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Abstract

The Gulf of Guinea region enjoined with the unique characteristics of the
Guinea surface and underwater currents driving the upwelling season, besets
the ecological importance of the area amidst growing offshore development.
Though several attempts are being made to identify the various cetacean spe-
cies inhabiting the area, little to no progress is made to under the animal
population, their behaviour and distribution in the face of the growing threat.
The study hence attempts to develop cetacean population and distribution es-
timation within Ghana’s offshore construction sites in the time frame of field
development while emphasizing the effects of operations on animal beha-
viour and habitats, purpose at providing an understanding with the general
behaviour of these mammals peculiar to the area and too what level the im-
pact of change is having on distribution trends. The study finds the upwelling
tends to suggest, strong animal presence in the area during feeding. Short-fin
pilot whales were a dominant cetacean feature within the observed cetacean
population estimated to have 160 (CV = 0.3728) presence. Findings suggest
the strong biological importance, BIA (habitat, feeding and breeding), as well
as operations drawing on animal curiosity, heightened animal vulnerability.
Further studies are required to understand the temporal and spatial distribu-
tions patterns, while efforts are needed to ensure protected areas are estab-
lished, animal surveillance and conservative attitudes are encouraged.
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1. Introduction

Marine biodiversity is increasingly an important subject area to the marine scien-
tists who perceive their sustenance as consequential to human existence. Inland,
coastal and marine waters underlining the world’s oceans, rivers and lakes, all
serve to ensure biodiversity regardless of the increasing anthropogenic concerns.
Understanding the nature of biodiversity has remained the subject of research
survey undertakings. The interest pool spanned species’ behaviour, migration pat-
terns, population size, trends, as well as their spatial and seasonal distributions
across the ocean.

The west coast of Africa is not exempted from the rising inquisition interest,
according to [1]. Reference [2] also suggested the mammalian ecological signi-
ficance of Ghana’s coast waters has only in recent times gained prominence
among scientists in a bid to explain the unknown history and lacking data on
animal abundance and density estimates. For this study, marine mammals, par-
ticularly the small and large cetaceans and their habitation found within the
Ghanaian water component of the Gulf of Guinea at remote offshore oil and gas
locations are the centres of focus.

Rhetorically, how much is known and documented on Cetaceans in the Area?
According to [3], compared to the entire West African sub-region, there are mod-
est levels of information concerning cetacean biodiversity in Northwest Africa
(NWA), primarily derived from incidental stranding, sighting accounts and of
much recent limited direct monitoring of stranding and by-catches [4] [5] [6].
The assertion is also true for the entire coast of West Africa [7]. Reference [7]
asserts that, based on obtained data through vessel-based surveys—sponsored by
Japan, as in [8], have provided distributional insights.

Again, from several geophysical seismic surveys that remain buried in unpub-
lished internal reports, among others, like the incomplete record in the CCLME
(Canary Current Large Marine Ecosystem) region, as in [7]. These suggest that a
simple observer effort from platforms-of-opportunity vessels significantly, con-
tributes to the understanding of the marine mammal biodiversity; and their spa-
tial and seasonal distribution in the Region [3]. Reference [9] proceeded to pro-
vide an inventory list of eighteen (18) cetaceans specimens evident in Ghana.
Undertakings of this nature are particularly, important considering the current
developmental changes being witnessed within the marine and coastal environ-
ment across the world at large. Getting to understand the general behaviour of
these mammals peculiar to these areas will help in assessing the impact of the
level of changes.

This study, therefore, will attempt to address the following questions directed
at the issue. Questions such as; what cetacean species are identifiable to the re-
gion? What is the population estimate of these animals found within offshore
construction fields at a point in time? Are they evenly distributed thus spatially
and seasonally? What are some of the observed behaviours per their interaction

with operations offshore? Are there any observed vulnerabilities in the region?
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What are these risks, and how are they mitigated?

Animal density estimations in West Africa are particularly now of essence in
other to understand how these animals are lured into construction sites. Thus,
riding on the back of Platform-of-Opportunity (PO) vessels for direct sightings,
the focus of this study was further narrowed to areas offshore within periods of
massive subsea construction operation undertakings.

Offshore marine and subsea operations increasingly have become a feature
within the marine and coastal areas of the Gulf of Guinea, whereas Ghana’s
deep-sea oil and gas development is a recent development example in the Area.
This region, found along the equator belt of the South Atlantic Ocean has there-
fore seen growth in not only traditional commercial shipping routes. It traffics in
and out of the various national port facilities in West Africa, but also an expan-
sion to newer offshore zones within the EEZ (Exclusive Economic Zone), new
transit routes and rampant vessel traffics from offshore-to-port bases. This spike
is in tandem with every new exploratory discovery undergoing development and
production. Ghana’s growing examples of activities from the Jubilee, TEN
(Tweeneboa Enyenra Ntomme) and Sankofa Gye Nyame oil and gas fields after
2010, 2015 and 2017 respectively helps interested parties envisage the potential
spikes with every possible discovery in the region across nations with regards to;
rise in traffic upon commencement of development towards oil production, fu-
ture developments among subsequent discoveries, and further or redevelopment
of producing fields.

Suffice to add; it is essential to recognize that the coastline waters stretching
from shore into deeper waters, thus beyond the continental shelf down the con-
tinental slope and towards the ocean floor, is home to the many unique marine
species including the cetaceans. The areas of their dwelling have become the
subject of a geological query in an economic bid for hydrocarbon resources.

To this effect, surrounding marine environments and living resources within,
have had to bear the brand of the destructive changes to their ecological dwel-
lings, migration patterns, food-chain, and social interactions. With limited data
forming the level of knowledge about the living mammals in the Area, little to
nothing done is fully to protect the endangered species among them.

The study when concluded significantly will provide a deeper understanding
of the cetacean population and distribution by developing animal estimation
within Ghana’s offshore construction sites in the time frame of field develop-
ment while emphasizing the effects of these operations on behaviours of marine
mammals and habitats. Again, the information generated thus in providing a
better understanding of marine mammal population within offshore construc-
tion fields will help in further assessments across the West African sub-region in
support of conservation efforts, while developing the economic relationship be-
tween environmental sustenance and potential destruction. In other words, an-
swers to these questions will fill the gap of knowledge relevant to seeking a per-
fect balance in offshore operations, ecosystem sustenance and the conservation

of marine mammal life forms.
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2. Materials and Method
2.1. Study Area

The study is centrally focusing on offshore deep-water enclaves of Ghana as in
Figure 1. It provides a typical outlook into the much recent continuous changes
within the marine environment forming part of the habitable zone of marine
mammals, thus particularly of the cetacean family.

Ghana, as a growing oil and gas producing country, does boast of several
proven identified oil reservoir blocks. These mostly are found in the western se-
dimentary basin off her west coast. The west coast commences from the east
maritime boundary of Ivory Coast and stretches more than halfway [10] again,
from her east maritime boundary with Togo. This water resource, as one of the
single most important natural asset found within the maritime boundaries of
Ghana, is not peculiar to her alone, as neighbouring countries also within the
Gulf of Guinea, have made similar significant discoveries.

These discoveries fundamentally go to suggest the gulf of guinea, as one cha-
racterized by general unique oceanographic, geographical, geological and at-
mospheric conditions—one which cuts across the region’s nation-states bounded
to her north regardless of national borders. They also went ahead to list; the
guinea surface and underwater currents, the zones of coastal upwelling and
presence of warmth (with high-pressure gradient), and the low levels of salinity
in waters as some of the common oceanographic phenomena.

Reference [10] proceeded to establish that offshore construction operation
carefully is orchestrated with these unique conditions in mind. The conditions
may also very well inform the behaviour and interactions of living mammals
found in the region. The study conducted was on the Jubilee Field (See Figure 1)
[straddling DWT, (Deep Water Tano) and WCTP, (West Cape Three Point)
blocks], near the TEN [within DWT] fields and Sankofa Gye Nyame fields
[within OCTP, (Offshore Cape Three Point block)], respectively.

2.2. Methodology

The study sites which encapsulate current oil and gas production fields in Gha-
na’s offshore industry examined were during the time frame of field redevelop-

ment, thus before first oil and gas offtakes, and at periods of field maintenance,
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Figure 1. Study interest within the various producing oil and gas blocks offshore Ghana.
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and again, where further or redevelopments projects eminently were pursued.
These time frames expected were to show high levels of anthropogenic activities
via marine vessel and machinery operations, which underlines the growing
changes exerted in the marine environment and the mammal habitation by ex-
ternal forces. The study followed a case study approach while being explora-
tive—thus, combining qualitative and quantitative data gathering and analysis
techniques. The approach was aimed at applying a modelling technique in de-
scribing the marine mammal population phenomenon on construction fields
thus, insofar as simulating the consequence of the marine and subsea operations
towards a modelled response towards environmental sustenance and animal con-
servation.

Data analysis achieved was in three stages with the use of various statistics and
geostatistical tool, that is: 1) Geographical data obtained were put through Geos-
patial analysis and projected to provide visualization of outcomes. The tools uti-
lized in this exercise included ArcGIS 10.8 Software; 2) Statistical estimation of
population densities evolved from the use of point transect distance methods via
Distance Software version 7.3 on quantitative data gathered, and thus, driving
assumptions and nature test to perform in the analysis. Other supporting tools
in this regard are Microsoft excel, R and python statistical environments; 3) The
use of comparative arguments was optimized to evaluate qualitative data sup-

porting the observed, consequences.

3. Data Sources and Analysis
3.1. Survey Design

The areas shown in Figure 2, were examined following the ecological distance
sampling methods used in population studies [11] [12]. Given that, activities on
offshore construction fields are periodic over limited sea scope and achieved
mainly with vessel virtually in stationary positions, thus under dynamic posi-
tioning operation. Ultimately, it accounts for longer hours of a vessel restricted
in ability to manoeuvre, and relatively the dead-slow speed of vessels.

The Jubilee study site under observation captured in Figure 2 is subsequently
stratified into Jubilee (Jub) Strat-A and Jubilee Strat-B for easy sampling (see
supplementary material). The Jub-Strat-A area referred to sea areas surrounding
Jubilee subsea oil and gas installations in wells, risers, flowline and subsea mani-
folds tied to FPSO (Floating Production Storage and Offloading unit), while
Jub-Strat-B referred to sea areas surrounding CUM (catenary) Moor Buoy lo-
cated 1 nautical mile away from FPSO unit. See Figure 3 below, for details.

This phenomenon is particularly, important in the survey design choices for
the population estimates within the construction site. Therefore, under the dis-
tance method, a point transect design technique for sampling survey was em-
ployed during animal sightings —focused on the time frame of subsea construc-
tion works to which encounters of these mammals are of concern to operations.

The stratification, therefore, made use of the boundary coordinates between the
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Figure 2. Map of stratified jubilee region for which point transects have been placed.

DWT and WCTP blocks. The approach depicted in Figure 2 and Figure 3, re-
lied on the principle that the animal observed had a random pattern, according
to [11].

Due to limited resources and accessibility to the Researchers, the mammal
sightings for population estimation focused on the Jubilee field, between January
and March, and also September of the year 2020.

The survey areas demarcated are with a single boundary strip having a total
coverage area of 521.089 square Kilometres. The individual stratum showed in
Figure 3 (also in Figure 2), catered for outliers and the census zone —thus host-
ing the simple sets of systematic random points generated for the study with the
aid of Distance Software version 7.3 and ArcGIS 10.8. One hundred and twenty
(120) sampler locations with each sampler having a 1 km x 1 km grid were

DOI: 10.4236/0je.2021.1111047

763 Open Journal of Ecology


https://doi.org/10.4236/oje.2021.1111047

A. D. Sackey et al.

JUB-Substratum-A:
Covering sea areas
above subsea
installation and
production wells. A
very sensitive area

JUB-Substratum-B:
Covering sea areas
around FPSO Unit
and catenary moor
turret buoy. A very
sensitive area

DWT Tano Block

WCTP Tano Block

| Mercator style map produced using Distance 7 in study design

Figure 3. Map depicting deep water Tano & west cape three point oil and gas blocks of
Tullow Ghana Plc. hosting the two study sites containing the sampler points Transect.

placed over the entire study area. The one hundred twenty (120) sampler points
developed for animal sighting locations had a 500 meter imaginary radius equiv-
alent to the 500-meter zone specified by United Nations Convention on Law of
the Seas, UNCLOS 82 (article 60) requirement around installations. The two
stratum targeted animal observer efforts of 45 and 55 per cent in substratum-A
and -B respectively (See Figure 3 above).

3.2. Field Methods

This encounter was paramount to understanding the perceived changes influen-
cing mammal behaviour in the Area over time. The Point Transect sampling
technique was a systematic design and in agreement with the determined PO
vessel, MPSV Seven Borealis’ position, which was less random. Thus as de-
scribed by [12] and [13] for sampling, these animals who are naturally expected
are to occur randomly showing a surfacing behaviour [14] in the study area in
the data gathering process. The systemic sampler points to the study area were to
be achieved at random via the dynamic manoeuvres at dead slow speed and po-
sitioning of the Platform-of-Opportunity (PO) vessel (shown in Figure 4) on a
predetermined location at any particular point in time during subsea construc-
tion operations.

Thus, we assumed that all position achieved by the PO vessel was strictly at
sampler locations, and this included those recorded vessel positions slightly
away from sampler points. The time spent at each point during dynamic posi-
tioning, DP manoeuvrings was averagely 4/2 hour period depending on the na-
ture of subsea operations—suitable for the Point Transect Distance method
deployed.

In this case, it was an extension from the PO vessel centreline, (thus for Seven

Borealis under restricted manoeuvrability during observations). On the field, the
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Figure 4. The main platform-of-opportunity PO vessel, Seven Borealis docked alongside
new bulk jetty terminal within the Takoradi port.

data gathering process primarily made use of direct (naked) observation, thus
“eye” sightings of the animals and only resorted to the handheld marine 10 x 50
T Carl Zeiss Binocular (Figure 5) with a suitable focal range beyond 3.3 ft found
on the bridge. It helped in identifying the species and features of the animal.
Distance estimations were by “eye” per [15] SWFSC marine mammal research
ship cruises. Three volunteer observers offered to undertake partial observation
to aid the Researcher, though not much emphasis placed was on their effort. Due
to the PO vessel’s share size, multiple deck layers beside the main deck and the
uneven distribution of high rising deck machinery (such as the 5000 metric
tonnes crane and J-lay tower) creating blind spots, observers were placed at vin-
tage locations at any given time across the decks. The bridge wings another of
observer locations also stood at a height approximately about 46 meters above
sea level allowing for a projected view all-round the vessel except in blind spot
areas at the stern and starboard side-amidships. Sightings were taken only dur-
ing the day time between the hours of 0600 gmt and 1800 gmt accounting for
720 minutes per day and 5040 minutes per week depending on the entire dura-
tion of study sight.

The observations took into account, the number of animals occurring in clus-
ters or singularly. Also were animal species identification and behaviour. Com-
putational data such as range estimates (taking as the radial distances) and bear-
ing were of animals from the vessel. Other data recorded include weather, time,
vessel heading and nature of operations. Primarily, the latter part of data, such as
weather records, vessel heading, and position, were obtained from vessel bridge
records. Again, through a series of survey interviews with experienced subsea
construction personnel aboard (See Table 1), qualitative data obtained to aid in

developing the study.
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Figure 5. A Carl Zeiss binocular for sightings.

Table 1. Onboard marine vessel resource persons interviewed.

Marine Operation Experts

1) 7 Borealis Chief Engineer 5) 7 Adaba Chief Engineer
2) Subsea Surveyor of 7B 6) Project Shift Supervisor
3) Project Deck Foreman & ADFs of 7B 7) 7 Borealis Vessel Captain

8) 7 Adaba Electro/Technical Officer (ETO)
4) Project Engineers of 7B 9) World Banks Representative Marine
Scientists

3.3. Data Modelling & Analysis

The conventional distance sampling method used is the analysis process of the
population density and abundance estimation favoured by [16] [17] [18] [19].
They asserted that conventional distance sampling usually adopted hybrid ap-
proaches, thus for detection process-by using model-based methods and relying
on design-based methods in estimating animal abundance of the study region,
whereas estimated probabilities of detection.

The objective of the modelled-based conventional distance sampling deployed
was to estimate mean animal density in the Jubilee strata study area based on a
survey conducted of animal sightings along with a set of sampler points, distri-
buted in a stratified layer based on a typical systematic random sample design, as
in [18]. Essentially, certain assumptions were made before data gathering and
during the analysis in regards to sightings, which were of two parts—mainly de-
signed-based thus, 1) Offshore subsea construction works were taking place in
fixed locations with floating platforms affixed to the ocean floor at those loca-
tions at all times during encounters which occurred randomly. 2) Animals

sighted invading these construction sites were residence/inhabitancy of those
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areas at all time and were not moving. These animals were also uniformly dis-
tributed across the fields. 3) All observations over the period could not have
taken place more than once at any random point. Parameter estimations in this
regard cover various extrapolation including; Encounter rate in individual stra-
tum and of the global Region, Detection probability modelled by stratum (and
global region), Expected cluster size by stratum (and global region), Density and
Abundance by stratum (and global region). Given that several approaches to
modelling population abundance estimations proposed over the years are with
greater accuracy, this study uses the model described by [19]. The binomial
model examines the number of animals’ n, detected out of a population of N
size. It is subsequently multiplied with resulting point transect likelihood, arising
from the detection function based on the Conventional Distance Sampling
(CDS) survey model.

In summary, the analysis was slightly based mainly on the below theories of
estimations concepts by [18] [20] [21], who assumed animal cluster detections
were luring as in point transect sightings.

Abundance Estimator: Generally, animal abundance given is by the expres-
sion shown below:

nA4
2wLP,

]Q:

(1)

where in Equation (1) N is population estimate, n is the number of observa-
tions, and A represents the study area.

Density Estimator: The expression given in Equation (2) below provides
animal abundance.

n
2wLP,

D= (2)

where D is the density estimate; w is the point transect width or radius, and Z
is the distance between sighting animal and observer.

Equations (1) and (2) therefore can alone be deduced if effective modelling
criterion based on the conventional distance point transect sampling design is
selected for proper fitness, robustness with limited biasness and variances. Thus

are detailed in Section 3.4.1 below.

3.3.1. Model Selection Criterion and Fitting Test

Model selection criteria were selected for detection function, global and model
fitting requirements. Parameter estimates for data examined on individual stra-
tum under the selection of CDS analysis model were dependent on the likelih-
ood assessment of the critical functions used in delimiting the estimated para-
meter. Another model fitness test also performed was to evaluate how well it
performed on the data. This test included the Chi-sq GOF test. Plot charts, such
as plot probability density (pdf) function also used was to evaluate the point
transect data thus by superimposing a density curve over radial distances meas-

ured. Quantile-quantile, Qq-plot was another graphical evaluation used in
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checking model fitness for the ungrouped data while comparing the distribution
of the two variables.

Notwithstanding, the model selection, in general, was achieved using the like-
lihood assessment statistical estimator described below. The likelihood assess-
ment was essential to understanding the probabilities, 2, of observing animals, n
over certain distances, y. Given that likelihood is denoted by Z,, and expressed
as the product of two likelihoods, 7.e.

L, = likelihood of obtaining sample size n, L, = likelihood of detections in dis-
tances y. Thus according to [21], these can be expressed separately as in Equa-
tions (3) and (5),

L =TT () =TT, £ ) ®

P

a

Thus given us the likelihood of any animal detection at any distance where
£(y) is the probability density function of distance y; the function g(y) is the
probability that an animal at a distance y from the point is detected, whereas
7,(y): refers to the distribution distances of animals from the point. Thus irres-
pective of detection or not.

P, is the probability that an animal on the plot is detected, unconditional on
its distance y. Determining the Probability of detection P, is also given as in Eq-

uation (4):
P =[ g(»)7, (y)dv (4)

Thus, a normalizing constant in Equation (5)-ensuring £(y) remain a valid
probability density function. Again, since the plots are randomly placed syste-
matically, can be expressed as; 7,(y) = 2y/(»?), Where w is the width of a given
point transect. For the sample size model, the natural model used is the binomial

distribution likelihood for animals, given as:
N n -n
L= Jory )’ ®

where N:is the number of animals in the study region, and y, is the probability
of an animal within the study region found is on one of the surveyed plots.
Therefore, the overall likelihood formulation as a covariate of Equations (3) and
(5) is thus given by [19] as:

L,,=LxL, (6)

>

Ly = (NJ(%Pa ) (1-7.2)"" Xﬁw

a

(7)

L, = []Zj(n Y (1-7.2) " T1e(3)x, (1) (8)

i=1

The Likelihood Test Performed: A Hazard Rate key function, therefore, was
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deployed in determining the model fitness to empirical distribution function
(refer to supplementary material for further analysis).

The Hazard Rate key function given is:
F(3)=1-exp -3/ A(1)*4(2) ©)

However, for Jubilee Stratum-A, convergence was not achieved with 14 func-
tional evaluations, having Final Ln (likelihood) value = —274.70964, Akaike In-
formation Criterion, A/C = 553.41931 and Bayesian Information Criterion, B/A
= 556.84644. Therefore an adjustment with a simple polynomial order of 4, 6
and 8 was implemented in three separate models—all achieving a convergence
with 10 (Final Ln value = —258.34734, AIC = 522.69470), 174 (Final Ln value =
—250.27944, AIC = 508.55887) and 35 (Final Ln value = -227.78479, AIC =
465.56958) functional evaluations respectively.

The Likelihood ratio test performed selected the final model with a likelihood
ratio test value of 32.7246 based on minimum A/Cvalue.

The same Likelihood assessment conducted in Jubilee stratum-B with Hazard
Rate key function (Equation (5)), showed a result of convergence in the first
model on 44 functional evaluations with a Final ZLn (likelihood) value =
—314.73040 and AIC value of 633.46082. A second model assessment performed
with a simple polynomial adjustment of the order of 4also achieved convergence
with 12 functional evaluations-producing a Final Ln(likelihood) value =
—314.69515 and an AIC of 635.39032. Subsequently, a likelihood ratio test con-
ducted between the two models resulted in a test value of 0.0705. Therefore,
model one implementing hazard rate was selected over model two based on mi-
nimal A/Cvalue.

These models implemented were into obtaining the various parameter esti-
mates including; 4(0), p and EDR (see Table 2 and refer to supplementary ma-
terial),

Thus h(0) = 2 x Pl/v, P, (or p) probability of observing an object in the de-
fined area and EDR for point transects, effective detection radius= W x sqrt (p).
Where v = PI x W x W x p, is the effective detection area for point transects

Table 2. Results of model selection criterion based on parameter estimates.

Parameter Point Estimate Standard Error Per cent Coef. of Variation 95 Percent Confidence Interval
Jubilee Stratum—A
h(0) 0.12026E-03 0.68143E—-04 56.66 0.41243E—-04 0.35066E—03
p 0.96564E—-01 0.54716E—-01 56.66 0.33116E-01 0.28157
EDR 128.96 36.536 28.33 73.403 226.57
Jubilee Stratum— B
h(0) 0.87888E—04 0.18425E—-04 20.96 0.57990E—-04 0.13320E-03
p 0.13213 0.27700E-01 20.96 0.87182E-01 0.20025
EDR 150.85 15.812 10.48 122.33 186.02
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CDS Qq-plot: statistically, the CDS fitting test based on the quartile-quartile
plot, Qqg-plot was conducted to compare the fit of the detection function model
to the data by plotting cumulative distribution function (cdf) against the empir-
ical distribution function (edf) for which results of each substratum are given in
Figure 6 and Figure 7.

Thus, for cdf, the given Fx) results in a probability of distances less than or
equal to x for a given model while S(x) results in a proportion of data with dis-
tances less than x. Hence, cdffitted for each observation on each stratum shows
strong fitness, however, with little spikes along the distribution curve. Therefore,
Kolmogorov-Smirnov and Cramer-von Mises goodness of fit tests are used to

confirm the Qqg-plot results.

3.3.2. CDS Model Goodness of Fit Test to Be Performed
Three individual tests were determined as appropriate and run on the model, upon
which two main tests were carried out, was on the detection function probability

distribution in each survey area. A Kolmogorov-Smirnov (K-S tes?) test performed

Qp plot Distribution of JUB STRAT A
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Figure 6. Qqg-plot for data distribution over Jubilee Stratum-A region.
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Figure 7. Qqg-plot for data distribution over Jubilee Stratum-B region.
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in stratum A and B. The upper tail probability, p-value = 0.4385 in relation to n
= 41 observation, from sighting efforts. The test yielded a cumulative Dn =
0.1356. The test indicated a convergence correlation between the cumulative
distribution function (cdfwith ascending index 7= I, n, Hx)) and empirical dis-
tribution function (eds, S(x)) smaller difference —showing the goodness of fit.

The same test was performed on stratum B with 17 = 56 observation given an
upper tail probability, p-value = 0.6375, a Dn-value of 0.0994—suggesting a
strong positive correlation between cdf and edf functions. According to [22]
[23], this test performed is suitably accurate in practical applications with sam-
ple sizes greater than or equal to 35. The second test performed was the Cra-
mer-von Mises (Cv-M) family tests that focused on the sum of squared differ-
ences between cdf and edf A Cramer-von Mises test with uniform weighting
function also carried out examined the goodness of fit of the probability detec-
tion function values evaluated through the relationships,

Q:nji[F(x)—S(x)J2 @(x)dF (x) (10)

where ¢ is a weighting function allowing for the weighting of different parts of
the distribution.
In given all observations the same weight, a standard Cv-M was deduced sta-

tistically via.

w? =$+§":P(x[)—"_:ﬂ (11)

The tail probabilities of W?, always relies on sample size (5 - 1000) of a-levels
(a; < p< a,). If simulated bases on the equation, it obtains sets of critical values
on the sample size, for W?, where a, and a, are the bounding critical values.
Again Cramer-von Mises test with cosine weighting function though similar to
the above test is performed for observations with distances closer to zero (0 dis-

tances). In this case, the weighting function utilized is:

cos(mx, /2w) (12)

where x, the radial is the distance of observation, and wis the given truncation

distance.

_—lén U

C == 23 2 (x) -

3
T

2i—-1) . (7 A 4 T A

- Jsm[EF(x)J+;cos(5F(xi )j (13)

Note: tail probability for C are also calculated and presented the same way as
in W2 Refer to [23] for further reading on tail probability theory. This test is, as
also discussed by [13]', gave the results presented in Table 3 (refer to supple-
mentary material for further analysis).

In summary, the data obtained herewith modelled using Distance Software
version 7.3, primarily relying on [12] CDS methods. The probability of detection
function was modelled as a function of observed radial distances from sampler

points while making use of robust, semi-parametric methods, in randomizing

'Further reading on the model employed, refer to [16].
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Table 3. Confirmation test for model fitness based on Kolmogorov-Smirnov and Cra-
mer-von Mises family tests.

Jubilee Stratum—A

Jubilee Stratum—B

Kolmogorov-Smirnov test
D_n=0.1356 p=0.4385
Cramer-von Mises family tests

W-sq (uniform weighting) = 0.1314
0.400 < p<0.500

Relevant critical values:

W-sq crit (alpha = 0.500) = 0.1193
W-sq crit (alpha = 0.400) = 0.1470
C-sq (cosine weighting) = 0.1091
0.300 < p<0.400

Relevant critical values:

C-sq crit (alpha = 0.400) = 0.0963

Kolmogorov-Smirnov test
D_n=10.0994 p=0.6375
Cramer-von Mises family tests

W-sq (uniform weighting) = 0.0790
0.600 < p<0.700

Relevant critical values:

W-sq crit (alpha = 0.700) = 0.0789
W-sq crit (alpha = 0.600) = 0.0973
C-sq (cosine weighting) = 0.0600
0.600 < p<0.700

Relevant critical values:

C-sq crit (alpha = 0.700) = 0.0502

C-sq crit (alpha = 0.300) = 0.1222 C-sq crit (alpha = 0.600) = 0.0624

the outcome, where there were repeat counts at specific locations, the temporal

correlation initiated by using random-effects as in [24] [25].

4. Results and Discussions

The study coinciding with upwelling season in the region, generally took into
account time spent on-board Platform-of-Opportunity vessels primarily on the
Jubilee field over the 2020 years of study. However, opportunistic sightings on
separate occasions within the year 2015 on the TEN field, the year 2017 to 2018
while on the Sankofa Gye Nyame subsea construction projects helped project a
better understanding of the offshore marine mammal habitations within the
west coast of Ghana. However, when developing the population density esti-
mates and abundance, the study specifically focused on Jubilee Strata, over the
last three-month (January-March) time spent by Researchers onboard two ma-
rine vessels, namely; MPSV Seven Borealis (central observer platform) and
AHST (anchor handling and support tug) Seven ADABA, in a bid to identify
and populate marine mammal interactions during the entire duration of the
construction project undertaking by Subsea 7 Engineering UK Itd., on behalf of
Tullow Ghana Plc and partners. An assessment of observer effort, probability of
detection, animal encounter rates, as well as density and abundance were com-

puted. The following are a representation of outcomes.

4.1. Observer Survey Effort

As mentioned in earlier paragraphs, the CDS statistical modelling technique im-
plemented, determined the population density and abundance estimation based
on fundamental parametric values on data obtained between January and March
2020 over 73 days on the study, Jubilee offshore strata area within the Greater
jubilee enclave of Deep Water Tano (DWT) and West Cape3 Point (WCTP) oil
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blocks. The Jubilee strata further divided into the Jubilee Strat-A & Strat-B saw a
slightly varied survey effort respectively per design, with the latter as high as 55
per cent (out of 100%) effort rate. Survey efforts spread over 118 out of 120 sys-
tematically designed sampler locations visited between January and March 2020.
The design percentage effort rate did not account for coverage areas; instead,
areas of much direct active subsea installation operations compared to the rela-
tively low activity area. The Jubilee Substratum-A: represented sea areas of
308.765 sq-Kilometres above and surrounding oil and gas wells and subsea in-
stallation locations, while the Jubilee Substratum-B: represented sea areas of
212.324 sq-Kilometres beneath and surrounding surface installations of the
FPSO Kwame Nkrumah, KNK and the newly installed CUM Turret buoy moor-
ing station (as shown in Figure 2 and Figure 3 in early sections, and Table 4
here).

The biasness in the design skewed towards Jubilee substratum B was essential
if we were to develop an understanding of installation operations as one of the
luring factors influencing encounter rates, or otherwise. Hence, from Table 4, a
total coverage area of 56.88 sq-Km (representing 10.92 per cent out of 521.089
sq-km) received direct survey efforts per observations made within an £DR area
to a total of 7.1235 sq-Kilometres. Importantly, understanding the marine envi-
ronment of the Area of observations made is herewith essential identifying the
peculiarities of the habitat hosting the animals of interest and is discussed in the

proceeding paragraphs.

4.2. The Identified Marine Mammals within the Region

In developing the understanding of the various marine mammal species (partic-
ularly, of the cetacean species) identifiable within the region, a review of the li-
mited literature on the topic, was the source forming the basis of the field inqui-
ries and interviews. Generally, the biodiversity of the West African and Macaro-
nesia ocean environments do boast of over one-third of the world’s known spe-
cies on small cetaceans regardless of the unknown conservation status of these
animals in contrast to other areas around the world [26] [27]. Reference [26] and
[9] asserted the validation of identifiably eighteen (18) different cetacean species
(seventeen (17) odontocetes, and one mysticete) found in West Africa subtropic

fauna (as in [26]; notwithstanding this known fact, only eleven (11) are listed).

Table 4. Total area covered and surveyed on effort per daytime sightings on the Jubilee strata area.

Total coverage Area in

Survey effort per daytime in  Total Area covered on effort in

Study Region Days on
(Jubilee oil field) Sq.km Survey Km Hr./min Sq.km
Substratum A 308.765 32 24.00 348/23,040 25.971 (2.5078)
Substratum B 212.324 41 35.00 492/29,520 37.329 (5.0042)
Total of Plot-A: 521.089 73 59.00 876/52,560 56.88 (7.5120)

Jubilee Strata
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These identified mammals included; Atlantic [28] [29] humpback dolphin
(Souza Tuezii), Long-beaked Common Dolphin (Delphinus Capensis), Harbour
Porpoises. The PO vessel departed the port of Takoradi on the 10th of January
and arrived at the Jubilee oil field under 12 hours travelling at an average speed
of 4.8 kn.

Direct field observations aboard PO vessels revealed the well-known fact of
the various observable individual marine mammal species within the region.
Species identifications were incredibly challenging for species sighted surfacing
once at farther distances and in some cases of those sightings generally made at
greater distances beyond 350 meters away from the observer. Such subsequently,
were classified as “unidentified cetaceans”. Relatively, captured videos and pic-
tures of some of these animals that were nearer were subsequently shared with
the study’s resource persons to confirm these species. Animals were identified
based on the various unique features associated with the body form, colour, be-
haviours and markings where necessary based on internationally acceptable
guidelines among other such as that documented by Boucher and Boaz, for the
National Marine Laboratory (NML), Northwest & Alaska Fisheries Center
(NAFC), National Marine Fisheries Service (NMFS), the NOAA, and AMMPA
standardized information: Bottlenose Dolphin. Table 5 below shows the list of
both identified and unidentified but suspected cetaceans howbeit among other
animal species recorded over the survey period.

These observed species of animals listed in Table 5 goes to suggest that the
Area under study affirms the assertion by [25] [26] of the vibrant biodiversity
inherent in the offshore ocean environment of the Gulf of Guinea. The sightings
of the study also confirmed the presence of three main cetacean species of the
order Odontocetes (i.e., Short-fin pilot whales shown in Figure 8, Bottlenose
Dolphins and Atlantic humpback dolphins [29]).

Table 5. Observed species of cetaceans in the marine mammal survey on jubilee construction field.

Period of Observation  Length of Tracking Identified Cetacean Species, Remarks base on Suspicion
(in months) (in Days) (spp.) or Possible Specie identity
Bottl Dolphi
Jan 1 © e'nose olphint Identified & unconfirmed
(Tursiops truncatus)
Suspected Atlantic Humpback
Jan-June-July-Aug 1 Unidentified Dolphin Dolphin (Sousa Teuzii),

Jan-Feb-Mar

Feb

Mar, Sept

Mar, Sept

unconfirmed

50 Short-fin Pilot Whales Identified and confirmed
entified and confirme
(Globicephala macrorhynchus) ©

2 Shark Unknown species
3 Sea Turtle
Identified & Observed
6 Mantra .
subsea via ROV
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Figure 8. Image short-fin pilot whales captured within the Jubilee oil production field.

The latter dolphins per [29] were unidentified and are only a suspected species
per the observed behaviour. The inability to confirm the latter two species was
because direct imaging was not possible due to distances sustained between an-
imal and Researcher on PO vessel. Agreeably, though the adjacent field in the
DWT block designated in this study (thus the TEN field) could not be studied
for mammal estimation. According to [30], in the EIA report, sightings of ten
(10) different species of marine animals were recorded with a majority of 43 per
cent consisting of dolphins. Reference [30] also asserted that the most common-
ly identified species was the short-finned pilot whales, which is in agreement
with the study’s findings.

However, [30] recommended that a dedicated survey by experienced marine
scientist to carried out subsequently to present the accurate estimation of marine
mammals and turtle species of the Area. The other study site thus of the Sankofa
Gye Nyame fields did not cover animal estimation at this time, however, had no
information on marine mammals within the field as in [31]. To better under-
stand the extent of the biodiversity, a population density and abundance estima-
tion subsequently, is carried out on both identified and unidentified cetacean
species within the Jubilee field. These detailed results are, as shown in the fol-

lowing paragraphs.

4.3. The Jubilee Field Animal Population Density and Abundance
Estimations

The survey efforts on the entire jubilee strata were biased towards Jubilee Sub-
stratum B which was seeing the direct offshore installation operations compared
to the adjacent substratum A, thus having 45% search effort committed to Jubi-
lee Substratum-A and a 55% effort rate to Jubilee substratum-B. This effort did
account for the various encounter rates observed during the survey even though

some survey locations were visited more than twice.
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4.3.1. Animal Encounter Rates

Estimation of animal encounter rate was particularly critical in determining the
animal abundance and cluster sizes since the animals encountered were mostly
in groups spread over undetermined distances per every survey location, (samp-
ler points, k = 118 out of 120 designed samplers). Table 6 below presents the
details of the encounter rate estimates per survey efforts.

In total, 97.000 animals (1) encounters were of cetaceans belonging to the or-
der Odonteces (thus predominantly of Globicephala macrorhynchus spp.) over
the period for the offshore shipboard survey area. These findings, correlated
with findings by [32]; suggesting Globicephala macrorhynchus were widely dis-
tributed across the world’s ocean within tropical waters to warm temperate wa-
ters. 56 animal encounters out of the total sum observations, were made within
the Jubilee Substratum-B coverage area at 35 survey point locations—projecting
an encounter rate (1/K) of 0.16000E-02 (CV = 0.0602 certainty). Subsequently,
an encounter rate of 0.17083E—-02 —-determined regards, n = 47 animals encoun-
tered within Jubilee Substratum-A at 24 (out of 48) sampler locations. In sum-
mary, the rates of the encounter on both strata were fairly even regardless of the
uneven distribution of survey efforts—and thus suggesting a slight variance in

animals’ detection probability, P, estimates.

4.3.2. Estimating the Probability of Detection, P,

Animal encounter rates were dependent on the detectability of animals, given
that some animals may not have been detected. From the histograms of fre-
quency and radial distances seen in Figure 9 of animal sightings, P, is estimated

of the area above the probability detection function curve (ie. assuming everything

Table 6. Encounter rates within substratum of the jubilee oil field study area.

S;:‘:i:l pai:::':::rs Es&:lllz:::ed % CV deg.f @ 95% Confidence Interval
n 41.000
k 48.000
K 24000.

Substratum A
n/K 0.17083E-02 6.96 47.00 0.14853E—02 0.19649E-02

Left 0.0000
Width 415.00
n 56.000

k 70.000

K 35000.

Substratum B
n/K 0.16000E-02 6.02 69.00 0.14191E-02 0.18039E-02

Left 0.0000

Width 415.00
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Detection Probability Function of Stratum-A
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Figure 9. Depicts statistical graphs of; area sustained between the probability function
three superimposed on the histogram of radial distances measured for Jubilee Substra-
tum-A.

is seen at zero distance) to the area under the curve, where the area above the curve
indicates the animals estimated to that have been missed. Figure 9 and Figure 10
shows P, to Radial distances for both Jubilee substratum-A and -B respectively.

For substratum-A, the Probability of detection, p was estimated at 0.96564E—01
(while relying on as high as five parameters, (m = 5) to improve fitness with mi-
nimal high variance)—projecting high levels of detectability ranging over a 95%
confidence interval of 0.33116E-01 to 0.28157, based on Akaike information
criterion (A/C= 465.57) value (See Figure 9 above).

This value demonstrates that more animals are in areas under Effective Detec-
tion Radius distances (where EDR = 128.96 meters, 95% C.1 of 73.403 meter <
EDR < 226.57 meter), upon encounter on survey effort while also suggesting that
more were less likely to be detected at longer EDR distances on a 95% confi-
dence interval. The p-value had a high CV = 0.5666 indicating reduced certainty
in detectability of animals in the Area.

In Jubilee substratum-B (with an estimate of p = 0.13213), a probability of de-
tection, p derived based on three-parameter (m = 2) was selected for model fit-
ness (shape criterion and robustness), which is a relative sense that had an AI/C
value of 633.46, suggesting minimal variance and biasedness compared to stra-
tum A, hence, the less CVvalue (CV = 0.2096).

Given a 95% confidence interval of p at 0.87182E—-01 and 0.20025, animal de-
tectability upon encounter under areas of Effective Detection Radius, (EDR =
150.36 meter) was relatively high at farther EDR distance not exceeding 186.02
meters (See Figure 10). In other words, observed detectability rate p of 0.13213
for example, short-fin pilot whales sighted within the study subregion stratum-B
were more likely to be detected along farther EDR distances approaching be-
tween 122.33 meters and 186.02 meters to a 95% confidence interval compared
to, p of 0.96564E—01 approaching distances of 73.403 meters and 226.57 meters
within Jubilee Substratum A study locations. Conclusively, the above-discussed
conditions give a 95% confidence level in the data obtained for animal detecta-

bility except for the slight uncertainty shown in Jubilee substratum-A study area.
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Probability Detection Function of Stratum-B
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Figure 10. Depicts statistical graphs of; Area sustained between the probability function
three superimposed on the histogram of radial distances measured for Jubilee Substra-
tum-B.

This observation is with no regard to any other unquantifiable factors of uncer-
tainties introduced, during survey effort reshaping outcomes. The animal detec-
tion conditions are an influence on the density and abundance estimates derived

from the survey data.

4.3.3. Animal Distribution, Density and Abundance Assessment

Given that, the total animal population of the entire Gulf of Guinea generally,
remains unknown for both identified and unidentified cetacean spp., some have
suggested, lack of interest and high cost involved in carrying out such a task over
the years, as being the predicate delaying these common scientific queries. An
encounter with a marine scientist on a World Bank-funded marine mammal
survey in 2017 while onboard LCV Polar Onyx Bergen within offshore OCTP
Ghana, buttressed this assertion—explaining the limitations and suggesting a na-
tional consciousness following determined effort is required to make headway. It
is in light of this, the population of marine animals in the Jubilee oil field con-
struction area is examined. In developing an understanding of the spatial distri-
bution of the animals studied in the region, concerns focused on both temporal
and seasonal distributions. However, due to the coronavirus outbreak becoming
a global pandemic in mid-march 2020, construction projects on the jubilee field
were subsequently halted and suspended to a later date, therefore, this phase of
the study could not proceed any further. The limited data is therefore used to
project an understanding of the animal distribution to the time frame observed
(seasonal patterns). Researchers, therefore, are planning further studies in the
nearest future to provide a global understanding of the spatial and seasonal pat-

terns within the Gulf of Guinea region.

4.3.4. Trends of Animals Occurrence

The model estimates design to cater for animals occurring singularly and in
clusters to delimit population abundance or densities. An average cluster size of
17.950 (with hazard rate adjustment estimate as 19.712, and 95% C.J of 15.537
and 25.009), determined for animals observed within Jubilee substratum-A (CV
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= 0.1002) with a 95% confidence interval range along 14.666 and 21.970. Jubilee
substratum-B, however, had the shared animal cluster size observation of 8.9643
(CV = 0.1198) over a 95% confidence interval ranging between 7.0575 and
11.386 animal cluster sizes. These cluster sizes are depicted in the regression

plots shown in Figure 11 and Figure 12 for each stratum, respectively.

4.3.5. Animal Density and Abundance
Of the small cetacean spp., observed from delineated strata of the specified study

period, animal density cluster size, density and abundance are given in Table 7.
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Figure 12. Regression chart depicting cluster size distribution within Jubilee substratum-B.
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Table 7. Density and abundance estimates within Jubilee offshore oil construction strata.

Stratum Name  Density & Abundance parameters Estimated Value % CV Deg.F @ 95% Confidence Interval

DS 0.16349E-01 57.09 37.09 0.55737E-02  0.47954E-01
Substratum: A 0.32226 58.30 40.25 0.10803 0.96132
100.00 58.30 40.25 33.000 297.00

DS 0.11190E-01 21.81 62.94 0.72734E-02 0.17216E-01
Substratum: B 0.28601 23.52 82.51 0.18029 0.45374
61.000 23.52 82.51 38.000 96.000

. DS 0.14247E-01 39.44 39.50 0.66044E-02 0.30733E-01

Entire offshore
Jubilee Strata 0.30749 37.28 45.20 0.14870 0.63586
study area

160.00 37.28 45.20 77.000 331.00

From Table 7 above, one observes that for animals occurring in clusters, their
observed mean population cluster per sea area coverage was 0.14247E—-01 cluster
size per sq. kilometres. However, the overall animal density estimated for the 104
(CV = 0.3728) population of animals observed was 0.30749 (CV = 0.3728) ani-
mal per sq. km. In conclusion, this estimate goes to suggest that animal abun-
dance within the offshore construction sites averaged at 33.67 per cent, which is
slightly above one-third of the mean population observed. This data overall is
not a comprehensive estimate on the entire offshore constructions fields in

Ghana and the Researchers herewith recommend further studies in this regard.

4.4. Observed Animal Interactive Behaviour with Operations

Animals were observed for established associated behaviours well documented.
However, the focus was had on curious intrusive interactive behaviour on the
field as this had a direct impact on the life-threatening risk they may face during
operations. Two observed scenarios illustrate this behaviour demonstrated in the
field. These state as follows:

1) The animal approach of installations or vessels: animals showed a sense of
curiosity though it remains unclear to what level their movement towards in-
stallations or vessels was influenced by the abnormally occurring in their natural
habitable zones. Operations naturally were without the radiated noises, structur-
al and machinery movements through water columns, general navigation and
effect of nighttime lighting. This behaviour suggests some level of intrusive be-
haviour in the animals that is worth investigating within offshore construction
sites.

2) Animal cycling of installations or vessels: again animals were observed
cycling platforms before continuing in their path. This observed behaviour was
not peculiar to single individuals of animals observe but the animal in small
cluster sizes of individuals. The phenomenon observed suggests a curious beha-

viour on the part of the animals that need to be studied in other to understand
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how animals interact with a changing habitation.

In concluding, it is unclear, however, as to whether the behavioural actions
observed amounted to animals’ pursuit of feed source, a natural intrusive beha-
viour or just out of curious expeditions. One or two or all may apply to these
animals and therefore, the need for further studies. Thus, if there are any beha-
vioural changes in the marine animals, we can easily assess how much is attri-
butable to, for example, vibration noise stressors. Reference [33] in their study’
Exposure to Seismic Survey Alters Blue Whale Acoustic Communication’, illu-
strated for example that blue whales changed their calling behaviour in response
to relatively low source-level sounds from the seismic survey, and thus calling

more during periods without seismic noise.

4.5. Observed Vulnerabilities and Possible Mitigations

From the observed behaviours of animals on site, several questions were asked
on subsea construction engineers and marine experts as to why this was the case
virtually throughout the entire duration of the operation and whether they
deemed these situations as projecting some form of vulnerability on the animals
in the region. Respondents affirmed that these were apparent vulnerabilities ob-
served, especially when animals out intrusive curiosity came very close to subsea
assets, platforms and vessels in the field. As to whether such concerns have been
fatal for any of these animals, they were confident it rarely happens in the indus-
try, as most were yet to encounter such incidence in their offshore work expe-
rience. In a related incident, two respondents, however, recounted an incidence
where they observed within several meters of water-depth from ROV cameras, a
shark hitting on the subsea ROV. According to the respondents, the sight was
frightening yet intriguing to observers watching through helpless through the
lenses of Subsea Seven 7 Borealis ROV subsea survey cameras. As to what might
have contributed to this situation, one can identify the intense lighting around
the ROV. Another reason is the noise as well as the wake or washes from ROV
thrusters. With this said, Respondents, affirmed by extension the vulnerability of
the observed animals. They suggested operations naturally took every necessary
caution like momentarily stopping ROV operations to mitigate such threat
posed to the endangered mammals or animals. Respondents subsequently iden-
tified general navigation, DP manoeuvring, subsea machinery and infrastructur-
al movement, pollution especially of plastic, and oil spillage as a possible life-
threatening risk for animals when in the oil field. Respondents were however of
the belief, plastic debris was relatively dangerous due to the time it took to de-
compose if mistakenly ingested. Hence, the large number of poly planks accom-
panying subsea assets after being used in operations among other pollutants are
disposed of under strict environmental management policy by these subsea en-
gineering companies.

However, observations over the years gave clear indications some of these

broken plankings, ends up in the open sea. The 2020 field study, in effect, per-
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mitted the observation of operations of nine active marine vessels (seen in Fig-
ure 13 below), engaged in the field, with each serving as a multiplying factor of
the level of danger (subject to the variously identified element risk aggregations)
sustained for a set period of project development.

These are shown in Table 8. These were vessels with unique capabilities and

strength in terms of engine horsepower, machinery and tonnages.

Table 8. List of vessels and installations sighted and the risk they posed.

Nature of Operations and

Vessel Type Mitigation
P Identified Risk Elements &
Subsea construction works such as pipeline . )
] . . Design, planning (e.g. speed, no. of
. production and heavy lift installations . .
Heavylift and . i . . o active engines), Enforcement
. —risk factor (Noise, collision during Navigation/ DP o ;
Pipelay vessel . ) & monitoring, Reporting,
manoeuvring, Subsea Machinery and structure .
. Contingency response
movement, ROV, Pollution)
Subsea installations work such as installation anchors . .
. . Design, planning, Enforcement
Anchor Handling by piling

and piling vessel

Offshore
Support vessel

Offshore support
& rescue vessel

MODU

FPSO

osv

support tug

Accommodation
barge

CUM Turret Buoy.

Not under

command installation

—risk factor (Noise, collision during Navigation/ DP
manoeuvring, Subsea Machinery, Pollution and ROV)

Providing tow, security, bunkering and
logistical support.

—risk factor (Noise, collision during
Navigation/ DP manoeuvring, and tow structure
movement, and pollution)

Providing towing support for the offtake shuttle tankers
—risk factor (Noise, collision during Navigation/ DP
manoeuvring, and pollution)

Engaged in drilling operations

—risk factor (Noise, collision during Navigation/ DP
manoeuvring, Subsea Machinery movement,

ROV and pollution)

Serves as oil production and storage platform
—risk factor (Noise and Pollution)

Providing tow, security, and logistical support
—risk factor (Noise, collision during
Navigation/ DP manoeuvring, and pollution)

Providing security and rescue logistical support
—risk factor (Noise, collision during navigation,
and pollution)

Providing floating hotel accommodation and
logistical support

—risk factor (Noise, collision during
Navigation/ DP manoeuvring, and pollution)

Serves as turret offloading mooring unit for
loading tankers
—risking (Pollution)

& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response

Design, planning, Enforcement
& monitoring, Reporting,
Contingency response
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Figure 13. Several specialised offshore marine vessels actively engaged in construction.
Activities appear to pose a danger to both marine life and LFBs.

As listed in Table 8, as observed in the field, these vessels by operation posed
life-threatening concerns for these animals. There were also other concerns re-
ferred to by the consulting scientists. About addressing the lack of state-sponsored
mammal monitoring and surveillance, the respondent decried the situation and
asserted that there is a need for urgent attention in addressing the situation.
Respondent believed the current state of affairs did not demonstrate a commit-
ment to marine mammal conservation.

Hitherto, the respondent referred to a rise in dolphin harvesting as a growing
challenge amongst local artisanal fisher folks, which needed redress by the state.
It is unclear if these are generally incidental by-catch or deliberate dolphin har-
vesting. Currently, scientist relies mostly on local informants within the fishing
communities for information as a result of the limited resources allocated to
monitoring. Through this approach, a non-governmental body, thus Ghana
wildlife society recently obtained a video of a harvested common bottlenose
dolphin (Tursiops truncatus) onboard a local fishing boat (LFB) being mishan-
dled by the crew at one of the landing beaches along Ghana’s western coast.

Relatively, the problem highlighted by the non-governmental institution,
Ghana wildlife society reflects on the lack of deterrent measures, surveillance
and monitoring by state institutions to the unregulated presence of these LFBs in
the waters (see Figure 14) which are also a frequent future within offshore oper-
ational sites in the exclusive economic zone, EEZ as described in [10]. Their op-
erations influence the marine mammal’s population trends [1] within the region.

In a rare moment while on the Sankofa Gye Nyame oil field the year 2017, the
Researchers were occasioned to have observed an unidentified whale (i.e. animal
length approx.. 8 and 12 meters precisely the size of most of the LFBs with out-
board motors) tracking the movement of an LFB on its course within proximity
of roughly 20 - 30 meters. Intriguingly, at every turn of the LFB as it navigated
the field, the whale followed making the same turn. Perhaps, this could be inter-
preted as the whale had mistaken the fishing boat for a fellow whale or animal of

social interest. The situational concern also does project the vulnerability of the
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Figure 14. LFB fitted with outboard motor frequently sighted traversing within 50 meters
of construction vessel on the Offshore Sankofa Gye Nyame field. This behaviour flouts
international and local regulations (i.e. 500 meter zone requirement).

animals in light of both large and small marine vessels operated (see Figure 13
and Figure 14) among other environmental and safety concerns posed by LFBs
highlighted by [10]. On the issue of sponsored surveillance, the expert marine
respondent commended the World Bank Group for making regular mammal
monitoring on the Sankofa Gye Nyame oil field a prioritized requirement in the
financial arrangement with the offshore operator, ENI and partners. This ar-
rangement though was to ensure the oil-producing company the World
Bank-financed fully met the initial Ghana EPA EJA requirement on mammal
species survey prior to the field development; this at least ensured continuous
regular monitoring of the animals throughout the development and a bit into the
life span of oil-producing period. The issue of regular monitoring is, however,
not the case generally, for oil fields in Ghana and Africa since operations in
2010. Again, on the concerns of vulnerability, expert respondents and others
continue to call for the creation of a marine sanctuary zone. Respondents believe
it will help limit encroachment on the marine mammal habitation while provid-

ing a haven for their survival, procreation and feeding.

5. S ummary, Conclusion and Recommendation
5.1. Summary

The study surveyed cetacean populations within the offshore Jubilee oil field
construction site to develop an understanding of the population of animals in
the Area and how they interacted with construction operations. The study sort
expert opinions on relevant concerns and undertook and shipboard survey

within January to March, and September when due to covid-19 health crises and
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restriction concerns, the study proceeded to an abrupt end amidst the suspen-
sion of the pipeline production project by seven Borealis. Overall weather was
good, with an irregular pattern of rainfalls occurring at various points in time.

The average Visibility was 6 to 8 nautical mile, allowing observers to carry out
sighting watches within areas of the designed sampler radial distances. Virtually,
all sighting occurred during the day with fewer mention of night time sightings
which discussed concerns of nocturnal animal behaviour.

In summary, the animal population abundance at 160.00 (CV = 0.3728) ani-
mals with an estimated density of 0.30749 (CV = 0.3728) over the entire study
region (see Table 7). An average cluster size of 17.950 and 23.482 was observed
within respective status—projecting a pooled cluster density of 0.14247E-01.
Animals (Figure 8) showed a curious and intrusive behaviour on the field com-
ing in at close as within 36 meters from construction (PO) vessel while cycling
vessel for a period before moving on. Vessel operators were aware of the situa-
tions and to mitigating measures to the best of their abilities, where they deem
the danger posed was inevitable. Where the state’s mandate was of concern, it
notes the little progress made, thus with no long-term biodiversity conservation

policy for these living marine mammals.

5.2. Conclusion

The study’s findings have highlighted several concerns within the marine envi-
ronment with considerable challenges as offshore operations continue to expand
in the Gulf of Guinea of West and Central Africa. The area naturally is beset
with rich marine and coastal eco biodiversity (attested to with the recent discov-
ery of deepwater coral reefs in the area) that require some protection and devel-
opment. Again, the Cape3 Point enclave (see Figure 1) suggests the possible
presence of coral reefs along the stretch of the west coast due to the long term
effects of wind and ocean current dynamics of the area. Researchers suggest
some of these coral reefs are identified but remain unexplored. This is largely
because marine wildlife conservatory monitoring has not been prioritised in
Africa regardless of the economic benefits, the local economies stand to gain
(e.g. tourism). Ghana’s situation is no different in this regard. Anthropogenic
activities near the coast and offshore therefore risk the destruction of these bio-
diversities if no proper and stringent effort is put in place to ensure its susten-
ance. The situation also does have health implications for human life and ani-
mals in general. It concludes by alluding to the single fact that environmental
safety is only expensive and properly value only after the fact of an incident had
occurred. Going by this approach with the “wait and see” attitude in environ-
mental governance is not a sound and prudent management practice anywhere
in the world. These animals (in Figure 8) have economic benefit in terms of
tourism if properly managed, especially during the breeding season and winter
season when migratory species, join in regional and local breeds of cetaceans as
they deck nearshore and along the coast. After these findings, the study, there-
fore, concludes by making a few recommendations.
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Figure 15. Model of Integrated actionable approach at ensuring marine animal conser-
vation and environmental sustenance.

5.3. Recommendations

The recommendations listed here are directed at developing a model for an in-
tegrated approach towards marine conservations and ecological sustenance fo-
cused on key stakeholders (see Figure 15) such as: policymakers, financial
stakeholders, field operators, NGOs, academia and researchers, as well as the lo-
cal fishing community in the maritime industry making use of the area.

The integrated recommended actions should be directed at ensuring:

1) An expressed requirement for stationed observers’ onboard marine vessel
during all phases of the oil development cycle and into production life of off-
shore oil and gas fields are made in any form of agreement by the coastal state
authorities.

2) The strengthening and enforcement of marine mammal conservation ef-
forts by education, penalizing defaulters and designating certain sea areas as
protected areas, PA.

3) Financial stakeholders are obliged to ensure surveillance and reporting as
part of an investment mandate.

4) Academic institutions, NGOs and researchers among others through a
consented effort, expand interest in marine conservation issues while drawing
attention to the potential crises.

5) Local fishers are to be discouraged from direct or otherwise “by-catch”

harvesting of marine mammals to be used as bait for shark harvesting at sea.
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