, such as date, event, location, theme, or project. For example, you can have a 
folder for each year, and then subfolders for each month, and then subfolders for each day 
or occasion. Or you can have a folder for each survey, and then subfolders for each plot or 
transect. Be consistent and logical, so you – and others - can easily navigate and locate 
the photos.

	 c)	 Rename your files

Rename your files with meaningful and descriptive names. This will help you identify and 
search your photos more quickly and accurately. You can use a combination of keywords, 
numbers, and symbols to label your files, such as the date, the survey identifier, the 
location, the transect/plot. You can also use a batch renaming tool to save time and avoid 
typos.

	 d)	 Add metadata

Add metadata to your files. Metadata is information that describes your photographs, 
such as the title, the caption, the tags or the geolocation. Metadata can help sort, filter, 
and organise the photos more effectively. You can use a photo editing software or a photo 
management software to add metadata to your photographs. Some metadata may be 
automatically added by your camera or your phone, such as the date, the time, or the GPS 
coordinates.

	 e)	 Delete or archive unwanted photos

Delete or archive unwanted photos. This will help conserve storage space and maintain 
a clear overview. You can use a photo editing software or a photo management software 
to review your photos and decide which ones to keep and which ones to discard. You can 
also use a duplicate finder tool to eliminate duplicate or similar photos. If you prefer not to 
delete photos permanently, archive them in a separate location for safekeeping.

5.6.3	 Choose a storage hardware system

Decide where and how you want to store the pictures. You can use your computer’s hard 
drive, an external drive, or a cloud service. Each option has its advantages and drawbacks, 
depending on your budget, space, and preferences. For instance, a hard drive may offer 
more security and control, but it can also fail or get lost. A cloud service may offer more 
convenience and accessibility, but it can also cost money and require internet connection. 
Ensure you establish a backup system in case of mishaps. 
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5.6.4	 Create a folder structure

Create a folder structure that makes sense to you. You can use different criteria to group 
your photos, such as date, event, location, theme, or project. For example, you can have a 
folder for each year, and then subfolders for each month, and then subfolders for each day 
or occasion. Or you can have a folder for each survey, and then subfolders for each plot or 
transect. Be consistent and logical, so you – and others – can easily navigate and locate 
the photos. 

5.6.5	 Rename your files

Rename your files with meaningful and descriptive names. This will help you identify and 
search your photos more quickly and accurately. You can use a combination of keywords, 
numbers, and symbols to label your files, such as the date, the survey identifier, the 
location, the transect/plot. You can also use a batch renaming tool to save time and avoid 
typos.

5.6.6	 Add metadata

Add metadata to your files. Metadata is information that describes your photographs, 
such as the title, the caption, the tags or the geolocation. Metadata can help sort, filter, 
and organise the photos more effectively. You can use a photo editing software or a photo 
management software to add metadata to your photographs. Some metadata may be 
automatically added by your camera or your phone, such as the date, the time, or the GPS 
coordinates.

5.6.7	 Delete or archive unwanted photos

Delete or archive unwanted photos. This will help conserve storage space and maintain a 
clear overview. You can use a photo editing software or a photo management software to 
review your photos and decide which ones to keep and which ones to discard. You can 
also use a duplicate finder tool to eliminate duplicate or similar photos. If you prefer not to 
delete photos permanently, archive them in a separate location for safekeeping.
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A beautiful window of green mangroves with A beautiful window of green mangroves with 
muddy water in the Niger Delta region of muddy water in the Niger Delta region of 
Nigeria – a mix of trees and palmsNigeria – a mix of trees and palms
© Teo-Inspiro International© Teo-Inspiro International
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In the following sections, the approach to monitoring the (recovery of) biodiversity is 
described: what parametres to use and how to measure them. 

This involves gathering data on species composition and structural composition, 
employing quantitative methods where applicable and qualitative methods when 
necessary. 

The risk mitigation strategies developed above (5.4) are put into practice, adjusted to suit 
the specific conditions encountered during field visits. 

Since, in the specific case of the Niger Delta, the visits are limited to daytime periods 
(due to safety and security), observations from dusk, dawn or night are therefore not 
included in this report. This means that there will be a systematic bias in the observations 
and some species or even taxa will be missed or underrepresented. Bats are a good 
example. Explicit and documented assumptions about these biases and the use of relative 
techniques of presenting and analysing the data (e.g. the use of indices) may make it 
possible to still include the data acquired in the analysis. 
The possibility to use unmanned survey methods like camera traps, sound recording 
devices and the like, can be considered to mitigate the bias to some extent. 

Finally, there is the option of using strict interviewing of local stakeholders as a technique 
to obtain information about existing species in the region. One should be aware of the 
limitations of this way of working in relation to the temporal and spatial accuracy, and 
systematic and non-systematic biases that may be introduced this way. 

6   Field survey approach per habitat type

Terrestrial 
forested upland
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6.1	 Terrestrial forested upland
See sections 2.1.2 and 5.2 for the description of this habitat type and the selection of sites.

In sections (6.1.1 – 6.1.3) the components to be measured are explained, followed by a 
section (6.1.1.4) on how to score and record data on selected parameters.

 
6.1.1	 GENERIC INFORMATION AND CONDITIONS

	> Record parameters like date, time of arrival, beginning and end of the survey, and 
weather (temperature, cloud cover, precipitation, wind (direction, speed). Log the 
time of sunrise on the day of the survey

	> Record the names of observers and the composition of the team. Mode of travel. 
Record a GPS track while at the site. 

	> Record signs of possible (earlier) flooding, fire, grazing (by domestic animals), 
harvesting etc.

	> Record human presence, habitat conversion, infrastructure, etc.
	> Signs of pollution (solid waste, wastewater, oil). exploration e.g. mining or 

exploitation e.g. logging.
	> While scoring data on the composition, distribution and abundance of species, 

make sure not to omit the recording of invasive species. The presence and 
abundance of invasive species may be an indication of disturbance of a system or 
of not normal or unwanted pathways of biodiversity succession.

	> Take pictures to document (use a reliable system for organizing and labelling 
pictures). Many modern recording devices include such time- and location-labeling 
options. If that is not the case there is timestamp software available online.

6.1.2  HABITAT AND VEGETATION SURVEY

I		  TREES 

The tree layer includes all woody plants greater than 10 m tall. Three sub-layers are 
recognised:

•	 Dominant trees — include the dominant (tallest) trees of the main canopy, which 
may be veterans of one or more fires, or the tallest trees of the same age class as 
the main canopy; usually a minor portion of the stand composition.

•	 Main tree canopy (co-dominant trees) — the main layer of tree cover, composed 
of trees whose crowns form the upper layer of foliage; typically, the major portion 
of the stand composition.

•	 Sub-canopy trees — include trees greater than 10 m high that do not reach 
the main canopy; may form a distinct secondary canopy; often a mixture of 
trees of various heights younger than those in the main canopy or may be 
suppressed trees of the same age; includes “intermediate” and “overtopped” trees 
(terminology of MOF Resources Inventory Branch).
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II		  SHRUBS 

The shrub layer includes all woody plants less than 10 m tall, except low (usually <15 cm 
tall) woody or trailing plants which are considered to be part of the herb layer. Established 
tree regeneration of more than two years of age and less than 10 m in height is considered 
part of the shrub layer. Two sub-layers are recognised:

•	 Tall shrub layer — includes all woody plants 2–10 m tall, including shrubs and 
advance tree regeneration and trees in poorly growing stands where the canopy is 
less than 10 m high. 

•	 Low shrub layer — includes all woody plants less than 2 m high, except 
low (<15 cm) woody or trailing plants; includes shrubs and established tree 
regeneration more than two years old and dwarfed or immature specimens of 
species normally considered in the shrub category Forbs and Grasses. The herb 
layer includes all herbaceous species, regardless of height, and some low woody 
plants less than 15 cm tall.

	
III		  FORBS AND GRASSES 

The herb layer includes all herbaceous species, regardless of height, and some low woody 
plants less than 15 cm tall.

 

Created by Creative Mahira
from the Noun Project

GATHERING DATA IN THE FIELD

1.	 Per cent cover. See Annex II for the chart. In most surveys, only those species 
growing on the dominant substrate are included in estimates. Per cent cover is estimated 
as the percentage of the ground surface covered. For trees, the outside perimeter of the 
projected crown is used to estimate “cover”. For the tree layer, distinct holes in the canopy 
should be subtracted from the estimate. For other layers, small gaps that are not fully 
covered are removed from the estimate. An aerial photo take with a drone with camera 
timestamp will make it easier to do the estimations and descriptions.

Some additional pointers are:

	> Viewing the layer obliquely, rather than vertically, can result in an over-estimation.
	> Avoid biasing estimates because of crown density.
	> For species with high cover values, mentally move the plants to a corner of the plot to 

estimate if they represent one-quarter, one-third, or one-half, or more of the plot.
	> For species that almost cover the plot, mentally move them together and estimate how 

much of the area is not covered by the plants.
	> For species with low cover, try making estimates for subsections in each quarter of the 

plot.
	> Equating per cent cover with equivalent dimensions relative to plot area can be very 

helpful. For several small scattered areas of coverage, think about the area covered by 
1% (0.5 m x 0.5 m in a 100 m2 plot); 25% (0.5 m x 0. 5 m in a 100 m2 plot) and add up 
the total number of areas of cover that are roughly equivalent to these dimensions.
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2.	 Distribution. Check appropriate box to characterise distribution of vegetation, for 
example: 

Dense Patchy Sparse

3.	 Identify species. Record the species of all vegetation by layer, entering common and 
species names. At a minimum, record all those species growing on the dominant substrate, 
which will most often be organic matter but on some sites may be rock, decaying wood, 
or mineral soil. Consider using three-letter species designations (for example, mango = 
MGO; mountain palm = MPM; etc.) in field form – as long as it is written in field notes what 
the abbreviations stand for. For unknown (UNK) species, designated as such in field form, 
either collect specimen or photograph from several angles to help with identification 
when back in from the field. This identification may require additional skills and capacity.

4.	  Count. Count the number of individual species (using stem/stalk density if available). 
For species that are extremely dense (most grasses) roughly estimate within a small quadrat 
(0.1 m x 0.1 m) and scale up to the plot later. Be sure to provide units when recording this 
data in the field form (0.1 m2).

5.	 Diameter at breast height (DBH). The standard position for diameter measurements 
at standing trees is at breast height, defined at a height of 1.30 m in most countries. 
However,  there are many countries where diameter at breast height is measured at slightly 
different heights. Therefore, record the surveyor’s initials and height as distance above the 
ground where measurements are taken, so in the event a difference person measures DBH it 
can be corrected. 

Some additional pointers:

	> If a tree is in a sloped terrain, the DBH is measured at the standard height above the 
forest floor on the uphill side of the tree 

	> If the tree is leaning, breast height is measured parallel to the lean on the top side of the 
tree, whereas diameter is measured perpendicular to the longitudinal axis of the trunk

	> In the case of a buttressed tree, if the height of the buttress is more than 1m, then the 
breast height is measured from the point where buttress ends. 

	> If a tree bifurcates above breast height, then one measures DBH as usual. If the 
bifurcation is below breast height, each stem is measured and counted separately.

6.	 Total height. Either use a Relascope* or calculate observed height of vegetation 
directly, or in the case of much taller trees through angulation. If equipped with a clinometer, 
range finder, and tape, measure the information needed (which can be collected relatively 
easily) and total tree height determined by:

Tan angle of elevation  x  distance to a tree
then

+ height of eye above ground

If these tools are not available, download an app for your smartphone that turns it into a 
levelling device; pace off the distance to the tree and estimate eye height above the ground. 
Use the calculator function on your smartphone to calculate some tree heights that represent 
the range of what is observed in the field. Record and calculate. 

* A relascope is a multi-use instrument for forestry inventory. It is primarily used to find the height of a tree, the 
basal  area of a tree, the basal area of a tree and the diameter of a tree anywhere along the bole.  
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6.1.3	 WILDLIFE SURVEY

IV		  INVERTEBRATES 
 

The method to be used during the terrestrial invertebrate community assessment is as 
follows:
 	> Using a fine mesh net mounted on a pole, the field crew will perform a minimum of 

10 sweeps (or jabs) in scrub/shrub vegetation community within the sampling plot. 
The number sweeps can be adjusted in the field, based on available habitat type 
abundance. Each sweep will consist of a complete 180° rotation of the net from 
side-to-side.

	> After each sweep, check net for captures. 
	> Place captured specimens in a labelled plastic sealable bag. 
	> Repeat steps 4 and 5, until number of sweeps has been achieved. 
	> Transfer the terrestrial samples to a labelled sample jar and preserve in the field 

using at least 70% isopropyl alcohol.
	> Each sample will be labelled with the sampling date and collection location. Identify 

to lowest practicable taxon (for our purposes, their Family would be sufficient, 
Order is also okay as an alternative information). Back in the lab, sort, identify, and 
enumerate specimens.

V	   BIRDS 
 

The methods to be used to estimate diversity and abundance during the bird community 
assessment are composed of two strategies: i) recording of audibly and visibly active 
species; and ii) sampling by catching. 

1.		  Recording of audibly and visibly active species

i)	 Point and transect counts — Establish transects and sampling points within each 
habitat. Each transect or sampling point should be located at least 50 m from 
the edge of the habitat or other habitat discontinuity. Flag six points along each 
transect with surveyor’s flagging. The points should be spaced a minimum of 
100 m apart.

Created by Kim Sun Young
from Noun Project

	> Transect should be visited at least three times per season (wet and dry), or if 
that is not achievable, as many times as possible. In case less than three visits 
per season can be performed consider the result indicative and take the effect 
of variations within season and within a day.

	> During each visit, the data collector will perform a bird count at each point for a 
total of 10 minutes. The following data is recorded during the bird count:

	− All birds seen, heard, or flushed;
	− Approximate distance to the bird when it was first noted;
	− If the bird was a repeat sighting from an earlier point, and;

	> How/if the bird appeared to be “using” the habitat (such as nesting, resting, 
foraging, in flight, and others). In addition to the point-count data, data 
collectors should separately note all species heard/sighted/encountered when 
traveling between each point in a habitat to achieve a complete species list.

	> Also inspect all soil/sediment areas where birds may have left tracks indicating 
how they were using the habitat before surveyors arrived.
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iii)	 MacKinnon lists — As an alternative to point and transect counts, a method 
known as ‘MacKinnon list’ can be used. MacKinnon and Phillips (1993) described a 
quantitative approach to visual/auditory surveys of birds whereby an observer starts 
walking a transect route, and records the first species heard or seen, and then the 
second species heard or seen. This process is continued until a list of 20 species (or 
some other number) has been completed. If more than one individual of the same 
species is observed before the list of 20 unique species is complete, the repeat 
observations are discarded. At the completion of the list, a second list is started 
from the beginning; this process is continued until sufficient lists are completed.

iii)	 Acoustic recording — For the duration of the survey visit (or any shorter, 
standardised duration), an acoustic recording can be made of the bird (and other 
wildlife) sounds. This recording can be analysed later to the species level.

In addition to this recording during the visit, a recording device can be installed that will 
record until the next visit. This can either be a continuous recording or a pre-programmed 
recording according to a time schedule. 

This type of recording results in enormous amounts of data and the analysis of this data 
is both very time intensive and difficult. It requires an expert with knowledge of all the 
possible sounds in the habitat to listen to all recorded sounds and attribute a species to it 
(and other data where possible, e.g. territorial song, sex, age, alarm/distress (which might 
be indicative of having young), etc. 

2.	 Sampling by catching
 
In selected sites, possibly linked to the sites for sampling of other parameters, but with 
sufficient distance not to influence the presence of birds by presence of the surveyors, 
within representative vegetation, a set of two mist nets of 20 m (3 m high, 15 x15 mm 
mesh size) is placed. These nets can be arranged in a T-shape, or in another suitable 
configuration based on location-specific considerations. 

Fixed points marking the location of the poles should be established, potentially using 
small pipes embedded in the ground to securely position the poles. 

Upon arrival at the sample location, the nets should be promptly opened and checked 
every 45 minutes for the presence of birds. No artificial sounds or other methods for 
attracting birds should be employed during the monitoring process.

Once a bird is caught, the time and location (net number) should be noted. The bird should 
taken out of the net and processed (away from the net), based on the following information:

	> First of all, the bird should be ringed. This allows linking measurements to 
individual birds, and provides the basis for mark-recapture methods to be applied. 
Data of the ring number – with the information listed below – to be submitted to 
be national bird ringing authority.

	> Species
	> Sex (plus the deciding criteria, if those are not obvious)
	> Age (plus the deciding criteria, if those are not obvious)
	> Condition

	− Body fat (Busse scale)
	− Moult
	− Flight muscle development score
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For some conspicuous species, it might be considered to apply marking with colour rings 
to allow observation at an individual level without the need to recapture. 

These catching and ringing activities required trained personnel and specialised equipment. 
An experienced ringer would need approximately up to five minutes per bird caught.

The nets should be checked every 45 minutes and the effort (total time nets are open) 
should be recorded. This should be over the full duration of survey activities at a specific 
location, and preferably using a fixed effort between visits and locations to make 
comparison possible.

VI	   MAMMALS AND HERPTILES 

For mammals and herptiles, record all direct observations, tracks, scat, burrows, 
daybeds, nests, browse, and any other signs that are observed during the site visit. It is 
not necessary to be on plot or transects to record mammals or herptiles. Mammals 
especially suited for the use of camera traps. These can log the presence of an animal, 
recording the exact time and documenting it with an image. These camera traps can be left 
in the field between visits and this way significantly increases the likelihood of observing 
animals. This should only be done in situations without presence of people that might 
steal or destroy the equipment. Camera traps are not recording continuously but have 
a mechanism to be triggered to start recording (infra red in most cases). This allows the 
camera to be economic in the use of energy and remain active for a long time. The camera 
can both acquire stills (pictures) or movies. The latter consumes more storage and energy 
and it should be considered whether this is needed. 

Bats can be recorded with a bat detector or can be caught in mist nets or using harp nets. 
This manual does not address this as this needs to happen at night or dusk/dawn, and due 
to safety and security constraints this is not feasible in the context of the Niger Delta.

Created by iconixar
from the Noun Project

Created by Fran Couto
from the Noun Project

GATHERING DATA IN THE FIELD

	− Weight
	− Moult in remiges

	> Tarsus length (if time permits)
	> Wing length
	> Length tail
	> Specific measurements for the species (e.g. bill length – bill to feathers and/or bill 

+ head)

Sampling is oftentimes not applied for mammals and herptiles, although especially for 
Herpetofauna (and possibly smaller mammals like rodents) detailed searching in specific 
locations can be considered as a sampling. Recording of casual observations can be done 
using Obsmapp, which digitally stores location and time, and allows the entering of species 
and a number of relevant parameters, if and when possible to score those. See specifics of 
Obsmapp for this species group.
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Camera traps can also be considered a form of sampling. Each camera trap visit should be 
read-out. This means taking the digitally stored data from the internal memory of the camera. 
The number and location of the trap should be recorded against those data. A new memory 
card should be placed and the batteries of the camera should be replaced for it to be able to 
run until the next visit. 

1.	 Number of samples. Record the total number of sweeps (as rotations through soft 
brushes or grass) or jabs (as thrusts into more woody vegetation) to gauge the level of effort 
when comparing results between sites.

2.	 Sampling. Record if sampling was conducted and the sample ID. When using nets 
for sampling specific locations, conditions in the field may make it difficult to sort through 
the contents of the sweeps or jabs in a timely manner while in the field. Emptying the netting 
contents into a plastic bag and preserving with 70% isopropyl alcohol allows for sorting, 
identification and enumeration back in a controlled climate. 

3.	 Species observed. List the species observed (scientific and common name)

4.	 Number of observations. List the number of times species is observed 

5.	 Habitat codes. Habitat codes are assigned to link observations of biota (function) 
back to recovering vegetation observed in the vegetation assessment (structure). This helps 
to semi-quantify the types and numbers of organisms observed in habitats, and sets the 
foundation for success criteria development (when done at reference sites). Habitat codes are:

•	 TR – Trees
•	 SS – Scrub/Shrub  
•	 GF – Grasses/Forbs  
•	 Other – other habitats not specified in this field plan but observed during field visits

6.	 Sight codes. Sight codes are used to quickly log an activity observed when wildlife is 
recorded. Sight codes are:

•	 FG – Foraging
•	 FE – Feeding
•	 RP - Resting; Perching
•	 CA - Calling
•	 FL - Flight
•	 Other – other types of sighting not listed here

7.	 Sign codes. Sign codes are normally used when the species isn’t observed, but has 
left signs of its presence.

 
To facilitate filling out the field forms, these codes are included on the observation sheets 
under each table.

•	 SC – Scat •	 CA – Calling
•	 SL – Slide •	 NE – Nest
•	 DHB – Den, Hut, Burrow •	 BR – Browse
•	 TR – Tracks •	 Other – other types of signs not listed here
•	 DB - Day Bed
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6.2	 Seasonally flooded swamp

6.2.1	 GENERIC INFORMATION AND CONDITIONS 

	> Record parameters like date, time of arrival, beginning and end of the survey, 
weather (temperature, cloud cover, precipitation, wind (direction, speed). Log the 
time of sunrise on the day of the survey

	> Record names of observers and composition of the team. Mode of travel. Record 
a GPS track while at the site. 

	> Record signs of possible (earlier) flooding, fire, grazing (by domestic animals), 
harvesting, etc.

	> Indicate the level of inundation at the moment of the survey in the cycle of 
(potential) inundation.

	> Describe the periodicity of the flooding (tidal, seasonal, irregular). Is the flooding 
(partly) managed?

	> Estimate strength of flooding current. Is the water turbid or clear?
	> Record human presence, habitat conversion, infrastructure, etc. 
	> Signs of pollution (solid waste, wastewater, oil) exploration, such as mining, or 

exploitation such as logging.
	> Take pictures to document (use a reliable system for organising and labelling 

pictures)

6.2.2	 HABITAT AND VEGETATION SURVEY

VII		  VEGETATION 

See 6.1.2 Terrestrial Forested Upland for all relevant measurements to be taken and 
scored. Not all parametres may be relevant. Pay additional attention to the aspect of 
flooding and the vegetation adapted to that/ influenced by it. This includes patterns of 
zonation and species representation with respect to water level and flooding periodicity. 
Map the zonation, including the (estimated) extent and depth of inundation. 

A.	 TREES

The tree layer includes all woody plants greater than 10 m tall. Three sub-layers are 
recognised:

i)	 Dominant trees — include the dominant (tallest) trees of the main canopy, which 
may be veterans of one or more fires, or the tallest trees of the same age class as 
the main canopy; usually a minor portion of the stand composition.

ii)	 Main tree canopy (co-dominant trees) — the main layer of tree cover, composed 
of trees whose crowns form the upper layer of foliage; typically, the major portion 
of the stand composition.

iii)	 Sub-canopy trees – includes trees greater than 10 m high that do not reach the 
main canopy; may form a distinct secondary canopy; often a mixture of trees of 
various heights younger than those in the main canopy or may be suppressed 
trees of the same age; includes ‘intermediate’ and ‘overtopped’ trees.5

5	 Terminology used by the Ministry of Forestry (MOF) Resources Inventory Branch. https://www.for.gov.bc.ca/hfd/
library/documents/bib46612_1995.pdf 
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B.	 SHRUBS

The shrub layer includes all woody plants less than 10 m tall, except low (usually < 15 cm 
tall) woody or trailing plants which are considered part of the herb layer. Established tree 
regeneration more than two years of age and less than 10 m in height is considered part of 
the shrub layer. Two sub-layers are recognised:

i)	 Tall shrub layer — includes all woody plants 2–10 m tall, including shrubs and 
advance tree regeneration and trees in poorly growing stands where the canopy is 
less than 10 m high.

ii)	 Low shrub layer — includes all woody plants less than 2 m high, except low (< 15 
cm) woody or trailing plants; includes shrubs and established tree regeneration 
more than two years old and dwarfed or immature specimens of species normally 
considered in the shrub category (e.g. young Vaccinium membranaceum, or dwarf 
alpine forms of normally taller shrubs).

C.	 FORBS AND GRASSES

The herb layer includes all herbaceous species, regardless of height, and some low woody 
plants less than 15 cm tall.

D.	 IN-WATER STRUCTURES

Besides living vegetation in the water, other structures in the water (or the flooding zone) 
can be important features of the ecosystem. Record woody debris, ‘external/alien’ 
elements: solid waste, and others., and sediment load of the water, if relevant. 

GATHERING DATA IN THE FIELD

1.	  Per cent cover. See Annex I for the chart. In most surveys, only those species 
growing on the dominant substrate are included in estimates. Per cent cover is estimated 
as the percentage of the ground surface covered. For trees, the outside perimeter of the 
projected crown is used to estimate cover. For the tree layer, distinct holes in the canopy 
should be subtracted from the estimate. For other layers, small gaps that are not fully 
covered are removed from the estimate. Some additional pointers:

	> Viewing the layer obliquely, rather than vertically, can result in an over-estimation.
	> Avoid biasing estimates because of crown density.
	> For species with high cover values, mentally move the plants to a corner of the plot to 

estimate if they represent one-quarter, one-third, or one-half, or more of the plot.
	> For species that almost cover the plot, mentally move them together and estimate how 

much of the area is not covered by the plants.
	> For species with low cover, try making estimates for sub-sections in each quarter of 

the plot.
	> Equating per cent cover with equivalent dimensions relative to plot area can be very 

helpful. For several small scattered areas of coverage, think about the area covered in 
terms of 1% (0.5 m x 0.5 m in a 100 m2 plot) and 25% (0.5 m x 0.5 m in a 100 m2 plot), 
then and add up the total number of areas of cover that are roughly equivalent to these 
dimensions.

Created by Creative Mahira
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2.	 Distribution. Check appropriate box to characterise distribution of vegetation, such as 
the following examples: 

		          
3.	 Identify species. Record the species of all vegetation by layer, entering both common 
and species names. At a minimum, record all those species growing on the dominant 
substrate, which will most often be organic matter, but on some sites may be rock, decaying 
wood, or mineral soil. Consider using three-letter species designations (for example: mango 
= MGO; mountain palm = MPM; and others) in field forms – make sure that all abbreviations 
and what they stand for are noted in the field notes. For unknown species, designate as 
UNK in the field form, and either collect a specimen or a photograph from several angles 
to help with identification once back from the field.

4.	 Count. Count the number of individual species (using stem/stalk density, if available). 
For species that are extremely dense (most grasses), roughly estimate within a small quadrat 
(0.1 m x 0.1 m) and scale up to the plot later. Be sure to provide units when recording this 
data in the field form (for example, 0.1 m2).

5.	 Diameter at breast height (DBH). The standard position for diameter measurements 
at standing trees is at breast height, defined at the height of 1.30 m in most countries. But 
in many countries, DBH is measured at slightly different heights. Therefore, record the 
surveyor’s initials and height as distance above the ground where measurements are taken, 
so in the event a different person measures DBH, it can be corrected. Some additional 
pointers:

	> If a tree is in a sloped terrain, the DBH is measured at the standard height above the 
forest floor on the uphill side of the tree .

	> If the tree is leaning, breast height is measured parallel to the lean on the top side of 
the tree, whereas diameter is measured perpendicular to the longitudinal axis of the 
trunk.

	> In case of a buttressed tree, if the height of the buttress is more than 1 m, then the 
breast height is measured from the point where the buttress ends. 

	> If a tree bifurcates above breast height, then DBH is measured normally. If the 
bifurcation is below breast height, each stem is measured and counted separately

6.	 Total height. Calculate observed height of vegetation directly, or in the case of much 
taller trees through angulation. If equipped with clinometer, range finder, and tape measure, the 
information needed can be collected relatively easily and the total tree height determined by:

If these tools are not available, download an app for your smartphone that turns it into a 
levelling device; pace off the distance to the tree and estimate eye height above the ground. 
Use the calculator function on your smartphone to calculate some tree heights that represent 
the range of what is observed in the field. Record and calculate.

Dense Patchy Sparse

Tan angle of elevation  x  distance to a tree
then

+ height of eye above ground
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7.	 Is there standing water at the site? Yes or no	
Record if water is present or the swamp is completely dry.

8.	 If yes, what per cent of swamp is filled with water? 
Qualitatively estimate the level of standing water in per cent: 25%, 50%, 75%,100%, or 
more.

9.	 Is aquatic vegetation present? Yes or no. 
Several species of aquatic plants could be present in swamp with or without water. 
Many aquatic plants are wet and can thrive on small amounts of water in dry 
conditions, yet thrive better in wet conditions.

10.	 Is there deadfall (downed trees) or fallen snags in the swamp? Yes or no. 
Deadfall provides habitat for freshwater life in the form of cover and as a source of 
invertebrate prey for fish.

11.	 Is there evidence of woody vegetation growth on the margin if the swamp? 
Yes or no. 
Focus here on the recovery of the swamp border from construction activity or some 
other stressor where the bordering swamp has been compromised.

12.	 Identify species. Record aquatic vegetation species only. For unknown (UNK) 
species, designate as such in the field form, and either collect specimen or photograph from 
several angles to help with identification when back in from the field.

13.	 Habitat code. Vegetation provides habitat and cover for various forms of wildlife 
species. In general, aquatic vegetation is of the following types:

•	 FV – Fringe vegetation (balsam trees, other woody vegetation)
•	 EM – Emergent vegetation (cattail, reeds, arrow head, pickerel weed, etc)
•	 SM – Submergent vegetation (aquatic grasses, etc.) 
•	 FL – Floating vegetation (pond lilies, etc.)
•	 IV – Invasive species

It is also useful to record the distribution and extent of the following:

•	 OP – Open Surface Water

14.	 Per cent cover. Estimate the per cent cover of the vegetation associated with the 
swamp relative to the overall size of the swamp in filled state.

*  The fact that not all taxa are proposed to be identified to species level does not constitute a difference in perceived importance of 
taxa, but relates to practicalities around the feasibility of such identification in the time and circumstances given in the field, 
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Figure 3 Drawing of vegetation zonation distribution by species 
types in hypothetical site with several species of vegetation within 
fringe, mudzone, and deepwater habitats of the swamp

6.2.3 WILDLIFE SURVEY 

For the terrestrial parts, this is similar to the approach in Terrestrial forested upland (section 
6.1). Specific components related to the aquatic (flooded) parts of the seasonally flooded 
swamps are discussed as well.

 
VIII		  TERRESTRIAL INVERTEBRATES 

The method to be used during the invertebrate community assessment in the terrestrial 
part of the habitat is as follows:

	> Using a fine mesh net mounted on a pole, the field crew will perform a minimum 
of 10 sweeps (or jabs) in scrub/shrub vegetation community within the sampling 
plot. The number sweeps can be adjusted in the field, based on available habitat 
type abundance. Each sweep will consist of a complete 180° rotation of the net 
from side-to-side.

	> After each sweep, check net for captures. 
	> Place captured specimens in a labelled plastic sealable bag. 
	> Repeat steps 4 and 5, until a number of sweeps has been achieved. 
	> Transfer the terrestrial samples to a labelled sample jar, and preserve in the field 

using at least 70% isopropyl alcohol.
	> Each sample will be labelled with the sampling date and collection location. 

Identify to lowest practicable taxon (for our purposes Family would be sufficient, 
Order is an alternative information). Back in the lab, sort, identify, and enumerate 
specimens.
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IX		  AQUATIC INVERTEBRATES AND FISH 

The method to be used to during the aquatic invertebrate community assessment is as 
follows:

 
X		  BIRDS 

The method to be used to during the bird community assessment is composed of two 
strategies: i) recording of audibly and visibly active species; and ii) sampling by catching.

1.	 Recording of audibly and visibly active species

i)	 Point and transect counts

	> Establish transects and sampling points within each habitat. Each transect or 
sampling point should be located at least 50m from the edge of the habitat or 
other habitat discontinuity. Flag six points along each transect with surveyor’s 
flagging. The points should be spaced a minimum of 100 m apart. Transect 
should be visited at least once per season (wet and dry).

	> During each visit, the data collector will perform a bird count at each point for a 
total of 10 minutes. The following data is recorded during the bird count:

	> All birds seen, heard, or flushed;
	> Approximate distance to the bird when it was first noted;
	> If the bird was a repeat sighting from an earlier point, and;
	> How/if the bird appeared to be ‘using’ the habitat (for example, nesting, resting, 

foraging, in flight, or others).
	> In addition to the point-count data, data collectors should separately note all 

species heard/sighted/encountered when travelling between each point in a 
habitat to achieve a complete species list

	> Also inspect all soil/sediment areas where birds may have left tracks indicating 
how they were using the habitat before surveyors arrived.

Created by iconixar
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	> Using a fine mesh net mounted on a pole, the field crew will perform a minimum 
of 10 sweeps (or jabs) in the aquatic vegetation community. The number of 
sweeps can be adjusted in the field, based on available habitat type abundance. 
Each sweep will consist of a complete 180° rotation of the net from side to side.

	> After each sweep, check net for captures.
	> Place captured specimens in a labelled plastic sealable bag.
	> Repeat steps 4 and 5, until the number of sweeps has been achieved. 
	> Transfer the terrestrial samples to a labelled sample jar, and preserve in the field 

using at least 70% isopropyl alcohol.
	> Each sample will be labelled with the sampling date and collection location. 

Identify to lowest practicable taxon (for our purposes, Family would be sufficient,* 
Order is an alternative information). Back in the lab, sort, identify, and enumerate 
specimens.

	> Catch fish with seine and/or gill nets for duration of a few hours?
	> Use electric fishing during one or two hours, depending on the size of the water 

body.
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iii)	 MacKinnon lists — As an alternative to point and transect counts, a method 
known as the MacKinnon list can be used. This process is continued until a list 
of 20 species (or some other number) has been completed. If more than one 
individual of the same species is observed before the list of 20 unique species is 
complete, the repeat observations are discarded. At the completion of the list, a 
second list is started from the beginning; this process is continued until sufficient 
lists are completed. If possible, two observers can do one transect to avoid 
misses, one taking notes, the other observing, for example, during the notetaking.

iii)	 Acoustic recording — For the duration of the survey visit (or any shorter, 
standardised duration) an acoustic recording can be made of the bird (and other 
wildlife) sounds. This recording can be analysed later to the species level.

2.	 Sampling by catching

In selected sites, a set of two mist nets of 20 m (3 m high, 15x15 mm mesh size), is 
placed possibly linked to the sites for sampling of other parameters, but with sufficient 
distance not to influence the presence of birds by the presence of the surveyors, within 
representative vegetation. This can be done in a T-shape, or in an otherwise appropriate 
shape for the specifics at the location.

In case of standing water or flooding, make sure the position of the net does not pose a 
risk to birds in the net because of drowning. 

The location of the poles to be marked as fixed points, possibly with small pipes in the 
ground as the basis for and with the suitable diameter for positioning the poles.

The nets are to be opened as the first thing when arriving at the sample location and 
should be checked every 45 minutes for the presence of birds. No actively played sounds 
or other methods for attracting birds should be used. 

Once a bird is caught, the time and location (net number) should be noted. The bird should 
taken out of the net and processed (away from the net), based on the following information: 
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	> First of all, the bird should be ringed. This allows linking measurements to 
individual birds, and provides the basis for mark-recapture methods to be applied. 
Data of the ring number – with the information listed below – to be submitted to 
be national bird ringing authority.

	> Species
	> Sex (plus the deciding criteria, if those are not obvious)
	> Age (plus the deciding criteria, if those are not obvious)
	> Condition

	− Body fat (Busse scale)
	− Moult
	− Flight muscle development score
	− Weight
	− Moult in remiges

	> Tarsus length (if time permits)
	> Wing length
	> Length tail
	> Specific measurements for the species (e.g. bill length – bill to feathers and/or bill 

+ head)
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Sampling is oftentimes not applied for mammals and herptiles, although especially for 
Herpetofauna (and possibly smaller mammals like rodents) detailed searching in specific 
locations can be considered as a sampling. Recording of casual observations can be done 
using Obsmapp, which digitally stores location and time, and allows the entering of species 
and a number of relevant parameters, if and when possible to score those. See specifics of 
Obsmapp for this species group.

Camera traps can also be considered a form of sampling. Each camera trap visit should be 
read-out. This means taking the digitally stored data from the internal memory of the camera. 
The number and location of the trap should be recorded against those data. A new memory 
card should be placed and the batteries of the camera should be replaced for it to be able to 
run until the next visit. 

1.	 Number of samples. Record the total number of sweeps (as rotations through soft 
brushes or grass) or jabs (as thrusts into more woody vegetation) to gauge the level of effort 
when comparing results between sites.

GATHERING DATA IN THE FIELD

For some conspicuous species, it might be considered to apply marking with colour rings 
to allow observation at individual level without the need to recapture.

These catching and ringing activities required trained personnel and specialised equipment. 
An experienced ringer would need approximately up to five minutes per bird caught.

The nets should be checked every 45 minutes and the effort (total time nets are open) 
should be recorded. This should be over the full duration of survey activities at a 
specific location and preferably using a fixed effort between visits and locations to make 
comparison possible.

XI		  MAMMALS AND HERPTILES 

For mammals and herptiles, record all direct observations, tracks, scat, burrows, daybeds, 
nests, browse, and any other signs that are observed during the site visit. Pay specific 
attention to amphibians in the seasonally flooded swamps.

It is not necessary to be on plots or transects to record mammals or herptiles. 
Mammals are especially suited for the use of camera traps. These can log the presence of 
an animal, recording the exact time and documenting it with an image. These camera traps 
can be left in the field between visits and in this way significantly increase the likelihood of 
observing animals. This should only be done in situations without the presence of people 
that might steal or destroy the equipment. Camera traps are not recording continuously but 
have a mechanism to be triggered to start recording (infrared in most cases). This allows 
the camera to be economic in the use of energy and remain active for a long time. The 
camera can both acquire stills (pictures) or movies. The latter consumes more storage and 
energy and it should be considered whether this is needed.
 
Bats can be recorded with a bat detector or can be caught in mist nets or using harp nets. 
This manual does not address this as this needs to happen at night or dusk/dawn, and due 
to safety and security constraints this is not feasible in the context of this manual.
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2.	 Sampling. Record if sampling was conducted and the sample ID. When using nets 
for sampling specific locations, conditions in the field may make it difficult to sort through 
the contents of the sweeps or jabs in a timely manner while in the field. Emptying the netting 
contents into a plastic bag and preserving with 70% isopropyl alcohol allows for sorting, 
identification and enumeration back in a controlled climate. 

3.	 Species observed. List the species observed (scientific and common name)

4.	 Number of observations. List the number of times species is observed 

5.	 Habitat codes. Habitat codes are assigned to link observations of biota (function) 
back to recovering vegetation observed in the vegetation assessment (structure). This helps 
to semi-quantify the types and numbers of organisms observed in habitats, and sets the 
foundation for success criteria development (when done at reference sites). Habitat codes 
are:

•	 TR – Trees
•	 SS – Scrub/Shrub  
•	 GF – Grasses/Forbs 
•	 Other – Other habitats not specified in this field plan but observed during  

field visits 

6.	 Sight codes. Sight codes are used to quickly log an activity observed when wildlife is 
recorded. Sight codes are:

•	 FG – Foraging
•	 FE – Feeding
•	 RP – Resting; Perching
•	 CA – Calling
•	 FL – Flight
•	 Other – Other types of sighting not listed here

7.	 Sign codes. Sign codes are normally used when the species isn’t observed, but has 
left signs of its presence.

To facilitate filling out the field forms, these codes are included on the observation sheets 
under each table.
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•	  SC – Scat •	  CA – Calling
•	  SL – Slide •	  NE – Nest
•	  DHB – Den, Hut, Burrow •	  BR – Browse
•	  TR – Tracks •	  Other – other types of signs not listed here
•	  DB - Day Bed
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6.3	 Mangrove forest

6.3.1	 GENERIC INFORMATION AND CONDITIONS

6.3.2	 HABITAT AND VEGETATION SURVEY

The following rapid vegetation survey for mangroves was adapted from the approach 
described in Lewis and Brown (2014). The objective is to document remediation and 
reference survey areas using rapid bioassessment, with a focus on characterising species 
cover and life stage (such as tree, sapling, or seedling) and recovery potential through 
documenting the nature and extent of each species life stages on two maps: i) a map of 
the species counts within plot(s); and ii) a map of general species distribution at the site.

XII	 TREES 

Several species of mangroves or other trees are possible.6  

	> Red mangrove (Rhizophora mangle, Rhizophora harrisonii and Rhizophora 
racemosa): Dominant species present in the Niger Delta and occurs mainly in the 
brackish waters. Trees can attain a height of 45 m under favorable conditions.
In the Niger Delta, Rhizophora racemosa is the most common in terms of relative 
abundance; it occupies the edge of the mangrove swamp and can reach a height 
of more than 35 m. Rhizophora harrisonii, growing to more than 18 m, is dominant 
in the middle of the swamp. Rhizophora  mangle, with a height of six to 10 m, grows 
in the inner limit of the swamp. The red mangrove breathes through a set of prop 
roots arching downward from the trunk and branches and through lenticels in both 
the prop roots and the tree trunk. It produces seedlings that readily colonise newly 
deposited mud. Found immediately along creek banks and shorelines.   

6	 For a field guide to identify mangrove species, see also: https://www.researchgate.net/post/
What-is-the-clear-identification-key-to-differentiate-species-from-the-genus-Rhizophora . 

	> Record parameters like date, time of arrival, beginning and end of the survey, 
weather (temperature, cloud cover, precipitation, wind (direction, speed). Log the 
time of sunrise on the day of the survey

	> Record names of observers and composition of the team, mode of travel. Record 
a GPS track while at the site. 

	> Record flooding regime.
	> Record signs of (earlier), fire, grazing (by domestic animals), harvesting, etc.
	> Indicate the level of inundation at the moment of the survey in the cycle of 

(potential) inundation.
	> Describe the periodicity of the flooding (tidal, seasonal, irregular). Is the flooding 

(partly) managed?
	> Estimate strength of flooding current. Is the water turbid or clear?
	> Record human presence, habitat conversion, infrastructure, etc. 
	> Signs of pollution (solid waste, waste water, oil).
	> Take pictures to document (use a reliable system for organizing and labelling 

pictures)
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GATHERING DATA IN THE FIELD
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	> Black mangrove (Avicennia germinans) possesses vertical breathing roots with 
lenticels (pneumatophores) that originate from horizontal runners. Usually in zone 
upgradient from Rhizophora spp. 

	> White mangrove (Lagunculariaracemosa) rarely has vertical breathing roots, but 
when present they are called pneumathophores. Seeding occurs in the sediments 
of the swamp. The Genus also referred to as Lumnitizera. Usually in zone upgradient 
from Avicennia sp.

XIII	 SAPLINGS AND SEEDLINGS 

In an area of recovering mangrove, identify a square of 3x3 m and count the number of 
saplings and seedlings in that square. Take a picture to document. Later, draw a map of 
how the saplings and seedlings are distributed in the square. 

Depending on the size of the area determine the number of sample squares needed, based 
on an average of 30 per ha. 

	> Dominant adult trees in or adjacent to the remediated area? Along the borders 
of the remediated site, what are the adult mangrove species observed?  

	> Bordering area support high diversity? Yes or no.  
High-level observation on species diversity patterns.

	> Pioneering mangrove species present? Yes or no.  
Avicennia spp. is an opportunistic species and an early (natural) colonizer of 
mangrove habitat. What species are present?

	> Evidence of non-mangrove natural regeneration? Yes or no.  
Document if natural regeneration is taking place. Include non-mangrove species.

	> Is there evidence remediated site is propagule limited? Yes or no. Are there 
any signs of seeds or seedlings established within the zone of where mangroves 
would be observed? Should there be if there is abundance of seed banks (mature 
mangrove species) bordering the site?

	> Total area of rehabilitated site. If known; otherwise leave blank – can be 
determined from satellite imagery of close-out reports.

	> Species counts (plots). Identify and list number of mangrove species observed 
in the fixed plot. Indicate on the sheet the number of any seedlings, saplings, 
or adult trees observed. Include any observations on invasive species like Nypa 
palm. For unknown (UNK) species, designate as such in the field form, and either 
collect specimen or photograph from several angles to help with identification 
when back in from the field.

	> Species cover (site-wide). An important part of the vegetation assessment is 
completing a field sketch of observations that may not have been captured in the 
queries above. Any number of methods can be used. One of the methods used by 
Lewis and Brown (2014) is a colour coding system to map observations of species 
types throughout the site. Each species is given a specific colour and the shades 
of colour indicate the life stage observed. Hash marks or some other gradient can 
be used if colours are not available. Unvegetated areas should be left unmarked.
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All spaces are scored with a per cent cover estimate and should total 100% for the entire 
site. Where life history stages intermix (likely) this should be indicated on the map and 
designated in the key. 

Source: Adapted from Lewis & Brown (2014, p. 275).
Figure 4  Drawing of vegetation distribution by life stages in 
hypothetical site with two species of mangrove

6.3.3	 WILDLIFE SURVEY

XIV	 INVERTEBRATES 

The method to be used to identify mangrove invertebrate community is visual, and does 
not require and special sampling device. There are two key species groups to look for 
during the rapid assessment of mangrove surveys:

i)	 Crabs (Crustaceans). Several species of mangrove crabs may be present. Fiddler 
crabs make very conspicuous holes in the sediment around mangroves. Where 
observed in sediment habitat, place 0.5–1.0 m quad on the sediment and count the 
number of crab holes. Record on sheet and included relative size of crabs (small, 
medium, large). 

ii)	 Snails (Gastropods). Mangroves typically support various species of periwinkles 
and other snails. It is not critical to identify them to species level in the field, but 
taking photographs (instead of samples) should be sufficient. Count the number of 
periwinkles or other species of snails representing and note the habitat (mangrove 
species) association.

Record other invertebrates and species of fish observed in the area. If a sampling net is 
available, use the net to sweep an area around the root base of submerged mangroves to 
document species.
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XV	 FISH 

Mangroves can have a very important function for fish populations including in terms of 
nursery. Monitoring fish is therefore an important component of the overall monitoring. 
Rapid assessment techniques include the use of seine and/or gill nets for duration of a few 
hours. These could be put up at the beginning of the survey at the site and harvested at 
the end of the survey. Nets should be put far enough apart to avoid interference. Several 
nets of each type should be used. 

XVI	 BIRDS 

Bird use of mangrove systems may be extensive. The method to be used to during the bird 
community assessment is as follows:

1.	 Recording of audibly and visibly active species

i)	 Point and transect counts 

	> Establish sampling points within each habitat. Each sampling point should be 
located at least 50 m from the edge of the habitat or other habitat discontinuity. The 
points should be spaced a minimum of 200 m apart.

	> Points should be visited at least once per season (wet and dry). 
	> During each visit, the data collector will perform a bird count at each point for a total 

of 10 minutes. The following data is recorded during the bird count:
	− All birds seen, heard, or flushed;
	− Approximate distance to the bird when it was first noted;
	− If the bird was a repeat sighting from an earlier point, and;
	− How/if the bird appeared to be ‘using’ the habitat (for example, nesting, resting, 
foraging, in-flight, and others).

	> In addition to the point-count data, data collectors should separately note all 
species heard/sighted/encountered when travelling between each point in a habitat 
to achieve a complete species list.

	> Also inspect all soil/sediment areas where birds may have left tracks indicating how 
they were using the habitat before surveyors arrived. 

ii)	 MacKinnon lists

As an alternative to point counts, a method known as MacKinnon list can be used. This 
process is continued until a list of 20 species (or some other number) has been completed. If 
more than one individual of the same species is observed before the list of 20 unique species 
is complete, the repeat observations are discarded. At the completion of the list, a second 
list is started from the beginning; this process is continued until sufficient lists are completed.

iii)	 Acoustic recording

For the duration of the survey visit (or any shorter, standardised duration) an acoustic 
recording can be made of the bird (and other wildlife) sounds. This recording can be 
analysed later to species level.

2.	 Sampling by catching

In selected sites, possibly linked to the sites for sampling of other parameters, but with 
sufficient distance not to influence the presence of birds by presence of the surveyors, 
within representative time and location (net number) should be noted, the bird taken 
out of the net and processed (away from the net), taking the following information:
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For some conspicuous species, it might be considered to apply marking with colour rings 
to allow observation at individual level without the need to recapture. These catching and 
ringing activities required trained personnel and specialised equipment. An experienced 
ringer would need approximately up to five minutes per bird caught.

The nets should be checked every 45 minutes and the effort (total time nets are open) 
should be recorded. This should be over the full duration of survey activities at a 
specific location and preferably using a fixed effort between visits and locations to make 
comparison possible.

XVII	 MAMMALS AND HERPTILES 

For mammals and herptiles, and any other signs that are observed during the site visit. Pay 
specific attention to amphibians in the seasonally flooded swamps.

It is not necessary to be on plot or transects to record mammals or herptiles. Mammals 
especially suited for the use of camera traps. These can log the presence of an animal, 
recording the exact time and documenting it with an image. The camera traps can be 
left in the field between visits, which can significantly increase the likelihood of observing 
herptiles, record all direct observations, tracks, scat, burrows, daybeds, nests, and other 
animals. This should only be done in situations without the presence of people who might 
steal or destroy the equipment. Camera traps are not recording continuously, but have 
a mechanism to be triggered to start recording (infrared in most cases). This allows the 
camera to be economic in the use of energy and remain active for a long time. The camera 
can both acquire stills (pictures) or movies. The latter consumes more storage and energy, 
and it should be carefully considered whether this is needed. 

Bats can be recorded with a bat detector or can be caught in mist nets or using harp nets. 
This is not further discussed here as this needs to happen at night or dusk/dawn and due 
to safety and security constraints this is not feasible in the context of this programme.

	> First of all the bird should be ringed. This allows linking measurements to 
individual birds, and provides the basis for mark-recapture methods to be applied. 
Data of the ringnumber – with the information listed below – to be submitted to be 
national bird ringing authority.

	> Species
	> Sex (plus the deciding criteria if those are not obvious)
	> Age (plus the deciding criteria if those are not obvious)
	> Condition

−	Body fat (Busse scale)
−	Moult
−	Flight muscle development score
−	Weight
−	Moult in remiges

	> Tarsus length (if time permits)
	> Wing length
	> Length tail
	> Specific measurements for the species (e.g. bill length – bill to feathers and/or bill 

+ head)
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GATHERING DATA IN THE FIELD

Sampling is oftentimes not applied for mammals and herptiles, although especially for 
herpetofauna (and possibly smaller mammals like rodents) detailed searching in specific 
locations can be considered sampling. Recording of casual observations can be done using 
Obsmapp, which digitally stores location and time and allows entering of species and a 
number of relevant parameters digitally stored data from the internal memory of the camera. 
The number and location of the trap should be recorded against those data. A new memory 
card should be placed and the batteries of the camera should be replaced, for it to be able to 
run until the next visit.

1.	 Sampling. Record if sampling was conducted and the sample ID. When using nets 
for sampling specific locations, conditions in the field may make it difficult to sort through 
the contents of the sweeps or jabs in a timely manner while in the field. Emptying the netting 
contents into a plastic bag and preserving with 70% isopropyl alcohol allows for sorting, 
identification and enumeration back in a controlled climate. 

2.	 Species observed. List the species observed (common and scientific name) 

3.	 Number of observations. List number of times species is observed 

4.	 Habitat codes. Habitat codes are assigned to link observations of biota (function) 
back to recovering vegetation observed in the vegetation assessment (structure). This helps 
to semi-quantify the types and numbers of organisms observed in habitats, and sets the 
foundation for success criteria development (when done at reference sites). Habitat codes are:

RM	 Red mangrove
BM	 Black mangrove
WM	 White mangrove
WA	 Creek water surrounding mangrove  
SD	 Sediments

5.	 Sight codes. Sight codes are used to quickly log an activity observed when wildlife is 
recorded. Sight codes are:

FG	 Foraging
FE	 Feeding
RP	 Resting; Perching
CA	 Calling
FL	 Flight
Other	 Other types of sighting not listed here

6.	 Sign codes. Sign codes are normally used when the species isn’t observed, but has 
left signs of its presence.

To facilitate filling out the field forms, these codes are included on the observation sheets 
under each table.

•	 SC – Scat •	 CA – Calling
•	 SL – Slide •	 NE – Nest
•	 DHB – Den, Hut, Burrow •	 BR – Browse
•	 TR – Tracks •	 Other – other types of signs not listed here
•	 DB – Day Bed
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The Niger Delta  
© powerderkeg stock/Alamy stock photo
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Source: Mueller-Dombois & Ellenberg (1974). Aims and Methods of Vegetation Ecology. Wiley and Sons. 

Annex I	 Comparison chart for visual estimation  
of foliage cover
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Manual for the use of ObsMapp for BTAG experts (Android)

Introduction

ObsMapp can be a useful tool for efficient biodiversity monitoring. Obsmapp serves as a 
digital notebook facilitating the recording of field observations concerning various taxa of 
fauna and disturbances. These observations are automatically geo-referenced and time-
coded using mobile device’s information, then stored on the device. 

During recording, users select species from pre-loaded lists, with the options to download 
specific lists tailored to geographic locations. Each observations adheres to a standard 
template, enabling the storage of numerical, morphological, and behavioural data across 
diverse taxa, including birds, insects, mammals, herpetofauna, and more. 

Initially stored on the mobile device, observations can later be uploaded to the 
observation.org database. This platform allows for viewing, editing, and exporting of data 
by the user and others with permission. A free account is required to work with and upload 
to observation.org, providing access via username and password. Data can be shared, 
exported in spreadsheet format for further analysis, and supplemented iwht optional media 
uploads such as pictures, videos and sound recordings. 

Background maps, available for offline use, offer precise location tracking and can be 
downloaded for many countries, including Nigeria, with detailed coverage even in the 
Niger Delta region. 

Using ObsMap on an Android device to monitor the biodiversity of the  
Niger Delta  

For the specific purpose of biodiversity monitoring in the Nigerian Niger Delta under the 
BTAG framework, a user account has been created as follows: 

−	 Username: NDBTAG
−	 Password: NDBiodiv

The specific steps to follow are explained in the succeeding pages, along with relevant 
instructions tailored for use in the Nigerian Niger Delta. 

This annex addresses the following steps:

1)	 Downloading the app ObsMapp
2)	 Logging in with the ND BTAG account
3)	 a)  Downloading a specific species list
	 b)  Select that species-list as the list to work with in the app

Annex II	 Short ObsMapp manual (for Android)

IMPORTANT NOTE: The steps described in this annex covers only up to the 

‘recording of species’ part of the application, which was agreed during a testing  

 of the application in 2022.
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4)	 a)  Downloading background maps
	 b)  Selecting the desired background map to work with
5)	 How to record an observation
6)	 How to edit an observation on the mobile device
7)	 How to copy an observation
8)	 How to delete an observation
9)	 How to upload observations to observation.org
10)	 How to look at already uploaded information

a) on the mobile device
b) online at observation.org 

11)	 How to download/export observations from observation.org to an Excel  
	 spreadsheet

All steps are explained using screenshots from an Android phone set to English language 
mode. 

The steps described above the screenshots refer to the menu choices specifically tailored 
for use in the Nigerian Niger Delta. 

1)	 The app ObsMapp is downloadable in Play Store (Android) as well as App 
Store (iOS, iPhone, iPad).

Downloading apps uses data communication and depending on the connection, and 
provider-plan, this may incur costs. It is therefore recommended to use a wi-fi connection, 
especially when downloading maps (which may be too large in size; see step 4a). 
Installation and first time use and initialisation should be self-explanatory.
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2)	 Logging in with the NDBTAG account

2.1	 Go to >Settings 2.2	 Go to >Portals  
(below Upload)

2.3	 Complete the Settings
Username: NDBTAG
Password: NDBiodiv
(skip the ‘Sovon’ section)
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3)	 Downloading the bird species list Nigeria. Recommended to use Wifi connection. 

3.1	 Go to >Settings 3.2	 Go to  >Download 
then select > Species 

3.3	 On the top window select 
>Nigeria select the language 
>(English) select >OK

3.4	 Select >Birds Nigeria and any other category you may 
want (do not forget to scroll down) select  >OK 
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4.2	 Select  >Question 
mark on the top right 
corner

Note:There is also an option to 
combine species groups, so that 
species from different taxa can be 
recorded without having to change 
the species group

4)	 Selecting the list of species to observe/record, for example the Nigeria  
bird list

4.1	 Go to >Settings 
select >Observation

4.3	 Select >Species 
group >Birds Nigeria
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5)	 Downloading the background map of Nigeria. The map gives the possibility to 
identify the location of observations without internet access in the field. 

You can also download the map from http://download.mapsforge.org/
maps. Should you choose this option, the files should be manually copied 
to /storage/emulated/0/Android/data/org.obsmapp/files/obsnapp/osm

5.1	 Go to >Settings 
select >Observation

5.2	 Select >OSM maps 
(open street maps) 

5.3	 Scroll down and select 
>Nigeria
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6.1	 Go to >Settings  
select >Observation

6)	 Downloading the background map of Nigeria for recording

6.2	 Go to >pointer on 
the right-hand side below 
question mark

6.2	 Go to >map layers
on the upper left -hand side
 

6.4	 Select > Kaartype 6.5	 Select > Nigeria 
(OSM)

Ready to start using!
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While this manual was originally designed for use within the specific context of the Niger 
Delta, the importance of community engagement has been recognised as a pivotal factor 
with regards to both field access and the quality of data gathered. Consequently, the 
following principles have been formulated to enhance community engagement in practical 
implementation. 

1.	 Research and stakeholder mapping: Research community dynamics, and map 
stakeholders including Governance structure,  leaders and CBOs  

2.	 Team preparation: Train the team in cultural sensitivity and effective behavioral 
strategies. 

3.	 Initial contact with leaders: Formally approach identified key leaders to introduce the 
project and its objectives. 

4.	 Stakeholder meetings: Arrange individual or small group meetings with various 
stakeholders to understand their perspectives and gather input. 

5.	 Community meeting: Present the project in a community-wide meeting (as advised by 
the initial stakeholders), highlighting benefits and addressing concerns. 

6.	 Incorporate feedback: Adapt the project plan incorporating feedback from 
stakeholders and the wider community. 

7.	 Appoint community liaison: Designate a liaison, possibly from among the 
stakeholders, to maintain open communication channels. 

8.	 Local collaboration and hiring: Employ locals for project roles and seek collaborations 
with local or traditional resource persons such as hunters, fishers, trappers, herbalists 
or homoeopaths. 

9.	 Transparent operations and monitoring: Plan all trips with the knowledge of the 
Community Liason and adapt operations as necessary. Regularly share updates and 
findings with community liaison. 

10.	Final reporting and celebration: Share comprehensive project results in a final 
report and organise a celebration event to acknowledge community and stakeholder 
contributions. 

11.	Top of form 

Annex III	 Community entry protocol for 
social license
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